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ABSTRACT:

The objective of the study is to reduce the process potential failures and to prioritize the risk of failure of sub assembly of 
camshaft. A Process Failure Mode and Effects Analysis (PFMEA) methodology is used for risk investigative technique 
for potential process failure before it happens. PFMEAs focus on preventing failures, enhancing reliability and increasing 
customer satisfaction. It established a ranked list of potential failure modes, thus rating a priority system for corrective 
action considerations. Various possible causes of failure and their effects on sub systems have been evaluated for 
minimizing the failure of the manufacturing or assembly process. Generally, risk prioritization in PFMEA is carried out by 
using risk priority numbers (RPNs) which can be determined by evaluating three factors: occurrence (O), severity (S) and 
detection (D). Based on this parameters, some suggestion are proposed to avoid potential failure risks and, ultimately, to 
reduce the loss of time, quality and productivity.
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1. INTRODUCTION

In the highly competitive environments, manufacturing is 
considered as the backbone of any industrialized nation. 
Today,  manufacturing industries  are  phasing 
challenges  in  quality,  time  and  cost  in  competitive 
market. This challenge encountered by process, design, 
or maintenance failures. This failure creates a major 
impact on the product quality and productivity. The 
effects of a failure are focused on manufacturing 
operations, processes and impact on customer. There are 
several techniques developed to perform to risk 
assessment or prioritization. PFMEA is one of the most 
widely used risk assessment tool for identifying and 
prioritizing risk of potential failure modes of process or 
manufacturing operation (Stamatis, 1995). PFMEA is a 
type of FMEA which is looks at each process step to 
identify risks and possible failure from many different 
sources. A Process Failure Modes and Effects Analysis 
provide a structured, qualitative, analytical method 
which define and analyze to brainstorm answers to such 
questions as:

1. How can this process, function, facility, or tooling 
fail?

2. What effect will process, function, facility, or tooling 
failures have on the end product (or customer)?

3. How can potential failures be eliminated or 
controlled?

This FMEA was first proposed by National Aeronautics 
and Space Administration (NASA, U.S.A.) in 1960. 
Then, it was adopted and promoted by Ford Motor in 
1977. Today, FMEA has been used in world wide 
spectrum in the areas of Chemical, Aerospace, Military, 
A u t o m o b i l e ,  a n d  E l e c t r i c a l ,  M e c h a n i c a l 
andSemiconductor industries. The risk computation of 
different potential failure modes using PFMEA has been 
done by developing risk priority number (RPN). RPN is 
the value obtained by the product of three components, 
i.e. the occurrence probability of a failure mode (O), the 
severity of the failure mode (S) and the delectability of the 
failure mode (D). Higher the value of the RPN higher is 
the risk associated with the corresponding failure mode. 
The purpose of RPN is to prioritize the failure modes of a 
process, so that the available resources can be effectively 
allocated. More risky failure modes will be tackled with 
more resources in terms of effort, time and cost. 
Mathematically the RPN can is represented as:

RPN= S x O x D      (1)

2. LITERATURE REVIEW

During the beginning stage of this work, it was realized 
that FMEA/PFMEA technique has been applied widely in 
certain parts of the world. Dale and Shaw (1990) 
investigated the reasons for the usage of FMEA and found 
that  majority of  the companies   used  PFMEA  because  
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of  the  mandatory  requirement  of  their customers. 
Sheng and Shin (1996) execute FMEA to build up a 
powerful quality framework and to enhance the better 
process for the better quality of products. Ioannis and 
Theodoros (2008) applied FMEA show in salmon 
packing and processing industry in joint with ISO 22000 
and they got the significant outcome from execution. 
After that Segismundo et al (2008) utilized FMEA to 
enhance the decision making process in new product 
development in automotive industry. Hoseynabadi et al 
(2010) FMEA can possibly enhance the unwavering 
quality of Wind turbine systems particularly for the 
offshore condition and reduced cost. Yang et al (2010) 
described a new fuzzy FMEA approach integrated with 
fuzzy linguistic scale method for the analysis of a CNC 
lathe. The model proposed a risk-space diagram to show 
the relationship of S, O, and D where the Risk Priority 
Number (RPN) is represented by weighted Euclidean 
distance formula and centroid defuzzification based on 
α-level set is calculated. Wu et al (2016) also directed an 
investigation on Computer Numerical Control (CNC) 
machine's failure utilizing is Multi-Criteria Decision 
Making (MCDM) system in view of the Fuzzy VIKOR 
technique. Shi et al (2016) Used Fuzzy FMEA and FAHP 
for crankshaft failure prediction. Zhou & Thai (2016) 
Indicated that Fuzzy FMEA and Grey theories has used 
for tanker failure prediction. Wang et al. (2016) proposed 
impact and criticality analysis in failure mode (FMECA) 
does not take into account the opinions of different team 

members when considering the allocation of criticality. In 
this paper, the improved criticality values were calculated 
and prioritized by FMECA based on the failure data. It is 
seen in the outcomes that vibration or motions, movement 
of parts, and output failures have more negative effects on 
the system. Salvi & Jindal (2017) conducted study on 
CNC machine failures based on the machine FMEA and 
result also verified by Grey relational analysis (GRA). 
Different maintenance strategies for each failure mode of 
functionally significant item of conventional milling 
machine are described by Gupta and Mishra (2016). The 
focus of this study in this paper aims to identify and 
prioritize the risk of failure in sub- assembly of camshaft.

3. CONCEPT OF PFMEA

Process failure mode and effect analysis (PFMEA) has 
three main objectives, identifying failure modes, analyze 
causes and their effect on customer end and determine the 
possible action to eliminate or reduce the impact of each 
failure mode. The degree of seriousness of each failure 
mode is determined by calculating risk priority number 
(RPN). Generally, the RPN is an index number ranges 
from 1 to 1,000, calculated as the product of the severity 
(S), occurrence (O), and detection (D) of a failure mode. 
Thus, higher the RPN means that more critical or higher 
risk of failure and lower RPN means that low chance of 
failure.

Figure 1: Flowchart of PFMEA
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4. PROCEDURE OF PFMEA

Step 1: Review the process.

Use a process flowchart to identify each process component. 
List each process component in the PFMEA table.

Step 2: Brainstorm potential failure modes.

Review existing documentation and data for clues about all of 
the ways each component cans failure in assembly process.

Step 3: List potential effects of each failure.

The effect is the impact the failure has on the end product or on 
subsequent steps in the process. There will likely be more than 
one effect for each failure.

Step 4: Assign Severity ranking. 

Severity is the assessment of the criticality of the effect of the 
potential failure mode. In this we have to determine all failure 
modes based on the functional requirements and their effects. 
The severity of the failure was estimated using an evaluation 
scales from 1-10 for process failure as shown in Table1.

Table 1: Criteria for severity ranking (S)
(Source: SAE J-1739, 2009)

Classification Effect Ranking

Hazardous Without Warning Very High Ranking – Affecting safe operation. 10

Hazardous With Warning Regulatory non compliance 9

Very High

 

Product becomes inoperable, with loss of

 

function –

 

Customer Very Much Dissatisfied

 

8

High

 

Product

 

remain

 

operable

 

but

 

loss

 

of

performance –

 

Customer Dissatisfied

 
7

Moderate
 

Product
 

remain
 
operable

 
but

 
loss

 
of

comfort/convenience -
 

Customer Discomfort
 6

Low Product remain  operable  but  loss  of 

comfort/convenience  -  Customer   Slightly

Dissatisfied

 

5

Very Low

 

Nonconformance by certain items –

 

Noticed by

most customers

 

4

Minor

 

Nonconformance by certain items –

 

Noticed by

average customers

 

3

Very Minor Nonconformance by certain items – Noticed by

selective customers
2

None No Effect 1

Step 5: Assign Occurrence ranking.

Occurrence is the rating that one of the specific causes will 
occur. In this step, we look at the cause and how many times it 
occurs. The evaluations scale from 1-10 for process Failure as 
shown in Table 2. The scale 1 indicates a low probability of 
occurrence whereas scale 10 indicates very high probability 

to the occurrence of failure.

Step 6: Assign Detection rankings.

Detection is the rating that the failure will be detected before the 
impact of the failure done to the system or process being 
estimated. The detectability scale shown in table 3.

Table 2: Criteria for Occurrence ranking (O)
(Source: SAE J-1739, 2009)



  Low: Isolated
processes.

failures

 
associated

 
with

 
similar

 
1 in 15000

 
3

Very low: Only isolated failures associated with

 

almost identical processes.
1 in 150000 2

Remote: Failure is unlikely. ≤ 1in 1500000 1
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Table 3: Criteria for detection ranking (D)
(Source: SAE J-1739, 2009)

Detection  Criteria Ranking
Absolutely impossible

 
No known control(s) available to detect to failure mode. 10

Very remote

 

Very remote to detect failure mode 9
Remote

 

Remote to detect failure mode 8
Very Low

 

Very low to detect failure mode 7
Low

 

Low chance to detect failure mode 6
Moderate

 

Moderate chance to detect failure mode 5
Moderately high Moderately High chance to detect failure mode 4
High High chance to detect failure mode 3
Very High Very high chance to detect failure mode 2
Almost certain Current control(s) almost certain to detect the failure

mode.
1

Step 7: Calculate the Risk Priority Number (RPN).

After deciding the Severity, Occurrence and Detection 
numbers, the RPN is calculated by equation no- 1.

Step 8: Develop the action plan.

Decide which failures will be worked on based on the 
Risk Priority Numbers. Focus on the highest RPNs. 
Define who will do what by when.

Step 9: Take action.

Implement the improvements identified by your Process 
Failure Mode and Effects Analysis team.

Step 10: Calculate the resulting RPN.

Re-evaluate each of the potential failures once 
improvements have been made and determine the impact 
of  the improvements.

5.  CASE STUDY

Figure 2: Parts of camshaft
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A Case study is conducted and PFMEA technique is applied to 
the sub assembly of camshaft. There are total six operation and 
17 risk factors identified in process. After obtained failure data 
PFMEA table has prepared. Finally, S, O and D values are 
calculated using table 1, 2 and 3 respectively and PFMEA 
worksheet has developed which is shown in Appendix-I. The 
RPN value for the failure modes was calculated by using 
equation no-1.

6. RESULT & DISCUSSIONS

Appendix-I shows the result of PFMEA of sub-assembly of 
camshaft. All operations marked with the operation no. 10 to 
60. From first to last operation there are seventeen risks factor 
were identified in sub assembly of camshaft. Operation no. 10 
has two risks of failures (i.e., risk no. 1 and 2) which is related to 
the key fitment in camshaft, when operator misses the key. This 
results in abnormal noise during engine testing. The severity 
ranking for this potential failure mode was decided as 8 and the 
ranking for occurrence was fixed as 2. The detection ranking 
was fixed as 8 and the RPN value obtained was 128. This is 
highest in all failures RPN.  When  operator fit  the  key in  
inclined  direction  in  camshaft,  the  resultant  problem occurs  
in gear fitment. This problem happens due to operator unaware 
of correct assembly process. The severity ranking for this 
potential failure mode was fixed as 3 and the occurrence 
ranking was fixed as 4. The current method to control this 
failure mode is following SOP. The detection ranking fixed was 
6 and the RPN value obtained was 72. Next operation 
(Operation no. 20) is fitment of thrust plate in camshaft. Thrust 
plate is important part of the camshaft. It supports the axial load 
of camshaft. When operator forget to fitting thrust plate in 
camshaft happening major issues in fitment of camshaft in 
engine and without thrust plate camshaft recognized as a defect 
piece. The resultant RPN is 40. Similarly next operation related 
to fitment of Cam gear in camshaft. Cam gear is the important 
part of the camshaft it provides rotation of camshaft. Fitment of 
cam gear shows two risk factors of failure (Risk no. 4 and 5). 
The cam gear orientation wrong failure mode has severity is 
5because low effect on product and easily rework able, total no 
failure during year was calculated 0 sooccurrence is 1 and 
failure moderately high detect, may be required so ranking was 
4. The calculated RPN value is 20. This value is very lower 
value of the all failure. Washer fitment missing occurs due to 
the operator missing failure. Washer is very small part of the 
camshaft but it plays the important role in fitment. It main 
function is distribution of pressure evenly on cam gear. The 
severity and occurrence rankings were fixed as 3 and 5 
respectively. The detection ranking was fixed as 8 and the RPN 
value obtained was 120. This is the second highest ranking of 
failure because of highest no failure during year.

Next operation is tightening of bolt on cam gear after the 
fitment of washer on camshaft. This operation shows with the 
operation no. 50. In this operation there are total eight risk 
factors from risk no 7 to 14. The risk no 7 and 8 is same as the 
key fitment. Risk no. 9 to 12 related to less torquing power. If 
bolt torque is less

T.G case damage due to cam gear came out during testing and 

r equ i r ed  r ework  o f  de fec t ive  eng ine .  The  ma in

RPNcause is low Gun setting value. The severity ranking and 

the occurrence rating were fixed as 6 and 2 respectively. The 

current method to control is calibration of gun once in month 

and 100% torquing with feedback limiter used. The detection 

ranking was fixed as 8 and the RPN value obtained was 96. This 

value is less than 130 it means that no recommended action 

required. Same RPN 96 also in risk no. 11 because their severity, 

occurrence and detection are 6, 2 and 8 respectively.

Figure 3: Bar graph (RPN Vs Risk No.)

Next operation (OPN. 60) related to unloading and storage of 

camshaft. It has total three risk factors 15, 16 and 17. Risk no. 15 

is related to the dent on gear, if dents found on cam gear due to 

storage and unloading it creating problem in engine. So their 

RPN is 80. Similarly Risk no, 16 related to the dent on camshaft 

journal, their RPN is 36 and Risk no. 17 related to the dent on 

camshaft lobes, their RPN is 80. It can be seen that the failures 

related to key and washer fitment are prominent and must be 

given highest priority because of highest RPN. Similarly, in risk 

no 4, 9 and 11 the lower priority because of lowest RPN.

7.  CONCLUSION

PFMEA provides a document for the  analysis of future use and 

continuous process improvement. It is a systematic approach to 

the analysis, definition, estimation and evaluation of risk of 

failure. Following a standard configuration procedure will 

reduce the assembling time and improve the accuracy of the 

parts, thus increasing the quality and productivity of the 

process. Many measures, such as standard operating procedures 

(SOP), the correct depth of the master piece provide 

configuration, in-process inspection, process design and 

Minspection of the first part. The PF   EA analysis can easily 

help improve the efficiency of the production process and the 

quality of the product, thus reducing the number of defective 

products and saving time and reprocessing costs.



17

INDUSTRIAL ENGINEERING JOURNAL
August 2018

REFRENCES

1. Dale B.G. and P.Shaw, (1990), “Failure mode and effects 
analysis in the U.K. motor industry: A state of the art study”, 
Quality and Reliability Engineering International, Vol. 
6(3), 1990, pp. 179 – 188.

2. Gupta G. & Mishra R.P. (2016), “A Failure Mode Effect and 
Criticality Analysis of Conventional Milling Machine Using 
Fuzzy Logic: Case Study of RCM”, Quality and Reliability 
Engineering International, Vol. 06, 2016, pp 125-136.

3. Hoseynabadi A. and Tavner, (2010), “Failure mode and 
effect analysis for wind turbines”, International journal of 
electrical power and energy systems, Vol. 32(7), 2010, pp. 
817-824.

4. Ioannis S. Arvanitoyannis and Theodoros H. Varzakas, 
(2008) “Application of ISO 22000 and failure mode and 
effect analysis [FMEA] for industrial processing of salmon: 
A case study”, Critical reviews in Food science and 
Nutrition, Vol. 48,208, pp. 411-429.

5. Salvi R.K., Agarwal C., Nandwana B.P. & Saloda M.A., 
(2016), “Failure Mode and Effect Analysis for CNC 
Machines Used In GG Valves Industry”, International 
Journal of Fracture and Damage Mechanics, Vol. 1(1), 
2016, pp 22-33.

6. SAE International (2009), “PFMEA in Manufacturing and 
Assembly Processes” J1739 JAN2009.

7. Segismundo Andre, Paulo Augusto Cauchick Miguel in new 
product development: A case study in an automotive 
company", & Reliability Management, Vol. 25(8), 2008, 
pp.899-912.

8. Shi Jun-Li, Wang Ya-Jun, and Zhou Mao Jun (2016), “A 
Modified Method for Risk Evaluation in Failure Mode and 
Effects Analysis” Journal of Applied Science and 
Engineering, Vol. 19(2), 2016, pp. 177186.

9. Sheng HsienTeng and Shin Yann Ho, (1996), “Failure Mode 
and Effects Analysis- An Integrated approach for product 

design and process control”, International journal of quality 
& reliability management, vol. 13(5), 1996, pp 8-26.

10. Stamatis, D.H. (1995), “Failure mode and effect analysis: 
FMEA from theory to execution. New York: AQC Press.

11. Wang X., Zhang Y. & Shen G. (2016), “An improved FMECA 
for feed system of CNC machining center based on ICR and 
DEMATEL method”, The International Journal of 
Advanced Manufacturing Technology, Vol. 83, 2016, pp. 43-
54.

12. Wu Z., Ahmad J. & Xu J. (2016), “A group decision making 
framework based on fuzzy VIKOR approach for machine 
tool selection with linguistic information”, Applied Soft 
Computing, Vol. 42, 2016, pp. 314-324.

13. Yang Z. Xu B., Chen F., Hao Q., Zhu X. & Jia Y. (2010), “A 
new failure mode and effects analysis model of CNC 
machine tool using fuzzy theory”, International Conference 
on Information and Automation, Vol. 32, 2010, pp 24-35.

14. Zhou Q. & Thai V.V. (2016), “Fuzzy and grey theories in 
failure mode and effect analysis for tanker equipment failure 
prediction”, Safety Science, Vol. 83, 2016, pp. 74–79.

AUTHORS

Anshu Kumar, Research Scholar, Department of Mechanical 
Engineering, Vikrant Institute of Technology & Management, 
Indore, India, 453441. Email: anshukrsinha@gmail.com 

K.K. Sahu, Assistant Professor, Department of Mechanical 
Engineering, Vikrant Institute of Technology & Management, 
Indore. Email: kiran.ranu29@gmail.com

Dr. Rakesh Kumar Malviya, Assistant Professor, Department 
of Mechanical Engineering, S.V.I.T.S., Shri Vaishnav 
Vidyapeeth Vishwavidyalaya, Indore, India, 453111. Email: 
rakeshmalviya.2007@gmail.com



18

INDUSTRIAL ENGINEERING JOURNAL
August 2018

A
p

p
en

d
ix

-I
, P

ro
ce

ss
 F

ai
lu

re
 M

od
e 

E
ff

ec
t 

&
 A

n
al

ys
is

 (
P

F
M

E
A

)
 

P
ar

t 
no

. &
 N

am
e 

: 
**

**
**

*/
 S

ub
-a

ss
em

bl
y 

of
 c

am
sh

af
t

 
T

ea
m

 m
em

be
r:

 
D

oc
. N

o.
 x

xx
x

 
C

us
to

m
er

 n
am

e:
 x

xx
xx

x 
lt

d.

 
R

ev
is

io
n 

da
te

 :

 

O
P

N
.

N
o.

P
ro

ce
ss

 f
u

n
ct

io
n

 

 
R

eq
u

ir
em

en
t

 

 

Risk No.

 
 

P
ot

en
ti

al
 F

ai
lu

re
 

M
od

e

 

 
P

ot
en

ti
al

 E
ff

ec
t 

(s
) 

of
 F

ai
lu

re

 

Severity 
(S)

 

 
P

ot
en

ti
al

 C
au

se

 

Occurrence 
(O)

 

C
u

rr
en

t 
p

ro
ce

ss
 c

on
tr

ol  

Detection 
(D)   

R
P

N

 
 

P
re

ve
n

ti
ve

 
 

D
et

ec
ti

ve  

10

L
oa

d 
ca

m
sh

af
t 

on
 

w
oo

dr
uf

f 
ke

y 
fi

tm
en

t 
fi

xt
ur

e 
&

 W
oo

dr
uf

f 
ke

y 
fi

tm
en

t 
on

 c
am

sh
af

t.

 

 
K

ey
 f

it
m

en
t

 

 
1

 

 
K

ey
 m

is
si

ng

 

 
A

bn
or

m
al

 N
oi

se
 d

ur
in

g 
te

st
in

g 
&

 r
eq

ui
re

d 
re

w
or

k 
of

 d
ef

ec
ti

ve
 

en
gi

ne

 

 
8

 

O
pe

ra
to

r 
m

is
se

d 
th

e 
op

er
at

io
n 

of
 

w
oo

dr
uf

f 
ke

y 
fi

tm
en

t 
on

 c
am

 
sh

af
t

 

 
2

 

 
S

O
P

 

 
E

ng
in

e 
T

es
ti

ng  

 
8  

 
12

8  

 
In

cl
in

ed
 f

it
m

en
t 

of
 k

ey

 

 
2

 

 
K

ey
 n

ot
 f

it
te

d 
in

cl
in

ed

 

G
ea

r 
fi

tm
en

t 
di

ff
ic

ul
t 

&
 g

ea
r 

ge
ts

 i
nc

om
pl

et
el

y 
fi

tt
ed

 

re
su

lt
in

g

 
in

 r
ec

ti
fi

ca
ti

on
 o

f 
de

fe
ct

iv
e 

as
se

m
bl

y

 

 
3

 

O
pe

ra
to

r 
un

aw
ar

e 
of

 c
or

re
ct

 a
ss

em
bl

y 
pr

oc
ed

ur
e

 

 
4

 

 
S

O
P

 

D
ur

in
g 

pr
es

s 
fi

tm
en

t 
of

 c
am

 g
ea

r 
on

 c
am

 s
ha

ft  

 
6  

 
72

 

20
L

oa
di

ng
 o

n 
ca

m
 g

ea
r 

pr
es

si
ng

 m
ac

hi
ne

 &
 

T
hr

us
t 

pl
at

e 
m

ou
nt

in
g.

 

 
T

hr
us

t 
pl

at
e

 
 

3

 

 
T

hr
us

t 
pl

at
e 

m
is

si
ng

 

F
it

m
en

t 
of

 c
am

 s
ha

ft
 o

n 
en

gi
ne

 
no

t 
po

ss
ib

le
 &

 n
o 

be
ar

in
g 

ef
fe

ct

 

fo
r 

ca
m

 s
ha

ft
 &

 r
eq

ui
re

d 
re

ct
if

ic
at

io
n 

of
 d

ef
ec

ti
ve

 

 
5

 

O
pe

ra
to

r 
m

is
se

d 
th

e 
op

er
at

io
n 

of
 t

hr
us

t

 

pl
at

e 
fi

tm
en

t 
on

 
ca

m
 s

ha
ft

 

 
2

 

 
S

O
P

 

 

D
ur

in
g 

as
se

m
bl

y 
of

 
ca

m
 s

ha
ft

 o
n 

en
gi

ne  

 
4  

 
40

 

30
F

it
m

en
t 

of
 c

am
 g

ea
r 

on
 

ca
m

sh
af

t 
by

 p
re

ss
in

g 
m

ac
hi

ne

 

   
C

am
 g

ea
r 

fi
tm

en
t

 

 
4

 

 
C

am
 g

ea
r 

m
is

s

 

F
it

m
en

t 
of

 c
am

 s
ha

ft
 o

n 
en

gi
ne

 
no

t 
po

ss
ib

le
 &

 r
eq

ui
re

d 
re

ct
if

ic
at

io
n 

of
 d

ef
ec

ti
ve

 

as
se

m
bl

y

 

 
3

 

O
pe

ra
to

r 
m

is
se

d 
th

e 
op

er
at

io
n 

of
 c

am
 

ge
ar

 f
it

m
en

t 
on

 c
am

 

sh
af

t

 

 
2

 

 
S

O
P

 

 

D
ur

in
g 

as
se

m
bl

y 
of

 
ca

m
 s

ha
ft

 o
n 

en
gi

ne  

 
4  

 
24

 

  

5

 

 
C

am
 g

ea
r 

or
ie

nt
at

io
n 

w
ro

ng

 

 

G
ea

r 
ti

m
in

g 
se

tt
in

g 
no

t 
po

ss
ib

le
 

&
 r

eq
ui

re
d 

re
w

or
k 

of
 d

ef
ec

ti
ve

 
as

se
m

bl
y

 

  

5

 

O
pe

ra
to

r 
m

is
ta

ke
nl

y 
as

se
m

bl
ed

 g
ea

r 
in

 
w

ro
ng

 o
ri

en
ta

ti
on

 /
 

un
aw

ar
e 

of
 c

or
re

ct

 

as
se

m
bl

y 
pr

oc
ed

ur
e

 

  

1

 

S
O

P 
&

 P
ok

a-
yo

ke
 

fo
r 

de
te

ct
in

g 
co

rr
ec

t 
or

ie
nt

at
io

n 
of

 g
ea

r 
be

fo
re

 
as

se
m

bl
y

 

  

W
hi

le
 g

ea
r 

ti
m

in
g  

  

4  

  

20

 

40
F

it
m

en
t 

of
 w

as
he

r 
on

 c
am

 
ge

ar

 

W
as

he
r 

fi
tm

en
t

 

 

6

 
 

W
as

he
r 

m
is

s

 

D
is

tr
ib

ut
io

n 
of

 p
re

ss
ur

e 
no

t 
ev

en
ly

 o
n 

ca
m

 g
ea

r

 

 

3

 

O
pe

ra
to

r 
m

is
se

d 
th

e 
op

er
at

io
n 

of
 w

as
he

r

 

fi
tm

en
t

 

 

5

 
 

S
O

P

 
 

V
is

ua
ll

y  
 

8  
 

12
0  

50
T

ig
ht

en
in

g 
th

e 
bo

lt
 w

it
h 

w
as

he
r 

on
 c

am
 g

ea
r

 

T
ig

ht
en

in
g 

of
 b

ol
t 

to
 

4~
6 

kg
f-

m
  

7
  

B
ol

t 
m

is
s

 

T
.G

.C
as

e 
da

m
ag

e 
du

e 
to

 c
am

 
ge

ar
 c

am
e 

ou
t 

du
ri

ng
 t

es
ti

ng
 &

 
re

qu
ir

ed
 r

ew
or

k 
of

 d
ef

ec
ti

ve
 

en
gi

ne
  

6
 

O
pe

ra
to

r 
m

is
se

d 
th

e 
op

er
at

io
n 

of
 

m
ou

nt
in

g 
nu

t 
fi

tm
en

t 
on

 c
am

 g
ea

r
  

1

S
O

P 
&

 P
ok

a-
yo

ke
 

fo
r 

de
cl

am
pi

ng
 t

he
 

ca
m

 s
ha

ft
 a

ft
er

 
to

rq
ui

ng
 o

f 
m

ou
nt

in
g 

bo
lt

 o
n

ca
m

 g
ea

r

  

E
ng

in
e 

T
es

ti
ng

  

8
  

48



19

INDUSTRIAL ENGINEERING JOURNAL
August 2018

 

8
 

In
cl

in
ed

 f
it

m
en

t o
f 

bo
lt

 in
 m

ou
nt

in
g 

th
re

ad
 o

f 
ca

m
 s

ha
ft 

M
ou

nt
in

g 
th

re
ad

 o
f 

ca
m

 s
ha

ft
 

da
m

ag
e 

&
 r

eq
ui

re
d 

pa
rt

 to
 b

e 
re

w
or

ke
d 

 

5
 

O
pe

ra
to

r 
di

dn
't 

ha
nd

 ti
gh

te
ne

d 
2~

3 
of

 m
ou

nt
in

g 
bo

lt
s 

in
 

th
e 

m
ou

nt
in

g 
th

re
ad

s 
of

 c
am

 
sh

af
t

 

 

2
 

 

S
O

P
 

D
ur

in
g 

fi
tm

en
t o

f 
bo

lt
 o

n 
ca

m
 g

ea
r

 

 

3
 

30

 

9
 

      
B

ol
t t

or
qu

e 
le

ss 

    

T
.G

.C
as

e 
da

m
ag

e 
du

e 
to

 c
am

 
ge

ar
 c

am
e 

ou
t d

ur
in

g 
te

st
in

g 
&

 
re

qu
ir

ed
 r

ew
or

k 
of

 d
ef

ec
ti

ve
 

en
gi

ne
 

 

6
 

 G
un

 s
et

ti
ng

 to
 lo

w
 

va
lu

e
 

 

2
 C
al

ib
ra

ti
on

 o
f 

gu
n

 

on
ce

 in
 m

on
th

 &
 

10
0%

 to
rq

ui
ng

 
w

it
h 

fe
ed

ba
ck

 

li
m

it
er

 

 
E

ng
in

e 
T

es
ti

ng
 

T
or

qu
e 

A
ud

it
 

 

8
 

96

 

10
 

 

6
 

O
pe

ra
to

r 
ti

gh
te

ne
d

 

th
e 

bo
lt

 b
ut

 d
id

 n
ot

 
to

rq
ue

d 
it

.
 

 

1
 S

O
P 

&
 1

00
%

 

to
rq

ui
ng

 w
it

h 
fe

ed
ba

ck
 li

m
it

er
 E
ng

in
e 

T
es

ti
ng

 
T

or
qu

e 
A

ud
it

 

 

8
 

48

 
11

 
 

6
 

O
pe

ra
to

r 
m

is
se

d 
th

e 
op

er
at

io
n 

of
 

ti
gh

te
ni

ng
 th

e 
bo

lt
 

 
2

 
 

S
O

P
 

E
ng

in
e 

T
es

ti
ng

 
T

or
qu

e 
A

ud
it

 

 
8

 
96

 
12

 
 

6
 

T
or

qu
e 

w
re

nc
h 

to
rq

ue
 le

ss
 

 
2

 L
oc

k 
ty

pe
 li

m
it

er
 

pr
ov

id
ed

 o
n 

st
at

io
n

 

E
ng

in
e 

T
es

ti
ng

 
T

or
qu

e 
A

ud
it

 

 
6

 
72

 
13

 
  

B
ol

t t
or

qu
e 

m
or

e
 

 
M

ou
nt

in
g 

bo
lt

 b
re

ak
 in

si
de

 th
e 

m
ou

nt
in

g 
th

re
ad

 o
f 

ca
m

 s
ha

ft
 &

 
pa

rt
 r

eq
ui

re
d 

to
 b

e 
sc

ra
pp

ed
 

 
7

 
G

un
 s

et
ti

ng
 to

 
hi

gh
er

 v
al

ue
 

 
3

 
 

N
IL

 
D

ur
in

g 
fi

tm
en

t o
f 

bo
lt

 o
n 

ca
m

 s
ha

ft
 

 
3

 
63

 
14

 
 

7
 

T
or

qu
e 

w
re

nc
h 

to
rq

ue
 m

or
e

 

 
1

 S
O

P 
&

 1
00

%
 

to
rq

ui
ng

 w
it

h 
fe

ed
ba

ck
 li

m
it

er
 

D
ur

in
g 

fi
tm

en
t o

f 
bo

lt
 o

n 
ca

m
 s

ha
ft

 

 
3

 
21

60
U

nl
oa

di
ng

 o
f 

ca
m

sh
af

t o
n 

st
or

ag
e 

tr
ol

le
y.

 

  
N

o 
de

nt
 

on
 g

ea
rs

 

  
15

 

  
D

en
t o

n 
ge

ar
s

 

 
A

bn
or

m
al

 N
oi

se
 d

ur
in

g 
te

st
in

g 
&

 r
eq

ui
re

d 
re

w
or

k 
of

 d
ef

ec
ti

ve
 

en
gi

ne
 

  5
 

  Im
pr

op
er

 s
to

ra
ge

 

  
2

 P
ro

pe
r 

st
or

ag
e 

tr
ol

le
y 

to
 b

e 
pr

ov
id

ed
 to

 a
vo

id
 

co
nt

ac
t o

f 
ge

ar
s 

w
it

h 
ea

ch
 o

th
er

 
af

te
r 

as
se

m
bl

y.
 

  
E

ng
in

e 
T

es
ti

ng
 

  
8

 
80

 
N

o 
de

nt
 o

n 
ca

m
 s

ha
ft

 
jo

ur
na

ls
 

  
16

 

 
D

en
t o

n 
ca

m
 s

ha
ft

 
jo

ur
na

ls
 

F
it

m
en

t o
f 

ca
m

 s
ha

ft
 in

 it
s 

m
ou

nt
in

g 
ho

le
 in

 b
lo

ck
 n

ot
 

po
ss

ib
le

 / 
ca

m
 s

ha
ft

 r
ot

at
io

n 
ja

m
 

af
te

r 
fi

tm
en

t &
 r

eq
ui

re
d 

pa
rt

 to
 

be
 s

cr
ap

pe
d

 

  3
 

  Im
pr

op
er

 s
to

ra
ge

 

  
4

 

 
S

to
ra

ge
 tr

ol
le

y 
w

it
h 

se
pa

ra
ti

on
 

 
D

ur
in

g 
in

se
rt

io
n 

/ 
af

te
r 

fi
tm

en
t o

f 
ca

m
 

sh
af

t i
n 

bl
oc

k
 

  
3

 
36

N
o 

de
nt

 o
n 

ca
m

 s
ha

ft
 lo

be
s

 
17

D
en

t o
n 

ca
m

 s
ha

ft
 

lo
be

s

A
bn

or
m

al
 N

oi
se

 d
ur

in
g 

te
st

in
g

 
&

 r
eq

ui
re

d 
re

w
or

k 
of

 d
ef

ec
ti

ve
 

en
gi

ne
 

5
 Im

pr
op

er
 s

to
ra

ge
 

2
S

to
ra

ge
 tr

ol
le

y 
w

it
h 

se
pa

ra
ti

on
 

E
ng

in
e 

T
es

ti
ng

 
8

80


