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In this paper, the reliability-based parameter study is carried out for the stamping process of a front rail roof member with
the ultra high strength steel, considering the scatters of the material properties and the process parameters. With the
reliability-based design optimization (RBDO) scheme, the springback tendency is investigated from the perturbation of the
process parameters such as the sheet thickness, ultimate tensile strength, yield strength, Coulomb friction coefficient, and
applied padding force. The amount of the elastic recovery along the height direction is quantified to describe the springback
tendency from the analysis. The analysis shows the springback-amount scattering is not ignorable when the yield stress
scatters within the similar range of the ultimate tensile strength. The analysis results fully explain the importance of
controlling the scatters as well as the average yield-strength amount in the mass production of the stamped products.
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Fig. 1 Shape of the front roof rail member
Table 1 Mechanical properties of SPFC980Y obtained from the

tensile test

Fig. 2 Finite element model of the stamping analysis

YS(MPa)  UTS (MPa)  FLD, K (MPa) n
682 1063 0.126 1523 0.11 ﬂ
WA g WAl QA Ao AdEA Tele] 204 _ -
= 3falsglc =

(a) gravity (b) padding

2. M¥ZH CAE ﬁ

2148 CAE =71 e
1 i=RollA] TefE AL Fig. 1o] AR g LRE 20 (€) stamping

@A (Front Roof Rail)& AZo] x4~ °F 1128 mm x 174 mm Fig. 3 Finite element model of the stamping analysis
x 62 mmo|th. AFRE B3 A= QYT 1 GPag 21070
79l SPECO80Yo|m, 57l | mmo]ch. Zgko] 7|44 2L
WA A= 53}04 T519om, Table 10] T8 Ble} it} Eey
39| FEAFTE WAl flsto] Hille] W oS ar=idt
1948 maltS ARES9a, S8 AdHd(Isotropic Hardening
Model)e #831%ich. 229 H4 @ WHAEES B-LT
(Beltschko-Lin-Tsay) €@ 4% o] g3lo] malgsiglon, &3
= A= 7Pgsk it

Fig. 4 Measurement sections and points for the quantification of the

98 5F< Fig. 29F o] tho], Fj&, HX|2] 374 “lj"%‘i springback amounts
Td=le] 31or, Fig. 30f| A Biet o] s Eof sige s
Jolo] B 1A T A0l Selol BA AT ONe] AN AResic. 2 285 9 2gHol 39E )
£ o A AYEe GG D4NG RAGL Fom ol e WA S SSlel g @%@
o, AQ] siEEE 1 m/is2 718H3ATE. Ad CAE= Al1E% 2 AA3FTE. Fig. 59} Table 20f =AJSE BRe} ZHo

R_:

E(Form) ee] ARS oz st S

2 azol Aoty 39 79 BEd WEo) a Az
2B A7) 9Is A 0.5 mm A 74K ABE A
shar 2mem 42 ANSHch AP CAE: 48 Saes

Z2731 Auto Form R6°S ©]-8-3t0] =a)a}3ict.

oA Zo] HigF Axalulo. Zof 1.15 mm7} EAYEH
B-B’¢} D-D’oj|A] Zof 5.1 mme] Axglufo] HRASET 93-S
ghelstelct.

fo

_>'. _l(_:" ﬂllﬂl O_t.. IO

3. RBDOE 0|2%t Al &AM
2.2 8% CAE Zdu}

ool EAo® Sl AN F AxYu AskE Yl 31 AR Sl A ol
7] 15}l Fig. 49} o] 70| W ) OF(Camber)e =74 A 2holH ST HBTH CAE: 24 BATH st
SP] o1t A Shelnh B Aneue Sgsb] Sig BB, mAgos qlaso] she] dne mygtos waHL A4
CC' D SRS AYSelch A AN AL §% 4 g Deterministic CABYO.2 A14] 43 Al MAle

by
sls7] glat ZgWoR Ea 24 Gweld BDE HEd  wg AL 59| oz xE mefd 4 gich S 1)



August 2018 /793

c, s
e

(¢) C-C’ section
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(d) D-D’ section

Fig. 5 Springback tendency in each section from the analysis results

Table 2 Amounts of springback in the measurement points

Measuring

points B, B, B; Ci G, C;

Springback

420 1.15 406 -037 -037 -0.73
amount (mm)

Measuring

points b D: Ds

Springback

amount (mm) 510 085  3.35
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Fig. 6 Probability distribution of the design variable with the 3-
sigma principle

Table 3 Amount of scattering for the design variables

Design

e Ys UTS t PF M

Average (o) \fpa 1200MPa Imm  224kN  0.12
value

Standard 5 140 33300 067%  333% 5%

deviation

Perturbation 500 L100s 1206 410%  £15%

amount

Variable 613 1080 098 2016  0.102
range 750 -1320 -1.02 2465 -0.138
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(b)YS

(©) p

(At

(e) PF

0.00 0.12 0.25 0.38 0.50 0.62 0.75 0.88 1.00

Fig. 7 Distribution of the contribution amounts of the design
variables on the springback amounts
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Table 4 Probability distribution considering scatters of the design

variables
Tolerance B, B;

(mm) Freq. Probability Freq. Probability
+0.5 mm 57 60.0% 47 49.5%
+1.0 mm 90 94.7% 82 86.3%
+1.5 mm 94 98.9% 91 95.8%
+2.0 mm 95 100% 95 100%
Standard 0.571 0.701
deviation
Tolerance D, D;

(mm) Freq. Probability Freq. Probability
+0.5 mm 62 65.3% 51 53.7%
+1.0 mm 83 87.4% 84 88.4%
+1.5 mm 95 100% 92 96.8%
+2.0 mm 95 100% 94 98.9%
Standard 0.591 0.663
deviation

thste] qpuEsl smgule] u o
A 7o) MAMLe] AEIRRS Telsh R4S et Avke
Fig. 107} Table 4] AJSIgich whalsl 2sefu) maglolq
£05mme] TAIE e 2o
e o AHEAL ol o*omh B 2z ol

.

2} | mmEs
e el Jﬁﬂ & 4305
A o“—. /}_}ioﬂ ].;{I— = o:lzsl:_ u]x]: -8LH7P59,] A}

a@}sm flstel 3 7&54 4——3 sl ok




August 2018 /795

1 ] ]
. SEPYRE
i RRATARE:
| H | H
> > i ! i
g 15{" i 2 SRR
@ i @ i i i
= i S ! ! !
T 10 | & 10 i i i
Q ! P : i :
- i - ! i :
w s . w s i i i
i L i i i
[ T A S T S wa] 1) I H H i
0 1 2 3 4 5 6 7 0 1 2 4 5 6 7
Springback Amount (mm) Springback Amount (mm)
(a) measuring point B, (b) measuring point B;
25q--—--average : 1 ; ' Do 254----average ; 1 ; !
i [——+0.5mm i
20 : 201 !
> > A
Q 45]- : g 45} :
[ i g i
Z 10 i & 10 i
(] l [} ]
[ . L‘I: i
w5 i 51 i
B : AV
0 e — T 07 A i
1 2 3 4 6 7 0 1 2 3 4 5 6 7

0
Springback Amount (mm) Springback Amount (mm)

(c) measuring point D, (d) measuring point D;

Fig. 11 Probability plot considering scatters of the design variables
except the yield strength (YS)

Table 5 Probability distribution considering scatters of the design
variables except yield strength (YS)

Tolerance B, B;

(mm) Freq. Probability Freq. Probability
+0.5 mm 83 90.2% 76 80.0%
+1.0 mm 91 98.9% 93 97.9%
+1.5 mm 95 100% 95 100%
+2.0 mm 95 100% 95 100%
52?;?2?1 0316 0.407
Tolerance Dy D;

(mm) Freq. Probability Freq. Probability
+0.5 mm 81 85.2% 82 86.3%
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+2.0 mm 95 100% 95 100%
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