
United States Patent (19) 
Croft 

11 3,899,017 
(45) Aug. 12, 1975 

54) APPARATUS AND METHOD FOR 
ELECTROSLAG REMELTING 

75 inventor: Edward Francis Beverley Croft, 
Sutton Coldfield, England 

73) Assignee: Associated Electrical Industries 
Limited, London, England 

22 Filed: Aug. 24, 1973 
(21) Appl. No.: 391,318 

(30) Foreign Application Priority Data 
Aug. 25, 1972 United Kingdom............... 39717/72 

52 U.S. C. .................. 164/52; 164/252; 164/348; 
249/82 

5ll Int. Cl............................................. B22d 27/02 
58) Field of Search........ 164/52, 252, 348; 249/60, 

249/82 

56) References Cited 
UNITED STATES PATENTS 
2/1940 Hopkins.......................... 164/348 X 
10/1947 Falk et al........................ 164/348 X 

2, 191480 
2,428,660 

2,479, 191 8/1949 Williams et al................. 164/348 X 
2.987,788 6/1961 Lyman................................ 164/348 
3.41 1,567 1 1/1968 Sieger............. ... 249/82 X 
3,610,320 l0/1971 Medovar et al..................... 164/252 
3,689,023 9/1972 Peck..................................... 249/82 

FOREIGN PATENTS OR APPLICATIONS 
558,667 3/1957 Italy.................................... 64/348 

Primary Examiner-Francis S. Husar 
Assistant Examiner-John E. Roethel 
Attorney, Agent, or Firna-Kirschstein, Kirschstein, 
Ottinger & Frank 

(57) ABSTRACT 
An electroslag mould suitable for forming an ingot 
having a cross-section bounded by substantially 
straight sides or large circular ingots, comprises mould 
walls reinforced by vertically extending ribs secured to 
the outer surfaces of the wall at spaced positions, the 
mould wall thickness and the rigidity afforded by the 
ribs being such that thermal expansion of the walls is 
constrained to take place in local bowing of the walls 
between adjacent vertically extending ribs. 

28 Claims, 8 Drawing Figures 
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APPARATUS AND METHOD FOR ELECTROSLAG 
REMELTING 

This invention relates to electroslag moulds suitable 
for forming an ingot having a cross-section bounded by 
substantially straight sides or sides curved to a radius of 
not less than 600 mm., for example ingots of generally 
triangular, rectangular or other polygonal cross 
section, or for forming ingots of circular cross-section 
having a diameter of at least 1200 mm. 
The walls of such electroslag moulds are usually 

water cooled so that the heat passing into the walls 
from the slag pool and the forming ingot is dissipated 
with the minimum rise in the temperature of the mould 
walls. Nevertheless, the rise in temperature of the 
mould walls in the region of the slag pool and the top 
of the forming ingot, in relation to the comparatively 
cooler metal above and below this region produces dif 
ferential thermal expansion which can cause pro 
nounced distortion of the mould walls and difficulty in 
stripping the ingot. 

In order to alleviate this problem it has been pro 
posed to form the mould walls of very thick materialso 
that the rigidity of the mould walls forces the thermal 
expansion to be taken up in compressive stress and 
strain in the material. However, the thickness of the 
material results in a greater temperature difference be 
tween the inner surface and outer surface of the mould 
walls than would normally occur and an increased ten 
dency to bow towards the hotter (inner) surface. 
An object of this invention is to provide an electro 

slag mould suitable for forming an ingot having a cross 
section bounded by substantially straight sides or sides 
curved to a radius of not less than 600 mm., for exam 
ple ingots of generally triangular, rectangular or other 
polygonal cross-section, or for forming ingots of circu 
lar cross-section having a diameter of at least 1200 mm. 
According to the present invention a liquid cooled 

electroslag mould suitable for forming an ingot having 
a cross-section bounded by substantially straight sides 
or sides curved to a radius of not less than 600 mm., for 
example ingots of generally triangular, rectangular or 
other polygonal cross-section, or for forming ingots of 
circular cross-section having a diameter of at least 
1200 mm., comprises mould walls reinforced by verti 
cally extending ribs secured to the outer surfaces of the 
walls at spaced positions, the mould wall thickness and 
the rigidity afforded by the ribs being such that thermal 
expansion of the mould walls is constrained to take 
place in local bowing of the walls between adjacent ver 
tically extending ribs. 
The spacing of the ribs and the rigidity afforded 

thereby are preferably such as to ensure that the local 
bowing of the walls is of an amplitude such as to be sub 
stantially restored on cooling so that there is no signifi 
cant cumulative increase in the amplitude during use. 
The portions of the mould walls between two adja 

cent ribs may be slightly bowed when the mould is in 
a cold state and the bows on these portions may be ei 
ther inwards towards the ingot or outwards away from 
the ingot. 
The relatively thin mould walls may be cooled by cir 

culating a cooling liquid (e.g., water), through passages 
defined between the outer surface of the walls and pan 
els secured to the ribs. Conveniently the ribs may be of 
cruciform or T-shaped cross-section and the panels, 
which may be of steel, may be clamped to the cross 
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2 
arms of the ribs to form the passages. Moreover, such 
rib sections give lateral stiffness assisting in restricting 
the bowing of the wall to the portion between two adja 
cent ribs. 

Alternatively, the mould walls may be cooled by jets 
of cooling liquid (e.g., water) which impinge on the 
outer surfaces of the walls between the ribs. 
The ribs may be secured to a support structure by a 

plurality of tie means having one of their ends secured 
to the ribs at spaced positions along the length of the 
ribs and their other ends anchored on the support 
Structure. 
The support structure may conveniently comprise a 

plurality of upright members to which are secured a 
plurality of horizontally extending girders. 
The invention is particularly advantageous when ap 

plied to electroslag moulds for forming ingots of rect 
angular cross-section having a width which is consider 
ably greater than their thickness, for example, moulds 
for forming rectangular ingots in which the width ex 
ceeds the thickness by a ratio of more than 2:1. 
The invention also resides in a method of producing 

electroslag ingots using an electroslag mould as defined 
above and in ingots produced by this method and by 
using the defined electroslag mould. 
The invention will now be described, by way of exam 

ple with reference to the accompanying drawings, in 
which: 

FIG. is a front elevation of an electroslag mould 
embodying the invention; 
FIG. 2 is a side elevation, partly in section, of the 

electroslag mould shown in FIG. 1; 
FIG. 3 is a fragmentary plan view of the electroslag 

mould shown in FIG. 1, partly in section and drawn to 
a larger scale than that Figure; 
FIG. 4 is a fragmentary horizontal section of a side 

wall of the mould shown in FIG. 3 but drawn to a larger 
scale than that Figure; 
F.G. 5 is a fragmentary section of a joint in an end 

wall of the mould shown in FIG.3 but drawn to a larger 
scale than that Figure; , 
FIGS. 6 and 7 are fragmentary horizontal sections of 

a side wall similar to FIG. 4 but showing alternative 
forms of the ribs; 
FIG. 8 is a fragmentary vertical section of a side wall 

of another electroslag mould embodying the invention 
and having an alternative form of cooling system; and 

FIG. 9 is a fragmentary horizontal section of a side 
wall of a further electroslag mould embodying the in 
vention. 

Referring to FIGS. 1 to 5 of the drawings, the electro 
slag mould 1, which is of a kind suitable for forming a 
rectangular ingot having a width considerably greater 
than its thickness, has two side walls 2 each having a 
width which is substantially five times the width of each 
of its two end walls 3. The two side walls 2 are substan 
tially parallel to each other as are the two end walls 3 
and the corners 4 are radiused. Typically, the mould 1 
has side walls 2 which are 10 feet in width and end walls 
3 which are 2 feet in width, the corners 4 having a ra 
dius of 2 inches and the vertical height of the walls 2 
and 3 being 12 feet. The lower end of the mould 1 is 
sealed by a base plate 5 which is of copper and is suit 
ably water-cooled. The base plate 5 may be movable 
relative to the mould to allow the solidified lower end 
of a forming ingot to emerge from the lower end of the 
mould, in which case the vertical height of the mould 
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wall would be less than the typical dimensions given 
above. A suitable arrangement would be provided for 
moving the mould base relative to the walls. 
The side walls 2 and end walls 3 are formed of rela 

tively thin copper plate and are reinforced against 
bending by a plurality of vertically extending metal ribs 
6 which are brazed or welded to the outer surface of 
the copper plate at spaced positions around the perime 
ter of the walls 2 and 3. The mould is formed in two 
parts, each comprising one side wall 2 and half one end 
wall 3, the two parts being secured together with 
clamping bolts 7 as shown in FIG. 5. Typically, with a 
mould 1 having walls 2 and 3 with the dimensions given 
above, the copper plate has a thickness of three-fourth 
inch and the ribs 6, which are of cruciform cross 
section, are spaced 9 inches apart, the end of one arm 
of the cruciform cross-section of each rib 6 being 
brazed or welded to a wall 2 or 3. The ribs 6 are formed 
from a metal having a thermal expansion coefficient 
which is similar to that of the walls 2 and 3 and is capa 
ble of being brazed or welded thereto, and for the cop 
per plate mentioned may be brass, bronze, cupro 
nickel or stainless steel. The walls 2 and 3 are cooled 
by water circulating through passages 8 defined be 
tween the outer surfaces of the walls 2 and 3 and steel 
panels 9 which are clamped or otherwise fixed to the 
cross arms 10 of the ribs 6 between clamping plates 11 
and sealing members 12. Typically, the overall length 
of the horizontally extending cross arms may be 3 
inches, the overall length of the vertically extending 
cross arms may be 1 % inches, the thickness of the hori 
Zontal arms and the vertical arm secured to the mould 
wall being %', the thickness of the other vertical arm 
being 1'. The cruciform cross-section of ribs 6 ensures 
that a maximum area of the wall 2 and 3 is in contact 
with the cooling water. 
Surrounding and spaced from the mould l is a rigid 

support structure 13 located on location posts 14 and 
comprising a plurality of upright box-section members 
15 arranged along each side wall 2 and to which are se 
cured a plurality of horizontally extending box-section 
girders 16. Further, vertically extending members 17 
are secured to the girders 16 which extend parallel to 
each side wall 2 and partway along each end wall 3. 
The mould is attached to the support structure 13 by 
a plurality of threaded tie rods 18 each having one end 
secured in one of a plurality of tapped holes in the ribs 
6 at spaced positions along the lengths of the ribs 6 and 
its other end anchored to one of the girders 16 or one 
of the members 17 at correspondingly spaced positions. 
Threaded nuts 19 screwed on to the outer ends of the 
tie rods 18 enable the tension on the tie rods 18 to be 
adjusted. 
The support structure 13 also carries a plurality of 

inlet ducts 20 through which water can be supplied to 
the passages 8 and a plurality of outlet ducts 21 through 
which water can be discharged from the passages 8. 
The water is supplied through an inlet duct 20 at the 
upper end of one passage 8 and is discharged through 
an outlet duct 21 at the upper end of an adjacent pas 
sage 8, the direction of the flow of water down one pas 
sage 8 and up the adjacent passage being indicated by 
the arrows 22. 

In use of the electroslag mould 1 to form an ingot 26, 
a plurality of consumable electrodes 27 are arranged to 
depend into a pool of molten slag .28 contained in the 
mould 1 and molten metal from the tips of the elec 
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4 
trodes 27 falls through the slag 28 to form the ingot 26 
in the bottom of the mould. The mould 1 is cooled by 
water caused to flow through the passages 8 and 
through the water cooled base plate 5. As the ingot 26 
grows in the mould , any differential expansion in the 
mould wall in the region of the slag pool and the molten 
metal 29 at the top of the ingot 26, is accommodated 
by bowing of the copper plate between the ribs 6 which 
resist bending due to their inherent rigidity and the sup 
port afforded by the tie rods 18 spaced along their 
lengths. The support structure 13 is sufficiently rigid to 
carry the loads imposed along the tie rods 18 without 
significant deflection, and the tie rods 18 are suffi 
ciently strong to permit adjustment of the nuts 19 to 
correct any distortion of the mould 1 that may occur. 
Moreover, in the event of an ingot 26 being trapped in 
the mould the nuts 19 can be tightened to pull the 
whole wall away from the ingot so that the ingot can be 
removed from the mould l. The local bowing of the 
walls 2 and 3 between the ribs 6 is largely restored on 
cooling and any bowing that is permanent is tolerable 
with an economic life of the mould. 

In some circumstances it may be advantageous to ar 
range for the portions of the walls 2 and 3 between two 
adjacent ribs 6 to be slightly bowed in their initial, cold 
state. As shown in FIG. 4 this initial bowing may be to 
wards the forming ingot and may amount to a bow of 
one-fourth inch in the 9 inch spacing between two adja 
cent ribs of a mould 1 of the dimensions described 
above. 
An inward bow of this kind, on being slightly in 

creased by thermal expansion will result in an ingot of 
slightly reduced dimensions, thus facilitating removal 
of the ingot from the mould. It has been found that with 
a mould having the dimensions and rib spacing exempl 
fied above the bowing between two adjacent ribs will 
be increased by approximately 0.050 of an inch on 
heating but that this increase will largely be restored on 
cooling so that there is no significant cumulative in 
crease in the bowing. Alternatively as shown in FIG. 9, 
the initial bow between two adjacent ribs 6 may be 
away from the forming ingot so that any increase in the 
bow due to thermal expansion will be opposed by the 
pressure of the water in the passages 8. 
The ribs 6 need not be of cruciform cross-section and 

as illustrated in FIG. 6 the ribs 6 may have a cross 
section in the form of a truncated triangle with the apex 
of the triangle brazed or welded as shown, or otherwise 
fixed to a wall of the mould such as a side wall 2 and 
the panels 9 brazed or welded to the base of the cone 
to form the passages 8. The threaded tie rods 18 are se 
cured in tapped holes in the base of the triangle at 
spaced positions along the lengths of the ribs 6. In an 
other arrangement illustrated in FIG. 7 the ribs 6 are 
T-shaped in cross-section and have the end of the stem 
of the T brazed or welded to a wall 2 of the mould and 
have the panels 9 brazed or welded to the cross arms 
of the T to form the passages 8. The tie rods 18 are se 
cured in tapped holes in the cross arms of the T at 
spaced positions along the lengths of the ribs 6. 

In another embodiment of the invention illustrated in 
FIG. 8 the walls of the mould such as wall 2 are cooled 
by jets of water 24 which are sprayed by pipes 25 ex 
tending transversely of the ribs 6 and impinge on the 
outer surface of the walls 2. 
Although the invention has been described with ref 

erence to a mould for forming a rectangular ingot 
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whose width exceeds its thickness by a ratio of 5:l, so 
that rolling in a slabbing mill can be minimised or even 
eliminated, in that the ingots produced are suitable for 
direct rolling to plate, it is envisaged that the invention 
will be applicable to moulds for forming rectangular in 
gots whose width exceeds their thickness by a ratio of 
10:1 or greater, so that having regard also to the 
homogenity of the ingot material the need for rolling is 
yet further reduced. 
The invention is also applicable to a mould for form 

ing a rectangular ingot whose width is substantially 
equal to its thickness, or to moulds for forming ingots 
of other polygonal cross-sections having substantially 
straight sides or curved sides with a radius greater than 
600 mm., or substantially circular ingots having a diam 
eter greater than 1200 mm. 

I claim: 
1. A method of producing an ingot comprising the 

steps of: 
a. providing an electroslag mould having a horizontal 

cross-section bounded by substantially straight side 
walls or side walls curved to a radius of not less 
than 600 mm., the said walls being relatively thin 
and reinforced by a multiplicity of vertically ex 
tending ribs disposed at spaced positions around 
the mould walls, each rib being secured to the 
outer surface of a mould wall throughout the length 
of the rib, and the mould walls being surrounded by 
a rigid support structure which is spaced from the 
mould walls and secured to the ribs at spaced posi 
tions along their lengths such that thermal expan 
sion of the mould walls is constrained to take place 
in local bowing between adjacent ribs; 

b. forming the ingot in the mould by the electroslag 
melting of at least one consumable electrode de 
pending into a slag pool contained in the mould; 

c. cooling the outer surfaces of the mould walls while 
the ingot is being formed; and 

d. thereafter removing the ingot from the mould. 
2. A method as claimed in claim 1, wherein the 

mould walls are cooled by circulating a cooling liquid 
through passages defined between the outer surfaces of 
the mould walls and panels secured to the ribs. 

3. A method as claimed in claim 1, wherein the 
mould walls are cooled by jets arranged to cause a cool 
ing liquid to impinge on the outer surfaces of the mould 
walls. 

4. A method as claimed in claim 1, including the step 
of moving a base plate arranged to seal the lower end 
of the mould walls relative to the mould walls to allow 
the solidified lower end of the forming ingot to emerge 
from the lower end of the mould walls. 

5. An electroslag mould comprising: 
a. relatively thin mould walls defining a vertically ex 
tending mould space having a cross-section 
bounded by substantially straight sides or sides 
curved to a radius of not less than 600 mm; 

b. a multiplicity of vertically extending ribs disposed 
at mutually spaced positions around the mould 
walls, each rib being secured to the outer surface 
of a mould wall throughout the length of the rib; 

c. a rigid support structure surrounding and spaced 
from the mould walls; and 

d. means for securing the ribs at mutually spaced po 
sitions along their lengths to the support structure 
such that thermal expansion of the mould walls is 
constrained to take place in local bowing of the 
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6 
mould walls between adjacent vertically extending 
ribs. 

6. An electroslag mould as claimed in claim 5, 
wherein the wall thickness of the mould, the mutual 
spacing of the ribs, and the rigidity afforded thereby are 
such that local bowing of the walls is of an amplitude 
such as to be substantially restored on cooling so that 
there is no significant cumulative increase in the ampli 
tude during use of the mould. 

7. An electroslag mould as claimed in claim 5, 
wherein the portions of the mould walls between two 
adjacent ribs are slightly bowed when the mould is in 
a cold state. 

8. An electroslag mould as claimed in claim 5, 
wherein the portions of the mould walls between two 
adjacent ribs are slightly bowed inwards when the 
mould is in a cold state. 

9. An electroslag mould as claimed in claim 5, 
wherein the portions of the mould walls between two 
adjacent ribs are slightly bowed outwards when the 
mould is in a cold state. 

10. An electroslag mould as claimed in claim 5, 
wherein the ribs are of cruciform cross-section with the 
end of one arm of the cruciform cross-section brazed 
to the outer surface of the mould wall. 

11. An electroslag mould as claimed in claim 5, 
wherein the ribs are of T-shaped cross-section with the 
end of the stem of the T brazed to the outer surface of 
the mould wall. 

12. An electroslag mould as claimed in claim 5, 
wherein the ribs have a cross-section in the form of a 
truncated triangle with an apex end of the triangle 
brazed to the outer surface of the mould wall. 

13. An electroslag mould as claimed in claim 5, hav 
ing means for cooling the mould walls including pas 
sages for the circulation of a cooling liquid defined be 
tween the outer surfaces of the mould walls and panels 
secured to the ribs. 

14. An electroslag mould as claimed in claim 13, 
wherein the ribs are of cruciform cross-section and the 
panels are secured to cross arms of the cruciform cross 
section. 

15. An electroslag mould as claimed in claim 13, 
wherein the ribs are of T-shaped cross-section and the 
panels are secured to the cross arms of the ribs. 

16. An electroslag mould as claimed in claim 5, 
wherein the means for securing the ribs to the support 
structure includes tie means extending between the ribs 
and the support structure. 

17. An electroslag mould as claimed in claim 5, 
wherein the means for securing the ribs to the support 
structure includes a plurality of tie rods having one of 
their ends secured to the ribs at spaced positions along 
the length of the ribs and their other ends anchored to 
the support structure. 

18. An electroslag mould as claimed in claim 17, in 
cluding means for adjusting the lengths of the tie rods. 

19. An electroslag mould as claimed in claim 5, hav 
ing means for cooling the mould walls including jets for 
causing a cooling liquid to impinge on the outer sur 
faces of the mould walls. 

20. An electroslag mould as claimed in claim 5, 
wherein the support structure comprises a plurality of 
upright members to which are secured a plurality of 
horizontally extending girders. 
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21. An electroslag mould as claimed in claim 5, in 
cluding a base plate arranged to seal the lower end of 
the mould walls. 

22. An electroslag mould as claimed in claim 21, 
wherein the base plate is movable relative to the mould 
walls to allow the solidified end of a forming ingot to 
emerge from the lower end of the mould. 
23. An electroslag mould as claimed in claim 5, hav 

ing three or more walls disposed to form an ingot of po 
lygonal cross-section. 
24. An electroslag mould as claimed in claim 5, hav 

ing four walls each disposed at right angles to the two 
adjacent walls so as to produce an ingot of rectangular 
cross-section. 

8 
which exceed the horizontal dimensions of the other 
two parallel walls so as to produce a rectangular ingot 
having a width greater than its thickness. 

26. An electroslag mould as claimed in claim 5, 
wherein the horizontal dimensions of the pairs of paral 
lel walls are such as to produce a rectangular ingot in 
which the width exceeds the thickness by a ratio of 
more than 2:1. 

27. An electroslag mould as claimed in claim 5, 
wherein the mould walls are of copper and the ribs are 
of a metal selected from the group brass, cupro-nickel 
and stainless steel. 

28. An ingot produced in an electroslag mould in ac 
25. An electroslag mould as claimed in claim 24, 15 cordance with claim 5. 

wherein two parallel walls have horizontal dimensions 
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