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Improvement in Fatigue Strength of Spot Welded High Strength
Sheet Steel Joints
Masatoshi SHINOZAKI, Toshiyuki KATO, Toshio IRIE, and Isao TAKAHASHI
Synopsis:

Fatigue strength of spot welded hot rolled high-strength sheet steel joints in long-life testing does not

vary with tensile strength of the sheets.

By extensive experiments using solid solution hardened steel,

precipitation hardened steel and dual phase steel, two effective methods for improving the fatigue

strength have been found.

One method is to generate moderate expulsion by welding with a current just above the upper lobe
curve; endurance limits at 107 cycles increase by about twice as compared with those of the normal

welding method.

In this case, the decrease in tensile shear strength is less than 15%.

This impro-

vement in fatigue strength is due to the increase in effective area of corona bond, and due to the

increase in residual compressive stress of nugget.

The other is the controlled tempering treatmet during the welding schedule; endurance limits at 107
cycles increase by about twice as compared with those of the normal welding method. This improve-
ment is due to the residual compressive stress at the weld generated by the tempering treatment.
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Table 1. Chemical compositions, thichness and TS of steels used for experiment ][ and [f.

Steel Chemical compositions (wt%) Thickness TS Experiment
tee

C Si Mn P S Al Ti (mm) (kgf/mm?2?) i1 m

§32 0.07 0.04 0.26 0.012 0.013 — — 2.3 33 0 -

S45 0.08 0.30 1.15 0.015 0.003 0.031 - 2.6 18 — O

P55 0.12 0.06 1.39 0.017 0.0012  0.045 0.035 2.3 or 2.6 57 e} o)

D55 0.07 0.5¢ 1.55 0.021 0.007 0.043 — 2.9 55 (o) —

Table 2. Welding conditions in experiment J].

Table 4. Abbreviations used in the text.

Steel
Condition

532 P55 D55
Tip diameter (mmg) 9.0 9.0 9.0
Electrode force (kgf) 580 580 1000
Squeeze time (cycle) 30 30 115
Weld time “(cycle) 29 29 29
Hold time (cycle) 15 15 40
Weld current (kA) 13~17 12~16 14~20

Table 3. Welding conditions without tempering in
experiment [Jf.

Tip diametee 9mmg
Squeeze time 30 cycle
Weld time 33 cycle
Hold time 20 cycle
Electrode Force 900 kegf
Weld current : [, gfg :llgg tﬁ

Electrode force (900kgf)

o f————
Weld current
I I
§ 2 Temper current
: L
U— 1,=0071, [/
4 or
5 / 084 I,
<] /
. ” . /7 =10 n
#-30-p-33 200 - %8 20,
Squeeze Weld Quench time Tenper Hold
time time time time
To Tt
Time (cycle)
Fig. 1. Diafram of welding and following temper

treatments in experiment [[J.
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T Thickness of sheet (mm)
TS Tensile strength of sheet (JIS No. 5 specimen)
TSS Tensile shear strength (kgf)

CTS Cross tension strength (kgf)
DR Ductility ratio, GTS/TSS (%)
FI. . Fatigue limit of sheet (kgf/mm?2)
Fatigue strength of welded joint at 107 cycles (kgf)
FR Fatigue ratio, FL/TSS (%)
D Diameter of nugget (mm)
aDT Area of cross section around nugget (mm?2)
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Fig. 2. Relation between TSS/zDT, CTS/2DT, DR, FL/zDT of welded joints and FL of

sheet, and TS of sheets.

Table 5. Regressive equations showing static and
fatigue strength.

Specimen Equation

Hot-and cold-roiled sheets FL=0.85xTS~1.9

TSS/aDT=0.83xTS+8.9
Hot-rolled -
CTS/2DT=0.29xTS5+23.8
Welded sheet FL/zDT=3.0
joint -
I'SS/sDT=0.80xTS+7.7
Gold-rolled CTS/2DT=0.23x TS+2.6
FL/2DT=0.08XTS+3.5
5000 | s -
c / o—o”
o 4000 |-
x —m—
- /D,D L
& 3000 |
v
A s—be b
2000 +
O D55 (2.9m)
0O P55(2.3m)
SO0+ & S32(2.3m) o“o\
.. 400} Solid:Expulsed .
£ 300f —
=] e TAQ
: 200 - _—‘?ﬁof ~
100
O3 1s 16 18 20

Weld current (kA)

Fig. 3. Relation between TSS and FL of
welded joints, and weld current.
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Center of nugget

(b) 17.4 kA

(e) 19 kA

Photo. 1.
cracking.

Effect of weld current on fatigue

D3 kit s RBBEMFOER 7 7 » 2 REMEN
BEBRC XOTELTrHBFEABEAry 12 L b
Fig. 4 R3. Sy BEDORCBEIIESE 27 5 » 20
TV Fv7—va vARBCE bR DD, BONFEELL
R TREBHCEY 7 5 » 7238h 5.

Photo. 1 & Fig. 4 2 B¥INIT % & SBRERFEOR
FHER 2 e E Y FOBRLz e+ AV FREC LY
BTHZ Ldbhs, £ TEYRBHOI Ky
FEOWRE /-4 R% Photo. 2 wR3. 832 ¢
=2 erAy P 3 7 v EMRELD Hivigunhs, Pad
TIXT TR 0.35mm RED: 7 edghdibd Z03
7 e BN SRR O S B EMRFETREXELI LT
WHEEZBRS, LiA2T, MORETI 7 egElh
ZETEEIDE, MOVOBRC X hFERiczarEY
FEZ REMCIAR T 520 E 2B LT 5.

@Z — Fatigue .crack
==
OO0 O 0O 0 0o

Pray500kst  600ksl  Sookat  so0kgt  sookgt 500kgf
[w T 14kA 15kA 16kA 174kA 18kA 19kA
(a) (b) (c) {d)

Loading
direction

S00kgt
20kA
e ) (@

Fig. 4. Change in location of fatigue cracking in
D55.  Ppax : maximum load, Iy : weld current
(d) : critical current for expulsion

(e)~(g) : expulsed
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Photo. 2. Microcracks generated at corona bond
after welding.
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Fig. 5. Relation between FL, TSS and CTS of
welded joints, and Q.
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(a) Distance(m) (b) Distance (z3)
(a) [I;/1,:0.84 (b) [f/1,:0.97

Fig. 6. Hardness traverse of tempered welds
in P55.
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(a) center of nuggct (Hv310), T™ : tempered martensite
(b) HAZ (Hy410), LM : lath martensite
Photo. 4. Scanning electron micrographs of

welded joint in P55.

Weld time ; 33 cycle (Weld current 134kA)

1680% Temper current x temper time
(kA) (cycle)
-----13.8 X 30 1450%C
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—.—12.1 x 30 /3
\

— 10.5
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/ without temper

ll /
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M ‘/610 \2307)
Arrows mdzcatehgnsi of hold (330°)

(time(and tempra
(s} 50 100 150 200 0 50

PR voltage (mV)

Time (cycle)

Fig. 7. Change in temperature at nugget center.
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Fig. 8. Applied area of X-ray and measuring
direction of stress.
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Residual
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Fig. 9. Relation between hardness and residual
stress at nugget, and Q.
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Distance from nugget center (mm)

Fig. 10. Distribution of residual stress parallel
to sheet in P55.
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Fig. 11. Change in number of cycles to fatigue
crack initiation by temper treatments.
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Fig. 12. Distribution of residual stress parallel
to sheet in D55.
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