Miicella G. Giiner,
Can Unal

Department of Textile Engineering,
Faculty of Engineering, University of Ege,
Izmir, Turkey

E-mail: mucella.guner@ege.edu.tr

B Introduction

Today’s business climate for clothing
manufacturers requires low inventory
and quick response systems that turn out
a wide variety of products to meet cus-
tomer demand. It is especially in the ap-
parel industry that managers are trying to
develop their current systems or looking
for new production techniques in order to
keep pace with the rapid changes in the
fashion industry.

In apparel enterprises a raw material is
processed in different departments before
becoming a garment (Figure 1). There
is no doubt that the sewing department
is the most important department in the
whole firm. Because there are lot of dif-
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ferent operations which are done manual-
ly, the sewing department has to be under
constant control. Consequently, all line
balancing processes which determine the
speed of an assembly line are done in this
department. But it is a big mistake not to
consider the relationship of the sewing
department with other departments.

In the apparel industry, it is essential
to form a new production line for each
order, and also the number of workers
is changed according to the complexity
of the order, the number of operations,
throughput etc. The things which should
be done during the installation of an as-
sembly line are as follows;

To define a standard time for each op-

eration,

To balance the production line for

each order,

To keep the utilisation rate at a maxi-

mum for each operator,

To complete all these steps in one

week before production begins.

Therefore, to develop a new system,
good observation is needed. However,
to observe real manufacturing systems
is very expensive and sometimes cum-
bersome. The rapid rate at which the
whole process takes place, the interac-
tion between workers, and the different
transition times between workers make it
increasingly more difficult for a human
being to make correct decisions regard-

ing how fast each operator should work
in order to continue the process, while at
the same time keeping productivity high
and throughput at an acceptable level.

Therefore, a simulation model is an
easier way to build up models to repre-
sent real life scenarios, to identify bot-
tlenecks, to enhance system performance
in terms of productivity, queues, resource
utilisation, cycle times, lead times, etc.
A re-configurable assembly line can pro-
vide flexibility for high mix low volume
manufacturing systems, which can meet
growing customer demand.

B Description of the problem

In many garment assembly plants, stand-
ard push production systems with dozens
of workers are being reorganised into
straight assembly lines. In sewing de-
partments the Standard time (S,) for each
operation is calculated by the sum of the
base time (B;), the fatigue allowances
(F,) and the idle time (/;). The base time
consists of the stopwatch time (S,,) and
the performance rating (P,). It is calcu-
lated as follows;

S, =B+ Fyt I,= 8, x Po+ F,+1,

The line balancing problem of sewing
departments is solved by using S; and it’s
assumed that all of the same operations
are processed equally. However, in real-

Raw material input |—| Fabric storage H Cutting department |—| Sewing department |—|

|—‘ Ironing department H Garment storage Garment output

Figure 1. Departments of apparel enterprises.
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Figure 2. Production diagram of a t-shirt; (OL: Overlock Machine, OE: Overedge Stitch

Machine, LS: Lockstitch Machine).

ity, all operations are completed at dif-
ferent times because of their stochastic
structure, and the stochasticity of opera-
tions makes it almost impossible to fol-
low a fixed time pattern. Therefore, man-
agers are up against unexpected queues
and decreasing levels of performance
during the sewing process. New calcu-
lation methodology which reflects real-
ity better is needed in order to estimate
more realistic production quantities and
performance.

Also, managers want to change whole
production lines to create lean ones in
order to immediately respond to changes
in demand. But the main difficulty of this
is to obtain skilled operators who can use
different kinds of sewing machines. Even
if operators are found, it is hard to calcu-
late the new line balancing problem with
the current work force and those who are
skilled.

The simulation modelling research pro-
posed here is based on how to build a
reconfigurable simulation model to meet
customer requirements as well as im-
prove system performances.

Several researchers have studied assem-
bly line performance by using simula-
tion techniques; Scriber, described a
case study for selecting the best probable
production system from four proposed
production systems using simulation [1].
Azadeh developed an integrated simu-
lation model which generates a set of
optimising alternatives for a heavy con-
tinuous rolling mill system in a full-scale
steel-making factory and generates a set
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of optimum production alternatives [2].
Patel et al. discussed the methodology of
modelling and studying the Final Process
System of the automobile manufacturing
process in order to develop an effective
and efficient process to ensure the sys-
tem throughput [3]. Choi et al. discusses
initial efforts to implement simulation
modelling as a visual management and
analysis tool at an automotive foundry
plant manufacturing engine blocks [4].
Potoradi et al.described how a large
number of products are scheduled by a
simulation engine to run in parallel on
a pool of wire-bond machines to meet
weekly demand [5]. Kibira et al. presents
a virtual-reality simulation of a design
of a production line for a mechanically
assembled product [6]. Altiparmak et al.
used simulation metamodels to improve
the analysis and understanding of the de-
cision-making processes of an asynchro-
nous assembly system to optimise the
buffer sizes in the system [7]. Wiendahl
et al. used simulation tools in the field of
assembly planning and due to the differ-
ent objectives of the different efforts, the
tools are divided into the four-hierarchy
classes of an assembly shop, cell, station
and component [8]. Gurkan et al. Investi-
gated current problems in an order based
weaving mill so as to propose a new sys-
tem for the aforementioned mill [9].

Assembly line description

In this study, the problem under consid-
eration is about the production of a ba-
sic t-shirt. The production diagram of a
t-shirt consists of 10 different operations
(Figure 2).

@ Simulation model

The simulation model was built using
Arena® version 7.0 simulation software.
The construction period of the model is
based on a production diagram which
was provided by an apparel firm. Sew-
ing machines are organised according to
the production diagram, but the number
of machines which are used for each op-
eration are determined by the line bal-
ancing algorithm. During straight line
production each operator uses only one
machine, whereas in a lean production
system, skilled operators can use differ-
ent machines.

This study represents discrete-event
modelling and the apparel firm works for
540 minutes in a day. At the beginning
of each order, the production line begins
empty. This start-up condition must also
be simulated. Statistics during this part
of the simulation may negatively bias the
final results since the line takes time to
“warm up” and begin operating consist-
ently in a steady state. When an entity
arrives at a sewing machine, it waits in a
first-in-first-out queue until the resource
is available.

The following assumptions are used to
define the problem:
the assembly line is never starved,
set-up times are not taken into consid-
eration. Because in a real system the
setup process is usually accomplished
at the end of the working time,
540 minutes working time does not
include breaks,
no maintenance process is performed
during the working period,
all process times for sewing operations
include ‘insignificant breakdowns’
like the detachment of sewing thread,
transportation of raw materials is per-
formed by workers who aren’t used
for sewing operations.

Table 1. Distribution types for each opera-
tion, unit, second.

Operations
Shoulders stitch
Sleeve sides stitch

Distribution Type
8 + LOGN(2.53, 1.24)
7 + ERLA(0.893, 2)

7 + ERLA(0.973, 4)
NORM(12.3, 1.42)
3.6 (Constant)

9 + GAMM(2.17, 1.77)
6 (Constant)

17 + ERLA(1.25, 3)
33 + WEIB(6.96, 1.17)
8 + LOGN(2.53, 1.24)

Sleeve ends stitch
Collar attaching

Collar stitch

Shoulder + collar stitch
Label stitch

Label attaching
Sleeve stitch

Hem stitch
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The model input

During the data collection period, be-
tween 45 and 70 items of data are ob-
tained for each operation using time
study techniques. As has already been
mentioned, in assumptions, insignificant
breakdowns are also added to the time
study data. All data are evaluated by the
Arena Input Analyser software in order
to determine distribution types for every
operation (Table 1).

I Verification/Validation

The following verification efforts were
made: The model was coded and de-
bugged step by step. Trace and animation
techniques were used to verify that each
program path was correct. We made simu-
lation trial runs under a variety of settings
of the input parameters, and checked the
model output results for appropriacy.

By running the simulation model plenty
of times, the interval times of each en-
tity were taken every 5 seconds. It was
proved by repetition that using less time
for the interarrivals does not change the
throughput, It only makes the simulation
work more slowly. 5 seconds, which is
called the ‘critical time’, is the most suit-
able duration to observe queues.

Validation is necessary to show that the
proposed model has an acceptable level of
confidence in the performances process-
ing assumed. Validation is also associ-
ated with whether the proposed model
is indeed an accurate representation of
the real system. There are several ways
to validate the model. Model validation
was accomplished through hypothesis
tests using a throughput with a 95% con-
fidence interval as follows [10];

The hypotheses are:

Ho: UFiled = HArena

Hi: UField # MArena

The test is if 7y < 142 n1+n2-2, We would
accept the null hypothesis Hy, where,

_ My

t, =
S L.}_L

P
np ny

np _1)S127 +(nA _I)Sj

ng+n,—2

(
s? =

L is the mean throughput from the field
Ly is the mean production rate from the
ARENA model

8> is the pooled mean variance

Table 2. Number of operators for each alternative; A - alternative models.

Number of operators

No Operation (machine) Real system
model A1 A2 A3 A4 A5
1 Sleeve sides stitch (OL) 4
. 9 6 5 5 4
2 Sleeve ends stitch (OE) 5
3 Collar stitch (OL) 1
3 2 2 2 2
4 Label stitch (LS) 2
5 Shoulders stitch (OL) 4
- 9 7 7 6 6
6 Collar attaching (OL) 5
7 Shoulder + collar stitch (OE) 3
8 7 7 7 7
8 Label attaching (LS) 5
9 Sleeve stitch (OL) 8 8 8 8 8 8
10 | Hem stitch (OE) 3 3 3 3 3 3
Total number of operators 40 40 33 32 31 30
Throughput 6464 6463 | 6462 | 6464 | 6463 | 6462
Piece per operator 161.6 161.5 @ 195.8 202 2084 | 2154
Bl Alternative 1 ] Alternative 2 Alternative 3
El Alternative 4 Alternative 5
c
kel
©
N
3

142 3+4

5+6

7+8 9 10

Operations

Figure 3. Utilisations for each alternative.

ng and ny the number of field samples
and runs of the model, respectively.

The average throughput of 50 items of
data (n; = 50) collected from the field
was pUp = 6463.78 unit with variance
S} = 48.72. and that for the ARENA
model was py = 6462.58 with variance
§? =1.56 after running the model for a
total of 50 times (1,=50).

Hence, S, = 5.01 which makes tp=1.19
and from the ‘t’ table (%95 C.1.)
la/2,n1+n2-2 = 1002598 = 1.96

Since,

o< ta/2,n1+n2-2
it implies that there is no significant dif-
ference between the means, therefore the
simulation model is valid.
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I Results

After the validation process was done,
different decision options were evalu-
ated for the design or reconfiguration of
the assembly line. Skilled operators were
added for suitable operations in order to
decrease the bottleneck in the assembly
line. The queue length and the utilisa-
tion of each resource were also observed.
Thus, five different alternative models
(A1,A2,A3, A4, AS) were developed un-
til the best result was gained (Table 2).

As seen in Table 2, what-if analyses led
us to use some skilled operators, for in-
stance the first and second operations in
the real system model was done by four
operators who could handle OL and five
operators who could handle OE. Howev-
er, in A1 model 9 operators who can han-
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Table 3. Simulation results of modular pro-
duction.

Modular production

Operations Number of .
operators Utilization
Sleeve sides stitch
OL)
Sleeve ends stitch 3 0.9997
(GE)
Collar stitch (OL)
Label stitch (LS)
- 2 0.9191

Shoulders stitch (OL)
Collar Attaching (OL) 2 0.9989
Shoulder + collar
stitch (OE) 1 0.8802
Label attaching (LS) 0.9997
Sleeve stitch (OL) 4 0.9265
Hem stitch (OE) 0.9924
Total number of 14
operators
Throughput 3030
Piece per operator 216.42

dle OL and also OE is used. In the appar-
el industry there are two ways of fulfill-
ing this purpose: to employ new workers
or to train current workers. In any case,
more efficient production is achieved by
using alternative models. When we ana-
lyse Figure 3, changes in utilisation can
easily be seen.

The development of utilisation is under-
taken by observing the utilisation of each
operator after every repetition of a mod-
el. Operations which have insufficient
utilisation are reorganised by removing
redundant operators. So after developing
five different alternatives, the best model
is obtained according to the throughput
and utilisation rate.

Designing the assembly line for
modular production

Also, a different scenario analysis was
done to modify the assembly line to be-
come a modular production line. The
main advantage of this production style
is as follows;

increment in production speed,

ease of control,

it gives the opportunity to create a

competitive atmosphere between op-

erators,

fewer operators required,

flexibility.

However, this type of production fre-
quently needs more skilled operators who
can perform two or three different jobs at
the same time. A new scenario was devel-
oped by using these steps;
The whole production line is divided
into two different small groups in
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order to change the assembly line’s
cumbersome structure,

All operators are allocated suitable
jobs according to their utilisations,
Entity interarrival times were changed
every 10 seconds after the ‘critical
time’ is determined in order to rapidly
simulate the model.

As is seen in Table 3, the results of one
modular production are better than all the
alternatives above; especially the produc-
tion of piece per operator, which has the
highest rank.

I Discussion & conclusions

Our proposed simulation approach,
developed for the line balancing of
t-shirt production, provides the plan-
ning manager with a simulation based
optimisation tool that can achieve the
following objectives: gaining infor-
mation without disturbing the actual
system, improved system perform-
ance, testing new systems before im-
plementation, and labour requirement
planning.

The base model was a replicate of the
existing system without variation. The
reconfigured/redesigned models were
developed in order to add skilled oper-
ators to the current system. However,
the application of simulation technol-
ogy today is not very widespread in
the apparel industry; these models can
be applied in a real system to analyse
the system performance more effi-
ciently and effectively. The modelling
environments can easily be used for
line balancing and assessing the be-
haviour of a line. Thus, managers can
prevent any unexpected situations by
analysing results using the simulation
model.

Nowadays, apparel mills, particularly
those based upon small lots and or-
ders, must respond rapidly to changes
in style. It is essential to know the
current situation of a system in order
to process orders on time. In order to
increase productivity, it is essential
to describe the behaviour of a system
and to generate alternative systems.
For this purpose, by developing a suit-
able simulation program for an enter-
prise, the situation of the company in
the short-term future can be predicted
and productivity can be increased.
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