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3D simulation of electromagnetic tube bulging based on
loose coupling method
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Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: In order to overcome the magnetic-structure coupling problems in three-dimensional simulation of
electromagnetic tube bulging, the ANSYS/EMAG was used to obtain the magnetic force on the tube at different times,
and the magnetic force used as loading condition was imported into ANSYS/LS-DYNA to predict the dynamic
deformation process on the tube. Then the deformed meshes of the tube and the air were imported into ANSYS/EANG to
analyze the magnetic force on the tube. In the process of the tube deformation, the arbitrary Lagrangian-Eulerian
algorithm was used in air mesh to make it change regularly with the deformation of the tube. This will avoid the air
meshes distortion. The displacement at the center of the outer surface along the tube axis with time agrees with the
experimental one. The final profile of the outer surface of the tube is in very good agreement with the measured one. The
relative error of deflections at the center of the outer surface along the tube axis is 2.5%.
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Fig.1 Simulation flowchart of loose coupling method
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Table 1  System parameters of electromagnetic tube bulging

Material Parameter Value
Coil Conductivity, o/(MS-m™") 58.5
Elastic modulus/GPa 71.5
Density/(kg-m °) 2.75%X10°
Tube(AL1050)
Poisson ratio, v 0.3
Conductivity, o/(MSm ") 35.6

4 ERERS5SH

B 5 PR A2 T I RS 223U PR AR
e I 5 ATRAE R, 25 UR D RS AR B,
28RN THIAA P RS B 1 P R RS AR 1T e 2B R Bl
A BRI . I, A R ALE $Tik6E
T B IR A TR B P F AT AL s DL, ki
PRAUEE A EREAS YRR 7 0 Bt A BR AR R ARG
Yy Hikln 2 0K At i, SCELES— 4R S 1 ) BLIE
3D IEACHE 1

Air

Tube

IEESNSNEEERy/EREREREEERREA RN NN N EY

TS N OV T T 7 777 77 7 7 1 ]

[Tl

5 AREEIHME RE AV
Fig.5 Final shape of mesh of tube and air

B 6 s WA T I A1) 3D Bk AR K
EAE LR PE N AR AR . X5
FERHRIFRIAR, 22 RS R R R /N T #. G,
PRUETCIR S MF AT AR AT, L 1 2 U= oo
PyRBEATH XS FRIALIE A TAE P A 1 A4
i 1R AR TR N, AR Sy AT AEAT R %)
BORFF— 80 itk TAE RS S TERMIERTE. Bk
O AR X B TR S, A S 0 2R R
LT 0, XL Rl AT EIN I ) o3 A
1K o ARTCETRIN, E A F IR KEETERN A2 0.134 585,

Plastic strain

——— §

0.001 272 0.030 897 0.060 522 0.090 147 0.119 773
0.016 085 0.045 71 0.075 335 0.104 96 0.134 585

6 ETTIRZ 3D A AR AR ]
Fig.6 3D final shape and plastic strain of tube

K 7 7R A SUZUKT S5 5 | A5l S A A
SCASEAUL 1) H5CHI AR A5 A B T S PR IR T Ik
PR AR TEA B 5 T DG R M e o ANSCAE SR IR
HICHE By LTS B35 T Oy p BT TR (O R o, A
230 ps FAR LSS SUZUKT 15256 $odk JLF—
H, 1F 230 us & 300 ps Z [AIFEE S SUZUKI (1)
SEGAE —3 o 111 SUZUKI FIBLAELZ5 A 300 ps AbH5 5K
AEZEAEE K

7

@)}
T

(9]
T

~
T

w
T

[\
T

Radial displacement/mm

o Experimetal result!!”!
a Calculation result(!”]
— This study

—
T

0 50 100 150 200 250 300
Time/ps

7 EPFRLT R SN TR OC R

Fig.7 Radial displacement at center of tube with time

K 8 T/ A SUZUKI 251y s ut Kl Bl %icdis
RUARSCAE B 5 AR 1 A AR | 4% R 0 i
i TRl 10 20 AT (R B A7, RRARARIFS O Ak k% 14
BER LB ar . TTRAUE H, A SR A B A V25540
g5 4L 55 SUZUKI (¥ SE 56 45 FAE 3 1 I AR TR 4 6 1
BEARW G BB SE, BB BE 0
FIAS B Ky 5.85 mm, SUZUKI fSZH6AHZ) 4 6 mm,
BEIR 2N 2.5%. 11 SUZUKI FRIAL 45 5 s
SRR RO MR 7 RN 8 TN, AL RN
PR B id oL P il BT R HE R P AR 5



2900 o EA (8 R R 20114E 11 A

O JIT 7 JAg L b 1k PR HLL U B I ] 122 —40)M1(40, 76)Z 811 . A3 JSE 5 1) 24945 1) 4 A1 o
g s 9 WTBLE Y, 78123 ps %, EAFhD Do fE 0~240 ps Z A, BEAT IR TR SE K, 314l 1) (40,
W R i KAHIL S 47 m/so OO sl B 40) 1) 7Y ROdRE 5 B i) T4 bl I FLERER
geitijm TGN XU RN OB R e B Rk, BEINTRIE K, R TR
MfE . DI TR W o 1E 250 pus Z S, BFAF T mifrid

10 From A A IS 2P N BEYS S i e, BT AR T2 B9 Wi, £ 250 ps LU,
(11 10 TTLAE 3, 7 240 ps Z 05, G PEf I p (-6, AFITD I R BN IR GURAL, XU W

7 10 50
64
g o Experimetal result(!! 135
g5 v Calculation result('’] ;
= — This study < Radial velocity =
Saf 3 B
g3f 3 L
| 2r g
= Current 15 &
Sk
<
=4
oF I I I I I L -10
. 0 50 100 150 200 250 300 350
0 10 20 30 40 50 60 70 80 Tiras/us
Axial coordinate/mm 9 T R A R YA N T PR AR A i 2k
8 THE RIS (Rt B AR T 5E 12 Fig.9 Variation of radial velocity and current at center of tube
Fig.8 Calculated and experimental final deformation profiles with time
(a) g (b) -
Velocity/ - Velocity/
=, (m-s™) = (m-s™)
=3 1.321 =3 -0.5
= =13 = = 1
—_ = 7 —F = 10
— 20 —= 20
=—% =50 —3 =k
e o 20 — =
— 50 50
e = "
(c) (d)
% /
|
! Velocity/ Velocity/
\ (m-s™) /1&» (m-s™)
- 0 - 1203
=3 == =0
I = b
= =F = =F
/ 50 \\f 50
[
$
| \

10 AN[RIIF 2208 A BEYS ek
Fig.10 Change of velocity of tube at different times: (a) t=52.5 ps; (b) = 105 ps; (c) £=157.5 ps; (d) =300 ps



21 1L

REGRHE, 5. BT RAON S VAT A P 3D KL 2901

EPERESAIG . 45 300 us IS %1, LR A ALY
S S /N T A DX S PR

K11 Brom AN 20 R AR TR R o AR T 2%
T, AR AR FR(60, T6)F1(=76, 60)FIX 1M,
ErHA R Ul o, {ERhE 64 mm 47 E
ib, HARE A —0.069 mm. XN 250 ps o,
A BRI SO R ey R, IF A Mk
(T RO R /N T I DXy, BELA T S S AR 1) 4
i RIS 3 iey) IS A VR = i BB R = QT 2/

Radial displacement/mm

-80 -40 0 40 80
Axial coordinate/mm

B 11 RIE 2 A T R

Fig.11 Tube deformation profiles at different times

5 Z5ig

1) KA ANSYS/EMAG =KAfAS R I ZIE A+ 1%
Wi 71, K ANSYS/LS-DYNA KA 1E )5 A48
R RE R E R E R N AT, IR
A RAUT RS W H B, A SRS Rl 1
AR RS o TR DR AR s ) S R
TR e S5 K 2 (MRS A, SEIREIA— 4510
WIRIEACHE S 3D AU AT BEHLE R 5 S 4
—3

2) B AU e e TR h £, 1
PRV OB B — 2 E . 250 ps o 4k 5
POE SRS ING:, SO R R AR T — e i a3

3) BRI A R R S, B
ERN A B4R . AE 250 ps JiT, B TR K
J7 WV RAEAAK,  JUHEE A A AL Y s N T
(AR 11 P VR T = B i R A LS AR ) PR
AT S L B IO R A AR

4) G 3D BTN H AR AR TR

JRIEARAU L R SRR G R 2 B 137 71 3 Hr o Talk i 3D
SORIGAR A B Fa R SO B S AIE T — b ar & A
Bz,

REFERENCES

(11 % &, S, SORBL. RSB EORBIE L B AF 5E st
JE[T]. BHEHAR, 2006, 31(6): 4-8.

HAN Fei, MO Jian-hua, HUANG Shu-huai. Theoretical study
and application of electromagnetic forming technology[J].
Forging & Stamping Technology, 2006, 31(6): 4-8.

[2]  American Society for Metals. ASM handbook (volume 14):
Forming and forging[M]. Ohio: ASM International Handbook
Committee, 1988: 1420—-1425.

[3] THOMAS J D, SETH M, DAEHN G S, BRADLEY J R,
TRIANTAFYLLIDIS N. Forming limits for electromagnetically
expanded aluminum alloy tubes: Theory and experiment[J]. Acta
Materialia, 2007, 55(8): 2863—2873.

[4] AL-HASSANI S T S. Magnetic pressure distribution in the sheet
metal forming[C]//Electrical Methods of Machining, Forming
and Coating, Institute of Electrical Engineering Conference,
1975: 1-10.

[S] TAKATSU N, KATO M, KEIJIN S, TOSHIMI T. High-speed
forming of metal sheets by electromagnetic force[J]. Japan
Society of Mechanical Engineers International Journal: Series
111, 1988, 31(1): 142—-148.

[6] CORREIAJP M, SIDDIQUI M A, AHZI S, BELOUSTTAR S,
DAVIES R. A simple model to simulate electromagnetic sheet
free bulging process[J]. International Journal of Mechanical
Sciences, 2008, 50(10/11): 1466—1475.

[71 BT, WG, Tk, RAE, K M, EEE RIS
JRTE AT ST i B AR PR D], P A (R A, 1998,
8(3): 441-446.

HUANG Shang-yu, CHANG Zhi-hua, WANG Li-feng, WU
Li-hua, ZHANG Meng, JIANG Kui-hua. Calculation and
distribution of forming load for sheet metal magnetic forming[J].
The Chinese Journal of Nonferrous Metals, 1998, 8(3): 441-446.

[8] LEE SH,LEE D N. A finite element analysis of electromagnetic
forming for the tube expansion[J]. Journal of Engineering
Materials and Technology, 1994, 116(2): 250—254.

[9] IMBERT JM, WRINKLER S L, WORSWICK M J, OLIVEIRA
D A, GOLOVASHCHENKO S. The effect of tool-sheet
interaction on damage evolution in electromagnetic forming of
aluminum alloy sheet[J]. Journal of Engineering Materials and
Technology, 2005, 127(1): 145—153.

[10] THgF, ZR4Fig, 2 8. BT FEM 1 HUBE 40 5088 15 1 B L
AT HUBE T RE2AR, 2006, 42(7): 231-234.

YU Hai-ping, LI Chun-feng, LI Zhong. Numerical simulation of



2902

A G A R

2011411 H

[12]

[13]

coupled fields of electromagnetic forming for tube compression
based on FEM[J]. Chinese Journal of Mechanical Engineering,
2006, 42(7): 231-234.

CUI Xiao-hui, MO Jian-hua, XIAO Shi-jie, DU Er-hu, ZHAO
Jian. Numerical simulation of electromagnetic sheet bulging
based on FEM[J]. The International Journal of Advanced
Manufacturing Technology, 2011, 57(1/4): 127-134.

YU Hai-ping, LI Chun-feng. Effects of coil length on tube
compression in electromagnetic forming[J]. Transactions of

Nonferrous Metals Society of China, 2007, 17(6): 1270—1275.
UNGER J, STIEMER M, SCHWARZE M, SVENDSEN B,

[15]

BLUM H, REESE S. Strategies for 3D simulation of

electromagnetic Journal of Materials
Processing Technology, 2008, 199(1/3): 341-362.

OLIVEIRA D A, WORSWICK M J, FINN M, NEWMAN D.

forming process[J].

Electromagnetic forming of aluminum alloy sheet: Free-form
and cavity fill experiments and model[J]. Journal of Materials
Processing Technology, 2005, 170(1/2): 350—362.

SUZUKI H, NEGISHI H, YOKOCHI Y. Free expansion of tube
under magnetic pressure[J]. Journal of the Japanese Society for
Technology of Plasticity, 1986, 27: 1254—1260.

(4w RITH)



