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F O R E W O R D T O T H E F I R S T E D I T I O N 

IT IS of the utmost importance to be able to control reliably the solidification of steel castings and 

it is useless to employ the best qualities of steel if the resulting casting is not free from casting defects, 

such as shrinkage cavities and tears. 

This book summarizes the results of a large number of investigations, mostly scientific in character, 

and develops them further from the practical aspect. It can serve in foundry operations as a basis 

for the directional solidification of steel castings. Diagrams, simple basic rules and formulae provide 

the practical man with the means by which calculations can be avoided or minimized. He can interpret 

the required data from graphs. The book is therefore particularly suitable for the foundry manager, 

foreman and technician; it will also be useful for the designer, in giving him an idea of the influence 

of the design of his casting on the technical possibilities of producing it in the foundry. The theo

retician will be interested mainly in the derivations of the laws and formulae which are confined to 

separate sections and need not be studied in order to understand the practical sections. The commercial 

man can also obtain a general idea of the possibilities of steel casting design and the dangers to be 

avoided. 

It is probably the first book of its kind, in which the problem of the directional solidification of 

steel castings has been treated comprehensively on a clear theoretical basis, accompanied by many 

practical examples. 
A. H E U V E R S 



P R E F A C E T O T H E E N G L I S H E D I T I O N 

THE author thanks the English-speaking technical world for the friendly reception it has given 
to his book dealing with feeding techniques in steel casting practice. 

The field of gating and feeding technology is at present in a state of rapid development. The 
modulus method due to Chvorinov(1) enables a deep, scientific insight to be obtained into the 
processes occurring during solidification, which, in combination with the latest results of research 
in many directions, such as the use of exothermic pads, has led to a revolution in feeding techniques. 

Parts of the original manuscript (in German) of this book are already more than 15 years old. 
For this reason the English edition has been thoroughly revised and supplemented so as to bring 
it in line with the most recent developments. 

As with all sciences, knowledge of this subject is never complete. However, the author hopes that 
he has been able to explain and illustrate the underlying theory in intelligible language, and to 
stimulate further development work. 

Special acknowledgments are due to the publishers for the excellent translation and presentation 
of this book, and also to the firm of Sulzer Bros. Ltd. of Winterthur, Switzerland, for their kindness 
in supplying such a large number of illustrations. 

R. WLODAWER 
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F R O M T H E I N T R O D U C T I O N T O T H E F I R S T E D I T I O N 

MANY excellent papers on feeding techniques have already been published; unfortunately most of 
them are scattered over many sources. For this reason well-established knowledge will be found 
here, as well as new information. For the sake of clarity this book will be based on the "classical" 
solidification theory of Chvorinov(1), who was the first to introduce the concept of "directional 
solidification"; in this he was at least twenty years before his time, and he anticipated a great deal 
of knowledge which today is often described as "new"—unfortunately in many instances without 
any acknowledgement to Chvorinov. 

The author is particularly grateful to Verein Deutscher Gießereifachleute and to the Wirtschafts
verband Gießereiindustrie for their support in the publication of this book. With its publication it is 
hoped that a gap in the foundry industry will be filled. The author wishes success to all his readers 
in working through the book and putting its lessons into practice. 

THE AUTHOR 
Werth bei Stolberg 
(Rheinland) 



CHAPTER 1 

I N T R O D U C T I O N T O T H E E N G L I S H 
E D I T I O N 

IMPORTANT FOR PRACTICE 

Please read first! 

i.i. The Technical Side of This Book 

The quality demands made on castings have increased 
sharply in recent years and are becoming still more 
stringent. Foundries are faced by the need to produce 
high-grade castings, but nonetheless to produce them 
economically. To do this, experimental castings, espe
cially for individual castings or small runs before mass 
production, are uneconomical. 

Methods were therefore developed of analysing in 
a simple manner the physical processes occurring during 
the solidification of castings, and then applying the 
appropriate practical measures. These methods stem 
from Chvorinov(1) who was the first to answer the basic 
question: How long does it take for a casting, or a 
given part of a casting, to solidify ? 

This method enables the feeding conditions in the 
casting to be determined with more certainty; this in 
turn results in less scrap, fewer repairs to castings, a 
more punctual timetable and economies in liquid metal. 

The method can be used, for example, to calculate 
external and internal chills, exothermic materials, cooling 
and insulating mould materials, etc. by the simplest 
method. 

By the term "modulus" is meant the ratio: 

Modulus volume 
cooling surface area 

Many people fight shy of calculating volumes and areas, 
and consider the computation of the modulus to be 
time-consuming. This view has even led to the substi
tution of other—supposedly simpler —methods. 

However, it will be shown in this book that the mo
dulus technique, after further development, is simple in 
conception, requires no additional calculation in many 
cases, and can be interpreted from diagrams. 

Even with apparently intricate castings the foundry-
man can always tackle the problem in terms of simple 
volumes and cooling surfaces so that the modulus method 
is a perfectly reliable guide. 

In recent years, very vigorous development has taken 
place in the field of steel casting technology, a develop
ment which is still continuing, especially in the case of 
exothermic materials. For this reason a great deal of new 
material is included in the present edition. The author 
is indebted to several firms, particularly to Sulzer Bros. 
Ltd. of Winterthur, Switzerland, for releasing material 
DS 1 

for the relevant illustrations. Numerous illustrations 
show very clearly the almost incredible possibilities 
existing in the field of steel casting production. 

It is important to know, not only how castings can 
be made satisfactorily, but also the reason for poor 
results. A great deal of space therefore is devoted to 
the description of defects. It is true that many defects 
have nothing to do with " new methods " but have always 
occurred. Here also the numerous illustrations will 
simplify the text for reference purposes. The author 
thanks the publishers for their sympathetic consideration. 
of his requests for illustrations. 

1.2. The Psychological Side of This Book 

Steel founding, as shown here, can be taught and 
learned. It is psychologically understandable that many 
practical men, some of whom have twenty, thirty or 
forty years experience behind them, treat new methods 
with distrust. 

This attitude is completely unjustified. An old foundry-
man once confessed to the author " Since I got to know 
Chvorinov's method, many problems which I had 
been pondering over for years have suddenly become 
clear to me." Can any foundryman claim honestly 
that he is never confronted by problems which require 
reflection ? 

For this reason the book is written in easily comprehen
sible language, and has two facets: all sections which 
are of importance for the practical foundryman are 
headed IMPORTANT FOR PRACTICE. The theoretical 
foundations for these sections are kept separate. These 
theoretical sections are intended for the casting designer 
and for students; if the practical man does not read them, 
the book will still remain comprehensible. It is certainly 
not a "Sunday lecture", but must be worked through. 
With this in mind, the book has been provided with an 
unusually large number of practical examples, many of 
which have been worked out in detail. 

The numerous aids which are to be found here should 
serve primarily as work preparation. "Work prepara
tion" signifies previous consideration of what can happen 
afterwards. Scrap is usually found afterwards, and this is 
expensive. It is always cheaper to do some basic thinking 
beforehand, rather than cast scrap either once or even 
several times in succession. 

Preparation takes time. " I haven't got the time to 



2 Influence of Shape and Dimensions 

spare" is a poor argument in view of the danger of 
casting scrap. Who takes this time, whether a separate 
department (in large concerns) or the foreman (in small 
foundries) is immaterial; it only matters that someone 
does take the time. 

With all good wishes for your success in making use 
of the possibilities outlined in this book! 

Winterthur, Switzerland 
September 1962 

THE AUTHOR 

CHAPTER 2 

T H E I N F L U E N C E OF SHAPE A N D 
D I M E N S I O N S ON T H E T I M E T A K E N 

FOR CASTINGS TO SOLIDIFY 

2.i. Why Does a Casting Solidify ? The Solidification 
Modulus 

IMPORTANT FOR PRACTICE 

If 10 kg (Fig. 1) of steel is cast, first as a sphere and 

FIG. 1. Comparison of the solidification behaviour of a steel sphere 
and a plate of the same weight. 

then as a thin plate, the plate will solidify much faster 
than the sphere. This is obviously because the heat 
contained in 10 kg (^1300 cm3) is given off over a much 
larger surface area in the case of the plate, i.e. the larger 
the heat-emitting surface associated with a given volume, 
the faster the solidification. (A good example is the in
creased surface offered by the cooling fins on a motor
cycle cylinder.) Chvorinov(1) was the first to introduce 
the ratio volume/surface area into the solidification cal
culation; we will name this ratio the "modulus". 

A stepped wedge (Fig. 2) solidifies first at the thinnest 
step because its modulus is less than that of the next 

FIG. 2. Stepped wedge. 

step 2. The thicker step 2 serves as a feeder for the thinner 
one and "nourishes" it. Step 2 is in turn fed by step i , 
and so on, the last step being supplied with metal by 
the feeder head. Thus the feeder head supplies steel to 
the whole of the wedge by way of the individual steps, 
thereby providing metal to compensate for shrinkage 
cavities. 

We have divided the stepped wedge into imaginary 
separate parts, and determined the appropriate solidi
fication ratio—i.e. the modulus —of each step. The 
science of casting calculations is based on the subdivision 
of complex parts into simple basic components; the ratio 
modulus (M) — volume (l/)/surface area {A) is then 
calculated for each component. 

It must be borne in mind that this subdivision is only 
imaginary. The imaginary interface between two basic 
components is certainly not a cooling surface, so that 
it cannot enter in the calculation when determining the 
surface area. 

Two bodies with the same modulus solidify in the 
same time. A cube as shown in Fig. 3 (length of side 
3 cm, V = (3)3 = 27 cm3, A = 6 X (3)2 = 54 cm2) has 

V 27cm3 1 
the modulus M = —z = — * = — = 0.5 cm; in other 

A 54cm2 2 
words a volume of 1 cm3 is associated with a surface area of 
2 cm2, from which the heat content of 1 cm3 of steel 
can be conducted away. This cube solidifies in the same 
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F I G . 3. A cube of 3 cm side and a plate of 1 cm in thickness have 
the same solidification modulus ΛΙ = 0.5 cm. 

time as any other body having the same ratio of volume 
to surface area. 

Very simple reference bodies are provided by large 
plates, in which the progress of solidification can readily 
be determined. If we consider a cube cut out of a plate 
1 cm thick (Fig. 3), the volume of the cube is 1 cm3 and 
its (effective) radiating surface 2 cm3. The modulus of 

1 cm3 

this cube is M = — r- = 0.5 cm, so that it will solidify 
2cma J 

in the same time as the cube with a side of ) cm. The 
plate can be considered to be made up of any given 
number of small cubes, each of which has the same 
modulus and therefore the same solidification time. Con
sequently the whole plate will have the same modulus 
as the cube, i.e. 0.5 cm. The edge of the plate will solidify 
more rapidly, but if the plate is considered to be very 
large, the influence of its edges can be neglected. 

It is an advantage to carry out the modulus calculations 
in cm, or in dm for large pieces. Of course the volume 
and surface area can also be calculated in mm, but very 
large numbers are obtained, which can easily lead to 
errors. 

cm3 
The modulus M = ^ represents a length, and can 

therefore be measured with a scale without any calcula
tion, provided that the relationships are known. The 
plate of 1 cm thickness, mentioned above, has a modulus 
of 0.5 cm. The modulus of plates is consequently equal 
to half the plate thickness. The modulus of the cube 
with a length of 3 cm amounted to 0.5 cm. Hence the 
modulus of cubes with 6 cooling surfaces is equal to 1 /6 
of the length of the side. For other fundamental bodies 
similar simple relationships exist, which make separate 
calculation almost entirely unnecessary. 

It should be pointed out that the modulus calculation 
can be carried out just as easily in any other unit of 
measurement, such as the inch. 

2.2. The Solidification Time and Modulus of Large 
Plates 

(The later sections intended for the practical man can 
still be followed if this section is omitted.) 

Comprehensive experiments and calculations by Chvo-
rinov(1) showed that the thickness X of the solidified 
layer after a time T obeys the following law: 

X=kft (1) 
where k is a constant dependent on the metal being cast 
and on the mould materials. According to the units of 
measurement selected, the expression for steel cast in 
sand or fireclay can be written: 

*Μ =0.053 JTw> 1 
4 m ) = o.684 Vr(min) 

Xiem) = 0.0885 y r ( s e c ) 

^ ( m m ) = 0.885 VT(SCC) ( 2 ) 

-^(in.) = 0.273 yrimin) 

^un.) = 0.0354 i/r ( sec ) ) 

Solidification of the plate is complete when the solidi
fied layers meet in the centre (Fig. 4). The thickness of 

F I G . 4. Progressive growth of the solidified layer in cast steel 
plates. 

Growth of the advancing solidified layer x 
on a cast steel plate of thickness D 
as a function of time T 

x = kyr 
(k = constant) 

each solidified layer is equal to half the plate thickness, 
or in other words the modulus of the plate. According 
to equation (1) 

'-(f)" 
If T is the time taken for the plate to solidify, then 
X = M, and 

i.e. the time taken for a body to solidify is equal to the 
square of the modulus, multiplied by a constant r, which 
is determined by the mould and metal materials. 

This second-order relationship is represented in the 
log-log diagram (Fig. 5) as a straight line of slope 1 : 2. 
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1. Plate 10 x 400 x 400 mm 
2. Ribs 20 x 150 x 150 mm in 

plates 30 x 400 x 40 mm, at 
a distance of 50 mm from the 
gate 

3. At a distance of 100 mm 
from the gate 

4. Round bar, 50 mm dram., 
centre 

5. Plate 30 x 400 x 400 mm 
6. Plate 50 x 400 x 400 mm 
7. Sphere 153 mm diam. (Briggs) 
8. Plate 100 x 400 X 400 mm 

9. Cylinder 150 mm diam. 
x 800 mm 

10. Sphere 229 mm diam. {Briggs) 
11. Cylinder 200 mm <#ÖW. 

x 800 mm 
12. Plate 100 x 800 x 800 mm 
13. Cylinder 400 mm diam. 

x 800 mm 
14. Plate 200X1500X1800 mm 
15. Plate 200 X 1800X 2400 mm 
16. Plate 350X1800x2400 mm 
17. Ring gate 
18. Feeder for above 
19. Bedplate, weight 65 tons 

1000 
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10 

1 

0.1 
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Tff 

jo\ 

Jill 

EH 
jyf 

. I7r 1 U_LiiLL OTf | -
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modulus M = ViA, cm 

100.0 

F I G . 5. Relationship of the solidification time of steel castings to 
the solidification modulus. After Chvorinov(1). 

Chvorinov plotted in this diagram the measured solidi
fication times of a large number of castings, so that 
there can be no doubt that this theory is correct. 

Namur(48) maintained on the basis of a large number 
of calculations that curved bodies such as spheres solidify 
more rapidly than plates with an equal modulus. How
ever, this does not apply to steel castings poured at any 
temperature; this has been demonstrated by the author, 
who has made numerous measurements under very care
fully maintained, constant experimental conditions. This 
fact is also confirmed by a critical assessment of measure
ments reported in the literature. Independently of the 
shape of the steel casting (i.e. sphere, cube, plate, bar, 
etc.) it is true to say that bodies with equal moduli solidify 
in the same time. 

2.3. The Influence of Mould Material and Casting 
Temperature 

On the basis of theoretical calculations Chvorinov(1) 

had assumed the solidification rate of steel cast in per
manent moulds to be four times that cast in sand moulds. 
He also referred to the cooling effect of other moulding 
materials, such as magnesite, and made use of them to 
produce controlled rates of solidification. The importance 

of the heat conductance of the moulding material was 
thus recognized for the first time. 

Mould materials with insulating properties act in the 
reverse direction, by delaying solidification. Even at high 
casting temperatures the time of solidification will ob
viously be prolonged. The influence exerted by these 
materials can be calculated, and this aspect will be treated 
in detail in Chapter 10. 

2.4. The Practical Significance of Simplified Modulus 
Calculations 

IMPORTANT FOR PRACTICE 

It has already been mentioned that the modulus re
presents a length, and can be measured directly in simple 
basic components, as shown in Table 1. 

T A B L E 1. SOLIDIFICATION M O D U L U S OF SIMPLE GEOMETRICAL 
SHAPES 

Base I cm 

I cm 

rOrr 

Discs of a < S d 
Plates of a < 5 d 
imaginary cube removed: 
V= 1 cm2 x d;A = 2 cm2; 

V d 
M = —- = — (cm) 

A 2 
As the plate can be considered to be 
composed of any desired number 
of such cubes, the plate modulus 

d 
is M = — 

2 
Long bars. Section removed 
(in imagination) 
K = a x b X 1 cm; 
A = 2(a+ b) x 1 cm; 

V (a-1 
M= - = ■ - . The bar can 

A 2{a-b) 
be considered to be made up of any 
desired number of such pieces, 
so that its modulus is the same 

Cube or inscribed cylinder or 
sphere 

\v 

U 
\M 

Cube 

** 

6 a2 

V/A=a/6 

Cylinder 

α*π 
4 

a2 — + α2π 
2 

V/A = a/6 

Sphere 

~6~" 

α*π 

V/A=a/6 

The modulus of these three bodies 
is the same i.e. M = a/6 

M = 
2( r+ , 

(see also Table 2) 

M = 
2(a+b) 

(see also Fig. 8) 



The Practical Significance of Simplified Modulus Calculations 

It is interesting to note that the moduli for the cube 
and its inscribed sphere or cylinder are the same, i.e. 
a/6, where a is the length of side or the diameter. This 
signifies that each of these bodies takes the same time 
to solidify. It can be imagined that the corners of a cube 
solidify quickly, leaving a spherical, liquid body. 

Many castings, as in Fig. 6, are made up of bars, which 

The following is true for all bars, 
whatever their cross-section: 

area of cross-section 
* perimeter of cross-section 

F I G . 6. Very many castings are made up of bars, in which the end 
cooling surfaces are absent. 

either form a closed ring or else have no cooling sur
faces at the ends, as they merge into parts of the casting 
having heavier walls. (Rings, etc. are "semi-infinite" 
bodies, because although their thickness can be measured, 
they have neither beginning nor end.) A section of any 
given size (for example 1 cm long) taken in imagin
ation from this bar, having sides of length a and b, 
has a volume V = a x b x i, and a cooling surface 
A = 2x\x(a + b) (the imaginary surfaces of separa
tion are not included in the calculation) and its modulus is 

(?) 

hence M = 

1 M v ab | A 2 {a + b) 

cross-sectional area 
perimeter of the cross-section 

Simple determinations of an area and perimeter are thus 
substituted for wearisome calculations of volume and 
surface area. This principle is valid for bars of any given 
cross-section (cf. equation 41). 

The moduli of bars of rectangular section can be read 
off from Fig. 7 without any calculation at all. The mo
dulus curves are parallel in this log-log diagram. 

1 \ 2 3 4 5 6 78910 
Modulus of " 

the bar 
70 90 

F I G . 7. Determination of the modulus of bars. 
The dimensions of a and b can be given in any required units {cmy in.y etc.) 



Length of bar 

Influence of Shape and Dimensions 

Outer periphery PA 

Let the original bar length PM be equal 
to the periphery of the rings 1, 2 and 3 
obtained by bending, as measured at the 

neutral axis. 

*Λ 

if 
* R? 

PM 

PA-

P,~ 

>T 
= 2nRx 

= 2nRx 

-- 2nR1 

, then 
a 
2 

a 
- 2 n -

With further bending the ring becomes first 
a hollow cylinder, and finally a solid 

cylinder. 

As *, = T and PM= 2π R9, 

and PA + PI = P> N 
it follows that the bar formula can also be 

used to calculate the modulus. 
i.e. when the bar is bent, the outer side 
elongates by the same amount by which 

the inner side contracts. 

FIG. 8. If an initially straight bar is bent, no change takes place either in the volume or surface area. Consequently the modulus 
of the bar also remains unaltered. 

If a bar is bent round the neutral axis, as in Fig. 8, 
the total surface area remains unchanged, because the 
outer curved side increases by the same amount that the 
inner surface contracts. Rings of all types can thus be 
determined by the use of equation (5) or Fig. 7. 

With further bending the hollow cylinder finally closes 
up to form a solid cylinder. The bar formula of Fig. 7 
can still be applied; this can be seen from Table 2, where 
the modulus is calculated, first by the bar formula and 
then by working out in full the ratio volume/surface 

T A B L E 2. CALCULATION OF THE MODULUS OF A SOLID 
CYLINDER FROM 

1. The surface volume/area ratio and 
2. The bar formula (equation 5) 

Volume V = rznh 

Surface area A = 2r2π + 2r π b *= 2r n{r + b) 

r2nh 
Modulus M — —T — 

A 2rn(r+h) 

r.b 
2T+b) 

Calculation according to equation (5) 
a-b 

M = TZ——rr; corresponding to the symbols on the 
2(«+i cylinder: 

M = 
r-b 

2(r + h) 

Both types of calculation give the same result, but it is simpler to 
determine the modulus by means of equation (5). 

We have still not exhausted the uses to which Fig. 7 
can be put. As cubes, parallelepipeds, etc. have the same 
moduli as the inscribed cylinders, angular bodies can 
also be considered as cylinders of equal modulus, in 
accordance with Fig. 9, and their modulus determined. 
Even when a circle can only be inscribed approximately, 
this is still true to a fair degree of accuracy. 

Many finite bodies with cooling faces can be deter
mined by the bar formula, or can be read off on Fig. 7 
without calculation; these two diagrams represent an 
important aid to the practical man in calculating the 
modulus, and, as will be shown later, the feeding or 
riser system. 

Bosses with an adjacent wheel disc (Fig. 10) can be 
conceived as bent bars with a non-cooling surface of 
width f. 

The corresponding formulae are derived in the table in
corporated in the diagram. The mean boss diameter D 
is n times the thickness of the cross-section a. The 
modulus is therefore, for D = n x a: 

"-Z- ab 

2(a + b) -c x » + 1 
n 

(6) 

From diameters of D & 3 to A a onwards the boss be 
comes a ring, and the modulus approximates to: 

ab 
M> 2(a + b) - c (7) 

At a diameter D = oo the ring becomes a bar, and 
equation (7) then applies accurately. 

With bosses which are not bored or with a small 
hole, D = a, i.e. n = 1, and equation (6) becomes: 

M = — ^ \ (8) 

The validity of this equation was verified in Fig. 10 
by comparing the result of the calculation using the 
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General case: ring casting ending 
in a wall section c. D% is expressed 
as n times 0, i.e. D™ = « · a 
V= D0 •a'b'7t = a2bnn 
A = 2α2πη + απ(/r+ 1 ) ( b - c) + 

απ{η— i) b = 
a π (2a n + 2b n — c n — c) 

„,_ K M -__i*i 
" ' (6) 

2(a + b)-c « + 1 

Limiting case 1: D® -> 00; the 
ring becomes a bar. 
» + 1 o o + l 

= ■-► 1 

M- ' 2(a + b)-c (7) 

Limiting case 2 : D% -> a; the ring 
becomes a solid cylinder. 
D% = Λ = « · a; n = 1 
Λ + 1 

Λ ί = -

• = 2 

a-b 
(8) 2(Λ + ^ ) - 2 ί 2(Ä + Z > - 0 

Note carefully the different posi
tions of the brackets in equations 
7 and 8. 

F I G . 10. Calculation of the moduli of bosses, lugs, etc., ending in 
a wheel disc or housing wall. 

ratio volume/surface area. This equation is used fre
quently in lugs, discs, etc. as well as bosses. The different 
positions of the brackets in equations (7) and (8) 
will be noted. 

In the case of massive ring-shaped bodies with a small 
bore, the core can contain such a high proportion of 
the superheat of the steel that the core has reached a 
temperature of 1450 to 1480°C by the time the steel 
begins to solidify, i.e. the parts of the core heated up 
in this way are unable to take up the corresponding part 

F I G . 9. Angular section bars and plates can be replaced for the 
purpose of calculating the modulus by the inscribed cylinder, which 
possesses the same modulus. The modulus can then be calculated 

R b 
from the formula M — ._ , fx or can be read off without calcu-

2(R + b) 
lation from the diagram. 

With plates or bars which are not exactly tetragonal, the average 
of the sides a and c can be taken as the diameter of the circle. 

of the heat during the solidification of the steel, and their 
solidification behaviour is similar to that of the steel 
casting itself. 

It can be calculated on the basis of the heat balance 
at a steel temperature of about 1600°C (in accordance 
with Chapter 7-4) that this is the case for tubular bodies 
when the ratio of the outside diameter to that of the core 
is equal to 3-74, or in other words the core diameter 
must be about 27 per cent of the outside diameter. This 
value can be less for rings and discs. 

If the bore is less than this amount, the tubular body 
must be calculated as if it were a solid when determining 
its modulus. Due to the danger of steel penetration 
and fusion, the core must then consist of a highly re
fractory mould material or be omitted altogether. 

2.5. Further Simplification of the Modulus Calcula
tion by the Use of "Simulation" Bodies—Cal
culation of Junctions 

IMPORTANT FOR PRACTICE 

If the beater cross casting (Fig. 11) is resolved into 

F I G . 11. Worked example of the determination of the modulus of 
a beater cross casting made from wear-resisting steel. (See also 

the attached table.) 



Auxiliary Table to Fig. 11 

Influence of Shape and Dimensions 

F I G . 

Modulus calculations for the separate basic components of the 
beater cross casting. The calculation is begun at the end of the 
thinnest step and is continued in the direction of the boss. 

Com
ponent 

VII 

VI 

V 

IV 

III 

II 

I 

Volume (cm3) 

V= 7-3- 10- 5-0 
= 365 

V= 7 .3 -10-5 .5 
= 401 

V= 7 .3 -10-6 .0 
= 438 

F = 7 .3-10-6 .5 
= 475 

V= 7 . 3 - 8 - 7 
= 410 

Based on the mean 
cylinder 
130mm 0 , 200mm£ 

Κ=132·20·4· 4 
= 2650 

Surface area (cm2) 

A = 2 - 7.3- 10 
+ 2 - 5 - 1 0 
+ 7.3-5 

282 

A = 2 - 7.3 * 10 
+ 2 - 5 . 5 - 1 0 
+ 0.5 · 7.3 

260 

^4 = 2 - 7 . 3 - 1 0 
+ 2 - 6 - 1 0 
+ 0.5 · 7.3 

270 

A = 2- 7.3-10 
+ 2 - 6 . 5 - 1 0 
+ 0.5 · 7.3 

280 

^4 = 2 - 7 . 3 * 8 
+ 2 - 7 - 8 
+ 0.5 · 7.3 

233 

A= 1 3 2 · π · 2 

T 
+ 1 3 2 · π · 2 
-4 .Sur face^ = 4-7.3-6 

833 

Modulus 
(cm) 

M 3 6 5 

= 1.29 

401 
M = —-

260 
= 1.54 

438 
M = 

270 
= 1.57 

280 
= 1.70 

410 
Λ/ = 

233 
= 1.75 

881 
= 3.0 

Tbe branch components III to VII were calculated accurately in this in
stance, but bar formula (5) would be adequate in practice, for example 

for component V; M « 2 x (7 " + 6) = 1.65 cm 

basic components, the "boundary surfaces" cannot 
enter into the calculation, as they are only imaginary. 
Nonetheless, the diagram of Fig. 7 can still be utilized 
in such cases, when the actual cooling surface is now 
only a fraction of the original geometrical surface, i.e. 
the modulus increases. The nomogram in Fig. 12 shows 
these changes of modulus. After some practice the pro
portion of "non-cooling surface" can be estimated (with 
the help at first of the table in Fig. 12). 

As angular bodies and the round figures inscribed in 
them have the same modulus, they represent mutual 
"simulation" bodies, and either can be used for the 
calculation if any advantage is thereby obtained in com
putation. For example, the complicated bearing com
ponent of the housing shown in Fig. 1} can be circum
scribed by a simple parallelepiped as a simulation. The 
size of this figure can easily be determined either from 
the drawing or, better still, from the pattern. The modulus 
is read off directly from the diagram of Fig. 7 and cor
rected from Fig. 12, ?p the parallelepiped adjoins other 

12. Increase in the modulus with reduction in the cooling 
surface area. 

Original modulus 

1 T 

m 

1.6 
18 

Increased modulus 
20 

Non-cooling area 
as % of the 
geometrical surface 

area 

Sk9tch 

W 

ιΦι 

of 
ΦΟφφ$ ^&ψψξ? 
/X/x''2 

/x/Xf 

1X1X2 

1x1x3 

1X1X5 

AL 
25 

17 

10 

~% 
12.5 

20 

22 

5 23 

Auxiliary Table to Fig. 12. 
Estimation of tbe non-cooling surfaces of parallelepipeds or parallelepiped-

shaped simulation bodies. * 

cross-sections. Even if the somewhat more complicated 
calculation of volume/surface area is preferred to Fig. 7 
in such cases, the determination of the modulus of a 
parallelepiped is very simple. 

The method of using simplified equivalent shapes is 
a technique of the greatest practical importance, and 
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FIG. 13. Determination of the modulus of the bearing component 
of a housing by circumscribing a simple parallelepiped round the 
complicated surface shape. (For further examples of the calculation 
of simulation bodies see Figs. 125, 126 and 127.) 

View of the 
parallelepiped 

from A 
The hatched surfaces are subtracted from the 
geometrical surface area of the parallelepiped 
because they are non-cooling areas 

enables numerous problems to be solved without the 
costly process of "trial and error" (i.e. without the pro
duction of foundry scrap), such as: 

Is a casing wall heavy enough to feed a heavier section 
without forming a shrinkage cavity ? 

Is it necessary to place a feeder on a thicker section, 
or is this enlargement of section only apparent? 

How thick must the dividing wall of a valve be made 
to feed the valve seating satisfactorily ? 

The method is an aid to the designer as well as the 
foundryman (see, for example, Figs. 125, 126a, 126b 
(page 61) and 127 (page 68). 

Irregular circular cross-sections can be replaced ap
proximately by a rectangle, as in Fig. 14, and then deter
mined from Fig. 7· It is only necessary to determine the 
adjacent cross-sections separately when they vary too 
greatly from one another. 

A circle is first inscribed at the intersections (which 
occur very frequently), as shown in Fig. 15. In crossed 
plates this circle gives the thickness of an equivalent 
plate with the same time of solidification as the inter
section. The radius of the circle is therefore the required 
modulus. With crossed bars the inscribed cylinder deter
mines the equivalent bar with the same modulus, which 
can be read off from Fig. 7. This method is not theoreti
cally accurate, but is sufficiently so for practical purposes. 

Thickness of the 
substitution plate 

FIG. 1 5. Determination of the modulus of junctions, using simu
lations. 

(a) Two intersecting plates: The circle inscribed in the junction gives the 
thickness of a substitution plate having approximately the same modulus 

as the junction. 
radius of circle = modulus 

(b) Two intersecting bars: The circle inscribed in the junction gives the 
dimensions of a substitution bar having approximately the same modulus 

ab 
as the junction M = —; rr-

2(a + b) 
(can also be read off directly from Fig. 7 (circle)). 

FIG. 14. Provided that a cross-section is not too irregular, a rect
angle or quadrilateral can be drawn in, and its modulus read off 

directly from Fig. 7. 

The accumulation of heat in fillets increases with 
rising casting temperature. It is sufficient in practice to 
make an estimate of this influence. The procedure is 
basically as follows. 

Draw the intersection on a scale of 1 : 1. Estimate the 
sand fillet effect, based on the casting temperature. When 
this has been done, and only then, draw the inscribed 
circle which determines the modulus. 

In most cases, however, it is sufficient to draw a fillet 
radius of r & w/}, and place the inscribed circle on this 
radius. Examples are shown in Figs. 16, 17 and 18. 
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FIG. 16. Determination of the junction modulus of a cover casting. 

Estimated 

Allowing for the sand fillet 
effect, the inscribed circle 
is drawn somewhat larger 

The junction of the two 
intersecting plates has 

a modulus of 
Mju 6-5/2' A 25 cm 

2o. n 
Mjm2C2o+m-n) 

-«5cm 

FIG. 17. Determination of the junction modulus of the strength
ening web of a breaker shell casting. 

The junction 1 consists of the intersection of two bars with a plate. It has 
approximately the same modulus as a substitution bar with a section 
200 x 180 mm, but has two non-cooling faces (the interfaces at plate 100). 

FIG. 19. Increase of solidification times in junctions. 

Increase of solidification time in the junction, compared with a plat- 0 
wall thickness w. 

Ratio d/w. 
Note that the inscribed circle in this diagram is tangential to the geometrical 
corners, and no allowance is made for the heated sand fillets. 

1.4 

1.3 

1.2 

7.7 

-

-

A 

/ 
u_ / / - / / - / 
y 

/ 
/ 

/ 
/ 

; / / / / 
• 

60* 

9cr 

1.0 1.1 1.2 1.3 1.4 1.5 

FIG. 20. Increase of modulus at junctions. 

Increase of modulus at the junction, compared with the modulus of a plate 
of wall thickness w. 

Ratio d/w. 

FIG. 18. Determination of the junction modulus of a flange. 

The junction has approximately the same modulus as a substitution bar 
72 x 115, with a non-cooliug face 50. 

7.2 x 11.5 82.8 Mj = 
2 ( 7 . 2 + 1 1 . 5 ) - 5 32.4 = 2.55 cm 
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F I G . 21. Increase in the modulus of an L-)unction compared with 
the modulus of a flat plate of equal thickness. 

Superheat above the liquidus °C. 
Enlargement factor of the junction compared with a flat plate. 

120{ 

100°\ 

80{ 

60{ 

40°\ 

20°\ 

1.0 1.10 1.2 

The results of solidification measurements at inter
sections f are reproduced in Fig. 19, which is valid for 
steel containing ~0·35% C. Figure 20 is derived from 
this diagram; it gives the corresponding modulus values 
for the intersections. It must be noted in both these 
diagrams that the geometrical corners are tangential to 
the inscribed circle, so that no allowance was made for 
the heating effect in the sand fillet. However, this effect 
can be significant, and this is discussed in more detail 
in Chapter 10. 

2.6 Practical Examples of Modulus Calculations 

IMPORTANT FOR PRACTICE 

As the whole range of casting and feeder calculation 
is based on the determination of the modulus, the reader 
should attempt to work out some modulus calculations 
himself, using Figs. 22 to 34. The solutions obtained 
should be compared only when the results are all avail
able. As soon as a certain amount of practice has been 

f Brandt, F. A. and H. F. Bishop: Solidification at corner and 
core positions. Trans. American Foundryman's Society; 1953, 451-456. 

■ 750/-

F I G . 22. Tup. 

The tup corresponds to a sphere, as a close approximation 
D 75 

^sphere = -T", so M = "T" = 12-5 cm. 

obtained in carrying out the processes of breaking down 
the casting into simple basic components, and simplifying 
the work as far as possible by constructing equivalent 
bodies or sections, it will be found that the modulus 
calculation itself will have become very simple. 

-1100?-

1800? 

F I G . 23- Double flange. 

Draw the junction 1 : 1 and inscribe a circle of about 240 mm diameter. 
Calculate the flange as a substitution bar 240 x 550 mm with a non-

cooling surface of about 220 mm. 
55 X 24 

M=- ■ = 9.65 cm. 2(55 + 24) - 22 
Calculation of the central portion: trapezoidal bars; the boundary sur

faces at the flange and in the centre are non-cooling surfaces. 
22 + 13 0 , 

surface area = X 29 = 508 cm-
periphery 

M 

# 

2 
« 2 9 + 3 0 

508 
59 

800 -

= 59 cm 

= 8.62 

I i | 
11 iü Ü ώ ψ ώ Ü a I 
1 i I i ' 

ίτ+r 
^ 

Ί ^ " r 
M— j — 44-v 

F I G . 24. Press plate (measurements include machining allowances). 
Rapid calculation (approximate): Imagine the plate to be square, 
700 X 700 mm, with a mean thickness of 180 mm (estimated). Cal
culate as in Fig. 7 for a simulation cylinder R = 35; Fl= 18; M = 6.1 cm. 
Accurate calculation (the T-slots with an obviously smaller modulus and 

the radiusing were not taken into account). 
Volume V = (80 x 60 x 25) - (45 x 30 x 90) = 107 800 cm3 

Surface area A = (2 x 8 X 60) + 2(80 + 60) X 25 + 2 X 9(45 4- 30) = 
9600 + 7000 + 1350 = 17,950 cm2 

M = V\A = 6.0 cm. 
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1000 Φ 

F I G . 25. Gear rim (the dimensions include machining allowances.) 

Rapid calculation: extend the section to a bar 345 m m wide and with an 
average height of ~ 8 3 mm, M = 3-6 cm from Fig. 7. 
Accurate calculation: determine the modulus of the heaviest section, 

allowing for the non-cooling surface: 

22.9 198 
2(22+ 9 ) - 70 "ST 

1200 f-

M-- 3-63 cm. 

F I G . 27. Autoclave cover. 
d 12 

■ curvedplate, M — — = = 6 cm.—Flange: bar with tra~ 

pezoidal section 26 x 35, non-cooling surface ~12.0. 

A = -—— x 26 = 618 cm2; P = 26 + 35 + 12 + - 2 3 = 96 cm 
2 

Λί = ^4/.P = 6.4 cm.—Hinge: bar 7 x 32,/row F/£. 7 
M = 3 cm.—Z,^ 0« /£* hinges: bar 7 x 9, from Fig. 7 
Λ/ = 2.0 cm. 

F I G . 26. Gear blank. 

Draw the intersection disc/rim = 1 : 1 , and inscribe a circle ~ 100 mm 
diam. The simulation bar of the rim has the dimensions 10 x 30, and 
Λί = 3-8 cm from Fig. 7. The bub cylinder is generated from a rotating 

area j area 19 + 9 
trapezoidal surface (broken line) M = 
x 56 = 784 cm2; 

periphery = 56 + 18 + ~ 5 6 + 9 = 
M = 5.56 cm. 

—'x? y^^ 

1 ^^· 

Λ 2S0 

\ 

3» 

8 

■ '" I 

0 

i 

periphery j 

141 cm. 

trapez 

The wheel disc is a plate, with a modulus AI = — = —'— = 
r ' 2 2 2 cm. I 

L 
3 

F I G . 28. Bearing cap. 
Middle section {extends as far as the re-entrant corners). Bar 4.0 x 15.0 c m 2 ; 

from Fig. 7 M = 1.6 c m . Corner section: simulation figure parallel
epiped 6 x 9 x 15 , interface with the middle section is subtracted as a 
non-cooling surface; V= 8 l O c m 3 ; A = 498 c m 2 ; M— VIA = 1.62 c m . 
Hint: In these and similar castings the modulus of corner sections, 
reinforcement ribs, lugs, etc. is frequently less than the modulus of the wall, 
in spite of first impressions to the contrary. This can be explained by the 

cooling of the corner section from three sides. 
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F I G . 28 a. Practical example of a bearing cap as in Fig. 28. The 
modulus calculation has shown that the massive parts can be fed 
through the rectangular cross-section at A. If the modulus of the 
massive parts is somewhat too large for this to be done, this 

method can still be employed. (See Figs. 28 b and c.) 
(Courtesy Suiter Bros.) 

F I G . 28 b. If the modulus of the massive parts is a little too large 
to feed it through the rectangular section, this section can be in

creased slightly by a shoulder at A. 

F I G . 28 c. If the modulus of the massive parts is too large, they 
can be cooled by chills, so that the rectangular cross-section at A 

will be adequate for feeding. 
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F I G . 29- Bearing block. 

Draw the block 1 : 1 and inscribe a trapezoidal simulation body in one 
half. Determine volume and surface area, allowing for non-cooling surfaces; 

V- 2000 cm8; A = 911 cm2 

M = VjA = 2.2 cm. 

13.5 
Second alternative: Inscribe in the half section a circle of about 120 diam. 
The simulation cylinder so obtained, 120 diam. x 150 high, has approxi
mately the same modulus as the centre of mass; for R = 6, H= 15, 
Fig. 7 gives a modulus M = 2.2 cm. The fixing lug is a parallelepiped 
7 x 4.5 x 15 cm. Interface with the trapezium is a non-cooling surface. 

V = 472 cm8; A = 330 cm2; M = 1.43 cm. 

1200 * 

- 100 

5L t 

320 

260 

' 

\ $ 

to . 

4M 

» / 

1 r̂ 1 *· 
t 

Γ^\ c 
k y ^ c 

Γ 1 

\^ά 

F I G . 30. Flange coupling. 

Trapezoidal upper portion: A = ■ 
41 +28 

X 28 = 960 cm2; P = 28 

+ 41 + 28 H 13 j/2 = 115.4 cm. Interface with the middle portion 
is a non-cooling surface. M = AjP = 8.31 cm. Middle portion: plate 
about 130 thick; M = d/2 = 6.5 cm. Z-ÖIW portion: inscribe a circle, 
allowing for the sand fillet {estimated). Circle diameter » 1 8 cm. 77«? 
simulation bar (18 x 14.5 cm) Äw a non-cooling surface with the middle 
section, A = 261 cm2, P = 18 4- 14.5 + 14.5 + 10 = 57 cm. M = 

= A/P = 4.58 cm. Sufficient allowance is made for the small rim. 

View from 
.A" 

FIG. 31. Baseplate. 

Zone subdivision I to VI. 
I. Bar 40 x 100 cm. Fig. 7, M = 20 cm. 

II. Circular ring seat, interfaces with the plate are non-cooling surfaces; 
25 X 50 

M-- ■ = 9-6 cm. 
2 ( 2 5 + 5 0 - 10) 

III. Lug. Simulation body: parallelepiped 7 0 x 8 0 x 9 0 ; F = 
504,000 cm3. Atot = 2 (70 x 80 + 70 X 90 + 80 x 90) = 38,200 cm2. 
Non-cooling surfaces: outer walls + ribs = 90 x 8 x 3 and plate = 
(70 + 80) x 10, total 3660 cm2. A = 38,200 - 3660 = 34,540 cm. 

M= VjA = 14.5 cm. 
IV. Lug. Simulation body: parallelepiped 100 x 50 x 90 cm. Rapid 
determination as a cylinder 9$ diam. (R = 47-5), H — SO cm. 

M = 12.5 cm from Fig. 7. 
V. Strengthening rib: Bar 45 x 90 x l80. V*= 738,000 cm3. 
^tot = 2 (45 x 90 + 45 x 180 + 90 X 180) = 62,700 cm2. Non-
cooling surfaces: outer walls + ribs: 8 x 9 0 X 4 = 2880 cm2. Plate: 
(45 + 180) x 10 = 2250. A = Atot - non-cooling surfaces = 

57,570 cm2. M = VjA = 12.8 cm. 
VI. Seat. Bar 25 x 45; non-cooling surfaces at outer wall and plate. 

M = 
25 x 4 5 

2(25 + 4 5 ) - 8 - 1 0 
= 9.25 cm. 
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F I G . 32. Gate valve housing. 

Zone subdivision'. 
Circular flange: bar 10 X 21 cm, 9 cm2 non-cooling surface; draw the 
intersection, inscribed circle 13 cm diam; simulation bar 13 x 21 cm. 

13 X21 
Λ/ = ■ = 4.65 cm. 

2 ( 1 3 + 2 1 ) - 9 

Oval flange: intersection circle 10 cm diam.; non-cooling surface 5 cm2; 

simulation bar 1 0 X 1 4 cm. M = ■ 10 X 14 
2 ( 1 0 + 1 4 ) - 5 " = 3 - 2 5 C m · 

Valve body: plate 5 cm thick; M = d/2 = 2.5 cm. 
Intersection valve body/seating: inscribed circle 7 cm diam. Represent by 
two crossed plates, simulation plate 7 cm thick, M = d/2 = 3 . 5 cm. 
Intersection valve body)external ribs: inscribed circle about 5.5 cm, 

M = d/2= 2.75 cm. 

F I G . 33. Auto hub. 

Zone subdivision: 
2.7 + 5 

Neck, upper: trapezium A = x 10 = 37-5 cm2; P = 

5 + 2.7 + 8.8 + ~ H = 27.5 cm; M = A/P = 1.37 cm. Allowance 
for non-cooling surfaces of the 16 ribs and lugs, estimated at ~ 1 0 % , 

M = 1.5 cm. 
A- , , 4.1 + 3 
A eck, lower: trapezium A = x 13 = 46.1 cm2, P = 4.1 + 
3 + 1 1 . 8 + ^ 1 3 = 31.9 cm; M= A/P= 1.45 cm + 10% for lugs 

and ribs, M «* 1.6 cm. 
Grease box: plate, 1.2 cm thick; M = d/2 = 0.6 cm. 

Intersections: grease box/inner ribs: inscribed circle 1.8 cm diam.; 
M = 0.9 cm. 

Intersections: grease box/inner, outer ribs; inscribed circle 2.4 cm diam%; 
M = 1.2 cm. 

Disc: bar 4 x 1 1 cm, non-cooling surface inner: 

M--
11.4 

- = 1.7 cm. 2 (11 + 4) - 4 

Eye lugs on disc: cylinder 5.0 cm diam. x 6 cm H; non-cooling surface: 
2 - 5 x 6 

4 cm wide strips; M = — = 1.67 cm. 

F I G . 34. Press cylinder. 

Zone subdivision: 
Cylinder base: disc 40 cm diam.; side cooling surfaces absent, as adjacent 

to cap; plate, M = d/2 = 7 cm. 
Cap: plate, 10 cm thick; M = d/2 = 5 cm. 

Cylinder body: plate 12 cm thick; M = d/2 = 6 cm. 
Upper plate: 8 cm thick; M = d/2 = 4 cm. 

Periphery of small drill holes 120 diam.; outer wall: plate 8 cm thick; 
M = 4 cm. 

Intersection: cylinder/sloping wall: inscribed circle, 18 cm diam.; two 
crossed plates, M = d/2 — 9 cm. 



C H A P T E R 3 

T H E T H E R M A L G R A D I E N T 
I N T H E C A S T I N G 

3·i. What Is a Thermal Gradient ? 

IMPORTANT FOR PRACTICE 

The stepped wedge already mentioned (Fig. 2) solidifies 
at the thinnest position first. The metal in the thicker 
sections is still liquid at this time, and is therefore hotter 
and solidifies later. This is due to the difference in the 
amount of heat to be dissipated, and hence to the diffe
rent moduli. Because the temperature falls towards the 
solidified extremity, a temperature gradient exists; a 
temperature gradient therefore develops when solidifi
cation progressively moves towards the riser. 

According to Pellini(8), the temperature gradient in a 
plate must amount to at least 0.5°C/cm length of the 
casting, for a sound casting to be obtained; i.e. at this 
gradient each cm of the solidifying casting can still be 
fed from the part of the casting which is 0.5°C hotter 
(Fig. 35). 

To obtain a temperature gradient it is sometimes (but 
not always) sufficient to pour through the feeder head 

. Length of 
casting 

F I G . 36. Temperature pattern immediately after casting in a plate 
which was top poured through the feeder. 

(Fig. 36) so that the coldest metal is found at the extre
mity of the casting, and the hottest in the feeder. 

m 
IYI 

100 200 

Distance from feeder head 
rrr-7\Shrinkage cavity zone 

Y \Feeder- I , End-\Feederr End-
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Thermal gradient on 50mm thick plates 
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\0 4L )0 

Γ7Ι 
Distance from feeder head 

Feeder 
Feeder zone 

End zone 

mo 

f \ /Izone Shrinkage cavity zone 
Y I I 1 I End zone 

<—ϊ—*-U *4 
►»»»»»» 

Thermal gradient on 100 x 100mm bars 

F I G . 35. Thermal gradients on plates and bars, after Pellini(3). 

3.2. Thermal Gradient and Difference in Modulus 

IMPORTANT FOR PRACTICE 

In order for a cross-section to remain liquid longer 
than a neighbouring one, it must contain more heat. 
A section with a longer solidifying time also has a larger 
modulus. Experiments have shown that the modulus 
must be larger by a factor of about 1.1 for the section 
to be able to feed a thinner adjoining section. Feeder 
heads also form such metal-supplying sections. The 
feeder head modulus must be at least 1.2 times larger 
than that of the casting (Fig. 37). 

Μ^ »V-MQ 
Mi-U>Mi 
M9 -12- M2 fZ>] 

F I G . 37. For satisfactory feeding the modulus of each cross-section, 
both within the casting and at the transition to the feeder head, 

must be 1.1 to 1.2 times that of the preceding modulus. 
16 
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Effect of the Thermal Gradient on Solidification and Feeding Range 

The principle that the feeder should solidify last is 
well known, but often too tightly and too generously 
dimensioned feeders are found together in one and the 
same foundry. The latter are usually based on the bad 
habit of designating all blowholes, even slag blowholes 
and pinholes, as shrinkage cavities, and, due to lack of 
knowledge of the correct method of determining riser 
dimensions, attacking the problem from the feeder side. 
The true cause—metallurgical variations in the steel — 
was ignored in this way, but the economic efficiency of 
the foundry operation is certainly jeopardized by over-
large feeders. 

3.3. Effect of the Thermal Gradient on Solidification 
and Feeding Range 

IMPORTANT FOR PRACTICE 

Metals solidify as crystals; in many metals the "fir 
tree" (dendritic) crystals grow from outside inwards. 
Figure 38 shows the growth of a dendrite. The more 

ja ^ 

FIG. 39. Dendrites from a shrinkage cavity. 
{a) from a "cupola scaffold**; 

(b)from a horizontal "runout** {see also Fig. 72). 

time there is available for crystal growth, the better the 
development of these starlike ramifications. Figures 39 a-b 
show dendrites from a shrinkage cavity, while Fig. 40 
illustrates a section with closely entangled crystals. In the 

F I G . 40. Section of dendrites. 

spaces between these crystals are found the solidified 
remains of the liquid metal which was present just before 
solidification, and which is enriched in constituents 
remaining liquid at still lower temperatures. 

DS 2 

FIG. 38. Steps in the growth of a dendrite. 
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1 . 2 
Solidified skin 

Sand 

Width of 
Edification band 

Shrinkage cavities 

F I G . 41. Solidification of a plate in 3 phases. 

Phase 1; The dendrites grow into the still liquid interior. Feeding of the 
interspaces possible. 

Phase 2: The dendrite peaks are in contact. Flow of metal restricted. 
Phase 3 : Formation of more or less extensive cavities, due to the con

striction of the feed channels by the dendrites. 

Solidified 

F I G . 43. Advancing solidification of a keel block. 
Due to the wedge-shaped pattern of the solidification front, the liquid steel 
can reach even to the interstices of the enveloping crystallites, and fill up 

the cavities which are forming there. 

According to Fig. 41 the solidification of a plate takes 
place in three phases: first, a solid edge zone is formed 
with a broad liquid region between the advancing crystal 
fronts; the liquid steel flows freely and always remains 
in contact with the dendrites, thus filling up the space 
which would otherwise be left as the solidified metal 
contracts. Secondly, the crystal peaks constrict the flow 
of metal and finally come into contact. Eventually the 

flow of molten steel is cut off and more or less extensive 
shrinkage cavities are formed (Fig. 42). 

Wedge castings as in Fig. 43 do not exhibit parallel 
solidification fronts, so that feeding of the intercrystalline 
spaces is possible even with advancing solidification. 
A thermal gradient also produces a similar wedge-
shaped solidification front. A plate as shown in Fig. 44 
solidifies at the edges first, where the crystals grow more 

F I G . 42. Radiograph of the centre line cavity of a plate. 
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Heat radiation 

\ t t t t t t 

1 — 
Solidification wedge in 

the plate end zone 

/ W i l l 
t t t t t 

~Z Solidification wedge in 
the feeding zone 

End zone Feeding 
wedge, zone wedge, 
sound sound 

Feeding Central zone, End zone 
zone solidification wedge, 
wedge, front parallel, sound 
sound cavities 

FIG. 44. 

1. End section of the plate. Heat radiation from three sides, with the 
formation of a solidification wedge. 

2. Feeder section of the plate. Diminished growth rate of the dendrites near 
the feeder due to its heating effect, hence a solidification wedge is formed. 

3. End and feeder zones are continuous, giving a sound plate. 

4. End and feeder zones are twt continuous; cavities are formed in the 
central zone with a parallel solidification front. 

rapidly than in the centre of the plate, due to cooling 
from both sides. The solidification fronts therefore taper 
towards the centre because the temperature gradient, 
i.e. the end zones of plates at which this wedge angle is 
sufficiently obtuse, will always solidify without cavities. 

A thermal gradient is also formed near to the feeder 
head, as the feeder acts as a heat reservoir, which allows 
the adjacent zone of the casting to remain liquid for a 
longer period. For this reason the crystals in this zone 
solidify more slowly than in the centre of the plate, the 
solidification front is wedge-shaped and a sound casting 
produced. If the feeder and end zones are alwavs in 
liquid/liquid contact the casting is sound; if these zones 
become separated (by solidified dendrites), cavities are 
unavoidable in the middle section, where the solidifica
tion fronts are parallel. 

3.3.1. SOLIDIFICATION CHARACTERISTICS 
OF RECTANGULAR SECTION BARS 

Cooling proceeds on four or five sides at the end of 
the bar (Fig. 45), i.e. the solidification wedge is at first 
very steep and short, so that the length which can be 
adequately fed to give a sound casting is also short. The 
thicker the plates or bars, the further the sides of the 
wedge can extend, and the longer the sound zones 
become (Fig. 46). 

FIG. 45. Because of heat radiation from 5 sides in bars, the solidi
fication wedges are steeper and shorter and the feeding ranges are 

less than with plates of equal thickness (diagrammatic). 

dt 
3= 

V r" / / / / / f { 1 S < < t < S ( L·^-

dt 

I 

L* 

7/ / / 

/ / 
/ / / 

'///Λ //;/////// '/^**—*' 

//////ΤΎ'/Ύ///'/: 
FIG. 46. The length of the sound solidification wedge increases 

with the depth of the cross-section (diagrammatic). 

The transition from plate to bar is capable of infinite 
variations. Cech(4) investigated the feeding ranges of 
unalloyed carbon steels (0.2-0.3 per cent C); the results 
are shown in Table 3 and Figs. 47, 48 and 49· 

T A B L E 3. F E E D I N G RANGES ON CAST S T E E L PLATES AND 
SQUARE SECTION BARS 

End zone Feeding zone 
EZ'2-5 0 TZ*2D 

5D 
\TZ+EZ\ 

M Γη 
1 I Wi 

4\D [~~\4-5D\-+-
Without 

•M 
Artificial end zone 

1 50 ' 

V 
IE-"" 

TZ + EZ 

* 6 x JO ( in.) 

= 9 5 xfD(cm) 
or 

- 30 xfD(mm) 

A bar from a width ratio of 1 : 5 counts as a plate. 
The use of chills is explained in Chapter 8. 
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F I G . 47. Length of the sound feeder zone as a function of the dimen
sions of the casting. 
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F I G . 48. Length of the sound end zone as a function of the dimen
sions of the casting. 
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F I G . 49. Length of the sound feeder + end zone as a function of 
the dimensions of the casting. 

By using highly exothermic antipiping materials the 
length of the sound feeder 2one increases, because the 
thermal gradient is increased as a result of additional 
superheating in the feeder head (Fig. 50). This will be 
discussed more fully in Chapter 12. 
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F I G . 50. Length of the sound feeder zone as a function of the 
dimensions of the casting when using exothermic feeders. 

By placing chills in the faces of plates the end zone 
lengths can be increased by about 50 mm compared with 
Fig. 48. A similar increase of about 50 mm can be ob
tained by simulating end zones (by means of a chill 
placed between two feeding points—see Chapter 8 and 
Table 3). 

The end zone lengths of bars are also increased by 
means of an end chill. The increase in this case is so 
slight, however, that it is better on safety grounds not 
to allow for it in the calculation. 

The region of the casting which can be supplied by a 
single feeder head is known as the feeding area; it is 
only necessary to place a single feeder inside one feeding 
area. A second feeder would not only be wasteful 
(Fig. 51), but in some circumstances could even cause 

F I G . 51. Waste of steel caused by using two feeders inside a single 
feeding area on the boss of a flange coupling. 

The flange feeder was incorrectly dimensioned, resulting in ca
vities ( (cf. Fig. 237). 
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damage. If one of the two feeders is only a little less 
than the other, it solidifies first and draws some metal 
from the larger one, which will then empty more com
pletely, so that the shrinkage cavity can extend into the 
casting. 

Feeding areas which are bounded by end zones are 
significantly larger than those without end zones (Fig. 52). 

1st. subdivision into 
feeding areas 
without end-zone 

2nd. subdivision into 
feeding areas with 
feeding + end-zone 

Forming end-zones 
with chills 

(see chapter 8) 

F I G . 52. Subdivision of a flange into feeding areas. 

The casting in question, according to its shape, is divided 
into one or more feeding areas, and a feeder of suitable 
size placed in each area. 

3.4. Factors Influencing the Feeding Range 

Feeding becomes more satisfactory as the angle of the 
wedge between the solidification fronts increases. As the 
crystals themselves grow with a dendritic and therefore 
wedge-shaped structure, an angle is also formed between 
the crystals. The longer the crystals are (with the same 
base width) the smaller this angle becomes and the more 
difficult it is for the molten steel to reach the shrinkage 
cavities forming between the numerous crystallites 
(Fig. 53)· 

In the region of the growing crystals solid components 
(crystals) and liquid metal exist side by side. This zone 
is neither solid nor liquid, but is mushy, and is known 
as the "solidification band". The wider this band, the 
longer the crystals, and the more difficult feeding be
comes. The width of the solidification band is influenced 
by the following circumstances(3): 

(1) The phase diagram of the metal indicates the inter
val during which solid and liquid metal exist together 

Main channel 

F I G . 53. Influence of the wedge angle between the crystals. 

1. Wedge-shaped interstices are found between the dendrites. The larger 
this angle between the solidification fronts; the shorter the crystals and the 

more favourable the feeding conditions. 
2. Freezing range small. Short crystals, large wedge angle between the 

crystals, feeding easy, even towards the end of solidification. 
3. Freezing range large. Long crystals, small wedge angle between the 
crystals. Feeding difficult, especially towards the end of solidification, when 
the crystal peaks are almost in contact and only a small main channel is 

still present. 

(the freezing range). The wider this interval, the longer 
the time available for the crystals to grow, and the more 
unfavourable the solidification pattern becomes (Fig. 54). 

1200 
0 0.1 02 03 0.4 0.5 06 0.7 OQ 0.9 1.0 

%C 
Iron corner of the iron-carbon diagram 

Solidification band 
of region H 
(steel with 0.2 %C) 

Solidification band 
of region I-E 
(steel with 0.52 %C) 

FIG. 54. Influence of the width of the freezing range on the width 
of the crystallite solidification band. 
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(2) The higher the solidification temperature, the more 
rapidly the temperature falls (hotter bodies radiate heat 
much more than cooler objects). With a high solidifica
tion temperature, therefore, the crystals have little time 
to increase in length, as the molten metal in the inter
stices will also solidify rapidly; the freezing range is 
small, and hence favourable to the production of sound 
castings (Fig. 55)· 

(4) The more intensive the chilling (the heat absorp
tion capacity and thermal conductivity) of the mould 
material, the more rapidly the heat will be withdrawn 
from the residual melt and the more rapidly will solidifi
cation proceed; the solidification band is again smaller 
and more favourable (Fig. 57). 

Temperature 
ß=L=— variation 

Temperature 
variation 

2 m 
F I G . 55. Influence of the solidification temperature of the cast metal. 

1. Solidification temperature low. Temperature curve flat, thermal gradient 
small, crystals long, unfavourable feeding characteristics. 

2. Solidification temperature high, rapid drop in temperature, large thermal 
gradient, crystals short, favourable feeding characteristics. 

F I G . 57. Influence of the chilling action of the mould material. 

1. Chilling actiotf slight; temperature curve slight; very wide solidification 
band, unfavourable feeding characteristics. 

2. Intense mould chilling action; steep temperature curve; solidification 
band narrow, favourable feeding conditions. 

(3) The lower the thermal conductivity of the metal, 
the more the dendrites use up their store of heat during 
growth. With a low thermal conductivity heat is only 
slowly replenished from the residual melt, growth is 
hindered, the crystal length is short, and the freezing 
range is again short, and therefore favourable (Fig. 56). 

wm 
Temperature 

variation 

F I G . 56. Influence of thermal conductivity of the cast metal. 

1. Thermal conductivity of the metal high; rapid supply of heat to the 
crystals; slow crystal growth, long crystals, unfavourable feeding charac

teristics. 
2. Thermal conductivity of the metal low; slow conduction of heat to the 
crystals; rapid cooling of the crystals, rapid crystal growth, crystals short, 

feeding characteristics favourable. 

Points (1) to (3) are dependent on the metal and can
not be influenced by the foundryman. Improvements 
can be achieved only by selecting a more suitable mould 
material. 

Every metal therefore exhibits a characteristic solidifi
cation pattern which can be influenced by the mould 
material, and also to some extent by the design of the 
casting, for example, a slowly solidifying sphere or a 
rapidly solidifying thin plate (Fig. 58). 

F I G . 58. Influence of wall thickness d. 

The longer the time available for the dendrites to grow, the longer they 
will become, and the wider will be the solidification band {see also Fig A). 
Consequently very wide solidification bands exist in the interior of thick-
walled castings, making satisfactory feeding difficult. Beyond a cer'ain 
thickness the dendrites become so long that the interstices between the 
crystallites can no longer be fed to produce a sound casting {leading to un

avoidable central segregation or microporosity in massive castings). 
The decreasing feeding ranges in thick-walled plates are also shown in 

Figs. 47 to 50. 



CHAPTER 4 

D E T E R M I N A T I O N OF T H E 
CONNECTOR B E T W E E N F E E D E R 

AND CASTING, HERE CALLED FEEDER NECK 
(earlier known as the ingate, neck, shoulder, etc.) 

4.1. Calculation of Transition Cross-sections between 
Feeder and Casting (without Allowing for the 
Effects of the Flow of Metal) 

IMPORTANT FOR PRACTICE 

Directional solidification must take place from the 
casting and across the ingate to the feeder, with an in
crease in modulus of about 10 per cent at each stage: 

^cas t ing : ^ n e c k : ^ f e e d e r = i I 1.1 : 1 .2 ( 9 ) 

If this condition is satisfied then shrinkage cavities cannot 
occur near the feeder neck. 

Unfortunately this rule is often broken (Fig. 59), 

Mflange *«*em 

F I G . 59. Formation of cavities due to the constriction of the feeder 
neck towards the casting. 

As the modulus of the neck at its narrowest point is only M = 3.2 cm, 
it freezes prematurely here, leading to shrinkage cavities in the flange. 

leading in every case to premature solidification of the 
ingate, with the formation of shrinkage cavities. 

The gate formula given by Namur(5): 
. . a x b __ t x 

Mine^ = ——r > MF (10) a + 
j>MF 

supplies values which are too low; practical experience 
has shown that cavities are produced, and consequently 
the formula cannot be recommended. 

Over-dimensioning of the neck can also lead to scrap 
due to the formation of secondary shrinkage cavities. 

According to Fig. 60 every neck is a semi-infinite 
bar, because the end cooling surfaces are missing due 
to the adjoining feeder and casting. The modulus is 
therefore calculated by the bar formula or from Fig. 7. 
Because these parts often have very irregular shapes 
(Fig. 61), the greatest care must be taken to ensure that 

Interface with: 
Feeder 
head 

Casting 

F I G . 60. Representation of the feeder neck as a semi-infinite bar. 

Necessary neck 
modulus 

The modulus of the neck must 
remain constant at each position, 

hence: M _ - * ♦ M etc 
nee* t w - » . 3 r—:---5 r-

F I G . 61. Rapid determination of the dimensions of an irregularly 
shaped feeder neck, using Fig. 7. 
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the modulus remains the same throughout the neck. 
Figure 7 is an almost indispensable guide for this pur
pose. 

The necessary modulus cannot be achieved solely by 
widening the gate, especially in plate-like castings; this 
fact is illustrated in Fig. 62. Only an enlargement in 

Possibility 

7 neck (theoretical) 11x2.5 = 2.75cm 

Possibility 1 (dimensions in cm) 
i-i jr-JT 

wdwA 
k-θ—\ 

F I G . 62. The necessary modulus cannot be attained in plate-shaped 
castings merely by widening the neck. 

Possibility /· 

Neck broadens up to the casting 

Section I-J 

u 22 -

I M · 275 
\ l 

Section 2-1 
——re—~ 

M '2.75 
I 

T 

7 

1 

M 

1 

Possibility 2. 

Neck narrows towards the casting 

Section JT-JT 
U— /; - — 

Dimensions in 
cm 

cross-section, as in Fig. 63, can produce correct solidifi
cation; according to the size of the enlargement in cross-
section the ingate can even contract towards the casting 
(Fig. 63, Example 2). These examples are not to be con
fused with the wedge-shaped pads to be described later. 

Flanges, etc., often form junctions with a larger mo
dulus. Obviously the ingate must be attached at these 
positions (Fig. 64, Example 2). Enlarged necks are 
absolutely necessary in this case. 

Incorrect 

VMM -γΗΧν/Λ τΓψ%λ ^Μ\ 
V. 250 η ~"°-Ί : r * o - | 

F I G . 64. Double flange with a correctly and incorrectly dimen
sioned neck. 

F I G . 63. Neck to a 50 mm thick plate; the modulus is correct due 
to enlargement in section. 

Oval (blind) 
feeder head 

F I G . 65. Feeder neck of a distributor casting. Possibility 2: feeder 
more easily removable than in 1 (Fig. 66 a). 

Feeding each of two flanges by means of a single feeder head at the side. 
Alternatives 1 and 2 are encountered mainly in fittings with flanges closer 

together than those shown in this example. 
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F I G . 66 a. Feeder neck of a distributor casting. Alternative 1: 
feeding each of two flanges by a single feeder head. 

FIGS. 66 b—-d. Illustrative examples of necks for fittings. 

(d) Differential housing. 

FIG. 07. Neck of a distributor casting. Alternative' 3: separate, 
easily removable feeders. 

(b) Valve housing (a feeder with an exothermic sleeve on the valve 
seating). 

(c) Gate valve housing. 
F IG. 68. Neck of a distributor casting. Alternative 4: feeding 

through open feeder heads. 
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FIG. 69. Neck of a distributor casting. Alternative 5: simultaneous 
use of 3 and 4. 

T A B L E 4. D E T E R M I N A T I O N OF THE F E E D E R N E C K S OF A 

DISTRIBUTOR CASTING 

Flange I Μτ 
6 x 2.5 

- s 0.97 cm 
2 ( 6 + 2 . 5 ) - 1.5 

Associated neck: AfGI = Μτ χ 1.1 = 1.07 cm 

Flange II Mu — 
6 x 

= 1.1 cm 
2 ( 6 + 3 ) - 1 . 5 

Associated neck: MGU = Mu x 1.1 = 1.21 cm 

Fig. 

65 

66 

67 

68 

Flange I 

MGi = 1.07 cm 

a — 5 cm 
b = 4 cm 40 

50U-

a = 5 cm 
b = 4 cm 

50 

as Fig. 66 

,60 

a = 3-5 cm -r 
b = 6 cm I 

« ^ 

Flange II 

AfOII = 1.21 cm 

45 

T 
*5 

a = 5-5 cm 
b — 4.5 cm 

a = 5.5 cm 
£ = 4.5 cm 

55 

as Fig. 66 

60 

45$ 

T 
a — 4.5 cm 
b = 6 cm 

0 is assumed on the basis of the junction circle 
b is then determined by using Fig. 7. 

Occasionally used for fittings with 
flanges close together 

Alternative 2 u mi J Alternative 1 

Excessive1 
height 
Normal 
height 

F I G . 70. Neck of a distributor casting. Alternative 6: moulded F I G . 71 .Feeding possibilities of a cylinder. For method of calculation 
horizontally, bottom cast. see Table 5· 



Calculation of Ingates, Allowing for the Heating Effects of Metal Flow 

T A B L E 5. DETERMINATION OF THE F E E D E R N E C K S OF A C Y L I N D E R , ACCORDING TO FIG. 71 

27 

Modulus of the cross-section Modulus of the neck Feeder determination (see Chapter 5) 

Simulation body: 
Square section bar, with walls 60 
and 70 mm, omitted as non-cooling 
surfaces 

Base I cm2 

Μτ = 
11 x 11 

2(11 + 1 1 ) - ( 6 + 7) 3.9 cm 

MGl = 1.1 x M , = 1.1 x 3.9 = 4.3cm 
From Fig. 7 

(a) at the casting: (A—A) 
a\ = 1 *. K = 30 cm 

(a1 is assumed) 

(b) at the feeder ( B - B ) 
b2 = diam.fceder = 23-5 cm 
a2 = 13 cm 

MFl = 1 . 2 x ^ 1 = 1 . 2 x 3 . 9 = 4.7 cm 

Variant 1 Variant 2 
feeder diam. open feeder head 
* 5 x MF = 235 mm 

60 
H = 1.5 diam. = 353 mm 

III 

Calculation of the ingate not 
necessary with an open feeder 

I cm 
^1A I 

Sand fillets 
Allowing for the sand fillets a cylin
der of250ciam. x 100 high is assumed. 
The wall 50 is omitted (non-cooling 
surface) 
According to equation (8): 

12.5 x 10 
Mtw = — = 3.55 cm 

11 2 ( 1 2 . 5 + 1 0 - 5 ) 

Or 

Open feeder: 
MF = 1.2 · Mn — 4.25 cm 

from the feeder table 
for / / = 1.5 diam. 
diamF = 230 mm, 
HF 345 mm 

I00\ 

250 

\m 
Sand fillets 

The cylinder sleeve is a curved plate 
of thickness d = 70 (at the thickest 

d 
point) the modulus Mm = - = 3-5 cm 

Control of the modulus gradient: 
Μι'·Μι\\ = 3.9:3.5 = 1.12, 
i.e. section I can approach section IT 
with sufficient safety 

Figures 65 to 70 show various examples in the design 
of ingates for pipe fittings; the necessary calculations 
are summarized in Table 4. When possible one feeder 
head should supply two flanges (to improve the metal 
yield). Chills are usually necessary for high-quality pipe 
fittings which are required to be tested radiographically 
(see Chapter 8). The cost of removing the feeder must 
also be taken into account when placing the neck; 
these costs vary according to the operation. A further 
example is illustrated in Fig. 71, with Table 5-

4.2. Calculation of Ingates, Al lowing for the Heating 
Effects of Metal Flow 

IMPORTANT F O R PRACTICE 

Some of the superheat of the steel is lost to the mould 
walls while the metal is flowing, i.e. the walls absorb 
heat, thus reducing the directional cooling effect during 
solidification. The greater the superheat and the longer 
the period of flow through the section in question, the 
more pronounced this effect becomes. The safe utiliza
tion of this effect depends on the casting being satis
factorily supplied with metal by the feeder head. With 
one feeder head this is always true, but with three feeders 
special provisions must be mide in the runner system. 

According to Chvorinov(1): 

7> = 1.15 Γ0 (11) 

where Tf is the time of solidification with, and T0 

without, metal flow. The equation is valid for superheats 
normally encountered in practice. In addition: 

Tj. _ (Μ,γ__ IJST; . whence Mf _ uo7Mo 

(12) 

This signifies that the modulus of cross-sections through 
which hot metal is flowing is increased only by 7 per cent 
by virtue of this flow of metal; for ingates of this type 
therefore the following relationship is valid: 

W 2 

Mcs (1.0-1.03): 1.2 (13) 

in which the ratio 1.0 applies only to strongly super
heated small parts (70-100°C superheat). 

If the given examples of pipe fittings (Figs. 65-68) are 
re-calculated, the ingate dimensions are now reduced by 
2-5 mm, i.e. by a far lesser amount than is frequently 
assumed. Very often obviously under-dimensioned 
necks are justified on the grounds of hot metal fl:w, 
scrap castings being produced time and time again from 
this cause. The shrinkage cavities are then falsely attri
buted in many cases to the provision of too small a 
feeder; this is then enlarged, the yield deteriorates, the 
defect is not eliminated and the feeding system as such is 
often abandoned. 



CHAPTER 5 

F E E D E R HEADS 

5.1. General 

IMPORTANT FOR PRACTICE 

Chapter 5 is concerned with feeders in which highly 
exothermic antipiping material is not used, either in the 
form of sleeves or powder. Low-exothermic materials, 
which allow of no reduction in the size of the feeder, 
must be used with open feeder heads. 

The mathematical basis for Chapter 5 is discussed in 
Section 5-6, so as not to interfere with the reading of 
the practical sections. 

5.2. Action of Open Feeder Heads 

IMPORTANT FOR PRACTICE 

According to Fig. 72, a shrinkage cavity is formed 

Φ £> Heat conduction 
m & m O Large l 

3. H 

CO Moderate C=C> 

C >̂ Small O 

Residual melt 
flowing 
downwards 

\\\M 

during solidification in a casting not supplied with a 
feeder, a considerable vacuum being generated. The 
pressure of the atmosphere drives the liquid metal from 
an attached feeder into this cavity, and the pressure 
energy is required to overcome the resistances to flow, 
which become very high towards the end of solidification 
and determine the feeding ranges. 

A pressure column of liquid steel 1.45 ni high with 
a specific gravity of 7 exerts a pressure of one atmosphere. 
The great majority of feeders have heights much less 
than this, and thus exert relatively little downward force. 
The expression "gravity feeder head" which is oc
casionally used is therefore misleading. Once the flow 
to the junction with the body of the casting is inter
rupted prematurely (because of incorrect dimensioning 
of the feeder neck or casting) then even lOOatm pressure 
could not force liquid metal through the solidified cross-
section. It is therefore quite wrong to blame low feeder 
pressure for scrap which is actually caused by thermal 
effects. The usual language of the foundryman is in
accurate and misleading in this respect. Shrinkage ca
vities should refer to cavities which suck in liquid steel. 
In this way, false inferences based on incorrect termino
logy will be avoided, because the steel can no longer 
flow exactly as it would under the action of atmospheric 
pressure. 

Premature freezing of the surface of the feeder head 
(Fig. 7,3) leads to the formation of secondary cavities 

5 . 

Shrinkage cavity displaced 
upwards. The lower side is 
covered with larger crystallites 
than the upper side 

F I G . 72. Formation and position of the shrinkage cavity in a steel 
casting solidified without feeding. 

1. During casting the lower parts of the mould are first flushed with steel; 
this gives up part of its heat to the walls, so that contraction and growth 

in thickness of the lower layers begin prematurely. 
2. Even when the sand mould is completely filled, the bottom surfaces con
duct heat best, due to improved contact with the steel, next in order follow 
the side walls, with the top surfaces conducting the least heat. Thus the 

solidified layers will be thickest at the bottom. 
3. Crystals are formed everywhere in the melt and are deposited on nuclei, 
when the temperature has fallen sufficiently. In thick-walled castings con
siderable amounts of these floating crystals sink to the bottom, where they 
accumulate and increase the thickness of the bottom layer. 
4. Immediately after the formation of a shrinkage cavity the residual melt 
flows downwards due to the action of gravity, and collects in the lower part 

as a sump. 
5. The dendrites below grow more strongly than those above, because of 

improved feeding from this sump of metal. 
6. After the supply of liquid steel to compensate for volume shrinkage 
ceases, a shrinkage cavity forms in the hot centre of the casting. For the 
reasons given, the position of the cavity is always displaced towards the top. 

Prematurely frozen feeder 
head surface Primary shrinkage 

cavity 

^Secondary shrinkage 
cavity 

FIG. 73. Formation of secondary shrinkage cavities by premature 
freezing of the surface of the feeder head or of a section. 

(because the liquid metal is cut off from the pressure of 
the atmosphere) which otherwise can penetrate deeply 
into the casting. The temperature gradient of the feeder 
must therefore increase towards the top. Methods of 
accomplishing this are shown in Fig. 74. The procedure 
using puncture cores, adopted by Pearson(6) from the 
atmospheric feeder head, also merits consideration 
(Figs. 75, 76). It is remarkable that the atmospheric 

28 
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F I G . 74. Retarded solidification of the feeder by increasing the heat 
content by means of: 

1. Top casting. The hottest steel is in the feeder. 
2. Bottom casting, until the liquid level rises slightly above the lower edge 

of the feeder head, followed by top casting. 
3. Very pronounced convex formation of the feeder bead, whereby its volume 

and hence the proportion of beat contained in it are increased. 
4. Use of highly exothermic agents in the form of antipiping compounds 

or exothermic sleeves. 

A thermal gradient feeder -> casting is generated by all these measures. 

"U t m 
[ΛΜΚ 
r£J 

76 

t 

FIGS. 75/76. Penetration cores after Pearson(e). 

1. Without core. A shrinkage cavity is formed from the heated sand fillet 
to the runner. 

2. With a pencil-shaped core made of oil sand or graphite. One way in 
which graphite acts is by lowering the melting point of the steel by carburi-
^ation, so that the pressure of the atmosphere can be brought to bear on 

metal which remains liquid for a longer time. 

pressure acts via the core against gravity, even when 
the surface of the feeder has solidified (see also Fig. 79)· 
Small feeders with a puncture core are more effective 
than larger feeders without one. 

5.3. Mode of Action of Blind Feeder Heads 

IMPORTANT FOR PRACTICE 

The sphere has the smallest radiating surface area of 
any body of equal volume, and represents the ideal 
feeder shape as far as thermal conditions are concerned. 
From the point of view of moulding technology the 
production of spherical feeders is costly (Fig. 77)- Shapes 
approximating to spheres are cheaper to mould (Fig. 78). 

F I G . 77. Manufacture of spherical feeders by means of cores. This 
method of moulding is expensive, but is occasionally used with 
high-grade steels. The Cope core can also be manufactured from 

highly exothermic materials (see Chap. 12). 

//«/,5 D* atM 

1~Z1 
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F I G . 78. Feeders (Williams risers) with simple and double spherical 
domes. 

3. With a short, acute-angled pyramidal oil sand core. 
4, 5, 6. Horizontal graphite pencil cores at various levels show that the 

atmospheric pressure can act against the force of gravity. 

The reliability of open feeder heads is increased by penetration cores of 
this type. 
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Using ordinary antipiping powders the radiation of 
heat from open and blind feeder heads is practically the 
same (the insulating effect of the sand in blind feeders is 
often overestimated). 

As a solidified skin forms round the feeder shortly 
after casting (Fig. 79), a way must be opened up from 

Penetration core 

Shrinkage cavity grows 
continuously until 
completion of 
solidification 

Solidified zone 

Liquid 

FIGS . 79a-c. Mode of operation of the pencil core (Williams pene
tration core) in a feeder. 

Penetration core. 

the atmosphere into the liquid interior by means of 
permeable cores. This also applies to " b l i n d " feeder 
heads. Instead of the core a sharp sand fillet can also 
serve the same purpose; however, this is often un
reliable, as it can break away due to insufficient sand 
strength or slovenly moulding; the fragments of sand 
can even enter the casting. Puncture cores should be 
permeable to gases, and acute-angled cores are to be 
preferred; because of the high heat concentration at the 
apex, the steel remains liquid for a long period (Fig. 80). 

Effective penetration 
core 

Cylindrical penetration 
cores are less effective 
as no sharp sand fillets 
are present 

Triangular pyramid 
Firebrick or cover plate 

Covered blind feeder head 

Slit blind feeder head 

F I G . 80. Acute-angled and cylindrical pencil cores. 
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Should small feeder blocks (under 80 mm diameter) 
be used, the metal must not be too cold, otherwise they 
will not feed. The size of this appendage (Fig. 81) is less 
than required and the penetration core cannot reach hot 
metal and thus remains ineffectual, so that shrinkage 
cavities are inevitable. 

Porosity is sometimes produced when using fluid 
feeders, the cause of which is usually wrongly inter
preted. It may actually be due to incomplete filling 
(Figs. 82a-b). The caster is deceived by a spray of metal 

F I G . 81. Formation of cavity in a casting due to the metal not 
flowing out of the feeder head. F IG. 82 b. Cavities in flanges, bounded by a horizontal base, 

produced by incomplete filling, and erroneously termed "blow
holes". 

Increasing rate of ascent on reaching the highest 
point of the flange / into thinking that the mould is full, pouring is stopped 

prematurely, and shrinkage cavities are formed. No 
spraying effect is observed as long as the total cross-
section of all the whistlers is larger than that of the 
downgate. This phenomenon has nothing to do with 
the ferrostatic pressure or with a suction effect exerted 
bv the whistlers. 

7 E ,jEuhl3*gy 

F I G . 82 a. Formation of shrinkage cavities with horizontal bottoms 
under whistlers due to the spray effect (wrongly supposed to be 

air bubbles). 

1. At a constant pouring rate the rate of rise of the steel in the mould 
increases with decreasing cross-section of the space being filled. 

2. The rate of ascent in the highest part of the flange becomes so high that 
part of the steel is pushed upwards, rises in the whistlers and is ejected 
{the speed of the casting stream is transformed into pressure energy, exactly 
as in a spray). The resulting "fountain" gives the false impression that 

the mould is full, and pouring is interrupted. 
3. Because too little metal was poured into the mould, the level of metal 

falls, producing a characteristic cavity under the thin skin of the casting, 
with a horizontal base. As spray effects can only occur with thin whistlers 
{very small cross-sections) these cavities are usually described falsely as 

blowholes caused by entrapped air. 

F I G . 83. Waste of steel due to overfilling the feeder. 

The calculated casting yield using fluid feeders placed 
at the side is often less than when open feeders are 
placed on top, because of the extra weight of the ingate. 
As overfilling is impossible with blind feeders, however 
(Fig. 83), they are often more economical for that reason. 
This, and the feeding possibilities inherent in a low 
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FIG. 84. Feeding conditions at the blind feeder of a turbine housing. 

Phase 1. As long as liquid metal still connects the gravity feeder via the 
housing wall to the blind feeder; the upper feeders will supply metal 
to compensate for the shrinkage of all the metal below it, including 
the blind feeder. For this reason allowance must also be made for the 
blind feeder {to the extent of about 75% of its weight) when dimensioning 

the upper or top feeders. 

Phase 2. The blind feeder acts independently only after the bousing wall 
solidifies. Blind feeders can only operate in Phase 1 if an effective connecting 
tube exists between the feeder and the highest level of the liquid in the 

system. 

centre of gravity, are the main advantages of the blind 
feeder. 

It should be noted in the case of low-situated blind 
feeders that open feeders with a higher metal surface will 
help the low-positioned feeders to supply metal as long 
as a liquid connection remains between the upper and 
lower feeders (Fig. 84). Only after this connection has 
solidified does the blind feeder act independently. This 
means that about 66 to 75 per cent of the weight of the 
blind feeder must be added to the casting weight when 
calculating the size of this feeder, and only then must the 
uppermost, open feeders be determined. 

The following basic rule applies to this type of casting: 
in calculating the feeders, always commence at the lowest 
point and proceed upwards. 

5.4. Behaviour of the Feeder Head during Solidifi
cation 

IMPORTANT FOR PRACTICE 

Ideally, open topped feeder heads show a continuous 
shrinkage cavity in the form of a hollow cone, the 
generated surface of which is curved (Figs. 85a-b). The 
line of curvature is practically a parabola, and is theoretic
ally a logarithmic curve (see also Figs. 341 and 342). 

F I G . 85 a. Formation of the conical type of shrinkage cavity due 
to the accumulation of solidified layers on the outer walls of the 

feeder head (after Schwietzke). 

Incorrect Correct 

F I G . 85 b. Unfavourable and favourable structure of the shrinkage 
cavity in the feeder head. 

1. Formation of separate secondary cavities, separated by bridges of metal, 
due to unsuitable treatment of the feeder immediately after casting. These 

secondary cavities often extend far into the casting. 

2. A coherent core is produced by spreading weakly exothermic antipiping 
compound on top of the feeder, or by immediate topping up with metal. In 
this way the metal in the feeder is utilised to better effect, and the casting 

is sound, using the same si%e of feeder. 

The cavity is formed by evacuation of the feeder by the 
casting, resulting in a substantial reduction in the initial 
volume of the feeder. On the other hand, the heat ra
diating surface of the feeder is increased by the formation 
of the parabolic conical surface. If two cylinders of the 
same size are placed one above the other, as in Fig. 86, 
the modulus of the upper cylinder will decrease during 
solidification, due to a decrease in volume and an in
crease in surface area, i.e. it will solidify earlier than the 
casting (in this case the lower cylinder). The decrease in 
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FIG. $6. Changes in two cylindrical castings of the same stee during 
solidification. 

At the moment of completion of pouring, both cylinders are the same 
si%e, and therefore possess the same modulus. During solidification metal 
is sucked out of the upper cylinder due to shrinkage, thereby reducing its 
volume and increasing its surface area. The modulus of the feeder cylinder 
thus decreases during solidification, with the result that such a feeder head 

will solidify earlier than the casting. 

the modulus during solidification amounts to about 17 per 
cent of the original modulus. The modulus of the feeder 
at the beginning must therefore be about 1.2 times that of 
the casting, for the moduli of the feeder and casting to 
be equal after solidification is completed. This is the 
basis of the safety fac to r /= 1.2, which has been men
tioned several times already (cf. Chapter 4, Sections 1 and 2 
and Chapter 5, Section 6). 

The expression "compensating factor" would be 
better, but the expression "safety factor" will be re
tained also, as it is in common use. 

The shrinkage cone should not reach as far as the 
upper edge of the casting, but for safety the maximum 
permissible depth of the shrinkage cavity may be limited 
t o < / = 0.8 H (where H = the height of the feeder). 
Parabolic shrinkage cones of this depth always occupy 
14 per cent of the original feeder volume. 

From this can also be calculated, from the con
traction of the metal in question, the maximum volume 
or weight of casting that can be supplied from the feeder 
head. This volume should correspond to the capacity 
of the feeding range with economically designed feeders. 

It is sometimes asserted in the literature that a feeder 
dimensioned to give the correct modulus will "auto
matically" contain enough liquid material to feed the 
casting. This is not always true by any means because 
of the 14 per cent limit due to a parabolic shrinkage 
cavity; the practical consequences will now be explained. 

Massive bodies require less feeder metal than plate-
shaped castings having the same modulus, in contra
diction to the general opinion and to the "first im
pression. " 

Figure 87 and the attached table show that the 
shrinkage requirements of a plate can amount to several 
times those of a cube with the same modulus. 

5.5. Shrinkage 

By this is meant the reduction in volume of the metal 
in the liquid state up to the completion of solidification. 

The reduction of volume in the solid state is known 
as contraction. 

FIG. 87. Comparison of volumes and shrinkage requirements of a 
plate and a cube of the same modulus (M = 5 cm). 

Assumed shrinkage S =» 4.5% 

Plate without 
end zone 

Plate with end zone 
Cube 

Volume, cm3 

49,000 

144,000 

27,000 

Feeding requirements, cm3 

2200 

6500 
1220 

The more intensive the shrinkage, the more rapidly 
the metal is drawn from the feeder and the more quickly 
the 14 per cent limit is reached. The temperature-depen
dent volume changes of the iron-carbon alloys were 
investigated by Benedicks, Ericsson, Ericson, Kothny 
and others*7'8); Fig. 88 shows the results. Figures 89 and 
90 are derived from these results, Fig. 90 giving the 

0.150r 

0.135« 
1200 1400 1500 1600 

FIG. 88. Variations of specific volume with temperature of iron-
carbon alloys (after Benedicks, Ericsson, Ericson and Kothny). 

DS 3 
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F I G . 89. Variations in the volume of iron-carbon alloys with 
temperature. 
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F I G . 90. Temperature dependence of the shrinkage of iron-carbon 
alloys. 
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1550 1600 1650 1700 1750 
Casting temperature, ° C 

Steel with 0.15 %c 
Steel with 0.35 %c 
Steel with 0.50 %c 

According to Stein, these values are to be considered only as tendencies 

F I G . 91 b. Influence of carbon content and casting temperature on 
the tendency of steels to form shrinkage cavities. The values were 
determined on a spherical sample (70 mm diam.), the cavity 
volumes being measured with low surface tension water (after 

Stein(e>). 

shrinkage in per cent. The shrinkage of unalloyed steels 
is accordingly less than is normally assumed. Stein(9) 

also made corresponding experiments (Figs. 91 a-b). The 
results in this case show trends only; nonetheless they 
agree fairly well in order of magnitude with the data 
published by the other authors. Due to the critical 
14 per cent limit and to the small amount of shrinkage, 
small fluctuations are significant. For this reason the 
influence of other alloying elements was also investigated, 
unfortunately only at 1600°C (Fig. 92). However, if the 

1—1—1—1—I—r-r 
0 2 4 6 8 10 12 H 16 18 20 

Alloying constituents % 
Calculation of shrinkage factor (values from table 6) 

J 8 I I 
Specific volume of 

the iron - 0.140 

:ΉΓ 
flf » QQ ♦ Xf x tan tc 

If the specific volume a 
* 100 */· at x, the shrinkage 

°t 
100"Xf xtanu 

Qn + X. xton tc. 

F I G . 91 a. Test piece for determining shrinkage volume (after 
Stein(9>). 

F I G . 92. Change in the specific volume of iron due to the presence 
of alloying elements at 1600 °C. 
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same relationships are assumed to be approximately true 
for the entire temperature range, data of general validity 
can be derived for other temperatures (Table 6). 

T A B L E 6. CHANGE IN THE SHRINKAGE OF S T E E L D U E TO 
A L L O Y I N G ELEMENTS ( 7) 

1. Change in shrinkage at 1600°C, after Benedicks, Ericsson et a/.(7). 

Alloying element 

Tungsten 
Nickel 
Manganese 
Chromium 
Silicon 
Aluminium 

Change in percentage shrinkage per 
1% alloy content 

- 0 . 5 3 
-0 .0354 
+ 0.0585 
+ 0.12 
+ 1.03 
+ 1.70 

2. Change in shrinkage at temperatures below 1600°C. Approxi
mately linear relationships should be assumed between shrinkage 
factor and temperature, i.e. the above table is also valid at low 
temperatures. The shrinkage factors for carbon must be taken 
from Fig. 90. 

3. Example: manganese steel, casting temp, about 1450°C. 

Analyses 

Element 

C 
Mn 
Si 
Cr 

Sum 

% 

1.5 
15 
0.3 
1.25 

Shrinkage 
factor 

from Fig.90-»· 
+ 0.0585 
+ 1.03 
+ 0.12 

x % 
Alloy 

content 

x 15 
x 0.3 
x 1.25 

Shrinkage 
0/ 
/o 

+ 5 
+ 0.88 
+ 0.31 
+ 0.12 

+ 6.31 -»»6.5 

4. Safety. As 2. is based on an assumption, the result should be 
rounded off to the nearest five-tenths, i.e. 6.31 -*6.5 . 

5.6. Calculations Giving the Shrinkage Cavity Cha
racteristics of the Best Form of Feeder Head and 
the Compensating Factor 

(Even if this section is omitted, the remaining sections 
on feeder calculation can be understood.) 

Instead of taking the logarithmic curvature of the 
shrinkage cavity in the feeder head, a parabolic form 
can be assumed for practical purposes, corresponding 
to the equation: 

04) 

where p is the parameter. By rotating round the axis a-a 
(Fig. 93) a parabolic cone is generated, having a depth 

R2 
d = — (15) 

F I G . 93. Shrinkage cavity conceived as a parabolic core generated 
by rotation round the axis a— a. 

R is also the radius of the feeder head. Volume and para
meter can now be calculated. We have: 

VSl = In f(R - x)ydx = 2n j (R 
0 

n ί R* R*\ 
~~ P \ 3 3 / 

x) — dx 
p 

and 

VKC. = '·. - . or p — 
\2p 12 VSl 

00 

(16) 

where Vsc is the volume of the parabolic shrinkage 
cone. 

The surface area H of the cone is: 

H =2nj(R - x ) , 1A1 + / : '*dx 

X 

T 
H = 2nR f j / l + ^γ x dx-2n \x j / l - ~ x dx 

o 

2nR ji? In 

0 

*2 + x2 x dx — - — x \p2 -1- x2 x dx 
P 

= 2n R —}p2 + R2 + ^-\n(R + ]p2 + R2) -

1 -£\npl-jl[(p2 + R2)2i*-p*] 

-ΚΡΎΙ3-Ρ3) (17) 

Instead of this unwieldy equation, individual curves 
can also be divided out into sections and determined 
planimetrically, or the arc lengths measured and the 
trapezoidal sections calculated. 

Hence only the model cases for the radii R — 10 and 
R = 14.2 were calculated (cf. Table 7) and these were 
transposed to other radii in accordance with the law 
of geometrical similarity. 

3* 
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T A B L E 7 a. T A B L E 7 b. 

Y H*D 

Feeder values before com
mencement of shrinkage 
VF = 6280 cm8 

Generated surface A = D\ 
H= 1280 cm2; 
Cooling surface = 1594 cm2 

Modulus = 3-95 cm 

Depth of cavity / 

Vol. of cavity Vsc 

Generated surface of the 
cavity cone H 

Steel volume in the feeder at 
the end of solidification VE 

Cooling surface on 
solidification = A + H 

Modulus on V E 
solidification = A + H 

J* 
ί 
c 

.2 «e 
+3 v 
H ? 

Q S 

cm 

cm8 

cm2 

cm8 

cm2 

cm 

Depth of cavity tH 

Vol. of cavity Vsc \vF 

Steel volume on 
solidification VE/VF 

vF-vsc 
VF 

Modulus M E/VF 

8 

426 

379 

5854 

1655 

3.54 

0.4 

0.07 

0.93 

0.895 

12 

642 

461 

5638 

1730 

3.25 

0.6 

0.1 

0.9 

0.82 

16 

852 

534 

5428 

1790 

3.03 

0.8 

0.135 

0.865 

0.77 

20 

1070 

593 

5210 

1880 

3.77 

1.0 

0.17 

0.83 

0.70 

TABLE 7 c. 

H*L5D 

Feeder values before commencement 
of shrinkage VF = 8340 cm8 

Cooling surface = 1880 cm2 

Modulus = 4.44 cm 
The depth of the shrinkage cavity 
can only be calculated approximately 
due to the spherical cap. The cavity 
measures at the most 17% of the 
initial volume, reducing to 14% if a 
safety limit is incorporated. 

Vol. of cavity VSC/VT 

Steel volume in the 
feeder at the end of 
solidification 

Modulus at the end 
of solidification cm 

Modulus in fractions 
of the initial modulus 
ME\MF 

F a c t o r / = w 

0.02 

0.98 

4.35 

0.98 

1.04 

0.05 

0.95 

4.21 

0.95 

1.05 

0.10 

0.90 

4.00 

0.90 

1.11 

0.13 

0.87 

3.86 

0.87 

1.1S 

0.17 

0.83 

3.70 

0.835 

1.2 

Feeder values before commencement 
of shrinkage 
VF = 9420 cm3 

Generated surface A = 1920 cm2 

Cooling surface = 2234 cm2 

Initial modulus = 4.21 cm 

Depth of cavity / cm 

Vol. of cavity Vsc cm8 

Generated surface of 
the cavity cone H cm2 

Steel volume in the 
feeder at the end of 
solidification VE cm8 

Cooling surface on 
solidification = A + H 

cm2 

Modulus on V E 
solidification ~ ^ j ^ _ /f*01 

c 

0 
ω 

0 
09 

£ 
.s «« 
a S &! 

Depth of cavity tH 

Vol. of cavity 
VsclVF 

Steel volume on 
solidification 
VE/VF 

vF-vsc 
vF 

Modulus MEjMF 

8 

426 

379 

8994 

2295 

3.91 

0.266 

0.045 

0.955 

0.93 

12 

642 

461 

8778 

2370 

3.71 

0.4 

0.068 

0.932 

0.88 

16 

852 

534 

8568 

2430 

3.53 

0.533 

0.091 

O.909 

0.84 

20 

1070 

593 

8350 

2520 

3.31 

0.67 

0.113 

0.887 

0.785 

25 

1336 

656 

8084 

2620 

3.09 

0.83 

0.141 

0.859 

0.735 

30 

1606 

800 

7814 

2700 

2.89 

1.0 

0.17 

0.83 

0.685 

The main part of the cavity volume lies near the base 
of the cone. An obvious step is to increase the size of 
this base and so reduce the depth d of the cavity for a 
given cavity volume. Not only cylindrical but also conical 
or hemispherical feeders, the exterior shape of which 
is adapted to the type of cavity, will be investigated. 



Calculations Giving the Shrinkage Cavity Characteristics 

T A B L E 7d. T A B L E 7e. 

37 

H π p i V M 7 / T > oi shrinkage 
l A ^ t * KF=5980cm3 

Feeder values before commencement 

Generated surface A = 1153 cm2 

Cooling surface = 1 7 7 8 cm2 

Modulus = 3-36 cm 

Depth of cavity / cm 

Vol. of cavity Vsc cm3 

Generated surface of the 
cavity cone H cm2 

Steel volume in the feeder 
of solidification VE cm3 

Cooling surface ^ A , H cm2 
on solidification 

Modulus on VE 
solidification ME = Λ + H cm 

■5 
CO 

.1 8 
3 . 3 
,5 s 
c *« 

— c 
■2 *Sb 3ττ 
Q 0 

Depth of cavity tH 

Vol. of cavity VSC/VF 

Steel volume on 
solidification 

K £ / K F = _ L _ J £ 

Modulus MEjMF 

5 

528 

600 

5432 

1753 

3.11 

0.35 

0.088 

0.912 

0.93 

7.5 

794 

694 

5186 

1847 

2.81 

0.53 

0.133 

0.867 

0.86 

10 

1056 

738 

4924 

1891 

2.61 

0.70 

0.18 

0.82 

0.78 

14.2 

1500 

815 

4480 

1968 

2.28 

0.1 

0.25 

0.75 

i 0.68 

sffn 

Assumptions d *s Ο.67 D 
£> = \A9d 
R = 1.49r 

Max. 
0.6 d 

rA 
* Parabola — .,-* 

r2 
/ = 0.6//= 1 .2r= 

2p 

r\ r4 · 2 · / 
Vp = lÄp== 12-r2 

= r3 · 0.2 = 0.626Γ3 

V?vver = 2.06Γ3 K Q = 

r 2 

Ρ'ΊΓ 
r 2 / r 2*1 .2 r 
6 6 

= 2.06 
+ 0.626 

2.686 r3 

t'soiid sphere = 4.12Ä3 = (1.49)3 · 4.12 · r3 = 13-or3 

K Q = 0.197 · K 0 * 0.2 · K 0 or ~ 2 0 % of the solid sphere 

F I G . 94. Change in the characteristic values of various shapes 
of feeder using approximate and accurate methods 

of calculation. 

Feeder shape 
Characteristic values in relationship to the modulus of the feeder 

approximate 

//«a 

ί 
l -0#-H 

F F = 2Ä3jr=*99(3fF)3 

AF = $R?n 
MF = 0AR = 0.2D 
R = 2.5 MF 

R* = 15.8(i\/F)3 

F F = 2Ä3/r = 167 (A/F)3 

AF = 6Α*π j~\ n 
MF = OA667D = — = — 
R =3.33MF 6 3 

R* = 37{MF? 

T 
1 

>k 

k-0rf—I 

F F = 3 Ä 3 . T = \22(MF? 
AF= 7R*n 
MF = 0A29R = 0.2\A$D 
R = 2.33 MF 

R3 = 12.6 (MFf 

K F = 3Ä**=179(A/ F ) 3 

AF = $R2n 
MF = 0.37SR = 0.\87D 
R =· 2.67 MF 

Ä3 = 19 (MF? 

Prematurely solidified corners w 
F F = 2 .09Ä 3 = 156(MF)3 

MF = 0.237 R= 0.1185 D 
R = 4 . 2 l 3 / F ; Ä 3 = 76(MFf 
r = 1.85A/F 

^neck = Mf_ = 0.5 r = 0.91 A/F 

1.1 

F F = 2 .09Ä 3 = 191 (MF)3 

AF = 3Α2π 
MF = 0.222 Ä 
Ä = 4.5^fF 

A3 =9i(MF)* 
r = 0AR= i.SMF 

rm 
r 
o^r 

VF = 8 . 3 4 Ä 3 = 96(iVfF)3 

AF = 6Α2π 
MF = 0.444 Ä = 0.222 D 
R = 2.2$MF 

R* = 11.5 (A/f)3 

8.34 Ä 3 = 156(A/F)3 

7R2n 
VF 

AF . . . . . 
MF = 0.378Ä = 0.189 £> 
Ä =2 .65A/ F 

Ä3 = 18.7 (AfF)3 
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It is an advantage for comparison purposes to give 
all feeder dimensions in connection with the modulus, 
which of course represents a length. The calculations 
must first of all be accurate, i.e. the feeder/casting inter
face, on which no cooling occurs, must not be included 
in the determination of the modulus. Figure 94 gives 
characteristic values for various forms of feeder, using 
both approximate and exact calculations, and shows the 
existence of differences. 

Safety factor f 

V. of original modulus 

F I G . 95. Modulus and shrinkage cavity volume as a function of 
the depth of the cavity in the feeder. Applies to cylindrical feeders 

of the shapes H = D and H = 1.5 D. 

100 96 96 94 92 90 88 ^6 84 8|2 
·/· of original modulus 

Safety limit 

Inadmissible 
region 

VVi'V F 

12 1.3 1.4 Safety factor t 

of original modulus 

F I G . 96. Modulus and safety fac tor /as a function of the shrinkage 
cavity in blind feeder heads. 

F I G . 97- Modulus and shrinkage cavity volume as a function of 
the depth of the cavity in the feeder. Applies to hemispherical 

feeder shapes. 

These feeder types were calculated in Tables 7a-e as 
model cases, and the results converted to numbers having 
general validity. Figures 95-97 show the behaviour of 
the feeder when forming shrinkage cavities. The volume 
of the cavity increases in direct proportion to its depth, 
and the feeder modulus decreases linearly, which simpli
fies the subsequent calculations. The safety ("compen
sating") factor can be derived directly; it varies according 
to the depth of the cavity. The practical calculation may 
be based, not on the final modulus at the completion of 
solidification, but on the mean of the initial and final 
moduli. On true safety grounds, however, the require
ment is laid down that the feeder modulus on the com
pletion of solidification shall coincide with the modulus 
of the casting. 

To the extent that the interface feeder/casting is not 
allowed for (always in the practical rapid calculation) so 
that it is included as a cooling surface in the calculation 
(approximate method), the result is a displacement of 
the factor/, the size of which is a function of the shape 
of the casting. Various factors are compared in Table 8. 

In most castings this factor then lags by about 0.1, but 
becomes identical with massive parts. As, however, the 
degree of utilization of the feeder is low on massive 
parts, i.e. the depth of the shrinkage cavity is less and 
the 14 per cent limit is not reached as quickly, the factor 
is less in itself in such parts (cf. also Fig. 87)- Conse
quently, the f a c t o r / = 1.2 can be used throughout in 
the approximate method. In the present section the 
accurate method of calculation will be used, so as to 
obtain exact values; but the approximate method will be 
employed for the remainder of the book. 
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T A B L E 8. CHANGE IN THE EQUALIZATION F A C T O R / W H E N THE 
A P P R O X I M A T E CALCULATION IS COMPARED WITH THE 

ACCURATE O N E 

Plate (with feeder 
zone only) 

Bar 1 : 4, with feeder 
and end zone 

Bar 1 : 1 with feeder 
and end zone 

Cube 

Calculation 

accurate (allowing 
for feeder/casting 

interface) 

/ = 1.29 

/ = 1 . 3 3 

/ = 1.28 

/ = 1.187 

approximate (no 
allowance made 

for feeder/casting 
interface) 

/ = 1.23 

/ = 1.25 

/ = 1.19 

/ = 1.187 

The /-values for approximate calculation are determined by 
back-calculation, i.e. the feeder dimensions are determined first by 
the accurate method, then the approximate modulus of the feeder 
determined in this way is calculated, and divided by the approximate 
casting modulus. 

Nicolas(10) introduced for the first time the feeder cal
culation using the factor/ = 1.2 (but without the mathe
matical-physical basis that is given here) which enabled 
theoretically accurate (although practically unnecessary) 
calculations to be made. As the change in surface area 
of the feeder head is also taken into account, the method 
is more accurate than the calculating procedure given 
by Namur(5) which only allowed for the changes in 
volume. As Namur's method is also complicated, the 
simpler method developed by Nicolas will be used for 
calculation. 

Figure 98 shows the influence of the shrinkage S (in 

vn -6 'A*T I" 6° 3,5 4 5 6 7 8 9 10 

F I G . 98. Relationship: depth of shrinkage cavity-shrinkage in 
cylinder. 

depth of cavity {as multiple of R) 
shrinkage S, % 
shrinkage cavity 

V0 - shrinkage % 
Vsc=-

depth of cavity {calculated in this case without a safety allowance) 
. 6 F s C shrinkage % 

ä — ——— = 36 · K -Ä 2 100 

VQ = initial volume of the whole block {before cavity begins to form) 
d = depth of cavity 
V$c = volume of cavity 

per cent) on the depth of the cavity d. We have: 

Vsc = jyiOO ( l a s t i n g + feeder) and 

v„ 100 Vsc-S' VF (18) 

According to Figs. 95, 96 and 97 the following is true 
for cylindrical feeders: 

Vsc = 0.14 VF (19) 
and the max. 

1 4 - J * 

for hemispherical feeders: 
Vsc = 0.20 VF and 

20 - S 

(20) 

(21) 

(22) 

Hence the feeder volume and the maximum volume 
of casting (VmSLX) which can be fed (not to be confused 
with the feeding range!) are related via the shrinkage S 
(Figs. 99a-b). In the feeder tables 9-19, therefore, the 
maximum volume which can be fed is entered for each 
feeder for different amounts of shrinkage. 

F I G . 99a. Maximum 25i 
volume of casting, 2* 
which can be satisfac- I 
torily fed as a function .J 
of feeder volume and 

shrinkage. 
Valid for cylindrical ie| 

feeders and for blind 17 
atmospheric pressure 16| 
feeders. Maximum fee-
dab le volume of the cast
ing with a shrinkage 

■r (%) 11 
{without using highly ig| 
exothermic antipiping g| 

compound). 
7| 
61 
5 

F I G . 99b. Maximum °| 
volume of casting ^8 
which can be satisfac-36 

torily fed as a function 3* 
of feeder volume and 32 

shrinkage. 3 0 

Valid for hemispherical28 

and spherical feeders. 26l 
Maximum feedable vo- 2* 
lume of casting Vc with 2 2 

a shrinkage S (%) 20l 
{without using highly- ^ 
exothermic antipiping 6 

compound). '* 
12] 
10 

\A ^ 

r 
© 

A 
//* 
W\ 

/ 
/ 
S^s 

^= 

Ί 
( Π I 
\ J 

/ 
/ 
/y 
<<C 
*£ 

/ 
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/ 
> 
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Ψ» 
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■0' 

hH 
/ / = £> 

T A B L E 9. CYLINDRICAL F E E D E R H E A D / / = D0 

MF 

cm 1 
05 Γ 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.25 
4.50 
4.75 
5.00 
5.25 
5.50 
5.75 
6.0 
6.25 
6.50 
6.75 
7.0 
7.25 
7.50 
7.75 
8.0 
8.25 
8.50 
8.75 
9.0 
9.25 
9.50 
9-75 
10.0 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
16 
17 
18 
19 
20 

D0 
H 
mm 1 
30 1 
36 
42 
48 
54 
60 1 
66 f 
72 78 
84 
90 
96 

102 
108 
114 
120 
132 
144 
156 
168 
180 
192 
204 
216 
228 
240 
256 
270 
285 
300 
315 
330 
345 
360 
375 
390 
405 
420 
435 
450 
465 
480 
495 
510 
525 
540 
555 
570 
585 
600 
630 
660 
690 
720 
750 
780 
810 
840 
870 
900 
960 
1020 
1080 
1140 

1 1200 

V 

cm3 
litres 

22 Γ 
37 
57 
86 
123 
169 
225 
290 
370 
460 
570 
690 
820 
980 
1.2 
1.4 
1.9 
2.3 
3.1 
3.7 1 
4.5 
5.5 
6.6 
7.8 
9.3 
11 
13 
15 
18 
21 
25 
28 
32 
37 
41 
46 
52 
58 
64 
71 
78 
87 
95 
104 
113 
123 
131 
144 
155 
169 
195 
224 
256 
290 
328 
370 
415 
460 
515 
570 
690 
830 
980 
1150 

1 1350 

W 

kg f 
m. tons 

ÖT5! Γ 
0.26 
0.39 
0.59 
0.84 
1.15 
1.55 
1.97 
2.52 
3.12 
3.88 
4.70 
5.60 
6.70 
8.20 
9.50 I 
13.0 
15.5 
21.0 
25.1 
30.5 
37.5 
45.0 
53.0 
64.0 
75.0 
88.0 
102 
123 
143 
170 
190 
218 
252 
278 
312 
352 
395 
435 
482 
530 
592 
650 
710 
765 
840 
890 
980 
1.1 
1.2 
1.3 
1.5 
1.8 
2.0 
2.3 
2.5 
2.8 
3.2 
3.5 
3.9 
4.7 
5.7 
6.7 
7.8 

I 9.2 

Max. feedable volume of casting V (wt W) for a shrinkage of: 

4% | 
v Γ 

cm3,1. 1 
55 1 
93 
143 
215 
318 
422 
562 
725 
925 
1.2 
1.4 
1.7 
2.1 
2.5 
3.0 
3.5 
4.8 
5.8 
7.8 
9.3 
11 
14 
17 
20 
23 
28 
33 
38 
45 
53 
63 
70 
80 
93 
104 
115 
130 
145 
160 
180 
198 
220 
240 
260 
282 
310 
330 
360 
385 
422 
490 
560 
640 
730 
820 
930 
1040 
1150 
1300 
1430 
1730 
2100 
2450 
2860 

1 3400 

W 
kg,t 1 
0.43 1 
0.73 
1.12 
1.68 
2.50 
3.30 
4.40 
5.70 
7.20 
9.40 
10.9 
13.3 
16.4 
19.5 
23.5 
27.4 
37.5 
45.2 
61.0 
72.5 
86.0 
109 
133 | 
156 
180 
218 
256 
298 
352 
415 
491 
548 
625 
725 
810 
900 
1.0 
1.1 
1.2 
1.4 
1.5 
1.7 
1.9 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.3 
3.8 
4.4 
5.0 
5.7 
6.4 
7.3 
8.1 
9.0 
10.0 
11.1 
13.5 
16.4 
19.0 
22.5 

1 26.5 

5% 1 
V [ 

cm3,1. | 
40 1 
67 104 
155 
220 
305 
405 
525 
670 
830 
1.0 
1.3 
1.5 
1.8 
2.2 
2.5 
3.4 
4.1 
5.6 
6.7 
8.1 
9-9 
12 
14 
17 
20 
22 
27 
33 
38 
45 
51 
58 
67 
74 
83 
94 
105 
115 
130 
140 
157 
172 
190 
205 
222 
235 
260 
280 
305 
350 
405 
460 
525 
595 
665 
750 
825 
930 
1030 
1250 
1500 
1800 
2070 

I 2430 

W 
kg,t I 
0.32 I 
0.53 
0.82 
1.20 
1.82 
2.40 
3.17 
4.10 
5.25 
6.50 
7.80 

10.2 
11.7 
14.0 
17.2 
19.5 
26.5 
32.0 
43.6 
52.2 
63.5 I 
77.5 
93.5 
109 
133 
156 
172 
210 
256 
296 
352 
400 
452 
523 
580 
650 
735 
825 
900 
1.0 
1.1 
1.2 
1.3 
1.5 
1.6 
1.7 
1.8 
2.0 
2.2 
2.4 
2.7 
3.2 
3.6 
4.1 
4.7 
5.2 
5-9 
6.5 
7.3 
8.0 
9.7 
11.7 
14.0 
16.2 

1 19.0 

6% \ 

v Γ" cm3,l. 1 
30 
50 
77 
116 
165 
228 
304 
392 
500 
625 
770 
940 
1.1 
1.3 
1.6 
1.9 
2.6 
3.1 
4.2 
5.0 
6.1 
7-5 
9.0 
11 
13 
15 
18 
20 
24 
29 
34 
38 
43 
50 

| 56 
63 
70 
80 
86 
96 
105 
118 
130 
140 
154 
165 
177 
195 
210 
228 
262 
304 
350 
392 
440 
500 
560 
625 
700 
770 
930 
1120 
1330 
1550 

1 1830 

w kg.t I 
0.24 I 
0.39 
0.60 
0.91 
1.30 
1.80 
2.37 
3.85 
3.90 
4.90 
6.00 
7.30 
8.60 
10.2 
12.5 
14.8 
20.3 
24.2 
32.8 
39.0 
47.6 
58.5 
70.5 
86.0 
101 
117 
141 
156 
187 
226 
265 
296 
336 
390 
436 
490 

I 545 
625 
670 
750 
820 
920 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.8 
2.1 
2.4 
2.7 
3.1 
3.4 
3.9 
4.4 
4.9 
5.5 
6.0 
7.3 
8.7 
10.4 
2.0 

I 14.3 

7 % 
v Γ 

cm3,l. I 
22 I 
37 
57 
86 
123 
169 
225 
290 
370 
460 
570 
690 
820 
980 
1.2 
1.4 
1.9 
2.3 
3.1 
3.7 
4.5 
5.5 
6.6 
7.8 
9.3 
11 
13 
15 
18 
21 
25 
28 

1 32 
37 
41 
46 
52 
58 
64 
71 
78 
87 
95 
104 
113 
123 
131 
144 
155 
169 
195 
224 
256 
290 
328 
370 
415 
460 
515 
570 
690 
830 
980 
1150 

1 1350 

W 
kg, t 
0.17 
0.29 
0.45 
0.67 
0.96 
1.31 
1.75 
2.26 
2.90 
3.60 
4.45 
5.40 
6.40 
7.75 
9.35 
10.9 
14.8 
18.0 
24.2 
28.9 
35.2 
43.0 
51.5 
61.0 
72.5 
86.0 
101 
117 
141 
164 
195 
218 
250 
290 
320 
360 
405 
452 
500 
555 
610 
680 
740 
810 
880 
960 
1.0 
1.1 
1.2 
1.3 
1.5 
1.7 
2.0 
2.3 
2.6 
2.9 
3.2 
3.6 
4.0 
4.5 
5.4 
6.5 
7.7 
9.0 

I 10.5 
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H=\.$D 
T A B L E 10. CYLINDRICAL F E E D E R H E A D H= i.$D0 

MF 

cm 

0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.25 
4.50 
4.75 
5.0 
5.25 
5.50 
5.75 
6.0 
6.25 
6.50 
6.75 
7.0 
7.25 
7-50 
7.75 
8.0 
8.25 
8.50 
8.75 
9.0 
9.25 
9-50 
9-75 
10.0 
10.5 
H 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
16 
17 
18 
19 
20 

D0 

m m 

27 
32 
38 
43 
48 
54 
59 
64 
70 
75 
80 
86 
91 
96 
102 
107 
118 
128 
140 
150 
160 
172 
182 
192 
204 
214 
228 
240 
255 
266 
280 
294 
308 
320 
335 
347 
361 
375 
388 
400 
415 
428 
440 
455 
470 
482 
495 
508 
522 
535 
561 
590 
615 
645 
670 
700 
725 
750 
775 
805 
860 
910 
965 
1020 

1 1070 

H 

m m 

40 
48 
57 
65 
72 
81 
89 
96 
105 
113 
120 
130 
137 
144 
153 
160 
177 
192 
210 
225 
240 
258 
274 
288 
306 
320 
344 
360 
384 
400 
420 
440 
460 
480 
500 
520 
542 
562 
582 
600 
625 
642 
660 
680 
705 
725 
742 
762 
785 
800 
845 
885 
920 
970 
1000 
1050 
1090 
1130 
1160 

| 1210 
1290 
1370 
1450 
1530 

| 1600 

V 
cm3 
litres 
24 
40 
62 
93 
131 
180 
239 
315 
400 
500 
610 
740 
890 
1.0 
1.2 
1.5 
1.9 
2.5 
3.4 
4.0 
4.9 
5.8 
7.2 
8.5 
10 
12 
14 
16 
19 
22 
26 
30 
35 
39 
44 
50 
56 
62 
69 
77 
84 
93 
103 
112 
122 
133 
143 
156 
168 
180 
210 
240 
276 
315 
352 
400 
445 
500 
554 
610 
744 
890 
1060 
1250 
1400 

W 

kg 
m. tons 

0.17 
0.27 
0.42 
0.63 
0.90 
1.22 
1.63 
2.14 
2.72 
3-40 
4.15 
5.0 
6.1 
6.8 
8.2 
10 
13 
17 
23 
27 
34 
40 
49 
58 
68 
82 
95 
109 
130 
150 
180 
205 
240 
270 
300 
340 
380 
420 
470 
520 
570 
630 
700 
760 
830 
900 
960 
1.1 
1.2 
1.3 
1.4 
1.6 
1.9 
2.2 
2.4 
2.7 
3.1 
3.4 
3.8 
4.2 
5.1 
6.1 
7.2 
8.5 
9.5 

Max. feedable volume of casting V (wt W) for a shrinkage of: 

4 % 
V 

cm3, 1. 
60 
100 
155 
230 
330 
450 
600 
790 
1.0 
1.3 
1.5 
1.9 
2.2 
2.5 
3.0 
3.8 
4.7 
6.3 
8.5 
10 
12 
15 
18 
21 
25 
30 
35 
40 
48 
55 
65 
75 
88 
97 
110 
125 
140 
155 
175 
195 
210 
235 
260 
280 
305 
335 
360 
390 
425 
450 
525 
600 
675 
790 
880 
1000 
1120 
1250 
1400 
1530 
1870 
2250 
2650 
3150 
3500 

W 
kg,t 
0.47 
0.78 
1.20 
1.80 
2.58 
3.52 
4.70 
6.20 
7.80 

10.0 
11.7 
14.9 
17.2 
19.5 
23.5 
29.6 
36.7 
49-0 
66.5 
78.0 
93.0 
117 
141 
164 
195 
235 
273 
312 
375 
430 
510 
586 
686 
760 
860 
960 
1.1 
1.2 
1.4 
1.5 
1.6 
1.8 
2.0 
2.2 
2.5 
2.6 
2.8 
3.0 
3.3 
3.5 
4.1 
4.7 
5.3 
6.2 
6.9 
7.8 
8.7 
9.7 
11.0 
12.0 
14.6 
17.5 
20.7 
24.6 
27.4 

5 % 
V 

cm3,1. 
43 
72 

112 
167 
236 
324 
430 
570 
720 
900 
1.1 
1.3 
1.6 
1.8 
2.2 
2.7 
3.4 
4.5 
6.1 
7.2 
8.9 
11 
13 
15 
18 
22 
25 
29 
34 
40 
47 
54 
63 
70 
79 
90 
100 
112 
125 
140 
150 
170 
185 
202 
220 
240 
257 
280 
305 
325 
380 
430 
500 
565 
635 
720 
800 
900 
1000 
1100 
1350 
1600 
1900 
2250 
2510 

W 
kg,t 
0.34 
0.56 
0.87 
1.30 
1.85 
2.54 
3.35 
4.45 
5.60 
7.0 
8.6 
10.0 
12.5 
14.0 
17.1 
21.0 
26.5 
35.1 
47.8 
56.2 
69.5 
86.0 
102 
117 
141 
172 
195 
226 
265 
312 
366 
422 
491 
548 
618 
705 
780 
875 
970 
1.1 
1.2 
1.3 
1.5 
1.6 
1.7 
1.9 
2.0 
2.2 
2.4 
2.5 
2.9 
3.4 
3.9 
4.4 
5.0 
5.6 
6.3 
7.1 
7.8 
8.6 
10.5 
12.5 
14.8 
17.5 
18.6 

6% 
V 

cm3,1. 
33 
54 
84 
126 
177 
244 
324 
425 
540 
680 
830 
1.0 
1.2 
1.4 
1.6 
2.0 
2.6 
3.4 
4.6 
5.4 
6.7 
7.8 
9.7 
12 
14 
16 
19 
22 
26 
30 
35 
41 
47 
53 
60 
68 
76 
84 
94 
104 
114 
126 
140 
151 
165 
180 
195 
212 
228 
244 
284 
325 
375 
425 
480 
540 
600 
680 
750 
825 
1000 
1200 
1450 
1700 
1900 

W 
kg, t 
0.26 
0.43 
0.65 
0.98 
1.37 
1.90 
2.55 
3.33 
4.30 
5.30 
6.50 
7.80 
9.30 
10.9 
12.5 
15.6 
20.2 
26.5 
36.0 
42.3 
52.3 
61.0 
76.0 

93 
109 
125 
148 
172 
203 
235 
274 
320 
366 
414 
470 
531 
596 
655 
735 
815 
890 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.7 
1.8 
1.9 
2.2 
2.5 
2.9 
3.3 
3.8 
4.2 
4.7 
5.3 
5.9 
6.5 
7.8 
9.3 
11.3 
13.3 
14.8 

7 % 
V 

cm3,1. 
24 
40 
62 
93 
131 
180 
239 
315 
400 
500 
610 
740 
890 
1.0 
1.2 
1.5 
1.9 
2.5 
3.4 
4.0 
4.9 
5.8 
7.2 
8.5 
10 
12 
14 
16 
19 
22 
26 
30 
35 
39 
44 
50 
56 
62 
69 
77 
84 
93 
103 
112 
122 
133 
143 
156 
168 
180 
210 
240 
276 
315 
352 
400 
445 
500 
554 
610 
744 
890 
1060 
1250 
1400 

W 
kgt 
0.19 
0.31 
0.49 
0.73 
1.02 
1.41 
1.85 
2.46 
3.12 
3.90 
4.76 
5.80 
7.00 
7.80 
9.35 
12.7 
14.8 
19.5 
26.5 
31.3 
38.3 
45.3 
56.2 
65.3 
78.0 
93.5 
109 
125 
148 
172 
203 
235 
273 
305 
343 
390 
436 
485 
540 
600 
655 
733 
800 
875 
950 
1.0 
1.1 
1.2 
1.3 
1.4 
1.7 
1.9 
2.2 
2.5 
2.8 
3.1 
3.5 
3.9 
4.3 
4.8 
5.8 
7.0 
8.3 
9.7 
10.9 
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TABLE 11. OVAL FEEDER HEAD 

MF 

cm 

0.5 I 
0.6 
0.7 
O.S 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 
2.6 
2.S 
3.0 
3.2 
3.4 
3.6 
3-8 
4.0 
4.25 
4.50 
4.75 
5.0 
5.25 
5.50 
5.75 
6.0 
6.25 
6.5 
6.75 
7.0 
7.25 
7.50 
7.75 
8.0 
8.2 * 
8.5 
8.75 
9.0 
9.25 
9-50 
9.75 
10.0 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
16 
17 
18 
19 
20 

a 

m m 

24 
29 
34 
39 
44 
49 
54 
59 
63 
68 
73 
78 
83 
88 
92 
97 
107 
116 
126 
135 
147 
155 
165 
175 
185 
195 
206 
218 
230 
242 
253 
266 
276 
280 
303 
315 
326 
340 
351 
363 
376 
388 
400 
414 
425 
436 
44S 
460 
472 
485 
510 
535 
558 
582 
608 
630 
656 
680 
705 
730 
775 
825 
875 
925 
970 

b 

m m 

36 
44 
51 
59 
66 
74 
81 
88 
95 
102 
110 
117 
125 
132 
138 
145 
160 
174 
189 
203 
220 
233 
248 
263 
277 
293 
310 
326 
345 
362 
380 
400 
415 
420 
455 
472 
490 
510 
530 
545 
565 
582 
600 
620 
638 
656 
670 
690 
710 
730 
765 
800 
835 
872 
910 
945 
982 
1020 
1040 
1090 
1160 
1240 
1310 
1390 
1460 

H 

m m 

30 
37 
43 
49 
55 
61 
67 
73 
79 
85 
91 
97 
103 
109 
115 
121 
133 
145 
157 
169 
181 
193 
205 
218 
230 
242 
256 
272 
286 
302 
316 
332 
347 
362 
376 
394 
408 
424 
438 
452 
468 
484 
500 
513 
S28 
545 
560 
575 
590 
605 
635 
665 
695 
725 
755 
785 
815 
845 
875 
905 
975 
1030 
1090 
1150 
1210 

V 
cm3 
litres 

24 
40 
62 
93 
132 
182 
240 
315 
400 
500 
610 
740 
890 
1.0 
1.2 
1.5 
1.9 
2.5 
3.4 
4.0 
4.9 
5-9 
7.2 
8.5 
10 
12 
14 
16 
19 
22 
26 
30 
35 
39 
44 
50 
56 
62 
69 
77 
84 
93 
103 
112 
122 
133 
143 
156 
168 
182 
210 
240 
276 
315 
352 
400 
445 
500 
555 
610 

1 745 
890 
1060 
1250 

1 1450 

W 

kg 
m. tons 
0.16 
0.27 
0.42 
0.63 
0.90 
1.25 
1.63 
2.15 
2.72 
3.40 
4.15 
5.00 
6.00 
6.80 
8.20 
10.0 
13.0 
17-0 
23.0 
27.0 
33.0 
40.0 
49.0 
58.0 
68.0 
82.0 
95-0 
109 
130 
150 
177 
204 
238 
265 
300 
340 
380 
420 
470 
525 
570 
630 
700 
760 
830 
900 
970 
1.1 
1.2 
1.3 
1.4 
1.6 
1.9 
2.2 
2.4 
2.7 
3.0 
3.4 
3.8 
4.2 
5.1 
6.1 
7.1 
8.5 
10 

Max. feedable volume of casting V (wt W) for a shrinkage of: 
4 % 

V 
cm3,1. 

60 
100 
155 
235 
330 
455 
600 
790 
1.0 
1.3 
1.5 
1.9 
2.2 
2.5 
3.0 
3.7 
4.8 
6.3 
8.5 
10 
12 
15 
18 
21 
25 
30 
35 
40 
48 
55 
66 
75 
88 
98 
110 
125 
140 
155 
173 
192 
210 
235 
260 
280 
305 
335 
360 
390 
425 
456 
526 
600 
695 
790 
890 
1000 
1020 
1250 
1400 
1530 
1850 
2210 
2660 
3140 

I 3650 

W 
kg,t 
0.47 
0.78 
1.20 
1.83 
2.58 
3.55 
4.70 
6.15 
7.80 

10.0 
11.7 
15.0 
17-0 
19.5 
23.4 
29.0 
37.5 
49-0 
66.0 
78.0 
94.0 
117 
140 
164 
195 
233 
274 
312 
375 
430 
512 
586 
685 
765 
860 
970 
1.1 
1.2 
1.4 
1.5 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.3 
3.6 
4.1 
4.7 
5-4 
6.2 
7.0 
7.8 
8.0 
9.8 
11.0 
12.0 
14.5 
17.5 
21.0 
24.6 
28.5 

5% 
V i 

cm3,1. 
43 
72 

112 
167 
232 
326 
430 
565 
720 
900 
1.1 
1.3 
1.6 
1.8 
2.2 
2.7 
3.4 
4.5 
6.1 
7.2 
8.8 
11 
13 
15 
18 
22 
25 
29 
34 
40 
47 
54 
63 
70 
79 
90 
100 
112 
125 
138 
150 
167 
185 
202 
220 
240 
257 
280 
302 
326 
378 
430 
500 
568 
635 
740 
800 
900 
1000 
1090 
1350 
1600 
1900 
2240 
2600 

W 1 
kg, t 
0.34 
0.56 
0.88 
1.30 
1.80 
2.55 
3.35 
4.40 
5.60 
7.00 
8.60 
10 
13 
14 
17 
21 
27 
35 
48 
56 
68 
86 
100 
118 
140 
170 
195 
230 
265 
314 
366 
420 
490 
545 
615 
700 
780 
880 
970 
1.1 
1.2 
1.3 
1.4 
1.6 
1.7 
1.9 
2.0 
2.2 
2.4 
2.5 
3.0 
3.3 
3.9 
4.4 
5.0 
5.8 
6.3 
7.0 
7.8 
8.5 
10.5 

i 12.5 
14.8 
17.5 

1 20.2 

6% 
V 

cm3,1. 
33 
54 
84 
125 
178 
245 
325 
425 
540 
680 
825 
1.0 
1.2 
1.4 
1.6 
2.0 
2.6 
3.4 
4.6 
5.4 
6.6 
8.0 
9.8 
12 
14 
16 
19 
22 
26 
30 
35 
41 
48 
53 
60 
68 
76 
84 
93 
104 
113 
126 
140 
152 
165 
180 
193 
210 
226 
245 
284 
325 
375 
425 
465 
540 
600 
675 
750 
830 
1000 
1200 
1430 
1680 
1950 

W 
kg, t | 
0.26 I 
0.42 
0.65 
0.97 
1.40 
1.90 
2.54 
3-30 
4.20 
5.30 
6.50 
7.80 
9.30 
11 
13 
16 
20 
27 
36 
42 
52 
63 
77 
94 
109 
125 
148 
171 
203 
234 
272 
320 
375 
414 
468 
530 
590 
655 
725 
810 
880 
980 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.8 
1.9 
2.2 
2.6 
3.0 
3.3 
3.6 
4.2 
4.7 
5-3 
5-9 
6.5 
7.8 
9.4 
11.2 
13.2 

1 15-3 

7 % 
V 

cm3,1. 
24 
40 
62 
93 
132 
182 
240 
315 
400 
500 
610 
740 
890 
1.0 
1.2 
1.5 
1.9 
2.5 
3.4 
4.0 
4.9 
5-9 
7.2 
8.5 
10 
12 
14 
16 
19 
22 
26 
30 
35 
39 
44 
50 
56 
62 
69 
77 
84 
93 
103 
112 
122 
133 
143 
156 
168 
182 
210 
240 
276 
315 
352 
400 
445 
500 
555 
610 
745 
890 
1060 
1250 
1450 

W 
kg, t 
0.19 
0.31 
0.48 
0.72 
1.03 
1.42 
1.87 
2.45 
3.14 
3.90 
4.75 
5.80 
7.00 
7.80 
9.40 
12 
15 
20 
26 
32 
38 
46 
56 
66 
78 
94 
110 
125 
150 
170 
200 
230 
270 
300 
340 
390 
440 
480 
540 
600 
660 
730 
800 
875 
950 
1.0 
1.1 
1.2 
1.3 
1.4 
1.6 
1.9 
2.1 
2.5 
2.8 
3.1 
3.5 
3.9 
4.3 
4.8 
5.8 
7.0 
8.3 
9.8 
11.3 
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TABLE 12. OVAL FEEDER HEAD 

MF 

cm 

0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3-6 
3.8 
4.0 
4.25 
4.50 
4.75 
5.0 
5.25 
5.50 
5-75 
6.0 
6.25 
6.5 
6.75 
7.0 
7.25 
7.50 
7-75 
8.0 
8.25 
8.5 
8.75 
9.0 
9.25 
9.50 
9-75 
10.0 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
16 
17 
18 
19 
20 

a 

mm 
22 
26 
30 
35 
39 
43 
47 
52 
56 
60 
65 
69 
73 
78 
82 
86 
95 
103 
112 
120 
129 
137 
146 
155 
163 
171 
182 
193 
204 
214 
225 
236 
246 
256 
266 
279 
290 
300 
310 
321 
333 
343 
354 
365 
375 
386 
398 
408 
419 
430 
450 
475 
494 
515 
535 
558 
580 
600 
625 
645 
686 
730 
775 
815 
860 

b 

m m 

33~~ 
39 
45 
53 
59 
65 
71 
78 
84 
90 
98 
104 
109 
117 
123 
129 
143 
154 
168 
180 
194 
205 
219 
234 
244 
256 
272 
290 
305 
320 
337 
353 
370 
385 
400 
418 
435 
450 
465 
482 
500 
515 
530 
548 
562 
580 
600 
612 
630 
645 
675 
712 
739 
771 
800 
836 
870 
900 
938 
965 
1030 
1090 
1160 
1220 
1290 

H 

m m 

40 
48 
56 
64 
73 
81 
89 
97 
105 
113 
121 
129 
137 
145 
153 
161 
177 
193 
210 
226 
242 
258 
274 
290 
306 
324 
344 
364 
384 
404 
424 
444 
644 
484 
504 
524 
544 
564 
584 
604 
624 
644 
664 
684 
704 
724 
744 
764 
784 
804 
844 
884 
924 
964 
1010 
1050 
1090 
1130 
1170 
1210 
1290 
1370 
1450 
1530 
1610 

V 
cm3 
litres 

25"""" 
42 
64 
96 
134 
189 
250 
326 
415 
516 
640 
775 
930 
1.1 
1.3 
1.5 
2.0 
2.6 
JO 
4.2 
5.1 
6.2 
7.4 
8.8 
10 
12 
ΪΤ~ 
17 
20 
24 
27 
32 
36 
41 
46 
52 
58 
65 
72 
80 
88 
97 
107 
116 
127 
138 
149 
162 
174 
189 
220 
252 
286 
325 
368 
416 
458 
515 
575 
640 
775 
925 
1100 
1300 
1510 

w 
kg 

m. tons 
ÖA7 
0.29 
0.43 
0.65 
0.91 
1.28 
1.70 
2.22 
2.82 
3.50 
4.35 
5.25 
6.30 
7-50 
8.80 
10.2 

■"ΪΤ6 
17.7 
23.8 
28.6 
34.8 
42.2 
50.0 
60.0 
68.0 
82.0 
102 
115 
136 
163 
184 
218 
245 
280 
313 
352 
395 
442 
490 
545 
600 
660 
730 
790 
860 
940 
ΓΟ 1.1 
1.2 
1.3 
1.5 
1.7 
2.0 
2.2 
2.5 
19 
3.1 
3.5 
3.9 
4.4 
5.3 
6.3 
7.5 
8.8 

10.3 

Max. feedable volume of casting V (wt W) for 

4 % 
V 

cm3,1. 
βΓ 
105 
160 
240 
335 
475 
625 
820 
1.0 
1.3 
1.6 
1.9 
2.3 
2.8 
3.2 
3.8 
5.0 
6.5 
8.8 
10 
13 
15 
19 
22 
25 
30 
3S> 
43 
50 
60 
68 
80 
90 
104 
115 
130 
145 
163 
180 
200 
220 
242 
270 
290 
318 
348 
375 
405 
435 
475 
550 
630 
720 
810 
920 
1050 
1150 
1300 
1450 
1600 
1950 
2300 
2750 
3250 
3760 

W 
kg,t 
0.49 
0.83 
1.25 
1.87 
2.55 
3.72 
4.90 
6.40 
7.80 

10.2 
12.5 
15.0 
18.0 
21.8 
25.0 
30.0 
39.0 
51.0 
69.0 
78.0 
102 
Ϊ27~ 
148 
172 
195 
235 
296 
336 
390 
470 
530 
625 
705 
815 
900 
1.0 
1.1 
1.3 
1.4 
1.6 
1.7 
1.9 
2.1 
2.3 
2.5 
2.7 
2.9 
3.2 
3.4 
3.7 
4.3 
4.9 
5.6 
6.3 
7.2 
8.3 
9.0 
10.2 
11.3 
12.5 
15.3 
18.0 
21.5 
25.5 
29.6 

5% 
v~l 

cm3,1. 
42 
72 
105 
163 
228 
320 
425 
555 
710 
875 
1.1 

1.6 
1.9 
2.2 
2.6 
3.4 
4.4 
6.0 
7.1 
8.7 
10 
12 
15 
18 
22 
27~ 
31 
36 
43 
49 
58 
65 
74 
83 
93 
105 
117 
130 
145 
160 
175 
195 
208 
227 
248 
270 
290 
312 
340 
400 
450 
512 
585 
660 
750 
830 
930 
1050 
1150 
1400 
1650 
2000 
2340 
2710 

W 
kg, t 
0.33 
0.57 
0.83 
1.28 
1.80 
2.50 
3.32 
4.35 
5.55 
6.85 
8.60 
10.2 
12.5 
14.8 
17.2 
20.3 
26.6 
34.3 
47.0 
55.5 
68.8 
78.0 
94.0 
117 
141 
172 
211 
242 
282 
337 
383 
452 
508 
580 
6 50 
730 
820 
920 
1.0 
1.1 
1.3 
1.4 
1.5 
1.6 
1.8 
1.9 
2.1 
2.3 
2.5 
2.7 
3.1 
3.5 
4.0 
4.6 
5-2 
5-9 
6.5 
7.3 
8.3 
9.0 
11.0 
12.9 
15.5 
18.3 
21.2 

6% 
V 

cm3,1. 
34 
57 
87 
130 
180 
255 
348 
440 
560 
700 
870 
1.1 
1.3 
1.5 
1.8 
2.0 
2.7 
3-5 
4.7 
5.7 
6.9 
8.4 
10 
12 
14 
16 
20 
23 
27 
32 
37 
43 
49 
55 
62 
70 
79 
88 
97 
108 
119 
131 
145 
155 
172 
187 
200 
220 
235 
255 
298 
340 
390 
440 
498 
562 
620 
700 
775 
860 
1050 
1250 
1490 
1750 
2040 

W 
kg, t 
0.27 
0.45 
0.68 
1.00 
1.40 
2.00 
2.70 
3.45 
4.40 
5.50 
6.80 
8.60 
10.2 
11.7 
14.1 
15.7 
21.2 
27.3 
36.8 
44.6 
54.0 
66.0 
78.0 
94.0 
110 
125 
157 
180 
211 
250 
290 
336 
383 
430 
485 
548 
610 
690 
760 
850 
930 
1.0 
1.1 
1.2 
1.4 
1.5 
1.6 
1.7 
1.8 
2.0 
2.3 
2.7 
3.0 
3.4 
3.9 
4.4 
4.9 
5.5 
6.1 
6.7 
8.3 
9.7 
11.6 
13.7 
16.0 

a shrinkage of: 

7% 
V 

cm3,1. 
25 
42 
64 
96 
134 
189 
250 
326 
415 
516 
640 
775 
930 
1.1 
1.3 
1.5 
2.0 
2.6 
3.5 
4.2 
5.1 
6.2 
7.4 
8.8 
10 
12 
ΪΊΓ 
17 
20 
24 
27 
32 
36 
41 
46 
52 
58 
65_ 
72 
80 
88 
97 
107 
116 
127 
138 
149 
162 
174 
189 
220 
252 
286 
325 
368 
416 
458 
515 
575 
640 
775 
925 
1100 
1300 
1510 

W 
kg, t 
0.20 
0.33 
0.53 
0.75 
1.05 
1.48 
1.95 
2.55 
3.25 
4.05 
5.00 
6.10 
7.30 
8.60 
10.2 
11.7 
15.7 
20.4 
27.4 
32.8 
40.0 
48.5 
58.0 
69.0 
78.0 
94.0 
ΓΓΓ 
133 
157 
188 
211 
250 
281 
320 
36Ö" 
406 
452 
508 
562 
625 
690 
760 
840 
910 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.7 
2.0 
2.2 
2.5 
2.9 
3.3 
3.6 
4.0 
4.5 
5.0 
6.1 
7.3 
8.6 

10.0 
12.0 
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a + b — = 1.5« 
TABLE 13. OVAL FEEDER HEAD 

MF 

cm 

0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.25 
4.50 
4.75 
5.0 
5.25 
5.50 
5.75 
6.0 
6.25 
6.5 
6.75 
7.0 
7.25 
7.50 
7.75 
8.0 
8.25 
8.5 
8.75 
9.0 
9.25 
9.50 
9.75 
10.0 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
16 
17 
18 
19 j 
20 

a 

mm 

I 21 26 
30 
34 
38 
43 
47 
51 
53 
59 
64 
68 
72 
76 
80 
85 
93 
102 
110 
118 
127 
135 
143 
152 
160 
169 
180 
190 
200 
212 
222 
232 
242 
253 
264 
274 
284 
295 
306 
316 
326 
337 
348 
358 
370 
380 
390 
400 
410 
420 
444 
464 
484 
505 
528 
550 
570 
580 
612 
632 
675 
718 
760 
800 
840 1 

b 

m m 

1 42 
52 
60 
68 
76 
86 
94 
102 
106 
118 
128 
136 
144 
152 
160 
170 
186 
204 
220 
236 
254 
270 
286 
304 
320 
338 
360 
380 
400 
424 
444 
464 
484 
506 
528 
548 
568 
590 
612 
632 
652 
674 
696 
716 
740 
760 
780 
800 
820 
840 
888 
928 
968 
1010 
1056 
1100 
1140 
1160 
1224 
1264 1 
1350 
1436 
1520 
1600 
1680 1 

H 

m m 

1 32 
38 
45 
51 
57 
63 
70 
76 
82 
88 
95 
102 
107 
114 
120 
127 
139 
152 
165 
177 
190 
204 
215 
226 
240 
252 
268 
285 
300 
316 
331 
348 
364 
380 
395 
411 
426 
442 
456 
474 
490 
505 
522 
536 
555 
570 
585 
600 
618 
632 
662 
695 
725 
760 
790 
820 
850 
885 
915 
950 
1010 
1070 
1140 
1200 
1270 1 

V 

cm3 
litres 

1 25 
49 
72 

105 
147 
212 276 
354 
396 
550 
705 
840 
1.0 
1.2 
1.4 
1.7 
2.1 
2.8 
3.5 
4.4 
5.3 
6.5 
7.6 
9.3 
11 
13 
16 
18 
21 
25 
29 
33 
38 
43 
49 
55 
61 
68 
76 
84 
92 
102 
112 
123 
137 
147 
157 
170 
184 
197 
232 
267 
300 
343 
394 
440 
493 
520 
610 
670 1 
820 
985 
1170 
1370 
1570 1 

W 

kg 
m. tons 

1 0.17 
0.34 
0.49 
0.72 
1.0 
1.45 

! 1.87 
2.40 
2.70 
3.75 
4.80 
5.70 
6.80 
8.20 
9.50 
11.5 
14.3 
19.0 
23.8 
30.0 
36.0 
44.0 
52.0 
63.0 
75.0 
88.0 
110 
123 
143 
170 
197 
225 
258 
292 | 
334 
375 
415 
462 1 
518 
570 
625 
700 I 
760 
840 
930 
1.0 
1.1 
1.2 
1.3 
1.4 
1.6 
1.8 
2.0 
2.3 
2.7 
3.0 
3.4 
3-5 
4.2 
4.6 
5.6 
6.7 
8.0 
9.3 
10.7 1 

Max. feedable volume of casting V (wt W) for a shrinkage of: 
4 % 

V 
\ cm3,1. 

1 63 
125 
180 
262 
370 
530 690 
880 
990 
1.4 
1.9 
2.1 
2.5 
3.0 
3.5 
4.3 
5.3 
7.0 
8.8 
11 
13 
16 
19 
23 
28 
33 
40 
45 
53 
63 
73 
83 
95 
107 
123 
137 
152 
170 
190 
210 
230 
255 
280 
310 
342 
365 
390 
425 
460 
490 
580 
670 
750 
860 
980 
1100 
1240 
1300 
1530 
1670 | 
2050 
2460 
2920 
3410 
3920 1 

1 W 1 kg,t 
1 0.80 

0.97 
1.40 
2.05 
2.90 
4.14 
5.40 
6.90 
7.70 

11.0 
115.0 
17.0 
20.0 
23.5 
27.5 
33.5 
41.0 
55.0 
69.0 
86.0 
100 
125 
150 
180 
220 
258 
312 
350 
414 
490 
570 
650 
740 
830 
960 
1.1 
1.2 
1.3 
1.5 
1.6 
1.8 
2.0 
2.2 
2.4 
2.7 
2.9 
3.0 j 
3.3 
3.6 
3.8 
4.5 
5.2 
5.9 
6.7 
7.6 
8.6 
9.7 
10.0 
12.0 
13.0 
16.0 
19.2 
22.8 
26.6 
30.5 I 

I 5 % 
V I cm3,1. 

1 45 
88 
130 
190 
265 
380 
500 
635 
710 
1.0 
1.3 
1.5 
1.8 
2.2 
2.5 
3.1 
3.8 
5.1 
6.3 
7.9 
9.5 
12 
14 
17 
20 
23 
29 
33 
38 
45 
52 
60 
68 
77 
88 
100 
110 
123 
137 
151 
165 
185 
200 
220 
250 
265 
285 
305 
330 
355 
420 
480 
540 
620 
710 
790 
890 
940 
1100 
1200 
1480 
1800 
2100 
2450 
2820 1 

1 W 
\ kg,t 
1 0.35 

0.69 
1.00 
1.50 
2.06 
3.00 
3.90 
5.00 
5-55 
7.80 

10.1 
11.7 
11.4 
17.1 
19.5 
24.1 
30.0 
40.0 
49.0 
62.0 
74.0 
94.0 
110 
133 
156 
180 
226 
266 
296 
352 
405 
470 
530 
600 
685 
78Ο 
860 
960 
1.1 
1.2 
1.3 
1.5 
1.6 
1.7 
2.0 
2.1 
2.2 
2.4 
2.6 
2.8 
3.3 
3.8 
4.2 
4.8 
5.6 
6.2 
6.9 
7.4 
8.6 
9.4 
11.5 
14.1 
16.4 
19.0 
22.0 1 

1 6% 
V 1 cm8,1. 

1 34 
66 
96 
142 
197 
285 
372 
475 
535 
740 
950 
1.1 
1.4 
1.6 
1.9 
2.3 
2.8 
3.8 
4.7 
5.9 
7.2 
8.8 
10 
12 
15 
17 
22 
24 
28 
34 
39 
45 
51 
58 
66 
74 
82 
92 
102 
114 
125 
137 
150 
165 
183 
200 
210 
228 
250 
265 
310 
360 
404 
465 
530 
590 
670 
700 
820 
900 I 
1100 
1300 
1570 
1850 
2100 1 

1 W 
1 kg,t 
1 0.26 

0.51 
0.76 
1.12 
1.55 

| 2.22 
2.90 
3.70 
4.16 
5.75 
7.40 
8.60 
11.0 
12.5 
15.0 
18.0 
22.0 
30.0 

137.0 
46.0 
56.0 
69.0 
78.0 
94.0 
117 
133 
171 
187 
219 
265 
305 
352 
400 
455 
515 
580 
640 
715 
800 
900 
1.0 
1.1 
1.2 
1.3 
1.5 
1.6 
1.7 
1.8 
2.0 
2.1 
2.4 
2.8 
3.2 
3.6 
4.1 
4.6 
5.2 
5-5 
6.4 
7.0 
8.6 
10.0 
12.3 
14.5 
16.5 I 

I 7 % 
V I cm3,1. 

1 25 
49 
72 

105 
147 

| 212 
276 
354 
396 
550 
705 
840 
1.0 
1.2 
1.4 
1.7 
2.1 
2.8 
3.5 
4.4 
5.3 
6.5 
7.6 
9.3 
11 
13 
16 
18 
21 
25 
29 
33 
38 
43 
49 
55 
61 
68 
76 
84 
92 
102 
112 
123 
137 
147 
157 
170 
184 
197 
232 
267 
300 
343 
394 
440 
493 
520 
610 
670 
820 
985 

1170 
1370 
1570 I 

I W I kg,t 
I 0.20 

0.38 
0.56 
0.83 
1.15 
1.65 
2.16 
2.75 
3.10 
4.30 
5.50 
6.55 
7.80 
9.40 
11.0 
13.0 
16.5 
22.0 
27.4 
34.4 
41.4 
51.0 
59.0 
73.0 
86.0 
100 
125 
140 
165 
195 
226 
256 
296 
336 
382 
430 
475 
530 
592 
655 
715 
800 
875 
960 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.8 
2.1 
2.4 
2.7 
3.1 
3.4 
3.9 
4.1 
4.8 
5.2 
6.4 
7.7 
9.1 
10.7 
12.3 
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b=*2a H--

1.5 x (a + b) = 2.2Sd 

TABLE 14. OVAL FEEDER HEAD 

MF 

cm 

0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.25 
4.50 
4.75 
5.0 
5.25 
5.50 
5.75 
6.0 
6.25 
6.5 
6.75 
7.0 
7.25 
7.50 
7.75 
8.0 
8.25 
8.5 
8.75 
9.0 
9.25 
9.50 
9.75 
10.0 
10.5 
11 
H.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
16 
17 
18 
19 
20 

a 

m m 

19 
23 
26 
30 
34 
38 
42 
45 
49 
53 
57 
60 
64 
67 
71 
75 
83 
90 
97 
105 
113 
120 
127 
135 
143 
150 
160 
169 
178 
187 
197 
206 
216 
225 
234 
243 
254 
261 
271 
280 
290 
300 
309 
318 
328 
338 
346 
356 
365 
375 
393 
413 
430 
450 
468 
486 
506 
525 
545 
565 
600 
636 
673 
712 
750 -

b 

m m 

38"" 
46 
52 
60 
68 
76 
84 
90 
98 
106 
114 
120 
128 
134 
142 
150 
186 
190 
194 
210 
226 
240 
254 
270 
286 
300 
320 
338 
356 
374 
394 
412 
432 
450 
468 
486 
508 
522 
542 
560 
580 
600 
618 
636 
656 
676 
692 
712 
730 
750 
786 
826 
860 
900 
936 
972 
1012 
1050 
1090 
1130 
1200 
1272 
1346 
1424 
1500 

H 

m m 

42~~ 
51 
59 
68 
76 
85 
93 
100 
110 
118 
127 
135 
143 
152 
160 
169 
185 
203 
220 
236 
252 
270 
286 
304 
320 
337 
356 
380 
400 
422 
444 
464 
484 
508 
528 
548 
570 
590 
610 
632 
652 
675 
695 
718 
740 
760 
780 
800 
822 
842 
888 
928 
970 
1010 
1050 
1100 
1140 
1180 
1230 
1270 
1350 
1430 
1522 
1600 
1690 

V 
cm3 
litres 

2 8 ~ 
49 
71 
108 
157 
220 
300 
370 
472 
600 
750 
870 
1.1 
1.2 
1.4 
1.7 
2.3 
3.0 
3.7 
4.7 
5.8 
7.0 
8.2 
10 
12 
14 
16 
19 
23 
27 
31 
35 
41 
46 
52 
58 
62 
71 
80 
88 
98 
110 
119 
129 
141 
156 
166 
181 
196 
212 
245 
285 
320 
365 
414 
462 
524 
580 
650 
720 
860 

1025 
1220 
1440 
1680 

W 

kg 
m. tons 

ΟΤΪ9 
0.34 
0.49 
0.75 
1.05 
1.50 
2.05 
2.52 
3.22 
4.10 
5.10 
5.90 
7.50 
8.20 
9.50 
11.6 
15.7 
20.4 
25.2 
32.0 
39.5 
47.8 
55.8 
68.0 
82.0 
96.0 
109 
129 
157 
184 
211 
239 
280 
314 
354 
395 
422 
485 
545 
600 
668 
750 
810 
880 
960 
1.1 
1.2 
1.3 
1.4 
1.5 
1.7 
2.0 
2.2 
2.5 
2.8 
3.2 
3.6 
4.0 
4.4 
4.9 
5-9 
7.0 
8.3 
9.8 
11.5 

Max. feedable volume of casting V (wt W) for 
4 % 

v 1 
cm3,1. 

W 105 
180 
258 
380 
550 
750 
930 
1.2 
1.5 
1.9 
2.2 
2.8 
3.0 
3.5 
4.3 
5.8 
7-5 
9-3 
12 
15 
18 
20 
25 
30 
35_ 
40 
48 
58 
68 
78 
88 
103 
115 
130 
145 
155 
178 
200 
220 
245 
275 
300 
322 
351 
390 
415 
452 
490 
530 
615 
715 
800 
910 
1040 
1160 
1320 
1450 
1630 
I8OO 
2150 
2560 
3050 
3600 
4200 

W 
kg,t 
0.55 
0.82 
1.40 
2.00 
3.00 
4.30 
5-85 
7.30 
9.40 
11.7 
14.8 
17.1 
21.8 
23.5 
27.4 
33.5 
45.0 
58.5 
72.5 
93.5 
117 
140 
156 
195 
235 
274 
312 
374 
452 
530 
608 
685 
800 
900 
1.0 
1.1 
1.2 
1.4 
1.6 
1.7 
1.9 
2.1 

Ύ^Γ 2.5 
2.8 
3.0 
3.2 
3.5 
3.8 
4.1 
4.8 
5.6 
6.3 
7.1 
8.1 
9.1 
10.3 
11.3 
12.7 
14.0 
16.7 
20.6 
23.7 
28.0 
32.2 

5 % 
V 

cm3,l. 
i 53"" 

93 
105 
205 
300 
420 
570 
710 
900 
1.2 
1.4 
1.7 
2.1 
2.3 
2.7 
3.2 
4.4 
5.7 
7.1 
9.0 
11 
13 
16 
19 
23 
27 
31 
36 
44 
52 
59 
67 
78 
88 
100 
110 
120 
135 
152 
167 
187 
208 
226 
245 
266 
296 
315 
345 
371 
402 
465 
541 
608 
690 
790 
880 
1000 
1100 
1230 
1370 
1670 
1950 
2320 
2740 
3200 

W 
kg,t 
0.41 
0.72 
0.82 
1.60 
3.35 
3.28 
4.45 
5.55 
7.00 
9.45 
11.9 
13.3 
16.5 
18.0 
21.0 
25.0 
34.2 
44.5 
55.5 
70.0 
85.5 
103 
125 
148 
180 
210 
241 
280 
342 
405 
460 
522 
608 
685 
780 
860 
935 
1.1 
1.2 
1.3 
1.5 
1.6 
1.8 
1.9 
2.1 
2.3 
2.5 
2.7 
2.9 
3.2 
3.6 
4.2 
4.7 
5.4 
6.2 
6.9 
7.8 
8.6 
9.6 
10.7 
13.0 
15.2 
18.0 
21.4 
25.0 

6% 
V 

cm», 1. 
38" 
66 
96 
146 
212 
296 
405 
500 
640 
810 
1.0 
1.2 
1.5 
1.6 
1.9 
2.3 
3.1 
4.1 
5.0 
6.4 
7.8 
9.5 
11 
13 
16 
19 
22 
26 
31 
37 
42 
47 
55 62 
70 
78 
84 
97 
108 
118 
132 
148 
160 
172 
190 
210 
224 
245 
264 
285 
330 
385 
432 
492 
560 
625 
710 
780 
880 
970 
1160 
1380 
1630 
1940 
2260 

W 
kg,t 
0.30 
0.51 
0.75 
1.14 
1.65 
2.31 
3.15 
3.9Ο 
5.00 
6.30 
7.80 
9-35 
11.7 
12.5 
14.8 
18.0 
24.1 
32.0 
39.0 
50.0 
60.9 
74.0 
85.8 
101 
125 
148 
171 
203 
241 
289 
328 

! 366 
430 
482 
545 
608 
655 
755 
840 
920 
1.0 
1.2 
1.3 
1.4 
1.5 
1.6 
1.8 
1.9 
2.1 
2.2 
2.6 
3.0 
3.4 
3.9 
4.4 
4.9 
5.6 
6.1 
6.9 
7.6 
9.0 
10.8 
12.7 
15.1 
17.6 

a shrinkage of: 
7 % 

V 
cm3,1. 

28" 
49 
71 
108 
157 
220 
300 
370 
472 
600 
750 
870 
1.1 
1.2 
1.4 
1.7 
2.3 
3.0 

1 3 · 7 
4.7 
5.8 
7.0 
8.2 
10 
12 
14 

1 16 
19 
23 
27 
31 
35 
41 
46 
52 
58 
62 
71 
80 
88 
98 
110 
119 
129 
141 
156 
166 
181 
196 
212 
245 
285 
320 
365 
414 
462 
524 
580 
650 
720 
860 
1025 
1220 
1440 
1680 

W 
kg,t 
0.22 
0.38 
0.55 
0.84 
1.23 
1.71 
2.34 
2.88 
3.70 
4.68 
5.85 
6.78 
8.60 
9.35 
10.9 
13.3 
18.0 
23.4 
29.0 
36.6 
45.1 
54.5 
64.0 
78.0 
93.5 
109 
125 
148 
179 
210 
241 
272 
320 
358 
405 
451 
482 
555 
625 
685 
760 
860 
930 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.7 
1.9 
2.2 
2.5 
2.8 
3.2 
3.6 
4.1 
4.5 
5.1 
5-6 
6.7 
8.0 
9.5 
11.2 
13.1 
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a=D £ = 0.53* 

T A B L E 15. BLIND F E E D E R H E A D WIH P E N E T R A T I O N CORE 

MF 

cm 

0.5 1 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.25 
4.5 
4.75 
5.0 
5.25 
5.5 
5-75 
6.0 
6.25 
6.5 
6.75 
7.0 
7.25 
7.5 
7.75 
8.0 
8.25 
8.5 
8.75 
9.0 
9.25 
9.5 
9-75 
10.0 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
16 
17 
18 
19 
20 

D0 
= a 
m m 

27 I 
32 
37 
43 
48 
53 
59 
64 
69 
75 
80 
85 
Q0 
96 
100 
106 
117 
127 
138 
150 
160 
170 
180 
190 
200 
212 
225 
240 
252 
265 
276 
292 
305 
318 
331 
345 
356 
371 
385 
398 
410 
425 
436 
450 
465 
477 
490 
505 
517 
530 
555 
585 
610 
635 
665 
690 
730 
750 
770 
800 
850 
900 
960 
1000 
I 1060 

b 

m m 

15 
17 
20 
23 
26 
28 
32 
34 
37 
40 
43 
45 
48 
51 
53 
56 
62 
68 
74 
80 
85 
90 
96 
100 
106 
113 
120 
127 
134 
140 
147 
155 
162 
168 
176 
183 
190 
197 
20* 
212 
217 
226 
232 
239 
247 
253 
260 
266 
272 
282 
292 
310 
324 
338 

1 353 
366 
388 
398 
408 
425 
450 
476 
510 
530 
565 

H 

m m 

41 
48 
56 
65 
72 
80 
89 
96 
104 
113 
120 
128 
135 
145 
150 
160 
185 
190 
208 
225 
240 
255 
270 
285 
300 
320 
348 
360 
380 
400 
415 
440 
456 

| 480 
500 
520 
535 
560 
580 
600 
618 
640 
656 
675 
700 
715 
735 
760 
780 
800 
830 
880 
915 
955 
1000 
1040 
1100 
1130 
1150 

1 1200 
1280 
1350 
1450 
1 500 

I 1590 

V 

cm3 
litres 

20 
35 
53 
79 
105 
156 
207 
270 
342 
424 
525 
640 
765 
910 
1.1 
1.3 
1.7 
2.2 
2.9 
3.4 
4.2 
5.1 
6.2 
7.3 
8.6 
10 
12 
14 
17 
20 
23 
26 
30 

1 34 
1 38 

43 
48 
53 
59 
66 
73 
80 
88 
96 
105 
114 
123 
135 
145 
155 
181 
207 
236 
270 
304 
342 
385 
425 
475 
525 
640 
765 
910 
1070 

I 1250 

W 

kg 1 
m. tons 
0.14 
0.24 
0.36 
0.54 
0.71 
1.06 
1.40 
1.83 
2.32 
2.88 
3.55 
4.40 
5.20 
6.18 
7.45 
8.80 
11.5 
15.0 
19.7 
23.0 
28.5 
34.7 
42.0 
49.5 
58.5 
68.0 
81.5 
95.0 
115 
135 
155 
177 
204 
230 

1 258 
291 
326 
360 
400 
448 
495 
542 
600 
650 
710 
775 
840 
920 
980 
1.0 
1.2 
1.4 
1.6 
1.8 
2.1 
2.4 
2.6 
2.9 
3-3 

| 3.6 
4.4 
5.2 
6.2 
7.3 

I 8.5 

Max. feedable volume of casting V (wt W) for a shrinkage of: 

4 % 
V 

cm3,1. 
50 
88 
129 
200 
255 
390 
520 
675 
850 
1.1 
1.3 
1.6 
1.9 
2.3 
2.8 
3.3 
4.3 
5-5 
7.3 
8.5 
11 
13 
15 
18 
22 
25 
30 
35 
43 
50 
58 
65 
75 
85 
95 
107 
120 
132 
147 
167 
182 
200 
220 
240 
262 
285 
307 
335 
362 
390 
450 
520 
590 
675 
760 
860 
960 
1060 
1190 
1320 
1600 
1920 
2280 
2660 
3120 

kg, t 
0.39 
0.69 
1.00 
1.55 
2.00 
3.05 
4.05 
5.25 
6.62 
8.60 
10.0 
12.5 
14.8 
18.0 
21.9 
25.8 
33.5 
42.9 
57.0 
66.2 
85.6 
101 
117 
140 
171 
195 
234 
272 
335 
390 
450 
510 
585 
662 
740 
840 
930 
1.0 
1.1 
1.3 
1.4 
1.6 
1.8 
1.9 
2.1 
2.2 
2.4 
2.6 
2.8 
3.1 
3.5 
4.1 
4.6 
5.3 
5.9 
6.7 
7-5 
8.3 
9.3 
10.3 
12.5 
15.0 
17.8 
20.6 
24.3 

5% 
V 

cm3,1. 
36 
63 
95 
142 
190 
280 
372 
486 
612 
760 
940 
1.2 
1.4 
1.6 
2.0 
2.3 
3.1 
4.0 
ς.2 
6.1 
7.6 
9.2 
11 
13 
16 
18 
22 
25 
30 
36 
42 
47 
54 
61 
68 
78 
86 
96 
106 
120 
132 
145 
158 
173 
190 
205 
220 
242 
260 
280 
325 
370 
426 
486 
545 

I 615 
695 
765 
855 
950 
1150 
1370 
1630 
1920 
2250 

W 
kg, t 
0.28 
0.49 
0.74 
1.11 
1.48 
2.18 
2.90 
3.80 
4.80 
5-95 
7.30 
9.30 
10.9 
12.5 
15.6 
18.0 
24.1 
31.2 
40.5 
47-6 
59.2 
71.8 
S5.6 
101 
125 
140 
171 
195 
234 
280 
326 
366 
420 
475 
530 
610 
670 
750 
830 
930 
1.0 
1.1 
1.2 
1.4 
1.5 
1.6 
1.7 
1.9 
2.0 
2.2 
2.5 
2.9 
3.3 
3.8 
4.3 
4.8 
7.5 
6.0 
6.7 
7-4 
9.0 
10.7 
12.7 
15.0 
17.5 

6% 
V 

cm3,1. 
27 
48 
72 

107 
143 
210 
280 
365 
460 
570 
710 
865 
1.0 
1.2 
1.5 
1.8 
2.3 
3.0 
3.9 
4.6 
5.7 
6.Q 
8.4 
9.9 
12 
14 
16 
19 
23 
27 
31 
35 
41 
46 
51 
58 
65 
72 
80 
90 
99 
108 
120 
130 
142 
154 
165 
183 
195 
210 
245 
280 
320 
365 
410 
462 
520 
575 
640 
710 
865 
1040 
1230 
1450 
1700 

W 
kg, t 
0.21 
0.38 
0.56 
0.83 
1.12 
1.64 
2.19 
2.85 
3.58 
4.45 
5-55 
6.75 
7.80 
9.30 
11.7 
14.0 
17.9 
23.4 
30.4 
35.8 
44.5 
53.9 
65.5 
77.0 
93.0 
109 
125 
148 
179 
210 
240 
272 
320 
358 
398 
450 
505 
560 
625 
700 
770 
840 
930 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.9 
2.2 
2.5 
2.8 
3.2 
3.6 
4.1 
4.5 
5.0 
5.5 
6.7 
8.1 
9.6 
11.3 
13.3 

7 % 
V 

cm8,1. 
20 
35 
53 
79 

105 
156 
207 
270 
342 
424 
525 
640 
775 
910 
1.1 
1.3 
1.7 
2.2 
2.9 
3.4 
4.2 
5.1 
6.2 
7.3 
8.6 
10 
12 
14 
17 
20 
23 
26 
30 
34 
38 
43 
48 
53 
59 
66 
73 
80 
88 
96 
105 
114 
123 
135 
145 
155 
181 
207 
236 
270 
304 
342 
385 
425 
475 
525 
640 
765 
910 
1070 
1250 

W 
kg, t 
0.16 
0.27 
0.42 
0.62 
0.82 
1.22 
1.62 
2.10 
2.67 
3.30 
4.10 
5.00 
6.10 
7.10 
8.55 

10.0 
13.3 
17.1 
22.6 
26.5 
32.8 
39.8 
48.2 
57.0 
67.0 
78.0 
94.0 
109 
133 
156 
179 
203 
234 
265 
296 
335 
375 
405 
460 
515 
570 
625 
685 
750 
810 
890 
960 
1.0 
1.1 
1.2 
1.4 
1.6 
1.8 
2.1 
2.4 
2.7 
3.0 
3-3 
3.7 
4.1 
5.0 
6.0 
7.1 
8.4 
9.6 
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H = 2D a=D £ = 0.615* 

T A B L E 16. BLIND F E E D E R H E A D WITH PENETRATION CORE 

MF 

cm 

0.5 I 
0.6 
0.7 
0.8 
0.9 
1.0 
1 1 
1 2 
1.3 
1.4 
i 5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3-6 
3.8 
4.0 
4.25 
4.50 
4.75 
5.0 
5-25 
5.50 
5.75 
6.0 
6.25 
6.5 
6.75 
7.0 
7.25 
7.50 
7.75 
8.0 
8.25 
8.5 
8.75 
9.0 
9.25 
9.50 
9-75 
10.0 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
16 
17 
18 
19 
20 

D0 
— & 
m m 

24 1 
29 
34 
38 
43 
48 
53 
58 
63 
67 
72 
77 
81 
86 
91 
96 
106 
115 
125 
134 
144 
153 
163 
172 
182 
192 
203 
215 
226 
239 
250 
262 
275 
286 
300 
310 
322 
334 
345 
358 
370 
381 
394 
405 
415 
429 
440 
453 
465 

1 486 
1 500 

525 
550 
575 

| 600 
620 
645 
670 
690 
715 
765 
810 
860 
910 

I 960 

b 

m m 

15 j 
18 
21 
24 
27 
30 
33 
36 
39 1 
42 
45 
48 
50 
54 
57 
60 
66 
71 
78 
83 
90 
95 
102 
106 
113 
120 
126 
133 
140 
147 
155 
162 
170 
177 
185 
192 
200 
205 
214 
222 
228 
236 

1 243 
250 
256 

1 263 
1 272 

280 
288 

1 300 
310 
325 
340 
355 
372 
384 
400 
415 
428 

1 445 
470 
500 
535 
565 

1 595 

H 

m m 

48 i 
58 
68 
76 
86 
96 
106 
116 
126 
134 1 
144 
154 
162 
172 
182 
192 
212 
230 
250 
268 
288 
306 
326 
344 
364 
384 
406 
430 
452 
478 
500 
524 
550 
572 
600 
620 
644 
668 
690 
716 
740 
762 
788 
810 
830 
858 
880 
906 
930 

| 972 
1000 
1050 
1100 
1150 

| 1200 
1240 
1290 
1340 
1390 

1 1430 
1530 
1620 
1720 
1820 

I 1920 

V 
cm3 
litres 

19 
32 
49 
73 

105 
143 
190 
250 
315 
395 
485 
589 
700 
840 
980 
1.2 
1.5 
2.0 
2.7 
3.2 
3.9 
4.7 
5-7 
6.7 
7-9 
9.2 
11 
13 
15 
18 
21 
22 
27 
31 
35 
40 
44 
49 
55 
61 
67 
73 
81 
88 
96 
106 
114 
124 
133 
143 
156 
190 
216 
248 
280 

I 316 
352 
390 
436 
482 
590 
700 
840 
980 
1150 

W 

kg 
m. tons 

0.13 
0.22 
0.33 
0.50 
0.71 
0.97 
1.29 
1.70 
2.16 
2.68 
3-30 
4.00 
4.75 
5-70 
6.65 
8.15 
10.2 
13.6 
18.3 
21.7 
26.5 
31.9 
38.8 
45-5 
53.7 

1 62.5 
74.5 
88.5 
102 

1 122 
143 
149 
183 

I 210 
238 
272 
298 
332 
374 
415 
455 
495 
510 
600 
650 

I 720 
775 
845 
900 
970 
1.1 
1.3 
1.5 
1.7 
1.9 
2.2 
2.4 
2.7 
3.0 
3.3 
4.0 
4.8 
5.7 
6.7 

1 7.8 

Max. feedable volume of casting V (wt W) for a shrinkage of: 

4% | 
V 

cm3,1. 
48 
80 
123 
183 
255 
360 
475 
630 
790 
990 
1.2 
1.5 
1.8 
2.1 
2.5 
3.0 
3.8 
5.0 
6.8 
8.0 
9.8 
12 
14 
17 
20 
23 
28 
33 
38 
45 
53 
55 
68 
78 
88 
100 
110 
125 
138 
153 
167 
183 
201 
220 
240 
265 
285 
310 
333 
358 
390 

1 475 
540 
620 
700 
790 
880 
980 
1040 

I 1210 
1480 
1750 
2100 
2450 

1 2860 

W 
kg, t 
0.37 
0.63 
0.96 
1.43 
2.00 
2.81 
3.71 
4.92 
6.18 
7-75 
9.40 
11.7 
14.0 
16.4 
19.5 
23.5 
29.8 
39.0 
53.0 
62.5 
76.5 
93.0 
109 
133 
156 
180 
218 
258 
2Q6 
352 
413 
430 
530 
610 
690 
780 
860 
970 
1.1 
1.2 
1.3 
1.4 
1.6 
1.7 
1.9 
2.1 
2.2 
2.4 
2.6 
2.8 
3.0 
3.7 
4.2 
4.8 
5-5 
6.2 
6.9 
7.7 
8.1 
9.5 
11.5 
13-7 
16.4 
19.1 

1 22.3 

5% 

V 
cm3,1. 

35 
58 
88 
131 
190 
256 
343 
450 
565 
710 
870 
1.1 
1.3 
1.5 
1.8 
2.2 
2.7 
3.6 
4.9 
5.8 
7.0 
8.5 
10 
12 
14 
16 
20 
22 
27 
32 
38 
40 
49 
56 
63 
72 
79 
88 
100 
110 
120 
131 
146 
158 
173 
190 
205 
224 
240 
256 
280 
342 
390 
450 
505 
570 
635 
700 
785 
870 
1060 
1260 
1510 
1760 
2060 

W 
kg, t 
0.2/ 
0.45 
0.69 
1.03 
1.48 
2.00 
2.70 
3.52 
4.40 
5.55 
6.80 
8.60 
10.0 
11.7 
14.1 
17.2 
21.0 
28.1 
38.2 
45.2 
54.8 
66.5 
78.0 
93.5 
109 
125 
156 
172 
210 
250 
296 
312 
382 
436 
492 
561 
618 
688 
780 
860 
935 
1.0 
1.1 
1.2 
1.4 
1.5 
1.6 
1.8 
1.9 
2.0 
2.2 
2.7 
3.0 
3-5 
4.0 
4.5 
5.0 
5.5 
6.1 
6.8 
8.3 
9.8 
11.8 
13.7 
16.0 

6% 

V 
cm3,1. 

20 
43 
66 
98 
142 
193 
256 
338 
425 
533 
655 
800 
950 
1.1 
1.3 
1.6 
2.0 
2.7 
3.6 
4.3 
5-3 
6.4 
7.7 
9.0 
11 
12 
15 
17 
2C 
24 
28 
30 
36 
42 
47 
54 
60 
66 
74 
83 
91 
98 
110 
120 
130 
145 
154 
167 
180 
193 
210 
258 
290 
335 
378 
428 
475 
525 
590 
650 
800 
945 
1130 
1330 

I 1550 

w 
kg, t 
0.20 
0.34 
0.52 
0.77 
1.10 
1.50 
2.00 
2.65 
3.30 
4.20 
5.10 
6.25 
7.40 
8.60 
10.0 
12.5 
15.6 

21.0 
28.0 
33.5 
41.5 
50.0 
60.0 
70.0 
86.0 
93.5 
117 
133 
156 
187 
218 
233 
281 
328 
368 
422 
468 
515 
578 
650 
710 
765 
860 
935 
1.0 
1.1 
1,2 
1.3 
1.4 
1.5 
1.6 
2.0 
2.2 
2.6 
2.9 
3.3 
3.7 
4.1 
4.6 

1 5.1 
I 6.3 

7.4 
8.8 
10.3 

! 12.0 

7 % 

V 
cm3,1. 

19 
32 
49 
73 
105 
143 
190 
250 
315 
395 
485 
589 
700 
840 
980 
1.2 
1.5 
2.0 
2.7 
3.2 
3.9 
4.7 
5-7 
6.7 
7.9 
9-2 
11 
13 
1^ 
18 
21 
22 
27 
31 
35 
40 
44 
49 
55 
61 
67 
73 
81 
88 
96 
106 
114 
124 
133 
143 
156 
190 
216 
248 
280 
316 
352 
390 
436 
482 

I 590 
700 
840 
980 
1150 

W 
kg, t 
0.15 
0.25 
0.38 
0.57 
0.82 
1.10 
1.48 
1.95 
2.45 
3.10 
3.80 
4.60 
5.48 
6.55 
7.65 
9.40 
11.7 
15.6 
21.0 
25.0 
30.5 
36.8 
44.5 
52.5 
61.5 
72.0 
86.0 
102 
117 
141 
164 
172 
210 
241 
273 
312 
344 
382 
430 
477 
522 
570 
632 
688 
750 
830 
890 
970 
1.0 
1.1 
1.2 
1.5 
1.7 
1.9 
2.2 
2.5 
2.8 
3.0 
3.4 

| 3.8 
4.6 
5·5 
6.6 
7.7 

1 9.0 
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T A B L E 17. HEMISPHERICAL F E E D E R H E A D 

MF 

cm 

0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.25 
4.50 
4.75 
5.0 
5.25 
5.50 
5.75 
6.0 
6.25 
6.5 
6.75 
7.0 
7.25 
7.50 
7.75 
8.0 
8.25 
8.5 
8.75 
9.0 
9.25 
9.50 
9.75 
10.0 
10.5 
11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
16 
17 
18 
19 
20 

D0 

mm 

1 45 
55 
64 
73 
82 
91 
100 
109 
119 
128 
137 
146 
155 
164 
173 
182 
200 
219 
236 
255 
274 
291 
310 
326 
346 
365 
387 
410 
431 
455 
480 
500 
525 
545 
570 
591 
615 
638 
660 
683 
705 
730 
750 
775 
800 
820 
840 
865 
890 
910 
950 
1000 
1050 
1090 
1140 
1190 
1230 
1280 
1320 
1370 
1460 
1550 
1640 
1730 
1820 

d& 

mm 

I 1S 22 
26 
29 
33 
37 
40 
44 
48 
51 
55 
58 
62 
66 
69 
73 
80 
88 
95 
102 
109 
116 
124 
131 
138 
145 
155 
164 
173 
182 
190 
200 
210 
216 
227 
236 
245 
252 
262 
273 
280 
290 
300 
308 
316 
326 
335 
345 
355 
363 
380 
400 
416 
435 
452 
472 
490 
514 
525 
545 
580 
615 
655 
690 
725 

R 

mm 

1 23 
28 
32 
37 
41 
46 
50 
55 
60 
64 
69 
73 
78 
82 
87 
91 
100 
110 
118 
128 
137 
146 
155 
163 
173 
183 
194 
205 
216 
228 
240 
250 
263 
273 
285 
296 
308 
319 
330 
342 
353 
365 
375 
388 
400 
410 
420 
433 
445 
455 
475 
500 
525 
545 
570 
595 
615 
640 
660 
685 
730 
775 
820 
865 
910 

V 

cm8 

litres 
1 26 

43 
67 
100 
177 
196 
260 
340 
431 
535 
660 
805 
960 
1.1 
1.4 
1.6 
2.1 
2.7 
3.7 
4.3 
5.3 
6.4 
7.8 
9.2 
11 
13 
15 
18 
21 
24 
29 
32 
37 
43 
48 
54 
60 
68 
77 
83 
91 
100 
110 
120 
132 
145 
155 
168 
182 
196 
224 
260 
300 
340 
380 
431 
480 
540 
600 
660 
800 
960 
1150 
1350 
1570 1 

W 

kg 
m. tons 

1 0.18 
0.3 
0.5 
0.7 
1.2 
1.3 
1.8 
2.3 
3.0 
3.6 
4.5 
5.5 
6.5 
7.5 
9.5 
11 
15 
19 
25 
30 
36 
43 
53 
63 
75 
88 
100 
123 
143 
163 
197 
218 
255 
292 
328 
368 
408 
462 
525 
562 
630 
680 
750 
815 
900 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.8 
2.0 
2.3 
2.6 
3.0 
3.3 
3.7 
4.1 
4.5 
5-5 
6.6 
7.8 
9.2 
10.7 | 

Max. feedable volume of casting V (wt W) for a shrinkage of: 

4 % 

1 v 
cm3,l. 
104 
173 
270 
400 
710 
780 
1.1 
1.4 
1.7 
2.1 
2.7 
3.2 
3.8 
4.4 
5.6 
6.4 
8.4 
11 
15 
17 
21 
25 
31 
37 
44 
52 
60 
72 
84 
96 
116 
128 
148 
172 
194 
216 
240 
272 
310 
330 
365 
400 
440 
480 
530 
570 
620 
660 
730 
770 
940 
1040 
1200 
1360 
1520 
1730 
1920 
2160 
2400 
2650 
3200 
3850 
4600 
5400 
6300 1 

W 
kg,t 
0.85 
1.35 
2.10 
3.10 
5.6Ο 
6.10 
8.60 
11 
13 
17 
21 
25 
30 
35 
44 
50 
66 
86 
117 
133 
164 
195 
241 
290 
344 
405 
470 
560 
660 
750 
910 
1.0 
1.2 
1.4 
1.5 
1.7 
1.9 
2.1 
2.4 
2.6 
2.9 
3.1 
3.4 
3.7 
4.1 
4.5 
4.8 
5.2 
5-7 
6.0 
7.3 
8.1 
9.4 
10.6 
12.0 
13.5 
15.0 
17.0 
18.7 
20.6 1 
25.0 
30.0 
36.0 
42.0 
49.0 | 

5 % 

V 
cm3,1. 

78 
129 
200 
300 
530 
590 
780 
1.0 
1.3 
1.6 
2.0 
2.4 
2.9 
3.3 
4.2 
4.8 
6.3 
8.1 
11 
13 
16 
19 
23 
28 
33 
39 
45 
54 
63 
72 
87 
96 
111 
129 
144 
162 
180 
204 
231 
25Ο 
272 
300 
330 
360 
400 
435 
465 
505 
545 
585 
670 
780 
900 
1020 
1140 1 
1300 
1440 
1620 
1800 
1980 
2400 
2900 
3450 
4050 
4700 I 

W 
\ kg,t 
0.61 
1.0 
1.55 
2.35 
4.15 
4.60 
6.10 
7.80 

10.0 
12.5 
15.5 
18.7 
22.6 
25.6 
32.8 
36.5 
49.0 
63.0 
86.0 
100 
125 
150 
180 
220 
260 
300 
350 
420 
490 
560 
680 
750 
860 
1.0 
1.1 
1.3 
1.4 
1.6 
1.8 
1.9 
2.1 
2.4 
2.6 
2.8 
3.1 
3.4 
3.6 
4.0 
4.3 
4.6 
5.2 
6.1 
7.0 
8.1 
8.9 
10.0 
11.3 
12.6 
14.0 
15.5 
18.7 
22.6 
27.0 
31.0 
36.6 

6% 

cm8,l. 
1 60 

100 
154 
230 
410 
450 
600 
780 
1.0 
1.2 
1.5 
1.9 
2.2 
2.5 

! 3.2 
3.7 
4.8 
6.2 
8.5 
10 
12 
15 
18 
21 
25 
30 
35 
42 
48 
55 
67 
74 
85 
99 
110 
124 
138 
156 
177 
190 
210 
230 
252 
276 
304 
333 
357 
386 
420 
450 
515 
600 
690 
780 
870 
1000 
1100 
1240 
1380 
1520 | 
1840 
2200 
2650 
3100 
3600 | 

I W 
kg,t 
0.47 
0.78 
1.20 
1.80 
3.20 
3.50 
4.70 
6.10 
7.80 
9.40 
11.5 
15 0 
17.0 
19.5 
25.0 
29.0 
37-5 
48.5 
66.5 
78.0 
94.0 
117 
140 
164 
195 
235 
273 
330 
375 
430 
520 
575 
665 
775 
860 
970 
1.1 
1.2 
1.4 
1.5 
1.7 
1.8 
2.0 
2.1 
2.4 
2.6 
2.8 
3.0 
3.3 
3.5 
4.0 
4.7 
5.4 
6.1 
6.8 
7.8 
8.6 
9.6 
10.7 
12.8 
14.5 
17.0 
21.0 
24.0 
28.0 | 

7 % 

v 
cm3,1. 
1 49 

81 
127 
189 
330 
370 
490 
640 
810 
1.0 
1.2 
1.5 
1.8 
2.1 
2.6 
3.0 
4.0 
5.1 
7.0 
8.1 
10 
12 
15 
17 
21 
25 
28 
34 
40 
45 
55 
60 
70 
81 
90 
102 
113 
128 
145 
157 
172 
188 
208 
226 
250 
275 
295 
318 
344 
370 
420 
490 
565 
640 
720 1 
810 
910 
1020 
1130 
1250 
1510 
1800 
2160 
2550 
2950 1 

1 W 
kg,t 

1 0.38 
0.63 
1.00 
1.47 
2.60 
2.90 
3.83 
5.00 
6.30 
7.80 
9.40 
11.7 
14.0 
16.5 
20.0 
24.0 
31.0 
40.0 
55.0 
63.0 
78.0 
94.0 
117 
133 
164 
195 
218 
265 
312 
350 
430 
468 
545 
630 
700 
800 
870 
1.0 
1.1 
1.2 
1.4 
1.5 
1.6 
1.8 
2.0 
2.2 
2.3 
2.5 
2.7 
2.9 
3.3 
3.8 
4.4 
5.0 
5.6 
6.3 
7.1 
8.0 
8.8 
9.8 
11.8 
14.0 
17.0 
20.0 
23.0 



Calculations Giving the Shrinkage Cavity Characteristics 
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TABLE 18. SPHERICAL FEEDER HEAD 

AIF 

cm 

0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3-6 
3.8 
4.0 
4.25 
4.50 
4.75 
5.0 
5-25 
5-50 
5-75 
6.0 
6.25 
6.5 
6.75 
7.0 
7.25 
7.5 
7.75 
8.0 
8.25 
S.5 
8.75 
9.0 
9.25 
9.5 
9.75 
10.0 
10.5 
11 
H.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
16 
17 
IS 
19 
20 

D0 

mm 
30 
36 
42 
48 
54 
60 
66 
72 
78 
82 
90 
96 
102 
108 
114 
120 
132 
144 
154 
168 
180 
192 
204 
216 
226 
240 
255 
270 
285 
300 
315 
330 
345 
360 
375 
390 
405 
420 
435 
450 
465 
480 
495 
510 
525 
540 
555 
570 
585 
600 
630 
660 
690 
720 
750 
780 
810 
840 
870 
900 
960 
1020 
1080 
1140 
1200 

d<z 

m m 

19 
22 
26 
29 
33 
37 
40 
44 
48 
51 
55 
58 
62 
66 
69 
73 
80 
88 
95 
102 
109 
116 
124 
131 
138 
145 
155 
164 
173 
182 
190 
200 
210 
216 
227 
236 
245 
252 
262 
273 
280 
290 
300 
308 
316 
326 
335 
345 
355 
363 
380 
400 
416 
435 
452 
472 
490 
514 
525 
545 
580 
615 
655 
690 
725 

V 
cm3 
litres 
15 
25 
39 
59 
84 
115 
153 
200 
252 
315 
386 
470 
562 
670 
785 
920 
1.2 
1.6 
2.1 
2.5 
3-1 
3.8 
4.5 
5.4 
6.3 
7-4 
8.8 
11 
12 
14 
17 
19 
22 
25 
28 
32 
35 
40 
43 
48 
53 
59 
65 
71 
77 
84 
91 
98 
107 
115 
133 
153 
175 
200 
225 
252 
285 
314 
350 
390 
470 
560 
670 
790 
920 

W 

kg 
m. tons 

0.1 
0.17 
0.27 
0.40 
0.57 
0.78 
1.05 
1.36 
1.72 
2.14 
2.62 
3.20 
3.85 
4.55 
5-35 
6.25 
8.20 
10.6 
14.3 
17.0 
21.0 
26.0 
30.5 
37.0 
43.0 
50.0 
60.0 
75.0 
82.0 
95-0 
116 
129 
150 
170 
190 
218 
238 
272 
292 
330 
360 
400 
440 
480 
520 
570 
620 
670 
730 
780 
900 
1.1 
1.2 
1.4 
1.5 
1.7 
1.9 
2.2 
2.4 
2.8 
3.2 
3.8 
4.6 
5.4 
6.3 

Max. feedable volume of casting V (wt W) for a shrinkage of: 
4 % 

V 
cm3,1. 

60 
100 
155 
236 
336 
460 
615 
800 
1.0 
1.3 
1.5 
1.9 
2.3 
2.7 
3.1 
5.7 
4.8 
6.4 
8.4 
10 
12 
15 
18 
22 
25 
30 
35 
44 
48 
56 
68 
76 
88 
100 
112 
128 
140 
160 
172 
192 
212 
236 
260 
285 
310 
336 
365 
392 
430 
460 
530 
615 
700 
800 
900 
1000 
1140 
1260 
1400 
1560 
1880 
2240 
2680 
3160 
3700 

W 
kg,t 
0.47 
0.78 
1.20 
1.85 
2.60 
3.60 
4.80 
6.25 
7.80 
10.0 
11.7 
14.8 
18.0 
21.0 
24.2 
28.8 
37.5 
50.0 
65.5 
78.0 
94.0 
117 
140 
171 
195 
234 
272 
342 
375 
436 
530 
592 
685 
780 
875 
1.0 
1.1 
1.2 
1.3 
1.5 
1.7 
1.8 
2.0 
2.2 
2.4 
2.6 
2.9 
3.1 
3.4 
3.6 
4.1 
4.8 
5.5 
6.3 
7.0 
7.8 
8.9 
9.8 
11.0 
12.2 
14.6 
17.5 
21.0 
24.6 
28.8 

5% 
V 

cm3,1. 
45 
75 
117 
177 
252 
345 
460 
600 
760 
045 
1.2 
1.4 
1.7 
2.0 
2.4 
2.7 
3.6 
4.8 
6.3 
7.5 
9.3 
11 
14 
16 
19 
22 
27 
33 
36 
42 
51 
57 
66 
75 
84 
96 
105 
120 
130 
144 
160 
177 
195 
212 
230* 
252 
272 
298 
320 
345 
400 
460 
525 
600 
675 
752 
855 
940 
1050 
1170 
1410 
1680 
2000 
2380 
2760 

IF 
kg, t 
0.35 
0.59 
0.91 
1.38 
2.00 
2.70 
3.60 
4.70 
5.90 
7.40 
9-30 
10.8 
13.3 
15.6 
18.7 
21.0 
28.0 
37-5 
49.0 
58.5 
72.5 
86.0 
109 
125 
148 
172 
210 
258 
280 
328 
400 
445 
515 
585 
655 
750 
820 
935 
1.0 
1.1 
1.2 
1.4 
1.5 
1.7 
1.8 
2.0 
2.1 
2.3 
2.5 
2.7 
3.1 
3.6 
4.1 
4.7 
5.3 
5-9 
6.7 
7.3 
8.2 
9.1 
11.0 
13.1 
15.6 
18.6 
21.6 

6% 
V 

cm3,1. 
35 
58 
90 
137 
195 
265 
352 
460 
580 
725 
890 
1.1 
1.3 
1.5 
1.8 
2.1 
2.8 
3-7 
4.8 
5-7 
7.2 
S.7 
10 
12 
15 
17 
20 
25 
28 
32 
39 
44 
51 
57 
65 
74 
81 
92 
98 
110 
122 
136 
150 
163 
175 
193 
210 
226 
245 
266 
310 
350 
400 
460 
520 
580 
655 
720 
810 
900 
1080 
1300 
1540 
1810 
2120 

W 
kg,t 
0.27 
0.45 
0.70 
1.07 
1.50 
2.07 
2.75 
3.60 
4.50 
5-75 
6.90 
8.60 
10.0 
11.7 
14-0 
16.4 
21.8 
28.9 
37.5 
44.5 
56.0 
68.0 
78.0 
94.5 
117 
133 
156 
195 
219 
250 
304 
342 
396 
445 
508 
575 
630 
715 
765 
860 
950 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.8 
1.9 
2.1 
2.4 
2.7 
3.1 
3.6 
4.1 
4.5 
5.1 
5.6 
6.3 
7.0 
8.4 
11.1 
12.0 
14.1 
16.5 

7 % 
V 

cm3,1. 
28 
47 
74 

112 
160 
216 
290 
380 
480 
600 
730 
890 
1.1 
1.3 
1.5 
1.8 
2.3 
3.0 
4.0 
4.8 
5-9 
7-3 
8.5 
10 
12 
14 
17 
21 
23 
26 
32 
36 
42 
47 
53 
61 
67 
76 
82 
91 
100 
112 
123 
135 
147 
160 
173 
187 
205 
220 
252 
290 
330 
380 
428 
480 
540 
600 
665 
740 
890 
1060 
1270 
1500 
1750 

W 
kg,t 
0.22 
0.37 
0.58 
0.88 
1.25 
1.70 
2.26 
2.96 
3.75 
4.68 
5.70 
6.95 
8.60 
10.1 
11.7 
14.0 
18.0 
23.4 
31.3 
37.5 
46.0 
57.0 
66.5 
78.0 
93-5 
109 
133 
164 
180 
203 
250 
280 
328 
366 
413 
476 
522 
592 
640 
710 
780 
875 
960 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
2.0 
2.3 
2.6 
2.9 
3.3 
3.7 
4.2 
4.7 
5.2 
5.8 
7.0 
8.5 
9.9 
11.7 
13.7 

DS 4 
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D0 

cm 

3 
3 
3 
4 
4 
4 
5 
5 
5 
6 
6 
6 
7 
7 
7 
8 
8 
8 
9 
9 
9 
10 
10 
10 
11 
11 
11 
12 
12 
12 
13 
13 
13 
15 
15 
15 
17 
17 
17 
20 
20 
20 
23 
23 
23 
25 
25 
25 
30 
30 
30 
35 
35 
35 
40 
40 
40 
45 
45 
45 
50 
50 
50 
55 
55 
55 

b 

cm 

0 
4.5 
6 
0 
6 
8 

7.5 
10 
0 
9 
12 
0 

10.5 
14 
0 

12 
16 
0 

13.5 
18 
0 

15 
20 
0 

16.5 
22 
0 

18 
24 
0 

19.5 
26 
0 

22.5 
30 
0 

25.5 
34 
0 

30 
40 
0 

34.5 
46 
0 

37-5 
50 
0 

45 
60 
0 

52.5 
70 
0 

60 
80 
0 

67.5 
90 
0 

75 
100 
0 

82.5 
110 

cm 

4.5 
7 
8 
6 
7-5 
9 
7.5 
9.5 
11 
9 

11 
13.5 
10.5 
13 
16 
12 
15 
18 
13.5 
17 
20 
15 
19 
23 
16.5 
21 
25 
18 
23 
27 
19.5 
24 
29 
22.5 
28 
34 
25-5 
32 
38 
20 
38 
45 
34.5 
43 
52 
37.5 
40 
56 
45 
56 
68 
52.5 
66 
79 
60 
75 
90 
57.5 
85 
100 
75 
94 
110 
82.5 
105 
125 

cm 

0.55 
0.7 
0.8 
0.75 
0.9 
1.1 
0.95 
1.2 
1.3 
1.1 
1.4 
1.6 
1.3 
1.6 
1.9. 

i 1 · 5 
1.9 
2.2 
1.7 
2.1 
2.4 
1.9 
2.4 
2.7 
2.0 
2.6 
3.0 
2.2 
2.8 
3.2 
2.4 
3.0 
3.5 
2.8 
3.4 
4.0 
3.2 
4.0 
4.5 
3.7 
4.8 
5.5 
4.3 
5.4 
6.2 
4.7 
5.8 
6.7 
5.6 
7.0 
8.0 
6.5 
8.2 
9.3 
7-5 
9-3 

10.5 
8.4 

10.5 1 12 
9.4 
11.6 
13.5 
10.3 
12.8 
14.6 

V 
cm3 
litres 

1 32 
64 
108 
82 

140 
300 
165 
320 
480 
245 
516 
870 
400 
780 
1.4 
610 
1.3 
2.3 
890 
1.9 
3.0 
1.2 
2.6 
4.2 
1.6 
3-5 
5.8 
2.0 
4.2 
7.0 
2.5 
5.1 
9-5 
4.0 
7.5 
14 
5.8 
12 
19 
9.5 
20 
35 
14 
30 
50 
18 
38 
60 
34 
65 

110 
50 

105 
1 170 

77 
149 

| 250 
108 
220 
365 
150 
295 
510 
205 
408 
680 

W 

kg 
m. tons 

1 0.22 
0.44 
0.74 
0.56 
0.96 
2.05 
1.12 
2.18 
3.26 
1.67 
3.50 
5.90 
2.72 
5.30 
9.50 
4.15 
8.80 

10.6 
6.10 
13.0 
20.4 
8.20 

10.8 
28.5 
10.9 
23.8 
39.5 
13.6 
28.6 
47.5 
17.0 
34.8 
64.8 
27.2 
51.0 
95.0 
39.5 
82.0 
129 

65.0 
136 

1 238 
95.0 
204 
340 
122 
266 
408 
232 
442 
750 
340 
720 

I 1.2 
520 
1.0 
1.7 
800 
1.5 
2.5 
1.0 
2.0 
3.5 
1.4 
2.8 

1 4.7 

Max. feedable volume of casting V (wt W) for a shrinkage of: 

4 % 

v 1 
cm3,1.1 80 

160 
258 
200 
345 
750 
400 
800 
1.2 
600 
1.3 
2.2 
1.0 
1.9 
3.5 
1.5 
3.2 
5.8 
2.2 
4.9 
7.5 
3.0 
6.5 

11.0 
4.0 
8.8 
15 
4.8 
10 
18 
6.3 
13 
23 
10 
20 
35 
15 
30 
48 
24 
50 
88 
35 
76 

125 
47 
95 

154 
86 

163 
275 
125 
265 
420 
195 
375 
620 
270 
550 
910 
375 
730 

1300 
520 

1000 
1700 

W 
kg, t 
0.63 
1.25 
2.00 
1.55 
2.70 
5.85 
3.12 
6.25 
9.30 
4.68 
10.0 
17.2 
7.80 

10.5 
27.4 
11.7 
25.0 
45.2 
17.2 
38.2 
58.6 
23.4 
51.0 
86.0. 
31.2 
68.8 
117 

37.5 
78.0 
140 

49.2 
100 
180 
78 

155 
273 
117 
235 
375 
187 
390 
685 
274 
595 
970 
368 
740 
1.2 
670 
1.3 
2.1 
970 
2.1 
3.3 
1.5 
2.9 
4.9 
2.1 
4.3 
7.1 
2.9 
5.7 

10.0 
4.1 
7.8 
13.3 

5% | 
V 

cm3,1. 
60 
105 
205 
130 
235 
570 
290 
550 
950 
450 
875 
1.7 
720 
1.3 
2.7 
1.1 
2.2 
4.4 
1.6 
3.3 
5.7 
2.2 
4.4 
8.0 
3.0 
6.0 
11 

3.5 
7.1 
13 

4.5 
8.7 

17 
7.2 
13 
27 
11 
22 
36 
17 36 
67 
25 
56 
96 
33 
68 
118 
62 
117 
208 
90 
193 
318 
140 
270 
470 
195 
400 
690 
270 
520 
980 
370 
700 
1300 

W 
kg,t 
0.47 
0.83 
1.60 
1.00 
1.83 
4.45 
2.26 
4.30 
7.40 
3.52 
6.85 
10.4 
5.60 

10.0 
21.0 
8.6 

17.2 
34.2 
12.5 
25.8 
44.5 
17.2 
34.5 
62.5 
23.4 
46.8 
86.0 
27.4 
55-5 
100 

35.2 
68.0 
133 

56.5 
100 
210 

86.0 
172 
280 
133 
282 
525 
195 
438 
750 
258 
530 
920 
485 
910 
1.6 
705 
1.5 
2.5 
1.1 
2.1 
3.7 
1.5 
3.1 
5.4 
2.1 
4.1 
7-7 
2.9 
5.5 

10.0 

6% 
V 

cm3,1. 
43 
87 

146 
.105 
195 
400 
200 
430 
650 
330 
700 
1.2 
540 
1.1 
1.9 
830 
1.8 
3.1 
1.2 
2.6 
4.1 
1.6 
3.5 
6.0 
2.3 
4.7 
7.8 
2.7 
5.7 
9.5 
3.4 
6.9 
12 
5.4 
11 
19 

7.8 
16 
26 
13 
27 
47 
19 
41 
67 
25 
52 
83 
46 
88 
148 
68 
143 
228 
104 
200 
340 
145 
298 
492 
205 
400 
700 
278 
540 
920 

W 
kg, t 
0.34 
0.68 
1.14 
0.83 
1.52 
3.12 
1.56 
3.36 
5.11 
2.58 
5.46 
9.30 
4.20 
8.60 
10.5 
6.5 
14.0 
2.42 
9.30 

20.3 
32.0 
12.5 
27.4 
46.8 
18.0 
36.6 
61.0 
21.0 
44.5 
74.0 
26.5 
54.0 
94.0 
42.2 
86.0 
148 

61.0 
125 
202 
100 
210 
366 
148 
320 
523 
195 
406 
650 
360 
690 
1.2 
530 
1.1 
1.8 
810 
1.6 
2.7 
1.2 
2.3 
3-9 
1.6 
3.1 
5-5 
2.2 
4.2 
7.2 

7 % 
V 

cm3,l. 
32 
64 
108 
82 

140 
300 
160 
320 
480 
250 
516 
870 
400 
780 
1.4 
610 
1.3 
2.3 
890 
1.9 
3.0 
1.2 
2.6 
4.0 
1.7 
3.5 
5.8 
1.9 
4.2 
7.0 
2.5 
5.1 
9 

4.0 
8.0 
14 
5.8 
12 
19 
10 
20 
35 
14 
30 
50 
18 
38 
60 
34 
65 
110 
50 

105 
170 
77 

149 
250 
108 
220 
365 
151 
390 
520 
205 
400 
690 

W 
kg, t 
0.25 
0.50 
0.85 
0.64 
1.09 
2.35 
1.25 
2.50 
3.75 
1.95 
4.00 
0.80 
3.12 
6.10 
10.9 
4.80 
10.0 
18.0 
7.00 

14.8 
23.4 
9.30 

20.2 
31.2 
13.3 
27-2 
45.2 
14.8 
32.8 
54.5 -
19.5 
40.0 
70.0 
31.2 
62.5 
109 

45.2 
94.0 
148 

78.0 
155 

27-4 
109 
235 
390 
141 
296 
470 
265 
510 
860 
390 
830 
1.3 
600 
1.2 
2.0 
850 
1.7 
2.8 
1.2 
3.0 
4.1 
1.6 
3.1 
5.4 

w in a MJ 
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The amount to be fed is a function of the shape of 
the casting as well as the shrinkage. The characteristic 
values of the casting must therefore be linked with those 
of the feeder. We obtain from Fig. 94 for the case of 
a cylindrical feeder with height H = diam. D the rela
tionship : 

VF = 99(MFf (23) 
the value q = 99 being the shape-and-modulus-depen-
dent characteristic. 

Furthermore MF = / x lasting »/being the compen
sating factor. Thus the maximum volume of casting 
which can be fed from a cylindrical feeder having H = D 
can be calculated from equations 20 and 22. 

100 Vsc -S'VF 
= V, -m 

= 99(itfc)3 · /3 
14 

For a cylindrical feeder with H = 1.5 D: 

For hemispherical feeders: 

Vc = iS6(Mcf-f 20 

(24) 

(25 a) 

(25 b) 

But as the feeder calculation must be commenced from 
the casting, and not from the feeder, the factor / , with 
reference to the feeding conditions of cylindrical feeder 
heads having H = D, is given by: 

-3 , 

'-V-. Vr 

99 W 3 14 -S f 9 9 ( 1 4 - i 1 ) 

In this expression K is a constant which is dependent 
only on the type of feeder and the metal shrinkage. For 
unalloyed steel castings (S m* 5 per cent) the following 
values of K are obtained: 

Cylindrical feeders H = D 0 K = 0.178 
Cylindrical feeders H = 1.5 D 0 K = 0.164 
Hemispherical feeders K — 0.158 

The feeding characteristics of the simple basic com
ponents into which the casting is divided are known. 
For each of these components the relationship: 

V=q-(M? (27) 

is also valid, q being a constant which is entirely depen
dent on the shape of the component. 

Table 20 gives the q values of various basic shapes, 
the size relationships of which were determined on the 
following assumptions: 

(1) The region under the riser is sound in every case. 
The riser diameter amounts to 10 x ^castjng> including 
a feeder neck. 

(2) The basic component only comprises the sound 
region, in the sense of Figs. 47,48 and 49 (after R. Cech). 
When the sound end zone is included in the calculation, 
the volume of the basic shape is increased, and so is 
its q value compared with the feeder zone itself. 
4* 

T A B L E 20. RELATIONSHIP B E T W E E N THE V O L U M E AND 
M O D U L U S OF SIMPLE GEOMETRICAL BODIES (Q-VALUES) 

The modulus is a length, which is connected with a linear 
dimension of the body in question (for example the side of a cube). 
The volume of the body is a function of the 3rd power of this 
length (example cube). 

6 
a 

We can also write M = — and 
6 

a = 6M. Hence F = Ö3 = 216 · Λ/3. 
The number 216 is therefore the 
#-value of the cube. The feeding sur
face, that is the non-cooling surface, 
must not be included in the accurate 
determination of the modulus. In the 
approximate calculation the feeding 
surface is neglected. The uniform 
assumption is made that the feeder 
(with shoulders) has a diameter of 
10 x Mc. 

Basic si 
(with b 

and he 

Plate 

Disc 

Bar 5 : 1 

Bar 4 : 1 

Bar 3 : 1 

Bar 2 : 1 

Bar 1 : 1 

lapes of unalloyed steel 
odies made from other 
be sound feeding range 
nee the dimensions are 

different) 

with end zone 
without end zone 

with end zone 
without end zone 

with end zone 
without end zone 

with end zone 
without end zone 

with end zone 
without end zone 

with end zone 
without end zone 

with end zone 
without end zone 

Parallelepiped 1 : 1 : 2 

Cube 1 : 

Cylinder 

Cylinder 

1 : 1 

H=D0 

H=2D0 

Shape dependent constant q 
with 

accurate 
calculation 

1340 
432 

1000 
303 

690 
354 

565 
282 

480 
230 

430 
200 

395 
170 

182 

125 

142 

167 

approximate 
calculation 

1560 
646 

1230 
508 

9<30 
560 

775 
475 

675 
410 

582 

333 

500 
285 

250 

216 

197 

98 

Figures lOOa-g enable the correct shape of feeder to 
be selected immediately as a function of the q value of 
the basic shape and of the relevant shrinkage S. 

For metals having feeding ranges differing from those 
of steel, Table 20 must be re-calculated, and the q values 
will change (for smaller feeding ranges they become 
less, and vice versa). However, Fig. 99 is valid for all 
metals, except for grey, malleable and nodular graphite 
cast iron. 
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F I G S . 100a-g. Optimum feeder design or necessary compensation 
factor as a function of the shrinkage of the steel and of the weight 

and modulus of the casting. 

H»1.5D 

2 3 4 5 6 7 8910 
Mc ~* (cm) 

F I G . 10()a. Modulus of the casting at the point of application of 
the feeder head, cm 

I "olitme of the casting {feeding area), cm3 

Weight of the casting {feeding area), kg 
Shrinkage 4 % 

F I G . 100 C. Modulus of the casting at the point of application of 
the feeder head, cm 

Volume of the casting {feeding area), cm3 

Weight of the casting {feeding area), kg 
Shrinkage 6% 

H-1.5D 

6 7 8 910 

F I G . 100b. Modulus of the casting at the point of application of F I G . lOOd. Modulus of the casting at the point of application of 
the feeder head, cm the feeder head, cm 

Volume of the casting {feeding area), cnf 
Weight of the casting {feeding area), kg 
Shrinkage 5% 

Volume of the casting {feeding area), cm3 

Weight of the casting {feeding area), kg 
Shrinkage 7% 
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H.1.5D 

6 7 8 910 

F I G . lOOe. Modulus of the casting at the point of application of F IG. lOOg. Modulus of the casting at the point of application of 
the feeder head, cm the feeder head, cm 

Volume of the casting {feeding area), cm3 T -olum of //je casting {feeding area)y cmz 
Weight of the casting (feeding area), kg Wejght of tfje casting (feeding area)y kg 
Shrinkage 8% Shrinkage 10% 

F I G . lOOf. Modulus of the casting at the point of application of 
the feeder head, cm 

Vo/ume of the casting (feeding area), cm3 

Weight of the casting (feeding area), kg 
Shrinkage 9 % 

When further cross-sections are fed by the basic body 
(stepped wedges, machine housing walls, etc.), their 
volume must also be taken into account, and Figs. 100a-g 
are applicable. The volume data are valid for all metals, 
again excepting grey, malleable and nodular graphite 
cast iron; but the weights apply only to steel. 

A rapid determination of the suitable feeder types for 
different basic shapes which is easy to follow is provided 
by Fig. lOia. This shows immediately that basic shapes 
with end zones already have such large shrinkage re
quirements that larger feeder types must be selected than 
those which would be necessary purely on the basis 
of the appropriate moduli. Figures 101 b-c are photo
graphs of feeders of this kind. 
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£ Accurate 
' Approximate 

1.2 
1.3 

12 
13 

U 
1.5 

1.2 
1.2 

1.35 I 
λΜ 

FIG. 101 a. Rapid determination of suitable feeder types for various 
basic shapes. 

OF GREAT PRACTICAL IMPORTANCE 

Even parts of the casting which are unsound are to some 
extent supplied with metal by the feeders. Λ plate of thickness d 
shows a sound feeder %pne of 2d, but the more distant portions 
also obtain some metal from the feeder. The supply of steel 
from this source is interrupted only in the last phase of solidifi
cation, and centre-line shrinkage cavities are then formed. The 
amount of steel required to fill up this residual cavity is very 
small as a rule, so that the volume and weight of the unsound 
parts of the casting must also be fully allowed for when dimen
sioning the feeder. This case occurs very often; it is only necessary 
to consider the "bulges" on fittings of all kinds, the housing 
walls of pumps, turbine blades, etc., which cannot be manu
factured without centre line shrinkage cavities without trouble
some modifications in design; these are in any case unimportant, 
except for certain steam-raising units. 

FIGS. 101 b and c. Various standard feeders (see Tables 9-19) for 
selecting from the point of view of moulding technology. 

Considerations arising from the parabolic shape of 
the cavity make some simplifications necessary for the 
sake of reliability. The very unfavourable structure of 
the shrinkage cavity can be almost completely eliminated 
by using highly exothermic materials. These materials 
are reliable in operation, and can be recommended for 
this reason, even if the saving resulting from a higher 
yield is lost again due to the cost of the powder. Exo
thermic compounds will be studied in detail in Chapter 12. 

5.7. Influence of the Structure of the Shrinkage Cavity 
on the Maximum Yield 

(If this section is omitted, the remaining sections on 
feeder calculations can still be understood.) 

Only the overall yield will be treated here. The casting, 
together with machining allowances, which must also 
be supplied from the feeder, can be considered to be part 
of the casting. However, no allowance is made for the 
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runner and downgate system. Nonetheless, the overall 
yield can furnish valuable information, because the pro
portion machined can be determined accurately from 
the monthly returns of turnings, etc. The proportions 
of runners can be calculated for constantly recurring 
castings, classified into types, and weighed or estimated. 

By yield is understood the proportion of the weight 
of the casting, expressed as a percentage of the liquid 
metal which must be used to obtain the casting. The 
calculation can also be based on the cold furnace charge, 
but the basis of calculation must be made clear before 
operating comparisons are made. 

The feeder proportion F (per cent) is given by: 

^ ( % ) = - v. casting 
(28) 

where VE represents the volume of metal in the feeder 
after solidification is complete. 

Metal volume and the shrinkage cavity are connected 
by the relationship: 

VF = VE + Vsc (29) 

where Vsc is known (Vsc max = 0.14 VF for cylindrical 
feeders and 0.20 VF for hemispherical feeders). Hence 
for cylindrical feeders (Fig. 102) we have: 

86 S 
1 4 - S 

and for hemispherical feeders: 
80S 

2 0 -

00) 

0D 

0 #4 5 6 7 8 9 10 
^"fc'Seifr Shrinkage 5 m *lo 

FIG. 102. Relationship: shrinkage-feeder proportion in cylinders. 

It follows that hemispherical feeders are only superior 
to the cylindrical types when the feeder utilization is 
Vsc = 0.14-0.20 VF, i.e. the hemispherical feeder is 
heavier and more uneconomical than the cylindrical 
feeder, a situation which changes only when the utiliza
tion exceeds 14%. 

The total yield of liquid steel is 

Y(%) = w 100 

w, (casting + total circulating scrap) 
(32) 

where W represents the weight in question. 
The total yield of solid steel is 

YS(%) = w< (casting + mach. allowance) • 1 0 0 

wlc 
03) 

04a) 

(casting + mach, allowance + feeder) 

from this and from equation (28) we obtain: 

Yse>\ 100x100 

For a cylindrical feeder with maximum utilization this 
becomes from equations (34a) and Q0): 

10,000(14 -S) YS = ■ 
1400 - 1 4 ^ 04b) 

14 S is small compared with 1400. If the value S = 6 is 
substituted, fluctuations of ± 2 % will hardly be notice
able, and we then have: 

YSm-^^-V-TW-S) (35) 

and for hemispherical feeders: 

YS<%)-7.75(20-S) 06) 

If the cold charge is taken as the starting point, then, 
assuming a melting loss of about 8 per cent, the constant 
7-75 becomes 7.14. 

As cylindrical feeder heads are more common than 
the hemispherical type, (i$ — S) can be inserted as a 
good average value. Figure 103 gives the relationship 

100 

I - , 90| 

-Si so 
J O 70 

*f 
II so| 
1 : 1 Ao 

Range for unalloyed steels 

60 

I 

\ 
\ Ψ, 

ύ ^ ^ 
" \ 

N| \ T 

0 1 2 3 4 5 6 7 8 9 10 
Shrinkage % 

FIG. 103. Overall yield as a function of shrinkage. (When using 
highly-exothermic antipiping compounds the overall yield is higher 

than shown here.) 

of the total solid yield to the shrinkage S. With maximum 
utilization of the feeder, then an actual yield of 50-55 per 
cent is obtained with 10-15 per cent for the gating 
system and machining allowances (rough estimate). As 
long as the actual yield of a foundry lies in this region, 
highly-exothermic antipiping materials can at best pro
duce a further increase. The main advantage of the use 
of directional solidification consists in increased depend
ability and the production of quality castings. If the 
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average yield is much below the above value, then direct 
advantages are also possible by savings in circulating 
scrap. 

5.8. Feeder Head Calculations 
IMPORTANT FOR PRACTICE 

Corresponding to the sequence adopted in this book, 
the feeder calculation will proceed as follows: 

1. Breakdown of the casting into basic shapes and 
feeding areas. 

2. Determination of the modulus of each feeding area. 
3. Calculation of the feeder necks, so that no risk of 

premature freezing exists. 
4. Assessment of the behaviour of the feeder during 

solidification. 

Discussions in the literature are confined almost 
entirely to circular section feeders; but these cannot 
serve all needs in practice. Elongated castings of all 
kinds (for example, wheel rims) require oval feeders 
(see also Chapter 6, Section 1, and Fig. 127). The data for 
the calculation of various shapes of feeder are given 
in Fig. 104, on which Tables 9-19 are based. 

The feeders are graded according to the modulus 
principle. Obviously there is no need to stock all the 
feeders; the ones suitable for each operation will be 
selected. Particularly while directional solidification is 
being introduced, a large selection of feeder types need 
not be stocked; the feeders must therefore be classified 

on the basis of "unsatisfactory" and "satisfactory". The 
author's experience has shown that simple and easily 
recognizable figures which help to reduce errors are 
to be preferred. A degree of accuracy too meticulous 
to maintain in normal working conditions in the foundry, 
would be unjustified. A "psychological" table of this 
kind, which the author has used for years, is reproduced 
as Table 19-

If the modulus of the casting has been determined 
(for example, with the help of Fig. 7), this is multiplied 
b y / *f 1.2 to give the desired feeder modulus; the most 
suitable form of feeder head is then selected from 
Tables 9-19· In the case of massive castings (i.e. massive 
cylinders, cubes or parallepipeds) this completes the 
process of calculating the feeder. With platelike castings, 
however (such as machine housing walls and flanges), 
and in the feeding of adjacent cross-sections, control 
of the feeding volume of the feeder head on the basis 
of the proportion of the weight or volume of the casting 
is to be preferred. With small and medium castings it 
is quite sufficient to make an estimate based on the total 
weight, which is always known and can be roughly sub
divided according to the type of feeding area. 

As in many cases only the feeder modulus is of 
interest, there is no need to make a preliminary calcula
tion of the modulus of the casting. For this reason 
Fig. 7 was redrawn in such a way that the appropriate 
feeder modulus is supplied directly; even the feeder 
dimensions could be plotted, but these were omitted 
for the sake of clarity (Figs. 105a-d). 

FIG. 104. The most important types of feeder head and their 
characteristic values. 
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2 3 , 4 5 6 78910 20 30 405060 80100 
v' "700 

37 

F I G . 105a. Feeder calculation of b a r s . / = 1.1 

SM 

\100 
70 90 

2 3 4 5 6 78910 20 30 405060 80 700 Λ 

100 

F I G . 105 b. Feeder calculation of bars, f— 1.2 

801100 
70 90 
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20 30 405060 80100 
\100 

FIG. 105C. Feeder calculation of bars./= 1.3 

/Ö 20 30 405060\80\100 
b(crn) or (in) 70 90 

FIG. 105 d. Feeder calculation of bars./= 1.4 
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The following hints will be useful in helping the 
reader to construct these diagrams for himself. 

The curves are parallel when drawn on log-log paper. 
One of the curves is plotted pointwise by means of the 
formula M = a b\2 (a -f b). The curve is symmetrical 
round the 45° axis. This curve is drawn on stiff card, 
cut out, and the point of transit of the 45° axis of sym
metry marked out; this gives a curved rule which can 
be used as a drawing aid either for Fig. 7 or Fig. 105-
The following relationships apply for the 45° axis: 

M = ^- for Fig. 7, and MF = — X / f o r Fig. 105- It is 

only necessary to mark one point of the individual mo
dulus on the axis, and to apply the curved rule at this 
point. 

When selecting open gravity feeder heads, it must be 
borne in mind that, due to resistance to contraction after 
solidification, the feeder is often pulled off centre, and 
the casting is also distorted as a result (Figs. 106-108). 
If machine allowances are too small, or have not been 

F I G . 107. Due to the resistance to contraction offered by the 
feeder head, the wheel rim was distorted to an angular shape. 

Resistance to contraction 

Additional compensating 
machining allowance 

Y/ ''"\ 

y//t m 
\ 1 

y//\ 

Ribs (often not 
sufficiently effective) 

Compensating 
detachable party 

connecting rigidly 
to the feeder 

function 

M^m 1.1x1.8 

Resistance to contraction 

lSH^mtMm 
* 2cm 

106mm m minimum neck 
dimensions (section 1-1) to be 
taken from Fig. A.2MV, for 
example 65 x 106mm 

Mfm 

1.2 x 1.8 M2.2cm feeder 
dimensions for example 
107x160x133 high or 
blind feeder 
106+· x 212 high 

The feeder heck must always be attached at the 
cross-section with the largest modulus usually at 
the junction 

F I G . 108. Slope of the feeder head on valve flanges. 

F I G . 106. Distortion on wheel rims and its compensation. 

made at all, castings often become scrap; this danger 
must not be underestimated. 

Corrective measures (more generous machining allow
ances, ribs, compensating additions, risers instead of 
gravity feeders) are illustrated in the diagrams. 

With larger castings only, there is a possibility that 
the feeder can be "released" shortly after casting by 
removing the moulding sand in the direction of tension, 
so that the feeder can yield to the forces of contraction 
without distortion. 
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5.9. Examples of Feeder Head Calculation 

IMPORTANT FOR PRACTICE 

The reader should try to solve for himself the foll
owing examples given in Figs. 109-126. 

Some of the examples include castings from Chapter 2, 
the moduli of which were calculated in that chapter. 

320 

F I G . 109. Because of the possibility of shallow shrinkage cavities 
in massive bodies the feeder was cast lower by about 18 mm. 

For further possibilities see; 
Fig. 368 a {with exothermic feeder) 
Fig. 333 {with exothermic feeder and internal chill) 

tf60~\ 
Mc= 6 cm; MF = 1.2 x 6- 7.2 cm 

F I G . 110. Press plate. 

F IG. 111a. Bearing block. 1st alternative: moulded on the flat, 
gravity feeder with shoulder. 

Sump only when pouring basin 
rests directly on feeder head 

F I G . 111b. Bearing block. 2nd alternative: each of two bearing 
blocks moulded together on the flat, fed with tubular internal 

feeder (cf. Chap. 7)· 



Examples or Feeder Head Calculation 

Core vent^ 

01 

K p 
IV! 

( i' \i 

FIG. 113a. Bearing cap. 1st alternative: with gravity feeder and 
chills. 

F I G . 112a. Double flange. 1st alternative: lower flange with 
Heuvers circles up to the feeder. 

1100-+-

F I G . 113b. The massive eye lugs are cooled with chills. (This 
F I G . 112b. Double flange. 2nd alternative: feeding by only one casting is not identical with that shown in Fig. 126b.) 

gravity feeder, moulding on the flat. (Courtesy SULZER Bros.) 
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F I G . 113c. Bearing cap. 2nd alternative: two caps moulded to
gether, fed with internal feeder. 

-ta ^J/ 
r i Simulation body 

F I G . 114. Gross head (as cast). 

F I G . 115b. Press cylinder. 2nd alternative: cylinder base fed by 
blind feeder. Cross-section of the cylinder base. 

F I G . 116a. Auto hub. 1st alternative (top): feeding the lower 
ingate with tubular internal feeders (see Chapter 7)· 

Qore to air outlet 

4 blind feeder heads at Boss feeder head, 
the periphery of the disc TOO high-

X/S///SM«/U/////y 

F I G . 116b. Auto hub. 2nd alternative (bottom): feeding the lower 
ingate with external blind feeder in the core. 

F I G . 115a. Press cylinder. 1st alternative: cross-section of the 
cylinder base 140, laid out in Heuvers circles (Chapter 6) and 

reinforced up to the feeder. 



Examples of Feeder Head Calculation 03 

F I G . 117a. Flange coupling. 1st alternative (top): 
Pm = 920 0 π = 2900 
750 + 2 ^ = 3 1250 
2900 

3 feeders 37.5 x 75 cm 

Feeding calculation 
Edge'Pm" 1350. w 4250 
2 Feeders* 4 fZ+CZ) ♦ 4 Shoulders = 4500 

F I G . 118. Base plate. Alternative 1: with open-top feeders. Alter
native 2 : with exothermic sleeved feeders. 

F I G . 117b. Flange coupling. 2nd alternative (below): Pm = 2900; 
275 + 2(JFZ+ EZ)= 1535 mm, i.e. 1 feeder, using end-zone 

chills. 

Dirt trap. 

F I G . 1 1 7 C Flange couplings. 3rd 
alternative: use of feeders with 
exothermic sleeves and end zone 
chills. 

End zone chills in hub only when using 
exothermic feeder heads ^ Exothermic feeder head 

' - - —JOOOJS-

5 6 0 M «40 

Feeder head with\ 
exothermic sleeve 

Calculate feeding ranges as in 2 

Calculation of exothermic inserts 
according to Chapter 12. 

F I G . 119a. Autoclave cover. 1st alternative: 4 feeders on the 
flange, 1 blind feeder, centre of base. 
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End zone chill 

End zone 

g| chiUs 

F I G . 119b. Autoclave cover. 2nd alternative: 2 feeders on the 
flange, through artificial end zones by means of chills at the flange 

and the centre of the base. 

Möglichkeit 3. 

F I G . 120C. Gate valve body. 3rd alternative: pouring on end with 
padding added to the runner. Radiographically sound (highest 

grade) casting for most stringent requirements. 

Chain of chills to 
produce a sounds 
lower seating ring 

Blind feeder head mi / 

Feeder head 
with exothermic 

End zone 

Feeding zone 

FIGS . 120 a and b . Gate valve body. Possibility 1: op^n gravity 
feeder. Possibility 2: heated feeder. F I G . 121. Press standard housing. 
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MF ,±β r -

Bearing section 

Feeder head on one side 
75* JO C 

5 blind feeder heads 

F I G . 122. Housing. F I G . 123 a. Turbine wheel. 1st alternative. 

Bearing section: 
Simulation body 37 x 38 x 70 « 37-5 x 37-5 x 70 

From Fig. 7: 
MC=7.S; MF= 1.2 -7.5 = 9 cm; , F = 3 8 x 7 6 x 7 5 h 

(height is reduced by exothermic materials) each feeder head feeds both 
halves of the bearing section. 

Flange: 
1 4 x 2 0 ; MF = 4.5cm; / 7 = 1 7 x 3 4 x 3 8 h 

Feeding ranges of the flange; feeder -f- end %pne range = 420 mm. 
By placing a chill on the flange a considerable extension (i.e. increased 

safety) of the feeding range is achieved. 

Double connecting piece: 
11 x 20; Mt = 4.2; selected: covered exothermic feeder 170 0 

(Table 50) 

Feeding ranges with feeder + end ^one: 
large connecting pieces range = 220 mm 
both sides 440 mm 
-f shoulder width 300 mm 

sum 
mean periphery 
difference 

740 mm 

1240 mm 
500 mm 

(this was spanned with elongated artificial end %pnes (see Fig. 252, 
Chapter 8). 

range = 3 7 0 mm 
740 mm 
260 mm 

Small connectingpiece 
feeding range 
both sides 
shoulder width 
total 1000 mm 

mean periphery 1000 mm. / / is sufficient to place one end %pne chill 
(Chapter 8). 

Individual connecting pieces as before. 

DS 5 

2 Feeder heads 7x14 

4 Blind feeder heads 

Alternative 3 only for 
large and flat wheels 
with wide interspaces 

F I G . 123 b. Turbine wheel. 2nd and 3rd alternatives. 
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4 hm feeders 

Ring gate 

Feeder head 

F I G . 1 2 3 C. Francis turbine wheel. 

Below 

F I G . 126 a. Bearing cover. 

i. By the conventional method {left side of the diagram) a feeder head is 
placed on each end of the cover and the section circled out. The pads {and 

their removal) are expensive. 

2. When it is possible to feed the ends satisfactorily through the central 
feeder head, the casting can be fed through one head only, without pads 

{right side of the diagram). 
Draw a substitution body {see also Fig. 13) and calculate: 
volume = 12.0 x 15-0 X 20.0 = 3600 cm3. 
Surface area = 2 ( l 2 x 1 5 + 12 x 2 0 + 15 X 20)— non-cooling 
surface 9 x 20, = 1440 - 180 = 1260 cm2 

^end section = VjA = 36θθ/ΐ26θ = 2.85 cm. 
The modulus of the central section (= bar 9 x 20 cm) = 

^centre = 9 X 20/2 (9 + 20) = 3.10 cm. 
This is 10% larger than the modulus of the end section. Hence it is possible 

to use the much cheaper method 2. 

F I G . 124. Motor housing. 

F I G . 125. Drawing of an unmachined valve casting. 
The valve seating cannot be fed by a directly attached feeder bead, but only 

through the housing wall " x " . 
What must the minimum thickness of "x" be, to guarantee a sound 

seating} 
The seating represents a bar casting with a non-cooling surface {see also 

Fig. 73). Its modulus is 

4 x 4.7 18.8 
M = —- = = 1.15 cm 

2 ( 4 + 4 . 7 ) - 1 . 0 17.4 
The modulus of the wall {= plate) x must be larger by 10%, i.e. 

x 
1.1 x 1.15 = 1.27 cm. As Afp l a t e= — , therefore 

x = 2M = 2 x 1.27 = 25.4 mm. 

F I G . 126 b. A practical example of the use of the method of 
Fig. 126 a. 

(Courtesy Suiter Bros.) 

Note: This casting resembles, but is not identical with, the casting shown 
in Fig. 113£. The cross-section II of Fig. M3b is a little smaller than 
the corresponding cross-section shown here, so that in this case it is necessary 

to use chills. 
I. Exothermic feeder head. 

II. This section is rectangular, with a modulus about 10% larger than 
that of section HI. 

HI. The modulus of this part of the casting is smaller than that of cross-
section II. 
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5.10. Other Methods of Calculating Feeder Heads 

This section need not be read to be able to under
stand the remainder. 

T A B L E 21. CALCULATION USING THE S H A P E FACTOR M E T H O D 

T A B L E 22. COMPARISON OF THE M O D U L U S AND SHAPE FACTOR 
M E T H O D S 

Dm*l200* 
(Pm* 3770) 

330 
(W) 

Vol. of casting:323 dm3 

1/4 vol. of casting: 81 dm5 

Feeding range s356mm, 
both sides of the feeder 
head + (first estimated) 
feeder head diameter 

SW*712mm 

*40Q 
1112mm 

4.8'division into 4 casting circles 
shape factor* L'l'w*4.8 

l.0\ 
0.9\ 
0.8 
0.7\ 
0.6\ 

Values for unalloyed steels 
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Shape factor -

1* 

^1 

It r 
0.47 

0.79 

^feeder head 

81-0.47' 
38 dm3 

81-079* 
64 dm3 

Feederhead 
ΗΌφ 
mm 

·*> 

Ϊ3 

H 

Determination 
by the 

modulus method 

According to 
Fig. 105: 

MF* 8.5 to 8.6 
Η*Οφ*515mm 

υ Ö 

' a .S 8 
Ji w 0 
Is -Ό M 

^"•Ό ε 
M g 'S 
.S ? C C 0 Λ 
•"§•3 

0 
U 

Modulus method 

Determination 
of modulus 
unnecessary. 
Determination 
of feeder: 
direct reading 
from Fig. 105 
or Tables 9-19 

Determination 
of modulus 
unnecessary. 
Determination 
of feeder: 
direct reading from 
Fig. 105 or 
Tables 9-19 

Part y 

Determination 
of modulus by the 
formula: 

ab 
2 (a + b) - c 

MF= M x 1.2 
Read off the suitable 
feeder directly from 
Tables 9-19 

Shape factor method 

Calculate shape factor from: 
length + breadth/thickness; 
feeder detn.: calculate the 
plate volume; determine fee
der volume from a dia
gram 1; determine the feeder 
dimensions from a dia
gram 2; correct the values in 
the light of experience in the 
case of very thin or very 
thick plates 

Calculate shape factor from: 
length + breadth/thickness; 
feeder detn.: calculate the 
bar volume; determine the 
feeder volume from a dia
gram 1; determine the feeder 
dimensions from a diagram 2; 
correct the values in the light 
of experience with very thin 
or very thick bars 

Calculate the shape factor 
from: length + breadth/ 
thickness; calculate the vo
lumes X and Y; calculate the 
wall thickness ratio ale; deter
mine the percentage of the 
volume of X which must be 
added when calculating the 
total volume (from a dia
gram 3); add the proportion 
so found to volume Y; deter
mine the feeder volume from 
a diagram 1; determine the 
feeder dimensions from a 
diagram 2; correct the values 
in the light of experience for 
very thin or very thick bodies 

The possibilities offered by the "classical" method 
of Chvorinov(1) were frequently not realized, and in 
order to avoid what were (falsely) assumed to be com
plicated calculations, the concept of the modulus was 
replaced by that of the "shape factor" by Caine(11) and 
Bishop and Johnson(12). The calculated feeder values 
agree approximately in both methods, but obviously 
false results are obtained with the shape factor method 
when this is applied to very massive or very thin-walled 
bodies (Table 21), which has made the introduction of 
correction factors necessary. This has already been 
pointed out by Stein(13). A mathematical relationship 
between shape factor and modulus exists only for geo
metrically similar bodies, a fact which accounts for the 
incorrect results already mentioned. 

Table 22 gives a comparison of both calculating opera
tions, and verifies that the shape factor method is more 
wearisome than the methods of calculation shown here. 
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The "classical" method satisfies the need of the prac
tical man and gives a clear picture, even in difficult cases 
(volume/effective cooling surface) and this leads in 
general to reliable operation of the method in practice. 
The shape factor method,on the other hand, must involve 
extensive additions and corrections, even with the simplest 
of shapes, the need for which is in no way self-evident. 

1 1> Sound feeding zone 

i \ i f 

1 
\ IP 

1 1 i __. 
' ! N 

1 — 
1 
4 
1 1 

1 

F I G . 127. Wheel rim. Oval feeder heads are better than round ones 
for long castings, because the sound region supplied by each 
feeder (zone under the feeder itself and the dependent feeder zone) 

is lengthened, so that the number of feeders required is less. 

The calculation of internal and external chills, and 
of exothermic and insulating materials, as well as breaker 
cores and heating pads, is also more feasible by the 
"classical" method. Consequently the author decided 
to simplify the Chvorinov method, without abandoning 
the modulus principle, but leaving the shape factor 
method alone. 

6.1. Utilization of Natural End Zones and Shape of 
the Feeder. General 

IMPORTANT FOR PRACTICE 

Given direct dimensioning of the feeder heads, the 
casting under the feeder will always be sound. With 
elongated castings such as the wheel rim in Fig. 127, 
oval feeders are to be preferred to round ones, because, 
although they are not substantially heavier, they extend 
the feeding influence. 

As shown in Figs. 128 and 129, the natural end zones 
are often not utilized. Here also consideration of the 
problem can lead to a saving in feeder material. 

F I G . 128. Non-utilization of natural end zones on a box casting. 
One central feeder would have been sufficient. In addition, the 

feeders were unnecessarily tall. 

C H A P T E R 6 

INCREASING T H E THERMAL G R A D I E N T IN T H E CASTING BY 
PADDING AND BY T H E UTILIZATION OF NATURAL E N D ZONES 
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Given direct dimensioning of the feeder heads, the 
casting under the feeder will always be sound. With 
elongated castings such as the wheel rim in Fig. 127, 
oval feeders are to be preferred to round ones, because, 
although they are not substantially heavier, they extend 
the feeding influence. 

As shown in Figs. 128 and 129, the natural end zones 
are often not utilized. Here also consideration of the 
problem can lead to a saving in feeder material. 
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feeders were unnecessarily tall. 

C H A P T E R 6 

INCREASING T H E THERMAL G R A D I E N T IN T H E CASTING BY 
PADDING AND BY T H E UTILIZATION OF NATURAL E N D ZONES 
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F I G . 129. Non-utilization 
(top) and the proper 
utilization (bottom) of 
the natural end zones 
of a casting. 

6.2. Use of the Heuvers(14) Circle Method for Cast
ings 

IMPORTANT FOR PRACTICE 

Some use was made of this method in the previous 
chapter. It implies that the modulus of a cross-section 
must increase continuously in the direction of the feeder, 
if free2ing is to be prevented. Heuvers was the first to 
point out the practical method of inscribing a series of 
circles (spheres, when viewed three-dimensionally) the 
diameters of which increased in the direction of the 

500 

F I G . 131. Padding a gear wheel rim. 

The work is accomplished in stages as follows: 
1. Draw the rim to the scale 1 : 1 and draw in the machining allowance 

and the dirt trap. 
2. Reinforce the fillet by the amount of the expected sand fillet effect. 
3. Circle the intersection so obtained {the circles are tangential to the 

sand fillets). 
4. Take the circles from the bottom upwards. First 185 diam. to the 
central intersection, 210 diam. from there with a further 210 diam. A 
new intersection 235 diam. occurs at the top circle 185 diam. due to padding 

the wall; this is to be carried up to the feeder head. 
5. The curve so obtained can be replaced approximately by the straight line 

which has been drawn. 
6. Further padding (as in Fig. 138) // not required here, because of the 

heavy wall («» 200 mm). 

feeder head. A model of the casting is first sketched out 
as far as possible to the scale of 1 : 1, and the machining 
and contraction allowances drawn in. Then the circles 
can be inscribed. Examples are shown in Figs. 130-I36. 

Padding additions based 
on the circles 

Finished casting 

Originally planned machining 
allowance 

F I G . 130. Marking out a turbine wheel rim in Heuvers circles. 

F I G . 132. Padding a wheel hub. 

Proceed according to the following scheme: 
1. Draw the hub to the scale 1 : 1 and draw the necessary machining 

allowances and dirt trap. 
2. Estimate the sand fillet effect and draw this also. Circle the points of 

intersection. 
3. Left half of drawing: better solution than the one on the left: discuss 
with the designer whether a recess as shown is permissible. If so, the hub 
becomes a body with a uniform wall thickness of\70 to 175 mm, and the 

hub feeder can be made considerably smaller. 
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Padding I 
addition \ 

Wall thickness 
equalization 

1250 

Machining 
allowance 

F I G . 133. Padding a hollow shaft. 

Proceed in three stages: 
1. Draw the casting to a scale of \ : 1 and outline the machining allowances. 
2. Equalise the wall thickness from the bottom upwards {right half of 
the drawing). In our case a shaped tubular body with w = 90 mm is 
obtained. It is also possible that varying minimum wall thicknesses will 
occur {for instance 120 mm at the centre of the shaft). The tube would then 

be continued from this point at 120 mm. 
3. Pad the tube, with an equalized wall thickness, on the lines of Fig. 137 

and 138 {left side of the drawing). 

F I G . 135. Padding a flanged fitting. 

Work to the following scheme: 
1. Draw the flange to the scale 1 : l and add the machining allowances. 
2. Estimate the sand fillet effect and circle the intersection {here 70 diam.). 
3. Bring the flange {in imagination) to the thickness of the intersection = 

70 mm. In this way a body of uniform wall thickness is produced. 
4. Insert the centre-line of the flange, and divide it by radial lines into 
sections of 50 mm around the bend (100 mm in larger castings). 
5. On the points so obtained insert the padding allowance in accordance 
with Fig. 138. In this instance 10 mm is to be added {difference 70—60 = 

10 mm, see point 3). 
6. Correction of padding allowance: Fig. 138 applies to plates. Bars and 
rods have much smaller feeding ranges, and must therefore be given heavier 
padding additions. The correction factor is found from Table 24. 
7. In most cases the pad curve so obtained can be replaced approximately 
by a straight line; it is sufficient to determine the starting and finishing 

points. 
8. Pads of this kind produce radiographically sound castings, so that they 
are only to be used in the way described when highly-stressed {and suitably 
priced) castings subject to strict inspection (100% radiographic testing) 

are to be made. 

F I G . 134. Padding an elbow. 

Work to the following scheme: 
1. Draw the sections to be padded to the scale 1 : 1 and draw the necessary 

machining allowances. 
2. Draw radial lines at an interval of 50 mm {around the bend), or 100 mm 
with larger castings. Plot the pads at each point from Fig. 138. The 
initial wall thickness is taken as the wall thickness at the weakest point; 

in the flange 900 diam wadn = 6 7 mm. 
3. Use the same method with the other machined flanges. 

400* 

End zone chill 
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Development 

.̂_._jW> 
Making scale developments 

Paper ring 

Paper ring opened out 

Sand fillet 

Casting 

equal wall thickness 

Wall thickness governing 

the feeder head dimensions N 

Machining + contraction y\ 
allowance 

Casting 

True length 
measured round 

bend 

Blade centre'0' 

F I G . 136. Padding a Francis turbine wheel. Drawing partly 
schematic. 

The drawing was made partly schematic in order to emphasise the essential 
points. Such turbine wheels are among the most difficult castings to make, 
and cannot be produced free from shrinkage cavities unless strict attention 
is paid to the many junctions and positions where heat will accumulate, 

especially at the lower flange. 
The following procedure is adopted: 

1. Make a reduced scale development of the lower flange, preferably by 
means of a paper ring on which the pattern of the blade can be drawn 

accurately, and which is then opened out. 
2. Draw sections to the scale 1:1 at at least three levels, adding the neces
sary machining allowances and a safety margin to allow for irregular 

contraction. 

3. Estimate the sand fillet and circle three of the blade junctions. Especially 
at the lower positions, where the blades lie very obliquely and therefore close 
together, the sand fillet effect is very pronounced and the circle becomes 

correspondingly large. 
4. Establish the ideal curve of equal wall thickness for the three different 
levels of cross-section, and insert it in the cross-section. This curve— 
especially in the upper parts of the flange—can in some circumstances lie 
under the machining allowance. Whether this is to be left or corrected can 

only be assessed later. 
5. Pad the ideal plate so obtained in accordance with Fig. 138. Here the 
true length {running obliquely towards the blades and measured around the 

bend) is to be inserted as the wall height. 

6. Corrections. The padding calculated according to Fig. 138 applies to 
top poured castings and unalloyed steel. If bottom pouring is used partly or 
entirely, the natural thermal gradient of the plates is impaired and must 
be compensated by increased padding additions {multiply the values from 
Fig. 138 by 1.25). In the case of highly alloyed steels the values from Fig. 138 
must also be multiplied by 1.25 {this is an approximate value only—ac
curate data can only be obtained for individual cases by casting trial plates 

from the steel in question). Example: 
{A) If alloy steel is to be top poured, it is only necessary to multiply by 1.25. 
{B) If the alloy steel is to be bottom poured, multiply by\ .25 x 1.25 = 1 · 5 5 · 
{C) If unalloyed or low alloy steel is bottom poured, it is only necessary to 

multiply by 1.25-

7. If the intersection circles are much larger than the wall of the flange, it 
is recommended unreservedly that the padding should be built up in accord
ance with the basic rule of equal wall thickness {cheeks between the blades, 
a wave like profile in section). These cheeks can be moulded by means of 
detachable parts on the pattern. When strickling the flange the shape of 
the blade must be accurately delineated by a joint strickle board. In setting 
the cores attention must be paid to the corresponding positions of the padding 

to the blades. 

8. The maximum wall thickness of the wedge so obtained is decisive for 
the dimensioning of the feeder head: 

I W \ 
( ^casting = — / MF 1.2 X iV/c a s t i ng ) 

In most cases blind feeders with a large diameter are obtained. The ingate 
is calculated carefully using the modulus formula, in order to prevent 
premature freezing or alternatively an additional accumulation of heat. 

9. If the wheel, together with the flange, is top poured {Fig. 123) the 
intersection must still be circled in a similar way. 

10. The moulding method described is expensive in itself, but the end result 
is a satisfactorily sound casting, with low dressing costs and a small risk 

of scrap. 

The problem of the amount by which the diameters 
of the circles should increase could only be solved "in
tuitively" at first for unalloyed steels, on the basis of 
the work by Brinson and Dumas(15) and Stein(ie) (Figs. 13 7 
and 138). No values have so far been published for alloy 
steels. 
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Increasing the Thermal Gradient in the Casting 

FIG. 137. Padding additions after Brinson-Dumas<15) 

10 20 
Podding addition, mm per cm 
wall height, initial wall thick

ness W 

0 20 40 60 eo 100 

Padding addition, mm 

FIG. 138 b. Padding a 25 mm thick plate of unalloyed cast steel. 

tOO 200 300 400 500 600 700 800 900 1000 

Height of wall, mm 

FIG. 138 a. Necessary padding additions for steel castings with 
different wall thicknesses and wall heights(le). 

FIG. 139. Effect of plate thickness on the size and point of attach
ment of the pad. 

Smaller pad 

Feeding zone 

End zone 

Small plate thickness 
— H dt 

Large plate thickness 

ca2di 

ca2.5di 
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250500 750 
Wedge 

[+-height— 
1000 mm 

1 

250500 750 j j 250 500 750 j 
Wedge Wedge 

«— height—»J L _ height >u 
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250 500 750 
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FIG. 140. Different padding additions, wedge angles and wedge 
slopes as a function of initial wall thickness and wedge height. 

Scale representation. 

Padding requirements are dependent upon the cross-
sectional area of the casting wall. For a given depth of 
casting wall, thin walls required heavier padding than 
thicker ones (Fig. 139). Finally, we will consider the end 
zone or the point at which the feeder zone ends. The 
thicker the plate the longer the end zone, and as the 
parallel feeder zone provides no padding, this can tend 
towards zero with thick plates. 

According to Fig. 140, the angle of the padis also a 
function of the wall height; the straight-line boundary of 
the pad is therefore really an approximation to a curved 
profile. When using feeding pads (see Section 6.2.2.), the 
curvature must be maintained. 

For the sake of ctarity the feeder 
heads have been represented with 
sharp edges and in the form of 

cubes 

60 

50 

40 

30 

20 

10 

5 

n 
1 2 

Wall thickness 
FIG. 142. The feeder weight increases as the cube of the wall 

thickness. 

Pads can be looked upon as corrections to incorrectly 
designed castings, and they have to be removed again 
by expensive dressing operations. They also require con
siderable amounts of steel. By thickening the cross-
section one increases the modulus, and therefore the size 
of the feeder, which increases as the cube of the plate 

FIG. 141. If the wall thickness is doubled by padding, the volume thickness (Figs. 141 and 142). The expensive padding 
of the feeder head is increased eight times! of whole regions of the casting cannot always be avoided 
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Alternative 2 „ Alternative 1 

F I G . 143. In order to avoid padding as shown in the first alter
native, additional feeders can occasionally be added. The placing 
of the feeders is usually expensive, and difficult from the point of 

view of moulding technique. 

(Fig. 143), s o further methods of ensuring the soundness 
of the mass in lower sections of the casting have been 
developed. 

6.2.1. USE OF THE CIRCLE METHOD FOR EXTENDING 
FEEDER ZONES. FEEDING OF BARS AND BOSSES 

The feeding zone of the head can be extended and the 
number of feeders reduced by padding as shown in 
Fig. 144. The maximum permissible length of such a 
pad may be determined as a modulus: 

Plate thickness 50 mm, modulus 2.5 cm, feeder head 
modulus 2.5 X 1.2 = 3 c m · This modulus must not be 
exceeded at the point of attachment of the feeder, even 
by pads, otherwise a larger feeder would be necessary. 
Padding forms a special form of ingate (for calculation, 
see Chapter 4), so that the pad modulus must lie between 
that of the casting and feeder. According to Fig. 145, the 
modulus of the feeder will be attained with a length 
of pad (= wedge length) which corresponds to: 

2.8 times the plate thickness 
or 5·6 times the plate modulus 
or 4.7 times (5 times) the feeder modulus. 

b 
FIGS . 144 a and b. With shoulders over the bearing section of a 
housing a single feeder head is sufficient. In Fig. 144 a the feeder 
is covered with exothermic material. Note the "roof-shaped" 

structure of the core under the feeder. 
(Courtesy Suiter Bros.) 

F I G . 1 4 4 C. Shoulders connect the centres of mass of a pump 
housing. The shoulders also act as an additional, easily removable 

dirt trap. 
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Model case of a 25 mm plate 

Plate 
height 

to 50 

75 
100 
150 
200 

Addition 
mm 

0 
6 

12.5 
28 
40 

Modulus 
cm*) I 

1.25 

1.55 

1.9 
2.6 
3.3 | 

150 200 
« „ Plate height, — 

shoulder length mm 
■· 2,8 x Plate thickness 
• 4.7 x Feeder modulus MF 

Model case of a 50 mm plate 

Plate 
height 

to WO 

150 
200 
250 
300 

addition 
mm 

0 
12 
26 
30 
37 

Modulw. 
cm*) 

2.5 
3.1 
3.8 
4.0 
LU 

j ; 
M F. 3 

2 

r 
0 

5 

I 

f 1 

0 100 
Maximum 

'houlder It *ngt 

f 

200 300 
Plate height% —■ 

h mm 

• t,jx Feeder modulus MF 

^)by this is understood the modulus of 
the cross-section at the surface of 
contact of the feeder head 

(Mr I 2(a+b) 

The feeder modulus may be determined 
from the original dimensions of the plate 

F I G . 145. Determination of the most suitable shoulder feed con
ditions, based on the pad curves after Stein. 

These ratios also apply approximately to plates more 
than 50 mm thick. A maximum pad length is therefore 
associated with the modulus of each feeder. All pad 
dimensions may therefore be referred to the feeder mo
dulus (Fig. 146). To simplify the calculation use stand

ard tables. When padding is to be employed frequently, 
loose wooden patterns are useful. 

The pad must be designed in conformity with the 
modulus curve (see later), i.e. it must not run out at a 
shallow angle as in Fig. 147, but must be sharply defined. 
Examples are given in Figs. 148 and 149-

Commencement 

of feeding zone cannot be 

determined accurately 

With steels susceptible 
to cracking 

Off shoot ribs 

Correct {Commencement of 
I feeding zone 

The boundary line of the shoulders follows 
the modulus curve. The commencement of 
the feeding zone can be determined 
accurately 

F I G . 147. Development of the end piece of the shoulder. 

F I G . 148. Incorrect runout of the shoulder. 

F I G . 146. Development and dimensions of the shoulder modulus 
as a function of the feeder modulus MF. 

In case of doubt: calculations of the shoulder modulus according to the method 
ab 

used for determining the ingate modulus, i.e. Mt = — - = MF 

is sufficient in most cases to dimension the shoulder from the above data. F I G . 149. Correct runout of the shoulder. 
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FIGS . 150-152. Alternative methods of feeding bosses. 

F I G . 150. Cylindrical feeder head on bosses, with or without small 
core. 

Pads are also used to feed bosses. Figures 150-152 in
dicate various possibilities. In many cases "half heads" 
are used. It is sufficient for the junction of the feeder 
with the casting to make the point of intersection at a 
position having a cheek only on one side; when the boss 
is increased further, the feeding range of the one-sided 
"economy feeder" can be extended by means of padding 
or chills (see Chapter 8). 

The economic limits of "full" and "half" feeder heads 
are indicated in Fig. 153 by means of the simple case of 

Boss dimensions 

-250* · 
Feeder head used 

F I G . 151 a. "Half feeder" with pointed core. 

F I G . 151b. "Half feeder" with cheek on one side of the core. 

F I G . 152 a. The feeding range of the feeder head can be enlarged 
by increasing the boss diameter. 

F I G . 152 b. With still larger boss diameters, or if further economies 
in the shoulder intersections are desired, one or more chills on 
the opposite side from the feeder head can be of assistance. For 

further details see Chapter 8. 

Ί ) 1 2 3 4 5 6 7 8 9 10 11 12 * 
w wall thickness of the boss, mm J 

.N 

240 200 ' 160 120 ' 80 40 0 ^ 
Diameter of the boss core, mm 

0 10 ' 20 30 40 ' 50 
Wall thickness w of the boss, as % of boss diameter 

"Half head" and less W L Region of the "full head" 

'*/tm Feeder head 
"V»" Feeder head 

F I G . 153. Limits of applications of "ful l" and "half" boss feeder 
heads. 

a boss having increasing wall thickness w. As soon as 
the core diameter reaches 40-50 per cent of the boss 
diameter, "half" heads can be adopted. A separate feeder 
calculation is then no longer necessary, as it would not 
produce a significantly more accurate result. 

A casting with padding should not in the long run 
require more fettling than a similar casting without 
padding. It must not be forgotten in this connection 
that where there is no padding to remove there are 
probably some additional feeders. Limiting cases for the 
utilization of "padding systems" are often encountered 
and these should be decided only with the help of ob
jective time studies. Even when burning off the feeders 
manually, the overall times are somewhat less with 
padded castings (Table 23); with mechanical flame cut
ting the padding method is often preferred in the 
fettling shop. 
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T A B L E 23. INVESTIGATION OF THE ECONOMIC E F F I C I E N C Y 
OF THE SHOULDER M E T H O D , C A R R I E D O U T IN THE D R E S S I N G 
S H O P ON THE BASIS OF T I M E STUDIES. T H E CASTINGS W E R E 

B U R N T O F F U N D E R E X A C T L Y THE SAME CONDITIONS 

Gear rim blank with 2 risers (with shoulders) 

Casting brought up by crane, 
urface setting up burner 

\ J ^ i Burning 1st riser 
\ ^ - — 3 ^ x \ Setting up 2nd riser 
Λ ^ ^ Ξ Ξ ^ ) ] Burning 2nd riser 
NjSjj jSg—^^J 2 n d riser, correcting burned section 
S c '^S Setting up ingate 

Feeder head Burning ingate 
surface Casting removed by crane 

Time, min 

1.60 
3-70 
0.15 
3-70 
1.38 
0.28 
1.60 
0.93 

Risers and runners removed by crane 1.75 
Total 
Oxygen consumption (weighed) 

15.09 min 
3-6 kg 

Gear rim blank with 3 risers (without shoulders) 

Casting brought up by crane, 
setting up burner 

Burning 1 st riser 
Setting up 2nd riser 

s*^&L.—-^ Burning 2nd riser 
^ ^ Ξ Ξ ^ ^ Λ Setting up 3rd riser 
\ ^ < ^ — 3 I M Burning 3rd riser 
^+*^_^0**' 3rd riser, correcting burned section 

Setting up ingate 
Burning ingate 
Casting removed by crane 
Risers and runners removed 

by crane 
Total 
Oxygen consumption (weighed) 

Time, min 

1.87 
3.55 
0.20 
3.20 
0.22 
3.28 
0.58 
0.38 
1.32 
0.95 

2.05 
17.60 min 

4.9 kg 

section in question. Ingate calculation is recommended 
(cf. Fig. 146). 

If the individual points of intersection are too far 
apart, a further hot junction is formed below the feeder 
due to the padding wedge; this can be eliminated by 
exothermic powders on the feeder head or placing chills 
underneath (Fig. 155). However, there is an economic 
limit to these methods. 

„ Primary 

FIG. 155. With shoulders which are too steep secondary shrinkage 
cavities can form due to an increase in the cross-section fed. The 
widening of this cross-section can be prevented by placing chills 

underneath. 

Examples are given in Figs. 156-162. 

6.2.2. APPLICATION OF THE CIRCLE METHOD TO 
JUNCTIONS IN A COMPLEX CASTING 

This method is illustrated in Fig. 154. The heaviest 
cross-section dictates the size of the feeder. Here the 
pad modulus must be 1.1 times the modulus of the cross-

One feeder head with two 
not too steep and massive 
shoulders is cheaper than 
two feeder heads 

yjwo feeder heads are cheaper 
/ \than a single feeder head with 

y / I shoulders which are too steep 
1 and massive 

X'119 -12cm 
Calculation of shoulder 

dimensions 

F I G . 154. Advantages and limitations of padding. F I G . 156. Development of shoulder and calculation for a cover. 

file:///than
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F I G . 157a and b. Flanges and larger bosses can often be dealt with 
by a transversely positioned feeder head at two positions on 
opposite sides. Considerable amounts of circulating scrap in the 
foundry can be saved in this way, especially with larger castings. 
Artificial end zones are formed between the ingates by the use 

of chills (see Chapter 8). 

F I G . 158 b. Plug of a globe valve, radiographically sound. The 
whole of the casting, even the two intersections of the journals, 

were fed from a single feeder head by means of padding. 
(Courtesy Suiter Bros.) 

F I G S . 158a. Both journals fed from a single feeder. Artificial end 
zones formed with chills (see Chapter 8). 
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F I G . 159a. The rim section of a brake drum was fed through 
shoulders from the boss feeder head. 

FIGS. 159b and c. Brake drums, b. With two rim and one boss 
feeder, c. Rim and boss fed by a single side feeder. An artificial 

end zone produced at the rim (see Chapter 8). 

F I G . 160. Wheel centre of a narrow-gauge locomotive. Feeder head I feeds the counterweight, which in turn feeds the inter
section of the adjacent spoke. Feeder head II is connected to each of two spoke intersections by means of shoulders. 
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6.3. Calculation of the Modulus Curve 

(The other sections can still be understood if this 
part is omitted.) 

F I G . 161. Cover of rotary valve. By the use of the shoulders the 
central (exothermic) feeder head supplies not only the actual cover 
plate, but also the intersections of the two journals. The casting 

was radiographically sound. 
(Courtesy Suiter Bros.) 

F I G . 163 a. Breakdown of the end section of a plate into zones. 

If the end section of a large plate is sectioned as shown 
in Fig. 163a along xl9 x2i etc., the modulus of each 
slice so formed is: 

Af = -
a + 2x 

(36) 

While the modulus of semi-infinite plates is equal to 
half the plate thickness, the plate end zone behaves as a 
semi-infinite stepped wedge with very small steps; this 
represents the "simulation body". 
For A: = 0; M = 0 

x = 2.5a; M — 0.416* (uncorrected) 

Below an end zone length of 2.5*, however, the cooling 
influence of the face is practically nil, so that below 
*■ = 2.5 *, M = 0.5 a (corrected). 

The difference was divided up uniformly (whether 
this is physically strictly correct remains open to ques
tion), and the equation of the modulus curve (Fig. 163 b) 
is written: 

1.2 a x 
Μ = 7ΤΊΪ °7) 

F I G . 162. Extension tube fed by feeder heads with exothermic 
sleeves. Lower flange fed by means of shoulders to give a sound 

casting. 
(Courtesy Suiter Bros.) 

The padding method—whether it is used to extend 
the feeding range or to connect separated intersections — 
is on the whole one of the most important applications 
of the circle method, and occasionally makes possible 
a considerably increased yield. 

05a 

♦ 
M 

02a 

0 

/ / 
/ It 11 

/ s" 

/ 

„ - - - " 

" Uncorrected curve 
pattern 

F I G . 163 b. Path of the modulus curve in the end zone of parallel 
plates. 
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The angle of the advancing solidification fronts at a 
point Pix) is given by the first derivative: 

tana = M1 = , "\ xo 08) 

for 

for 

x-+0, tana-

(a + 2xf 

1, and oc = 45° 09) 

x -> 2.5, tana 0.0278 and oc = 1° 36' (40) 

200 300 400 500 600 700 800 900 1000 
Wedge height, mm 

Every transition between these two values can be ima
gined, so that we cannot speak of a constant "pad 
angle". 

If the wedge pads according to Brinson and Dumas(15) FIG. 164 b. Wedge breadth and height on padded cast steel plate, 
or Stein(ie) are drawn to scale for various wedge heights, 
similar curved boundaries are obtained, even although 
straight lines are a sufficiently good approximation in 
practice (cf. Fig. 140). 

Non-cooling faces 
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10 
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Wedge width "b"in mm, for a wait height of 1000mm 

FIG. 164 a. Initial and final wall thicknesses of wedges solidifying 
as sound castings at a wedge height of 1000 mm. 

Figure 164a illustrates the influence of plate thickness. 
The wedge pad tends towards zero with increasing wall 
thickness, so that the upper branch of the curve tends 
towards the limit of a 45° straight line. The lower branch 
of the curve is practically a straight line, and can be 
extrapolated with a high degree of probability. With an 
initial wall thickness of zero (taper wedge) the wedge 
thickness is 150 mm (oc = 8° 30') at a height of 1000 mm. 
Here also the wedge will presumably be bounded by a 
curve; this also seems probable from the superimposed 
wedge pads drawn in Fig. 164b. 
DS 6 

F I G . 165. Breakdown of the feeder zone of a plate into sections. 

If similar considerations are applied to the feeder zone 
(Fig. 165), the following apply for semi-infinite plates 
for the section below the feeder: 

Volume V = a · b · 1 
Cooling surface Λ = b · 1 
Modulus Mz = VjA = a 

(41) 

The modulus at the end of the feeder zone is M — a/2, 
hence the modulus also increases by a/2, and the slope 
of the modulus curve (assumed in the first place to be 
a straight line) is: 

0.5 a 
2a 

= 0.25, and oc = 13° (b) 

As semi-infinite plates do not actually exist, Mz is 
somewhat less than a; oc is also somewhat less, and is 
probably in the region of oc = 12°, thus agreeing fairly 
well with the value for the end section. 

Both values, especially that derived from practice for 
the end section, are about twice as high as the value of 
oc = 6° given by Namur(17). Experiments have also 
shown that the Namur value is too small, and conse
quently important influencing factors do not appear to 
have been allowed for in his calculation. 

Presumably the actual size of the pad, or the angle, is 
governed by hydraulic considerations, as laminar cap
illary flow exists between the crystal interstices, bringing 
the feed metal to the spot. The size of these interstices 
is influenced by the width of the solidification band. 
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I 
T 

F Critical flow section 
F I G . 166. Flow conditions during the solidification of a keel block. 
This diagram presumably represents the true conditions at the 
completion of solidification (in contrast to the views of a number 

of scientists). 

The metal must flow between two crystal peaks, as 
shown in Fig. 166; this represents a constriction of the 
cross-sectional area of flow. The amount of liquid which 
penetrates is determined by the viscosity of the metal 
just below the liquidus temperature, but no suitable 
measurements exist, so that it is not possible at present 
to formulate a flow equation. 

6.4. Further Development and Simplification in Prac
tice of the Methods of Heuvers(14) and Stein(16) 

If the Stein curves are drawn to scale and super
imposed, the surprisingly similar curve paths permit the 
construction of a characteristic curve (Fig. 4 64 a) which 
is valid to a close approximation for all initial wall 
strengths of cast steel plates up to 100 mm. 

The formula of the characteristic curve for plates is 
reproduced in Table 24. Bars, which according to Cech(4) 

exhibit much less favourable, i.e. shorter, feeding ranges, 
must be padded with correspondingly steeper wedge 
angles. The padding curves, in accordance with the 
author's experience, are given in Table 24. It is possible 
to work safely to these values, but they can still 
be subject to slight corrections if very comprehen
sive, systematically classified works observations are 
available. 

The characteristic curves can be used to make suitable 
curved scales or templates of plexiglass (Fig. 167), which 
simplify greatly both in work preparation and in pattern 
making the correct dimensioning of pads (Fig. 168) and 
even with curved sections they are easy to manipulate 
by rolling on (Fig. 169). 

T A B L E 24. O N E AND THE SAME STANDARD C U R V E FORM CAN B E U S E D F O R V E R Y D I F F E R E N T 
INITIAL W A L L THICKNESSES n>. I T I S O N L Y NECESSARY TO D I S P L A C E THE POINT OF APPLICATION 

eü ζ^ E 
Approximate formula 

(inches) 

<V) = 1 - 0 7 2 } ^ 

4in.)= 1.351 V^W) 

4in.)= 1-605 V̂ W> 

diiny.= 1.742 W ) 

Curve 

1 

2 

3 

4 

Approximate formula 
(cm) 

d=^7ih^m) 

/ /=2.14lAc m ) 

^ = 2 . 5 4 ] ^ 

a =2.76}^ 

Applicable to 

unalloyed plates, and bars with a 
side ratio from 1 : 4 

unalloyed bars 1 :3 , high alloy plates 
and high alloy bars from 1 :4 with 
top casting 

unalloyed bars 1 : 2, high alloy plates 
and high alloy bars from 1 : 4 with 
bottom casting 

unalloyed bars 1:1.5, high alloy 
bars 1 : 3 with bottom casting 
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F I G . 167. Curved plexiglass scales 
for drawing pads (by courtesy of 
Sulzer Bros. Ltd., Winterthur, 
Switzerland). 

(E ) 
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uN ~Λ 
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i ! 

i ' 

* 1 

© 
^ Γ -1 
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■§ 
-s 

Ί 
Machining allowance 

FIG. 168. Padding a wheel rim using a curved scale. 

6* 

FIG. 169. Padding a tubular casting by rolling. 
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6.5. Casting Sound Tubes 

The segregation zone in tubular castings is always 
displaced inwards, due to the smaller heat-conducting 
internal surface. The position of this segregation zone 
can be described mathematically according to several 
authors; of these the formula after Stein and Bohlen(42) 

gives good results both for light and heavy wall thick
nesses (Fig. 170), i.e.: 

X = J+W^. (42) 

where 
x is the diameter of the segregation zone 
d is the internal diameter of the tube, 
D its external diameter and W its wall thickness. 

U-HL 

FIG. 170. 

FIG. 172. Valid only when the outer mould and the core consist 
of the same moulding material (for example, quartz sand). 

which can be represented as nomograms (Figs. 171 
and 172). 

These equations and nomograms are valid only when 
the outer mould and the core are made from the same 
moulding material. On the other hand if the outer mould 
is made, for example, of dry quartz sand and the core 
of zircon sand, the segregation zone is displaced as a 
result; this aspect is treated in Chapter 10, Section 4. 

The practical importance of these nomograms, which 
are very simple to use and require no mathematical know
ledge, may be illustrated by the following examples: 

EXAMPLE 1 

The axle journal for an electric locomotive, as in 
Fig. 173, is to be made radiographically sound. Adjacent 

x 

If the quantity » is substituted, such that 

(43 a) 

* = -£ · (43 b) 

the following equations are obtained by transposing: 

l o g r « l o g r f + l o g ( y f ± ) (44) 

(45) and D log W = l o g — + log (19 - Sn - l) 

Position of the segregation zone 

FIG. 173. Axle journal for electric locomotive. 
(Courtesy Suiter Bros.) 

FIG. 171. Valid only when the outer mould and the core consist 
of the same mould material (for example quartz sand). 
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Conventional method 
left half 

Right half 
new method 

Casting sound 
165 padding containing 

High shrinkage 

Casting modulus 
(with padding) 

;v \ppprox. 2.3 cm 

•Observed extent 
of shrinkage zone 

F I G . 174. Drawing of the most important cross-sections of the 
axle journal of an electric locomotive. 

to this, according to Fig. 174 (left half) the tubular sec
tion is to be padded in accordance with the Stein curves 
or the curved scale. Both the actual casting and the 
padding would then solidify without shrinkage cavities. 
However, it is not necessary for the metal in the padding 
to be sound. According to the right half of Fig. 174 the 
internal diameter of the tube is d = 296 mm, i.e. the 
diameter of the casting ready for delivery, and which 
must be free from porosity. This is enclosed by a defec
tive zone which is estimated to be at a distance of about 
8 mm from the segregation centre X, so that the segre
gation zone x & 304 mm. 

The ratio x\d = 1.17, giving a wall thickness of 
iv = 63 mm from Fig. 172 (the control solution of equa
tion (42) leads to the same result). 

The observed zone of the centre-line shrinkage cavity 
in a tube produced in this way is limited by the cooling 
action of the end faces, and funs out into the feeder 
head at the top. The tube casting itself remains outside 
the segregation zone. The feeder head can similarly be 
kept much smaller by this method (Fig. 175)· 

F I G . 1 7 5 b 
FIGS. 175 a and b. Axle journal of an electric locomotive in the 
as-cast condition. Tubular component cast sound by means of 

special padding. 

EXAMPLE 2 

As shown in Fig. 176, all segregation zones formed 
by the usual inside padding are removed during final 
machining. Figure 177 shows the feeding relationships 

F I G . 175a FIG. 176a 

file:///ppprox
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FIG. 176C 
FIGS. 176a-c. During the final machining of this press cylinder 

the segregation 2one was cut. 

FIG. 176b 

corresponding to Fig. 174; only the nomogram of 
Fig. 171 (outside diameter as the initial dimension) was 
utilized. 

With padding, irrespective of the method used, the 
position of the segregation zone can be displaced by 
hot material, i.e. by ingates, which can lead to foundry 
scrap or repair work, and this must be taken carefully 
into account. 

N 

FIG. 177. 

CHAPTER 7 

I N C R E A S I N G T H E THERMAL G R A D I E N T BY MEANS OF MOULD 
HEATING PADS. 

BREAKER CORES OR WASHBURN CORES 

7.1. General Thermal Conditions Relating to Breaker 
Cores and Mould Heating Pads 

IMPORTANT FOR PRACTICE 

If the feeding neck, as in Fig. 178, is constricted by 
a thin wafer core (a breaker or Washburn core), the 
feeder head can be knocked off. The method has achieved 
importance for small castings and alloy steels, as the 
costs of removing feeder heads are high. Even with 
nickel-containing, ductile steels breaker cores are eco
nomic, although in this case the feeder cannot be knocked FIG. 178. Necked-down ingate, after Washburn(18>19). 
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7.1. General Thermal Conditions Relating to Breaker 
Cores and Mould Heating Pads 

IMPORTANT FOR PRACTICE 

If the feeding neck, as in Fig. 178, is constricted by 
a thin wafer core (a breaker or Washburn core), the 
feeder head can be knocked off. The method has achieved 
importance for small castings and alloy steels, as the 
costs of removing feeder heads are high. Even with 
nickel-containing, ductile steels breaker cores are eco
nomic, although in this case the feeder cannot be knocked FIG. 178. Necked-down ingate, after Washburn(18>19). 
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T A B L E 25 (a). PRINCIPAL DIMENSIONS O F B R E A K E R CORES 

*3 
0 
S3 

1 
•8Έ 
'S 3 

ii 
0 o C 2 
s § 
<υ «A 

* to 
wt o 

^ 8 
r8 1 
tu -a 

cm 

1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 

2.6 
2.8 
3.0 
3-2 
3-4 
3.6 
3.8 
4.0 
4.25 
4.5 
4.75 
5.0 

Mc 

cm 

0.84 
0.92 
1.00 
1.09 
1.17 
1.25 
1.34 
1.42 
1.51 
1.59 
1.67 
1.84 
2.00 

2.20 
2.34 
2.50 
2.67 
2.84 
3.00 
3.17 
3-34 
3.55 
3.75 
3-97 
4.18 

r 

mm 

4.2 
4.6 
5.1 
5.5 
5.9 
6.3 
6.7 
7.2 
7.6 
8.0 
8.4 
9.2 

10 

11 
11.7 
12.6 
13.5 
14.5 
15 
16 
17 
18 
19 
20 
21 

N0*) 

mm 

19.5 
21.5 
23.5 
25.5 
27.5 
29 
31 
33 
35 
37 
39 
43 
47 

51 
55 
59 
63 
66 
70 
74 
78 
83 
88 
93 
97 

Breaker cores 
for side 
feeder 

heads**) 

a 
mm 

53 
59 
64 
69 
75 
80 
85 
90 
96 

100 
106 
117 
127 

138 
150 
160 
170 
180 
190 
200 
212 
225 
240 
252 
265 

b 
mm 

30 
33 
36 
39 
42 
45 
48 
50 
54 
57 
60 
66 
71 

78 
83 
90 
95 
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113 
120 
126 
133 
140 
147 

Dish-shaped 
breaker cores 

for round 
top 

feeder heads 

D0 
mm 

65 
70 
75 
80 
85 
90 

100 
105 
110 
115 
120 
135 
145 

155 
165 
175 
185 
195 
210 
220 
230 
245 
260 
270 
285 

c 
mm 

12 
15 
16 
17 
18 
19 
20 
22 
23 
24 
26 
28 
30 

33 
35 
38 
41 
44 
45 
48 
51 
54 
57 
60 
63 

* The opening N0 can also be replaced by a rectangular shape 
with the same modulus (calculated from equation 5). 

** The cores are suitable for both types of blind feeder head 
( H = 1 . 5 £ > a n d / / = 2 Z > ) . 

T A B L E 25 (b). WASHBURN CORES FOR F E E D E R H E A D S W H I C H CAN B E K N O C K E D O F F ( U N A L L O Y E D S T E E L ) , SIMPLIFIED TO R E D U C E 
STORAGE 

MF 

cm 

1.0 
1.1 
1.2 

1.3 
1.4 
1.5 

1.6 

1.8 

1.9 
2.0 
2.2 
2.4 

Mc 

cm 

0.84 
0.92 
1.00 

1.09 
1.17 
1.25 

1.34 
1.42 
1.51 

1.59 
1.67 
1.84 
2.00 

a 

mm 

64 

80 

96 

127 

b 

mm 

36 

45 

54 

71 

d 

mm 

17 

20 

24 

30 

N0*) 

mm 

23.5 

29 

35 

47 

T 

mm 

5.1 

6.3 

7.6 

10 

Radii of curvature of the standard breaker cores f) 

a 
oo 

€ 

415 mm 330 mm 
h 

210 mm 
k 

170 mm 
. m 

100 mm 

Can be placed on round shapes with diameters 

from 

900 

900 

900 

1300 

to 

oo 

oo 

oo 

oo 

from 

-

-

-

580 

to 

-

-

1300 

from 

400 

400 

400 

-

to 

900 

900 

900 

-

from 

-

-

360 

to 

-

-

580 

from 

280 

280 

320 

280 

to 

400 

400 

400 

360 

from 

180 

180 

200 

-

to 

280 

280 

320 

-

f The radii of curvature correspond to the radii of standard chills. In order to prevent confusion with chills in pattern data, standard 
breaker cores are denoted by lower case letters. f29, for example, denotes a core for curvatures from 400 to 900 0 , opening 29 mm. 

off. The costs of removing the head (chiselling off, 
sawing, grinding or burning off) are less than with full 
ingates because of the constriction. 

Breaker cores were invented by Washburn(18,19) in 
USA, and have been in use for more than fifty years. 
Experience and trials extending over many years have 
established their dimensions very accurately. Even very 
slight deviations from these dimensions always lead to 
the production of scrap; the applicability of Washburn 
cores depends on a very strictly limited special set of 
thermal conditions. 

According to Fig. 179, a metallic and a non-metallic 

F I G . 179. Notation in the system casting—breaker core—blind 
feeder head. 
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connecting surface can be distinguished. The latter is 
only imaginary but allows the core dimensions to be 
calculated. The non-metallic neck must behave from 
the point of view of retarding solidification like hot 
steel, if the metallic neck is not to free2e. No cooling 
must therefore occur at the non-metallic neck, i.e. the 
core plate must attain a temperature of at least 1480°C, 
before the moment when the liquidus point of the me
tallic ingate is reached. The amount of heat required for 
this purpose must be obtained only from the superheat 
of the steel and not from its heat of fusion. If the latter 
were the case, the steel would begin to solidify, losing 
latent heat. This cannot be allowed to occur. 

The non-metallic neck must be calculated in a similar 
way to the metal neck determination; this is best done 
by using Fig. 7. The values found from experience agree 
reasonably accurately with the requirement that the mo
duli must be stepped up in accordance with the ratios: 

MC:MN:MF = 1:1.1 :1.2 (c) 

(MCi MN and MF being the moduli of the casting, ingate 
and feeder head respectively). The factor relating the 
neck and feeder moduli varies in practice between 1.06 
and 1.1. 

Dimensions for breaker cores are given in Table 25; 
the dimensions of the blind feeders are contained in 
Table 19-

The following relationships were derived from the 
sizes which were tested in practice: 
Breaker core thickness T0 ^ 0.093 ^ = 0.56 Mc (46) 
Breaker core opening N = 0-39 D = 2-34 Mc (47) 

300 

£ 250 

fc- 200 

1 
| 150 
"g 
| 100 

Cross-section of 
metallic neck 

;ν2π = 4.32 (Mcy m 

I 50 

0 

300 

250 

M m I 
M m l 
1 ml : 14 
: K 
'■ K 1 m 

0 10 20 30 40 50 6070 80 90100110120130 
Diameter of the opening N, mm 

A T 

| 200 F 

•I 
150 

100 

50 

0 

'-_ 
\ 

[ 
- 1 

: / 

: / 

V 

1 
1 

1 
1 

1 
1 

1 
1 

f 

/ 

1 

1 1 1 1 

y 

M i l -l_l_ 

10 15 20 25 30 

Breaker core thickness and height of constriction, mm 

F I G . 180. Relationship: Feeder head diameter, breaker core open
ing, breaker core thickness and constriction height. 

Modulus of metallic 
neck MMN = 0.59 Mc 

in which D is the diameter of the blind feeder (Fig. 180). 
(49) 

After Washburn (16,19) After Roth (20) 

F I G . 181. Possible applications of padding and mould-heating pads 
separated from the casting. 

According to Fig. 181 there is no fundamental dif
ference between breaker cores and mould heating pads 
(introduced in Germany by Roth(20)) which are also se
parated from the casting by a "non-metallic" hot steel 
surface. 

7.2. Calculation of Washburn Cores and Mould Heat
ing Pads on the Basis of the Thermal Conditions 

(The applicability of breaker cores can still be under
stood by the practical foundryman even if this section 
is not read.) 

Figure 182 shows the heat conducting relationships 
of a wafer core or a mould heating pad. As no solidifica-

Each of the two ptotes octs os σ refractory pod for the other 

W e ϊ'·&'··£<}:?·· Plate core (or wafer core)*&rtx$ri$ 

1 \ \ \ \ \ \ \ \ A 

***=a*za&» Heat of solidification 

" *" Superheat 

F I G . 182. Heat conducting conditions with correctly dimensioned 
plate core (or wafer core). 

Only superheat is conducted to the plate core (or wafer core). 
When solidification commences the temperature of the plate core 
has already reached 1480°C, so that no heat of solidification can 

be taken up. 
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tion, and therefore no cooling, takes place at the wafer 
core, crystal growth takes place only from each side of 
the neck. In this way each of the two plates loses one 
of its two cooling surfaces, so that the plate volume re
mains unaltered. The modulus of a plate which cools 
only on one side is: 

^ ( w i t h heatin« pad) = V\\A = d (5 o ) 

compared with that of a normal plate: 

-^(without heating pad) = V\A = Λ/2 ( d ) 

The plate modulus is thus doubled by the use of mould 
heating pads, and is equal to the plate thickness d. No 
further increase of modulus can be attained, because the 
effect of the pad is only to retard cooling, and not to 
provide additional heat. The wafer core is not in fact a 
donor of heat, but on the contrary takes superheat from 
the steel, so that it can never become hotter than the 
steel. The pattern of the temperature gradient on heating 
pads is shown in Fig. 183· 

M 0 is the original 
modulus of the bar 

'before placing the heating pad) 

^ϋ H Ulle 
L ^ 

fe HI 
^ 

38.c 

F I G . 184. Different methods of placing heating pads on bars. 

Temperature gradient Castmg — core—casting 

i 

Temperature changes 

F I G . 183. Temperature gradient with correctly dimensioned heat
ing pads. 

The action of the heating pad ceases in every case 
when the crystal growth reaches the inner plate wall. 
Each of the plates of Fig. 182 acts as a heating pad for 
the other; crystal growth ends in both plates simul
taneously. It follows that plate-like castings and the 
associated pads must be equal in thickness if it is desired 
to double the modulus. 

N o further increase in modulus is obtained by en
larging the pad beyond this minimum size; such an en
largement is therefore useless and uneconomical. Therein 
lies an essential difference compared with the metallic 
padding of cross-sections. 

Bars have more cooling surfaces than plates, but the 
basic considerations are the same. Normally only one of the 

cooling surfaces can be omitted (Fig. 184). The following 
formulae apply when the exothermic pad is placed on 
the surfaces a, b or a + b: 

b...M = 

a + b--- M = 

at? 
2{a + b)~ 

ab 
2{a + b)-

ab 

a 

■ b 

ab 
2 (a + b) - a - b a + b 

(51) 

(52) 

(53) 

The following is true according to Fig. 182 on the 
basis of the thermal conditions at a casting temperature 
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of 1600°C (superheat ^ 120°C), an amount of superheat 
which is necessary and customary for small parts: 

d x 1 cm2 x ysteeI X Csteel X 120 
= T x 1 cm2 x rsand x Csand x 1480 (54) 

Allowance has already been made for the fact that half 
the superheat from each of the two plates escapes unused, 
but the core is heated from two sides. The following 
values can be substituted: 

steel sand 
specific heat C 0.20 0.26 
specific gravity y 7.0 1.6 

for oil sand, rammed. 
Hence: ĉore = 0.275 ^pl,te " 0.25 d 

T m 0.5 MCi 

(55) 

(56) 

The superheat goes into equation (50) as a linear function, 
so that a simple relationship exists between superheat 
and casting thickness, in accordance with Fig. 185· 

0 10 20 
Core thickness as % of the plate 

thickness of the casting 

FIG. 185. Relationship: superheat-thickness of breaker core. 

The correctness of the above formulae can be checked 
from dimensions which have proved satisfactory in prac
tice. According to Fig. 180: 

T w 0.093 D (57) 

[see also equation (46)]. 
The modulus of the blind feeder head H = 1.5 D is: 

M « 0.2 D (58) 

Thus the blind feeder solidifies in the same time as 
a plate of thickness dx. 

dx = 2MF = 2 x 0.2 D = 0.4 D (59) 

The relevant casting has the modulus: 

Mc 
MF 0.2 
1.2 1.2 

corresponding to a plate thickness: 
2 X 0.2 

(e) 

If the mean dz is used for the calculation: 

then according to equation (57): 

T = 0.093 D = 0.265 dt 

(0 

(61) 

which is in good agreement with equation (55)· This 
proves at the same time the need for a casting temperature 
of 1580-l600°C for Washburn cores. 

This heat balance is only approximate, however, be
cause the core also loses heat from the end faces. This 
heat loss tends towards a limiting value which is always 
constant (as long as the superheat remains the same), as 
the thickness T, the dimensions of the non-metallic 
ingate a and b and hence the size of the end faces are 
all rigorously linked to the modulus. To compensate 
for the heat loss, which is similarly bound up with the 
modulus, a metallic ingate is required, the dimensions 
of which are again linked with the modulus; this is also 
expressed in the results obtained in practice. 

7.2.1. CALCULATION OF INTERNAL FEEDERS 

(The practical foundryman can still understand the 
use of internal feeders, even if this section is omitted.) 

Internal feeders in tubular castings, as in Fig. 186, 
represent a special case of a heating core, as the whole 
of the superheat of the feeder flows into the central core. 
Heat is radiated only through the external surface of 
the tube, and the modulus of a tube with an external 
diameter D and wall thickness w is: 

M ** w (62) 

do — 2MC = ■ 
1.2 D = 0.3 D (60) 

/ Heat of 
"^ \ solidification 

- » Superheat 

FIG. 186. Thermal conditions in internal feeders inside tubular 
castings. 
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because 
MF> \.2MC 

> 1.2 v 
(g) 

Due to the fact that the behaviour of the core is similar 
to that of hot steels the tube and feeder act as if they 
were a uniform steel mass with a modulus: 

Mt0 MF = — >\.2i 

D > 4.8 w « 5 w 

from which: (h) 

(63) 

Most tubular bodies where internal feeders are applicable 
fulfil this requirement. 

It should be mentioned that, because of the danger 
of metal penetration at the core, internal feeders should 
only be used up to a diameter of about 150 mm. 

The internal circumference of the tube is π (D — 2w) = 
}πιν> so that the total external and internal periphery 
of the tubular heating core is 2 x 3 x π x w = 6π ω 
(neglecting the small thickness of the sand layer J·) and 
is therefore 1.2 times that of the external circumference 
of the tube (π D = *>nw)\ the surface areas of these 
tubes stand in a corresponding ratio. If we designate 
the total mass of steel (feeder 4- casting) by Q, and the 
mass of sand by S, then the sand mass will contain the 
following proportion of the superheat, corresponding 
to the surface ratios: 

n/ r i &nw x 100 „„n/ t£A. % of superheat = — = 5 5 % (64) 

According to the thermal equilibrium existing at 
120°C superheat: 

Q X /steel X Q e e l X 120 X 0-55 

= S X /sand X Csand X 1480 = 6 l 5 S 

Q = ^ - s 

whence: 

S = (D — 2m — s)ns 
w a» D/5 

s = 0.073 D = 0-365 w 

(65) 

(66) 

(67) 
(i) 

(68) 

Figure 187 gives the dependence on superheat. The 
feeder diameter is given by ^ 45 per cent of the external 
diameter of the tube, or ^ 2.25 times the wall thickness 
of the tube. The diameter of an external feeder head 
would be about 3 times the wall thickness; this external 
feeder would be about 1.8 times the weight of an equally 
effective internal feeder. 

7.3. On the Practice of Washburn Cores, Heating 
Pads and Internal Feeders 

IMPORTANT FOR PRACTICE 

As Washburn cores are subjected to high stresses 
from the steel flowing through them, fine-grained quartz 
sand with 5-6 per cent of oil as binder is used as moulding 
material, with a drying temperature of 220-250°C. Well-
burned cores must be able to scratch soft wood—a cheap, 
rapid method of testing. To prevent the penetration of 
gas into the casting due to the sand fillet effect of the 
core, with metal which is cast too hot, the gas perme
ability should be low. For this purpose 25-30 per cent 
of quartz powder should be mixed with the core sand. 
This is always necessary with hollow cores (tubular 
internal feeders). The oil addition must also be increased 
when necessary. 

Breaker cores and heating pad parting cores should be 
standardized as far as possible, and can then be ordered 
as shaped fireclay pieces. (Cheap fireclay qualities are 
sufficient, provided they are dense and strong. All 
types of insulating fireclay are too weak.) The diameters 
of round bodies are collected into groups and designated 
by lower case letters. In addition, data on the relevant 
diameter of blind feeder head are required. For example, 
"f 100" signifies a breaker core which can be applied 

Constriction 

Feeder head I 

Not* tht position of the bevet, 

A which holds the core 
firmly in the moulding 

send 
'fir 

| Casting 

120 

100 

50 / 
/ 

/ 
/ 

f 

./ A 
7~\ 1600 Undivided core 

1580 
o 

1560 £ 

1540 ^ 

I 
1520 ? 

1500 cS 

H80 
0 10 20 30 40 

Wall thickness s of the internal core as % 
of tube wall thickness W 

FIG. 187. Relationship: superheat, to core wall thickness/tube wall 
thickness in internal feeders. 

The core con 
be rammed in 

Mould Joint 

Dish-shaped structure of 

breaker cores with 

open feeder heads 

Fig. 188. Various designs of standardized breaker cores. 
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to all circular bodies of 580-740 mm diameter with a 
feeder head diameter of 100 mm. 

MF (AfF = 2 cm; Mc = — — = 1 . 6 6 cm; T = 9.5 mm; 1.2 
N 0 = 39 mm, etc.). (j) 

Experience has shown that very little storekeeping is 
required, because only quite specific wall thicknesses, and, 
therefore, moduli occur in the diameter range in question. 

Figure 188 shows various shapes of breaker core, ac
cording to the type and position of the ingate in the 
mould. With open-top feeder heads dish-shaped breaker 
cores are stiffer and hence are more solid. Breaker cores 
should as far as possible be rammed up with the mould, 
to prevent the formation of burrs which can hinder 
knocking-off (Fig. 189). If this is not feasible, the mould
ing sand must be pressed very carefully into the core 
prints. 

FIG. 189. A gap is left between pattern and feeder head for fitting 
the breaker core during moulding. 

From the point of view of reliability, the metal should 
be poured through each breaker core gate, to conduct 
as much superheat as possible into the core. If this cannot 
be done, the cores can be made half of sand and half of 
a highly exothermic mouldable material, as shown in 
Fig. 190. The exothermic material must always lie on 
the feeder side of the mould. 

M^gxof/wrmfc material 

EM Sand 

F I G . 190. Manufacture of breaker cores for cross-sections with no 
allowance for the effects of metal flow. 

Manufacture of breaker cores with exothermic materials in two-part core 
boxes ist part, ram solid with sand; strike off; set 2nd part on top and 

ram up with exothermic material. 

In the case of mass-produced articles with complicated 
contours, which would be distorted by attaching a feeder 
head, breaker cores and heating pads are often the only 
economical method of gating. The manufacture of con
toured core boxes is then unavoidable. Breaker cores in
crease the costs in the coremaking and moulding shops, 
but reduce the load on the fettling shop, decrease its 
costs and accelerate the fettling work considerably. With 
short delivery times and shortage of space and personnel 
in the dressing shop this last point is very important, 
even if the costs of the cores are as high as or even a 
little higher than the savings in fettling costs. 

Figures 191-201 illustrate some applications of these 
cores. 

Ψ 
FIG. 191. MethodOf feeding small crankshafts with atmospheric 

feeder head and heating pads. 

The dressing costs are very low by this method and the cast surface so 
pleasing {as it is not ground) that on the basis of this procedure alone the 
production of the crankshafts by drop forging could be discontinued. 

300 
F I G . 192. Axle housing. 

- -Θ-

A 
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With feeding web 

F I G . 193. Truck wheel with a knockoff head for the rim and hub. 

The slight shrinkage gap between feeder bead and shell core will be noted. 
The feeder head rests only on the knockoff stem, so that the thin shell 
core cannot be crushed even when under pressure in the moulding machine. 
By agreement with the customer the shape of the wheel disc was adjusted 
to suit the casting requirements. The knockoff stub remains undressed. 
A chill is situated in the bub core on the opposite side of the feeder. 

F I G . 195. Alternative methods of feeding rope pulleys. 

In spite of their apparently simple appearance, rope pulley rims of all 
types and si^es are difficult to feed, and scrap is often produced unless very 
uneconomic methods of manufacture are selected. The following methods 

may be used: 
1. Atmospheric feeder head with internal Washburn cores at each web 

junction. Chills in the core between the junctions. Not much dressing; 
reliable and cheap. 

2. Peripheral core. 4 feeder heads at the 4 junctions (full-gated into the 
groove). Heavy dressing requiredl 

3. Groove turned out of the solid material. 4 to 6 feeders at the periphery 
of the rim, which is now massive. Safe, but very expensive \ 
4. For small rope pulleys. An elegant solution by using 4 feeding webs 
to the junctions, with intermediate chills. Unfortunately the customer will 

not often agree to this method. 

*) Thickness adjusted in accordance\ 
with the rim modulus 

**) Opening adjusted in accordance 
with the lug modulus 

330* 

A5* 
Can subsequently 
be filed roughly 
by hand 

J 

1004 

F I G . 194. Travelling crane wheel. 
F I G . 196. Spur gear wheel with internal feeder at the hub. 3 rim 

feeders with Washburn cores and heating pads. 
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Slightly recessed hub 
prevents a hot junction 

CO.. 300 
ca. 700 

Oear wheel casting scheme 

F I G . 197. Method of moulding wheels with feeding webs, Wash-
burn cores and blind feeder heads. 

F IGS . 200a and b. Gear wheel rim blank with atmospheric feeders 
which can be knocked off, and through which the metal was 

poured. 

FIGS. 198,199. Truck wheel with rim feeders which can be knocked 
off. The hub is fed from the rim by two ribs. 

F I G . 201. Wear-resisting bushes of special steel. 4 atmospheric 
feeders which can be knocked off, and through which the metal 
was poured. Note the dish-shaped design of the breaker core. 



The Heating of Thin Sections 

7.4. The Heating of Thin Sections of Moulding Sand. 
Influence on the Size of the Feeder Head. The 
Minimum Lengths of Ingates Which Will Pre
vent Harmful Sand Fillet Effects 

7.4.1. HARMFUL EFFECTS OF HOT SPOTS 

IMPORTANT FOR PRACTICE 

The previous sections 7Λ -7·3 dealt with the utilization 
of hot spots for the directional control of solidification. 
We will now describe the harmful effects which can be 
produced together with suitable countermeasures which 
can be taken. 

Penetration of gas into the casting is often observed 
on the corners of thin-walled core sections in massive 
castings (Fig. 202), at the sand fillets between the casting 

F I G . 202. Gas penetration at 
the edges of thin-walled core 

sections. 

F I G . 203. Gas penetration bet
ween the casting and a blind 

feeder set in front. 

F I G . 204. Gas penetration 
on thin cores of thick-

/y walled bosses. 

and blind feeder in front of it (Fig. 203), an<^ o n t m n 

cores in heavy-section bosses and tubes (Fig. 204). 
This "sand fillet effect" was described some time 

ago(43). There are at least two contributory causes; 
different views are held as to their relative importance. 
The author considers the following explanation(44) to 
be valid: cooling is retarded at re-entrant sand corners 
by the hot spot, i.e. the time of solidification is prolonged. 
The adjacent cross-sections will therefore freeze earlier, 
so that the supply of metal to the points where cooling 
has been retarded is stopped. This leads to the produc
tion of cavities at these positions, which form a vacuum 
into which the atmospheric pressure, together with the 
gases evolved on casting, can penetrate into these ca
vities and produce "worm holes" (Fig. 205). Defects of 

FIGS . 205a-d. Hub and junction below the feeder head not syste
matically marked out with Heuvers circles; with the result that 
internal cavities are formed into which gases penetrate from the 
mould, leaving behind "wormholes". Shrinkage cracks are also 

formed. 
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this kind on the surface of the casting are also found 
frequently with other cavities which are not caused by 
sand fillets. 

An absolutely accurate theoretical calculation of the 
solidification time can only be made, if at all, with great 
difficulty and would be very time-consuming, because 
of the many factors involved; in particular, in the view 
of the author, problems of heat flow have not been 
satisfactorily solved. On the other hand solidification 
times can be calculated in a number of cases on the basis 
of very simple heat balance relationships between steel 
and moulding sand, without the use of higher mathe
matics, and with excellent agreement between calculation 
and experiment. 

7.4.2. THE HEATING OF PLANE CORE PLATES 
BY THE SUPERHEAT OF THE LIQUID STEEL 

In accordance with Fig. 206 a sand plate is preheated 
between steel walls by the superheat. The capacity for 
taking up the heat of solidification of the steel (later 
given up again) is thereby diminished, i.e. the effective 
cooling surface is reduced. 

is substituted, we obtain: 

TS x d x 1.4 rs x 3-37 
core n x d x 0.416 n 

This equation is represented in Fig. 207. 

(72) 

1501 

120 · 

BO 

40' 

20-

10 · 

& 
/ 

sol 

y 
* 

/ 

70 

/ 
' 

>> 

Y 

00 

/ 

/ 

. V /M 
/\ 

I / 

f 

/ 
/ 

' , / / / 

a x 
fc 

7 
A 

v i 

200 300 400 

? 
/ 

i 

600 

V 

y 

*-

& 
8001000 1500 

60 80 100 500 700900 
Core temperature after the superheat has been evolved, *C ·* 

F I G . 207. Temperatures of flat core plates after the superheat has 
been evolved. 

Λφ\\*Μ 

W\ 

l-tM-r-l-rf-! 

Base area 

1cm2 

^1 

F I G . 206. Heating up a sand plate 
between two steel walls. 

An imaginary parallelepiped element with a base area 
of 1 cm2 can be taken from a plane steel wall. Its super
heat S at a temperature (above the liquidus) of TS is 
given by: 

S = τ5 X Ssttel x Csteel x ysteel x dcm x 1 cm2 

= TS x 0.2 x 7.0 x dcm (69) 

where C is the specific heat and y the specific gravity. 
In the first place S\2 is drawn off to the outer and core 

side of the wall. Thus the core plate receives S/2 from each 
of the two steel walls, equal to the total superheat S. 
As a result the core temperature increases to: 

S(CSJL) 
core (°C) 

^sand X ^sand X Mem) 

Tg X i m ) X 1 4 
0.26 x 1.6 x T(cm) 

(70) 

in which the mean value of 0.26 for the specific heat of 
sand in the temperature range in question has been 
selected as a simplifying assumption. 

core thickness If the ratio n = steel thickness -Ύ (71) 

The temperature of the preheated core plate is now 
increased still further by the liberated heat of solidifi
cation L (^64 cal/g) until steel and core have reached 
the same temperature. The following assumption must 
be made for the calculation: 

The heat of solidification is given up uniformly during 
the solidification interval 

liquidus — ŝoiidus 0510 — 1480 = 30°C for average 
unalloyed steels) 

so that the amount of heat: 

/ = L/30 = 64/30 = 2.13 cal/g °C (73) 

is given up for each 1 °C fall in temperature. 
Practical results indicate that these assumptions are 

probably of the correct order of magnitude. 
Figure 208 illustrates diagrammatically the heat trans-

F I G . 208. Scheme of heat transfer and of the temperature rela
tionships in the system steel-sand. 
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fer from steel to sand, in which the temperature of the 
core plate is raised to a maximum rxy after which it 
absorbs no further heat. For each parallelepiped element 
(1 cm2 base) the following relationship holds true: 

(TIiquidus — τχ) x / X /steel X " 

= ( r x — rcore) X ^ s a n d X /sand X * 

From this and from equation (4): 

22500 + 1.4 x TS 

X ~~ 0 . 4 1 6 « + 14.9 

(74) 

(75) 

This equation is represented in Fig. 209, from which an 
average increase of 12°C in the core temperature is to 
be expected with an increase of 100°C in the superheat 
(above the liquidus point). 

1630r— 120 

\"° 
I 100 

90 

80 

70 

60 

3 50 

15tQ 

1 0.75 05 0.25 

I 

1430 40 50 60 70 80 90 1500 10 20 
^ Maximum core temperature x , , »Q 

F I G . 210. Relationships superheat/reduction of the cooling core 
surface with flat plate cores. 

FIG. 209. Relationship: maximum core temperature/steel superheat. 
FIG. 211. Reduction of the cooling surface of the core with in

creasing wall thickness, in flat core plates. 

7.4.3. T H E D E C R E A S E IN THE COOLING SURFACE AREAS 
OF CORE PLATES AS A R E S U L T OF H E A T I N G 

On attaining the maximum temperature τχ, i.e. when 
the transfer of heat to the core sand has been completed, 
the following proportion of the heat of solidification 
(A%) has been absorbed by the core plate: 

A% = Tliquidus ~ τχ χ 100 
30 ( °Q 

(76) 

The heat is derived proportionately from the surface 
of the casting (Chvorinov modulus principle, M = 
^(cm')M(cra!)) · 

This proportion of absorbed heat corresponds to the 
effective proportion of the cooling surface of the core. 
Equation (76) is represented in Figs. 210 and 211, in 
which the slight curvature was replaced by a simple 
straight line approximation. 

FIG. 212. Heating up a sand core in a steel tubular casting. 

7.4.4. CALCULATION OF THE COOLING ACTION OF CORES 
IN LONG TUBULAR B O D I E S 

This was determined by a method similar to that used 
in the previous sections. From a tubular element 1 cm 
in length (Fig. 212) the superheat: 
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S = — (D2 - d2) X y s t e e l X Q e e l X Ts 

= rs x 1.4 x j ( £ > 2 d2) (77) 

is given off; of this the amount escaping to the core, 
corresponding to the proportion of the internal surface 
area of the tube, is 

J i -
rs x 1.4 x π/4 x (£>2 - d2) 

the temperature of the core being thereby heated to 

s, 

(78) 

^core Qmd x 7s.nd x Ρπ\Α 

(79) 

This initial temperature rcore is increased to τχ by the 
heat of solidification which is now liberated: 

d) x d 
(80) 

rx) x / x ysteel x π/4(£> (Tliquidu 

= (τ, - rcore) x Cnna x ysand x d2n\A 

If // = <//Z> is substituted, then: 
(D -<Q (22500 + TS x 1.4) 

0.416 </+ 14-9 (£> - </) 
(1 - Λ) (22500 + TS x 1.4) 

14.9 - 14,484 n 

(81) 

(82) 

The proportion of the effective cooling surface of 
the core is determined from equation (76), in which the 
above value of τχ is substituted (Fig. 213)· 

It may be mentioned here that these equations are 
valid only for tubular castings; they do not apply to 

I 

1 

rings and discs having end faces with relatively large 

7.4-5. CALCULATION OF THE COOLING ACTION OF CORES 
IN SHORT TUBULAR BODIES (DISCS AND RINGS) 

The treatment given here refers to rings with the 
dimensional ratios H — Dj4y H = Dj2, H = D and 
H = 2D, but intermediate values can easily be inter
polated. The proportion of the core surface is reduced 
in accordance with Fig. 213, corresponding to the two 
end cooling surfaces. Figure 214 shows the course of 

F I G . 214. Geometrical proportion A of the core surface area to 
the volume of the cylinder. 

these proportion curves for various size ratios, in which 
the curves exhibit a typical maximum between n = 0.5 
to 0.6, which exerts a strong influence on the further 
values derived. 

The internal surface proportion St of the superheat is 
transmitted to the core, from which the core temperature 
with a complete transfer of superheat is calculated as 
follows: 

T « £ 
core QndXyM„d x (d*n/4)xH 

rS X Q e e l X y8teel * DZ * 2 

0.416 x d2jA x H 
D 1.4 x 2 
H 0.319 x H2 

(83) 

The preheated core section is now heated further to 
a temperature of τχ by the proportion of the heat of 
solidification which is absorbed, any further heat being 
transferred to the core when the temperatures of core 
and steel become equal. 

Similarly to equations (80), (81) and (82), we obtain: 
22500 x 2 + TW x 0.416 x Vcore 

FIG. 213. Effective cooling surface of cores and steel tubes. 0.416 x Vcore + 14.9 x 2 
(84) 
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According to equation (76), when τχ is known the per
centage effective cooling surface of the core can be deter
mined immediately. The results are represented in 
Figs. 215, 216, 217 and 218. 

Bild 14 2 ^ 130λ 

100\ 

3 eo\ 
* 

70] 

I eo\ 

30 

^ — 

— 

ών 
12 

Ring. 

vy 

Η-£ 

Ά 

Q2 0.22 0.2* 026 02Θ Q3 °·*2 α34 

F I G . 215. Effective cooling surface of cores in flat steel rings. 

0.2 °.32 W W <& 0.3 Φ* °f* °-x WQ/L 0<β 

F I G . 218. Effective cooling surface of cores in hollow steel. 
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7.4.6. RETARDATION OF THE SOLIDIFICATION PERIOD 
BY HEATING 

The reduction of the cooling surface areas by heating 
from the hot metal was determined in the previous sec
tions. Such a reduction of cooling area has the effect of 
increasing the modulus. 

Figure 219 represents the corresponding increase in 
modulus of closely adjacent cast steel plates, Fig. 220 

F I G . 219. Increase in the modulus of closely adjacent cast steel 
plates. 
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F I G . 217. Effective cooling surface of cores in 
hollow steel cylinders, H = D 

7* 

V/A 
h^ 

^ % T 
-0.4-

0 2 -
0.15-

0.1 
06 

L0.S 

1.4 I 1.6 

^K 
T RJ 

10 
12 

X 

22 

\ 

1.4 
1.6 

ss-
K 

ha 

1630 °C 

1590°C 

1550°C 

1510 °C 

1.6 
2.0 

H * 

Valid for closely 
adjacent plates 

The geometrical modulus of 
the casting must be increased 
by this factor 



100 Increasing the Thermal Gradient by Means of Mould Heating Fads 
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internal diameters. 
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Fig. 224. Increase in the modulus of hollow cast steel cylinders. 
H=2/D. 

the increase of modulus in tubes with a small core dia
meter, and Figs. 221-224 the modulus increase in the 
case of rings. In order to make the diagrams easier to 
follow for the practical foundryman, the size ratios of 
tubes and rings are shown to scale in several positions. 

7.4.7. CHECKING THE CALCULATIONS FOR TUBULAR 
CASTINGS BY MEASURING THE SOLIDIFICATION TIME 

Based on the modulus increase in tubular castings 
(see Fig. 220) the solidification time of these tubes was 
determined from equation (84) for different amounts of 
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0.22 0.5 065 086 10 1.33 

F I G . 225. Comparison of the calculated and actual solidification times in cast steel tubes. 

superheat and various ratios of internal diameter to tube 
thickness. The results are represented in Fig. 225-

It is logical and was known long ago that the heating 
effect increases as the casting temperature of the steel 
becomes higher. The size of this effect can be seen 
clearly in Fig. 225· A solid cylinder with radius r (as a 
limiting case) shows no theoretical increase in solidifi
cation time and very little increase in practice, compared 
with a plate of wall thickness w = r. With a ratio of 
d 0/r & 0.65 the increase in solidification time is a maxi
mum. However, the larger the core diameter and the 

thinner the surrounding iron wall, the more plate
like the tube wall becomes and the smaller the accu
mulation of heat: the solidification time again becomes 
shorter. 

American measurements(44) gave a curve at about 60 
to 75 °C superheat which agrees very well, except for 
the zero point. Our own random sample measurements 
were also in excellent agreement with the calculated 
values, and have been plotted in Fig. 225. The experi
mental layout used for these measurements is shown in 
Fig. 226. 
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F I G . 226. Measurement of the solidification time 
of hollow cylinders. Arrangement of the thermo

couple. 
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This measure of agreement makes it probable that 
the original assumptions on which the calculations were 
based were correct. 

7.4.8. RETENTION OF HEAT IN JUNCTIONS 

While the flow of heat from the region of stored heat 
can be neglected in closely adjacent plates and tubes, 
it must be taken into account in junctions. Only L-junc
tions can be calculated with reasonable accuracy from 
the stored heat alone, after making certain assumptions 
based on a heat flow model, while this method gives 
solidification times for T and + junctions which are 
too long. 

In Fig. 227 a heat flow model is assumed for L-)unc
tions with a wall thickness n>, in which the direction of 

\--W 

dx ^mm^: 

—X—dxr— 

Xt~n, · W 
Xt=ni -W 

FIG. 227. Heat flow model of an /.-junction. 

flow is vertical to the walls. At a distance x the amount 
of heat contained in a plate element w · dx is opposite 
to the inside of a sand element in the form of a strip 
(here also termed the core) x · dx. 

The inside portion of the superheat (St = Sj2) will 
first be conducted to the sand, as a result of which the 
sand element will be heated to a temperature Tcore x 

: the 
core will then take up the heat of solidification until the 
temperatures are equalized. 

If we substitute x = nx x w, the heat balance is 
expressed by: 

S\2 = w X dx x ysteel x Csteel X S 
= TCore x X ^sand X ySand * Πχ X W X dx 

from which: 
Tcorex = 1.685 x TS x \\nx (85) 

On absorbing the heat of solidification: 
(T, - rcore) x Csand x ysand x nx x w x dx 
= (Tiiquidus - rx) X / s t e e l X 7 s t e e l X *> X »x X 1 / 2 

from which: 
11250 + 0.416 x 1.67 x rs 

rx = ■ 7.45 + 0.416 x nx 
(86) 

sorbed, which is equal to the effective cooling portion 
of the core surface. These proportions, which are a func
tion of the superheat and of the distance x (or nx x w) 
give parallel straight lines in Fig. 228, having a slope 
of tana = 2.71. 
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FIG. 228. Cooling effectiveness of the inner side of ü-junctions 
at a distance n. 

This diagram shows immediately at what distance x 
(px.nx) the cooling action is once more equal to 100 per cent 
i.e. the distance at which the heat storage region ends. 
At TS = 40°C this region lies within nx = 0.42 (with a 
wall thickness of 100 mm, for example, this would cor
respond to a distance of 42 mm from the inside edge of 
the junction). By simple trigonometrical calculation of 
the boundary lines it is possible to determine the mean 
effective surface area within the heat storage zone; the 
results are reproduced in Fig. 229-
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The value of xx determined in this way gives in equa
tion (76) the proportion of heat of solidification ab-
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F I G . 229a. Limit of the region of heat retention in /.-junctions. 
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w h e r e / i s the prolongation factor of the solidification 
time. 

The modulus of body 2, which in this case is a flat 
plate of thickness wy is 

M2 = wj2y Ml = w2 x 0.25 

From this, and from Fig. 21 which gives the values of 
body 1 (of the junction),/ (which is thus the increase in 
solidification time compared with that of a flat plate) is 
calculated, and is represented in Fig. 231. Experimentally 

FIG. 229b. Mean cooling efficiency of the inner surface of L-junc
tions in the overall heat retention region. 
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FIG. 230. Geometry of the /.-junction. 

Figure 230 shows the geometry of L-junctions and 
the inside (geometrical) proportion of the surface area 
to the total volume. The thermally effective junction is 
limited to the heat retaining zone, as conditions similar 
to those obtained with a flat plate prevail outside this 
region. 

The inside (geometrical) surface area of the junction 
must be reduced by the effective cooling factor A from 
Fig. 228, so that the corrected modulus becomes: 

-^L-junctions 
2nx 

2[1 + (1 + A) x nx] (S7) 

Figure 21 (page 11) shows these moduli for various 
casting temperatures; this diagram also provides the 
data required for the feeder calculation. 

According to the fundamental Chvorinov equation (4), 
the solidification times T of two bodies 1 and 2 are 
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FIG. 231. Increase in the solidification time of Ζ,-junctions com
pared with flat plates of equal thickness. 

determined points(44) were plotted in this diagram, and 
showed good agreement. The values from the calculated 
curve may be higher than the actual results; this can be 
attributed to the fact that the heat flow is not entirely 
negligible. 

The cooling effect of the junction walls may also be 
of special importance, as these act as relatively thin 
cooling fins on the thick cross-section of the junction. 
The greater the difference in cross-section (or in modulus 
or in solidification time) the more marked the cooling 
effect becomes. This cooling action can only be calcu
lated approximately at present, so that the accuracy ob
tainable is insufficient for the purpose, and heat retention 
calculations will not be given here for Zand 4- junctions. 
Measured values will be found in Figs. 19 and 20 (see 
page 10). 

7.4.9. T H E IMPORTANCE OF THE HEATING EFFECT 
IN FEEDER CALCULATIONS 

(This section is of importance to the practical foundry-
man.) 

The modulus and hence the solidification time of 
closely adjacent plates and of tubes is increased by the 
heating action or heat storage at the sand fillets; the 
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solidification time of the feeder head must also be cor
respondingly increased. 

The empirical formula given by Nicolas(10) for the 
modulus relationship is well known [see page 39]: 

Mfeedcr * 1.2 x itfcasting (89) 

The starting point in determining the modulus is the 
geometry of the casting. This geometrical modulus can 
be physically increased by the heating effect, or — which 
gives the same result in the end —the compensating 
f a c t o r / = 1.2 of the above equation must be increased. 
Thus the simplicity of the geometrical modulus calcula
tion is ensured even when allowance is made for the 
heating of the casting. 

This compensating factor can be read off directly from 
Fig. 219 for closely adjacent plates, from Fig. 220 for 
tubes, and from Figs. 221-224 for rings. The simplicity 
of the method will be illustrated by two examples: 

1. Let two plates {iv = 80 mm) be separated by a thin 
core (Γ = 40 mm). The metal is to be cast as cool as 
possible, corresponding to about 1570°C in the ladle; 
allowing for a drop in temperature in the casting stream, 
this should give a temperature of 1550°C on entering 
the mould. It is required to determine the size of the 
feeder head. 

Calculation of the geometrical plate modulus is very 
simple; it is M = w/2, so that M = 8/2 = 4 cm in this 
case. 

The ratio n = T\w = 40/80 = 0.5 can be read off 
without calculation, similarly the compensating factor 
for the feeder head calculation, f m 1.6. The feeder mo
dulus must therefore be Mfetd1ir =* 1.6 x lasting = 
1.6 x 4 = 6.4 cm. 

In many cases the standardized feeder Tables 9-19 will 
be used; the following dimensions can then be read off 
without further calculation: 

Round feeder head: H = D 0 ** 390 mm 
Round feeder head: D 0 = 340 mm; 

H = 1.5 D** 520 
Oval feeder head (elliptical section): 

* = 315 £ = 472 / / = 394 
a = 279 b = 418 H = 524 
a = 274 ^ = 5 4 8 H = 411 

a = 243 b = 486 H = 548 
Blind feeder heads: 

D 0 = 345 H = 520 
D 0 = y\Q H = 620 

The large number of equally effective standard feeder 
heads which are possible shows clearly that this method 
is not rigid, but is very flexible in fulfilling practical re
quirements (most favourable placing of the feeder head, 
allowing for the box height and lateral position in the 
casting box). 

2. A fireclay core is to be placed in a tubular body 
(high wheel hub D 0 = 240, w = 80, d = 80, height 
H = 400). The casting temperature, as before, is to be 

1550°C in the mould. Because tubes are curved plates, 
the geometrical modulus can easily be established, 
M = w\2> or M = 4 cm in this case. 

The compensating factor of I.32 can be read off with
out further calculation from Fig. 218. The feeder mo
dulus must therefore amount to MF = I.32 x 4 = 
5.28 cm. As in the first example, the feeder head dimen
sions can then be read off directly from the tables: 

Round feeder head H = D 0 = 315 mm, 
Wt. = 170 kg 

Round feeder head D 0 = 280, H = 420 mm, 
Wt. = 180 kg, etc. 

Feeder heads calculated in this way combine maximum 
efficacy with maximum economic efficiency. Instead of 
these feeders exothermic feeder heads can be selected, 
the dimensions of which can also be read off directly. 

EXAMPLE 

The hub mentioned above, with MtcQmctri 
cai — 4 cm, 

weighs 125 kg; to this must be added every part ( ̂  40 kg) 
of the wheel disc which is fed from the hub, so that a 
total weight of 165 kg is to be fed. 

The correction factor for the geometrical modulus 
can be read off directly from Fig. 220; it amounts to 1.10, 
so that the true modulus Mittatt = 4 x 1.1 = 4.4 cm. 
From the diagrams for exothermic sleeve feeders an exo
thermic sleeve of the following dimensions can be derived 
without calculation: internal diameter = 170 mm, 
height = 240 mm, wall thickness = 35 mm. 

Figures 219-224 show very clearly the strong influence 
of casting temperature. Taking the example mentioned 
above of the hub, a compensating factor o f / = 1.425 is 
obtained at 1630°C, corresponding to a feeder modulus 
of MF = 1.425 x 4 = 5.7Ο cm, requiring one of the fol
lowing round feeder heads: 

Round feeder head H = D 0 = 345 mm, 

Wt. = 2 1 8 kg 

Round feeder head D 0 = 308, H = 460 mm, 

Wt. = 240 kg 
These feeder heads are larger and much heavier than 
before. Various cases of scrap due to the formation of 
shrinkage cavities with unnecessarily high superheat can 
now be explained. Understandably it is not unusual when 
this happens to go to the other uneconomic extreme 
and increase the feeders to far beyond the correct dimen
sions. Both errors can be avoided if the true casting 
temperatures are prescribed, at least approximately, and 
maintained. 

7.4.10. APPROXIMATE H U B CALCULATIONS 

IMPORTANT FOR PRACTICE 

The results so far obtained and the examples given 
in the previous sections enable very accurate calculations 
to be made. These in turn enable the limits of validity 
for use in works practice to be laid down. It was men
tioned on page 7 that if the core diameter */was less 
than ~ 0.27-0-3 D, the hub modulus can be calculated 
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as for a solid cylinder. This also allows with safety for 
the effects of high casting temperatures. Moreover, 
hubs are normally massive bodies or sections of castings. 
The necessary compensating factor in the feeder 
calculation need only be / ^ 1.1, because of the 
solidification geometry. As, however, a factor o f / = 1.2 
is always used in practice, this also constitutes a con
siderable additional measure of safety. 

7.4.11. SPECIAL FEATURES OF THE HEATING EFFECT 
IN THE PLACING OF BLIND FEEDER HEADS 

IMPORTANT FOR PRACTICE 

As shown in Fig. 203, sanc* fi^et effects, i.e. gas pene
tration, often occur at the ingates of blind feeders. The 
sand tongue between the feeder and the casting is geo
metrically not simple. However, it can be treated ap
proximately at the critical (narrowest) positions as a flat 
sand plate, so that the feeder (ingate) can first be simul
ated by a plate having the same solidification period. 
The modulus of the feeder head (feeder = 1,2 x lasting) 
is known, and hence the thickness iv of the simulation 
pla t̂e. 

Mplait — #>/2, from which: 
w — 2 -M s i m u l a t i o n p l a t e = 2MUcder 

= 2 X 1.2 X l a s t i n g = 2.4 l a s t i n g (90) 

The length of the feeder ingate should be so selected 
that no undesired gas penetration occurs. The compen
sating factor should not therefore exceed 1.2 in any 
circumstances. Consequently the ratio n = sand thick
ness/plate thickness = T\w can be read off directly from 

8.1. The Formation of Artificial End Zones by the 
Use of Chills 

IMPORTANT FOR PRACTICE 

Because of its cooling action solidification begins 
earlier at the surface of application of a chill than in the 
adjacent cross-section. The solidification front will there
fore advance at this position, i.e. it will be "dished" 
(Fig. 232). The solidification wedge produced in this way 
is equivalent, according to Pellini(21), to the solidification 
wedge of a natural end zone (see Chapter 3), so that an 
artificial end zone is formed by placing chills between 
two feeder heads (Fig. 233). As a rough guide it is true 
to say that each chill replaces a feeder. As, however, end 
zones are longer than feeder zones, the actual relation
ships are more favourable. The savings in feeder metal 

Fig. 217 for various superheats. For example, 
at 1550°C n = T\w = 0.8 and T = 0.8 w 
at 1590°C» = 0.9 T = 0.9 w 

and for the most usual superheat of about 100°C: 
1630°C» = 1.0 T=»> 

Hence the most suitable feeder distance T is obtained 
from equation (90): 

T = W = 2.4 X lasting (91) 

EXAMPLE 

Plate-like casting 60 mm thick 
lasting = 6/2 = 3 cm 

Feeder distance T = 2.4 x 3 = 7-2 cm at the narrowest 
point. 
or: 

The calculation of another casting has given a feeder 
modulus MT = 5 cm. The feeder distance according to 
equation (90) should therefore be T = 2MF = 10 cm. 

The opinion is often expressed that the feeder ingate 
could be made thinner because of the above-mentioned 
heating effect. The danger of this in practice must be 
pointed out forcibly, because the heating effect fluctuates 
very strongly with the amount of superheat. The steel 
temperature cannot be adjusted so accurately that the 
heating effect and hence the desired reduction in the 
ingate section can be kept constant. Only a negligibly 
small saving in steel can be achieved by such a reduction, 
which cannot in any way be set against the increased 
risk of scrap arising from shrinkage cavities. 

Distance from centre of chill, mm 

100 50 0 50 100 150 200 250 

F I G . 232. Advance of the solidification front and its constriction 
near the chill(21>. 

C H A P T E R 8 

INCREASING THE THERMAL GRADIENT BY EXTERNAL COOLING 
(IRON CHILLS) 



106 Increasing the Thermal Gradient by External Cooling 
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artificial end zone is formed by placing chills between 
two feeder heads (Fig. 233). As a rough guide it is true 
to say that each chill replaces a feeder. As, however, end 
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point. 
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The calculation of another casting has given a feeder 
modulus MT = 5 cm. The feeder distance according to 
equation (90) should therefore be T = 2MF = 10 cm. 

The opinion is often expressed that the feeder ingate 
could be made thinner because of the above-mentioned 
heating effect. The danger of this in practice must be 
pointed out forcibly, because the heating effect fluctuates 
very strongly with the amount of superheat. The steel 
temperature cannot be adjusted so accurately that the 
heating effect and hence the desired reduction in the 
ingate section can be kept constant. Only a negligibly 
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risk of scrap arising from shrinkage cavities. 

Distance from centre of chill, mm 

100 50 0 50 100 150 200 250 

F I G . 232. Advance of the solidification front and its constriction 
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100 200 300 200 100 
Distance from feeder head 

| mm \ chut 
75x75 Bar 75x75 

FIG. 235. Mould of a wheel with artificial end zones between the 
spokes. 

FIG. 233. Artificial end zone formed by placing a chill on a bar(21). 

FIG. 234. Turntable with artificial end zones and exothermic feeder 
heads. 

F I G S . 236 a-c. Gear coupling 
disc with blind feeder heads and 
artificial end zones. 
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a 

a 

b 

F I G S . 237a and b. Coupling boss with blind feeder heads and 
artificial end zones. Side boss feeder. 

F I G S . 238a and b. Piston cover with atmospheric feeder heads 
and artificial end zones. b 

F I G . 238c F I G . 238d 
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are substantial. Examples are shown in Figs. 234-239. 
Artificial end zones on plates, which are formed by 

placing a chill between two feeder heads, are longer by 
about 50 mm than the natural end zones according to 
Fig. 48 (page 20) because of the steeper thermal gradient. 
Consequently, the values derived from Fig. 48 are in
creased by about 50 mm, irrespective of the plate thick
ness. (To increase the chance of success the author re
frains from making use of this addition in most cases. 
This does not imply any doubt that the above-mentioned 
addition of 50 mm is correct, but experience has shown 
that the moulder often does not place the chills exactly 
at the correct position, but displaces them somewhat 
to one side. It is always a good thing to have something 
in reserve in such cases.) 

The elongation of the end zone by chills is also found 
in the case of bars, but it is very slight, and is again 
ignored on safety grounds. 

According to Pellini(22) the thermal gradient and hence 
the feeding range can be increased still further in bronze 
castings by applying wedge chills (Figs. 240, 241 and 
242). Long wedge chills are not employed with steel 

Feeder head 

insulated with gypsum I 

Wedge chills 

F I G . 240. Cooling cast gunmetal bars and plates with double-
tapered wedge chills (after Pellini)(22). 

FIGS. 239 a and b. Locomotive wheel centre, (a) without and 
(b) and (c) with artificial end zones. With this order alone the 
method used in (b) and (c) gave a saving of £ 2500 in melting costs. 

Insulated feeder 
I head 

F I G . 241. Placing wedge chills on a cast gunmetal ring (after 
Pellini)<22>. 
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Feeder head insulated with 

F I G . 242. Placing wedge chills on a cast gunmetal cylinder (after F I G . 244 b. End zone prolonged in stages by placing chills on 
Pellini)(22). three sides of a bar. 

F I G . 243. Distribution of large wedge chill areas on steel castings. 

castings, however, because of the risk of cracking, and 
the wedges must be subdivided as shown in Fig. 243· 

The author used a similar method with success several 
years ago, in which the artificial end zones are lengthened 
in stages by applying chills to plates and bars on two or 
three sides (Figs. 244 and 245). Some surprising possi- B G 2 ^ ο ή ^ χ m e t h o d rf m o u l d i n g a h o u s i n g H e a v y p e n e 

bihties are illustrated in Figs. 246-251 · tration of steel into the core. 

F I G . 244 a. The artificial end zone can be extended by means of F I G . 245 b. Improving the method of moulding by rounded feeder 
chills placed on two sides. head and utilization of natural end zones on the flange. 
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F I G . 2 4 5 C and d. Cooling the ring by means of extended end zones, 
thereby eliminating the hot spot in the core and the associated 

penetration of steel. 

F IGS . 247 a and b. Gear blank with only two rim feeder heads with 
shoulders and with extended artificial end zones. Boss feeder on 

one side. 

i*fe\V.· 

F I G . 246 a. Boss with internal gear, fed with only one feeder head 
and extended artificial end zones. 

F I G . 246 b. Thick-walled coupling collar with internal gear, fed 
by only one feeder head. 

Scheme of solidification 
A step effect is obtained 
by placing chills on both 
sides 
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FIGS. 248a and b. Gear rim with two rim feeder heads. Effective 
range increased by shoulders. Extended artificial end zones. 

F IGS . 250 a and b. Brake drum. Atmospheric feeder head and arti
ficially extended end zones at the flange. Boss feeder on one side 

and artificial end zone on the boss. 

F I G . 249. Crane wheel with extended artificial end zones and feeder 
heads, the effective range of which was increased by shoulders. 

F I G . 251a 
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FIGS. 251 a-c. 12-t ring casting with extended end zones, ultra-
sonically sound. Fed by 4 exothermic feeder heads (see Chapter 12), 

yield 9 1 % . 

FIGS. 252a and b. End zones on turbine housing flanges extended 
by chills. Fed by central feeder head with exothermic cap. (By 

courtesy of Sulzer Bros. AG, Winterthur, Switzerland.) 

Ca.O 2 W 

If round bodies are classified into groups according 
to diameter, and designated by A, B, C, etc., the chills 
can be standardized. D 60, for example, indicates a chill 
60 mm thick, which can be applied from outside or in
side or below, to all round castings with diameters 
ranging from 900-1300 mm (Fig. 252). The dimensions 
of the chills, based on practical experience, are given 
in Table 26. 

T A B L E 26. PRINCIPAL D A T A OF STANDARD CHILLS 

Mark 

A 
B 
C 
D 
E 
F 
G 
H 

J 
K 
L 

R 

0 0 

800 
550 
350 
250 
190 
140 
100 

70 
50 
40 

Applicable for 
diameters 

from 

130 
680 
420 
280 
220 
160 
120 
175 
118 
90 
70 

to 

0 0 

1300 
680 
420 
280 
220 
160 
250 
175 
118 
90 

W 

60 
60 
60 
50 
50 
40 
40 
25 
25 
20 
15 

H 

130 
120 
100 
90 
80 
70 
60 
50 
50 
40 
30 

Area 
ca. 

cm2 

166 
146 
99.8 
78.3 
62 
49 
35 
25 
19 
15 
8 

Weight 
kg 

9.75 
9.15 
6.3 
4.5 
3-45 
2 
1.4 
0.7 
0.5 
0.34 
0.14 

Example: Notation for a standard chill to be placed on a wheel 
rim of 970 mm diameter will be: B 60. 

DS 8 
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8.2. Measures Against Cracking Taken by the Use 
of Chills. Cooling of Junctions 

IMPORTANT FOR PRACTICE 

Hot tears in castings are produced at those positions 
which remain hot longer than adjacent cross-sections. 
While the cross-sections which have already solidified 
undergo a thermal contraction, the elongation and tensile 
strengths of the solid casting are still insufficient to 
withstand the stresses imposed upon them and hot tears 
are produced. By placing chills the cooling of such thick-
walled positions is accelerated, and equalized with that 
of the thinner adjacent sections, thus reducing the risk 
of hot tears. 

F I G . 253a. Some common standard chills. 

Straight 
face 

Curvature 2 

Curvature 3 

Chill with various contact radii 
according to Table 26. 

Fillet chills. This type has a larger 
heat-storage capacity than, for ex
ample, a circular chill, and so has less 
tendency to weld up, particularly 
with massive junctions. 

Wedge chills. By attaching wedge-
shaped "cooling pads" the risk of 
cracks forming between the chills is 
lessened. Each of the four surfaces 
of contact has a different radius of 
curvature, making the chills univer
sally applicable. 

Hexagonal chill for absorbing larger 
amounts of heat from massive cast
ings. 

Hollow channels at junctions are especially dangerous 
in this respect, and the use of (standardized) chills as 
shown in Fig. 253 counteracts the hot spot caused by 
the sand fillet effect; by forming a solidified surface zone 
the danger of cracking can be minimized (Fig. 254). The 
formation of a shrinkage cavity in the hot centre of the 
junction cannot always be prevented in this way, but 
can usually be made more or less harmless. 

Uncooled and cooled junction area 

Almost completely 
sound 

FIG. 254. By the use of fillet chills the uncooled junction circle 
should be reduced only to a diameter corresponding to that of the 
wall circle. The risk of cracking is reduced by eliminating the 

hot spot. 

Figures 255-257 show arrangements of chills and cool
ing patterns at intersections with the aim of inhibiting 
the formation of shrinkage cavities. L- and T-)unctions 
can be made satisfactorily sound; this can only be 

Required cooling curve I Circle of uncooled junction 

Actual cooling curve 

F I G . 255 a. Cooling a Γ-junction by means of an end chill. 

Constriction in feeding section 
due to rammed chill 

F I G . 255b. Casting sound junction and reducing risk of tears by 
FIG. 253 b. Common types of standard chill. using extended chills. Defects caused by external chills on junctions. 



Measures Against Cracking Taken by the Use of Chills 115 

Large 
cavity 

Hot spot due to the 
conduction of heat to 
the sand fillet causes 
an increase in the circle 

Shrinkage cavity 
1. Incorrect 

Chill' 

2. Correct 

Cavity 
diminished 

Junction recessed circle 
decreased and risk of 
shrinkage cavity diminished; 
but not entirely removed 

Practically-
free of 
cavity 

By weakening the central fin 
the junction is almost comp
letely resolved. No weakening 
of the construction, as the 
cross-section can be considered 
to be solid and free from cavities 

F I G . 256 b. Making sound cross castings. 

The residual cavity has no significant effect on strength. Cross -f junction (3) 
usually found in association with wells. 2. Making reliably sound junction, 

after Krestscbanovski{23). 
By calculating internal chills (Chapter 11) together with the use of (external) 

chills these sections can also be made satisfactorily sound. 

F I G . 2 5 5 C. Resolving Γ-junctions 

Circle of 
uncooled junction 

Almost completely 
sound 

Natural cooling] 
zone 

Constriction 
mostly 
insignificant 

Natural cooling 
zone 

Satisfactory 

Almost 
satisfactory 

F I G . 256a. Alternative methods of cooling L-junctions by means 
of chills. 

FIGS. 257 a and b. Attaching fillet chills so as to reduce the risk 
of hot tears. 

Fillet chill with a low heat-storage capacity. It can prevent the sand fillet 
effect to some extent, but frequently fuses on to the casting due to high 

thermal stresses. 
Improved fillet chill with a high thermal capacity. Does not fuse on, 
constitutes a more intensively solidified %pne than the adjacent section, and 
fundamentally improves the feeding conditions at the change of section. 
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F I G S . 2 5 7 C, d and e. Use of fillet chills. 

F I G . 2 5 7 C. Various correctly designed fillet chills. 

achieved at + junctions by the use of insulating pieces(23) 

or internal chills. However, the residual cavity does not 
impair the strength of intersections cooled on four sides, 
because the cavity is formed in the neutral axis. 

It is especially important with external chills at T-junc
tions that the chills are not rammed as in Fig. 255 c, 
but must be placed at the correct position. The patterns 
must be accurately dimensioned, as junctions are usually 
formed by fitting cores later, so that the position of the 
junction cannot be seen from outside by the moulder. 
The dimensioned patterns are then marked out with an 
indelible colour (not with chalk!). 

The method shown in Fig. 255 c is safer, where junc
tions are resolved by retracted walls. If this is practicable 
in specific cases from the point of view of moulding 
technology, consultation with the engineer is recom
mended. Occasionally very unfavourable + junctions 
can be resolved to T-junctions, the T-junctions being 
made safe by the methods shown. Considerable increases 
in strength are possible by this technique. 

The connection wheel rim-wheel disc also represents 
a junction. With a suitable disc thickness the feeder head 
to the rim can be omitted (Fig. 258) if the junction is 
cooled as shown. 

F I G . 257d 
(Courtesy Suiter Bros.) 

F I G . 257e b 
FIGS . 257 d and e. Use of fillet chills to produce sound joints. F IGS. 258 a and b. Junction wheel disc-wheel disc cooled by chills 

Flange/blade in turbine rotors. The whole wheel is fed by a simple side feeder head. 
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8.3. Porosity at the Point of Attachment of Chills 

8.3.I. POROSITY CAUSED BY CHILLS 

If "worm holes" occur at the surface of contact 
(Fig. 259) and are driven deep into the casting as elon 
gated blow holes, the cause can be porosity of the chil-

itself (Fig. 260). The air entrapped in the chill surface 
expands considerably in contact with the liquid steel 
and penetrates into the casting. Another very frequent 
cause of porosity is a residue of rust or scale on the 
surface of the chill, which reacts with the carbon in the 
steel according to : 

FeO + C -> CO + Fe 

or F e 2 0 3 + 3 C -> 3 CO + 2Fe 

so that locally refined, low-carbon steel is formed. Be
cause such steels are readily welded, the chills often 
become welded on at these positions (Fig. 261) which 
should always act as a warning signal. 

FIGS. 259a and b. A test was carried out by placing a shot blasted 
and a scaled chill on the same casting. The gases at the scaled chill 
led to the formation of wormholes on the surface of the casting. 

The pores were up to 40 mm deep 

Casting 

Chill 

F I G . 260. The air in the pores of the chill expands in contact with 
the liquid steel and forms blowholes extending far into the casting. 

FIGS. 261 a and b. Welded-on chills often signify unsatisfactory 
cleaning of the chills, leading to porosity. 

Because of the air gap which is formed, the chills be
come scaled to a greater or lesser extent each time they 
are used, and they must be sand blasted after each opera
tion. Tumbling is not sufficient, as the scale is only 
polished without being removed. Large chills can be 
ground clean. The bright surface is then protected 
against further rusting by applying a coat of varnish 
(before ramming into the mould). Because they evolve 
gas, tar lacquers are not as satisfactory as aluminium 
bronze, such as is used for "s i lver ing" furnace tubes, 
etc., and which is suspended in an alcoholic solution 
of resin in the proportion of 1 : 5 to 1 : 8. 
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As chills must not be made as low-grade, defective 
castings, they must be fed methodically. Figure 262 shows 
a chill layout forming a stepped wedge which can be 
fed by a single feeder head. Individual chills or a line of 

F I G . 262. Chills of different sizes can be cast together to form a 
stepped strand. Each strand represents a stepped wedge which 
can be fed from a single head. Several such strands can be attached 

to one feeder head. 

chills can also be added to other castings, according to 
the space available. 

The material used is steel, as high in carbon as possible 
so as to be resistant to wear; such steel chills can often be 
used indefinitely. Cast iron has not proved satisfactory, 
as oxidation penetrates into the interior along the gra
phite plates and leads to porosity after repeated use. 
Graphite and silicon carbide can also be used for chills; 
reference will be made to this later. 

8.3.2. A I D S IN RECOGNIZING POROSITY ARISING 
FROM THE MOLTEN STEEL 

IMPORTANT FOR PRACTICE 

A satisfactory casting technique and first-class metal 
are associated with the production of good quality steel 
castings. Defects arising from steel quality are often not 
recognized as such, and a misdirected attempt is made 
to eliminate them by improved moulding techniques. 

The author found that porosity in steel castings (ex
cept for cavities or micro-porosity associated with shrink
age) is caused mainly by oxygen(24), so that it disappears 
with a satisfactory deoxidation treatment (the addition of 
aluminium). 

During solidification the residual liquid between the 
crystallites becomes enriched in ferrous oxide and carbon 
as a result of segregation processes. This residual liquid 
steel is displaced towards the interior during slow solidi
fication, and equalization of composition with conse
quent dilution of the harmful impurities is possible. With 
rapid solidification segregation is accelerated, the residual 
liquid is trapped by the quickly growing dendrites and 
the equalization of composition by diffusion becomes 
more difficult. The reaction: 

FeO + C -* CO + Fe 

commences, and peripheral blowholes (pinholes) are 
formed at positions where solidification is rapid. 

All such locations (edges, corners, thin plates, etc.), 
are particularly exposed to this danger with insuffi
ciently deoxidized steel, because their rate of solidifica

tion is }2 = 1.41 times greater than at the remaining 
positions (Fig. 263). 

The rate of solidification at chill surfaces is about twice 
the rate at a corresponding area of sand (Figs. 264a-b), 

a 

b 

FIGS . 264 a and b. When the steel melting practice is unsatisfactory, 
porosity occurs preferentially at all positions with a higher solidi

fication rate, such as fins, fillets, pattern numbers, etc. 

*% 

4*. 

X 
F I G . 263. More rapid growth 
of the solidified layers on the 

corners of a casting. 
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so that sharply defined zones of porosity can also be 
formed at these positions (see the radiographs illustrated 
in Figs. 265 a-b). 

FIG. 265 a. Sharply delineated zone of porosity under a ring chill. 
Porosity was also found on the same casting at thin sections with 

a high rate of solidification. 

F I G . 265 b. Sharply delineated zones of porosity underneath the 
chills of a flange. The flange also showed porosity at the remaining 

parts of the edge where no chills were attached. 

Careful examination of such castings almost always 
reveals porosity in other positions. Due to the thick 
chilled skin under the chill, blowholes are often found 
several mm below the surface, are not visible from the 
outside, and appear after machining in the form of 
silver-white blowholes (Fig. 266) similar to the subcuta
neous blowholes found in rimmed steel ingots. 

F I G . 266. Pore zone at the surface of attachment of the chill. 
Porosity can also be observed at all other positions (edges) which 

also have a high solidification rate. 

In some cases the use of chills has led to modifications 
in melting practice and an improvement in steel quality. 

Porosity of this kind is often attributed to hydrogen 
without further examination being made. Undoubtedly 
the steel can become charged with hydrogen as a result 
of faulty melting practice, such as an inadequate boil, 
the use of damp fluxes in the finishing period, prolonged 
holding after the boiling period under an inactive slag, 
frequent opening of the furnace door in the finishing 
period, etc. Even a damp ladle or stopper can cause 
hydrogen pickup, because residual water vapour is forced 
into the steel due to the low gas permeability of the 
ladle lining. 

Hydrogen is taken up by the steel only to a very 
small extent from the actual mould. As a matter of in
terest, this small pickup of 2 to 3 ml H2/100 g Fe is of 
the same order of magnitude whether the metal is cast 
in chills or in dry or green sand moulds, as shown by 
measurements reported in the literature(45 4β). (Only-
hydrogen absorbed between the casting stream and the 
mould should be taken into account in these measure
ments.) This small pickup of hydrogen from the mould 
materials was confirmed by indirect measurements(24) 

and by direct measurements by Heide(25) (see Fig. 267) 
in which a strong temperature dependence is clearly 
recognizable. 
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of gas-generating impurities the fractured surface shows 
unmistakable porosity (Fig. 269 a-c). This test can also 
be used to follow the enrichment of the steel in unwanted 

F I G . 267. Increase in the hydrogen content of a steel due to casting 
in bentonite-sand moulds. After Heide(25). 

Pinholes cannot be produced experimentally from the 
increased water content of green sand moulds. In experi
ments of this kind a reference casting must always be 
cast at the same time from the same melt in a standard 
mould, in order to be able to recognize a defect caused 
by the steel, and not to attribute it erroneously to the 
experimental casting. With 8-9 per cent of water in the 
mould-sand gas holes begin to be formed, but these are 
not to be confused with pinholes. 

Satisfactory melts (well deoxidized, and not charged 
with hydrogen) can also be cast into green sand moulds 
of low gas permeability (60 to 70 units measured on the 
GF apparatus on test pieces 50 mm 0 x 50 mm h). 
With melts which were intentionally deoxidized in
completely, it was found that all the resulting castings 
were porous, but that porosity was more severe in 
experimental castings made from sands of lower gas 
permeability. Beyond a gas permeability of hundred 
units, however, no further difference could be observed. 
Hence a gas permeability of at least hundred units is to 
be recommended for facing sand and backing sand. 

A very sensitive test for checking the susceptibility of 
the steel to porosity is shown in Fig. 268. The test piece 
is moulded at the furnace in green sand (dry core as
sembly moulds are unreliable) cast with a hand shank 
and fractured at the notch. Even with low concentrations 

FIGS . 269a and b. Appearance of the fractured surface with a steel 
sufficiently low in gas content. 

F I G . 268. Test piece for the rapid determination of the gas content 
of steel. 

The sample is cast in a green sand mould (~ 5% Η20), which is rammed 
immediately before casting. The mould must not in any circumstances be 
dried or manufactured from cores. Immediately after casting the test piece 

is quenched in water and broken with a powerful hammer blow. 

F I G . 2 6 9 C . Appearance of the fractured surface of steel with h gh 
gas contents. 

The test piece is fairly sensitive and indicates even low gas contents at a 
harmful level. However, the sample gives no indication of the origin of 
the gases, whether these are H2, C02 or N2, for example, or are of an 

organic nature {methane). 
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impurities during the melting and casting processes, i.e. 

1 st sample from the furnace, after final deoxidation. 
Time: immediately before tapping. 
2nd sample from the ladle. Time: before casting. 
3rd and 4th samples during casting, taken in the 
casting stream. 

8.4. Tears at t he Points of At tachment of Chills 

8.4.1. CRACKS ATTRIBUTABLE TO THE CHILLS 

IMPORTANT FOR PRACTICE 

The metal solidifies first at the face of the chill, and 
also begins to contract there. The metal is still viscous 
at the sand surfaces, and is unable to withstand the con
traction pull, with the result that tears are produced, 
according to Pellini(21) (Figs. 270a-b). 

Separated low-strength liquid 
films in the zone of highest 
tensile stress. 

F I G . 270 a. Formation of hot tears at the end of the chill due to the 
breakage under contraction of liquid films(21). 

The contraction of the surface area of a chill should 
not therefore exceed the (very small) thermal expansion 
of the sand surface, if cracks are to be avoided. By sub
dividing large chill surfaces into several small ones the 
contraction pull per chill surface area is diminished 
(Fig. 271). The length of the chill should be about three 

*&A^ ??<& *Φ<£*' **&<&. ''φ'Φ/'/' 

FIG. 271. By subdividing large chills into several smaller ones the 
contraction pull of the solidified steel layer at the surfaces of 
attachment of the chills can be diminished and the danger of 

cracking thereby reduced. 

to four times that of the thickness of the wall to be 
cooled; the dimensions of the standard chills were ad
justed with this in mind. The buffer of moulding material 
between the chills should be approximately equal in 
length to the chill, but in exceptional cases half the chill 
length is sufficient. 

The thermal expansion of the metal at the buffer is 
improved when instead of the usual moulding sand (or 
fireclay) a material of higher thermal conductivity (mag-
nesite, zircon, silicon carbide) is applied; this also has 
the effect of accelerating cooling (Fig. 272). The distance 
between the chills can then be reduced. For more details 
see Chapter 10. 

F I G . 272. Moulding materials with a greater chilling action reduce 
the risk of cracking at the ends of the chill. 

F I G . 270 b. Lugs in housing wall, cast sound by the use of ring chills. 
Tears resulting from contraction pull. 
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The position of the chills on the casting must be such 
that the existing, substantial contraction stresses are not 
intensified. The contraction of ring castings requires a 
corresponding collapsibility of the internal core. This 
depends on the rapid burning-out of the organic con
stituents of the sand. Chills incorporated in this type of 
core first store up the heat, i.e. the sand burns incom
pletely in their vicinity and does not yield; this intensifies 
the contraction stresses and can lead to tears (Fig. 273). 

F I G . 273- Formation of hot tears due to chains of chills in the 
core. Remedy. 

Hot tears at the chain of chills Compensation of contraction in-
in the enclosed core due to in- hibitions and prevention of crack-

hibition of contraction. ing by placing flexible materials 
{for example tow or straw) 

behind the chills. 

Individual chills in the core are harmless as a rule; chains 
of chills are better incorporated in the mould (Figs. 244, 
245). If they cannot be avoided in the core, then straw 
rope, etc., must be placed behind the chills (Figs. 273, 
274). 

F I G . 274. Preventing the formation of hot tears by transferring the 
chain of chills to the outside or below. 

Preventing the formation of hot 
tears by transferring the chain 
of chills to the outside. Indi
vidual chills in the core or ball 

are harmless as a rule. 

Preventing the formation of hot 
tears by transferring the chain of 
chills to the outside or below. 

Incorrect 

Correct 

F I G . 276. Formation of hot tears on chills which are clamped 
between projections, ridges, etc. 

If chills between projections cannot be avoided, suitable levels must be 
provided so that the chill can "creep" during contraction. 

Chills should not be clamped in, either by unsatisfac
tory ramming (Fig. 275) or by projections (Fig. 276); 
otherwise tears are unavoidable. It is an advantage to ram 
in the chills rather than insert them subsequently. 

8.4.2. CRACKS AT THE POINT OF ATTACHMENT OF THE 
CHILL, ATTRIBUTABLE TO THE STEEL. ADVICE ON THE 
CONTROL OF THE STEELMAKING PROCESS TO PREVENT 

SUCH CRACKS 

IMPORTANT FOR PRACTICE 

Because of the many impurities contained in it, espe
cially sulphur, Bessemer steel is very susceptible to hot 
tears. However, even satisfactorily desulphurized heats 
from the electric arc furnace show at times a marked 
tendency to hot tears, without any recognizable cause 
related to the chemical composition. 

According to Pellini's film theory, ferrous oxide and 
manganous oxide segregate at the grain boundaries of 
the crystallites, forming a low-strength layer at which 
the casting cracks even during solidification. The liquid 
deoxidation products also act in the same direction, if 
they had not time to separate in the ladle, or if they only 
form in the mould during casting. According to the 
author's experience, porosity and susceptibility to hot 
cracking are often found together, which also indicates 
unsatisfactory deoxidation of the steel. 

Heats worked as follows were much less liable to pro
duce hot tears: Pre-refine at a low temperature, and slag 
off" (phosphorus elimination); final refining at as high 
a temperature as possible, with the minimum addition 
of ore or oxygen. At about 0.1-0.14% C the bath should 
not be boiled vigorously, and should not be refined below 
this level. Work up a white slag with carbon only, then 
pre-deoxidize by additions made in the following se
quence: aluminium (immerse completely), silicon and 
manganese. Hold for as short a time as possible. Before 
tapping add silicon and manganese as required, and 
again immerse aluminium (1-1.2 kg Al/t). The casting 

F I G . 275. Formation of burrs on chills as a result of slipshod 
ramming, with consequent hot tearing. 
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should contain 0.035-0.04% Al. By working the heat 
in this way the bath is not over-refined, a high proportion 
of the oxides is removed as CO, the remainder being 
transformed to a harmless form, and the aluminium con
tent is adjusted to the value where hot or cold cracking 
is least likely and the tendency to porosity is reduced 
to a minimum. 

Chains of chills can therefore be used successfully with 
steel of a satisfactory quality. With Bessemer steel the 
use of individual standard chills of normal width leads 
to cracking, but here also artificial end zones can be 
formed with steel chills with an approximately rec
tangular cross-section. The use of modern operating tech
niques in the moulding shop also involves examining 
the relationship of steelmaking factors to the tendency 
to crack formation. 

8.5. Principles of Calculating External Chills 

(Sections 8.5-1-8.5-8 need not necessarily be studied 
by the practical foundryman.) 

8.5.1. G E N E R A L 

The time taken for a casting to solidify should be 
reduced by the use of chills. Part of the superheat and 
the heat of fusion must therefore be taken up by the 
chills, and this absorption of heat must also take place 
during a certain time —up to the end of solidification. 
Both conditions must be fulfilled. 

A study of Sections 8.5-2-8.5-7 is desirable for a better 
understanding of the subject, but it is not absolutely 
necessary. Section 8.5-8 summarizes the results, without 
going into the underlying principles in detail. 

8.5-2. T H E A P P A R E N T R E D U C T I O N IN VOLUME 

A casting with the volume V0 should show the same 
diminished solidification time as a casting with the 
smaller volume V^. The amount of heat corresponding 
to the difference in weight = (V0 — Vr) x γ x (L + S) 
should be taken up by the applied chills. Hence the chills 
produce an apparent reduction of volume. 

According to the heat balance: 

amount of heat to be drawn off (kcal) . N 
[jj7 = v ' (02) 

ch amount of heat to be absorbed (kcal/kg) 
or: 

<V· - K)Y(L + J ) = «P'.h Χ ' Λ Χ ' (93) 
from which: 

vrct 

In order to simplify the calculation we have: 

v, v0- K 
1 

V0A0 ° AJM0 

_ M0-Mr 

whence according to Nicolas(10): 

4h x c 
x V 

M0 - Mr 

ΜΛ 

At an average superheat temperature of 1550°C and 
an assumed chill temperature of /ch = 600°C at the com
pletion of solidification, we obtain with sufficient ac
curacy: 

M0-Mr 
^ κ = 7 . 4 Κ 0 -

Mn 
(97) 

The corresponding numerical values can be read off 
from Fig. 277-

10 

k 6 
' 5 

Weight of chill in g/cm3 VQ or in kg/I VQ 

6.5 5.5 45 35 25 15 05 
7 6 5 4 * ° 3 2 1 0 
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/ /s 

t/.v/fiiy W0^ <0^ 
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'/,. 
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//'Λ 
S/Ys 
s^ \ 

-/^ \ 
i 

1 

// 7~7\ 

I 
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Mr (cm) —** 

F I G . 277- Weight of chills as a function of M0 and Mr. 

8.53 . T H E A P P A R E N T INCREASE OF SURFACE A R E A 

A casting with a volume VQ and a surface area A0 

should have the same reduction in solidification time 
as a casting with the same volume K0 and an increased 
surface area As. Hence the application of chills should 
produce an apparent increase in surface area to As due 
to the more rapid removal of heat compared with the 
sand mould. 

Locke and Briggs(2) cast a steel ball of 150 mm diam
eter in various moulding materials and determined the 
solidification times (cf. Fig. 305, Chapter 10, page 140). 
The times in steel or copper moulds were 4 min, and 
averaged 16 min in sand moulds. 

According to Chvorinov(1) the solidification times are 
related as follows: 

Γ2 Jit» 
giving for our case: 

Γ, 4 (min) (MMn)* 
Γ2 16 (min) {ΜΜηΛ? 

from which: 
Schill = 1/2 M„ 

(98) 

00 

(99) 

(95) 

(96) 

By casting in closed chills, therefore, the modulus M 
is reduced to half of the corresponding value for sand 
moulds. 

As the ball had a diameter of 150 mm in both cases, 
the volume remained unaltered, and the apparent in
crease in surface area can be determined as 

Mci 
I Vn 

-± and Msand = -f- (1) 
Sis Sln 
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from which: 

= Λ]Α 2 Λ (100) 

Casting of the ball in closed chill moulds therefore 
produces an apparent doubling of its surface area. 

Pellini(27) also reported on the effect of the air gap 
between the casting and chill, and holds the view that 
the transfer of heat then takes place by radiation, as it 
does in a sand mould. 

According to Fig. 279, therefore, the cast steel ball 

8.5-4. THE TRANSFER OF HEAT AT THE POINT 
OF APPLICATION OF THE CHILL 

It is well-known that an air gap is formed between the 
shrinking casting and the chill which makes further 
transfer of heat more difficult. Continuous transfer of 
heat takes place only where the chill lies close against 
the casting. 

The advance of the solidified wall was measured on 
ingots of Thomas steel(2e); the results are shown in 
Fig. 278. Because of the formation of an air gap the 

—520— 

y'A//Y' 

Thickness of the solidified 

zonex, rmmJ 

21.5(^-0.07: 

-23.50/Γ-0.32) 

:§£τ27β(/Γ-0.60) 
- L - ^ 33.7C\/T-0JB5) 

"-Öifö pue t0 tne horiZontQi αησ· vertical contraction the 
air gap becomes wider towards the top, and the 
rate of solidification decreases. 

*200-

0 10 20 30 40 50 
Solidification time T, min. 

FIG. 278. Advance of solidifications in an ingot of Thomas steel, 
as a function of the thickness of the air gap between ingot and 

mould. (Values from Stahl und Eisen, 1955, pp. 724-727·) 

f Reference values for sand after Krestschanovskft2®. 

solidified zone near the base of the ingot becomes much , 
thicker in a given time than at the top. 

Figure 278 also shows the advance of solidification x 
of the casting with good and with poor contact with the 
mould. The curves show good agreement with the results 
published by other authors(1,23). It must be assumed 
that the value of x will fall still further with an increased 
air gap, and will approximate to the values for sand, 
especially when the chills are arranged in the upper 
section. 

Air gap in upper part, hence poor heat 
transfer, as in sand 

Sand-like upper part, 

area = AJ2 = 350 cm2 

Close fit in lower part Fully effective half of the chill 
area = AQ/2 = 350 cm2 

F I G . 279. Formation of air gap in the ball experiment, with a con
sequent unsatisfactory heat transfer in the upper part of the chill. 

will lie in good contact with the lower half, while an air 
gap is formed at the upper half. The accelerated removal 
of heat to the chill mould is thus largely due to the con
tact in the lower part. 

If it is assumed that the upper half of the ball behaves 
thermally like a sand mould, then the total surface area 
of the sphere becomes: 

A0 = (surface area of the sand-like upper part) + 
(surface area of the effective half of the chill) 

and 
— ^ s a n d + ^ c h l l l 

^ s a n d = ^ c h i l l Λ / 2 (101) 

If the factor of the apparent increase of the area of con
tact of the chill is designated b y j , then 

^apparently increased — As — ΛΛ. + J A I 
— ^ s a i 

ΑΛ 

nd + j x ASi 

(1 + J ) 

and from equation (100) 

2 l / _ ^ a n d _ _ 

For steel in the chill 

J = 3 

(102) 

(103) 

(104) 

The surface area is apparently increased three-fold at 
chill contact surfaces without an air gap. 

According to the thickness of the air gap produced, 
an infinitely large number of transitions exists between 
chill contact surfaces which are apparently doubled and 
trebled. Practice shows, however, that only two cases 
need be distinguished for a reliable calculation, namely 
with and without an air gap. 
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8.5.5. CHECKING THE PREVIOUS CHILL CALCULATIONS 
BY THE EXPERIMENTS REPORTED BY BRANDT, BISHOP 

AND PELLINI(33) 

The above-named authors cast slightly tapered ingots 
of various metals into sand and chill moulds.The solidi
fication times or the progress of solidification were deter-

Mould fitted with chilis 

Thermocouples. 

chill plates 

F I G . 280. Experimental layout, after Brandt, Bishop and Pellini(28). 

Areas 
Total geometrical surface area of Area of the part of the ingot 

the square section ingot: covered with sand: 
A0 = 6210 cm2 ^"sand = 2710 cm2 

Area of the part of the ingot 
covered by chills: 
^chiu = 3500 cm2 

mined in the usual way by thermocouples; the experi
mental layout can be seen from Fig. 280. 

Because of the ingot taper no air gap is formed at the 
surface of contact with the chill. As shown in Fig. 280, 

sand surfaces are also present in the moulds fitted with 
chills, namely: 

1. The bottom surface of the ingot. 
2. The surface of the feeder head (from the solidifi

cation point of view the feeder head forms part of 
the casting and must be included in the calculation 
of the volume and area). 

3. The interface upper side of the riser/air which due 
to the strewn sand should be calculated approxi
mately as a sand surface. 

The dimensions of the sand and chill surfaces are as 
shown in the diagram. 

The surface area is apparently increased j times at 
the surfaces of contact of the chills due to the cooling 
action. The apparent total surface area with chill moulded 
castings is therefore: 

A = Aand + J X Ahill 005) 

The modulus of sand moulded castings M0 = V0/A0; 
the modulus reduced by chills is: 

r A, 
Vn 

+j x A i 
(106) 

The solidification times T were measured; according to 
equation (98): 

Mr y-iS-Vi m 
and from equations (105) and (106): 

I J- n ^ ft M, 

(\T0jTr x A0) - Λ,η« 
A a n d "+-J x Ahill 

J' = 

In the present case: 

j = . 
(ΥΤ0/ΓΓ x 6210) - 2710 

3500 

and (m) 

(108) 

(n) 

Table 26 a gives j values for various grades of steel 
and shows that the mean value of j = 3 calculated in 
the previous section is correct. 

T A B L E 26 a. J - V A L U E S FOR VARIOUS G R A D E S OF STEEL 

Experimental results after Brandt, 

Steel type 

C-s tee l 
1 2 % Cr-steel 
1 8 - 8 - C r - N i - s t e e l 

Bishop 

Analysis 
/o 

C 

0.63 
0.13 
0.2 

Mn 

0.81 
0.59 

-

Si 

0.66 
0.41 
-

Cr 

-
12.2 
16.9 

Ni 

-
2.7 
9.1 

and Pellini<27> 

Solidification time 
in min 

in 

Sand 
moulds 

T 
Λ 0 

48 
44 
45 

With 
attached 
chills Tr 

9 
9.S 
9-7 

n 
2.3 
2.12 
2.15 

Derived calculations 

Apparent increase in the 
chill contact face by the 

factor y 

Without air 
gap formation 

l / Z ? . . 6 2 1 0 - 2 7 1 0 

3500 

3.3 
3.0 
3.05 

With air gap 
formation 

2.15 
2.0 
2.02 
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According to Fig. 279 the apparent increase in area 
during the formation of the air gap at chill surfaces can 
also be calculated with the aid of existing experimental 
results. 

The lower half of the sphere is apparently increased 
by j as a result of good contact between the chill mould 
and the casting. The upper half of the sphere behaves 
from the solidification point of view like a sand mould, 
due to the formation of an air gap. 

If A0 is the geometrical surface area of the sphere, 
the apparently increased total surface area due to chilling 
action is: 

The values from Table 27 also show very good agree
ment with the results of the calculations in the previous 
section. As the experimental conditions according to 
Locke, Briggs and Ashbrook(2) and according to Brandt, 
Bishop and Pellini(33) are completely different and in
dependent of each other, but the calculations derived 
from them still provide concordant results, the equations 
derived here are correct within the limits of accuracy 
required in practice. 

A, = 4- + 4-xj = A,±±l (109) 8.5.6. CALCULATION OF THE NECESSARY CHILL 
CONTACT SURFACES 

The factor of apparent increase of surface area with 
chills with air gap formation is: 

VL 
1 + J (HO) 

According to the (schematic) Fig. 281 the actual total 
surface area of a casting consists of the sand area plus 
the chill area: 

ΑΛ + Αι (o) 

T A B L E 27. CHILLING E F F E C T ON THE CONTACT FACES OF 
CHILLS PLACED ON SIMPLE BASIC SHAPES, AS A FUNCTION 
OF THE POSITION OF THE CHILLS IN THE M O U L D 

Sketch 

β 

Calculation 

Without chill: 

M0^d 2 

Mrmax*M<:2 

•l/rmax^1;3-Uu 

Without chill 

_ D(a-^d) 
* u~~2(D~-2a) 

Mr max = 
D(« + d) 

D(a + d) 
Mr max = , n , . 

i.0SD — 2d 

Sketch Calculation 

^ mJ 

Mrn 
D(g+d) 

' 4(D +d) 

Without chill 

Λ.Β 
M0 = -

(A4-B) 

Mrn 
A-B 

= 2{Ä+2B) 

Mr max = : 

Mr max = 
A-B 

2{2 A+B) 

Mr max = 
3Λ + 4Β 

A-B 
'' A(A-rB) 

Chill-contact surface 
Chill 

Sand surface 

F I G . 281. Thermal conditions on a partially cooled cylinder 
(schematic). 

Total geometrical surface area = A0. It is equal to (sum of all sand 
areas) -f (sum of all chill areas) hence A0 —- Aszna -f Acmx. 

On closely-fitting chills the apparently increased sur
face area, according to equation (104), is: 

As --= Asana + }AchiU = A0 -f 2AchiU (p) 

Ax - An 
^ c h i l l — " 

As Mr = A0/A5; As = A0jMr\ M0 = jyA0; 

V0IM0, 

(q) 

(0 
therefore: 

■^chill — 

Γ 0 ( Λ ί 0 - ; ¥ Γ ) 
2MQMr 

without air gap 
(111) 
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From the same considerations we obtain from equation 
(111) the surface of contact: 

V0(M0 - Mr) 
1 MaMr 

with air gap 
(112) 

r—400 

V—3QÜ 

k - 5 

FiG. 282. Contact surfaces of chills without the formation of an 
air gap. 

-700 
-600 
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-400 

-300 

b—200 

-no 
-90 
-80 
-70 
-60 
-SO 

-40 

-30 

Shrunk-on chill surfaces (for example on the inside 
surfaces of rings) and on chills in the lower section are 
calculated by means of equation (111), while equa
tion (112) is used for chill surfaces which have shrunk 
away. The nomograms of Figs. 282 and 283 a r e derived 
from these equations. 

Chills in the top part are comparatively ineffective 
because of the size of the air gap; their use is associated 
with increased uncertainty, especially with medium and 
large castings. For this reason they have not been treated. 

F I G . 284. Plate, partially cooled on the underside by a chill. 

8.57. MAXIMUM COOLING ACTION ON SIMPLE BASIC 
SHAPES 

If a plate (Fig. 284) with a surface area A0i volume 

V0 = —~ </and modulus M0 = —j- ^ —- has attached to 
2 / 1 Q 2 

it a chill of the same size, then Achm = A.0j2; it follows 
from equation (111) for chills in the lower section that: 

«.-4 (113) 

Hence a maximum of half the cross-section can be cooled 
at the areas of contact of the chill. With chills placed 
at the side, in accordance with equation (112): 

Mr = 
2M 

3 
(114) 

FIG. 283. Contact surfaces of chills with the formation of an air gap. 

It is frequently necessary to feed lugs, eyes, etc., on 
castings at positions where it is impossible or expensive 
to place a feeder head. Table 27 gives a survey of the 
attainable cooling effect on various parts of this kind, 
in relationship to the position in the mould. 

Stein(28) determined experimentally the dimensions of 
chills for feeding eyes and lugs. The results are compared 
in Table 28 with the formulae given above, and show a 
wide measure of agreement. The results deviated in only 
one case; this was possibly caused by the slope of the 
mould during casting, with the consequent formation 
of an air gap. 
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T A B L E 28. COMPARISON OF THE E X P E R I M E N T A L RESULTS 
AFTER STEIN AND LINTING AND T H O S E O B T A I N E D B Y THE 

C H I L L CALCULATIONS 

Results according to : 

Experiment 

= 0.75 b 

Ö = 1.4 ^ 

a = 0.65 i 

a fa 

lb\.o\Q>b 

C^3b 

Calculation 

Volume V = 
9b2n(a+ b) 

Actual surface = 3 b π 
(1.5 b+ a) 

Apparently increased 
surface 
A*w = 3 b π (2.25 b + a) 

V 
Reduced Modulus Mr = 

_ 3b(a+ b) A™ 
~ 9b+4a 

Mrf= MvUtXt where / i s a 
b 

safety factor. jV/plate = — 

A a p p - 3bn (2 .44*+ a) 
V 0.75b(a+b) 

*app 2Mb-

^ a p P = 3bn{\.G9b+ a) 

Mr = 
V 0.75 b{a+b) 

4 ~ \.69b+a 

By slanting the plate slightly 
in the casting, formation of 
air gap is prevented, and: 

0.75 b{a+b) 
M. = —-

r \.$7b+a 

^Ερ Ρ = 2 3 * 2 π (for Ö = 3*) 
V 

Mr = —— = 0.392 b 
^app y 

Kf= opiate = — 

(when changing from 
a = 3 b to a = 10 b Mr does 
not alter significantly) 

/ = 1 . 2 

a = 0.56* 

/ = i . i 5 

a = 0.75 b 

a = 0.92 b 

a = 1.21 b 

f= 1.05 

a = 1.45 b 

/ = 1.05 

a = 0.38 b 

/ = 1.05 

a = 0.53 b 

/ = 1.25 

a = 3 b 

8.5.8. CHILL DIMENSIONS 

From equation (113) 

M0-Mr 1 

and 

M0 2 

£> = 0.46 Λ 

(v) 

(115) 

which comes very close to the value given by Stein(29) 

with 
£> = 0.5</ (116) 

For platelike castings with a thickness d, a chill con
tact face (without air gap) of Ach and a chill thickness D, 
we have: 

opiate = AchXil=V0 (S) 

^chiii = A c h x D ; (t) 

from (equation) 97 

K0 x 7.4 ° 
Mr 

Mn 

M0 

x d x 7.4 
-Wr 

^ Π 

(U) 

and is a further confirmation of the heat transfer hypo
thesis. 

Thickening the chill beyond this amount does not 
produce an intensified cooling effect. Nonetheless, it is 
an advantage from the point of view of moulding tech
nology to keep the chill thickness, after Pellini, to 

D = d (117) 

In practice the influence of an eventual superheat is 
compensated in this way, especially by steel flowing 
over it. 

The condition of the thermal balance according to 
equation (92) will therefore be fulfilled in most cases, but 
not the necessary cooling effect in accordance with 
equations (111) and (112). 

The available cooling surface Ach is determined by 
the type of casting. In the ideal case the whole surface 
area of the part of the casting in question is available. 
Bearing in mind the risk of cracking, however, chills 
should not lie too close together, especially with large 
parts. According to the wall thickness, an interval be
tween chills of up to the width of a chill may be necessary 
to take up the casting strain through the moulding sand 
buffer. 

In such an unfavourable case, therefore, only half 
the surface area of the casting is available for attaching 
chills. The maximum cooling effect is therefore governed 
by the type of casting, and is calculated from equations 
(111) and (112): 

M = 
rmax 2 4 

VpM, 
ch-^0" K 

without air gap 
(US) 

and 

(119) 

8.5.9. SUMMARY 

IMPORTANT FOR PRACTICE 

Parts cast in chills solidify more quickly, and thus 
exhibit the same, shortened solidification time as another 
casting equal in weight but with a substantially larger 
surface area (hence a smaller modulus). Therefore, the 
surface area is apparently increased by attaching chills. 

According to the position of the chills on the casting 
an air gap can be produced when contraction commences, 
or the contact casting/chill becomes more intimate 
(Fig. 285). In the case where an air gap is formed the 
apparent increase in surface area is double, and without 
an air gap three times, that of an equal sand surface. 
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Layout with chills V//A 
Without air gap -

and 
with air gap -

FIG. 2S5. Layout of chills, shown schematically. The layout dia
gram does not actually show all the chills indicated here. 

Beyond a certain minimum size the cooling action of 
a chill cannot be further increased by thickening it. The 
beginner should be especially warned against attempting 
to produce a given cooling action by using too thick 
a chill. 

The standard chills shown in Table 26 are so dimen
sioned that their cooling action is adequate for most 
purposes. 

A weak centre line cavity 

in the wall was tolerated 

8.6. Operating Practice in Cooling Heavy Cross-sec
tions by Means of Chills 

IMPORTANT FOR PRACTICE 

A heavy cross-section (for example the roll in Fig. 286) 
should be so strongly cooled by attaching chills that it 
can still be fed satisfactorily (hence with a safety factor 
of 1.1 to 1.2) by a smaller adjacent cross-section. Because 
of the danger of cracking, the whole of the cross-section 
cannot be covered with chills, and the following rule-of-
thumb can be used: 

Cooling by means of chills is possible only when the 
cross-section feeding liquid metal has a modulus which 
is at least sixty-six per cent of that of the cross-section 
to be cooled. 

Table 29 gives the maximum cooling effect on simple 
basic shapes. The difference in modulus of the cross-
sections can be ascertained very quickly, so that it can 
be decided without further calculation whether chills 
can be used for cooling. If cooling is insufficient, a 
slight padding of the cross-section supplying liquid metal 
DS 9 

F I G . 286. Roll, the lower shoulder of which was cooled by chills. 
Side feeder head with artificial end zone at the upper shoulder. 

can solve the problem, and the metal can be left on the 
casting. 

Starting with the casting, the maximum chill contact 
surface and the initial modulus M0i the reduced modulus 
can be determined at once with the help of Figs. 282 
and 283 (or equations 118 and 119). If chills with and 
without an air gap are attached to the same cross-section, 
the procedure is as follows: first determine the reduced 
modulus without air gap; this now becomes the initial 
modulus for determining the modulus associated with 
the formation of an air gap, and is therefore substituted 
in the second determination for M0. 

Alternatively, the casting, the chill contact surfaces, 
the number of standard chills which can be attached 
(calculated from the dimensions of the casting: chill-
interval-chill, etc.) are known; it is also known whether 
an air gap will be formed or not. The total cooled 
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T A B L E 29. CALCULATIONS IN CONNECTION WITH F I G . 290 

The joint can be imagined as the adjacent simulation body. 
V= 28 x 28 X 30 = 23,520 cm3 

Aeom. = 4928 cm2 

non-cooling faces = 2 x 15 x 30 = 900 cm2 

. · . effective cooling surface = 4928 — 900 = 4028 cm2 and effec
tive modulus of the uncooled body = M0 = V/A = 5.84 cm 

Roth(29) described the cooling of a heavy cylinder base. 
By means of the sketch and the incorporated scale it 
was possible subsequently to check his experimentally 
determined values with the formulae shown here; the 
results were almost completely in agreement (see Fig. 287 
with its attached table). 

The modulus of the adjacent cross-section 15 x 30 is only 5 cm. 
As the joint solidifies earlier, its modulus must be reduced from 
5.84 to 4.5 cm. 

Chill calculation 

O chill underneath A = 3 dm2 = 300 cm2 without 
air gap, hence 2 x 300 = 600 cm2 are to be added. 

chill at the side, with air gap: Atol = 6.2 dm2 

hence 1 x 620 = 620 cm2 to be added. 

Apparent increase in surface area: 600 -f 620 = 1220 cm2 

Apparently increased area: 4028 + 1220 = 5248 cm2 

i.e. reduced modulus = V/Aav>p = 23,520/5248 = 4.5 cm 

30cm 

15 cm 

surface area on the casting by which the surface of 
the casting is apparently increased is also known. 
Cooling surfaces with an air gap are simply added to 
the geometrical area of the casting, while surfaces 
without an air gap are doubled and then added. 
Figure 286 was calculated by this method. 

FIGS. 287 a and b. Cylinder base cooled with chills. After Roth(29) 

Auxiliary Table to Fig. 287. 

Calculation of the chill parameters of a cooled cylinder base. 

A. Calculation of the chill weight after Roth<29) and Nicolas™: 
Ϊ base = 825 dm3; Atoase = 523 dm2; MhMC = V/A = 1.57 dm 

•^cylinder (up to the machined part) = * ·25 dm. 
In order that the cylinder wall shall be able to feed the base adequately 

^base reduced s*>ould be equal to iV/cyIinder/l .2 
whence MB rcd# = 1.05 

weight of chills from equation 97 

= WcY 
MB-MB yL 

MB 
= 1638 kg 

8 chills used with a total weight of Wch « 1700 kg. 

B. Calculation of the necessary chill contact surface, after Wlodawer. 
This refers to contact without an air gap {equation 111). 

A-v. — 
^base {MB - MB. r ed) 825 (1.57 - 1.05) 

2 · MB · Μλ 2-1.57-1.05 
= 130 dm2 

The actual surface of contact was 3 x 5 dm = 1 5 dm2 per chill\ with 
a total of 8 chills giving Ach = 1 2 0 dm2. This (subsequent) calculation 
therefore showed good agreement with the result of the practical test. 
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Two further examples drawn from the author's ex
perience are shown in Figs. 288 and 289 with the appro
priate auxiliary tables. The toggle in Fig. 289 was cooled 
in order to reduce the feeder head dimensions and in
crease the yield. An unusual feature of the calculation 
is that the simpler determination of surface area/peri
phery was selected instead of volume/surface area. 

_ 230 w , 

\m 1 
^ "̂'"̂ ' 

b 

60·+-

F I G . 289. Massive toggle, heavily chilled on economic grounds. 
Note the small feeder head. 

Auxiliary Table 
The toggle was inclined 10° during pouring, so that both chills would fit 
without an air gap. The calculation was carried out approximately using 

the cross-section-periphery ratio. 

Cross-sectional area A0 = 23 x 18 = 414 cm2 

Periphery of cross-section P0 = 2(23 + 18) = 85 cm 
Modulus M0 = A/P = 5 cm 

Mr should be equal to 2.5 cm 
According to equation ( i l l ) , we have: 

A0(M0-Mr) 4 1 4 ( 5 - 2 . 5 ) 
-660 

F I G . 288. Wheel casting. Rim cooled by chills and fed by the hub 
feeder head (on one side) through the wheel disc. Sand fillet effects 

were inhibited by the severe chilling. 

Auxiliary Table to Fig. 288. 
^disc ** 2.5 cm; Mrlm fa 6/2 = 3 cm; Vtim = 218,000 cm3 

ATim= 47,OOOcm2 

^disc 

2Λ/„ · Mr 2 x 5-2.5 
■ = 41 cm, 

/.*. chills are to be attached on a length of '41 cm of the periphery, which 
was done in the manner shown. As the standard chills are dimensioned 
fully, calculation of the chill weight was omitted. A suitable feeder head 

was selected from Table 17 for the casting ( las t ing = 130 kg). 

Mtim reduced should be -
1.1 

■ 2.3 cm. 

This refers to chills with an air gap. 
According to equation (112) we have: 

Ach — 
V0 (M0 - Mr) 218,000 (3 - 2.3) 

M0Mr • 2 . 3 
- = 21,100 cm2, 

i.e. about half of the rim surface (47,000 cm2) must be covered with 
chills. 22 standard chills C60 (Table 26) were applied. (Surface of each 

chill 100 cm2). 
The value of Acb can also be obtained from Fig. 283. 

A very interesting example of the cooling of a press 
stand is illustrated in Fig. 290. The casting is highly 
stressed, and must be a hundred per cent ultrasonically 
sound. By means of the carefully calculated chill dimen
sions (see Table 29) three technical moulding require
ments and problems were dealt with by one and the 
same procedure. 
9* 

FIG. 290 (1) 
(Courtesy Suiter Bros.) 
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(2) 

(3) 

F I G . 290. Press housing. 

The massive junctions at the four comers were chilled. This led to: 
1. A greatly increased yield. {Without the chills a feeder head would have 

been necessary at each corner.) 
2. Generation of artificial end %pnes at the four comers, thus extending 

the feeding range of the feeder head. 
3. Reduced risk of hot tears. (There is a great danger of hot tears with 

feeder heads at each corner.) 

For calculation see Table 29· 

8.7. Shrinkage Cavity Due to the Incorrect Placing 
of Chills 

If the interior of a massive casting exhibits shrinkage 
cavities in spite of cooling with chills, the directions 
which have been given regarding dimensioning of the 
chill contact surfaces, chill thickness and the minimum 
cross-section which can be fed satisfactorily cannot have 
been followed correctly. In this section only the con
striction of the feeding section by the chills will be con
sidered. 

Chills were placed on a bush (Fig. 291 a) in order to 
cast the thicker parts sound and to feed the casting from 
a central feeder head. However, the chill marked 1 con
stricts the feeding section, so that it solidifies prematurely 

with the formation of a shrinkage cavity. The defect is 
prevented if chill 1 is either omitted or displaced. 

The base of a cylinder is to be cast sound by the use 
of chills (Fig. 291 b). Attaching a large bowl-shaped 

False Correct 
Chill 1 constricts the Chill 7 displaced, unchecked 

feeding section feeding 
and cavity is formed ! § 

[Feeder head17X30 

F I G . 291 a. Correct and incorrect position of the chills on a 
bearing box. 

Feeder head calculations: 
From Fig. 7, M = 3.7 cm 

The appropriate feeder head modulus 
MF = 4.4 cm 

selected: Oval feeder head 17 x 30 cm 
W** 100 kg 

Without chilling the end sections a second feeder head of the same si%e (one 
on each end casting) would be required. The casting can be poured downhill 

(with the same feeder head and the same arrangement of chills). 

F I G . 291 b. Incorrect and correct chilling of a cylinder base. 

Incorrect: 
The dish chill constricts the feeding section. Shrinkage cavity formed in the 
constricted thermal centre. Tear produced due to the large si%e of the 

chill. 

Correct: 
The casting reinforcement was lengthened, thus improving the feeding of the 
base. The internal chill was provided with a central enlargement in the 
thermal centre of the casting. The chill was only placed round the lug, thus 

producing an end zone. 
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contour chill, in spite of additional cooling of the central 
portion by an internal chill, gave rise to severe shrinkage 
cavities from the constriction of the feeding section. 
This defect was eliminated by a suitable reduction in 
the size of the chill. 

If the wall thickness of the chill mould is small in 
comparison with the casting cross-section — when casting 
an ingot, for example—then, according to Fig. 292(30) 

26* ■ 1 1 1 1 j 1 
70 I 90 I no I 130 | iso \ 

80 WO 120 140 160 
Mould wall thickness, mm 

FIG. 292. Chill wall thickness and transcrystalline zone on ingots. 
After Bardenhauer(30). 

the chilling effect is exerted to 3 or 4 times the thickness 
of the chill mould. This must not give the misleading 
impression that a plate can be cooled completely with 
a chill of three times the thickness (Fig. 293). We know 

F I G . 293- Supposed cooling etfect due to false interpretation of 
the Bardenhauer diagram. 

Even with an overdimensioned chill {three to four times the plate thickness) 
a maximum of only half the plate can be cooled. The beginner often falls 
into the error of trying to cool a cross-section by means of over-thick chills, 

that in the limiting case only half of the plate can be 
chilled, and that a thin chill is sufficient for this purpose 
(cf. Chapter 7). Step wise cooling of a steel casting can 
only be achieved by step wise placing of the chills, as in 
Fig. 294, when the heaviest chill has a thickness of half 
that of the plate. The remaining chills are then so thin 
that it is difficult to obtain reliable results with them in 
practice. Cooling from two sides—as in elongated end 
zones—is far more reliable, and is independent of the 
chill thickness. 

Correct 

4 i x i E a ^ ^ 
F I G . 294. Incorrect and correct stepped chilling of cross-sections. 

Incorrect: 
Chills larger than half the thickness of the plate are still unable to cool 
more than a thickness of d/2 at the surface of contact. Stepped chilling 

cannot be achieved by stepping-down chills of this type. 

Correct: 
The thicknesses of the heaviest chill should not exceed d/2; the remaining 

chills are to be kept correspondingly thinner. 
The chill thickness is very small with this type of stepped chilling. The 
chills are often placed in an incorrect sequence. Stepped chilling achieved 

by placing chills on two or three sides is much more reliable. 
(See Figs. 244 a and b.) 

8.8. Use of Contoured Chills 

Even standard chills follow the shape of the casting, 
and in this sense they are in fact contoured chills. By 
a systematic classification in D I N (German equivalent 
of British) standards of similar castings which recur 
frequently, contoured chills with a wide range of appli
cation can also be manufactured(31). 

EXAMPLES 

The standards for crane bogie wheels are abstracted 
in Table 30, and the standard chill tables 31 and 32 are 
derived from it. Figures 295 and 296 show the wheels 
manufactured in accordance with these standards or their 
moulds. 

The "historical" development of the moulding tech
niques for bogie wheels is shown in Fig. 297- In this 
case the use of chills not only increases the yield, but 
also lowers the machining costs. 

In the sprocket wheel centre (Figs. 298 a-c), the expen
sive machining of the teeth was prevented, and 232 kg 
of steel were also saved. 

Very massive parts of manganese steel can often be 
made only by the use of chills (Figs. 299, milling roll). 
Small crusher jaws of manganese steel can be moulded 
in synthetic bentonite sand, larger ones can with ad
vantage be made in magnesite, zircon or olivine sands. 
If standard chills as in Table 33 are used, a cheaper quartz 
moulding sand can also be employed. 
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T A B L E 30. SUMMARY OF STANDARDIZED CRANE BOGIE W H E E L S T A B L E 32. SUITABLE W I D T H S OF STANDARD CHILLS FOR 
C R A N E BOGIE W H E E L S 

Section 

I 

II 

III 

IV 

V 

VI 

VII 

Nominal 
diam. D mm 

200 

250 
300 

400 
500 

600 
700 

800 
900 

800 
900 

1000 
1200 

1200 

Width of rail mm 

K 
45 

45 
45 

45 
45 

55 
55 

55 
55 

75 
75 
75 
75 

120 

h 
-
-

50 
50 

65 
65 

65 
65 

90 
90 
90 
90 

-

Width of tread mm 

Wx 

55 

55 
55 

55 
55 

65 
65 

65 
65 

85 
85 
85 
85 

130 

W2 

-

-
60 
65 

75 
75 

75 
75 

100 
100 
100 
100 

-

py>t: 

Section no. 

1,11 
III 
IV 

V, VI, VII 

Chill width IF mm 

70 
100 
120 
150 

T A B L E 31. CHILL PROFILES FOR STANDARDIZED C R A N E BOGIE 
W H E E L S 

Suitable for wheel φΙ200 
ψ77Τ7ΤΠ77Τ777ΤΠΤ7777ΤΓΓΠΤ]ΤΗ77Τ?7λ 
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FIGS . 295 a and b. Mould and casting of a crane pulley which was 
made with the use of contoured chills. A small feeder head is 

attached at the rim to feed the remaining cross-section. 
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F I G . 296. Mould of a crane pulley. Rim cooled with chills, and 
the remainder of the cross-section fed by small, flat feeder heads. 

Loose part 

F I G . 297· Development of moulding technique for bogie wheels. 

1. Original method of moulding with loose parts. Shrinkage cavity in 
the rim. 

2. Later method of moulding after Heuvers, with external core or loose 
parts. Rim cavity-free, but high steel consumption and heavy machining 

costs. 
3. New moulding method with external chills. If these chills are stan

dardised, this method is cheaper than (2). 

F I G . 298. Sprocket wheel centre. 

Steel consumption'. 
Steel saved: 

(a) 857 kg 
(b) 660 kg 

197 kg 

(a) With rim feeder heads on each side; two boss feeder heads within a 
single feeding area. 

(b) and (c) One boss feeder head, three small rim feeder heads. Gear profile 
cooled by contoured chills. Not only is there a considerable saving in cir
culating material, but costly machinery of the gear profile is also saved. 
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T A B L E 33. CHILL P R O F I L E S FOR M A N G A N E S E S T E E L CRUSHER 
JAWS 

Supporting 
journals 
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t=AO 

F I G . 299. Casting of a milling roll of 14% manganese steel in 
chills. 

C H A P T E R 9 

INCREASING THE THERMAL G R A D I E N T BY MEANS 
OF COOLING FINS 

9.1. General Discussion of the Action of Cooling Fins 

Cooling fins have been in use for some time, i.e. in 
air-cooled cylinders for motor cycles, etc. 

A cooling fin represents a thin plate with a very short 
solidification time, which forms part of the casting 
(Fig. 30O). It must be noted in this connection that a 

F I G . 300. Plate cooled on one side by pins. 

measurable cooling effect is only obtained when 

^cooling fin < 0.25 l a s t i n g (120) 

If the modulus of the cooling fin is higher than this 
value, the fin forms a junction which remains liquid 
even longer than the original casting. This undesired 
effect, acting in the opposite direction, has been estab
lished by the author by measurements of solidification 
times. 

A sufficient distance must remain between the fins to 
prevent crumbling of the sand ridges and hot spots at 
the sand corners (sand fillet effect) which would tend 
to counteract the desired cooling effect. As shown by 
the scale drawing of Fig. 300 and by works trials, this 
distance should amount to about 4 d. 

The smallest possible cooling fin thickness d, taking 
into account practical requirements, lies between 4 and 
20 mm according to the casting. 

There is no point in making fins too thin on heavy 
cross-sections cast in a steel which is not very fluid, as 
they will not run and will be ineffective. 

The use of cooling fins offers the following main ad
vantages compared with chills: 
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9.1. General Discussion of the Action of Cooling Fins 

Cooling fins have been in use for some time, i.e. in 
air-cooled cylinders for motor cycles, etc. 

A cooling fin represents a thin plate with a very short 
solidification time, which forms part of the casting 
(Fig. 30O). It must be noted in this connection that a 

F I G . 300. Plate cooled on one side by pins. 

measurable cooling effect is only obtained when 

^cooling fin < 0.25 l a s t i n g (120) 

If the modulus of the cooling fin is higher than this 
value, the fin forms a junction which remains liquid 
even longer than the original casting. This undesired 
effect, acting in the opposite direction, has been estab
lished by the author by measurements of solidification 
times. 

A sufficient distance must remain between the fins to 
prevent crumbling of the sand ridges and hot spots at 
the sand corners (sand fillet effect) which would tend 
to counteract the desired cooling effect. As shown by 
the scale drawing of Fig. 300 and by works trials, this 
distance should amount to about 4 d. 

The smallest possible cooling fin thickness d, taking 
into account practical requirements, lies between 4 and 
20 mm according to the casting. 

There is no point in making fins too thin on heavy 
cross-sections cast in a steel which is not very fluid, as 
they will not run and will be ineffective. 

The use of cooling fins offers the following main ad
vantages compared with chills: 
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Cross-section 

For 0 small angle « , 
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sin e,,, ^4 ~ Mf 
L 

-M2 - M, 

*M3-M, 
L* 

Es wird 

M3con" M3 0"" Si) 

FIG. 301 a. Solidification plane of a wedge plate with cooling fins. 
Solidification geometry after Chvorinov(1). 

/ - 4 Thermocouples 

r-ieo KN 

1. They are not susceptible to stress cracks and poros
ity, even with poor-quality steels such as Bessemer 
steels. 

2. Occasional combination of cooling and strengthen
ing ribs. 

On the other hand, cooling fins have the following 
disadvantages: 

1. The fins often do not run satisfactorily, especially 
with cooler metal and when the fins do not lie in the 
direction of flow of the liquid steel, i.e. the casting pro
cess is less reliable. 

2. If the finned patterns are not made of metal: often 
more difficult and costly to carve the fins by hand (in 
the sand mould). 

3. Increased dressing costs. 
4. Curvature of the casting with long fins, due to the 

contraction pull of the fins. 

The necessary works inspection and care in operation 
are about the same whether chills or fins are used. 

9.2. Effect on the Modulus of the Prior Solidification 
of Adjacent Cross-sections on Wedge Plates with 
Attached Fins. Determination of the Modulus on 
Wedge Plates 

The following method of calculation for castings as 
in Fig. 301 a is almost completely accurate and has 
already been given by Chvorinov(1): 

The further advance of the solidification front from 
a cross-section 2 which has already solidified proceeds 
in the direction of the arrow. The progress of solidifi
cation X in the direction of the arrow, according to 
Section 2.2, is equal to the thickness of skin X at the 
cross-section 2, and is given by: 

x=kfr (1) 
Because the modulus of a plate section is equal to half 
the thickness of the plate, the skin thickness in this 

X=M% (121) 

FIG. 301 b. Cooling of a wedge plate by means of a fin attached to one front side. Calculation and 
measured results after Chvorinov(1). 

Part measured 

Modulus M {cm) 

Corrected modulus 
^corr («») 

Solidification time in min, 
calculated for M 

Solidification time in min, 
calculated for Mcorr 

Solidification time in miny 

measured 

1 

16-30-4 
2 ( 1 6 - 3 0 + 1 6 - 4 ) + 30-4 

Λ/1 = 1.58 

5-5 

6 

2 

13-3-30 
2(13-3 + 30) 

Mt = 4.66 

Λ/<κ = 4.05 

46 

38.4 

36 

3 

20.5-30 
2(20.5 + 30) 
M3 = 6.\0 

\ 20 1 
Λ/, χ = 5·70 

84 

69.3 

70 

4 

30-30 
2(30+30) 
Λ/ ,= 7·50 

•u*('—V5) 
Λ/1Κ = 6.93 

125 

102 

100 
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Because of the growth in the direction of the arrow, 
the solidification fronts of cross-section 3 are "forced 
back", i.e. curved, and seal up prematurely, so that 
section 3 solidifies in the same, shorter time T2 as cross-
section 2. The modulus of the cross-section is therefore 
less, and must be corrected: 

Tz = T2\ Mz (corrected) = M2 (122) 

If the wedge angle oc of the plate is small, then approx
imately: 

X = M2 Ä? Mz x (1 - sin a) = Mz (corrected) (123) 

MA -M1 Mz- M1 

^ 4 

from which M3 
corrected 

(124) 

M1 being the modulus of the cooling fin. 
Chvorinov himself has checked the accuracy of this 

equation on a wedge plate, according to Fig. 301 b. 
About 20 years later Peliini(32) carried out the experiment 
illustrated in Fig. 302 a. As the edges of a plate solidify 
first, a wedge-shaped plate remains, the slope of which 
in this case amounts in cross-section 2 to : 

L *t — il = 3.75 x 1.41 
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Hence the actual modulus can be calculated by the 
Chvorinov rule (equation 125). Figure 302 b shows the 
modulus of the uncooled and fin-cooled plate on the 
basis of the actual solidification times measured by 
Pellini. These values agree almost completely with those 
calculated from equation (125)· 

F I G . 302b. Chilling action of a 3 mm fin on a 75 mm thick plate. 
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F I G . 302 a. Checking the cooling calculation after Chvorinov(1) by 
Pellini's experimental results(32). 

F I G . 302C. Accelerated advance of solidification on a plate due to 
the attachment of a cooling fin. After Pellini(32). 
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The very accurate equation (125) is only true for plates 
with cooling fins attached at the end face. Fins attached 
at the very long sides produce "chilled junctions" 
(Fig. 303) the solidification time of which is affected by 
several other influences (sand fillets, effect of the cooling 

Feeder head 

Crack-resisting fin, 
unsuitable for cooling 

purposes 

F I G . 303 a. Longitudinal and transverse cooling fins at junctions. 

F IG. 303 b. Generation of artificial and extended end zones by 
means of cooling fins on a gear rim. Jointing requirements in 

longitudinal and transverse fins, cut by hand. 

fins, etc.). Appropriate methods of calculation are not 
available at present; suitable experiments should be 
devised. 

Experiments have shown (Fig. 303) that end zones, 
even extended end zones, can also be produced by cooling 
fins as shown in Figs. 244 and 245- Here again, there is 
at present no simple method of calculation which is 
reliable in practice, so that suitable experiments are 
again indicated. 

The modulus of a tapered wedge plate (with the cross-
section of an elongated triangle) is also calculated by 
equation (125). It is: 

Mx = A (w) 

and on any given cross-section 2 at a distance (measured 
along the slant side) of L2 from the apex: 

M. = l· 00 

where d is the plate thickness at the cross-section in 
question. Then: 

- 2 ' 
Mt = 

corrected 
MM-- -)=M< ~£) » 

Example: tapered wedge plate 100 cm long, wedge 
thickness at this length 10 cm. M2 = 5 cm 

M2 = 0.95 M2 « M2 (z) 
corrected 

i.e. with elongated wedge plates beyond a ratio of ^ 1 : 5 
practically no reduction of the modulus occurs due to 
the action of the previously solidified peaks. 

CHAPTER 10 

INCREASING T H E THERMAL G R A D I E N T BY MEANS OF MOULDING 
MATERIALS WITH A CHILLING ACTION 

10.1. Different Heat Removal Rates of Various 
Moulding Materials. Defects Arising from Their 
Use 

In order to determine the cooling times in various 
moulding materials, Locke, Briggs and Ashbrook(2) 

carried out fundamental and extremely important mea

surements on steel spheres of 6 in. diam. According to 
Fig. 304, the spheres were cast in shells made of various 
moulding materials. The results are shown in Fig. 305 
and the measurements were plotted by the author on a 
Chvorinov diagram (Fig. 306), enabling the solidifica
tion times to be read off directly as a function of the 
modulus. 
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Cup-shaped mould (lower part) 
made from diatomaceous earth, 
exothermic materials and various 

sand mixes. 

Thermocouple 

Graphite block 
with sphere mould 
machined out. 

Thermocouple 

F I G . 304. Experimental layout, after Locke, Briggs and Ashbrook(2). 

Solidification time, min 
Copper or steel chill 

5H 

10 H 

20 A 

30 

Graphite 

Silicon carbide 

Magnesite 

Zircon 

Fireclay 

Quartz sand 

40% diatomaceous earth -f 60% quartz sand 
(ground) 

40% diatomaceous earth -|- 60% quartz sand 
(unground) 

Thermite-quartz sand mix 

. 305· Solidification times of a sphere of 150 mm diameter in 
various moulding materials (after Locke and Briggs). 

Copper or steel chill 
Silicon carbide 
Magnesite-
Zircon 
Quartz sand, fireclay 
Insulating material · 
Exothermic material -

1000.0 

10 mo 
Modulus Ms V/A cm 

100.0 

FIG. 306. Solidification times of cast steel parts as a function of 
the solidification modulus M and the moulding material. 

A main field of application of high heat conductivity 
sands is the filling material between two chills (Fig. 272, 
sect. 8.4.1.) with the object of reducing the risk of hot 
tears by the rapid formation of a solid skin of steel. 
Compositions of these materials are given in Table 34. 
These sand mixes must not be adopted uncritically, but 
should be used only as a guide, to be adjusted by trial 
to the prevailing operating conditions. High-carbon 
chilling materials (for example, graphite, coke, silicon 
carbide) frequently cause a slight carbon pickup in the 
upper layers of the steel casting; this is usually not 
harmful, because of subsequent decarburization while 
annealing the casting. 

T A B L E 34. COMPOSITIONS OF H I G H T H E R M A L CONDUCTIVITY M A T E R I A L S , AFTER L O C K E , BRIGGS AND ASHBROOK ( 2 ), 

KRESTSCHANOVSKI ( 2 3) AND FROM THE A U T H O R ' S O W N E X P E R I E N C E 

Data in parts by weight 

Cooling materials 

Copper 
pyrites 

Steel grit Cast iron 
turnings 

Silicon 
carbide 

Zircon Magnesite Forste-
rite 

Chrome 
ore 

Rutile 

Base material 
Sand (Si02) Bentonite 
Maize starch binder 
Dextrine 
Waterglass 
Water 

100 
5 
2 
1 

1 

100 
2 

0.5 
1.0 

1.5 

100 

4.5 
0.5 
1.5 

100 

1.25 

0.1 

1.1 

100 
3 
2 

100 
2.5 
0.5 
1.25 

100 
2.4 
1.0 

100 

1.25 
0.5 

Remainder 
Remarks: 
The data merely represent 
approximate values, to be 
checked previously in accord
ance with operating conditions 

.S Ü 

Its 
OS c a 
3 E 

S c ^ . 
w o — 
0 ·— a> 
Cu tj o 
£ u Si 

^ 3 s* 

These materials are roughly equivalent in their 
chilling action 
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If the carbon-containing materials are not dense (i.e. 
plates of graphite or silicon carbide) but are granular 
and therefore porous, the very fluid scale (FeO) which 
is always formed on solidification penetrates occasionally 
into the pores, and the following reactions take place: 

FeO + C->Fe + CO (a) 

and 3 Fe 4- C -> Fe3C, or C dissolved in Fe. 
The iron material permeated in this way can thus con

sist occasionally of graphitic grey cast iron, a pheno
menon which can also be observed in starch-containing 
sands f. 

Because the melting point of ferrous oxide is 1450°C 
and that of grey cast iron about 1280°C, penetration 
also occurs after the steel has solidified. Depending on 
the position on the casting (i.e. sand fillets, etc.), steel 
penetration which is difficult to dress out, or mixtures 
of FeO and grey iron in the form of a shell which breaks 
off easily can occur. The carbon monoxide produced 
often penetrates into the casting, with the formation of 
"wormholes" or porosity on the viscous surface of the 
casting. It is therefore recommended that mixtures of 
this type should be made as compact as possible, i.e. with 
a very high proportion of fines, which will reduce the 
volume of pores in the sand. 

10.2. Calculation of Moulding Materials with a Chill
ing Action 

(It is desirable, but not absolutely necessary for the 
understanding of the use of such moulding materials, 
to study this section.) 

The calculation it; based on the principles discussed 
in Section 8.5, in particular on the apparent increase by a 
factor ofy in the surface area of the casting, at the points 
of application of the chill or cooling sand (8.5.3.). The 
apparently increased surface As is calculated from equa
tion 100, which is written, using the normal notation, as: 

A V- cooling mat'-ial 
AQxy (126) 

which was used to plot Fig. 307. 
According to Fig. 281, the true (geometrical) surface 

area of a casting is: 

- ^ 0 — ^ s a n d + ^coo l ing material ( Ί 2 7 ) 

The apparently increased total surface is then: 

^ a p p . = ^ s a n d + J x ^coo l ing material ( 1 2 8 ) 

From equations 122 and 123 we obtain: 

^ a p p . = ^ 0 + () — 1 ) ^coo l ing material» ( 1 2 9 ) 

i.e. in the rapid calculation the known geometrical sur
face area A0 is to be added to the cooling surface times 
(y — 1). This factor is also given by Fig. 307. 

f According to a personal communication from Prof. Dr.-Ing. 
K. Roesch, Remscheid. 

The cooling surface of contact necessary to obtain the 
reduced modulus Mr is, according to equations (111) 
and (112): 

M0- Mr , N 

(130) A cooling material vn (j - 1) M0 x Mr 

+ * ] · For steel or copper chills without air gapy*3 
^ >^>"^S For Qfophite chill without air gap y * 2.6 

T *T*0 
I 1.9 

ί 5 5 : 7 ί 

N 

9 

v 
\ 

10 i 

\ 

12 13 U 15 16 

It 
O £ 

.Solidification time of a 150 mm steel sphere in min.\ 

2 5 

si 
I I 

J H 
* i 

F I G . 307· Diagram for the determination of the apparent increase 
of chill areas using various heat-conducting materials. 

From this the maximum chilling action can be calculated 
from Section 8.5-7, Fig. 284: 

In accordance with section 8.5-8 the thickness of the 
applied cooling material, cb is calculated from the heat 
balance (equation 96). In the usual notation this is 
given by: 
W - V v „, 7 m e t a l ( £ + S)m,ui MQ - Mr 
w ch — v ch Λ Ych — ~. (^ X V n 77 

rch x ^ch 

According to equation (126): 

M0 — Mr y — \ 

(132) 

Ma y + 1 
Hence at the surface of contact Ach: 

KH = Ach x Dch 

(133) 

(134) 

and the volume of a plate of thickness d over the point 
of contact 

V0 = Achxd (135) 
and 
Γ) Vmetal ( ^ + ^)metal vy J ~ ^ „ r , . , < x 

A»....«.,.,,., = Jch x hh x (ci< * — x ' \m 
This equation can only be used for cooling sands (on 

various foundations) when the temperature distribution 
in the chill packing material is known at the end of 
solidification, i.e. the mean temperature tch can be estab-
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lished. On the other hand the necessary minimum thick
ness of chill materials of any degree of compactness 
with a uniform temperature distribution (for example 
chills of silicon carbide, light metal or graphite) can be 
determined immediately; this can also be done for cast 
metals other than steel. For example the necessary thick
ness of a graphite chill (y = 2 .1 ,y = I.63, cch Ο.36) with 
cast steel, at a temperature of 500°C, amounts to : 

n - A 7.8 x 72 0.63 
^graphite - l a s t i n g * ^ χ 5 ( χ ) χ a j 6 X γ^ 

0.35 X lasting > (137) 

i.e. graphite chills can be somewhat thinner than corre
sponding iron chills. Table 35 gives some values for 
other cooling materials. 

T A B L E 35. D A T A ON THE T H I C K N E S S OF HIGH-CONDUCTIVITY 

PACKING FOR VARIOUS M A T E R I A L S 

Symbols: 
d0 = wall thickness of the plate to be cooled 
y = sp. gr. (g/cm3) ^ 

/ T^^f^ of the high-conduc-
c h , . ™ U, . - . . . . - . - ! tivity material 

(at the completion or solidification of I 
the plate) > 

D = minimum thickness of the high-conductivity packing, ac
cording to equation 131, as a multiple of d0 

High thermal 
conductivity material 

Steel chill 

Graphite 
Chill(l> 

with air gap 

without air gap 

with air gap 

without air gap 

Steel grit(2) 

Silicon carbide brick<3) 

Magnesite brick 

Rammed zircon sand 

y 

2 

3 

1.8 

2.6 

1.35 

1.27 

1.22 

1.08 

V 

7.8 

2.1 

2.4 

2.S 

3 

c 

0.16 

0.36 

0.16 

0.23 

0.25 

0.24 

'ch 

600 

500 

600 

500 

600 

35 

Am». 

0.5 

Ο.36 

2.42 

1.32 

1.0«> 

(*) Calculated from equation (110). 
(2) c assumed to be the same as for steel. 
(3) Value uncertain, because the C content of the brick (which 

varies between 40 and 90%) was not given in the experiments. 
(4) Value determined experimentally after Stein(31), and cal

culated assuming /c h 35 °C. 

According to Chvorinov(1) the various cooling effects 
for each ceramic moulding material and each cast metal 
can be calculated as follows: 

In general, according to section 2.2: 

M = kfr (la) 
where k is a constant and T the solidification time. 

Experiments have been carried out with the aim of 
deriving this constant theoretically from the physical 
values of sand and metal. Up to the present, it has not 
been possible to obtain a practical result which can be 
verified experimentally. The reason for this is that on 
the sand side an infinitely large number of intermediate 

stages exist between the high metal/sand interface tem
perature on the one hand and room temperature on the 
other. Each of these intermediate stages possesses dif
ferent thermal values. In addition the high temperature 
zones diffuse into the moulding sand, so that the thermal 
equilibria also change as a function of time. 

On the metal side a metal/sand interface equal to the 
solidus temperature is assumed. This assumption is only 
approximately true, and the temperature distribution in 
the casting itself cannot be calculated accurately for the 
reasons outlined above. 

For the purpose of this book, therefore, it would be 
pointless to give approximate calculations which are (1), 
very extensive and (2), give less satisfactory results than 
suitably devised experiments. For this reason the con
stants k given here were derived directly from experi
mental results. 

10.3. Practical Application and Calculation of Mould
ing Materials Having a Chilling Action 

IMPORTANT FOR PRACTICE 

The modulus calculation will be carried out on the 
basis of Fig. 308 (flange) as an example. The cast steel 
flange will be fed without a feeder head from the thinner 
wall. Because of the risk of hot tears, chills can only be 
attached to the outer and lower sides, with a moulding 
material buffer equal to the width of the chill. The cooling 
action achieved in this way is not sufficient in itself, 
and instead of quartz sand a magnesite sand is placed 
between the chills. 

External surface 
(04- 2Q)X-tO 

= 3780 cm2 

Lower surface ^nner surface 
0m.π.ϊθΜ 6300 C0m-20) T. 10■ 2S20 cm* 

Chill contact faces 

Magnesite contact faces 

The remaining surfaces are covered by ordinary 
moulding sand 

F I G . 308 Flange casting cooled. 

(a) by chills. 
(b) by chills and magnesite. 
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The process of calculation can be seen from Table 36. 
First of all, values of volume/surface area are calculated 
by the "classical" method. This method was compared 
with the much simpler calculation using the ratio 
volume/periphery, which gives practically the same re
sults. 

Fundamentally, an apparent increase in the effective 
cooling area occurs when cooling materials are attached, 
and hence the modulus decreases. The apparently in-

T A B L E 36. PROCESS OF CALCULATION U S E D FOR F I G . 30S 

Chill material 

Steel chill with air gap 
Steel chill without air gap 
Magnesite 

Y- 1 

0.2 
1.0 
2.0 

creased surface area Aavt)t is obtained from equation (129): 
the surface of contact of the cooling material multiplied 
by the factor (y — 1) is added to the geometrical sur
face A0. This factor can be obtained for various chilling 
materials from Fig. 307-

Two cases were calculated in Table 36, i.e. the use of 
chills with and without magnesite. Using magnesite the 
thickness of the wall "feeder" can be reduced only to 
a limited extent; ceramic chilling materials are much less 
effective cooling agents than metal chills. 

These calculated results are confirmed by the experi
ments of Stein and co-workers(34), who attached steel 
and graphite chills and zircon sand packing to tubular 
castings. While steel and graphite behaved almost in 
the same way, and the cast tube quality was good, the 
zircon sand packing had only a slight effect and the 
quality of the casting was much inferior. 

No. 

1 

2 

3 

4 

5 

6 

7 

8. 

9 

10 

11 

Λ « 

K -

M0 = 

Calculation using the 

(a) vol./surface area ratio 

Geometrical surface area: 

outside ( 0 m + 20) x π x 10 
= 3780 cm2 

below 0m x π x 20 
= 6300 

inside ( 0 m — 20) π χ 10 
= 2520 

above ( 0 M + d) x π χ 
x (20 - d) = 5250 

Sum = 17,850 cm2 

Volume: 
0 m X 20 X 10 

= 63,000 cm3 

Modulus 
V0/A0 = 3.53 cm 

(b) the bar formula 

Geometrical peri
phery: 

10 cm 

20 

10 

16 
P0 = 56 cm 

Area of face: 

A0 = 10 x 20 
= 200 cm2 

iVf0 = ^40/750=3.55cm 

Chill calculation 

Face la half covered with 
chills with air gap 
Ala x 0.5 x ( j - 1) 

= 1890 cm-

Face 2 b half covered with 
chills, without air gap 
A2b x 0.5 x ( j - 1) 

= 6300 cm2 

Face 1 a other half covered 
with magnesite 

Λ« x ο·5 x ( j - 1) 
= 378 cm2 

Face 2 a other half covered 
with magnesite 

A2ax 0 . 5 ( j - 1) 
= 630 cm2 

Length l b half 
covered with chills 

Lib x 0.5 0 - 1) 
= 5 cm 

Length 2 b half 
covered with chills 
L2bx 0.5 0 ' - 1) 

= 20 cm 

Length 1 b other half 
covered with magne
site 
Lib x 0.5 0 - 1) 

= 1 cm 

Length 2 b other half 
covered with magne
site 
L2b x O.Siy- 1) 

= 2 cm 

No. 

12 

13 

14 

15 

16 

17 

18 

^ a p p -

Mr = 

^ a p p = 

Mr = 

d = 

d = 

Calculation using the 

(a) vol./surface area ratio 

Inner face 3 a covered with 
magnesite 

Λα x (j- 0 = 504 cm2 

(b) the bar formula 

Inner length 3 b 
covered with magne
site 
£ 3 » x 0 ' - 1) 

= 2 cm 

Determination of apparently increased surface 
using chills without magnesite 

Sum of rows 5 a, 8 a, 9 a 
gives apparently increased 
area 26,040 cm2 

Sum of rows 5 b, 8 b, 
9 b gives 
/>app = 81 cm 

Reduced modulus using chills without magnesite 

J /oMapp= 63000/26040 
= 2.42 cm 

Mr = Λ / Λ Ρ Ρ 
= 200/81 = 2.48 cm 

Determination of the apparently reduced surface 
area using chills and magnesite 

Sum of rows 5 a, 8 a, 9 a, 
10a, H a , 12a = 27,552cm2 

Sum of rows 5 b, 8 b, 
9b, 10b, l i b , 12b 
-Papp = 86 cm 

Reduced modulus using chills and magnesite 

l / o M a p p = 63000/27552 
= 2.28 cm 

Mr = Λ / Λ Ρ Ρ 
= 200/86 = 2.32 cm 

Determination of min. thickness d of the housing 
wall necessary for feeding the flange, d = 2Mr 1.1 

In case 14 (chill without magnesite) 

53 mm 54 mm 

In case 16 (chill and magnesite) 

50 mm 51 mm 
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10.4. Manufacture of Extended Artificial End Zones 
by Means of Chilling Materials 

IMPORTANT FOR PRACTICE 

The layout and results of the experiments by Stein 
and co-workers(34) are shown in Fig. 309· In the absence 

Tube wall thickness 
40 mm 

\^4-?u.-?fl· \Random dendrite 
K ^ ^ ! distribution 

\&&0&] Defective zones only detectable 
*'"'*■ ultrasonicatly 

Zircon sand Without chid 

F I G . 309. Diagrammatic representation of the primary structure 
of steel tubes, cast in various heat-conducting materials. 

of stepped chills as in Figs. 244 and 245, it is understand
able that slight porosity must occur at the points indi
cated in the centre of the end zone. With stepwise 
cooling similar conditions to those found on parasite 
plates can be produced in which the thicker step feeds 
the thinner one. 

In experiments by the author (cf. Fig. 310) the feeding 
range was stepped, and thus extended, by attaching 

various cooling materials. In practice the chilling sand 
packing can only be placed as cores of various thick
nesses, because free ramming by hand is too inaccurate. 
In special cases the possibility of chill cores will be con
sidered. Krestschanovski(23) also described the different 
chilling effects of various materials, without giving 
generally valid formulae. 

The feeding range when using mould materials with 
a chilling action (and metal chills) is of importance. 
According to sect. 3.4 (Fig. 57), the dendrites are 
shortened on cooled surfaces, i.e. the solidification band 
becomes smaller. This corresponds to smaller flow re
sistances towards the end of solidification, that is the 
feeding range becomes greater. 

The author observed an increase of fifty per cent in the 
lengths of the sound zones when using zircon moulding 
sand, compared with the values shown in Figs. 47 and 48. 
However, the amount of material observed is too small 
for generally valid conclusions to be drawn from the 
results, and the author recommends, on safety grounds, 
that the values of Figs. 47 and 48 should continue to be 
used until the results of large-scale trials are available. 

10.5. Displacement of the Segregated Zone by the 
Use of Moulding Materials with a Chilling 
Action 

It is clear with the more rapid growth of the dendrites 
at the cooling walls that the segregated zone will be 
displaced in the direction of the uncooled walls. The 
stronger the chilling action of the moulding material, 
the greater this displacement will be. By using chills of 
steel, copper or graphite (all of which are practically 
equivalent) this displacement is at a maximum. The 
amount of displacement attainable can be calculated 
from equations (105) and (128). Both these equations 
deal with the apparent increase in surface area caused 
by chill moulding materials. 

E X A M P L E 1 

According to Fig. 311, the position of the segregated 
zones is to be established when one side (b) is covered 
with chills (c) with magnesite brick (d) with zircon 
sand. 

To calculate the segregated zone it is appropriate to 
use equation (42) after Stein(42). The distance X of the 
segregated zone from the uncooled surface is given by: 

X = ±x.—-dam 
2 )' X -^cooling material 

(138) 

F I G . 310. Plate cooled in steps by attaching various heat-conducting 
materials. 

where j is the factor of the apparent surface increase, 
which amounts to j «* 3 for chills without an air gap, 
and y ^ 2 for chills with an air gap, and which can be 
obtained for other cooling materials from Fig. 307- In 
this example, the upper part consists of quartz sand 
and the lower portion (without air gap) of the cooling 
material. The calculations are shown in the relevant tables. 

file:///Random
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(a) 

(b) 

(O 

(d) 

T~x = 0.J67d 

x = 0.416 d 

= 0.463d 

F I G . 311. Displacement of the segregating zone x — 
the use of heat-conducting mould materials. 

-x bv 

(a) Top and bottom quarts sand. Segregated zom approximately in the 

centre. 

(b) Top quartz sandy bottom chill without air gap, equation (105). 

^app. = ^sand + J ' ^ch i l l / J ' % 

d 1 d 
A ' c h i u = — - - T = T - = OA67d 

(chill without air gap)' 

(c) Top quartz sand, bottom magnesite. From Fig. 307: 

Jmagnesite ^ 1 ·2 

d Α*ΛηΑ d 1 
T 1.2 ^magnesite ~ 0 ' v . A 

*· J -̂ 1 magnesite 
: 0 .416*/ 

(d) Top quartz sandy bottom zj^on sand. From Fig. 307: 

J'zircon * * 1 - ° 8 

- L ^sand d 1 

Z i r c o n " 2 ' y.AzlrcQn 2 ' imQS 
= 0.463 d. 

EXAMPLE 2 

The displacement of the segregated zones by various 
moulding and core sands is to be determined for a 
tubular casting. 

First of all the equation (42) derived by Stein(42) will 
be used (Fig. 312) starting with flat plates. With such 
plates the segregated zone lies in the centre of the plates. 

ri 
Quartzsand 

F I G . 312. Position of the segregated zone(3) in tubular castings. 
Derivation of Stein's equation*12). 

W 
With flat plates Zpi&tc = — · When the plates are curved to form tubes, 

Z is reduced by a factor equal to the ratio of the internal to the external 
diameter. 

W d_ 
~D 

The diameter X& of the segregated zone is 

X = d+2Ztube 

If mould and core are formed from the same sand, then: 

W d d 
X = d + 2 - ~ = d + W -

(42a) 

(42b) 

By placing zircon sand on one side, as shown in 
Fig. 311c, the segregated zone is displaced. With flat 
plates, we have 

X = 0.463 d 

where X is the distance of the segregate from the un-
chilled surface. This displaced zone is further displaced 
by curvature, according to Fig. 313· 

Quartz'i 

Quartz 

Quartz Quartz 

x'=0.463W 

z=0.463Wx^;: 

{.Quartz Quartz. 

VZircon 

A ^rO-537W 

z=0.537WxjL F I G . 313. Position of the segregated 
zone in tubular bodies using zircon 

sand. 

10 DS 
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T A B L E 37. POSITION OF THE SEGREGATED Z O N E IN T U B U L A R 

CASTINGS 

Quartz sand Cooling sand 

1 XTm d+2z =d+2(1~ 
<£? ycootivsonä 

(internal) 

' D... 
V " D... 
'Cooling sand 

Table 3 7 names the corresponding factors for establish
ing the position of the segregates in tubular bodies in 
a generally valid form. 

For tubes with small core diameters a further dis

placement of the segregated zone by the action of heat 
takes place in the sense of Section 7-4. The calculation of 
this effect for cooling sands would go beyond the scope 
of the present work. 

CHAPTER 11 

I N C R E A S I N G T H E T H E R M A L G R A D I E N T BY T H E U S E O F 
I N T E R N A L C H I L L S 

1 i . i . General 

IMPORTANT FOR PRACTICE 

To the extent that the experience available is limited, 
the use of internal chills in steel castings is risky. The 
dimensions of internal chills for specific cases have been 
established by means of numerous experiments carried 
out by various authors. The author has attempted to 
derive generally applicable formulae from these special 
results, and has relied mainly on the very instructive 
investigations reported by Lanzendörfer(34,35), which 
have the same fundamental importance as the sphere 
experiments of Locke, Briggs and Ashbrook(2). Satis
factory steel quality is also essential with internal chills. 
Figure 314a shows a chilled lug in which can be seen 
pinhole porosity in the rapidly solidified edges, similar to 
that illustrated in Figs. 224,225 and 226. In the quenched 
zone of the internal chill the porosity is much more 
pronounced as a result of the very much higher rate of 
solidification. 

F I G . 314 a. Porosity at the internal chill of a lug. Note the porosity 
zone at the edge of the lug, which has no connection with the 

porosity zone of the internal chill. 
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It is also important for the chill material to be made 
of killed steel, free from gases, otherwise defects will 
occur such as those illustrated in Figs. 314b-c. (The 
same is also true for chaplets.) 

Mild steel is often used for internal chills, which weld 
on easily. This is correct practice but it must be re
membered that mild steels are often supplied in rimmed 
qualities. In the author's experience low-carbon steels 
which have been deoxidized mainly with aluminium 
have proved satisfactory. 

Internal chills represent internal surfaces in castings. 
Foreign bodies such as gases, slag and sand particles, 
separate preferentially on these surfaces. This precipi
tation is made more difficult when the internal chills 
stand vertically in the casting (Fig. 314d). In the hori-

F I G . 314b. An internal chill was inserted in the lower flange of 
this casting, in order to economize in feeder metal. Large defective 
zones were found on ultrasonic and radiographic inspection. An 

attempt to save the casting by welding failed. 

F I G . 314 d. Internal chills in the lugs of LKW. The chills stand 
vertically in the casting. 

c ( i ) 

zontal position it will usually be found that such foreign 
bodies occur on the underside of the chill. 

Internal chills are to a large extent harmless when they 
are subsequently removed by machining (drilling). In 
this case a safety margin can be left round the chill, so 
that the blowholes, etc., can be safely machined out. 

The coating applied to internal chills is of importance. 
It is clear that rust, and oxidation of all kinds, must lead 
to a heavy evolution of gas. Condensed moisture (especi
ally with green sand moulds) also leads to blowholes. 

Tinning has been adopted as a means of preventing 
internal chills from rusting but the tinning process must 
be carried out satisfactorily. When this is not done, rust 
is often found underneath the tin coating. 

The tin (Sn) forms a separating layer in the casting. 
In the most favourable case it is floated off by the steel 
flowing past it, and distributed through the metal. In the 
most unfavourable case an Fe-Sn layer with a lower 
strength is formed. With steels which are poured cold 
the tin finally hinders any bonding with the casting. 

C ( 2 ) 

10* 

F I G . 314c. Section taken from the lower flange (314b) etched 
deeply with sulphuric acid. The following causes of the defects 

were established: 
(1) The material of the chill is not fused on. This defect would be prevented 

if calculations were carried out by means of the rules given later. 

(2) The chill material {rimmed steel) is also porous in itself. Presumably 
the gas-containing chill material has even given up gas to the casting. 
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Solidification of the housing watt Mw m 2cm 

Solidification modulus of the bearing lug ML *3cm 

F I G . 315 a. Bearing lug which is difficult to reach, and which is 
to be fed from the housing wall. 

Low-grade chills are sometimes galvanized. The zinc 
(Zn) forms an extremely brittle Fe-Zn alloy with the iron, 
which greatly reduces the strength of the casting. 

A copper (Cu) coating has proved fairly satisfactory 
with small internal chills (and chaplets). Fe-Cu alloys 
sometimes possess favourable properties. However, the 
correct copper-plating technique is an art which has 
been acquired by very few manufacturers of internal 
chills. 

According to the author's experience, it is best to 
use a chill material which has been bright ground, or 
at least has a perfectly clean, sandblasted surface. Small 
chills must be kept in airtight containers which are 
stored in a dry environment. Each container must be 
provided with a strongly hygroscopic cartridge (of burnt 
lime for example). 

Larger chills are ground to a bright metallic surface 
before use. 

F I G . 315 b. Inadequate and incorrectly dimensioned chill on the 
joints of housing wall and ribs. Shrinkage tears were formed 

subsequently. 
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The measures described may seem troublesome to 
many foundrymen, but the decisive question is whether 
low-grade commercial castings are to be made, or whether 
value is to be placed on quality. 

In many cases the trend is in the direction of high-
grade castings. Many castings which ten years ago were 
still accepted without hesitation are now rejected. 

Similar basic considerations apply both to internal and 
external cores. It must not be forgotten, however, that in 
spite of accelerated solidification, the casting must still 
be fed. A chilled accumulation of material, such as the 
lug in Fig. 315 a, is fed from the housing wall. The 
thickness of the housing wall limits the chilling of the 
lug to a specific amount if it is to be cast sound. 

It is often necessary to cool junctions of all types (for 
example, from housing wall to fin). Junctions represent 
a considerable increase in modulus, which can be cal
culated in accordance with sect. 2.5· This calculation 
must be based on the rules mentioned here. 

In this case the junction must be fed by the thinner 
housing wall. The chill material must be so dimensioned 
that the junction solidifies earlier than the housing wall, 
which is not the case in housings as shown in Fig. 315b. 
The so-called "Fi r tree configuration" was used in chill
ing fins; shrinkage cavities were produced in the junc
tions, which led to the formation of hot tears. 

According to the author's experience it is safer: 

1. When possible, to cast the fins separately and sub
sequently weld them on, making a good joint. The ne
cessary welding work is less, and is more reliable than 
the repair welding shown in Fig. 315b. 

2. When this is impossible, to cast the junction sound 
by placing special fillet chills (cf. Figs. 253 a-c), o r a t 

least to keep the shrinkage cavity down to an amount 
where it will be harmless (Figs. 254-257). Internal chills 
should only be used as a last resort. 

Unfortunately, this feeding range was not mentioned 
in most of the investigations which have so far been 
carried out. In many cases feeding took place through 
the pouring cup via the ingate to the casting. However, 
the important ingate dimensions are not mentioned in 
this case. A severely chilled test piece can nonetheless 
exhibit shrinkage cavities if adequate feeding of the re
sidual cross-section is not ensured. 

Sections 11.2-11.8 give the physico-mathematical prin
ciples; it is not absolutely necessary to study them in 
order to understand the summary for the practical man 
given in sect. 11.9. 

11.2. The Heat Balance of Welded-in Chills 

When internal chills are inserted in a body with a 
solidification modulus MQ, and an associated solidifica
tion time Γ0, it should solidify in the same reduced time 
Tr as a simulated body with the smaller modulus Mr. 

Modulus and solidification time are related according to 
Chvorinov(1) by the equation: 

M* x 2.1 or T 

M*m x 126 (141) 

2.1 and 126 are constants which apply with sufficient 
accuracy for most bodies. 

The housing wall (Fig. 315 a) has a modulus of 2 cm, 
while the lug has a modulus M0 = 3 cm. In order to be 
certain that the lug will solidify sound, its modulus must 
be about 10 per cent less than that of the housing wall which 
feeds it. Mr is therefore 1.8 cm. From the equation the 
relevant solidification time Tr is (1.8)2 x 126 = 408 sec. 
Hence the internal chill must be welded to the casting 
within 408 sec. 

The available time for welding is therefore dependent 
only on the reduced modulus Mr, and is not a function 
of the original modulus M0. The influence of steel 
temperature is still to be investigated. 

Using an internal chill, a body with a volume V0 

should solidify in the same reduced time as a simulation 
body with a smaller volume Vr. 

The volume of the inserted internal chill Vch is first 
subtracted from V0, so that 

and 
Kn - V u = V 
v 0 v ch v » 

νΛ-ν, =AV (142) 

In the transfer of the heat from the casting to the chill 
the laws of heat flow must be taken into account. The 
chill can only be welded after it has reached a temperature 
of about 1485°C. As heat transfer is possible only from 
the hotter to the cooler body, the temperature of the 
casting must not previously have fallen below 1485°C. 

1 
1 

Steel casting temperature 

/ 5001 cak*lLiqui^\ 

145CR 

2di 

Room temperature 

FIG. 316. Heat flow on fused-in chills. 
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The amounts of heat liberated from the casting below 
this temperature can no longer be taken up by the chill 
to weld it into the casting. Figure 316 illustrates the 
heat flow in internal chills. It can be seen from this 
scheme that the maximum amounts of heat available 
for welding on an internal chill are as follows: 

The superheat for the region above 1500°C plus about 
■J· of the latent heat of fusion or solidification, which is 
liberated between 1450-1500°C (the superheat is gener
ally calculated from 1450°C in the equations formulated 
here). As no welding, or very little, occurs below 
1500°C, the heat balance in this case is calculated for a 
temperature range beyond 1500°C. 

The amounts of heat available for fusion are given 
in Table 38 for various superheats. 

T A B L E 38. D A T A FOR CALCULATION OF W E L D E D - I N C H I L L 
M A T E R I A L 

Steel 
temp. 

°C 

1500 
1550 
1620 
1700 

Amount of head 
available for the chill 

welding-in cal/g 

; i / 3 L 

21 
21 
21 
21 

S 

— 
10 
24 
40 

Sum 

21 
31 
45 
61 

/ 

0.0782 
0.1096 
O.150O 
0.1930 

0.2\ 

O.I5\-

I700 

According to the condition — amount of heat given off = 
amount of heat taken up — we have: 
Vch x γ x 264 = (K0 - Vch -Vr)xy (1/3 L + S) (c) 

from which: 

264 + (1/3 L + S) 264 + (1/3 L + S) 

x V0 x W - Mr) = / x Kx M0-Mr (145) 

in which the latent heat of fusion L, the superheat S and 
the number 264 are incorporated into a factor/. Table 38 
gives some values of/. 

From the above equation the necessary weight of the 
internal chill becomes: 

M — M 
B ^ = / x y x v* °Mo ' 046) 

The calculation Wch is facilitated by the nomogram of 
Fig. 317. 

g chill material 
per cm3V0 

True steel temperature 
in casting, *C 

Γ-Μ75 

006 

F I G . 317. Amount of fused-in chill material as a function of the 
modulus and temperature. 

Steel temp., mC 

The amount of heat given off by the volume difference 
z J F i s : 
A V x y x (1/3 L + S) = (Voc -Vr)xr x (1/3 L + S) 

= (vo ~ Vch - Vr) x γ x (1/3 L + S) (143) 

This amount of heat must correspond to the quantity 
which can be taken up by the internal chill. The chill 
must first be heated to about 1450°C, after which it is 
partly melted on welding in, for which about half the 
latent heat of fusion of the material of the chill is re
quired. The amount of heat taken up by the internal 
chill is thus: 

^ΓΛ >' 7 x (f x 1450 + L/2) = r c „ x γ x (c x 16 x 
x 1450 + 64/2) = 264 Vch x γ (144) 

The example in Fig. 317 indicates that with a true 
steel temperature in the casting of 1650°C and a ratio 
MJMr = 1.28, about 0-3 kg chill material can be in
serted per dm3 casting volume. In this case "casting 
volume" obviously denotes the volume of the part of 
the casting to be chilled. Table 39 also helps in obtaining 
the chill dimensions quickly. 

EXAMPLE 

The part of the casting to be chilled has a volume of 
10 dm3 (the remaining relationships as given in the 
above data), so that 10 x 0-3 == 3 kg chill material are 
to be inserted. The following examples of chill dimen
sions are taken from Table 39: 
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cross-section 
20 x 20 mm 

or 10 x 10 mm 
or 8 x 8 mm 

length 
1 m 
4 m 
6 m 

wt. of chill The large number of possible shapes indicates that in 
3·14 kg addition to the heat balance other factors must be con-
3-16 kg sidered in determining the most suitable dimensions of 
3-0 kg the chill. 

T A B L E 39· W E I G H T IN kg/m OF SQUARE SECTION CHILLS WITH A L E N G T H ACROSS THE SECTION OF d 

d 
m m 

1 
1.S 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

No. of chills P 

1 

7.9 
18 
32 
71 
125 
0.2 
0.28 
0.39 
0.50 
0.64 

0.79 
0.95 
1.13 
1.33 
1.54 

1.77 
2.01 
2.27 
2.54 
2.83 
3.14 
3.46 
3.80 
4.20 
4.52 

4.91 
5.31 
5.72 
6.15 
6.60 

2 

16 
36 
64 
142 
250 
0.4 
0.56 
0.78 
1.0 
1.28 

1.58 
1.90 
2.26 
2.66 
3.08 

3.54 
4.02 
4.54 
5.08 
5.66 

6.28 
6.92 
7.60 
8.40 
9.04 

9.82 
10.6 
11.5 
12.3 
13.2 

3 

24 
S4 
96 
213 
375 
0.6 
0.84 
1.17 
1.5 
1.92 

2.37 
2.85 
3.39 
4.0 
4.62 

5.32 
6.03 
6.82 
7.62 
8.49 
9^42 
10.4 
11.4 
12.6 
13.6 

14.8 
16.0 
17.2 
18.5 
19.8 

4 

32 
72 
128 
284 
soo 
0.8 
1.12 
1.57 
2.0 
2.56 

3.16 
3.80 
4.42 
5.32 
6.16 

7.10 
8.04 
9.10 
10.1 
11.3 
12.6 
13.9 
15.2 
16.8 
18.1 

19.7 
21.4 
23.0 
24.6 
26.4 

5 
40 
90 
160 
355 
625 
1.0 
1.4 
1.95 
2.5 
3.2 
3.95 
4.75 
5.65 
6.65 
7.70 

8.86 
10.1 
11.3 
12.7 
14.2 

15.7 
17.3 
19.0 
21.0 
22.6 

24.6 
26.6) 
28.6 
30.7 
33.0 

6 

48 
108 
192 
426 
750 
1.2 
1.68 
2.34 
3.0 
3.84 

4.75 
5.70 
6.76 
8.00 
9-24 

10.7 
12.1 
13.7 
15.21 
17.0 
18.8 
20.8 
22.8 
25.2 
27.1 

29.5 
31.9 
34.4 
37.0 
39.6 

7 

56 
126 
224 
497 
875 
1.4 
1.96 
2.74 
3.5 
4.48 

5.54 
6.65 
7.9 
9.32 
10.8 

12.4 
14.1 
15.9 
17.8 
19.8 

22.0 
23.3 
26.6 
29.5 
31.6 

34.4 
37.3 
40.1 
43.0 
46.2 

8 

63 
144 
256 
568 

1000 

1.6 
2.24 
3.12 
4.0 
5.12 

6.34 
7.60 
9.02 
10.6 
12.3 

14.2 
16.1 
18.2 
20.3 
22.6 

25.2 
27.6 
30.4 
33.6 
36.2 

39.4 
42.5 
45.9 
49.2 
52.8| 

9 

71 
162 
288 
639 
1125 

1.8 
2.52 
3.52 
4.5 
5-76 

7.11 
8.55 
10.2 
12.0 
13.9 

15.91 
18.1 
20.4 
22.8 
25.5 

28.3 
31.2 
34.2 
37.8 
40.6| 

44.31 
47.8 
517 
55.5 
59.4 

10 

79 
180 
320 
710 

1250 

2.0 
2.8 
3.9 
5.0 
6.4 
7.90 
9.50 
11.3! 
13.3 
15.41 

17.7 
20.1 
22.7 
25.4 
28.3 

31.4 
34.6 
38.0 
42.0 
45.2 

49.11 
53.1 
57.2 
61.5 
66.0 

J2_ 

J* 

d 
mm 

30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
85 
90 
95 
100 

N o . of chills P 

1 

7.07 
8.04 
9.08 
10.2 
11.3 
12.6 
13.9 
15.2 
16.6 
18.1 

Ί9.6 
21.2 
22.9 
24.6 
26.4 

28.3 
30.2 
32.2 
34.2 
36.3 

38.5 
40.7 
43.0 
45.3 
47.8 

50.2 
56.7 
63.6 
70.9 
78.5 

'2 

14.1 
16.1 
18.2 
20.4 
22.6 

25.2 
27.8 
30.4 
33.2 
36.2 

39.2 
42.4 
45.8 
49.2 
52.8 

56.6 
60.4 
64.4 
68.4 
72.6 

77.0 
81.4 
86.0 
90.6 
95.6 

100 
113 
127 
142 
157 

3 

21.2 
24.1 
27.3 
30.6 
34.0 

37-8 
41.6 
45.6 
50.0 
54.3 
58.8 
63.6 
68.7 
74.0 
79.2 

85.0 
90.6 
96.6 
103 
109 
116 
122 
129 
137 
144 
151 
170 
191 
2131 
236| 

4 

28.4 
32.2 
36.4 
40.8 
45.4 

50.6 
55.6 
60.8 
66.5 
72.4 

78.4 
84.8 
91.5 
99.0 
105 
113 
121 
129 
137 
145 
154 
163 
172 
183 
192 
202 
227 
255 
284 
314 

5 
35-4 
40.2 
45.5 
51.0 
56.6 

63.2 
69-5 
76.0 
83.0 
90.6 

98.0 
107 
114 
123 
132 
142 
152 
162 
172 
182 
193 
204 
215 
227 
240 
252 
283 
318 
355 
392 

6 

42.5 
48.2 
54.6 
61.2 
68.0 

75.8 
83.5 
90.2 
99.5 
109 
118 
128 
137 
148 
158 
170 
182 
194 
206 
218 
231 
245 
258 
272 
287 
303 
340 
382 
425 
471 

7 

49.5 
56.3 
63.7 
1 71-4 
79.1 
88.2 
97.3 
107 
116 
127 
137 
149 
161 
172 
185 
198 
212 
226 
240 
254 
270 
285 
302 
318 
335 
352 
396 
446 
496 
550 

8 

56.6 
64.3 
72.8 
81.6 
90.4 

101 
111 
122 
123 
145 
157 
170 
183 
197 
211 
226 
243 
258 
274 
290 
308 
326 
344 
364 
383 
404 
454 
510 
568 
629 

9 

63.6 
72.3 
81.9 
91.8 
102 
113 
125 
137 
149 
163 
177 
192 
206 
222 
238 
255 
273 
290 
308 
326 
346 
366 
388 
410 
431 
454 
510 
574 
638 
708 

10 

70.7 
80.4 
90.8 
102 
113 
126 
139 
152 
166 
181 
196 
212 
229 
246 
264 
283 
303 
322 
342 
363 
385 
407 
430 
453 
478 
502 
576 
636 
709 
785 

Example: A rod 1 m long, 22 x 22 mm weighs 3.80 kg 
8 rods each 1 m long, 22 x 22 mm weigh 30.4 kg 
1 rod 0.8 m long, 22 x 22 mm weighs 3.04 kg, etc. 

11.3. The Transfer of Heat When Welding the Chill 
to the Casting 

We will now determine the dimensions of the chill 
material which are necessary to weld the chill satisfac
torily to the casting without melting the insert com
pletely. 

Lanzendorfer(34·36) carried out a number of immersion 
tests to determine the behaviour of cooling materials 
at steel-pouring temperatures and their melting-down 
times. Figure 318 shows that the cooling material be
haves at first like a chill when it is immersed in a steel 
bath at a constant temperature, that is, relatively large 
amounts of steel solidify on to the cooling material. 
For example, on immersing a platelet 2 mm in thickness 

in a steel bath at 1650°C, an amount of steel equal to 
36Ο per cent of the weight of the platelet had solidified 
on to it after four seconds. This deposited steel melted 
again, and after seven seconds' immersion the cooling 
body had regained its original weight. Only then did 
the plate itself begin to melt, indicating that it had 
reached a temperature of about 1485°C. After a total 
immersion time of 10 seconds the platelet had gone 
completely into solution. 

The author checked Lanzendörfer's data by means of 
extensive dip tests on chill sections of up to 60 x 60 mm. 
These chills were immersed in the steel bath of an in
duction furnace, which was regulated to a constant 
temperature. The basic pattern of the curve in Fig. 318 
was confirmed, but it was found that the melting period 
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0 24 
Immersion time, sec 

F I G . 318. Cooling effect and time to melting of a round bar 
12 mm diam. and of a core platelet 2 mm thick. After Lanzendörfer. 

was much shorter than that given in the data published 
by Lanzendörfer. Nonetheless the longer time was re
tained as a factor of safety for the calculation. 

A similar result was obtained by Lanzendörfer in an 
immersion test with a round bar 12 mm in diameter. 
If the total time of immersion of this bar is taken as 
100 per cent, it reaches a temperature of 1485°C after 
about 70 per cent of the immersion time has elapsed, 
only 30 per cent of the total time being required for the 
actual melting-down process. 

Complete dissolution of the chill is not always neces
sary, however; it is sufficient for the outer layers to be 
melted. This process will have taken place after 75 per 
cent, or at the most 80 per cent, of the total period of 
immersion. This fusion time corresponds to the solidifi
cation time of the chilled casting, and is to be substituted 
in equation (141). In the example mentioned (Fig. 315) 
this time amounts to 408 seconds. Hence a chill must be 
selected with a total melting time of (408 x 100)/75 = 545 
seconds at the temperature in question. 

Lanzendörfer carried out further experiments*35* to 
determine the melting-down times of various chill sec
tions at given temperatures; the results are shown in 
Fig. 319. 

0 2 4 6 8 10 12 14 16 18 20 22 
Melting time. sec. fc 

F I G . 319. Melting time of various chill sections as a function of 
temperature. After Lanzendorfer(35). 

11.4. The Influence of Temperature on the 
Melt-down Time of Chill Sections 

Figure 320 shows, in an evaluation of Lanzendörfer's 
experiments, the melt-down times of a three mm square 
section iron as a function of temperature. The values in 
the range 1580-1700°C were established experimentally, 
while those between 1450 and 1580°C were estimated. 
The resulting curve is a hyperbola; as no further melting 
of the chill occurs at 1450°C, the melting time at this 
temperature is infinitely long. Conversely, when super
heating the steel much above 1700°C melting takes place 
after a very short time. It is very seldom that a superheat 
higher than 1700°C is obtained in practice, so that the 
melting time of a section at 1700°C can be taken as unity. 
Figure 3 20 also indicates to what extent the melting 
time is prolonged at temperatures below 1700°C. The 
prolongation factor is denoted byp. 
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B0\ 
75\ 
70 
65 
6θϊ 
56 
50 
45J 
40\ 
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±2 
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1 

1450 1500 1550 1600 1650 1700 
Steel temperature, *C 

0 50 100 150 200 250 
Superheat ts,*C 

F I G . 320. Melting times of a 3 mm sq. iron bar as a function of 
the steel temperature. 

These immersion trials were carried out in steel at an 
approximately constant temperature. During the solidi
fication of castings, however, a drop in temperature will 
take place from the casting temperature to the solidifi
cation temperature. For this reason therefore the casting 
temperature and its corresponding factor 0 are not used 
in the calculation, but instead a much larger mean pro
longation factor qm is introduced, which corresponds 
to the temperature drop and is also plotted in Fig. 3 20 
for the appropriate steel temperatures, ρ is calculated 
in Table 40. 

Figure 3 20 shows the strong temperature dependence 
of the action of internal chills. It is necessary to introduce 
into the calculations the temperature of the steel where 
it comes into contact with the chill. In most cases this 
temperature will be less than the casting temperature at 
the ladle nozzle, since the steel becomes colder while 
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-

* 1 

x2 

72 

4 
2.6 

12 
7 

log 

0.6021 
0.4150 

1.0792 
0.8451 

T A B L E 40. LAWS OF FORMATION OF 

1. Fig. 318. 
Law of formation for the melting time of round iron bar at 1700° C. 

x or / = melting time in sec up to complete fusion 
doty — diameter of bar in mm 
M = modulus of the casting already cooled, cm 
n = exponent of x 
The curve corresponds to a parabola of the f o r m j = x" 

Determination of n 

logJi - logy-i 
log*! - log*2 

0.4301 
: 0.4771 
= 0.9 

According to Chvorinov(1) the time of solidification of a body 
is r s c c — \26M2. Complete dissolution of the chill body is not 
necessary; only 75% of the melting time should be inserted. 
Solidification must be completed after this 75% has elapsed, i.e. 
this time is equal to the solidification time of the cooled body. 
Hence: 

126 
d<a = Mf)09 = 16S0'9 M J·8 = 100 M\* 

2. Fig. 320. 
Melting time curve of a 3 mm sq. bar 

x or s = superheat of the steel, beyond 1450°C 
y or z — melting time of the square bar, sec. 
g = a constant factor 
n = exponent of x 

Determination of n with a hyperbolic form y = —— = q · x~ n: 

* 1 

* 2 

130°C 
22 sec 

250°C 
6 sec 

log 

2.1139 
1.3424 

2.3979 
0.7782 

logy2 - logj t 

log*2 - l °g*i 
- 0.5642 
+ 0.2840 = -1 .985 ^ - 2 

Determination of q: x±= 130 °C; x~2 = 
1 

16,900 

Vi = 22 sec = 1 
J1 16,900 
q = 16,900 x 22 = 3.73 X 10s 

THE CURVES OF FIGS. 318 AND 320 

Checks: x2 = 250 °C; x~l = 

a 
v9 = 6 sec = 

1 
62,500 

62,500 
q = 62,500 x 6 = 3-73 x 105 

from which the formation formula gives: 
373 x 105 

S* 

The melting time equation was calculated for a constant steel 
temperature. As, however, there will be a temperature interval 
between the casting and solidification temperatures, the correspond
ing mean temperature tm must be calculated. 

St 

ftxds / / 
3 ' , / 3.73 X 105 , 

txds= / -— ds = AL. 
S2 ~ Sl Sl 

3.73 x 105 ^2 

- 3.73 x 105 3.73 x 105 
■ + -

(S)* 

s2 Si 

If a steel temperature of 1510°C (S1 = 60°C) is the lower 
limit below which welding-on is no longer possible, then the 
following examples can be calculated. 

rin°c 

1700 
1650 
1600 
1550 

Sin°C 

250 
200 
150 
100 

tm 

24 
30 
41.5 
62.4 

Qm 

4 
5 
6.9 

10.3 

1000 
S.2 

4 
5 
6.7 

10 

Determination of the prolongation factor ρ: 
This states by how much the melting time changes at lower 

casting temperatures compared with / = 6 sec at 1700°C (constant 
steel temperature). Hence: 

= — , and the mean prolongation factor 
'1700 

&" = "7 = ~~fT 
*1700 ° 

Values of ρ„, are given in the above table. The law of formation 
for this curve is: 

1000 
Qm = — i n 

flowing in the mould. In practice it is impossible satis
factorily to allow for all these different factors by cal
culation. 

11.5. The Dimensions of Welded-in Chill Sections 
as a Function of Steel Temperature and the 
Desired Chilling Effect 

According to Fig. 319 the diameter of round cross-
sections can be determined as a function of time to 
complete melting, with a steel temperature of 1700°Q by 
means of the formula: 

<!0mm=T™ (147) 
If this value is substituted in the Chvorinov equation (141) 
we obtain: 

d 0 = (126 x M2)0'9 (d) 
However, complete dissolution of the densener is not 
required. Adequate bonding is obtained after about 75 % 

of the meltdown time (Fig. 317). The above formula 
then becomes: 

/ 126 \ 0 ' 9 
d0imm) = [-^M^ =100J/i ·« (148) 

This formula gives the maximum diameter of the chill 
as a function of the desired reduced modulus, at a con
stant steel temperature of 1700°C. Because of the cooling 
of the steel the melting or bonding time must be in
creased by the mean prolongation factor ρ„. The law 
of formation of Qm can be seen from Fig. 318 or Table 40, 
and is represented by: 

1000 , , 
Qm = —TF- ( e ) 

d 0 = 

tS 
100 x M1'8 

and 
d 0(mm) = S x M}* x 0.1 (149) 
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T A B L E 41. CALCULATED V A L U E S FOR MJ·8 AND D1-* 

D\Mr 

1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 

£>1.8;itfl.8 

1.2 
1.4 
1.6 
1.8 
2.1 
2.3 
2.6 
2.9 
3.2 
3.5 
4.1 
4.9 
5.6 
6.4 
7.2 
8.1 

D;Mr 

3-4 
3.6 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 
5-0 
5-2 
5.4 
5.6 
5.8 
6.0 
6.5 
7.0 

D 1 · 8 ; ^ 1 · 8 

9.0 
10.0 
11.1 
12.2 
13.2 
14.4 
15.7 
16.9 
18.1 
19.6 
20.8 
22.2 
23.6 
24.5 
29.1 
33.2 

D\Mr 

7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
10.5 
11.0 
11.5 
12.0 
12.5 
13.0 
13.5 
14.0 
14.5 
15.0 

£,1.8.^1-8 

37.7 
42.2 
47.5 
52.5 
57.5 
63.1 
66.1 
77.0 
81.7 
87.3 
94.0 

102.0 
110.0 
115.0 
124.0 
132.0 

Values rounded off, up or down 

The diameter of the chill can therefore be determined 
directly as a function of the superheat and of the desired 
reduced modulus. 

Table 41 gives values for M}'s and facilitates the cal
culation of the chill. In addition equation (149) is re
presented as a nomogram in Fig. 321. 

11.6. The Use of Non-bonding Internal Chills 

Non-bonding internal chills can be employed where 
they are either removed by subsequent machining (i.e. 
drilled out) or where the stresses to which the casting 
is subjected allow this to be done. Chaplets also represent 
non-bonding chills. If chills of this type are used, tears 
such as the one shown in Fig. 322 should not be formed, 
provided that the chill has reached a temperature of at 
least 1450°C at the completion of solidification, so that 
the chill and casting can then contract together. 

;*F 
T 

2—i 

<0—j βΟ-7] W0J2 

XB 

j—10 
8 

ft* 
ft* 

ft<H 

i! 
t-os 
ho? 

> * 

f-ft5 

F—0.3 
-£-50 

F I G . 321. Dimension dmtiX of fused-in chills. 

Lanzendörfer also investigated the melting charac
teristics of square section bars and platelets, the melting 
times of which differ by a specific factor from those of 
round sections, and which are also plotted in Fig. 321. 
For example, a platelet 4.2 mm thick, an 8.1 mm square 
section bar and a round bar 10 mm in diameter will all 
melt in the same time, according to this diagram. 

These equivalent melting times and the related chilling 
effects are allowed for in the nomograms. The section 
most suitable for practical requirements (i.e. in ac
cordance with the spatial relationships of the casting) 
can be selected. However, the choice between several 
chill sections must not lead to the error of changing 
the weight of chill material. If, for example, a weight 
of 500 g was determined, then 500 g of platelet or of 
round bar material having suitable dimensions will be 
required. 

F I G . 322. Contraction crack at a cast-in chill. 

Steel casting temperature 

7450* 

20% 

\R00m temperature 

F I G . 323. Heat flow in cast-in chills which are non-bonding but 
are free from contraction cracks. 

file:///R00m
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According to Fig. 323 a larger amount of heat is 
available for the chill than with welded-on chills, be
cause of the steeper temperature gradient. As the basic 
considerations were similar, the heat balance was cal
culated as in equation (146). It is only necessary to note 

T A B L E 42. D A T A FOR CALCULATING N O N - W E L D I N G CHILL 

M A T E R I A L 

Steel 
temp. 

°C 

1500 
1550 
1620 
1700 

Heat available for 
heating the chill cal/g 

L 

64 
64 
64 
64 

S 

— 
10 
24 
40 

Sum 

64 
74 
88 

104 

fr 

0.246 
0.274 
0.310 
0.347 
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F I G . 324. Amount of cast-in chill material which is no-bonding 
and is cast free from cracks. 
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F I G . 325. Dimension </max of non-bonding chills. 

that the total latent heat of solidification of the liquid 
steel is available to heat the chill, and that the chill need 
no longer be partially melted. Hence the factor / of 
equation (145) will be changed t o / r . The equation for 
the weight of a non-bonding chill is as follows: 

M0-Mr 
W« -fr X V0 Mn 

(150) 

The dimensions of the chill are determined from the 
same considerations as those discussed in Section 11.3. 

In accordance with Fig. 318 solidified steel is first 
deposited on the densener. After about 50 per cent of 
the melting period has elapsed, the deposited steel be
gins to melt again, so that the chill has then reached a 
temperature of 1450°C. Hence only 50 per cent of the 
melting time needs to be introduced into the calculation, 
and we obtain: 

i m 0 = i x M}'8 x 0.20 (151) 

This expression was used to construct the nomograms 
of Figs. 324 and 325. The diameter of a non-bonding 
chill can thus amount to twice that of the bonding type. 

Safety considerations are discussed in section 11.9.2. 
Temperature fluctuations must always be allowed for. 

11.7. Checking the Methods of Calculating Internal 
Chills 

Lanzendörfer(3ö) investigated the behaviour of a square 
section chill with a side of 8 mm, which was cast in 
various specimen castings, particular attention being 
paid to the casting temperature. The results are repro
duced in Table 43· 

The samples were subsequently calculated on the basis 
of the formulae which have been developed here. Far-
reaching agreement between the calculated chill sections 
and the actually inserted 8 mm square bars was 
achieved in the case of the samples described as " g o o d " . 
Those sections showing good agreement are specially 
emphasized. The method of calculation is illustrated by 
a numerical example. 

Good agreement was also obtained with the results 
reported by other authors(3e) as well as with those ob
tained by the author of the present work, as long as 
attention was given to the extremely important steel 
temperature. 
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11.8. The Chill ing Characteristics of Chaplets 

11.8.1. GENERAL 

IMPORTANT FOR PRACTICE 

Chaplets represent — usually unwanted — chills, which 
impair the soundness of the casting, and give rise to 
tears, etc. The term "welded-in chaplets" involves all 
the requirements associated with "welded-in chills". 
With high-grade castings, therefore, the chaplets must 
often be removed afterwards, by chiselling or drilling, 
and replaced by a satisfactory weld. 

Chaplets should also stay in the correct position in 
the core, both during and after filling, so that they must 
also possess adequate resistance to compression and 
buckling at elevated temperatures. Chills (or chaplets) 
which fulfil the conditions of bonding or freedom from 
hot tears on solidification, are heated by the steel to 
temperatures exceeding 1400°C, where their strength 
drops to a much lower level. With the bonding type of 
chill in particular the hot strength tends towards zero. 
The greater the buoyancy and other displacing forces, 
which act in the core, the greater the strength of the 
chaplets must be, and the more impossible it becomes 
to fulfil the requirement of "bonding" or even "crack-
free" solidification alone. 

The following calculations only supply the dimensions 
of "bonding" or crack-free melting chaplets, without 
taking strength requirements into account; these must 
be estimated from the forces acting on the core. The 
results of the calculation must be considered as showing 
trends only. 

From this, and from equations (145) and (149): 

Λ J νΛ M„ 

= / x 210 Z?3 
τ-'f 10 X d{mm) 

2 

® 

and: 

f x 210 £>2 - / x 1510 x 1/ /^I1_4^>£L = () (g) 

dln 
as d is small compared with D, —- can be neglected 
and: 

d 0mm = 2.86 x 10-2 D\* x S } 
= 4.54 x lO"5 £>i£ x S (153) 

Table 41 gives values of D1S. The nomogram (Fig. 327) 
was derived from equation (153)· 

Plate 

tymm) 

100 

eoh 
60—\ 

5 H 
40—j 

30-\ 

20-

10 
9-i 
7-

6-
5-

* — I 
3 

thickness 

True steel temperature 
in casting, *C 

°C 

\-1520 

Chaplet diameter 

d(mm) 
r-1 

\—2 

I 3 

h-20 

ί—30 
Ϊ-Α0 
h-5 

h7 

£-100 

F I G . 326. Cooling relationships with single-web chaplets. F I G . 327. Diameter of fused-in chaplets. 

11.8.2. CHAPLETS WELDING INTO PLATES 

According to Fig. 326, a chaplet generates a ring-
shaped chilled zone of width 2.5 D (approximately, as 
the end zone lengths of Fig. 48 were determined on 
plates, but not on discs). According to an assumed, 
estimated value of d = 0.3 D: 

Vn 
02Dn = 2iOD3 (152) 

H.8.3. NON-BONDING, CRACK-FREE CHAPLETS 

Based on the same considerations as the previous sec
tion, but starting from equation (151) we have: 

< /0 m m = 8.32 x 10-2 x £>L8x S 
= I.32 x lO"4 x D^l x S 

(154) 

from which the nomogram of Fig. 328 was plotted. 

file:///-1520
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Plate thickness 
Chapiet diameter Equation (145) then becomes: 

True steel temperature 
in casting, *C 

d (mm) 
r—/ 

FIG. 328. Diameter of non-bonding chaplets, melting without pro
ducing cracks. 

F I G . 329. Cooling relationships of chaplets on thin cast plates with 
a boss-shaped reinforcement. 

11.8.4. LUGS AND BOSSES FOR IMPROVING THE 
WELDING OF CHAPLETS INTO THIN-WALLED PLATES 

As shown in Fig. 329> thin-walled castings are often 
strengthened by a boss-shaped reinforcement at chaplets, 
so as to increase the modulus at these positions and thus 
improve the bonding, or at least ensure crack-free solidi
fication. 

The boss chilled by the chapiet must have the same 
(or a somewhat smaller) modulus as the thin surrounding 
wall of the casting to ensure that no shrinkage cavity is 
formed at the chapiet. The same conditions prevail as 
in the bearing lug of Fig. 315· 

In order to simplify the calculation the following as
sumptions will be made: 

1. Chapiet diameter d0 = thickness of plate D 

2. Height of the lug = half the lug diameter 

V^^LA.^fJk^k 
M„ 

Because 

therefore 

Mr = 0.9 iWpi.t« = 0.45 D and 

M A 

M0~Mr A-\.ZD 

(155) 

CO 

CO 

(i) 

from which, and from equation (155), the height of the 
lug, with d = D,is: 

A = D ί 0.9 + 1/0.81 + — f (156) 

with a lug diameter B 0 = 2 A. 
Figure 330 shows the relationship of the dimensions 

to the casting temperature. 

1500 1600 1700 

True temperature in casting, ' C 

F I G . 330. Relationship of the desired lug dimensions to the steel 
temperature. 

H.8.5. RELATIONSHIPS OF CHAPLETS. WELDING-IN 
WITHOUT CRACKS IN REINFORCING BOSSES 

Basically the same considerations apply as before, so 
that equation (156) becomes: 

A = D 0.9 + I/0.8I + 0.25 
fr 

(157) 

and is also represented in Fig. 330 as a function of 
casting temperature. The fluctuations are much less than 
with chaplets which are welded in. The following good 
mean values can be expected: 

d* = D I 
A = 2.2D (158) 

B® = 4.4 D \ 
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11.9. Examples of the Use of Internal Chills 

IMPORTANT FOR PRACTICE 

H .9 .1 . GENERAL EXAMPLES 

In order to understand the following calculations the 
fundamental Section 11.1 should be read first. 

Before a casting is cooled by an internal chill, the 
basic question should be asked —what purpose is to be 
achieved ? 

The bearing lug in Fig. 315, for example, must be so 
severely chilled that it can still be fed from the much 
thinner housing wall. In other words the lug must be 
made to solidify in a shorter time than the housing wall, 
by using an internal chill. This also means that the mo
dulus of the lug must be less (by about ten per cent) 
than that of the housing wall. The above question is 
therefore answered as follows in this case: the modulus 
must be reduced to a specific amount at the position to 
be cooled by means of an internal chill. 

E X A M P L E 

The bearing lug (Fig. 315) has (unchilled) a modulus 
of 3 cm, while the modulus of the surrounding wall is 
2 cm. Hence, for the lug to solidify sound, its modulus 
must be decreased from 3 cm to 2 cm — 10 per cent = 
1.8 cm. 

To achieve this cooling action a certain weight of 
cooling material must be introduced. The hotter the 
cast steel, the greater this weight must be. 

In general, internal chills are very strongly temperature-
dependent. Even small fluctuations of steel temperature 
cause considerable deviations in chilling action. This fact 
will be considered again later, together with suitable 
safety precautions. 

The nomogram of Fig. 317 gives the weight of cooling 
material. The amount of cooling material in non-welding 
chills can be read off" from Fig. 324. 

E X A M P L E 

The bearing lug of Fig. 315 is cast at 1550°C (true 
steel temperature in the casting). The ratio MJMr = 
3/1.8 = 1.67. Place a rule from 1550°C over point 1.67 
and read off a weight of 0.3I kg chill material per dm3 

casting volume. The lug has a total volume of 4.5 80 dm3, 
hence 0.3I x 4-580 = 1.42 kg of chill material must be 
inserted. 

Nothing has so far been said about the most suitable 
dimensions of the chill. This 1.42 kg can be inserted, 
for example, either as a thin wire or a thick rod. The 
dimensions must be selected so that the chill will weld 
in satisfactorily. We utilize Fig. 3 21 for welded-on chills, 
and Fig. 325 for non-welding chills. 

EXAMPLE 

The same lug Fig. 321: Place a rule over 1550°C and 
Mr = 1.8 cm and read off for round iron a diameter of 
d — 2 9 0 . A corresponding square section of d = 
24 x 24 mm can also be chosen. How long must this 
24 x 24 mm bar be made to provide a chill weight of 
1.42 kg ? Take from Table 39 at 24 x 24 mm a weight 

of 4.52 kg/m. For 1.42 kg this gives a length of Ο.32 m = 
320 mm. The lug is 170 mm high, so that two bars 
24 x 24 mm, 160 mm long, must be inserted. 

H.9.2. INFLUENCE OF TEMPERATURE FLUCTUATIONS 

First let us state the problem. The moulds, with the 
internal chills in position, are ready for casting but the 
steel supplied from the furnace is hotter (or colder) than 
was assumed when making the calculation. Obviously 
there is not time to take the moulds apart and insert new 
chills. What can be done about it ? 

This problem illustrates why failures are so frequent 
when internal chills are used. We will first determine 
the influence of temperature fluctuations on the lug in 
question. 

E X A M P L E a 

Casting temperature 1575°C, which is higher than 
originally planned. 

Place a rule in Fig. 317 over 1575°C on the originally 
calculated weight of chill (which has been inserted in 
the mould)—i.e. 0-31 kg/dm3 V0. Read off the modulus 
ratio of M0jMr = 1.50. We know that Af0 = 3 cm, 
hence Mr = 3/1-50 = 2 cm. Therefore the lug now has 
the same modulus as the surrounding wall. If the steel 
temperature was somewhat higher, the modulus in the 
lug would be even larger than 2 cm, so that there is 
a risk of shrinkage cavities. 

How is this danger to be avoided? Set the rule in 
Fig. 317 at a casting temperature about 25°C higher than 
originally assumed (in this case 1575°Q- At a ratio of 
M^\Mr = 3/1.8 = 1.67, this gives a chill weight of 
Ο.36 kg/dm3. This corresponds in the lug to an internal 
chill weighing 4-58 x Ο.36 = 1.65 kg. 

EXAMPLE b 

The casting temperature is lower by 25°C than orig
inally assumed, i.e. 1525°C. However, a chill of 1.66kg, 
corresponding to the higher temperature, has already 
been inserted. What is to be done ? 

By placing the rule in Fig. 317 over 1525°C and 
Ο.36 kg/dm3 the modulus ratio is found to be M0jMr = 
2.2. As M0 = 3 cm, Mr becomes 3/2.2 = I.36 cm. The 
chill is thus much heavier than required. Will this impair 
the quality of the steel casting? No—it is only necessary 
to ensure that the chill welds on satisfactorily. In Fig. 321, 
place a rule from 1525°C over Mr = I.36 cm, and read 
off a round section of d — 14 mm or a square section 
of d = 12 x 12 mm. From Table 39 we derive a weight 
of 1.13 kg/m at 12 x 12 mm. For a chill weight of 
1.65 kg this corresponds to a length of 1880 mm. The 
length of the lug is 170 mm; this means that 11 bars of 
12 X 12 mm must be inserted. In some circumstances 
the chill can be introduced in the form of a spiral 
spring. 

E X A M P L E C 

It is difficult to introduce the required weight of 
1.66 kg in the form of a 12 x 12 mm section. The ques
tion then arises: how thick can the bar be made if 



160 Increasing the Thermal Gradient by the Use of Internal Chills 

welding-on is not required and only crack-free solidifi
cation is necessary? This is very often the case, for 
example, when the internal chill is later removed by 
drilling out. 

Figure 325. Lay the rule from 1525°C over Mr = 
I.36 cm and read off a round section of d = 28 mm 0 , 
or a square section of d = 24 x 24 mm. The originally 
calculated chill section (d = 24 x 24 at 1550°C) can thus 
be retained. In Table 39, 1.66 kg corresponds to a length 
of 370 mm, i.e. two bars must be inserted, which will 
project slightly beyond the outer surface of the lug. 

These considerations may appear wearisome at first 
sight, but thanks to the nomograms almost no calculation 
is necessary. In any case the question must be asked, 
which is cheaper, to calculate ten times or to produce 
"scrappers"? 

Finally the rules for allowing a safety margin for steel 
temperature fluctuations may be summarized as follows: 

1. Assume a suitable steel temperature in the casting. 
This temperature must be increased by a certain amount 
to obtain the temperature in the casting ladle. This 
temperature will be aimed at by the furnace operators. 

2. Allow for a temperature fluctuation of -f25°C. 
Determine the required weight of chill from Fig. 317 
(welding-on) or Fig. 324 (non-welding) corresponding 
to this increased casting temperature. 

3. This weight of chill will therefore be inserted in 
the mould. Now assume a temperature fluctuation of 
— 25°C. Calculate from Fig. 321 (or 324) the unneces
sarily increased chill MT so obtained. Determine from 
Fig. 321 (or Fig. 325) the appropriate section thickness 
at the lower casting temperature. Determine from Table 39 
the length of this section necessary to obtain the weight 
of chill calculated under (2). 

In many cases it will be found that this type of chilling 
is not feasible (too much chill material, difficulties in 
inserting the material). Even this represents a success 
for the method of investigation. Or is it perhaps better 
to produce scrap by a useless and unnecessary trial? 

H.9.3. FURTHER EXAMPLES OF THE USE OF INTERNAL 
CHILLS 

When several chill bars are inserted, care must be 
taken to distribute them uniformly (Fig. 331) in order 
to prevent self-constriction of the cross-section, with the 
formation of shrinkage cavities. 

Further examples of the practical application of internal 
chills are shown in Figs. 332-33 5> with the relevant 
tables. 

1950 I Unmachined size 
4350-

Feeder head 

Shrinkage 
cavity 

Incorrect 

F I G . 332. Press housing. 

Self-constrktion Unrestricted flow 
of metal F I G . 331. Arrangement of several chills. 
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F I G . 332 (cont.) 

M 1 = : 

/ . {Section A—A) 

30 · 22.5 675 
■ = 7.8 cm 

2(30 + 2 2 . 5 ) - 18 87 

II. Bar, ratio of sides 180: 1000, larger than 1 : 5, so treat as a plate: 

Mn = 18/2 = 9 cm 

III. Junction 340 0 . Simulation bar 34 x 68 

34 x 68 2310 
Mm = 

2 (34 + 68) 204 = 11.3 cm 

The steel temperature should be 1590°C. Junction HI should be so far 
cooled by a fused-in internal chill that it can be fed via cross-section II. 

The modulus should increase by a factor of \A, hence: 

(reduced) 1.1 
9 

1.1 
= 8.15 cm 

/ / need only be calculated according to the heat balance. The ratio M0/Mr = 
11.3/8.15 = 1.39. From Fig. 3^7 w obtain the value 0.26 kg chill 
material per 1 (dm3) chill volume. The chill volume per m length amounts 
to 2.7 x 7-8 x 10 = 210 1, consequently 210 x 0.26 = 54.8 kg chill 
material per m length must be inserted. This is divided into three bar 
chills, so that the downward flow is not restricted. Fig. 321 shows that 

with Mr — 8.15 cm these bars will fuse in every case. 
Hence each bar contains 54.8/3 = 18.3 kg/m. From Table 39 for square 
section bar we find that the section measures 48 x 48. This means that 
50 x 50 bar can be used to allow for grinding necessary to remove rust 

and scale. 

To intensify the end %pne effect a bar chill should also be inserted in 
part I. Volume per m length is 3 x 2.25 x 10 = 67 1. The desired 

MI 7.8 
modulus reduction of = — - = 1 . 1 5 

MIr 6.8 

From Fig. 317: 0.13 kg/1 totalling 67 x 0.13 = 8.7 kg/m. From 
Table 39 wt obtain 35 x 35 bars, which are ground from 36 x 36 bar. 
The feeder head must correspond to a casting modulus of Mn = 9 cm, 
hence Mr = 1.2 x 9 = 10.8 cm; from Table 13, for example, this gives 
dimensions of 400 X 800 mm. (In fact the feeder can be kept smaller, 

if it is suitably back-filled.) 
No weakening of the strut due to the chill is found, because the chill 

axis also runs in the direction of the lines of force. 
The junction of the base plate can be partly fed with a 70 x 150 feeder 
head. This feeder has too small a modulus, so must be back-filled. The 
junctions strutJbase plate must be completely sound, so they are not chilled, 

but are fed by means of two shoulders from the central feeder head. 
The ribs on the base plate are chilled, to the extent that they are not 

fed by the feeder head. The modulus of a rib (bar cross-section) is My = 17 c m 
and must not be constricted by the junction chill. We have: 

My 
22.5 

17 
= 1.33 

The weight of chill material, from Fig. 317, is equal to 0.25 kg/1. The 
4.52 

function volume per m is π x 1 0 = 160 1, so that a bar of\ 60 x 0.25 

= 40 kg/m will be inserted (70 x 70). 
The head is fed only by a feeder head. The junction VI (500 0 ) in the 
lower half requires an oval drill hole, so far as external reinforcements 
which are difficult to remove are not incorporated. Μντ = 2 5 cm. ^ F V I = 

2> cm. A round feeder head H = D = 1 500 was set up, and this was 
back-filled. 

Chaplet 

F I G . 333. Tup with internal chill. 

Weight of the tup about 2900 kg (about 390 1) M0 = 12.5 cm. An 
extensive but still reliable chilling effect should be aimed for by the use of 
a welded-in chill. Casting temperature 1550°C. Assumed modulus ratio 
M0 

-77- = 1 . 5 , '·*· MT = 8.3 cm. The quantity 0.27 kg/1 is derived from 
Mr 

Fig. 317, totalling 390 X 0.27 = 105 kg chill material. If a grid of 
9 bars each about 38Ο mm long is inserted, so as to distribute the chilling 
effect as uniformly as possible, this will give a total length of 3.5 m, 
corresponding to 105/3-5 = 30 kg/m. This corresponds to a 62 X 62 
section (Table 39). The grid is best made of bright-ground bars, to which 

chaplets are spot welded. 
The exothermic feeder head is calculated in Chapter 12, Fig. 368 a. 

Alternative 1: 
non-exothermic 
feeder head, 
back-filled 3 times 

Alternative 2: 
with exothermic 
sleeve 
%2x42 

Chills 

11 _q_-4--f-̂ rj 
-*\2oq 

/ head \ 
\ surface J 

1 I 1 

! I 
! I 
.14-.. 

0- - - » - ■+ -j -r -γ- - μ , 
fv. . i„L- i . -^ 1 

kt 

«50 
I 

F I G . 334. Shield plate with internal chill. 

Weight about 4.1 t (volume 525 1); modulus of the unchilied plate M0 = 
9 cm; casting temperature about 1590°C. 

On economic grounds the feeder must be kept as small as possible, so 
extensive chilling is used. Question 1: How often can back-filling be 
carried out? This depends on operating conditions. In this case three times 

will be assumed. 

DS 11 
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F I G . 334 (cont.) 

With triple back-filling the feeder head can be emptied three times to 
beyond the 14% limit. Hence a head must be selected which will feed a 
weight of 4.1/3 = 1.37 t with a shrinkage S = 5%. For example from 
Table 9, / / = Z) 0 = 510 mm, feeding capacity 1.5 t at S = 5%, 

MF = 8 . 5 cm, weight WF = 710 kg. 
The feeder head MF = 8 . 5 cm requires a casting modulus 

Mc = -
MF 8.5 

= 7.1 cm 

Back-filling prolongs the solidification time of the feeder head, i.e. increases 
its modulus. Although not assumed on safety grounds, it is quite possible, 
by continual back-filling, to keep the feeder head correspondingly liquid. 

The cooling ratio -r—- = = 1.27 
& Mr 7.1 

From Fig. 317: Lay a rule on 1590, -f 15°C safety allowance for super-
M0 

heat, = 1605 C, over -—- = 1.27, and read off: 
Mr 

0.29 kg chill material per 1 casting volume, 
or 37 g chill material per kg casting weight. 

Hence a total weight of 0.29 kg x 525 = 153 kg of chill materials 
must be inserted. 

The arrangement of cooling bars follows from the diagram. No chills 
should lie underneath the feeder head, so that access of hot material will nof 
be restricted. The gfid-like arrangement of bar chills has a total length ot 
about 9 m. Table 39 gives a section of 47 x 47 mm at 153 kg andp = 9. 

48 x 48 iron can be used, to allow for grinding off rust and scale. 
It must be checked whether welding-on of this chill will be ensured if the 

M0 
metal is cast cold. At the reduced temperature of & 1570°C, — = 1.45 

Mr 

from Fig. 317, and Mr = 9/1.45 = 6.2 cm. We find from Fig. 321 
that at 1570°C and with Mr — 6.2 cm, the 47 X 47 bars will weld on in 

every case. 
2nd alternative: 

Combination with exothermic materials. The calculation of exothermic 
materials is dealt with in Chapter 12, and will not be carried out in full 

at this point. 
From Table 50 {feeder bead with exothermic sleeve) we obtain for a feeding 
capacity of4.it a feeder head of 320 0 x 48θΗ, with a corresponding 
exothermic sleeve. The casting could have a modulus of 7.9 cm, so that it 
is about the same si%e as calculated under (1), and the same chill can be 
used. The actual weight of the head'is'270 kg, and the yield would amount to : 

4100 x 100 

4370 - 9 3 % 

This represents the maximum upper limit, which cannot be exceeded even 
theoretically. 

4 shoulders 

Possibility I: 
without cooling 

Feeder 
weight 
710 kg 

Possibility 2: 
with cooling 

Total feeder weight 
4x190*760 kg 
plus o higher risk mm 

F I G . 335. Chilling the lug of a squeezer plate at various casting 
temperatures. 

(a) fused-in chills 
(b) non-bonded chills 

In many cases an internal chill is not necessary; it increases the costs of 
production and increases the risk of scrap. The following example starts— 
intentionally—from internal chills and shows in the course of subsequent 

calculation that the chills are both expensive and unnecessary. 
This squeezer plate of a disc-casting machine possesses four massive lugs. 
The modulus of the lugs in the uncooled condition is calculated as follows: 
Substitution body 4.5 x 2.5 x 2.5 dm, volume = 28 dm3, geometrical 

surface area =57-5 dm2 

Non-cooling surfaces to be subtracted: 
on the plate 80 mm thick, 2 x 2.5 x 0.8 = 4 dm2, and on the edge 

40 mm thick, 2 x 4.5 x 0.4 = 3.6 dm2, or 7.6 dm2 a/together. 
A cooling surface remains of 57.5 — 7.6 = 49-9 dm2. The modulus is 
thus V\ A = 28/49.9 = 0.561 dm = 5.61 cm. The modulus of the actual 

plate 80 mm thick is d/2 = 4 cm. 
The casting weighs about 1500 kg. 

As the lugs solidify earlier than the plate, the lug modulus of MmcooXed = 
5.61 cm is reduced to: Mr = M^^ = 4 x 0.9 = 3.6 cm. Hence 
MJMr = 5.61/3.6 = 1.56. The following weights of chill are obtained 
from Fig. 317, and the following maximum diameters for welded-in chills 

are derived from Fig. 321: 

Casting temp. 
(in the 

casting) °C 

1540 
1590 
1635 
1689 

Wt. of 
chill 

kg /dm3 

0.28 
0.37 
0.42 
0.50 

Total wt. of 
chill for 

T lu«ke = 

25 dm3 

7 
9.2 

10.5 
12.5 

Max. diam, 
mm 

97 
over 

100 mm 

Selected 
from Table 

39 sq. section 
mm 

44 x 44 
52 x 52 
56 x 56 
60 x 60 

The following possibilities exist: 

1. The whole casting (1500 kg weight) is supplied with a single central 
feeder head, for example a round feeder H = D®, with a steel shrinkage 
°f 5% and W= 1.5 m tons. Table 9 gives H= D® = 510 mm. 
The modulus of this feeder head is MF — 8.5 cm, which is thus substanti
ally larger than the modulus of the uncooled lugs. However, the feeder head 
must have the above dimensions in order to supply the metal necessary for 
feeding 1500 kg. This raises the question: Why were the lugs chilled at 
all? Is it not much simpler to extend the range of action of the feeder head 

by means of four clover leaf shoulders to the lugs? 

2. A feeder head is placed on each of the four lugs. Thus each feeder has 
to supply 1/4 of the total weight of casting, i.e. 1500/4 = 375 kg with 
metal. Read off from Table 9, for a shrinkage of 5% {for steels which 
are cast at a lower temperature) and a weight W = 400 kg, a feeder head 
H = D = 330 mm. This feeder head has a modulus of MF = 5.5 cm. 

Question: 

If a feeder head H= D = 405 mm, MF = 6.75 cm had been selected, 
this head would have fed the lugs without any chilling. Would this not be 
the safer way} Each internal chill involves an increased risk of scrap. 

http://of4.it
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F I G . 335 (cont.) 

3. Comparison of alternatives 1 and 2. 
Alternative 1. The feeder head H'= £> = 510 mm weighs about 710 kg. 

There is no need to use chills with this feeder head. 
Alternative 2. Each head H= D = 330 mm weighs about 190 kg. 
As four of these are used, the total weight is about 760 kg. Chills must be 

used with these feeder heads. 
On comparing these alternatives·, // is seen that method 1, with a single 
feeder head 510 0 and clover leaf shoulders is cheaper than method 2 with 

chillsl 
We thus arrive at the basic principle: 

12.i. General 

IMPORTANT FOR PRACTICE 

The use of feeder heads with exothermic sleeves is still 
based entirely on rule of thumb in many cases. However, 
experience is only gained by making mistakes, with the 
result that doubt is often cast on the efficiency of this 
type of feeder head. At cn^ time, various authors exam
ined the use of exothermic feeder heads for basic geo
metrical bodies, for example bars of all kinds. The work 
of Snelson(47) deserves special mention in this connection. 
A generally valid calculation for these feeder heads, 
which is applicable to any castings encountered in prac
tice, has been reported by the author, and this will be 
summarized here, developed further, and supplemented 
to include exothermic sleeves of all kinds. The basis of 
the method of calculation is the determination of the 
modulus, which will be taken as known in this case. 

In the exothermic feeder calculation the modulus 
method is basically superior to the shape factor method, 
because the behaviour of sleeves moulded by any method, 
with any given wall thickness and on any casting, can be 
determined very simply after making a few basic 
experiments. A great deal of experimental work would be 
required to apply the shape factor method to the same 
examples. 

Almost unbelievable economies can sometimes be 
achieved with exothermic materials. The conditions for 
this success are 

(1) Calculation is essential. The calculations are very 
easy and are greatly simplified by the use of diagrams, 
but they must be made. Whoever relies merely on " in
tui t ion" will sooner or later have to pay with reject 
castings, and scrap castings, as we know, are expensive; 
will the person responsible then be willing to admit, 
either to himself or others, that he has not made the 
necessary calculations ? 

(2) The quality of the exothermic materials must be 
of a uniform and high standard. The author will describe 
a few important methods of testing these materials. 

The methods described here were bought dearly (i.e. 
at the expense of reject castings) by experience both in 
11* 

Internal chills always involve an increased risk of scrap (on the 
ground of possible steel temperature fluctuations alone), 

Internal chills represent internal surfaces of the casting, on which 
foreign bodies such as gases, slag and sand particles are deposited 
preferentially. Even a careful calculation is powerless against 

this. 
For this reason the attempt is first made to manage without inter
nal chills when making high-grade castings; as we have shown, 
the chills are in many cases unnecessary. The internal chill re

mains as a last resort, when all other possibilities fail. 
If internal chills are subsequently removed by machining, (dril

ling) with sufficient reliability the risk of scrap is much less. 

Germany and in other countries. However, they have 
withstood their "trial by fire" during the past ten years. 

12.2. Principles of Calculation of Exothermic Feeder 
Heads, with Reference to Exothermic Sleeves 

12.2.1. W H A T D O EXOTHERMIC MATERIALS 
ACCOMPLISH, AND H O W D O W E T E S T 

T H E I R EFFICIENCY? 

Exothermic materials consist of thermite-like mixes 
with a carrier material, which in simple cases consists of 
sand, but is more often a special fireclay (Fig. 336). 
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FIG. 336. Composition of various exothermic materials. 

As will be shown later (Section 12.8) exothermic materials 
can be considered as self-heating insulating materials, 
i.e. their function is essentially that of heat insulation. 
Only with low melting point metals (grey cast iron, and 
light and heavy metals) does the temperature of the metal 
rise in the feeder, and this is often undesirable. With 
steel castings there is no rise in temperature — or at any 
rate very little—in the feeder head; this has been demon-
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F I G . 335 (cont.) 

3. Comparison of alternatives 1 and 2. 
Alternative 1. The feeder head H'= £> = 510 mm weighs about 710 kg. 

There is no need to use chills with this feeder head. 
Alternative 2. Each head H= D = 330 mm weighs about 190 kg. 
As four of these are used, the total weight is about 760 kg. Chills must be 

used with these feeder heads. 
On comparing these alternatives·, // is seen that method 1, with a single 
feeder head 510 0 and clover leaf shoulders is cheaper than method 2 with 

chillsl 
We thus arrive at the basic principle: 

12.i. General 

IMPORTANT FOR PRACTICE 
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A generally valid calculation for these feeder heads, 
which is applicable to any castings encountered in prac
tice, has been reported by the author, and this will be 
summarized here, developed further, and supplemented 
to include exothermic sleeves of all kinds. The basis of 
the method of calculation is the determination of the 
modulus, which will be taken as known in this case. 

In the exothermic feeder calculation the modulus 
method is basically superior to the shape factor method, 
because the behaviour of sleeves moulded by any method, 
with any given wall thickness and on any casting, can be 
determined very simply after making a few basic 
experiments. A great deal of experimental work would be 
required to apply the shape factor method to the same 
examples. 

Almost unbelievable economies can sometimes be 
achieved with exothermic materials. The conditions for 
this success are 

(1) Calculation is essential. The calculations are very 
easy and are greatly simplified by the use of diagrams, 
but they must be made. Whoever relies merely on " in
tui t ion" will sooner or later have to pay with reject 
castings, and scrap castings, as we know, are expensive; 
will the person responsible then be willing to admit, 
either to himself or others, that he has not made the 
necessary calculations ? 

(2) The quality of the exothermic materials must be 
of a uniform and high standard. The author will describe 
a few important methods of testing these materials. 

The methods described here were bought dearly (i.e. 
at the expense of reject castings) by experience both in 
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Internal chills always involve an increased risk of scrap (on the 
ground of possible steel temperature fluctuations alone), 

Internal chills represent internal surfaces of the casting, on which 
foreign bodies such as gases, slag and sand particles are deposited 
preferentially. Even a careful calculation is powerless against 

this. 
For this reason the attempt is first made to manage without inter
nal chills when making high-grade castings; as we have shown, 
the chills are in many cases unnecessary. The internal chill re

mains as a last resort, when all other possibilities fail. 
If internal chills are subsequently removed by machining, (dril

ling) with sufficient reliability the risk of scrap is much less. 

Germany and in other countries. However, they have 
withstood their "trial by fire" during the past ten years. 

12.2. Principles of Calculation of Exothermic Feeder 
Heads, with Reference to Exothermic Sleeves 

12.2.1. W H A T D O EXOTHERMIC MATERIALS 
ACCOMPLISH, AND H O W D O W E T E S T 

T H E I R EFFICIENCY? 

Exothermic materials consist of thermite-like mixes 
with a carrier material, which in simple cases consists of 
sand, but is more often a special fireclay (Fig. 336). 
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FIG. 336. Composition of various exothermic materials. 

As will be shown later (Section 12.8) exothermic materials 
can be considered as self-heating insulating materials, 
i.e. their function is essentially that of heat insulation. 
Only with low melting point metals (grey cast iron, and 
light and heavy metals) does the temperature of the metal 
rise in the feeder, and this is often undesirable. With 
steel castings there is no rise in temperature — or at any 
rate very little—in the feeder head; this has been demon-
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strated by several hundred measurements made by the 
author with many commercial exothermic materials. 

Many methods have been developed for testing these 
materials. An obvious step is to obtain the calorific value 
directly by a theoretical calculation from the content of 
metallic aluminium, or in the bomb calorimeter. It has 
been found, however, that expensive exothermic ma
terials with high aluminium contents are sometimes less 
satisfactory in practice than substances lower in alu
minium. Other methods of measurement involve testing 
the rate of combustion and the temperature. The fact 
is that none of these methods can determine more than 
a proportion of the properties required in practice, and 
they often lead to false and dangerous conclusions. The 
author is aware from his own experience that, for example, 
changes in the rate of combustion can act in a way quite 

Pouring gate 

different from the predicted effect, or, to quote another 
example, changes in the grain size of the aluminium 
powder can achieve the same effect as an increase in the 
aluminium content of the mix. In another case it was 
clearly established that the aluminium in an alumino-
thermic mix produced a cooling effect before ignition 
similar to that of a chill, which together with lower steel 
temperatures and small feeder head dimensions, caused 
a very rapid freezing of the steel in the feeder, which of 
course was far from being the purpose of using the 
material. 

For these reasons the author improved the well-known 
sphere test developed by American investigators(2); a 
sketch of the experimental layout is shown in Fig. 337. 
Photographs of the cast spheres are reproduced in 
Fig. 338. 

yys 60mm 
^&η in. 

FIG. 337. Testing exothermic materials with different effects, and 
investigating the influence of wall thickness. 

Λ reference sphere was cast at the same time in dry sand in each test 
with exothermic materials. The solidification times were measured in 
minutes. The relative solidification time was measured^ i.e. how much 
longer the sphere in the exothermic material remained liquid than the 
sphere cast in sand. The time of solidification of the sand-cast sphere was 

made equal to unity. 

Wall thicknesses tested, mm 
W= 12.5,20,35,40,60,60 

F I G . 338. Experimental layout for testing mouldable exothermic 
materials. 

(Courtesy Sniper Bros.) 
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Spheres are considered to represent the ideal test body 
for investigations, as the results can be transposed di
rectly to practical conditions. The first experiments were 
made with spheres of 150 mm 0 , and these were later 
extended to spheres with diameters of 75 and 300 mm. 
In each test the sphere was first cast in dry oil sand and 
its solidification time plotted accurately on a recording 
instrument, using a thermocouple. Spheres of the same 
size were cast simultaneously in exothermic sleeves of 
various wall thicknesses or of different qualities, and 
the extension of the solidification time compared with 
that in sand was measured. The longer the sphere re
mains liquid, other conditions remaining unaltered, the 
more effective is the exothermic material. The sphere 
test provides a definite practical quality test. The in
fluence of the casting temperature of the metal itself 
(particularly important in the case of grey cast iron) can 
also be evaluated by this method. Sphere tests can be used 
with any metal, and enable an accurate feeder head cal
culation to be made. The example of cast steel will be 
used for a detailed account of the method. 

Figure 339a shows a typical solidification curve, and 
Fig. 339 b the prolongation of the solidification of cast 

Solidus temperature 

Time, min 

Steel,0-!7%C 
Spheres 150 mm ft 

Cooling effect of 
Vhe metal lie port tn tne\ 
^exoth. material 

FIG. 339a· Typical cooling curves of one of the exothermic sphere 
tests. 

steel spheres, using various exothermic materials Λ, B, 
C and D, and different thicknesses of exothermic sleeve. 
Material C, which corresponds most closely to the com
positions normally used, forms the basis for further in
vestigations. However, the composition must be modi
fied for small and large spheres, for the same effect to 
be obtained (shown here for 150 mm 0 ) . The solidifi
cation time of a sphere cast in oil sand is given as unity 
for the purpose of comparison, so that the time of solidifi
cation is doubled using material C and a wall thickness 
of 35 mm. To facilitate subsequent calculations the wall 
thickness d was also given as a percentage of the mo
dulus of the sphere. It should be remembered at this 
point that the modulus of a body has the dimension of 
a length (which can be expressed in cm, in., etc.) and 
therefore its use as a measure of the thickness of the 
exothermic sleeve is permissible. 

Valid for unalloyed 
steels, true casting temperature 1570eC±20° 

0 K) 20 30 40 50 60 70 60 

Wall thickness w of the exothermic sleeve, mm 

I—r T — 1 1 

2 4 6 6 
T — 1 — — 1 — 1 — 1 — r 

2 4 6 δ *L2 4 6 6 I 

FIG. 

0 * H ° w 100' H ° ° 200' H Ό Q 300 
Wall thickness w of the exothermic sleeve as % 

of the modulus of the sphere 
339 b. Solidification times of cast steel spheres 150mmi 
cast in exothermic sleeves of various wall thicknesses. 

Figure 340 shows the increase in the modulus of the 
heated spheres compared with spheres cast in oil sand. 
This diagram is derived directly from Fig. 339; a second-

Valid for unalloyed steels, true casting temper
ature, t540'C±209 

400 

Wall thickness w of the exothermic sleeve as % of 
the geometrical modulus (*jf&) 

FIG. 340. Increase in the modulus of cast steel spheres 150 mm 0 
due to casting in exothermic sleeves of various wall thicknesses. 
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order relationship is known to exist between solidifica
tion time and modulus. 
EXAMPLE 

The test sphere of 150 mm 0 has a modulus of 2.5 cm. 
At a wall thickness (w) of 35 mm of the exothermic 
sleeve the thickness amounts to 140 per cent of the 
modulus of the sphere. At this wall thickness the solidifi
cation time is doubled according to Fig. 339; the modulus 
is increased b y / = };2 = 1.41 compared with sand, which 
can be read off directly in Fig. 340. 

It was shown in Section 2.4 (p. 5) that a cube, its in
scribed sphere and its inscribed cylinder all possess the 
same modulus, and therefore solidify in the same time. 
(Slight deviations of the order of magnitude of a few 
per cent are completely without significance in practice.) 
The effect of the wall thickness in the sphere tests can 
therefore be transformed directly to the wall thicknesses 
of the heated feeder head, to the extent that exothermic 
feeder heads are cylindrical bodies. Control tests in 
practice have shown that this method is completely valid 
within the scope of the accuracy and safety required 
on the industrial scale. 

It must be clearly emphasized once again that only 
a method using a test casting (such as the sphere de
scribed here) is suitable for the effective quality control 
of steel castings. Testing must be carried out with the 
same metal with which the exothermic material is to be 
used. Conclusions cannot be drawn from other metals, 
i.e. grey cast iron or copper alloys with reference to 
steel castings, according to the author's experience. The 
author carried out many analogous experiments with 
grey cast iron, light alloys and copper base metals, and 
established, for example, that marked deterioration in 
the quality of the exothermic material observed with 
cast steel was not observed when casting grey cast iron, 
and vice versa. 

The sphere test has now been introduced at a number 
of works, and since then no rejects due to unrecognized 
fluctuations in quality have been obtained. Before intro
ducing the test rejects were frequent, in spite of the use 
of other, supposedly satisfactory test methods. 

It must be pointed out that only part of the necessary 
oxygen is combined chemically in the exothermic powder. 
All exothermic materials (with the exception of pure 
thermite) are characterized by subsequent combustion 
with atmospheric oxygen. The gas permeability (see Sec
tion 12.4.2.) and the ventilation (Section 12.4-3 · ) a r e there
fore significant, as not only are gases drawn off by the 
action of the flue, but fresh air is also introduced. A poor 
supply of air leads to inadequate combustion, i.e. poor 
utilization of the fuel (in this case metallic aluminium). 
Aluminium makes the exothermic material expensive, 
and an inadequate supply of air represents inefficient 
operation. 
12.2.2. THE DEVELOPMENT OF THE SHRINKAGE CAVITY 
IN UNHEATED AND EXOTHERMIC FEEDER HEADS. 
INFLUENCE OF THE CAVITY ON THE EFFECTIVENESS 

OF THE FEEDER HEAD 
Figure 341 shows a large sectioned cast steel feeder 

head, with the well-known conical structure of the 

F I G . 341. Conical shape of shrinkage cavity in a cast steel cylindrical 
feeder head 900 0 x 900 H. 

shrinkage cavity. The involute curve of the cone, due 
to the continuous advance of solidification, is theoretic
ally a logarithmic curve. In practice the equation of a 
a parabola is sufficiently accurate as an approximation 
formula, as Fig. 342 shows. Due to this unfavourable 

Dimensions in dm 0. 

Actual shape 5r 

Calculated shape 

Ideal formula of the shrinkage cavity curve: y = — 

forx*R*4.5...y=t*6; 2p = ̂ = ^ = 3.37 
t 0 

F I G . 342. Calculated and actual shape of the shrinkage cavity cone 
of the cylindrical feeder head illustrated in Fig. 341. 
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cavity shape, only about 14 per cent of the initial volume 
of the feeder head is contained in the shrinkage cavity 
in cylindrical feeders of all types, irrespective of the 
height/diameter ratio. It must not be forgotten that the 
feeder head itself undergoes a contraction in volume 
during solidification, i.e. the 14 per cent cavity serves 
not only to feed the casting, but also for the partial 
feeding of the residual metal of the feeder head itself. 
Only a fraction of the feeder head volume is thus actually 
utilized for feeding the casting. According to the con
ditions, 6 to a maximum of 10 per cent of the original 
volume of the feeder head can be assumed to be utilized 
in feeding the casting. 

Figures 343 and 344, on the other hand, show an almost 
flat surface of liquid after sinking in the exothermic 

F I G . 344 a. Horizontal sinking of the metal surface of an exothermic 
feeder head on a large squeezer plate (for a press). 

(Courtesy Suiter Bros.) 

F I G . 344 b. Horizontal sinking of metal surface in a large exothermic 
F I G . 343. Horizontal sinking of the metal surface in medium-size feeder head, as a proof that the principles underlying the exo-

exothermic feeder heads. thermic feeder head calculation are also valid for large castings. 
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feeder head. This requires an exothermic sleeve with a 
minimum wall thickness w = 0.15 x dly where dx is the 
internal diameter of the sleeve. 

In contrast to the acute-angled cone of non-exothermic 
feeder heads, the shrinkage cavity in this case forms a 
hollow cylinder, while the residual metal in the cavity 
represents a solid cylinder, if a small amount of porosity 
in this cylinder is disregarded. Even when strong suction 
conditions are present, the residual body should also 
have a height of at least ·£■ of the original height of the 
feeder, so that the small amount of porosity will never 
penetrate into the casting. The maximum size of the 
shrinkage cavity in adequately heated feeder heads is 
thus 67 per cent, compared with 14 per cent in non-
exothermic feeders. Figure 345 shows the relationships 
in a cylindrical feeder head with H = 1.5 x D, and 
various wall thicknesses of exothermic sleeve. 

The left side of the diagram shows the non-exothermic 
feeder head with an exothermic sleeve thickness of 
zero, and on the extreme right a feeder with a sleeve 
thickness of w = 0.15 x d. The two central diagrams 

show the average shrinkage cavity structure with smaller 
wall thicknesses of exothermic sleeve. These cavity 
shapes represent a mean value between non-exothermic 
and adequately heated exothermic feeder heads. Corres
ponding to the maximum volume of the cavity in the 
feeder head there also exists a mean value, which is given 
in the small table of Fig. 345· 

Figure 346 shows the relationship between the volume 
of the cavity in the feeder head and the maximum volume 
of casting which can be fed adequately. The casting and 
feeder represent in the first place a physical system with 
a total volume of (Vc -f VF). This volume shrinks by S 
per cent. To avoid misunderstanding, the contraction in 
volume of the liquid metal up to the end of solidification 
is termed the " shrinkage S." The reduction in volume 
in the solid state is termed "contraction". 

The shrinkage cavity volume Vsc forming in the 
feeder head is therefore equal to: 

Vsc = (Vc + VF) x jyiOO, or 
Vsc = (100 x Vsc) -(Sx VF) 

(157) 

Exothermic material 

H=1.5d 

W « 0.00 W=0.05xd 
1 -Ik-

W*0.10xd W*0.15xd 
and upwards 

FIG. 345. Formation of the shrinkage cavity for various wall thicknesses of exothermic sleeve. 

Initial volumes of all feeder heads {before feeding of metal commences) at H= 1.5 x d,VF = 1.18 x dz. 

Thickness w 
of the sleeve 

Max. vol. of 
shrinkage 

cavity Vscmax 

Vol. of resid
ual metal VR, 

at V sc max 

Height h of a 
solid metal 

cylinder d0 of 
the same 
volume 

Thickness w 
or the sleeve 

Max. vol. of 
shrinkage 

cavity VK „ J 

Vol. of resid
ual metal VR, 

a t v mr max 

Height h of a 
solid metal 

cylinder d0 of 
the same 
volume 

0.00 X d 
0.05 x d 

0.14 X VF 

0.212 X VF* 
0.86 x VF 

- 0 . 7 9 x VF 

1.27 X d 
1.15 x d 

0.10 X d 
0.15 and upwards 

0.50 
0.67 

Vp 
Vp 

0.50 x Vp 
0.33 x Vp 

0.75 X d 
0.50 X d 

* Mean values of / large numbers of measurements. 

Vshrinkoge cavity, (Ι/χ) 

W*0.15d 

Ko*ting.(Vc) 

FIG. 346. Volume relationships with non-exothermic and exo
thermic feeder heads. 

For non-exothermic and exothermic feeder heads we have: 

vr=vK+vm. 
Before shrinkage commences a physical casting with the total volume 
(Vc+ VF) exists. This volume shrinks by S%. The shrinkage cavity 

in the feeder head thus has a volume: 

Vsc = (Vc + VF) x 5-/100 or 

100 x Vsc - S x VF 

V c _ -
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Depth t to which the cylindrical 
shrinkage cavity has fed down 

J | ^-jk I£^ 

! * 
1 ^ 

<o 
CS 
M 

""" ' 

T 

X 
«O 
Ö ·*Γ*°^1 

ö l 
JL 

' 

td=0.16xH 

ft?? 

-4L 

d~*i 

Height h of the metal residual 
cylinder in the exothermic 

sleeve 

* 
r N N N N V 3 

L'YA 

> M ^ ^ ^ ^ ^ ^ ^ ^" 

A 

ö 

Non-cool ing\ surface 

F I G 347. Investigation of various depths of withdrawal of feed metal at d® = 1 (valid for wall thicknesses tv > 0.15 d). 

Case 

1 

2 

3 

4 

5 

Depth of 
shrinkage / 

0.67 x H= i.od 

0.5 x H=0.75d 

0.33 X H=0.Sd 

0.16 X H=0.24d 

0 = 0 

Shrinkage cavity 
volume 

F s c a t d= 1 

0.785 x d* 

0.59 

0.395 

0.1885 

0 

Residual height b 

0.33 x H=0.5x d 
0.5 x H= 0.75 x d 

0.67 x H= 1.0 X d 

0.84 X H= 1.26 x d 

1.0 X / / = 1.5 x d 

Residual volume 
VIts at a = 1 

0.395 X d* 

0.59 

0.785 

0.99 

1.18 

Residual surface 
area Λ^* 

2.355 x d2 

3.145 

3.925 

4.745 

5.505 

Residual modulus 
^ r e s M r e s * 

0.1667 x d 

0.1875 

0.2000 

0.2085 

0.2340 

* The non-cooling base surface is not counted in when calculating the surface. 

i.e. a quite specific casting volume is mathematically 
correlated with every shrinkage cavity. Corresponding 
to the numerous states of withdrawal of metal from exo
thermic f eeders,five depths of shrinkage cavity were shown 
pointwise in Fig. 347, and the various suction stages 
denoted by steps 1-5. Table 44 calculates the maximum 
volume which can be fed adequately for these üve cases. 

It will be mentioned here that the dimensions are 
expressed in absolute units for all the calculations. The 

internal diameter of all the feeder heads is given as 1, 
so that the metric system (dm for example) or the British 
system of measurement (ft) are equally valid mathe
matically. 

Table 45 shows analogously the maximum adequately 
feedable casting volume for non-exothermic feeder heads. 
The various stages of metal withdrawal are indicated in 
this case by Roman numerals I-IV. Fig. 348 reviews 
these cases. 

T A B L E 44 (to Fig. 347). CALCULATION 
OF THE MAXIMUM F E E D A B L E V O L U M E 

OF CASTING FOR VARIOUS SHRINKAGES V A L I D 
FOR EXOTHERMIC F E E D E R H E A D S WITH D I M E N S I O N S : 

d0 = 1 ; / / = i.$d; VF= 1.8.^3 
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T A B L E 45. CALCULATION OF THE MAXIMUM F E E D A B L E 
V O L U M E OF CASTING FOR VARIOUS SHRINKAGES. 

V A L I D FOR NON-EXOTHERMIC F E E D E R H E A D S WITH THE 
D I M E N S I O N S : 

d0 = \;H= i.Sd0; Vt = 1.18Λ3 
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Volume Vr0S of the metallic residue, % 

Case I is produced by the actual shrinkage of "^ 
the feeder head itself (drawn here for S = 5Vo) Volume Vsc in % of the starting volume VF of 

feeder 

F I G . 348. Solidification geometry of non-exothermic feeder heads. 
The diagram is valid for any given ratios H/d0. 

12.2.3. THE MODULUS CHARACTERISTICS OF NON-EXO
THERMIC AND EXOTHERMIC FEEDER HEADS. INFLUENCE 
OF THE SHAPE OF SHRINKAGE CAVITY AND DEPTH ON 
THE TIME OF SOLIDIFICATION OF THE FEEDER HEAD 

We will first describe an adequately heated feeder head, 
as shown in Fig. 347. According to the metal to be 
drawn away, i.e. according to the volume of the casting 
to be fed, a residual metallic cylinder, varying in height, 
remains behind in the feeder head. The levels h are also 
given in Fig. 347 for cases I-V. Each of these residual 
bodies has a corresponding volume and a cooling surface 
which can readily be calculated. The feeder/casting inter
face, at which no cooling occurs for a long period during 
the solidification process, must not be included in the 
surface area calculation. According to the formula 
M = VjA, the corresponding residual geometrical mo
dulus M is to be calculated for each of these residual 
cylinders, and this is also shown in Fig. 347. 

As mentioned in connection with the testing of exo
thermic materials in the sphere test, compact cylinders 
of this type can be compared, from the point of view 
of their moduli, with the corresponding sphere. The 
geometrical modulus of the residual cylinders is thus in
creased by a specific factor, due to the action of the 
heating material. According to Fig. 340, this factor is 
a function of the wall thickness of the exothermic sleeve, 
and it is easy to see that the solidification time will be 
prolonged (i.e. the modulus will become greater) in pro
portion to the increase in wall thickness of this sleeve. 
The corresponding factors can be derived directly from 
Fig. 340. These enlargement factors are determined in 
Table 46 for each of these residual cylinders from I to V, 
and are plotted for the wall thicknesses w = 0.15 x d, 
0.20 X d, 0.25 X ^and 0-35 x d. The effective modulus 

T A B L E 46. CALCULATION O F T H E M O D U L U S INCREASED BY 
EXOTHERMIC A C T I O N WITH L A R G E R EXOTHERMIC S L E E V E 

W A L L THICKNESSES W 

Wall thickness 
Case 
Geometrical modulus M of the metallic residual body. 
w as % of M 
Enlargement factor/(f) 
Effective modulus = Mc 

in each case under the action of the exothermic material 
is therefore equal to the geometrical modulus of the 
residual metal multiplied by the corresponding enlarge
ment factor. 

The feeder head should in no circumstances solidify 
earlier than the casting. On the other hand, it is un
economic to allow the feeder to solidify later than the 
casting, because it is completely unimportant once the 
casting has solidified whether liquid metal is still present 
in the feeder head or not. The most economic solution 
is to arrange matters so that both feeder and casting 
solidify at the same time, which means that the metallic 
residue in the head and the actual casting must have the 
same solidification time and thus the same modulus. 
We have just determined the effective modulus of the 
heated residual body in Table 46. These moduli are there
fore equal to the maximum permissible modulus of the 
casting for the case in question. In this way the casting 
volume governs the degree of withdrawal of metal on 
one hand, and the height and hence the geometrical 
modulus of the residual feeder head on the other hand, 
which is then increased by a certain amount due to the 
action of the exothermic material. 

The relationships in non-exothermic feeder heads are 
basically the same, except that the residual metal in the 
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feeder, due to the conical shape of the shrinkage cavity 
(Fig. 348) is no longer represented by a simple hollow 
cylinder, but is a complicated body. 

With an increasing shrinkage cavity in the feeder head, 
i.e. with a greater degree of withdrawal of metal, the 
metallic residue in the head becomes correspondingly 
less. Because of the formation of the very unfavourable 
cone-shaped cavity, the heat-radiating surface of the 
feeder is increased; this can be calculated accurately 
by means of the shrinkage cavity parabola mentioned 
above, and is also represented in Fig. 348. Here also 
the diminishing volume and the increasing cooling 
surface produce a considerable decrease in the modulus 
with increasing abstraction of molten metal. The dia
gram in Fig. 348 names the following values for non-
exothermic feeder heads: 

The depth of shrinkage cavity /; 
The volume of the residual metal as a percentage 
of the original volume; 
The volume of the shrinkage cavity, also as a per
centage; 
The modulus of the residual metal as a percentage 
of the original modulus. 

Here again the casting volume, which determines the 
degree of feeding, and governs the depth of cavity t, 
is related mathematically to the metallic residue in the 
feeder head. It is also true for non-exothermic feeder 
heads that these residual bodies have the same modulus 
as the casting at the moment when the casting solidifies. 

Feeders with thin exothermic sleeves (w = 0.05 x d 
and 0.10 X d) which according to Fig. 345 occupy an 
intermediate position between non-exothermic and highly 
exothermic feeder heads, also have intermediate modulus 
ratios. The corresponding moduli are calculated in 
Table 47 in accordance with the following scheme: 

T A B L E 47. CALCULATION OF THE M O D U L U S INCREASED BY 

H E A T I N G E F F E C T . V A L I D FOR SMALL W A L L THICKNESSES 

OF EXOTHERMIC S L E E V E , W = 0.05*/ AND W = 0.10</ 

Initial geometrical modulus (for d= 1 and H = \.$d) 
M= 0.2145 x d 
Wall thickness w 
Case 
Geometrical modulus of the metallic residual body. 
w as % of M 
Enlargement factor/(r) 
Effective (f) modulus = Mc 

\ On safety grounds the calculated effective modulus in the 
characteristic is reduced by ~ 5 % with small wall thicknesses of 
this type. 

12.3. The Characteristic of Exothermic Feeder Heads 

IMPORTANT FOR PRACTICE 

12.3.I. WHAT IS A FEEDER HEAD CHARACTERISTIC, 
WHAT PURPOSE DOES IT SERVE, AND HOW IS IT 

CALCULATED? 

We have already seen that the properties of a feeder 
head in respect of feeding capacity and solidification 
time can fluctuate widely, according to the casting to 
which it is attached. Figure 349 shows three cases, Λ^ Β 

Exothermic feeder 
head adequate 0.2-*-j 

Housing 
Mea9tfa(at point of attachment of 

feeder head » 0.27 

V^i^ * 12.63 

^Z2\ 

Exothermic feeder 
head inadequate 

Case C 

Metting pot for zinc 

H™,*v,- 0.17 

12Λ 

Exothermic feeder 
head adequate 

il 

<j7 

I 

)L· 
F I G . 349. The same size of exothermic feeder head was placed on 
each of the castings A, B and C. This was adequate for A, but not 
for B, although the modulus is the same in each case. The feeder 
head is again adequate in case C, although B and C have the same 

weight. 

For cases I-IV the shape of the shrinkage cavity and 
the modulus of the residual metal were derived for non-
exothermic feeder heads. This geometrical residual mo
dulus is then increased by the appropriate factor, corre
sponding to the effect of the exothermic material. Allow
ance must be made for the fact that the experimental 
results sometimes show a wider scatter with thinner 
exothermic sleeves, so that the calculated modulus must 
be reduced by about 5 per cent to allow for errors. 

and C, out of the large number of possibilities. The 
same exothermic feeder head is placed on all three 
castings. The feeder is adequate for the massive cube 
(case A). Although the modulus in the housing of case B 
is the same as that of the cube, the feeder head is more 
strongly evacuated and is no longer adequate. In case C 
the casting is again the same weight as in case B, but 
now the feeder head is adequate for its purpose. Although 
we know that the size of the exothermic head is governed 
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by the volume and modulus of the casting, such cases 
are very confusing in practice, and it is necessary to give 
the foundryman a method of determining reliably the 
feeding capacity of an exothermic head. In view of the 
large number of confusing possibilities, it is not sur
prising that mistakes are often made, even by very 
experienced operators, i.e. shrinkage cavities are found 
in the casting, or exothermic heads are chosen which 
are much too large and wasteful in material, because 
of the existing uncertainty. 

Tables 44 to 47 are represented graphically in Fig. 3 50. 
The individual cases of metal withdrawal are plotted as 
points in the diagram, and the relevant wall thicknesses 
are shown. This diagram represents the characteristic 
of feeder heads d = i; H = i.$ x d iot various wall 
thicknesses from W = 0 (non-exothermic feeder head) 
to a maximum value of W = 0-3 5 x d. 

EXAMPLE 

Casting modulus = 0.26, volume of casting = 9-0. 
It can be seen at once that an exothermic head with a 
wall thickness of 0.20 x d is inadequate and a thickness 

9 n 7i 
Costing volume, Vc 

FIG. 350. Example of the plotting of characteristics of non-exo
thermic and exothermic feeder heads. 

established once and for all, for every example occurring 
in practice, without additional calculation. 

12.3.2. SELECTION OF THE MOST SUITABLE 
DIAMETER/HEIGHT RATIO. 

FURTHER COMPUTATION OF THE CHARACTERISTICS 
FOR PRACTICAL REQUIREMENTS 

The height/diameter ratio of an exothermic sleeve 
should as far as possible be selected so that a compact 
residual cylinder with H = i remains after solidification. 
The geometrical modulus of such a massive body is 
comparatively large, and because of its shape is very 
economical. But if it is assumed that in many cases about 

0.35, 

LCalculated modulus 

I M I I I I, I 1 1 I I 

Modulus in practice 

0.6 0.Ö 7.0 2 4 6 6 X) 

Feedobie costing volume, Vc 

FIG. 351. Characteristic of Fig. 350, converted to logarithmic 
scale. 

of 0.25 x d must be selected. With the help of the 
characteristic, therefore, it is possible to determine at 
a glance the appropriate exothermic feeder head for any 
desired casting volume and the related modulus. 

Thus the characteristic of any design of exothermic 
feeder head is calculated by assuming three or four cases 
of feeding, computing the appropriate geometrical (and 
later the effective) modulus due to exothermic action for 
each of the metallic bodies remaining in the head; the 
appropriate casting volumes which can be fed satisfac
torily are calculated at the same time in accordance with 
the example shown. After some practice the labour of 
such a calculation becomes comparatively light, and 
above all it need only be done once. Once the charac
teristic has been plotted, the capacity of the exothermic 
feeder in the case of any given volume-modulus is 

one-third of the metal is drawn out of the feeder head, 
then the most favourable initial height of the feeder head 
w i l l b e / / = 1.5 x d. 

For this reason the examples and characteristics men
tioned here will first be determined for this type of feeder 
head. All exothermic feeder heads, irrespective of the 
size of the internal diameter d, therefore represent geo
metrically similar bodies. The feeder characteristic from 
Fig. 3 50 is reproduced in Fig. 3 51 on a log-log scale. This 
method of representation has the following advantages: 

The feeder head characteristic, once it is calculated, 
or the plotted curve, can be used for all geometrically 
similar feeder head sizes, and only requires a parallel 
displacement in this scale system. 

The characteristics of feeder heads with H = 1.5 x d 
are represented in Fig. 3 51 for comparison purposes, for 
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wall thicknesses of 0-0-35- The three examples A, B, C 
from Fig. 349 are plotted in this diagram, and it can be 
understood at once why the casting is fed adequately in 
case A by an exothermic feeder having a wall thickness 
of w = 0.2 x d, while in case B the casting has a shrink
age cavity, and in case C the casting is sound once again. 

In most cases a sleeve thickness of a certain ratio will 
be decided upon. The selection of this wall thickness 
ratio is governed finally by economic considerations, 
and will be discussed in detail in Section 12.6. It will 
first be assumed that the exothermic head has the dimen
sion w = 0.2 x d. The characteristic of such geometri
cally similar feeder heads is represented in Fig. 352; in
stead of the casting volume, the maximum weight of 

increased to about 10 per cent. In the metric system of 
measurement the specific weight is calculated as 7-0 in
stead of 7.8. 

Some safety allowances are also necessary when cal
culating the casting modulus. It is assumed that the 
calculation is based on a completely full head, i.e. that 
the initial level of metal in the feeder is H = 1.5 x d. 
In practice, however, the exothermic feeder head is often 
not filled to the top, so that it is advisable as a factor of 
safety to reduce the calculated modulus by 5-10 per cent, 
and to plot the reduced modulus in the characteristic. 
In Fig. 351 the calculated modulus was plotted as a 
broken line, while the modulus which can be applied in 
practice is shown as a heavy black line. 

160*'x 270H (mm) 

20 40 60 60100 200 400 
Casting weight, kg 

FIG. 352. Characteristic converted to operating conditions, 
represented in metric units. 

7"x W/2 in. H 

40 60 60 100 200 400 600 600 
Casting weight, lb 

FIG. 353. Characteristic converted to operating conditions, 
represented in English units. 

casting which can be fed satisfactorily is given in kg; 
cm and mm were selected as units of measurement for 
this characteristic. The curves of the characteristic are 
calculated for shrinkages of 5-6, 7-8 and 9 per cent. In 
this way a group of curves is obtained which, when drawn 
on a template (such as transparent paper), can be given 
a parallel displacement in every case. 

The following should be noted when determining the 
casting weight from the volume of casting that can 
be fed: 

The specific weight of the cold metal need not be sub
stituted, but the amount of contraction must be allowed 
for in the pattern. If we assume a linear contraction of 
2 per cent then a volume increase of 6 vol. per cent is 
obtained. If it is also assumed that the metal is forced 
slightly into the mould, the volume difference will be 

A similar characteristic is represented in British units 
in Fig. 353, the log-log scale being again used. 

The same curve templates as in the metric system can 
be employed. In Figs. 354-362 inclusive characteristics 
are shown which were calculated for practical require
ments and have been found to give excellent results over 
a period of several years. When the modulus calculation 
has been used, the author has not had a single scrapped 
casting due to shrinkage cavities under the exothermic 
heads. In the few cases where cavities did occur below 
the feeder it was shown that it is often necessary to set 
additional long or short exothermic sleeves on the casting, 
on technical grounds. For this reason, circular sleeves 
of this type are also described in Figs. 354-362, which 
can be used either singly or in tandem, as standardized 
exothermic sleeves. 
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H*15*d 

S769\ 1520 30 \ 
10 40 

Casting weight Wc (kg) -

b 

Casting wight Wc dig) —·» 

152 3 4567B9J015 

Casting weight Wc (kg) 
Ίθθί5$ 3 4 567891 15 2 3 4 
Casting weight Wc (kg) ■♦ W (to)-*- Casting weight Wc 

f 

FIGS. 357 a-f. Rapid determination of internally conical exothermic feeder heads. The feedable volume (or weight) 
of the casting is influenced by the fact that the internal volume of the feeder head is less than in the cylindrical 

form. 
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5 W * 5 
Casting weight Wc (kg) Casting weight Wc (kg) 

5 100 

100 2 5 Ito 
Casting weight Wc (kg) 

12* 
FIGS. 358 a-e. Ring characteristic. 
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10 2 5 100 
Casting weight Wc (kg) 

~ΊΌ 2 5 100 2 5 lio 
Casting weight Wc (kg) 

1Ö0 2 " T 7/Ό 2 
Casting weight Wc (kg) 

5 10h 

FIGS. 359a-e. Characteristic of two rings, one above the other. 
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. ._M 300 5001 
30 50 7090 200 400 600 

Casting wqht We (kg) 

, _. , , 300 500700 
20 40 60 810100 200 400 600 

Casting wtight Wc (kg) 

FIGS . 360 a-e. Characteristic of one ring and one standard exo
thermic sleeve, one above the other. 
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FIGS. 361 a-d. Characteristic of a Foseco feeder head. 

file:///6O0O/1OO


The Qiaracteristic of Exothermic Feeder Heads 183 

Ä 3 I 5 \7[Q. 
2 A 6 6 10 

Casting weight Wc (kg) Casting weight Wc (kg) 

20 \ 40\60mi00 I 300 | 5 I 7] 
/6 30 50 7000 POO 400 6 6 

Casting weight Wc (kg) 

FIGS. 362 a-c. As Fig. 361, but with superimposed ring to give greater height. 
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12.4. On the Practice of Exothermic Feeder Head 
Manufacture 

IMPORTANT FOR PRACTICE 

12.4.1. CHEMICAL REQUIREMENTS AND HEALTH REGU
LATIONS FOR EXOTHERMIC MATERIALS 

No chemical changes should take place in the metal 
as a result of using exothermic materials. A large part 
of this metal feeds into the casting and would impair 
the quality of the steel if changes in composition took 
place. A case is known to the author in which the steel 
was heavily enriched with silicon by the use of exothermic 
material, with the result that many of the castings 
showed hard, brightly polished spots after machining 
which were mistaken for shuts. The castings were re
jected. 

Exothermic materials should also give off a minimum 
of fumes when burning, so as to cause as little trouble as 
possible to the operators. In no circumstances must the 
fume be corrosive, or contain harmful fluorine gases. 
The author has known cases from his own experience 
where fumes of this kind have caused the foundry to 
be hurriedly evacuated, as though after an attack of 
poison gas! 

200 

150 

1001 
90\ 
δθ\ 
70 
60\ 

50\ 

A0\ 

t 20 

12.4.2. MECHANICAL AND PHYSICAL REQUIREMENTS 
FOR EXOTHERMIC MATERIALS (OMITTING THE THERMAL 
REQUIREMENTS ALREADY DESCRIBED). ORDER OF 

MAGNITUDE OF THE AMOUNTS OF GAS EVOLVED 

Exothermic sleeves should be strong enough to with
stand the very rough treatment often given to them 
at the hands of the workmen. This can be achieved by 
consultation with the suppliers of exothermic material 
who will make suitable adjustments to the content of 
bonding material. 

It is important in this connection for the prescribed 
water content to be maintained as accurately as possible. 
The resistance to abrasion of the exothermic sleeve is 
particularly important; defects are always produced when 
small sections of the sleeve become detached and fall 
into the mould. 

Values for compressive and shear strength have been 
intentionally omitted, because these values, obtained in 
the laboratory, often do not allow satisfactory conclusions 
to be drawn concerning resistance to abrasion. This is 
best tested by rubbing with the fingers. 

The gas permeability of the exothermic material is of 
very great importance. It is dependent partly on the size 
grading of the various raw materials and on the binder, 
and is also influenced by the water content. The author 
tested large numbers of test pieces on the "Georg-
Fischer" (GF) sand testing apparatus; the results are 
reproduced in Figs. 363 a and b for a certain product. 
It is necessary that every manufacturer of exothermic 
materials should give characteristic diagrams of this kind 

F I G . 363b. Relationship: specific gravity (g/cm3)/initial water 
content. 
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F I G . 363a. Relationship: gas permeability/initial water content. 
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on request. We see first that the gas permeability shows 
a sharp maximum (at exactly 9 per cent water in this 
case). The permeability drops very sharply, both with 
more and with less water. With many other products 
the tolerance in water content is somewhat wider, but 
there is always a maximum. Suitable data are therefore 
required from the manufacturer. 

It is also found, of course, that the gas permeability 
falls rapidly when the sample is compacted by repeated 
blows with the ram. This raises the question of how 
compact the actual exothermic sleeves should be made 
in practice. The author cut out test pieces from a pro
duction series of exothermic sleeves and determined 
carefully these specific gravities and gas permeabilities 
(the water content was known accurately). It was found 
that the average consolidation corresponded to 1 or 2 
blows of the ram in the " G F " apparatus, and just oc
casionally to 3 blows of the ram. Nonetheless these exo
thermic sleeves were satisfactory. Thus the usual 3 or 4 
blows of the ram in the sand laboratory apparatus did 
not correspond to the actual degree of compaction with 
most exothermic materials. 

According to the author's experience the gas perme
ability of the dried test piece, with the most favourable 
water content, must amount to at least 180-200 units 
after 2 blows of the ram. 

The author has also found that strict quality control 
is also necessary, together with a manufacturer's guarantee 
of the described thermal, mechanical and other physical 
properties. 

Significant—in some cases almost incredible—im
provements can be achieved with exothermic materials. 
However, it must not be forgotten that rejects due to 
fluctuations in quality are possible, leading to very high 
proportions of scrap or high repair costs. After such an 
experience the use of exothermic materials is often 
abandoned prematurely. 

i.e. about 45 m3 of gas are liberated from 100 kg of 
exothermic material! 

This value varies in individual cases according to the 
tube and amount of binder, but gas volumes as high as 
80 m3/100 kg have been found. This order of magnitude 
certainly gives food for thought! 

12.4.3. T H E DESIGN AND MANUFACTURE OF E X O 
THERMIC SLEEVES. T H E MOST SUITABLE W A L L 

THICKNESSES OF THE SLEEVES 

A minimum wall thickness of w = d/S should be 
maintained, according to the author's experience. In 
many cases even thicker walls are an advantage. A set 
of standard feeder heads of this type is illustrated in 
Fig. 364. Reference should be made to Section 12.6, and 

APPENDIX: CALCULATION OF THE AMOUNTS OF GAS 
LIBERATED 

The following calculation illustrates the need for a 
high gas permeability. 

The gases originate mainly from the binder. Let us 
start with 100 kg of an exothermic material containing 
an average of 5 wt per cent of a cellulose binder, or 
another binder of similar strength. The chemical formula 
of the cellulose is (CeH10O5)x, with unimportant de
viations. At the high combustion temperature of the 
exothermic material ( ~ 1500°C) the binder decomposes 
very rapidly: 

CeH1 0O5->C5Os + C + 10H « 5CO + 5H2 + C 

i.e. equal proportions by volume of carbon monoxide 
and hydrogen are evolved during combustion. The 
~ 5 kg of evolved gas corresponds at 0°C to a volume 
of 6.95 m3. At the combustion temperature of ~ 1500°C 
we have, according to the well-known equation: 

VT= V0(i +oc x T) (158a) 

^1500 = 6.95 ( l + ^ ) = 45 m», (158b) F I G . 364. Different sizes of standardized exothermic sleeves. 
(Courtesy Suiter Bros.) 
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in particular to Fig. 396 for the determination of the 
optimum wall thickness. It will only be emphasized at 
this point that this wall thickness can vary very con
siderably according to the steel costs and the type of 
article being made. 

The natural gas permeability of the exothermic mater
ial is of special importance. A great deal can be achieved 
by venting, etc., but allowance must always be made 
for badly trained and negligent personnel. Experience 
has shown that such additional work is often "for
gotten", with the result that the metal bleeds back due 
to the low gas permeability. 

Pierced vents 

Inscribed arch with 
radius r 

Moulded-in 
(shot) 
vents 

Sand ring, only necessary 
when the insert rests 
directly on the casting. 

\The angle of this conical 
fitting face must 

h {correspond exactly to the 
I khell and feeder 
yftead moduli. 

F I G . 365. Venting of exothermic sleeves. 

Short pieces of tubing rammed into 
the exothermic sleeve ensure satisfactory... 

Gas removal Air removal 

A,B,C, etc.; curvatures 
of the blind feeder head 

This piece of the 
ingate must 
subsequently be cut 
out with the lancet 

Rototabte blind feeder 
head inserts of various 

sixes with ingate 

Dowel pin in the blind 
feeder head insert 

\Dowel tube in the 
corebox 

FIG. 366b. The core box shows an irregular polygon in plan. 

The curvatures of the sides of the polygon correspond to the curvatures of 
the standard chills {Table 25). The feeder head core can thus be placed 

on castings of different shapes and sizes. 
Up to four feeder head inserts of various si^es can be fitted into each core 
box. The feeder neck is attached firmly and made with the dimensions 

corresponding to the correct modulus. 
The neck can be turned to every side of the polygon {Λ, B, C, etc.); the 
correct position is ensured by a central dowel pin and five others in the circle 

of radius a. 
The notation for such a feeder insert isy for example, M\4B, where M 
stands for the feeder head insert, 14 for the diameter of the feeder in cm 
and B the desired side of the polygon to which the feeder neck must point. 
In this way universally applicable feeder heads can be manufactured for a 

small expenditure on standardised pattern components. 
Breaker or Williams cores can also be used with similar inserts. Instead of 
the polygon a round hole is provided with radius r. Inserts both of insulating 
and exothermic materials can then be made with the same core box 

{of Fig. 367). The inserts can be closed. 

F I G . 366a. Blind exothermic feeder head with satisfactory venting F I G . 366C. Blind feeder head moulded entirely as an exothermic 
using rammed-in spiral hollows or straw rope. core can be rammed up with the mould in inaccessible positions. 

file:///Dowel
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According to Fig. 365 the air vents in exothermic 
sleeves can be pre-pierced or moulded in as grooves. 
When metal flows behind or over the sleeve the vents 
become blocked, sometimes causing vigorous boiling 
and ejection of metal. Hence exothermic sleeves must 
possess a well-fitting conical face, which reliably pre
vents the metal from flowing behind it. With larger 
inserts the back side is filled with loose, dry sand. 

With blind (covered) exothermic feeder heads and with 
large heads of exothermic material (Fig. 366) the air must 
be led away by means of carefully placed plaits, wax, 
string, etc., which open out to a venting channel into 
which no metal can penetrate. If care is not taken con
siderable metal ejection can take place, which can even 
lead to explosive disintegration of the mould. 

The exothermic sleeves are manufactured either by 
hand or on the core-shooting machine. The core bosses 

Exothermic sleen 

\/~Head 

A ^sPtug on disc plate 

Holding cylinder 

Slide plate, 
withdrawable 

Table travel 

Alternative 1: core box divided 
Horizontal operation 

Exothermic sleeve 

Fixed ptug^ 

Head 

Undivided core box 

Ejector 

m 
Piston, in top position 

Alternative 2: undivided core box, vertical operated 

FIG. 367. Examples of the economical manufacture of exothermic 
sleeves on core-shooting machines with special equipment. 

can either be jointed or unjointed. In the latter case it 
pays when producing large quantities to have a special 
clamping device, as shown in Fig. 367, which is con
structed by the appropriate firms. Exothermic materials 
are dried at 110-220°C, according to the product. 

Most exothermic materials are moisture-sensitive, i.e. 
damp sleeves cannot ignite, or at any rate ignite in
completely, leading to scrap and bleeding back. With 
green sand moulding, therefore, exothermic inserts 
should be placed in position as short a time before cast
ing as possible. If this cannot be done, or, as frequently 
happens, finished moulds cannot be used quickly, then 
exothermic inserts with a cheap watertight plasac sheath 
should be fitted, or in some circumstances can be rammed 
in directly. Some exothermic materials are "self-drying" 

but these cause trouble by evolving ammoniacal fumes 
due to the action of the moisture. 

Occasionally, an exothermic puncture core is used in
stead of one of oil sand in smaller blind feeder heads. 
No additional pressure effect or significant heating up 
can be attained in this way, but, particularly with smaller 
blind feeder heads and with dull metal, a further cooling 
of the steel at the puncture core does not occur, and the 
formation of a prematurely solidified skin which would 
hinder the action of the atmospheric pressure is also 
prevented. The reliability of the operation is increased 
considerably. 

12.5. Practical Examples and Hints for the Use of 
Exothermic Feeder Heads 

The following sequence of operations should always 
be followed: 

1. Divide up the casting into feeding areas (see 
Chapter 3). 
2. Determine the modulus at the point of attachment 
of the feeder head (see Sections 2.4 and 2.5). 
3. Estimate the weight of each feeding area (the 
total weight of the casting, with all casting additions, 
such as shoulders, dirt traps, etc., must of course 
be known for each case). 
4. Select the corresponding exothermic sleeve from 
Figs. 354-362. 

FIG. 368 a. Tup. 

Many examples of modulus calculations, etc., have 
already been worked out in this book, and it has not 
been thought necessary to repeat the entire calculation 
for the greater part of the following diagrams (Figs. 368 
to 393). Most of these examples will therefore serve 
only to indicate the possibilities offered by the use of 
exothermic feeder heads. 
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F I G . 368 b. Tup for a scrap plant. Fed by means of an exothermic feeder 
head. No internal chills were inserted in the casting. 

FIGS. 369a-d. Crane pulley, a and b without, c and d with, exothermic feeder heads. By using these feeder heads 
working time was also saved in the dressing shop, and less machining was required. 
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F I G . 371. Roll housing with exothermic feeder heads and inter
mediate chills to generate artificial end zones. 

F I G . 370. Clamp leg, top poured through the exothermic feeder head. 
Yield 93%. The inside of the exothermic insert was faced to prevent 

premature ignition. 

FIGS. 372 a and b. Guide pulley (a) without, (b) with exothermic 
feeder heads and intermediate chills. Note the considerable with

drawal of metal from the exothermic feeder heads. 

F I G . 373. Melting pot, fed by a single exothermic feeder head. 
Yield 91.5%. 

(Courtesy Suiter Bros.) 
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FIG. 374. Kneading arm made from 18-8 steel. FIG. 375· Housing. Note the central exothermic feeder head with 
(Courtesy Suiter Bros.) clover leaf shoulder. 

FIG. 376. Spider for an electric locomotive. Gist through runner 
brick, and fed both with exothermic feeder heads (via shoulders) 

and without. Radiographically sound. 
(Courtesy Suiter Bros ) 

b 
FIGS. 377 a and b. Driver of an electric locomotive, radiographi
cally sound. Teeth fed from disc dimensioned according to the 
correct modulus. Fed through three exothermic feeder heads Gist. 

through runner brick. 
(Courtesy Suiter Bros.) 
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FIGS . 378a-d. Casting technology of a pump casing. 

(Courtesy Suiter Bros.) 

F I G S . 379a-f. 
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c 

a 

d 

b 

F I G . 380 a and b. Small turbine casing. 

(Courtesy Suiter Bros.) 

e 

FIGS . 379a-f. Casting technology of a pump casing (reproduced F I G . 380C. Large, thick-walled turbine casing, with exothermic 
by courtesy of Sulzer Bros., Winterthur). feeder heads and contraction bars. 
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FIG. 381 a-d. Branch pipe. 

a FIG. 382 a and b. Pump impeller. (By courtesy of Sulzer Bros., Winterthur.) 
Kanalstein-System = Runner brick system. 

DS 13 
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F I G . 383. Turbine wheel. 

Top: exothermic feeder head. 
Bottom: exothermic side feeder heads. 

FIGS . 384 a-c. Ball race. 

F I G . 385· Pump impeller. 
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FIG. 387 b. Pole cores of an electrical machine. 

F I G . 3S8. Ring. Gross 
yield 91 % . 

F IGS . 386 a and b. Cover plate with exothermic feeder heads and 
intermediate chills. 

F IG. 387 a. Bridge bearing plates. F I G . 389. Rolling mill spindle. 

13* 
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F IGS . 390a-c. Cut-off valve (ball valve) housing for a water 
turbine. 

(Courtesy Suiter Bros.) 
F I G . 391. Squeezer plate for a large diecasting machine. Gross 

Housing La) is not identical with the bousing of (b) and (c). yield 93%. 
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FIG. 393· Bearing bush o£ a marine engine. 

It is recommended that antipiping powder should be 
previously weighed out in small paper or plastic bags, 
in various weight categories. In this way all waste is 
avoided. 

FIG. 392. Bearing cap of a marine engine. 
(Courtesy Suiter Bros.) 

It will be noted that the metal in the sleeve must in 
all cases be covered with a highly exothermic powder, as 
otherwise the heat losses will be considerable. A rule 
to follow is that the powder must cover the metal to a 
depth approximately equal to the thickness of the exo
thermic sleeve. If this rule is broken the favourable 
shape of shrinkage cavity which is aimed for is not 
obtained, with the result that the cavity often extends 
into the casting. 

12.6. The Economics of Exothermic Feeder Heads 

12.6.1. GENERAL 

IMPORTANT FOR PRACTICE 

If the above rule is followed conscientiously, no scrap 
will result from the use of exothermic feeder heads. This 
disposes of one important objection to the use of such 
feeders on economic grounds. 

In calculating economic aspects an objective answer must 
be given to the following questions: 

1. What is the cost of a non-exothermic, but accurately 
calculated feeder head ? 

2. What is the cost of a correctly calculated exothermic 
feeder head, and what is the difference ? 
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Table to Fig. 394. 

F I G . 394. Apparent and actual expenditure of exothermic materials 
in relation to the saving of liquid steel. 

a. Gear rim 
with an 
oversized, 
non-exothermic 
feeder head 

b. Gear rim with 
4 inaccurately 
calculated 
exothermic 
feeder heads. 

c. Accurate calcula
tion of gear rim 
with 3 exothermic 
feeder heads. 

Feeder head made too large because of 
incorrect estimate. 
Weight of circulating scrap 355 kg 
using 4 exothermic feeder heads 125 kg 
apparent saving of steel 230 kg 
4 exothermic feeder heads at 4.5 kg 18 kg 
amount used for each 100 kg steel 
saved = 18/2.3 = 7.8 kg exothermic 
material (point A). 

To provide an adequate safety factor 4 
exothermic feeder heads were used, with 
intermediate chills. Dimensions of the 
exothermic inserts: 

0 internal = 160 mm 
0 external = 210 mm 
Height = 180 mm 
weight = 4.5 kg 
modulus = 4 cm 

If the feeding requirements in the cast
ing had been calculated accurately, 3 exo
thermic feeder heads with intermediate 
chills would have been sufficient. 

Weight of casting 265 kg i.e. 265/3 = 
88 kg per feeder head 
modulus of casting Mc = 3 cm 

Modulus of non-exothermic feeder head 
MF = 1.2 · 3 = 3-6 cm. From Table 19: 
F s* 200 0 x 280 h; W¥ ^ 60 kg. 
Total weight of feeder head = 3 x 60 = 
180 kg 

From Fig. 354 or 359 an exothermic 
feeder head 120 0 x 150 h is derived. 
Weight of exothermic material = 2.1 g, 
+ 0.2 kg exothermic powder; 2.3 kg = 
~ 7 kg for 3 feeder heads. 
Weight of steel core fed down in the 
head ~ 5 kg feeder head weight 3 x 5 
= 15 kg 

Circulating scrap saved = 165 kg 
Exothermic material used per 100 kg 

steel saved = ——- = 4.25 kg 
1.65 

It is not permissible to compare very large, over-
dimensioned non-exothermic heads with very small exo
thermic heads (Fig. 394). This method would be self-
contradictory. An objective comparison also requires 
the knowledge of 

1. The cost of 1 kg exothermic material in its final 
processed condition. 

2. The level of the pure melting costs per kg of steel 
(i.e. costs of electric current, oxidation losses, wages, 
etc.). In considering melting costs the capacity situation 
of the furnace operation must also be taken into account. 
Unalloyed and low-alloy steels are correspondingly 
cheaper than high-alloy steels. 

In the first place the cost factor p must be determined 
for every plant, based on its special economic position. 
This factor is given by: 

costs per 1 kg exothermic material, prepared ready for use 
pure melting costs per 1 kg steel 

059) 
The next section 12.6.2. need not necessarily be read 

by the practical foundryman, but section 12.6.3· ls °* 
importance to him. 

12.6.2. THE FEEDER HEAD COMPARISON; 
MAKING USE OF THE CHARACTERISTIC 

In order to compare the effectiveness of (1) non-exo
thermic, (2) exothermic feeder heads with various sleeve 
thicknesses n>, the characteristic of the following feeder 
head was plotted in the log-log scale in Fig. 395 a: 
dini = 1, H = 1.5 (again given in general units, i.e. dm, 
ft, etc.). The wall thicknesses cover the following range: 
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w = 0 (non-exothermic) 

w = 0.5 X d 
w = 0.1 X d 
w = 0.15 X d 
w = 0.2 X d 
w = 0.25 x </ 

w = 0-35 X ^ 

It will be recollected that the curves may be given a 
parallel displacement on the log-log scale. This parallel 
displacement scale was also plotted for internal diameters 
from*/ = 0.7 to d = 1.8. 

Six points I to VI were taken at random and marked 
on the characteristic of the exothermic feeder head 
d =z \, w — 0.15 x d. Point I corresponds to a casting 
having a modulus M = 0.255 dm and a volume V = 
1.6 dm3. Point VI relates to a casting of modulus 
M = 0.21 dm and volume V = 14 dm3. 

The points I-VI each correspond to a specific q — value. 
This value is discussed in section 5-6, equation (27), 
page 51· Massive bodies, such as cubes, have small q 
values (q < 200) while large, thin plates have large 
values (q < 1000). The shape of a casting, whether 
massive or platelike, can thus be described in general 
terms by means of the ^-value. 

A transparent sheet of paper is placed on this diagram 
and the group of curves is drawn, the result being shown 
in Fig. 395 b. This transparent paper is given a parallel 
displacement. Thus we obtain in effect a graphical slide 
rule, the method of application and possibilities of 
which are illustrated by the following example: 

Point IV corresponds to the values i f casting = 0.245; 
^casting = 7-5; q = 500. According to the Rvalue, this 
represents a medium-weight casting, for example a 
wheel rim. Of course, this casting can be fed with differ
ent types of feeder, i.e. unheated, or heated with exo
thermic sleeves of different wall thicknesses. The basic 
problem is to decide which type of feeder is the most 
economical under the conditions prevailing in a given 
foundry. 

Fig. 395a is covered with Fig. 395b (plotted on trans
parent paper). If we move the family of curves along 
the scale, each curve cuts point IV in turn, and the 
internal diameter is read off for each case. For example, 
the exothermic feeder curve for iv ■= 0.2$d cuts the 
point IV at a position corresponding to the internal 
diameter dt «* 0.92. Because H = 1.5 x dh we also know 
the volume of metal inside the sleeve, and also the 
volume and weight of exothermic material. However, 
the height h of the residual metal in the sleeve is also 
shown on Fig. 395b; in the case under consideration 
this is h = 0.77 x dt (see Table 48). 

In this way it is possible to compare the costs of the 
residual, or added, metal with those of the exothermic 
material, by making use of the cost factor p (equation 
159) and to express the exothermic costs as a pro
portion of the melting costs (Tables 49a and b). The 
minimum values correspond to the most economic case 
for the example in question. 

0.75LZ. 
0.5 1.0 A 5 7 10 20 50 70 100 

Feedable casting volume Vc 

(at 5 = 5%; 

F I G . 395 a. Characteristic of exothermic feeder heads d = 1, for 
different wall thicknesses. 

130 W I 0.9 I 0.710.5 
120 7.00 Ο.δ 0.6 

Height h of the metal residue in the 
exothermic sleeve 

F I G . 395 b. Template curve for parallel displacement. 
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T A B L E 48. dt internal diameter hm height of the metal residue in the exothermic sleeve 
GH weight of the exothermic material GR weight of the metal cylinder residue in the exothermic sleeve 

6 c 
c 

1 
IV 

a? 
i n 

e l 

500 

The point value is obtained by the exothermic wall—thickness w = 

w = 0.00 (unheated feeder) 
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S * 

15 

» = 0.10 X d 

4 
1.10 

c* 
0.88 

hm 

1.06 

GR 

7.7 

» = 0 . 1 5 X d 

4 
1.0 

GH 

1.05 

hm 

93 

GR 

5.5 

d 
c 
e 

2 
IV 

3.S 

500 

The point value is obtained by the exothermic wall—thickness w — 

w = 0.20 x d 

4 
0.96 

G„ 

1.5 

hm 

0.85 

GR 

4.4 

w = 0.25 X d 

4 
0.92 

G„ 

1.5 

*-

0.77 

C * 

3.6 

» = 0.35 x d 

df 

0.85 

GH 

1.7 

4. 

0.65 

GR 

2.5 

T A B L E 49a. SUMMATION OF THE COSTS OF THE E X O T H E R M I C S L E E V E ( E X P R E S S E D AS A P R O P O R T I O N OF THE M E L T I N G COSTS, 
ACCORDING TO COST FACTOR p) AND THE M E L T I N G COSTS OF THE R E S I D U A L M E T A L IN THE S L E E V E . T H E MINIMUM V A L U E S 

(FRAMED) ARE THE M O S T ECONOMICAL FOR THE G I V E N ^-VALUES. 
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6.0 

ED 
9.0 

ED 
12.0 

ED 
15.0 

18.8 
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T A B L E 49b. 
COSTS OF EXOTHERMIC S L E E V E PLUS COSTS OF R E S I D U A L M E T A L IN THE F E E D E R H E A D (CLASSIFIED ACCORDING TO COST F A C T O R ^ ) . 

j | MINIMUM VALUES 

0.35 X d 

l» l 
un 
|_Mj 

L±iJ 
5.1 

5-8 

nn 
| 9 - 2 | 

1^1 
LID 

12.6 

14.2 

GÜD 
Π^Ί 
ED 

12.7 

17-6 

19-8 

E « 1 
ι^η 

15.6 

16.1 

22.6 

25.4 

18.8 

18.2 

18.8 

19.5 

27.6 

31.0 

0.25 X d 

6.9 

6.2 

5-7 

5.1 

L«j 
4.9 

11.1 

10.4 

9-9 

9-6 

9.0 

10.6 

13.9 

13.2 

12.7 

12.6 

12.2 

14.4 

16.7 

16.0 

15-5 

15.6 

15.4 

18.2 

19-5 

18.8 

18.3 

18.6 

18.6 

21.0 

0.20 X d 

j 8.3 

7.3 

6.7 

5.9 

4.8 

4.7 

12.8 

11.8 

11.2 

10.4 

9-6 

9-8 

15.8 

14.8 

14.2 

13.4 

12.8 

13.2 

18.8 

17.8 

17.2 

16.4 

16.0 

16.6 

21.8 

20.8 

20.2 

19.4 

19.2 

20.0 

0.15 X d 

8.75 

8.05 

7.35 

6.55 

4.85 

| 4.05 

11.9 

11.2 

10.5 

9.7 

Ξ 
L±J 

14.0 

13.3 

12.6 

111.8 | 

ED 
L«J " 

16.1 

15.4 

\^_ 

\12±\ 
LÜLI 

11.4 

113.2 j 

ED 
|l6.8 

l·6·0 
h±D 

13.5 

0.10 x d 

12.94 

10.9 

10.9 

8.58 

6.85 

5o 

15.75 

13.6 

12.7 

11.12 

9.4 

7-7 

17-65 

15.4 

14.5 

12.95 

11.1 

9.3 

19.5 

17.2 

16.3 

14.75 

12.8 

[109J 

21.4 

19.0 

18.1 

16.5 

14.5 

12.5 

0.05 X d 

16.61 

16.63 

16.66 

15.7 

17.81 

19.95 

18.43 

18.52 

18.64 

17.8 

20.22 

22.8 

19.65 

19-72 

19-95 

19.2 

21.85 

24.7 

20.88 

21.05 

21.3 

20.6 

23.5 

26.6 

22.1 

22.3 

22.6 

32.0 

25.1 

'28.5 

0.00 
unheated 
feeder head 

21 

21 

21 

25 

37 

45 

21 

21 

21 

25 

37 

45 

21 

21 

21 

25 

37 

45 

21 

21 

21 

25 

37 

45 

21 

21 

21 

25 

37 

45 

exothermic 
sleeve wall 
thickness 

ω 

q = 100 

200 

300 

500 

1000 

1500 

tf = 100 

200 

300 

500 

1000 

1500 

# = 1 0 0 

200 

300 

500 

1000 

1500 

# = 1 0 0 

200 

300 

500 

1000 

1500 

q = 100 

200 

300 

500 

1000 

1500 

cost factor 
p=i 

P=4 

p = 6 

p = S 

p = 10 



202 The Calculation of Exothermic Feeder Head Materials 

12.6.3. T H E RAPID DETERMINATION OF THE 
MOST ECONOMICAL SLEEVE WALL THICKNESS 

IMPORTANT FOR PRACTICE 

The most economic wall thickness was calculated for 
various cases in the previous section by making use of 
the characteristic of the exothermic feeder head. The 
results are shown in Fig. 396, which should always be 
consulted when introducing exothermic feeder heads. 

EXAMPLE I 

Cost factor p — 3 (i.e. the exothermic material costs 
about three times as much as the costs of melting 1 kg 
of steel. This ratio refers mainly to medium or high 
alloy steels). The shrinkage S is also large for these 
steels, in this case S = 7-5 per cent. This steel will be 
used mainly for fittings, highly-stressed gear wheels, etc. 
Follow the arrow 7", and read off at p = 3 an economic 
wall thickness of iv = 0.18 x d. 

EXAMPLE II 

This refers to low-alloy or plain carbon steel, with a 
cost factor p = 5-5- The shrinkage in this case is only 
S = 5 per cent. Fittings or similar castings will also be 
cast, but these will be more massive than in Example I. 
Follow the arrow 77 and read off at p = 5.5 an economic 
wall thickness of w = 0.23 x d. It can be recognized 
clearly that when the cost factor p is only slightly less 
(i.e. when the exothermic material is only slightly 
cheaper, or the steel melting costs are only a little higher) 
the economic wall thickness would immediately become 
greater, and would in fact increase considerably. 

EXAMPLE III 

Unalloyed, very cheap steel (an exceptional case), with 
S = 5-5 per cent and p = 9- This will be used mainly 
for thin-walled housings (considered geometrically these 
are thin plates). Follow the arrow III and read off an 
economic wall thickness of iv = 0.11 x d. 

The following surprising fact emerges: The wall thick
ness zero, corresponding to a non-exothermic feeder 
head, is never reached, so that even with a very low-priced 
steel exothermic feeder heads are still an economic proposition. 
This is a very important result, because Fig. 387 was 
drawn in accordance with a very rigorous and objective 
principle. 

As a general rule it can be stated that: 

The cheaper the exothermic material is compared 
with the steel melting costs, the thicker the sleeve 
wall should be made. Or in other words: The higher 

the melting costs of the steel (costs of alloying ad
ditions, high electric current costs, high wages) the 
thicker the insert should be. 

Furthermore: 
The more massive the average castings, the thicker 
the sleeve wall should be. Conversely the thinner 
and more platelike the casting, the thinner the wall. 

For series production it will not always pay to make 
up special inserts as in Fig. 396. For the remaining 
castings, which usually constitute the great majority, 
a compromise must be reached for the sake of sleeve 

Cost factor, p e 
xoj0xöx6x Ax 

1500 

Very massiv* \ Wheel rim and \Wheel rim and\Surface of mossive^^Large housing, targe 
bodies, for exomple\ simitar bodies with-\similar bodies N. plates, for exampte^^thin plates 

bosses \out end zone chill χ with end zone ^^bridge bearings 
chills 

\ Fittings of all types 

F I G . 396. Diagram for the rapid determination of the most economical thicknesses of exothermic sleeve 
(three examples, I, II and 77/ are plotted). 

file:///Wheel
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standardization. As a rule wall thicknesses of w = 0.20 x d 
to O.3O x d are indicated for the usual steel castings: 
these values were also obtained on the basis of the cha
racteristics shown in Figs. 354-362. 

12.7. The Use of Exothermic Antipiping Powder 

12.7-1. T H E TESTING OF EXOTHERMIC A N T I P I P I N G 
P O W D E R S . T H E STRUCTURE OF THE SHRINKAGE 

CAVITY IN COVERED F E E D E R H E A D S 

IMPORTANT FOR PRACTICE 

Here again, as in Section 12.2.1, the cumulative action 
of thermal and insulating properties is decisive in deter
mining the effectiveness of these powders. Testing by 
measuring the properties of individual components again 
does not lead to the desired result, so that an effective 
assessment is possible only by measuring the increase in 
the solidification time of a test body. 

A cylinder d = 200, H = 100 mm, cast in a cored 
mould, is used as the test body (Fig. 397). An overflow 

guarantees that the height of 100 mm will be maintained. 
The cylinder base is formed from an exothermic plate 
made from (tested) mouldable exothermic material. 
Hence no cooling takes place on the base surface during 
a long period —as in an actual casting, where the feeder 
head/casting interface also represents a non-cooling sur
face. 

As a basis for comparison the steel cylinder is covered 
only with dry sand. Corresponding experiments showed 
that a depth of sand of 40-50 mm gives the best pro
perties. If more sand is spread on the surface the solidifi
cation time again becomes (somewhat) shorter. 

This test method is more accurate than testing feeder 
heads on actual castings. With feeder heads the amount 
of steel never remains constant as metal is drawn out 
from the head by the casting during the solidification 
process. 

With high-grade exothermic powders the shrinkage 
cavity has a favourable structure, similar to that pro
duced in exothermic feeder heads; the metal surface is 
approximately horizontal. 

Characteristics can be plotted in the same way as with 
exothermic sleeves (Figs. 398-400). Table 50 fulfils the 
same purpose, but is less flexible for intermediate sizes. 

High exothermic antipiping compound 
(17wt % of the amount of steel in the 

feeder head) 

Shape of shrinkage cavity 

Thermocouple 

Highly exothermic 
bottom plate 

Modulus enlargement factor using 
highly exothermic antipiping compound 

"'''An, 

FIG. 397. Arrangement for determining the attainable increase in 
solidification time, using antipiping powder under industrial 

conditions. 
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T A B L E 50. E X O T H E R M I C F E E D E R H E A D WITH THE A D D I T I O N OF A N T I P I P I N G P O W D E R S . SHRINKAGE S = 4 .5% 

/•5a 

_L 
625a 

xl 

2a 

\0-75a 

T 

Feeder head 

Dimensions 

D0 
a 

cm 

13 
13 
13 

15 
15 
15 

17 
17 
17 

20 
20 
20 

23 
23 
23 

25 
25 
25 

30 
30 
30 

35 
35 
35 

40 
40 
40 

45 
45 
45 

50 
50 
50 

55 
55 
55 

60 
60 
60 

70 
70 
70 

b 
cm 

0 
19.5 

26 

0 
22.5 

30 

0 
25.5 

34 

0 
30 
40 

0 
34.5 

46 

0 
37.5 

50 

0 
45 
60 

0 
52.5 

70 

0 
60 
80 

0 
670 

90 

0 
75 

100 

0 
82.5 
110 

0 
90 

120 

0 
105 
140 

H 
cm 

7 
8 

10 

8 
9-5 

11 

9 
11 
13 

10 
12.5 
15 

11 
14 
17 

12 
15 
19 

15 
19 
22 

17 
22 
26 

20 
25 
30 

27 
28 
33 

25 
31 
37 

27 
34 
41 

30 
37 
45 

35 
43 
52 

Volume, weight 

V 

Lit. 

0.9 
1.8 
3.0 

1.35 
2.8 
4.7 

2.0 
4.0 
6.7 

3.2 
6.4 
11 

4.9 
10 
17 

6.2 
13 

21 

11 
22 
36 

17 
35 
58 

26 
52 
86 

37 
75 

125 

50 
100 
167 

66 
134 
225 

85 
174 
290 

135 
275 
460 

W\ 

kg m. ton 

5.5 
11 
18 

8.2 
17 
29 

12 
27 
40 

19 
38 
66 

30 
60 

100 

37 
78 

130 

66 
132 
220 

100 
210 
350 

156 
320 
520 

220 
450 
750 

300 
600 
1.0 

400 
800 
1.4 

520 
1.1 
1.7 

0.8 
1.7 
2.8 

Exothermic 
material 

bC 

-H-

3 
O 
£ 

1.2 
2.5 
42 

1.5 
3.5 
5.0 

2.5 
4.5 
7.0 

3.8 
7.0 
12 

5.5 
10 
18 

7.0 
14 
23 

12 
23 
38 

18 
37 
61 

28 
56 
90 

39 
80 

130 

53 
110 
180 

70 
140 
250 

90 
190 
300 

140 
300 
490 

£.5 
g> ε 

3 
4 
6 

5 
9 

12 

8 
12 
15 

12 
15 
19 

14 
18 
22 

16 
20 
24 

20 
23 
25 

25 
32 
38 

29 
38 
48 

35 
45 
55 

40 
52 
65 

45 
58 
70 

55 
66 
75 

65 
75 
85 

Shape modulus and weight of the casting 

Massive, such as 
cubes, massive 

cylinder 

Mc 

cm 

2.2 
2.8 
3.2 

2.6 
3.2 
3.6 

2.9 
3.6 
4.2 

3.5 
4.3 
4.9 

4.0 
4.8 
5.3 

4.3 
5.3 
6.1 

5-1 
6.4 
7.3 

6.1 
7.5 
8.5 

6.9. 
8.5 
9.8 

7.8 
9.6 

11.1 

8.7 
10.6 
12.0 

9-5 
11.6 
13-5 

10.4 
12.7 
14.6 

12.2 
14.8 
17.0 

G 

kg m. ton 

23 
49 
82 

36 
76 

125 

54 
110 
180 

86 
174 
300 

135 
270 
460 

167 
350 
570 

300 
600 
970 

460 
950 
1.6 

700 
1.4 
2.3 

1.0 
2.1 
3.4 

1.4 
2.7 
4.5 

1.8 
3.6 
6.0 

2.3 
4.7 
7.8 

3-7 
7.5 

12.5 

(feeding area) 

Bars, plates 
only with 

feeding zone 

Mc 

cm 

2.0 
2.5 
2.9 

2.4 
2.9 
3.3 

2.7 
3.3 
3.8 

3.2 
3.9 
4.5 

3.7 
4.4 
5.1 

4.0 
4.8 
5.5 

4.8 
5.4 
5.6 

5.6 
6.8 
7.8 

6.4 
7-7 
8.9 

7.2 
8.7 

10.0 

8.0 
9-7 

11.2 

8.7 
10.6 
12.2 

9.6 
11.6 
13.4 

11.3 
13.5 
15.6 

G 

kg m. ton 

64 
130 
220 

100 
200 
350 

150 
300 
490 

230 
470 
820 

360 
740 
1.2 

460 
1.0 
1.5 

820 
1.6 
2.7 

1.2 
2.6 
4.3 

1.9 
3.8 
6.4 

2.7 
5.6 
9.3 

3.7 
7.4 

12.3 

4.9 
10 
16.5 

6.3 
12.9 
21.5 

10 
20.5 
34 

Plates with feeder 
head + end zone 

combined with casting 

Mc 

cm 

1.8 
2.2 
2.6 

2.1 
2.6 
3.0 

2.4 
2.9 
3.4 

2.8 
3-5 
4.0 

3.2 
4.0 
4.6 

3.5 
4.3 
5.0 

4.2 
5.1 
6.0 

4.9 
6.1 
7.0 

5-6 
6.9 
8.0 

6.3 
7.S 
9.0 

7.0 
8.7 

10.0 

7-7 
9.5 

11.0 

8.4 
10.4 
12.0 

9.8 
12.2 
14.0 

G 

kg m. ton 

92 
190 
320 

142 
296 
500 

212 
425 
710 

340 
680 
1.1 

520 
1.0 
1.8 

660 
1.4 
2.2 

1.1 
2.3 
3.8 

1.8 
3.7 
6.1 

2.7 
5.5 
9.1 

3.9 
8.0 

14.3 

5.3 
10.6 
17-7 

7.0 
14.2 
23.9 

9-0 
18.5 
30.5 

14.3 
29.0 
48.8 

f Allowing for the shrinkage cavity, y ^ 6.0. 
= Mean value; can be reduced somewhat with very good exothermic materials. 

f t Increase by up to about 20% for hot melts; reduce by up to the same amount with cold melts. In the case of large feeder heads the 
progress of solidification should be checked once more with an iron rod before adding the antipiping powder. 

file:///0-75a
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208 The Calculation of Exothermic Feeder Head Materials 

12.7.2. ON THE USE OF ANTIPIPING POWDERS. 
COMPARISON WITH EXOTHERMIC FEEDER HEADS 

IMPORTANT FOR PRACTICE 

The amounts of highly exothermic powder to be 
added can be derived from Fig. 401. In this diagram the 
values are plotted on the basis of results of the cylinder 
test mentioned above, and from data provided by a 
manufacturing firm. 

0 10 20 30 40 50 60 70 80 
Amount of exothermic material strewn on surface, kg 

Scatter range of the exothermic material 

Values calculated from equation (162) 

FIG. 401. Amount of loose highly exothermic antipiping powder 
added as a function of the diameter of the feeder head. 

FIG. 402. Waste of steel due to the feeder head being filled too 
high. 

The total amount of exothermic material is the same 
whether using exothermic sleeves or non-exothermic 
heads with antipiping powder. However, the author's 
experience with actual operating conditions indicates that 
the exothermic feeder head enables much more accurate 
working to be achieved. Using elongated feeder heads 
castings such as those shown in Fig. 83 (p· 30» Fig. 128 
(p. 68) or Fig. 402 are often produced, and in addition 
expensive exothermic material is still thrown on to feeder 
heads which are very much too high. 

It is therefore necessary to indicate the feeder head 
levels in the mould, for example, by marking with chalk 
or with nails (Fig. 403). The marking must be done in 
such a way that the casting ladle does not conceal the 
marking when suspended above the mould. Marking 
must of course be properly organized in the shop so 
that the current levels are always clearly visible, and the 
most suitable amount of powder, neither too much or 
too little, is always added to every mould, however many 
there are. 

The methods of using antipiping powders and exo
thermic sleeves are roughly equivalent in cost, provided 
that they are operated correctly. However, the numerous 
rejects obtained when antipiping powder is used, 

FIG. 403. Remedy—easily visible marks on the feeder head. 

which can only be established in actual production re
duce its economic efficiency considerably; in many cases 
very significant losses are obtained, as far as this can be 
checked objectively. 
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For these reasons the author uses exothermic sleeves 
for exothermic feeder heads of up to 500 mm internal 
diameter, and uses antipiping powder only for larger 
diameters. When the powder method is used the following 
procedure is adopted: 

1. Pour up to the mark. 
2. Cover immediately with the exothermic material. 
3. Top up after one to five hours, according to the 
modulus. This is done by carefully removing the exo
thermic powder from the first addition, then topping 
up, and finally adding the necessary amount of anti-
piping powder. 
Obviously careful supervision such as we have de

scribed is quite possible with large individual castings, 
but unsuitable with long runs of small and medium 
castings. 

Many firms recommend a waiting period before adding 
the powder. This waiting time leads to a desirable in
crease in the time of solidification of the metal in the 
feeder head, because the superheat of the steel is first 
conducted away. The hotter the steel on pouring, the 
longer this waiting time can be. Relevant data are given 
in Table 50 and Fig. 404. The most favourable time is 

& Scattt 
— 1 
r rangt a 

^ 
,/-J / 

/^ 

s' 

s =H ^-— 

10 20 30 40 50 
Waiting time, min 

60 70 

F I G . 404. Waiting times with highly-exothermic antipiping 
powders. 

determined by means of an iron bar, with which the 
fluidity of the steel is tested at regular intervals. As soon 
as the metal shows signs of becoming viscous the powder 
is added. 

It is recommended that the powder should be weighed 
beforehand into bags, and the weight marked on each 
bag. In this way gross errors are prevented, and waste 
is avoided. 

FIGS 405 a and b. Wheel with the boss feeder head kept low by the 
use of exothermic antipiping powders. 

F I G . 405 c. The shape of the boss forces the use of too high a feeder 
head on the rim, unless exothermic material is used. 

12.7.3. EXAMPLES OF THE USE OF EXOTHERMIC 
POWDERS 

IMPORTANT FOR PRACTICE 

One advantage of exothermic powder is that feeder 
heads supplying the same casting can be kept to the same 
height, as shown in Fig. 405- A similar result can be 
DS 14 

obtained, however, by using shorter, squat type exo
thermic rings (characteristic Fig. 358). 

Figures 406-410 illustrate some further examples, some 
of which provide an economic comparison with non-
exothermic feeder heads (Table 51). 
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FIGS. 406 a and b. Trunnion plate of a casting ladle. 

a. without and b. with exothermic feeder beads. 

FIGS. 407 a-c. Shield plates, with and without exothermic feeder 
head. 
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FIGS . 408 a and b. Squeezer plates for diecasting machines, (a) large 
plate, moulded conventionally. Gross yield 43%. (b) small plates, 

fed with exothermic feeder heads. Gross yield 68%. 

{Courtesy Suiter Bros.) 

F I G . 410 a. 

F IGS . 409a and b. Large wheel castings. Rim fed by exothermic 
feeder heads. Boss feeder head treated with exothermic antipiping 

powder. F I G . 410 b. 

14* 
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12.8. Heat Theory and the Calculation of Exothermic 
Materials 

(From the practical standpoint it is not necessary to 
study this section.) 

F I G . 41 OC. 

F I G . 4 iod. 

F IGS . 410a-c. Heavy bridge bearing. 

(a) This bridge bearing was cast conventionally, (b) and (c) This casting 
was fed by an exothermic feeder head. 

For economic comparison see Table 51. 
{Courtesy Suiter Bros.) 

T A B L E 51. ECONOMIC COMPARISON OF M E T H O D S OF CASTING 
THE B R I D G E BEARING SHOWN IN FIGS. 410a AND b 

Bearing according to Fig. 410 a 
Conventional, modern method of casting. 
Despatched weight (weighed) kg. 
As-cast weight (weighed) kg. 
Yield of liquid steel, % . 
Antipiping powder added (weighed) kg. 
If the bearing of Fig. 410 a had also been cast by the modern 
method. 
If the bearing of Fig. 410 b had been cast by the old, conventional 
method. 
(50 kg, 50 kg topped up). 
(50 kg, 300 kg topped up). 
~250 kg more powder would have been used. 
~6720 kg steel would have been saved (at 81.6% yield). 
~250 kg less powder would have been used. 
~7SlO kg more steel would have been used (at 57% yield). 
It is recommended that the costs for exothermic powder and the 
steel melting costs should be included in the above economic 
comparison for each concern. 

12.8.1. T H E VALIDITY OF CALCULATION FORMULAE 
PUBLISHED UP TO THE PRESENT TIME 

The solidification time of a casting is prolonged by 
the use of exothermic materials, that is, its modulus in 
the unheated state (M0) is correspondingly increased 
to Mv. 

According to Nicolas(10) the weight of exothermic 
material can be calculated as follows: 

"exothermic material ^ 0 
y x L Mv — M0 

(160) 

where Hu is the useful heat of the exothermic material 
in cal/kg of material, γ is the specific gravity of the 
steel (7.8) and L is the latent heat of fusion of the steel 
(63 cal/kg). 

The expression Mv — M0/M0 was derived in the same 
way as in equations 95 and 96 (p. 123)· I n t n a t c a s e t n e 

starting point was an apparently reduced volume Vr, while 
here we start with an apparently increased volume Vv. 

The same formula, expressed in a different style, is 
based on arguments developed by Thierry(49): 

γ x L 
W^ 

in which V V 

= (K 
My 

X M' 

V0)x· Hu 
(161 a) 

W 

The concept 
/ cal 

of the "useful" amount of heat 

■ ) is of __ the greatest importance in equa-
\kg ex. mat./ 

tions (160) and (161). With many exothermic materials 
this figure is a nominal 2000 cal/kg. According to data 
published by Trommer(38) a value of 1700 cal/kg should 
be used to ensure success. According to Thierry(49), on 
the other hand, only 600 down to 420 cal/kg should be 
assumed. 

The author was able to check the accuracy of these 
figures by means of a very large number of sphere tests 
(see section 12.2.1, Figs. 337 and 338) using exothermic 
materials from various sources, and was thus able to 
make a basic appraisal of the physical validity of equa
tions 160 and 161. 

Figure 411 reproduced the geometrical relationships 
in one of these tests, while the solidification times are 
worked out in the associated Table 52 in accordance 
with equations (160) and (161) respectively for the values 
w = 1700 cal/kg and 600 cal/kg. 

According to equation (160) (Nicolas), it appears 
that the sphere must remain liquid 96 (!) times longer, 
due to the heating effect of exothermic materials, than 
an unheated sphere. Equation (161) (Thierry) indicates 
that the sphere would remain liquid 17 (!) times longer. 

In the sphere test the exothermic material is applied 
to the same thickness (1/5 ^int) as is found in many exo
thermic sleeves. These results are therefore of great 
practical importance. Measurements by American in-
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vestigators(2) and the numerous measurements made by 
the author (see also Fig. 339 a) indicate that the solidifi
cation time of a sphere in exothermic material is actually 
twice, or occasionally 2\ times the time taken for a 
sphere of the same size to solidify in non-exothermic 
material. 

F I G . 411. Geometrical relationships in the sphere test with exo
thermic materials (see Figs. 337 and 338). 

Geometrical modulus of the {non-exothermic) steel sphere 1 5 0 0 · 
M0 = d/6 = 2.5 cm. 

Geometrical volume of the steel sphere 150 0 Vtcom = 1.76 dm3. 
Effective volume of the steel sphere 150 0 {reduced by 5% liquid con

traction) Keffect. = VQ f* 1.67 dm3. 
Volume of the exothermic material: 

outer sphere (210 0 ) 9.25 dm3 x 0.524 minus inner sphere (150 0 ) 
3.36 dm3 x 0.524 = 3.08 dm3 = volume of hollow exothermic sphere. 
Specific gravity of moulded exothermic material {mean value from a large 

number of products, but fluctuations are very small) : 
Vex. material «* 1.4 kg/dm3 

and weight of the above hollow sphere = 1 . 4 x 3.08 ^»4.3 kg. 

T A B L E 52 (for Fig. 411). CALCULATION OF THE THEORETICAL 
SOLIDIFICATION T I M E S OF A S P H E R E CAST IN EXOTHERMIC 
M A T E R I A L , BASED ON THE D A T A GIVEN B Y l. NICOLAS ( 1 0) 

AND 2. T H I E R R Y ( 4 9) 

,. w= v«xrxL x Ml _ M *. = 2-5 cm 
T ι ο · Ml =6.2S cm1 

4.3-1.67· 7 X 8 X 6 3 M'~2-S 
1700 2.5 

Hence the modulus increased by the action of the exothermic 
material is 

Mi = 24.75 cm, and Ml = 600.19 cm2. 

The solidification times vary as the square of the modulus, so 
that 

'heated 600.19 
'unheated °·^5 

i.e. the heated sphere must remain liquid 96 times longer than the 
unheated one. 

2. I F - VY - V0 ^ p - , whence VT = 6.93 dm3. 

Μτ 

Vl = F°~M~ ; M°~ 2'5, S° that 

Μτ = 10.4 cm; Ml = 107 cm2. 

The ratio of solidification times is thus: 

'heated = 107 
'unheated 6.25 

i.e. the heated sphere must remain liquid 17 times longer than the 
unheated one. 

The difference between the theoretical and actual 
results is so considerable that either: 

1. the amount of useful heat Hu is much less than is 
assumed (1700 or 600 cal/kg), i.e. the thermal efficiency 
of the exothermic materials is very low, and amounts 
at best to 2-5 per cent, or 

2. the physical assumptions on which equations (160) 
and (161) are based are false. Both equations start off 
from the —apparently correct—assumption that a 
large proportion of the heat of the exothermic material 
is transferred to the liquid steel, thereby retarding its 
solidification. 

To clear up these points the author carried out the 
following experiment repeatedly: a thermocouple was 
inserted in the exothermic sleeve, the sleeve ignited with 
a welding torch, and the actual combustion temperature 
measured. After overcoming some initial technical diffi
culties it was found that the combustion temperature in 
commercial exothermic materials was about 1400°C, in 
some cases rising to 1500°C, and only reaching 1600CC 
in a single special product of his own manufacture. 

Provided that the steel is cast at a true temperature 
between 1520 and 1650°C, and that the heat can be 
transferred only from the hotter to the cooler body, this 
signifies that no heat, or only a very little in some rare 
cases, can pass from the exothermic sleeve to the steel. 

This was also confirmed by the fact that an increase 
in temperature of the liquid steel above the casting 
temperature was hardly ever observed in the numerous 
sphere tests; the temperature increased by 3~5°C in only 
two cases. These results also indicate that the physical 
assumptions on which equations (160) and (161) are 
based are not correct, and that other factors must be 
effective in the casting of steel. 

To allow for errors in application the author made 
the following additional experiment: an exothermic 
sphere was ignited with the welding torch, allowed to 
burn for about two minutes, and filled with steel after 
a waiting time of 7 minutes. N o significant shortening 
was found in the solidification time compared with the 
above-mentioned value of 2-2.5-

In logical agreement with these experimental results 
it has been shown conclusively that heat is transferred 
from the exothermic material to metals having a lower 
melting point than steel. With grey cast iron, ductile 
iron and aluminium bronze the temperature increase of 
the metal in the experimental sphere usually amounts 
to about 50°C, and occasionally approaches 100°C, ac
cording to the casting temperature. An increase of up 
to 150°C is observed with light metals. 

It should be pointed out, however, that this rise in 
temperature could be undesirable, and has led in prac
tice to the development of special exothermic materials 
in which the combustion temperature is lower and the 
heat transfer is correspondingly less. 

In grey cast iron the graphite is sometimes coarsened 
significantly by the temperature increase. In ductile iron 
the spheroidal graphite degenerates to a lamellar struc
ture. In the case of aluminium bronze and light metals 
the metal becomes considerably enriched in gases due 
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to the superheating of the melt, if large amounts of gas 
are present. In consequence the metal near the feeder 
head deteriorates in quality or becomes porous if the 
above-mentioned special products are not used. The 
author does in fact use the same exothermic sleeve both 
for aluminium bronze and cast steel, but he ignites the 
sleeve for 15-25 min (according to size) before using it 
for the non-ferrous alloy. In spite of this the solidifica
tion time increases by a factor of about 2.5· 

12.8.2. TRUE PHYSICAL CAUSES OF THE 
EXTENDED SOLIDIFICATION TIME 

The heat balance of exothermic materials can be esti
mated from Fig. 412. The amount of heat actually used 
to heat up the exothermic material itself to '^1500°C 
can be determined fairly accurately, and amounts to about 
36Ο cal/kg. The remaining sources of heat loss were 

23 cats amount of heat used to heat up the casting 

J60 cat useful heat 

FIG. 412. Heat balance of exothermic materials (partly based on 
estimated values). 

estimated, but are not likely to change the final result 
to any great extent. 

Assuming that equations (160) and (l6l) were correct, 
the thermal efficiency would only be a few per cent 
(3-5 per cent) (due to the very small amount of heat 
transferred to the steel). As, however, the above equa
tions were found to be false, the thermal efficiency must 
be calculated from the 3 60 cal/kg used in self-heating 
the exothermic materials to 1500°C, and is thus: 

η* 
360 x 100 

2000 " 1 8 % (162) 

The exothermic substance thus has the effect of a self-
heating insulating material. 

While normal insulating materials such as diatomaceous 
earths still withdraw heat from the steel until the steel 
and insulator reach the same temperature, this is not 
the case with exothermic materials. These heat up 
rapidlv to (approximately) the temperature of the steel 
without abstracting any heat from the metal, apart from 
the heat of ignition (which can sometimes cause a signi
ficant drop in the steel temperature when aluminium-
rich materials are used). 

Because the specific heats of steel (0.2) and exothermic 
substances (0.24) are approximately equal, the heated 
sphere behaves (Fig. 411) almost as if it were an un-
heated steel sphere with an external diameter of 210 mm 
(the external diameter of the exothermic shell). 

Calculations of actual exothermic sleeves in accordance 
with equations (l60) and (161) give very thin walls. 
From practical strength considerations this sleeve will 
be made thicker, i.e. it will be dimensioned in accordance 
with experimental principles. The great difference be
tween theoretical calculation and practical results is 
therefore not clearly discernible in practice. According 
to Thierry(49) the calculation also embodies several multi
plying safety factors, which increase the geometrical 
modulus of the casting considerably. Due to these safety 
factors the results derived from equation (161) are no 
longer recognizable as a basis for practical operations. 

CHAPTER 13 

T H E USE OF E X O T H E R M I C PADS TO INCREASE 
T H E THERMAL G R A D I E N T 

13.1. Principles of the Calculation of Exothermic Pads 

IMPORTANT FOR PRACTICE 

13.I.I. HEAT TECHNOLOGY AND GENERAL PRINCIPLES 

By placing exothermic pads on a casting (Fig. 413) 
the solidification time of the thinner cross-section can 
be prolonged, so that the thicker part can be fed sound. 
This method is not new and was described by Bishop(50). 
Apart from a few individual cases, however, the tech
nique was not found to be practicable, as porosity and 
contraction cavities of all types tend to be produced. 

FIG. 413. 
Exothermic pad. 
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to the superheating of the melt, if large amounts of gas 
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the thermal efficiency would only be a few per cent 
(3-5 per cent) (due to the very small amount of heat 
transferred to the steel). As, however, the above equa
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be calculated from the 3 60 cal/kg used in self-heating 
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earths still withdraw heat from the steel until the steel 
and insulator reach the same temperature, this is not 
the case with exothermic materials. These heat up 
rapidlv to (approximately) the temperature of the steel 
without abstracting any heat from the metal, apart from 
the heat of ignition (which can sometimes cause a signi
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rich materials are used). 
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substances (0.24) are approximately equal, the heated 
sphere behaves (Fig. 411) almost as if it were an un-
heated steel sphere with an external diameter of 210 mm 
(the external diameter of the exothermic shell). 

Calculations of actual exothermic sleeves in accordance 
with equations (l60) and (161) give very thin walls. 
From practical strength considerations this sleeve will 
be made thicker, i.e. it will be dimensioned in accordance 
with experimental principles. The great difference be
tween theoretical calculation and practical results is 
therefore not clearly discernible in practice. According 
to Thierry(49) the calculation also embodies several multi
plying safety factors, which increase the geometrical 
modulus of the casting considerably. Due to these safety 
factors the results derived from equation (161) are no 
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By placing exothermic pads on a casting (Fig. 413) 
the solidification time of the thinner cross-section can 
be prolonged, so that the thicker part can be fed sound. 
This method is not new and was described by Bishop(50). 
Apart from a few individual cases, however, the tech
nique was not found to be practicable, as porosity and 
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Exothermic pad. 
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external diameter of the 
exothermic shell. 

FIG. 414. 

In carrying out the basic calculation for exothermic 
materials in general, therefore, their applicability to exo
thermic pads was also investigated. 

Reference was made in Section 12.8.2 to the equivalent 
cooling of steel and exothermic materials. Figure 414 
illustrates relevant experiments made by the author. The 
starting point was the sphere test which has already 
been mentioned so often (see Section 12.2). The experi
mental results can be formulated as follows: 

It was pointed out in Section 12.8.1 that the effect of 
exothermic materials on steel consists only of insulation, 
i.e. they are considered to be self-heating insulating 
materials. 

No heat is transferred from the exothermic substance 
to the steel (except for an insignificantly small amount 
with a combustion temperature of 1600°C). However, 
the incandescent sleeves retard the cooling of the casting 
in the same sense as a very strongly preheated mould. 

This physically correct method of viewing the process 
is extremely important for understanding the action of 
exothermic pads. All representations based on the trans
fer of heat from the exothermic material to the steel(10) 

are physically incorrect. The methods of calculation 
developed from these false assumptions (i.e. equations 
(160) and (161)) led to incorrect results in the practical 
application of exothermic pads which at first sight 
appeared inexplicable. 

Given the thermal equivalence of exothermic materials 
and steel in accordance with Fig. 414, we are justified 
in asking where the economy lies in the use of exo
thermic feeder heads. These exothermic sleeves certainly 
represent a special case of exothermic pads, and exo
thermic materials cost more as a rule than the melting 
costs of the steel. The economy of exothermic feeder 
heads lies in the fact that the form of the shrinkage 
cavity is much more favourable than in unheated feeder 
heads, so that considerable steel savings are possible. 
This was treated in detail in Sections 12.1-12.6. 

Naturally, the shape of the shrinkage cavity plays no 
part as far as exothermic pads are concerned, as no cavity 
should be formed. Consequently the steel saving is very 
small. Nonetheless, the pads can pay for themselves, 
because they replace the type of metal wedge padding 
described in Chapter 6, and so enable substantial savings 
in dressing and machining costs to be achieved. 

The use of exothermic pads is not possible in all cases, 
because physical limits are set to this technique; but 
wherever they can be applied they represent a revolu
tion in the moulding methods commonly used up to the 
present for cast steel. 

The practice of exothermic pads has grown to matur
ity, as examples will show, but the field of application 
can still be extended considerably. 

The solidification time of a heated sphere d0 (ex
ternal diameter of the exothermic sleeve D0) is 
equal to the time of solidification of an unheated 
steel sphere with a diameter of D0 cast in dry oil 
sand, 

i.e. instead of the exothermic sleeve with a wall thick
ness of w = (D0 — d0)/2, a steel layer of equal thickness — 
with the same thermal effect—can be imagined, and con
versely (with a certain limitation to be mentioned later). 

Deviations from this result in accordance with the 
source of the exothermic material are possible, but are 
small in normal industrial production. 

13-1.2. PRINCIPLES OF FEEDING AND METHODS 

OF CALCULATION FOR EXOTHERMIC PADS 

According to Fig. 415 exothermic pads can be attached 
to a plate. N o heat is conducted at the surface of contact; 
the only effect is to retard cooling. While the dendrites 
grow from both sides to th* centre in an unheated plate 
(Fig. 415·1), solidification in a plate suitably heated on 
one side (Fig. 415-2) takes place only on one side, so 
that the crystallites also grow preferentially from one 
side. 
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Exothermic pad 

Plate with exothermic 
material on one side. 

'■'Plate without cast 
[■■exothermic material, 
·.-. twice the thickness 
■ of plate 2, but with 

the same solidific-
•ation time. 

FIG. 416. 

This fact has led to the development of a simple, 
graphical method for calculating exothermic pads. A 
wheel rim is to be fed in accordance with Fig. 416 (top): 

1. Draw the circles for the cross-section by Heuver's 
method (Section 6.2), or using the curved rule shown in 
Fig. 167. 

2. Replace the wedge-shaped steel padding so obtained 
by an exothermic pad of the same thickness. 

The limitations of the method can also be established 
graphically. The wheel rim is very deep in Fig. 416 
(bottom) and the steel padding is correspondingly thicker. 
As soon as this thickness exceeds that of the actual steel 
plate, exothermic pads placed on one side are no longer 
applicable; but even here the solidification time can be 
correspondingly prolonged by fitting the pads on two 
sides. 

Such a plate, heated on one side (thickness d) thus 
solidifies in the same time as an unheated plate (Fig. 415 -3) 
with twice the thickness 2 d. In both cases (2 and 3) 
the dendrites have the same length and rate of growth. 

Here again, it can be stated that the exothermic pad 
solidifies in approximately the same way as if it con
sisted of steel (in accordance with the law formulated 
in Section I3.I.I and with Fig. 414). 

I 
7001 

5 50 

50 

Thickness of steel pad, mm 

100 

FIG. 417· Thickness relationship steel pad/exothermic pad. After 
Griffiths, Neu and Hall<51). 

At the same time the physical limits of the method 
are evident. As the pad only insulates and does not con
duct heat, the solidification process in the plate (415-2) 
is complete in every case when the dendrites have grown 
to the heated (or insulated) face. This growth rate is 
equal to the rate of solidification of the plate. The rate 
is a function merely of the cooling conditions (for 
example of the moulding material) on the unheated side. 
The insulating action of the exothermic pad has reached 
its physical and theoretical maximum when cooling be
comes hindered during the solidification period. If the 
pad were increased in ignorance of this fact beyond the 
maximum effective thickness (&d)y this would bring 
no further increase in the solidification time (it can even 
have a deleterious effect, as will be shown later). Apart 
from slight deviations, it can therefore be stated that 
exothermic pads should not be thicker than the heated 
steel plate. 

In their excellent paper on exothermic pads, Griffiths 
and Neu(51) give an experimentally determined diagram 
for the necessary pad thicknesses (Fig. 417) which is 
valid for FEEDEX 61.* 

* Registered trade mark of FOSECO International Ltd. 
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EXAMPLE 1 

If the thickness of the wedge-shaped steel padding is 
25 mm, the maximum permissible and effective thickness 
of the substituted pad of F E E D E X 61 is 19 mm. 

EXAMPLE 2 

With 50 mm metal padding thickness the thickness of 
the exothermic pad is also 50 mm. 

E X A M P L E 3 

At 75 mm metal padding thickness the exothermic 
pad is 90 mm thick. 

The diagram also defines the previously-mentioned 
slight deviations from the law which states that the 
thickness of the metal wedge padding is equal to that of 
the exothermic pad. It must be emphasized once more, 
however, to prevent misunderstandings arising from 
Fig. 417, that the effective limit given in Fig. 416 must 
be noted in all circumstances. This limit is reached when 
the metal wedge padding attains the thickness of the 
actual section of the casting. 

Plates insulated on two sides can theoretically be kept 
fluid for any length of time, when the exothermic pads 
are of a suitable thickness. Unfortunately it is technically 
difficult or impossible in many cases to place the pads 
on two sides. With thin steel sections and thick exo
thermic pads (two or three times the thickness of the 
steel section), coarsening of the grain structure of the 
steel takes place. All these considerations, although based 
on conjecture, could be confirmed experimentally in ac
cordance with Figs. 4 l8a -b , in which the solidification 
times of a heated and an unheated plate were measured 
directly. Both plates were located on one and the same 
casting, so that other conditions were completely 
identical. 

According to Fig. 415 the thickness of a plate heated 
on one side is apparently approximately doubled, i.e. 
the solidification modulus (M0 = dj2) is increased to 

M 2 d J 
^ h e a t e d ** — ** « 

The modulus is thus about twice that of an unheated 
plate. The solidification time increases according to the 
basic equation (1) as the square of the modulus, hence: 

■* heated _ (^heated) _ _^_ _ A (Λ&0\ 
T ~~ (MV ~ 12 ~~ 4> ^ 1 0 ^ 
■* unheated \IV10J l 

i.e. the solidification time becomes four times as long. 
This was confirmed accurately by the curves of Fig. 418b. 

Based on these considerations the author(52) proposed 
a simple method of calculating the modulus of large, 
platelike exothermic pads. The contact face of the pad 
becomes a non-cooling surface in the modulus calcula
tion due to the insulation, and as such is not included 

0 10 ^20 30 40 
Minutes after casting 

The solidification time of the plate of point 5 was corrected by allowing 
for the fact that the thermocouple was placed 10 mm from the wall. 

FIGS. 418 a and b. Experimental arrangement for measuring the 
solidification times of plates with and without exothermic pads. 
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in the calculation (just as the appropriate non-cooling 
surfaces in Section 2.5, Figs. 13 and 18, not included in 
the calculation, are subtracted from the geometrical sur
face). It remains uncertain whether the accuracy of this 
approximate method can be improved in the light of 
subsequent measurements. 

Exothermic pad 

Boundary of the 
simulation bar 

M, 10.5x5 
Ä 2(10.5*5^3 
ex. pad) 

52.5 
28 = 1.875 cm 

Mjuncthn , 10.5x5.8 61 
2(10.5+58)^3 29.6 - 2.05 cm 

^ :3.0cm 17.5 
10.5x5 

Mbar = 2x5 + 10.5-3 
(with ex. pad) 

F I G . 419. 

EXAMPLE 

The junction of a flange (Fig. 419) is to be cast (as 
in Fig. 18, p. 10). The modulus of the junction is deter
mined from the rule given there, and is 2.05 cm. The 
modulus of the unheated flange is only 1.875 cm. In 
order to feed the junction through the flange bar, this 
is heated on one side. Hence the heated face (of length = 
105 mm) is no longer a cooling surface, and the modulus 
of the bar is increased from 1.875 to 3.0 cm. 

/ / is of the utmost importance that the feeder head is calculated 
for this increased modulus, otherwise shrinkage cavities . 

will be the inevitable result. 

O F GREAT PRACTICAL IMPORTANCE 

It is immaterial in this connection whether a heated 
or unheated feeder head is used. Exothermic pads and 
feeder heads are used together as a rule, but this is not 
absolutely necessary. It is only important to dimension 
the feeder head according to the modulus, whether 
heated or not. 

As exothermic materials and steel behave similarly as 
regards cooling, a further approximation in the calcula
tion is possible by treating the system (exothermic 
pad + casting) as a single unit and determining the mo
dulus of the combined system. In two-sided heating 
(which in effect means heating on practically all sides) 

this type of calculation is fairly accurate, but when 
heating is confined to one side it is valid only up to the 
maximum effective thickness of the exothermic pad. 

13.2. Shape and Venting of Exothermic Pads. 
Heated Breaker Cores 

IMPORTANT FOR PRACTICE 

It is extremely important to maintain a high gas 
permeability of 150-200 units in the pad. The directions 
given in Section 12.4.2 must be followed scrupulously. 
It is particularly important to maintain the correct water 
content, as according to Fig. 363 the necessary high gas 
permeability can be attained only within close tolerance 
limits. 

In order to dispose of the large amounts of gas which 
are evolved, good venting arrangements such as in the 
examples shown in Figs. 420 and 421 are advisable. 
It must not be forgotten, however, that venting of this 
type, due to negligence, is often done badly, or not at all, 

Air inlet (outlet) 

Venting grooves 

Collecting channel in 
the mould, or in some 
'circumstances in the 

pad 

F I G . 420. Construction of 
small exothermic pads. 

Upper part of mould 

MM 
Perforated 

spindle 

Tubular safety 
insert 

(absolutely 
necessary) 

Hollow cord 

Core sand 
(no oil, sand 
if possible) 

Exothermic material 

F I G . 421. Basic construction of large pads, round which steel flows 
on several sides. There are at least three independent venting 
systems, incorporating a perforated spindle. This is a precaution 

against accidents. 
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and that steel can even penetrate into the venting chan
nels. 

With large exothermic pads (Fig. 421) controlled re
moval of air is essential if accidents are to be prevented. 

With smaller pads it is better, in the author's experi
ence, to rely mainly on good gas permeability, removing 
the gas merely by venting through the pad to the sand 
mould behind. 

Exothermic pads can be made with equal effectiveness 
either with a taper (Fig. 422) or as a rectangular block 
(Fig. 419). Tapered pads are placed on the pattern and 
rammed up with the moulding sand. Rectangular pads 
are inserted as cores in the finished mould. Both methods 
have their advantages and drawbacks in practice. 

If a tapered pad is selected, the author has found that 
the pads can be combined with breaker cores, as shown 
in Fig. 423. On flanges, etc., breaker core gates are used 
in order to avoid tearing the casting when knocking-ofF. 

The dimensions of such breaker cores are frequently 
made too small. This arises from the argument that the 
breaker core is heated and also that a very thin neck will 
not freeze. This view is false and leads to the formation 
of shrinkage cavities in the casting, for the following 
reason: 

According to Chapter 7 on breaker cores, such a core 
is raised by the steel superheat to a temperature of about 
1485°Q corresponding to the solidus temperature. In 
this way the cooling of the thin neck is retarded. None
theless the breaker core loses heat from its end faces, 
so that the neck cannot be made indefinitely thin, but 
must have the exact dimensions laid down in Table 25· 

FlO. 422. Various simple standardized shapes made from F E E D E X 61 
for wheel castings and plate gate valves. (Produced at Sheep-

bridge, Chesterfield, and made available by Mr. Griffiths.) 

F I G . 423 b. Tapered exothermic pads, combined with breaker core, 
on a gate valve casing. 

F I G . 423 a. Tapered exothermic pads, combined with breaker core, 
on a valve casing. 
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This neck represents a quasi-infinite bar, and its dimen
sions can also be presented as part of the bar modulus 
(see equations (46), (47), (48) and (49), p. 88). 

A heated breaker core also has a temperature of 1400°C 
to 1500°C, corresponding to the combustion temperature 
of the exothermic materials (sect. 12.8.1), except that 
this temperature stems from the material itself, and not 
from the steel. Thus the heated breaker core becomes 
no hotter than the unheated one. Incandescent exother
mic materials and incandescent sand or fireclay are 
identical in this respect. Here again there is no difference 
between heated and unheated breaker cores. 

Exothermic breaker cores must therefore be dimen
sioned as accurately as unheated cores, using Table 25 
or the equations mentioned above. Only one exception 
is permissible, namely the cores can be made up to 
twice the thickness of the values given in Table 25 or 
equation (46). Non-exothermic breaker cores only reach 
the desired temperature of 1485°C when they are thin 
and in thermal equilibrium with the steel. Exothermic 
breaker cores are independent of these conditions and 
can therefore be made thicker, which is often an ad
vantage in practice. 

The cross-section of the neck must be preserved in 
all circumstances, however, and must be dimensioned 
for the modulus of the heated casting (not approx
imately for the modulus of the unheated casting!). 

EXAMPLE 

If the flange of Fig. 419 is to incorporate a breaker 
core, this must be calculated for an increased modulus 
of 3 cm, and must therefore have an opening, according 
to Table 25, of ~ 70 mm 0, or, as this is technically 
impossible in the present case, a rectangular cross-
section, according to equation (49), with a modulus of: 

^„ech = 0.59 x lasting = 0-59 x 3-0 = 1-77 cm. 
Any suitable cross-section can then be selected from 
Fig. 7, for example 4.5 x 16 cm or 5 x 12 cm. Here 
also the physical laws must be obeyed implicitly. 

The standardization of exothermic pads is an im
portant practical simplification. Pads for wheels of all 
types can be dimensioned on similar lines to the standard 
chills of Table 26. All types of fitting flanges are similarly 
standardized, so that exothermic pads can also be stand
ardized on the basis of existing standardization. This 
does not mean that any apparently suitable exothermic 
pad can be fitted to the casting. In preparing the work 
the physical possibility of using the pads must first be 
examined for each casting, on the basis of directions 
which have been given here. The importance of stand
ardized exothermic cores lies solely in the fact that a 
separate core box does not need to be prepared for 
every pattern. 

Many exothermic materials are hygroscopic; a test 
piece can take up as much as 0.5 per cent moisture. Pads 
made from such materials should be re-dried shortly 
before use, or stored in a warm oven. 

The drying time and temperature play an important 
part in removing as high a proportion as possible of the 
chemically combined water. Data supplied by the manu

facturer should be followed in this connection. Usually 
a drying time of 1 hr per 1 in. pad thickness must be 
allowed, with a drying temperature of 200-250°C 

The surface of the casting on the side where the pad 
is attached is rougher with most exothermic products 
than that resulting from a sand mould, and this cannot 
be greatly improved by sleeking the pads. At present 
only one special product is known which will give 
a smooth surface without sleeking. 

13.3. Examples of the Use of Exothermic Pads 

IMPORTANT FOR PRACTICE 

Numerous examples (Figs. 424-443) indicate the pos
sibilities offered by this process for many types of casting. 
Castings are illustrated in which the pads were inserted 

Very carefully 
prepared venting 

bojod 
I- 1250 

Exothermic pads 
made from materials, 
which are resistant 
to deformation 

\wuf®) 
Original method 
of moulding 

F I G . 424. Press plate, 15 m. ton finished weight. 

F I G . 425 
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F I G . 425 a and b. Bearing casting with exothermic pads. 

in the finished mould as a core, as well as those where 
the pads were rammed up with the mould. 

A very interesting example is the valve housing shown 
in Fig. 429, where only a single exothermic head feeds 
the entire casting via a clover-leaf type of pad. This is 
of course possible only when the wall of the housing 

is fairly thick, so that the basic physical principles out 
lined in Section 13.I.2 are still obeyed. In addition the 
feeding of wheel bosses of all types in accordance with 
Figs. 441 to 443 can be very important, as the rough 
machining of the opening, which has been customary up 
to now, is omitted. 

FIG. 426a-c. Valves manufactured with rectangular section exo- F I G . 426d. Valves manufactured with exothermic pads, ready for 
thermic pads. despatch. 
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F I G . 427. Large double flange, cast with exothermic pads. 
The casting was certainly sound, but its surface was rough. As at 
1962 this size of casting represents the extreme limit of applicability 

of exothermic pads. 
(Courtesy Suiter Bros.) 

F I G . 428. Pattern (top) and undressed casting (bottom) of a gate 
valve casing, using exothermic pads. 



Examples of the Use of Exothermic Pads 223 

F I G . 431. Two examples of pipe fittings using exothermic p2ds. 

FIGS. 429 a-b. (a) Pattern of a pipe fitting with an exothermic pad 
inserted as a core, (b) Undressed casting. The finished casting 

was ultrasonically sound. 

F I G . 430. Patterns of pipe fittings with exothermic pads. 

F I G . 432. Two examples of pipe fittings with exothermic pads. 
before final dressing. 



224 The Use of Exothermic Pads to Increase the Thermal Gradient 

Exothermic pads 

F I G . 434 a. Gear wheel with 3 exothermic feeder heads and exo
thermic pads at the periphery and intermediate end zone chills— 

radiographically sound. 

F I G . 433· Various fitting components with exothermic pads. 

F I G . 434 b. Wheel with exothermic pad. 

F I G . 435 a. Wheel. After Griffith, Neu and Hall(51). 

F I G . 435b. According to <51). 
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b 
F I G . 436. Gear wheel with exothermic pads, ultrasonically sound. 

(a) pattern (b) undressed casting. 

c F I G S . 437 a-d. Various wheel castings with exothermic pads. 

DS 15 
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F I G S . 438 a-c. Crane bogie wheel with exothermic pads, combined with breaker cores. 
The exothermic pads were applied to the inner side in this instance. In such cases they should only have about half the thickness shown in Fig. 417 
(because of the additional retention of heat in the junction). In this case (pads applied to the inner side) preliminary trials are also to be re com-

mended. The wheels shown were radiographically sound. 

(a) As-cast condition. (b) Pattern, with attached end %pne chifls. 

(c) and (d) Detail photographs of the feeder bead neck and the exothermic pad surface. 
FIGS . 439a-d. Gate valve casing, radiographically sound, fed by an exothermic feeder head 

by means of cross-shaped exothermic pads in the upper part. 
(By courtesy of Suiter Bros., Wintertbur.) 
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2 to 4 shoulders 
over the pads 

\Mf 
F I G . 440. Half wheel, manufactured with inside exothermic pads, 
similar to the example shown in Fig. 438. Here also two preli
minary trials were necessary. A very large number of radio-
graphically sound castings was manufactured by this method. 

(By courtesy of Suiter Bros., Winterthur.) 

FIG. 442. Exothermic pads applied externally to bosses. 

Just as in Fig. 441 the metallic wedge pad was applied to the internal, or 
core, side, i.e. the sand core was tapered, these metal wedges can also be 
placed on the outside. However, it is often impossible to remove the pads 

due to ribs etc., so that this method is not often operated. 
With exothermic pads the construction is more flexible, so that the external 
Heuvers wedge can be replaced by such an exothermic pad. This method 
has proved very satisfactory and is less sensitive to defective venting than 

the method illustrated in Fig. 441 b. 

F I G . 443 a. Use of exothermic pads on the boss of a gear wheel. 
The use of exothermic feeder heads is not necessary for this 

purpose, as the above example shows. 

FIGS. 441 a and b. (a) Usual construction of a boss feeder head. 
See also Figs. 151 and 152 (p. 16). 

(b) Construction using exothermic internal core. 

The exothermic core and the sand core beneath it were rammed together 
in a core box to form a single unit. 

The exothermic core is carried through with the feeder head and taken 
high enough to ensure that no steel can penetrate into the vent. Venting 

must be carried out very carefully. 

15a 

F I G . 443 b . Exothermic pads in the mould. 

Exothermic pads 
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13.4. Frequently Occurring Defects with Exothermic 
Pads 

IMPORTANT FOR PRACTICE 

13.4.1. SHRINKAGE CAVITIES FORMED BECAUSE THE 
PADS HAVE BEEN MADE TOO THICK 

Due in the first place to ignorance, a gear rim as 
shown in Figs. 444a-c was fitted with too thick a pad. 
According to the principles laid down in Section I3.I.2, 
no additional increase in solidification time could thereby 
be achieved. 

However, the excessive heat insulation hindered the 
flow of metal between the crystallite peaks. It will be 
remembered that, according to Section 3.4, Fig. 58 (p. 22), 
the dendrites have a much coarser structure in thick 

FIG. 443 C. Exothermic pads in a gear wheel in the as-cast state. walled plates than in thin plates. This also has the effect 
of impairing satisfactory feeding; beyond a certain thick
ness, in fact, centre-line segregation is inevitable. 

This case is produced artificially by the use of over-
dimensioned exothermic pads, except that the centre
line segregation is now displaced to the pad/casting 
interface. 

When machining castings of this type porosity is un
covered which consists of a true centre-line cavity (even 
although this is displaced). In this case the surface of 
the casting usually appears rough, and small, parallel 
wrinkles (rather like the skin formed on heated milk) 
cover the surface (Fig. 444 d). These parallel, fine creases 
can be considered to be the fronts of dendrites which 
are occasionally found on the inside surfaces of shrinkage 
cavities (cf. Fig. 39 a, p. 17). Too large an exothermic pad 
will therefore produce scrap. 

This fact is again illustrated in Fig. 444 e. A massive 
parallelepiped-shaped exothermic pad was experimentally 
placed at the base of an 18 cm steel wall, the parallel
epiped having of course a much longer solidification 

xi,~ ΑΑ*Λ K £ *- 1 r .i_ c *u Λ « time than the usual pad. It was found from this experi-
F I G . 443 d. A further example of the use or exothermic pads on r r 

bosses. ment, which was repeated several times, that the thick 
section could be fed satisfactorily by exothermic plates, 
even with large castings. An undesirable side effect was 
the yielding of the exothermic material due to the high 
pressure of liquid metal. Further experiments established 
that this effect could be prevented by the use of convex 
pads; alternatively the desired contour was obtained 
after allowing for the yielding effect. The shrinkage ca
vity visible in the thin wall was found again, however. 
It is caused by the high resistance to flow offered by the 
crystallites which are heated on one side; these shorten 
the feeding range, i.e. the sound feeding zone, with large 
cross-sections of this type. This diagram shows the limits 
of the method at the present time (1962). 
13.4.2. BLOWHOLES UNDER EXOTHERMIC PADS 

Blowholes are not observed under exothermic pads 
with satisfactorily melted and correctly deoxidized steels 
with low gas contents. (An exception to this rule is 
given by pads which "boil" visibly due to low gas 
permeability. If the pad behaves quietly during pouring, 
it is certain that the blowholes do not originate from 

FIG. 443 e. t h e pad . ) 
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FIG. 444 d. Appearance of the casting surface associated with the 
use of over-dimensioned pads. This shows the fronts of dendrites 

which have not been fed with metal (cf. Fig. 39 a, p. 17). 

The blame for scrap is often laid on the pad, when in
correct melting practice is actually the cause. In such 
cases, however, the force of the argument can be checked 
(provided that the pad is satisfactory) by insisting on hot 
metal tests as shown in Fig. 269- In general Section 8-3-2 
also applies here. 

When cases of this type occur, accurate works ob
servations are necessary. In very many instances porosity 
of this kind is also found with other castings in which 
exothermic pads were not used. 

The gases in the steel are often forced from the solidi
fying dendrites into the residual melt, where they be
come concentrated and form pores. This phenomenon 
represents the stage immediately preceding "bleeding 
back" ("cauliflowering") which can be caused, for 
example, by incomplete deoxidation or hydrogen enrich
ment. 

The metal remains liquid longest under exothermic 
pads, with the result that porosity often occurs in that 
position, without being produced by the pad itself. 

Presumably different gases can give rise to different 
phenomena in this way, which could explain the variety 
of defects which are found even with unheated castings. 

Figures 445 a-c show experimental plates with exo
thermic pads on one side. The melts were intentionally 
poured insufficiently "ki l led", thus having an increas
ing oxygen content. It was found that no porosity 

FIGS. 444a-c. Over-dimensioned exothermic pads on a gear wheel w a s found initially underneath the pad; on the contrary, 
rim. the pores appeared to be compressed together on the 

15a* 
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F I G . 444 e. Trial cast to test the use of exothermic pads on * 
thick steel walls. 

(Courtesy Suiter Bros.) 

■Ίδαη 

sand side. The boundary separating the pad and the sand 
is razor-sharp, and is delineated by an accumulation of 
pores on the sand side. Only when the melt deteriorates 
further does porosity occur under the pad, but is in every 
case less marked than on the sand side. Possibly the 
cooler sand acts as a chill in this case, so that pinhole 
porosity occurs as in Figs. 264-266 (pp. 118,119). This 
sharply delineated limit of porosity on the sand side could 
often be observed on actual castings, on all the pad/sand 
interfaces, including the core opening (Fig. 445 d). 

With melts with obviously very high gas contents, 

which are badly deoxidized, an accumulation of pores 
directly under the pad can be observed (Fig. 446), where 
the pores are retouched with Indian ink for the sake of 
clarity. This accumulation of pores is the preliminary 
stage prior to "cauliflowering" and also occurs with 
other wedge pads on unheated castings, near the feeder 
head (Figs. 447-450). 

The above examples show how necessary it Is to make 
a thorough investigation, and not to yield to the wide
spread tendency to ascribe defects to a fundamentally 
different cause. 
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b 
F I G S . 445 a-c. Radiographs of trial casts poured from badly de

oxidized melts. 

F I G . 445 d. Pinhole porosity on the sand side of the exothermic 
pad/steel/sand interface. 

Thin steel fins of metal which has penetrated with the interspace 
between the exothermic pad and the valve casing core can be seen 

clearly. 

F I G . 447. Porosity at the surfaces of application of exothermic pads. 
The charge of metal represents a boundary case of the so-called 

F I G . 446. Porosity underneath the surface of application of an " cauliflower ing" . Note, however, the concentration of pores on 
exothermic pad. the sand side of the central flange. 
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F I G . 448. The same pattern of porosity as in Fig. 447 is shown by 
these valve casings, which in this case were manufactured without 

exothermic pads, using conventional wedge pads. 

F I G . 449· Porosity in valve flanges where exothermic pads were 
not used. 

Note particularly the flange on the left of the diagram. Here also the 
porosity is very pronounced under the metallic wedge pad, because the steel 

remained liquid longest in this position. 
If an exothermic pad bad been attached at this position, then the temptation F I G . 450. This lever arm (made without exothermic pads) also 
ot ascribe the defect to the exothermic pad would have been very great. exhibits a typical enrichment of pores near the feeder head. 

C H A P T E R 14 

B R I E F N O T E O N T H E U S E O F I N S U L A T I N G M A T E R I A L S 

I N S T E E L C A S T I N G S 

IT IS possible in principle to insulate feeder heads for Refractoriness, with the good surface associated with 
steel castings by means of materials which are not self- this property (particularly important for insulated 
heating. pads placed on the casting). 
% Up to the present time, however, (1962), no insulating Good mouldability—most insulating materials, di-
materials are known which fulfil the following require- atomaceous earth, for example, have poor moulding 
ments simultaneously: characteristics.—Cheapness. 
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A good insulating effect at the steel temperatures. 

Strength of the insulating sleeve and pad. 

While insulating materials are used successfully with 
metals having a lower melting point, these materials 
are not satisfactory in every case, for example with grey 
cast iron which is poured hot. Moreover, these "exo t ic" 

IMPORTANT FOR PRACTICE 

I T IS understandable that nobody likes to take the blame 
for scrap. Very many cavities in castings originate in 
the unsatisfactory condition of the steel, which can 
(1) be high in hydrogen, (2) be badly deoxidized and 
(3) suffer from a combination of defects (1) and (2), or 
(4) be permeated by finely emulsified slag. The origin 
of these defects is often not known, or is falsely attri
buted to the moulding shop or the moulding sand. 

It is not the task of this book to discuss the many 
existing theories concerning defects of this kind. Only 
a few typical illustrative examples will be given. It will 
be emphasized that defects arising from the quality of 
the steel cannot be improved by measures based on 
moulding technology either by a (presumably) better 
placing of the feeder head or by using a different mould
ing sand. Such false "remedial measures" only have the 
effect of impairing economic efficiency and obscuring 
the facts. This is very dangerous, because the ill effects 
of an unsatisfactory melting technique are not thereby 
eliminated and several unfavourable factors can operate 
at the same time. 

15.1. Blowholes Which Can Be Confused with 
Shrinkage Cavities 

IMPORTANT FOR PRACTICE 

Gas porosity of this kind has already been mentioned 
several times in this book, namely in Sections 8.3 ·2 
(Figs. 263-267), 11.1 (Fig. 314) and 13.4.2 (Figs. 4 4 5 -
450). This porosity manifests itself in many ways, and 
some further examples will be given here. 

Very often gas porosity is confused with true shrink
age cavity phenomena for the following reasons: 

1. The pores represent localized insulation in the 
casting, in the form of a pad resembling sponge rubber. 
The natural flow of heat is often seriously impaired. 

2. Gas pores in the steel hinder the orderly flow of 
metal back from the feeder head into the casting, with 
the result that secondary cavities are formed (Fig. 451)· 

insulating materials are not cheap, and do not have the 
same effect as exothermic substances. 

Various insulating materials were described in the 
German edition of this book. Due to the rapid develop
ment of exothermic materials, however, trials on the 
application of insulating substances have been suspended, 
at least provisionally. 

Figure 452 shows covers made from a badly deoxi
dized melt, a fact which was not recognized at first. The 
defect was explained as a "shrinkage cavity" and a 
larger feeder head was asked for. On more careful exami
nation, which is always extremely important in such 
cases, pinholes were also found in other parts of the 
casting, and the casting was then X-rayed. The radio
graphs of several castings from the same charge showed 
the true cause to be gas porosity. 

Figures 453 anc^ 454 indicate clearly that gases are 
responsible. In Fig. 455 the origin was again in doubt, 
because the pores ran in bands parallel to the blades 
in the lower part, and were therefore considered to be 
junction cavities. In coming to this conclusion, however, 
it was now noted that with "bleeding back" in the riser, 
i.e. in "gassy" melts, the gases concentrate in the parts 
of the casting which stay liquid the longest (this has 
already been shown several times). These concentrations 
happened to coincide with the blade junction. 

Figure 456, the sectioned feeder head of a wheel boss, 
cast with a "gassy" metal, shows similar horizontal 
groups of pores. Had this feeder head been cut parallel 
to the plane of the circle, this would have given a picture 
similar to that in Fig. 455-

FIG. 451. Typical secondary shrinkage cavity (with rough inner 
wall) in the wake of primary porosity. 

CHAPTER 15 

C A V I T I E S I N S T E E L C A S T I N G S W H I C H A R E F R E Q U E N T L Y C O N F U S E D 

W I T H T R U E S H R I N K A G E C A V I T I E S 
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larger feeder head was asked for. On more careful exami
nation, which is always extremely important in such 
cases, pinholes were also found in other parts of the 
casting, and the casting was then X-rayed. The radio
graphs of several castings from the same charge showed 
the true cause to be gas porosity. 

Figures 453 anc^ 454 indicate clearly that gases are 
responsible. In Fig. 455 the origin was again in doubt, 
because the pores ran in bands parallel to the blades 
in the lower part, and were therefore considered to be 
junction cavities. In coming to this conclusion, however, 
it was now noted that with "bleeding back" in the riser, 
i.e. in "gassy" melts, the gases concentrate in the parts 
of the casting which stay liquid the longest (this has 
already been shown several times). These concentrations 
happened to coincide with the blade junction. 

Figure 456, the sectioned feeder head of a wheel boss, 
cast with a "gassy" metal, shows similar horizontal 
groups of pores. Had this feeder head been cut parallel 
to the plane of the circle, this would have given a picture 
similar to that in Fig. 455-

FIG. 451. Typical secondary shrinkage cavity (with rough inner 
wall) in the wake of primary porosity. 

CHAPTER 15 

C A V I T I E S I N S T E E L C A S T I N G S W H I C H A R E F R E Q U E N T L Y C O N F U S E D 

W I T H T R U E S H R I N K A G E C A V I T I E S 
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F I G . 452. Covers made from "r i s ing" metal. 

The defect was at first thought to be a shrinkage cavity {above), and it 
was only after radiographic examination that the true cause was shown 
to be porosity. On closer inspection, however, pinholes could be clearly 

seen on the casting. 

F I G . 453. Severe pinhole porosity shown in the X-ray photograph. 

F I G . 454. Pinholes on the hinge of a squeezer press. 

A typical characteristic of such defects is that they 
usually occur in batches. Individual castings where gas 
porosity is suspected should never be thrown out, but 
should be put on one side. In the course of a few weeks 
several other castings will appear; very often all of the 
castings will originate from the same heat. It is useful to 
keep a record, as often porous castings are supplied 
to the customer as apparently satisfactory, and it may 
be a year before trouble arises. 

In practice, it is usual to find that not all the castings 
from a given unsatisfactory metal are affected. Some
times sub-surface defects can be discovered by circu
lating castings through the annealing furnace and scaling 
off the casting surface; this being the method used to 
reduce the odds of a gassy casting going to a customer. 
This is a completely unreliable method, which can be 
avoided by the measures discussed earlier. 

A frequent form of pinhole defect both in green and 
dry sand moulding is a typical scab formation, as shown 
in Figs. 457 and 458. This scab formation is possibly 
related to re-oxidation processes, in connection with the 
flow path of the steel in the mould(53,54'55). 

Pinholes of this kind appear even more often in dry 
sand castings; they can even give a very unpleasant ap
pearance to test bars which are affected in this way, 
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FIG. 455. Impellers of 18% Cr steel. The metal had "risen" but 
this had not been recognized. 

FIG. 456. Horizontal and radial groups of pores in a feeder head 
(this casting was made from a different heat than the wheels in 

Fig. 455). 

although the actual casting is often sound. Alternatively 
pinholes in dry sand castings are usually technically un
important because of thick walls, but they are physically 
present, and are important in assessing the quality of 
the batch (Figs. 459a-c). 

Reference should be made to Section8.3.2, Figs. 268 
and 269, regarding the testing of the batch for gas 
content. 

15.2. Slag Blowholes, Which Are Confused with 
Shrinkage Cavities 

IMPORTANT FOR PRACTICE 

This does not refer to slag which rises to the surface 
during pouring, or into the dirt trap shortly afterwards. 
The type of slag to be described separates only during 
solidification, whereby very finely emulsified droplets of 
slag are forced from the dendrites into the residual melt, 

where they become concentrated (Fig. 460). Only then 
do the drops float and thrust against the upper wall, 
which has already solidified into a thick layer. 

This slag porosity is often exposed only with the final 
cut during machining, and the castings are then ir
recoverably lost. 

Slag porosity is recognized by the fact that the slag 
can be detected on close examination. Often it occurs 
only as a thin skin (Fig. 461), as slag beads (Fig. 462), 
or as larger angular fragments (Fig. 463). Severe cases 
are comparatively rare (Fig. 464) but when present they 
give a clear indication of their presence (see also 
Fig. 465). 

The slag itself is often not uniform, but is hetero
geneous. Frequently small, silvery iron beads can be 
seen, which are an indication of chemical reactions in 
the (carbide) slag, in the course of which considerable 
amounts of carbon monoxide can be evolved, and lead 
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F I G . 457. Scab formation in the gating system, corresponding to 
the direction of flow of the steel. Scabs were also formed on the 

steel, as well as pinholes (not shown here). 

F I G . 458. Scab formation on a flat plate. 

Careful preparation before dressing shows that the top layer of moulding sand which 
becomes plastic during castings is curved down into the small scabs. This phenomenon has 
nothing to do with sand scabs. It is much more likely that vacuum processes resulting from 

pinhole formation cause the moulding material to be "sucked in". 
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Phase 

Actual casting 

Machining 
Beginning of solidification-slag i allowance 
droplets still distributed uniformly 

» melt 

Beginning of concentration and coagulation of the stog 
droplets, which are forced from the crystal front into 

the residual melt 

The large drops of slag rise until they reach the 
lower side of the dirt trap, which has already 
solidified; finally there is a gas-evolving reaction of the 

slag with the melt 

F I G . 460. Possible formation mechanism of slag blowholes. 

F IGS. 459a-c. Pinholes on faces, corners and sample bars of a 
turbine casing, which was moulded in fireclay. F I G . 461. Thin skin of slag in a blowhole. 
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FIG. 462. Slag blowhole in a wheel casting. 
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F I G . 464. 

F I G . 465. X-ray photograph of typical slag blowholes in a gear 
wheel rim. 
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to the formation of the actual porosity. Also gases from 
the steel can separate on slag nuclei. Carbide slags, in 
the author's experience, are specially liable to emulsifi-
cation of this kind. 

It is sometimes possible to confuse this porosity with 
shrinkage cavities. A case is known to the author in 
which · a foundry tried to get rid of slag porosity by 
increasing the size of the feeder head — unsuccessfully of 
course—and when the defect continued to appear, 
especially with large castings and heavy cross-sections 

(which are particularly susceptible) was driven to de
spair. 

In such doubtful cases, a smooth or slightly roughened 
surface, which in some cases can appear silvery-white, 
is a valuable method of distinguishing the defects from 
the true shrinkage cavity dendrites according to Fig. 39. 
Every foundry should also make use of the ASTM ca
talogue of defects, with its numerous radiographs. With 
all defects of this kind, fundamental knowledge must be 
supplemented by the most accurate observation. 

CHAPTER 16 

F I N A L B R I E F W O R D 

T H E emphasis to be laid on one or other of the possibil
ities dealt with in this book will depend on the operat
ing conditions. For their successful application, however, 
the following points must be borne in mind: 

1. Stepwise procedure. D o not be dazzled by initial 
successes. D o not overshoot the mark. The question 
must also be asked repeatedly: Is the steel quality 
satisfactory ? 
2. If material is rejected: Establish the causes objec
tively. Every defect cannot be attributed to "innova
t ion ." Occasionally, however, a feeder head can be 
wrongly dimensioned because of an error in calcula
tion, which in any case would happen much more 
often if calculation was omitted. The "psychological" 
side of scientific moulding practice is as important as 

its technical aspects. The works personnel, including 
the moulder and the labourers (we need only think of 
cleaning "chills", for example!) must be informed of 
certain basic rules. And if something does go wrong, 
it is no use being discouraged and reverting to "rule 
of t h u m b " methods. 

3. Other countries (i.e. outside Germany) have to 
some extent "outflanked" us in the field of scientific 
moulding practice. If we wish to progress in the long 
term we shall have to make ourselves conversant with 
such advances. Whether the plant in question is in a 
position to take advantage of these modern develop
ments is not only a question of ability, intelligence and 
practice, but above all it depends on taking determined 
and appropriate action. 
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C O N V E R S I O N F A C T O R S 

1 metre (m) 
1 decimetre (dm) 
1 centimetre (cm) 
1 millimetre (mm) 
1 dm2 

1 cm2 

1 mm2 

= 39-37 in. = 3.28 ft 
= 3-97 in. 
= 0.397 in. 
= 0.040 in. 
= I5.5OO in2 = 0.108 ft2 

= 0.155 in2 

= 0.00155 in2 

1 dm3 

1 cm3 

1 mm3 

i g 
1 kg 
1 metric ton = 1000 kg 

= 61.024 in3 = 
= 0.061 in3 

- 6.10 x 10" 
= 0.035 oz 
= 35.274 02 = 

0.035 ft3 

2.205 lb 
0.984 long tons (2240 lb) 
1.102 short (net) tons 

(2000 lb) 

S Y M B O L S U S E D I N T H I S B O O K 

Some of the symbols used frequently in the text include: 

V — volume 
Λ = surface area 
P = periphery 
M = modulus 
MF — feeder head modulus 

Mc — casting modulus 
Wc — casting weight 
Vsc = volume of shrinkage cavity 

Other symbols are defined, or their meaning is clear 
from the context. 
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