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Dynamic Behavior of SM45C at High Strain-rate and High Temperature
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Abstract

A compressive split Hopkinson pressure bar (SHPB) technique is used to investigate the dynamic behavior
of SM45C at high temperature. A radiant heater, which consists of one ellipsoidal reflector and one halogen
lamp, is used to heat the specimen. Specimens are tested from 600 to 1000C at intervals of 100 at a
strain-rate ranging from 1100/s to 1150/s. A critical phenomenon occurs between 700°C and 750C in
SM45C. This phenomenon results in the drastic drop in a flow stress. In a modified Johnson-Cook
constitutive equation, a reducer function is used to take into account for the effect of the drastic drop in a flow
stress. A reducer function, which is dependant on the temperature as well as the strain, is introduced and the
parameters of the modified Johnson-Cook constitutive equation are determined from test results.
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Fig. 1 The schematic of the SHPB

9 & 7
Vi=Cole;, — &)
V,=Cé&r @
2 @F o8 ANH WIPE £F o
9} o] & F g}
de
2527(81 Ex—&r) 3)

A H 9] S (stress) > theI o] AT F
th Al SF HE2H JMElRE TS 4 @)

g 2ol 2 & gt

R(’) = AOEO(EI +5R) C))
B(t) = AFe;

AR g3 gL,

5 BO+BO -
24
Aol Ut M-S JoTIuH, Pi(t) = PAt)°]
0= g +&, =¢g° Ao
AHY MY ESE WYE, $8E O AW,
. 2C,
E()=—"2&,(1) ©)
L
2C
£(t) Z_TO Estt %)
E,
G=%£T(t) 8)

9 wANoRRE gA%e] ¥E sEd
AolANA SR walshsh Eh3tE o g3

AR $HAYE BAE T 5 9ok

0%

22 AE EX|

221 et B
ABg HLE] Astel 1 e BEA Fxs



A2 IR ELETA A SM4ASC o 5F AF

1 h) Mg ez TR BATtERA S Aee
wvw RAtEAA e} 7t Qe Fig 20 o
W Ax Zo| gYEez 2y A4 3k
Hel 650w T2 B E Az S
A AlHE& ARt el 3 ZXMH W
gzl Az EA A E jAE e el
WALE] o] U1 3k 2o MAE AlEez AF
of AJHE 7k A7IA "o

Al

222 2% &
AlH 2% %x dE HHEA A &
%

i LTCL3)S ARt

X
(=

o I
2, 2

(Raytek Raynge

SR Ao zye wARE 408 S48
o exE A _é_s—}_\zx_ thAke] HP/\}ﬁ]T(emlsswﬁy

value)E H Q= siol didbe] WAMASE AR, o
Z, BUAEH, 25 59 oY MR 219 4FE
wowa Az Az s T AN A
He| WAMAFE AAstelop Fr).

AlH e WALAGE AAs] flsiA, Alde U
5o ARE AR, Hed At FAl
A 25 43t PAASFE AR GO

Table 1 & H@e AMEH SM4SC AJH] A}
Awg el

223 HE 2 AlH

SHPB A @< ¢t&E5 o ghiats 43t A4
9 fEsHE T Holmz, dHEe Iy
e A el glojok 3tk dAlmbel A &
Ao FESEY wigstn walge] 37171 A
He] WEESES HYES A43lnz B
AHol v FE3 2 dAd2E sk 3o

ES 7 Ao dEEY 2u AT

Hallogen Lamp

Fig. 2 The schematic diagram of a radiant heater
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Table 1 The emissivity value of SM45C specimen

e = A A
600C 0.75
700°C 0.75
800C 0.75
900°C 0.76
1000°C 0.72
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Fig. 3 The stress-strain relation of SM45C with the
variation of a strain-rate at a room temperature
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Fig. 4 The stress-strain relation of SM45C at high
temperatures (strain-rate range : 1100/s ~1150/s)
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Fig. 5 The change of the flow stress with temperature at
strains of 0.1, 0.15, and 0.2 ( £ :1100/s~1150/s)
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Fig. 6 The comparison of the flow stress of SM45C for

experimental results with the Johnson-Cook
constitutive model ( £ :1100/s~1150/s)
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Table 2 The parameters of the Johnson-Cook equation

2% O,(MPa) | B(MPa) [ n C m

600C 557.2 7773 | 0.488 | 0.0661 | 1.04
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