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Electromagnetic forming is a high energy rate forming process applied for manufacturing and assembly
of many parts that are used in automobile and aerospace industries. In this process, the electromagnetic
body forces (Lorentz forces) are used to produce metallic parts. Joining high electrical conductivity
parts by using electromagnetic forming process is an innovative method. Therefore, it is very important
to use a proper technique to ensure the quality of the Strength of Electromagnetic Joints. In this article,
this process was simulated in ABAQUS. Then geometric, physical and mechanical specifications of the
tube and coil are entered to subroutine and the magnetic pressure is obtained; by applying them on tube
in ABAQUS software, agent analysis of the process and deformation of the work-piece is obtained. The
effective process parameters such as discharge voltage, clearance between the tube and die, wall
thickness and length of the tube on depth of bead were experimentally investigated by design of
experiment technique based on Taguchi Method and signal to noise. Finally, very good agreement was
found between simulation and experimental results. The depth of bead in sequential coupled algorithm
compared to experimental result had about 4% error.
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Fig. 2 Schematic of Electromagnetic Forming Joint [5]
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Fig. 1 Schematic of Electromagnetic Forming Circuit [4]
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Fig. 7 thickness variations in tube length at the end of forming
process

P35 o Gkl 5o 5 Job sl 0 b s T S

slesl ;o 1,07 mm Coles b 9 40mm - Job b ddg) (slys 4000V adzs
S 3L o pdion (Sl adeine a5 b las oo o ol o IS a8
o & S Sl s & B lat by et 4l o S
@ B LD )0 0y 5,8 4l yo Culd Rl G i (e a0
Oered dlge (AISSE Wil B (e o ilid sla i sz o
el Glasg au Sg jo @S Cewl ouls cvalin [64] x>l (3850
S i Cow ae Se o gleil adlis S iz o g Cwlbs il
Dgdsn (s Djg0 4 Sl (S AalS 4 ymie &5 9,5 (o0

B 090° $329.2 A o 9B 0aalin D Jgu ;0 &5 jebles
IS ol o adbios (225 o)l 5 i silwand Sl yo JJB
s g eliS sl eyl dwain ks b e s b a5 e ol
@l Gl e b Jleel oy 5 WY 5l e, Gl s WS e
el 00l 00,91 8 Sy 0,20 s yge)]

T U2 0 wad (SOl g olslE (SaS e o L ojled askad
o Gials ol 4 QB ad glad O jgle jo alg) o la Cwls 5wl
Colbes ahad cpl )0 oul obul JaSe,> 9 SL Jdo cwl 00,8
515 el g 5 B o5 s G 5 ) o558 o el o sl
Sgboe ol (b 4 ymie g 0 0 T ol> 8 L

el 00id (SHb o Lol ooy (SaS g, o5 Slhlo 2 o les dnlad
s i b s A 5 B el G s & Sl 2
5 S5 ey g oid (Sb ks ashad (1oojled s anbd L anylie

1 o ) leds 16 093 1395 w.})})ﬁ (RIS Sl [Ca


https://dorl.net/dor/20.1001.1.10275940.1395.16.1.15.8
https://mme.modares.ac.ir/article-15-5215-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20]

[ DOR: 20.1001.1.10275940.1395.16.1.15.8 ]

Ubhed 9 )9ab s34

02955 U9, 3l 0 3laiwl b uslolinog il 523 S dlawg 43 ossinoglT alg) A1 Caous &3 g Szl (275 asllos 9 (5 )bwdguib

b oaclie jo jiaS adss 5Ly g ankas 2alisS Jobo g 5YL cwlid ws
Al oo ankad (FuS g2 pas g adi o)l o 3 oled anka

plowla = 0.05 ojlusl 4 Jol g45 sl (2,8 b il ylg 5 JUT caslol yo
@S a5 09,5 (o (rsS (55,98 (308 (59, 2 HFS B B ppe B0y 5 0dd
Sl ool ools Lis 6 Jgaz o ol

1172.34 aplso iy Jole 51 agus a5 amd oo (5Lt il g 3uIUT ol
Ol 5l o 5 05l (555 958 Gee gy ) U oyt o wilie
2 b i iy 4 B g Ay o (A g Ay ok ) culs
515 (595 98 Ges S,

bl Slelons )3 (93559 sl el ke (nyige et 5k
ol Gz onl 5 (9 US2) 05 e ooliil (SAN) 5255 a4y JUSims
Dl e S SS90 5l S

S Ojle 4 g B g Ayl e oS gl g Job 81 L
5P ol Jsb Gl b mzen b RPN Ssl (65
b Ghals 4 e a5 sl Al i gmhe g, p (S
238 0 Ay 59, p Jlosl (purbline

Jleil g 0l (59,98 Goe S el Ayl o)lpns cualis )38l
e e Rl 1y gl (Sb g (SaSsx

Sk bl Gl @59 58 (sote B Ayl 5 Enpe (e alold
@lElog> o pd b oo Gl g 9 Ay o alol &5 5By 05 e
5 AB oy (A Galbl) iSzS alols S e i e izl o Ll
5 95 g0 s skl (555 35k 5 Jimly (@Mlogs gy el (o)
3 9 ol i g 5 Wy G (oepblone JLid AT 005 e sl
3970 B g Ay o (A Ll 005 e bl plraly Al A
ol 368 A aSSHge 4 0)ls Sy (SuSam pln e sl
P SaS 9,z sbml Sl ol (A 5 0sdo0 o)y Wl g WS 0 1SSl
5 A8 G (W b A (n e Oy Sl 9o (950 W)
o)k o 5 00,5 xS ol B Ly 5l 4 A s Sl Jlade 4 Ay
S dlg) FaS g dels a5 g 090 o] ol

s HlaSG o ledl plad (59, p sl ) Jawsgs ouls apulxe jLa3
L s5lse a5 dgd Bkl o onds ool (g9 (qunbline (lase 4 4z g b
9 e (e 5 5) Ayl Lams 5 plise 3550 caSlse aly) e
9y 0 O Boad G 4z ;2 g 00 i dg b o Jleel jLud
QI (S8, 9,8 42U )3 (puboliseg iSUl jLid aiioy b oo a5 L2
Slse SRl LeS At s 5ls (e (R L Grizres 5 W8l e
) gl )0 (595958 o adsd 5Udy (il 3l asl oo [9] a2 o b (Rl &5
oz 5l 500 slaytally 4 azgs b oS clls azxgi Wb (Jg wwd 0 38
Seh dlg) S cels Wlgs oo adss 5Ly iol38l ) o o culs

979, 3o 89y 2 swp 0590 Syl ANOVA Jsa> 6 Jgu
Table 6 ANOVA for investigating parameters on bead depth

Pk o Gulbly s 4z

ole (F) V) luye ol bk
(%) ) (f)
14283 10850.3 021 0241 2 4z A
5 37995 0042 0084 2 - B
8359 63503 007 0141 2 49 Jsk C
72344 549502 061 1221 2 &l D
0.014 - -0.001 0001 9 s

1 o lesbs 16 )9 1395 Oﬁ‘))j)é (ORI Sule Wi

Test No. 4: without rupture and wrinkles

.

Test No. 5: without rupture and a few wrinkles

Test No. 8: without rupture and few wrinkles

m.

Test No. 9: without rupture and wrinkles
Fig. 8 formed tubes in tests
Lo siole;] 50 oo ools JSi slaalg) 8 sl

oadd (Fb e Lol oad poS LS (SaSsz Gl 8 ojlads askad
axked | aolie o axkd alsS Jsb 5 5YU Caslius wid ol 45 .
S g, bl ) canlie () g abb o dxkad ot o)l JJo 3 o les
&S o (6 S gl dahad ol o oL
ol o3 el oadosls S5 (SuS 9,2 9 (Sob e 9 o)led askas

134


https://dorl.net/dor/20.1001.1.10275940.1395.16.1.15.8
https://mme.modares.ac.ir/article-15-5215-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1395.16.1.15.8 ]

Obled 9 )9 5340 G955 by Jl 0 il by umablideg )il (5.5 JSuls Alawg &3 (5o9ukaog)T alg) JAIS o 3 3 sl (5285 Asnlline 9 (6 )lwdad
3.75 Mean Effects Plot for S/N Ratios
@
10.5 1
3.50- 2 \
= IS 1
.é DZ: 10.0
g 3.25- > 9.5 - \
P ©
- S 9.0 1
g 380 R2=0.961 = - , -
s 0.3 0.6 0.7
& 5oc Tube thickness
@
.  10.5-
2.50 . : . , . £
2.50 2.75 3.00 3.25 3.50 3.75 G 10.0 1 BN .
Experimental Bead Depth E 9.5 .,-—-'""-,
wn .54
Fig. 10 Experimental vs. predicted results gS)
ool ey Joo dlwg a5 0 s Lo el o 10 s § 9.0 1
= T T T
ol a5 03] 0.04 0.10 0.15
Clearance
(S 5 4o - ,  10.5-
a & . o e, g
L =l Cons a0 q,,_;fsmbl&u sl LS gilwans lol Gaass pl yo g 10.0 - ‘\\\
2 b plal usSUT 53l g rbolinog 2SI oo IS5 51 oolitl z ——
%) 9.5 1
didly Jow bl 5 oole oled oy i ( 20 IS0 00l )8 ol (g5luad G
e . & . e s T 9.0 4
il 63 e sl adld] 3 8T Syge S il )T 5 4 g ' , ,
5 905 amlie 0 Glapse] @ Ll @b (giloand oped 30 40 50
Tube length
4% ) aS e 4 ol b g jlodant ) Jol> gl o5 ab svaline 2
A2 o Gl 0y (y905] S | 5t Slral> 10.5 -
(%]
el 38l adbline (lid g cwablise loe JEs adss 5l liél L - % —
é - o (s . o
23,5 50 59555 Gos Rl 4 e oS Wb oo Z
Sl g ol o (omblise (e 3985 (g 9 By9 o A SR L - 2 '
" RN B . & 4 & = 9-0 “
9 Uy o Ak GRlB e 9y G (bl LS oS 350 5
. = P R . . z ) bt y
A& Gogewdls Sihs SaSezr pln e sllss 0,95 SIB 4.0 4.5 5.0

bl ceels oy (A g 35sn o) gl 5 WS (oo (6T ol 18 Ly 5l oS
Sl 4 (n e @ G Sl Dyge a3 o0 Ayl 5o (SuS e
SrSolr 1 Gl I 4 aS sy lage e 4 Wyl 5 B G B
25d gl (SauSgyz Sl a9 058 ol Gl o)y G g 03,5
SBhaol g9 9 B 5 ol o uled waw gl Job IBIL -
chw 695 2 S5l gl Jobo AlBIL Grizmes b oo (Al
Js) 55y p Iacl rbliie JLis ialS a4y oeie o5 o 4nlss (g i
80,5

el ctalejl (b (ST Sligkos gl 0550 olgiiny Sales o
Jlie 2505 SS9z 9 Sk w59y 98 Ges bl 4w o a5 0pd
5healizl b ol b (g5l atugy eized 5 428 Ll 0 1) o8 (g5, 2 Ll
9 plol S35 w98 Jd 5l sl sla o,

i3 g pod -6
555 HLBT S8 5 oKen 5l axlss aY 05 dllie By

Ll oS 900 Gigy onl plasl 457 L sS85 daile ol ] o
Aioled |y Sloja8 5 Sid JlaS g pdy Sl

135

Discharre voltage
Fig. 9 S/N parameters effect on the bead depth
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