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A new relation for equalization of load spectrum to a constant amplitude load
suitable for fatigue laboratory testing
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Fatigue is one of the most important phenomena in the life determination of parts in various industries.
Received 02 June 2017 The life determination of the part through the test procedures, due to the real loading (spectral loading)
Accepted 29 September 2017 is very complicated. Thus, it is necessary to equalize the fatigue real cycle to test cycles applicable in

Available Online 02 November 2017 the laboratory. In this paper, by using the available equations in equalization of fatigue cycles, some

equations have been studied for the load spectrum. Then the deviation percentage of these equations has

E;ﬁ;“,?;;’ﬁ;,n of a load spectrum been investigated for two very applicable materials in aviation industries (Aluminum 7075-T6 and Steel

Fatigue test 4130) by means of block loading spectrum. It has been observed that the errors are very large and not

Spectral loading ) acceptable in some situations. After that, in order to decrease the errors, a new method has been

Constant amplitude loading proposed to determine the number of equivalent cycles in fatigue test, considering equalization of the
real load and converting it to an applicable load in the laboratory. In this equalization process, constant
amplitude loading was obtained for a sample loading block for each of the mentioned materials in such
a way that the rate of fatigue damage is equal to the real loading. Finally, some standard specimens have
been tested by fatigue loading and it has been observed that the new proposed procedure is able to
predict the fatigue life. The maximum error is equal to 5.5 per cent.
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Fig. 1 Error percentage of Goodman criterion for a specimen made of
Aluminum alloy 7075-T6
eaagll ST i 5l oo aislos diged 6l leosS jlae sllas vy 1 Yo
7075-T6

40

20 -

-20

-40

Error [%]

-60

-80 1

-100 T T T T

20 30 40 50 60 70
Smax [si]

Fig. 2 Error percentage of Soderberg criterion for a specimen made of
Aluminum alloy 7075-T6
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Table 1 Sample loading on Aluminum alloy 7075-T6

# Sm [ksi] Sa [ksi] n (cycles) R
1 0 30 300 -1
2 4 36 250 -0.8
3 8.75 35 300 -0.6
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Table 2 Sample loading on 4130 steel

# Sm [ksi] Sa [ksi] n (cycles) R
1 0 60 500 -1
2 16 64 350 -0.6
3 28 52 300 -0.3
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Table 3 Samples of fatigue constants for various materials

Material Prod. R range a b c d

Al2024-T3  Sheet -1<R<0.5 111 397 056 158
Al6061-T6 Var. -1<R<05 2068 9.84 0.63 0
Al7075-T6  Sheet -1<R<04 1486 58 0.49 0
St. 4130 Sheet R=-1 9.27 357 0 41.3
St. 4130 Sheet -0.6<R<0 965 285 041 613
St. 4130 Bar  -1<R<043 931 273 059 934
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Fig. 8 Error percentage of new proposed relation for a specimen made
of Steel 4130
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Table 4 Comparison of the stress mean and amplitude effects on
fatigue life of Aluminum alloy

Sm [ksi] S, [Ksi] R Neg (Cycles)
0 30 -1.000 273,604
2 30 -0.875 226,012
0 32 -1 188,141
5 30 -0.714 173,357
0 35 -1 111,892
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Fig. 7 Error percentage of new proposed relation for a specimen made
of Aluminum alloy 7075-T6

ST i 5l 00 aisls g (6l oo a31,) wuan alal,y (las s, 7 Sl
7075-T6 geives)l

36



Gl olwal g glpalb (s yuel

R i el clie gl Aol b $)135)L K3 43 Glub $IIAT)Hl SilwUdlee wua 33a ddaly K Sl

2wl [19] ASTM E466 o lulis] Gub  slodiges day al> 0 jo
Ol 5o el oas ools Las 10 IS 50 diged cpl (gwdige 4l 5 olel
Sl 5 e 143 wiges M5 Jsb witilioe yoidee 4 olal JSo
sl o duo 3 (glune digal

Slon o 535 iy s aiges ool 45 435,5 (550,00b 1
Sl 8 Gl b g a6 4 sl ol ol 5,5 5 T g b
00, b ladh e dla b BaSsly 3l 5 o LS5 (6,58 loazme
OSlee i5 b coll asls (60055 cow spplive sladiges s > e (o
aalol lddiges conSs B iolosl g 43,8 13 29 ksi i aalo § 33 ksi
el

A1 JS5) 1343 g i) S cns olfims Langt oigal o)
550 b iSTas Jlael cod b glls olins aiis S 15 ilel cos
g R S I CRCUL TS S
S50 S lasi 5 ()AL (el 8 g anels 5 (2 Slee Jolis (5351
2 Sy 08 s S Lawgs | ool aiulsS (W53 g 5 o Sl LS
gy Jlael Cds gl mizmen sl 005 Jlagl oBiws oSS (g4,
S92 1y 0l ly 950 Gl 4 0ad eal LSS (59, 2 (2le g
Fo L sl NSk (8 ces cnl o el ogei b (o295
el 0oy 423 3 i o

223 o i |y CanSlls ] e o0 e axkad ) aiges S 12 IS

R40

2 —_—
\I
—/7“_\—
30
—>

30

Fig. 10 Dimensions of fatigue test sample according to ASTM E466
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Table 7 Fatigue load spectrum on the produced specimens
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Table 5 Comparison of the stress mean and amplitude effects on
fatigue life of St. 4130

Sm [Ksi] Sa [ksi] R Neq (Cycles)
10 50 -0.667 3,207,713
12 50 -0.613 2,358,231
10 52 -0.677 1,861,412
15 50 -0.538 1,579,631
10 55 -0.692 961,845

# S [ksi] Sa [ksi] n (cycles)
1 0 60 500
2 16 64 350
3 28 52 300

Fig. 11 Fatigue test machine INSTRON 1343
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Table 6 Tensile test results and its comparison with Ref. [17]

Sy [ksi] Su [ksi]
Test (this paper) 78.88 83.66
Ref. [17] 76 82
Error (%) 3.8 2.0
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Fig. 12 A test sample after fatigue test
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Table 8 Comparison of the fatigue test results with analytical results by
means of new proposed relation

Analytical Experimental o
results results Error [%]
Congtant Amplitude 42,532 43,708 27
loading
Block Spectrum 123,870 131,115 55
loading
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