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Blank Holder Force Prediction of Tailor Welded Blank Based on
Neural Network Optimized by Genetic Algorithm
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Abstract: Numerical simulation and neural network technology were used for the blank holder
force (BHF) prediction of tailor welded blank( TWB) box part in deep drawing. The influence of
BHF loading type on the formability of TWB box part was analyzed by numerical simulation, and
a preferable BHF loading type was obtained. Then BP neural network model suitable for BHF
prediction was developed. At last, the neural network model was optimized by the genetic
algorithm. The elitism strategy was introduced into the course of gene selection, and finally an
ideal BHF curve was obtained by the neural network model optimized by the genetic algorithm,
which can predict BHF value varying in deep drawing process and can lay the technical foundation
for intelligent stamping.
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Table 1 Properties of DQSK
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Fig. 1 Structure of blank holder
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Fig.2 FEM mesh model of TWB in deep drawing
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Fig. 3 Loading type of BHF
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Table 2 Simulation results
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AT 2 REE AR AL & B, S U oK B R
KANAAR T, B H [ 1 2 B it in #4321 1 (LAY
GO, PRIEAR Y Fe R s 2 IR s R s i A 2
TS BIE E B R i ) B G KON R T e
AR BT . I 56 46 R 300 77 (X6 1 Ay 42 4 X i)
()8 /IME 20 KN, i 5105 24 Fe 300 7 (6 06 10 oy 22 4
DX [] F) e KA 80 KIN. PRIl T AR UE WY o,
8 B H ) (B B /N AT U/ 22 I AR A8 e A T (B
20 kN, MO A A E e B i BB/ H A i i 5
A THE AR T RUE.

W FIRa M, B R gy aT 2L
W k. BEE PLRAT R A B, B bs R i
80 kN AR Wk /1N, 4R J5 4 5 £ e 5t ke 98 e 31
20 kKN— B i} [a] , PRz K 22 80 kN.

3 LT BP ML AY Hil yAR
7 Mtk

3.1 MHEMEEIE T

T MATLAB %t 7 BP it 25 [ 45 A5 50 52 3
XoF DR G A4 R 320 77 6 7 S5 B S0 or) 286 A5 A4
FRE A i 2 AL A X R R B A R RS i ) 3
BHRZED B AR SHC A AR T
[5] £f 2FA2 | TUIA 5 £ 2 A2 A RIEAR RS LE i
ESHBERIRAT R AR AL e i S 8l (R )
k). RS, YRS JE W SECh 16 4~
I, ST A 28 D 245 B4 PR RE S G B 2T s L S oR
BOEPE tansig, PRECAT LR A BREIAE - 1,1 ]
Z (8], T4 2T S R pREIGE B purelin, 4 0T
DL,
3.2 YIZHAIKE

K FHIE SR 45 G A B T B A AR U
AHHE " RS K 6 N IEACH Ly (5°)

B IERC IR, Hop i 5 Wig s 31, i f I 28 ik
Wor &k 3 pros. Hrp, BoEHE AL DQSK
T36, BE4E R %0 0. 125, FLIRIRE 50 mm , K1 770
IR Rz gy 5K 7. AE 3R IR SR 1 PR
25 5, 36 50 AR BRI AR AR, VI SRR A B
PEEATIH— b Ab B, SR 5 BI A 7 MATLAB H it
Frph 2 M2 I 25, DI 2Rl B HL LB 49 ZHAEAR
VERIIGREEA | A3 1 A REAAE AR A AR T LA
T34 2 X 4% £ 0 i 1

®3 EXKBAFERERR
Table 3 Level and factor table of orthogonal test

KO E]ﬂ/lﬁﬁf ﬂlfﬁﬁl Elfﬁﬁ PHER
f4E/mm FEE/mm E/mm BHE L
1 10 8 10 1.25
2 11 9 11 1.375
3 12 10 12 1.5
4 13 11 13 1. 625
5 14 12 14 1.75
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Table 4 Sample parameters for test
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Table 5 Prediction values and errors of BHF from neural network

PR R /mm  WUE/N O BEARME/N BIMIR2E/% | PR TR /mm O BONME/N O BEARME/N WIRZE/%

0 72 269 80 000 9. 66 33.3 20 030 20 000 0.15
2.5 61951 71 000 12.75 35 23 044 24000 3.98

5 55931 62 000 9.79 37.5 27 825 30 000 7.25
7.5 47 969 53 000 9.49 40 33 305 36 000 7.49

10 40 294 44000 8. 42 42.5 36 766 42 000 12. 46
12.5 33037 35 000 5.61 45 40 472 48 000 15. 68

15 25357 26 000 2.47 47.5 45539 54 000 15.67
16.7 20019 20 000 0.10 50 51216 60 000 14. 64

25 20012 20 000 0. 06
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Flow chart of BP neural network optimized by

genetic algorithm
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Table 6 Prediction values and errors of BHF from optimized neural network

PIEATRE/mm  FE/N  BEARME/N BUWIR2ZE/% || FrEATRE/mm O BUWE/N BEARME/N TR /%

0 76 417 80 000 4.48 33.3 20 057 20 000 0.29
2.5 67 958 71 000 4.28 35 23 741 24 000 1.08

5 59 492 62 000 4.05 37.5 29 295 30 000 2.35
7.5 51048 53 000 3.68 40 34815 36 000 3.29

10 42 590 44000 3.20 42.5 40 348 42 000 3.93
12.5 34 142 35 000 2.45 45 45 881 48 000 4.41

15 25 686 26 000 1.21 47.5 51417 54 000 4.78
16.7 20051 20 000 0.26 50 56953 60 000 5.08

25 20 052 20 000 0.26
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Fig. 5 BHF curves from neural network before and after
optimization and BHF sample curve
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