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Abstract

The Johnson-Cook constitutive relation has been used in dynamic plasticities.
The constants of the Johnson-Cook relation of sheet metals for an autobody is not
known yet. In this paper, the material properties of SPCEN, SPCC and SPRC in
the high strain rate states have been acquired. A new tension split Hopkinson bar
was used in high speed tensile tests of sheet metais. The experimental results
acquired from the apparatus are used to determine the constants of Johnson-Cook
constitutive relation of sheet metals. This results can be used to analysis of
crashworthness.

2 g 7]12-8-9] : Hopkinson bar, High strain rate(:1'1 ¥ &), Tension test(QZA13)
1. A8

19409 % Kolsky Vol 3t} u&E84 232 A% FX7 At ¥, o]
Split-Hopkinson pressure bar(SHPB)?= & «ala sl of Ae HIES
=k 1,000/sec-10,000/sec) W8 AANMY s WY oo wE FH-WUYE
BAE AW do] A F Y7l GE B ATAEC 9dd o= g
Nicholas®= 442 Split Hopkinson Bar FX-& o]-§3t9] @5 vlEH, steelo] T
AN@e 28390, Lindholm¥ YeakleyP= SHPBE o]4-3t4 QY EE FEW
HE AP 317 AT Wil Bl AF3lH ). Johnson 3 Cook e olglg F
&l AR 715 o]4-3le] 43407, ARMCO iron, H#A 200 5] zuiolg g ARE 5
galgon, FALAANL Adln A5ES FATH Steinberg 02 AY ZA
PR e AY 24 HEE 4, &5 Fol 5T TASY AHYE S04
888 TAYAAL AtaAnt. Zerillish Armstrong'” & Johnson-Cook 44734
2 Hesie AR AR AT ©WE FAYAHAL At AG.



B 7M€ Fig. 13t Zo] W9 A% Ago] HU}== A|2HE tension split
Hopkinson bar(TSHB)& o|8-3lo g2} 23 43L& B AR APL &y
-2'-} Z4zte] ARS ¥4 A%¥& Johnson-Cook T4HAHAL o83l Uehljna &

2. TSHB® °| 8% A52§ Zue n4A% A
¥

Tension split Hopkinson bart ¥ %, 9%, 328 So03 4do] gjon
219 Mg @ A8 AFAYUL Fig. 13 2 YB3 2YY Alojd] AJ@E-&
A9 ¥ 28T JBo FEAIE o] o) Y AW} PYPoz Agyw
YFE ARE AN &¥Eos AdsD Une A gJYgRoz wAlgA @ut
Kolsky9| @45} o]&of 23w, o2l 4] (1) Jeh st o] A|¥S WYEL
Y P 3G WA E FEEE, A 23 4 (29 go| AR 24
H RaAnE ol g3 AXNY 4 U

fy=— [ 22 ep(iar

<l
=)
5
+.

W
A =E-SL ex(t)

(2)
714 L& A|¥9] "ololn Co= Hulo] @AY AgsEol) Ex &9 BgAS
g YET Ao At 27 B 2 Afe @uFe Jedag,

TSHBE ol8-3lo AA 4@ AFsd qJest L wiAlgkes 2EgdA o)A S,
Seot RARAAXE o] f-3le] Fig. 2 s} o] 2 EG. oy LAREL 4 (1)
2 4 (22 ol83to] AU - HYE A2 WA "} Ape) WYE &
EE 3HRe WAl £58 3o ¥RAY 4 Yon, WF WYE &5} g
2500/sec oA 5000/sectAE ] WA AP YAt AlBole 2AEat AA)
4¥802 Wo] ALE-H= SPCEN, SPCC, SPRCSl ARE A3l olald Zw
8 BAL JIS FHL wa WYY ROZH, St Steeld, PE Plates, Al WA <)
C Cold rolled&, ¥l ¥A 2] Co Ex 7 53¢ Uehln] Ne AZRZ e =§
ok ALY AW A&T WHE EAHL doldy| dFte] = FAQ ARA YL
B[ olsh Fol sl FAAA AFANPAR Y u£0F AF FAE EAS
A AlH 9] i date z+2} Fig. 3, Fig. 4, Fig. 59 o] vebdoh mw
229 A 2A4¥Fo R Q3le Al Uio] Be do] WA HEZ AEn
9 28 JIEAE 9 Bgd AL B 4 g 2y 458 = Al
ol H3le] g Fulge Z1F AL & 4 Yk

3. Johnson-Cook T3 4]e] AH
‘ﬂ’gézﬂi-‘?} €3 A%E& Vel Johnson-Cook TAWAAL 4 ()} o] B

O

r‘
ofk ok
o, o it 2 -y

@ o=(A+Be")(1+Che)(1—-T""™)
3

4714
T'=— L= T Room _
TMelt_T Room

olt}.



H-
far

ogggAe] A WA 25 Ao WYE ABANS Vehig, F ¥A #
WEE &% A%E Jehdn. oiAReR A s BETE

®
I
2
o
St
&
7
g
B

softening effect)& YHERATE 919 7SR AY A g &3 ¢ Q1 A B,
o 7Ztzt WAE £57) lsecdl A4 33-9%E 4=8 Ludwick®] 4oz
WA B39 CE 7371 A%t Z47 Fig

Qe A APste AFEold. ¥
1 ol 27) g WiE WYE £%o) wat Log kel Veld 192
g@t) ol W Ce Al WA 23 93 @3 WP WAL F& G E ]
QoA HEZ 27| o] 44T o 2agct ooz A WA B3 ¢
2 me 73471 48 Fig. 714 Be uish o] AYE 557t 4000/sec A
AlRe] gdEdge) e Lxdsed ABAQUS/Explicit& o183t} A4rstgrh Wy
Algrol ok 50 usQ! B¢ WBE £x7t 4000/secolB 2 11 wje) W EL oF 020
me 7] Aatel WAE) 029 W) LEAS 20°CE AN Zyzto} A sl
W3 239 A, B n, C ¥ me Table. 15} 21} 2449 Johnson-Cook 748784
%% o]lﬁ}zqﬁ% ud eA-wYEs MEE z4zte] A=<l Wale Fig. 8 Fig 9,
ig. .

4. A&

B =R 1% AFAEE 91§ TSHBE ol&3td AF Aygor @wol
o3 9l SPCEN, SPCC, SPRCSl #&u#e A4 ARagy Ass €3 A%
2 eiao) A8 el Aolsl Nt Johnson-Cook #A BAA 549 FFEE
289t £ Johnson-Cook 74 $H4E o834 Wy g 454 e $9-9
g MEE veho] Bt

*7]

22825y

o

2 a7e gddes] S3ATH(EHANE 6-0200-11-02-9el g} A7
gom EgdRaTs BAK AEA PATAN ol BATIEwWAHRL 3
59 iy = A=Y,

ZEd

1. H. Kolsky, 1949, Stress wave in solids, Dover, New York, pp. 41-65.

2 P. S. Follansbee, “"The Hopkinson Bar,” in Metal Handbook Sth Edtion, Vol. §,
Mechanical Testing, American Society for Metals, pp. 198-203.

3. T. Nicholas, 1981, "Tensile testing of materials at high rates of strain,” Exp.
Mech May, pp. 177-185,

4. U. S. Lindholm and L. M. Yeakley, 1968, "High strain-rate testing: tension and
compression,” Exp. Mech vol. 8, pp. 1-9.

5. G. R. Johnson, W. H. Cook,"A constitutive model and data for metals subjected
to large strains, high strain rates and high temperatures,” in Proceedings of the
Seventh International Symposium on Ballistics, The Hague, The Netherlands,
pp.541-b47, 1983.

6. D. J. Steinberg, S. G. Cochran, and M. W. Guinan,"A constitutive model for
metals applicable at high-strain rate,” J. Appl. Phys. 51(3), pp.1498-1504, 1980.

7. F. J. Zerilli and R. W. Armstrong,”Dislocation-mechanics—based constitutive
relations for material dynamics calculation,”J. Appl. Phys. 61(5), pp.1816-1825,
1987.



Table 1. The constants of Johnson—-Cook
constitutive relation for sheet metals.
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Fig. 3 The stress-strain curves of SPCEN
at various strain rate.
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Fig. 1 The schematic diagram of tension ofn 0B I eyt e o

split hopkinson bar.

Fig. 4 The stress-strain curves of SPCC
at various strain rate.
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Fig. 2 The waves measured from an . I
oscilloscope., Fig. 5 The stress-strain curves of SPRC

at various strain rate.
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Fig. 6 The initial yield stress with respect Fig. 9 The stress-strain curves from the

to the strain rate. Johnson—-Cook constitutive relation.
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Fig. 7 The increase of a temperature in a Fig. 10 The stress-strain curves from the

specimen with respect to the strain rate. Johnson—Cook constitutive relation.
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Fig. 8 The stress—strain curves from the
Johnson-Cook constitutive relation.
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