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Development of Press Forming Technologies
for Closed Polygonal Cross-section Parts for
Automobiles with Light Weight and High Performance
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Abstract:

A new press forming technology has been developed for closed polygonal cross-section automotive parts to achieve
both the weight reduction and the crashworthiness improvement. The developed press forming method can be
performed by conventional mechanical press machines. A front side member model of a flange minimizing closed
hexagonal cross-section manufactured by the developed press forming method shows high crashworthiness and

stiffness in comparison with conventional hat-shape parts, and weight reduction can be achieved by combination of

optimizing a cross-section shape and using high strength steel sheet.
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Table 1 Characteristics of various temporary fix methods
Hat shape | One-side
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3 Spot weld or Spot weld or Continuous
Cross-section Spot we;ld continuous weld| continuous weld weld
shape U:' C‘
1
Weight 0
reduction 10 14 16
ratio (%) (Standard)
Increasing
rate of 0
absorbed | (Standard) 27 24 22
energy (%)
Difficulty
level of O O O A
forming
Difficulty
level of O O O A
welding
O : Easy

A : Difficult
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Photo 2 Appearance of front side member models after press
trial

FAFIZ1E, 590 MPa febf (B 1.6 mm) ¥ 980 MPa #l #4
(WE 1.2mm) & A7z, hifzEhRe 32 THETHD
7o, SRBEEERED N T, BE2IC () 4 —
N=F 9 THEB LT () FHRBT A~ > 2 THRIE Lok
ERmE R T, WINORIEDES bEIN, Lbze o
FEIZFRE L o7,

3.14  SFERSOD R EE M e T

B8z — =T v 7 TEME L IzREBMRIZ D W» T,
T A BRI O N = 3 v ¥ — 8 K TNy MRS
PRUEY LI oRBCEL R, AERROA — 3 —
7y TEBIG L — FIERC & B hiARE 2 L L, e
BREAFIIRTIE C AR LTce LRGN b IEIREB A L Wi
JEIR %X 1(a) ¥ [AZ ¥ L, 590 MPa (#{/£ 1.6 mm) #1%
Wiz, HMERIZ450mm THY, 2Ry AT Y ME
SRER S AR 2 TARE L T2, 980 MPa, #UE 1.2 mm #4 % F v
TeREER L, Ny MIEIRERA 6 L C 57 % DI R{LRT
Holee —7, MY b EEREO LI = v ¥ — 1L
104kN +m TH Y, Ny MRS [AFEDO = 32 vF -k
INBEZ A LT,

Good
i} 07
B S
z o 60 3
< g

-
2 1, E
g 10 g - 140 £
|5} = 1 =
= El g
2 E | =
= «n =
2 9t - - A~ - -4120 5
o 590 MPa- 590 MPa- 980 MPa- | ‘S
< 1.6 mm¢ 1.6 mm¢ 1.2mms =

o R
8 " 0

Hexagonal closed
cross-sectional shape
(Overlap)

Hat shape

8 EEEBROIINT &IV F—LBEhE

Fig. 8 Absorption energy and weight reduction ratio of front
side member model

Crush bead
/_)\ﬁ
150

10050 50 unit: mm
9 FEfETZAY MYA RAVN—ETILORAR

Fig.9 Schematic diagram of the front side member model

32 ZAMAHITES SURAERERIN

3.2 EESRERALR

B 9 WEEEIEIRE R, MBI 7a s by A R X
N=—TTFNVTH D, S OWHZIRILK 1(e) TRLIZN
AW (4§ FED B30 mm) OFLUE ¥ Uiz, sdfEEsh o
mBS, 2K, 77 v ya— FEniEORERMS Ak TH
3, EhEAEE, EFAmcHme A LBIRTH Y, B
Wi EE 7 7 > O DMFEE L R LRI ZEE Ik e L7,

322 JLRmERIR

E10ICiNHX A=A T L 2r o kB TREY R
T W1 TRTTHIELRIT . AL CIEAMESHID &
BIZIRe R CMEAE Y 722 £ ICRIE 217\, [HREIC 2
TZvTab—FKELITI, ZOB, H2 TRT R FL
Ry FCHAZ 358703, R24mm oiRe2H LIE

Ist process

- Adjustment of each cross
- Bead forming o

TR24 mm

2nd process

- Forming by bending

.

Clearance: 0 mm—20 mm

o

10 FIFERTERT, TEDOTIER

Fig. 10 Schematic diagrams of a developed press forming
process (Die extrusion method)

JFE % No. 30 (2012 £ 8 J1)



AN IRZ 69 20t - wIERE B0 7 L X IZEAR OB 7E

Re Lice ZOmMFBHMIRAEILIRTIEFm e 72 5550 T
H 2B, wAlD oD FEEIRY Lca, iy - iifEL
E—FTHIEINZGENTH S, 2%, 980 MPa />4
FUREORINA T UM T, ITENDSRELS TR
HALTH B, REA LIBIRE U, g - ihiF R L
- F2MFRESI R TIIE T 2 2 e D AJRE 74 5,

92 TR, KW HEEEO TR 2 i 2 TRTH 2,
39, M LRRETHRIE L R24mm ORIR 24 L0 2 <
PFEy FCHIET 2, RIS &L S Itk SvF
Yoy ROIRELIZE 3, S0 F 2 X4 A - CTRE
S, HAHEBE S £ 4 7 = — AT RT3 & S ITRIE
b, N F e MERNE TR FSERE, Sy FIEZ ERS
TR N2 IR & CTHBIL S 2 h5 6, HE ST
WO RAY XA &y b R 8> F AT L
THWOIKRICHIES 5. WIETR T#, 7 7 > 2 MO itk
[ Cd - TeHm ML 2 5, 2 OB R TR
THARNZE O LSV S B 7 ZE 5 B VAL ¢ 72 % 25,
TRIAT/RT HIHFE ORISR 12 & )R R WIREE TR
AREY 8 5, Z DR, IBHEE~OL Y PO, K%k
DOBACTERE 0 ~ 20 mm FEE DOBA TR 2 R L TE D
bH5b,

323 £EEELHEEER

BE3ICAFASMOEREAEY T, () 131 TFHH
D8 F, ) B1ITHEEOZATHY, (© 13HE2 THE
DR Ey FTh b, BAFEAIE TR FERBIETH
h, GMOER- BEP DR, IR LERMEIZ
FC350 ¥ L7z, %7z, [RIUCEEHD &M R MU s
FETHBeEZLN, @A XV IIELTIBEZ
55,

EE 4.2, 270 MPa#13 & 11180 MPa #1 (#/Z 1.4 mm)
HWTRIE LIcREE i 2 7R3 ML 8y FIE (588 kN)
THRIELTWw Bz, #RNC & s L oBI LI R
PR b NI, 270 MPa M ORAMEMME, BT b 52 PANT
mibL7c& 2 CThH-7c, —J7, 1180 MPa M OEAIEML, #

FE3 FAfFAEEO2REE (@)% 1 TEOLE, (b)51
TRROTE, (%2 TEOTE)

Photo 3 Photos of the die assembly ((a) Upper die for first
process, (b) Lower die for first process, (c) Lower die
for second process)

JFE %R No. 30 (2012 4£ 8 )

(a) 270 MPa
W\ (Thickness=14mm)

(b) 1180 MPa
(Thickness=1.4mm)

BH4 SEERRONEEE
Photo 4 Appearance of front side member models after press
trial

25 mm DRAIEIED & > 72o 21, 1180 MPa#fid 2 7
Yo Z Ny ZEPREVIY, EEmICHE L
R24mm OHE L2 LRI LS 5ER TR W I ¢ hs
FRe#Zz2 605, 1180MPab O &, v FED
588 kN Ti3, %ihd 2 HREHIAE~ORENRELRETH
220mm % HBiE L Tw3 2, 8y FJIE % 58kN 2 5
980 kKN ~HEMIS % 2 ¥ 12 & O HEMEFIFAN O 20 mm LRIz
THIUNAHETH b,

3.24 FAMELAREBORE

B 11 (B LA RS E O 2K 2 R T, BT, AR
EEGE, WEEEERE, MEROBE TSN Tws,
COGHEEB R MY 5 2 v T, — A OBHIE I 2 A E
WD Lictt, b5 — /5 O & AL e Uz B L i~

Locating plate

Fixture of .
welding plane F 1Xt1}re Qf
longitudinal
. plane

Core rock

Temporary fixture of

Core

200 mm longitudinal plane
Cross-sectional structure
Locating plate
Fixture of l/
longitudinal Fixture of welding plane
plane

Temporary fixture of
longitudinal plane

X 11 PARE(CAEREDEHER

Fig. 11 Schematic diagrams of developed welding equipment



LGB IR 2159 2 iR - @ PEne A B O 7" L 2B Bl O BE

Ma (Thickness=1.4 mm) 4,

BEE5 AEROAFBRONAETE

Photo 5 Appearance of the front side member model

LS T AL CIAENE A EERCIRET 2 28 » T3
b, BHIZT — 2, L= RO RNEETAREE W
5 EWARETH B, T, MIBZROER & HEIR I
AT BB, s FAWRmE L L7ciih & Y b —EiE (20 mm
DUR), BAEOL CWIc DRI RIF e 2 2 KA 6§ 5.
BEE S5 I LRdaBR Ay w7 — 2188 Uil ER i
ZRT . FEMIE 980 MPat, HE14mm THb, 7L A
KTE% S IR & ED3 20 mm OEREETH - 7273, FIRIGEIC
IOEERLEAE L e DEETH Y, kA EET
HB DR TEI,

4. HEIDWAZKERSNDEARTE LT DiE A

INE TETFAINCHD D AR D 72 W EBT o BAWT I K
THEIZDWTORNT S 7225, HENEIBIIZHHD ) BIRE
H32bDL2 0, 22 CHIDS Y HIRER & o BT i P 2
ro—Fl % L NIRRT 5,

B 12 I TR e 22 o TRICB T 55 lE
AR R T, 1 TREE CREBBIRICISCTH 25T
%, 2 THEHTII, 1 TREHO A2 VvE 2HEREGDE, 7
S VR EEAEL, 77 VR NI ST 5, 3T
BHTE, Wil s> oMea, 75220 IS
i %0 RTIEORFRIILLFOYEY TH b,

QO T EEORIEO D, At F MBI LT
b KA DR >

@ 1THETMNG T2V IREZ (b3 2 2T 20
HHiF L ATREC & 5,

5. HHYIC

FAWT AR IC DWW T, JFE 2 F— v S HE ICBEFE L 72K
A L tze TR T ERORIE TiETH D,

1st process
- Pre-forming

2nd process
- Trimming
- Continuous welding of flanges
Holding die

Continuous welding

3rd process

- Compression and bending

5

0

compression

11

12 EhAY Y AEIREARTE SR SR DRI R A Tk
Fig. 12 Schematic diagram and photos of the developed
forming process for the part with bending portion

AT oM L <, BEL Yy MR _E ol
VDHEETH B DR TH B, ST, S OITHli 2
EY L CHT R HEIHE D ICEBRL TWLETW,

BE
1) Yoshitake, A.; Sato, K.; Hosoya, Y. A Study of Improving Crashworthiness
Automotive Parts by Using High Strength Steel Sheets. SAE Technical
Papers. paper no. 980382.
2) HAER, BA— HAWIKCZE—Hili 7 L — 20K ZeMtic
DV TNDEL—, TIATSS Review. 2005, vol. 29, no.4, p.21-28.

fie iz

JFE % No. 30 (2012 £ 8 J1)



