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ABSTRACT

This project presents the fatigue behavior of springs used in shock absorbers in
automobile suspension systems. In this study will find a fatigue life of spring from
computer software. Finding fatigue life can use the testing machine, but testing machine
usage time to test too long, so the fatigue life can use computer software to find. Loading
data from dynamic car analysis were used for fatigue analysis.Strain life method, Stress life
method and Crack growth method were used for Fatigue analysis. The absolute maximum
principal stress method is found to be the best suited. The results show that the spring

has not fail at any point.
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2.1 AuAU (Stress)

w <2 & o da < o =
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Henuaugatulsiumunigly nMsmeenuduamsadouduaunisla

(2.1)

de o = mnuwéu(Stress) fmhadutiania (Pa, 1 Pa = IN/m?) wia kef/m
%30 - psi (bf/in?)
P = ussneweniiinnssi dvtheu N vSe kef e Lbf
A - fuflmadaurefiusansedin  m? v8s mm? Wie in?
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2.1.1 AUAULSIAN (Tensile Stress)
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2.1.2 AMAULSIIA (Compressive Stress)
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2.2 aULA3EA (Strain)
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2.2.1 mawavusluuudaiadn (Elastic Deformation or Elastic Strain)
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2.2.2 mswagugduuvunansann (Plastic Deformation or Plastic Strain)
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2.2.3 MSIALASATUIUNIAIAIULASEA

2.2.3.1 AUNASTYNTUAY
a Aoy v = ' a A v . R o A = o
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B e = AILILATEALTIEY
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JUN 2.2 anuiesunidadu (Linear Strain)
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2.2.3.2 aunseadau (Shear Strain)
L2 d& A o = af = Q) 1 = 1 a
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a . S ]
Wo » = tan O~ 6 (Radian lunstildusanén)
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2.3 ANURUNUSSZWINNANUAUNUAINATEA (Stress-Strain Relationship)
Tunsuamapuduius s LAukaAMIAsen  axlfidulfamudu-auesen
(Stress-Strain Curve) laainnisvadeulssiy (Tensile Test) Wundn lngavnaenavesainu
wuluunussaraueSalunuLey MIneseuLsRY uananasivim RS sEneRIN
AU-ALLATEALRY  Seazudnsamuanzngalun1siuusiiseidn - muwye  wilvvestan

(Brittleness and Ductility) wagenalduenanaiunsalumsvugdvesian (Formability) 16
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= v 2 1Y a 'y = - "
JUT 2.4 dulAsnuAd-ANATen (Stress-Strain Curve) Wuuiigeasn (Yield Point)

2.4 AuENUANINAYE93EA (mechanical properties of materials)

2.4.1 MSNAFEAUNISEALAZNISNADA (the tension and compression test)

v
1 o

ANULIUIesiagluet fuau@usalun s uum R sugUilieduswnnse

|

3
=l =2 v

nsagldunBannumansaifuegiumsnngeunidduidnsmeasu 1fud mavageunsis
(tension)m3an138a(compressioniiunrsnaaauifloninruduiudsznitmnudunas
ANILASEATOSTANMIAMINTIN Fauavigila Indwesvsedanuailaslunsnadeudeslinig
iwSautuauiiegaliildvuiauar USanaIn g1y wisndui s lunadeuifian

ANUFUN USRI

2.4.2 WHUATNAULAU-AINULATEA (the stress-strain diagram)

v oar

= o L% (3 ﬁ{ =1 1 - = 1 .
aunsnadunganuduiusannsnlugun2.slaasll dranginssudnngu (elastic

o =

behavior) \utiiflosenusdieTaqudrtanaedeaunsafiug Aueaundld drausnveanisi

=

sgilenuduiusssninanudunaranuaioadudunse (linear elastic) y7iflAAuALgs
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fgavesdnidiFeni Iadrdnmnuidudadiu (proportional limit) unu dydnvalene G
ndudlefdniisndntdesavidng dndrinanmBanedu (elastic limit) wnu dydnwaldie G
| ) " o oAl 1 a o < 3 a  a w

F139a51n (yielding) Wweglutimeinssuuvunanafin (plastic behavior) feafloTangn

= 1 2/ ' = </ 2/ P L L o/ o i 2/ =
Aesialudraglianuisafudile gadeianuduiiidiageasnfidendt anuduasin (vield

@ At

= R . s v s & I | | ' [ s
stress %3® yield point) unudydnualiiy Gy vawntuaridutifidendy deduusamdn
) & o

) . . P = v = 1% o -
AIING (strain hardening) IntuilioBusugnasdeluvsidrgandeianuiAugiiaanie

=l 1 9 ot . = & as ar g 1 t:l oy . d ]
Bund anueulseds (ultimate stress) wieltdyanwal O, Y1sWilinAoran (necking) Wian1u

IaRdiianuAugEaLaITuLAsingtnenen 9N Funuasdemey Aanudugarined

MIBuMudemeEeni1 anuauiiate (rupture stress) wislddqdnunl G f

true fracture stress

;
o]

!
~—ultimate
stress |

oy

fracture

stress
ﬂ‘,

Ty
Upl

[elastic ryicﬁng necking
-[E?‘_j,‘?".]..l_. ./ hardening

elastic plastic behavior

behavior

gﬂﬁ 2.5 UNUATN Stress-strain diagram
2.4.3 ngva3ga (hooke’s law)

ngvesga lunsmealugdaaudaregu (Modulus of Elasticity) Feinlugdanany
ganguil maAnndndiusyminanuAuRaaNLiasenvasianuu ¢ Wellusannseyi de

dung

m|Q

(2.4)



lneivun E vuneda lugdaanugangu (Modulus of Elasticity w38 Young’s Modulus) Aves

E duaslifafiiausianizluditveinswidunssain 0 fsga Proportional Limit iy
2.4.4 ans1dauiawa9 (poisson’s ratio)

4 o Ao A 1 al o = = v w
weYagimiwnldlunismaaey vieTansiia dussnssvinluiienndaniamiuds Jag
iins vedaluiirnisrnafuuuinsied uasilioauudliianlinuaud@dutaglelansoln
(isotropic material) U&7 w0 AANYTAIVEIMIUATIANTLLUIVINIIAIVAIULATAAIY
wwInsgam aglddasiivesiantug una1 dnsdruvesiazs (poisson’s ratio) Fadauwnu
o o ¢ w = o - = = = 2w ~ ¢ <
dganwal ee V FuTenauBorestiues wei Jigs Faudulnadnmansgnidiuas auisa

= ¥
Weuldnuaunis

(2.5)
= ar = & Y
725 %qm;]Lﬁﬂmwm%aﬂmaﬂmnmiﬂuLtazmmm

2.5.1 5@ (creep)

= @ P 5y d o ' 2
mademevasiaglaensiy (creep) iWunszurunsifusgivim Wedagegaeld

.
msfuusafuauinlfifiannuasuulaseuin (dimensional change) iumanuaue ssvildifn
3 deve dndlvafasifetuluanisiigaumnligs Tasmsfuriomsaguuamuinasniaiu
Hefanldfunnususnnsyinargamgfinsliu getu Sanasdamsidemeainnisiudle
Annmsdsuudasnasuldamsaldouldmuniniin senuuuld msBeashudensauiiuin
WeemaansavihliiAansuandnld viefinsufud fie msuenernainiu (stress rupture)

msvegeuRaNTAN sAVivateiEnsaleiu wildutuldunmmegouns anuduiudsening
FAMLAULAELATII A ARN B deneuesTan msfuazuansegludnume veununwIes G

= o o = a o = =
—t Fouanlafaguil 2.9 WHUAW O —t YeduanuaaaRafianmgll 1200 °F wavamuaSon 1%
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! I | ! ! (h)
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= o A - a
JUT 2.6 LU G —t veduanuaaaRaoamgil 1200 °F wazamuaien 1%

2.5.2 a21ua" (fatigue)

H 4 1 1 []
= e o = =

audnduginuunsdemeiifietuiuiagunian Wesandugduvunisidomeis

£ o as ar a8 L | o £ al = ° '
LLNLﬂumﬂ53%']ﬂ‘U’Ja?ﬂuﬂWWQWﬂ’JWﬂ’lwaaﬂLmUhMﬂ VINVDUAVUNITATIT WU ﬂ'ﬁLﬁEWﬂ?J

Y

mefesUnuuinasfnlulssuan 90% vesnsuaninvesTagievun AU (Fatique)
e nMsPdunusvusedluginmsoluniu (Cyclic Load) dwaliminnsessniiu seusid
a al & A .y = 4 oA ) = g w

Aeaglivunalvgtuses molutuny aulunangduanussiviefiuiilunsiusuiisadntoy

wagtinnisuansinsiuiivivladlald Suaumuiiisadntios auiBenieiosannauansady

o o 1 a 1 b v oo o = i i
AUANTIBUIN mamwuawmﬁﬂnaﬁliauum?{amamﬂﬂ’ﬁmLLam‘LugUw 2.7 uae Liberty Ship
Pu| o w @ =

mﬁ'wwamﬂﬂaiﬂmimLtamqmgﬂw 2.8
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d a L4 s 4 8 Y o
U 2.7 Bavthusndinaannisaiveanamwanna iiad

5Ud 2.8 Liberty Ship \devnssmenalnainudi

msdemedernnaruduintudefaqAnnisuaninoonduasturiouinnit wdwn
Fuusafuwuuay (Cyclic Stress) Wusyagnaflonuudeiosiu Aaruidugigadiniuns
L.%'ammﬁawmm'ifé’”l%tﬁ"ﬂm”m’ﬂmmﬁmmuu,ﬁ&ﬁqqaqﬂ (Ultimate Tensile Strength) vaeian
fannsamunuusaduiinssilifieih wareglussfuflaed msiBemefesuuuudnd g

o

a & 2 o o o 8 ¥ oa P o =
Aaguldeinuin wsanszfiduamuiliiagadukaznisvesdivessosuan waziTaniin
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nsuandnaulianmsafiersesfuusdlddnfiinnisunndnlufian nalansidemeanainudn
wisléifu 3 dupou Ao 1. maFuduvpssasusn (Crack Initiation) 2. AMsUENEfvDITELLAN
(Crack Propagation) uag 3. nMsuanvinveadan (Material Rupture) SnwasiiAetundrefunns
uandnuuumisuasmsuaninuuusie fe sesunnananud szBuuinaiidugaunnses
voe¥an 16ud $01 vigu mulliideriowesianii seutu uazgaunndosdus gaunndasiiiniy
vuimhiandnanazuanwnidugasueudy Wefnnsasauveansaduauiudadife
vosrnAuLdTs a gaduvesian uasiialusesinaun Siffedestunsidemesn
awdfife deadidngafluansiunduganuniiudu Aonersuidauioangaunnsesuy
At ian wavand1mIIunIvedLsAY (Stress Amplitude) sesuanainnisdrazeeesiall
muviaifugnseulutan dufunisendiuaugaunmsessluiotan Wy dorisuarasde
Juaifiusroznansvenefvessesuan Wesesuaniiinduridlianliannsnsosiuused
nsgviwellld SuRnnraunnin Ssansndatulddiarnusadoutazuseils Wuinsuieian
mudlildTuagiunausisiuagiuinuseunsusiiingein Tneseu (Cycle) Ustnoudae
usafuiinssinpufintunngaduiu Quusnsdfidniugudviefaau) auilnguaaiiiuuan
uazanawuASiuaufisaan Quunnsdissdudveausnssihidadnavuniian) uay

o a1

L4 s e/ I 4 = I [ a
anvinefasnduundsanFudu (U 2.9) stndlsiong usinseviridienduavasbildandugnisy
2941581 widziAntunuausadudantuuan mnluniduaudusuuaivlisududesd
anwaugfaunmns unansadavulavuudy Tnevhlilavenguivin vizelavsivdnuay Tulaai
HArpnumuniIuaen1sa1as (Endurance Limit; S) #aduarsedumnuauilavinldianis
demeauningdinnfvinnuseuiivnauiuianiue luvnefontu msdiaaniudugege

: o 8§ Ya a ¥ v =l o 13 | 1
(Stress Amplitude) @1113avilllAnAIsIEEEAIBNITAINTINIUTOUAY drulavsuenngy

@ 1 | = = sl o o 2/ 4 N . s =

widin 1y exgfilon uaglmnillon wllfir@ndannuesnisdndl (Fatigue Limitdsuandlusud
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:J;‘U‘ﬁl 2.9 Fatigue loading cycle
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P | Iy
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N15911918ANARUBRINAMUAU Y30 S-N Ao FBnsusnitglunisnenenyinaau

) ° A o 2 P % 1 -
Wl warAuinanudiseaiveslane Wuuiasgiunisesnuuuauiissdininia 100 ¥
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wungludranuiianguresiaguazergmsldnulusseren Wy iwadeids 38mengany
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'
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seuie 10 84 100000 58U n1smergmsdniesmnaudulag fugiu fe Sinsvenoiaes
(Wohler) #38 WNUAMN S-N %umauﬁwummﬁqmﬁw%’umiaé’ﬁa%’aga SN fD NIMAERUNSAR
frensmyu doyanisveasy S-N dnazgniiausuunden loglog Ao LU SN ludiade
mnefisinedevesfeya Sanunetnadaliudndugudnans (BCO) windenuiilosdTnsin
Se BudussiumnuiuiighuaesTaniiong duetud dmiuingussasdddmnssuinuuy
oifudfe TngsunfftoTudu 1 Srusou wnudewasusunin SN Wusaruduuswunudae S e
Taswnuuoudy $nusey (N) Miaeudons dumanuiuisnsgaiiianisedondy
Yadriamau fumiu (Endurance limit) S.v3edns1finAudn (Fatigue Limit) nluainyadl
\Aanseeay lifannudeme @1 S dndn S daneruduiiiefl N < 10° Cycle Wumnud
Toidad duintuiidiuu N y10° WurnualuAage %ﬂ%ﬁwﬁ’@mmaﬂwu%uagjﬁuaaéﬂizﬂau
vospIdteLaui(element) Wumsvauviolulasiaulumdniagdietestunalansideui

o Y [ = 2 i o L4 o 2 & Al o o ° U o= =
ilugmeiin lulasuesa(microcrack) fiassedipseivdeldinaiuladrdarildiinauidyme
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100 —
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. L A2/ | i } ! | _
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Number of cycles, N;

SUT 2.11 nsanlans S-N curve Y0aman 1045 ASTM

dmiulanglunqumanifeuimuarazlareildliminurseda 2eiifnsninaueany

s

(Endurance Limit) feguil 2.12 danminindwesuazlansilildmdnmaneviinaylifidadaia
ANUBANUAIFUNZ.13 dwsulansilTndndnanueanutuazlinnuduiusiuainuudus
gegn dwmiun1seenuuuBudiudl o NReIFULTEaUAITFBIATNANT99YaIRLANIY LaY
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Anueu S

" Endurance Limit

fwusau N

]

sUl 2.12 S-N Curve TuYagiiddadiinanueany

9

Ay S

Fatigue Strength

10° Svseu N

JUM 2.13 S-N Curve 1u’aaﬂﬁ1umﬂmnmmwawu

2.6.1.1 F3udlvAranuidu

Brsilimenuianmuduiidiuedaumiveaslumszendliluigdnssouns
Tauge Ussgndldludismnudurasiaguay ma’meammawanamumwmmuuagj A9
Bn3ves Goodman WazdBn13es Gerber Fsfloglunaminismnongussanuidy lunsai
aruduitusvosdediinsharlfeannvaaey TadunTmemmuduiusveleundyaves
ALY, ATBIAUEAY LayAAufuMugIaAYeIRsIAus SN nTLandlus U 2.14
leranudundeiiddivduesyiild @y S-N Curve 1ua511~lm§éué’wmﬁagﬂﬁ2.15
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S

o

S

e

+£’"—=l
S
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aun1sANUALNUSYS Goodman
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Safe Goodman failure line

Stress amplitude (o)

Mean stress (Gm) Su
d ar e &
FUN 2.14 N3 NLERIAINENNUTUDY Gerber kag Goodman

usual S-N curve

= ' e
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o Constant Life Diagram
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2.6.2 MIM1YANUANTLDIRINANULATEN
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vae¥aglugasesuindainananualeandentsideguanns sefunissmauiduiay
ANUATEAliAuduTuSI3udy ﬁ’qﬁuwamﬁmaaﬂw&qaﬁﬂﬁmuaulwaﬂLLazmsmmu
puedeafiduiiiy afedusnnmeaeulussduidsinangdunineuausseniiuidiy
WaEANMNIAULUUNNAY wagvhlinsungAnssuvestanduuuvodviiafannglfanied
muANFBAILATER Famuiuningaufumsmuinmenyanudvesianiifisounisldiush
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(2.8)
4
£/=1.38
o
@ \
104 n
i D
w L]
@ § L &
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5 S
e Elastic 0,/E 0.0648 ﬁ
‘104 |- 5 ;
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] =3
=
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RQC-100 Steol E‘
Ous=758 MPa
A=
[
10+ I 1 1 1 B
10 102 103 104 108 10° 1 2N, (log scale)

UM 2.17 nsmluanianismienganudiiieninanueien

ac ' = =
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2.7.1 nmsuflufaedSuas Morrow

Fon15HzINATENeIEY elastic life IULAZAIATLAIAILLAIEALRAVBILARLTOU

-

Om
€a

1-—- (2Nf) +€f (2Ny)°
¥y

b |

2.9)

AIS| 4340 Steel
a, = 1172 MPa

10* 10®

10°
Ny, Cycles to Fallure

g‘lJ 1 2.18 Morrow Correction

4

2.7.2 nmsuflufqae3Buas Smith — Watson Topper (SWT)
FBilazldsuusanuidewsdasyneudiaainuiaiungsanvousazseu
Omaxfa = ( f)

(@Ny)* + oje, (2N
(2.10)
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gﬂﬁ 2.19 Smith Watson Topper Correction
W3guilguisn1sues Smith — Watson Topper iu3sn15994 Morrow
F3n15984 Smith — Watson Topper ¥imsuiluaiaitaieniininnifisnisves Morrow
Fn15983 Smith — Watson Topper flualiiudiayaysntusis

el = v o o
AN1TUBY Morrow NLLN?IU@JVEQS@H?ﬂW;‘LL?Q@ﬂ

=1 - 3
2.8 75113984 Rain Flow Counting

38984 Rain Flow Counting HldAurmiarualaaidunruduiusszwinadvandy
a7 DLBNNEYAAINAAAIIUIUN 2.20 9EIUIRATUINAILEEIERINAILAIAIN SN

o ] - 1 = 5 Vo =
Curve uaz Miner rule Talagdne udluanuiliuaisdmenndyntiuliadiuandlugy 2.21
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|
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A 1 = Ql
UM 2.20 Aleunagnasi
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Load

Time

Load

Time

JUT 2.21 Fweunigalinad

ot aaaaa

. g o v ° v w = ' e = .
dAFNTe9 rain-flow counting Feldmdnnuwiginsiisvdneds &4 rain flow

. ot 1 o al d . .
counting SatiganvuinvastoyaildlunisAiuim ATeUIUNIIVee rain flow counting § 4

JURNDU

2.8.1 Wupau Hysteresis Filtering
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Jupauilidunisansnunudeysidntes Wsasiwaveimumdenie

Hysteresis Filtering

6
5
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=z
1
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5
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3 [ J VN VNI VIV V After
2 | \74 )
) |

Time

o 7 e
JUN 2.22 uamvuneu Hysteresis Filtering
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gﬂ.iﬁ 2.24 udnITuREUTBY Peak Valley Filtering

2.5.3 Yumau Discretization
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2.8.4 Uunau Four Point Counting
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3.1 Yoyadnumsn1aNgnInYadEyTe

o a9 ow = ' ot P & w o v al o
3@11/1ﬂﬂum?ﬁlﬁﬂﬂ’lu%31&33UU‘U’N@'NG§\TU‘§3ﬂ@U1U®3816ﬁﬂ@W NIRUINARGULTINTE NN

U

dessndusuuuauunioduniseyesy Wungy iy Wednezdieliusnseyhiiunande
agviugisatesas lussuutiaayldldagwiauiiuiuadss Mavvadiadsenausiudy
dlgaswiasRvziiuldludisaisuuu MacPherson Strut, Double Wishbones wagiuuau3auen

fuldadniiloglusguudnarauuy Torsion Beam tTusu
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a | i a e E% a = v . a T I
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A15199 3.1 ANWASNNAMENINUDIAUTY

ANWAENIINIBAINYDEUT AN
Furugudnandevesais 94 mm
eiurhurudnaruluvesayse 78 mm
AURNUAUENAIATHHENYBIEUS 110 mm
WU nansveuaaInaUse 16 ‘mm
ANNYNARA 144 mm
AIUEIDETY 375 mm
AnLIMAnd 314.5 mm
SyeEARBAM 60.5 mm
STUTHNTLUINUVAGIN ' 50 mm
MUILVAVINY 7
$AuYATTITANA 8
ANPULAUDIIAAIN 5.875




af a
sUN 3.1 Bwmavesas

A151991 3.2 AnuaenianueEyss

GDICIEA IR GIEURRGITES A
1Pl 16 kg
AU 7.874e<9 t/mm’
Tein) ASTM A232
ANUATUMULTIRIREER 1350 MPa
Tugdavesrnuadgy 79300 MPa
lugaauesdy 206180 MPa
Tugdavesanminvieu 190000 MPa
Tugdavaansuidou 73000 MPa
AIUAUNTLLTIAGEER 1790 MPa
Woswudn1svafiveantfe 46%

ans1duthves

0.3

24



25

_y A 1
3.2 NITIATITINILSINNTEYINRaaUSS
c-f o 1 =3 v =3 Y £ o a'
LFINNTEYINAREUSIEANNNTOMLAINNNTIATIELAENS LT LUS LA TUADNAMDIINADINIT N
vessauuiuauuluguwuuiieg lngvhnseenwuusosudluiigauanuueaudents wdidilum

o =Y A o 1 =)
MM3INAWAIATIELTNTEYReaUTeanun

I
] L

f19714 3.3 %’ayjawumu‘uaﬁaauﬁ

&9

Description Value
vt eugudavan 1977 kg
smiingususuuoguth 1102 kg
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