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Dynamic Fracture Behavior at the Spot Welding Plate
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Abstract This study is to analyze the intensity of welding part by simulating the dynamic procedure during
the fracture of plates with spot welding. The upper and lower plates attached with spot welding can be seen to
fall apart at the elapsed time of 0.64 ms after the upper plate is stretched from the lower plate. The maximum
von Mises stress is shown at the welding part in the mid of upper and lower plates. The internal energy
decreases largely and the kinetic energy increases suddenly near the elapsed time of 0.64 ms when welding part
breaks down. The sliding energy decreases with step-by-step style as the time elapses. The value of this energy
becomes 0 at the elapsed time of 0.2 ms and on the contrary, two plates stick each other as this value
becomes a minus after this time.

Key Wonds : spot welding, maximum von Mises stress, internal energy, kinetic energy, sliding, energy

1. N2 AL F2ES Agsished 2 98 3k o
31 8= HA F7hke FAl0lH, o9 2 A
HEAHLE ZAgol sty wle B2 Az Ujof] ol SiRo] AEH FxE M AAE st HEHN Y
oREE AEsb Folstn tAAelE Hgtetns AT W WA WA Avkdoln Hekel 49 Wrte
AEA} AAE HIRF A A, F7] 22, PAAE AR B2 A AAE] o1 JUoh4-5). Ty H8
5 52 WFAT Aol o7 5E Btz M ¥ Y AE7H 538k, shdho] 3atd e g 4t
ga] ASET Qo). Hee uie gy Fel @ SRR we] i 9 o] offnt meby V&S] g
PRt 2hg # ohuzt 2E Sut Wygol WofH 2 AUt Hhue| 84 ol HeHR HH F
o2 gydFAuct Y58 gttt AT FeHo B3 = Hrholl F3E|e] F3) vju|dt AAo|ct. whetA HE-
2512 9 3P B0l FUksHAl ® AL 7 A4 R I AFel dstd F o AAH|x FHol =
Zoprt 208k ouE Zv] ook E3] e A AT asiota AzrEch ojite] At Zeksle] B
Fohe AEA e e AWEE 7S, 2 A 2 AT E AR AR gol ARER Y H83d
du] S AAEo2 Ao Ao FAg Fole AR g iy guiFo] ste HFE AEH oA 3§
7ol A5t T2 A0l UolM Fadt BAolcH2-3]. AALEHX, I FEHTY Y SN ¢ F= kS 6t
Aot

‘FRL 714 - BT
"BAAA 222 (jucho@kongju.ac kr)

314



HeE BN 52w AF

2, 28

21 HE%R | Algzoj¥ 24

Zzko] gl= Hgdor st & e AAA 7
#go] shke) §Ho2 A= Adol Ho] Ytk 714
gheh. Stbe) e 1 wieto] WA D HE Wo| 1 B
oRyE ol Urtelg dgelo] wagich g3l
sHEstollA I wEol AL TR wets A
2zt $A2g0] Witk H49) B3l 2AFo| % o,
e Mo A8s HEast gBEaA UY
HEQA[6]5 AME3IE o] 84 A0 =AY FY
o §loiA L CPU AIZHE W-g 2T Egolwris 4uje)
AlZME AR 71 = o] Sl= W) AL, =2
Yol zeroof 2] AEE Dotk zero x| WHL
o] AAAHQ vhgRTt X1 HEE YorA =eof
AR H9) mokahe Zfolz} Qick. ol2gt WH-S hourglass
23 3io] o] WS fstol e} AMzo) HHE
s7kskAL B4 7] Wstol HebA hourglassZ B S
ok gt 2 AT ] HEHE M) &
Bloe 9R HHE 2 A9l SHELL163QA(7]7} AR o]
Mo =M $742] hourglass 2B BRA ek EG
2 A7olAE A2 8818 F BEel thelds BKIN
2279 Az wYE Fojdch Be) ALL o|F Y
&% 73} Bdl(bilinear kinematic hardening model) 2 A
Zolm 1 BAAE E 13t Uk £ o] B Bk U
A4t 19 13} 2ok

R

1am

Thickness:

Spot
welding

80

Unit:mm

3 1. 299 =g % AP

315

1. 38 A29 4
Density (p) 7850 Kg/m3

Elastic modulus (E) 210 GPa
Poisson’s ratio (v) 0.29

Tangent modulus(E,) 21 GPa

Yield point(o,) 0.8 GPa
Mass-weighted damping coefficient(a) 0.01
Stiffness-weighted damping 0.05

coefficient(p)

B oio] B8 zzade FeHd) Ut 54 1)
o) sf412] 1<) ANSYS LS-DYNAS AMgalo] 4343}
ATHe]. 19 29} o) Zhzte] Be as7he] WAS, 3074
o) 2452 B 74 ZACEAE ol B
2 where] ghds) mAEol 9T, wel 5 Buo] W
A8 A7t Ao rk

Forced
displacement

Spot
velding

38 2. 7wl 24

93 gigtel Boj7) FPgold YEO 1% e
02 1 meSok YAEH 40 mmz 74 W} 19 33}
2ol AEET ek B3 £ 7Y BSolM Fo 29le)
4 9ixlol sk Awat okl we) HSE HaiA
ek whehy gigkt ofd) WollAle) Zzte) Y WsE




atst7|4etel =8 A Al7d A3E, 2006

788 37THe 2 A B dFoie O 2 Qyles B
713t

iz

Forced displacesent{an)

o .2 .4 5 .8 1
1 2 s ) )

Tine(ns)

a3 3. A7l e B A W9

BEH ZHORHE e (U} e 42 WS
5 gl 588 4 9 WAE)T WA= WS
2 27} 100 KNOE 3T PAEn Pae) 45
(expn D exp) & 22 7HYRTE A AN
T WAEE) 2 BAEO gol (V9 SATE B
Z3}e o] L AoiAich B, B Yo A
o] WAl Wero 2 AEY W ZeEoIA L Grk. & AT
MM 1Y 29 o] AF PFOE ARo] AEHL
slek

/ \exp,, 7 EXP;
/] +( PA e )
5y / \ 5
2.2 A L E
27 dolAeh 2ol HEH YA O L @4
AollAo] YEeF WSS A\zko] Thsted & A0e] DM

2YE ol 78 FHE Uehlm @9 ZHe
okg) WmoAel 374 WS vehdich AZAA FAR
T gonz @Y @O BYIAL WS AL F715)
o7} 0.64msol| 4], D8 A WYt 13.79 mmoA A4
93] 2719 O 4 AT OF FHY wgle ol
10.76mmel A AFGS] ZAEEA £ o] Wolm Urhe
Adog wasm gk

316

45

Displacement (mm)

Q 4 .4 & 8 1
1 2 .5 7 9
Time (ms)
38 4. A2 HE QY © @3 FHINe YE 9§
29

{Unit: GPa)

. 227437
PPy
162
.63
.097
.565
.032
.499
.987
.434

[

BUC00000

Time= 0.64 ms
O3 5. 0.64 ms ZE A]-of|A]2] von Mises 28 23X

3% 5= Yue] ot & 0.64 ms7h HabE Al
A2} von Mises 32 Uehdch ¢ W ol o] 7}
-?-‘3‘“ B4 FlolA Y S8& Uetiz gl 3 &

2 4.434 GPao| Tk it Yo A Y ofef &2 7}
ke d of wollAe] 9 REe) FHAle| A= A



BeHE BN 54 B AS

49 Y& YEI T I 2 0.227 GPao] HRUTt

(Unit: GPa)

- 0603865
.120688
.180511
.240334
.300156
-359979
.419802
. 479625
-539443
. 599271

Time= 1 ms
8 6. 1 ms Bt AlGolA¢] von Mises 58 #XL

2% 62 sj4e] A% A | ms7h AohE Aol
o] von Mises S22 LrEhit. of#) Rolie] 9 22
9 gig Fhed) HRol gHRSA Hejol See
el 913l 1 gHE 0.599 GPaolQict.

zo0o
1300
1800
1400
1200

1000

Internal energy (N* m)

L] .2 -4 -5 .8 1
-1 -2 -5 -7 .9

Time {(ms)

3 7. Alzkl W YRoluiAe) st

2Y 72 ARl B2 RS WetE & A
dl, 3} Al7ko] 0.64 ms2 1483 N - mo] & @7z 7}
=t} ohA] o] BZojlA 1152 N - mZ 4G ugopé] e
= ATk o] BZE o] AofA= AIPRE
A 2 YrUArL FAs A Ho Fru)

Sliding energy (N- m)

Time (ms}
37 8. Aol 2 wlmE oo} wak

37 82 AZke] TE Bl ofux)el WatE £ A

A5, 0.1 msR2obA 156 N - m 7R 74 34 271
St ARG aso] A} Azl 02 ms HTelA
0o Hgick 1 F2& ving Azt g4 ghol 5
of 23l7f J3o] Bl AL & 4 Ugich 8 Rt
"olA U7k A2 0.64mse] ZAIZE RtoA 04
N mollA] -114 N - m2 A58 9olde & 4 gtk

500 )
aso}. : n
400 . o

250

200

Kinetic energy (N-m)
o

Time (ms)

3 9. A7kl w2 25 ofux|e) wWst



gHAbeh7 283 =R A|7H 33, 2006

38 9& Azt @ &F oA HgE & A

dl, 79 $97F WoiA Uk A1HQ 0.64mse] AT
7+ 220l 48] £obA 490 N - m7H 2e7H B

& % Uk

o
= 2

Damping energy (N+m)

-2

.5
Time (ms)

28 10. Aol TE ZaeluAe) vt

7

2% 108 AZto] w2 ZoiRe) WaE 2 A2
dl, 87 ¥97h WolA Lk A1ESl 0.64ms ] HTHA
7 HZolA 0.7 me7kA) AES] L2t Be @

9o WU F7leks 2FL Molw glch

A

+ 9

3.2 E

dgo]

pul

E
2

7He & Aol AT, I HEHRY &

g s W = PotE gl of s AnE a9k

9 oS 2

() A2 F S8 F o TEo] sold £ 0.64 ms7}
A AlgolA, A 838§ T % ol To] Eo
A Uz & 4 ol A9 9 okl we ke
£ F9olA 29 von MisesZ2& Webfa 9l
I 1 gH2 4434 GPao| H9ch

(2) Alztol T2 ez "sk= §3]0] HolA
7He A< 0.64 msollA| 1483 N - mo] & wi7tx] &
7tElckzE ohAl o] BZoflA] 1152 N - m2 3] W
g2dE & 5 AUk

(3) Altell w2 v oY A]9] MBR= 0.1 msEof A
156 N - m7t2]| 7V 24 et Ad@ e o

2 d7eiE 3848 Fog 8 St
R
E.(

=
=

-

318

Ao} A3k A]7ko] 0.2 ms F2oA 00] E|Yct 1
F2E nny oAzt 359 grof Heof 2388 2
o] He AL ¢ & At

@) &% ovix e Hke 874 2947 oA Wk Al
A2l 0.64ms ] HIAIZE H2oll A FA3] FobA 490
N-m7Hd] &27HAl 28 & 4 Atk

X

rot

iz

o A

(1] 9Er], o9, A% “Neahg =5 22 ¥§
Aol &g A7 deHeFEEA, A 149, A 3
3, pp41-47, 1996.

[2] L. S. Jang, D. B. Chae, "The Derivation of Simplified
Vehicle Body Stiffness Equation Using Collision
Analysis," Trans. KSAE, Vol. 8, No. 4, pp.177-185,
2000.

(3] ol$4, 29 A4 FEHA FFAI S0
], Vol. 7, No. 1, pp.1-6, 2006.

[4] L. P, Pook, "Fracture Mechanics Analysis of the Fatigue
Behavior of Spot Welds," Int, J. of Fracture, Vol.
11, pp.173-176, 1975.

[5] AlEY, 2, g7 9 23oldegd I
zbgho] HeyAol Bek A7 dishgHskEx|,
Al 129, A 33, pp.56-62, 1994,

[6] Training Manual Explicit Dynamics with LS- DYNA,
ANSYS Version 10.0, pp. 4-7, 2003.

[7] LS-DYNA Theoretical Manual, ANSYS Version 10.0,
2003.

Z X S(Jae-Ung Cho) EEE
1980 290 : st 7|4
EETEL NN
19824 29 : ettt 7T
LRI
19864 8% : st 7AE
shakZatabAp

1988\ 39 ~ @A . FEost
L 7A AR B

<@ gop
A W SR BE A R WA B
A2 i 254 54 4



