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Development of Hollow Ingot for Large Forging

Yoshiharu IIDA, Takemi YAMAMOTO, Shigeyoshi YAMAURA,

Kazuo AsoH, Jun-ichi MaTtsuno, and Takesaburo NISHIOKA

Synopsis:

A new method to make hollow ingots was developed to produce cylindertype forgings economically.
The key-point of this method is the structure of the core which, consisting mainly of outer and inner
steel pipes and intermediate special refractory, can readily be constructed, set in the mold and pulled out
from the ingot, and which enables to control the cooling from inner surface of the ingot, without such

defects as inner-side cracks.

Large hollow ingots up to 140 ton can be made by this method with less segregation than that of
conventional ingots and with such small porosities that close and diminish at forging ratio of about 2.
Thus, hollow ingots are utilized as materials for high grade forgings, as pressure vessels, resulting in

effective saving of production cost.

Compared with conventional ingots, hollow ingots have following characteristics of solidification;

(1) Total solidification time is short (2) Minimum solidification rate is high (3) Final solidifica-
tion is not so rapid (4) Solidification from inner surface is slow.

Every feature in the internal quality of hollow ingot can be explained from these characteristics of

so-lidification.
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Table 1. Chemical composition and casting condition.

Hollow ingot Item
Chemic.a! C Si Mn P S
20 composition (%) [ o0 [ 499 | 0.96 | 0.014| 0.012
carbon steel
Casting temp. 1590°C
Casting time 7 min
Solidification time 4 h
Chemical C ‘ Si Mn ‘ P I S Cr Mo
2 iti 9
alloy gtfeel composition (%) |5 og } 0.06 | 0.38 ) 0.011 ) 0.004 | 2.05 | 0.96
Casting temp. 1595°C
Casting time 9 min
Solidification time 4 h
Chemical c Si t Mn P | S cr | Mo .
P o
5t composition (%) " 15| .07 | 0.45 | 0.011 , 0.005| 5.02 | 0.59
alloy steel
Casting temp. 1595°C
Casting time 14 min 4
Solidification time 5h
Chemical C f Si Mn P S Ni Cr Mo
1t1 0, -
140 ¢ Composition (%) |4 95 [ .95 ] 1.43 | 0.005| 0.002| 0.75 | 0.21 | 0.51
alloy steel
Casting temp. 1593°C
Casting time 26 min
Solidification time 20h
4
20t carbon steel 201 alloy steel 45t alloy steel 140t alloy steel
—o— ¢ —oe—c¢ —o— ¢ —e— ¢
—A— S —aA—¢S —A—35 —a-— 35
Final position of solidification I8 *
25 g 25- /I
— ()——-0/0j > o/. !
5* 200  o—o—0—0 ; 0—0—0 S 20 o—e—o—e—"" /" .
5 v/ 5 |
= i X | Final position of solidificatipn
v 15- n 18t /0'
rg Px /A\A/A i ,:" 0000 _o o «
2 A A—N A s /
T 10 AN N 10r ¢ 0—0
(= PN /o——oTo\ =) e
: *o—@—=@ '@’ | \./. é
© 5t A—A—A—A—A—A—A! A © gt A
d — A=A
[A—A—a PN o e~ N .
. A—A—A—h A | A—aa *
L L l 1 s ¢
Mold % Core Mold 1/ Core ¢
surface 2t surface surface 2t surface
Fig. 7. Segregation pattern of top portion Fig. 8. Segregation pattern of top portion :
(20t carbon steel, 20t alloy steel) (45t alloy steel, 140t alloy steel). y
% Fig. 7 @wiT. 45t, 140t 2l o\ T Fig. 8  DARIHSREL T 5.
. WThLHFBE T GRE LR D THS. C 3:2.2 —~7miH# .
BHTr, WEETC 130% 5t Th 5. ¥ -ANEcix 20t, 45t BIV 140t D= 7 v {FRE% Photo. 1 1=
EHEE T bEKRBREMELE  CRITEN 0% §iE o7~7. RREMER, filoHESs ) 2RED 1/3
— 46 —




[-A

RE R E R AP 22 M O B 38 215

bottom
outer

inner

macro structure
outer j
inner

sulfur print
outer

inner

middle

penetration test

Photo. 2. Macrostructure, sulfur print and penetration test on longitudinal section of a
forged product made from a 45t hollow ingot.
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Photo. 3. Macrostructure on cross section at the
middle of a forged product made from
a 45t hollow ingot.

Table 2. Mechanical properties of 45t hollow ingot.
Material : 5Cr-1/2Mo steel
Thickness : 200mm (Forging ratio : 3M)
Heat treatmeat : 930°C X 8h A.C-700°Cx 10hA.C
Position : 1/2 t
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Fig. 9. Distribution of carbon in the 45t hollow
ingot.

|
( ppm )

! (srg:feace 1/2 -t hsdl‘}l'lfcéce
: 20 15 18

| 22 21 20

I

i 32 40 22

i

Fig. 10. Distribution of oxygen in the 45t
hollow ingot.

Photo. 4. Forging process of hollow ingot.
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Table 3. Investigation of maximum segregation
ratio of carbon for steel forgings.

Hollow ingot | 20t [ 45t 90t 140 t

Material spas | Mol gpgg | NICr-

Frequency 24 32 4 2

Maximum (%) | 19 124 130 130
segregation ratio
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Table 4. Conditions of calculation.

Initial melt temperature 1560°C
Initial others temperature 30°C
Liquidus temperature 1510°C
Solidus temperature 1 480°C

Thermal conductivity (at room temperature)

Steel 37.1 kcal/m-h°C

Refractory 0.617 kcal/m-h°C

Air 0.0234 kcal/m-h°C
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Fig. 12. Region of A-segregation.
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Fig. 13. Region of A-segregation.
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