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Abstract— This study is based on proper utilization of man and machine to improve the efficiency and a proper line balancing of a sewing
line. In industry sectors, it is important to manufacture the products which have good quality and meet customers’ demand. This action
could be conducted under existing resources such as employees, machines and other facilities. However, plant layout improvement, could
be one of the tools to response to increase industrial productivity. Plant layout design has become a fundamental basis of today’s industrial
plants which can influence parts of work efficiency. To increase the efficiency detailed work and time study were performed along the line.
In this paper we showed how an effective layout can be designed and efficiency can be increased by appropriate line balancing using time

study technique.

Index Terms: balancing, efficiency, layout, output, SMV, target, workstation

1 INTRODUCTION

Today’s highly competitive global market, manufacturers
are faced with a constant pressure to reduce costs, offer
greater product selection, and faster product delivery. The
focus of efficiency in the apparel industry is to reduce the use
of resources. Global trend of garments industry is majorly re-
lated to the intense laborious activities. A systematic synchro-
nization of process and operational parameters are required to
produce a one piece of complete set of product [1]. So by
proper utilization of resources like, man machine by optimal
layout can improve the efficiency of production. Layout de-
termines the relative position of each unit (department/ pro-
cess/ function/ machine centre) within the facility (plant/
shop). It also determines the workflow pattern (job/ material/
work) in the facility. Layout design has a significant impact on
most operational performance measure, especially on material
handling cost, production cost, production lead-time, invento-
ry level, quality control [2].

In garment production, until garment components are gath-
ered into a finished garment, they are assembled through a
sub-assembly process. The production process includes a set
of workstations, at each of which a specific task is carried out
in a restricted sequence, with hundreds of employees and
thousands of bundles of sub-assemblies producing different
styles simultaneously (Chan et al, 1998) [3]. The joining to-
gether of components, known as the sewing process which is
the most labor intensive part of garment manufacturing,
makes the structure complex as the some works has a priority
before being assembled (Cooklin, 1991)[4]. Furthermore, since
sewing process is labor intensive; apart from material costs,

the cost structure of the sewing process is also important.
Therefore, this process is of critical importance and needs to be
planned more carefully (Tyler, 1991) [5]. As a consequence,
good line balancing with small stocks in the sewing line has to
be drawn up to increase the efficiency and quality of produc-
tion (Cooklin, 1991; Tyler, 1991; Chuter, 1988) [6]. Sharing a job
of work between several people is called division of labor. Di-
vision of labor should be balanced equally by ensuring the
time spent at each station approximately the same. Each indi-
vidual step in the assembly of product has to be analyzed
carefully, and allocated to stations in a balanced way over the
available workstations. Each operator then carries out opera-
tions properly and the work flow is synchronized. In a de-
tailed work flow, synchronized line includes short distances
between stations, low volume of work in process, precise of
planning of production times, and predictable production
quantity (Eberle et al, 2004) [7]. Overall, the important criteria
in garment production is whether assembly work will be fin-
ished on time for delivery, how machines and employees are
being utilized, whether any station in the assembly line is lag-
ging behind the schedule and how the assembly line is doing
overall (Glock&Kutz, 1995; Hui& Ng, 1999) [8]. To achieve this
approach, work-time study, assembly line balancing and simu-
lation can be applied to apparel production line to find alter-
native solutions to increase the efficiency of the sewing line
(Kursun&Kalaoglu, 2009) [9].

2 LITERATURE REVIEW

Line layout: Layout refers to the configuration of depart-
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ments, work centers and equipment with particular emphasis
on movement of work (customers or materials) through the
system. Layout decisions require substantial investments
(money and effort), involve long-term commitments, impacts
the cost and efficiency of short-term operations. The need for
layout planning arises in the process of designing new facili-
ties and redesigning existing facilities [10].

Line balancing: Assembly line balancing is the problem of
assigning various tasks to workstations, while optimizing one
or more objectives without violating any restrictions imposed
on the line. ALBP has been an active field of research over the
past decades due to its relevancy to diversified industries such
as garment, footwear and electronics. Ghosh and Gagnon
(1989) [11] as well as Erel and Sarin (1998) [12] provided de-
tailed reviews on these topics. Configurations of assembly
lines for single and multiple products could be divided by
three product, and mixed-model assembles multiple products,
whereas a multi-model produces a sequence of batches with
intermediate setup operations (Becker & Scholl, 2006) [13].
This research solves single-model line balancing problem with
real application. Boysen, Fliedner, and Scholl (2007, 2008)
[14,15] classified line types, single-model, mixed-model and
multi-model. Single-model assembles only one ALBPs and
pointed out that there were less than 5% articles explicitly
solving line balancing of real world assembly systems. As a
result, for practical consideration, this research focuses on the
real case of an assembly line in garment manufacturing.

Time Study:A work measurement technique for recording the
times and rates of working for the elements within specific
conditions, and for analyzing the data so as to determine the
time necessary for carrying out a job at a defined level of per-
formance (Glock and Kunz, 2009) [16].

SMYV: Standard Minute value. The amount of time required to
complete a specific job or operation under existing condition,
using the specified & standard method at a standard pace
when there is plenty of repetitive work [17].

Cycle time: Total time taken to do all works to complete one
operation, i.e. time from pick up part of first piece to next pick
up of the next piece [18, 19].

Balance: Balance is an important factor. Balance = (minimum
output/target output)* 100%

1. Methodology

In garments production, at first a garment model need to be
developed. Then according to model the garments part are
being cut and sewn according to assembled order. (Mominul,
Mohiuddin, Mehidi, Sakib. 2014)[20]. A sewing line consists of
a set of work station in which specific task in a predefined se-
quence is processed. (James, chen, Ling, Heng, Cheng.
2012)[21] In this case study, to analyze sewing line efficiency
and line balancing, a T-shirt sewing line was considered. This
study was accomplished in a garments factory of Bangladesh.
In this study three case was considered. In each case we rec-
orded the time required to finish each task, required operator

and helper, type of machine in order to calculating SMV, BPT,
efficiency, target output and balancing of the sewing line. In
this study we proposed a line which have maximum efficiency
and a balanced line out of three case by proper utilization of
man & machine. We compared the efficiency and balancing
value and got a production layout which have maximum effi-
ciency and most balanced line among the three.

Measurement of T-shirt used in our case study-

Figure 1: T -Shirt

S M L XL XXL
A |BODY LENGTH 68 | 70| 72 | 74 | 76
B [CHEST 1 INCH BELOW FROMARMHOLE | 52 | 58 | 56 | 58 | 60
C |ACROSS SHOULDERS % | 46 | 48 | 50 | 52
D [SLEEVE LENGTH 20 |205] 21 | 22 | 23
£ [ARMHOLE 255 | 26 | 265 | 27 | 275
F |NECK OPENING 16 | 165] 17 | 175 | 18
G [SLEEVE OPENING 18 | 185] 19 | 195 | 20

S M L XL XXL
A |BODY LENGTH 6 | 62 | 64 | 6 | 68
B |CHEST 1 INCH BELOW FROM ARMMHOLE 38 40 a2 a4 46
C |ACROSS SHOULDERS 37 33 39 40 41
D [SLEEVE LENGTH 12 | 12 | 13 | 13 | 14
€ |ARMHOLE 20 | 21 | 22 | 23 | 24
F |NECK OPENING 20 | 21 | 215 | 22 | 225
G |SLEEVE OPENING 13 | 14 | 145 | 15 | 155

Figure 2: Dimension of T-Shirt
Note: All the measurement in centimeters

3.1: Equation:
Standard Minute Value (SMV) = Basic time+ allowances

Basic Time= (Observed time X Observed rating)/ Standard
rating

Basic pitch time= SMV/ No of workstation
Efficiency={ (per hour production X total SMV)/(man re-
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quired X working minute)} X 100%
Target= working minute/ BPT

Balancing= (Minimum out put/ target output) X 100%
3.2. Data Analysis and Calculations:

Before line balancing all the operations need to breakdown
according to pursuant logical order. The breakdown is for bet-
ter understanding and redact the sequential order of product
processing steps. (Morshed&Palash. 2014)[22]. Taking the ob-
served time for each operations manually and SMV is calcu-
lated by given equations. With the help of SMV, no of opera-
tions and man & minute value we can calculate BPT, efficiency,
target production and balancing for each sewing line.
Scenariol:

Sewing line layout for scenario 1 is given below:

Should Neck o
-
Back tace . . ;f;g;

Neck
making

Labetop
sewing and ‘
thread cut

-
.
~
-
HarnjOin . .

Figure 2: Layout of Sewing for a T-Shirt (Scenario 1)

Bodyand
Shoulder sleeve I W Sleeve join
measuring matching

Sticker remove

Batch label
attach .

and thread cut

The sewing operation starts form shoulder join and ends at
sticker remove and thread cut. Total man power required for
this operation is 20 and SMV is 6.65. In this line the production
is 150 pcs per hour.

BPT=SMV/No. of workstation =6.65/20= 0.3325

SL. Operation | Machine | SMV Tareet Manning
No Breakdown | type 8 level
> Neck pip- | pp 025 | 240 0.75
ing
6 Neck tuck SN 0.15 400 0.45
7 Back tape FL 0.35 171 1.05
Label top 150
8 sewing and SN 0.40 1.20
thread cut
9 Sleeve hem DNFL 0.45 133 1.35
10 Shouldc?r HP 0.20 300 0.60
measuring
11 Body and 240
sleeve HP 0.25 0.75
matching
12 Sleeve join OL 0.5 120 1.50
13 Side join OL 0.6 100 1.80
14 Label join FL 0.3 200 0.90
15 Thread cut HP 0.2 300 0.60
16 .Slefeve fin- FL 03 200 0.90
ishing
17 Hem join FL 0.45 133 1.35
18 Br'and label FL 03 200 0.90
join
19 Batch label SN 035 171 1.05
attach
20 Sticker re- 171
move and HP 0.35 1.05
thread cut
Total
SMV 6.65

Now,

Efficiency= {(per hour production X total SMV)/(man re-
quired X working minute)} X 100%

= ({150X 6.65)/(20X60)}X 100%
=83.125%

Target output = working minute/ BPT

Where, BPT= Basic Pitch Time = 60/0.3325
Table 1: Data for scenario 1 layout = 180pcs
SL. Operation | Machine | SMV Manning
N Breakdown | type Target level i ini o
0 yP Balancing= (Minimum out put/ target output) X 100%

1 ].S()}i‘flulder oL 015 | 400 045 | =(88/180)X100%
2 Neck mak- = 48.89%

5 SN 0.68 | 88 204 | Scenario2:
3 Neck mak- Sewing line layout for scenario 2 is given below:

ing
4 Neck join OL 0.45 133 1.35
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SL. Operation | Machine | SMV Tareet Manning
Shoulder - Neck - Neck . No | Breakdown | type 8¢ | Tevel
jom making making 5 Neck pip- | FL 025 | 240 0.81
ing
6 Neck tuck | SN 0.15 400 0.49
7 Back tape FL 0.35 171 1.13
m—— k taoe 8 Label top | SN 020 | 300 0.65
SEWINg sewing
9 Thread cut | HP 0.20 300 0.65
10 Sleeve hem
Sleeve hem Sleeve hem & Shou'lder
and shoulder and shoulder measuring DNFL 0.70 85 2907
measuring measuring 11 Sleeve hem
& Shoulder
measuring
12 Body & | HP 0.25 240 0.81
sleeve
matching
13 Sleeve join | OL 0.50 120 1.61
14 Side join OL 0.60 100 1.94
15 Side join
Sleeve Brand 16 Label join | FL 0.30 200 0.97
finishing label join 17 Thread cut | HP 0.20 300 0.65
18 Sleeve fin- | FL 0.30 200 0.97
ishing
19 Hem join FL 0.45 133 1.45
Sticket ramove 20 Brand label | FL 0.30 200 0.97
and thread cut join
21 Batch label | SN 0.35 171 1.13
attach
22 Sticker re- | HP 0.35 171 1.13
Figure 3: Layout of Sewing for a T-Shirt (Scenario 2) move and
thread cut
Total 6.80
The sewing operation starts form shoulder joining and ends at SMV=
sticker remove and thread cut. Total man power required for
this operation is 22 and SMV is 6.80. In this line the production Now.

is 150 pcs per hour.
Efficiency= { (per hour production X total SMV) X man requ-

Ired X working minute)} X 100%
= {(150X 6.8)/ (22X 60)} X 100%
=77.27%

BPT=SMV/No. of workstation = 6.80/22=0.309
Where, BPT= Basic Pitch Time

Table 2: Data for scenario 2 layout
y Target output = working minute/ BPT

= 60/0.309

SL. Operation | Machine | SMV Manning | _
No Breakdown | type Target | ovel = 194pes
1 Shoulder OL 0.15 400 0.49

join Balancing= (Minimum out put/ target output) X 100%
2 E;Ck mak- | SN 0.75 80 243 - (80/194)X 100%
3 Neck mak- =41.24%

ing io 3:
4 | Neckjoin | OL 045 | 133 | 145 goenario 3 o ,

ewing line layout for scenario 3 is given below:
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Fig 4: Layout of sewing for a T-shirt (scenario 3)

The sewing operation starts form shoulder joining and ends at
sticker remove and thread cut. Total man power required for
this operation is 18 and SMV is 6.43. In this line the production
is 150 pcs per hour.

BPT= SMV/No. of workstation = 6.43/18= 0.357
Where, BPT= Basic Pitch Time

SL Operation | Machine SMV Target | Manning
NO | Description type level
9 Shoulder 200
measuring
& Body & HP 0.3 0.84
sleeve
matching
10 Sleeve join OL 0.5 120 1.40
11 Side join OL 0.6 100 1.68
12 Label join FL 0.3 200 0.84
13 Thread cut HP 0.2 300 0.56
14 .Slegve fin- FL 03 200 0.84
ishing
15 Hem join FL 0.45 133 1.26
16 Bljand label FL 03 200 0.84
join
17 Batch label SN 035 171 0.98
attach
18 Sticker re- 171
move and HP 0.35 0.98
thread cut
Total
SMV 6.43

Now,

Efficiency={ (per hour production X total SMV) X man requ-
Ired X working minute)} X 100%

= {(150X 6.63)/ (18X 60)} X 100%

=89%

Target output = working minute/ BPT

=60/0.357

=168pcs

Balancing= (Minimum out put/ target output) X 100%

= (88/168)X 100%
Table 3: Data for scenario 3 layout
=52.38%
SL Operation | Machine Target | Mannin,
NO De};cripﬁon ype | MV & level | 4 RESULT AND DISCUSSION
1 Shoulder OL 0.15 400 0.42 From these scenarios it can be easily seen that efficiency and
join ] ) balancing is increasing with the proper utilization of man and
2 Neck mak- SN 0.68 88 1.90 machine. In scenario 1, number of workstation (man, machine)
ing ' ) was applied 22 but efficiency and balancing was 83.125% and
3 Neck join OL 0.45 133 1.26 48.49% respectively. For the scenario 2, number of workstation
4 Neck pip- FL 0.5 240 0.70 was 20 but efficiency and balancing was 72.27% and 41.24%
ing : ) respectively. And for the scenarion3, number of workstation
5 Neck tuck SN 0.15 400 0.42 was 18 but efficiency and balancing was 89% and 53.38% re-
6 Back tape FL 0.35 171 0.98 spectively, which is the most in this study. And this is our pro-
Label  top posed plan. In scenario 3, we merge some operation to reduce
7 sewing & SN 0.3 200 0.84 number of man and machine to operate the job. In our merg-
Thread cut ing process we took proper care about the sequences of the
8 Sleeve hem DNEL 0.45 133 1.26 operation. That is why balancing also increased.
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Comparative efficiency and balancing is given below:

Table 4: comparative efficiency and balancing of the layout

Name SMV Work- efficiency | Balancing
station(man
+ machine)
Scenario | 6.65 20 83.125% 48.49%
1 (exist-
ing one
Scenario | 6.80 22 72.27% 41.24%
(alterna-
tive one
Scenario | 6.43 18 89% 53.38%
3 (our
proposed
one)
efficiency
100.00%
90.00%
80.00% -
70.00% -
60.00% -
50.00% -
40.00% -
30.00% - m efficiency
20.00% -
10.00% -
0.00% -
N Vv >
;\\0 (\O {\O
P G,
& & 2
oY & B
balancing
60.00%
50.00%
40.00% -
30.00% -
20.00% - M balancing
10.00% -
0.00% -
scenario scenario scenario
1 2 3

With the decrease in number of workstation efficiency and
balancing both are increased.

Efficiency
100.00%
80.00%
60.00% +
40.00%
20.00% ':, m Efficiency
0.00% -+ . . "
Q 9 >
~0<\ ,o(\q/ .o(\
* * *
NN Ny
\$o‘ o $o‘
Balancing
60.00% -
50.00%
20.00% -
30.00%
20.00% -+
10.00% - :
0.00% - T T T H Balancing
o 0,9, Q%
é}o ;00 %00
O ®

5 CONCLUSION

In garment industries sometimes it is difficult to identify the
key areas and practices, which can be used to improve the
current system & situation.Productivity in general is a ratio of
output to input in the production of goods and services.
Productivity is increased by lowering the amount of labor,
capital, energy or materials that go into producing any given
amount of economic goods and services. Increases in produc-
tivity are largely responsible for the increase inefficiency. Form
our research we can easily say that with the decrease in work-
station efficiency and balancing also increased. We believe that
our findings also help others, those who expect better produc-
tivity with minimum workstation and better balancing within
the worker.
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