
Available online at www.sciencedirect.com

2212-8271 © 2014 Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the International Scientific Committee of “The 47th CIRP Conference on Manufacturing Systems” 
in the person of the Conference Chair Professor Hoda ElMaraghy” 
doi: 10.1016/j.procir.2014.01.120 

 Procedia CIRP   17  ( 2014 )  130 – 135 

ScienceDirect

A

 

* C

Ab

The
det
fam
resp
mo
num
© 2
Sel
Sys

 Key

1. I

nex
spe
fun
ma
ma
RM
ma
axe
ma
as 
sys
cha
tec
stan
stru

ma
dem

Variety M

A Multi

orresponding aut

stract 

e effective desig
ermine the cor

milies and corre
ponsible for de
del was tested 

merical exampl
2014 The Autho
lection and peer
stems” in the pe

ywords: Cell form

Introduction 

Reconfigurab
xt step in m
ecifically for r
nctionality th
achines that 
achine tools (R
MT was introd
achine base w
es). These m
achine base to

required. Th
stem for the p
allenges that f
chnology (G
ndardization 
ucture [3]. 
Cellular manu

anufacturing a
mand over s

Management

-Period 

Moham
Department o

thor. Tel.: +1-226

gn of a reconfig
rresponding sys
esponding cell 

etermining the r
by solving a d

e is included to
ors. Published b
r-review under 
erson of the Con

mation; Reconfig

ble manufactu
manufacturing
rapid modific
hrough syste
comprise a R
RMTs). The c
duced in [2]. T
with multiple 
modules can b
o adjust the RM
he RMS conc
production of 
face the applic

GT) to capi
of parts, op

ufacturing (CM
and due to th
succeeding ti

t in Manufa

Cell For

med Ossam
of Mechanical De

6-975-5603; fax: +

gurable manufa
stem configura
configurations

reconfiguration
dynamic cell fo

o illustrate the p
by Elsevier B.V
responsibility o
nference Chair 

guration planning;

uring system
g, a new p

cation in produ
em reconfig
RMS are ca
concept of mu
This concept d
identical mod

be added or 
MT capacity a
cept implies 

f a part family
cation of RMS
italize on 
peration sequ

M) is an appli
he variation o
ime periods; 

acturing. Pro

rmation 

ma, Ayman
esign and Produc

+1-519-973-7053

acturing system
ations. A mixed
s in RMS in a 
n plan on both m
ormation probl

proposed model
V. 
of the Internatio
Professor Hoda

; Reconfigurable 

s (RMSs) ar
paradigm des
uction capaci

guration [1]. 
lled reconfig
ultispindle sca
describes RM
dules (spindle
removed fro
and/or functio
the design o

y. Thus, one 
S is the use of 
commonality

uence and p

ication of the 
of product mi

the dynami

oceedings o
Systems

Model f
System

n M. A. Yo
ction, Faculty of E

3 E-mail address:

m (RMS) exerts 
d integer progr
dynamic produ

machines and s
em and it was 
 and the reconf

onal Scientific C
a ElMaraghy. 

manufacturing sy

re the 
signed 
ty and 

The 
gurable 
alable-

MT as a 
es and 
m the 
onality 
of the 
of the 

f group 
y and 
roduct 

GT in 
ix and 
c cell 

for
hor
pro

dev
The
flex
sol
the
spl
size
and
car
me
11]

(DC
dyn
rec
fac
mo

of the 47th C

for Reco
ms 

ussef*, Mo
Engineering, Cai

: ayman.youssef@

the need for a d
ramming mode
uction environm

system levels be
able to find th

figuration plann

Committee of “

ystems 

rmation proble
rizon shall co
oduct demand 
A comprehen
veloped in [5]
e model inco
xibility and su
ved optimally

e advantages 
itting and sys
e problems w
d parallel GA
rried out in
ethodology for
]. 
Although th
CM) shares s
namic nature
configuration, 
ct that DCM la
odularity and r

CIRP Confe

nfigurab

ohamed A.
iro University, Gi

@alumni.uwindso

design approach
el was develop
ment. A novel
etween success
he optimal solu
ning heuristic. 

The 47th CIRP

em was introd
ver a set of ti
and mix inste

nsive mixed i
] to solve the 
rporated the c
ubcontracting
y for small and

of considerin
stem flexibilit

were solved u
A [7].  In recen
n the contex
r the dynamic 

e dynamic 
some of the 
e of product
they are dissi

acks capacity 
reconfigurable

erence on M

ble Manu

. Shalaby 
iza 12613, Egypt

or.ca 

h to group the p
ed to form sim
l reconfiguratio
sive time period
ution found in 

P Conference on

duced. It impli
ime periods h
ead of a single
integer progra
dynamic cell 
concepts of lo

g in the proble
d medium siz
ng system re
ty. Later on i
sing genetic a
nt years many
xt of model
cell formation

cellular man
characteristic
tion requirem
imilar. This w
scalability, fu

e machines as 

Manufacturin

ufacturin

 

parts into famili
multaneously th
on planning heu
ds, is introduce
the literature. A

n Manufacturing

ies that the pla
having determ
e period in CM
amming mode
formation pro
ot splitting, ro
em. The mode
ze problems pr
econfiguration
in their work,
algorithm (GA
y studies have
ling and so
n problem [8,

nufacturing s
cs of RMS i.
ments and s
was attributed 
unction adapta

shown in tabl

ng 

ng 

ies and 
he part 
uristic, 

ed. The 
Also a 

g 

anning 
ministic 
M [4]. 
el was 
oblem. 
outing 
el was 
roving 
ns, lot 
, large 
A) [6] 
e been 
olution 
 9, 10, 

system 
.e. the 
system 
to the 

ability, 
le 1. 

© 2014 Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the International Scientifi c Committee of “The 47th CIRP Conference on 
Manufacturing Systems” in the person of the Conference Chair Professor Hoda ElMaraghy” 



131 Mohamed Ossama et al.  /  Procedia CIRP   17  ( 2014 )  130 – 135 

Table 1.Comparaison between RMS and DCM. 

Element RMS DCM 

Production requirements  Dynamic Dynamic 

Reconfiguration level System and machine levels System level 

Reconfiguration cost Low High 

Machine capacity Adjustable Fixed 

Machine functionality Adjustable Fixed 

 
Many researchers adapted and modified the methodologies 

used in CM to address the cell formation problem in the RMS. 
An approach based on Jacard’s similarity coefficient and an 
analytical hierarchical process model was developed in [12], 
for grouping the products in families and determines the 
appropriate part family at each configuration stage. Other 
approaches based on average linkage clustering algorithm and 
Jacard’s similarity coefficient were used in [13, 14] for the 
formation of part families. The outcome of the algorithm is a 
dendogram which presents different sets of product families 
and the corresponding similarity coefficients. A GA was 
presented in [15] to group parts into families based on 
maximizing the sum of two similarity coefficients adopted 
from [13].  

From the previous presented literature, it can be noticed 
that most of the work done to date handled the cell formation 
in RMS from the perspective of part family formation and 
neglected the machine cell formation. Failing to consider the 
corresponding cell configurations (the number of every 
machine types in each cell and its capabilities) and the 
associated reconfiguration effort may lead to sub-optimality 
of the part family selection. Also many of the reported 
literature did not provide a systematic methodology to 
determine the best set of part families. Another major 
shortcoming is neglecting the dynamic nature of product mix 
and demand in RMS. The dynamic production requirements 
imply the division of the entire planning horizon into multiple 
periods where each has different production mix and demand. 

The research presented in this work aims to solve the cell 
formation problem in the RMS context. This is to be done by 
developing an approach for grouping the machines into cells 
(each cell responsible of producing a part family) in the 
context of RMS, and simultaneously form and select the best 
set of part families that minimizes a summation of relevant 
costs. The rest of the sections are organized as follows, 
section 2 presents the problem description and the 
assumptions taken along with the mathematical model and 
reconfiguration planning heuristic. Section 3 describes a 
procedure to optimally solve the model. In section 4, two 
numerical examples are optimally solved. Conclusion and 
summary are finally presented in section 5.   

2. Problem description  

The multiple time period cell formation problem in the 
RMS context addresses the problem of grouping parts into 
families and determining the corresponding machine cells in 
RMS for several time periods, each period differs from its 
preceding one in its product mix and  its demand. The RMS 
consists of a number of RMTs, Which are to be grouped into 

cells where each cell is responsible of producing a part family 
with minimum total cost. 

Following the definition of the RMT, each RMT type in 
the system has several possible configurations. Each 
configuration is defined with the number of modules installed 
on the machine base. So each configuration is capable of 
performing different set of processing operations with a 
limited capacity.  A part may require several operations in a 
given sequence. An operation of a part may be processed by a 
machine if it has a configuration that can process this 
operation. If there are several configurations on more than one 
machine that can process an operation of a certain part, these 
machines are considered as possible routings for the part. 

As a response to the gaps found in the literature, a mixed 
integer programming model is formulated to address multiple 
time period cell formation problem in RMS taking into 
consideration the dynamic nature of product mix and demand, 
capacity scalability, functional adaptability, and routing 
flexibility. This model is a modification to the model 
presented by [7] to solve the dynamic cell formation problem. 
The objective function and the constraints were modified to 
cope with the RMS context. The objective of this model is to 
minimize machine procurement cost, operation and setup cost, 
inter-cell travel cost, subcontracting cost and reconfiguration 
cost for the entire planning horizon.  

2.1. Assumptions 

This model is developed under the following assumptions: 
The product mix and demand varies between time periods 
in a deterministic manner and are predetermined. 
All the demand must be satisfied. Demand that is not met 
by production is to be subcontracted with a given cost. 
Parts are processed in batches and every part can have 
different batch size. 
Each operation has one or several possible machine 
configurations that can process it. 
Lot splitting is allowed but within the same cell, i.e. if a 
part has alternative routings at a certain operation, the 
demand of this part at this operation can be split and 
processed on different machines but the machines has to be 
in the same cell.   
Machines are reconfigurable. Each machine can be 
reconfigured to a set of machine configurations associated 
to each machine type. 
Each machine configuration can perform one or more 
operations with different processing times. 
Machine capacity is expressed in processing hours per time 
period. 
Machines that cannot be located in the same cell due to 
technical and environmental requirements should be 
separated. 
The time required for machines and system reconfiguration 
between different time periods is not considered in the 
model (assumed to be zero). 
Machines are reliable (availability is 100%). 
The number of cells is predetermined. 
The lower and upper boundaries on the number of 
machines in every cell are predetermined. 
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