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Effect of Intermediate Layer on Weldabilities in Steel-plastic-steel
Laminates
Masatoshi SHINOZAKI, Yoshihiro MATSUMOTO, Kohki SATOH,
Yasunobu UCHIDA and Noboru NAKANO
Synopsis :

Effect of intermediate layer on weldabilities has been studied in steel-plastic-steel laminates.
Acceptable welds can be obtained, when the electric resistance at the first cycle of spot welding is less than
0.6 mL2. To obtain the suitable resistance, the control of thickness of the intermediate layer, diameter of
electric-conductive particles, ratio of the thickness and diameter, and content of the particles are

important.
erable.

The intermediate resin layer is harmful of arc welding and laser welding ; thinner layer is pref-

Key words : steel-plastic-steel laminate ; spot welding ; arc welding; laser welding ; intermediate resin layer;

electric-conductive particles.
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Table 1. Sheet steels and fillers used.

Steel Filler

Nothing
Graphite particle

Vibration-damping
SUS304 particle

Lightweight I(\}I?:xixli}ll]i%e particle
Cold-rolled Nothing (Used for comparison)
Table 2. Skin steel sheets used.
Steels Carbon grade Thickness (mm)
Coteroled | Bpmebonseel | 0014
Hot-rolled Low carbon steel 3.2

Table 3. Conditions of direct-spot welding.

Item Condition
Cu-Cr alloy
5 mm¢ CF type

R 8 mm radius type
24 mm¢ CF type

Electrode tip

Shape of tip

150~1 000 kgf
5~20 kA

Electrode force

Welding current

5~200 cycles/50 Hz

Welding time

Table 2 |Z/R§ GEESM & ZUIEPIN TH 5.

R EIIE & L CIHIREARC 7 7 — Vv REE, K
VL7 4 R, BXUR) AT VREEY, B
2HKIcR) oLy HWE, BB 47—k L
TRIFELEBET L L THRKOESHE, €SB FELT
BIZEREDO AT b <4 X257 L A (SUS 304,
LT SUS KT &8Ed) 2HVA. RHEBOESIIRK
600pum & L, BEM7 17— (UTHIZT7 47— LT
NDAE S ZFDOHEEE 30~600pum & L7,

M OBYEICH - - Tk, 714 F7— & LREESR
78R, HAHVIEIBIIRZOLDE AT VB TIRA, #

FEELZ. 714 7—OBEARE 0~50vol% DHEHEHTE
Z 7.
2:2 RBAGX

2:2-1 REHEOEHERE

24 mme 23T b ik 2 HHEHNR & BEWK L 20 mm
E.30mm A0 Cu 70y 7 THA, ZThx SHIHE
THATIMELZDS, Ca 70y 7 HOEREKIE 7
25 —TCTHIEL7.

2:2:2 ZK v bEE

FAwi BRI EBER YAV 2 b ARy MEERT
HY, TORBEMES 3.5tf, HEBHA62KA TH

5. FBEREFy TRBELBEEBERE 11270 T
LICEHHITE, Lo T1IH A4 2 VT EDIRPEEE
BTEXHbDTHAS.

ARy bEEESMIE Table 3 IC/RTHEH & L, B
BEEETFANDIEAE 30mm OB EZHEHL /2.
2:2:3 T — U EE

1.4/0.1/1. 4 mm EOHPIREHR (717 -0, 2L)
FHOWTHAAINT — BB EERLA. Y-V
A RESHEH VT CO, 100%~Ar 100% D#FH & L 72
(# & 251/min). 7 4 ¥ — i KC-45 (0.9 mm¢) &
KC-50 (1.2 mm¢), BHIX 17~18V, Eiifix 70A, &
EHEE L 18~25em/min & L7, #FERIRIEEGE,
EhEA, TEBABIT, ~N)iEEL L.

2:2:4 V—¥F—HBHBLOL —F—FE
0.50/0.05/0.50 mm JE DO &HIRMIK (74 7—7% L),
0.2/0.6/0.2 mm EOBEEMIK (), BXU 1.0mm E
DEEFEREZHCT, L—F—Ble L—F—BHEEE
MiL7z. COp L—¥—BERINAZHE (F& 2kW)
OLDOEE, HHETXTLO0KW &—FIZL, AN
BEFHRECTHASI L. 7Y A M RARIBEHOBA X
0, (3kgf/cm?®) %, BEOHE 21 Ar (2kegf/cm?) *

Huwi-. 8, LYZXEKCIlOobLDEFHW.
3. £ B # R
3-1 ARy bSEYH
3-1-1 WRREEIEOE

HIRMA O P B OE S Ti3#EH 50~100 um TH
B, BEMT 17— 2BEL2VEA, BEESZW
X HLERATWS, 74 7% BAETICHEE

Resin

100
O Epoxy

@ Polyester
@ Elastomeric

501 E3:2x10°

E : Elastic
modulus
(kgf/cm?)

Rate of successful welding (%)

Thickness of resin layer (,um)

Electrode : R-type, 8 mm Electrode force : 170 kgf Welding
current : 8kA Welding time : 8 cycles

Fig. 1. Effect of resin thickness on rate of suc-
cessful spot-welding in 0.4/ 7/0.4 mm thick damp-
ing steels of which resins do not contain filler.
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Fig. 2. Effect of electrode force on electric
resistance in three types of damping steels.
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Electrode : R-type, 8 mm Electrode force : 170 kgf Welding
current : 8kA  Welding time : 8 cycles

Fig. 3. Effect of T/D on spot weldability in
0.4/ T/0.4 mm thick damping steel.
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Electrode : R-type, 8 mm Electrode force : 170kgf Welding
current : 8 kA Welding time : 8 cycles

Fig. 4. Effect of resin thickness on spot weldabil-
ity in 0.45/7/0.45 mm thick damping steel where
range of SUS 304 particle size is wide and the con-
tent is 15 vol%.
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Filler : SUS 304 particle, 10 vol%, average diameter of filler D=
76.5 um, average diamter of short axes Ds=56.9 um  Electrode :
R-type, 8mm Electrode force : 170 kgf Welding current : 7 kA
Welding time : 10 cycles

Fig. 5. Effect of resin thickness on spot weldabil-
ity in 0.45/ 7/0.45 mm thick-damping steel.
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Electrode : R-type, 8mm  Electrode force : 200 kgf
Welding current : 6.5 kA Welding time : 10 cycles
Phr means per hundred resin

Fig. 6. Effect of resin thickness T and graphite
phr on welding current at first cycle.
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current : 7~8kA Welding time : 12, 16 cycles
Fig. 7. Comparison of change in current of
by-pass welding between with-filler sheet and
without-filler sheet.
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Fig. 8. Effect of distance from hem on T-peel
strength and nugget diameter.
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Table 4. Effect of shielding gas on arc-welda- Table 5. Mechanical properties of butt welded
bility. joints.
COx(%) | Ar(%) Result (Flat-position butt weld) Tensile test Bending test
100 0 Molten pool was not stable. Stable weld beads TS(kgf/mm?) Location of rupture Face Root
were not obtained. Sputtering generated. 2
50 50 Relatively stable weld beads were obtained. 40.7 Base metal Good Good
%8 gg Stable welding was obtained.
0 100 Weld metal did not spread. Table 6. Mechanical properties of lap welded
joints.
Tensile test Bending test
TS(kgf/ mm?) L‘:::;‘)ttig:_le()f Face Root
a Single side No good N d
( ) welded 21.2 Base metal (Separation) (Se;;)ag:gion)
Both side 38.9 N d
welde dl 37.3 Base metal Good (Se;agggion)
(b) Table 7. Result of laser cutting in three types of
sheet steels.
Welding speed (Heat input)
Symbol
(Steel) 6 m/min 3 m/min 1 m/min
(100J/cm) (2003/cm) (600J/cm)
A (Damping) X X O
(C ) B (Lightweight) X O X
C (Cold-rolled) X (@] O
©:Good O:Fair X :No good
10mm BECHEBEL LA LA TTTRBEE L ~) B
Root gap : (a) Omm, {(b) 1.0 mm, (¢) 2.3 mm PER L. T?l‘%lﬁ‘?ﬁ?ﬁli HAZADKEIFBEFAL R
Photo. 1. Macrostructure of arc-welded butt joints. . e e x
! 1B, RECHEBEOHELIVOES Th -7z, NG
SRR E REL CBERT A LR TH - 2.
hie. 3-3 L—H¥-—BHEL -V B

3:2:3 V—FFx v TOEE

N—=+F% o 7H0~2.3mm THAHT7T—X—F+v v
TEHAVWTEEEEE L ER L 72# R % Photo. 1 IZ/R
F. = FFry o 7 1mm UE, 2mm LT TCRIFZE
AAREEEFEEC—-FELNR. V= FFr » 7 0.5mm
LUF CaAstigig o #BE & SULIC & B 7 2 DR EITBE
BLH o7,

3-2-4 BEMFONE

Table 5 (222G HFORMPMEE 2/RT. TIRMS
WEHMERA%ETHY, PR 5mm O UTHITRED BRI
THo7e.

Table 6 (ZEQMBAKFORMMHME LRI, 5I5RHE
SFHBEEOGEIEMOK RS TH - 7225, WS
BOBEEEMTEWREN 2 o/, FBEORE
EAF VRO B LB ERARD otz lzo, K
fHICR o 7-bEZ NS, LIz CUFEMITHEBEER
THAF VHROKNBENEL, FRTH o7,

3:-2:5 TERBEBEL~NYEBEE

3:3-1 L —H¥—EHr

Table 7 (ZHlHRMAR, BEMMK, 3 L OHEHFTO L —
Y EWAEREZ R, GEHMKTIE 3 m/min DFEE (A
# 200J/cm) Ok SR LBMIARMATR L, Ttk
DFEE L L7, HHESEMHIE 200 J/cm O AT TIRGBRTAS
+43 TR <, 600J/cm DANTE T T OBEBIKRED
Z o, BE#EMIT 200/ an DANTETETOH
WrIRFEAS IR S N 7225, 600J/em D AFTdMlgr %%
FFTRA B E L BT, AF VERATREPHICET TR
ol

3:3-2 RETHE

Table 8 # X U Photo. 2 IZEARBHEOKELRT.
1 HESAARE] DR E B I R R A RPE O 2D
[ s A A CHIRFHR AL OGE R REL, BEHN
WO IERLBETE 2o 7. BEHEROZF
SRDE T 1K B o T B EEZLND.
3:3:3 EATHE

— 226 —



BEFROBER I REZTTHBOR 1641

1mm

1kW, 3m/min, 200 J/cm A : Damping steel
B : Lightweight steel C : Cold rolled steel

Photo. 2. Micrograph of Laser-welded butt joints
in three type of sheet steels.

Table 8 Result of laser butt-welding in three
types of sheet steels.

Symbol (Steel) A B C
A (Damping) AN — —
B (Lightweight) — X -
C (Cold-rolled) — — O

QO :Good A :Fair X :No good
Welding speed : 3m/min Heat input : 200J/cm

Table 9. Result of laser lap-welding in three
types of sheet steels.

Lower side

Symbol (Steel)

A B C

A (Damping) O — O

Upper side B (Lightweight) — X X
C (Cold-rolled) A A @)

O :Good & :Fair X :No good
Welding speed : 1 m/min Heat input : 600J/cm

Table 9 WEACHRBEOERELRT. HEMKRFL
HHRSERE L 056 3 BIF 2 BRI B ONTY, B
BHMRFE LTI A RSB ED IRREL %2 5 72,
WIS - AWM AR LY EACHBEE TR, &

CF
3.0r [ S:p%:gﬁon

S Q Coloring < ]
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T 251 ]
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> L
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= L
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© 0.8+ o [ ) Ooo
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1
3 40 45 50 55 60
Resin thickness (um)

Fig. 9. Region of electric resistance at first cycle
(R;) where acceptable welds are obtained.
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MW AMERD R 1E, KO XS IcKkE 5.
Ry =4Rs + 2Rpy (HIFRSAMLIE] L) vvvvveveeee (2)
Ry =4Rs (A% VMR 4 HER)
A L72K5120.5mm EDAF K4 MELD
Ry 12 0.16mQ TH v, HlI$MKFE LD R, % 0.5mQ
ETBHE,

Rs; =0.04mQR2 (R F VHML) -oovverencvnnnnns (4)
RF1=O.l7mQ(747'—) ..................... (5)
LY, (RXXBVWTAFVHRE T4+ 9D p %
CRECERET L, FRBEMN 0.05mm 04, AH

ko Sz,

S=pl/Rs; =12.5p (R F X GRM) -eeeeeeeeee (6)
S=pl/RF1=O.29p‘(7/f§-—) ............... (7)
E%h, (6)e (7)XRE2LKT S &, HHRSIHKF L
DE LA 2 VBB HEMEREE R F >~ HRK 4 HE
RDOEND 2.3% I2%BZ dibhb, 612, AF>
FEFELDEHED S HRICEZE 5mm OO HEFE 20
mm? &5 ET 47— DHEMEAREILZ 0.46 mm? L2 5.
WEMEO BT 2 HIIRHEK % 2 5 121%, Fig. 3—6 (IR
L7z&51, T/D, DfEx #L RIS T5Z L, 74—
DHEFHENELTHIL, BREBLELRMBEICTS

C-scan testing method : Double sound transmission
Transducer : 10 MHz, 0.5 “dia., 3” foc.
Area : 32X 65 mm?®

Fig. 10. Secondary agglomeration of fillers.

Frequency : 50 MHz Area : 7.6X10.0 mm?

Photo. 3. Acoustic scanning micrograph of
damping steel whose resin layer contains
graphite particles.
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(a) Configuration (b) Welding sequence
Fig. 11. Method for squeezing-out of resin by

using spot welder.
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natysis

Photo. 4. Carburized area detected by X-ray
mapping method in arc-welded damping steel joint.
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