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High Temperature Fatigue of Mild Steel under Varying Temperatures
(2nd, Report)

Shigetoshi SHiMIZU, Takio MocHIzUKI, and Tatsurd FUJIMITSU

Abstract

In the previous paper, we showed the characteristics of high temperature fatigue strength of mild
steel SM41A, i. e., the maximum and minimum value of fatigue strength appeared at 400°C
and 150°C, respectively, and this value decreased with raising the temperature above 400°C and
showed the same value as minimum one at 500°C.

From this point of view, we set up four kinds of situation of temperature during fatigue test,
that is : For case A, we hold Nr cycles at 500°C then drop to 150°C, on the contrary, the first
Nr cycles are held at 150°C then raised to 500°C for case B. Case C is a convex type such as the
specimen is held at 150°C in the first 30 minutes, then raised to 500°C during Nr cycles and
downed to 150°C again. Case D is the same type as case A except the initial temperature is held at
400°C.

The rotary-bending fatigue tests are made under these temperature conditions associated with the
three different stress values. According to the experimental results, the fatigue strength value is
higher than the results at the constant temperature both 150°C and 500°C for case A, B and C.
For case D, increasing hold cycle Nr the fatigue strength reaches the maximum value at 400°C.
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Fig. 1 Test specimen.

Table | Chemical compositions of materials.

I I
: !
Symbol |

} C

Material

Rolled steel for Cenrnin
welded structure | SMA4IA 0.150

Chemical composition (%)

Si Mn P | S

0.210 0.650 | 0.013

Table 2 Mechanical properties of materials.

! | . | .

| Yield stress Ultimate strength: Elongation
Symbol (kg/mm2) | (kg/mm?) (%)
SM4lA | 29.0 _ 45.0 30.0
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Fig. 2 Models of variation of temperature.
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Table 3 Numerical values of holdtime.
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Fig. 5 Temp.-repeated stress diagram with endurance
strength as a parameter (for SM41A).
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Fig. 8 Log N:/log Nsw versus log N curves of model C.
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Fig.10 Microstructures of specimens under constant temperature and varying temperature

(@ T=300°C, S=32kg/mm?

(¢) Model B, S=24kg/mm?2, t:=30min.
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) Model A, S—24kg/mm2, t.=30min.

(c) Model C, S=24kg/mm?2, t:=30min.

Fig.11 Etch pits and slip bands in electron micrographs of specimens under constant

temperature and varying temperatures.
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The detail of this part is shown
below with microstructure
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Fig.12 Enlarged view of microstructure of the specimen (for Model D).

HITTAR LA




30 (140)

DFADHIIL . TS IS O RERIE400°C
HENC W T TR M S ABEREL Tt e d
T 08500°C TG E A EFRAEL T e ool &2 4
ANUE RT3,

[M10iz 275°C B -EEBbL L E 7 C Ol
OTAYHEE IOy b 27T, MUIKEET O
9 P BTN FROREA R L 7Y BT & B
BETRT. vyt OFR T & 11000 fi%rnd.

121z =54 D (S=30kg/mm?, t,=304}) DH;
BOFEL D & AT - T ORISR E s &
X OB LY. Bl b PU A1), 0.2
mmﬁ%OAmmﬁu(ﬁﬁmwaﬁﬁgom3~
5 %40 1 E ITEL { FTRD BDREAL T 5
FROSECRE A, AL EICA D DT T 28k 03
A5 AT LIFEEG, e T ADOBEIIT OV
Td, TROBOREATHKEL BT T ABITHL
LT, HUGERCId ARl % & 3 m%mmmGTH
VFHETIR DS VFEIOEDS TTN S T &R
FARBRIC 31T AREX & 9D SROFEARDL 2 4 5
AZNE, TR BORAEDEILD -RTE->TW5B &
Biohb,

4. B

1) EEIRE400°C et U T HIREK, FIREE % %
NFN500°C, 150°C 1A T LIRIRE 2 -4 51K
0% 3@ 0 A L& TN, DB b AR
[BR, FIREE EOB{T XD bR A 05, iy
Gz =T A, B O, RIFREIIDI553 A 5300)
U THEL, »iz b 2535, =74 C
DBIX1573 D> 590U THIL,, &ICTNTH T
AHFaitiAR 3 DU R S A 2o e

2) EEIRE D 5 150°CANRE % 2 7 v VHRIT i B
B, Rt A ERMRELLL N DI T
FETIR Y, CEAN IR NT B b3 RIS DT

Vol.25 No.2 (1975)

WK TR THREM - i RN

GRBA BT L3S,

3) T<bizesr D, C, A, BODIHICHEHL {FH
H:L, =FABTRIGEEAEREL TV, ®
FADDY NS XD b, #EeNe L THEL
CFHL, COBMZINT), IR BIRITHE
Hbiam b, AU TIRBEETHR D HURDS, ke
FhRHA AT HBOTERL TS,

Kb I MEl oM 2 B> - 1 HASEKK, o
(T A RI4BAT R BB oA S A BN ARR],

H.uxa%ﬁm%ﬂ4mmmﬁmi.M$%*mﬂ
DINTR UG B E2ET ARG TH 5.

2 & xx M

1) J.A. Dunsby, ASTM, Proc., 65 (1965) P. 736

2) A.B. MaaskeBuy, T.K. Mapunen, B.M. Paxman,
Hasect BY3 Mawunoctp., 12, (1964) P. 39

3) J.C. Levy, G.M. Sinclair, Proc. ASTM, 55, (1955)
P. 866

4) TR, BIHIETE, INATESA, VB AEI20, 211 (S46—
4) P. 467

5) PPN, FTETR, WAL, SPE B 200 214
(S46—17) P. 827

6) NUEZS L OLLHEZOE L AMERIL Y REE, 5, 1 (S46) P11

70 I, UGN ¢ FARRIRE R REE, 5. 4 (S 45)
P.115
8) Ui ], INBERE, WY
3) P. 379

9) vk, S ACSHE, R  BEIEaR Y, No. 735—1
(S48--7) P. 41

10) if7kiite, A AEME, AR, BINRIE . R IE
Wress 24, 2 (S 48—12) P 131

1Y) A57A0EHe, SURATEME, IR
(S49—7) P, 41

L EPEIEABR, 11, 105 (S37—

i, No.T745—1

(I F4941: 10 118 1 2 )



