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Abstract
This paper is concerned with the thermo-mechanical behavior including temperature dependent strain-rate sensitivity
of steel sheet for an auto-body. In order to identify the temperature dependent strain-rate sensitivity of SPRC35R and

SPRC45E, uniaxial tension tests are performed with the variation of the strain-rates from 0.001 /sec to 200 /sec at

environmental temperatures varied from -40 C to 200 C. The thermo-mechanical response at the quasi-static state is

obtained with the static tensile test and at the intermediate strain-rate is from the high speed tensile test. Experimental

results show that the strain-rate sensitivity increases at low temperature. It represents that as the strain-rate increases, the

variation of flow stress becomes sensitive on the temperature. The results indicate that the flow stress of SPRC35R is

more dependent on the changes of strain-rate and temperature than those of SPRC45E.
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Fig. 1 High speed material testing machine with an
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Fig. 2 Schematic description of a tensile specimen

g o83t %% Aol & § UERF AN
. Fig. 1 9 (aT W AFd 1% 9F A=
Alg7le]l BEgoln (e Ad FEFASE AFr9
Egolth, 3 FRYESEHA AZA A
EAFe gdd HyS Frstr] st olFH
of Aa7F AT S5 o2 Fof A[Ho A
L RISl EE s9it) Fig 29 & =804 A}
£33 AHE =AES 6]

Az 2xd wWE FH BAHAXNE A7 s
o dd 2noA HEPELL makA F=AHA
AY, SHYEST Agoz AAAEL 3¢5
At A AHL 0.001/sec o] MFESEA o
k] W5 AEAEZI(UTM)S! Instron 4206 ©f 3

£ Zaste] AFEEFATE 0.1/sec ol A 200/sec A
olel FRYELE

T2l dslA = 0.1, 1, 10, 100,
ZA 14 AAANBAEE

2

200/sec & WHES
ko3

A&ERT Y 2% HeE AEAy AE 2
T W9 A 2% Ao ¥y ogli meA
o] 718 HYE was] 40T~200 T & 2AASY
o Al e mEkA 2-3 3] o] WHEFY A
Azl on, 7t LxoA AHY LT By S
dAsHA stz AlEI aFAaleld e WA

e
Hl
|.

0
\
oH
JEI-'
o
Ral
~
il
&
i
2
nNo
fo
[\
(e}
o
[¢)]
M
~
I
W



I 3.2 25 W0 OE SH 24 =4
. eE 2 WPEEEN BE 455 D vekd
il Agel WaE 2] st 14 AN
§ w :. a7 FHeEoA HHEET Wl
- e 2Y9H-FANLE UEE Fg 49 Fig 50
n 2AEG A L WA wuELEs} 2
T s T e 7FES% g¥0] 7S MYESR S (stain-
(a) SPRC35R (b) SPRC45E. rate hardening)@/3-& A& 4 ok w3 53 ¢l
Fig. 3 Engineering stress-strain curve at quasi-static AAE e EAA 100sec o3 M ELSToA 3
with the variation of the temperature ZHH(load ringing)@do] #&HSTH9. g A
22 7€ E A2 e MYESE Rigld BE
g¥el Wsee] A3 neolMt: Wsiete] st
3. 20| OE 24 ANE Ex % 13 © Ae & du 3, 2N WP ESET}
F1e4% $9-udE Axe F1en%) Base
3.1 2% #ao mE g8 24 &4 AES BAdY. ol ¥ WMIESE NgEs}
A& §A7d] SPRC3SR, SPRCASEC! st A o] FHE4E Fasts AL 9u|dt) o
of 4% SEold 243 AW ABE Fig 30l = 2% BFE ALl 53 AFEe] Ay Qe
AsGit LR FAGEE FRSHD AU Ho] vehts Ao WAREEI} 2UFE
Ageo] gasts @4 FAT £ dom G Phst] 1005k PAAE FEEY Ho) A
Bed waY ny oGS Wskgel o F wagel A AAsH Fuo| o F WY
2 A% % F ok W RV FAUSST A Bol 37t ¥4E ol gast: P4E BT
Age Aaste AR weltd od@ WAL Iy £E7h /184S WRESE Wshl ge
BN R4 SH4Y SAAREAEdynamic S Wsto] Yobd HWIBLEI TAHR4Z
strain aging) @4 FEHo yedrn Hi +H-HEE A=Y Je7)7t Hidte AdE |
o SITHS]. oA A H.
" * JserewsnlfzoG i E _
g 2
R I el I R i e i T
Engineering Strain Engineering Strain Englneering Strain Engineering Strain
(a) -40C (b)20C (€)100C (d)200C
Fig. 4 Engineering stress—strain curves of SPRC35R with the variation of the strain rate and the temperature
_ " [seReasE] -~ C = o * [seReasE 200 C
g g ?
el RN :

0.0 0.1 0.2 03 04 0z 03 04 05 00 0.1 0.2 0.3 0.4 05 00 01 0.2 03 0.4 0.5
Engineering Strain Enginesring Strain Engineering Strain Englneering Straln

(a) 40T (b) 25T () 100T (d)200°C

Fig. 5 Engineering stress—strain curves of SPRC4S5E with the variation of the strain rate and the temperature

o
E
e
o
e

134 /3224713835 X|/H 150 H25, 2006



- 2000
.

10018ec
101sec

& 200is0c
» 100/sec

@
2

o 1isec
4 Otisec
4 000v/sac]

»
3

Flow Stress (MPa)
Flow Stress (MPa)
Flow Stress (MPa)

Flow Stress (MPa)

= Experimental resuhts.

= Experimental results.

= Experimental results
T —— Fittgd curve d curve

——Fitted curve 2005, —— Fitte

= Experimental rosults
tted curve

50 [ 50 100 150 200 -50 [ 0 100 150 200 50 0 50 100 150 200 -50 [} 50 100 150 200
Tomperature (°C) Temperature (*C} Temperature (°C) Tomporature (°C)

(@) (b) © @
Fig. 6 Flow stress as a function of temperature for indicated strain and strain-rate: (a) SPRC35R at yield; (b)
SPRC35R at £,=0.1; (¢) SPRC4SE at yield; (d) SPRC45E at ¢, =0.1

AP EL2rol 27 AR FE5H wA Table 1 The variation of flow stress and coefficient of
T 9Ege AEEy] A3te TASEH-TARIE strain-rate sensitivity
AEE J&E-ANYPE A== HE & 54 Lemperature
_ . -40°C | 20T | 100T | 200C
t&%%‘ﬂ]k] %Eoﬂ U‘]’%‘ %%%E_jl‘o’] ]ﬁg}% }—A]' Material
39tk Fig. 6 9 (a)9 (b)o]l SPRC35R & &&¢ A T on | e | s %0
N N 5 = MPa)
g F58E ®¥zE HMIESEEE A SPRC35R
- 0.04 0.044 . 0.029
o, (@S (@ SPRCASE 9 £5of e #5S T L
g HsFs HPESEEE SAEAY sprCasE | MPa) | 142 | %9 & 64
wA ZF 2Rex HPBESEI F5SHA 7 m | 0029 | 0023 | 0020 | 0.018
e AL AR A2dME HMIESEVL
Z7E5E FEeHo| Frlsles Yol 2 =H Table 2 The variation of flow stress and coefficient of
LA Zrleke] FAade AS Edle 2% temperature sensitivity
b FAEFE H¥ESE URET gadue i 0.001] 01 | 1 | 10 | 100 | 200
AMES ARF R AT F Yk Bi ohye " Material Isec | /seo | [sec | [sec | Jsec | /sec
: 57 Waaa
Fig. 6 9 (@9 (9ol =M 24 P EHEAN 2 obw| 74 | 103 | 124 | 150 | 192 | 206
=7t 35S vXe dFs Ay BH £4 SPRC3SR 03t 043 [052 | 064 | 080 | 086
= - S -U. =U. -U. -U. -U. -U.
4 HYPELEELduE 25 TVt wE FH3E A
o] 7+ 71877 gukdlty) H)de] W EET) SPRC45E (MPa) =72 | <92 | -105 | -122 | -143 | -150
Z7lg4E 2% Wi mE 23 7t ) s |-030]-038 [ -0.44 | -0.51 | -0.60 | -0.62
£717 F7tete AE F9td YA 2E 7
A 2k Wl FEEE Fad A FF0l
MYEEE 2424% W ada wed 4 s=[_d£j:(“_”] MPa-k'] @
ek el Fig 6 9 () (@) BAIE i} 2 ar )\ At
o] AdHHEl 10% LT B F5&H #4 ) ) ]
71e717F vl Lxrt K5 nHE Table 1 9 2 AFE] 0 FEAHAM WY
gate WMHEETo utgl I oyt Ux 9= %—i—li?} 0.001/sec °lA] 200/sec__<li Z 748 ?é—?—
AL ANAoz e 4 9} 7t AR &N fE58E M3 (AT UEE
#ESH vNE WPESE B exy o4y 55 VEEmT FHsdn. d¥E&E i
o RAFHog Holaly] 9a SALEAA A() AFE MugozZN 257t F7HE4E HyE
A =] Q 3 ol
o] HYPEET YU E(strain-rate sensitivity)2t 574 S& AgEZt gaste A A9Hez #4949
HHEEEEANA @29 25 Wz (temperature T den, dlHez FE7F g SPRC35R ©
sensitivity)2 7 9] 3}od vl a st} SPRC45E Bt} 2% Wgle] wet vR=AS7} 7
ashs Aol ZA vepdTh 3 Table 2 o &
A& E o] 3lHE 3l Ko _
L dno) Alno) [(MPa] W M Eo] 0 ¢ FEAPX LE7} —40T oA

R AMIIZEE X /H15H H2E, 20064/135



A
o
of
opy
2
e

0.52

o
b
0

0.52+

e SPRC35R « SPRC35R
5 SPRCA5E 0.48+ o SPRCASE

0.52
ml 0.001/sed ~ SPRCIER
’ o SPRCASE

5 044 . S 044 § 0.44] -
= -1 =1
S 0.0 \ S 040 /A % 0.00 ] / \
o o o \’\“‘ 2 / 2 \‘\___'4
w o.as--%T———- - 0.36 S w0362 T
® > © ® /“ \S\
2 032 ] E] 0.32779._—84‘-8\9\ 5 032
Q 0 7] g \ ° D
£ 028 \s\\ﬁ £ 028 £ 0.28] — g
0.24 0.24 - 0.24
0.00 T T T T — 0.00 T ——— - 0.00 T — T T —
50 0 50 100 150 200 -50 0 100 150 200 -50 0 50 100 150 200
Temperature (°C) Temperature (°C) Temperature {°C)
(a) 0.001 /sec (b) 0.1 /sec (c) 1 /sec

0.52

“8 — * SPRC35R o.aa- .
’ / \ o SPRC4SE
[al \\

¢ SPRC35R 052 ]200ised} ——‘ . SPRC35RI
o SPRC45E]  g4al \DSPRCASE

S 044 S 044 _ 5

0w/ Sanl L N S BT R

%o.ss-%v @o.ae—HL/ éo_gs // ° ; ~.

%oaz ~, %osz %0.32 ?Zﬁ

& 028 i 0.28 o 0.28

0.24‘ 0.24 0.24
. 0 50 W s s 0 e 0 S0 100 180 200
Temperature (°C) Temperature (°C) Temperature {°C)
(d) 10 /sec (e) 100 /sec (f) 200 /sec
Fig. 7 Fracture elongation of SPRC35R and SPRC45E with the variation of temperature
o4 MaAFo )} 2= WU AFEE A 2g7b U7 e S A ste] FHR Al
sttt 2= Vs ALt &9 @& e A 7] ol 238 FHdddgel FUEE ez
< 257t SIS §58EH] gadte A ddEn9]. 2ea 54 W EETAAN 22X
oulstm WMPELSEIL FUETE 2 AR 0E gdddAd g A E HESY] HId 3
Al Adigte]l AAE o= ste] WP ES dANES] AYgS Aoz FASe] wws}
E7F S7MESE 2 iRt Sohee A e Aok =AY APELTAME S5t FUHES
AFHoR AT 4 vk 183l SPRC3SR 7 5 dAgo] Fasdte Aol Ve 0.1/sec ©
SPRC4SE o] 2%=o gt d&S vlastd iy 4 MY EERAAE 29 Fdddigo] 7}
°F F=7} kg SPRC3SR ©] WP ELES} & d AR 2RV b, AATRFE gddalgol
=e] Wste] o Wzte g &9 5 Y Aaste Al uEhdY. 2&x7F FUbge] o
g} Atdor AMEo] Fade AL w4

3.3 2 H3F| ZE m-dE §4 o] FARHEPA & 23 AHEF A (blue brittleness)

214§ A7 SPRC35R, SPRC4SE & &4 A dat BAZE dvh10]. A @ael M=
2 s AGAPE B et HIFEST Aalgol 2EF7bel wat ddk Fagrt 200C
0E gdddg 548 Adurr] fste] 24zt ~300C oA HAE ol F tA Frieth. ®
HEESE 9 254 g A Wi s g AZdAre BYESE Tt wE ¥ A
Fig. 70 ZAlstth WA A2oA HYPES T Huvh Az Ao SV & HAXNE el

2 gudAge] ¥wals Adid WIaEST A7) el Axgol a3 B HEELE
0.1/sec 7HA = ALl gol Hastirt HyES 7b SUMEEE olgld Aol AA Jehte A
=7t S7MESE Q3|E Hddge] FrtstE & 3l WIESEI FUMESFE d4lgd vA
Age A F gl ol da AF A As t x4 o] Frisdn dwd 4 .
o #dg HEo| BAITIIE &4 A (instability) ojAtel A= AFatel thpdt FAF oA A
of o} ul#(necking)ol TA3te] v|AFellA] W F EFEA AAFAY oSy 1 A
ol JFHTU, & AGAFE Aole Ao A R £x Asel o AFAE e Al
TsE FEAAY FHRAQ & HIYESLE A2 uzh vk FAZE wEA MEd o o

136 /8= 24715 S X)/M 163 H25, 20064



4. 4
B =RdaE AL 7 disie
A s e §5858 2
ZA8L7] flske] g A%
o gE¥He A5 TERE
SPRC45E ¢ thdte] -40T~200T 9
0.001/sec~200/sec o] MY EEEZR
S Fate de Axs Adsd
() 242t =%,

o
s
=
w2
s
b
@]
98]
[
»~

>
oS
il oy flo al i

R
RNV
HU o b b1 e
NN
el
rlo
it
ole
an
o,
N olN
X
i
o

g o

=
ok
]
B
2 K
)

r> ofth

o mu
o I
oy
ox
ot

N
o
i
o
o
o
T
o
£
=

fr W fo i R

[1] J. D. Campbell, W. G. Ferguson, 1970, Temperature

and Strain Rate Dependence of The Shear Strength of
Mild Steel, Phil. Mag. Vol. 21, No. 169, pp. 63~82.
[2] J. Klepaczko, J. Duffy, 1982, Strain Rate History
Effects in Body-Centered- Cubic Metals, ASTM
STP765, pp. 251~268.
[3] S. Nemat-Nasser, W. C. Guo, 2001, Thermo
mechanical Response of AL-6XN Stainless Steel
over a Wide Range of Strain Rates and Temperatures,
J. Mech. Phys. Solids, Vol. 35, pp. 1823~1846.
S. Nemat-Nasser, W. C. Guo, 2003, Thermo
mechanical Response of DH-36 Structural Steel over

(4]

a Wide Range of Strain Rates and Temperatures,
Mech. Mater. , Vol. 35, pp.1023~1047.

[5]1J. H. Lim, S. B. Kim, J. S. Kim, H. Huh, I. D. Lim,
S. H. Park, 2005, High Speed Tensile Test of Steel
Sheets for an Auto-body at the Intermediate Strain
Rate. Transaction of KSAE, Vol. 13, No. 2, pp.
127~134.

6] ¥A%, 3 &, A=§, &AL, WAEE, 2004,
FHIES TN AAE BRe] T4 A%
A9, erASs] EASEHE, pp.

1974.

[7] K. Mahadevan, R. McCoy, B. Schell, J. Fekete, 1998,
Strain-Rate Characterization of Automotive Steel and
the Effect of Strain-Rate in Component Crash
Analysis, SAE 982392.

{8] J. M. Robinson, M. P. Shaw, 1994, Microstructural
and Mechanical Influences on Dynamic Strain Aging
Phenomena, Int. Mater. Rev., Vol. 39, pp. 113~122.

[9] H. Huh, J. H. Lim, S. B. Kim, S. S. Han, S. H. Park,
2004, Formability of the Steel Sheet at the
Intermediate Strain Rate, Key Engineering Materials,
Vols. 274-276, pp. 403~408.

[10] ol&<, 29T, 2001, WA =Rzl

g AFEA, s AAATHESE A, Al 10 H,

A 2 &, pp. 101~110.

o

IANIIBEE X /M 163 M25, 20063/137



