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Fig. 1.1 Fatigue strength of resistance spot welded joints of steel sheets.
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Fig. 1.3 Cross sectional Vickers hardness distribution>®.
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Fig. 1.4 Schematic illustration of cold working method*?.
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Fig. 1.5 S-N curve of spot welded specimens applied cold working*°
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Fig. 1.6 Fatigue clack propagation path and clack tip position with respect to number

of cycles*D.
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Fig. 1.7 Diagram of welding and following temper treatments.
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Fig. 1.8 Temperature histories at nugget center*?.
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Fig. 1.9 Change of hardness by tempering treatment*®).
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Fig. 1.10 Relationship between FL, TSS and CTS of welded joints, and Q*®) .
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Fig. 1.11 Change in number of cycles to fatigue clack initiation by temper
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Fig. 1.12 Comparison of residual stress between as weld and with tempering

treatment*®).
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[T R—BEIC KD HHREN LA D= LEHMIZTDHZ L) ZERL, 51T
T2 OBFREERIT D Z LT EFIRER L3 ATRE 72 i L&k T FIE O] %
ERRT DI ENARETHS. L, 7o —@EBEGE2LEF TS 2L THE LR
IS OMEEEf A ZLESE, ENOTXTICH L TETRERMELZRGT 22 &%
WEECTH Y PHIRGEMEARLDOICRDZERTHREND. LB SREBIG &
S Te R R D AL T /X — BB O LR IR ST 2 720, iRtk &
TR OBMBEOREZROE > O THNIZ RN ER PR TEE2REST D Z 20
ARECTH D L& X T-.
ZZTCTMFEORRBIIIN LR EWENHEE OBREZRT I EITKD 2 L
L 5. ZLTARETET VX —BEBICLDEFREN LA D =X LOMEEITH 2

L, FrCH MR IE DAL R T & ROFEL - #ERF I L OHEFNHIO ISR 1R
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FIETHEIZOWTHRHNT D, IFUOIL, 7oX—@BEICLDZBIDIRT &N
WZPED RIS OB ZH O NICT 5. S OHEEIFFERICE VT, FEREISIET
VR—BEEEBRELEEHPIAR Yy MBS I 2L —va VU EAHBET DL LT, MFEN
HOpMBEEZWALNICT S, LEOKRFNZ XY, 7o/ —@EIZ X DRk
EACIZ O TR A 2R X5 . ik lZ, 7o/ N—@EO M LR 7ZT TR <H
BHRFPEZ © 8 U O 07 iR RrME 2 BRI 075 . ZOMET CII M BE DR S
MEF AT LCT /N —mE DN LA, 7 RBROMEAM T2 L E L, 555
T ThREHTEHROEA - ERFEMAILET LS. 20O L THIK LATEZ AW L7k
FORNTREZHE Y I 2L —vaiCXVRALNICT LI LT, HFERNBOMEE &

PAR IS )2 2 D BB Ry MR AN 57 8 R AR M LS HEBIZOWTHERYT 5. UL
DIRFFIC LD T o —lBIC L > TRESELT D S LRI, 2 D OB

PRSI J5 58 BE R PR IS S I T IS S TEE Y 2R B L 2 R T

2.2 EEB&EH

AKETITERSMHFICOWT, BEBLIORTFT o N—@BOM L&, 67 74 3—iA
R X DK TNEOREEF R T3, TN O E v b — 2 S 5BR 5 EIC SV TR
7.

2.2.1 BEEH

ARESTIE, 590 MPa #k & sREEHR (LLT, TS=590 MPa) z il & L, =<
AN T VN —BE =M L2k T & S 220 F &2 ERk U 7= (506 o MR 13 8 Al &
HiZr=12mm & L7z, EHEEE X DAIHEN LA X SLAI65-610 D E A /N — X
KIPLAR > MR AR L. EIEEE R = 40 mm ¢ DR6 JF 8 Bl 56 ik %
M L7z, TS=590 MPa Dk T2 I 1S 2 B S & Table 2.1 IZ/” ¥ . WHESRAFIZT 7 v
REEDS 4Nt (Na=4.4mm) 725 X DICHE L. £27 v /—@EERMFIL, Table2.2
CRT I T RN —BREERAET L2 THS A EHIE L. 7ok, 78—
WFEZ i L7k O EESRMFS Table 2.1 L[] —TH 5.
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Table 2.1 Welding condition.

Force, | Squeeze time | Welding current, | Welding time, Hold time

F (kN) | Tg (cycles) Iy (KA) T, (cycles) | Ty (cycles)
as weld 3.0 30 5.6 16 20

Table 2.2 Tempering treatment condition.

Cooling time, Tempering current, | Tempering time,

T (cycles) I; (kKA) T, (cycles)
with tempering treatment 99 3.9~5.6 20

2.2.2 mEREEETA

— AR O R E R EF N AW STV D BVE X 2 KB A R > NIRRT
CBWTHLEH LIS 00 85, B A XAORBTEE LHAT 2
RN ENRBENTND Y. 22 TR T, REREORMGICER A XD
WEEZT W T 7 A N—REFEFEAT L2 L., EFTRERET 7 A4 A
—IRFEFIE, MEEIC X 0 EEEAT O O BEX & i L CEK A XiCin L
MM THDL. SHITHT 7 AN—REFHOENT TH D7 7 4 N—HE Fig. 2.1 12
AT EDICEAEN 250 um LAV, F OO T A2 M9 2 & T, EaES S Bk
FICTER S N A EILAR v NAEBEBICEB W THIREFHZITH> 2N TE D, &5
ICERENICIRBWT, BB THLI T 7 A4 A= Teiml 3R L AT 2 &N T
5. TOD, BHENMZLALE 1| ORETOHENFRE TH U M EDLEN 7R
W LD XD RN S, RBFSETIET v — il B R OB E BRI T 7 A N
—REHERAT A L L. HHLRERIX JFE 772 7 U ¥ —F 1L RIREA
KT 7 AN—BEFHTH D,
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Stainless steel tube
outer: ¢ 1.4 mm
inner: ¢ 1.0 mm

\ Optical fiber

¢ 250 um

Fig. 2.1 Schematic illustration of edge of optical fiber thermometer.

REERFDON 7 7 A /N — D% E JTIEIC DWW T Fig. 22 1287, £ Fig. 2.2 (a)D X 9
WCHIZER T DTS T 7 A N — %R E LEEAICTEET S. £ L T Fig.2.2(b)D
EOEHT AN LI bR ERE LEELTT 5. 2B FHRIZIL Fig.2.3 O X
KT 7 ANRN—ZF AT HOOEM LT 20 Lz, HITE, HBEE H12300um &
L. £72, BERR LN T o RX—EERICB W TIL Fig. 23 OIERT L 91T, )
Ty AN=SEm ATy FORLEE 2R DR B E L, B A2 D CE R I
e L7z,

(a) Inserting optical fiber (b) Installation of upper sheet

Fig. 2.2 Photo of welding method.
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Groove for inserting
, optical fiber

25

50

k.,

(Unit: mm)
(a) Dimension of sheet and location of groove for inserting optical fiber

Upper steel sheet

/ Adhesive
— ) Stainless steel tube

a

z Lower steel sheet
25
) .

r 50 J\ Optical fiber (Unit: mm)

T—

(b) Cross section of sheet inserting optical fiber

Fig. 2.3 Schematic illustration of measurement point of temperature history.

T EEFHRNC X TS=590 MPa Off FAER L=, 72BN 7 7 A /N —IRE F o ) i
N S00CLLETHLTD, 7o N —BEROREIX A REBx 7 L% 1000CHRE
D LT N A R LT IBEF AL R & Fig. 2.4 12”89, £ Fig. 2.4
D3I TRENRKMEEZRL TS, ZTHIREBERICEI2L0THY, SR
RTHD 1500CEHEZTNDHZ ENFUTETND. ZODHOMANRERH TILHNE
P2 S00CLLETHD Z D, Ms & FEIDIRE & 72> TV D 0Tl T 7
WHLDOD, TUNR—BEOXA IV TIIBVWCTRE RS 2RI LI ENTE, /A
AHREONT OB HREE LA - (K FICEBRLTWD Z ERbhroTlz.
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Welding time Tempering time
// Cooling time // Hold time

2000

)
-
[42]
o
[=)
b

il rt

oL

0
2.5 3 3.5 4 4.5 5 55
Time, £ (s)

Temperature, T (°C

Fig. 2.4 Example of temperature history measured by optical fiber thermometer .

2.2.3 BEEHER

vy B — A SRR OWT, WEE 500 gf, mEMAFFRMZ 15s & L7z, HIERM
fRIZFEIED 3ELLETH D 250 um & LT, 4 v FH.L2E 5 mm OFFHIC THIE
% Lo, WE P OB % Fig. 2.5 ([T,

LIIIIIIIII -------------- —_—
I

z : HAZ/ BM
i S G LLLL : Measurement area)
. l
I

S (unit: mm)

Fig. 2.5 Schematic illustration of measurement area of Vickers hardness.
23 TUN—BEBERZHRLEBFOESISMOERE

AE T, 7o —@ERMELEET L L THFORER LIRELZ 2k S B2t F
Ikt L CRERBE LT D2 LT, 7 o X —lELRMEITHES TN OEE O Z(L
D

& EIITHE D WHEERE D — > TH L1 S /3 M DAL OHE 21T 5 .
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231 MFERELESHTOER

BeR LIXIRFB LA BEAFICEE L~V T oA b0 bRFENTHSE S Z & TR
e L IRRFE~ VT A FOMBKIZT 20 TH D Z LD, kFEOILHE A H#E 3
HUMBTHDHEEZRD. 2O ENLT U /N—EBEICKDHBERE LIREEDOZE/LITZZ DR
FEIBIE & MBRERNCIRF T D L 52 5. £ 2 CTHER LIRIE 2 RTREM R B A5 1k
TH DX 3 &R E O BIRIC omfmﬁfé.if%$¢b%®ﬁ£@@%Fg
2.6 89, Fig. 2.6 TILT »/N—@EFRF# Z 20 cycles ICHEE L, 7 v/ —EfE %
F4AZ L CIREBRERALZE L. 7o N — B EBROIREITIEER L D LERH
ZERT 5. ZHIEEMBHRIAER A G ICFEL WS ERERTHDL EE LN
L. FZORARITT N —ERMEICHAT S Z LS. 22 TIRIRERE DR
KL L THmBEREICERL, S EOBRERRD

2000

——It=48 KA
It=5.1 kA
—It=55KA
5 1500 A
=
o
S 1000
@
(]
o
: /\
= 500 \ FZALY
0

0O 05 1 15 2 25 3 35 4
Time, t (s)

Fig. 2.6 Relationship between temperature history and tempering current.

S BT Fig. 27 WCHE S 0Ai & 7 /N — BB O BEM% Z 7~ 7. Fig. 2.7 »b7 /3 —%
FAE DR DS TRE(EE T, 2R EDT v XA—BHRME TORTZ v bHLER K
ELHIELTWD Z ERRTERND. iz, 7o /=B K2 LETIX, 7
v hHOLEHNRFOEAL L. ZiE T o —@ERICA— AT A NEREAE LT Z
T, WHEIBITHAZ LRI~V T v A FEA L CHE LD THD.

Kiw LTI, Tt oS4z THER LA+ 47 (Insufficient_Temper) ], [ 16 e
B L (Optimal Temper) |, [ 72885 L (Excessive Temper)| EFESZ & L9 5. KRiZ

REBER LM, 77y FHO D 1.00 mm £ TOEFHOEL M <28 315 LT &
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BHEMEER L. Fig. 2.7 TEXT7 U/ —EIRMED 3.9kA 05 5.2kA £ TOEMHEN
Insufficient Temper T& Y, 5.4 kA 7% Optimal Temper, 5.6 kA 7% Excessive Temper T
H5.

(mmnnn : Measurement area)
(unit: mm)

(a) Measurement area of hardness distribution

500 :
! —&-as weld
: ——t= 3.9 kA
——|t=4.5 KA
i || —=—[t=4.8 kA
——|t=5.0 kKA
|| O~ 1t=5.2 kKA
{| —-1t=5.4 kA
{ = 1t=5.6 kA

Vickers haredness, HV

Nugget " HAZ | BM
g9 .

150 n L S
0 1 2 3 4 5

Distance from center of the nugget, d (mm)

(b) Hardness distribution

Fig. 2.7 Relationship between hardness distribution and tempering current.

24 TUNR—BBEEREEFBELEERARY FABORERITFEIORBE

RAZBER LARRRIS S DR IS S 3 AT DZEALIZ O W T H A B NI T 5. — iR HIICHE
TR N PN E 2 LET Z LIRS AL TEY, 7 /8 —@EIC L DT
BREEA ERNRICONWT H R O OMFE PICBWTERIN TS, BKFHIZXD &
T NI X DGR BT, R & KO RIS T D EME RIS ) O A58
FRFTHY, THICK o TEGTHOBEFMPEILET D Z ERRBRINTVNDS.

Ly LRSI IR G E RO FEEFMIC KT THEZA LN LRI <, &
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SIIET X —BEIC L DTN OREIG N 2 TS 28280 T, T8k
ENTBYEZICOBME LI EBNBEEND. 207D, IILAKR v MEEET
DI FHRITIE, £ O ITMEICRKRELSBEAKRT D77y ML — b AL —
a VIR EICREWNT, FMETHNT LI ENHEETHD.

ML T ORI OB IE— KA X BEHTER I L VITbhTng. X #
RIS NG FEDO RE R E LT BEREZ/NSLS T2 ENAETH Y ZEH 57
fRREEICENTWVWD =T, BRAERI DS mm BE LN HFNBORENTE
RN ENZEFOEND . —F, Bt mm ORAES 28O T REITE VR E
(X 22 fRBE MRS Y. QR R IR IS N1 AT A BT DB A AR v MEBEEF ~ O
HIZAEE THDLEBZZHND.

T I THEP ARy MEEMKFNEICRE L TR IS 0m 2 R T 5 72 DI 13K
HIREZRMBITIEDZ S AL TS 99 BEEZOBRES 2 THT5Z L% H
e L — MR ARy MAEY R 2 L—y 3 VITBW T, im0 E E
CIGNBIRENRFE SN TR Y, ZOH T o HHIHE I K OVE -5 b [ 0 52 filoik 58 o 248
b, HEEBICB T 2MEHEHEOZ(ENER I TS, KR THGEL T 5T v /3—

BICEALCTIIRRE LBERDBZOEBICNICREREEZRIFT R THIND
T2, A CTIE— BRI AR Yy NEHE Y I 2L —va VRN A THRELICK
HHILE TH B Lo BT FIE A BT 5.

CTCHERETIEMAR Yy MEEY I 21— a VU FEBLTF, 7o 3—@E v 2
2 b—va ) OFFEMEIE, BiRORETRBRBOIRIIRES, 7L AL & L7z
LA DOERBISHIZRETEZEIOVW TR ZIT) 2L 2 MEL TWD. Fig. 2.8 12
ZOFEEZRT. TUoN—@BEYI 2L —varyE2EBILHILT, FILT 23—
BEEOTEPAR Yy MEEZ L2 FRNBOBRRIC I aMEalE Lo b,
FRE IS B REERRATICH VWD ERET VICEMR T 52 L TT VN —BER DK I
1% B U T PR AT & FE M S 5 . BB AR AT C U, T A O IR EE (LT,
kTR EERAT) P L AT KD 02k (LLF, 7V 2Ly ab—v

3Y) ZHALNCTT LI LT, EIHREICKITERBISHOZEZIET L.

AREI TS, To8—BEY I 2L —2a L 2o0NT, HELAR Y A B
RLASZBET DICHT > TEE LA FIECH BRI 2 0k~ 5
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Tempering treatment simulation (SYSWELD)

—{ Electro-Thermo-Metallurgical analysis }—

Temperature
(Phase transformation)

A

Temperature

(Phase transformation) Contact area

| Mechanical analysis |

Contact area

Output: Residual stress oR after tempering treatment

OR after tempering treatment GR after tempering treatment

A

Joint strength simulation (Marc) Press simulation (Marc)
Press load

Load

Fixed

Fixed

Elasto-Plastic analysis Elasto-Plastic analysis |

Output: Residual stress oR after press

Output: Stress o during cyclic load —

Fig. 2.8 Numerical simulation procedure using in this study.

241 TUN—RBEVIaAL—TaVvFEOHME

Fig. 2.9 I AR v MEEEZFRT 0O ETIEEZ RS, AR Y NEHE
THBEBICLD V2 — A RAEZFHALIRELZ LRG0, 7o 3—@EY I 2 b
—vary TRHETER-BEMTZTOLERSH L. T LU CRE EF & & HITMICIX
MEBNAEL D ZENALNTWD. FERBIIMEOESUSE RS E R, FEIRIG
71, B OB E G| & IO BEERORERE, OV TIIEREIR 0%

fbZgl & IF. DFVEENOKE)IS ) 2 EMICHEET 2701 LRRoER-R
21



JEFRMTICMA PR ERR AL BR T HOMEN D H. M THERN 5 & Z TRIRIS 0%
{BIZEMANE ) & 8 F > THIH ] 3 L OV iR-Sl b ] O B2tk B8 2 P E ST 5 72 8
WHHE L MR AICEA LS 9 L EX 2. ZE 2 TABRF TT v —lE T 2
2L —va VEBET HICH T o TTER TR -MEHELR R AT & I8 ) R AT & o 8 Ak
AT W=, LT, AFETIET VX —@EB I 2L —va & 2i{richbizy
TR DOWsHE - BVLEE R A IREFEMENT Y 7 b =7 SYSWELD®V A L 7-.

— Electro-Thermo-Metallurgical analysis

Temperature
(Phase transformation)

Temperature
(Phase transformation) Contact area

| Mechanical analysis

Contact area

Fig. 2.9 Procedure of tempering treatment simulation.

() BX-RE-MHBEETFE
EFTWEICLD Y 2 — W REEZ EMICERET 2720V #iim Uz LU ISR
EFPFERUE SRR

div[u . grad(V)] =0 (2.2)
DREZ M, FEREMEL LT,
V = Vd

wegrad(V) -n=j
ZHWTWSD., 22T u: BRMER, V:EXART vy /b, j: BREETHD.
EhlcBEE FRA L LTIE, Ya—ARKE, FEHEICOMMEEEYEE LT,
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. - - 0H
div Z piA e grad(T)|+ grad(V) - u * grad(V) = Z Pioy (2.2)
phases phases
DODXREHNTEY, EREMEE LT,
T = Td

A« grad(T) -7i=gq

FHWS. 22T, THRE (K), p: %, 1: B8 E (Wm-K), H: HAK
M7= ofFE (J/md), q: BURREE (Wm?) Tho.
WICHZERERENC SOV CRT . MEEREICITRERBE L EAOFELEE L. &
JEBIE 2 Z BT 5 7= 012, HEHZE B o AR 25 fE s T 13

dp p(T)—p
dt — o(T) (2.3)

OXEHWZ., 22T, p: FHEREBICBT2MO%E, 1 BREEMTHDL. ptrdz

NENBFIZIE T T CCT MHNTE D EoICRELRE., v T A MW TIELL

T @ Koistinen-Marburger H| 9% 7=,

p(T) = pa[l — exp{—b(M; — T)}] (2.4)
EXICBWTT <M, THD. 22T, pa: A—ATFA FOMGHE, b: ~LT v

YA DOFGE, Mg:~ VT A NERRBMGIRE, Th 5. REMEMHT TiX b% 0.011,

M,% 405°C L L7z, U W T FoRX%E fAuvi.

0H ( JH, (’)HZ)E)T ap,
Jt

1 R D T ) — 2.5
P1 3T + D2 3T 6t+ T (H, — Hy) (2.5)

I T,
(p1%+p2%) ;BN
(Hy, — Hy) : ZEREIRF DI EL
Thd.

(b) EAEHOBRY KL
HEHE 2 Y MEBICBT 5V 2 —ARBAORATREE LT, SIH 0 E G L K-
B A OIS D 2 SR BN G, WAEEIIME O L IC R4 5 W
L UCIRY A0 £, SR HL I IR SO ME IS U CEALT B 1200 2 0

RNFIZOWTEE L) XA THROIWEY) ZENNEE D,
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PRSP O EN B E T TO A B = X L% Fig. 2.10 [ZRT. @EHRFHITIRE
W2 THER S BUN MY IFET 5. REERD & ZOM MY Fig. 2.10 (Q)I2R~T

KONl U, AR v MNE#ELZ i L7256, BIIZRPTRIC 8k L 7=%
EIEYEMEFTNEZD.EBHETICELY BT EOBUENEE K3 5 B850 Bk
KHich s

72 BB Z O R FT A BRI EVT 5 Z & THk{k L, Fig. 2.10 (b)
DX MM S NEREFITEMEIND. S OICKEIRE LIREN ERT 2
&Fg2uu@@i5&%&%@@@&@&&AE&<&D,%%ﬁﬁ%%ﬁbkk
HIR L TERWIRRE L 22 5. R ICHIR DS I BR S IZ 202 L, Fig. 2.10 (d)D £ 5 (2 ik
B OBRMN 72 < 705 & BfIRPTIXERITHRT 5.

ZO XD IRERE b, BAEMEAT IS W TR A BT 5 2 D IR L INE IS
LOWBEEZETHILENLETHS. L LRFTEMETIZEENBLG L0 BB
RE I P RlR E R O @RI T D72, BARBUILMER L b ms THAT S &
ZEZHTN5D., WREIZB W TRERIGIXIRE EH & & bIChRFICERr & A7
LAY, MEDTIZFE A SERFETEMBRITHEKT 20525
N5, & 2 CARBUEMAT TIXM S M, REKRFEEO % B L BEitiiz A
W5,
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S S Lo i Contact area
o Steelsheet .~~~ 9
S/ . . . ./ /==Boundary "

S oSS S 7 S e Contact area
/. / Steel sheet” =~ ~ P
S s s s S Boundary -

(a) Before welding (b) At initiation of welding

@ Contact ¥ Contact
Steel sheet ontactarea Steel sheet ontactarea
— Boundary

o 3

Steel sheet Steel sheet
(c) At welding (below fusion (d) At welding (above fusion
temperature) temperature)

Fig. 2.10 Schematic illustration of partial contact of sheet surface.

Loy L Z OEEMBRHLORNE b, SRR L7227y B W TIEHEFE O mAIE b
BERISPTIIME L Lo £ THDH. —J7, SYSWELD % A W\ 72 ARSI AR AT T I3 A8 B K
TH O EMETICEEREEEZ R - TV A0, TN —@ERICBWTH AEE
E & FARICBEAIRPL N FAE L, IRENFEFICELS DN PRI 22 TT v
N—BERIZBIT 27y bR OREREZFHHE LZ O R % Fig. 2.11 IZ7-7.
HEEB BHEIRE = 1.2 mm @ TS=590 MPa & L7=. Fig.2.11 £V 7 > /R —@ER DR
FEIXVEBERE L RO RE T EF L2 L0 b, RBER OBEMIKH O M & BT 5
VERDH D, & 2 THEMBRIIOMBERZEET 272012, BED LBEK TIZB W TR
78 5 BRIt O MMEEZ VD FIEEAHRMA L.
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Temperature, T (°C)

Fig. 2.11 Temperature history with tempering treatment at center of the nugget

(I = 5.1 KA).

BRI OB 2 R EORI%R TEET D FIEICOVWTUTIZAT. KBsTHW
TWAHEEEE - BB HARERMN Y 7 b =7 SYSWELD IZBI1F 57 v /X—ilE
Vial—varyORENRINE Fig.212 D72 —F ¥ — FMI/RT.SYSWELD T
(T E T 2 G O IR B BVR R IT B & KT TR M O & FE A A
BRI MR R AR AT 24T 5 . Z ORISR AT o0 b, BOMEMKHL &%
Tt A IA T TR IR B - RHL AR AT 24T 5. TR EMEK T E THRYIET. RKBEEKT
AR RIS PT O IR 2 BB 25 72, Fig. 2.13 O 7 v —F ¥ — MR L O (THEMHE
PLOMEZZEE Liz. Fig.2.13 OB « BHE L7250 Z RN R Lz, Fig. 2.13 12
SWVTARBER THRICEMBPIEZIZEAL 0 OICEEL TS, ZOEEHD
BEMECHTIT Fig. 2.14 O X D ICIRERGEMEZF -3, B 2< 0l2iiWEE LTWn5.

=N
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26



| Reading electrical contact resistance ‘

| Reading electrical contact resistance |

¥

¥

| Electro-Thermo-Metallurgical analysis ‘

| Electro-Thermo-Metallurgical analysis |

I

[ Mechanical analysis |

Yes

Force time finish?

‘ Mechanical analysis |

Yes

Fig. 2.12 Flow chart of resistance spot Fig. 2.13 Flow chart of Resistance spot

welding simulation in

SYSWELD.

Electrical contact resistance,

R (107 W-mm?)

10

welding simulation considered
disappearance of contact

resistance in SYSWELD.

— Before welding time
——After welding time

\

N

\

—

500 1000 1500 2000
Temperature, T (°C)

Fig. 2.14 Comparison of electrical contact resistance.

Fig. 2.15 ICHEMEPIOBERZ ZE LG A L ZE L TR WSS ORE B % th
i L Cond . Fig. 2.15 XV #IRSTO R A BT L2 E 7 L TIE T /N — 1l ER O i
BREEEENRKESETFTTD2ZENDLND, EEOT U RX—@BELEBE T TWVD &

ZEAbND.
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—— With contact resistance
— Without
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1000 A
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e\
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o

Temperature, T (°C)

500

Fig. 2.15 Comparison of the temperature history between with and without contact

resistance during tempering treatment at center of the nugget.

(c) TBXR-BRE-MHEERTENFHERTOERSENFE
EHAR Y PEETIIRE ms L WO FFIZEVWRH THEELERIND. £ T
TUNR—EEY I 2 Lb— g U CIEER-REMRT &S SR & 4 S IRE R R BR
THMRLTITO 2 L& Lke. 2 L TUSHENITITERN T 2B OB, 7—%
N—=2 L LTANLEIES-OF HBEMRICH] - 72,

242 SREMKRERARY FBEREZEEL-RERTETL

BEHAR Yy NEHEY I 2 b—3 3 U ERATOBRICE, BIAR Y MEEBIR % H
B LT R FIE L, v VT YA NERRICHE O MOBHRRME AL R AIR T & &
EETDHZENEELRD. FZTARETIE, 7o —EEYI2L—3a ryTHW
DI DOREEZRE L BAEMRATE T L, 35 K OVE 58 EE AR O F BFHREE I D) TR
~ND.

(@) HERAKRY FBFEEZEEL-BEZERTETIL

BEYI 2L — 3 VIZEWRE 1.2mm @ TS=590 MPa (DP #ll) % 7=, EMIX
Sl g= 6 mm, JeiHi R LR R=40mMm O L OEFH L. EROIROE N
JELE A3 A RO FR B IS I R B3 S &OpIE U, BT e B 3 il R L &
oL Ty FISTERL S U5 0 0 BSA VAT DR A TT AN 0.27 mm, S T AN

0.12mm & L, T /RO EREIL 838, Himskld 948 TH 5. FAEMENT /I ZR D ~F
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LB RS % Fig. 2.16 12, MNTXHROEFR3EIE T V% Fig. 217 1227 .

Electrode

Sheet
e |
o
- Electrode
7
0 r | 30
(unit : mm)
Fig. 2.16 Dimension and boundary condition of numerical simulation of spot
welding.
|
i 575

Lo

(a) Overview

Fig. 2.17 Finite element model of analysis object
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(b)

Interface between sheets

(b) Enlarged illustration at the nugget

Fig. 2.17 Continued.

HEFRFICAW S REHROM M
BB FRAT IZ 35 TER

(RN THNZ TS= 590 MPa D # BHERME % Fig. 2.18 12, &
JIRHT TR TR BRI % Fig. 2.19 (2R3, REMEMAT CIIMEIOMEREZSE L
TBYW 7294, —AFF AL, VT UH AN, BERLALTUH A D45
DOHPEEIZ L > TELT S, F4E Table 23 O X H 2l FE L +5 2 & T DP

DR R 2 ZJE LTz,
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Fig. 2.18 Material properties of 7S= 590 MPa used in spot welding simulation.
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Fig. 2.19 Mechanical properties of 7S= 590 MPa used in spot welding

simulation.

Table. 2.3 Volume fraction of ferrite and martensite in base metal.
Ferrite (%) Martensite (%)
82 18

TS =590 MPa
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Fig. 2.21 Mechanical properties of tempered martensite.
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Fig. 2.22 Relationship between hardness and maximum temperature during

tempering treatment.

Table. 2.4 Hardness of each phase.

Ferrite Martensite | Tempered martensite
TS=590 MPa| 155 430 300
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Fig. 2.23 Hardness distribution calculated based on phase volume fraction of

simulation result.
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Fig. 2.24 Comparison of the relationship between hardness and maximum

temperature during tempering treatment between experimental and

simulation results.
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Fig. 2.25 Modification of the speed of transformation of tempered martensite.
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Fig. 2.26 Comparison of the relationship between hardness and maximum
temperature during tempering treatment between experimental and

modified simulation results.
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Fig. 2.27 Comparison of temperature history at center of the nugget between

experimental result and analysis result.
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Table 2.5 Tempering current in numerical simulation.

Tempering current,
I (kA)
Optimal_Temper 4.6
Excessive_Temper 4.75
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Fig. 2.28 Comparison of Vickers hardness distribution between experimental and

simulation results.
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Fig. 2.29 Schematic illustration of measurement area of residual stress distribution.
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Fig. 2.35 Relationship between weld characteristics and tempering temperature.
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Fig. 2.36 Dimension of fatigue test specimen and load direction.
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(a) Overview (b) Detail
Fig. 2.37 Photo of specimen attached to fatigue testing machine (shearing load

mode).

(a) Overview (b) Detail

Fig. 2.38 Photo of specimen attached to fatigue testing machine (peeling load

mode).
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Fig. 2.39 Comparison of AL-N curve between as weld and with tempering treatment.
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Fig. 2.40 Comparison of AL-N curve between as weld and with tempering treatment.
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Fig. 2.44 Measurement points of Residual stress distribution.
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Fig. 2.46 Comparison of AL-N curve between 7.5= 590 MPa and 7.S= 980 MPa

(under shearing load).

56



Applied load range, AL (kN) Applied load range, AL (kN)

Applied load range, AL (kN)

14 ——TS= 590 MPa
' oo ——TS= 980 MPa
\\
1 )
0.6 11"
|
10° 10* 10°
Number of cycles to failure, N, (cycle)
(a) As weld
14 ——TS= 590 MPa
' —{1—TS= 980 MPa
1.2
O
1
E{\
0.8 \
06 }X»um T
AN
10° 10* 10°
Number of cycles to failure, N, (cycle)
(b) Optimal_Temper
14 ——TS= 590 MPa
' Sro —1—TS= 980 MPa
1.2 \ \
Ao
1 &D
c<§<\
0.8 \
N\
I I
Ry ‘{

10°

10*

10°

Number of cycles to failure, N, (cycle)

(c) Excessive Temper

(under peeling load).

57

Fig. 2.47 Comparison of AL-N curve between 7.5= 590 MPa and 7.S= 980 MPa



W FHMEERT L LOTELHELMIOMEMNS A L. 2o/ R%E
Fig.2.48 |Z/”9. Fig.2.48 TIIMENIZF 7 v Ml OMILEGWE R L TWD. T 7
R OBALE AW E 1T as weld DF 5y MREHE S D7 VX —l@EEZ O
MGEBE S 2R C MM THD. 2B asweld DF 7 v MEEOEALE S WIZ 0 & LT
7~ L7z, Fig. 2.48 7 &8 A Wi 8K O 57 FF a1 XA R L I (KA g Tl T & 12
EEAD. TO—T, T <HERTET OB Fm LRI AL= 0.585 kN (235 THil#k
EORGFHENRROND. ZOREND, 1< BERTEOWEHFHMITH S LA OR 1,
TROLEEISNPEEZRIFL TS EEZEIDLND.

10 =
b W AL=36KN
LB A Y
N Rl |
10 E EEe n AL=5.4 kN

® TS=590 MPa
B TS=980 MPa
20 40 60 80 100

The degree of softening at edge of the nugget, HV

Number of cycles to failure, N, (cycle)

1000
0

(a) Under shearing load

o
o ,——"".—
C T i e AL=0.585 kN
"
3
2
ie) -
" e — B -0.99kN
4] ak ® |
LY R e S
3 e e | AL=1.35kN
o
0]
-g ® TS=590 MPa
3 =
3 1000 B TS=980 MPa
0 20 40 60 80 100

The degree of softening at edge of the nugget, HV
(b) Under peeling load
Fig. 2.48 Comparison of hardness distribution between 7.S= 590 MPa and 7:S= 980
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Fig. 2.49 Apparatuses used for measuring 3D image of fatigue clack.
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(c) N="78133 cycles (N/Nr = 75%)

Fig. 2.50 Photo of Fatigue clack of Fig. 2.51 Photo of Fatigue clack of

as weld under shearing load Optimal Temper under shearing

mode (Nr = 54517 cycles). load mode (Nr= 104177 cycles).
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Fig. 2.52 Cross section of the specimens after fatigue test under shearing load mode.
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Fig. 2.53 Analysis model and boundary condition (pealing load mode).
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Fig. 2.55 Comparison between S-S curve and hardness of Vickers.
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Fig. 2.56 Hardness distribution used in simulation model.
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Fig. 2.57 Schematic illustration of coordinate of integration points in welding

analysis model and center of gravity of elements in structural analysis

model.
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Fig. 2.58 Residual stress of welding simulation.

70

(a) or

sy

(b) ov

(c) o

Fig. 2.59 Residual stress of

(MPa)

900
800

600
500

300
200
100

-100
-200
-300
-400

(MPa)

900
800
700
600
500

300
200
100

-100
-200
-300
-400

(MPa)

900
800
700
600
500
400
300
200
100
0
-100
-200
-300
-400

structural simulation.



500

400

r

300 |

200 -

100 (-

Residual stress, o (MPa)

Tempering simulation Joint strength simulation
(SYSWELD) (Marc)

Fig. 2.60 Comparison of residual stress (o) at edge of the nugget between tempering

simulation and joint strength simulation.
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Fig. 2.61 Analysis model and boundary condition (shearing load mode).

Nugget HAZ BM

Fig. 2.62 Magnified view around spot welded joint.
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Fig. 2.63 Vickers hardness distribution.
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Fig. 2.64 Comparison between S-S curve and Vickers hardness.
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Fig. 2.65 R-direction stress distribution (o).
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Fig. 2.66  O-direction stress distribution (ov).
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(a) As weld (b) Optimal Temper

Fig. 2.67 Z-direction stress distribution (o).
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Fig. 2.68 Calculation position.
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Fig. 2.69 Stress distribution from edge of the sheet separation.

76



28.4 FREGBRIZRETTUON—BEOELE

RIEI LD, 7o RX—@EE L2 SIS EDIGHER T OR & LT, 2K
WROFAIZ K DISNEFOEMMREZ BTz, £ T, Table2.6 [Z7- 7 #K LEIZ T
WA AR LR BREEHNT, Y= heXL— g VRO EFE%E as weld
&R BER UG TR L7z, kIS, ETFIREE AT IC K D & ZUEImEIR O i ds L O,
TRUEMICB T WO T HamORE 2T, /LB IRICKET T v —EE
DEBIZ DN TRFTZIT 9 .

=

Table 2.6 Percentage of normalized number of cycles.
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B, Fig. 277 12T KO ICTHYEBHEOT A Y, REER LEFICEWTREL D
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(a) As weld (N/Nr=10 %) (b) Optimal Temper (N/Nr =10 %)

Fig. 2.70 Shape of sheet separation of experimental results.

(a) As weld (b) Optimal Temper

Fig. 2.71 Shape of sheet separation of simulation results.
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Fig. 2.72 R-direction plastic strain distribution (&P).
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Fig. 2.73  6-direction plastic strain distribution (&oP).
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Fig. 2.74  Z-direction plastic strain distribution (&7P).
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Fig. 2.75 Equivalent plastic strain distribution (& ®9).
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Fig. 2.76 Plastic strain distribution from edge of the sheet separation.

80



0.03

0.02

0.01

-0.01

Plastic strain, ge" (MPa)
o

-0.02

-0.03

1500

1000

500

Stress, o, (MPa)

—as weld
— Optimal_Temper

i
0 0.5 1 1.5 2

Distance from edge of
sheet separation, d (mm)

(b) ov

—as weld
—— Optimal_Temper

fatigue crack.initiation point

I
0 0.5 1 1.5 2
Distance from edge of

sheet separation, d (mm)

(c) oy

Fig. 2.76 Continued.

81



0.03

w : —as weld
e - :
S 00 "n Optimal_Temper
o
fDQ k
< 0.01 | -
g | \
w |
o 0 1
@ |
L] |
8 .001 I
I |
o |
g 002 !
ur:;j- fatigue crack initiation point

-0.03 L i i

0 0.5 1 1.5 2

Distance from edge of
sheet separation, d (mm)

Fig. 2.77 Equivalent plastic strain distribution from edge of the sheet separation.
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(a) N =35258 cycles (N/Nr=25%) (a) N =76439 cycles (N/Nr=25%)

(b) N=119876 cycles (N/Nr= 85%) (b) N =122302 cycles (N/Nf = 40%)

(c) N=126297 cycles (N/Nr=90%) (c) N=137589 cycles (N/Nr = 45%)

(d) N=133979 cycles (N/Ntr = 95%) (d) N=152877 cycles (N/Nt= 50%)
Fig. 2.78 Photo of Fatigue clack of Fig. 2.79 Photo of Fatigue clack of
7'S= 590 MPa under pealing T'S= 980 MPa under pealing
load mode (Nr= 141030 load mode (Nr= 305754
cycles). cycles).
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(b) TS= 980 MPa

Fig. 2.80 Cross section of the specimens after fatigue test under pealing load mode.
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(C) Oz (C) Oz

Fig. 2.81 Stress distribution of 7'S= Fig. 2.82 Stress distribution of 7.5= 980

590 MPa (under minimum MPa (under minimum peel

peel loading). loading).
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(a) or (a) or

(b) ov (b) ov

(C) Oz (C) Oz

Fig. 2.83 Stress distribution of 7S= 590 Fig. 2.84 Stress distribution of 7'S=
MPa (under maximum peel 980 MPa (under maximum

loading). peel loading).
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Fig. 2.85 Evaluation points of stress range distribution.
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Fig. 2.86 Comparison of stress range distribution between 7S= 590 MPa and TS=
980 MPa.
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Fig. 2.87 Schematic illustration of surface for calculate normal stress.
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Fig. 2.88 Comparison of normal stress range (4oy) between 7S= 590 MPa and
T7S= 980 MPa.
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(c) Specimen attached to 30t universal testing machine

Fig. 3.1 30 t universal testing machine after the die set installation.
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Fig. 3.2 Comparison of the map of Vickers hardness distribution between Temper

and Press.
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Fig. 3.3 Comparison of the mean of the Vickers hardness between As weld and

Temper and Press.
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Fig. 3.4 Comparison of AL-N curve of pealing load mode among As weld,

Optimal Temper and Press.
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Fig. 3.5 Comparison of the fatigue life between As weld and Optimal Temper

and Press (applied load range AL= 0.585 kN).
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Fig. 3.6 Analysis model and boundary condition.
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Fig. 3.7 Magnified view around spot welded joint.
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Fig. 3.8 Vickers hardness distribution of the analysis.
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Fig. 3.9 Contour of residual stress (or) distribution after press working.
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Fig. 3.10 Comparison of residual stress (or) distribution between As weld and

Temper and Press.
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Fig. 3.11 Comparison of AL-N curve of pealing load mode among As weld,

Optimal Temper and Press.
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Fig. 3.12 Comparison of the fatigue life between As weld and Temper and Press
(applied load range AL= 0.585 kN).
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Fig. 4.1 Comparison of hardness distribution between 7:= 20 cycles and 50 cycles.
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Table 4.1 Welding and tempering condition.

Force, Welding ngding Tempering Tempering
current, time, current, time,
F (kN) [ 1o (kA) | To(cycles) | I (kA) T, (cycles)
T.=5cycles 58 ~ 8.3 5
T,=10 cycles 50 ~ 7.0 10
T,= 15 cycles 46 ~ 5.6 15
T,= 20 cycles 3 5.7 16 45 ~ 5.6 20
T,= 30 cycles 43 ~ 54 30
T,=40 cycles 45 ~ 53 40
T¢=50 cycles 41 ~ 51 50
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Fig. 4.2 Hardness distribution of each tempering time.
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Fig. 4.3 Relationship between tempering current and tempering time.
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Fig. 4.8 Residual stress of 7t = 20 cycles.
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Fig. 4.12 Thermal conductivity of electrode (simulation).
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Table 5.1 Welding condition.

Welding current,| Welding time, | Force, Tensile strength of Number of
base metal, sheets
Iy (KA) T, (cycles) | F (kN) TS (MPa) N
(Base) 5.7 16 3.0 590 2
dy=3 4.5
= 3t 16 3.0 590 2
dy= 4.5+ 6.5
F=4.0 kN 6.0 4.0
16 590 2
F=5.0 kN 6.2 5.0
TS=980 MPa 5.3 16 3.0 980
N=3 5.0
16 3.0 590
N=4 5.0
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Fig. 5.1 Relationship between Q value and tempering time.
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Fig. 5.1 Continued.
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Fig. 5.2 Measurement method of contact area between electrode-sheet.
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Fig. 5.4 Measurement point of minimum thickness of joint.
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Fig. 5.7 Electrical contact resistance.
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Fig. 5.8 Relationship between calorific value and tempering time.
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Fig. 5.9 Cooling effect of electrode.
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Fig. 5.10 Contact area between electrode and sheet.
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Fig. 5.11 Heat flux.
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Fig. 5.12 Measurement area of temperature distribution.
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Fig. 5.13 Comparison of temperature distribution between electrode and sheet
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Fig. 5.14 Temperature difference distribution (simulation).
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Fig. 5.15 Average of temperature difference.
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Fig. 5.16 Heat transfer coefficient.
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Fig. 5.17 Comparison of evaluation indicators.
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m=p-V (5.7)
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Fig. 5.18 Relationship between hardness and maximum temperature during

tempering treatment.
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1/4 heated area, A, (mm?)

Fig. 5.21 Comparison of 1/4 heated area among N= 2, 3 and 4.
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Fig. 5.25 Comparison of heat input value between Ho and H7ooc.

147



5.4.3 FELIZKAH—HIRE
WIZHRBEOL (LT, JEUE) 2% L Fig. 5.26 IZ/R L7=. FELIE
H,

Ryo = (5.11)
H700"C

TRLUE. N=21ZBW\WTIL, I M0 WEREER L& TR E R REBER L
FMETH 1272 61F Hiooe DIEIT/NE L 20, TP ZITHELOMEIL 12T VWE &
mHLEEZLND. ZOZ L EEEZ T Fig. 526 & R5 &, BELLIL N-1 I —
BT bhnd. ZOBAIITEN TRV N=2 OEAITIE, ZOREE Hioc
OFEHICFIA UM EbES: B & B, Mk PREEL THIFTREREE L 720 5 5
BRI

Calorific value ratio, RHO

Fig. 5.26 Calorific value ratio.

55 #&

ARETIE, RBAE L BEBZ N EN 2 TRMIEFE L2 WU 25 E 2 7R
T, M TR E MBI Z A E L TEBROKRAEL LOMFORMEDE(L A
A L7z, RS LR LB Rt 2 Th TN AR L T O-T BIfRZ G L7z,
< DGR,

(1) 77y MELINES, HREE 2 ZNTNEE LIZEEI2E O-T BRI s
i TRIFICIRFE T & LT,

(2) WA ALZE LSBT O-TIERISGEVR R b,
148



ZEBHOENE R QEIZT U N—BEOANBEOREHETIEHL DD, HF
DEXIEHERBEINTE LT, ZOEBIIRIUE S RN T4, FrloREERIC X
STRELLET IR T THDLLEER-. TZCEKENMEZAEH LT v —@E
RFDOANBVEZHEH L7 ) A TRIBEFER LA E2RILZ. ZORR,

(3) ABAE L T L /X —MEREH ORI, MELEMERBELZNENOEE LTk

PETIZ QML b I n—FERLT,

(4) —HTH7y MEEEE LRI TIIEE R, B EZEE LIS TIEO R 2

B2 D,

ZEBRHLNE ol T TRIC, HE U FoERERLE THIRREREARE L
7.

HE, TRbbEMOMANRITEM-FKHEOBRERRICEI L bDLEEZD L
Z O R A 1L EM-FR M OBGR R LBRERBTH 5. £ 2 THUR KR & B ERE A
B H RO & BB- SRR OEMEE»DFEH L-. T OEE,

(5) BVREMRENIE BN LRI L > TR T 2 b D0, BRI LA B H e 1.5

HEDORIFIER R B2 h o Tz,

ZEBH LN E o DD, R TILIEMBEA R E TR AR E LT
BOf R xR L.

WIZ, BAREIT EFREORBME L THRINDIZEND, TINbHERIN D%
B Hopocld, ABVE LT U N—@ERBOBRRNOHEONTZREE H L —8T 25
X THDH. £ T HoocZ 5 LTz, ZOREE,

(6) Ho X Hro0c® N-1 151272572,

ZEDPHBEMNE R o, TORKIZEN TRV N=2 OGAIZIEFEEE Hioc D
Hy =L, ZOZLENORAEOHEMICHM LIEMEERTH 2% E, HEAUT
AR L TR ATREREEIC/ARY 25, LEORFHNT X - T, EMOBHAZ R L O3
BEICOWT T AR TARET DI ENTEREEXD.

149



A~ ,!f‘:tEA

ROE G am

THEOHBEERICEO TUIHBEORBRE(LCHREZ MR R KD ST
HIEMD, BBEORT 4 ICEMEMBROBEHANED LA TWS. LanL, HEE
AR D — )70 BB HIETH DML AR v N2 s EMBRI i3 &, kT ok
J7 R EE SR & RIAREE & 72 0, EAREEHIAR OB AL RICEE L TORBE L o> T
5. ZORIITEBEMBIZI W TETBENM ELRWER L LT, #F0 S50
RO CICHEEN L L TCOREPEMICEEL TVDIbDLEEZLNATVND. £
OFTHPEFTME M BT TR 2SRRI Ty, ZOoREN L OO —D
T U RX—EEIESMON TS, 7T U —E@EBIRIIEET 2 R T 2 & TN
[CEMRRIS N 25T 5 FIETH Y, JEMERIC OB L0357 & /oA FHF
MMM ELEZ ERRBINT WD, — 5T, BEISITET EHOBAEFmMITIT L
I ERBE RIZTI RN ERERMFIRICEBVTHLN SN T VWD, 2D &b,

TN —BEIC L DI E HOFE AT MmN LIV TR, RIS ) 03 ST & RO FE A
FFICEER B L ME L LT B RS MO BER A2 L TERIEELZMEILIZL D
ZEAbND. DFEY, TUN—EEICIDEITRER LA =X LRHE L NI N

FEWEEW. L L, T o N—@mEEITE T RERN ERRPIFEFICE S, A TA
YIOA VTR ILAIRERFIETHDLZENOEMLICBWTAMNRFIELRY 5D L
BEIAbND.

T ZTARMZETIE, 7 o —@EIEOFEN L~O 8 MM T, DRIy MmN L
AT =X LD &, IR LIS RE 2 TR O THIFEEZRE L. B
BN, JEGTREE ) B A = X e LTI S RIS D Z 3 E D3 57 7R EE I M
ETRBIZOW TR ZITo /2. £ L CHE I RE M LI ol 25 TR0 TRl FiEx
RYTZOIT, RERPERLERFICKITTEMOMANROZELHL NI LD X
T, WHEMLRMFICTEFELRVWERZZDEFEL LTRELL.

W ECIE, HEVEAEESM O SR EMK oMLK L, FOERPLA R Y FE
AT O P BRSO R REIC SV TRk 7. F LIRS AR [ AR R L4t
KT DN TE &0, FFICT v A —BEEICB VW TCZOEAEOE SICO W0 TRR

7o, SO ZOFIEOREFMER A=A LZHiElT 5 &, £ L TR ME
150



M ElCm i 725 TR0 PRI FEERET A ZEOBEEEICHONWTIERS Z & T, K
e B &R LTz,

F2ETIE, ETT7 U —@BEICL DS YIS, T2bbIEgmkrEo 21k
WZOWTHLNZL, SHOICHIRBELZ LT T2 & THRYEIG N LI 24 L,
P R VE DR R AR MR I R IE TR B A O NI L L UL T v —EEIC L
DR O BAL L T HMOBERE R LIz, ZOREE,

(1) 7oN—@BEIZIVBEPENTIREIEIILL, 77y FHRLE R LKL L=

SR TR T A AN LT D,

ZENHALNERDIERME L RO RN G O, RIZ, T o/ —@EL L7

MFORE LM IORAREZEIAR Yy NE#EY I 2 —va VITANT 2L T, 7

L RSEAET & B R RIS A R AL AR S S 2 L — v RS L
DR,
(2) 72 AT L 0 SRR RIS N AR KT B,

(3) BIIERB IS OMKITER L~ LT oA FOERES R L 5teT 5,
ZEBHONEROTL BRELYAT YA FEICSRBEEIC N T DR E L
T, IRE EFIC X2 BIRE & BER LIC K 2L X 0 JEMEH O T RN AR S D
O ThbHEZEZDLND.

WA T X —TBEIEIC X D S & IR IS ) O ALY 57 TR AR R T R
AOLMNCT B EHBEME LT, iR LIREE L SR 0L, W EAN O
BATo 72, T OFRER,

@)?VNHE%%mLk%$®f%%niﬁﬁ%ﬁ,ﬁﬁ ARV Ay S-S

EH L, %512 TS=980 MPa @ fii e 5 L S 1313 < BE& — RliZB W T TS=
590 MPa L Y I Fm A RE < LH LT,
(5) 77 v P OBALE S WIZ L o T, TARTAR T — KOS Fa I s
TE7eb00, FBANE— FORTFHFmITEHTE ooz,
ZERH B MMmE ol ZOMEND, HAWARTE— KOS FHMITIIME SR, X
SHEAME— RO HFHFMIITEEICINEELZRFTL WL D EFPHELE. £
ITENENOMEBAME— RIZOWT, EHEHOFA - EREMOLE, EH &

HOBFIZBT DISHTHREOZ{Z TG L. ETEAMARNE— NIZOW T,
151



(6) asweld & I fER LStk 2 bhle 4~ 2 &, 98 57 & R D J8 A F iy 1 fe i e IR L S
THXLT,

(7) $E97 FZUTBER LIRRBIZ b &3 7 M E CHRUR 7 i e L7z,

(8) JE kR IF DMk T INER DS 1%, R L& T/hSVWEEZ R LT,

(9) FHHBIFIC Y — b AL —v a3 VIBREICHEHE R D IR S hoTo 2
ENDBER UEMIC X DI 02T & RS ORI Tk <l SRR
THLOTHDHZ ENRBEENT,

ZEBHOEMNERY, MSORTNEHTBEZR LS E2WALNITLZ L
MTE. WICIEL B E— FTIX

(10) 7S5=590 MPa X ¥ TS=980 MPa (2B TR & A p 3 AEFmiaHE K LIz,

(11) WP REIX, TS=590 MPa TIL MW, 7S=980MPa TILHE sy~ 7 7 ikl T
H o7,

(12) g9 & ZoER T\, TS= 980 MPa TixF+ 4~ v Ml fs ¢ & 2N RIE )7
M HER L7,

(13) 7% v NEGERIT RS O MBS S 23 B KA & R 9 A EE L, TS= 590 MPa T 180° ,
TS= 980 MPa T® 180° 5l T o 7oA, faIL TS= 980 MPa T/hNS 2 fH & 72 -
7=,

ZENHBNERoTZ. ZO/ENG, TS=980 MPa CTHEEE S IN/NSRE L 72572
JRR & LTT o N —@E R OB N EEZRFTL T EEZLND. LLE
D—FHT, MEJS O TR SN LT EHOERFTAITERMERE —HL2wv.
D END, FREIGN Ty R OIS, O T 5 & 2458 006 Ik g

FETEEININVEDOLEEZZLND. UL EOBFHI LV T o N —@EIC L DS L5k
IS T O EACDIE 55 & RO E RIS DI SIRREIZ K F T8, OV T S5 A S

AT B OWTHMIHEEST LT k.

B3 ETIE, BEIGHEEIZMLL CHIETL2ZEDTEL 7 L AMLE AW
HZET, TUN—EEBICLDETMERN EOERFEZHLNT L. T OREE,
(14) 7V A E 3.0t £ TITIM L2 4 T, BEIS O EZHIE A HETH 5
ZENIRMES T,

(15) 7L A EN 3.0tf DKM TE T FHmnm L L, & SISHUEMT R 2 b M
152



RIS A5 INTWEZ &b EMEE IS NTE T FHmom LK+ Th
HIZEDBWABLMNERST,

(16) 7"V A EMN 4.0 tf O TIEN TEi{L 2 A= U, AR S 50 & JEHE 7R B S
J1E 3.0t LRSS LS IEENU EofEE o TWnd & TRINT,

(17) 7V AMEN 4.0tf O HFMIL 30t DR THEMEIVIET LI EnD,
EOWKIIEFHEMOK TR THY, TOFEBIIEMEE IS L D555
FEmESRID KREWD ENRB I,

ZEBHOhE ol LEORERND, T U N—EEL LTI, S OK
TG RIE A B L, SRS T DRI RE AR TS ELIEHE2AT 52
EVRALMNER ST S DI ENETREOXEKFTHLZ EEHLNTTDHZ
EMTE .

B4R TIL, EMRER BICRE R T N BBEREAHALNCT LD, £F
BMOMHANR LGRS D B2 BN LT v/ — @B R i e R LR e
57200 QEICKRIFTHBEALE L. £ ORR,

(18) O A —EIZLTT U N —HERMAZZE LHEI1IE, R LKRENE

L7,
ZEBbrote. TOZ b, ABBOT N TRKFORRICHFLE T 500 TR
W ERI B Lo Te RICHEGEBER LIRTRZ 152 720 O ARE D T v /3 — il Ry
& LB EDI BT D2NHNDTD, T o —@ERMHZZEE LT S 55 4m
RS L. T ORE,
(19) IEEBER LIKEEZ G D700 Q EIXT v /N —@E RN ] U TRIZ I HY
RT3,
ZERHBLMNICR oo, BMOEARENT N —BERFRICHHIT D ERET D &,
ZOMIEEROMEE ITEMOBHAPRAERL TN D B2 OND. EUITHFO
WE LA IN28GE, TRhOLEBELS XD, ETHPEGOMEE NEMD
WMADIREZR L TWD &0 REL & BRFET D 72012, BUEMT 21 L TF 3 —il
BEROLEMOBRELELEEEL QELET VR —BENFMOBGEIG L. 20
i A,

(20) BBOBREREZRS S LIZLE, ERR LREZHFELILOO 0EE T &~
53



N—IBERFFOBROEE N RE S Lo Tz,

ZEBbhrol. 2F D, EMOBYREROHRICL Y EMOBHDRENRKE L ho

o2 L CEMBASOBBEENMMUIZE S X 5. I T AR fER LIREZ 152 72

DOMER/NEDOANEBREELZRL TWND LW RIRZRIET 5 72 I e g = LR RE

DY LBERBER LA 2 Lz, ZOR%E,

(21) TR IFMERBER LEEDIZ S D REVEZ R LT,

e bhrole. THIEWERBER LEREDIE D BMEFNEOEEN SV, DE D%
(CHERBERGWNLTHY, UIARRAETHDL Z LRI,
UEOFRERNG, N E L EMOEEE, T L THFORMEDOMREZI L NITT

DT ENTEIZ.

H 5 ETIE, AR LBAELNL TN 2B LRI L2 WL AR R F5 1
T TIO, i LA EMEHREAZZE L CEMOKAEL L OFORBAEOL
fbafA Uic., 988 LR MBI ZNENLE L T O-T Rz 5 L
7=, ZORER,

(22) 77y FELMES, #MBGREZZNENEE L2 EI2T O-T R ITE A

W TRIFICIRFE T — &L,

(23) WM Z# R L2561 O-TBRIGEVR R L LT,

ZEDPH LN E RS QEIZT N —BEDOABREORRETIIH L OO, fF

DESEIUENZE I N TE LT, Z OEKIBHUES S L4, FFIolcis &
STREL BT IR - THDEBEXT-. T CERBPEEZHEH LT v —@E
FFOANBEZREN L) A CRERERE LSRMFEZEHE L. ZORKR,

(24) ANBVE L T X—@ERM ORI, MEHEMKEELZZNEROEE L

R TIHEOMEY b LV —FERLT,
(25) —HFTHFy MEEEH LS I3 E 2, Wz EE LS50 Tidl
RNERRD,
ZEMBHGEMNE R o, I TR, HE LU FOENENE TRIFRRRMEAEE L
7.
HE, T20bBMOMANRITEM-WBRMOMNCERRZIZLIDbDEEZD L

Z DR A 1T EmR-G AR E OB IR OCER ER I ThH D, £ 2 TEW R & VB ERE %
154

(@



BB E R OE & ER-AR oS mEs OB Lz, ZoRR,
(26) BV EREUII M TARIIFIC K > TEET 2 b O D, B R I3 L i 09 v 12 i
THRUEOIEFENR R b o Tz,
ZEBHALMME R ED0, KR TITEMG AR R E THIFTRERIEE L LT
B Rz g R L.

WIZ, BAERILEFAREOREABELTHRINDIZLND, TINLEHREINDH
BuE Hoocld, ABAELT U N—@ERHOBRNOH/ELNTEEE H) L —BT 5
TFTHD. £ T HoocZaHll L7z, ZDRER,

(27) Hol% H700¢ D N-1 {51272 > 7=,

ZEMNHALNE o ZORIKIZEN TRV N= 2 OAITIEREE Hioe ) Ho
=B L. ZOZLNLRAEOELICHE LEMEIERTH D EE, HEUIFE
B PR AREREIEICRY 5%, LEOKRFHC L o T, EMOmAR R L ORAE
WZOWTTRARARRTFEZRETLILENTELLEERD.

155



HEF

AR LITE L DML, KIK T¥ERSE T8 MR T%E FHEEEE 5T
AT O TR Z T o7 b D TY, Fi 4 BIATOMAERRBLGAS HICEDLET
D 3FM], RO BT T <, BEBEE P AEATR ISR T Sk RFHICE L
TETHIZENS ASFo TV X, 2, ZL<0&EELRIHSZVWEEEE L.

72, RIRTERY T B L7s mill BoRICLMEICELTIlE
WlermEE L.

E BT, ABFFEIC I W TUT A B 0 R 70 & DN RIS JIFHRANC 3 T B AR Bk
AR (B B Rk Aath) damesE, RIEARELIVZRRIEE 2
VAR ARY b -2 Py

KL, LEDOF2IZMA T, 2ZICB4EH T2 LDTERrolc b E
to, TXBEBEZWHNICESTEHERIEDIENTERLZLDOTHY, ZZI2LHDE
FLEEHOBEEZR L ET.

RZIZ, TNETO2TER, 73X, MMAFDH TOROEEZEN AT, KR
T NIRRT D X VS L ET.

156



& Xk

1) BEEMS,” BE3EGN AN N7 v 7 <81 o> i - BT .

2) MR AN SRR R, "V ARIEEES N N7y 7 8 3 R, BT
B,  (2007), pp. 2-18.

3) MIEKERSLAI e v & —,” HAREIREMNRT AL X b U lEE" .

4) Vepg B, “EKHBEOBEI;N”

5) “A Y RAITICEBIT HRMREABE L HEH OZE (1950 4F~2010 4)”7

6) i A fdin, /AR, PERKE, WE, HiEE—,T BEREOFMLT

7) TG H=E,"HEIET XA FPORRESEORE", HE AN, 2 66 &,
%75 (2012), pp. 12-17.

8) /NIGEE, A v b AX T RO BB R, B LN, 5 54 &, 2B 630
5 (2013), pp. 586-590.

9) PEHFNI, vHMEh, FHithA, gsAREZ, Lz, TSI800MPa fk7s v kA
L7 AR OBH%E, £TO &, 5 52%, F 24 (2013), pp. 68-70.

10)H. Karbasian and A.E. Tekkaya, A review on hot stamping, Journal of Materials
Processing Technology, Vol. 210 (2010), pp. 2103-2118.

11) ‘T4 7V vz b ARy M) EEENEHIC X 28 mEm E”, JFE #
W, %3075 (2012), pp 55-56.

12) i —1E, Vot —, UK BIFR, 8w s m s AR O 2R v b Ik T o 58
Fetk, IABERRm U, B 178, %4 5(1999), pp.553-560.

13)B. Pollard, Spot Welding Characteristics of HSLA Steel for Automotive Applications,
Welding Journal, Vol. 53, No. 8 (1974), pp.343-350.

14) T w], B, hRE A, EHEKE, 2 BV IR LAE FICR T 5 HA
2Ry MEEMEFOENFMIZONT — k& SRAMOGE Ok —, &
B SGmCE, B 11L&, B2 5 (1993), pp. 313-320.

15)M. Pouranvari and S. P. H. Marashi, Critical review of automotive steels spot welding:
Process, structure and properties, Science and Technology of Welding and Joining, Vol.
18, No. 5, pp. 361-403.

16)HER B &, MIIFRIE, /NIRITE, WA, @R AR v DIk F o5 ke A
157



Wit S OHEE —HPLAR > ME#EMRTFORS (B 1 #®) —, BEYS
W14 &, 45 (1996), pp.754-761.

17 =], AR R, PEEERZ, “HLERIRV EAW AR v MEEMFOREN
RS O —RIREM R, TR ICE, FH 4%, B35 (1986), pp. 639-646.

18)/NBpsy e, “HRPUSEEOBERE BB SRR O ARy PN, W
By, 51 &, B35 (2003), pp. 77-82.

19)J. J. F. Bonnen, H. Agrawal, M. A. Amaya, R. M. Lyengar, H. T. Kang, A. K.

24

Ai%)

Khosrovaneh, T. M. Link, H. C. Shih, M. Walp and B. Yan, Fatigue of Advanced High
Strength Steel Spot-Welds, SAE paper (2006), .

20) RUABAL — BB, ZEW, SARGLZ, FEFRMA, mhseal, EEK, A, 2
AR MR T O 97 SR &R T AR (2 MO A R L L DS, M
Bl %6 554, % 12 5 (2006), pp.1095-1101.

21)H. -F. Henrysson, F. Abdulwahab, B. L. Josefson, M. Fermér, Residual Stresses in
Resistance Spot Welds, Finite Element Simulations, X-Ray Measurements and
Influence on Fatigue Behaviour, Welding in the World, Vol. 43, No. 1 (1999), pp.55-
63.

22)S. Singh, O. Hahn, F. Du and G. Zhang, Lightweight Design Through Optimised
Joining Technology, Welding in the World, Vol. 46 (2002), pp. 10-18.

23)X. Long and S. K. Khanna, Fatigue Properties and Failure Characterization of Spot
Welded High Strength Steel Sheet, International Journal of Fatigue, Vol. 29 (2007),
pp. 879-886.

240 ilige gy, WIEOLKE, WA —%, B LARER, @HEe, #0RRBRAICKD
H OB R A 7R b IRk TR O 95 R EE T, AR, B 53 &, 10 %5 (2004),
pp. 1136-1142.

25)HERE &, HEVFJAME & 2 0BG B B B3 m Rk S #iik O 4%, WS
2FE, F60%E, F 65 (1991), pp. 495-498.

26) K JNRIZ, Ao, WRlEd, SmaeE, a1, 8 B &R B SR O A R
v NEEBRMET, BT B 8k, 5 385 5 (2006), pp. 36-41.

27)D. H. Bae, 1. S. Sohn, J. K. Hong, Assessing the Effects of Residual Stresses on the

Fatigue Strength of Spot Welds, Welding Journal, Vol. 82, No. 1 (2003), pp.18-23.
158



28) Ak IR, KOEZEME, PEEE, R, ARy DIk O 57 8 E O )
FHIMENT - BEA, B ARERTE SR SCE (A fR), FS1E, B 467 5 (1985),
pp. 1772-1779.

29)R. W. Rathbun, D. K. Matlock, J. G. Speer, Fatigue Behavior of Spot Welded High-
Strength Sheet Steels, Welding Journal, Vol. 82, No. 8 (2003), pp. 207-218.

0)epkEE e, PRSI, BSHFE, EIER, AR > MEEHEMTF O M5 57 58 E
CRE TSRO, WRHEYSWOUE, 4%, B35 (1986), pp. 646-
652.

3N WE, MAEN, TEEL, FHREAIT, SREMEBEMKFORITRE L ZD
LA TS S SR AR L ISR RIS I DB R, B AT OUE, B 13 &, B
35 (1995), pp.438-443.

) Ve iz, FilgE—, =[EMK, ZRARy MNEEMKTF OIS 150 & 57 M E
(), EHEEREE, 8 505, % 11 5(1981), pp. 57-64.

INEfRIRZ, e —, Z[EMKR, ZRAKR Yy NEENKT OIS0 &% 5758 )%
(D), wEFaEE, F 518, %1 5(1982), pp. 37-44.

M) AR —EL, KAEFERR, HAEM, BIERIT, W& MM AR v MEHEkF o
57 R E & R REIC B9 D FEM MEATIC K 5 B 22, BB, 25 58 %, 25 7 5 (2009),
pp. 627-634.

35) & LA, EEFBMB, P, EREACKES, Bt ®E, Ay b XA ¥ 70
ENTZAR Y NEBEMKFOR T BEME - ARy NEET—F7— N7 Z 07
it omE—, WHEPRmCE, F33%, F35 (2015), pp. 253-261.

36) & il -, PefE RnE, WESEEE, AFEEIS RMNEE HWEEARE T O AR
v NEBE OIS )L, BB TSR SUE, F51E, 2 5 (2020), pp.
379-384,

3N Bre K, BBz, NS Z, & HE, 590MPa #k B &) 85 #itk 2 HA & 35
2Ry MR TSR D AR EICES < BRI IR G kO, B
AP TS U AR, 5578 &, 55 787 5 (2012), pp. 278-288.

38) T IR E, EARIE S, AR v NASE LB MR O3 55 e, Mk, 5 24 %,
% 259 5 (1975), pp. 326-332.

39)P. Banerjee, R. Sarkar, T.K. Pal a and M. Shome, Effect of nugget size and notch
159



geometry on the high cycle fatigue performance of resistance spot welded DP590 steel
sheets, Journal of Materials Processing Technology, Vol. 238 (2016), pp. 226-243.

40) H IIRE, BEARIEDR, “RAR v MEEEARTF O MR S5 s LRI T & 5%
DO E”, ME F20%&, %217 5 (1971), pp. 1094-1100.

ANVERERZ, B SE], AfEElR, “ARy MaEMoENL & ZICET 5058 —
JERMEM T OMNE =", Wiy 2ERSHEE2E, % 29 5 (1981), pp. 80-81.
IQVKEANT, BlEKihz, FIEE, AR, “ERMOBET & RERIZ LT

TSNS O, ME, 31 %, 5348 %5 (1982), pp.908-914.

A3) IR IER], Mgz, ATLEOR, SED),” MR B 1 D Rk
SIHREE O E”, B, %68 %, %95 (1982), pp. 318-325.

A HERE S, MR, R, EEABIRMR DO AR v MEEMEICH T 5K
M ALER g O BIIRE A TLHIREAMN D AR > NMEBEMEGE 4 #®), BETYSH
CEE, 14, B35 (1996), pp. 502-509.

A5)thAY %, IR IEAS, /MR HK, REEICB T 2577 v MEMEE O (5
7 W) —EHBEERMICBT 2EMEELIIONT —, BEFERE, & 41
%, % 11 %5 (1972), pp. 1330-1337.

46) PAY E, IEIGIES, /MR HRK, RBEEICBT 577y MEMEEOTE (5
3#) —A by RNEHEHAL, MBOREKEELHIEL THEELLSG —, BEYS
oE, H37&, F 35 (1968), pp.255-262.

ATV, PEE, @uiEd, L —IE, BREERE, #Ened o T ERDO AR v bR
BIZBT DT 5y NERERNORE, PR SCE, 5 148,52 75(1996),
pp. 225-259.

48)S.S. Babu, M.L. Santella, Z. Feng, B.W. Riemer and J.W. Cohron, Empirical model of
effects of pressure and temperature on electrical contact resistance of metals, Science
and Technology of Welding & Joining, Vol. 6, No. 3 (2001), pp.126-132.

A9) T IETE, /NTETERER, WA —, W), A elbiE@ldiin e > = #k o8
PLAR y MEBEICRT 2 B IR OWEFEZAL, W2 SR, 5 27 &,
% 3 & (2009), pp. 230-239.

50) i I fi 1E, MPHIZEI, NPT, LMY —, SFiREIR, @ETOMET B X OE

AT 235 0 LI A R » M E i OB %, WP Rm g, # 28
160



%, % 175 (2010), pp. 141-148.

51)V. H. Baltazar Hernandes, S.S. Nayak, Y. Zhou, “Tempering of martensite in dual-
phase steels and its effects on softening behavior “, Metallurgical and Materials
Transactions A, Vol. 42, No. 10 (2011), pp.3115-3129.

52)gn REBRME, RZILER, KJIWIZ, TR, SmsT, KHK, At &
B, P RITIEIC & D WM B O IR RS IR BN, B B BBk,
390 & (2010), pp. 49-53.

SR E, mitEE, BHEE, “WHEIY, B (1979).

SAYVRIEES, TPPEF- [T IS L 2SN ORI DIE ©, B AR = e U

(AFR), & 674, #6555 (2001), pp.363-369.

55)BKREFEIA, “Hr LV OLIRIC & 2ISIRFM 3. PEF A L 28 DRIE”, M
Bl 5 54°%&%, %75 (2005), pp. 785-790.

56) (F Bl = BE, = LJikA, BAES, Bon—, tEfiE, 2HAEAN, 980MPa ik
IR AR Y MEEHICRB T LT 7 v FER KOS OB E v
Ralb—vay, EEPSmICE, F29%, 25 (2011), pp. 86-95.

57)) IR ELLE, AW A&, WMHERY, MiEfMmE, = kA, ZAEAN, AR Y b
WHEEBIC BT DI < IS B2 B R U I KR I, e aim g, &5
37, % 375 (2019), pp. 125-132.

58) Ve, fEAIE S, I, DM RE, Wl TRMICAER LIZEI AR v
MABEMKFREICKIT S X MRS HIE FEOEMICET 285, B#H
i &im s, 5 50°%, %275 (2019), pp. 575-580.

59)(F B B, = Likdr, €HIEAN, BAES, Ao —, tmBAfmE, “X#RET
LR LB ARy MM ORE IS EH7, WEEs 2R R S AR
2% 90 5 (2012), pp.252-253.

60)G. W. Greenwood, R. H. Johnson, “The deformation of metals under small stresses
during phase transformation”, Proceedings of the Roya; Society, Vol. 238, No. 1394

(1965), pp. 403-422.
61)ESI group, Ed. “SYSWELD Reference Manual”, (2016).
62) = I RME, EHHEIEAT, “K< OB, RIS (1993).

63) B R &, “H OB KET 5 ART, HARSE S (1969).
161



64) 1Rz, VO, BHEEREE Y 7 A N—iRER 2 WA T IS X 5 5%
RIS RAT O moRE BEAL, B B BRI R SCEE, o5 49 B, % 5 5 (2018), pp. 1062-
1067.

65) H AR, “XBUS HRlEE", #ERE (1981).

66) il Ak El, HIREIE, BAFE, KERY, ARy MEES L L FHkFo®
e K ORI T TIRMICE O, WEFRmCE, 6 33 &, 32
7 (2015), pp. 133-143.

67)MSC Software Corporation, “MSC Marc-Manual”, (2014).

68)0.C. Y 4 = F—T 1 vV, YK Fa—r, “v U vy 2AFREHEIE”, 5
JEEE (1970) .

69)D. F. Socie, G. B. Marquis, “Multiaxial Fatigue”, SAE (2000).

70)/ A —, PhEEEM, M fIE, &R E AR Ok TR b A S2EL Y 5 T
ARy MEEEHIN, JFE £, No.34(2014), pp. 8-13.

T ACEP R —, ek, OYELMGREE, ARG, B E M LB AR v b
IR - 77y MRRBER OB, R R SCE, 5 38 8, 5 2 5 (2020),
pp. 53-59.

) EHEE, RIERE—, MEW =, MEE, BEAR Y MERICET D REEM
DRMERE & T 7 v bR & OREM:, WHEFERmICE, B 18, B35
(1983), pp. 349-354.

73) TR fE, R, ARy MAEICEB D ERES[MOREEICET S0
78, WWEETEEE, H 428, B35 (1973), pp. 236-247.

74) LR W, ORMARE, MEEFAFRT, RS, MR —5%, LMF5E, SPOT infk
V= b—va UEITOB%, Honda R&D Technical Review, Vol.18, No.l, pp.
185-192.

75) KRR, SRR, ®%AEDLE, REEK, MEARLIE, MYy F ARy bEEk
fir > B %%, Honda R&D Technical Review, Vol. 25, No. 2 (2013), pp. 81-86.

76)Y.CHO and S. RHEE, Experimental study of Nugget formation in Resistance Spot
Welding, Welding Journal, Vol. 82, No. 8 (2003), pp. 195-201.

THRAIEE], Frim s, b, mAY, NIEEAN, @HFL, AW v MEHE CAE

X BB BRAEERNOKRS, BEFESEEKRSHEEME, Vol. 79 (2006), pp.
162



382-383.

78)H. UEDA* M. FUKUMOTO, H. FUJIMOTO, K. OKAMURA, S. KIKUCHI, E.
NAKAYAMA, T. OKADA M. YASUYAMA , Finite Element Simulation of Resistance
Spot Welding Process for Automotive Steel, NIPPON STEEL & SUMITOMO METAL
TECHNICAL REPORT, No. 119, pp. 103-114.

TR HA—, EEE, MAMIE, 77 v MEEERO 5515 S 12 KIE T
HEf] « BB DO/ L AREOLE-ENA T o OV ABEEHEILAR v b
WO -, WS wmIE, & 378, # 45 (2019), pp. 215-223.

80) 4 M A —, InHURER, M ik, KRIFRER, FRFH - S B R EEIC £ DR
BB IOt TolRBS oM b, WEPRWmCE, 5325, %3 %5(2014), pp.
164-171.

81)S. Sajjadi-Nikoo, M. Pouranvari, A. Abedi and A. A. Ghaderi, In situ postweld heat
treatment of transformation induced plasticity steel resistance spot welds, Science and
Technology of Welding & Joining, Vol. 23, No. 1(2018), pp. 71-78.

82)S. T. Wei*, D. Lv, R. D. Liu, L. Lin, R. J. Xu, J. Y. Guo and K. Q. Wang, Similar and
Dissimilar Resistance Spot Welding of Advanced High Strength Steels: Welding and
Heat Treatment Procedures, Structure and Mechanical Properties, Science and
Technology of Welding & Joining, Vol. 19, No. 5, pp. 427-435.

83)iiaEk H], HWR (S, EAHM, KERW, BMEMTR e H LI AR b
BEERMIUETRE OB, W E, # 33 %, % 2 5(2015), pp. 160-
170.

B4V LR —, mffukE, RA)IAT, Mo 5L & R, EWiR (2011).

85) “RANHL, URILENFE, ARMMEH, A ROREE, IR, U E 2, AR v
MEBEIZI T D I EEAL - IR - BMs i 3 WA E T L O, R
DEOUEE, 33 %, 35 (2015), pp.271-282.

163



