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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
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Fig. 2 Error percentage of Soderberg criterion for a specimen made of
Aluminum alloy 7075-T6
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Fig. 3 Error percentage of Gerber 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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Fig. 4 Error percentage of Goodman criterion for a specimen made of
4130 steel
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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

2Yg8 iz 3l oads aiSl diged gl ol a3l o alal) glas as s 8 K&
4130

Ly ond plawl oy Cend ) Sl b 5 oad @yl ayaz alaf,
@ (3 BBl 280 Wl (ala 5o 5 00 ol ([17] ez o) %00
s @l g dlie od Vs 5l 6 Selr caz bl casl sael Cowo

el o 5 Joogs Lyl 1 LT 555 51 om arline sl

o Olo) 7 50 il il § (Sl 1 duylie -6
o 08 )91 ouinagdl ST (61 Jolao slags J35 L 5l solass 4 Jga o
273,604 1, o3 b S slaas 30 KSi aiels § jao (Kils 5o .l
B S ol wod adlal i ke a4y axly g0 ST .0bl g0 SIS
47592 ol el jol cpl ol salgs JSw 226,012 5, cusls
O ials 4y axly 98 e ST a5 a0 10005 oo dxhad s 5l S
Al salgs S 188,141 il ) culSs akais B S slows o 5 adlsl
conlpls il sales zals ashd jae 3l s 85,463 Koo &le @
P assls o dlol (gglae UGl 5 Lyl oy oS 0ed co dzes
Gl dme )0 g o0l Sl adadi U S ol [ (g yiien jielS el
b delys cend plowl sl p3Y Gley )3 s GRS

4130 o5LIT o¥es olp Joles slos,l38,L 5l golams B Jgam o
3 B S olaws 50 KT azels 5 10 kST .Siloo 40 sl 00s 00 4
o ablal i .Sl 4y axlg 9o S .abb oo IS 3,207,713 il
ceb yol cpl ol salgs S 2,358,231 il cesls b IS sloss
5 ek ST AT Jig0 ;0 .00,5 oo axhd pee 5l S 849,482 pals
1,861,412 i, cass b S olass o5 adlol o aels 4y oy
3o Lol jo 0l wles delad ee o S0 1,346,301 pelS L JSw
IS dals ol aBlal (gglue SUSGl g Loyl s jo oS 098 (o0 aba>dle
Sl a0 g oad CanSs U S Slaws o (g ien SralS cely

Al aeled cud slp p3Y log 4o (g

rv-*-*-*-“?ﬂ BN St poe dlasd jo i aialy 5 Kl Sl aslic 4 Jguo
Table 4 Comparison of the stress mean and amplitude effects on
fatigue life of Aluminum alloy

S [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. 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
1343 (g yiy] (S o olfs 11 IS
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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
S ioloj] 5l e s diges 12 S50

booSsb @ NSHL 5o @bt Jubs jolaie 4 g bagiabejl plil 51
abhi b S S slaws ool o oz abal, 5l eslazul
S el 40 odal Cawd 4 @l b g eod dwle axkd oS

ools Jaoz ol )0 sl ouls Cand 8 Jsoz 50 gl el ool aslie
ol atals b 635, e 1 aizan ad o0id 03,5] S o>
ol 00 03] =l 5
Cowd 4 gl ol aels (50Tl j0 wed po alaxde aS (ol len
;0 2.7 lais )56 Cad 5l Jeol> gl b (Lo sl s sion 5l ool
O oole ploxiul s HLuSy (BB ! BYs 51 S sls s
oolizl b el [17] aryo (sl o0l 5 o plol 0 jgms Sy GRS s
Glp Sl alais U (Sns sl S slawd oo olgaig wyaz alally 5l
Cand 50 Lol el odel s 4 JSew 123,870 (golus Sobs (5,135 ,L
ol oIS ol 5 Ssb 114 (ggls ()38 ,L Ssbs slaws s
Sl ol sla o i b a0 5.5 1ais a5 sl sel cows 45 113,115

20, gl ouds iyl ayas alaly 5l eslazul

S5 om -8
aBbioe 1) 0 4 dlie pl 40 odel Cawd 4 gl Feie
Seoa b L gile ol sl LS ean Il Ll e
wWfiole;] o ced plml cuyz conlia ol adls L 5,105,
o bl S e @bl Jo8 LB Sl S)lse (S o a4z S
e plagl LB e gl S50 0150
S gl jlse (S ye ol s gl s (ke @
o s il e 25 4l 5 eSiln 25 A 38,5 s
ool 0S5 @) Jgd LB s wilsy a5 i ala, S, 4 &
VR
Ly ad Joe s oz 08 4 0ole (S J18) oz el jo @

olpiig Wz b, 5l Jols mls b (S s mls annlis 8 Jous
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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