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Fatigue Life Estimation of Welded Joints of an Aluminium Alloy under Superimposed Random Load Waves
(a follow-up report) ; Effects of High Frequency Components

by Ichihiko Takahashi, Member Hiroshi Maenaka, Member
Atsushi Takada, Member

Summary

Fatigue behavior of boxing welded joints of JIS A 5083 P-O Al-Mg alloy was examined. For a
specimen, a 20 mm thick stiffener was attached to a 20 mm thick main plate by a MIG boxing welding.
Previous to fatigue tests, residual stress measurement, a static loading test and an elastic finite element
analysis (FEA) were carried out. The residual stress in the fatigue stress direction was 135 MPa at
a distance of 5 mm from a boxing weld toe, and the FEA gave a fairly good estimation for the elastic
strain distribution near the boxing weld toe.

Then fatigue tests were performed under both constant amplitude and random loads by 3-point
bending. For a load wave in the random loading fatigue tests, a direct current component, a zero-mean
narrow band random process, and a high frequency component were variously and selectively combined
and superimposed.

As a result, a reference stress o5, which was determined as the stress at a distance of 5 mm from a
boxing weld toe, was proved effective in reducing the amount of scattering in the fatigue test results.
And it is also found that the crack initiation lives determined by the 5% drop method largely scattered
because of the determination error brought by the 5% drop method itself, showing to be unsuitable for
putting the fatigue test results in order as in a S-N diagram.

With regard to the effects of high frequency components, it was found that a simple handling of
fatigue data using the RMS value of stress is not available while arrangement using a representative
frequency is effective, and that neither the range count method nor the peak to peak count method are
suitable to those superimposed wide band stress waves.

Finally the life estimation procedure proposed in the former report?, which comprises a 2-dimen-
sional rainflow method, the modified Goodman’s relation and the modified Miner rule, was shown to be
valid also in this study.
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Table 1 Chemical compositions of A 5083 P-O

Composition Si Fe Cu Mn Mg Cr Zn Ti

Weight % 013 020 003 071 456 011 001 002

Al balance

Table 2 Mechanical properties of A 5083 P-Q -
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Fig.1 Specimen design and loading condition;
dimensions are in mm.
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Table 3 Welding condition

Type of Number of Filler Welding Woelding Waelding Heat Shield
Welding  Pass Metal Current Voitage Speed Input Gas
MIG 1 A5183-WY 280~ 290 29~ 30 29 ~ 30 1.6~18 Ar
(¢ 1.6mm) A I\%] {em/min) kdfem] 25 [ & /min]

Fig.2 Strain gauge locations for (&) residual stress
measurement, and (b)) static loading test;
dimensions are in mm.
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Fig.3 Residual stress distribution
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Fig.5 Finite element model
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Fig.6 Deformation and strain distribution obtained by
FEA ; strain is in X direction and deformation
is magnified by 30.
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Fig. 7 Elastic strain distribution near a weld toe
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Table 4 Testing conditions and results of random

fatigue tests

TP No. Wave Type on orms caf2.42Hz) - oca(l10.0Hz)  Kt(5mm) Nf (2. 42Hz) Ne (2. 42Hz) Nf (10. OHz)
[NPal [NPa] [NPa] [KPa] [cycle] [cycle] tcyc le]
NAR1 DG + Narrow 40.57 6.55 5.34 —_ 1.10 6330049 878501 —
NAR2 DC + Narrow 40.56 6.98 5.69 — 1.16 6713659 1522331 —_
NAR3 DG + Narrow 40. 61 8.08 6. 60 —_— 1.21 1978292 245508 —_
NAR4 DC + Narrow 40.53 9.63 7.86 —_— L3t 973858 147244 _—
NARS DG + Narrow 40.54 12.72 10.39 e 1.24 536364 60787 ¢ —
SUP1 DC + Narrow + Sin 40.58 6.59 5./12 2.88 1.21 3183067 518079 13143500
Sup2 DC + Narrow + Sin 40.53 6.89 5.10 4.08 1.20 2770456 759349 11439750
SUP3 DC + Narrow + Sin 40.50 1.7 5.12 6.33 1.22 1360253 199676 5616750
SUP4 DG + Narrow + Sin 40.54 8.44 5.06 8.06 1.20 1029801 340018 4252250
SUPS Dé + Narrow + Sin 40. 61 10.56 5.33 11.68 1.24 314710 68779 1299500
SUP6 DC + Narrow + Sin 40. 60 11.06 5.33 12.56 1.23 294549 34450 1216250
SUP7 DG + Narrow + Sin 40.53 12.21 5.32 14.54 1.13 229221 37780 946500
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Fig. 13 TIllustrations of (a) range count method, (b)
peak to peak count method, and (¢ ) rainflow
method
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dos=1.96 X 10%- N 027 (4)
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Fig.14 Weibull plottings of reference stress ranges,
4dos, counted by peak to peak count method
and 1-D rainflow method for SUP1
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Fig.15 Weibull plottings of reference stress ranges, Fig. 17 Results of life estimation by peak to peak

dos, counted by 1-D rainflow method for
NARI, SUPI, and SUP7?
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Fig. 16 Results of life estimation by range count
method and the modified Miner rule

2HEE) DY A I NVEBTRLTH S,

Fig. 16 KB W T, HARXWFRAROHE, T4bb
NAR ¥V —XDFERTH 5, P DT, Range i,
Peak to peak #%, 1RJC Rainflow iz k27 7> MR
BREFLRY, BE Miner lic L 2EEHGLRIZ L1 2
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Fig. 18 Results of life estimation by 1-D rainflow
method and the modified Miner rule

ZLIRRLTWS, ZHiE, Fig. 1325604503 k312,
FEETE 1 RER (2 OB 3 M8EAR) OXEc ks
RERGHAVYCEATY N TERWT L, EHEHE)
REFRBLTOWEWI L ICERT 2H0DTH 3,
3.3.2 Peak to peak ¥k & f&1E Miner HiZ & 5 HFfiEE
TS

[77%k0C & 2 FarlfEfE R %, Fig. 17 127”3, Range ¥
LD BEBEICHT s HEHEVRLEL Th 525, 2
WfEBREIHEE & % 5> Tv» 5, Range ¥ & i3z, FHE%
BYIsn, SRSERAKRCLAN Y CREITLFNTER
VDT, FEEBERSVAKEL ABIEON (BHESEOEL

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

A O 2D
~+ Z= il

422 H2A5& A

XE FB19E

F— ), PO NAR YV —X L D b#fEFEBEZENAEL
b,
3.3.3 1%t Rainflow i & {1F Miner BIiC & % Fani
TEfER

FHEC & 2 ERHELE %, Fig. 1812773, Peak to
peak % (Fig. 17) icH~, BHEFEF T 2 @ARECEA
TV IEHBIhE, Lnrl, FEHMREHERL T
Bt EERTRTERME 2> TBY, HHILT2HE
EORLEBILETH D,

T T T T T 17 lI L] T T T 7 17 II
7
10 - O : Narrow Band o -
o @  Superimposed
2 .
° o
5
S .
(18
- 10° = 2 E
e - ]
g N ]
A L -
1} r N ]
(2-D Rainflow (o1)] |
10° S e
10° 10° 10
Actual Failure Life
Fig. 19 Results of life estimation by 2-D rainflow
method, the modified Goodman’s diagram
(using or), and the modified Miner rule
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Fig. 20 Results of life estimation by 2-D rainflow
method, the modified Goodman’s diagram
(using ou), and the modified Miner rule
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