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Abstract: The existing methods solve cell design problem independently of machining economics problems, although the selection of process parameters and formation of machine cells are very related. When designing cellular manufacturing in the presence of alternative process plans, it is necessary to consider the different operation variables such as machine and tool specifications that may have an influence on production cost or production time. This paper considers the design of cellular manufacturing systems in the presence of alternative process plans by taking into account process variables. The paper proposes integrated models to solve the machining economics problem and cellular manufacturing simultaneously to investigate the effect of process parameters on determining cells and their associated part families. The objective is to minimize total production costs and investment in a cellular manufacturing system environment. The usefulness of the proposed models is that it provides a lower cost solution than separate models for solving the above mentioned problems. Numerical examples and sensitivity analysis are presented to demonstrate the models developed.

The following notations are used throughout this paper:

Notations

Co
Taylor's tool life constant.

Cm
 cost of machine of type m.

Cpr
total production cost per unit ($/piece).

c
=1, 2, …C machine cells.

D
workpiece diameter (mm)

F
 feed for finishing (mmpr).

f
=1, 2, …PF part families.

k
=1, 2, …K parts.

Ko
 overhead cost ($/min).

m
=1, 2, …M machines.

Mo
machine rate ($/min)

Nmax
maximum number of cells.

L
workpiece length (mm).

p
=1, 2, …P process plans.

s
=1, 2, …S operations.

T
tool life (min).

tc
time required to change tool (min).

th
preparation time (min/piece).

Vmin
minimum cutting speed (mpm).

Vmax
maximum cutting speed (mpm).

Zmf
number of machines of type m for family f.

Zmc
number of machines of type m in cell c.
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Introduction

Cellular Manufacturing (CM) is an application of Group Technology (GT) in which machines are grouped into machine cells and parts grouped into part families. The major issue in the design of cellular manufacturing systems is the construction of machine cells and part families. The design of machine cells and part families has an influence on manufacturing costs. Therefore, it is essential to consider the main elements of cost when designing CM systems [1].

Over the last two decades, many researchers studied the problem of CM (designing machine cells and part families) and developed various methods to solve this important problem. Comprehensive reviews of these methods have been published [1-8]. Until recently, this area still attracted attention from academicians, due to the high investment of manufacturing technologies such as Computer Numerical Control (CNC) machines and Flexible Manufacturing Systems (FMS) that needs further investigation for effective utilization. Moreover, most of modern CM systems designs are based on new manufacturing technologies.

Many papers have presented useful techniques to rearrange machines and parts in the machine-part incidence matrix (0-1 matrix). In fact, these techniques have demonstrated good theoretical procedures to obtain a diagonal shape of the 0-1 matrix. This helps in providing primary classification of machines and parts, but may leads to unsatisfied solution to the CM problems. This is due to the absence of other important variables such as process plans variables, distances between machines, locations, production times, investment on machines and production costs that should be taken into considerations when designing CM systems. To avoid these problems, many other methods have been developed such as work of Rajamani et al. (1990), Rajamani et al. (1992), Logendran et al. (1994), Rajamani et al. (1996), and Sarker and Li (1997).

Rajamani et al (1990) considered a generalized group technology problem of manufacturing a group of parts in which each part can have alternative process plans and each operation can be performed on alternative machines. They developed three integer programming models to study the effect of alternative process plans and simultaneous formation of machine cells and part families. The drawback, however, is that the production cost of all parts are assumed fixed and are not included in the objective function. In addition, production times are kept constant in their models. Rajamani et al. (1992) also considered the selection of parts and machines for cellular manufacturing using a mathematical programming approach. They provided solution schemes based on column generation technique. Logendran et al. (1994) studied the cell formation problem using two phases. The first phase is concerned with determing the number of machines of each type and a unique process plan for each part. In the second phase deals with the assignment of parts and machines to each manufacturing cell. They suggested two higher-level heuristic algorithms based upon a tabu search method to solve the models. Rajamani et al. (1996) developed a mixed integer program for the design of cellular manufacturing systems with alternate process plans. They considered investment, processing and material handling costs in the objective function. A column generation was proposed to solve the relaxed linear program efficiently. Sarker and Li (1997) presented a mixed integer program to simultaneously select part routings and form machine cells in the presence of alternate process plans when minimizing the total cost of operating and intercell material handling.

In the literature, it has been found that the papers which considered the design of CM when each part has alternative process plans assumed the production times and production costs are fixed and not affected by other process factors (such as cutting speed in machining systems). The production rate and production cost cannot be assumed fixed, since they are functions of process plan parameters which require to be optimized. The study of production cost and production time in machining systems and optimization of process parameters (cutting speeds, feed rates, depth of cut, etc.) is referred to the machining economics problem. Many researchers have developed methods to solve the machining economics problem (see for example: Lambert and Walvekar 1978; Gopalakrishan and Al-Khayyal 1991; Yellowley and Gunn 1989; Shin and Joo 1992; Gupta et al. 1995; Lee et al. 1999; Arezoo et al. 2000; Al-Ahmari 2001; Chang et al 1998; Hitomi 1996). However, none of researchers considered the effect of selection of process parameters problem on cell design (in CM systems). The traditional methodology for these issues is to optimize process plan parameters and to find the optimal process costs and times, then these costs and times are used as constants in the process plans of CM systems. 

In this paper, the process plan parameters are optimized jointly with the formulation of CM (machine cells and part families). It is expected that it could provide a lower cost solution than using separate models to solve the two problems (CM problem and machining economics problem). Designing CM (in machining systems) without addressing the problem of process parameters may lead to unsatisfactory solution to CM system. The solution can be improved by modifying process variables such as cutting speeds of machine operations. No published work has been found for the problem under consideration.

Two mathematical models are presented to identify part families and machine cells in the presence of alternative process plans by taking into account the effect of machining parameters on cell design. Integer programming models are proposed so that the total investment in machines and production cost is minimized.

Mathematical Model

The objective is to model and investigate how the selection of machining parameters of process plans influences the cost of designing CM systems. The models proposed are: Model-I and Model-II. The first model assigns machines to known part families when the objective is to minimize the total production and investment costs. The production cost is based upon optimization of process parameters. In the second model (Model-II) machine cells, part families, process plan for each part, process parameters for each operation (cutting speeds), and number of machines required in each cell are identified simultaneously. 

Model-I

Model-I is formulated based on the following assumptions:

1.
Capacity of each machine type is known.

2.
Annual quantity for each part is known.

3.
Part family for each part is known 

4.
For each process plan, the processing cost and time are functions of process parameters (cutting speeds), i.e. production costs and production times are unknown.

The objective is to minimize that total cost (investment in machines + production cost).

The total investment in machines equals:
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The total machining cost ($/part) can be obtained by the following equation:
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where
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From (2), (3) and (4), the total machining cost becomes:
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(5)

Thus, the total annual production cost for processing all parts can be represented as follows:
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         (6)

In the same manner, the total machining time, can be obtained as follows:
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From the above equations (6) and (7) it is noted that the production times and production costs cannot be assumed fixed where they are functions of process parameters (cutting speeds). 

Model-I can be formulated as follows:

Minimize 
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Subject to:
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The objective function (8) is a nonlinear integer equation. It minimizes the total sum of the machine investment cost and the production cost. The first term represents the cost of all machines required in all cells. The machine investment cost is obtained by summing the product of the number of machines of each type and their respective costs. The second term is the cost of operating machines. It is the sum of the products of the number of hours of each machine type and their respective setup and processing costs (function of cutting speed). This term also include the tooling cost. Constraint sets (9) and (10) ensure that cutting speeds are within boundaries specified. Constraint set (11) ensures that only one process plan is selected for a part. Constraint set (12) ensures that all operations in the selected process plans are performed on one of the available machines. Constraint set (13) guarantees that capacities of machines are not exceeded. Constraint sets (14 ), (15) and (16) impose integrality and nonnegativity. 

Model-II

The assumptions of Model-II are as follows:

1.
Capacity of each machine type is known.

2.
Annual quantity for each part is known.

3.
Part families and machine cells are unknown 

4.
Production costs and operation times are unknown. This means that the processing cost and time are functions of process parameters (cutting speeds) for each process plan.

The major difference between the assumptions of Model-I and assumptions of Model-II, is that in the later, part families and machine groups are unknown.

Thus, Model-II can be formulated as follows:

Minimize 
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Subject to:
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The objective function (17) minimizes the total sum of the machine investment cost and the production cost. The first term represents the cost of all machines required in all manufacturing cells. The second term is the cost of production for each machine operation. It is the sum of the products of the number of hours of each machine type and their respective setup and processing costs (functions of cutting speeds) (as discussed in Model-I). Constraint sets (18) and (19) ensure that cutting speeds are within boundaries specified. Constraint set (20) ensures that only one process plan is selected for a part. Constraint set (21) ensures that all operations in the selected process plans are performed on one of the available machines. Constraint set (22) guarantees that capacities of machines are not exceeded. Constraint set (23) ensures that the specified number of cells is not violated. Constraint sets (25) - (27) impose integrality and nonnegativity. 

The above models (Model-I and Model-II) can be solved using any non-linear programming software. The advent of high-speed computers and optimization tools has considerably increased the ability to formulate and solve such models. LINGO software is used to solve the proposed models and to perform the required comparisons, as presented in the next Section. 

Numerical Example and Computational Results

Table 1 illustrates the data of examples which demonstrate and validate the proposed models and simplify a comparison between these models and some existing methods.

Table 1. Data for the example

MSKP*
KO
Co
Th
tc
Ct
n
V
Cpr
tpr

1111
169
847
1
0.8
5
0.3
321.64
0.875
1.542

1121
369
673
1.5
0.9
4
0.3
270.74
1.722
2.921

1131
188
695
1.1
1.4
9
0.6
149.80
2.120
2.491

1133
471
639
1.3
0.9
10
0.4
161.06
3.086
4.308

1141
181
529
0.6
1.1
8
0.7
131.17
2.599
2.186

1142
394
836
0.6
1.3
8
0.5
200.99
2.260
2.707

1312
120
678
0.8
0.6
10
0.3
212.13
0.803
1.372

1321
164
367
0.7
0.6
9
0.5
85.10
2.277
2.689

1322
418
485
1.3
0.7
9
0.5
112.15
4.376
5.166

1332
161
660
1.2
0.8
6
0.4
202.39
1.262
2.028

1333
456
351
1.5
1.1
10
0.7
75.14
10.86
8.306

1341
219
796
0.8
0.9
9
0.3
254.89
1.011
1.676

2211
114
868
0.8
1.3
4
0.3
346.56
0.636
1.148

2212
394
715
0.9
1.2
8
0.6
165.49
3.426
3.53

2221
390
577
1.4
0.5
4
0.5
197.83
2.670
3.487

2222
315
466
0.9
0.6
7
0.2
206.60
1.402
2.440

2231
217
732
0.8
0.8
9
0.7
169.48
2.528
2.207

2232
135
420
0.5
0.6
7
0.7
116.38
2.183
1.771

2233
168
527
0.9
1.5
8
0.6
120.70
2.190
2.470

2241
280
538
1
1
5
0.4
175.32
1.831
2.693

2242
245
854
0.7
1
8
0.1
515.77
0.613
1.178

2312
326
555
1.3
0.8
10
0.2
229.20
1.538
2.735

2321
303
762
1.3
1.3
4
0.6
254.99
2.135
2.737

2322
412
620
0.6
1.5
8
0.4
167.77
2.346
3.195

2332
361
658
1.4
0.7
3
0.3
288.44
1.594
2.707

2333
214
830
1.1
1
6
0.1
516.22
0.780
1.518

2341
138
451
1.3
0.6
6
0.6
125.75
2.021
2.475

3111
388
990
0.8
1.2
5
0.7
330.19
2.358
2.268

3121
268
604
1.2
1
10
0.4
151.96
2.069
3.019

3131
265
359
1.2
0.6
9
0.4
94.80
2.929
4.055

3133
374
430
1.3
1.1
8
0.5
103.98
4.246
5.128

3141
312
756
1.1
1.3
8
0.4
205.52
1.815
2.694

3142
203
963
1.1
0.6
3
0.6
396.27
1.190
1.682

3211
173
570
0.6
1.2
8
0.7
140.66
2.347
2.029

3212
478
975
0.5
1.2
4
0.5
321.64
1.737
2.180

3221
164
620
0.6
0.6
9
0.3
199.82
0.885
1.432

3222
172
850
0.7
0.8
8
0.1
515.99
0.535
1.035

3231
359
713
1.3
0.8
8
0.3
237.19
1.731
2.844

3232
457
590
1.3
0.8
4
0.6
204.08
3.449
3.844

3233
211
960
1.2
0.7
5
0.6
295.63
1.493
1.983

3241
176
744
0.8
0.8
3
0.5
285.15
1.016
1.489

3242
108
700
0.6
0.9
9
0.1
419.34
0.443
0.858

Vmin= 40.00,  Vmax= 1000.000,  Mo=0.5, MSKP = Machine, Operation, Part, Plan

The above data are for different tools and different operations that is used to optimize machining conditions when the objective is to minimize the total production time (Cpr) and to minimize total production time is also determined for the given operations using equations (5) and (7). The last two columns in Table 1 show the minimum production cost and the minimum production time respectively. These values are computed based upon optimal machining conditions (cutting speeds) independently of other factors of CM system. The existing methods considered CM problems based upon known operation times and costs that may be obtained from handbooks, machining databases or by optimization methods as mentioned above. In the present example, four different part types with known demands are produced each having alternative process plans as shown in Table 2. It should be noted that the same values of Cpr and tpr (from Table 1) have been used. 

Table 2. Data for known production costs and times




Machine type




m =1
m = 2
m =3

Part

(k)
De-mand
Plan

(p)
s =1
s=2
s =3
s=1
s =2
s =3
s =1
s =2
s=3

1
20
1
0.875(1)

1.542(2)



0.636

1.148

2.358

2.268
2.347

2.029




2


0.803

1.372

3.426

3.53
1.5388

2.7359

1.737

2.180


2
20
1
1.722

2.921

2.277

2.689

2.670

3.487
2.1353

2.7374
2.069

3.019
0.885

1.432




2


4.376

5.166

1.402

2.440
2.3463

3.1959

0.535

1.035


3
20
1
2.120

2.491



2.528

2.207

2.929

4.055
1.731

2.844




2


1.262

2.028

2.183

1.771
1.594

2.7075

3.449

3.844




3
3.086

4.308

10.863

8.306

2.190

2.470
0.7806

1.5181
4.246

5.128
1.493

1.983


4
20
1
2.599

2.186

1.011

1.676

1.831

2.693
2.0214

2.4757
1.815

2.694
1.016

1.489




2
2.260

2.707



0.613

1.178

1.190

1.682
0.443

0.858


 (1) Production cost (Cpr)

(2) Production time (tpr)

Machine Type

To investigate the effect of cutting parameters (cutting speeds) on CM problem, the data presented in Table 2 (i.e. known production times and production costs) have been used to solve both models (known part families and unknown part families). In the case of known production times and production costs, the production cost and production time equations will be ignored from the proposed models. When using known costs and times, these models and the models developed by Rajamani et al. (1990) and Singh (1996) are similar (the difference is that here we include the production cost in the objective functions and assume deterministic and stable demand over the planning horizon). In fact, these differences have been suggested by Logendran et al.(1994) but he dealt only with the problem of determining the number of machines of each type when selecting a unique process plan for each part. 

The solutions for Model-I (in both cases known and unknown production costs and times) are illustrated in Tables 3.

Table 3. Solution of Model-I

Models
Objective function value
Machine cell
Number of machine type
Part family /plans




1
2
3
Family 1
Family 2







Part-1
Part-2
Part-3
Part-4

Rajamani’s et al. (1990)
1072.235
Cell-1
2
1
0
Plan-1
Plan-2
-
-



Cell-2
1
1
0
-
-
Plan-2
Plan-2

The

proposed Model-I
987.5489
Cell-1
1
1
0
Plan-1
Plan-2





Cell-2
1
1
0


Plan-2
Plan-2

It is very clear from these results that machining parameters (cutting speeds) have a significant effects of the design CM systems. However, the objective function value of Model-I based upon known production costs and times is $1072.235, and the objective function value of the same model becomes $987.5489 (based on unknown production costs and times). Therefore, the model selects the cutting speeds for each operation, simultaneously, as given in Table 4. 

Table 4. Obtained cutting speed for the selected operations (Model-I).

Machine
Operation
Part
Plan
Speed (V) selected by Model-I
Optimum (V)

1
1
1
1
451.02
321.64

1
1
4
2
200.99
200.99

1
3
2
2
205.62
202.39

1
3
3
2
202.40
346.56

2
2
1
1
344.81
206.60

2
2
2
2
206.58
116.38

2
2
3
2
116.35
515.77

2
2
4
2
516.40
167.77

As shown in Table 4, the new cutting speeds are changed. Therefore, using optimal cutting speeds which have been determined independently (as shown the last column of Table 4 ) do not provide lower cost when designing CM. 

In the case of unknown part families, the proposed model (Model-II) is solved. Solutions of this model are given in Tables 5. 

Table 5. Solution of Model-II
Models
Objective function value
Machine Cell
Number of Machine Type
Part family /Plans




1
2
3
Family 1
Family 2







Part-2
Part-4
Part-1
Part-3

Rajamnai et al. (1990)
1089.485
Cell-1
0
1
1
Plan-2
Plan-2
-
-



Cell-2
1
1
0
-
-
Plan-1
Plan-2

The proposed

 Model-II
849.3201
Cell-1
1
1
0
Plan-1
Plan-2
Plan-2




Cell-2
0
1
0



Plan2

It is obvious form the above results that solving machining economics problem and CM problem simultaneously provides lower cost and lower cell sizes than solving both problems independently. During cell formation, Model-II selects the suitable cutting speeds for the selected operations, as illustrated in Table 6.

Table 6. The selected cutting speeds by Model-II

Machine
Operation
Part
Plan
Speed (V) Selected by Model-II
Optimum (V)

1
1
1
1
486.06
321.64

1
1
4
2
399.27
200.99

1
3
3
2
356.34
202.39

2
2
1
1
344.96
346.56

2
2
2
2
234.84
206.60

2
2
3
2
116.35
116.38

2
2
4
2
516.39
515.77

2
3
2
2
213.31
167.77

In these cases, it is beneficial to perform some operations with non-optimal speeds in order to reduce the value of objective function.

Sensitivity Analysis

In this section, more details about the effect of cutting speeds on CM design are given. To simplify the sensitivity analysis we assume all machine operations have the same cutting speed. Table 7 illustrates the effect of changing the value of cutting speed on the total cost and cell design. 

These results indicate that changing cutting speed increase the objective function values for both models (Model-I and Model-II). Configurations of cells and part families are also changed as a result of changing cutting speeds. Table 8 shows the effect of cutting speed on cell design when part families are unknown. It is noted that cutting speeds should be selected when configuring machine cells and part families.

Table 7. The effect of cutting speed (Model-I)

Speed (V)
Total cost
Machine cell
Number of machine type
Part family /Plans




1
2
3
Family 1
Family 2







Part-1
Part-2
Part-3
Part-4

40
2419.567
Cell-1
4
1
1
Plan-1
Plan-2





Cell-2
4
1
1


Plan-2
Plan-2

80
1772.856
Cell-1
2
2
0
Plan-1
Plan-2





Cell-2
2
2
0


Plan-2
Plan-2

120
1280.014
Cell-1
2
0
1
Plan-1
Plan-2





Cell-2
2
1
0


Plan-2
Plan-2

160
1197.518
Cell-1
2
1
0
Plan-1
Plan-2





Cell-2
2
1
0


Plan-2
Plan-2

200
1097.360
Cell-1
2
1
0
Plan-1
Plan-2





Cell-2
1
1
0


Plan-2
Plan-2

240
1062.721
Cell-1
1
0
1
Plan-2
Plan-2





Cell-2
1
1
0


Plan-2
Plan-2

250
1010.445
Cell-1
1
1
0
Plan-1
Plan-2





Cell-2
1
1
0


Plan-2
Plan-2

260
1014.393
Cell-1
1
1
0
Plan-1
Plan-2





Cell-2
1
1
0


Plan-2
Plan-2

270
1018.737
Cell-1
1
0
1
Plan-2
Plan-2





Cell-2
1
1
0


Plan-2
Plan-2

280
1023.468
Cell-1
1
1
0
Plan-1
Plan-2





Cell-2
1
1
0


Plan-2
Plan-2

320
1046.188
Cell-1
1
1
0
Plan-1
Plan-2





Cell-2
1
1
0


Plan-2
Plan-2

360
1075.106
Cell-1
1
1
0
Plan-1
Plan-2





Cell-2
1
1
0


Plan-2
Plan-2

400
1110.773
Cell-1
1
1
0
Plan-1
Plan-2





Cell-2
1
1
0


Plan-2
Plan-2

440
1149.110
Cell-1
1
0
1
Plan-2
Plan-2





Cell-2
1
1
0


Plan-2
Plan-2

480
1171.570
Cell-1
1
0
1
Plan-2
Plan-2





Cell-2
1
1
0


Plan-2
Plan-2

520
1195.258
Cell-1
1
0
1
Plan-2
Plan-2





Cell-2
1
1
0


Plan-2
Plan-2

560
1220.238
Cell-1
1
0
1
Plan-2
Plan-2





Cell-2
1
1
0


Plan-2
Plan-2

600
1246.709
Cell-1
1
0
1
Plan-2
Plan-2





Cell-2
1
1
0


Plan-2
Plan-2

Table 8. The effect of cutting speed (Model-II)

Speed

(V)
Total

cost
Machine cell
Number of machine type
Part family /Plans




1
2
3
Family 1
Family 2







{parts} {plans}
{parts} {plans}

180
1348.782
Cell-1
0
1
1
{1,2} {1,2}




Cell-2
0
1
1

{3,4} {2,2}

200
1007.835
Cell-1
1
0
1
{2,4} {2,2}




Cell-2
1
1
0

{1,3} {1,2}

205
1006.691
Cell-1
1
0
1
{2,4} {1,2}




Cell-2
1
1
0

{1,3} {1,2}

210
1007.079
Cell-1
1
0
1
{1,3} {1,2}




Cell-2
1
1
0

{2,4} {1,2}

220
1008.143
Cell-1
1
1
0
{1,3} {1,1}




Cell-2
1
0
1

{2,4} {2,2}

250
1010.445
Cell-1
1
1
0
{1,2} {1,2}




Cell-2
1
1
0

{3,4} {2,2}

300
1026.834
Cell-1
1
1
0
{1,3} {1,2}




Cell-2
1
0
1

{2,4} {1,2}

350
1044.991
Cell-1
1
1
0
{1,3} {1,2}




Cell-2
1
0
1

{2,4} {1,2}

400
1066.330
Cell-1
1
0
1
{2,4} {2,2}




Cell-2
1
1
0

{1,3} {1,2}

500
1106.552
Cell-1
0
1
1
{1,2,4} {1,2,2}




Cell-2
0
1
0

{3} {2}

600
1149.099
Cell-1
0
1
1
{1,2,4} {1,2,2}




Cell-2
0
1
0

{3} {2}

Discussion and Conclusion

This paper presents two mathematical models for the design of cellular manufacturing systems. The first model (Model-I) identifies machine groups, cutting speeds, number of machine types required and a process plan for each part assuming the part families are known. The second model (Model-II) is used to determine the part families, machine groups, number of machines, plan for each part, and the cutting speed for each operation selected. The model identifies these variables simultaneously. 

We show the effect of cutting speeds on the design of cellular manufacturing systems for both cases (known part families – Model-I, and unknown part families - Model-II) by comparing the results of these models with the results other methods which assume production costs and production times are fixed (known). In the literature, the machining economics problems haven been solved independently of cell design problem. Although optimal cutting parameters (cutting speeds) are used to find optimal operation costs and times, this paper illustrates that optimal speeds do not provide the optimal solution for cellular manufacturing problem. It has been found that with unknown production cost and production times result in efficient resource utilization. Therefore, process parameters must be taken into considerations when designing cellular manufacturing systems.

Clearly, the problem presented in this paper is a more complete and realistic version of cell design (in machining systems) than that addressed in the literature. Computational results show that the proposed models appear efficient for solving cellular manufacturing and machining economic problems simultaneously. The models also provide valuable insight for configuring cellular manufacturing systems. 

Future work will focus on including other process parameters such as feed rates, depth of cuts and number of passes. Also, Other items of costs such as material handling costs and layout constraints can be considered as an extension of this work. 
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نماذج رياضية متكاملة للتصنيع الخلوي متعدد خطط الإنتاج واقتصاديات التصنيع

عبدالرحمن بن مشبب الأحمري

قسم الهندسة الميكانيكية – كلية الهندسة

جامعة الملك سعود – ص . ب:800 - الرياض 11421

المملكة العربية السعودية

( استلم في 24/10/2001م، وقبل للنشر في 12/01/2002م )
طور كثير من الباحثين العديد من الطرق والنماذج التي تساعد على تصميم نظام التصنيع الخلوي إلا أن تلك الطرق والنماذج لم تدرس تأثير متغيرات العمليات الصناعية على تصميم خلايا الصنيع وتصنيف منتجاتها. فعند تصميم الخلايا الصناعية التي تتميز بوجود خطط إنتاج متعددة تبرز ضرورة إعادة اختيار متغيرات عمليات التصنيع التي لها تأثير ملموس على تكاليف وأزمنة الإنتاج. يدرس هذا البحث تصميم نظم التصنيع الخلوية واختيار متغيرات العمليات المصاحبة بشكل متكامل. حيث تم اقتراح نماذج رياضية متكاملة تعالج مسألة تصميم نظم التصنيع الخلوي واختيار متغيرات عمليات التصنيع المناسبة بشكل متزامن وذلك لتقليل تكاليف الإنتاج وتقليل عدد المحطات المستخدمة في الخلايا الصناعية. وقد بينت النماذج المقترحة أن الحل المتكامل للمسألتين يعطي نتائج أفضل من الحلول الفردية كما يتضح من الأمثلة والتحاليل التي طرحها البحث.
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