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Finite element analysis of deformation and collision behavior during magnetic pulse welding

using pure aluminum flyer plate
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Abstract: To investigate deformation and collision behavior of plates, finite element analysis of magnetic pulse welding using pure
aluminum flyer plate was performed. Flyer plate was deformed like a cantilever by electromagnetic force. The initial collision velocity
increased with increasing the gap of plates and the charging energy. The initial collision angle increased with increasing the gap, but

did not depend on the charging energy. Both the collision velocity and the collision angle of the collision point did not change with the

different parent plate.

1. ¥5

R = D@ R A b O — T ORI mE R
HEIETHEATOFETHY, HREHEED 1 DT
b5, BEAEOBRENICITER S 2R, EOERS
XA THE SNV AKREREZIRASEDL Z L TaA
T > TRAET D@ BERR E a4 VANCERE LT
4 )8 (LA, Flyerplate &Rti) OREIZELT D HTE
TICE > TRAESED. ZOEMIINCLY, Flyerplate
Xt 0 —HD&)E (LI, Parent plate & Flib) (Z[))»
S CEEECTER L, Wa)E) s CHRE 2T 5
ZLICKoTERDER IND. BEICET HIFMIE
~A 7 A—F— LIEFICHERFMTH Y, BEEER
ICHEEMICEF TN THIRE ERAZKLE D Z &7
<, VERRERE CITEEA DR EE o~ 72 BA G B DO
HEDEIZBOTHMERBESN A TH D Z LAV
BRTWD B F i, BRITHIC L > TERE D8
ERENTE L OYE, R eRERT 5 P 2o
&9 IR PR S R BRI KE A B E /) & L TRV
T B HE L O J@FE £ S0 water jet welding |2 X > Th
R ST Y, #ERmfricsiT 288 e L
TS EEBZLND. FTIRFERTIE, #BENFEE
IR T SRR & WSS TR T & 5 2 EWRE
EN TNV DR BT CTIEEBRE I X D Flyer plate
DOETEIAR 72 E DA 72 7= O 2 2B O FERII T & 2
272> TV, & 2 TAMIFETIX, Flyerplate (27 /L
=T LRE M, BEEEICR T DA - R
DG FRAEATH LT, AIRBEIREICL DL -
ROEERHTZATV, TNENDOMAEDEICET D
R AR DT SE ) 2 G Tz

2. EBRGE

M IIE, EEA 0.5 mm 0 A1050 LEEMHT v
T=U o (LI, Al ERiR) & AZ3IB <7 R T A
B (LA, Mg L) Ao, BEICIXERIE
s (Bmax fH84, MP12.525, =07 W% E 1 40
uF, A JLiE :3.0mm) % V72, Flyerplate (213 Al,
Parent plate {213 Al £721% Mg & /2. Flyer plate I3
2 A )V EHEIZ 3.0mm @ Overlap CH 2 CEE L, Parent
plate | % Flyer plate [ (ZfRIBRZ 5% CEHAQTREE L7.
Flyer plate & Parent plate D#FRIX 1.0 mm 25 2.5 mm
DFETO0Smm BXIZ, 20T U HICKEBET HERTT
NF— (FETFLF—) 1T 10K 225 6.0 kI DT
LOK] BE AL S ETHEAZIT o 1. B O NTHEAH
X, BT — LRIk L CHRERBm A0 H L,
B TS U 7= O B FEEE 2 -V TR L7z,

FABEMEHTIZIZ Ansys mechanical APDL |2 J 2 A RE
FiEE RO, FIDICEEET V&N TaA IS
AT HMEERZFHAL, ZO%aANVEIHAET
DR, AT L o T Flyer plate REIZHAETHHT
B HRNT LTz, 2O bEtR S EWT) 2 )5
ET/WIZASI L, Flyerplate DZH % 81 L, Flyerplate
& Parent plate DEZE55E) 2 fiftT L 72.

3. FEFRERKROBLE

BMEMRHTIC L - THRO T, A MUV A REDR
DIEA L TH 5 D Flyer plate D ZE 2580 }2 OF Flyer plate
& Parentplate DOE 22258 % Fig.1 (/K. Flyerplate (%
BN L > THEBZO X 9122 LT Flyer plate
Uil A3 Parent plate & 22 L, fZ2€ 8034 H I EE) L
THR. AWFZEIZ 1T 2 FEERSA4GH TlX, Flyerplate
T8N o O 22258 L 32 BR A LK & FRIER 72 o 72

L: AREET - B (R - #56¢ 2 BRELT - #B -

935



S5 EE BAKRFHEIZE

KRBT RNV —2 5 NIKMBRIZI T D Flyer
plate & Parent plate 0O #J #2215 FE N OMJE1 58 #4 i %
Fig2 |ZR"3. [l Z2 K& <2 & IHIEZEd B 130 <
720, PHEEAEIIRELS 2D ZENbhroT. [
BRAAKE < 725 & Flyer plate DEFEHENEL 72D =
LT K o T ZHEE 13 5-< 72 D, Flyer plate DZE T
FEEN R ool 2 SN Ko THIHIE LA A K E <
RolmltEZOND. 12, KETAALX—EELT
% & AINEZEH BT < AR o 7 Ay, FIEIEZE A EEIIE
LAEBL LD o T, BEZXILF—2RELTDH
L BRI K E T2 2 T2 DY 2L B 13k < 7o 72

D, EIERRBEEIZ D O 720 T O 2 £ BT AL L 72 )
SlebBZohb.

Ffie)E (AVAD, R2HEeE (AUMg) TEBESE L
T AW O #ALE %2 Figl o7, EORMTH
Flyer plate T& 2% Al R DEZ2IZ LV Parent plate 23H/E

FHENZEFE L TEY, TOEREX Parent plate (21
TFE&BICL > TR ST .
Fig4 |2, AVAI #25, Al/Mg BAITBT Bl E

B OMETZE 4 2 & W22 13702 & D BRBE D BIfR A2 7=~ 7

ZHUIFKET X —6.0 kI, B 2.5 mm D&M TH
BT RER A Ll LT 5. Parent plate D EHIAKAT
P, EZEEOBENC L - CHEZLERE ITEL 700,
RAZIIRE L 2o, AR DIiE Y Parentplate (X Flyer
plate DEZRIZ K > THRIEFRI~OER R H Y, D%

JE I Parent plate (2 H L 728 BHZ K> THERAe > T

7273, AVAL B:5 JOY AUMg #2528 D i 24 m & K
OMEZE A FEIZ IR bR dr o7z, ZiuL, Abf
%% °C Parentplate [Z U 7= Al &Y Mg (238U T, Flyer
plate O =T K HARIEST 0 O T E LRI BT
HERFMNBERIT IRV L ERLTND LEE
AbND.

4. ZEIHK

[1] FHIRANS: @B OEN: Y — L EEE, BEaeE,

54,153-158, 2004.

2] RHABES: BEERICLLITVI=V L2648 L
RFEE JEM B O S ~BREREOBEE SR ~, BEE,
71, 288-295, 2021.

[3] M. Watanabe et al.: Interfacial Morphology of Magnetic
Pulse Welded Aluminum/Aluminum and Copper/Copper Lap
Joints, Mater. Trans., 50, 286-292, 2009.

[4] D. Jaramillo et al.: On the transition from a waveless to a
wavy interface in explosive welding, Mater. Sci. Eng., 91,
217-222, 1987.

Collision velocity (m/s)

936

FiRES TIRE

Before deformation

Initial collision

Parent plate

Collision point

Flyer plate

After 10 us

Initial collision velocity (m/s)

Collision point

Fig.1 Deformation and collison behavior

in magnetic pulse welding.
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Fig.2 Initial collision velocity (Vciitial) and initial collision angle
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Fig.3 Optical micrographs of the cross-sectional view of the

(a) AI/Al and (b)Al/Mg lap joint.
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Fig.4 Position dependence of

collision velocity (V) and collision angle (5;).
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