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Impact Energy Absorbing Capabilities and Shape Fixabilities
of High Strength Steel Sheets for Automotive Bodies
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In order to satisfy the requirements for the weight reduction and crashworthiness at the same time, the application of
high strength steel sheets is effective for automotive body. The impact energy absorbing capability of a sheet metal to be
formed as parts and the shape fixability after sheet metal forming were analyzed, previous to forming, through finite ele-
ment method (FEM) simulation to clarify the selection of material characteristics of a high strength steel sheet suitable
for forming parts, or the selection of the shapes of parts which are suitable for the material characteristics of a high
strength steel sheet. As a result, it was found that in consideration of the rapid impact deformation behavior of a steel
sheet, FEM simulation can evaluate the impact energy absorbing capability of a sheet metal as parts to be formed. Fur-
ther, the material characteristic, which mainly controls the shape fixability after sheet metal forming, changes from yield
strength to tensile strength in proportion to the reduction of bending radius.
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Table 1 The Japan Iron and Steel Federation standard and hardening mechanism of typical high tensile strength steel sheets produced by

Kawasaki Steel

TS grade Kawasaki Steel : .
(MPa) JISF standard standard Hardening mechanism
JSH440W, ] SAPH440 C, Mn alloyed solid solution hardening
Hot rolled JSHA440B SAPH440LC C, Mn alioyed solid solution hardening
ot rofle JSH440R KFR440E C, Mn alloyed solid solution hardening
— SAPH440BH C, Mn alloyed solid solution hardening and strain aging
JSC440W APFC440 C, Si, Mn, P alloyed solid solution hardening
Cold rolled JSC440P CHR440 C, §i, Mn, P alloyed solid solution hardening
440 — CHLY440 Martensitic transformation hardening (dual phase)
Hot-dip JAH440W, ] RASA440 C, Mn alloyed solid solution hardening
galvannealed JAH440R RAAPFH440 C, Mn alloyed solid solution hardening
Cold.di JAC440W RASAP440 C, Mn alloyed sclid solution hardening
alv:nr;e:ﬁe d JAC440P RACHRX440 C, Mn, P alloyed solid solution hardening
& — RACHLY440 Martensitic transformation hardening (dual phase)
JSH540W RHAS40 C, Mn alloy solid solution hardening
RHAS Ti-added precipiation hardened ferrite and martensitic
540 Hot rolled JSHis408 OSK transformation hardening
JSH540R RHAS540F Ti, Nb-added precipitation hardening
JSH540Y RHAS40D Martensitic transformation hardening (dual phase)
JSH590W RHA590 C, Mn alloy solid solution hardening
RHAS: Ti-added precipitation hardened ferrite and martensitic
JSH530B 905K transformation hardening
Hot rolled JSH590R RHAS90F Ti, Nb-added precipitation hardening
JSHS590Y RHAS590D Martensitic transformation hardening (dual phase)
— RHASS0DX Transformation hardening and residual austenite
— RHAS90SH Grain refinement hardening
590 JSC590R APFC590 Low C, Ti, Nb-added precipitation hardening
Cold rolled JSC590Y CHLY530 Martensitic transformation hardening (dual phase)
— APFC590DX Bainitic transformation hardening and residual austenite
Hot-dip . . .
JAHB90R RAAPFCS590 Low C, Ti, Nb-added precipitation hardening
galvannealed
Cold-dip JACS90R Low C, Ti, Nb-added precipitation hardening
galvannealed — RACHLY590 Martensitic transformation hardening (dual phase)
JSH780R RHA780F Ti, Nb-added precipitation hardening
JSH780Y RHA780D Martensitic transformation hardening (dual phase)
780 Hot relled . RHA7S0DH Ti-added pxzec1p|tat|on.hardened ferrite and martensitic
transformation hardening
— RHA780SH Grain refinement hardening
Cold rolled JSC780Y CHLY780 Martensitic transformation hardening (dual phase)}
980 Cold rolled 1SCo80Y CHLY980 Martensitic transformation hardening (dual phase)
1180 Cold roiled JSC1180Y CHLY1180 Martensitic transformation hardening (dual phase)
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Fig. 2 Relationship between tensile strength X elongation and
tensile strength X hole expanding ratio X of 580 MPa TS
grade steels
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(1) Strain rate = 2 X 107 s (2) Strain rate = 2 x 1¢° 5™
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Fig. 3 Nominal stress-nominal strain curves at strain rates of (1)
2x102s'and (2) 2% 1Ps"!
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Fig. 4 Relationship between absorbed energy at a strain rate of 2 X 10-?s~! and tensile strength at a strain rate of 2 X 1(¥s!
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Fig. 6 Schematic ilfustration of axial impact collapse test
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Fig. 7 FEM simulations and experimental results of axial col-
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Fig. 8 FEM simulations and experimental results of axial col-
lapse test (small cross-sectional area)
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Fig. 9 Relationship between calculated values and experimental
values of collapse length

BhEN L EHh -t —F, RRTIHEMIroEBT 288,
Eai»oMET 588, FAGAA»SERBET2RE5H DHENTE
PHEDOIL L5, THEIRBOMTRE, S50F0XLiE
PRKTIAOLEELALh, EROBABELETRML TS, FEM
Pizlb—val EARIIBRIIEZESBROEBERELRL
b

PEIORERIC DWW T Fig 842, FEM ¥ 32 b — i 3/ LER
DX PHRBORBA RO —MET T, ABMORBRE (IR TH
By o@h/ B TEBNE LS X5k o, FEM & I 2l —
Ya v THRREREIRCERTOERODBS, RBRE RRIZHES
5 60mm REMN ANV TOEESAECI I &M@Y oA,
HILKBORBA IThT 7 Y — ZBEO LR A OO THREE S
BhALizS B iEIShS,

Fig. 9 127 _TOs — ZIDWTORKBED FEM 3 2L —
A v EEBOKELTT, MERIE—HL T3, BHOERY
R EERFEM &2 2L —2 3 VIZEDPRIANAETSH S Z &A%
FIRAL 7=,

5 BEHEHRRORKEEEOFA

BRERRO 7L ARK T, £<OMENEL S, BIREDOL
Rl L bHoEERL EOEREFRSTEREFRAOBEMNK 2
<. HEME (MU, BIREHE) OETRHBRGLEPMUT S VY
BOET, fRROET: LTERSY L XhTL 3,

EREERTIRENECNA T, BOAEHRARTS SEE
AR, ATY vty B EEOBREREARNENAE LR
BThad, HANEBCIET SHERARIIDOUTEREBRON
B, ERMEHEAED 5 R L bR A BEERORF X A%
HemrREhTLS,

—F . BESHAORREREOBA TSR R AR Lk
EAMEETH D, REMBSASBT LML - THAEREAL
W, ThETELERERED o MR 5 TR mET
EONTHAOBE? D ik EhTHED, Y5 5503 TS & O
MAs 5L tRGh TS, LiLESLOMREEASEMT
BAMEHTLEBHG IR TIvEL,

ZIT, BAMAERL BN TRSEE 9 2L BRFIC L
N, vy bETREROBREBEL RIZTT YS & TS OF 5 £H)
Sz L7,

Fig. 10 (T3 P e RS ORIk g 4 . W H % w8
LEFERIET, WEHANLBEEA L EET ZRED L &
TEITUZ, £, #Y, MUBELBLUR T v iy s Kb



APERRBEERIROEEL 7L £ — IREHE - IR 19

Punch shoulder radius

(Rp): 550 Die shoulder radius

(Rd): 5~50

Fig, 10 Analysis model for numerical calculation

L

&: Spring back angle {°}
p Wall warp curvature {mm"')

Fig. 11 Evaluation parameter of spring back behavior

ORI & T IR LEROFEE O,

vy PR R OBRHEENT, Fg 11 DRTHYFETO
ATV s s HE ¢ L BESRORKOIE p TFMEL . BT
TRV AHEHIRIER IF 8RR, TS 440 MPa sREE®RILE, TS 590
MPa #EEIARILEE, TS 500 MPa #% dualphase $&, TS 780 MPa #&
Wk 5 KiETH Y, Fig. 12 ISR TEBROEHELHE &
b ke 1= Swift FANUC X HAWEAMNEA L MG HOBEE 2 MR
HELTHNS, RS AT L6mm & LA, BREBIEIIRIE
TR LT R BOREER<E LD, Ky FBHEE T4
E¥#E4 5mm—50mm ¥ TELX 87,

GUIZRIET VS E TS LUKy FEERORED—H% Fig. 13
(@) 12FT. YS & TSOMHBE% T 5 &, v FE*EE Rp) <10
mm Tl TS & DA<, Rp> 10mm T3 ¥YS & OB E .
pIZRIZFYS L TS 5L U ¥ 1 AFFEOBEO—H% Fig. 13 ()

(a)
Rp=35

| IO YP ’E = 0932
50 Ts: R = 0,992

Springback angle (%)

Rp = 50

O yp. K2 = 0.99
40 HO TS R2 = 0917

30

Springback angle {°}

20[‘

10

a

L L L

0 200 4G0 600 800
Yield strength, tensile strength {MPa)

TS 780 MPa grade precipitation

120" hardening steel
\ ’ oot TS 590 MPa grade dual

100 Y / Phase steel
’a O
= 20 =0 e \ TS 590 MPa grade precipitation
@ ' hardening steel
§ TS 440 MP: i i
% 60 L a grade solid sclution
B M hardening steel
'ﬁ‘f ,‘,,,aﬂ“‘ doetedee™)
= 40 Lm0
o r#MWﬂp \

20}

‘ip_ Ultra low carbon mild steel
0

0.¢ 0.1 0.2 03 0.4 0.3
Equivalent plastic strain

Fig. 12 Relationship between equivalent plastic strain and equiv-
alent stress used for simulation

IZFhd, YS & TS OHMA T AL, F4 ZAFFE (R <20
mm T TS L DHEMAE L, Rd > 20mm Tlid YP & OHEBEAE .
6, p IZRIFF VS, TS ORER—KMAME LIRS T FHBIITH
BLL =R DHBAR D —F (F5F) TEML A, 6 12843 YS,
TS DFEL5FEL Fig. 14 1254, 3Ry FFHEE 11mm Rp/i=7)
LETIZYS, FhBTFTIRTS EOBEMEAKEY, p izt 2 YS,
TSOHESEE Fig. 1525 ¥. p i3, &4 RE¥E2mm Rd/t=
14) BLETIEYP, #RLTCIE TS 88 AE G, WFhoEs
LENTEEND IS A BNz 20 YS EOEEAES L, TS
EOEBENEIT S, ZoWREE, HFEES DX CEETRBO
BHOTARBAARZVOT HTFE— AV FAENT 5B TSHS,
EhizsL T odEmrgnni, £r+EcomifEEtsi 0
hEVFAREp ¥ AFTOMTY, HTELEETRREA B0
TLRDFAKRENBTHS,
LDEORREVERESE T E LTXRT 28BS, iy
FFOBPIIELHEVYS 26 TS IIEHLDZEAHBALAE, 20O
ZEenb, BREBTLISZOTABC B SBMUETITIHET X

(b}

- Rd=5
‘e 0007 |-|O YP: R = 0.854
E O TS: R = 0997
¢
2
o
£
8 0.005
a o
o
=
=
=

0.003
E
E opn
o
3
w
g
3
g 0002
5
3
=
£

0.000 : . ;

0 200 400 600 800

Yield strength, tensile strength (MPa)

R%: Contribution rate (a square of correlation coefficient)

Fig. 13 Effect of yield strength and tensile strength on spring back: (a} effect of punch shoulder radius (Rp) on spring back angle, (b) effect
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