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STUDIES ON THE HOT-WORKING STRENGTH OF STEELS (III).

(Rupture Characteristics)

Katsuro Inouye

Synopsis:

As one method of expressing rupture characteristics of steels, states of rupture can be used.

In this report, the author compared and studied the states of nominal stress- converntional
strain-curve and elongation percentage etc. described in No. 2 report, thus obtaining charac-
teristics of high-temperature high-speed deformation of various steels. ’

The y-a—embrittlement, the 900°C-embrittlement recogmzed in the course of these experi-
ments were also made clear. :

By performing high-speed tension test at the super-high temp. of 1250°C up to the melting

point, the author further
decrease until it reached the melting point.
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discovered that deforming resistance uniformly ‘continued to
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Fig. 1.
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(Nominal Stress-Conventional Strain Curve) 75
Boni. SH—EHBROBAECER NG b —
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Table 1. Elongation values and types of op-e-curve
i S T . Elongation at Y] o )
~ Total Elongation | - ; 2 (b)/ (@) .7 Type of og-e
’1;)}?6 Te_,mper_afcgre (). o ma;:%;;)ad / % | curve .
steel °C . ' . . B .
17[s [s |0 8[s| 77]s | 7[s |0°8/s 77/s» 7[/s |0*8/s| 77]s | 7[s | |O 8fs
. . 1230 o5 | o8 | 88 | 20 32 | 28 | 21 | 33 | 32 | 1a | 1a
Rimmed 1030 80 | 83 | 84 | 22 | 32 | 32 | 27 | 38 | 38 | b | 1a | 1
cteel 930 75 | 88 | 85.| 20 | 32 | 30 | 27 | 37 | 35 | 1a |- 4 4 -
830 | 75| 70 | 72 | 22 |.35 | 38 | .20 | (50) [(83) | 1b.| 4 4
“Killed 71230 95 | o95.| 8 | 20 | 26 | 28 | 22 | 28 33 | b | ta | 1a-
‘ 1030 74 | 79| 80 | 20 | 30 | 30 | 27 | 3 .37 | 1b:| 1la | la°
iteel 930 . 70 | 75 | 68| 28 | 35 | 25 | 40 | 47 | 37 | la'| 4 | 1b
830 - | 74| 62 | 93:| 20 | 290 | 20 | 27 .| 45 | 22 | b | la | 1b
. SAE 11230 100 103 | 97| iz | 28 | 25 |[123] 27| 26 |.ibo| 1a | 12
T35 1030 80 | 84 | 76 | 1z | 25 | 25 |.[15]{-30-1 33 | 1b | la |'1la
830 65 | 66 |"65 | 12 | 22 | 25 | [191]| 33-| 38 | 1b-| 1a | ta
" SAE 1230 105 | 105 | o5 | 24 | 24 | 28 | 23 {7237 29 | 1b7|1a | 1a.
. 2140 1030 “80 | 80 | . 80 | 20 | 24 | 24 | 25 | 30 | 30 . ib .. 1a . 1la
. . 830" 60 | 60 | 60 | 20 | 28 | 24 | 33 | 47 | 40 2 [ |a
Bearing 1230 90 | 92 ! 88 | .13 | 25 | 25 |[141|°27 | 28 | ib.| 1a | la
race 1030 92 |- 87. 1 83 15 30 20 [16] 34 24 1b 1a 1a
steel 830 55| 60 f 60 | 20 | 30 | 25 |36 |50 | 42 | 2.] 2 | 2
Free 1230 83 | 84 | 88 | 25 | 25 | 26 | 30 | 0. 20 |1a |-ta | 1a.
Cottin . 1030 - 8 |72 | 77 | 20 | 35| 35 | 29-|-49 | 46 b | 1a | la
Croel B 930 63 | 70 | 68 | 20| 30 |25 | 20 | 43 ] 37 | 12 4 1a
e 830 72 | 50 | 47 | 18 | 30 | 277125 | (60) | 57) | 2 | 4 | 4
o5 Mo - |1 1230 o | 100 | 87 | 18 | 30 [ 30 [ 20 | 30 |35 | b | 1a | 1a
_ 45 1030 70 |70 | 57 | 14 | 30 | 25 | 20 | 43 | 44 | ta | 1a | la_
Steel 930 68 | 68 | 58 |.24 | 28 | 18 | 35 | 41 | 31 1a 4 4
830 68 | a8 | 32 | 15 | 30 |30 | 22 | (&3)]| (93| 2 4 4
e 1230 - 400 | o5 |92 | 25 | 20 | 30 | 25 | 21 33 1b ta | la
lcr"O 5Mo 1030 75 | 67 | 65 18 | 20 | 35 | 24 | 30 | (s4)| 1a ta' | la
teel 930 65 | 62 | 48 +| 24 | 25. | 25 | 37 | 40 | (52) | 1la | 4 4
. 830 65°| 58 .42 |- 18 | 32 | 25 | 28 | (B5) | (60) | 2 4 4
25CE. 1230 o0 | o5 | 90 |, 20 | 25 | 25 | 22 | 26 | 28 | 1b |[.1la | la
‘1Mo 1030 .68 75 75 | 25 35 30 37 | 47 40 ib 1 1a
Tt 930 ‘65 | 62 | 52 | 15 | 25 | 30 | 23 | 40 |(88) | 2 | 4 4
: ' - 730 45 | 5550 | 20 | 25 | 30 |.45 | 46| (60) | 2 | 4 4 4
DU 1230 e0 | 85 | 85 |-15 | 25 | 20 | 19 ] 26 | 24| 1b°] 1a | 1a
5Cr-0*5Mo 1030 701 70 | 62 | 25 | 30| 25 |-36.1 43 | 40 [ 1a ! ta | la
 cicel 930 60 | 54 | e8 | 24 | 28 | 40" | 40 | (50) | (59) | la | 4. | 4
830 a7 | a1l | — | 17 | 30| — | 36 | (73) | — 20 4 —
 395°A1 S Trzson T 126- | 115 | 115 | 12 |-12 | 16 |[9r5] \[10°51|'[141 | 3 | 3. | 3
Lol 1030 105 | 105 |97 | 14 | 16 |- 16 | [13]|[151[[101| 3+ 3. |- 3
830 - 58 | 64 | 64 | 14 | 12 |16 |24 | 19 | 25 21 2 1b
13.Cr ' 1230 g5-| o5 | a7 | 16 | 20 | 16 |[1e1| 21 |81 tb . 1a | 1b
" 103 70 | 75 | 70 | 20 | 30 | 25 | 27 |"40 | 36.| 2| Ia | la
Stea]l - 930 . o .65 | — |80 | .20 | — | 25 | 31| — | 3t 2 | — | 4
reel 830 35 |.50 | 45 |12 | 25 | 20| 34 | 50 | 44 2 4 | 4
A oL 1230 120 1160 1155 | is | 10 | 10°| p3i] ey |Tziy | 3 | 3
25Cr steel | 1030 .. | 95..1-107 | 120 | 12 | 15 8 |-[131| (141 | [71}] 3 3 3
T 830 .83-] 60| 70 |"17 | 20 | 13 | 327 | 33 |[191| 2 | 2 Iy
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Table 1——C0ntinued

188 ! 1230 88 :105 100 | 15 | 15 20 .[171] 14 - 20 . 1a | 1a  1a
stocl 1030 55 1 60 | 70 | 25 | 25 35 | 46 | 42 (5| 2 | 5 5
830 | 45 | 40 | 50 © 22 | 32 45 | 49 | (80) (90) | 2 | 5 5
18-8-Mo | 1230 80 , 90 | 93 | 15 | 20 18 ![197! 22 ‘rio3 1 1b | 1a 0 1a
stoor | 1030 60 | 65 | 75 20 { 35 30 | 33 |(54)| 40 | 2 | 5 5
a 830 [ 45 1 40 | 50 20 . 35 45 | 4a | (87) L ©0) | 2 5 ¢ 5

o e e e ! ; i

HNBMDE Table 1 ITRTHNL Al [iEE% LI (EHRE IV. & g &

$#¥ L ¥ Cr-Mo $d 930°C 3 X 7F 830°C DiEAT
BHDT, BITEUL BT 5. 4

(5) HWiRMEM (ST 2Rz HE & RL
N, FHERBIAA LT, BICHEMEEET & 22D T L
%. Table | ITRTANLC 18-8 HARGEWD. 1030°C 25
L Cr 830°C o?%ﬁ&tﬁﬁo ITBHRTH 5.

L ED 5 BRI & DT, REDEE 248 LIS
Table | ZRLTHA.

CIIL. -8 B O R
RIEBICIE N 1O — RO AR, R~ HHEO RS
B OB ORIUTHIIE LT U 5.
(1) —IRERBOB S ILRBRF D3 § T b
w, i SRm. Figs 2 (@) @EoslE LTy
A FER, 1230°C OBi& %R LIz,

/s /s 0.8/5
TOren T ITresee T I (3) Rummed Steel, 1230
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T I =T - T (0) 250 Steel, (230
Torser T T Is T (d) 50~ 05 M Steel, $30°C
T T e I T () 18-8- M, Steed, 1030°C
Fig. 2. Test pieces after fructure.
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L8R 5| X g Lo s R CEE LT 5. Fig. 2
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Uiz
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ENIEW v 7 RTH%. Fig. 2 (d) BZ20EE LT
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(5) WRAEERIIHIRIC I 32 YRFOBMRES &
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LT, CORMWIET S EARD L > 2Hdibd 5.
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(3)  EEREFSOM R S Soh R TE D o b,
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(1) ZOFE, +HIE e HSSRITH Ui
BT RICR T T AT I 2TRINDS. e
S 5 5 B ERATHRT S B0 E S RE &5 5 -

(2) DHEEVEREOECOBESREZEKELNS.
B0 b ZSSEEEDS 0°8/s 35 L U0 7 /s OEHIBIET & 5 %,
77]s OEEIZFRAEBRDISVEETH 5.

(3) UHOHBH JERHOFRTHMT 5, T
OWEH-R B TRE U R 13, BRI E U TR
SO RB A A OTIRICIE, 2 yFHKZRbN, TOW
O HTHER2ELC TS, Fig.2(@)iZZz0HTH 5.
Z ORI ROBEICENSITT Y 5. Fig. 3 B3EREMN
(eI U P AR & TREE & DBUR T 5 525, B

Low Carbon (007%C) Steel

14 —
[ £ =08/5
12 - ¢ ; e =15%
o N
5y N N
oot ; ‘
' 1
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4
2
] -
80 900 1000 "o 1208
tC
Fig. 3. Relation of flow resistance and

temperatures of low C-steel.
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1 Cr-05M. Steel , 08/5
e 12307

— e wm— | ]| Y
%, 830°C (IRUHID 2 +EHE
M2ml, ZTOMBORET
1 ESRERL S B IR

T—c—1 930

j E— | 830°C-

. T > T30%.

PRLTWVDS.
mb 5 e N Fig. 4. Test pieces
(2) fROFHIRBDHIY , after fracture
B, Ty gL, Table 1

OEFRHTH, 930°C OEMEBIE %2 R UTRNE
V. T AN C ORETESE T A AN H 205
SRR T ABETH S ‘
(3) SERU 15 HEOHFTIOHSKZRLIZDIIR
0°5% Mo §f, 1% Cr-0"5% Mo &, 2°25% Cr-1%
Mo @35 L oF 5% Cr-0"5% Mo $DAHTHD 1. IF
REY & P8 X O L FEIT H COTSRBEDNZD
Str. T O 4 MR TN TRFRT Al A
B RSN IIDTHS . S
0.5 M. Steel ,

(4) COmEREEE - (30t
EREEEbLN, s ———— /5
EDLR EIRITHEETS. =1 /s

T—r—T 08/5.
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Table 2. Chemical composition.
Chemical composition k (%) ) stl"léin?:ﬁe a't Elongation
Type of steel | ——— ey ) ! Heat treatment roomgtemp .at room -
c ' si j Mn | P 4 s | Cr . Mo ‘ ! kg /mmz |temp. % .
; - i - ', ~ 3 | . .
Low carbon P . . . o .
killed steel G' 12 ; 033 i 0 .':'35 (0} 01()l 024 0231‘ 1 — 900°C, A’,C,‘ 48°8 o 392
T l
sCr-0sMo | .| | . l el '900°C—F.C. e ,
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