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Development of Press Forming Technologies for Ultra High Strength
Steel Sheets Utilizing Computer Aided Engineering
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Abstract:

Problems in press forming, such as fractures and wrinkles, and poor dimensional accuracy due to springback, are
much more serious in ultra high strength steels (UHSS) whose tensile strength is more than 780 MPa than in mild
steels. JFE Steel has developed various technologies for defect prediction and new forming method utilizing computer
aided engineering (CAE). Three of the developed technologies are presented in this paper. Although stretch flange
fractures cannot be predicted with the conventional forming limit diagram, it is possible to predict stretch flange
fractures accurately by the developed method using not only the maximum principal strain but also the maximum
principal strain gradient in the radial direction. In order to find effective solution against springback, a technology of
springback factor analysis was developed, which can spot the area holding stresses which govern the springback.
Regarding a new forming technology for UHSS'’s, preforming is effective to improve formability of UHSS’s, and
optimization method of the preformed shape was developed. The effects of preforming on fractures and wrinkles

were verified in the press trials of a front side member and A-pillar lower.

1. IFC&Ic

Hive Lb s A7V 23y ZOTHIRH LWIGRI 7L RRK

B LEORREPITON T 5, B4 7 TlE, &AW

RE M LI & 2 COx FEE K Z HAY Y L7cHRE RO
ek |EMEL WY LicEegetom iz, A
HRBICBUARIZHETH L, INLITHIET E7201
H B SRS i SR AR S EH S N Cwvw b, IEHETIE
51958 S 980 MPa LI Lo N4 7> DHADIERL TH Y,
7Y YA X A=A I —n7IcfRESN 25
L7c AR 26 2 MBETEERM~O@EH L L T\ 25,

— WA EIRR O I TR BRI IR R B 70 Y,
oA TV AKIE T, Elhve LbOREDHR
Y, MAT, ATV TNy 2 b KEL BT
FEEMRLEL < 25, 2o OFEOXEME T, i
ERUHICHE Lo IR ERE R Y O CAEDTERH SN TE Y,

2017 4 10 J1 27 H&Z 1

Copyright © 2018 JFE Steel Corporation. All Rights Reserved.

M bRET2MUT I VENRPRTY 28y 212k 55
EREE AL OBENEE TH Y, CAE T coFHl - HliE
Fithis B CTdH %, JFE A F =TI O3 AAEZ i
U7 5> DERHERN 2 BLURTY > 28y 2 OE
We s 7V ARG ERGE T 2 AT > 708y 7K
SIRTE 2> RBAFE LT,

27z, BdlL7c7o> R A R X o= O#ERIEER
HRmOBIE TR, Bl LboWSIp eI L w7 L 2
JRIE TIHEDRFREDPRETH 5, —MRABEBTED 7L 2
BRIE TR T, SRASERIGEWEIRICRER, SR
FRCHEIRICKIE S5, JFE 2 F— v T3, &P
T AL F TARRIE O B IR & ot 12 35T 5 TR HE
iz PR LIce AT THIEEMNZIEH LI 2 20H 7
VAR TR RN T 5 7Y,



CAE %G L7z 7 > RIEH o Fi%E

2. U735V IEINHIERIM

IR D 7 L 2 IE CAE fi#tTic 81 2 BN Tilld—ir
WHIERAERK (FLD) SV 65, LL, 79> 2Ty
Dl AW CRET 2 EINE, WRICES A =X
LD HNDOZETERR Y %72 3 729, FLD Z VT L HEES
T2 TR MUT 5> DBTEIRRIE, MR
2, HABITEECY ve vz, vFauil? »ps
T %, MR AR TGO FEIZ OV UIERDN
BREPIN TV 225, O ALRII DWW TOE RN R
FHIFvAY RSN TORY, 2 THELOHIHR Y VT,
O ¥ BAJAL 2 2L S BB O NLTRBR &2 17w,
77 v VEWRRIET O T AL O Y & mIcH
5212, CAEHTIC & 2 TN 7 5 > VBN TR %
BHFE L 72

21 HUT7SVIRRICRIETOT HAEDE

7 5 > ARSI, TARMIORREVT &
(MAEAND CHERT 540 CEFEAID) DRAEDTHD
Afd (BUF, ERAMOT AR 5 8T 5, Al
TIFERANO T HARPENBEFRRORAKFEV T AR
ET BRI LIRS,

210 KBRS

fHEAb ¢ U TR 1 IR § ik D> 5 980 MPa #f A 7 >
(WE 1.2mm) & To 5 FEHEOMKE HEL, L DONL
TR 2 FEH L 7o, PR RBRR M2 &R 2 1R T, TS
B 3UKHE, R FIIRIZTESA A5 60 B Pk © 2 EC &

&1 HEMOEHIIE

Table 1 Mechanical properties of examined steels

Steel | YS (MPa) TS (MPa) EI(%) | A(%)
A 168 309 49 155
B 330 459 35 107
C 419 643 28 62
D 603 823 20 71
E 787 1005 18 47

A: Hole expansion ratio with conical punch
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Table 2 Experimental conditions of hole expansion tests

initiﬁllblll;)ii(zﬁﬁ;ter Punch shape Applied steel
10, 25, 50 60° conical A,B,C, D, E
10 ¢ 50 mm cylindrical A, B, C
55 ¢ 80 mm cylindrical A, B, C
¢ 50 mm cylindrical | D, E
50 ¢ 150 mm cylindrical A, B, C
¢ 100 mm cylindrical | D, E
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Fig.1 Effect of maximum principal strain gradient in radial
direction on critical strain for fracture
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Fig. 2 Effect of maximum principal strain gradient in radial
direction on critical strain for fracture considering
blanking clearances
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Photo 1 Whole appearance of pressed part of B pillar model
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Table 3 Mechanical properties of steel used in press forming

Steel YS (MPa) | TS (MPa) | EI (%) 2(%)
JEFORMA
S90GA Type2 437 624 34 92
Conventional
SO0DP-GA 398 640 32 68
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Photo 2 Result of press forming experiment
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Fig.3 Fracture judgment using conventional FLD
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Fig. 4 Fracture evaluation using strain gradient in radial
direction
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Fig.5 Schematic diagram of springback factor analysis
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Fig. 6 Part shape of front pillar reinforcement
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Table 4 Mechanical properties of steel used

Steel YS (MPa) | TS (MPa) | EI (%) r-value

JACI980Y 687 1011 19 0.9

Z-displacement/mm
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Fig. 7 Springback analysis result
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Fig. 8 Stress distribution at bottom dead point before springback
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Fig. 9 Divided 6 areas for springback root cause analysis
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Fig. 10 Effect of stress at bottom dead point in each areas on
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Fig. 11 Added bead shape and change in stress distribution at
bottom dead point in press forming
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Photo 4 Trial parts: (a) pre-forming, (b) main forming
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Table 5 Mechanical properties of steel used
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Fig. 14 Localized pre-formed blank and pressed part
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Table 6 Mechanical properties of steel used

Steel YS (MPa) | TS (MPa) EI (%)

Steel YS (MPa) | TS (MPa) EI (%)

JACI180YL 819 1234 11

JACI180YL 878 1182 10
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Fig. 13 Part shape of A pillar lower and problems in press
forming
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