
  
  
  

Max
Syste
and 
Rang
 

M. karbasi
 
Mahdi Karbas
Batool Moheb
Bizhan khaya
Mohsen Ches
Mehdy Morad
 

KKEEYYWWOORR
 

 
 
 

 

Maintainab
design of 

**
Correspondin

  Email: mkarb
 

Maintainab
Modulation
Layout,  
DSM: Desi
Multi Obje
MOPSO: M
Particle Sw
Laser Rang

pISSN: 20

IInntteerrnnaattiioonn

imum
ems 
 Mod
ge Fi
ian*, B. Moh

sian, Departme
bbi , Graduate s
ambashi , Depa
hmberah , Dep

dy Gohareh , D

RRDDSS            

1. Intro
bility is a 

systems w

          
ng author: M. k
basi@mut-es.ac

bility, 
n, 

ign Structure M
ective Problem
Multi Objectiv
warm Optimiza
ge Finder(LRF

IInntteerrnnaattiioonn

08-4889 

nnaall  JJoouurrnnaall  ooff  IInn

m M
via M

dule 
inder
hebbi, B. Kh

ent of Industria
student of Indu
rtment of Indu

partment of Ind
Department of I

                  

oduction11  
factor of 

which lead

                  
arbasian 
c.ir 

Matrix, 
m, 
ve 
ation, 
F) 

nnaall  JJoouurrnnaall  oo

ndduussttrriiaall  EEnnggiinneeee

ainta
Modu
Layo

r 
hayambashi 

al Engineering,
ustrial Enginee
ustrial Engineer
dustrial Engine
Industrial Engi

     ABSTR

 Layout d
costly an
conflicting
of four o
this resea
modularit
system o
functions 
level of a
design, II)
space req
and IV) m
been put f
optimum 
Structure 
combined
new objec
above-me
previous 
forward 
subsystem
quantifica
method is
dominated
(MOPSO)
 

 

f engineerin
ds to, in th

                 

SSeepptteemmbbeerr  22

hhttttpp:://

ooff  IInndduussttrriiaa

eerriinngg  &&  PPrroodduucctt

ainab
ulatio
out C

, M. Cheshm

, Malek-Ashtar
ering,Malek-As
ring, Malek-As
eering, Malek-A
ineering, Malek

RACT 

design of com
d difficult jo
g objectives.

objective fun
arch. The pr
ty and the 

on its main
have been 

accordance b
I) maximizing
quired, III) m
minimizing th
forward for 
system modu
Matrix (DS

d with the con
ctive function
entioned obj
studies. The
was applie

ms. As the 
ations of so
s suitable to
d solutions, 
) algorithm i

            © 2015

ng 
he 

   

im
sy
co
pl
cy
F
th

22001155,,  VVoolluummee
pppp..226699  --22885

 

  

////IIJJIIEEPPRR..iiuus

aall EEnnggiinneeeerriinn

ttiioonn  RReesseeaarrcchh  DDe

bility
on B

Case 

mberah & M

r University of 
shtar University
shtar University
Ashtar Univers
k-Ashtar Unive

mplex system
ob which us
. The presen
ctions have 
resent paper
layout of su

ntainability. 
considered 

between syst
g the level o

maximizing th
he layout sp
the first tim

ularity desig
SM) techniqu
ncept of Leve
n is develope
jective funct
e multi obje
ed on a la

resulting 
ome qualitat
o tackle it. H

a multi-obj
is used.  

IUST Publicatio

mplementati
ystem, th
oncerning m
lace consu
ycle costs [
or cases wh

he system 

ee  2266,,  NNuummbbeerr
55  

sstt..aacc..iirr//  

nngg && PPrroodduu

eecceemmbbeerr  22001155,,  VV

y of 
Based

 Stud

M. Morady.G

Technology,  
y of Technology
y of Technolog

sity of Technolo
ersity of Techno

ms in detailed
sually entail
t paper aims
been consid

r aims to in
ubsystems a
For this p
simultaneou

tem design a
of accessibil
he providing
ace. The firs

me in the pres
gn was deter
ue. The seco
el of Repair 
ed. Simultan
tions has n
ective proble
aser range 
model is 

tive data, a
Hence, in or
jective parti

on, IJIEPR, Vol.

ion and op
he measu
maintenanc

uming less 
1].  
here the stab

is intende

rr  44  

uuccttiioonn RReesseeaa

VVooll..  2266,,  NNoo..  44  

Com
d on 
dy: L

G 

gy,  
gy,  
ogy,  
ology 

d engineering
ls dealing w
s to investiga
dered simult
nvestigate th

and parts of
purpose, fou
usly: I) max
and optimum
ity and the m

g of distance 
st objective f
sent paper a
rmined using
ond objective
Analysis (Lo

neous optimiz
not been co
em which ha

finder con
NP-Hard a

a near optim
rder to obta
icle swarm 

. 26, No. 4, All R

peration ph
ures and 
ce and rep

time and 

bility and en
ed by the 

aarrcchh      

 

mplex
DSM

Laser

g phase is a
with multiple
ate the effect
taneously in
he effects of
f a complex
ur objective
ximizing the

m modularity
maintenance
requirement
function has

and in it, the
g the Design
e function is
oRA), thus, a
zation of the

onsidered in
as been put
ntaining 17
and entails

mal solution
ain the non-
optimization

Rights Reserved. 

hase of the
activities

airs taking
lower life

ndurance of
designers,

x 
M 

r 

a 
e 
t 
n 
f 
x 
e 
e 
y 
e 
t 
s 
e 
n 
s 
a 
e 
n 
t 
7 
s 
n 
-
n 

 

e 
s 
g 
e 

f 
 



270       M. karbasian*, B. Mohebbi, B. Khayambashi, M. Cheshmberah & M. Morady.G      Maximum 
Maintainability of Complex Systems via. . .   

IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  IInndduussttrriiaall  EEnnggiinneeeerriinngg  &&  PPrroodduuccttiioonn  RReesseeaarrcchh  DDeecceemmbbeerr  22001155,,  VVooll..  2266,,  NNoo..  44 

increasing the maintainability is of more 
importance than production costs and the 
system is to be designed in such a way as to 
be of higher maintainability and easier 
maintenance [2]. 
In order to increase system maintainability, 
engineering design has very important role in 
modular and layout design. 
Usually, there are two different groups that 
working on layout design and increasing 
maintainability design. 
Because there is little interaction between the 
two design teams, design problems often 
appear late in the design cycle. Conflicting 
goals in designing the layout and design to 

enhance maintainability as well, it makes it 
difficult. 
In this article we have tried to use the 
expression of contradictory objectives 
simultaneously in four objective function, 
layout design objectives and design provide to 
enhance maintainability. 
In order to elevate system maintainability, 
engineering design, including modular and 
layout design, which play a very vital role. 
The simultaneous design of these cases can 
lead to significant reduction in time and cost 
consumption through the design phase. In 
table 1, the design factors for maintainability 
are depicted. 
 

 

Tab1. Maintainability factors in Design Phase 
No. Design Phase Design for maintainability factors source 
1 Conceptual 

Design 
Maintainability allocation [3]  

2 changeability [4,3,1]  
3 standardization [1,4,5]  
4 Modular design [1,3,4,5]  
5 Accessibility   [5,6]  
6 Safety Requirement  [4,5,6]  
7 Simplicity [5,6]  
8 Ergonomics [5,6]  
9 Identify Failure locations [1]  
10 Detail Design Detection and test Requirement  [6]  
11 Reform and the replacement of costly components [7]  
12 DSM Technique [8,9]  
13 Test and evaluation plan [3]  
14 Reduce storage and depot considerations [3]  
15 Level of repair analysis    [7]  
16 Ensuring the implementation of the maintainability 

objectives 
[10]  

17 Physical design, configuration and layout scheme [1,6,11] 
 

A great number of studies have been 
conducted on assessment and improvement of 
maintainability in complex systems[1,3,4,12]. 
Also, numerous studies have focused on 
modular design and different type of system 
layout [11,13,14]. However, the issue 
concerning how modular design and system 
layout can affect system maintainability has 
been often less focused on Design the optimal 
system partitioning study by DSM techniques 
and web-based application was determined. 
After optimization of maintainability, space 
requirements and minimal installation space 

modules using multi-objective particle swarm 
optimization and MATLAB 10 was given. 
Objective function value for all the responses 
obtained from the Pareto front by system 
designers was assessed and the most 
appropriate response to the selection of the 
optimal layout and design were determined. 
The performance of the final solution chosen 
by professionals with experience in electro 
optic industry and similar systems with 
efficient layout systems was approved. 
In table 2, the previous studies regarding 
maintainability, modular and layout design 
and their shortcomings have been outlined. 
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Tab.2. Related studies regarding maintainability, modular and layout design 
N
o 

year Auther Title shortcomings 

1 200
4 

Grigno
n P.M 
And  
Fadel 
G.M 

A GA based 
configuration design 
optimization 
method[15] 

Maintainability is intended with two factor :  
simplicity of removable and components 
stated. 

2 200
9 

Dhamo
dharan 
R 
Et al 

A genetic algorithm 
and queuing theory 
based methodology 
for facilities layout 
problem[16] 

Presented model is designed for work in 
process facilities. 

3 201
0 

Zhao F. 
Et al 

A human–computer 
cooperative particle 
swarm optimization 
based immune 
algorithm for layout 
design[25] 

Modular design factor that is the significant 
increase in system maintainability, is not 
considered. 
 

4 201
1 

Dong 
H. 
Et al 

Bi-level approach to 
vehicle component 
layout with shape 
morphing[17] 

 Accessibility is intended the only factor of 
maintainability in the arrangement of 
components as the objective function. 

5 201
4 

Nam K. 
Et al 

Optimal module 
layout for a generic 
offshore LNG 
liquefaction process of 
LNG-FPSO[18] 

The objective function in this paper Noted to 
Minimizing the total cost of layout design. 

6 201
4 

Lou X 
Et al 

 Layout problem of 
multi-component 
systems arising for 
improving 
maintainability[5] 

Modular design factor that is the significant 
increase in system maintainability, is not 
considered. 
Providing component accessibility and 
maintenance space  regardless of the level of 
repair. 

7 201
5 

Moatari 
A 
Et al 

Integrating 
occupational health 
and safety in facility 
layout planning[19] 

mathematical modeling to the issue is not 
provided. 

8 201
5 

Kobaya
shia M. 
et al 

Optimal design of 
component layout and 
fastening method for 
the facilitation of 
reuse and recycle[20]  

The only factor taken into consideration in 
optimizing the layout problem with 
maintainability  is disassemblability  . 
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v = r –∑ r୧

୫
୧ୀଵ                                                (5) 

 
In system downtime, in the first phase, the 
failure may be of any one of m modules or v 
communication between modules .So in the 
first phase of diagnosis, there is, m + v modes 
for event failure. In the second phase of 
detection error location, in the worst case, if 
the failure occurred on the kth module, with 
the largest sum of components and 
communication, total failure modes equal: 
 
ftotal =  m + v + mk + rk                                    (6) 
To prove: 
 
T diagnosis,Modular System ≤  Tdiagnosis,NO Modular System  

(7) 

 
Just to prove: 
m + v + mk + rk < n + r                                (8) 
According to Equation 5, we have: 
r = v +  ∑ r୧

୫
୧ୀଵ                                              (9) 

By substituting in equation 8, we have: 
m + v + mk + rk < n + v +  ∑ r୧						

୫
୧ୀଵ  

m + mk + rk < n +  ∑ r୧						
୫
୧ୀଵ                       (10) 

On the other hand, we have: 
n≥ m + mk  ,   ∑ r୧						

୫
୧ୀଵ >  rk                        (11) 

So proved the unequal 8 and then unequal 7. 
Therefore, the more system modularity is 
based on an efficient scientific method, the 
more useful a role it will play in providing a 
higher level of maintainability in the system. 
The objective function of system 
maintainability is directly related to the level 
the system follows the partitioning 
designated by the DSM technique. In order to 
perform the level of accordance modeling we 
can write: 
 

Pi = ቄ0
1

                                                       (12) 

In the same way as we have for 
communication between components: 

Pj= ቄ0
1

                                                        (13) 
 
Therefore, the modularity index, in relation 
with optimum system modularity via DSM 
technique, is as follows:  

 
I୮ ൌ 	∑ 		α୧ 	ൈ P୧	

୬
୧ୀଵ ൅	∑ 		β୨ 	ൈ P୨	

୰
୨ୀଵ        (14) 

 
Where αi is the level of importance for 
subsystem accordance and βj is the level of 
importance for the relations existing between 
the subsystems with the optimum modularity 
design presented by the DSM technique.  
In order to provide a higher level of 
maintainability, we seek to minimize the 
above equation.  
 
2.2. Increasing the level of accessibility and 
the required maintenance space with 
respect to level of repair analysis  
Level of repair analysis is conducted in a 
system with the purpose of reducing the 
economic costs of maintenance and repairs. 
Level of repair analysis investigates the 
following:  
Determining and identifying the system 
components which are repairable and the 
ones which are not. If repair is possible for a 
system component, the place for conducting 
repairs on that component, in case failure 
occurs, is determined.  
three general places for conducting repairs 
have been mentioned [7, 33]:  
 Components which, for repair purposes, do 

not need to be separated from the system 
and, in case of need for repairs, are repaired 
online. 

 Components which, is case of facing 
failure, must be disassembled from the 
system and repairs actions are to take place 
in the same site where the system is located 

 Cases where the faulty component must be 
transported to a site other than that of the 
system 

Therefore, in the layout issue, level of repair 
analysis is to take place first and then 
accessibility and the required maintenance 
space are to be maximized in accordance 
because, if the faulty component is of the 2nd 
or 3rd cases of the level of repair, only proper 
accessibility for the component is to be 
provided due to the fact that repairs will take 
place off the system.  

, otherwise 

, otherwise 
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Therefore, in his section, the equation 
proposed by [5, 37,38] is combined with the 
concept of level of repair analysis and 
developed. For this purpose, the decision 
variable di is defined as follows: 
 

di   = ቄ0
1

                                                  (15) 

 
In this case, the system maintainability index, 
in relation with accessibility and the required 
net space, with respect to the level of repair 
analysis for the system, will be as follows:  
 
I୫ ൌ 	∑ μ୧	

୬
୧ୀଵ ሺA୧ ൅ ሺ1 െ d୧ሻλ	M୧ሻ          (16) 

 
Where in: 
	μ୧		:	Maintenance frequency for the ith 
component 
	A୧		: Accessibility for the ith component 
	λ ∶ Importance of accessibility against to the 
operating maintenance space factor 
	M୧		: Maintenance space for the ith 
component 
In order to provide a higher level of 
maintainability, we seek to minimize the 
equation 16.  
2.3. Considering distance requirements  
The maximum level of providing distance 
requirements existing between the 
components, including the near and far 
requirements, is of the other factors to be 
considered when designing the system 
layout. In [5,37], the objective function of 
minimizing the dissatisfaction of distance 
requirements has been explained as follows:  

dw ijs

n

i

n

j
ijDI

,
1 1

.
 


 

In order to provide a higher level of 
maintainability, we seek to minimize 
equation 17. 

 Where wij is the importance weight of 
distance requirement between component i 
and component j, and ds,ij denotes the degree 
of dissatisfaction with the distance between 
component i and component j. Let dij be the 
distance between component i and 
component j. If the separation requirement 
between component i and component j is that 

component i should stay away from 
component j with distance greater than Dr,ij, 
ds,ij can be obtained as : 














ijrij

ijrj
ij

ijr

ijs

Dd

Dd
d
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d

,

,
,

,

1  

 
If the closeness requirement between 
component i  and component j is that 
component i should close to component j 
with distance less than dr,ij , ds,ij can be 
obtained as : 














ij,rij

ij,rij
ij,r

ij

ij,s

dd1

dd
d

d

d

 
 
2.4. Layout space 
Layout space is the space taken by system, 
which is an important design criterion of 
complex system. The minimization of layout 
space should be taken into account to 
enhance the efficiency of space. [5] 
Maximum space that We have , is a Cube 
with dimensions 30 x 30 x 45 centimeter . 
 
3. Constraints 
The constraints of the layout design for 
maintainability can be divided into two 
classes: geometric constraints and functional 
constraints. 
The geometric constraints are the essential 
constraints in the layout design, containing 
the interference constraints and the boundary 
constraints. 
These constraints require no overlap between 
any two components, and all components 
should be contained within the layout space. 
The functional constraints, such as 
mechanical functional constraints and layout 
knowledge constrains, also should be taken 
into account in the layout design. These 
constraints limit the orientation, layout region 
or relative position of some components, 
usually translated by geometric constraints 
(angle, distance, coincidence, etc). In general, 
the functional constraints of different 
components are not the same. [5,27,39] 
 

, otherwise 
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deterministic solution at a logical time is not 
possible. The particle swarm optimization 
(PSO) algorithm, which was initially 
presented by Eberhart and Kenedy in 1995 
[40], has been made use of a lot in order to 
solve problems of layout design. MOPSO 
(multi-objective PSO), which is the 
developed form of PSO, is a meta-heuristic  
 
 
method which has been considered to be 
effective for solving large-scale problems of 
multi-objective optimization [28].   
The problem was solved using the MATLAB 
10software, with parameters including 
population size of 30 particles and a non-
dominated answer bulk of 5000, on a 
computer with 4 GHs of CPU and 2 GBs of 
RAM in the time of 21 seconds.   
PSO method defined velocity vector in 
equation 20, update particle Location in the 
Search space at any iteration of algorithm. 

The equations for updating speed and particle 
location in the search space have been 
determined in relations 20 and 21 [41,42].     
Vi (t+1) = w^

* Vi (t) + c1 r1 (Pbest– Xi (t)) + 
c2 r2 (gbest – Xi (t)) 
Where c1 and c2 are positive constants called 
learning factors. r1 and r2 are two different 
random numbers in the range [0,1], and wˆ 
denotes the inertia weight. If a particle 
violates the velocity limits, set its velocity 
equal to the proper limit. 
Xi  (t+1)=X i (t)+Vi  (t+1)                       
Determining the problem parameters has 
been done as the relations 22 to 26 : 
߮ଵ=2.05 
߮ଶ=2.05 
߮ =߮ଵ+߮ଶ 
W^= 2 /(	ሺ߮ -2)+ √ (߮ 2  - 4*	߮)) 
c1=c2=2 
Required information about laser range finder 
system listed in Table 3 to 5. 

 

 

Tab.3. Dimensions and maintenance frequency of Modules 
 )μ୧(  )cm(Z  )cm(Y  )cm(X modules  

45%  17  12  25  1 
27%  17  15  15  2 
9%  15  14  16  3 
9%  14  12  15  4 
6%  13  18  27  5 
3%  12  15  14  6 

 

Tab.4. Maximum and minimum maintenance operating space Requirements 
 

modules D max(cm) D min(cm) 
1 15 7 
2 15 7 
3 4.5 3 
4 11.5 7 
5 4.5 3 
6 3 1.5 

modules D max(cm) D min(cm) 
 

Tab.5. Distance Requirements 
Modules Closeness Separation 

1,3 5  

1,3  2 
2,4 5  

2,4  2 
1,5  15 
2,5 15 
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matrix technique and then, through two 
stages of using the optimizing algorithm, 
subsystem and module layout was done with 
respect to the 3 other objective functions. The 
results obtained prove that the presented 
method for the simultaneous design of 
maintainability during system modularity and 
layout design is of influence.    
It is suggested to use DSM features, for 
improved system modularity and compared 
with binary DSM used in this article. 
Alternatively, to be solved multi-objective 
problem presented in this paper by other 
metaheuristic methods.  
It is suggested in systems with more 
complexity, to identify the type of 
communication between system components, 
including the flow of materials or 
information, other features of the design 
structure matrix technique to use for 
partitioning the system. 
Alternatively, in the design of complex 
systems, including the immune system and is 
designed for all requirements with regard to 
the stability and robustness of the system, in 
addition to the maintainability be considered.  
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