(B A #® 8% # W  H41277) (2019

TSV UDC629.11.011:669.14.018.26:621.791.763 .1

LAt 3L

BEEHBEEEMIROESHEIUIRN—Z Ry MNEE—

Assembly Technology of Welding and Joining for Ultra-high Strength Steel Sheet for Automobiles

—Spot Welding—
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Abstract

Ever higher collision safety and fuel efficiency are required for automobiles. In response to this,
the application of high strength steel sheets is expanding, and at the same time, further strengthening
of high strength steel sheets is desired. In order to expand the application of such a high strength
steel sheet, it is essential to ensure its strength reliability of weld. Therefore, the results of research
which examined improvement of welding strength of high strength steel sheet, mainly resistance
spot welding, are summarized. Peel strength of the resistance spot welded joint is governed by
toughness of the weld. Reducing the solidification segregation at the weld and tempering the
martensite generated in the weld are effective for improving the peel strength. Post-heat to realize
the martensitic tempering in the resistance spot welding, the use of arc-spot welding and the
combined use of spot welding and laser welding are also described as a method to suppress the
fracture of the weld and improve bending property of hat-shaped components. From the viewpoint
of structure and welding technique, a new patchwork tailored blanking technique in which spot
welds are placed on ridgeline (bending R portion) as a means to improve the bending characteristics
of a component, is also referred to. In addition, examples in which LME (Liquid Metal Embrittle-
ment) cracks generated in spot welds are prevented by devising electrode shapes and development
of dissimilar material joining technology utilizing EJOWELD® are also shown.
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Spot weld

Spot weld & Laser weld

(b) Spot weld accompanied
with lase welding
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Appearance of welds after three-point bending test

(a) Spot weld
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[E% 14mm, FREIBHOREZ 12mm & Lz, 70—
> 77— MW 728iHE 780 MPa #% Dual Phase T
HY, WEIE 1.8mm & L7z, JERTIETIE, A4 Vs
L ORI Z M 2 2Ry PAY YT L, B ARy
NAEEECHAT T 720 A4 2 E0dh & Hli R0 5 O RAR B2
5mm DR 23T 72,

—7, 220 PW-TWB T.ETIE, TVARDT T ¥ 7k
RBIZH B A A VI E R A ARy ME#EL, ZL T
Wiz Ry NAZ L EL T LTz D& EOMEGEMIE
900T x 420s & L7z0 WEBMIZBWTH /Ny MESHM O
BRIZIE, €077 Ve oru—Y 57 L — e EE
L, PSS Lz A4 i L sl 7 a—

N

Spot weld

o (%)

(a) Conventional technique (b) Newly developed PW-TWB
or normal PW-TWB technique with ridgeline

technique welding
18 HITEREZ WM OBIRICE I IEHRELHS
TDLEE

Comparison of deformation and stress distribution at ridge-
line of components subjected to bending
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Load-displacement curves obtained in the three-point
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Absorbed energy-displacement curves obtained in the
three-point bending test for components

YT TL—=beDARY MEBEY Y FI32T 40mm & L7z,
VERLL 72581k L 22 (PP L AAAGHEEE © 15mm/min) &
ZHITRB AT, A o= - wEMEREE L7
M FRERICBWT, #M2#RES 2 00T FHFo— Lo R IZ
30mm & L, ZOME%E 500mm & L7z FMLAAR
YT DR % 150mm, HADIMLAAEE 50mm & L7,
SHEMTREBRICBIIAA MO — 2 LHEOMGEER 19
VRS o DERTERH & PW-TWB L2 X 23 Ok
TEZ BT 5 &, $BETIE22% (50kN—61kN) i) Ed
LNy ol, —), ArO—27 LRI AV F —
(AE) OB%REZR 20 127”7, HERTLIED/NY FD AE (50
mm ZH) L EL, itk PW-TWB TiEICE By &
D AE 13 20% (1.8kJ—22k)) M EL, # PW-TWB Li%iZ
BT 27% (1.8kI—23k)) A L L7z SO XIS
THEOWRIZEY, HMOMFHEEBEICEETESZ
EDG ol EHIZK20 205, MO
Fi$E L& 34UE, PW-TWB LiEORKIZ X > THiREAM &
WAL, T2 RELTE D REME L RIE SN
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6. XKy MEELMEXMFRE (BBERILAD
ES)

HhD o & SN REEMAE W CIRPLA R v MERE
T5E, BHEHISEASEEN (Liquid Metal Embrittle-
ment : LME) 33849 254059 5. LME 1L, ##HF
(AR CTINE S A S I £ 72 (AR o> s A
(EBEBA ) ICHAET 59, EERE SN ORRE LT,
B ARSI DI RSB TH 52, T OEIULTERF
BB VB RIS AT OB E T 5 720102 5,
F-FEHC, EEOABTHS AT L ERD 1
DL b MRIFRHAIER T 5, —HiER L 7-HEh)s R
FOMIZEFET 5720, SIniHflcEsLEZ26Tn»
bo ZZTIEHEMMOBNOMFE LT, EBROLmED
PARERLHERD IZOWTHRDS, 68T, BRI
Wi P A MR L7285 612, SEER TR S L2 B o B A
&> Th W IEBETLHPA 2 MR T X 2 0 MES L 745 R b #
T 5,

2L, AE 1L.emm OEEILERT D > & (GA)
980 MPa 8l & FHV 7z BRI\ - BRI I O %
X 21 12779, JemO =4 (R) % 40mm ICEEL, H
Bx 6~10mm OFPATEILS 7. HHROMETIIIL 4
kN, BRI 04s, MEFERIZ 01 ICHEEL, Bii%
AL Sz BRI X BoBEET v 2@ L7z, X o
BT VIR EEMC Lo TIRE RO L TN ET SRS
Fo CO/DBEEORE, BB OHARE I LE N DI
ROTANIEL, ENMEESIND EE 2T,

FEMCHE BT 5, BEHEELE LME SIESOM
xR 22 127K T, RN 2 6mm RO B Z i L 7235
&, EE, BT 9.5KA UL LT, T8 0FHE
WD ST IAL 720 JeimfEDy 8mm B L Y 10mm D FEAR
TIENDSEEBRTEE L Lh o7z —BlELT, F7 Y
FEDS 5T (63mm, EFIE 9.5kA 7213 10kA) &fE0
BRI 2 X 23 127R T 6mm FEOEME A L 72354,
EUIA T T — v a y (BRAOSREER ISR S
% A H) OV (BE#RCHRA 7Z58380) 12584 L7225, 8
mm EB L 10mm EOEMTIIFEEL 2D o7, K23
ERLE, BBMEHRICI>TI VT rI—varyoiEs
(ID) HAHE L 722 & 23954, ID X, BHRSLT 7 v ME
AN BT ERRT B E R L7,

o]

21 XKy MAEAEmOERE
Schematic of electrode for spot welding
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Relationship between current and LME crack length for
each diameter of electrode tip

X 22

(b) R40- ¢ 8 (c) R40- ¢ 10

23 BBEILAIC LB LMEZI MO (4 v ME:5/1)
Suppression of LME cracking through increase of diameter
of electrode tip (Nugget diameter: 5//1)
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Relationship between depth of indentation and LME crack
length for each diameter of electrode tip
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25 MREFEREA L E 1.6mm OFEDOEIESHREHE DL
& (BlRS%IHE13mm)

Comparison of appropriate current range in welding with-

out gap between two sheets and with that of 1.6mm

(Electrode tip diameter: ®13mm)
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8mm FELL FOEMTIEFY) AL TD, IDH303mm
R PRI ST\ 2e GiEo T, BARSCIREOHIN X 5
FNIHFI OB L, 1D DA % U7 iR OIGT),
OFTADRBEEZHND, S5V 2L, 1D DEEIL,
BRI EDOMKIC X 2 BIHE OB T R EMIKE D
HE (AR O L AIE), HEORTISERLzE
HE SN Do 7 BRI O MRS FRkIC, B
B O ET OB N ILIZENTH 5 L OFEREH T
%o

S SR OFRM & 7% L 72356 O IE R i i Bl 2 5F
il 7z SAARM OFERIE 1.6mm & L, F72EWOLimEE
WL 6omm, F2E EREOFELNHEHITKRELR 13mm & L7,
AREHMICBNTD, HEESIIHRE 1.6mm O GA 980 MPa #%
L L7z BRI ES 13mm DA OERE F 7y MED
PR X 25 127”3 SR ORI DS 2 WG & & L6
DM G5 8 L 7B IERREH (77 ME 3Vt HHk
D 35T B IR IRTE T TOHMPH) (X 2.5kA (8~10.5kA)
Th o7z ZOREOBIEEHFAZHER TS ThLUZE
Tz 5 Bb b, KOOI 7200 E 6
mm OFEHTIE, BEDP VWAL S 556 0MEN %%
8 L 72 IE B EP DS 2.5KA Tho7ze 2F W AT
&, BEMOCIAEEZ LKL T, MIEEREEIZILL v
FERPIRS NI,

7. EJOWELD®*#%#EHLA7ILFIT ) T7IVIES
BT

BARRELOTFEL LTI LT~ 7)) 7TIVEbEITH N
bo B, HARIZEE TNIZvA, BlgEvofieD
MRRASEA WERTICER I S o 2 L CHARHM T OB, #F
BOMETIIS U TERETEDEIRS NS, Iz IT8ET
WIZTLADOFEATIE, BV TET ANy MIFERSIND
WIZ & AT TDH %o EJOT #1433 L 72 EIOWELD®
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Cross section of weld made by EJOWELD®
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Comparison of CTS of EJOWELD® joints made by com-

bining aluminum and steels with various strengths

1m_m
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Z T EJOWELD® |2 & D %5 734 5B = X 26 (2R
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VI AEEETL, ZLTC, LAY METHOMM
EEEITE T A LA, TL AL MEEBTERAMES 2
LI ETEAEZERT 50

WEto—BlE LT, TV =T &84 (A6061) DL
& 590 ~ 1500 MPa kD 5 M L REFAR O TR 2 A8 T+
TR 2 FR L, ZOMTmELFHn L 72, BEIX
TNVI= A, FiEDIZ 1.6mm & L7z, ZkFo+55]
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MCHEI L, 72 CTS MGt L b ETIET Lz &
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