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On the Formation of Internal Cracks in Heating Process

of High Carbon Steel Ingots.
(Study of thermal stress cracks in steel ingots—IV)

Takahivo HARA

Synopsis: .

Through a series of experiments and theoretidal calculations we disovered that 1°4t cir-
cular ingots (400mm § X 1,500mm) and 1°7t square ingots (400mm § X1,500mm) of high-
carbon-chromium steel suffer cracking due to to thermal stress when heated to the rolling
temperature in a reheating furnace.

The results obtained are as follows:

(1) To find out the period and the surface-center temperature difference at which the
internal cracking may take place, we heated the ingots at varios heating speeds in a Batch -
type furnace. Cracks developed only in the ingots in which transformation had been comp-
leted, and whose surface-center temperature difference at the completion of transformation
was over 230°C~240°C in calculated value. And this critical temperature difference was
identical with both of the circular and the spuare ingots.

(2) From the inspection of many of the iﬁgots of the above two types which had under
gone cracking after heating in a continuous reheating furnace, we could find again that
cracking took place only in the ingots whose core had completed transformation with surface-
center 'temperature ‘difference of more than about 240°C. Thus we can say - that the
continuous furnace of this type must have the heating capacity smaller than 30t/h to prevent
cracking.

(3) With several typical examples of heating curves of ingots in the continuous furnace, we
made calculations of the thermal stress which occurs inside the ingots and found that elastic-
plastic stress and plastic strain increase violently at the core of the ingot when the core
completes the transformation. But in all the calculations of rapid heating the maximum
thermal stress value remains in this case constant at 9°1 kg/mm? with the exception of the
increase of plastic strain. ’

-On the other hand, if the increase of plastic flow delays in proportion to the increase of
plastic strain and strain rate because the plastic flow is retarded by the triaxial tension stre-
sses of the core part, the increase of the stress in the flow state becomes greater than the
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fracture stress of 13kg/mm? and consequently it causes thermal stress crackings.
- Thus we can explain the occurrence of thermal stress crackings in rapid heating.

(4) From the results of the above experiments and calculations, we could devise the way
of heating effectively and without cracking the ingots which are very liable to crack like
those of high-carbon-chromium steel. By the use of this method we are now able to obtain

a heating capacity of more than 40t/h without any crackings.
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Table 1. Chemical compoéition of tested ingots.

Chemical compb'sition (Wt%)

Heat t{reatment

Ingot
section .
: C Si Mn P S Ni Cr Mo Cu
Circular| 0°96 0°27 040 0°011 0°010 0°08 1°38 002 0°13
Square 0°96 0°30 0°40 0°010 0014

x 6hr and slow
cooled

o 50—

Annealed at 1200°C
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Table 2.

Exper1menta1 results of thermal stress cracks of high- carbon—
chromium steel ingots durlng heating in batch-type furnace.

" Surface-center .
. ) i\gff&rilgféc;e temperature. Obserration of internal crack
= Ingot ‘elevating rate difference at in tested ingots
Z section g ) transf. completion :
- . Initial Transf. : .
7] |
3 range range Observed | Calculated ;
1 | Circular | - 400 25 . 220 220 No ‘No No
2 7 550 250 249 220 2 7 No
3 4 550 288 240 240 Y 4 Crack
4 4 ] 500 270 190 230 4 4 Crack
P : . i o o a. Crack
5 2 500 350 | 270 ja- Grack
6 Square 500 230 215 255 No No : Crack
7 4 - 500~ 245 220 250 K4 4 Crack
8 4 500 160 170 - 180 4 4 No -
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R T 2HEER R OARERERE TR/A 00RO L 2k
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filg 5 c Liwl . '

WL § 1 VEFSTHY 500°C /b T o708, F
NTOEBRITCHE VTN BRIIRAEL Lo, F72,
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(b)

Photo. 1. The thermal stress cracks occurring
in the circular ingots of test No.5 shown
in Table 2; (a) ingot @ b. (b) ingot @
a, which is retained in 300mm § billet
after rolling by a blooming mill.
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Photo. 2. The thermal stress cracks occurring
in the square ingots; (a) ingot () of test
No.6. (b) ingot ® of test No.7, the great
cracks which-are visible from outside in

ingot.
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Fig. 2. Schematic diagram of a continuous fur—
nace; and relation between the running
speeds of ingots in the furnace, the sur-
face temperature elevating rate (64, 63)
and running speed (N), and the critical

" .speed at which thermal .stress cracks
occur.
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(b) ,
The actual examples of the thermal
stress cracks: (a) which appeared as
great cracks during the rolling pro-
cess; most of cracks wusually take
this form, (1°4t circular ingot); (b)
which were retained inside the rolled
bar, (1*7t square ingot).

Photo. 3.
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strains in ingot cores during the heating process of high-carbon-chromium
steel ingots in the continuous furnace. ' -
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Fig. 5. Sclematic diagram of

variation of stress and pla-

stic strain parallel to the axis

in ingot core when the core

is undergoing transformation,

and of the stress increase due

to the delay of the formation
of plastic flow.
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Fig. 7. The method of heating without ‘cracking ‘

the high-carbon-chromium steel ingots,

and the theoretically caluculated values

‘of thermal stresses and plastic strain in

the core, according to this heating curve.
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On the Characteristic of Cold Work Hardening of Non-magnetic Steels.
(Study :of non-magnetic steel for turbo-generator—I)
Taira NAKANO, Tadataka GoTO and Masatoshi MAEDA

Synopsxs

Influences of various factors such as solution treatment, cold work and stress relief on
flow stress, cold work hardening characteristics and mechanical properties were tesed with
the austenitic cold work hardening steels, 8Mn-8Ni-4Cr, 18Mn-4Cr, and 14Mn-6Ni-4Cr, which

“ have been most widely utilized for non-magnetic retaining ring of turbo-generator. After
tensile cold working up to 30% redaction of area at various temperatures from 20°C to 500°C,
tensile properties were studied at room temperature. The results obtained are as follws.

1) At the cold working temperature between 300°C and 500°C 8Mn-8Ni-4Cr showed the
highest flow stress and 18Mn-4Cr the lowest, but at room temperature 18Mn-4Cr showed the
highest flow stress on the contrary.

2) The investigation of the influence of cooling rate on the mechanical properties of the

specimen with a 30mm squre bar cooled from solution temperature revealed that there was
no difference between air cooling and water quenching with all of the specimens, except
with the steel 18Mn- 4Cr cold-worked at a relatwely lower temperature, which showed better
properties after water quenching. :
' 3) As the result of changing the cold working temperature, tensile and proof strength
‘were increased and elongation and reduction of area were decreased with increasing working
‘temperature for 8Mn-8Ni-4Cr and 14Mn-6Ni-4Cr but for 18Mn-4Cr, tensile and proof strength
were the highest when the specimen was cold worked at room temperature. Therefore cold
work hardening was the most remarkable for 8Mn-8Ni-4Cr at the temperatures between 300
°C and 500°C and for 18Mn-4Cr at the room temperature.

“4) Influence of stress relieving temperature on the mechanical properties of these specimens
after cold working at 400°C and 500°C was studied. There was no changes of the mechanical
properties when stress relieved at the temperature below cold working temperature, but when
stress relieved above cold working temperature, proof strength, elongation and reduction of

_ area were all decreased and especially when relieving at 600°C remarkable brittleness was
caused because of carbide precipitation at grain boundary.
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