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O EREFF 6L CREARFETZRE ) MIE T R OV TRGRET D,
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2. 2. EEBAE

2. 2. 1. {#HMH

Table2-1 TR THRE 0.7Tmm OG- biE@ A0 > @R E Az, CEHREN
0.0022massh D 35 Rt THY, HEYEHEIROARHEL THOWOILD ERIER AR
T LR T 5. HEhD > ITHIRO M ZMESILTERY, o B &EiX 45g/m® THAH. &
PAZBRLCIE, B4 LIRS - ZEii A 2 A CIAREA ML T-.

Table2-1 Chemical composition of hot-dip galvannealed steel sheet used.

(mass%)

C Si Mn P S Nb

0.002 0.01 0.12 0.02 0.01 0.02

Tickness : 0.7mm
Nominal coating rate : 45/45 g/m?

2.2. 2. BREELH

VAR L E EAE. FINE RO AR S AL 7 MBE ST ROZA T ZAE AL, METERRZE
RUZE DT INE SR T, RS A Table2-2 (T . TABEEMRIE, SEi% Smm
O, Jelifs 457 DCF (Cone Flat) MR IV, FAEIIHIC 1.OSFREED Cr 23RN 74 i
SR Cr-Cu B Uiz, HERF D BERBANT 113 1.86kN, VA A LAY 2— /WA
5] 20cycles (1eyele=0.02s), @R 10cycles, PREFRFRE] Beyeles, 8 T A BERED B
BRI 65cycles & LT, HAEASHRD JBWE 40X 50Hz THD. £/, ML E & 2.01/min D

IKEDHHKTHEAISE Table2-2 Spot welding conditions.
7z
@%ﬁ}]‘ 5 E'j@@-é»;fﬁ%ﬁ%ﬁz Electrode tip CF type configuration , Face daiameter : 5mm®
™ o Electrode angle (taper) : 45°
WRESI2L—hTAT20DIZ, Material : Cr—Cu

CFIEEMD A 2 Fi Electrode force | 1.86kN

g, 2-1 [T RIcin L Weld schedule Ts=20, Tw=10, Th=5, To=65 cycles (50Hz)

Cooling water Upper / Lower electrode : 2.0 / 2.0 |/min

7o Jemi AR DA A T %,

Ts:Squeeze time , Tw:Weld time , Th:Hold time , To:Off time
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F2E GBI 8 > EHTHIELENFD T2 B IZ RIE T B hi K D

(a) I, (b)Y, (o) MIAIZHFEL TRY, Jeimts, rihes, MR, fhslids KON O
FPPA I LS CURBEEERI A V-

UL —T7 R EOFHAICERL T, IEN B LI OEEA A LAV a— /UT—EL L TR
BEREROAEE LS, E— ViRBRIZ IO R Z RS T 7y MEEA U TREL, 7
> METE R BRAREENE, BT EDE, TR BIA A L. Wi T RIARERBRCIL, 97T st
FEL TR TR DY 7NV A T T 528 C, 100¥T im0 F7  MEOZE bz

ELT-.

i 7 N
A 0N

(a) (b) (c)

Fig.2-1 Schematic illustrations of electrode face configuration.
(a)Flat type. (b)Projection type. (C)Pit type.

2.2.3. iMEAE

BAER O T MEROEIE ATl 572018, RERERM OB CllEL =1L R
YU T NVEGIIL, B T VO HIL C ORI OMBEE CE D IDICOIML, B2V Wi
KR Ty F L7 iy 2 TH7 Y MERGIRIER B LT

F7o, wEFT R EE TR BRI DB LA A T 57201, EET T LD
BHEEIRBA O R EIRE REHSFHE FHWCIE L7z, 58, S B, RSt
TIRRIEL T3, HIETEIROBRERE R L BT 22 L2 M8 L CHsY), EMRIEmH D
TEARZEA AR 2 L ClaA T % -,

13
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2. 3. EREREIUER

2. 3. 1. EfTRISHEICH TS5 EB IR DIEFEETE

A LERREERD - IR A B TR T 5 &, B MR L 235
BEFEL QUK. ZORER, — BRI TR ETTT-56, HOFT AU LTI 7y MERRDAR
AIREZRIRRBE 0. Fig. 2-2 ICG@ LSRR $hoD > ZHAMUZ DV N TRIE L 78 e T iz
DIEBHT ST 7 O MEEDBRA T, JIS Z 3140 TB#kEMESND T 7 v ME 4.5/ h(h
IRT) 2 FRREEE L=, BT 2200 $TAiE720, $7o, HEEHAOREET (L TF
BLATREZR FIMEE SV TS 3V h & FERERELTZH5A13 4000 FTAUZ/2 52030035,

7
- Iw=9.0kA
€ 5L P=1.86kN
é ;’. s Ts=20cyc

¢ s l..g ® . Tw=10cyc

c 5 _3“! H [ .;:"’ . * . Th=5cyc
()] :‘ o $ 3 '. ° To=65cyc
S 90 .0 et
o 4r g - Lt A O
) Dn=4.5y h s
£ |
.S
e
® 2
o
ol
=) 1+
pd

0 1 1 1 -

0 1000 2000 3000 4000 5000

Number of welds N (spots)

Fig.2-2 Electrode life test result showing change in nugget diameter with number of welds.

Fig. 2-3 |2, Fig. 2-2 O] ARSI D EMITHIIRO B b2 G CHIEL -
RART . BRI IR BT S O E LB ITHER L DTZIRG (L T, FIH
o0l R&E72 T MSERLEILD 500~1000 fSAFT Tl b FEMES 122> THRY,
ZORERLL CREER P I COBFRET DAL THAYMEREINLIZb DB LS. £
7o, T MENERESIV2<725 4000 U CIEEMRSTHRIZ TR 53 232720 S 2w
KRB0, BREENE LR FLIZEB 2 65, Fiz, EMResmilo MM ZRIL 0. 1mm 2
JEDOEACTHLHZEND, BRSCIRTGIR OIS AT I Ty MBS EA STV TODH D
LHEEISND.
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F/=, Fig. 2-4 |JH#
et TRV R D B RS
i AINOE X (A1
/LR — 7 Rt ZE
&R T 570,
et T ERT O MR
Rk O 800 T midA s
%O EMmE N, I
BItE T MEORLR
AL MR AR T,
BARICHG A T2 o
TWAH8004T itk D&

Number

Number

f weld | Electrode profile of weld Electrode profile
1 % 2500 W

500 w 3000 e R

1000 — 3500 | s e

1500 ?w\k/ 4000 | "

P 1.0mm
2000 P

Qlmm
| -

Fig.2-3 Change in profile at electrode face with number of welds.
(Weld current : 9.0kA, electrode force : 1.86kN)

T, WIEMOSE LG 77y MERBIMGERIAY 0.5kAIKETLL TRY, £, @]
IREEDT CIELVRER T 7y PSS N AT EDHERRS LTz

Nugget diameter Dn (mm)

8 !
P=1.86kN !
7 + Ts=20cyc '
Tw=10cyc : after 800 welds
6 + Th=5cyc
Initial
5t
1
i
4T i
I
1
3r1 i
1
2 | ' Weld current
! at electrode life
! test
1} i
1
I
0 1 —0 il 1 1
6 7 8 9 10 11 12

Weld current Iw (kA)

Fig.2-4 Comparison of nugget growth with initial electrode and that after 800 welds.

2.3. 2. BEBEREZIIAL—LEBEBIZEST 7 YMEBERRDIRE

Fig. 2-5 |ZFig. 2-1 (TRULTZ35 A7 O LA AU N2 2 Lo TS - s b Wi
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c;des] (a) Flat type (b) Projection type (c) Pit type

e

10

Fig.2-5 Effect of weld time on nugget growth with three types of electrode face ccl)lﬁmi‘?guration.

(a)Flat type (Weld current : 9.0kA). (b)Projection type (Projection diameter : 5mm, weld current :

7.7KA). (c)Pit type (Rim width : Imm, weld current : 8.6kA)
~ /OB EART . Y, (W, W EMmE T, BEREA 1~10cycles £ CT1eycle fElZ
ZASH T, ESEHEE Smm LU, (M CIE O A Smm, #HEEAE 40mm, MIFEE
T LERONE 1mm (WFEROELEE Smm), #2448 40mm LTz, F7z, IEREERIT TN
DM N TERFBRHH 10cycles TEEELIZAIZIERE Smm DT 7y MSERES L EitA
BIRLTZ. ZNENOREERA RS o8, TP EM: 9.0kA, MEEM: 7.7kA, [MEE
fix:8.6kA Ligolz. Al —FEMSEIR RO I EMRE L 2L, (B EMR ClIi s iz
BIME T D7 P ERE H T2 LBIREAME NS Db B 7y bOTE B A
NI Tz, —J5, MTZEMRTIIV L 7R 7 MBS SO b B2 A 7 TIE
FRSAL TV, MR ClIs e MBI B e L U 7T RSIERES D73,
AT I B EMRIC D &7, BRI BIRER COWBII o722, 7
T MBI B ELIRoTob D EHEE TES.

WIZ, BIEFEAE L 2L — M D7 I MRS ehm IR 2 2 b S Bz IV il
FoTHELNZT =V R —T ROV TR 2. Fig. 2-6 (FEHEEMIZ IV TEMSE
IR A A LS T L EDYEERTLE T 7y MREO BIRE R T, B EER T HIC LIz
STHEREEMETL, 77y M IER T 57O BB EREN KREL o7z, £z, Fig.
2-7 12, Fig. 2-6 OFERINAGSNT-T7 Y MERBRAR, 136 L OIS TR i i AR
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SR e DR A R LT, Fig. 2-7 7°51%, 9.0kA OB TIEET HIEE, B
5.0mm DEEAITIE Smm @D 7 MNERRSIAD, JeiiZi 35 0.3mm $EKLT

8
P=1.86kN © Expulsion

7 L Ts=20cyc @ Sticking
— Tw=10cyc
E oL Thseve C
£ on 5%
C _ .
5 5
)
I
O
_E; /j
g 2|

1} iy 7,

o o
0 ! o ' '
6 7 8 9 10 11 12

Weld current Iw (kA)

Fig.2-6 Effect of weld current on nugget diameter and weld performance by flat
type electrode with various face diameter.

12
P=1.86kN
Ts=20cyc
11 Tw=10cyc

Th=5cyc

10

Weld current Iw (kA)
©

6 ! | |
50 55 6.0

Face diameter of electrode dz (mm)

Fig.2-7 Effect of face diameter of flat type electrode on weld performance
(Dn=0, expulsion and sticking).
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5.3mm FEEEIZ72 58Ty MNIbITROI S IV 22 o Z & HEES D,

Fig. 2-8 12, #EMJeinD A A% 40R O fh=4AH DM EER 3\ ClEMS LR A 2 S
T L EOREBIE T MROBRE R, 7y MERR BRI L SO D FIRZFC
THY, ZOFPANDZA THIITEIE MM S LA CIEFLRN S DEZ XD
N5, Fiz, (BB I EHEEMmE A, B LS IO — BRI OBAMR O KA K E

8
P=1.86kN O Expulsion
7 b Ts=20cyc @ Sticking
Tw=10cyc
e 6 L Th=5cyc
E
c 5t
(]
| -
S 4}
(&)
g
5 3T
+
&
o) 2
S
=z
1 L
0
6 12

Weld current Iw (kA)

Fig.2-8 Effect of weld current on nugget diameter and weld performance
by projection type electrode with various face diameter.

VWD, BRI ThF7y MR 38 b3 o582 R LTz,

Fig. 2-9 |2, BRMNEEMmE H - EEERE RIS, 7y BB, #VEB IO

VL BRI OBIRZ R LT, (iR O ERS (ERER) 2NEHEME C R E 3 5 B et
DI, RN (a) BRSCHREEE [FME, (b)4mm, (c)3mm DBFAICOWT, B EE
Smm~6mm FTEALI7. BRI IT A RO R EFig. 2-9(a) BLUN(b) DI
ATIE, 77 MR B E R X BRI T E A CIRIFLAND, TR T e Ok
KIZUTZDB o TR EIIZRDZEDN RSV TS, 2, ElL72d0 B EMROEHE T
B OEMICIHAEBROIERDNKEL DT80, IWEI 5@ ER Y CIXEmIChhEE
PRITEMICERI AT T AT B 2605, —F, BRI I L)V Fig.
2-9(c) DGFAITIE, F7 Yy NERBIE, B3 L ONEE BN BRITIHERO BRI V- dEAk
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T2 DRI > SRR 5% NERIZRIE T TSGR RAE

g =

DA EEN A R UT-. Fig. 2-10 ISR U7 RS SRR 5.5mm C, Jeumil iz iz
T UMNERHTR Y22 A0R 036 80R F T LI E - LE2DOFE RICB W T, LV FEHIEOTIRICUT
3< 80R DYRHERE B X EIRICHRES 5.5mm ORI BRSO L7~ 7.

RIZ, UAIE 1mm, MERO =R 40mm L L7 WIEEME VT, Bt Smm~

12 - 12 a
P=1.86kN ﬁ\ P=1.86kN ﬁij
Ts=20cyc Ts=20cyc /—ﬁ\

nr Tw=10cyc j;R M Tw=t Ocyc 41\R
Th=5cyc Th=5cyc

10 10

Weld current Iw (kA)
[{=)

Weld current Iw (kA)
[{=)

_______________ Expu\sion

8 ———"————__Expu\S'lon 8 |
f——om0 7t
6 I ] ] 6 I ] ]

5.0 5.5 6.0 5.0 5.5 6.0
Face diameter of electrode dg (mm) Face diameter of electrode dg (mm)

(a) (b)
12
P=1.86kN
Ts=20cyc

"y Tw=10cyc

10

Weld current Iw (kA)
©

8 +
7 F
6 I ] ]
5.0 5.5 6.0
Face diameter of electrode d¢ (mm)
(c)

Fig.2-9 Effect of face diameter of projection type electrode on weld performance
(Dn=0, expulsion and sticking).

(a)Projection daimeter : 5mm . (b)Projection diameter : 4mm .
(c)Projection daimeter : 3mm .
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6mm (ST A OIsEERE T 7y MEO IR EFig. 2-11 (TR, METHH-DHIZ
VABEE BN EBTONMER L CH 7 Y MRS A T8, 7y MERRBIIRERICET DT 7

12
P=1.86kN
Ts=20cyc

11  Tw=10cyc
— Th=5¢cyc St'\c\(\ng
<
X
~ 10 |
E Aot
= a@“\s\ -
€ -7
o 91 -7
t
>
(&)
o 8
(]
=

7 -

6 ! | |

40 60 80
Curvature r (mm)

Fig.2-10 Effect of face curvature of projection type electrode on weld performance
(Dn=0, expulsion and sticking).

P=1.86kN ©O Expulsion

7 | Ts=20cyc @ Sticking
Tw=10cyc

’é Th=bcyc
g 6 r
c
a S5°¢f
} .
8
0 4 r 40R
1
I sl
°
8 2 %
o L
z |5 e
o (I} o
11 1 P prs
_UI.IJ
0 ] |i) |J) |é) ]
6 7 8 9 10 11 12

Weld current Iw (kA)

Fig.2-11 Effect of weld current on nugget daimeter and weld performance
by pit type electrode with various face diameter.
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B2 BRI o EHITFSERF D T2 FEREIZ RIFE T BRI D 5

Y MIBFHERL CVA. F2, Fig. 2-12 12, VAEE (a) Imm, (b)0.5mm (I TL7-MHEE
W RS IR 0RO, 7 Yy NERBRAG, B0 36 K51 Tl & Baiisein o BR
oy SEHEEMOLE (Fig. 2-7) LT 2L, 7y MEABR GRS I L OV & Bl X
RRNEL 72> TN, VLIEDY NSWEEEHE JEFR~ O EIRE I L > TH7 Y MRS
NI b72, BOFRAEBRIIMRERMIETL TS,

12 12
P=1.86kN P=1.86kN
Ts=20cyc Ts=20cyc
1mr Tw=10cyc 17 Tw=10cyc

Th=5cyc Th=5cyc

10 10 |

Weld current Iw (kA)
[{=)
Weld current Iw (kA)

6 | | | 6 | | |
5.0 5.5 6.0 5.0 5.5 6.0
Face diameter of electrode d. (mm) Face diameter of electrode d; (mm)
(a) (b)

Fig.2-12 Effect of face diameter of pit type electrode on weld performance (Dn=0, expulsion
and sticking). (a)Rim width : Imm. (b)Rim width : 0.5mm.

WHEEMTIL, Vo7 R MRS WIS TR 72 B0 TH LA, Vo 7k
T NITIRE DK FIZAECRWERE SN TODEH00, 7y NERGRRRZ BT
EMER R T DI EHERO B RIEDOBLINBITE L2, Fig. 2-11 OEMRIeimes
5mm & 5.5mm DOEEOIEHERWI~ 7 B2 51TV, Ty MRS TR Ch o EA
W GEFEHAT) THOINERELIFERETFig. 2-13 (RT. U 7RIy MIRBIRN I
T HIZDITIED 2 BB CIEET A RERH LN, BB ET HEEFITELLT <D
728, Vo 7IRT7 s ROURREZ BR Vit (ES AR Sl IAmed TR b7 o7,

VIE, Jelsipati gy ORI T U2 R 2L — NEME IV C, Bl o303
WEIIZES 72T BRI E D ZAIZ DUV THREIZ L TZ.
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8
P=1.86kN A Ring nugget

7 L Ts=20cyc O Normal nugget
/-E\ Tw=10cyc
\E/ 6 L Th=5cyc
c
a 5}
| -
)
2 a4l
g 140R
5 5| W
-
8| /LN
2 2
=] - £ £
= & 5

1 o °

I~ ©
0 L L L 4 I I
6 7 8 9 10 11 12

Weld current Iw (kA)

Fig.2-13 Effect of weld current on nugget diameter and nugget shape by pit type
electrode with different face diameter.

2. 3. 3. EfTRIAEROGEEIBISFEEB O T

B A LI > R OTRHA I TUE, BRSO AR REZ I AESIAR & [FIRL L L 2]
FHTEIIRD THEETHD. LasL, did T A B LR L2556 T, dEiE
SESROBREI AR C X o> Cldaide T R IR ESBGESNA FTREMEDR HHEE 2 BiLD.

Fig. 2-6~2-12 Of A Ti2, Joiife 5.0mm OCFEEMmZ IV TIRBEEDT 9.0kA Tl
FI AT L X D BB e 32— AT OWTHETLTZ. Fig. 2-14 (a) [T/ XFERRICHHE A
IEARREL 7oA 0T MERELS (7 MERERAS, #0368 JOVEE DR IZ T TE
iR RO BER%, Fig. 2-14 (b) IZIX B0 MR FEL 12358 ORI
FAFE T MR L) DEREO BIFREFEBRL 7= 5 ™. BB iR A RS L7235 S
BEDYERL TV KFig. 2-14(a) DYFEITIE, BRSEHEED IS Smm Db Thikkd
HE, 4.5¢ h(h 1THIE) OF 7y MEEHER T DT DI T DB DS LB CTHHZENVRSH
TWD. UL, i RELRDIEE DL (e i O— 0 a a0 SMIHRE BT D B4R
T, IR — REIBIRET ) DNRAET DI, SOITITEEZSIERI T 28005,
FRZ, WA ISV 50 % 5 | & R U BB FEE A RS T A ER D HEE 2 B,
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5 25
~ %
VA
é 4t (;57 Expulsion —~ 20 L
a E 40R
© S S
N e it}
c 3t a5}
§ =
: .
_g 2 T 10t
S P=1.86kN s P=1.86kN
5 S 4. Iw=9.0kA £ 1w=9.0kA
2 1F Ts=20cyc o 05 f Ts=20cyc
o T Tw=10cyc Tw=10cyc
o 40R Th=5cyc Th=5cyc
6 | 0 |
5.0 5.5 6.0 5.0 5.5 6.0
Face diameter of electrode dg (mm) Face diameter of electrode dg (mm)
(a) (b)

Fig.2-14 Effect of electrode face configuration on weld performance.
(a)Projection type. (b)Pit type.
Mz o THEFMETDHEBZOND. LTeho T, e TR L 7e s e f T mla etz n) b
EH12DIE, BT O Ny TF o 7 H G TRSNDINEEE 2 MR LR DN DO SRS ot BFE T RE T
DDTENBELE RS NG
[FIRRIC, BRI MTER A AN TERLS R D0 el AR L TV < Fig. 2-14(b) DA,
DN F L TER DMESTGIRZ IR T DD e B 2 DD, LorL, ZO8E I XEME
UifEAS 5.3mm FETHAR T HEY LERDOBEAKLS 72> Th 4.5/ h DT 7y NITES T, 5.4mm
FTHRT DT 7Y MNERD TERIRDIEND, MIPHEFEZRRI T IR e~ CHlgef R
B EOBLEDDITHRD THRFTHLHEN X D,
VIEXY, Befbiamiiiin > S HROEef T miaBelin a4 51203, BEidohnts
DPERLTH T MERZEHER CEOIWARFED AR THY, TOIFIAR AR
RO ZLZIDEAEIIHIL FTREE L, SERHEFEREE OISO RDB DO EHEESND.

2. 4. #E

RETIE, BabiaRESn > SHRROERT T PSRN LD B eI D 2 B3
T NERU RAT B OW TR, FEBROE R TR O FEMAF A | S L CREAR
TEREIZREDS MU IS OV TRET LT, LIRS NI R E £L0 5.
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B2 BRI o EHITFSERF D T2 FEREIZ RIFE T BRI D 5

1) T RSB TSmO IR R LIS RRBIZ 25 8T 7 RSB RS
AVRLT2 %03, BEARSCHA O MM ZIROTEEIE 0. Imm FREEDZE{LTH -7,

2) JedmIIRDN NI 70 D LR S PSR ICEE L, SEHIEEMRIDBIRER DTk
TERKDS ATREE 72 o7,

3) SR DMIEIC I oT2 551X, Ty MER BRI BRI X EMREIZIZFL Th
ST, WEEBTRAH AERICE T 4572012 4.5¢ h (W IARE) DT 7 NI IO B
Rt CIERCATRE Chh o7z,

4) TR _EOT- O X BRI 7 R A PR CHREET A ZEAMET
HY, P smm O CF B CHUE 0.7mm D& LIAREE D > i E AT D
A, BRRSEHRAEAS 6mm ECHLRL Th 7 Yy MERIT ATRE CTh 7.

5) BRSERDMERL Th 7y NERREHERF CELMZHEEN AR CTHY, DMk E
7RI D Z I LDIRAE IS FTREE L, EEAREFERE O I H R0 oD L4
ESIT.
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F3E AEEMEROSTHMFEROEBIREICKITT ED

N B

3.1. #

i

HiEHD - R D1 T REaHE R O BRFEREI S Cu A FEMEHIER O Zn H>XJED K
Je T BT EICE S THE RIS TODESIL, ZTOBFEREIC OV TEL DR 2220 370
SIS, FBIEMICE ST RO EMBO KT EZ LV BRI B SIS Cu-Zn G4E
(y Brass) (FH THINLTVIREEBIZH Y, TR D D M 32 2 &2 &> THEMRERE
MR, HoEXOFEIC L > TSNS BB L OIRN R DRl ES 2V sh
TV, LL, 2O X7 BMHEFRIRRE I SOUW T O BEIE Wb DD, EifEEEE KAl 5
KA1 BAL CEREAOI TR L Ic s Bl D720,

Cu~Zn &8 DRI XM EHRTIRE DS R EREELE LT L WD EHEESIDDS, Bl
Sebml CIRRE AR FEF IR ESEDORIEITIEF ICHEETH L. HLAR Y N O E
IREOEEELTIE, BGEXRIMMEE R DD T R EIZ 2 8 2R U IR EEHIE
OF 23298850 Fi | F Y MR RO 2l —ar a2 T AT N L5
B SOV IR FEHERE Y 0 2952 LB A TOILCE I, BRI E AL,
ST FERHEAE L BRI D BIFRIC DUV TRRETL 7o S il 3720 .

7, B TREEEIEIC OV T, 1EkEY, 77y NEACRIRERIRICE DR, HDHU T
MRS Smm DFEMRCTT 7y NSRS B 1, BMSEHHESE 6mm OFEMRCTF7 > RS
ERESNDERE LELIHA, (1,—I) ICEs T TED VOG220 N5, Zh
DITE PR S — B CREMDMERET A2 LA RMHRIC LI HEE THY, FEMHEFEHE OE T
7 HUTZE I A SRS QORI ORBUR TH 5.

ARFETIL, EMEERE EA B I ONAEBIGITE B UGl T st th o iR e
[ZOWTHRHT 5. ED78, P OBEMIEmRE % EREEEFH R LOHEEL, ZDh
R AW TEMSERE A EZ KT T R 200NCT 5. £, BREimEEOHE
TERG A TR BB D AT = A LERIIL, SHIZ, Bt TR L a8 Bl G 00 BEE L
DNTELET 5.
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3. 2. EEAZE

3. 2. 1. s

AREEZBWTY, B CHVZRE 0.7mm OEEALIAREE D - S A AR BRI A
7. CEAED 0.0022masse DML RIRHIR THh, HENHFHRDOIMHEL THWSID
BRERHEZ A T AR Ch D, Mg > XXM O ME IS CRY, BIHEIT 45g/m2
ThD. BHATERL T, BebiaRliisne - iz 28 i Ciater Il 7-.

3.2 2. REEH

TR E T E T _ENE RO EARAZ A AL 7 MaE T XOZA T AL, IEITEHEZE
RUCEDTT IR . TR L, Jeiife smm @, SEinf fE 45° OCFEEna H
VY, MPEIIERC 1.0%FEEED Cr Z I TAT SR B Cr-Cu Al UTe. BRVERREESEEL T,
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Fig.3-1 Measuring method of electrode tip temperature.
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Fig.3.2 Finite element model of electrode tip for calculation.
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Fig.3-3 Position of thermo-couple for measurement of cooling water temperature.

28



B GBI D> EHIIESENF O BREIRFEIZ R IF T8 L i DA 5

P=1.86kN
1,=9.0kA
t,=10cyc
t,=5cyc
1spot / 2s

Temperature T (°C)

10
Time t (s)

20

Fig.3-4 Change in temperature of cooling water due to consecutive welds.
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Fig.3-5 Heat flow pattern at electrode tip for one weld.
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Fig.3-6 Relation between weld current and heat flow at electrode.
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Fig.3-7 Relation between XRF intensity of Cu and Cu weight at weld surface.
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Fig.3-8 Calculated result of temperature distribution in electrode tip.
(Weld current:9.0kA, weld time:10cycles, electrode force:1.86kN, cone
angle of electrode:45° )
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Fig.3-9 Comparisons of electrode tip temperature between calculated results and experimental
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Fig.3-10 Relation between welding conditions (weld current and time) for sticking
and electrode face temperature.
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Fig.3-11 Relation between weld current and Cu weight at weld surface.
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Fig.3-12 EPMA mapping results of Cu on welded sample surface.
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Fig.3-13 Fe-Zn constitutional diagram
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Fig.3-14 Cu-Zn constitutional diagram
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Fig.3-15 Effect of weld current on change of electrode face profile with weld number.
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Fig.3-16 Change in XRF intensity of Cu at weld surface with number of welds.

Fig. 3-15 |Z/RULT-EBMICEEFRIRBED 24T 7 MERK D 5 E BRI L 72D A3
Fig.3-17 ThD. HfgifT s % 6 /K MEDIABZEDT (8.6kA~10.6kA D) TIHHEL, Hfe+]
BRI Lo CTHREELIZEBMA TIWT, T4y MEHIED T O — L ik JEG T a2 BT

N (welds)

Electrode life

5000

4000

3000

2000

1000

Electrode face temperature T (°C)

500 1000

700 800 900

60Q

P=1.86kN
ts=20cyc
t,=10cyc
t,~5cyc

t,=65¢cyc

Weld current for
peel tests is 9.1kA.

Sticking current

8 9 10 1

Consecutive weld current I, (kA)

Fig.3-17 Effect of weld current on attack on electrode face. (The electrode life were
evaluated by the nuggets given with constant weld current of 9.1kA)
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Fig.3-18 Effect of weld current and weld time on weld performance.
(Dn : Nugget diameter)
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Fig.3-19 Change in electrode life with weld time.
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Fig.3-20 Definition of surplus current to required nugget. (h :thickness)
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Fig.4-1 Isothermal maps of maximum temperature in truncated cone electrode with 15 and 60
degree cone angle. (a)15 degree, (b)60 degree. (Electrode force:1.86kN, Nugget diameter:5mm)

44



FATE G BT > EHI DI T 5B TR I F6175 72 NI L E (LB

(ST 7= L E O BRI OGRS AR, T AAER I L ONERE 1 OF T RaER & H I
Sk BEOBEINZ U723 VEEARSE SR L X AL T80, BEARSTIRE LD B 2 DL il
A FE DTN BRAEFEIZ Lo TRILWRIFIZZR D EHEES VD, FT, @R T RIEEEOG A
MRS, LT RARERR I B R H T DRNIR OB MG EDLT-D, 1T RIEHEDY;
BITHARTH 100°C ER-2Z L fHEESNT-. BIICH A E O L LA (T Y ME
%, BB I OVRERA) [T T 8L Figd-3 (R, S EORINE LI 7 Y ME
R4S K OV AR BRI TR T I DM 508, TaaBRAVERITE LR TL TRY,

__ 1000
o P=1.86kN
~ Iy lp=
~ 900 | tv:v=100:3c
[ 1spot / 2s
p .
5 after 10 welds
-+
o
a, -
Q 800 after 1 weld
£
[
+
9 700
S
-
S 600}
s
[&]
Q0
w500 L L
0 30 60 90

Cone angle of electrode 6 (degree)

Fig.4-2 Relation between cone angle of the electrode and the calculated maximum temperature
at electrode face.
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Fig.4-3 Effect of cone angle of the electrode on weld performance (nugget growth, expulsion
and sticking).
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Fig.4-4 Comparison of XRF intensity of Cu on sheet surfaces welded with 15 and 60 degree
cone angle electrode in continuous spot welding.

(a) ' (b)

Fig.4-5 Electrode top face profiles after electrode life tests.
()15 degree, (b)60 degree. (Electrode force:1.86kN, Nugget diameter:5mm)
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Fig.4-6 Relation between cone angle and electrode life with truncated cone electrode.

4. 3. 2. EFITRAEEICRIFTEBSEIREDSZE

BRI HKAR LR EIR L I TR EEE RIT T LB 2 HND5. FHT, BT Rvasy
(T ZDEBINKENWEAESIS. Fig.d-7 ([ ZEMICIRE ) S ER £ COIREE (LI, mH)
UEEREL D) LG T RIS E D BIfR AR T, 1l EERFEAY 10cycles (0.2s) LRI THHZ L
b, TR C OB FAImAISMEOZMITZEAE LN EEZ B

47



B G EIRIAE R0 > SHIR DIEFEFT IR IRICF5175 72 NI L E (LB

H05, AR 0 D LMD B B /NS o D Tt T it th o v Al 2
REEFHL, BRI LT 2LEA6N0D. 2070, IAVEIERED Tmm LU I
DIDL, T RPN REH LT oM RN TIR o Te L HEER ST, FBRD T A8
WCHRAEENZ TS L CRE 925613, mAlmEEEHS 0BT 20BN HHENAD

5000

P=1.86kN

[,=9.2kA
—~ | ty=10cyc
% 4000 1v;pot / 2s
g Cooling water 2.0l/min
= 3000 |
2
8 2000 |
o
s
®
= 1000 |

0 1 1 1 1 | 1 1 1 1
0 5 10

Distance x, (mm)

Fig.4-7 Relation between distance from top face to water cooled edge in truncated cone
electrode and electrode life.
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Fig.4-8 Relation between flow rate of cooling water and electrode life with truncated
cone electrode.
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Fig.4-9 Relation between spot welding speed and electrode life with truncated
cone electrode.
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Fig.4-10 Change in nugget diameter during electrode life test in alternate spot welding
of galvannealed steel sheets and bare steel sheets.
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Fig.4-11 Changes in XRF intensity of Cu on sheet surfaces welded during electrode life tests.
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(a) Spot welding of galvannealed steel sheets(GA).
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(b) Alternate spot welding of galvannealed steel sheets(GA) and bare steel sheets(CR).

Fig.4-11 Continued.
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Fig.4-12 Changes in electrode top face profiles during electrode life tests.
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Fig.4-13 Comparison of EPMA analysis of carbon on top face of worn electrodes
after 50 spot welds.
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Fig.4-16 Effect of fraction of bare steel sheets on electrode life test of alternate spot welding.
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Fig.4-17 Effect of fraction of bare steel sheets on top face diameter electrode during
alternate spot welding.
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Fig.4-18 EPMA analysis of Cuan Zn at electrode top after 3 spot welds of
galvannealed steel sheets.
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Fig.4-19 Zn-Cu alloy layer and Fe-Zn-O-C layer formation at electrode
top face after electrode life test.
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(a) Change in welding current of galvannealed steel sheets.
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Fig.4-20 Effect of welding current on electrode life of alternate spot welding.
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Fig.4-21 Effect on electrode force on electrode life.
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Fig.4-22 Effect on electrode pressurization speed on electrode life.
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Table5-1 Chemical composition of aluminum alloy sheet used.

(mass%)
Mg Si Cu Fe Mn Cr Al
450 0.06 0.03 0.12 0.20 0.01 bal.
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Fig.5-1 Change in the tensile shear strength of welded joint with consecutive welding.
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Fig.5-2 Schematic illustration of the transition behavior in location and size of nugget
during consecutive welding of aluminum alloy sheets.
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Fig.5-4 Transition of nugget location during consecutive welding of aluminum alloy sheets
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Fig.5-5 Surface profiles of worn electrodes and the traces on the pressure-detecting films
in aluminum alloy sheets spot welding.
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Fig.5-6 Results of EPMA on a worn electrode face in aluminum alloy sheets spot welding.
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B TR JHEREL 7o el kB A A 357212, UEME R E FBERROD IR
LU CHEERARIEL-. £, RSO — e S —3ar % Fig6-1 (T3 28T ONE T
HIELZ.

Sheet separation

||
X

100

O -

Measured point (A)

30

Measured point (B)

Fig.6-1 Schematic showing of sheet separation.
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EERRSEH COWEEEH DR LA ENVEXHT LV IZRIL7=. CF (Cone Flat) FE A4 FIV N CRER
PNERED H LB o | ZEERR ST 55 £ CEVE X2 AR A L. ZVEEXTOF AT 1.6mm P, AR
SesiifinD 0.5mm ONE TRIEATTo7-. BEXHE 0.2mm @ O P-Pt20%Rh 2L, /N—7
> LA VRS KOTR RN B B A O T =

6. 3. ERERLLIUER

6. 3. 1. EFHTRBEMEICREFTBEBROZE

MR 157, 30° , 45° OCFR&EME VT, ) 3.92kN, i#FERFH 4cycles (7
v 72— leycle GEe) T A=Y AEEHROMRH T REHA FhEL 72, Fig.6-2 [ZHkeT
SRR L FERR S A FE D BAR A /R . e T RS R TR S iR AUWTRE 1.96KN &
RIS L CHIE LT, e T s Bt I 5ehn /A EE O InE &b m) EL7z. fkFREED T
HIWrd 2L, RIGEMOSGE L. TH REL M LT 52D RSV, £z, Fig.6-2 O
FTSIABAC B DB IHERE R O 2 A Fig.6-3 (R, BMICIRESH Joim A E R s &

BICHER T DB E R TRY, BB Tmm FLE £ TR L 72 & DOIEEET S5
Figb—2 (R U7 i T A EDOFER L FIT — B LT, TR =0 DA SR OB T HIR R
B THBEMEE &Y NS UE (el FEANRELAedud) BRI EAT285 %

5000

4000

3000

2000

Electrode life (welds)

Electrode
\_A)one angle

0 1 1 1 1 1
0 10 20 30 40 50 60

Cone angle of electrode (degree)

1000

Fig.6-2 Relation between cone angle and electrode life in aluminum alloy sheets
spot welding with truncated cone electrode.
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<]

Electrode,
"\ Cone angle O o

5 [i QO 45 dgree cone angle

A 30 dgree cone angle
O 15 dgree cone angle

4 | | |
0 1000 2000 3000 4000

Electrode face diameter (mm)
G
C% O

Number of welds (spot)

Fig.6-3 Changes in face diameter of truncated cone electrode during electrode
life tests of aluminum alloy sheets.

LIDDY, TIAR=T LEEHITE S TAREHEEND > ZHIRE DB IR D mEMRER THD
ZEDD, TERLT S Nnb O BRI S BRSO BT IER D72, FERELT
TEMICIREE LA~ DI oTe eB 2 HID. LTED > T, TII=0 LEBHIROD B
TR, R CAFET DB IO LI W TR AT DI R EL, & LI LRIz LY
WERDHIRSN-Z LI R DRI L > ThIE oS e LRSS,

CFIE BN 31T 2 Setn /4 FE O TE e T stz 1a) LSET203, TAI=U LGSR
RHECIEEMR & Ll 92 LR EAT HREUY NESEMBE R @\ oD KRBT 7> TRY,
REERE CO IR R ENE AR T D7D I A S LA RN D > SR ORI 2(5 DN S 173
RWbiLs. REFRTY, AL - EHR OB | Rz (Fig.4-6) T 1.96kN Th
STENMNESI% 3.92kNIZHINISE TN, ZD728, WHEECOV— e XL —Tar OENdH 5
UWNRIR BRSO NHEE AU T, EBARS TR 157, 30° , 45° OCFIEEME -
B OWT, = b — g SRR S RE LR R E Fig.6-4 (¥, Jodmf
JE 457 OFEEETIE —he b —al NI DA L7 o T, fEFREED fb0
B TRV X BAF CHLL DD, MEFEROBLREGEIAEIL 307 LUTFAHERESHh
5.

R DY — Mg R — T ay BIZ DWW TRIEEME WS LORELT-. Fig6-5 12
Sesmih SRR e — N S — v ar ORRA IR T, Jelimah SR % 20mm LU FIZ T HE v —h
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3.0 20
Sheet thickness : 1.0mm

e £
E 115 E

20 n
S 2
+ [
g O Separation (A) 4 1.0 _({_)
% ® Separation (B) _.-C:
%) [0 Thickness t
+ 10 |+ ©
bt o
2 41 05 -
2= 2

0.0 L L L L L 0.0

0 10 20 30 40 50 60

Cone angle of electrode (degree)

Fig.6-4 Relation between cone angle, sheet separation and weld part thickness
in aluminum alloy sheets spot welding with truncated cone electrode.

3.0
"E‘ O Sheet separation (A)
£ @ Sheet separation (B)
~ Sheet thickness : 1.0mm
5 20+t
3
o
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o
(]
(2]
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o 4
<
n
®
*ﬁ
0-0 1 1 1 1
0 20 40 60 80 100

Radius of electrode top face (mm)

Fig.6-5 Relation between radius of domed electrode and sheet separation in
aluminum alloy sheets spot welding.

TR = m N RAIRITHER UT=. Fig.6-6 125t =448 20mm ORI FEARZ V-3 A OE
e T 2o~ 9. DI 77 3.92kN, 1@ EERFH] 4cycles (77 Am—"7 1eycle ¢ ) 13 Fig.6-2
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ERICELTZ. 1200 TR CHETFIREZED T IREZ TRl TR, Hi T REEMA A+ Th
7.

WIZ, DF (Dome Flat) FZ /A V- CRRETLTZ. Jeimih S48 8mm O R — AR S
R 2N LU= B T s, BERSeimf il X 3~Tmm (22 bSE 7z, Fig.6-7 12 5timfel
=L —ral ORRE R, Felmn OB ALY S — e S — a3 fils f,

o
o

4.0

_m - |
3.0 %%OQOO%@% %

Tensile shear strength (kN/spot)

20 2
V=== (o) -_0 ----------------------
oSJ o ®
10 L
0.0 ' ' '
0 1000 2000 3000 4000

Number of welds (spot)

Fig.6-6 Result of electrode life test of aluminum alloy sheets with 20mm radius
domed electrode.

3.0
O Sheet separation (A)

Ig @ Sheet separation (B)
\E/ Sheet thickness : 1.0mm
_ 20 O o
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e
©
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<
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Fig.6-7 Relation between flat face diameter of domed flat electrode and sheet
separation in aluminum alloy sheets spot welding.
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e bmm LA EIZ T A28 T, +a72 b B ESH 72, Fig.6-8 12, Yot bmm O DFE EARE
FAWTZ 3 OE G T sBEE 29, 2500 LA OB MRSV TR, 7k
SHNADZENRHS)NI o7,

Tensile shear strength (kN/spot)

0 1000 2000 3000 4000
Number of welds (spot)

Fig.6-8 Result of electrode life test of aluminum alloy sheets with domed flat electrode
with 5mm flat face.

6. 3. 2. EFITHRAENRICRIZFIREI/OA—MRIEDEE

TNR=D LESAROF LR EBREFIC B 2058~ T, B — R CORM LR IEDTF
TR &> THIERZESND SR AT BRI EN M S, BT OB LS FTREIC 2D L
ENTNWD., — 5T, KBS D EEMEER TH OO AR LEE N T A= LA 4
WIZBNTIE, HR— RO LRI I RERE L TR Ch D rREMEL ZE X bID. £ZT,
KA N — L F 52 L2 E DT 7y MERRD ZEEMERERO ATREME DWW TR LTz,

Fig.6-9 \ZT7 W= AEBARD 7 aA— MRS TS IR AWTRS O BIRE R 7. Z7uA
—MAERDFLEA, BIZOWCHIA 5. AIXEMIEET DRE RO B E, BidE 123
Pl 2R R IO B T 5. 0/0 ITRMEIEBREDOEE, 80/0 IXEMICHT DHREHEIC
80mg/m?, MR[Al AT DIREE TR LIRER EO FETHHI LA /R TR, 7aA—NE R
k2 A LS T AGRAA Y LT ETRIR A ~ D7 A— NI 5 B2 RIS 35720,
TRPEREDTEIX 15kA LIRDIZEEE L. BRI SEimE 6mm © ODRZEM, M I 2.65kN, i#
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BRI 6eycles (77 Am—7 leycle &1e) ELTZ. M— AN B A= IR 2U AT
FEFOF B AMITREDS 1.0kN LA FHARSREZ/RUTZAS, B—AREIC 80mg/m® (D 27a A—R
TN HHGETE, 2.0kN FREEF TR EAR-UZ. l— 2 A— A 5352

0/0 80/0 0/80 20/80 80/80
Chromate treatment

Fig.6-9 Effect of chromate coating weight on tensile shear strength of welded joints.
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S 40 . »

o Measuring position

: 0.5mm from electrode face
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Chromate coating weight (mg/m?)

Fig.6-10 Relation between chromate coating weight and the maximum temperature
of electrode measured on welding of single sheet.
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ETT T MERDMEES IV TEY, 185 T st b ifrEinns.

WRIZ, B—ERENAEAET D7 A— NI BRI R E T B DUV TRE L. 7
NR=0 DA BAROVERECITEMmR — W CHAET DREUL > TEMEREN AU B 2 5L,
AR ZHE T DD KR I E N B A— AR T 5 & MR EAMIEES LD A ES L
2. M—REDOREED 842K L, B —RE TRATDHRAD B OB 75720, 11
WIABAZLVFHIL 72, Fig.6-10 (27w A— N B hmi L O BRE LR IEEE 1T L -
THELAE R A . RS LEMmR w25 0.5mm PNRIONLE CHIEL, WREHIE
BRI HIDCFEMmE e, 7aA— N IEEOHE IO VBRI T EA-L
/2. F7-, Fig.6-11 1, Fig.6-10 O 1B IEHEADREEMT 1000 FTRFEML 72 (ZHEFEE:
DI E LTS R THD. 7aA—NEFEEDHEANIHE Y 1000 FTAIEHE% O BRI
ITVER T DHAIZHY, R 80mg/m* DfFEBEDTAI TR I REIER L. TR OB
FECIIR — IR COFEN TN, BER— R COFEND Z1 Lo TSR D 5.
BIROEMICHHRFED LT EHEESND.

10

— Electrode : DR-type

E P=2.65kN, 1,=22kA, T,=3cyc

. 9

(]

-

(]

£

.

o

(0] 8

(6]

8

2 )
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o 1 r  ————
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o | I

L (After 1000 welds)
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Fig.6-11 Relation between chromate coating weight and the electrode face diameter
after 1000 welds of single sheet.

Fig.6-12 {Z M7 A— MR Zfi U727 VR =0 A A e O CEfed T s a4 51
LR T, 7o A—RNEEEL, Omg/m? 20 mg/m® 80 mg/m* M3/KAELL, IEESARIX
Hevat 6mm @ ODRIEFEMR, NI 77 2.65kN, 1B EERHE] 6¢ycles (77 An—7 lcycle GT5),
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Fig.6-12 Electrode life tests of aluminum alloy sheets coated with chromate at both side surfaces.
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VEBZEENT 23kA L LT-. Fig.6-12 5, 71 A— N & b f T sy e O BRI 2 ER L 7=
73 Fig.6-13 (a) THD. 7o A—REZEE 20 mg/m?* DGEIT, et | SIEEREOMK TS 1 5EE A
WIRS DXL S E N AL D7, BT /ﬁ%’fﬁ&iﬁ%ﬁﬁf‘%ok. *7-, HHZaA—RLE

1200
Minimum strength
1000 | O 1.72 kN (J]S A—class)
@ @ 1.96 kN
o
g 800 ——
2 C Coating layer
£ 600 g lay
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(a) Coated at inner side surfaces.

Fig.6-13 Effects of chromate coating weight on electrode life at difference
combination of coating face.
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BOFE THIZDAG R DRI IR TRIC 5175 T2 NI L E (LB

TNAI=T LEeE A, l— 7 e A—NEPBLES DI LI GE D /rA—|
Pl LEgek T AR D BER Fig.6-13 (b) IR, TSI Fig.6-12 LRILTHS. /1A
— NI E OIS LS I G T AL ELCTERY, 7y MERKO R Tl — T
DA JDFEMRHEN I T I T o T Z &AL THS.

LILEXY, TAR=0 AEGRO MR 2 B 28551, Bl — K CoRENZL
D BMHEFEOINH], BLO— I CORBUCID T 7Y MEROIRHED ST 2% LD L8,
G T RUAEMEN LD DITITEHE CTHAZEDBALN oo, T, TAI=U LG8 O
FKEN IR A AR 52 & CF 7y Mg O 2 B bt L ONEREF T iAo m) Fa
R CEAHZENHEINE ST,

6. 4. #E

ARECIE, TR BT 57y NERE ZEILSE L7201, A biERiHiend -
ZERO T S BB Ch o7 CFE MO A fGL, SBIZ, TAI=U LA
SRRD 7\ A— MU i 9~ Z 2N LD T RS E A~ DB OV TR L7z, BLTRIZES
NIAEREFLDD.

1) SERSESEAEE 15° , 30° , 45° OCFIEEMA IV CERef TR A L7 fb R, Sohn
A FEDHENINE EH TG TR L, JEii e 457 CId 3700 F1 80T A
PEMA R FTRE o7z,

2) CFBMO AN K& NEE BT OBFERIUE FLz. A LR D -
PR DVEEED IO, T M bOBMREIC LD MRS iR FZ k> CEME
FENAEUHDO TS, BRI HET DGR CAAAE T DI LI LR L 7= 3B L > TR
MHEAEIT S | S S sHfEER ST,

3) CFIZEMRITIST 25 O TIEHE DY — ML — g IS, EHEE
RELERS T, v— e —Tar B Ll T Ry E O 5 20 i CE D BIAIR
ELCDFE B EL CRY, BT Smm D5 OB T smIABEMEIE 2500 FT.5872
HZENHBINTI2 Tz,

4) 7aA— LR A LT T AR =0 DA R OFEEFEER I, Hii—REIZEET 2100 ik
(3T 7y MERRERAEL , BB — BT D00 B LB A R ES D R 03 %
HZEDRHBINI 2Tz,
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5) W7 aA—MLUERT VI =0 AESHROER T S, SRR E REEEE T,
T NEREARE CEX A7 aA—MNEIEE 20 mg/m® OBREITES RIFIC -7, £, K
— RN 7 A— P A RO E L7 T 7 2 A— MR T VR =0 AE SR DG T s

PRI, RIEEDHIEESIZF EL, Z7oA—REEE 80 mg/m* DAL RAFIZ/->
7-.
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HTE ZRCEREGRB Y NEBEIZ 1S 70" NER L E (LB DB

E7E SEREREBRARYMNERIZB TS5 YMERTELR
D EAFE

7.1. &

i

EHL ARy NS N ARIEAZIE, TRE, SifERE OBEWIZEVIEFIZZDMEERHY,
F Y, SAAERORIEA T ZHERREA LG 7 MEHERPEEL W eSS, FRIZ, B
BB 2T —E R EREDSRE AR L CEA T 256, EEIGEZITIMR
(BREFIAR) , FBREREA (AR /8RR 18 X OV (RBRIEAMR) O M ERERDHENEL, KR
JE b (=B DIARE /A D H CHMANZ BL B S AUV DIRE) D3R ESE IR
— BRI IDNCEEL CTHY MR T DB RE 2 THY, R ERERDTZDIZ
WREITEIRSN COBADONREIRTHS. LIZ2N o T, HREHHIBREZ B CX AR A B
I AN TR, BEEEARORE A HER EASFTREICRY, SH7e 0 AR E(KITHER
BHELDEEZ LS.

—F5, SR, PHLAR Y NEHES AT MIRERESE T CD. ZRAEEER Y bR
o ha—F (EBFREEE) ASFRAESNIZ2 LT, oy Ml caARy NMEICINZ T, I1/E
H, VEEEETE OEIEIR—FEL TTED, WDhWAHMKAT AT APMEREIN TS, K2, &
B — R T O DL R TIEEEROBEAN— 2 D\ T EMINE % B BIZERE
A ELEARRICT BIENE, — DD SN LRI DA SN B £ THEN T IR0 EMItin
#E OB (EFERIERE) L), B KON IR LA B2 VAR R B D INE 1 acidE b (s
BEER b)) 7L, BRA IRRBFONTHD.

WEFONENBIOEEEROFENCEL TX, ZhETHT A=Y AE@IRE THRIT
D= DI BB OIMESEMERRF U267, BOBS (LD DI EEHRITINE N ZEINSE
=, BAVNE, T —REICZED Ty MESERAE BRET LB 228 <O DEE D
BRENTETN, BRELD A BRI BIT DT Y DO R EMRIRENOIBLR TO®E
ITREN TR, E5IZ, EakL7=EEY— T{""Tﬁﬁ/ X, BRI HERED D XL BIINE
SRR S MEREE CTO A _ENELL, BETICAEERENENZERICRE T DIEL T
STZFBE CHDHENZ D.

ZIT, RETIE, ZNVETH ﬁl%ﬁ&éﬂf%tﬁﬂir EeARA R R R EL, RO AR
B AT WETERTAHZLICE ST, BEFOT 7 Y MNERGERE (7Y MO ALE, TR
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FETHE BRHCERAPGRD Y NEBEIZ 55113 720" B ZE (LB DB

L) HARBIHIET 2B DWW TREIL, BRI AW TR RIER B2 =R CE D
T MERGBRERIE Y e ADREETT.

7. 2. EEAHE

7.2.1. HEHH

SHERREADIRFIAR Y NABC BT 57 Y MERGRRR DA% Fig.7-1 (TR7.
TR ETL KR SN E TEMRIZL > TREIINDTD, 77y MIRMEAEEDO R
ERAFE (_E FERROIEIE PR ICTBRENS. LidioC, MRS CHRROER S H3HE X
AUNCHENGE (BRELLDSE) 13, R —EARMICETT 7y MR LD, —iRHIC,
SHE MRS COREIFA~ S FICHIRS N BH AN S \EENS.

AHFZETIL, BARELLD = ERIREAEL T, E 0.7mm D 270MPa fk&-&{LiARIESR
Do XER (LT, GASIREFRT) FBLOWRE 2.3mm D 780MPa MRGASIRZ V>, HREHA

Current path

Heat generation
region

Fig.7-1 Schematic diagram of process of nugget formation in resistance spot
welding of three sheet joint.
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FTE ZECERIEGARD Y NEBEIZ 15173 T2 MER L E (LB DB %

7.6 &£72% 0.7mm~+2.3mm+2.3mm DOAFRAII DOV TEITHEFTILZ. dikiZT~T, B &
45g/m’ DHEEDH>ETTHD.

7.2. 2. BAEEH

PHUAR Y NE B LB E R OMNE B LOVEEETA Z B S DT LN AR —R
T — X NNER AR AR (BIFE I 50Hz) 2 VY, EMRIE Cr-Cu B0 DR &M (ST
I SRAYEAR 40mm) ZAZHEL L THV .

Y T BT BTy MERCRREE FRE T 272018, Y 7T 7y b
CIEREIC I - FFEELE 7 U BRI KIAIRIC L > Ty F o Z a3 lic kY, Wik~ a%
BB, —EOBEET T AT ONTUE, JISICHERLL 72+55 | IRERBRIC LA FIRE OFF
b FEhEL 72

7. 2. 2. FHYMEBBRREOEERRFE

BETOTY Y NERIERSZ AR CIER T 2720\, BEEY T 4 ATE RV B
FIEERDT- . AET AR A OSARIRE 2 DRI B F I8 D IO EE L, SR
ZEMIZI - TIE-BEL, Stk (Brims) COBRMEBH 2 EHEEIETHLVOFETDH
%. SRR VA DI OIABEEI B L OME NI EBEOEELOBIREICREL, RS
NETH Y MENRERCITRDEI LT, @EEE T4 I ATZ OB LM, HRHRE 1000 =
</, Ty —AE—R 1/3000 BLL, AT R L2 0.7mm+2.3mm +2.3mm D =
KB TR A (BREEL 7.6) &2 V.

7.2.3. HESIaL—avFiE

WEHOFH Y NEREREEHEE T 512012, HIROEES 21— a7k Quick Spot |
e F - BB IR ELSRVA I LA IR E AT A4 T o 7. BEEHRIC AV Ve IR Tl 7
EF VA& Fig T-2\0RT. 728, BB EICAW2VRER, BER v 7R, BRICHRE
DIRERGFOMEESRIS, EBRICHERERE AWV TRIE T 282 k> THRIZEZ AV
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FTHE BB AIDIRND Y NEEEIZ 115 727 ML TE (LB DB

: Electrode
----- o 7 I (Cr-Cu, DR-type:6 ® 40R)

Steel sheet (270GA, 0.7t)

Steel sheet (780GA, 2.3t)

<€¢— Steel sheet (780GA, 2.3t)

...................................

Fig.7-2 FEM model of resistance spot welding
(sheet joint: 0.7mmt+2.3mmt+2.3mmt; sheet thickness ratio: 7.6).

7. 3. ERERBIUEER

7. 3. 1. SRELREAZETHER—ERETDFT 7 YMEBRIRR

EARE LD = E AL LT, BIE Tl ¥72 0.7mm +2.3mm + 2. 3mm (HRE L 7.6) DR
AN I DR — AR TDT 7y MERREIZIZ DWW TRRETLTZ. Fig.7-3 12, JeumfE 6mm
O ODDRIFEM T 4cycles iBELI-HE DOIERWE ~ 7 I RIETINEB L OEEEROE
B ZOWORT. REDS 5.3mm THHZENDIZUER ) (+5570 )7 v MEEFEIR T %) 18
BFHIT 30cycles FREEELE 2 HNAT-, deycles ITAVRDE VEERFFRREL V2, BEAHA
DIRBLBRRE M T 222 BERLIZH O THS. MEX, MBSO EMESELT
4.90kN %, [KDOAIESIEL T 1.96kN AR TABEL 7223, TR HEBHYERWIS A1
IINE N IS ERE T OSRFE 2O ERY COIRE RSBV, £, ES
4.90kN T, IEEEFA 11.0kA FTHEINSHE THER — ERE Ty NIFERS IR ) T
A%, IEAZ LGN IS EHZLICE T, FEEl 9.3kA LLE Tl — EARRITF7
SRS LD BIR D RS LTz :@F%J:@ 1.96kN DINEF IR EIIINES IR R DT
TERFE 30cycles FRE DYEHEE FEHL CTHEMR —EARE CO+572 77y MERIL TEZ2WH D
D, JER—ERETOF7 Y MERRE D RIZEES>TE 2 AU, 1.96kN ETIENZR TS
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FTE BEEREGRD Y NEBEIZ 175 72 NEEZTE (LT DR

Normal Electrode force:4.90kN | Reduced Electrode force:1.96kN

11.0kA 10.1kA
(Welding time: 4cycles/50Hz, DR type electorde: ®6)  »m

Fig.7-3 Effect of electrode force on formation of nugget between thin sheet and thick
sheet (sheet joint: 0.7mmt+2.3mmt+2.3mmt; sheet thickness ratio: 7.6).

HZLIIEFITHN TODHIED AL THS.

WIZ, EHERMRIAAEEE TD T Y MERIZOWT, Fig.7-2 OFT VERANTI ol —
TavaERLUT-. Fig.7-4 12, IES] 4.90kN & 1.96kN (2331 HIAREEEE ORE SR OFHE
FERA T, SeiHE 6mm ® ODRIFEME AV WABEERNL 9.5kA BEEDFMFLL, WERFHA
A SHT-. Fig.7-3 DIAHEERR 9.3kA TEOLI-WE~27 1t Fig.7-4 OEERE] 4cycles D
HEMRBRENTFIRICEESRM0 D03, WA OREIRIER HET 5L B —8Z Rl TV,
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Fig.7-4 Results of numerical simulation of effect of electrode force on formation of
nugget between thin sheet and thick sheet (sheet joint: 0.7mmt+2.3mmt+2.3mmt;
sheet thickness ratio: 7.6).
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Fig.7-5 Results of numerical simulation of effect of electrode force on contact
diameter between thin sheet and thick sheet (sheet joint: 0.7mmt+2.3mmt+2.3mmt;

sheet thickness ratio: 7.6).

=

Heat generation
region

Fig.7-6 Schematic diagram of process of nugget formation between thin sheet and thick
sheet using reduced electrode force.
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Fig.7-7 Schematic diagram of current/force control method for welding of three sheet
joint and welding process.
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force
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(a) Welding under constant force

Fig.7-8 Results of observation of nugget formation phenomenon in resistance spot
welding of three sheet joint by high speed video camera.
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(b) “2-step force, 2-step current” welding

Fig.7-8 Continued
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4 t(t=2.3

________________________ 4 (t=0.7
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Between thin shegt current range
and thick sheet
6 7 8 9 10

Welding current (kA)

Fig.7-9 Weld lobe result and cross-sectional macros of resistance spot weld of three sheet
joint under constant force (sheet joint: 0.7mmt+2.3mmt+2.3mmt; sheet thickness ratio:

7.6).

|2 : BKA

I2 : TKA I2 : 8kA

I2: 9kA (Expulsion)

Nugett diameter (mm)
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and thick sheet First electrode force : 0.5kN
Second electrode force : 3.0kN
________________________ First welding current : 9kA
C 4 t(t=2.3
o .
Between thin sheet
and thick sheet
[T ATt (t=0.7]
Available current range
>
6 7 8 9 10

Second welding current : 12 (kA)

Fig.7-10 Weld lobe result and cross-sectional macros of “2-step force, 2-step current”
resistance spot weld of three sheet joint (sheet joint: 0.7mmt+2.3mmt+2.3mmt; sheet
thickness ratio: 7.6).
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Fig.7-11 Cross tensile strength between thin sheet and thick sheet, cross-sectional
macros and weld appearances after tensile test of resistance spot weld of three sheet
joint (sheet joint: 0.7mmt+2.3mmt+2.3mmt; sheet thickness ratio: 7.6).
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Fig.7-12 Cross-sectional macros of resistance spot weld of four sheet joint (sheet joint:
0.7mmt+2.3mmt+2.3mmt+2.3mmt; sheet thickness ratio: 10.9).
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Fig.7-13 Cross-sectional macros of resistance spot weld of four sheet joint (sheet joint:
0.7mmt+2.3mmt+2.3mmt+0.7mmt; sheet thickness ratio: 8.6).
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