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Numerical simulation and process parameter optimization on tank head
forming based on orthogonal test

Shu Zhihang'*, Huang Bensheng', Li Tianning'*, Liu Junqi'*, Zheng Jianneng’
(1. School of New Energy and Materials, Southwest Petroleum University, Chengdu 610500, China;
2. Energy Equipment Institute, Southwest Petroleum University, Chengdu 610500, China;
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Abstract: In order to explore the optimal combination of process parameters for the tank head stamping, improve efficiency and save time,
the Dynaform finite element software was used for numerical simulation. Then, the three factors of punching speed, blank holder force and
friction coefficient were selected as optimization variables, and the maximum thinning rate, the maximum thickening rate and the maximum
springback amount of head were used as forming indicators. Furthermore, the orthogonal test scheme was designed, and the optimal com-
bination of process parameters with the punching speed of 4000 mm - s™" | the blank holder force of 590 kN and the friction coefficient of
0. 08 was determined by range analysis and variance analysis. Finally, the actual production test was carried out according to the optimal
combination of process parameters, and the ovality of head port was used as the verification standard. The results show that the simulation
results are consistent with the actual production results, and the final forming quality of head meets the requirements.

Key words: head; plastic forming; thinning rate; thickening rate; springback amount
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Table 1 Chemical compositions of Q345R low-alloy steel

( %, mass fraction)

C S Si
0.19 0.01 0.32 1.46 0.017 0.028 R

Mn P Ti Fe
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Fig. 1 Schematic diagram of tank head dimensions
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Fig. 2 Schematic diagram of uniaxial tensile specimen
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Fig. 3 True stress-true strain curves of Q345R low-alloy steel under

different sampling directions
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Q345R IR & &MY 3 A J7 1m0y J1 4R S 4cn
2 Fin, I 2 ol FZ AR A m S,
=2 Barlat (1989) i JIR 1 W] B B 4y b 4 328 A fel
W P A 45 1 S e R, S =S Barlat
MEMERL, Q345R (IR G AN AUAT RIS BE | 1 [UBL LA
TR LB R e B, 52508 7.85%10° kg + m™ |
200 GPa F110. 3,

F2 Q3SR IRE &M /1 FMERE

FIRSIE Y 3 A EE W T 2 S 8UE IR N £,
PhB R A R B, BRI C, X
SHA G AT, BEBUR KIS i R R %
K IR A AN FE bR, 45 R K ESENER
3 R, RIRAIEAS IR % K 3R Z [ HARFE I, B
Lo(4) 1E383, R0 ZMERNE 4 PR,

#3 EXRBEEZSKE

Table 3 Factors and levels of orthogonal test

Table 2 Mechanical properties of Q345R low-alloy steel plate KT N

SEE D e REC REREfE MMERIARLL WS R/ WO A/mm - 57" RIS B/KN FEE N EL ¢
Jefi/(°)  K/MPa ¥ n r % 1 2000 470 0.08

0 919. 14 0.158 1.787 28.89 2 3000 510 0.10

45 893. 36 0. 151 1. 144 32.72 3 4000 550 0.12

90 897. 89 0. 137 1.493 25.63 4 5000 590 0. 14
FHE 903. 46 0. 149 1.475 29.08

1.3 HRTEER

FIAR B EEE R 6 mm, BN 1178 mm,
&8 UX 12. 0 =2 AR st AR, Rl
FEA AR B AR AE R DL IGES AYA% UM UX 12.0
S, S AR Dynaform £ FRICHEAMA T, RIS R 43
A e PR 38 N R R 4, AR OT 28 R S DO Y 5 DY
NIESERTE, BICRSE R S mm, JEHPE . AR
B NIMARBRY A% BT KR ST 10 mm, fie/h R
SN 0.5 mm, 320 S A R EE 452 43 531 ALk B Ay B ) T — 1
FZFN Coulomb FEHEE, Mok, HeiibE | (BRI MR
WA RISy G A BROCAERL AN & 4 i, il
(AT A 2000 mm - 7', A ELEIBA 1. 1 A5
J2 (BP6.6 mm), Mok, FeiifE, MM AR a] i BE 5
KECH 0.08 ~0. 14, PriEaEfErh, He i B0 1k
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Fig. 4 Finite element model of tank head forming
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Table 4 Orthogonal test schemes and results of tank head

S SRS

IR A/ AT BRI OO SRR ROk [l
(mm-s™') B/KN  H(C /% %/%

Es
5

H/mm

1 2000 470 0. 08 1.54 17. 66 6.98
2 2000 510 0.12 1. 66 17.43 6.75
3 2000 550 0.14 1.47 16. 39 6.15
4 2000 590 0.10 1. 56 17.71 6.73
5 3000 470 0.10 1. 56 17.35 6.72
6 3000 510 0. 14 1. 66 17.05 6.49
7 3000 550 0.12 1.58 17.50 6. 65
8 3000 590 0. 08 1.58 17.91 6. 86
9 4000 470 0.12 1. 54 17.10 6.72
10 4000 510 0. 08 1.57 17.79 6.77
11 4000 550 0.10 1.55 17.93 6. 67
12 4000 590 0.14 1.57 17.36 6.47
13 5000 470 0.14 1.59 16. 81 6. 54
14 5000 510 0.10 1.67 17.72 6.47
15 5000 550 0. 08 1. 67 17. 87 6.50
16 5000 590 0.12 1.67 17. 62 6. 44
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2.2.1 W2 F7 BERMNERABREHMHMRESHLER (mm)
BIEE 4 BHESE R, ITEIF A HZ KR Table 7 Range analysis results for influence of various

22 RAE, 5 EXT 3 ADTEM bR 1972 0 25 58 550
TS5, Ko METHw, b, Ki~K4 HEHER
[ B B 1 HARMEZ AN, k1~ k4 R 45 B AN
AKXt R () B ARE R F 35908, N 5 nIH, 52 m
KRR 25 PR 1 B RN G A> R
T B>EEBENE ¢, T T 258U G0 A4B3C3,
MFE 6 I, S f R R 1 4 R Y £ IR OE R
HEEBEREL C>IEL ) B> R A, BT 4%
KA N A3BACT, R T AT, SNk [ i
BHEMER KR NEE RN C> i F1 B> wh R
A, B T A4 G0 A2B1C1,

®5 BERENEKRBHERZMPRESTER (%)
Table 5 Range analysis results for influence of various

factors on maximum thinning rate ( %)

K= TWEEEA KRN B FEAE R C
K1 6.23 6.23 6.36
K2 6.38 6.56 6.34
K3 6.23 6.27 6. 45
K4 6. 60 6.38 6.29
kl 1. 5575 1. 5575 1. 5900
%) 1. 5950 1. 6400 1. 5850
k3 1.5575 1.5675 1.6125
k4 1. 6500 1.5950 1.5725
W2 R 0. 0925 0. 0825 0. 0400
BRTZSHAE  A4B3C3

F6 BFERMNRKNEBEXRZMPRESTER (%)
Table 6 Range analysis results for influence of various

factors on maximum thickening rate ( %)

EZES IR A RSB B FEEREL C
K1 69. 19 68.926 71.23
K2 69. 81 69. 650 70.71
K3 70. 18 69. 690 69. 65
K4 70. 02 70. 600 67. 61
k1 17.2975 17.2315 17. 8075
%) 17. 4525 17. 4125 17. 6775
K3 17. 5450 17. 4225 17. 4125
k4 17.5050 17. 6500 16. 9025
W2 R 0.2475 0. 4185 0. 9050
BIETZS8HEG  A3B4CI

factors on maximum springback amount (mm)

ZE S IEHE A EHh B FEE L C
K1 26. 61 26. 96 27.11
K2 26.72 26. 48 26. 59
K3 26. 63 25.97 26. 56
K4 25.95 26. 50 25.65
k1 6. 6525 6. 7400 6.7750
K2 6. 6800 6. 6200 6. 6475
K3 6. 6575 6. 4925 6. 6400
k4 6. 4875 6. 6250 6. 4125
W2 R 0.1925 0. 2475 0.3625
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/AN, BRLA, FEiL T B AR 4, &5 BRTA, Ak
TESEAAR N A3BACT
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Fig. 5 Influence of stamping speed on maximum thickness
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g *8 ZERINIBAMFREEZEZMNFTESNER
lﬁ 681 Table 8 Variance analysis results for significant influence
% of various factors on maximum thinning rate
5 6ol BRKW AMEE FHR BOfE P WRE Fo B
A 3 0.02295 0.00765  4.527 nF
1’(1.()5(3715): e
64| B 3 0.01635 0.00545  3.225 - xS
2000 3000 4000 5000 c 3 0.00335 0.00112  0.663 ENTES
P/ (mm 51
PR/ (mm-) BR2E 6 0.01015 0.00169

(N RUDES Y DR = SNIE b =4: NP AT

Fig. 6 Influence of stamping speed on maximum springback amount
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Fig. 7 Influence of blank holder force on maximum thickness
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Fig. 8 Influence of blank holder force on maximum springback amount
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Table 9 Variance analysis results for significant influence

of various factors on maximum thickness rate

TSR AWRE P B RE P R F BEN

A 3 0. 14125 0.04708  0.784 NTE S
Fo.05(3,15)= .

B 3 0.35962 0.11987  1.996 A
3.29

c 3 1.92290 0.64097  10.67 BE

R 6 0.36043 0.06007

F10 FEENEAOEEEZEZMPTESTER
Table 10 Variance analysis results for significant influence

of various factors on maximum springback amount

ESRI AWE TR BrzE P RREF s BEE

A 3 0.09447 0.03149  1.749 FNTE S
Fo05(3,15)= o

B 3 0.12272 0.04091  2.273 AN
3.29

[ 3 0.27293 0.09098  5.050 BE

R 6 0.10798 0.018
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Fig. 9 Distribution cloud map of thickness for head
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Table 11 Corresponding thicknesses of each

point for head (mm)

e i
1 7.09
2 5.91
3 5.99
4 6.00
5 5.98
6 6.72
7 6.01
8 6.30
9 6.21
10 6.22

B 10 3k m i s Am =

Fig. 10 Distribution cloud map of springback amounts for head

F12 HIFZFAWHEEEE (mm)
Table 12 Corresponding springback amounts of each

point for head (mm)

g

= (5] 55t

6.73
2.64
0. 00
0. 63
0.32
1.83
1.75

oI B e Y R S

2.07

Ui 1 1AL, AR AT e 2 T 3 S PR AR
RGP b FEL 50 TSR 6, &7 Al 8
Ab B2 [ 5 A 1. 88 mm A2 A, AT HING 5 1
SEHTIBPE BOE LU AN T8 43, 32 B HK B G RPN g
FIsZI > Sk AR /NSRS 0. 00 mm, A T
GRS S 3 b, o5 4 FiE 5 4b i ] s 24 4/ B3
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Aid%], BRI R AR AL 2 ALAY [R5 2. 64 mm,
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Fig. 11 Comparison cloud map of cross-sections before and

after springback for head
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Fig. 12 Physical map of tank head
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Fig. 13 Schematic diagram of ovality measurement

*13 ERMEMHHNEZERBEERE (mm)
Table 13 Actual and simulated inner diameter values and

ovalities (mm)
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SPR(E @999.73  @1002.34 $997.73  $998.26 4.61

FME  @998.95  @995.420 @996.90 @995.50 4.45

4 i
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AR thIEBUE N 4000 mm - s~ Rk 590 kN
FEEEE I 0. 08,

(3) MM T2 S8 & 347 58 bk 7= iR
B, SR FHF Sk o 110G [BR) 52 A A 56 52 s RIS 4D 285 SR 1Y
— M, SEREW, ZT LR S T ARk
AR ESR, HARRIMSEPREE F AR —5, $uF
THRFIEZRB A E K b B IE T 23805 £ 09
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