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Application research on stamping process drawing based on response
surface method
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(1. College of Mechanical Engineering, Changchun Automobile Industry Institute, Changchun 130013, China;
2. Technical Department, FAW Fuwei Parts Co. , Ltd. Stamping Parts Branch, Changchun 130011, China)

Abstract: In view of the problems of low debugging efficiency, difficulty in process optimization and over-reliance on personnel experience
in the debugging process of automobile inner panels die in FAW main engine factory, combined with the forming characteristics of automo-
bile inner panels, the forming process of sheet metal under different process parameters was simulated by Dynaform software and Box-Be-
hnken design, and the response surface method was used to establish the quadratic fitting model between blank holder force, resistance co-
efficient of drawing rib, friction factor and thinning rate of product so as to obtain reasonable process parameters and complete the binary
process drawing. Then, the ternary process drawing was completed by a comprehensive test method combined with the model taking the
triangle as the boundary region. Test results demonstrate that the process drawing established by the response surface method can accurate-
ly reflect the thinning rate of product in the stamping process of sheet metal, and provide valuable guidance to die debugging staff in the
actual production.
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Fig. 1 3D diagram of product
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Table 1 Performance parameters of ST14 steel material
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Fig. 2 Establishment of finite element analysis model
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Table 2 Factors and levels of checked BBD test
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Table 3 BBD analysis schemes and results
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1 0 0 0 23.985
2 0 0 0 23.985
3 -1 1 0 23.797
4 0 1 -1 24.078
5 1 0 -1 23.878
6 -1 -1 0 22.014
7 1 1 0 26.022
8 0 1 1 25.991
9 0 -1 1 24.507
10 0 0 0 23.985
11 0 -1 -1 22.297
12 0 0 0 23.985
13 1 0 1 26.470
14 -1 0 1 23.663
15 1 -1 0 24.364
16 0 0 0 23.985
17 -1 0 -1 21.859
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Table 4 Variance analysis for regression model Table 5 Accuracy parameters of model
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Fig. 3 Process drawings with thinning rate as response value

(a) Resistance coefficient of drawing rib and blank holder force ~ (b) Friction factor and blank holder force

(¢) Friction factor and resistance coefficient of drawing rib
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Table 6 Design schemes and results of comprehensive
test method

K75 J/ %
x,/kN %,/ % X3

1 75 10 0.115 22.886
2 60 15 0.125 22. 688
3 90 20 0.105 22.652
4 90 15 0.125 25.618
5 60 20 0.115 21.523
6 90 20 0.115 24.058
7 75 15 0.125 24.246
8 60 15 0.115 21.524
9 75 15 0.115 22. 885
10 60 15 0. 105 20.511
11 90 15 0. 105 22.653
12 90 15 0.115 24.059
13 60 20 0. 105 20.511
14 75 20 0. 105 21.675
15 60 10 0. 105 20.511
16 90 10 0. 105 22.653
17 75 15 0. 105 21.675
18 90 10 0.125 25.620
19 75 20 0.125 24.244
20 75 10 0. 105 21.675
21 75 10 0.125 24.248
22 60 10 0.125 22. 689
23 60 20 0.125 22. 686
24 75 20 0.115 22.884
25 90 10 0.115 24. 061
26 60 10 0.115 21.524
27 90 20 0.125 25.616
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Fig. 4 Process drawing of ternary stamping process

(a) Ternary contour map
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(b) Process parameters of target point

Th, EESL TR Iy B 2E 7 B T 2R BOREE 45 PR A
3T AR G R 8F Rk, S8R0 T m Ly
T A R R

(2) X me ;R Y R AT 7 22 50 A, A5 IR E
FE 7. 7 2E A BH 7 28 K50 FEE 58 DR K0T ik 7 >R R
W, il J AR B B R e S, R AE A
RH 77 2250 B s ) d 3%

(3) apdmR AR, 24T 3 Ao T A
BE, 1= n TZdBE, e T80 TESH
XTI o A, A5G T A R T
ek, VABUR S S G R, B8 T AR 5Ll
b 5E BT ] SRR R S HAR AR A, SER T ol
FEZEAR ]

S k.
(1] bl 2Base, x|wifk, 4. % T Dynaform KW R i v (1)
6016 #ier & BUR T i wb R O el [J]. #R$ER,

2022, 47 (3): 54-58.

You J, Gong HY, Liu S B, et al. Stamping forming and optimiza-
tion of 6016 aluminum alloy cooling shell based on Dynaform and
response surface method [ J]. Forging & Stamping Technology,
2022, 47 (3): 54-58.

PhIest, XBAE, JRCT. SETUARIEA GS HIE MARRHR
B (1], B SHlEEAR, 2017, 52 (1) 80-84.
Sun Y G, Liu H B, Zhou S N. Optimization of sheet forming based
on response surface method and GS theory [J]. China Metalform-
ing Equipment & Manufacturing Technology, 2017, 52 (1) . 80—
84.

e, WEE, 2, S mURBLA IR ESCRHR A B
WANE ST [J]. YT ARRAHR, 2022, 29 (7). 82-86.
Han L' S, Zheng X B, Li X T, et al. Analysis of factors influen-



96

s SN

i 49 %

[5]

[11]

[12]

cing the inflow of plate material for stamping die commissioning
[J]. Journal of Plasticity Engineering, 2022, 29 (7) : 82-86.
SR R i B R e )], B i,
2018, 18 (9): 33-35.

Zhang J C. Tension die commissioning defects and solutions [ J].
Die & Mould Manufacture, 2018, 18 (9) . 33-35.

XU, ArEME, M. T Dynaform 5 RBF-NSGA-II 55 4:H)
WIERIE T 258 % Atriide [J]. M TR AR, 2020,
27 (3): 16-25.

Liu Q, Yu G Y, Mei D. Multi-objective optimization of stamping
and forming process parameters based on Dynaform and RBF-NS-
GA-II algorithms [ J]. Journal of Plasticity Engineering, 2020, 27
(3): 16-25.

RUEAR, FAAE, BRI, 4. FET AL TOPSIS PL3k it i4
Emgrea R B i 2 Bisfife [J]. SBIER A, 2023,
48 (10): 67-74.

Zhao H L, Jiang J H, Zhao Y S, et al. Multi-objective optimiza-
tion of forming quality of automotive energy absorption box based on
entropy weight TOPSIS decision [J].
nology, 2023, 48 (10); 67-74.
HEM, W, mds, & T 2AMEERERRMEhIE
TR A [J]. R R¥E¥iR ARBFIR,
2014, 42 (2): 292-297.

Forging & Stamping Tech-

Xia Y F, Chen B H, Yang J B, et al. Application of process phase
diagram in the design of stamping process for automotive inner plate
parts [J]. Journal of Tongji University: Natural Science, 2014,
42 (2):292-297.

El2E, AR, TR, S e RN AT O M X Y B
FEMA [J]. 8EHEAR, 2013, 38 (4) . 40-44.

Yan G, Zheng Y P, He Z G, et al. Research and application of
formability region diagram of stamping sheet [ J]. Forging & Stam-
ping Technology, 2013, 38 (4): 40-44.

FERLE, W, 20, RETIMABUE IR = E
WIS (1], FEP TR, 2017, 28 (3): 358-365.
Cui J J, Hu M, Li G Y. Construction and application of thermal
forming limit margin cloud map for automobile parts [ J]. China
Mechanical Engineering, 2017, 28 (3) : 358-365.

Cheol D K, Cha S H, Lee S K, et al. Application of a feasible
formability diagram for the effective design in stamping processes of
automotive panels [ J]. Materials & Design, 2009, 31 (3):
1262-1275.

Zhang J W, Xu Y W, Hu P, et al. Development and applications
of forming-condition-based formability diagram for split concerns in
stamping [J]. Journal of Manufacturing Processes, 2015, 17.
151-161.

Wb, WEGRE, MRASE. mRETL L IL SKD11 HL K AEL DI
TEZHERE (1], RIEEARSPIUR, 2019, (9): 91-94.
Yao Z, Tan H Q, Ye J H. Study on optimization of SKD11 EDM
wire-cutting process parameters by response surface method [ J].

Manufacturing Technology & Machine Tool, 2019, (9): 91-94.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

EWI, ER, RA=, % mm sl T BBD Al CCD fEAE
B LB RN & SR PR L (1] TR
R, 2018, 12 (9): 2502-2511.

Wang G, Wang X, Song X S, et al. Comparison of BBD and CCD
in response surface method for optimizing the preparation conditions
of mercaptoacetylated chitosan [ J]. Chinese Journal of Environ-
mental Engineering, 2018, 12 (9): 2502-2511.

waRE, RS, FETF R VA 1Y 700 MPa =R E LA 4
WA ERSAT [J]. #UINT. T, 2018, 47 (17): 147-
150.

Gao Z G, Xu L J. Cold stamping rebound analysis of 700 MPa
high-strength low-alloy steel strip based on response surface method
[J]. Hot Working Technology, 2018, 47 (17) : 147-150.
WKW, SRORE, Whoeut. BT me N R 048 A A B BUE R
JEHBIE T 228000 (1], ST AR2ER, 2022, 29 (9) .
69-79.

Xu T J, Zhang T Y, Han X H. Analysis of thermal buckling form-
ing process parameters of aluminum alloy bellows based on response
surface method [J]. Journal of Plasticity Engineering, 2022, 29
(9) : 69-79.

BRFIRE, #pamde, PhAGAE, 4%, TR Rk 0V 4 w6 1
FRWBIE T 282 Bt [1]. WETR, 2015, 37
(4) : 480-484.

Lang LH, Yang X Y, Sun Z Y, et al. Multi-objective optimization
of automotive covering part fluid-filled forming process parameters
based on response surface method [J]. Automotive Engineering,
2015, 37 (4): 480-484.

TR, TrE, &iknm, % FETWRNIEEN NiTBRICIZ
BEMBE T LS8 [J]. MET SR, 2022, 29
(6): 157-164.

Wang J, Wang K R, Lu S Q, et al. Optimization of NiTi shape
memory alloy hot forming process parameters based on response sur-
face method [ J].
(6): 157-164.
HRZR, SCHE, WAEE. BT RSM ORI GA-PSO ¥Rt
1k [J]. 3R, 2020, 48 (11): 66-70, 50.

Ma X D, Gao W Q, Xie Y C. Deformation optimization of plastic

Journal of Plasticity Engineering, 2022, 29

parts based on RSM and GA-PSO [J]. China Plastics Industry,
2020, 48 (11): 66-70, 50.

BIMEAR , AZRAE. TR =05 4R PR R 57 3 10 5% 14 700 1 7
HEXEE R [J]. P EEEAS T, 2021, (4):
38-43.

Jin P W, Shi R'Y. Study on the effect of surfactant formulation and
temperature on viscosity using ternary contour plots [ J]. China
Cleaning Industry, 2021, (4): 38-43.

Tk, HE#, E3E, & MAA RO i E L
AR ()], HEAUEBI TR, 1993, (4): 69, 71-76.
Ding Y X, Xia J C, Wang Y, et al. An algorithm for contour map
generation in plastic finite element analysis [ J]. Computer Aided

Engineering, 1993, (4): 69, 71-76.



