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Stamping Analysis and Die Design of Laser
Welded Automotive Body

Heon Young Kim, Yong Seung Shin, Koan Hoi Kim and Won Seok Cho

Abstract
Computer simulations and test trials were carried out to obtain the optimal stamping conditions of the

die design of the laser welded automotive body. The stamping process including gravity deflection,

bead calibration, binder wrap, forming and spring back was simulated and compared with the results

obtained from test trials. The production variables were determined from a preliminary operation and

they were investigated in the simulation and the test trials. The formability was tested under the vari-

ous conditions, such as the initial position of blank, blank holding force, corner radius and the shape of

drawbead. Sound products without fracture, wrinkling and excessive weldline movement were pro-

duced by applying results obtained this investigation.

Key Words : Stamping, Laser Welded Automotive Body, Formability

1.ME
HZ AeAte] wd A 243%8, n&ks u¢Hs)
o, AFA AF FEE &2¥ 73,%@}; g{g

&’l‘jr AEAt ARsE g W

o o 32%E AR e Az ](automotlve
body)f S HAaA7lE Foloh ! AR R Y
H BAZ o] FolA 7] wiie] BAl AY lgo] BE
Al A gElojd ¢ k. dukF o 2 gt Ak F

PERE WAAR AR EHE WA, of FAFN
T4, 38T, =5Y, A 7t 59 F7b 5yl

PR ETE @0 o)l L HehElr] Yol glolA] &4 3

* Zlgdtn 7\ A2t
A R P AR B o

382 / R4 MIIBESR/ATE A4z, 19984

A(TWB. Taila Welded Blank)E °]43t} #elA
TWB 432 5/, VA8 44 sol e 54 &2 1

olde] BAE 4 Ao M2 ST F AFste AL
3t} dE &9 2 =9 Aui(door inner)olA 7
Aol 87 E £EL FA (hmge)—‘?—"l‘:} 7]—'-4 e
AA o] QUE 22 54 3t 3 o]
S7EHE F& EAAE 37 }5}‘4 13114' TWB®| A}
£08 7ol 87 EE B F4x o] & BAE,
U A] B 2-2 gk BAl S o] &3t &35k, dvlel ¥
oz JAgozn 2 JYolXe A FBHAY, £
A, 87, FHtA B EFE E 4 %Y
gy Fold &3 A9 YA BAss £3HAY of



glolA 83 Aol Y 2FAHA

T AL Sk Bof WAStE £8. £4R9 AU E
of &g itk Fo] BA e £ Qley, vz 3
o2E o] FAE EFHFHE Aosy] offtuz A
B2 A% Jigo] 879 A golA TWBE XA
Fo 5= 1 Aol FH Qe AFon A
A, 28AA 2 Addtel did B A7l o] 2Aa 3l
=

TWB A4 AHE 4HEd 19673 TIG ok=Z&7 |
o|% TWBE EtH(Honda)Al7} AAHEA ] Alo]= vl
(side panel)oll 243l 1, 1979¢ BH (Volvo)A7} o
A4l (mash-seam) £34°] <3 TWBE #Hgsistin
d#A gk 19859 ol (Audi)Ate F20) Id
(floor panel), =8HToyota)Ale 4 F=Z(sun roof)
o Ag3gont ol BY Fr9] FRE AP Ao
ATt ol F 837)&, AP7)&0] Bl o2 WA sl o]
A &3 HAF degd AL 19899 =8
(Toyota)AFY] o}s-Ato]= #'d (out side panel)elt}. 90
dd E0j WA TWBE Alol= =9 (side frame), =
o] (door inner) Foll HLE7] AlzslHon], dA
B2 AFe v g A gdch 0 Ze) A &
. o, Zlob FollAl =y QY Alel= Z#HY(side
frame), 2} 34 (floor panel), Det(pillar) % 5§ &
< 5E TWBE #4317 93k dprt e A3
ol

2 AT E =9 AW 4% #AE Y8l CAD dio]
BERE tolE 2y & AF9 27 APE A%
Y AR A, vjeie) A3l S 236 97 Bj=d
274 34, tolst BA, Erio] tAFEHE K| 213 vt
A9 H M, AF dFEE AT 49 H48 £Ysin,
HF AYE A2 By A F AZTP g S
st Egt #HolA 84 A Tol AU E sl
A3t &3 7heE TWB A8 3382 44 Azsld o
2 714 28304 APAE S 8, B A
HHE TPt 2 QA g e FHzd, 27]
A9 $IXE BAEY 1 A9 E vl - B4 g
F5 2 4349 Aol o5 5 Alolstt,

2.5 U AJE W
AHE2} £o] 9l (door inner)dl] Wdkd SPC3 0.7

mm BAE AHES 48R, & FY 8N (gravity
effect), Bl91H) % (binder wrap), 2% (forming), E&1™

(trimming) 2% & Al€#o| 4 (simulation)dt.o™, ¥
gekd, v, A=Z8 W (spring-back) S ol Zsle] A7)
AHEEF vwstdd, a4 AdZdREg agor
0.7~1.8mm °1% %42 TWBE AFA =of Al
Hgste A4 HALE NPT AP BasAct
(Fig.1). 4% Al¥(triaDol M= 271 w9 929 ¥
E34E WS 2 A% 48 2RE vl B3
Hem, ojst FAo HFE BAME HFAT &, &2
719 9%, £ EYY@BHR), BlEY WA §2 5
& Al Azl vimslth, 281 ol e ARE F3Y4
AR AEA A wrgstaat @,

2.1 TWB HEE /I8t 283 4A|

gL A EHAA(TWB)E A &A1717] H3A =
A 7180 AEat AAlo e EAo] it dA
AA Az FYelE o2 7R dov EH R AR
aAel ez S Az v)go] M2 dhdte Zas 7t
A gl &, §-F2 2717 AR Aok st 33

T FAEAY, AUF R oA g gl &7

Z

2
€ 734, 4%4. iR 8 2F UEATlE H1
=2

F9 2717} Aolw &4 Aede) AHfE
3ol 47 FAheaL, 3te) 84 Bl B

fr 2 od & lo

R ID)
2 o
i
o 2 E\i
e >
oo
o)

o
_?L

o

ul

[

2
o
i)
1o
)

Fo

H

)

)

x
> -
T

ol & & Besr] A £ AA A& 2B
AAZ Ay, $F9 2718 FFsta, B3 o= F=A
7 GA s & ARJMME AR Ao} vj$ Fasttd. o]
23 A& A e AA 1E2] 87 BEAS gofdta,
BRI A 8eHE ] JX R HESY, BE 87
HE 7153 54T AAAE g3) AUl HEE dlof &
o}

EHHANE =AY (door inner)oll ZH-&317] % A
& FAle =0 (door)dll 8F3EE 2AY Zel ois)
BAE HH dAske Fojvt, ditdog Ty 7
Tl ddle oA A (door sag) A}, 9=F =9 A
A(window frame deflection) a4}, MEzl 74
(beltline squeeze) &4, 1-/ZE*(normal mode) 3}
A Fo] o ol RE 87xAL wEof &
D}_‘QS)

Fig.12& Z2=34 47 Jepd 339 44 235
epdrt. et S oAl AN FHH edte BE

& AR FaAAE $HAE Yo s} AT, 2

SIS AMOIBX| /A 7H 4%, 19983 /383



SEER
g e v go] vn7] wiel Fig.2¢h o] &34S
Ao ‘573 A A BT, Fig 2oiM #Erie 317
Wog 93 A 875 wEA7)7] 98 FA4 1.8 mm
o] W2, $-EFEL 7|1E AHELAQ] F4 0.7 mme]
AN E LS AHERAE 25 SPC3E(MDDQ 5+
Deep Drawing Quality) A& A3t

C ez AT AN AAILC, FE T
HA e Aol AE S YA A3 g
& AASle] A slord ¥ g = bead)
2 A5 vlse) Yo A #UFE Ao

Fig. 1 Position of weld line resulted from structural
analysis
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Fig. 2 TWB of door inner panel
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Fig. 4 Initial position in door inner stamping
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(c) — 100 mm (d) Final

Fig. 5 Deformed shape of door inner step-by-step
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Fig. 6 Flow chart for forming simulation
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Table 1 Resisting force by drawbead

Interleaf(%) |Interleaf(mm) Fx Fy
0 87 0 0]
20 7.1 0.005 0.016
40 55 0.0165 0.026
60 39 0.036 0.04
80 23 0.058 0.065
100 0.7 0.082 0.152
(a) Thin blank
Interleaf(%6) |Interleaf(mm) Fx Fy
0 9.8 0 0
20 82 0.005 0.016
40 6.6 0.0165 0.026
60 5.0 0.036 0.04
80 34 0.058 0.065
100 1.8 0.082 0.152
(b) Thick blank
Table 2 Material properties
Item Value Item Value
§—I)ensity 7.8E-06 kg/mm’ P;ison' s Ratio 0.3
Thickness 0.7/18mm | Lamerdcedr 17
Mo 210 Gpa Coolident | 0586 Gpa
Yield Stress 0.169 Gpa Initial Strain 0.0078
3 e 0,249
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(a) Initial state

(c) Pulling state

Fig. 7 Drawbead calibration

(a) Gravity effect

(b) Binder wrap

Scale : 30 Spring Back

(c) Forming (d) Trimming and spring back

Fig. 8 Deformed shape of door inner
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Table 3 Boundary & initial condition

Boundary Initlal Condition

Die. B/H. Punch

s :All flxed Gravity Acceleration :
Gravity Blank:Two node 9.81 m/sec’
of bottom Uy flexe
Die, B/H : Uz free Die Velocity of
Binder Wrap Punch : All fixed z-direction
Blank : All free : 2 m/sec
Die, B/H : Uz free Die Velocity of
Forming Punch : All fixed z-direction
Blank : All free 10 m/sec

(b) Simulation

Fig. 9 Deformed shapes of simulation and real product

Z2H-shs Ho R S 4AHe 4EE EY gl vkl
tl ¥ (bindre wrap) o xE tholo} Haf 2 B¢}
Erie] 7] FEFA w9 ¥ g B 5 Yo
(Fig.8(b)). 49 XL ~EF A (stretch)9 =24
(draw) = 5859 532 HER=E I8k A
F A3AA otk (Fig.8(c)). 48R #AE o3l E
% % (trimming process)¥ ©Al 3o 93 AX
& M (spring back) ;¥ E ¢AHoz 4IP3
(Fig.8(d)). A@s Mo A4 AE EGX & Table 2
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Fig. 10 Initial blank and drawbead position

Fig. 11 Deformed shape with wireframe

Fig. 12 Thickness strain distribution

Table 4 Various parameters for forming trial

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
BHP (kg/cm’) 120 120 90 100 90
Blank (mm) 0.7/1.8 0.7/1.8 0.7/1.8 0.7/1.8 0.7/1.8
Blank Move. | _X - +50 +60 +40 +50
(mm) v - +30 +40 -25 -30
Results
(arour}xld 1s aker Failure Failure Failure Failure good
ole
Ete. - - 60/ %0 mm ber:(?dl&ﬁ%%le mﬁﬁ?
cutting radius hole radius

BAMTIBESX|/A T A45, 19983 /387



(a) Test(trial 1)

(b) Simulation(case 1)

Fig. 13 Comparison of simulation and test trial

stretch & shear

Fig. 14 Deformed shape around speaker hole with grid
circle in case 1
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3 28 S (circular grid)& =¥t AL FPT
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o W& 2EA7L TS B 5 ok BF 297 &
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& A § ook, mEbA of B 01]"14 Ao g o5
& 5 k. A Al g wgor 53], 277
599 oA ousty] 3l 271 wA9 A, =
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(Fig.15(a)), A8 3& g2 &9 AAlE &
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339 (Fig. 15(b)).
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(a) Trial 2

(c) Trial 4

(b) Trial 3

(d) Trial 5

Fig. 15 Test results in forming trial
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TWB =o] Quld] digt el e A48 Ald 279
v BMsle], A 48 2AE 3] g8 AE AE
3} FAlel sl (A Agaid 2 Al A9
A & Y9 g =2YHE ol 4] BojFlo] LAY
s}9t). o) dds] Y8l g e AFATE 58
gt T 242 Table 50 UehAAct

Case 29| A%, BAle) 4% 3lHE 702 AALSE

Q] Z&=m
—1’1

o2 08535 AN 2 43 9% SHREA
HAYA Hoye g+ glA e Fig.16(a)9] 43
GA=(FLD, forming limit diagram)$ 57 ©8 & &
FollA et o] 2HH & F A A3 HolF 24
o] d&gn AT d%o g o|F3Y). Case 39
B, 27] $ASIAE yO e 2 25 mm °)Fst e
U, A 297 & 299 Foig Wyo] dAH AT
Case 29+ Case 39 Z#E A4 (trial 2)7 v 28l

Table 5 Various parameters for forming simulation

Case 1 Case 2 Case 3 Case 4 Case 5
BHF (ton) 80 80 80 70 80
Blank (mm) 0.7/1.8 0.7/18 0.7/1.8 07/1.8 0.7/1.8
Blank Move. X - rotation - - -
(mm) - 0.85° cw -25 -25 -35
Speaker Hole Radms 3~4 mm 3~4 mm 3~4 mm 8~9 mm 8~9 mm
Results Failure Failure Failure Good Good
(around speaker hole) (wrinkling)
Control bead
Ete. - " - - force

SR AMIIBESIK| /A TE A45, 1998 /389



Major strain 1 (%} Major strain ¢1 (%) Major strain e1 (%) Mejor strain o1 %3
] 00 L] 00|

EJ 0 k] - - ° z E - 1] »
Minor strain 2 (%) Minor strain 62 (%) Minor strain 2 (%)

(a) case 2 (b) case 3 (¢) case 4 (d) case 5

Fig. 16 FLD and thickness distribution around speaker hole after forming simulation

va ~3A & YA Bol % € A& B+ oy
2E# X (stretch) 7} S ete] & =27]7F AR wiehA]
29A & BeAe] ol 7 TAL #AS] FUF F
Zo3 Qg A5 Fo B AEYR TS 211010}71
Ao 297 & AXE KO oA 2FA & F
Qo] 2 WAL 8~9 mm = F/MIALH, g2 &
2 (BHF)E 80 tonolA 70 tono2 R3o] J &4
< 7Yt (Case 4)

1 A% T wAle fdFe] F7lste] 8344 of
FHu 2=y 3] AT FoEAH, & FololAe A
oAAdx AL AA=H] Fig.16(c)} Zo] ¥a3t A#s (a) Wireframe

AL 4 Aot v BAle A& vt Bajg] Fiof
A F&(wrinkling)°] ZA3st4ith. ;La1tr z ZEA =
F AT FYFE Aol slo] vlERe P4E W

oX 1

st et

B4G 2719 vl=g YT GYAM AL Aot
S Ao R8AA v=d ZF8 A (bead calibra-
tion) & A A3 FAL FA FA ZEte H=
o] w33 (resisting force)®] $F2 FA] ol 5uj%
T A3A FE4E ¢ 5 Uit e FAE /A Ko
ZHg3he HEe] FAS HAANA £Y AgEE AR
Aok It} & FAE T4 & wz=oA AV fSiEE

Hipo 252 =7 A A7 H=E A o] A PH L '
24t o)ad AE HEo R case 5olAE FAL {b) Shaded image
Ao} o gAlol zzt thE vz S F8A1A AEEH Fig. 17 Deformed shapes of TWB door inner
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Fig. 18 Thickness strain distribution

: stretch & shear

Fig. 19 Deformed shape around speaker hole with grid

circle in case 5
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saled Bl 1 A3 Fig 173 2 9¥d &
o, 297 Zol A Y& & F YU
=3 Fig. 16(d)ol~19] 484 = ¥ Fig. 189 AL
9} Zo] A¥]7] ER A HojFE P = UAT
Fig.199 9% 28=% =33 ¥ 4344 ¢ 23
Fig.14¢) ¥]&td 207 & F9loA 2E# A9} Aol
o3t Jgo] Bol AadATS E + Utk Fig.20& 4
3 A 7He] Aol o 4349 ol eFE B
o Ft} Fig 20004 B33 93& #2A17] case 49
A% 47849 o|Fe] M AA Uehgont o] As #
& sl 5o BTt Case 59 ¢ &4
A o] o}go] Case 2,3 BT} Bo| Zo1E3iT).

12 -i>

=
=

58 2
of2] 71x] @) ok TWB =9 W 3343 4
AP ATz RE o33 e 2ES A%

(1) £349 o|F EAL A8 gy 2o & FeFE
F7] ol 27] ARl AN E BH s 83 olF &
A& dE&ste slo] AlFolvt FHE AAdted W 5
f3jt

(2) 297 & (speaker hole) 99} Zo| Zr}g 1

o] sl RS AFAAA AR 4TF U A

0

o] FEG TES Folok Ao BY, SHAE FTh
¥ 9 F80) gl FAE k= WA Qo v
A3t

(3) TWB %A BAlel 57 F-& Ao zolo) ueh
BHF Z7o] 27t thar}, £8 %] ohd 4% 294
Aol Ael Brhsaie, FnAoz wgHE saol

Case 2 Case 3 Case 4 Case 5
A 8.34 7.08 136 3.26
B -29.93 -20.09 -8.53 -23.14
C -54.78 -55.95 -15.34 -36.83
D -66.03 -67.37 -29.04 -51.61
E 6.01 54 13.88 9.35
Fig. 20 Weld line movement
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