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The Measurement of Modulus of Elasticity at High Temperature
and Coefficient of Thermal Expansion for the Comparison of the
Rate of Frequency of Thermal Stress Crackings in Various Steels.
(Study of thermal stress cracks in steel ingots—III)
Takahivo HArRA, Masao TAKATA,
Kunio OTa and Toru KARASUDANI
Synopsis:

According to the kinds of steels there are some dlfferences in the_frequency of thermal
stress crackings which occur in the heating process of ingots. In this report, we measured
Young’s modulus and the coefficient of thermal expansion of typical steels, within the
temperature range of room tempereature to 1000°C, because they influence the thermal stress.
And using the results we compared the rate of frequency of thermal stress crackings according
to the kinds of steels.

The results obtained are as follows:

( 1) It was found that the Young’s modulus decreases rectilinearly up to 400°C and cur-

‘vilinearly over about 500°C to 600°C in all the steels tested. And the modulus is not influ-

enced greatly by a small change of the components, the inclusions heat treatment, etc. of
steels, but there is some difference among the kinds of steels classified roughly.

(2) As for the coefficient of thermal expansion there is little difference with a small
change in heat treatment for the same kmd of steels but a considerably large difference
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according to the components of steels. This influence of the components is not very great
under th‘e transformation point but it becomes very great above the point (i. e. Austenite
range). Especially when carbon content increases, the coefficient of thermal expansion

increases heav11y

-(3) -To estimate the magmtude of thermal stress which occurs When steels complete the
transformation we utilized Young s modulus and coefficient of thermal expansion, and found
that thermal stress increases chiefly in accordance with the increase of carbon content.

It follows from this that thermal stress is greatest in hyper—eutectoid steel of JIS SK2,
SUJ 2,3. Consequently we can conclude that thermal stress crackings are most liable to

. occur. in these kinds of high-carbon steel.
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Table 1. Chemical composmon of specimens.

Steel |Grade of Chemical composition (wt %) = . Heat
No. | JIS c | si | Mn P S Ni | cr | Mo Cu | Treat
1 S45C | 0%47 0°35 075 0°028 0°022 012 0°13 0°01 0°30 ®

2 SUJ2 0°93 030 0°43 0°013 0°013 008 1°33 0°01 0=13 - ®d
3. SUJ3 0° 96 © 065 1°06 0°008 0012 0°10 102 002 0°13 ®®
4 SCM 3 036 0°34 - 0+87 0°013 0°015 0*10 1+18 0+28 0°14 ®
5 SCM 4 0°36 029 0°75 0°012 0°013 0°08 1°06 024 014 ®
6 SCM22 0°19. 0°30 077 0024 0-018 0°09 1°10 0°20 0°13 ®
7 SNC2 0°28 0°25 0°49 0*017 0*016 2°99 - 0°76 0°03 0°16 ®
8 SNC22 014 0°18. 043 0°013 0°037 322 0°80 002 0°15 ®
9 SUS22 0*16 028 | 0°80 0°027 | ~0°014 0°12 12°51 tr 0°08 ®@
10 SUS27 0°*057 0°88 173 0°019 0*012 | 10°57 19°30 tr 0°03 @

Note: ® as hot-rolled, ® as hot-forged,

as spheroidizing annealing.
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- Fig. 1. Teét—specimens for the measurements

of Young’s modulus.
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Fig. 2. Schematic diagram of test apparatus

: for determining Young’s modulus at
elevated temperature under static
tension.
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Fig. 3. Variation of Young’s modulus with
temperature in various steels.
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Table 2. Chemical composition of specimens.

Steel _Gre}de Chemical composition (wt %) &H%itfé;%?
No. 2 » : : No. HE Structure
JIs C | S [Mn| P | S | Ni|Cr Mo |Cu | Sn
: ’ ; ‘ Ferrite+ Pearli
t | S10C | 0%11 | 0°31 | 060 | 0°010| 00te| 0°13 | 002 | 0°01 | 019 | 0°030 e srriier Fearlite
. ’ . | ’ : ” ”
2 | S45C | 0°45| 025 | 0°08 | 0+024| 0°018] 0°06 | 0*04 | 001 | 0*10 | 0*025 o .
: ; _ /4 Sorbit
3 | SKé |0°73|0°18 | 0°23 | 0v028| 0°021| 0°08 | 0%03 | 0°01 | 0*15 | 0*040 % | 7 Sphers
. : . - pearlite
_ . ‘ . : : %+ Sorbite
4 | SK4 | 094|021 022 | 0010 0°012/ 0°06 | 0°090| 0-01 | 0+14 | 0=026] B 232\ T 0
. : pearlite
Cementite+
311 Sorbite

5 | sujz | 0795 | 0°24 | 0740 | 0°015) 0°010 0°09

1095 | 0°34 | 0°44 07009 0*009| 0°07

160 Sphero pearlite

71 Martensite
( 2 8? Cementite-+
: - pearlite

1*37.1 001 | 0*14 | 0*03Y

1°38 | 001 | 014 | 0*030

6 | SUJ3 | 0°96 1 0°¢2 | 090 | 0°010} 0°012) 0°05

. Cementite+
271 Sorbite

1*03 § 0°01 { O XQ 0+018 Sphero pearlite.

7 | SUR1 |'0°32 | 0°e0 | 0°67 | 0°022| 0°017| 2°98

0*40 | 0°33 | 0°08 | 0°015 327 Ferrite +pearlite

o® ©0|ee |68 6o 69 ©| ce| ocee | ce|es e8| 68

8 | SCM3 | 0°38| 0°29 | 0°82 | 0*009| 0+011| 0°08 | 0°96 | 0*18 | 0%24 | — e J
9 |SNCM 5| 0°25 | 040 | 0+48 | 0°010] 0°010] 250 | 294 | 0°54 | 014 | 0°029 362 v "
. . 185 # +Sphero
: - ) pearlite
- . . . . . . . i1 | Ae . ‘ 162 #  +Pearlite
10 | SCr21 | 0°12 | 0°21 | 0°79 | 0°018| 07035| 0°09 | 1°04 | 0°01 | 0°13 | 0°028 114 | # +Sphero
. - — pearlite
g1 . ‘.' o . . 4 P . . . . 354 ”  +Pearlite
11 | SNC22| 012 | 0°31 | 0745 | 0°016| 0°017| 332 | 0°83 | 001 | 0*15 | 07032 206 | 7 Lsphero
. ‘ A -pearlite
12 | SUS22| 0°17 | 0°37. | 0°83 | 0°029| 07022 0*16 (12°53 | — | 000 | — 362 | Martensite
! Lo 2 v 186 Pearlite
13 | SUS27 ) 006} 0°73 | 178 | 0*026] 0°019[10*12 |18*3 — 003 - 178 Austenite

163 ”

Note : ® as hot-rolled, ® as spheroidizing annealing, @ as water quenched from 840°C,

© as just taken from the ingot.
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Table 3. Mean thermal expansion coefficient in every 100°C range and transformation
temperature and measurement of contraction throughout transformation of
various steels.

Steel
N S10C|{S45CI{SK 6¢|SK 4|SUJ2|SUJ 3 |ISCM3ISNCM5 [SCr21| SNC22 |[SUR1 | SUS22 | SUS27
Temp. range . .
0~100 12°3 | 11*8 | 114 | 11°0 | 10*8 | 10°*7 | 10°8 10°4 10*9 112 114 10°1 14°7
100~200 13°4 | 12°8 | 11°7 { 11*5 | 12°3 | 117 | 12*1 11°0 12+1 122 115 11°2 18°2
© 200~300 145 | 13°7 | 13*2 | 12*2 | 15°3 | 12°1 | 13°4 12°0 13*5 12°8 12°2 118 189
300~400 15°4 | 14+8 | 15°2 | 13*0 | 16°7 | 15°1 | 146 13°0 14°6 13°5 134 12+0 19°3
400~500 16°0 | 15°7 '16"7 148 | 16°8 | 16°7 | 15°3 144 15°1 14°0 153 12°2 19*6
500~600 16*8 | 16°7-1 17°0 | 160 | 171 | '17°1 | 1&*3 153 15°7 14°0 16°3 12°6 20°2
600~700 18°0 | 17°0 | 17°0 | 17°0 | 17°2 | 17°2 | 163 153 16°0 14°0 16°3 12°8 207
700~800 L— — — — — — — — —_ — — 12°8 | 210
800~900 —_ 19°0 | 25°8 | 27°7 | 31*5 | 31°1 — 24°5 — 19°5 214 — 207
900~1000 | 22°0 | 190 | 25°8 | 27°7 | 31°5 | 31°*1 | 22°0 245 22°4 19°5 214 150 20°5
04 745 725 734 741 749 | 747 753 | 743 750 724 700 807 —
[/ 872 784 758 762 775 771 804 800 842 790 750 844 —
0s-0, 127 59 24 21 26 24 51 57 92 66 50 37 —
0 135 1°69 0°84| 1°+16] 1°60] 1°37] 1°95 1°98 1°56| 1°98 2°20| 1°65 —
g 18°0| 17°0} 17°0} 17°0y 17°2| 17°2| 163} 15°3 16°0| 14°0 16*3| 12°8 —
as —10Q°7|—28°6|—35°0|—55°2|—62°7|—59°1|—38*2|—34°8 | —17°0|—30°0 |—44°0—44°6 —
as . 22°0, 19°0| 25°8| 27°+7| 31°5 3i°1] 22°0 24°5 224y 19*5 21°4] 15°0 —
Note : 6; and 6, are beginning and completing temperature of the transformation °O).
d is the measurement of contraction throughout transformation (X107% mm).
a1, as and as are thermal expansion coefficient of pre-, mid- and

post-transformation stages (X107¢ mm/°C).
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The method for changing the thermal

Fig. 5.
- expansion curve into three straight

lines near the transformation point for -

the use of stress calculation: (a) type
of low-carbon steel, (b) type of high-
carbon-steel and alloy steel..a;,as and
ag represent the expansion coefficient
of three respective lines, and 6, 6, the
transformation temperature. In (a) 6,
is determined so that area A may be-
come approximately equal to area B.
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The comparison of the frequency
~ rate of thermal stress cracking in .
various steels at the completion of
transformation when the ingots of
" the same section size are heated
with the same surface temperature
elevating curve.

Table 4.

Occurring rate at the completion
g of transf. '

Steels Surface-center| Young’s modul.

temp. diff. coeff. therm Stress

. expansion
SUJ 2,3 1°00 100 1*00
S10C 0°65 060 0°39
S40C 0487 - 0%65 0°56
SK&5 0°89 0°85 0°75
SK2 0°91 1°00 0°91
SNC2 083 0°75 0°62
SNCM2 087 0°*70 0°61
SCr2. 0-78 0°65 051
SCM3 0+83 070 0°58
SUS22 067 0°55 037
SUS23 0°76 0°60 0°46
SKH?2 0°66 0+60 040
Note: 1. In this case all of the ingot sections

are 400mm § .
2. Disregarding the condition of plastic
flow, we compared considering only
temperature difference, Young’s modulus
and coefficient of thermal expansion; where
all comparison ‘values=value of various.
steels/value of SUJ 2 steel.
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