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Abstract

This paper was the study on the fatigue fracture of structural
materials under a random vibration loading. It was investigated of the
generation of random waves, cycle counting methods and evaluation of
equivalent amplitudes about both a computer simulation and service
loadings. The simulation random waves are generated by inverse Fourier
transformation. The service loading waves are examined at four parts of
the automobile, i.e., front axle(FA), transmission(TM}, universal joint
(UJ) and manifold(MF).

Results obtained are as follows:

1) In the case of simulation random waves, the wave amplitude have a
wide frequency band fluctuated larger than that of a narrow one,.

And, the fluctuations of the service loading waves are large at FA

and ™, and small at UJ and MF, respectively.

2) The service loading waves of the four parts had frequency band from
0 to 5Hz, especially, they are shown to the most power spectral
density at 4Hz,

3) The difference between the results of range and rainflow cycle

counting method on the simulation random waves generated the wide



frequency band is large, but the narrow band one is similar. And

those of service loading waves are about the same at the each part,

since the waves had narrow frequency bands.

4) The equivalent amplitudes of the service loading waves by the
rainflow method are alike FA and TM, and UJ and MF, respectively,
but those by range method are different all parts. Therefore, the

'

former is more available than the latter according to consideration

of fatigue damage and the cycle counting results.
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527 R DEsizelng ZEAMAY YA ZIAFZE ¥ TR
S8 metste zlo] cigts] 22317 mEolch MEY IEHE URIF
gt w7l dojubs WA, o WEIFLS e A9} LA
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E3t5 nEnp EAle] H2ZAA Jte d(FIl T, 1983, 1984), A 7IAL
ZzFgolMe AFASHYENE 2sied AH3AU {2 AFAFLEIY BB

€ Z2ad3l50R 2B H BEMNE dF(Hewitt, R. L., 1987) o ¥§&
BAYoT BN et FR7HEL VHAFEHFYE] oY oAU A3
(Alawi. H., 1986)7} Qlt},

olF A7IFTYAYE ¥ 23 §7IE HE Z2IYE 2 ¥AIYol 7}
B el Aggddd, AVIAEY T 2 3] FoldM Yit¥er
ol g3t WY& FORY, Fig. 1o] Hol 2N u|7]e 7] Ao} HH
F3] EByUstA m2A Y BetadcH@—F, 1988). Fig. 1olMe] Ay
B3 ga e £aAuere] WAt EAStL oL} ofslof $mubsr Mgy
B ¥IAHE EABPE HA o J3Y3ich ol &UY mBAUE dAY
4 A AYAY FEUAA HALS 23& Rsio] P37 HslN NP NF}
% ol JNFAYNEYLE U REINFAHEYE At x| 8
F7] MAAHALY B Rl ddME 232N B3R ¢ At

9 FAMRAIY Jlge] BRI A&l sigd 45U dAz tio o
BARFAYE A7 A=A Ha, EJAAUFAFAHel 7HedtA €2
EM YRVEIFAYY AL VFRFAY AE BB VHAFIHF
AU g YBVE}FAELE HE $37Hs e AEI AEH T UtHWH
5. 1989). o] W2 AFHF NYF WYL RAUS UAe Hold ¢4 #
ozt Y VHINFUYEE MY - shM3to, dBARKIF2te BB A=
FEsHe A o, olef iy AXUAZNE @ DYAFIHFnY AR
A g AEUFFY Y fYYY AE @ ARl WHAFAF Y Y
go] Z2AHToY Y O VEAFFst 27|72 3y W Y AR
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1 AlRdold ANYUSstEIE W

HHE AlFeoldel ¢t REUFsFoYE Y YAPP2 1AREAFA A
V7| Wo] 2g3t= AL €& ol&3te 127 E UFA it A8
Fedol ol 12FE JFA SHU2 Axto] Aetsted Alaka] o] FAjgh
NHANEHE HAE HIAA FEFS AFHEES B3lrlele Iisict

AVFFHYLS APl M NRALY 471 Yol A7l A7)
of AgAlel Fri4o ML YA, A2 UYAHMEHE 742 sy A F
go]do] FHs3lER o] W& o[ §Krl o] WYL Felol UBL o] &3t
RoR duEdE 713 7MLl IV 2 A (1)& ol &3}
o Aidsts 2ol FHedtEE HYA SEHI 2 AEEe] HAHR Atk (#
2% %, 1989, Shinozuka, M. and Jan, C. M., 1972)

VN FHE B ] AALLS 4(1)2 EgHct

N
X(t) = 3= Cn-Cos(2n«fn-t + ¢n) (1)

n=1

Cn = [2W(fn) - Af)]1/2



fn = f[_ + (n— 1/2)'Af

AMf=(fu-1fL) /N (n=1,2,......, N)
A7l W(fn)E HYAMEY Y4, ¢n> VHIE 3L, WS T
e, L2 3t FIEE UElR N Eggolth. A(1)ofN mHAMEY
U Wifa)ol Hel7l Foixd B AF3FuiPo] gEcth. A1)y H4
2t ¢noll tiFiME UG ERYLE o] &3t FHAVUFT YL A(2)of 23
g YA [0, 2] Alo]Y o MUl AL

IAYTYH2

Xne} :X'Xn'(lod P) (2)

o2 FAHct o7|olM mod P = PY A4ulg HUchs 2njolny, AP, xY
2712 (REEX, 1977)28= A =513, P = 242, x,= 566387 & #}dc).

2. LBAsY

VA F3t3uige] 2% 2182 I F FAYY Y2 BIsy)
HHME ATALE BEAE NEAFTNFAUPLE FH W&} BFA U=
+& 7Y "Lt arh o3& mMYAsel b BPYA+YLS A Ranged 2t

Range pair] 2.8 UE4 Qch$A]E, 1990). Range®]& 7t¢t3] A& EE Peak



A2 AF)& 1/2 CycleZA Al$3h= 2o, Range pairy S WA Peaki] o]
172 Cycleg 8t 22 3718 A&F Hohlo] 14 TES] 1 CycleR M A
T3k Zolth. BYFF Aol Range pairge] ¥ F/4 Rainflowd
ol REY Ao oelA Youi(RrmEE 5. 1983, Wirsching, P. H. et al.,
1977), & QFoJX & Rainflowyo] thste] A ESl 2 v 2 Rangeq & o]
$3tdch
Rainflowd&] A4 Fig. 20 TAIY AN VHAESHE(LY) Ko Hy
B2 X3l ANAE 35 F 43 AYYVO Y IRy JANNE
Yt o2 2oz AN slolM Feluels LB 385 2t}
o thEel 271219 AAHZAE FolMd A4g WY}
D BE2 Z 218 ol HAA Az}, $lolN Hojxle 382 geo) 2%
M2 BFo| thts HellN ol A2 +H A} ARo| BES A3}
B Ae FA1¢ch
@ ZEL IFthA] ¥ F4A Hrie FriAs 2 FoA K IA7 Y
U ARG, FAY BEY +HBAE 1/2 CycleR A4}
22U olthRE ¢z Fol HANEE B dFolde Br} FuizlEe] g
SUGRMRERE S, 1981, Rychlik, 1. 1987)& o]&3}dr}. o] wyg gots}
A, Fig. 2014 2} Peak2l9] A 1-2, 2-3, 3-42] A&F = 3702 A&o) cfslod
FEUF (2-3)0] WAFK (1-2)8} FNEF (3-4)2c} 2L wiE 1719 3]2H)

AL F22g F4%Uctn Bot 3U&E (2-3)% ICycleZ M A48l A3}

fd

Sl 1-4, 4-5, 5-69] UHE vlasie] A7) 22 & Y E AEE= 2o
2 AAnYol tisted £AH o2 ICycled] A4E BY F, Unix] AR of

stoie 271y A&F 22 UFHL 1/2 CycleR A$3l= o).



3. BoISIET& Ay

€ dFolM UFAEEDY 9 S NFL MY EANY A (Miner, M
A, 1945)& &3l tigz} Yol 2} Y¥FURAEY 2 iz
¥ FHAAES dasdNe} SHYUAT (K) 8] BA(Paris, P. C. and Erdogan,

F. A, 1963)&= 24](3)2} Yr}.

da/dN = C(AK)m

AK =0 (na)]/z - F

(3)

da/dN = C om [(na)!/2 . F]m

a: #EHol, N: FWE4E, o SYNE,

Com: UYNFUEANUANLY B4, F:oajgsigidgs
A714 R Cycle’ Z@4 3ol 2ol By} &23] HriA(dasdN (a). Cycle
¥ 2B FES ) Yepd £ qr)

da; = Coim [(ra)!1/2 . F]m
daz = C 02m [(ra)!/2 . F]m

dan = C on® [(7a)!/2 . F]m

(4)

(Aa; + Aap + - - “+AhAan) =C (om + gam + . .

-+ Opm) [(na)l/Z . F]m
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H4)2 HE N Ao Zol o] 2L FHOIDZ Alo|ITY FPMY &5

= N2 Fag 4+ ar},

da/dN = C (0ym+gzm+ - - « +gam)/N - [(a)l/2 . Flm —

N
=C[ Xoim/N]-[(ra)!’2 .F]m

N
C[{ Zoim / N }!/m. (za)1/2 . F]m

i=1 (s)
N
= C [{I/N Zgim}!/m. (ga)!/2 . Flm
i1
= C { Oeq (na)!’2 . F }m
H5)e] FUYLZRE F78Y ceat A(6)T HAHC},
N
Oeq = [I/N Xogim]t/m (6)

i=1

2y BAe DRAFEFY AL AAYLe T gHURo| HWaln 7
THE 3t vl WL APo] £9FBE B dFoME nyAgLE B¢ ¥
CHe ol A(7T)2 S7H132E Lo (57188 AR2} 2 on))g T3talct.

N
Leq = [ ¥ riLim]l/m (7)

i=1

Li : 3]’%3_'.%. ri : ‘\’_E‘r':
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Fig. 2 Rainflow cycle counting method
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I 483 ¥ 3

€ AFoAA SN2y dYNFIHETEL Qoo mYAMEYL e
A2 (2)ol AEAFA YA A Reo|d HPASIZNE U 7)A
TEAl d@ste AAMgEZuigolth. AlRdo]ld UPASINZWYL 45
(1989)0] 4% wiet L W(fn)e] M7bxl Hel &, ulady Fod, 14GEA
VEAE 7ML gold, 222 5A4 AFAE 7MY NHAYMEY Uegsg
7ML AN FHF Y& LB AL} o] WYPAFHEWYL o7} Uolx
A F71%80] UehBg(2 F71& Tp=2/01=2N/(fy-fL) o} ZTh), 12718 9
B2 Hol2 3] v Eo] thsto] sfMston, ARIEM4 1 CycleR 16
SE8tod I8 27} 2ol A= & zAsheir).

AL WYUF3F o2 Fig 3oil4 Uehd uio} go] a}Eae] onl 25
A8 dlad Z 3EE Ue A5 Y¥Ee 4714 [(a): Front Axle(FA), (b):
Transmission(TM), (c): Universal Joint(UJ), (d): Manifold(MF)]o AEa)ol
Ao 2l (Strain Gage) & ¥ 28t Y g AE3ATL. £ Aol o] &Y =
X M2 4Cycle, 4Cylinder, Automatic Typel] 4BXHTIL2IEA}H(Z),
8594 EuEloladl, HAKEE 23 A(Idling)Al 2 1,000RPMo] AT} A
Ed AlojA2 ¥e Z&E¥ Analogue Signal®] SATH L Strain Avplifier
& F3lo FHY ¥ A/D Converter§ $3tod MAY HFEE of Digital Datad

UHBIHI D& FelolHB(FFT)E o] 83l mAMEHS Tt}
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€ AP UHAHMEY Y (RME 5, 1989)olM mmYAMEYo] g Fy}
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olgle] ¥-FolMt o Fig. 78 UWHe A 22 nyAMEY Ywest 3
31 Fig. 88 MF¥& 4Hzold AA Uehiz o} $ELS 343g ¢ 4 alch
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AlFeold BeUF3F Pl oyt 3HFNRKe wYAS F24F Table 10
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2} Fig. 9(Rainflow method)2} Fig. 10(Range method)o] L}E}YQiC}. Table 13}
Fig. 9, 100 231d iy el (a)d B9 Aol BAYol gy 3}
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Hladte] e Yol gl (b)2} (o) =9 A= Range' 2} Rainflowy
of A AFAAT KA, FdYg mYQ (a)nY S 2ol7} F& Fig. 9,
10004 ¢ 4 glct,
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At 2t Aol e 313UF AR} NES(%)e] BAE Fig. 11
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o} ME oA THE Fof ulsh vy 2 $FUFo] Uriux|nl dlx4s zr},
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A& o WE3Fol aLo] A KA gD AL ¢ 4 At Fig
128] Range Methodol 2%t BY A4 ZA2be A& #9 Fig. 119 Rainflow
2} opAIRR 2 FAY, MRl A FASHA Ul £ & Ao XA
H 47140l ol § Helrh

2-2 Y283

Aol NHUF3FY e BFstFol iyt A4 H2HE Table 3o,
2HEA 25 E T YFSHFol iy HEA4 F2AE Table 40) LN
Ach  Table 32} 4ol lojA 2} YE2| BF5}F HEo] B BAFT Ut}
2 dFolME BF3Fe A8 nsix dolrh ol 2z I uIo Q
olM BT FYS YANFUFAYY F9 AR FAYchASLTN L4
BEEE Feshd FAHBZ(HIIR 5. 1983, WTHAE 5. 1988), WH3}EA
"ol Zfol dolNE VRVFRZUYY F-HYFJHL YA 28
TEE AP FANTEF ol mHE Ao sy A4 Yl 2B A4
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3. ®o18l3
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el F$E Fig. 1304 EXo] Rainflowd 2} RangeollA Leg= B2 AY
FEE ¢ 5 Ak Fuld 1A Fig 4(a)8] Lo S ASHol g 2}
7t 3A JElUg (a)gh (b)) 27 DA (o)WY ne) F7tol wel Leqd)
atol g Helct,

A 2HEal FFAY F7H8HE Lot k8] BAE Rainflowdo] chisiy s
Fig. 14o], Rangejoll thshM = Fig. 150o) Uehdgich Fig 148 2 sy A
T AAolA thAEFL ASA7E KA FAR 2} ™MEL] Sri3lFe] Ao §a}
3HAl etua, A1 &o] w2 W MR AY Zth = cfAFo] WL FA
Fof ™METL U MFR BT} §718tEel 3 A Uehdt). Fig. 158 Ranged
of A% §713t5e At 47l4 EF 2ol§ Ro|x ot oRL Bl
AbB ol Rainflowdo] chz&e] F&o] A WFED, Ranged & chAFRch=
20F2] g8go] A W 2oz Hrl Iyt AP FEUYR R
GUAo mA = AFAF Y 2K AFAFHC] hAF2 3132 ANE
o] A8 g thA K lFUFo] T8 wtGH Rainflowdo] 2|3 S8l AR
ol AT FALAN olof iy QY ML A Az MY
"t

- 18 -



1 4
|
< i
= i
(a)
1 1 1 ' ;
2 20
f Hz
1
“
> I VL
(b) , A1
| 1 1 311
18 20
f Hz
1
C i
(C) > !
I 1 1 1 1
12 18 20
f Hz

Fig. 4 Power spectral density functions and

simulation random waves

- 19 -




a[lqowo)ne jo 3[Xe juolj Iy} }e

wnxjoads 1amod pue saem Jurpeo] 0WAIBg ¢ Ty

wnijoads 1emod (q) saey (e)

(zH)4
€

-

T T Y

OL

- 20 -



3[Iqowojne JO UOISSTWSURS} 93y} je

wnIjoads 1amod pue saem Juipeo| so1a13g 9 ‘Fiy

wnijoads 1smod (q) 2aey (®)

(ZH)}

-0

¢ 1 (1
T

T D T (S

-0

- 21 -



sfiqowrojne jJo jurol yesisAtun ay} e

wmrjoads I1amod pue saem Jurpeo| aol1Alag 2 Ty

wnajoads

(ZH)}
£

1omod (q) ssvy (®)

-0

($)m

- 22 -



-

aIqowioine jo projiusuw a3y} je

wnrjoads ramod pue saem Jurpso] aolareg g Fiy

wnajoads 1amog (q) saey (e)

(ZH)}
m 1 | =

T T T 1=

. te é}ég

- 23 -



Table 1. Results of cycle count about load amplitude(simulation waves)

Rainflow Method Range Method
Ampli tude Count No, Ampl i tude Count No,
1.33 86 1.33 54
3.99 86 3.99 83
6.65 99 6.65 113
9.31 41 9.31 80
(a) 11.97 75 11,97 79
14.63 49 14.63 57
17.29 41 17.29 19
19.95 11 19.95 11
22.61 6 22.61 3
25.27 5
0.90 90 0.90 90
1.71 66 1.71 66
2.53 88 2.53 86
3.34 44 3.34 56
(b) 4.15 61 4.15 51
4.97 36 4,97 36
5.78 54 5.78 52
6.59 34 6.59 36
7.41 14 7.41 12
8.22 12 8.00 14
0.64 54 0.64 51
1.74 102 1.74 90
2.84 90 2.84 99
3.94 118 3.94 130
(c) 5.04 84 5.04 70
6.14 23 6.14 39
7.24 17 7.24 17
8.34 5 8.34 3
9.44 3
10. 54 3
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Fig. 9 Rainflow cycle counting results of simulation

random waves
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Table 2. Results of cycle count about load amplitude(service waves)

Rainflow Method Range Method
Amp!l i tude Count No. Amplitude Count No,
0.32 739 0.32 526
0.96 179 0.96 266
1.60 67 1.60 105
Front 2.24 17 2.24 52
axle 2.88 5 2.88 19
4.16 3 3.52 7
4.80 1 4.16 15
5.44 8 4 .80 16
6.08 4 5.44 9
6.08 8
0.39 852 0.39 708
1.17 113 1.17 197
1.95 37 1.95 65
2.74 7 2.74 24
Transmiss 3.52 7 3.52 16
-ion 4.30 1 4.30 4
5.08 2 5.08 9
5.86 1
6.64 3
0.31 924 0.31 656
0.94 74 0.94 266
Universal 1.57 20 1.57 73
Jjoint 2.20 2 2.20 21
2.83 2 2.83 6
3.45 1 3.45 1
0.39 946 0.39 815
1.17 64 1.76 120
Manifold 1.95 8 1.96 62
2.74 4 2.74 16
3.52 1 3.52 9
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Fig. 11 Rainflow cycle counting results of service
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Table 3. Results of cycle count about mean load(simulation waves)

Rainflow Method Range Method
Mean load Count No, Mean load Count No,

15.68 2 14.80 11

16.56 12 16.01 28

17.43 24 17.22 38

18.31 77 18.44 g5

(a) 19.19 82 19.65 97
20.07 104 20.87 97

20.94 109 22.08 73

21.82 44 23.29 38

22.70 25 24.51 17

23.58 18 25.72 4

24.45 2 26.94 1

19.32 1 19.32 1

19. 83 8 19. 85 42

19.91 83 19.94 181

(b) 20.00 322 20.03 193
20.08 85 22.12 82

17.62 10 17.48 10

18.17 20 18.05 17

18.73 24 18.62 36

19.28 77 19.20 71

(c) 19.84 141 19.77 120
20. 39 130 20.34 129

20.94 57 20.91 68

21.50 28 21.48 32

22.05 4 22.05 6

22.61 8 22.62 9

6.14 23 23.19 1




Table 4. Results of cycle counting about mean load(service waves)

Rainflow Method Range Method
Mean load Count No. Mean load Count No,
0.24 149 0.29 468
0.87 387 0.87 267
1.51 320 1.44 152
Front 2.14 64 2.02 48
axle 2.77 55 2.60 21
3.40 16 3.18 29
4 .67 14 433 12
5.30 8 491 15
5.93 10 5.49 10
-0.52 2 0.27 554
0.03 364 0.82 278
0.58 364 1.37 104
1.13 179 1.91 30
Transmiss 1.68 58 2.46 15
-ion 2.23 36 3.01 29
2.77 6 4.10 2
4. 42 14 5.74 9
-2.87 8 0.15 375
-2.32 6 0.46 287
Universal -1.77 71 0.77 192
joint -1.22 101 1.08 84
-0. 67 144 1.39 36
-0.12 511 1.69 24
0.42 141 2.00 7
0.97 21 2.31 12
1.52 12 2.62 2
2.62 8 3.23 3
-0.55 6 0.16 515
-0.002 699 0.48 230
Manifold 0.55 205 0.80 95
1.10 49 1.12 77
1.65 34 1.43 59
2.21 20 1.75 14
2.76 6 2.07 11
4.96 4 3.02 19
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