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Fatigue Life Estimation of Welded Joints of Aluminium Alloys
under Superimposed Random Load Waves
——Application of 2-Dimensional Rainflow Method——

by Ichihiko Takahashi, Member Hiroshi Maenaka, Member
Takeshi Miyamoto, Member

Summary

In some structures and machines, e. g., railway bridges, aircraft, high speed ships, gas turbines, and
so on, engineering components experience characteristic load cycles in which secondary load waves
with relatively small amplitudes and short periods are superimposed on primary load waves with large
amplitudes and long periods. As those load waves generally have broad banded spectra and large
irregularity factors, ordinary fatigue life estimation procedures for narrow banded waves, such as
simple Rayleigh approximation, can hardly be applied. In such cases, it is necessary to analyze the
amplitude distribution characteristic of each load wave. Furthermore, as the primary load waves can
act on the secondary load waves as mean loads, mean stress effects should be considered in fatigue life
estimation.

In this study, fatigue tests were carried out on welded T-joints of JIS A5083P-O aluminium alloy
under constant amplitude and superimposed random load waves. A 10 mm thick rib plate was attached
to a 10 mm thick main plate by automatic MIG welding. After the welding, weld toes were ground with
a pencil grinder. Each random wave was generated by superimposing a secondary zero-mean random
process having a specified power spectral density on a primary wave. Both broad banded and narrow
banded spectra were used for the secondary random waves, and constant amplitude pulsating trape-.
zoidal waves, which simply simulated the GAG (Ground-Air-Ground) loads, and constant DC (Direct
Current) components were used as the primary waves, '

For fatigue life estimation, three types of wave count methods were comparatively examined,
namely, the range count method, the 1-dimensional rainflow method and the 2-dimensional rainflow
method, with combined to the modified Miner’s law. And each stress range obtained by the 2-dimen-
sional rainflow method was corrected by the modified Goodman’s line and the Gerber’s curve according
to the mean stress value prior to the application of the modified Miner’s law.

It was found that the range count method is not suitable to those kinds of superimposed random
waves because of its incapability of counting the maximum range during each GAG load cycle.
Moreover, the 1-dimensional rainflow method is still insufficient as the mean stress effects are not taken
into consideration. From the life estimation with the 2-dimensional rainflow method and the modified
Goodman’s correction, it was concluded that the mean stress effects of primary waves on secondary
waves are larger in the case of GAG than DC. Considering this, a life estimation procedure was
proposed, in which 6. and or were properly used in the modified Goodman’s correction according to the
primary wave type (GAG or DC), and gave the most consistent and acceptable estimation results.
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Table 1 Chemical compositions of A5083P-0

Composition Si Fe Cu Mn Mg Cr Zn Ti

Weight X 0.0910.24]0.02(0.70}4.700.06 | 0.010.01

Al Balance

Table 2 Mechanical properties of A5083P-0O

Tensile Strength | 0.2% Proof Stress Elongation
(MPa) (KPa) %)
325 160 21.7

Table 3 Welding conditions

Interpass Heat Input

Temparature

Type of Number of Filler Yelding
Yelding Passes Uetal Current

Automatic
L)Y each side

3 passes for | A5183-0Y | DC /reversed = b60°C 4.5~5.1
(¢ 1. 20m) polarity (k}/ca)
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Fig.1 Specimen design and loading conditions; the
strain gauge location is also shown.
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(b) A-8: DC+Random (Broad banded), 45,=1585
MPa, orms=29.1 MPa

Fig.3 Examples of superimposed random stress waves
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(b) C-3: DC+Random (Narrow banded), do;=137.7
MPa, owms=26.3 MPa

Fig. 4 Examples of superimposed random stress waves
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Fig.5 Examples of stress-strain response during
fatigue test
(A-9: GAG+Random (Broad banded), doi=
159.0 MPa, GzRMS=30.3 MPa)
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Fig.6 Results of constant amplitude fatigue tests
arranged by nominal stress range, Jdo., and
failure life
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Fig.7 Results of constant amplitude fatigue tests
arranged by local stress range, K;-Ao,, and
failure life
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Table 4 Testing conditions and results of random fatigue tests and life estimation
Actual N Estimated N¢ | Estimated N¢ | Estimated N¢ | Estimated N¢ | Estimated N¢
Aay o 2rus | (expressed by Range count I-D Rainflow [ 2-D Rainflow 2-D Rainflow 2-D Rainflow
TP No. Type of Stress Wave (NPa) (#Pa) | number of t Bod. Goodman | + Mod. Goodman | + Gerber
GAG cycles) (using o) (using o) (using au)
t Hod. Niner |1 Mod. Miner + Hod. Miner t Mod. Miner |+ Hod. Miner
[ (o1l [ D) [ [
A-8 DC + Random 158.5 29.1 18587% 165850 107524 5748 20021 13259
(Broad banded) [0. 112) [0.173) [3.234] 0.928] (1.402]
c-3 DC + Random 137.7 26.3 46589% 402482 380595 26034 18351 76203
(Narrow banded) f0. 1161 (0. 122] [1.790] [0.595] [0.611]
A-9 CAG 4+ Random 159.0 30.3 5603 155924 29853 5648 13655 10659
(Broad banded) [0. 0361 [0.188] (0. 9923 {0.410] [0.526]
B-8 GAG t+ Random 160. 0 31.5 2915 27439 9485 1488 3152 2498
(Broad banded) [0. 1081 (0. 3071 [1.9591 [0.7717) [1.167)
A-6 GAG + Random 138.8 27.3 9335 240758 83242 14740 34931 32689
(Narrow banded) [0.039] 0. 112] [0.6331] [0. 2671 [0.286]
B-5 GAG + Random 108.5 26.8 33179 192842 111817 25208 48241 50610
(Narrov banded) fo. 1721 (0. 297] [1.316) [0.688] {0. 656}
c-2 GAG (Half period) 159.0 30.3 14355%x 393793 45002 15213 27128 24680
+ Random (Broad banded) {0.037] [0.319] [0.9441 [0.518] [0. 5821
B-T | GAG (Alternate amplitude) 158.7 30.4 6624 167247 30600 4995 12648 9393
t Random (Broad banded) | 127.2 [0. 040} f0.2171 [1.326] [0.524] £0.705)
DC (Direct Current) * Corresponding Ny was calculated as: N¢ = { Time to failure ] / [ GAG period (25 sec) ]
= constant mean Stress **% GAG period was 12.5 sec in this case
GAG (Ground Air Ground)
= trapezoidal stress wave
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Fig. 10 Results of life estimation by the range count
method and the modified Miner’s law
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Fig. 11 Results of life estimation by the 1-D rainflow
method and the modified Miner’s law
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Fig.12 Results of life estimation by the 2-D rainflow
method, the modified Goodman’s correction
(using 0.), and the modified Miner’s law
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Fig. 13 Results of life estimation by the 2-D rainflow
method, the modified Goodman’s correction
(using or), and the modified Miner’s law
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Fig.14 Results of life estimation by the 2-D rainflow
method, the Gerber’s correction (using 0.), and
the modified Miner’s law
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