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Effect of weld geometrical features on fatigue properties of
5A30 aluminum alloy welded joints
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Abstract: Based on the fatigue testing of 5A30 aluminum alloy welded butt joints which have different weld types and
geometrical dimensions, the measurement and calculation of stress concentration coefficients ( K ) at the toes of weld, the
influence of weld geometrical features on fatigue properties of 5SA30 aluminum welded joints was studied. The results show
that the fatigue properties of single-welded butt joints and double-welded butt ones are matched and the fatigue strength of
theirs at (1.7~ 1. 8) x 10° cycle is about 100M Pa. The presence of weld reinforcements (WRs) reduces the fatigue prop-
erties of welded joints. Heightening WRs can greatly lower the fatigue properties of welded joints and wiping out WRs can
increase fatigue life twice or three times as much. When the weld reinforcements change between 1 =2 mm, K, at toes of
weld of 4 mm thick plates are increased 50% comparing with other parts, and if the WRs is higher than 3 mm, K, at
weld toes of joints may exceed 1. 70.
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Table 1 Chemical compositions of SA30 aluminum

alloy and welding wire ( mass fraction, %)

M aterial Si+ Fe Mn Mg Cr Ti
0.5- 47— 0.1-  0.08-
<
SA30 0. 4 1.0 5.5 0.2 0.15
0.5= 47— 0.1~ 0.1-

. . <
Welding wire N0. 4 L0 5.5 0.9 0.2

K2 5A30 Hd e R R R SRR L) A g
Table 2 Mechanical properties of SA30 aluminum
base material (BM) and its welded joint

M aterial 0/ M Pa Gp.»/ M Pa 8 %
BM 333.2 225. 4 12
Joint 313.6 171.5 =
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Fig. 1 Sketch map of fatigue testing samples (mm)
(a) —Shape and dimensions of samples;
(b) —Single-welded butt joint;
(¢) —Double-welded butt joint with GWR;

(d) —Double-welded butt joint with NWR;
(e) —Double-welded butt joint with EWR
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Fig. 2 Sketch map of weld geometrical dimensions
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Table 3 Statistical arithmetic mean of

weld geometrical dimensions
t/ h/ B/ r/ 0/

o
mm mm mm mm ()

Type of join

Single welded butt

4 1.35 10.80 2.40 155.7
joint ( face of weld)

Single welded butt
joint (rear of weld)
Double welded butt
joint with GWR
Double welded butt
joint with EWR

4 1.20 4.50 1.00 155.2

4 1.87 10.45 1.03 144.1

4 3.61 10.78 0.63 124.0
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P57 SEIRAE 20 kN =AU 8 9% 57 W B L _E gk
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r= Onin/ Ona= 0.1, MBI f= 110~ 120 Hz ., 5E
KR AR v, BB RIER 4 NN K,
HN ST, 2 HE 6~ 10 MRFE . SA30 44
G BEMF R IO e St 1) 9 55 SE IR S 40 L RS R
KRR TR 4 WP LR R, BAEH
5A30 $5A G BEAF S 4 B AN () S5 4% e A 5 B 1 3k
TENEH N 50% N S —N #hzk, WK 3.

M 4 Bl K B 3 v CUE H, B SER N T
B4R, 5A30 556 4 BEM S SLAR B8 Sk I 9% 55 75
Y0 B R, SA30 B G S BEMETRIR RS 9.7 %
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¢ — Double-welded butt joint with GWR
4 — Double-welded butt joint with EWR
v — Double-welded butt joint with NWR
+ — Single-welded butt joint
10! — :

105 106 107
Cycle number

Bl 3 5A30 & SR B I 57 il &
Fig.3 Fatigue curves of
5A30 BM and welded joints
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Table 4 Fatigue testing parameters and
results of BM and its welded joints

Type of  Number of  Stress/ Fatigue life/  Frequency/
specimen specimen MPa Cycle Hz
6 125 9.72x 10°
6 160 1.02x 10°
BM 16.7

9 220 0042 x 10°

10 260 0.024 x 10°

10 85 4.98x 10°

Single w elded 10 100 1.88x 10°
. 116119

butt joints 10 110 0. 607 x 10°

10 130 0.254x 10°

10 100 1.71x 10°

1

Double welded 10 120 0. 385 % 10°

butt joints . 100~ 120
1 130 5

with GWR i (e S 10

10 135 0.117x 10°

10 100 4.06x 10°

Double welded 10 120 1 16x 10°
butt joints . 116~ 118

1 1

with NWR 10 35 0.393x 10

10 160 0.162x 10°

10 65 4.62x10°

Doublewelded 10 90 0.73 % 10°
butt joints . 116~ 119

with EWR 10 110 0.234x 10

10 130 0.10x 10°

10 B FRIBR B 9% 55 S 5 K 125 MPa; B THT 6 XU 3%,
B 1) 9% 57 74 i 5 LTI AR 1E 86 A% e 4 Sk AR AH
M FEMEIRRECA (1.7~ 1.8) x 10° I, JE 5 M L
4 100 MPa; XUHFERL T, ZBR A mde Sk 1% 55
o = T R AR 2 Bk, HAdrEE
WREBECSLKY 2~ 3 £5, WARR BRI
7 A .

SR S 55 W LA IR R I, 1AFE )L
AR TR AEAL . FEORFHEGER SO, B
ARG AR BB, XFEISR R Wi fEAR BkAL .

2.2 JGHAPER SR K g R

T A HTARBEAL TR SRR, A REAT T Ok
BN ) AT SE 5 . AR IEW R mAIMAK RS 2
i, SEBUBERY RSE LY SEFRARBARFEBOR 1.5 £ .

SN S 3 T SEEGAE 409— 2 B HEAY B REAT,
AFETEE b= 10 mm, SEX#E F= 196 N, JEiHf
BN J) 4808454 fo= 11 N/mm . #2335
i R Fa 4 5 N 7 e R T 4 SEBR I e Y OE R AR
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Fig. 4 Stress optical trajectory of elongated and compressed butt joints

(a) —Elongated joint with GWR; (b) —Compressed joint with GWR;
(¢) —Elongated joint with EWR; (d) —Compressed joint with EWR

re SR AN R AR S T N B K A SR N
A 2.75 % < 3.20 4%, GVHE TSR REAL B )
EHRBMEINTES.
K5 WESNEELEREAE N ) fE T R
Table 5 Stress concentration coefficients ( K )

at weld toes of 5A30 aluminum alloy joints

Elongated Compressed Elongated Compressed
joint with joint with joint with joint with
GWR GWR EWR EWR
1.51 1.51 1.76 1.76
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Table 6 Calculated results of stress

concentration coefficients of different joints

Doublewelded Doublewelded  Single welded — Single welded

butt joint with  butt joint with butt joint butt joint
EWR GWR (Face of weld) (Rear of weld)
2.13 1.55 1.23 1.49
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Fig. 5 Sketch map of
butt joint welded by single side
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