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Finite Element Simulation of Resistance Spot Welding Process for Automotive Steel
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Abstract

The purpose of this work is to develop the FEM analysis system for evaluating the overall
phenomena during a resistance spot welding. Framework of this system is the finite element
calculation based on the incrementally coupled electrical- thermal-mechanical simulation procedure.
Using this analysis system, the weldability lobes of mild steel and high strength steel are predicted,
and which shows the validity and capability of this model. In addition, this analysis system is applied
to three-dimensional model simulation the door opening, and influences of the shunt, member
rigidity and plate gap on welding are examined. Moreover, it is applied to estimation of mixing
ratio of molten metal, and then flow curves and fracture limit in weld metal is calculated. Predicted
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fracture modes and joint strengths show good agreement with experimental results.
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Schematic illustration of the incrementally coupled electrical-thermal-mechanical analysis procedure
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(a) Parallel to (b) Perpendicular to the longitudinal direction (upper: coupon TP model, lower: door opening model)

(a) Coupon TP

19 BRE %) -B5#ED FEM B E 7V
Finite element models of single spot joint with gap

(b) Door opening
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7.0
REINF/APLR-INN interface
€ 6.0 -
€
1+ 5.0
g
% 4.0
5 3.0 .
= Coupon without gap
‘é’ 20 ¢ (see Fig.4)
§ 1.0 Door opening with gap
0.0 '

10 15
Wel time, cycle

20 25

20 F47v hEERE
Nugget growth histories
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Wizo 3R BT IR ONGH & ABR R e R T
WIER 22 1R §H IR AT & L k- L, B3R

(a) Coupon TP with gap

(b) Door opening with gap

H21 B®E1H17IVBICHETZEBESS
Temperature distributions at 1 cycle

#=3 XKy MABEMFOMRME S EERGER
Combination of steel sheets for spot welded joints, and
corresponding experimental joint strength

TS joint LT joint
Combination of Joint Joint
No. Fracture Fracture
steel sheets strength strength
mode mode
(MPa) (MPa)
270-steel | 270-steel
Al 8.77 Sh 2.11 Pull out
20t | (129 ear whou
270-steel | 440-steel
A2 10.47 Sh 2.00 Pull out
@0y | (129 car uhou
270-steel | 590-steel
A3 stee Y"1 980 | Shear | 252 | Pullout
(2.0t) (1.21)
g | 270steel | 980-steel |y 2 qrear | 240 | Pullout
2.0t) (1.21)
270-steel |Boron-steel
AS 11.69 Shear 2.28 Pull out
(2.0t) (1.2t)
[J Thickness 2.0t
B Thickness 1.2t
Nugget diameter 44 t (=1.2) Spot weld
Spot weld

70

(a) Tensile shear joint (TS joint)

(b) L-shaped tension joint (LT joint)

22 ARy MEEMFOSRARA
Tension test specimens of spot welded joint

oH g o & £ W 4005 (2017)
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DF7y MR Nt (OTEAREE) 2 e L7ze 5l
AR IL 10mm/min OFFISMETITV, 3 ICERHOK
KIFEITABRIL 3 OFETH D, BHIEEE, F7 > b
HLERC & AWT EAROBERT (DT, 77y N SR
Ty MVENZ R LB E S F 7y Matky
MWW (DUF, e3R8 ([CIX B L 720 BIRe AWk FIE
WISy MR, LRI ke
DIIRT T & 72 o720

4.2 TEBTFE FEM f24T € 7 )L DIELE

421 BHETILOHE

AR SEHCHIZ R IG L 72827l FEM f#TE 7 L O
SIZBL T RB o F 2312 Ay MABIIOMBIT A v ¥ o
R Ty M EBGEERE (HAZ) OIRIRIIE L -7
RN A=F L LRSI DER L 72 B &
HAZ OZTEARBU AR & 4 07 BR AL ARG A4 5R A T o
F— Y RET LN, 2HEEOMBPRA LTSy b T
RO T~ 2 ZOFFHHATE RV 77y bO
T RN ER A OF IR 12 XL D RO T Lvaas,
REOIE TR & IRREE BB LT, SRR AL,
ROFHIRIC E B L7,

4.2.2 BB AR & B EIRRFED B H A%

ZIAEPTHHLE Ludwik O TR TBY, RERE
ML (10) 1R T L9112, EEO Ludwik 32 7Rl
IR G (R, 1270 41 (2.00), R, HFH 120) %
FLCTHT Y FORRBIS R B L7z BEEIFR AL 3R R
B oA (1) TEL, 20%EH a, b I3 LTS5 % /87 A—
Z12 L7230 (12) RO (13) 12k D skedze X (12) RO
(13) @ al~al0 K U° bl~bl0 (X E L CRE/IEIRER T OF [k
RERFAMTD % F > THEEE L 72 5 SR o0 Bl 17 BR 18 % 2668
T8 & LR/ 2 e L DB, BAERERM TS
BTRAE LD 7y bofbE g 2 fEE L7z, X (14)
X CEOEHBITHS, ZDEHIZ, Bl BIEHM TIIE
ABIRARORIM T ENERZ L Y, RETIE, WELE
TAIARY MEEY I 2= ay (57 y MESRBT) &
FIZE D ERNEARERD, TNENOHETHERLLE
TEARBT AR & B TBR il % @ L, FEM fEAT O T A5

Tensile shear joint
270-steel 2.0t) ___

Other-steel (1.2t)
Weld metal

Base metal

23 Ry MNBEBFOFEMEEMN X v > 1 (BREEERE)
Finite element mesh of spot welded joint (different
materials and thickness)
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n(270)
) € )

- R(270) (O'y(zm)

+ R(mher) (Gy(olher) + F ( 10)

o - 7T PORBIETT, 0, P 270 D o
CHFMD 6, & DT A
ey Doy F (other)’ n(othcr) : %iﬁ
tg=a0,, " (11)
(6 | WFOF R, o ¢ IS )
a=1—-al-C—a2-Si—a3-Mn—a4-P—a5'S
—a6-Mo —a7:Cr—a8-B—a9-Ti—al0-Nb
b=-0.5-bl1‘C—b2:Si —b3-Mn —b4:P—b5'S
—b6'Mo —b7:Cr—b8B—b9-Ti —bl0-Nb
(al~al0, bl~bl0 (LEH)
C=R,‘C _+R

(270)' (270) (mhcr)'C(mhcr)
(Cppppy 1 270C D C &, C

n(other)
(other) € )

Q

Q

y(other)

s

(12)

(13)

(14)
T C &E)

(270) (other)

423 EICLB2HEH
St R O T2 4T 270 £ (2.01) EFHTFA (1.20) @
B & 72 B 720 R E W B850, 2K (15) RO (16)

L0 R, =0.625 R, =0375 & L7
20
Row=20+12 (15)
12
Reowen=20+12 (16)

424 2Ry MNBEYI2L—-Y 3> DER

REBRTHW I EREEE ATIIT A= L L, Rl
L ERETRARARH L2 77y OBV, RO
V e (SINBRE DR IGBAR R 2 FVy, 77y MR
HER 0.8 LLEO#i & L7z £72, EMMERASER IO
R, 13X (17) RO (18) LY kodize RaA12F7 > ME
BRITIZ X B 57y MR L ERERIR A3, B 24 IS
No.Ad OEFRTF-OUIWIE & F 7 MRS R (R
TOAG) B ENZIURT o RITRERDF 7 Y MEIZHE
(4Nt =438mm) IZHIELTBY, EREER AR T Y78
LEZOND. HHFM (120) 25270 M £ 721 440 M & 72 %
ML No. Al KON A2 OVERIERIR A21Z, HE I E 7285
G Eea—F L7,

—75, WHl No.A3, A4 [N AS TIIHIELIL & 13575 214
RN U720 RN & FREE L Ol A 1 X2~ 1000C D EEAL
EHEEDSEN 2D, F7y MEESR AR A ENE
{72 B ZEDHIHIL T TG RN Z OE & —3 L,
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BREBIR A E o7z,
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(270) (other)

\4 other

(other) - Vv +V

(270) (other)
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T4 ARy MBIEVILL-VaEROESE
Comparison of spot weld simulated results

Nugget ixing rati
Combination of . Hese e
No. diameter
steel sheets (mm) R0, R e
270-steel | 270-steel
Al 4.47 0.692 0.308
(2.01) (1.2¢)
270-steel | 440-steel
A2 4.50 0.630 0.370
(2.01) (1.2¢)
270-steel | 590-steel
A3 stee T 4s0 0582 | 0418
(2.01) (1.21)
270-steel | 980-steel
Ad stee S 408 0552 | 0448
(2.0t) (1.21)
270-steel |Boron-steel
A5 steel | Boron-stee 407 0528 0472
(2.01) (1.21)
0.0 08 1.0

Nugget diameter

270-steel
2.01)

980-steel
(1.21)

(b) Analysis result
(Distribution of liquid phase ratio)

(a) Experimental result

24 XKy MEZEORMERX
Tension test specimens of spot welded joint (unit: mm)
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X 26 I[ZHWIFR A % 2 NEIURT s 7 L —DFEM &
WA S O FER, BOFER BRI AR Y M EE
Y3al—=YarhrbORBHRTH S, No.A3, A4 KT}
ASICBALTIEAR Y MEEY I 2L =2 a v LR
BT, EABIAKRE SHERTFRFUMRIEE 2R L, A
FAF (1.2) 2SR 72 BIHEVZ OMENILTHE I > 72

4.3 BERITIER

SEGRES & FEM AT #E ROMTRE O Lk % & 27 12
Yo FEM BT CIE, F 7 b OZIIRPTE & B iR
U % BUR 7 6 S L 7= AT RS (DU, TR R (1)
L ARy MEBEYIAL—Ya v OB LR
(DIF, fENT#ESR (2)) 1I2oWTH L 72,

FEFTRE R (1) 1%, 5IREARTBFICB W CERERE R L
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Gray line: mixture ratio by sheet thickness
Black line: mixture ratio by weld simulation
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Plastic strain [-]
25 Z R
Flow curves
Gray line: mixture ratio by sheet thickness
Black line: mixture ratio by weld simulation
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X 26 FEMBERETIVCETD Ry MEEEROIEHIRFE
Spot weld fracture limit curves in FEM analysis model

BIFICRIS L7278, L TR CIAIFH (1.21) ASEEaEELC
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#roH 8 fE 4 F #t 54095 (2017)

[ Experiment
[ Analysis(1) ( mixture ratio by sheet thickness)
W Analysis(2) ( mixture ratio by weld simulation)
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Joint strength [kN]
©
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Al A2 A3 Ad A5
(a) Tensile shear joint
3.0
25 . ]
= B -
= 20 —
£
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£ 10
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05 r
0.0
Al A2 A3 Ad A5
(b) L-shaped tension joint
27 HFBE DR
Comparison of joint strength
U
‘lb
\
980-steel ‘\‘
(1.21) ‘\5
270-steel (2.0t) .: —:-‘T:f)
S @ﬂ
980-steel (1.2t) 270-steel (2. 0‘) | |

(Tensile shear joint)

(L-shaped tension joint) [ |‘

. Failure origin
Anal 2 Its
(a) Analysis (2) resul in weld metal
(L-shaped tension joint)

(Tensile shear joint)

(b) Experimental results

28 WH/EEDLEEL (Hr#E No.A4)
Comparison of fracture mode (No.A4)
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