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Abstract: A topology design method for the weld line location
layout optimization of tailor welded blank (TWB) door is
proposed in the paper. The multi-stiffness performance is
required and the bi-directional evolutionary structural
optimization (BESO) is considered as the basic design
algorithm. Thus, the traditional interpolation model with
Young’s module is changed into a novel model with thickness
property. Finally, the sensitivity equations are derived from
different stiffness requirements. The results show that the
region boundary of different thicknesses is more obvious and
the total weight of optimized door reduces by nearly 30% with

only about 1% loss of its stiffness.
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process for multi-thickness TWB structures

Fe PR R G B TMEAL P T RS R/
FEM e B V- 34 2 BE AR A VR O B AR i B DAL IR AR
XA [ J2 8 X I R AT FOR A SRy » i AR 45 e R
23 1) 9 7 3R S ML 9 B BE - A AN [7) JE2 B [X 3 52 7
2 H AR AR BRI E MR AR BE 07 . 2 )3 BHAR
WA ML T7 2 B RO R S — R an A AL )
FERE ) » BISR FRARRBFAR B 254 B B0 AR BE P 3 32
BEAFE A B A s 4R PR -

= L, 1o
mmC—Zfru 2uKu

-1

N
s.t. VI — ZVZ-L; — EVi* =0,i=1,2,+,N,
i=1 i—1

j=1,2,0,n—1 oy
KA f B K a4 5k G54 I 4 )= I B

SRR RS Al N S BETT4s i) K 48k P9 9 2000 8 8
Vi N i NEITIIRTRG V) NS 5 RP R R
zi ABTT AR | sy BB BB

M AR R A A BR e R 15 23 R o
WY IR B (o ) VB IR AR B ZE AL AR
RS R ITE E I SR E R RERR A, TR
T SCHE SRR BT 0 P 2 (40 0. 001) SR AR LA
G AT E. PHER G 1Y R BT R BT (v £
B SR D J2: « AL SR i S5 B s BT Y BT 2 (B R
1, WIFR7m iz o B A 2 5 Jm v E A T B M
FHIUE N L0 B HLRFEVT 2 » W A B
JOiE AR R R I, WER T E/NE
FE(E. B CBORIE D W BT B I & ) BT )R
BEAER/IN SR REE B AL R R R 6 B 19, 2
SEERPHE AR S5 M B A BE T T SR Ak =2 1R) ) £
FE-.

2 FEINIE MaE R AR f i

TR 4 B0 I 45 H P ZE R 4 1] R AR N B 9
2, 7% BB T TR AR FF 22 GE W1 S5 3 S 4 ik o
K¥EE ERAE . WK BT ARE S ML 5
W&, BWTE TR BIrA A 5T BA &/
IR RE (BFE B RRIBE) %] RS 125 R8T
RO T o 8 I i o0 2 A7 Ak P 57 8% o B8 SR PRAN 45
IR, S Pl AT BROTH ABAQUS BEAT4{H
AR, AR AL SO T e AT BT R I PR L 3
el R B A4 8. AR 305 IR B T OLAR 10 T 2
W | RN AN T HH5E KIS A R OTAR B AN 2
7.

a EENIE
2 FEABRERSEMLREE

Fig.2 Force and boundary conditions of door with

b bR c FHFRIE

different stiffnesses

FUIRGA RN PR B F AR BT X0 07 ) B T80
ST, 3T TN, S8 AL G Py A1 P2 HY 6
A~ B BB, BITHEFAL GRL Pa) IR 88 /P
x My J7 8 LR BB A RITE = T Fr =
800 N FRyZAr s 0f L H 5 W BE AU T 1152 I BE , ik



Ho5H

TRVERE S8 BT HIMUL R PR TTREE B R 675

bl 5E A [ 2 L TR TR BR T hedt LAY B B BB
Yy, 2 PR A (F, =F; =200 N)IF & v g
FHITAMRA ETAEGE PR Ps).

BKG ik 3 FRRIEE Toshgehy 2 Fh LRI S %
(). PR AT FELPER A, B LT BN A
RS- TET N7 7 R) R, % I A A B R S
(). SR 33X 3 i T 50 B A7 W) 8 6 7 55 R =2 )
IR R EARFR AT R—R I RER G EE =T
K7, HETR B R S o, ASCK LR
RACE AR ETE AT ZNTE, RGN ZEEDHE
WA T Z NI E TOUAME T MRREE M B U T & A
B, B PHER ZE T T RER RIS AL.

3 HHERMEREESHT

3.1 EE&HINE
— MM T IR R B 2 FEE SF
R ER) B 1 A 2 A L PR AT R AR S AT B R ) B
AR Y SR AR B SO ST T BRI A, A
TR
E(ay) = 2fE; + (1 — 2p)Eps @)
Kb p HEEEL, p RS, WA BRI E R ILF
BA RS, —BIEEUCY 3; E .
BB R 2f SIHH LA AT B P 72
KT AR AT DA oy B o T P 4 e i
iR MR A B SRR BE A K 30T R «
K=Y [«Ky,;+0—ap)Km] 3

A :Ki,jﬁKi,jﬂﬁ}inJu%Hﬂgﬂﬁﬁ% E; F Ej+1i+%:
BRI i D EITHIN] .

WEML R, 2 UGB G, Z2E T
ARSI I 2 JE B2 DF SR AR 45 4 48 88 A3 Jmy e i O
B TR 5 R L B W B R BOC R , A BE
G I E R TR TR T .

H1 A FRITHIR AT, 3 T4 4[R2, BT R
BER ] LI G — Rk

K.() — T(wjﬂBTEBdQ — TR @)
L E F1 B 45 A RE R AT N AR S AR R I s
B XA, X 51181 W7 7 R RS- AR 25 i ) 2, SR
£ B PR

b PEARE
T = N 5
. %} vmmam

T I REHB AR, AR SCE R HR 6] B BE Y RRRC

BEATHEAE AT PR «
T(y) = 25T +A—=2DTWn)  (6)
CHE BT NI BE A
K (z;) = 25K, ; + (1 — 25K, ;jp1 (N
5RXOARRMZE . ER D K K, 5052w
B T, T i RR RIS BT R BER R
3.2 REESF
YRR GEHR BB A AL, A
WX B2 AT R Rk R R
BB S R PR A 2 T B K 2R, R R AL
AT LA 35 O PF AR AR 45 4 W LT A R 2 B B T
fFE.
TEA FRITHrep S AS S T AR
Ku=Ff (8
HPHERE IS E B, a5 (D H
P ek B B C B R BUE R LU X 3 AR
x5 AT B, AT 7R

aC _13f" 1 ou
al‘ij o 2 axiju—i_ Zfraxl (9)

T B AR 1] B YRR, 75 2 B R R A
FIA Lagrangian 3 a) & 4, X H AR o8 8B
1EH

C— 2 fTu+i"(f —Kuw (10)
BIESE I Bir BECR UE
AC _13f" 1 xdu
AT . of oK, . ou
an

TR RAAAE, RADPESHLME 3
R AR R, AR — AR TT % BE 0 AR A X e b i 2
for ) B0 AE R0, iXRE H A R ER BUE

S = (G —HK) =

QO A%, FH R (f —Kw) 1R R E, JF LA A]
PME B ¥ Lagrangian e F & A. 7 T IH R K
du

az

Gm¢miﬁih,mﬁzﬂUﬁﬁ%
%fT—ATKz 0 (13)
BREGYE R RAD LS —$RIE N
A= u (14)

KR ADRAK12), W1 Bir BB 7
A



676 A ¥ K22 ME KRB 2D

H46 %

9C _

axij

_1 19K
2 'K Ax;;

UNSRX 7 RS HEAT B AL BE 3T i I 47 (B e 4
XD, AR RITTREE
1oC _ 1

XA B XA R B g2 TR R, REBBEF LA — 2

__ 1 19K
U =—gu aIijuz (15

Ig‘_luiT (Ki,j — Ki,j+1 )ui (16)

i =

1 _ T(tﬁl) T . L=
2 |:1 T(t]) ]uiKi,]ui, Ty — 1
“ T T(t;)
TP L [l . E K. tts 15 = T
2 Limin |:T(tj+1) 1]“1K1y]+1u19 Tij L in

an
Vg —BhiRF SR A0 5T LA 5451 3 F 2 PR 1
1, RBHEREEH, o RBUE A LU

1 _T(tz)] T =
2 [1 T(tl) uiKi,lui, Xy = 1
a; —
lrl[M_]_T_ S
mem T(tz) 1 u1K1,2uz9 xz] L in

(18

WA SR Bl SR 0T R SR TG Y4, HET
153 R R U, T B

Qj,n — Zwiai,e a9

TR 0 f e SRR AT M B 555 5

MR EBENEITEE o A NI T A

B mAL R B Zw =10 N j DT RRE

BE. wi BYE XN

wizl\ﬁ{l_ilnj} (20)
KAy N G AWEEE AT O Z RN E L
PEES, vy ZEMD BE TS b n) B A O BT B PO B
L7 A5 HO T S R AR R AR

— MR A R T 0T L IR ER
BERNTHRHEBRITXBASE  MATREES
KB AL R IR D RS AT
Bt 8B | M EITIHRBUE S E N

zq:w(rij)aj,n
a; = ‘:1q 21D
Zla)(rij)
o q M A T AR w0 (ry ) AR R B
w(r B AN
w(ry) = Vo — 73 22>

4 PHEWEREGRHAIMITRE

ZHEAMT B BHEAR A2 1 St i i H s mT L
WA —A~ 2 BFs LA B R, g D AR —
fay B g R PR K £ B s B 4
REA ZR i) B E A I TEDFAR AR S5 A AR 2 A0 R 1L
A LR r o A5 AR S G H A o i B BT MR T80
HHRS L ER) 2 BE AL Z 7, SE P L B — A e (TR
ML 2 R TR L

A 5 B BE A K BRAR AR S5 A 7 2 W BE 2% 1Y)
FREE A SR TR ] LASRAR

min f(x) = D> wC = >, w, (fTw), =
k=1 k=1

2 W, (u"Ku b
k=1

0o =

1

N
s, t. Vj* - ZleU - EV; =0
i=1 i=1
_(Lt>y

Ty —

23

Zmins < L
SR om AT B I 2880 G 5 R RIEE T
BT s, S50 b A O 2R B 0 1
FEFRERAX BN, > w = 1. 3k, 6
57 B BT DA R S AR TR T 4
BT«

@ = L Do ((TC) — T Tk,

LY
ARSI, X T8 j AR RIS § S HoT AR BUE
AL S RE

l[l_M]Em(u}Kwui)k, x5 =1

2 TG JiE
“ =L [ T 15 K
2 ZLnin T(t]+1) 1 ;wk (uz Kz,]+1uz>k )
Ty = Zmin

(25)
FEPHRRET 1 SIEL NI EERE Bin &40 T
R s )R BRSO an A 3 BT,

5 RItERE®
5.1 MEREGIWIE

BB BRAE B ST AR PO AR Z — R P B (L
B 4), ISR U7 VA TEAL BEDFAR AR S5 R I B T T



Ho5H

TRVERE S8 BT HIMUL R PR TTREE B R 677

[ 32 R B LA RS 2 60 mm X 60 mm, BRI R
2 210 GPa,JAFALLA 0. 3, WITHRE R 1 mm, EfT
P ALN BESGENN =10 mm,z =0. 8
mm 1 25 =0. 5 mm, KI5 E 4358 20%.30%
1 50%.

B 5 AN [R)JE B DX I 40 A A R E 4 0 5. AT
VLA M UG DR G W A B B X AR .
FAE Lot 0 A R TR BT, S5 KR B DX IR AR
A3 T AR G5 A 0 O BRI £ AR LA BV ok
BB R BAE TR AR TR EE
B DHEAR G50 R AT AR R B X 845 2 2
G345 . T REE H O B AR AE S E

R Xt 8

BN e

HATERTO, HEES 5|
MU R TR |

[t i uot Pt e R |

| 52 SRR — P i EAT I

| R B AT M AP TR et |

=]

FE
| B bt R 1R R

3 PBHEHZEITEZE/ERMEITRE
Fig.3 Topology design procedure of weld line
layout of TWB door

60 mm

4 AZHOREHIREETEE

Fig.4 Schematic diagram of plate structure subjected

to central force

F30W WSOk BTOK HERK
B5 AXTERMLERTRE

Fig.5 Optimization iteration process of the proposed
method

EBULR/N

A 6a TR C ARG E o BT DT
AT LUE B BHEAR S5 W R WS I, S
IV B JBE X35, Fg 4 B 43 50 ) B S R 0 /N B 38 K 6 )
RS 2 )5 » 3 B M T )5 5 A AR B o B R
BE I A AR, AR R BT

A% B 5 336 B A, 44 4 3 3 % ) IE QA 5 A A
R (SIMP) B2 45 R, S TR i SIMP 33
WAL B F E] JE B it 9 IX 48, 85 SIMIP 3 rp Y B /)
BEZHRE R — /NI E N 0. 125 mm) , 73
5 C AR o B D 50 L B F 284
BEDIFEA> B0 & 6b FMIE 7 iR, W LUE W, LS
P58 2 th B P 8] V5 B 2o O RO, AN 2 72 A AT Y
AN R B X 443 - 2 » DA /I BE M A8 L 2 (¥ KR A v/
BAR M T 5 R B2 A PR
(SRR il 25 R AR KW R M, B B SIMP 32
FIJR PR k. 5 A SCHR $0 O B Tk D7 2 R W Y 2
SIMP 75 M EARGTFRTT 4 S5 M 5 R B B X3 1 AR AR
SPGB IR B ORAS, T LAZE SIMP Bk 4 R
W/ RS IR A& R A&
AR,

11.0
0.8
H0.6
&
0.4
H0.2
20 1/ 1 1 1 0
0 20 40 60 80 100
BARIRE
a ARk
g 11.0
10 ——C
9 — 0.8
g
. 8r 40.6
> )
o 7 g
2 6h 0.4
~
O <L
3 40.2
4_
)
3 1 1 1 1 0
0 4 8 12 16 20
BARIRE
b SIMP 3

6 2WMATENEHEEMERSEAEELE
Fig.6 Evolutionary history of mean compliance and

volume fraction of two methods

Xt 5 A 7 6T LA 7R 4 B A Al
RIRATREET . 2 Fhorsk18 3] 5 K7 B X I8 Y



678 Bl 5 K 2% % WmaE R R %0 46 5

(LB B B UL R a A B B AL AHXS T SIMP 2, 3400, 1k
AR SCHETRIE B A0 2 B MR AL 78 th 0 5 el fos
REEHL R ERARENE I BT 53 lo
AR08 AR ] 4 B X3 S ) R X3 ) 43 SRk TR ‘ ;;ig s
Wi, BV R (6 B S AT DL, AR ORI M BF MR AR 2 S 3370k 04
PO 25 5 R, BB BT Mt 5 72 B BHIRAR S 1R 1 33651 - 0.2
IS RAE Y TR R LT S iR )
0 5 10 15 20 25 30 35 40 45 50 55
HEARYH
a TI®
ok W3R MO BUK  HK O 1
B 7 SIMP &SRR 3008 e J038
Fig.7 Optimization iteration process of SIMP method 22950 . loe
5.2 PHEIRZETIRERBIRINEITER 2 29007 e &
ZIBLF 2 MR TH. © FRAE, =13 S ogsp " ™
mm (gp =40%), £, =0.8 mm (pz=30%),2;=0.5 WL ';_/‘"':@T --- 02
mm (g =30%) ;@ L4 %% Rl BE AR 415 L B, st
ti—=1.4 mm (goﬂ =50%), t = 1. 0 mm (gofz = 0k 1%2?‘2;\5%( 003340
20%) »2,=0. 6 mm (e =30%). T R B B e i i b TIR®

B FEEDLENRN, TR E R E ;R 8 HHRIZETHHREEHREMERHBAHEHH L
RN N E NS EE TR 80A N 25 Fig.8 Evolutionary history of mean compliance and
(), WAL SRR R R=0. 02,13 &2k volume fraction of TWB door inner panel
B Fmin =100 mm, X TELQ H I LRI EFT
TR WAL R 7 FE AR X U0 25 R B 2 R
RE. R T ESR LA A T BB R BE L FE I
TR AT R0 T TP W AR DR 7 BB A 221,
HECH 0. 67 A1 0. 33.

Il 8 PRI AT B AT 2 31 AR AR 23 5
(4 F AR 8 D S0 AR B9 A O LI Q134
FEHH 3 394, 62 N » mm 1 300. 12 N « mm. f&
BBt I S W - MR BE ¢ (9T R BETH TR
BN o BRRNEE 1, BERE 1, BBIHH
REERRAEG 25 Bt BB RS W EL,
JRIE v WA S0 B I B2 AR R AR Ay
1k 5 B s e BRI AT BE K8 A B 23 B B
REWLSUN » ARG R Lk

BAIAMEACE ZE TR R AN 9 BTR. B
HR S [ J2 32 ) 0 57 5 T BV AR 4% o S SRR R, )
AR A 78 421 B 1A ke b RA 55 R SR BE AL
WRIZIHFMEACEE R 7T LG A BOEAR e AR A
[7] JE BE L5 35 P AR 235 A AR 3 - 1 P v T
PR I B BRI L LR S R B 9 KIERJIJFI}RTZ#EE#?E TR AL i R
ﬁiﬁﬂﬁﬁil —J%% . . Fig.9 OptiI:ization design results of TWB door

N T HE— 2P LS R, R 1AW T IR
TR AL BT RIS R Z B B RT L. AR R

inner panel for different stiffness cases



Ho5H

TRVERE S8 BT HIMUL R PR TTREE B R 679

TR HEFT PRV, Z R BB EMN ¢ B 2 H 3
g » TR BOR AR S B B o T 5 L R R Y R R PRI
(2096 AL 45 2 B0 °F- 35 22 BE (U /N i B2 1 38
CRE] 990, Jo H 2 T80 O AU 5k 45 1 W
120, BEBEIRAIGIRIE 3026 BT, X IR B A

BRI BT O 5 BETE AN A 45 4 S AR
JERIBTR T - T BRATAR 421 T 4 H 19 T R R K
RYNZBOT BV ERE T REL TR RA
.

&1 RUBERHEEENRETHREMREX L

Tab.1 Comparison of mean compliance and mass of TWB door inner panel before and after optimization

BE OBREE onent e C/(N» mm) cHn PR /e L s
WA TH A e L R A AR/ %
THD 53 40:30:30 3 359.62 3 394, 62 1. 04 10. 560 7. 459 —29, 37
THO 43 50220230 275. 56 300. 12 8.91 11. 370 8. 951 —21.28
222(8); 1337.
6 éﬁ -L/I’: [77 PAN F, ZHU P, ZHANG Y. Metamodel-based lightweight

QLKA G i L0 S A5 1k P 485 L PR K0P 0
A% JE JBE BRBSC AR (B ISR | AR Hh AN ] B W BE I 4 2
it AN R REAR.

e R AR AR B 48 E B DL T
AN I 5 XIS 7 4 A 4 S S o P S 4R B ) A
JEy (S BT T AT UL AL DR AR S5 A0 B 25 By S 52

(OALAL BT BRI 25 4 72 A i) 55 1 1A 1 B2 #) i
T B PR

S E 30k

[1] MIRAPEIX J, VILA E, VALDIANDE J J, et al. Real-time
detection of the aluminum contribution during laser welding of
Usiborl500 tailor-welded blanks [J]. Journal of Materials
Processing Technology, 2016, 235; 106.

[ 2] PARENTE M, SAFDARIAN R, SANTOS A D, et al. A study
on the formability of aluminum tailor welded blanks produced
by friction stir welding [J]. The International Journal of
Advanced Manufacturing Technology, 2016, 83(9/10/11/12)
2129.

[3] #%iEd, HEE. BT EXENTARIHERZ W&
[J]. #HE TR, 2017, 39(2). 237.

XU Fengxiang, TIAN Xuanyi. Safety design of TWB front side
rail based on orthogonal array [J]. Automotive Engineering,
2017, 39(2). 237.

[47 SHINJK, LEEKH, SONGS1, et al. Automotive door design
with the ULSAB concept using structural optimization [J].
Structural and Multidisciplinary Optimization, 2002, 23 (4).
320.

[5]7 SONG S, PARK G. Multidisciplinary optimization of an
automotive door with a tailored blank [J]. Proceedings of the
Institution of Mechanical Engineers, Part D: Journal of
Automobile Engineering, 2006, 220(2). 151.

[6] ZHU P, SHI Y, ZHANG K, et al. Optimum design of an
automotive inner door panel with a tailor-welded blank
structure [ J]. Proceedings of the Institution of Mechanical
Engineers, Part D: Journal of Automohile Engineering, 2008,

design of B-pillar with TWB structure via support vector
regression [ J]. Computers & Structures, 2010, 83(1); 36.

[8] XUFX, SUNGY, LIGY, et al. Experimental study on
crashworthiness of tailor welded blank (TWB) thin-walled
high-strength steel (HSS) tubular structures [J]. Thin-Walled
Structures, 2014, 74. 12.

[9]7 XUFX,SUNGY, LIGY, et al. Experimental investigation
on high strength steel (HSS) tailor-welded blanks ( TWBs)
[J7. Journal of Materials Processing Technology, 2014, 214
4): 925.

[10] B, BIHEF. SHEWR VIE B B Z ts e 5 s fl PR ot
5% [J]. PURT R 2E4, 2014, 50(10): 40.
DUAN Yongchuan, GUAN Yingping. Development of precise
spring-back control system of tailor welded blanks air bending
process [ J]. Journal of Mechanical Engineering, 2014, 50
(10> 40.

[11] XA WTFAERSE. BTN TEEFELRENERIERD
A wrgE [J]. R%E TR, 2008, 30(6),:531.
FAN Wenjie, FAN Zijie, GUI Liangjin. Multi-stiffness topology
optimization of bus frame with multiple conditions [ JJ.
Automotive Engineering, 2008, 30(6). 531.

[12] A%k, 8%, BULAK, 5. & T Kriging BIHEIK %] I E R
A (0], RETRE, 2013, 35(11):1047.
ZHU Maotao, QIAN Yang, GU Yaxin, et al. Stiffness and
modal optimization of car door based on Kriging model [J].
Automotive Engineering, 2013, 35(11): 1047.

[13] ®mzdl, HRE, B, %F. EEMMULEEITREMRIT
TR A T]. R R¥E¥IRAAB¥EM, 2017, 45
(2): 275.
GAO Yunkai, SHEN Zhenyu, FENG Zhaoxuan,

Application of multi-objective optimization in vehicle door

et al.

lightweight [ J 1. Journal of Tongji University ( Natural
Science), 2017, 45(2). 275.

[14] XIEY M, STEVEN G P. A simple evolutionary procedure for
structural optimization [J]. Computers & Structures, 1993, 49
(5): 885.

[157 HUANG X, XIE Y M. Bi-directional evolutionary topology
optimization of continuum structures with one or multiple
materials [J]. Computational Mechanics, 2009, 43(3). 393.

[16] HUANG X, XIE Y M. Evolutionary topology optimization of
continuum structures: methods and applications [ M J.
Chichester: John Wiley & Sons, 2010.



