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Failure Analysis of SCM435 Bolt and Evaluation of Fatigue Limit of
Micro crack

Seo-Hyun Yun
Department of Marine Convergence Design Engineering, Graduate
School, Pukyong National University

Abstract :

First study : Failure analysis of SCM435 high strength bolt have
been studied including macroscopic and microscopic fracture
observation, Energy Dispersive X-ray Spectroscopy, Vickers hardness
test and applied stress evaluation. cracks (ratchet marks) were
generated by the repetitive loads acting on the bolts, initial stress of
bolt and the stress concentration. The applied stress was found to be
slightly higher than the fatigue limit of the material. The mold
maximum temperature is about 130 °C, and it was fracture by the
cyclic stress because the strength is lower than room temperature.
The initial stress of bolt must be removed, and the mold temperature
during the process must be maintained by room temperature. Bolts are
recommended to be peened to improve fatigue limit.

Second study: Since the injection mold is repeatedly used for mass
production, fatigue phenomenon due to cyclic stress may occur. The
structure is damaged the surface or interior due to cyclic stress or
strain. This study analyzed the failure of SCM435 high-tension bolts
connecting the upper and lower parts of a three-stage injection
molding machine. The bolts undergo an accurate heat treatment to
prevent the formation of chromium carbide, and must prevent the
action of dynamic stresses. Bolts need accurate tightening and
accuracy of heat treatment, and screws are required compression

_iv_



residual stress due to peening.

Third study analyzed the causes of failure of SCM435 bolts that fix
the springs of automobile air brakes that have been fractured during
use. The cause of failure was analyzed using SEM, EDS, metallogical
microscope and Vickers hardness tester. In the fracture, the ratchet
mark began at the outer boundary of crack origin, and the grains at
crack origin were found to have clear intergranular corrosion. One
SCM435 bolt was subjected to a stress of 398 MPa, it’s a stress of
about 80% of the fatigue limit. As a result of such a large applied
stress, cracks occurred at the corrosion origin and were fractured. In
order to prevent the SCM435 bolt from fracture, it is necessary to use
the correct composition, the accuracy of heat treatment, preventing
damage by external impact, preventing corrosion of the damage part
by moisture, and introduction a compressive residual stress by peening.
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Fig. 1.1 Surface crack shape by intrusions and extrusions
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Fig. 1.2 Fatigue crack initiation and propagation behavior




L3 =& 74 #H 78

)

o=

B
-

F71 w2, st

file)

4

Aste Age] Wz

=
Ll

Eo| HA Lo

o

T
ZO

B!

L

, SCM 435

1

;o‘._
B

i

o} =3 SCM 435 1AY =

G

4
"

A

XO

B!

SCM 435
FRAoh. %3 SCM 435

S

T
T

5

A



FuEd

(D M. A. Miner, 1945, “Cumulative damage in fatigue” , J Appl Mech,
Vol. 67, A159-A164.

(2) D. Kujawski, F. Ellyin, 1984, “A cumulative damage theory for
fatigue crack initiation and propagation” , Int J Fatigue, Vol. 6, pp.
83-88.

(3) A. Risitano, G. Risitano, 2013, “Cumulative damage evaluation in
multiple cycle fatigue tests taking into account energy
parameters” , International Journal of Fatigue, Vol. 48, pp. 214-222.

(4) J. T. P. Yao, F. Kozin, Y.-K. Wen, J.-N. Yang, G. L. Schuéller, O.
Ditlevsen, 1986, @ “Stochastic fatigue, fracture and damage
analysis” , Structural Safety, Vol. 3, pp. 231-267.

(B) T. Yokobori, 1951, “Fatigue Fracture of Steel” , Journal of
Physical Society of Japan. Vol. 6, pp. 81-86.

(6) D. Benoit, R. Namdar-Irani, R. Tixier, 1980, ‘Oxidation of fatigue
fracture surfaces at low crack growth rates “, Materials Science
and Engineering, Vol. 45, pp. 1-7.

(7) K. Ando, S. Fujibayashi, K. W. Nam, M. Takahashi, N. Ogura, 1987,
“The Fatigue Life and Crack Through Thickness Behavior of a
Surface-Cracked Plate: For the Case of Tensile Load” , JSME
international journal, Vol. 30, No. 270, pp. 1898-1905.

(8) K. W. Nam, S. Fujibayashi, K. Ando, N. Ogura, 1988, “The Fatigue
Life and Fatigue Crack Through-Thickness Behavior of a
Surface-Cracked Plate:(Effect of Stress Concentration)” , JSME



international journal. Vol. 31, No. 2, pp. 272-279.

(9 K. W. Nam, K. Ando, N. Ogura, K. Matui, 1994, “Fatigue life and
penetration behaviour of a surface-cracked plate under combined
tension and bending” , Fatigue & fracture of engineering materials
& structures, Vol. 17, No. 8, pp. 873-882.

(10) K. W. Nam, K. Iwase, K. Ando, 1995, “Fatigue life and surface
crack penetration behaviour of an aluminium alloy” , Fatigue &
Fracture of Engineering Materials & Structures, Vol. 18, No. 2, pp.
179-187.

(1D K. W. Nam, K. Ando, N. Ogura, 1995, “Surface fatigue crack life
and penetration behavior of stress concentration specimen” ,
Engineering fracture mechanics, Vol. 51, No. 1, pp. 161-166.

(12) K. Shiozawa, T. Hasegawa, Y. Kashiwagi, L. Lu, 2009, “Very high
cycle fatigue properties of bearing steel under axial loading
condition” , International Journal of Fatigue, Vol. 31, pp. 880-888.

(13) T. Kawasaki, S. Nakanishi, Y. Sawaki, K. Hatanaka, T. Yokobori,
1975, “Fracture toughness and fatigue crack propagation in high
strength steel from room temperature to —180°C” , Engineering
Fracture Mechanics, Vol. 7, pp. 465-470.

(14) Y. Murakami, H. Usuki, 1989, “Quantitative evaluation of effects
of non-metallic inclusions on fatigue strength of high strength
steels. II: Fatigue limit evaluation based on statistics for extreme
values of inclusion size” , International Journal of Fatigue, Vol. 11,

pp. 299-307.



(15) L. Tan, K. Sridharan, T. R. Allen, 2006, “The effect of grain
boundary engineering on the oxidation behavior of INCOLOY alloy
800H in supercritical water” , Journal of Nuclear Materials, Vol
348, pp. 263-271.

(16) M. Fulger, D. Ohai, M. Mihalache, M. Pantiru, V. Malinovschi,
2009, “Oxidation behavior of Incoloy 800 under simulated
supercritical water conditions” , Journal of Nuclear Materials, Vol
385, pp. 288-293.

(17) M. Fulger, M. Mihalache, D. Ohai, S. Fulger, S. C. Valeca, 2011,
“Analyses of oxide films grown on AISI 304L stainless steel and
Incoloy 800HT exposed to supercritical water environment” , Journal
of Nuclear Materials, Vol. 415, pp. 147-157.

(18) E. Schubert, M. Klassen, I. Zemer, C. Walz, G. Sepold, 2001,
“Light-weight structures produced by laser beam joining for future
applications in automobile and aerospace industry” , J Mater Process
Technol, Vol. 115, pp. 2-8.

(19) Y. Li, Z. Lin, A. Jiang, G. Chen, 2003, “Use of high strength
steel sheet for lightweight and crash worthy car body” , Materials
& Design, Vol. 24, pp. 177-182.

(200 R. V Balendran, F. P Zhou, A Nadeem, A. Y. T Leung, 2002,
“Influence of steel fibres on strength and ductility of normal and
lightweight high strength concrete” , Building and Environment, Vol.
37, pp. 1361-1367.

(2D L. Li and R. Wang, 2014, “Failure Analysis on Fracture of Worm



Gear Connecting Bolts” , Engineering Failure Analysis, Vol. 36, pp.
439-446.

(22) J. Zhang, A Li, C. Zhang, C. Yang, 2016, “Failure and Fracture
Analysis of Bolt Assembled on the Fan Used in the Internal
Combustion Engine” , Journal of Failure Analysis and Prevention
Vol. 16, pp. 302-309.

(23) P. J. E. Forsyth, 1963, “Fatigue damage and crack growth in
aluminium alloys.” Acta Metallurgical, Vol. 11, Issue 7, pp. 703-715.



A 27

8 SCM 435

AL

_‘]0_



T

T

Fe7} wzA =71st ol EE(Bolt)

]_

S

]

o
il

2.1 A4
ER O

)

&
%

1

4
2}

T

qr
]!

S
L
L

T

1

=

ol o}

T}

o YA A2 A 7L

R

0]
o2 (1-3] ge a7

| A% a4

Q
Foch[4-16] =

S

o

2371 ¢4
Eae
%

2]
shel v}

()

o 9

=
=]

oy
3

4
=y

o)

TEE

1

ks
gl

4L

128 EE9 &

*

2 Aoh[17-20]

<)

A

_']1_



2.2 3& A8 9 B4 Py

2.2.1 & Aw

e 4ol FHOE olFoid 9l Fig 22& wéd 14
E9 9#-& YehAT. Table 2.1 SCM 4359 stet3 &S YEhd
o}, Table 2.2+ SCM 4359 7|Ad A4S YERdAT

_']2_



Fig. 2.2 Appearance of damaged high strength bolt
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Table 2.1 Chemical composition of SCM435

C Si | Mn P

S

Cu

Ni Cr | Mo

0.38 1 0.21 | 0.7 | 0.015

0.018

0.11

0.09 1 0.93 | 0.16

Table 2.2 Mechanical Properties of SCM435

o, MPa) | o, (MPa)

e (%)

951

795

18
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Fig. 2.3 Schematic diagram of a finite plate with a semi-elliptical

crack
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Fig. 2.4 Fracture surface by macro observation
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Fig. 2.5& Fig. 2.49] OF&9 g SEM A& YepATh o] Idl+
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Fig. 2.5 Ratchet marks near the origin of fracture by SEM
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(©)
Fig. 2.6 Fracture surface observation by SEM. (a) Crack origin, (b)

Crack propagation, (¢) Final fracture

_25_



_26_



Fig. 2.7 Metallurgical structure, (a) As-received specimen, (b) Damaged

specimen
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Spectrum 1

Fig. 2.8 Results of EDS analysis. (a) Fatigue fracture part. (b) Oxidized
part @
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Table 2.3 Elements of the fatigue fracture part and the oxidized part

Fatigue fracture part Oxidized part of @
Element wt.% at.% wt.% at.%
O 3.40 10.79 7.98 23.0
Na 0.98 2.16 0.95 1.91
Cr 0.96 0.94 0.90 0.80
Mn 0.86 0.79 0.84 0.70
Fe 93.8 85.3 89.3 73.6
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© @

Material for shaft

© (f)
Fig. 2.9 Shaft forging process. (a) Initial step, (b) Step 1, (¢) Step 2, d)
Step 3, (e) Step 4, (f) Process flow
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Table 2.4 Crack size of fatigue limit for applied stress of 323MPa at

each aspect ratio

As
Crac 1.0 0.6 0.3 0.1
Surface 0.105 0.110 0.150 0.380
Depth 0.130 0.080 0.055 0.046
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Fig. 3.1 Appearance of three-stage injection mold.
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(b)
Fig. 3.2 Metallurgical structure. (a) As-received specimen, (b) Damaged

specimen
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Fig. 3.3 Appearance of fractured surface by SEM. (a) Fracture surface,

(b) Fracture origin, (c) Enlargement of (b)
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Fig. 3.4 Results of EDS analysis. (a) As-received specimen. (b)

Damaged specimen
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Table 3.1 Elements of as-received specimen and damaged specimen

Element | O K | Si K |Cr K| Mn K | Fe K | Totals
As-received| wt.% 1.40 | 0.20 | 1.13 | 0.87 | 96.39 100
at.% 472 1 0.39 | 1.17 | 0.85 | 92.87
Element | O K | Ca K |Cr K| Mn K | Fe K | Totals
Damaged wt. % 2.97 1 0.33 | 454 | 1.09 | 91.07 100
at.% 9.61 | 0.43 | 452 | 1.02 | 84.41
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Fig. 3.5 Vickers hardness values from as-received specimen and

damaged specimen
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Table 3.2 The estimated Weibull parameters from Vickers hardness

Shape Scale
W P Mean/Std/COV
Specime parameter parameter

As-received 37.2 501.3 494.2/16.2/0.033

Damaged 36.4 398.0 392.3/12.9/0.033
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Table 3.3 Crack size of fatigue limit for applied stress of 184MPa at

each aspect ratio

As
Crac 1.0 0.6 0.3 0.1
Surface 0.523 0.538 0.753 <1
Depth 0.292 0.357 0.536 1.009
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Table 4.1 Chemical composition of SCM 435 (wt.%)

C Si Mn Cr Mo P S Cu Ni
033 | 0.15 | 0.60 | 0.90 | 0.15

~ ~ ~ ~ ~ 10.03010.03]) 10.30] [0.25]
038 | 0.35 | 0.85 | 1.20 | 0.30

Fig. 4.2 Appearance of damaged bolt
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Fig. 4.4 Enlargement of the corrosion part of the outer circumference
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4.3.2 EDS &4
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Spectrum 2

keV

Spectrum 1

keV

(a) (b)
Fig. 4.5 Results of EDS analysis. (a) Part of Fig. 4.4(D. (b) Part of Fig.
4.4
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Table 4.2 Elements of the part of Fig. 4.4(D.

Element Weight% Atomic%
Cr K 1.67 1.79
Fe K 97.09 97.14
Zn K 1.24 1.06
Total 100.00

Table 4.3 Elements of the part of Fig. 4.4Q2.

Element Weight% Atomic%
O K e 21.65
Al K 2.43 4.33
Si K 0.76 1.29
SN 0.39 0.58
Cl K 1.06 1.44
Ca K 0.92 1.10
Ti K 0.34 0.34
Cr K 0.46 0.42
Mn K 0.52 0.46
Fe K 42.68 36.67
Zn K 43.22 31.73
Total 100.00
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(b)
Fig. 4.6 Metallurgical structure, (a) As-received specimen, (b) Damaged

specimen
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Table 4.4 The estimated Weibull parameters from Vickers hardness

Parameter Shape Scale
Std/Mean/COV
Specimen parameter | parameter
As-received 38.9 492.6 14.72/486.0/0.0303
Damaged 33.6 471.1 16.56/463.8/0.0357
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Table 4.5 Crack size of fatigue limit for applied stress of 398MPa at

each aspect ratio (As)

As
Crack 1.0 0.6 0.3 0.1
Surface 0.043 0.044 0.062 0.155
Depth 0.053 0.032 0.022 0.017
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