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Measurement of Induced Noise Using Sound Level Meter at the Machine
Shop Laboratory for Students
Angelita M. Pagcaliwagan, Renato F. Del Rosario, Jaquemay D. Malabanan, Keycelyn L. Perlas
Lyceum of the Philippines University, Batangas City 4200, Philippines
jakelaguador@yahoo.com

ABSTRACT
This study primarily aimed to determine the measurement of noise at the machine shop laboratory
in Lyceum International Maritime Academy (LIMA) Campus of the Lyceum of the Philippines University
(LPU) in Batangas City regarding the physical environment during the laboratory hours and to determine
the problems encountered regarding noise of Senior Industrial and Mechanical Engineering students.
Descriptive method of research was utilized in the study. Students scheduled once a week to prevent
fatigue with the students. The number of hours with the different machines is one of the factor if the
students are having problem regarding with the noise. Grinding machine has a highest level of noise
among the machines. Industrial and Mechanical Engineering students agreed that noise can really affect
the performance of work and there was a time that they feel some discomfort relating to noise. Based on
the respondents they rate the noise level of the machines as moderate, not sufficient to perceive the noise
induced hearing loss.
Keywords: Induced Noise, Industrial Engineering, Mechanical Engineering, Sound Level Meter,
Machine Shop, LPU
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INTRODUCTION
Everyday people are exposed to noise. It is inevitable, at home or in work and all the risks this can
entail. While noise is most obviously a problem in industries such as manufacturing and construction, it
can also be an issue in a wide range of other working environments. Almost every aspect of modern life
generates noise – industrial processes, construction, office work and even home and leisure activities. A
variety of sources in natural, industrial, and community settings generate sound/noise. Sound is defined as
the result of the vibration of millions of air molecules traveling in waves to our ears. Sounds waves move
outward from the vibrating source, weaken, and may be reflected or bent by obstacles as they travel. Each
sound wave has a different frequency, or rate of speed. Humans are only able to hear sound that falls
between 30 to 12,000 cycles per second (www.eqb.state.mn.us, July 12, 2012).
Workplaces and other environments may contain equipment and machinery that produce
significant level of noise and vibration. Every operating machine tool, fan, or compressor in a building is
a potential source of noise. Vibration is a less common problem, but a closely related issue, that may be of
concern when people drive vehicles, operate equipment, or use of power tools. Any sound may be
annoying and thus be conceived as noise. The threshold for noise annoyance varies, depending on the
conditions, including the sensitivity and mental state of the individual. Noise can create negative
emotions, feelings of surprise, frustration, anger, and fear. It can delay the onset of sleep, awaken a person
from sleep, or disturb someone’s rest. Noise can make it difficult to hear desirable sounds. Too much
exposure to noise can produce temporary or permanent alterations in body chemistry. It can temporarily
2
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or permanently change one’s hearing capability. It can also interfere with some human sensory and
perceptual capabilities and thereby degrade the performance of task (Kroemer, 2001).
Anyone who is exposed to noise is potentially at risks. The higher the noise level and the longer
you are exposed to it, the more risks you have of suffering harm from noise. Noise can have many effects
on people. It can irritate people, interfere with verbal communication, and reduce working efficiency and
damage hearing. Hearing loss caused by noise is insidious and permanent. It can cause isolation at home
and socially and decrease efficiency at work. Unfortunately, lost hearing is gone forever. Hearing aids
offer only limited help in decoding the distorted message. Hearing aids offer only limited help in
decoding the distorted message.
The machine shop is a facility with equipment and supplies for machining, a process where parts
are cut, fabricated, and finished to prepare them for use.

It is composed of heavy equipments including

lathe machines and grinding machines that cause noise. The LIMA machine shop laboratory has safety
protocols to address common safety concerns. Before students can use the equipments, they need to be
trained and they are expected to wear safety gears like gloves, goggles and face coverings while they
work. A safety officer is charged with inspecting the machine shop periodically to identify and address
safety hazards. Those students who were enrolled in the program learn to work with equipment in the
context of working on metals and can apply their machine shop skills to professional trades after
graduation.
This study primarily focused on Industrial and Mechanical students who experienced working in
the Machine Shop. It also covered the machines that producer of noise like grinding machine, drilling
3
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machine and lathe machine. The researchers do not include the hand grinder, which can also a producer of
noise, because respondents did not have the chance to use it during Machine Shop hour.
The researchers believe that the compilation of this study will help future researchers gain
valuable insights about noise level and awareness about noise. This will beneficial to the following: To
the engineering students, this will improve their knowledge in regarding Safety and Health. To the
researchers, this will serve a basis for acquiring ideas and knowledge regarding Ergonomics.

To the

Lyceum of the Philippines University, this study will serve as reference in concerning the health and
safety of the Engineering students. To the employees of LPU, this will help to recognize the hazards
produce by noise not only in the machine shop and also in their everyday lives. To the other machine shop,
this study will find ways to improve their safety precautions and taking care of their operators.
This study determines the measurement of noise at machine shop laboratory in LIMA regarding
the physical environment of the laboratory during the laboratory hours of the users which are 3rd to 4th
year Industrial Engineering students and 3rd to 4th year Mechanical engineering students of the College of
Engineering in Lyceum of the Philippines University. It will help in determining if there are other sources
of noise and the existing number of machines that cause noise in the machine shop. This study seeks to
determine the problems encountered by the students when performing their task in the machine shop and
to know if noise will affect the productivity of the students. It will also determine the effects of the noise
to the students of LIMA. Hence, the researchers aimed the “Evaluation of Noise Level in the Machine
Shop Laboratory of LIMA among Engineering Students”.
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MATERIALS AND METHODS
Descriptive type of quantitative research method was utilized in the study. Quantitative research
generates numerical data or data that can be covered into numbers for statistical review. Data is most
often collected in the form of questionnaire or survey. Sixty five (65) 3rd and 4th year Industrial and
Mechanical engineering students answered the researcher-made questionnaire. The survey was
administered personally by the researchers during the 1st Semester SY 2012-2013. Percentage and
cumulative frequency were the statistical tools utilized in the study.
In order to have a good study, the researchers gathered information about a problem through
reading books, internet, going to the libraries and getting suggestions from the research expert. The
researchers obtained the data and information through the use of questionnaires that were distributed to
the Industrial and Mechanical Engineering students. The researchers also informed the respondents
regarding the purpose and significance of the study, also in the questionnaire the researchers stated that all
answers will be keep confidential. The research data were analyzed and interpreted.
This study used simple statistical treatment to analyze and interpret the data gathered. The data
were analyzed through the frequency count of responses to each item in the questionnaire. Frequency
count, percentage and cumulative frequency were the statistical tools utilized in the study.

RESULTS AND DISCUSSION
Table 1 presents the profile of the respondents in terms of age, gender, course and year level of the
respondents.
5
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Table 1
Profile of the Respondents
Age
Frequency
%
______________________________________________________________________
18
25
38.46
19
23
35.38
20+
17
26.15
Total:

65

100

Gender
______________________________________________________________________
Male
48
73.85
Female
17
26.15
Total:

65

100

Table 1 (con.)
Profile of the Respondents
Course
______________________________________________________________________
BSIE
44
67.69
BSME
21
32.31
Total:

65

100

Year Level
______________________________________________________________________
3rd
36
55.38
4th
29
44.62
Total:

65

100

Twenty-five (25) of 65 respondents or 38.46 percent is aging eighteen, twenty three (23) or 35.38
percent is at the age 19 and seventeen (17) or 26.15 percent have the age of 20 above. Majority of the
engineering students are male with forty-eight (48) or 73.85 percent while their female counterpart is
composed of seventeen (17) or 26.15 percent. Most of the respondents came from BSIE students with
forty-four (44) or 67.69 percent, while the BSME has twenty-one (21) or 32.31 percent. Thirty-six (36) or
6
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55.38 percent of the respondents came from 3rd students while the twenty-nine (29) or 44.62 percent
came from 4th year students.
Table 2 presents the number of days does the respondents scheduled to work in the Machine Shop.
Table 2
Number of day/s of Respondents’ Schedule in the Machine Shop
Days

Frequency

%

Cumulative Frequency
<

1
2
3
Others

27

11

Total

>

41.54
19
29.23
8
12.37
16.92

65

27

65
46
54

6

38
19
11

100

Majority of the respondents are working at the Machine Shop once a week with the frequency of
twenty-seven (27) or 41.54 percent, next is the frequency of nineteen (19) or 29.23 percent of respondents
working at the Machine Shop. And to be followed by others that have a frequency of eleven (11) or 16.92
percent, they are the respondents who their machine shop lasted school year. Lastly, the remaining that
has a frequency of eight (8) or 12.37 percent those are respondents working with at the Machine Shop
thrice a week.
Table 3 presents the number of working hours with the different machines in the Machine Shop
Table 3
Utilization of Machines in the Machine Shop
Cumulative Frequency
Hour
Frequency

%

<

>
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1

0

0

0

65

2

0

3

51

78.46

4

2

3.08

0

0

65

Others

12

Total

51
53

18.46
65

14
12
65

0

100

There is no frequency or percent between one and a half hour

(1

) and two (2) hours.

Majority of the respondents were working for three (3) hours or 78.46 percent of respondents, others
having twelve (12) or 18.46 percent of respondents there are those who worked in the machine shop last
school year. And last, four hours of working at the machine shop that has two (2) frequency or 3.08
percent of respondents.
Table 4 shows the different machine operation of respondents conducted at the LIMA Machine
Shop.

Table 4
Different Operation Conducted at the Machine Shop
Cumulative Frequency
Activities
Frequency
Drilling
Welding
Working with lathe machine
Grinding
Others

60
58
63
61
11

%

<

23.71
22.92
24.90
24.11
4.34

>
60
118

253
195
181

132

242
253

71
60
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Total

253

100

The respondents prefer to used the four usual operation in the machine shop, working with lathe
machine operation that has the highest frequency of sixty-three (63) or 24.90 percent, grinding operation
with the frequency of sixty-one (61) or 24.11 percent of respondents, drilling operation with the
frequency of sixty (60) or 23.71 percent of respondents and welding operation with the frequency of
fifty-eight (58) or 22.92 percent. And others, got the lowest frequency of eleven (11) or 4.34 percent,
which is the other operation done in the machine shop.
Table 5 shows what machines do the respondents think that may produce noise in the machine
shop.
Table 5
Different Machines that May Produce Noise at the Machine Shop

Cumulative Frequency
Activities
Frequency
Grinding Machine
64
Lathe Machine
7
Drilling Machine
7
Others
0
Total

78

0

%

<
82.05
8.97
8.97
78

>
64
71
78

78
14
7

7

100

Sixty-four (64) out of seventy-eight (78) percent favor that the grinding machine is the one machine
that produce more noise than lathe machine and drilling machine that has the same frequency of seven (7)
or 8.97 percent of respondents.
Table 6 shows the number of respondents who thinks that noise can affect their performance while
9
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working in the Machine Shop.
Table 6
Result if Noise Can Affect the Performance while Working at the Machine Shop
Cumulative Frequency
Frequency
Yes

36

No

29
Total

%

55.38

<

>

36

65

44.62
65

65

29

100

Thirty-six (36) or 55.38 percent out of sixty-five (65) respondents says that noise can really affect
one performance. And the remaining respondents answered no with the frequency of twenty-nine (29) or
44.62 percent.
Table 7 shows the number of respondents who feel any discomfort regarding to noise.
Table 7
Number of Respondents that Feel Discomfort Regarding to Noise
Cumulative Frequency
Frequency
Yes
No

37
28
Total 65

%
56.92
43.07

<

>

37
65

65
28

100

Majority of the respondents answered yes, they feel any uneasiness regarding to noise. The
respondents answered yes have the frequency of thirty-seven (37) or 56.92 percent. And the remaining
respondents answered no have a frequency of twenty-eight (28) or 43.07 percent.
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Table 8 shows the discomforts regarding to noise that can respondents may encounter while
performing at Machine Shop.

Table 8
Discomfort may Experience by the Respondents Regarding to Noise

Cumulative Frequency
Frequency

%

Annoyance
25
Disturb Verbal Communication
Stress
2
Hearing Loss
8
Others

40.98
26
3.28

Total

61

<
25
42.62
53
13.11
61

>

61
51

36
10
8

100

The Table 8 is a response with the data from Table 7 from the question “Do you feel any
discomfort regarding to noise while performing at the Machine Shop?”, and the Table 8 is only to the
respondents who answered “YES” from the given questionnaire.
Majority of the respondents answered that “Annoyance” with twenty-five (25) frequency or 40.98
percent and “Disturb in verbal communication” with twenty-six (26) frequency or 42.62 percent are the
discomforts they feel concerning to noise. Eight (8) or 13.11 of the respondents perceived that they feel
“Hearing loss” while two (2) or 3.28 percent answered “Stress”.
The Table 9 shows the perceived noise level produced by the machines in the Machine Shop.
Table 9
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Perceived Noise Level Produced by the Machines in the Machine Shop
Cumulative Frequency
Noise Level

Frequency

High
Moderate
Low
Total

7
58
0

%

<

10.77 7
89.23 65
0

65

>

65
58
65

0

100

Majority of the respondents perceived a “Moderate” level of noise produced by the machines with
the frequency of fifty-eight (58) or 89.23 percent. And seven (7) or 10.77 percent of the respondents
perceived “High” level of noise produced by the machines. Noise level “Low” with the frequency of zero
(0) or 0 percent, this means that no one perceived low level of noise that machines can produce.

Figure 1. Machine Shop Layout in LPU
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The Figure 1 shows the top view of the Machine Shop layout. It is subdivided into three parts;
lathe machines area, grinding machines area and the welding zone.
The proponents chose to measure only the level of noise of the two machines which are the lathe
machine and the grinding machine. There are four lathe machines the other one is not functioning and two
grinding machine at the machine shop, the increase in the quantity of machine can also increase the level
of noise.

Table 10
The Measurement of the Noise Level of two Different Machine in their
Respective Distance and Operation
10 inches

Lathe Machine
Three Lathe Machine

was Operating

Only One Lathe Machine was Operating
Grinding Machine
Two Grinding Machine was Operating

76.4 dB

156 inches

60.3 dB

N/A

90.4 dB

N/A

76.4 dB

10 inches

83.7 dB

100 inches

69.5 dB

N/A

88.1 dB

Table 10 shows the data gathered by the proponents. These are the measurement of level of noise
of lathe machine and grinding machine in their respective distance and without distance. The proponents
used sound level meter in measuring the level of sound of two machines and using the noise chart that can
be browse in the Related Literature of Chapter 2, the rate of noise can be determined. Lathe machine
13
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with10 inches distance from the operator has 76.4 dB, the acquire dB level is “very loud” and if the
distance is 156 inches away from the machine, it has 60.3 dB it can be rate as “moderate”. Not
considering of the distance, if three lathe machine was operating the acquire sound level is 90.4 and it rate
as “extremely loud” and if only one lathe machine was operating it has a level of 76.4, the acquire dB is
“very loud”
Measuring the noise level of grinding machine with the distance of 10 inches, the level of noise is
83.7 dB, it rate as “very loud” and when the distance is 100 inches, the level of noise is 69.5 dB, the
rating also is “very loud”. When the two grinding machine is operating, without the distance the acquire
noise level is 88.1 dB, the rating is “very loud”. Grinding machine and lathe machine were considered as
a hazardous to human, it can be very damaging to hearing.

CONCLUSIONS AND RECOMMENDATIONS
The noise level at the LIMA Machine Shop is not excessive, therefore the effect of noise is not
severe as a trauma and NIHL (noise-induced hearing loss). Based on the noise chart the noise level of
grinding machine and lathe machine are “Very Loud”, having the average noise level of 78 dB. It can
cause discomfort and stress to the workers. According to the engineering students, based on their
experience working with the machines, the rate the noise level of the machine is “Moderate”
The safety officer or instructor must strengthen the orientation to the engineering students about
14
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the possibilities or risks that might happen to them in conducting different operation with the machine.
The orientation will help them to work safely and responsible. Students who have a longer working time
with the machine must have a break time of 10 – 15 minutes, for them to recover and to avoid fatigue.
Even if the noise level is not excessive, students must provide hearing protection device like ear plugs.
The working environment and position of the machine must be analyzed, machines must be organized
according to the noise they produce. Using sound absorbing materials on walls or ceilings could help to
limit the transmission of sound.

The future researchers may conduct the same study but the respondents

could be the traffic enforcers who are not aware of the hazardous effect of noise produce by the different
vehicles.
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ABSTRACT
An attempt has been made to discuss the effect of rotation of magnetic particles on the ferrofluid based
squeeze film performance between two porous rough annular plates when the upper plate approaches the
lower one normally. The Reynolds type equation is stochastically averaged with respect to the random
roughness parameter characterizing the random roughness. Expression for pressure distribution is
obtained by solving the associated stochastically averaged Reynolds type equation. Further, this leads to
the calculation of load carrying capacity of the bearing. The load carrying capacity is observed to be
increasing when the volume concentration of the magnetic particles or the curvature of the upper plate are
increased. Although, the effect of porosity and standard deviation associated with roughness is adverse,
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this article presents some measures to overcome this adverse effect in the case of negatively skewed
roughness by the positive effect of the magnetization suitably choosing the curvature parameter.

KEYWORDS
Roughness, Rotation of Magnetic particles, Pressure, Curved annular plates, Porosity
INTRODUCTION
Moore (1965) gave an account of the development of squeeze films from the days of original
Reynolds-Stefan equation. Fundamental equations incorporating the effects of inertia, variable viscosity,
non-Newtonian fluids, surface tension, dynamic loading and surface wear presented. The study of
squeeze film behaviour between flat annular plates is a classical (Khonsari and Booser (2001), Wu (1970;
1971)). It is well known that vibrations in jet engines can be absorbed using annular squeeze films
between engines bearing and their support. However, owing to elastic, thermal and uneven wear effects,
the plates encountered in practice are not actually flat. With this point of view Shah and Bhat (2005)
considered ferrofluid squeeze film between curved annular plates including rotation of magnetic particles
in the case of an exponentially curved upper plate. Here the ferrofluid lubricant was under a constant
transverse magnetic field while the flow was based on Shliomis model (1972). Recently, various
investigations have been made using a ferrofluid as the lubricant owing to its advantages such at long life,
silent operation and reduced wear. Even with an appropriate magnetic field the ferrofluid lubricant can
prevent leakages. It can also be fixed at the friction zone by applying an external magnetic field.

In general, the magnetic fluid can outperform non-magnetic lubricants in lubricating magnetic pairs
owing to the magnetic attraction that leads to an effective adhesion of the magnetic lubricant on to the
friction surface. Kaiser and Miskolczy (1970) prepared stable colloidal dispersions of sub domain size
magnetic particles that retain their liquid characteristics in the presence of a magnetic field. Phan-Thien
(1982) derived an averaged Reynolds equation using the two-space homogenization method and applied
this equation to a squeeze film bearing with a sinusoidal or an isotropic surface roughness. Verma (1986)
18
ISSN 2304-7445

Journal of Mechanical and Industrial Engineering Research, Vol. 2, No.2, 2013

initiated the study of a squeeze film under the presence of a ferrofluid. Bhat and Deheri (1991) considered
the squeeze film behaviour between porous annular discs. Shah et al. (2002) extended their study to
include the curvature of the upper disc and rotation of both discs. Gupta and Vora (1980) analyzed the
squeeze film behaviour between curved annular plates. From these investigations it was established that
magnetization of the fluid increased the load carrying capacity of the bearing studied. In these
investigations Neuringer-Rosensweig model was used for the ferrofluid lubricant under a
variable/magnetic field. The Neuringer-Rosensweig model fails to give any contribution to the flow field
when a constant magnetic field is used unlike the case of Shliomis model (1972) which was resorted to by
Sinha et al. (1993) and by Shukla et al. (1987).

The bearing surfaces develop roughness particularly, after receiving some run in and wear. The
random character of the roughness was recognized by Christensen and Tonder (1969 a; 1969 b; 1970)
who used a stochastic method to characterize the random roughness. Subsequently, the method developed
by Christensen and Tonder was adopted in a number of investigations (Ting (1975), Sinha and Singh
(1982), Prakash and Tiwari (1982; 1983; 1985), Chikazumi et al. (1987), Prajapati (1991; 1992), Guha
(1993), Gupta and Deheri (1996), Andharia et al. (1999)). It was conclusively established that the surface
roughness induced a significant effect on the performance of the bearing system in general while the
transverse surface roughness turned in an adverse effect in particular. Patel and Deheri (2004) considered
the magnetic fluid based squeeze film behaviour between annular plates and analyzed the effect of
transverse surface roughness. Vadher et al. (2008) analyzed the performance of a hydrodynamic squeeze
film between two conducting rough porous annular plates. Deheri and Abhangi (2008) observed the
squeeze film behaviour in curved rough circular plates under the presence of a magnetic fluid lubricant.

The above three studies proved that the negative effect of transverse roughness can be reduced by
the positive effect of magnetization. Therefore it was deemed appropriate to analyze the behaviour of a
curved squeeze film between two transversely rough annular plates with a ferrofluid lubricant under a
19
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constant transverse magnetic field making use of the Shliomis model.

ANALYSIS

Fig. I Configuration of the Bearing system
The bearing consists of two annular plates each of inside radius b and outside radius a (a >b). The geometry and
configuration of the problem is displayed in Fig.1. The film thickness h is taken as in Murti (1975)

h=h e
0

− β r2

b≤r≤a

(2.1)
where r is the radial coordinate, h0 is the central film thickness and β is the curvature of the upper plate. The
upper plate approaches the lower with a constant normal velocity

dh
h&0 = 0
dt
With the usual assumption of hydromagnetic lubrication, the film pressure p is given by (Shah and Bhat (2005),
Andharia et al. (2001), Ting (1975))
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dp 
1 d 
 5 
 G (h ) r  = 12η 0 1 + ϕ  (1 + τ ) h&0
r dr 
dr 
2 

(2.2)
where

G (h ) = h3 + 3αh 2 + 3 α 2 + σ 2 h + 3σ 2α + α 3 + ε + 12φ H


and

η , ϕ and τ are the viscosity of the liquid, volume concentration of the magnetic particles and the
0

rotational viscosity parameter respectively. With the introduction of the dimensionless quantities

h=

W=

h
,
h
0

α =

α
h

,

σ =

0

σ
h0

,

ε=

ε
h 3
0

,ψ =

φH
h 3
0

,

R=

r
,
b

β = β b2, P =

− h30 p
,
η b 2 h&
0
0

− h30 w
2π η b 4 h&
0
0

Equation (2.2) transforms to

2


1 d   − 3β R 2
− 2β R 2
 α 2 + σ 2 e − β R +  3σ 2α + α 3 + ε + 12ψ  R dP 
e
+
3
α
e
+
3





 dR 
R dR  




 5 
= − 12 1 + ϕ  (1 + τ )
 2 
(2.3)
in view of Equation (2.1).
Solving Equation (2.3) subject to the boundary conditions
P (1) = P (k ) = 0 ,

a
where k = , one obtains the dimensionless pressure P as
b
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 5 
1 + ϕ  (1 + τ )
R G (R )
 2 
P=N ∫
dR −
( G(R ) − G(1) )
R
β
1

(2.4)

where

 5 
1 + ϕ  (1 + τ ) ( G(k ) − G(1) )
2 
N=
k G (R )
β∫
dR
R
1
and

G  R  = e

3 βR 2

+ 3α e

2 βR 2

+ 3 α 2 + σ 2 e



βR 2

+  3σ 2 α + α 3 + ε + 12ψ 



Now the load carrying capacity W of the bearing can be expressed in non dimensional form as

k
1k
dP
W = ∫ R P dR = − ∫ R 2
dR
21
dR
1

=−



 5 
Nβ ( G (k ) − G (1) ) − 21 + ϕ  (1 + τ )( A − B )

 2 

12 β 2 
1

(2.5)
where

A =  3β k 2 − 1 e



3β k 2

B = (3β − 1) e

3β

βk2  2
2β k 2
+ 3α  2β k 2 − 1 e
+ 3 α 2 + σ 2   β k 2 − 1 e
+  3σ α + α 3 + ε + 12ψ 








+ 3α (2β − 1) e

2β

and

β
+ 3 α 2 + σ 2  (β − 1)e +  3σ 2α + α 3 + ε + 12ψ 





RESULTS AND DISCUSSION

It is clearly seen that the Equation (2.4) presents the expression for the dimensionless pressure
distribution while the non dimensional load carrying capacity is determined from Equation (2.5). The
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squeeze film performance between flat rough surfaces can be obtained by letting

tending to zero.

Further, setting roughness parameters to be zero this study transforms to the ferrofluid based squeeze film
in annular plates studied by Bhat and Deheri (1991) in the absence of rotation of magnetic particles. It can
be seen that the current investigations transforms to the discussion of Shah and Bhat (2005) in the absence
of porosity and roughness. A comparison of this paper with that of Shah and Bhat (2005) indicates that the
situation is a little bit improved here in spite of the adverse effect of porosity and standard deviation
associated with roughness.
The variation of non dimensional load carrying capacity with respect to the rotational viscosity parameter
(τ) presented in Figures 2-7 makes it clear that the load carrying capacity increases sharply due to the
magnetization.

Fig. 2 Variation of load carrying capacity with respect to τ and ᾱ

Fig. 3 Variation of load carrying capacity with respect to τ and ε̄
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Fig. 4 Variation of load carrying capacity with respect to τ and

Fig. 5 Variation of load carrying capacity with respect to τ and φ

Fig. 6 Variation of load carrying capacity with respect to τ and σ̄
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Fig. 7 Variation of load carrying capacity with respect to τ and ψ
The effect of variance on the load carrying capacity is displayed in Figures 8-12. It is clearly seen that
variance (+ve) increases the load carrying capacity while variance (-ve) decreases the load carrying
capacity. It is interesting to note that this is unlike the case when there is no rotation of the magnetic
particles as discussed in Vadher et al. (2008).

Fig. 8 Variation of load carrying capacity with respect to ᾱ and ε̄

Fig. 9 Variation of load carrying capacity with respect to ᾱ and
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Fig. 10 Variation of load carrying capacity with respect to ᾱ and φ

Fig. 11 Variation of load carrying capacity with respect to ᾱ and σ̄

Fig. 12 Variation of load carrying capacity with respect to ᾱ and ψ
The effect of standard deviation depicted in Figures 13-16 indicates that the load carrying capacity
decreases sharply with increasing values of standard deviation.
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Fig. 13 Variation of load carrying capacity with respect to σ̄ and ε̄

Fig. 14 Variation of load carrying capacity with respect to σ̄ and

Fig. 15 Variation of load carrying capacity with respect to σ̄ and φ
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Fig. 16 Variation of load carrying capacity with respect to σ̄ and ψ
Figures 17-19 established that the trend of the load carrying capacity with respect to skewness is
opposite to that of the variance. In fact, negatively skewed roughness increases the load carrying capacity
significantly.

Fig. 17 Variation of load carrying capacity with respect to ε̄ and

Fig. 18 Variation of load carrying capacity with respect to ε̄ and φ
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Fig. 19 Variation of load carrying capacity with respect to ε̄ and ψ
The fact that porosity decreases the load carrying capacity can be seen from Figures 20-21.

Fig. 20 Variation of load carrying capacity with respect to ψ and

Fig. 21 Variation of load carrying capacity with respect to ψ and φ
Lastly, it is manifest from Figure 22 that the combined effect of the volume concentration of the magnetic
particles and the curvature of the upper plate are significantly positive in the sense that the load carrying
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capacity rises sharply.

Fig. 22 Variation of load carrying capacity with respect to φ and
Indeed, the upper plate’s curvature parameter plays a significant role in augmenting the performance of
the bearing system. Further, equally significant is the positive contribution of the volume concentration of
the magnetic particles. Some of the figures presented here reveal that the negative effect of porosity and
standard deviation can be reduced considerably by the positive effect of ferrofluid lubrication, suitably
choosing the curvature parameter at least in the case of negatively skewed roughness.
CONCLUSIONS

This investigation makes it mandatory that the roughness must be given due consideration while
designing the bearing system even if, the rotation of magnetic particles are involved in the ferrofluid
lubrication. A constant magnetic field fails to enhance the baring performance characteristics in the
Neuringer-Rosensweig model but it does so in the case of Shliomis model in which rotation of magnetic
particles and their moments are included. The load carrying capacity of the annular ferrofluid based
squeeze film can be made optimal by choosing appropriately the upper plate’s curvature parameter, in the
case of negatively skewed roughness.
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Single machine scheduling with deterioration and multi task maintenance
policy
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Abstract:

This paper tackles the single machine scheduling problem in which three objective functions are
considered simultaneously as minimizing the cost of maintenance activities, minimizing the earliness and
tardiness cost and maximizing the job values in makespan. Based on mentioned objectives a mathematical
model is developed and because of immense complexity, a calibrate hybrid algorithm based on simulation
annealing and Hill climbing is used to obtain near optimal solutions. Furthermore, the proposed model
contains a multi task maintenance policy that causes the problem to be more complex.
In computational study, the sensitivity analysis is implemented for deterioration and reduction rate of job
values and various instances are presented that show the effectiveness and capability of proposed hybrid.
Keywords: single machine scheduling; maintenance; deterioration; dependent setup time; job values in
makespan
1-introduction
Single machine scheduling with tardiness and earliness functions is one of the earliest problems in the
scheduling area that is applied widely in manufacturing and real industry. In many industries,
Manufacturers desire to operate based on a make to order system in order to reduce inventory cost and
decrease risk to vulnerabilities. Just-in-time (JIT) has been widely studied in scheduling problems since
two decades before. JIT in scheduling literature means that producing the orders on the due date.
Problems with such requirements have tardiness and earliness cost. In literature, some papers applied JIT
for in single machine scheduling problem by considering tardiness and earliness as the objective function
simultaneously. Rabadi et al. [11] presented a branch-and-bound algorithm for the single-machine
scheduling problem with sequence dependent setup times to minimize total tardiness and lateness
objective whose earliness and tardiness are weighted equally and the due date is common and large for all
jobs. Bauman et al. [12] considered single machine sequence dependent setup time scheduling problem
with linear earliness and tardiness cost.
Allahverdi et al. [1] provided a comprehensive review of scheduling research involving the setup time
considerations and demonstrated that the Presence of sequence dependent setup times increases the
complexity of the problem.
1
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In literature, there are many papers considering single machine scheduling problem with dependent setup
time by minimizing total weighted tardiness. Rubin and Ragatz [2] solved the problem of single machine
scheduling to minimize the total tardiness where setup times are sequence dependent and applied a
genetic search to solve the problem. Sun et al [3] developed a Lagrangian relaxation approach for single
machine scheduling and formulated Sequence dependent setup times as capacity constraints. Tan et al. [4]
considered single machine scheduling problem with sequence dependent setup times to minimize total
tardiness. They also compared performance of branch-and-bound, genetic search, simulated annealing and
random-start pairwise interchange and showed that simulated annealing and random-start pairwise
interchange are viable solution algorithms in their study. Lin et al. [5] proposed a simulated annealing
(SA) method with swap and insertion search, a genetic algorithm (GA) with mutation operator was
performed by a greedy local search, and a tabu search (TS) with a swap and an insertion tabu list to solve
single-machine total weighted tardiness problems with sequence dependent setup time. Luo et al [6]
developed an algorithm based on branch-and-bound scheme that included the implementation of lower
and upper bounding procedures, and dominance rules to solve the single machine scheduling problem
with sequence dependent setup time for total tardiness minimization. Liao and Juan [7] proposed an ant
colony algorithm for minimizing the weighted tardiness with sequence dependent setup times on a single
machine. Valente and Alves [8] proposed an improved beam search for the single machine weighted
tardiness scheduling problem with sequence dependent setup. Recently, Anghinolfi and Paolucci [9]
proposed a new Discrete Particle Swarm Optimization approach to solve single machine total weighted
tardiness scheduling problem with sequence dependent setup time. They enhanced its performance by
employing different population initialization schemes based on some constructive heuristics. Ying et al
[10] proposed effective iterated greedy algorithm to solve single machine total weighted and un-weighted
tardiness problems with sequence dependent setup time.
Objective function of single machine scheduling problem can include other costs. Oguz et al. [13] studied
simultaneous order acceptance and scheduling decisions where the orders are defined by their release
dates, due dates, deadlines, processing times, sequence dependent setup times and revenues on a single
machine environment that appear from make-to-order systems. They also proposed a mixed integer linear
programming model to maximize the total revenue from accepted orders and developed three heuristic
algorithms to solve large sized problems.
Papers studied single machine scheduling problem with preventive maintenance are divided into two
categories. Some papers address single machine scheduling problem where the machine must be under
maintenance during certain intervals implying a non-availability of the machine during these periods like
Graves and Lee [14]. The second category considers maintenance activity as a variable decision that
should be determined in scheduling problem like [15].
Yulan et al. [16] presented the joint determination problem of preventive maintenance planning and
production scheduling for a single machine to optimize multi objectives simultaneously, including
minimizing the maintenance cost, makespan, total weighted completion time of jobs, total weighted
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tardiness, and maximizing machine availability. They solved it by multi-objective genetic algorithm. Ji et
al. [17] considered a single-machine scheduling problem with several maintenance periods to minimize
makespan activities where each maintenance activity is scheduled after a periodic time interval. Chen [18]
considered a single machine scheduling problem with periodic maintenance, where the machine is
assumed to be stopped periodically for maintenance for a constant time during the scheduling period.
Sbihi and Varnier[19] studied a single-machine scheduling problem with several maintenances periods to
minimize maximum tardiness. They investigated two situations. In the first one, maintenance periods are
periodically fixed and in the second one, the maintenance is depended on the maximum continuous
working time of the machine which is allowed is determined. Pan et al. [20] proposed an integrated
scheduling model by incorporating both production scheduling and preventive maintenance planning for a
single-machine problem to minimize the maximum weighted tardiness. They considered maintenance
time as variable and subject to machine degradation. Rebi et al [21] studied the problem of scheduling a
set of M preventive maintenance tasks to be performed on M machines to minimize the total preventive
maintenance cost. The problem was solved by a branch and bound algorithm, a local search approach and
a genetic algorithm. Hsu et al. [22] studied a single-machine scheduling problem with periodic
maintenance activity under two maintenance strategies, problem where the machine should be stopped for
maintenance after a fixed periodic interval or after a fixed number of jobs have been processed to
minimize the makespan.
One of the most important problems that have been considered in scheduling problem with maintenance
activities is job deterioration. Job deterioration that is used in some real scheduling problem means that
processing time of jobs increases over time. In literature, there are some papers that considered job
deterioration without maintenance activity. Browne and Yechiali[23] introduced job deterioration
scheduling problem in which the processing time of a job is a function of its starting time. Mosheiov [24]
who was first applied simple linear deteriorating function for single machine scheduling problem,
considered this problem to minimize the makespan, total completion time, total weighted completion time,
total weighted waiting time, and total tardiness, number of tardy jobs, maximum lateness and maximum
tardiness. Wu et. al. [25] solved a single-machine problem by a branch and bound algorithm and two
heuristic algorithms to minimize the makespan under the piecewise linear deterioration model. Wang et al.
[26] solved the single machine scheduling problems with learning effect and deteriorating jobs
simultaneously to minimize the total weighted completion time and the maximum lateness. Wang and
Wang [27] considered a single machine scheduling problem with deteriorating jobs in which the
processing time of a job is defined as a simple linear function of its starting time to minimize the total
weighted earliness penalty subject to no tardy jobs. Husang et al [28] considered a single machine
scheduling problem with deteriorating jobs by a linear function of time to minimize the total weighted
earliness penalty subject to no tardy jobs. Cheng and Ji [29] proposed a single machine scheduling
problem, where the jobs were ready to be processed in batches and the processing time of each job was a
simple linear function of its waiting time. Wang et al [36] developed a new model for minimizing the total
completion time with time dependent deterioration that actual processing for each job was calculated
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based on the prescheduled jobs in the sequence.
Chen [30] studied a dependent setup single machine scheduling problem with machine maintenance to
minimize the completion time. Chen [31] presented the two models and a heuristic for a single machine
scheduling problem with multiple periodic maintenance activities to minimize the makespan, where the
machine had to be stopped periodically for maintenance for a constant time during the scheduling period.
Cheng et al. [32] proposed a new model in which job deterioration, learning effect and setup times are
considered concurrently. They considered that the actual processing time of a job is a function of the setup
and the processing times of the jobs already processed and the job’s own scheduled position in a sequence.
Also they showed that the time of solving single machine scheduling problems to minimize the makespan,
total completion time, and sum of square of completion times are polynomial.
Bahalke et al. [33] addressed the single machine scheduling problem with considering sequence
dependent setup time and deteriorating jobs simultaneously to minimize makespan. They also proposed a
mathematical model for this problem and solved it by a hybrid genetic and tabu search algorithms.
Ghodratnama et al. [34] presented a new nonlinear mathematical model for a single machine scheduling
problem that included some constraints, such as repairing and maintenance periods, deterioration of jobs,
and learning effect of the work process. Their objective function was composed of minimizing the sum of
the weighted completion times, minimizing the sum of the weighted delay times, and maximizing the sum
of the job values in makespan.
Moataghedi et al. [37] presented a new model for the single machine scheduling problem to minimize the
earliness and tardiness cost, machine processing cost and maintenance activities that times of jobs are
determined according to a simple linear deterioration function.
In this paper we develop a new model for single machine scheduling problem with deteriorating jobs,
setup dependent jobs and maintenance activities and the aim is to find a schedule of jobs that minimizes
the delay, holding and maintenance costs simultaneously. As well as proposed costs based on
Ghodratnama et al [34], the job value in makespan is considered and tried to be maximized. Furthermore,
the operation of machine considered cost consuming for processing jobs. Based on the mentioned
literature there are no article that consider the proposed costs simultaneously. In order to solve the
suggested model, a hybrid algorithm based on simulation annealing and hill climbing is used that is
calibrated by a Taguchi approach.
The remainder of this paper is organized as follows: The notation and problem description are introduced
in section 2. Section 3 presents simulated annealing and hybrid algorithm. In section 4, computational
experiments are reported and statistical analysis is performed. Finally, some concluding remarks are made
in section 5.
2- Problem formulation

In this paper, the problem of sequencing of N jobs on a single machine with sequence dependent setup
time, deteriorating jobs and multi task maintenance is considered. The machine works with no idle and all
the jobs are ready to be processed at time zero. It is also assumed that processing jobs are cost consuming
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for machine.
The aim is to find a schedule of jobs that minimizes the costs of maintenance, machine operations, delay
(tardiness) and holding (earliness) and maximizes the job values in makespan simultaneously. For this
regards a new mathematical model is presented that supports below settings:
1) Maintenance time is a predefined constant,
2) consideration of earliness and tardiness of jobs simultaneously in objective function,
3) The completion time of each job may be changed by maintenance, deterioration and dependent
setup,
4) Process on a job is cost consuming for machine.
According to deterioration, the processing times of jobs have not constant values and are dependent to
their positions. We use of the time dependent deterioration model investigated by Wang et al [37] that is
presented as:
(1)

Where 0< δ <1 and

.

Furthermore, two types of maintenance activities are defined include minor and fundamental actions that
the second takes more time. When a maintenance activity is occurred the index of job deterioration is
reset and the next job is processed with its normal processing time. Since the completion time of each job
may be changed by maintenance activities, the cost of maintenance is considered as part of machine
operation cost.
The variables and parameters of problem are defined as follows:
N
pi
p[i]
Ei
Ti
ci
di
Shj

Number of jobs are ready to scheduled

α
β

Delay cost (tardiness cost)

CM

Operation cost of machine

TM k

Time of Maintenance type k ( k=1,2)

The normal processing time of job where scheduled in ith position
The actual processing time of job where scheduled in ith position
The earliness of ith job
The tardiness of ith job
The completion time of ith job
The due date of ith job
The setup time of job j when is processed exactly after job h

Holding cost (earliness)
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δ
λ

Rate of deterioration

reduction rate of job values

And decision variables are as follows:
If job i is executed in priority j

1
xij = 
0

y jk

Otherwise
If a maintenance of type K is planned before job in priority j

1
=
0

Otherwise

And the proposed model is as follows:
n

n

∑

Min

(α T i + β E i ) +

i =1

∑

n

p i. C M −

i =1

∑

wie − λci

(2)

i =1

St:

∑x

ij

=1

(3)

ij

=1

(4)

j

∑x
i

(5)

c0 = 0
n

c j ≥ c j −1 + y j k TMk + ∑ xij P[i ] + ∑∑ xij xh , j −1S h ,i
i =1

i

(6)

h ≠i

n

Ti ≥ ∑ c j xij − d i

∀i

(7)

∀i

(8)

j =1

n

Ei ≥ d i − ∑ c j xij
j =1

Ti ≥ 0

∀i

(9)

Ei ≥ 0

∀i

(10)

Equation (2) introduces the objective function and tries to find a schedule of jobs that minimizes the costs
of tardiness, earliness and machine performance and maximizes the value of jobs in makespan. Constraint
(3) states that in each priority just one job could be planned. Constraint (4) assures that each job lies just
in one priority. Constraint (5) mentions that machine is available from time zero. Constraint (6) declares
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that in any sequence, the value of completion time may be changed based on the maintenance activities,
deterioration effect and setup times, constraints (7) and (8) demonstrates tow the tardiness and earliness
are calculated and finally constraints (9) and (10) states that the tardiness and earliness have positive
values.
3- Solution approach
3-1. Simulation Annealing

Simulated annealing (SA) is a class of optimization Meta heuristics that performs a stochastic
neighborhood search through the solution space that have been applied widely to solve many
combinatorial optimization problems. The immense advantage of SA over classical local search methods
is its ability to avoid getting trapped in local optima while searching for a global optimum.
In this case, SA starts with a randomly generated solution which is a sequence of maintenance parameters
and jobs. Maintenance parameters are binary in which number 2 is representative of a maintenance
operation Type 2; number 1 demonstrates the occurrences of maintenance activity type 1 and number 0
represent the no maintenance activity. A sample string considering 4 jobs is represented in Fig. 1. In this
sample, four first elements are representative of maintenance operations and the next ones are related to
the sequence of jobs. According to Figure 1 before second and fourth jobs in sequence that are job 4 and 1
respectively, a maintenance operation is scheduled.
0

2

0

1

2

4

3

1

Fig. 1 Representation of a sample string

Neighborhood search is also implemented by swapping the two randomly selected positions in the current
solution string in both binary and sequence parts separately.
In order to calibrate the proposed SA, a Taguchi approach is presented. This approach is an experimental design
methodology that allows choosing a product or process that performs more consistently in the operating
environment. Taguchi designs recognize that not all factors that cause variability can be controlled in practice.
These uncontrollable factors are called noise factors. Based on this fact, Taguchi attempts to identify
controllable factors (control factors) that minimize the effect of the noise factors. During experimentation, the
noise factors are manipulated to force variability to occur and then finding the optimal control factor settings
that make the process or product robust, or resistant to variation from the noise factors.
Taguchi uses orthogonal arrays, which estimate the effects of factors on the response mean and variation.
Orthogonal arrays allow investigating each effect independently from the others and may reduce the time and
cost associated with the experiment when fractionated designed are used.
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In this paper the S/N ratio considered as nominal is the best and is calculated by:
(12)

The effective factors and their levels are also described within below table:

Table 1- the Taguchi experiment inputs

factor

symbol

levels

type

Degree of
freedom

Number of total
iterations

A

5

A(1)=250
A(2)=500
A(3)=1000
A(4)=2000
A(5)=5000

4

Number of
iterations per
temperature

B

5

B(1)=4
B(2)=6
B(3)=8
B(4)=10
B(5)=15

4

The associated degree of freedom for these two factors is equal to 8; therefore according to Taguchi
standard table of orthogonal array, the L25 should be selected that fulfils all the minimum necessary
requirements.
In order to conduct the Taguchi experiments three important measures are considered contain the S/N
ratio (as robust measure), average responses for each combination of control factors and the variability in
the response due to the noise (standard deviation).
The results are depicted in below figures.
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fig 2- the results for response based on S/N ratio
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fig 3- the results for response based on means
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A
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B

1 5 0 0 0 0
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1 4 0 0 0 0
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1 1 0 0 0 0
1 0 0 0 0 0
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3

4

5
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fig 4- the results for response based standard deviations
In Taguchi designs, a measure of robustness is used to identify control factors that reduce variability in a
product or process by minimizing the effects of uncontrollable factors. Figure 2 indicates the robustness
of each combination of factors. Clearly it is desired to select a pair of factors that generate the maximum
robustness. Therefore, based on this figure A(5) and B(2) should be selected.
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Figure 3 shows the average responses for each combination of control factor. Since the objective function
is as minimization the minimum value for this measure is desired, so A (3) and B (5) are selected.
Finally figure 4 shows the variability in the response due to the noise that is desired to be minimal, so A
(5) and B (5) should be selected.
Based on the mentioned measures, the most efficient combination of proposed factors is as A (5) and B (5)
that better satisfies the response values. However, B(2) also can be considered as a good situation because
of the maximum robustness and lower required run time in comparison to other situations.
3-2. hill climbing

Hill climbing starts with a random but not very appropriate solution, and iteratively makes small changes to the
solution, each time improving it a little. When the algorithm cannot improve the best solution anymore, it
terminates. Ideally, at that point the current solution is near the optimal one, but there is no guarantee that hill
climbing will ever come close to the optimal solution.
In simple hill climbing, the first node which is closer to the solution is chosen, whereas in steepest ascent hill
climbing all successors are compared and the closest to the solution is chosen. In this paper this approach starts
from the first element of the sequence, the place of each job is changed with its adjacent job and then objective
function is calculated, in case of objective function reduction, the change is applied, otherwise, the change is not
accepted. The procedure continues until all adjacent jobs are examined for a better objective function.
3-3 the proposed hybrid algorithm
The framework of proposed hybrid is as follows:
Generate an initial solution randomly
Do while the termination of SA not occur
{
Calculate the value of objective function by SA
Improving the value of objective
objective function by Hill climbing in each temperature
Comparison with best obtained solution and record it if the current solution is better
}
Reduce the temperature
Fig5. The framework of proposed SA
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3-4 an illustrative example
Let’s consider there are four jobs ready for processing on the machine and their properties are as below.
Job

Processing time

Due date

1

2

10

2

6

8

3

4

6

4

1

2

Furthermore, the setup times between jobs are offer as:

1

2

3

4

1

-

1

2

1

2

2

-

3

4

3

2

5

-

1

4

1

5

3

-

The associated times for two kinds of maintenance activities are also considered as

10 and

20 respectively.

Regards to the following schedule, the completion time for each job is calculated as below.

0

2

0

1

2

4

3

1

Therefore, the values of earliness and tardiness are calculated as:
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4- Computational results

To illustrate the efficiency and performance of the proposed hybrid, the algorithm procedure was coded in
Visual Basic 6 and was run on a Vostro 1500 with 2.2 GHz CPU and 2 GB Ram. All the instances were
randomly generated as follows. For each job, an integer processing time was generated from a uniform
distribution [1, 100]. For each job, an integer due date was generated from the uniform distribution [0, δP],
where P is the sum of the processing times of all jobs and δ is the deterioration rate. Weights and set up
times were also randomly generated from uniform distributions of [1, 5] and [1,100] respectively. The
results of the hybrid algorithm are compared with simple SA, then the sensitivity analyze of problem is
checked to the deterioration rate and reduction rate of job values in makespan. Table 2 illustrates the
comparison of the hybrid algorithm with simple SA for different deteriorating rates. It’s clear that the
hybrid algorithm acts much better than the simple SA.
Table 2- comparison between the results of hybrid and SA
N

5

10

25

50

75

SA

δ

Hybrid

VOF

Time (Sec)

VOF

Time (Sec)

0.2

34142

0

34142

0

0.4

43622

43622

0.8

36471

20831

0.2

363101

0.4

389177

389177

0.8

543856

304645

0.2

4141013

0.4

4008752

3353239

0.8

5621399

3687950

0.2

17512815

0.4

22379055

16191189

0.8

29356806

14428721

0.2

53368025

0.4

64410432

43795066

0.8

75512342

59054645

0

1

1

2

363101

3201679

17512815

37799277

0

2

20

122

Where N demonstrates the number of jobs and δ represents the rate of deterioration. Columns 3 and 4 also
show the performance of hybrid algorithm include value of objective function (VOF) and running time
and columns 5 and 6 represent the results of simple SA.
Furthermore, the performance of hybrid and SA are tested by consider of several rate of deteriorations
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with choose of medium scale of jobs and the results are depicted in table 3.
Table 3- sensitivity analyze based on deterioration rate
Hybrid

SA

VOF

VOF

0.1

2904959

3509469

0.2

3049109

3690822

0.3

2469869

3372463

0.4

3759849

4312127

0.5

3467239

4711154

0.6

2980549

4392259

0.7

4039459

5759277

0.8

3944670

6623464

0.9

3345769

5187022

δ

Where the value of
δ and second and third
performance of presented
order to better view, this
below figure.

deterioration rate is shown by
columns show the
hybrid and simple SA. In
comparison is depicted in

Fig. 6 Comparison of sensitiveness to deterioration rate

As shown in figure 6, the problem has not any sensitivity to deterioration rate and for all the instances the
hybrid algorithm yields better solution.
The problem also is considered for the various values for reduction rate of job values that the results are shown in table 4.
Table4- sensitivity analyzing based reduction rate of job values
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hybrid

SA

VOF

VOF

0.1

3620979

4983133

0.2

4736586

5821755

0.3

3562809

5935668

0.4

4579270

6168559

0.5

3895297

6720180

0.6

4112519

5575503

0.7

4412780

6113635

0.8

3689999

5880080

0.9

4024339

6593182

λ

Where the value of job value
second and third columns
presented hybrid and simple
this comparison is depicted

rate is shown by λ and
show the performance of
SA. In order to better view,
in figure 6.

Fig. 6 Comparison of sensitiveness to reduction rate of job values
Based on depicted plot it can be concluded that the proposed hybrid performs much better than simple SA
for all the values of reduction rate and generally, there are no relation between this rate and the value of
objective function.

5-Conclusion
In this paper, the problem of Single machine scheduling problem was considered and a new model was
developed for it based on three objective functions as minimizing the maintenance activities costs,
minimizing the earliness and tardiness costs and maximizing the job values in makespan. The model also
contained the multi task maintenance policy that caused to increase the complexity of problem. In order to
solve the proposed model a hybrid algorithm based on Hill and SA was used that its parameters was
calibrated by Taguchi approach . In computational experiments section the problem was solved for
various instances and the sensitivity analyze is implemented for some important factors of proposed
model.
For future research, solution method can be improved by using other meta- heuristic methods. Developing
the model by proposing multi objective functions and assuming more complicated maintenance policies
can also be considered as future research area.
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Abstract
Today the organization to maintain its survival and progress in the competitive world need to
institutional innovation. Accordingly recent emphasis has been on the role of total quality management in
organizational innovation. Total quality management is a function that will be affected by many factors
that considering to these factors will ensure the success of the organization in achieving excellent results.
This study attempted to examine the relationship between the components of total quality management
and organizational innovation in the insurance industry in Guilan. Based on this research to formulate
hypotheses has been to investigate whether the total quality management and innovation, there are
significant institutional interface. For this purpose was used the field method and then using a

questionnaire has been measured each one component of the research Such as total quality management
(autonomy, internal communication, consultation, quality flexibility, and support management methods
and organizational innovation) and finally, relationships between variables was evaluated with Pearson
correlation test and this result was achieved that TQM has a direct impact on organizational innovation
and also there is no meaningful relationship between domestic Communication, autonomy and quality
flexibility, with organizational innovation And there is a direct relationship between consultation and
support with organizational innovation.
Keywords: Organizational Innovation, TQM, Autonomy, Internal Communication, Consultation, Quality Flexibility, Support
Management
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1- Introduction
Key is considered words quality and a magic word, although is significant differences in a different

field of work, in the concept, application and quality issue position and can be found less than a category
that such a comprehensive, Due to has involved his professional and is converted general indicators for
assessing progress and career success. Therefore everyone continually seek effective ways to increase and
improve the quality of their products and services and occasionally found a new way that promise quality
creation and of quality problems solving. (Bayazita et al., 2007)
Perhaps the term Total Quality Management (TQM) is one of the most common terms of trade that in
recent years has been applied about all recorded attempts to promote and improve of quality (Jafari, 2004)
Total quality management Combine clear objectives with revolutionary approach for change and includes
all aspects of the work - of identify the customers’ needs to assess customers based on whether are
satisfied or not.
(Bayazita et al., 2007).Today we live in a society
so-called network that in it, the organization of knowledge, individual creativity and learning ability are
considered as a work valuable resource and capital. The combination of knowledge and creativity in a
favorable environment leads to innovation. ( Taa Tila et al., 2006) However our managers should try a
favorable environment and by using Innovative creative thinking, and a suitable culture for fostering
creative thinking in their schools Increase their performance qualities.
2. Literature Review
Defining TQM as a philosophy is key in differentiating TQM from management fads. Paton (1994)
stated: TQM is a philosophy, not a science. Philosophies are seldom suddenly born, and they almost never
die; they simply get improved upon. Therefore, a philosophy can be negotiated and renegotiated, adapted
to differences within an organization, and cannot be a simple formula or solution to organizational
problems. The structure of TQM in an organization lies in the basic values that a manager has to figure
out in order to implement it in the organization. Therefore, TQM as a philosophy acts as a theoretical base
for making organizational change. In other words, it is a set of values or a way to reorganize a business,
and not a cut-and-paste technique (Miller and Hartwick, 2002; Paton, 1994).
Organizations should be well informed the benefits of TQM practices. In other words, encouraging TQM
practices produce beneficial effect on people. When fully implemented, TQM brings good benefits to
organization in term of quality, productivity, and employee development (Lawler et al., 1995). People are
most important resources in dedicating their effort of achieving the high level of quality product and
service. Moreover, many of the basic elements of TQM deal with people such as team work creativity,
innovation, extensive training, high level of communication, employee and management trust, and
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quicker decision making. Without their honest self-scrutiny and purposeful analysis, and without their
commitment toward common goals, the organization may fail to achieve its objectives. In fact, most of
the successful TQM implementations depend heavily on changes in employees’ attitudes and activities.
The employees who will be affected most directly are the agents of change in organization that are
involved in implementing TQM or other programs for continuous improvement. But what is the impact of
these changes on the employees and does TQM provide benefit for the employees. The influence of TQM
processes will produce positive impact on employees; improve level of satisfaction and commitment, and
organizational effectiveness. Consequently, TQM must focus not just on the quality of product but also on
the quality of its employees to remain an effective management approach. Many organizations that
adopted quality management practices have experience an overall improvement in organization
performance such as attitude, commitment, and effectiveness. Butler (1996) found that companies that
use TQM practices achieved better employee relationship (i.e. employee satisfaction, attendance, turnover,
safety, and health).
McAdam et al. (1998), in comparing TQM—as represented by continuous improvement—to innovation
in 15 companies in Ireland, report two important results. First, they find that there is a significant and very
high correlation between the overall continuous improvement score and innovation score, suggesting that
continuous improvement can act as a solid foundation on which to build an innovative organization.
Second, through a qualitative study, they find that certain practices reflecting a culture of continuous
improvement exist in the organizations deemed to be innovative. They conclude, therefore, that the strong
correlation between continuous improvement and innovation scores is not simply a correlation but
suggests a causal relationship, meaning that the introduction of continuous improvement over a period of
time will lead to increased innovation. Baldwinand Johnson (1996) fined that the adoption of TQM as a
management strategy contributes significantly in differentiating the more-innovative organizations from
the less-innovative ones.
To implement a TQM program, Levy (2003) recommends five necessities. First, the support of top
management must be sought and senior management must receive training on what TQM is, how it
operates, and what their responsibilities are for effective implementation. Second, employees need to be
trained on quality methods. Even the lowest level employee is empowered to take steps toward quality
improvement, when and where necessary
(Jex,2002). For effective TQM
implementation, for instance, all employees should have access to quality control data and be encouraged
to act on problems related to product quality. Third, employees are also expected to be trained on the
processes and procedures of TQM. Such training should center not only on identification of areas in
which department or division excels, but also areas of deviation from quality standards (i.e. errors). The
potential causes of these deviations or output variations are examined, corrected, and brought within the
range of expected quality. The fourth goal is self-comparison analysis, whereby the organization
compares its effectiveness to that of the competitors who were used to set the goals. The fifth necessity is
the linking of rewards to the achievement of the TQM intervention’s process goals (see Cummings and
Worley, 2001; Ehigie and Akpan, 2004).
Total quality management approach in organizations such as insurance is very important who Customers
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do not buy their products as volunteer. Because central this approach is attention to customer needs. In the
insurance industry, the general attitude and philosophy based on principles of marketing, is that nobody
buys our products, but it must be sold (sales orientation) and therefore requires a national insurance
agency With appropriate actions such as quality service delivery and quality, and other incentive policies,
stimulate people to buy their products. So can be easily found that one of the success factors a national
insurance is use of Principles and theories of management, including quality management Because central
total quality management is customer needs and continuously improve all products, services and process.
TQM implementation, which is used in this study include autonomy, internal communication,
consultation, quality flexibility and support management methods. The researchers seek to answer to this
question that is there a relationship whether between implementation of TQM practices and
organizational innovation in the insurance industry of Iran (Guilan)?

TQM

Elements

Autonomy
Internal Communication
Consultation

Organizational

Quality Flexibility

Innovation

Support Management Methods

Figure1. research model (Abrunhosa,Moura Ee sa,2008)

2.1 Total Quality Management (TQM)
The importance of Total Quality Management (TQM) in the manufacturing and service organizations
has been significantly increased within the past twenty years. However, there is no consensus among
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practitioners and scholars concerning the meaning of the term “quality.” This confusion may be related to
different aspects of quality, the way it has been defined, and the approach that has been taken to
conceptualize it. The origination of TQM and its philosophical approaches should be attributed to the
Japanese approach towards quality improvement after World War II. Through the collaboration of
Japanese scientists, engineers, governmental officials, and policy makers, along with the works of
Deming and Juran, the Japanese developed a management philosophy that later entitled Total Quality
Management (TQM) (Walton, 1986; Powel, 1995). In fact, the concept of quality has evolved from basic
manufacturing and engineering-related activities to a philosophy that encompasses all organizational
activities and processes. What today is defined as TQM has its origin in the ideas of quality gurus
(Deming, Juran, Crosby, Feigenbaum, Ishikawa) whose primary goals were customer satisfaction and
continuous improvement. Despite the number of articles and studies, TQM is an ambiguous concept
(Dean and Bowen, 1994). The differences between the various frameworks proposed by quality experts
and scholars have contributed to the ambiguity of TQM definition, concepts, and constructs. Differences
are due to the fact that different people have different. Understanding of the term “quality,” and, in that
regard, the way they define quality may result in different constructs and models for TQM.
A baseline technical definition of what TQM is all about has been given by the American Federal Office
of Management Budget Circular (cited in Milakovich, 1990, p. 209), “TQM is a total organizational
approach for meeting customer needs and expectations that involves all managers and employees in using
quantitative methods to improve continuously the organization’s processes, products and services.”
According to the latter definition TQM is not merely a technical system. In fact, TQM is associated with
the organization itself, which is also a social system. Pike and Barnes (1996) argue that organizations are
not only technical systems, but also human systems. In addition, Oakland (1993) states that TQM is an
attempt to improve the whole organizations’ competitiveness, effectiveness, and structure. For Dale
(1999), TQM is the mutual co-operation of everyone in an organization and associated business processes
to produce products and services, which meet and, hopefully, exceed the needs and expectations of
customers. TQM is both a philosophy and a set of management guiding principles for managing an
organization. (p. 9)
From the above definitions, we can identify two important aspects that comprise TQM: management tools
and techniques as well as management concepts and principles. The techniques refer to what has been
referred to as the “hard” aspects of TQM, while the principles refer to the “soft” side.
Objectives of TQM:
Process improvement
Defect prevention
Priority of effort
Developing cause-effect relationships
Measuring system capacity
Developing improvement checklist and check forms
Helping teams make better decisions
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Developing operational definitions
Separating trivial from significant needs
Observing behaviour changes over a period of time

TQM revolves around:
Commitment by Senior Management and all employees
Effective strategy, vision, mission and goals
Customer/ Supplier relationships
Communication
Tools and techniques for improvement
Team work
Systems to facilitate improvement
And most of all TRUST

Table 1. History of Quality Control
1900

Quality control by the operator (worker)

1910

Quality control by Head of worker

1915

inspection Quality Control

1940

Statistical Quality Control

1960

Defined of quality as quality assurance and quality management (comprehensive quality
control)
Birth of total quality management

1980

Table 2.Old and new Culture about the quality
Quality elements

From the perspective of the past

From the perspective of the TQM

Definition

Product-oriented

Customer-oriented

Decisions

Short-term

Long Term

Emphasis

cross-examination

Prevention

Error source

Staff

System

Responsibility

Quality Control Department

All employees

the problem Solution

Management

Groups

Gaining

Price

Life-cycle costs, partnership

Manager role

Planning, assign tasks, control, force acts

Delegated authority, guidance,
facilitator and trainer

2.2

Organizational Innovations
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According to De Furia (1997), the benefits that an organization can have of the high level of trust
include: stimulation of innovations; movement towards high emotional stability; facilitation of acceptance
and openness for free expression and encouragement for risk acceptance. As opposed to the
above-mentioned, the consequences of the low level of trust imply: lack of understanding when it comes
to values and motives of other employees; non-efficient communication; reduced possibility of
recognizing and accepting good ideas; increasing the efforts for obtaining relevant information;
increasing the control mechanisms – self-control is replaced by external control; increase of rejection,
defensive and hostility; delayed implementation of activities and projects; mentality „victory-victory“ is
replaced by „victory-defeat“ (De Furia,1997).
Theoretically, research on organizational innovation opens new perspectives on a number of interesting
issues that have surfaced recently, including the issues of societal evolution and institutional change, the
dynamics of knowledge societies (Bell 1973, Hage & Powers 1992), and the integration of macro and
micro levels of analysis. Beyond sociology, organizational innovation can make important contributions
to several important arenas of new research in economics. The most obvious one is research on national
systems of innovation (Lundvall 1992, Nelson 1993), but it is equally relevant to endogenous theories of
economic growth (Romer 1986, 1990, Solow 1992) more generally.
Organizational innovation has been consistently defined as the adoption of an idea or behavior that is new
to the organization (Damanpour, 1988, 1991; Daft & Becker, 1978; Hage, 1980; Hage & Aiken, 1970;
Zaltman, Duncan & Holbek, 1973; Oerlemans et al., 1998; Wood, 1998; Zummato & O.Connor, 1992).
The innovation can either be a new product, a new service, a new technology, or a new administrative
practice. The research usually focuses on rates of innovation and not on single innovations except in the
instance of diffusion studies (e.g. Collins et al 1987, Ettlie et al 1984, Walton 1987) where the speed of
adoption is an issue. The importance of studies of innovation rates rather than a case study of a single
innovation must be stressed. In the met analysis of Damanpour (1991), he found that the greater the
number of innovations considered in the research study, the more consistent the findings. This is an
important conclusion, namely, that the focus on rates of a phenomenon will produce more consistent
results than the analysis of a single event.
3. Research hypotheses
1- There is relationship between TQM Implementation and Organizational Innovation.
2- There is relationship between Autonomy and Organizational Innovation.
3- There is relationship between Internal Communication and Organizational Innovation.
4- There is relationship between Consultation and Organizational Innovation.
5- There is relationship between Quality Flexibility and Organizational Innovation.
6- There is relationship between Support Management methods and Organizational Innovation.
4. Research Methodology
Research methods is "descriptive - correlation". Statistical Society is includes all head administration
and supervision of the insurance industry in Guilan which is comprised of 23 branches. In this study is
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used the stratified random sampling. Sampling was conducted based on the following conditions:
- Companies that have more than five branches: three samples
- Companies that have between 2 to 5 branches: 2 samples
- Companies that have only one branch: 1 sample
The research sample was comprised of 23 branches.
For assess the validity of question used Content validity method. Questionnaire to measure the reliability
of each variable using Cronbach's alpha coefficient was greater than 70% shows that questionnaire is
reliability. Also Correlation method is used to test research hypotheses.
5. Data analysis
20 respondents are male and 3 female.
2 person of respondents were Associate Degree, 14 bachelor, 7 person master & over.
1 person of respondents were between 25 to 30 years, 3 between 30 to 35 years, 9 between 35 to 40 years,
4 between 40 to 45 years and 5 between 45 to 50 1 between 55 to 60 years old.
Experience of respondents: 1 person was between 1 - 5 years, 1 between 5 - 10 years, 7 between 10 - 15
years, 5 between 15 - 20 years, and 2 were between 20 - 25 and 3 have between 25 to 30 years of
experience.

Table 3) Pearson Correlation test
hypotheses

Pearson Correlation

SIG

Hypotheses status

H1

47/7 %

0/021

Confirmed

H2

37/4

0/079

Rejected

H3

14/6

0/507

Rejected

H4

51/4

0/012

Confirmed

H5

25/7

0/226

Rejected

H6

45/7

0/028

Confirmed

In the first hypothesis is positive and significant relation between TQM and organizational innovation
about 23 percent of TQM can predict by organizational innovation. Test this hypothesis by comparing the
results with that of NuriaLo´pez-Mielgo in year (2009) showed that between the capacity for innovation
and quality management, there is a positive the relationship. Also research by M.Giebel,H.Essmann,N.Du
preez,R.Jochem in 2009 showed that Between TQM and innovation in organizations, there is a positive
the relationship and also Hui study in 2008 showed that There is a positive the relationship between
TQM and technological innovation.
The second hypothesis could be found that there is no significant relationship between autonomy and
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organizational innovation.
The third hypothesis can be found that between internal communication and organizational innovation,
there is no meaningful the relationship.
In the fourth hypothesis, there is a significant the relationship between consultation and organizational
innovation. So that consultation variable can predict about 27 percent organizational innovation.
The fifth hypothesis could be found that there is no significant relationship between Quality flexibility
and organizational innovation
The relationship between support management methods and organizational innovation in the sixth
hypothesis, there is significant so that support management variable can predict about 21 percent
organizational innovation.

6. Conclusions and suggestions
With the increasing developments and transformations in the current world is that era of information and
communication and due to the instability and variability and unpredictable nature of these changes what
the countries of the world especially in developing countries in order to increase productivity and help

them deliver development. Certainly use the opportunity in competition with other countries .This is not
possible unless with management of innovation and creativity together in order to grow and flourish
organization and as a result community attempt. Results of this study can be used by managers to improve
their performance actions can be more serious. According to first study confirmed the hypothesis that
there is a significant relationship between TQM and organizational innovation, we can offer the following
suggestions:
1- Senior director should be involved staff in the TQM effort. Therefore is suggested managers consider
to comments and suggestions and ideas of employees and necessary conditions and facilities deliver to
provide and do new things, innovative and creative in organization.
2 - According to the second hypothesis of this study based on the autonomy and organization innovation
rejected. This can be due to lack of support from managers to adopt a participatory decision making. So it
is recommended that the organizations created the space that people can participate in the making
decisions and have be active role in the planning, timing and work quality control.
3- Considering that the third hypothesis of this study rejected based on the internal communication and
organizational innovation, this can be due to inadequate communication between the units or groups.
Thus is proposed that is considered to vertical communication (hierarchical), communication in among
parts and return communication (inside part) and accessibility managers and employees to be added
together.
4- according to fourth research hypothesis that a significant relationship between consulting and
organizational innovation can be offered the following suggestions:
- Make a system for collecting employee suggestions
- Employee involvement in decision making
5- According to fifth hypothesis of this study rejected based on the relationship between quality flexibility
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and organizational innovation, the reason for this lack of adequate training or can be considered
inappropriate selected with regard to flexibility. Thus is recommended:
- The use of rotation job
- development competencies that employees have several duty
- Specialist Professional Learning
- Employee selection based on the overall capabilities (education, qualified to perform specific tasks)
6- According to sixth research hypothesis based on relation between support management and

organizational innovation, the following suggestions are provided:
- Continuing education and training
- Implementation plan Performance Evaluation
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Abstract: In this paper we develop a mathematical model to consider the imperfect quality in an
inventory system. The product quality performs a normal distribution function in this situation the cost of
poor quality product has been evaluated. From our analysis, it has been found that the annual profit will
be decreased if the poor quality of product is involved in the model. It has also been found that economic
order quantity in our model is larger than that in a traditional EOQ model.
Keywords: Inventory system, poor quality item, mathematical model
1. Introduction

In this paper we develop a mathematical model to consider the imperfect quality in an inventory
system. The product quality performs a normal distribution function in this situation the cost of poor
quality product has been evaluated. Since Harris [1] proposed the famous EOQ model to the world, it has
been broadly applied in many places. However, there are some drawbacks in the assumption of the
original EOQ model and many researchers have tried to improve it with different viewpoints, and the
absence of the inventory quality is one of these shortcomings. In a traditional EOQ model, there is no
defect on the quality of inventory or production line. However, this assumption does not exit in the real
world.
The relationship between quality and EOQ model has been diversely studied over the last decade and
the work by Porteus was believed to be the starting point [2]. In Porteus’ paper, the concept of quality
control has been brought into a production system. Following his work, a stream of research has
examined the relationship between the economics of inventory and quality of products. Rosenblatt and
Lee [3] concluded that the presence of defective products motivates smaller lot sizes. In a subsequent
paper, Lee and Rosenblatt [4] considered using process inspection during the production run so that the
shift to out-of-control state can be detected and restored earlier. Tapiero [5] links optimal quality
inspection policies and the resulting improvements in the manufacturing costs. Fine [6] uses a stochastic
dynamic programming model to characterize optimal inspection policies. Fine and Porteus [7] refine the
original work of Porteus to allow smaller investments over time with potential process improvement of
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random magnitude. Chand [8] brought the learning effect into the model. In a series of papers, Cheng [9],
[10] has involved the production process reliability into a classic economic order quantity model. Hong,
Xu and Hayya [11] have established the relationship between process quality and investment. Salameh
and Jaber [12] considered a special inventory situation where items, received or produced, are not of
perfect quality.
In this paper, we consider the EOQ model and assume the quality of inventory performs a normal
distribution function. When the quality of the inventory is out of the specification limits, defective
products will be scraped. All the products within the specification limits will be kept, and be sold with a
discount of Taguchi’s cost of poor quality as its quality departs from the target value.
The Taguchi’s poor quality cost has been proposed in a publication of Taguchi and Wu [13]. Taguchi
defines quality as, ‘The quality of a product is the (minimum) loss imparted by the product to the society
from the time product is shipped’ [14]. The classic case to introduce the Taguchi’s poor quality cost is the
case of Ford versus Mazda [15].
Ford has been planning to build a new transmission for its new model to sale in U.S. Ford builds
transmission system itself and also asks Mazda to build transmission system with the same specifications.
After launching the new products for a period, it has been noticed that the cars with Ford’s transmission
system generated far more warranty claims than products with Mazda’s transmission system. After further
study, it was observed that Ford’s transmission system had high variability in their gearboxes while
Mazda’s gearboxes were close to target. Although Ford’s products were within the specification limits and
zero defects, they incurred a higher cost of poor quality.
In this paper, we make two significant contributions to the area. Firstly, the Taguchi’s cost of poor
quality has been brought into the traditional EOQ model. This extension makes it easier to evaluate the
cost of quality distribution in a traditional EOQ model. Secondly, we extend the range of previous quality
EOQ model studies. Previous studies only touch the poor quality cost of products outside the
specification limits. In our model, the poor quality cost of products within the specification limits has
been further examined.
In the next section, we will introduce our mathematical model and compare with the traditional EOQ
model. After that, a numerical example has been used to verify our model. Finally, a few concluding are
given.
2. The model
Notation
c: purchasing price of unit product
d : screening cost per unit
D(X): quality distribution function; (normal distribution function)
G: Taguchi loss parameter
h: holding cost
K: ordering cost
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L(X): loss of poor quality per unit products
LSL : lower specification limits
N: demand rate
p : defect rate
s : unit selling price of item within the specification limits
USL : upper specification limits
X: actual value of the quality characteristic
y: lot size per cycle
Z: screening rate
σ: population standard deviation of quality
μt: target quality characteristic
Consider an inventory model where a lot size per cycle y is delivered instantaneously. The
purchasing price for unit product is c, and the ordering cost is K. It is assumed that each lot received is not
perfect quality. The defect rate of the received product is p. The quality of product performs a normal
distribution function, D(X), and the Taguchi’s cost of poor quality (COPQ) occurs as the major quality
characteristic departs from the target value, μt.
A continuous screening process is conducted at a rate of Z units per unit time. The product out of the
specification limits will be detected and scraped. All the products within the specification limits will be
kept, and be sold for a price with a discount of Taguchi’s COPQ as its major quality characteristic departs
from the target value. The product's quality distribution is proposed to perform a normal distribution
function. The quality distribution function, D(X), has been defined as:
D(X)=

∞
2
2
1
e − ( X − µ t ) / 2σ , and ∫ D ( X ) = 1
σ 2π
−∞

The Taguchi’s cost of poor quality function, L(X), is defined as (Taguchi and Wu, 1985):
L(X) = G(X-μt)2 ; LSL≦X≦USL
L(X)= c ; X≦LSL , X≧USL
G: Taguchi loss parameter
G= c/U2
U = (USL-μt) = (μt-LSL)
As the value of the quality characteristic outside the specification limits, the poor quality cost is
equal to the purchasing cost of the product.
The behavior of the inventory level in our model is illustrated in figure 1, where T is the cycle length,
py is the number of defects out of the specification limits and t is the total screening time per cycle.

T=

y
N
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Figure 1. The relationship between inventory level and time

We define the total revenue and the total cost per cycle as TR(y) and TC(y), respectively. The total
profit per cycle, TP(y), is the total revenue per cycle less the total cost per cycle. It is given as:
TP(y) = TR(y) – TC(y)
(1)
The total cost per cycle, TC(y) is the sum of purchasing cost per cycle, cy, the screening cost per
cycle, dy, the ordering cost, and K is the holding cost per cycle.

 y (1 − p )T py 2 

TC ( y ) = cy + K + dy + h × 
+
2
Z 


(2)

This function is the same as that reported by Salameh and Jaber [12].
The total revenue per cycle, TR(y) is the total sales volume of product within the specification limits.
USL

TR(y) = y ×

∫ D( X ) × (s − L( X ))dX

LSL

USL

= ys

∫

USL

D ( X )dx − y ∫ D( X ) × L( X )dX

LSL

(3)

LSL

From the definition above, the defect rate p is the ratio of product to the specification limits. It can
also be defined as:
USL

1− p =

∫ D( X )dX

LSL

In the beginning, we have defined:
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∞

2
2
1
e − ( X − µ t ) / 2σ , and D ( X ) = 1
D(X) =
σ 2π
−∞
Within the specification limits, the Taguchi’s COPQ is equal to K (X-μt)2. It can be expressed as:
L(X) = K (X-μt)2 ; LSL≦X≦USL

∫

We can find:
USL

TR(y) = ys(1-p) - y

∫σ

LSL

1
2π

e −( X − µ t )

2

/ 2σ 2

× G ( X − µ t ) 2 dx

(4)

This function can be explained as the total revenue equal the sales of products within the
specification limits decrease its cost of poor quality.
Combining the function of TC(y) and TR(y), the function of total profit per cycle, TP(y), can be
written as:
USL

TP ( y ) = ys(1 − p ) − y

1

∫σ

e −( X − µt )

2π

LSL

2

/ 2σ 2


 y 2 (1 − p ) py 2  
  (5)
× G ( X − µ t ) 2 dx −  cy + K + dy + h × 
+

2
N
Z




The function of total profit per year, TPY(y), can be expressed as:
N × TP ( y )
TPY ( y ) =
y
USL

= Ns (1 − p ) − N

∫σ

1

LSL

2π

e −( X − µt )

2

/ 2σ 2


NK
yh(1 − p ) phNy 

× G ( X − µ t ) 2 dx −  Nc +
+ Nd +
+
y
2
Z 

(6)

The concavity of the total profit per year can be demonstrated by finding the first derivatives of
equation (6) as
NK h(1 − p ) phN
TPY ' ( y ) = 2 −
−
2
Z
y

(7)

The second derivates of equation (6)
TPY '' ( y ) = −

2 NK
≤0
y3

(8)

The second derive of equation (6) is negative for all values of y which demonstrate that equation (6)
is a concave function. There exits an extreme value y * that maximizes equation (6) and it is given as
y* =

NK
h(1 − p ) phN
−
2
Z

(9)

It can be noticed that as p = 0, equation (9) can be reduced to
2 NK
h
Equation (10) is the traditional EOQ formula.
y* =

(10)
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3. Summary and Conclusion

This paper presents a modified inventory model which accounts for imperfect items and Taguchi’s
COPQ when using the EOQ formulae.
From the analysis, we found that the annual profit would be decreased if the poor quality of product
and Taguchi’s COPQ were involved in the EOQ model. This change is caused by the cost of defective
products. It has also been found that economic order quantity in our model is larger than the economic
order quantity in a traditional model. The economic order quantity is increased upon increasing the
demand rate or defect rate.
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