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Abstract: Manufacturing industries play a vital role in defining the growth and development of a nation. More often than not the health of
manufacturing industries is a direct reflection on the economic health and prosperity of a nation. The viability and profitability of any industry
depends on how easily and quickly the industry is adapting itself to changes in demand. To adapt quickly to the changes an industry must be lean,
flexible and should be capable of utilizing the existing resources to optimum. Optimum utilization of resources can only be possible if there is a
proper scheduling system in place. The main objective of this paper is to study the scheduling problems in FMS environment with primary emphasis
on metaheuristic approaches and also describes the development of a simulation model for production planning personnel to carry out optimization
of scheduling in FMS environment. To illustrate the study in detail, a flexible manufacturing system consisting of 6 Machines producing 3 different
parts through 3 different setup of machines and in each setup, 3 alternative routes are considered for this work. The optimization of scheduling
process by using Bacterial Foraging optimization algorithm (BFOA, Genetic algorithm (GA) and Differential Evolution (DE) and choose the best for
the scenario. In order to impress upon the industry management to take proper decision about the significance of the proposed changes, the best
setup and schedule as suggested by metaheuristic approach has been modeled by using the Promodel software and simulated for various runs.

Index Terms: Flexible Manufacturing System (FMS), Scheduling, Promodel simulation software, Genetic Algorithm, Differential evolution,

Bacterial Foraging Optimization Algorithm (BFOA)

1. INTRODUCTION

Scheduling of FMS system has remained an active area of research
right from the inception of FMS systems. FMS scheduling is
acknowledged as one of the most difficult NP-hard problems [1]. “If
there are n jobs and m machines the number of theoretically
possible solutions is equal to (n!)m. Among these solutions an
optimal solution, for a certain measure of performance, can be found
after checking all the possible alternatives. But the checking of all
the possible alternatives can only be possible in small size problems.
For example, a very simple problem of 6 jobs and 6 machines will
give 1.3931406 x1016 numbers of alternatives [2]. Above
discussions point to the fact that there is a need to find a scheduling
solution that are optimum as well as feasible and metaheuristic
methods for solving NP-hard optimization problems have become a
very useful tool for optimization. Simulation enables more efficient
planning of the whole manufacturing process, easy modifications
before implementation on the real system.by performing simulation
on the model the optimum number of operations are assigned to
machines based on selected performance measures [3].

2. MODEL FORMULATION
2.1 Description of the parts
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In this work, the participant industry is M/S NELCAST LTD, Gudur
which manufactures various Ductile iron castings, Grey iron castings
e.t.c. These products cater to the global automotive, construction,
mining, railways and general engineering sectors. in this study 3
different wheel hubs are so chosen that they are having similar in
their functions with differences in their physical and geometrical
properties[4]. Three different parts are being machined on 6 different
machines. The parts are manufactured in batches depending on the
demand [5,6]. The machining requirements for the parts are Facing,
Turning, Drilling, Boring and Tapping. The details of machining
operations of Part-1(Wheel hubl), Part-2(Wheel hub 2) and Part-
3(Wheel hub 3) as shown in Figure 1(a), (b) & (c) respectively) and
also given in Table -1. Processing times of each operation and
operation sequence with machine description to perform those
operations are described in the Table-2

The setup details can be loaded from an Excel work book in which
various details like processing operations, machines involved and
routes of each setup, timing of each operation, machine sequence,
and batch size, due date, penalty, and reward points are stored. In
this work, the orders of CBS (Constant Batch Size) and VBS
(Variable Batch Size) are considered to calculate the setup timing of
the jobs and operation timing of the jobs are given in Table 6.
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(@) (b) (©)
Figure-1: (a) Graphical model of part-1(P1): (b) Graphical model of
part-2(P2): Wheel hub 2 and (c) Graphical model of part-3(P3):
Wheel hub 3

2.2 Description of the machines in the proposed
setup 1:

In this setup 1 consist of the following four machines (M) to
accomplish the desired machining operations, on all the three parts.
Machinel-M1(Turning centre-1):Machine2-M2- (Horizontal
Machining Center): Machine 3-M3-(Turning centre -2): Machine 4-
M4- (Vertical Machining Center).The operations performed, at all the
machines via different routes, for each Part in the existing setup-1
are given in the Table-3.

2.3 Description of the machines for proposed setup-
2 & setup-3:

Proposed SETUP-2 consists of the following machines

Machine 1-M1 (Turning centre-1): Machine 2 -M2- (Horizontal
Machining Center): Machine 3-M3-(Turning centre -2): Machine 4-
M4-(CNC Drilling Machine-1)

Proposed SETUP-3 consists of following machines

Machine 1-M1 (Turning centre-1): Machine 2 -M2-(CNC Drilling
Machine 1): Machine 3-M3-(Turning centre -2): Machine 4-M4-(CNC
Drilling Machine 2)

The operations performed at all the machines via different routes for
each part in proposed setup-2 are given in Table-4 and in setup-3
are given in Table-5

3. METHODOLOGIES APPLIED IN THE
RESEARCH WORK

The approaches are shared out as follows:

3.1 Genetic Algorithms (GA): parameters used in
optimization are as mentioned below [7, 8]

Population Size: 100, Scaling Function: Rank

Selection Function: Uniform, Elite Count: 2

Cross over fraction: 0.8

Mutation Function: Adaptive Feasible

Cross Over Function: Single Point.

Generations: 1000, Time limit: -Inf

3.2 Differential Evolution (DE): The parameter
settings for DE is as follows [9]

Population Size: 100; Maximum lterations: 1000
Mutation Factor: 0.5, Crossover Rate: 0.9

3.3 Bacteria Foraging Optimization Algorithm:
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The parameters of algorithm used in this research work are as
mentioned below [10].

The number of bacteria: 20

Number of chemo tactic steps: 10

Limit length of a swim: 4

The number of reproduction steps: 4

The number of elimination-dispersal events: 2

The number of bacteria reproductions: 2

The probability that each bacterium will be eliminated /
dispersed: 2

4. PROBLEM STATEMENT AND SIMULATION
MODEL

Optimal scheduling of the FMS by minimizing the Combined
Objective Function (COF), that is, by minimizing the total machining
time and minimizing the total penalty cost for realization of the part.
However, for computational convenience, the machine setup timings

are assumed to be same for all the machines.

Table -1: Processing operations for Part-1, Part-2 & Part-3

S Operations For Operations For Operations
No Part-1 Part-2 For Part-3
Facing of face 1 Facing of face 1 Facing of face
(F11) (F21) 1 (F31)
2 Turning of surface Turning of surface Turning of
1(T11) 1(T21) surface 1
(T31)
3 Drilling of hole 1 Drilling of hole 1 Drilling of
(D11) (D21) hole1 D31)
4 Boring (B11) Boring  (B21) Drilling of
hole 2 (D32)
5 Facing of face 2 Facing of face 2 Facing of face
(F12) (F22) 2 (F32)
6 Turning of surface | Turning of surface | Turning of
2 (T12) 2 (T22) surface 2
(T32)
7 Tapping Tapping Tapping
(TH11) (TH21) (TH31)
8 Drilling of hole 2 (| Drilling of hole 2 Drilling of
D12) (D22) hole 3 (D33)
9 Tapping
(TH32)

4.1 Modeling and Simulation of Using Promodel

Software

ProModel being an accepted and one of the most widely used
manufacturing simulation software has reputation and means to
stand as a testimony for correctness and validity of our research
work. The ProModel based model is used to simulate the
manufacturing setup and results analysed.[11]. This setup as
suggested by BFOA was modeled in Promodel and simulated for
various runs and different conditions. The snapshot of the model
designed in promodel is given in the Figure 2.
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Figure-2 The screen shot of the model designed by using ProModel

Table- 2: Processing times (in seconds) and operation sequence with machine details, L-1: Turning centre-1; L-2:
Turning centre -2; C-1: Horizontal Machining Center; C-2: Vertical Machining Center; D-1: CNC Drilling Machine-1;
D-2: CNC Dirilling Machine-2.

Parts Operations L-1 L-2 C-1 C-2 D-1 D-2
P1 Fi1 60 50 X X X X
Fio X 40 30 X X X

Tu 90 70 X X X X

T X 50 40 X X X
Dy X X 60 80 100 120

D, X X 30 40 70 75
B X X 80 60 110 100

THy; X 120 100 80 X X

P2 Foy 40 50 X X X X
F2 X 80 50 X X X

T 40 30 X X X X

To X 120 70 X X X

B, X X 50 60 100 90

Dy X X 40 50 70 80

Dy, X X 45 50 70 80

THy; X 120 110 90 X X

P3 Fa; 40 45 X X X X
Fs, X 90 60 X X X

Tay 120 100 X X X X

Ta, X 110 70 X X X
Ds; X X 80 60 120 110

Ds, X X 60 50 85 90

D33 X X 30 30 50 55

TH3; X 110 90 80 X X

THa, X 60 45 40 X X
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Table -3: Machines on Routes of Setupl

Parts

Routes

Part 1

Routel:M1(F11,T11) — M2(D11,B11) —M3
(F12,T12) —M4 (D12, TH11)
Route2:M3(F11,T11) »M4(D11,B11) —M2
(F12,T12,D12) —M3 (THI11)
Route3:M1 (F11,T11)—M4 (D11,B11 )—>M3
(F12,T12) »M4 (D12,TH11)

Route3:M1(F21,T21)—>M2(D21,B21)
—M3(F22,T22, Th21) »>M2 (D22)

Part 2

Route1:M1(F21,721) —~M2(D21,B21)
S M3(F22,T22) —M4(D22,TH21)
Route2:M3(F21,T21) —M4(D21,B21)
—M2(F22,T22,D22) —M3 (TH21)
Route3:M1(F21,T21) —M4(D21,B21)
M3(F22,T22) —M4 (D22,TH21)

Part3 | Routel:M1(F31,T31)—M2(D31,D32,)
—M3(F32,T32,TH31, Th32,)—>M4(D33)
Route2:M3(F31,T31,F32,T32)—M4(D31,D32)
—M2(D33)—M3(TH31,TH32)
Route3:M1(F31,T31)—M2(D31,D32,)—
M3(F32,T32,TH31, TH32)—>M2(D33)

Part3

Route1:M1(F31,T31) M2(D31,D32,TH31)
—M3(F32,T32) —M4(D33,TH32)
Route2:M3(F31,T31) M4(D31,D32,TH31)
—M2(F32,T32,D33) —M3 (TH32)
Route3:M1(F31,T31) M4(D31,D32,TH31)
S M3(F32,T32) —M4 (D33, TH32)

Table- 4:

Machines on Routes of Setup2

Parts

Routes

Part 1

Route :!M1(F11,T11)—>M2(DI1,B11)—M3
(F12,T12, THI1 ) »M4 (D12)
Route2:M3(F11,T11)—M4(D11,B11)—M2
(F12,T12,D12) —M3 (THI11)
Route3:MI(F11,T11)—>M2(D11,B11)—M3
(F12,T12,TH11,) >M2(D12)

Part 2

Route|:M1(F21,T21)—>M2(D21,B21)
—M3(F22,T22 , Th21) -»M4(D22)
Route2:M3(F21,T21)—M4(D21,B21)
—M2(F22,T22,D22)—M3 (TH21)
Route3:M1(F21,T21)—M2(D21,B21)
—M3(F22,T22, Th21) —M2 (D22)

Part 3

Routel:MI(F31,T31)—>M2(D32,D33)—M3
(F32,T32, TH31,TH32) ->M4(D31)
Route2:M3(F31,T31,F32,T32)—>M4(D31,D32
) >M2(D33) —»M3 (TH31,TH32)
Route3:M1(F31,T31) — M2(D32,D33,) —M3
(F32,T32, TH31, Th32) »M2 (D31)

Table 5 Machines on Routes Of Setup-3

Parts

Routes

Part 1

Route:M1(F11,T11)—>M2(D11,B11)—>M3
(F12,T12, Th11) —M4 (D12)
Route2:M3(F11,T11)—M4(D11,B11)—M2
(D12)—>M3 (F12,T12,TH11)
Route3:M1(F11,T11)—»M2(D11,B11)—M3
(F12,T12, Th11) —»M2 (D12)

Part 2

Route]:M1(F21,T21)—>M2(D21,B21)
—M3(F22,T22,Th21) »M4(D22)
Route2:M3(F21,T21)—M4(D21,B21)
—M2(D22) —»M3 (TH21, F22,T22)
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4.2 Obijective Function

Mathematical model of Combined Objective Function
Minimize

COF=W, % [(X,/MPP)/ (X/MPR)] +(W,)x (X//TE) o)
Xp = ) (CT,_DD,)= UPC; = BS, @
X, = ) (DD, CT,) * URC, » BS, 3
X, =) MD ®
MD; =TE — ) PT; )
Where, k

W1=Weight Factor for Customer Satisfaction
W2=Weight Factor for Machine Utilization
Xp=Total Penalty cost Incurred
Xr=Total Reward points Incurred,
CTi=Completion time for job i
DDi=Due Date For job i,
UPCi=Unit Penalty Cost for job i ,
URCi=Unit Reward Point for job i
MPP=Maximum Permissible Penalty
MPR=Maximum Permissible Reward
BSi=Batch Size of job i
Xg=Total Machine Down Time,
TE=Total Elapsed Time
PTji=Processing time of ith job with jth machine
j= Machine Number, i= Job number
In the computation the weight factors Wland W2 are assumed to be
equal and hence, W1 = 0.5 and W2 = 0.5. However, different ratios
can be applied to them according to the demand of business
situation

Table-6: VBS in No's, CBS in No’s, Due date in days,
Penalty cost in Rs/unit/day and Reward point in Rs/unit/day

Parts | VBS CBS Due Penalty Reward
Date cost point
P1 135 100 12 5 6
P2 140 100 10 3 2
P3 150 100 11 4 5

5. RESULTS AND COMPARISON

In the present work, The summary of the results are obtained for
VBS and CBS problems and best set of results are shown in Tables
8 and 9 and graphical analysis is shown in the figures 3 and 4. From
the results it is observed that among the three approaches used in
this work, the schedule obtained by the BFOA algorithm gives the
optimum COF value, i.e., minimum total penalty cost and minimum
machine idleness. A comparison of total machining time obtained
from three Meta heuristic approaches is presented in Figure 3 & 4. It
is also noticed that the best optimum results are obtained with
proposed setups 2 & 3 when compared with setupl. Desired setups
for producing of part-1, part 2 & part 3 are given by BFOA is best in
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both VBS and CBS. The machine utilization percentage for the
machine as suggested is given Table 7. The results of the research
shows that 4 machines such as Turning centre 1, Turning centre 2,

consistent with that of the results expected out of optimization
through the designed tool. Such validation plays a crucial role in
enabling the management to take a positive decision in accepting

Horizontal machine centre and Vertical machine centre as described
above are sufficient for the job under study. There is high
redundancy in the case of drilling machines. From the results, it can
also be observed that for the proposed setup the machine utilization
time is very high and the idle time is minimum.

the suggestions of this proposed work.

Table-7: Comparison of % utilization of different machines suggested
by ProModel software

% Utilization of | % Utilization of

6. CONCLUSIONS Machines Machines for | Machines for
CBS VBS

In this paper an attempt has been made to analyze the suitability of Turning centre-1 17 18.51

new metaheuristic approaches like DE & BFOA for optimizing HMC 16 28.24
scheduling of FMS setup problems by comparing the same with GA Turning centre-2 36.39 36.39
approach. It can be observed from the results that, the Bacterial vMC 6.61 13.22
Foraging Optimization Algorithm results in better convergence most Drilling machine -1 23.45 0

of the time. Results of the simulation through ProModel are Drilling machine -2 0 0

Table -8: Desired setup (DS), Desired route (DR) and Total machining time in seconds (TMT) for parts as suggested by the Metaheuristic methods
for CBS

_ _ ‘ Total With reward Without reward
Scheduling Desired Desired L
Technique Parts setup route mac_hlnlng
time Idleness Penalty COF Idleness Penalty COF

value value value value value value
P1 1 1 50000

BFOA P2 2 2 47000 0.2453 0.0293 0.1373 0.4906 0.4215 0.4581
P3 3 3 70000
P1 2 2 55000

DE P2 2 1 56000 0.2812 0.2492 0.2652 0.5624 0.4550 0.5077
P3 1 1 66000
P1 3 3 64000

GA P2 1 3 53000 0.268 0.265 0.2605 0.536 0.4818 0.5089
P3 1 1 66000

Table -9: Desired setup (DS), Desired route (DR) and Total machining time (TMT) for parts as suggested by the Metaheuristic methods for VBS

I With reward Without reward
Scheduling Desired Desired Total
. Parts machining
Technique setup route time in sec
) Idleness Penalty COF Idleness Penalty COF
value value value value value value
P1 1 1 67500
BFOA P2 1 > 66500 0.350 0.0449 0.1975 0.7001 0.6528 0.6764
P3 2 3 105000
P1 2 3 71550
DE p7 1 1 74200 0.3771 0.3794 0.3782 0.7541 0.6898 0.7220
P3 1 1 99000
P1 2 3 71550
GA P2 5 3 74900 0.3771 0.3895 0.3833 0.7541 0.7082 0.7312
P3 2 1 111000
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Figure-3: Comparision of Total machining time (TMT) for
Part 1, Part2 & Part3 with Metaheuristic approaches for CBS
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Figure-4: Comparision of Total machining time (TMT) for
Part 1, Part2 & Part3 with Metaheuristic approaches for VBS
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