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Abstract— A production line is an important class of manufacturing system when large quantities of identical or similar products are to be
produced. The performance of a production line is highly influenced by machine failures. When a machine fails, it is then be unavailable
during a certain amount of time required to repair it. Analysis of production lines divides into three types: analytical, approximation and
simulation models. The analytical and approximation models have assumptions which make these models unrealistic such as reliable
workstations, certain processing distribution, the first workstation cannot be starved and the last workstation cannot be blocked. The main
problems in production lines treatment are the calculation of throughput and average levels of buffers because of the great size of state
space. An analytical model is reviewed to clarify the limitations to use such treatment in real production lines. Simulation modeling of
production lines is considered very important for designers interested in: Workload Allocation Problem (WAP), Server Allocation Problem
(SAP), and Buffer Allocation Problem (BAP). This paper studies and analyzes the performance keys, which effect on production lines. A
simulation model is developed by using ARENA software and used to analyze and test several bottlenecks that are causing severe
congestions in different areas on the production line and could resolve all of these bottlenecks. In this paper, an actual cement production
line is studied. After a simulation time of 13 days, a simulation results show the line bottlenecks, workstations utilization, buffer capacities
and the line production rate. The outputs clarify redesign of allocation of buffers, which verify an optimum size could be made; it might be
taken into consideration when designers implement such lines. Finally modified better workstations utilization, buffer capacities and the line

production rate with an increase about 15% of the production rate and economizing of 37 % from buffer capacities.

Index Terms— Production lines; Buffer allocation; Simulation; Modeling; Case study; ARENA; throughput .

INTRODUCTION

1

A production line is an important class of manufacturing system
when large quantities of identical or similar products are to be
produced (mass production). The performance of a production
line is highly influenced by machine failures. When a machine
fails, it is then be unavailable during a certain amount of time
required to repair it. When a machine is in a failure status, the
number of parts in the upstream buffer tempted to be increased
while the number of parts in the downstream buffer tempted to
be decreased. If this status persists, the upstream buffer may
become full and as a consequence the upstream machine may
be blocked which of course, would negatively affect the rate of
production. Similarly, the downstream buffer may become
empty and, therefore, the downstream machine may be starved.
Figure 1 depicts a production line with a k stations and k-1 in-
termediate buffers.

A great deal of literature has been devoted to the modeling and
analyses of production lines since the early 1950's because of
their economic importance as well as academic interest. A com-
prehensive survey on mathematical models by Dallery and
Gershwin.[1], Buzacott and Hanifin [2] and Papadopoulos et al.
[3]. Simulation is considered the powerful tool to model a pro-
duction line with unreliable machines and stochastic variable
intermediate buffers to identify the line performance. Papado-
poulos et al. [4] stated that "Simulation of production lines is a
powerful tool in obtaining the performance measures where
analytical methods are either difficult or impossible to use".
Hosseinpour et al. [5] presented a comprehensive literature re-

view on importance of simulation in manufacturing as a very
helpful work tool in industrial field to test the system’s behav-
ior. Simulation is low cost, secure and fast analysis tool with
many different system configurations [5]. Hosseinpour et al.
[5]investigated the application of simulation that used to ad-
dress in manufacturing which provides this paper with the fol-
lowing:

> Location and size of inventory buffers,

> Evaluation of the effect of a new piece of equipment on
an existing manufacturing system,

Throughput analysis,

Bottleneck analysis,

Times parts spend in queues,

Queue size,

Utilization of equipment or personnel.

VVVVYY

Kelton et al. [6]presented the concepts of simulation using
ARENA to help the modeler reaching the ability to carry out
effective simulation modeling. ARENA is based on SIMAN
modeling language, and has an object-oriented design to any
application area. Many papers have used ARENA software to
study production lines, identify the bottlenecks, and resolve it
in the design phase or in a standing line.

Seraj[7]studied a Rusk production line to increase its capacity
using a simulation ARENA model. He simulated the old line to
find congestions and bottlenecks then he replaced a machine
with a new one and increased the production rate by 50%.

IJSER © 2013
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 4, Issue 7, July-2013

ISSN 2229-5518

2529

B1 B 2 Bk—1
— — —> — —

Fig. (1) Production line with k machines and (k-1) buffer stocks

Hecker et al.[8]analyzed and optimized a bakery production
line using ARENA; a one-shift period data was collected, then
formulated the model and simulated it, followed by validation
of the simulation results with respect to the real data. As
equipment utilization affects directly on the line productivity,
achieving a possible highly utilization will increase the line
productivity, therefore, increase the line performance. This
would be achieved based on a perfect preventive and predictive
maintenance schedule. Gonca et al.[9]simulated a production
line by using an ARENA-based simulation model to select a
preventive maintenance schedule, which gives the best utility
and performance values.

In this paper, an actual cement production line as a real case
study is studied for verification and validation the proposed
algorithm. Actual data is collected about each workstation in-
cluding production capacities, processing times and the inter-
mediate buffer capacities as mentioned in the following sec-
tions. One-year failure history data is recorded about each ma-
chine from preventive and predictive maintenance department
and using ARENA Input Analyzer the most appropriate proba-
bility distribution of each unreliable machine is detected. A
block diagram of the cement line is established and all needed
data is introduced. After a simulation replication time of 13
days, a simulation results are obtained; these results show the
line bottlenecks, workstations utilization, buffer capacities and
the line production rate. A verification and validation of the
model has been done. To resolve the bottlenecks, an improve-
ment was done by rebuilding a modified simulation model,
which verifies better performance keys. These keys might be
taken into consideration when designers implement such line.
Finally, the modified workstations utilization and, buffer capac-
ities increase the line production rate by more than 15% of the
production rate and economizing buffer capacities.

2. MODELING OF PRODUCTION LINES

Modeling of production lines divides into three types: analyti-
cal, approximation and simulation models. Buzacott and
Hanifin[2] have compared seven analytical models of auto-
matic production lines with buffers, but these models have
assumptions which make these models unrealistic such as re-
liable workstations, certain processing distribution, the first
workstation cannot be starved and the last workstation cannot
be blocked.

Buzacott model assumptions are:

» Operation dependent failure
> Geometric distribution for up and down time

> The probability of two failures or two repairs are neg-
ligible

Using Markov chain, an equation (equations (1-4)) is derived
for calculating the line efficiency. It is considered an important
indicator for line performance and production rate under the

previous assumptions.
2-b(1+x)+L(1+x)

T+ 20 b0 L+ 0 (14) 1)
x=N§ 2)

=31 ®)

= )
Where,

D =mean down time of station Mi in minutes

T =mean up time in cycles measure for operation dependent
failure

N =Buffer capacity

E =Efficiency

2.1 ANALYTICAL MODELING OF THE BUFFER ALLO-
CATION PROBLEM

The objective is to maximize the line throughput, subject to a
given total buffer space. That is, equations 5:7 [10].

maximizef(Ny, Ny, oo oo v e e Npp_q) ©)
Subject to
T N=K (6)
N; =0 (7)

The quantity N; represents the feasible buffer allocation to the
ith allocation zone f(Ny, Ny, ... ... wev vur oo ... N ) is the throughput
of the production line to be maximized. K is the total buffer ca-
pacity. The number of feasible allocations of K buffer slots
among the (n-1) intermediate buffer locations increases dramat-

ically with K and n and is given by[10]
(k+n— 2) _k+ D&+ (R —2)
n—2 (n—-2)!

®)

Demir et al.[11]presented an integrated approach to solve the
buffer allocation problem in unreliable production lines to max-
imize the throughput rate of the line with minimum total buffer
size.

2.2 MODELING OF TWO-MACHINE PRODUCTION LINES
To find out the size of the problems of mathematical analysis of
production lines, an analysis of two machine production line
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with phase-type distribution is considered [1].
Assumptions:-

> the processing time distribution of each machine is
given in the form of a continuous phase-type distribu-
tion

> the blocking mechanism is blocking before service
(BBS)

> The system behavior is a discrete state, continuous time
Markov process

Let Si be the number of phases of (phase-type distribution) PHi.
The behavior of such a system can be characterized by a discrete
state, continuous time Markov process. Analyzing this system
then reduces to that of calculating the steady-state probabilities
of this Markov process.

The state of the Markov process can be expressed as (n, jl, j2),
where n is the number of parts currently present in the buffer,
and ji is the current phase of service of machine Mi, i =1,2. n can
take integer values from 0 to N. jl can take integer values from 1
to S1 except when machine M1 is blocked in which case jl
=0.Similarly, j2 can take integer values from 1 to S2, except
when machine M2 is starved, in which case j2=0. The state space
is partitioned according to the values of n. Let p denotes the
steady-state probability vector and let Pn denotes the portion of
that vector that corresponds to a buffer content of n so,

Py
Py
Py
Ps

Py

Note that Pn, (equation 9) where n=1... N-1 is size S1S2 while
PO and PN are of size S1 and S2 respectively. Let QT (Equations
(10-12)) denotes the infinitesimal generator of the Markov pro-
cess. The steady state probability vector p of the Markov pro-
cess is the solution of the equation pTQ=0; or, equivalently,
Q'p=0 O)
1p = 1.0 (10)
Matrix QT is a block tridiagonal matrix with the following spe-
cial structure
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Where A, B, and C are square matrices of size (5152,5152);B0
and BN are square matrices of size (S1, S1) and (52, S2); Ao, Co,
AN, and CN are of size (S1S2, S1), (S1, S1S2), (S2, S1S2), and
(5152, S2)

QT has this special structure because the Markov process asso-
ciated with a two-machine flow line is a generalized birth-death
process. Transitions can only occur between states that are
neighbors of each other with respect to the value of n. That is,
the only possible transitions from a state (1, jl, j2) are to a state
(n',j1, j2) such that either n' =n, or n' =n- 1, or n' =n +1. In addi-
tion, transition rates are independent of n, for 1<n<N-1. Because
of the special block tridiagonal structure of QT, eq. (12) can be
decomposed into the following set of equations (13:17)

ByP, + Agp;, = 0, (11)
C,P, + BP, + AP, = 0, (12)
Cpn_1 +Bpn+Apps1 +a=0,1<n<N-1 (13)
CPy_, + BPy_; + AyPy = 0, (14)
CyPyo1+ ByPy= 0 (15)

Two solution techniques that make use of the special structure
of the matrix QT have received special attention. They are
known as the recursive technique and the matrix geometric
technique [1]. It is important to note that the direction of exact
solution depends on the model assumptions such as processing
distribution type, boundary conditions and solution techniques
precision. All of these assumptions are reliable only for the two
machines problem and deviate from the real cases, so simula-
tion techniques is chosen for applying in this work to measure
the key performance of production lines virtually.

3. PROBLEM STATEMENT OF PRODUCTION LINE

The main problems in production lines treatment are the calcu-
lation of throughput and average levels of buffers because of
the great size of the state space. Each machine can be in one or
two states: operational or under repair. Buffer Bi can be in the
Ni+1 state, where ni =0, 1... Ni, and where ni is the amount of
material in Bi and Ni is its capacity. Consequently, the Markov
Chain representation of a k-machine in the production line with
k-1 buffers has a state space of cardinality

2K (N + 1). (16)
As an example, a production line with 20 machines and 19 buff-
ers with capacity 10 parts for each. Therefore, the number of
states for this production line is over 6.41 * 1025 states. This state
space is too large to allow brute force calculation [12]. Designers
of such production lines want to optimize either the production
rate, or the profit of the line. However, material flow may be
disrupted by machine failures. The inclusion of buffers increas-
es the average production rate of the line by limiting the propa-

B, Ay, 0 0 - 0 gation of disruptions, but at the cost of additional capital in-
/ C B A 0 - - \ vestment, floor space of the line, and inventory [13].
0 o It is clear from Table 1 that the number of states increases signif-
| 0 ¢ B A0 .- - | icantly with an increase in the size of the buffer and in the num-
"=l 0 0 C B. 0 - | (12)  ber of stations. This places strict limits on the size of the system
o A ' 0 for which exact results can be obtained.
c B Ay
0 Cy By
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Table 1.Number of states for only one phase of processing and
one repair distribution of the ith station (P=1, R=1) and identical

buffer capacities[4]
# of Stations Buffer Size
0 1 2 3 4

2 8 12 16 20 24
3 30 70 126 198 286
4 112 408 992 1,960 3,408
5 418 2,378 7,510 19,402 40,610
6 1,560 13,860 61,488 192,060 483,912
7 5,822 80,782 484,004 1,901,198 5,766,334
8 21,728 470,832 3,811,264 18,819,920 68,712,006
9 81,000 2744210 30006018  188,119.920 818,778,818

4. COMPARISON OF ANALYTICAL MODEL BEHAVIOR
WITH REAL WORLD BEHAVIOR

Hanifin [7] carried out a simulation of the effect of buffers us-
ing the actual data from the line. His simulated efficiency was
significantly lower than that predicted using the exact formula
for unequal stages (see Fig. 2). There was a difference in the
predicted efficiency for the line without a buffer, which can be
attributed to the existence of time dependent failures in the
real world and in the simulation model. The difference be-
tween the analytic and simulation model's predictions of in-
creased efficiency due to buffers value is far more significant.
This can be attributed to two main reasons. First, the real data
does not fit the assumptions of the analytic model because of
the exponential down time distributions. Secondly, there is
serial correlation in the up times of the finish section.

Buzacott's
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Fig. (2) Comparison of efficiencies predicted by analytical and
simulation models[2]

5. SIMULATION APPROACH

In this section, the proposed model is explained with its meth-
odology. Assumptions will be stated clearly in the simulation
policy then the model steps are performed. This methodology
depends on a precise and longtime data collection, which
leads to accurate results. Section 6 clarifies the ARENA simu-
lation model. This model simulates the actual cement line.
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6. APPLICATION CASE STUDY

This section presents the studying of production line perfor-
mance keys, which applied on a real cement production line as
a case study. Similar to the author paper [14], a supplementary
simulation model is developed by ARENA software and used
to analyze and test several bottlenecks that are causing severe
congestions in different areas on the production line. Work-
station failure data is collected along one year to all machines
to obtain the machines failure behaviors. After a simulation
time of 13 days, a simulation results show the line bottlenecks,
workstations utilization, buffer capacities and the line produc-
tion rate. To resolve the bottlenecks, a simulation model is
rebuilt with 13 days simulation time and 15 replications. The
outputs clarify resolving of allocation of buffers, which verify
reliable size. These sizes might be taken into consideration
when designers implement such lines. Finally modified work-
stations utilization, buffer capacities that lead to an increase of
the line production rate by about more than 15% of the pro-
duction rate and economizing of 37 % of buffer capacities.

6.1 SIMULATION PoLICY
The policy of the simulation package ARENA is:

> The entity which the simulation package operates on
the capacity of the arrival truck which, is unloaded to
the Crasher both limestone and clay. The two entities
are summed as a single entity before the two Raw
Mills to complete the cycle.

> Steady state simulation models are appropriate for
the analysis of systems, which in theory could run in-
definitely so a 5 hours warm- up period is taken.

> It might be appropriate to consider the product as a
discrete unit in particular the trucks come in a dis-
crete truck, also the customer van come out the same
discrete value.

6.2 METHODOLOGY

The production line should be studied in details which given
by [4]:

> All workstations should be analyzed; processes, re-
sources, material, and timings should be identified
and documented.

» All data related to activities and resources should be
identified and collected.

> A simulation model that truly represent the real pro-
duction line and simulate its behavior, should be de-
veloped, and validated.

> Once, a valid model is built, a simulation experiment
should be conducted to search for a feasible solution
to maximize the capacity of the production line and
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optimize the buffer allocation within the existing con-
straints.

6.3THE COLLECTED INPUT DATA

The probability distributions with their parameters of major
activities are collected from the actual production line for a
complete year. These data include the failure of each machine
during this year, which is entered to ARENA Input Analyzer
to produce the best distribution of failure. The failure data
includes the predictive and preventive maintenance schedule.
The probability distributions with their parameters are sched-
uled in Table 2.The appropriate failure distributions, which
resulted from ARENA Input Analyzer, are scheduled in table
3.

Table 2. Probability distributions with their parameters for

each workstation
Activity Distribution
Truck arrival EXPO (7) min.

Crasher processing time EXPO (6) min.
Stacker processing time EXPO (7) min.
Reclaimer processing time  EXPO (8) min.
Raw Mill Capacity 9000 ton/day
Kiln Capacity 7000 ton/day
Cooler processing time EXPO(6) min.
Cement Mill Capacity 8000 ton/day
Packing machine EXPO(8) min.

Disposal truck arrival EXPO(10) min.

Table 3. Failure time distributions according to ARENA Input

Analyzer

Equipment Failure time Distribution
(hrs.)

Crasher LOGN (1.04, 2.26)
Stacker EXPO (7)
Reclaimer EXPO (8)
Raw Mill 1 EXPO(7.4)
Raw Mill 2 EXPO(7.18)
Kiln GAMM(15.8, 0.718)
Cooler EXPO (10)
Cement Mill 1 LOGN(3.72, 8.12)
Cement Mill 2 LOGN(4.69, 10.1)
Cement Mill 3 LOGN(4.23, 9.1)

Packing machine EXPO(8)

6.4 VERIFICATION AND VALIDATION

The animation method is used to show the movement of enti-
ties inside the model and to insure that the movement is simi-
lar to what the designer think which called Face Validity [15].
Validation of the ARENA model is done by comparing the
model output with the real system output which called statis-
tical validation or walkthrough validation [15].

The number of cement trucks produced per day from the
model is compared with the number of cement trucks pro-
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duced per day from the real system. The number of cement
trucks produced per day from the model is109trucks, which is
equivalent to 5450 tons while the real system production rate
per day is 104, which are equal 5200 tons per day, which is
considered valid. The nature of this production system is a
steady state because it works continuously for 24 hours a day
and 7 days a week, except the crashing, stacking and reclaim-
ing workstations, which works only two shifts and take 18
hours daily.

6.5  PERFORMANCE MEASURES AND THE RESULTS
This section clarifies the output results about the standing ce-
ment production line which include the intermediate buffer
capacities and total production rate.The following perfor-
mance measures of the line were determined:

> Throughput (jobs exiting from the production line per
unit time).

» Utilization of each workstation (the limit of the time
average of the number of busy machines over time
divided by the total number of machines in the sta-
tion).

> Average buffer level for each intermediate buffer.

> Average work-in-process, WIP, excluding the buffer
before the first station.

> Average job-waiting time at each of the intermediate
buffers.

0.800

0.760
0720
0680
0640

1 Clay Crasher

W Clay Sacier
1l Cosler

L L

0600
0.560

0.520

B Raw Ml 2
W Raw MY

W Cement bl 1
W Comenl Mal 2
0 Cement il 3

1 Cly Reclaimer

I Limesione Crasher
0 Limesione Reciaimer
1 Limesione Slacker
W Packing Maching

0.480

Fig. (3) Utilization of each workstation
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Buffers Size (tons)

Packing
Cement mill
Cooler

Kiln

Raw mill

Clay Reclaimer
Limestone Reclaimer
Clay Stacker
Limestone stacker
Clay Crasher

Limestone Crasher

100 150

Fig. (4) Buffers Size for each workstation

The WIP for the line is 39.8599 trucks
The line production rate=

Numberofentitiesout 1311 (Table 4.)
13 days

totalsimulationtime
=100.8 ton/day

Figures 6 and 7 clarify the line performance keys indicators. It
is clear that the maximum buffer size is located before the kiln
and the cooler. The simulated kiln buffer capacity is 2.1571
trucks, which equalize 107.855 tons whereas the standing val-
ue is 500 ton, so a 78.429 % could be saved.

Table 4. Number of entities out

ICement Production Line Project

Time Units: ~ Hours

Key Performance Indicators

Replications: 15

System
Number Qut

Average
1,311

6.6 PRODUCTION LINE IMPROVEMENT

2533

To resolve the model bottlenecks, a simulation model is rebuilt
with 13 days simulation time and 15 replications as in fig-
ure4.The kiln processing time modified from EXPO (10) to
EXPO (8) by increasing its capacity to reach 9000 ton/day
without any change in the other equipment parameters merely
increasing the third shift of Crashers, Stackers and Reclaimers
to work all day like the other equipment of line because they
works only two shifts in the standing line. If it is done, the
daily production capacity will increase to 128 trucks per day,
which is equivalent to 6400 tons instead of 109 trucks per day,
which equivalent to 5450 tons per day with an increase of 950
tons per day. In addition, that represents about 15 % extra
production, which would lead to a profit, covers the kiln ex-
tension cost after one-month production.

6.6.1 Utilization percent

Figure 5 shows the utilization percent for each workstation
after the improvement made in the model. It is clear that the
utilization percent of the cement mills increased because of the
more kiln capacity.

Fig. (5) Buffer sizes for each workstation

0.840

W Cement Mill 1

W Cement Mil 2

D Cement Mil 3

I Clay Crasher

D Clay Reclaimer

B Clay Stacke

B Cooler
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B Limesione Crasher
tesione Redaimer

B Limesione Stacker

W Packing Machine

B Raw Mil 2

W Raw Wil 1

0.800

0.760

0720

0.680

0.640
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6.6.2 Buffer capacities

Table 5 and figures (6, 7, and 8) show the buffer capacities. It is
clear that after resolving the buffer capacities are reduced.
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Table 6. Buffer capacities resulted from the modified model

Cement Production Line Project I

Replications: 15 Tirme Units Hours
[Queue I
Time
Waiting Time Minimum Maximum Minimurm Maximum
Average Half Width Average Average Value Value
Cement Milling.Queue 0.2269 0019 0.1838 0.2918 0.00 21495
Clay Crashing Process.Queue 0.2049 0.014 0.1641 0.2479 0.00 2.1839
Clay Reclaiming 0.2018 0.016 0.1506 0.2597 0.00 2.3295
Process Queue
Clay Stacking Process.Queue 0.1868 0.016 0.1359 0.2460 0.00 2.2399
Cooling.Queue 0.1995 0.021 0.1428 0.2871 0.00 3.2610
Limestone Crashing 0.2155 0.029 0.1523 0.3363 0.00 26257
Process.Queue
Mixing.Queue 0.04555411 0.001 0.04390891  0.04733352 0.00 1.1693
Packing Process.Queue 0.0901 0.010 0.05008360 0.1286 0.00 1.1167
Raw Milling.Queue 0.07554338 0.004 005999179  0.08899968 0.00 0.9256
Reclaiming Process.Queue 0.2058 0.023 0.1482 0.2831 0.00 23238
Rotary Kiln.Queve 0.0932 0.011  0.06307829 01261 0.00 14394
Stacking Process.Queue 0.2275 0.033 0.1589 0.4226 0.00 4.1042
Other
Number Waiting Minimum Maximum Minimum Maximum
Average Half Width Average Average Value Value
Cement Milling.Queue 1.2399 0113 0.9790 16424 0.00 15.0000
Clay Crashing Process.Queue 1.1102 0.080 0.8381 1.3421 0.00 19,0000
Clay Reclaiming 1.0829 0.081 0.7676 1.4396 0.00 15.0000
Process.Queue
Clay Stacking Process Queue 1.0126 0.094 0.6946 1.3432 0.00 15.0000
Cooling.Queue 1.0803 017 0.7621 1.5815 0.00 19.0000
Limestone Crashing 1.1902 0177 0.8326 1.9480 0.00 20.0000
Process.Queue
Mixing.Queue 0.4971 0.005 04817 0.5110 0.00 2.0000
Packing Process Queue 0.4919 0.058 0.2667 0.7249 0.00 8.0000
Raw Milling.Queue 0.4129 0.027 0.3109 0.4927 0.00 7.0000
Reclaiming Process.Queue 11377 0.141 0.7819 16346 0.00 17.0000

Rotary Kiln.Queue 0.5097 0.061 0.3271 0.6869 0.00 9.0000
Stacking Process.Queue 1.2577 0.200 0.8392 2.4430 0.00 27.0000

Average buffer waiting time (Minutes)
0 3 5 8 10 13
1 1

Packing E
Cement mill [14]
Coole
Kiln 6]
Raw mill 5]

Clay Reclaime
Limestone Reclaimer
Clay Stacke
Limestone stacke
Clay Crashe
Limestone Crashe

Workstation

I T T T

T T
0 3 5 8 10 13
Average buffer waiting time (Minutes)

Fig (6) Average waiting time for each workstation

Buffer size (ton)
0 20 40 60

Clay Reclaimer

Limestone Reclaime

Workstation

Clay Stacke

Limestone stacke
Clay Crashe

Limestone Crashe

Buffer size (ton)

Fig.(7) Average buffer sizes in tons

Max. Buffer value (ton)
0 250 500 750 1000 1250
1 1 1 1 1

Clay Reclaimer
Limestone Reclaime
Clay Stacke
Limestone stacke
Clay Crashe
Limestone Crashe

Workstation

I T T T T T
0 250 500 750 1000 1250
Max. Buffer value (ton)

Fig.(8) Maximum buffer sizes in tons

7 CONCLUSIONS

The goal of this study was achieved by measuring the perfor-
mance of a cement production line. The production line was
thoroughly analyzed and found to have bottlenecks that were
causing congestion in the kiln area on the line. Simulation was
used to analyze this bottleneck and resolve it, so Simulation is
the best tool that can be used in such a study because one can
search for a good feasible solution without disrupting its op-
eration. The production capacity could be increased by 15.4 %
if an extension is added to the kiln and it may need an extra
cement mill. The line performance would be increased by im-
proving the preventive maintenance schedule to increase the
machines utilization, which leads to extra productivity in-
crease.

IJSER © 2013
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 4, Issue 7, July-2013 2535
ISSN 2229-5518

REFERENCES [15] C. A. Chung, Simulation Modeling Handbook: A practical Ap-
proach. CRC Press LLc, 2004.

[1] Y. Dallery, S. B. Gershwin., “Manufacturing flow line systems]:
a review of models and analytical results,” vol. 12, pp. 3-94, 1992.

2] J. A. Buzacott, L. E Hanifin, “Models of Automatic Transfer Lines
with Inventory Banks A Review and Comparison,” IIE Transac-
tions, no. 928074290, 1978.

[3] H.T.Papadopoulos, “Queueing theory in manufacturing systems
analysis and design: A classification of models for production
and transfer lines,” European Journal of Operational Research,
vol. 92, pp. 1-27,1996.

[4] H.T Papadoupoulos., O’Kelly M. E. ., Vidalis M. ]., Analysis
and Design of Discrete Part Production Lines, First Edit. Springer
Science+Business Media, LLC, 2009.

[5] F. Hosseinpour and H. Hajihosseini, “Importance of Simulation
in Manufacturing,” World Academy of Science, Engineering and
Technology, vol. 51, pp. 285-288, 2009.

[6] W. D. Kelton and D. T. Sadowski, RP, Sturrock, Simulation with
ARENA, Fourth Edi. McGraw-Hill New York, 2007.

[7] Seraj Yousef, “A Simulation Study To Increase The Capacity Of A
Rusk Production Line Department of Industrial Engineering,”
vol. 5, no. 9, pp. 1395-1404, 2008.

[8] F. Hecker, W. Hussein, and T. Becker, “ Analysis and optimiza-
tion of a bakery production line using ARENA,” International
Journal of Simulation Modelling, vol. 9, no. 4, pp. 208-216, Dec.
2010.

[9] C. Chassapis, “Multi Criteria Preventive Maintenance Scheduling
Through Arena Based Simulation Modeling,” in Proceedings of
the 2009 Winter Simulation Conference, 2009, pp. 2123-2134.

[10] N. Nahas, D. Ait-Kadi, and M. Nourelfath, “A new approach for
buffer allocation in unreliable production lines,” International
Journal of Production Economics, vol. 103, no. 2, pp. 873-881,
Oct. 2006.

[11] L. Demir, S. Tunaly, D. T. Eliiyi, and A. Lekketangen, “Two ap-
proaches for solving the buffer allocation problem in unreliable
production lines,” Computers & Operations Research, Feb. 2013.

[12] S. B. Gershwin, “ An Efficient Decomposition Method for the
Approximate Evaluation of Tandem Queues with Finite Storage
Space and Blocking,” Operations Research, vol. 35, no. 2, pp.
291-305, 1987.

[13] C. Shi and S. B. Gershwin, “An efficient buffer design algorithm
for production line profit maximization,” International Journal of
Production Economics, vol. 122, no. 2, pp. 725-740, Dec. 2009.

[14] Mahmoud H. Ahmed, Mahmoud A. El-Sharief, M. G. El.-Sebaie
“Simulation Modeling of Production Lines: A Case Study of Ce-
ment Production Line,” Journal of Engineering Sciences, Assiut
University, vol. 41, 2013.

IJSER © 2013
http://www.ijser.org


http://www.ijser.org/

	1 Introduction
	4. Comparison of Analytical Model Behavior with Real World Behavior
	5. Simulation Approach
	6. Application Case Study
	6.2 Methodology
	6.3The collected input data
	6.6.1 Utilization percent
	6.6.2 Buffer capacities

	7 Conclusions
	References



