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Failure analysis of the counter shaft in the pickup truck
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Abstract

The purpose of this research is to determine the cause of failure of the counter shaft in a pickup car with a power
output of 144 Hp that has been in use for 8 years. The counter shaft material is JIS-SCM 420 hardened low-alloyed steel.
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The following 5 techniques are used for failure analysis, 1) Composition (wt%) analysis with a spectrometer, 2) Vickers
test, 3) Microstructural analysis with optical microscope, 4) The crack of surface layer using a scanning electron microscope
and 5) Stress analysis by numerical simulation. The summary result of fracture surface of this counter shaft was cause by
faticue and that fatigue was the dominant mechanism of counter shaft failure due to obvious beach marks intergranular
fracture and fatigue striations which these results indicate that the fracture mode of the outer surface is brittle fracture.
The microstructure of the outer surface region is tempered martensite, and the central region is upper bainite. The
hardness of the counter shaft was measured on both lines, the first line measuring the hardness near the broken shaft
area, the second line measuring the hardness of the unbroken shaft area. It can be noted that the maximum surface
hardness of the unbroken shaft is 160 HV higher than that at the broken shaft which is a very different value. Stress
analysis using Goodman's equation and finite element analysis using a torque value of 356 Nm. The results of maximum
stress analysis were 1283 MPa and the numerical simulation with maximum torque were Maximum equivalent von Mises
stress equal to 1302.5 MPa, the results differ by no more than 2%, which ensures that when using the program there is
not too much difference. In addition, it was also found that the maximum stress calculated was 3.5 times greater than
the yield strength, when the maximum stress was greater than the yield strength that the material could support, it was

the cause of the counter shaft breaking.
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Material Failed gear Failed gear SCM 420
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C 0.26 0.20 0.18-0.23
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P 0.007 0.010 <0.030
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Mo 0.14 0.145 0.15-0.25
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W; = T/(d/2) = 356/(0.05/2) = 14,240 N
A1 W, mlaan yunau

W, = W, tan ¢ = 14,240 x tan 22.8° = 5,985.95 N

W, = 14,240 tan 30° = 8,221.47 N
W= W2 +w?

- \/ 5985.95° +14240° = 15,447 N

Ra Rs

| |

[
|6 — 237 mm %T% 56 mm 4

w

MUSIAU Ry Uag Rg NTUlvan W Assu Argn1sinn

@

Tuudlugn A wae B fall

15447 x 56
Ra=——=2952N
293

Mmax = Ra (0.237) = 2,952 x 0.237 = 700 N-m

A5199 2 ANANILAUAUILUUTDIAIULAY [13]

Bending  Torsion Axial

al
Shoulder fillet-sharp (r/d = 0.02) 2.7 2.2 3.0
Shoulder fillet-well rounded (r/d 1.7 1.5 1.9
=0.1)
End-mill keyseat (/d = 0.02) 2.14 3.0
Sled runner keyseat 1.7
Retaining ring groove 5.0 3.0 5.0

NA15197 2 Uszanaanududuresanududmsu
End-milled keyseat 1@ K; = 2.14 Way Ky = 3 @115
IENNEIATSUBUAT JIS-SCM 420 TéA1 S, = 655 MPa
uawA S, = 365 MPa [11] thenfléamualuidazud 10
wa 11 oA g = 0.75 uae g, =0.82 auddu [15)

K, =1+q(K,-1)

K, =1+075214-1) = 1.855

Kﬁ=1+q (K, -1)

shear

Kﬁ =1+0.82(3-1) =264
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Notch radius r, mm

0 0.5 1.0 1.5 2.0 25 3.0 35 4.0

1.0 5
3 (1.4 GPa)

) kpst
A (1.0)

!

08

=N

o
=

Notch sensitivity ¢

Steels

====Alum. alloy

02

0.06 0.08 010 0.2 0.14 0.16

Notch radius r, in

0 k-
0 0.02 0.04

Ul 10 mwlisesuinvesndnnduazezgiiiensanosd
UNSA92024-T [15]

Notch radius r, mm
0 0.5 1.0 15 2.0 25 3.0 3.5 4.0
s (1.4 GPa)

L0k

0.8

0.6

04 /

/ — Steels

Notch sensitivity Ggpeq

! ==== Alum. alloy

0
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16

Notch radius r, in

q

UM 11 anubisesuindmsuiagnsulvaaluuuddn [15]

URNUALENAIVBINAT 20 mm unuen M, = 700
Nm uae T, = 356 Nm luaumsdi 1 [15]

1/2

2 2
' 32x1.885x700 16x2.64x356

T X 0.02° T X002°

o, = 1. 283x 10° N/mm? = 1283 MPa

MRANNTENYDITUNUTI I NELNNTT 2
wnweasuing k, = 1[12]
winwasuivwn k, = 1.24d°

= 1.24 x 20°"" = 0.89 [15]

142

winwasunlvan k, =0 .59 [12]
winimesuigamivaldan k, =1 [14]

winmesudsefumnuindede k, = 1 - 0.08z,
k,=1-(0.08 x 2.326) = 0.82 [14]

uwinimesuiAdvswadu 9 Mvde k, = 0.5 [15]

HAANTAVDIIUNUNAFOUN T UAR

S, =055, = 0.5 x 655 = 327.50 MPa
S =1x0.89x059x1x0.82x0.5x 327.5

= 70.51 MPa

S 70.51

A1 Safety factor n, = == = = 5.49
| o 12.83

a

nshasizianusulae3sinlugdddusiiedily

Wisuiisufuaianududilaeainnisdruiuniy
VANINUIINITEBNWUUYRITALY Ina15aelasuni1sideu

LUUAINTUIND39A281USUATY Solid work 2016 way

$1a03lA8 Ansys Workbench faen1susuusaasuasity

Adudavaanan Ingldarvesussdawindy 356 Nm (lg
ﬁmﬁjﬁamiqiamaﬁaéuﬁ) AMANTRITINAYDITANINGD

soslagld A1 Young’s modulus WAy 210 GPa A2l
NuUILUY 7.85 ¢/cm’ wagdnsidiuiiwes 0.3 [13] L
(Mesh) gnastudrstodmuiuuuniiifegud 12
LUUSIa89M S ue sy Tiadt st uille Ay
59,417 waslnuasanun 111,124 gnidendmiunns
AIUALLLY Usagluail DOF winfy 59,490 lndewuilly
ATUNANIIVOILNU X, Y haE Z it Tnensinsed
Tl Aumanidesdunsidn vdnduagldsunsnseans
AMUALTUAEY HaINNNTIRDUTIRINAVIDUANANTOS
ﬁ?ﬂLLi&ﬁﬂQﬂ?jﬂlﬁﬁ’l Maximum equivalent von Mises
stress AU 1302.5 MPa fauandluguil 13 anuidy
adunazanuAudsuas Von Mises Aikdainnnsaiuia
Winu 1283 MPa wadwsiannuuanaietuldiiu 20 39

ylvulalunisldanuluswnsuindanldwnnsnafiuuin
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vAuly ;J‘Uﬁ 14 1JuA" Total deformation max Ly
0.56713 mm 3U7 15 18ud1dadrfnnanununiu

(Endurance limit max) @98A1LYIAU 10° 58U way gﬂﬁ

16 1Juan Safety factor max Wiy 15 111 [16-18]

JUN 13 AANIAuYed Von mises ldinnisdnasadasiaiasy

Mwh‘m' v,
Type: Total Defarmation
nit

Time: 13
AWR2I66 1327

o 5000 100.00 (e
]

U1 14 ¢ Total deformation #ildannnisdnaeudediaiay

P

L "

iterson
1e6Max
serses

a0 sog0 100,00 {men)
1

JUN 15 A1fiiaAuET Endurance Limit ldaInn1sdnaeds

e

JUN 16 AenuUasnsiedilaainnisdnasadeiaiey

ANLLAUZIAATLAAINA1TAIUIUATNLIATFIUVD
Goodman 711U 1,283 MPa lLagfn Safety factor A
5.49 FaflanlndiAssfudriildainnisiasadeiiiarves
1U51NTU Ansys Workbench wagan Yield strength 999
Fanivirfu 365 MPa [8] aziiiuldiAananduiiannnis
AuuiA1u1nnda Yield strength 3.5 Wi Jedenaliiin
nsunndinveamaludunougarie asudedamnudud
AINATIAN Yield strength fiYanazseaduldfifuanig

PV lmansaaianiswansinle [16-18]

4. d5UNan15338
Afedifunsinsginnuidemevoanaises 9

Mnmsienesisinanannsnasuralifselud

1. laseaineganiausiiiinveunansesllidiudsenay
voundimuled Jaiunisimued warluuiia

WAUNAIVBRNAITRILATIATINaN AT duY TENEY
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goauulug drsuuiildnuauinundlulaseadig
FANIAVDLNATBN

2. UShusosuanUaLnasesiianwaglduLuy Beach
marks 887199ALIUNBUTUNITUNINTLANLVBITOUUAN
ANULLITBULNSY Intergranular fracture wazLdusn
91NN15a1 Fatigue striations FawadnEimanduedin
Tnunnisuandniifnvesvevusnmartuiunis
UANAALUULUTIE

3. sepuAnInAUE b BuduAnTUIInUS naTideu
Wy liiAnauAugauliiAnnisunniuas
venpusnseswandndluauinnsuantnludu
gnvneg

4. Arnuudwennasesitinisinie 2 1y Tnoudui
1 Saranuuddndtuiuiiusnusesunn @ud 2 ¥n
AAnuudeituiiusamanitldiinisunntn axdana
1#31A1Auudagegaiinvesinandlauaniiaf
11NNI1 UShasesuanda 160 HV dedimilunnsneiu
11N

5. ANMULAUZIAATIlFINNIAIUIAAINLIATEIUYDS
Goodman 1Y 1,283 MPa LagNaannn1591a94
Fauavieusedngeaalad Maximum equivalent
von Mises stress iU 1302.5 MPa Naansinu
wans1afulaAy 29 Fevialsiulalunisldau
TUsunsuindlalauanataiuanniuly

6. AMULAUZIAATILFIINNIIAIUIUAINLIATFIUYDS
Goodman HA1nnT7 Yield strength 3.5 wih aile
mduiintuasedidunniia Yield strength 71
Yanazsesiuldfiduanvafvi ldinarseainnis

WANFNLA

AnRNIsuUIZTAA

a [

AiduveveveunszauaAudmalulaglansuaziag
WA (MTEC) @1913913fnssaLa3aena unnine1de
nyamnsuys Alsrueyasizilunisldaunsallunns
NAaos NslALugdILarteAaLiuaie q suldu

Uselovuluseninenisaduauaudsnalmauised

ANNANYTIEAUY
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