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Abstract 
 
Cellular manufacturing system timing is an effective parameter in designing and 
programming productive systems to reduce costs significantly. Cellular manufacturing 
system timing is known as group timing. Group timing tries to determine optimized the 
sequences of family parts and also the sequence of each part in a family. Every cellular 
manufacturing system, some pieces may need an operation on other machinery which is 
called exceptional parts. This paper is concerned with group timing considering 
exceptional parts. It this condition, a mathematical model with the subordinate target for 
minimizing the Cmax has been presented. In this model, the preparation time is assumed for 
each family part depending on the operation sequence.  
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1. Introduction 
 
Group technology has been the core of attention in this increasingly productive competing 
world. Group technology is a philosophy which uses similarities in production process and 
products designs as a means to improve production variety. Group technology identifies 
the main products and their production similarities and then it classifies them in a family. 
This technology is a disciplined technology to identify pieces, processes, individuals’ 
equipment, and/or the customers whose similarities should be known. This increases the 
effectiveness and management usefulness through similarities (Mahmoodi, 1992). 
Organizations sometimes try to produce a high volume of a variety of products due to their 
flexibility so that they use cellular productive system which is compounded with a current 
system functionality and flexibility of workshop system. In other words, high functionality 
of current system is compounded with high flexibility and system potential. The cellular 
productive system design has two major stages: 

• The study of different products which should be produced and classified as their 
production process similarities and goods family identification 

• Placing the equipment and machinery as different cells based on co-family products 
and establishing small workshops in a workshop 

After designing Cellular productive system, the most important task is planning and 
controlling system. One of the most essential duties of production programming to fulfill 
this goal is to determine the sequences and timing of product pieces on machines. The aim 
of timing is to determine the sequences of groups and pieces in one group in order to 
minimize the effective indicators. These indicators include minimizing production time, 
minimizing the early finishing time of the tasks, minimizing the delay time of the tasks and 
minimizing deviation of finishing time and the delivery time. These aims are matched with 
the chain of on time production, and management targets and it is expected that their 
simultaneous control can improve the system function (Lajandaran, Salmasi, 2006). In fact, 
such a structure in timing leads decision makers to two staged algorithms which involve 
pieces family timing and pieces in every family; these are known as group scheduling 
(Zolfaghari, et al., 1999). Timing in Cellular productive systems happens in two stages. In 
the first stage, the sequence of work in every family is determined, and then the priority of 
piece processing in every family is identified (Soroush and Kay, 2007).  
Group scheduling issues can be categorized in different groups such as solution methods 
and the type of subordinate target. Multi-subordinate targets can be changed to one 
subordinate target through applying multi-subordinate weighing, and sequential analysis 
technique is sometimes used. Rajenderan (1999) used group scheduling considering delays 
and system total time using subordinate target weighing system to solve problems 
creatively. Soltani and et al considered scheduling with the help of two groups of orders. 
They were trying to minimize the delay weights and optimize the completion time using 
GA and SA algorithms.  
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The most applicable indicator in target subordinates covering scheduling was CMax. This 
indicator speeds up the system flow which is one of the most important chains in 
production. As the CMax decreases, goods are produced faster and this is an important 
feature in this competitive market. Other important indicators are delay weight average and 
the total time in a system. Multi-targeted subordinates can be classified as the following 
(Negar, et al, 1992): 
 

• Subordinate targets which have indicators for time flow and delays 
• Subordinate targets which have indicators for weight and delays 
• Subordinate targets which use cost indicators along with one timing indicator 
• Subordinate targets which use different indicators 

 
Nowadays, most manufacturing agencies have several manufacturing cells for 
accomplishing their operations on pieces and this happens when there is a categorization. 
However, the researches indicate that there are single-cell or multi-cell systems. Das and 
kenell (2005) researched about scheduling in a flexible multi-cell system considering linear 
production features and their preparation time, and they used a branch algorithm and 
limitation to solve the problem. The target subordinate was minimizing the CMax which 
contained the preparation time and the dormant time of machines. They investigated the 
presented algorithm with different issues and dimensions (from 2 cells and 4 families to 20 
cells and 10 families). Young and Chren (2000) spoke about group scheduling with linear 
system considering minimizing the CMax and removal time and along with that they 
considered the separation time of machines and equipment and the transformation of 
pieces. They used the presented algorithm by Baker covering the mentioned indicators to 
solve the problem. Zigler and Rajenderan (1999) presented three algorithms for system 
scheduling based on two target subordinates for cell production with a linear system. The 
target subordinates are the issues of minimizing the delay and the total time. This research 
considered the expense of materials and delays as the coefficients of indicator weights in 
target subordinates. Three scheduled algorithms are presented in this paper and their 
efficiency has been compared with two SA algorithms. The results of this research 
illustrate that when SA algorithm uses the answers of other algorithms to start, the 
conclusion and the results are much better that other methods. Scholar (2001) delivered the 
group scheduling with the linear system considering minimizing the total time of 
production and the creative two staged solution method. In the first stage, the branch and 
limitation methods were applied to determine the sequences of families and one 
substitution method was used to determine the sequence of family tasks. They considered a 
low limit for branch and limitation algorithm and evaluating the nods and they compared 
their low limit with the one offered by Hitomi and Hum (1976). They attempted to find an 
efficient solution of the processing time with the application of low limit.  
Removal time plays an important role in system scheduling. Some applications of removal 
time such as in the resin industry, car manufacturing and electronic industry depend on the 
sequences happening in every family in every cell (Scholar, 2002). Alhordi and et al  
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(1999) classified scheduling considering time and the removal costs. Their research 
mentions that most of studies, related to scheduling in cell systems, assume that the 
removal time is independent of sequence while in the real world conditions such as 
electronic circuits removal time of pieces families depends on the sequences of operation.  
In most groups scheduling, it is assumed that co-family pieces can be processed in on cell 
and the machines are grouped in productive cell systems in that there is no internal piece 
between cells or they are reduced to the least. The internal cell pieces mean that their 
production happens in more than one cell while pieces are mostly required to be processed 
in other cells and they are called exceptional pieces. These internal cell pieces complicate 
the flow of the materials and time in the manufacturing cells. There have been a few 
researches on internal cell pieces and their relationship with scheduling. These few studies 
have offered to increase the number of bottleneck machines or there should be contracts 
with the contractor. However, in the real atmosphere of the manufacturing cell system, this 
can’t be applicable due to high expenses (Soleymanpour, 2004). 
This paper is a mathematical model aiming at minimizing the maximum removal time foe 
scheduling in the manufacturing cell system with the workshop structure. The hypotheses 
in this research are removal time dependant on the operation sequence and the possibility 
of internal pieces. Some different problems have been considered to solve this problem.  
 
 

2. Mathematical model 
 
The presented model in this paper tries to find an optimized sequence of pieces in every 
piece family and the optimized sequence of family pieces in order to minimize the piece 
removal time. The hypotheses such as internal cell pieces are to make the problem 
structure to the real situation. In this mathematical model, considering the applicable 
conditions and features, some assumptions have been made: 

1) The working team and the productive sells are identified in advance. 
2) The manufacturing machines are always accessible and there is no destruction or 

delay 
3) Operation scheduling is clear and fixed. 
4) Cmax of every piece family depends on the sequence of families’ entrance to the 

cells. 
5) The place of cells depends on the workshop production and every piece passes he 

machine in every equal time. 
6) Transportation time between every machine in cells (internal cell transportation) 

has been considered in the operation time. 
7) The operation of every cell family can be done in more than one cell so that there 

are internal cell movements. 
8) In order to reduce Cmax, when the production of every piece starts, there won’t be 

any other operations of other families until the first operation has been 
accomplished. 
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9) The rout movement of every family is clear in the system. 
10) There will be some unexpected waiting and delay in every operation. 

• Model parameters 
The suggested parameters are as the following: 
Pf      the number of families 
N      the number of total pieces 
m      the total number of machines 
K      the number of cells 
mk       the number of machines in every cell 
nf          the number of pieces in every family  
Pifjk    the duration of the operation of i piece from the f family on the machine j 
from the cell k 
M     a very big positive number 
The total number of nf shows the number of all pieces. mk shows the number of 
machines in the system. 
• Decision indicators 
The decision indicators are as the following: 
Cifjk       the removal time of piece i from the family f on machine j from the cell k 
Cmax     the most removal time 
Cf       the removal time of piece i from the family 
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• Subordinate targets and their constraints in this model 
This research paper is concerned with minimizing the removal time as a target 
for the purpose of scheduling in the cell manufacturing system. Satisfying the 
customers’ needs is one of the most important targets in the chain of 
production. When time is reduced, the product will be prepared sooner and the 
company can win the market. Minimizing the removal time is one of the multi-
targeted problems in scheduling which can be mentioned in the below. In the 
following the mathematical relations are clarified. 
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3. The suggested mathematical model 
 

Constraint (1) and (2) ,mention that if the pieces i and s from the family f need the 
operation by machine j, there shouldn’t be any intervention when the operation is being 
carried out. In fact, this limitation controls the operation sequence of one piece in a family. 
Constraint (3) and (4) control the entrance of families to the cells. It means that the 
removal time of one family piece entering the cell will be longer than the removal time of 
the family entering the cell sooner. 
Constraint (5) mentions that two families of f and r enter the cell k one sooner than the 
other. Constraint (6) says that two i and s pieces are processed on machine j. constraints (7) 
mentions that the removal time of the first piece from the family f is longer than the 
operation time. Constraint (8) shows the calculation of the removal time. 
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Sample issues with identified parameters are required to solve this model. Since there was 
no chance to find a these parameters in the model, an accidental model has been chosen. 

Equation (3) 

Equation (4) 

Equation (5) 
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Making the sample problem 
There were three groups of accidental problems with recognized parameters in these 
problems, some factors such as the time of application, the combination of machines, and 
the manufacturing cells (making the cells) and the Cmax for every family piece related to the 
sequence of entering every family piece should be considered.  

• Since the hypotheses of internal cell pieces and manufacturing cells have 
been considered in advance, there have been three types of literature. The 
only problem to bear is the compound of machine-piece and the rest of the 
information has been produced. The specifications of these problems have 
been mentioned in table 1.  

• The structure of cells is workshop style. 
• The time of operation agrees with Zegordi et al with a normal distribution in 

the [5, 25]. 
• Cmax of every family is based on the research by Scholar and et al [1, 50]. 
•  

 
Table 1: Problems specification 

 
 specification  Researchers Problem no. 

Number of pieces Number of machines Number of cells   

8 5 2 Venegupal &Narendan 1 

10 8 3 Solimanpur et.al 2 

20 20 5 Harhalakis et.al 3 

 
 
The software Lingo has been used. The subordinate target of minimizing model is the 
maximum removal time which has been mention as Cmax and it mentions the most removal 
time of every piece in every family piece. The model of writing this subordinate has been 
mentioned in the following. Then Cif has been calculated through the weight total. The 
subordinate targets will be as the following and they are inserted as limitations. 
The subordinate target will be written as Min z. The first and second limitations determine 
the sequence of pieces of one family piece in that there is no time intervention for the 
pieces that they need similar machines. The third and fourth limitations determine the 
sequence of family pieces for entering the cells for an operation. Since there is a hypothesis 
of internal cell pieces, these two limitations can demonstrate the sequence of the family 
pieces. When these stages are done, the piece sequence and piece removal time of each 
piece in every machine in a specific cell will be calculated. The last limitation is used to 
calculate the most piece removal time. 
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4. The results of solving model 
 
The calculations of solving every problem have been mentioned separately. One of the 
decision indicators in this model is the piece removal time. It is an indicator that its 
reduction can improve the system operation and it can have a world class manufacturing 
rank. Table 2 shows the removal time of different pieces. Table 3 shows the piece and 
family piece sequences. The equations can help us understand the sequence of entering of 
each piece to a family piece and the cell sequence in every family. 
 

Table 2: the piece removal time 
Problem no. The most removal time 

1 300 
2 338 
3 545 

Table 3: the sequences of pieces and family pieces 
First problem 

 
 
 
 

Sequence of the first family pieces 7 4 8 1 - 
Sequence of the second family pieces 5 2 3 6 - 

The sequence of pieces in the first cell Pf2 Pf1 - - - 

The sequence of pieces in the second cell Pf1 Pf2 - - - 

Second problem 
 
 
 
 
 

Sequence of the first family pieces 9 10 6 5 - 
Sequence of the second family pieces 1 4 2 - - 

Sequence of the third family pieces 3 7 8 - - 
The sequence of pieces in the first cell Pf2 Pf1 - - - 
The sequence of pieces in the second cell Pf2 Pf1 - - - 
The sequence of pieces in the third cell Pf2 Pf1 Pf3 - - 

Third problem 
 
 
 

Sequence of the first family pieces 8 12 10 9 1 
Sequence of the second family pieces 11 3 14 2 - 
Sequence of the third family pieces 15 13 7 6 4 
Sequence of the fourth family pieces 5 17 16 - - 
Sequence of the fifth family pieces 20 19 8 - - 
The sequence of pieces in the first cell Pf4 Pf2 Pf1 Pf5 - 
The sequence of pieces in the second cell Pf4 Pf2 - - - 
The sequence of pieces in the third cell Pf5 Pf3 Pf4 - - 
The sequence of pieces in the fourth cell Pf2 Pf4 Pf3 - - 
The sequence of pieces in the fifth  cell Pf5 - - - - 

 
 

5. Conclusion 
 
This paper has introduced a mathematical model for scheduling in a manufacturing cell 
system. The hypotheses carry specific features. The Cmax of every family piece depends on  
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the operation sequence and the possibility of internal cell pieces. After making the sample 
problem to solve, the model will be solved by using Lingo software in order to minimize 
the removal time. The results will indicate the sequential model of pieces and family 
pieces.  
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