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I Introduction

The textile clothing sector is a pillar of
Tunisian industry and maintains a prom-
inent position in the national economy
as well as a strong contribution to the
socio-economic balance of Tunisia. This
sector represented 26.6% of the gross
domestic product of Tunisia in 2015 [1].
In the clothing industry, the production
phase remains essential for the success
of the company while respecting the cus-
tomer’s requirements in terms of time,
cost, and quality. However, in reality,
several companies often find problems
at the production stage, which has a ma-
jor impact on deadlines and therefore on
the predicted schedule. There are several
methods for improving the production
system and reducing wasted cycle time.
The most recognszed is the Toyota Pro-
duction System (TPS), which allows an
improvement of the quality of the prod-
ucts manufactured as well as reduction of
the costs and delays [2] (Kumbhar et al.,
2014).
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Abstract

This study was carried out in a clothing company to determine the parameters that influence
the decline in production. The results showed that the parameter “Machine failures” had
a 34.6% effect on production, and “lack of versatility” 19.7%, while the parameter “heavy
launch” had an effect of 17.1%, “lack of supplies” 9%, touch-ups 3%, and ““lack of cut parts”
2%. Indeed, the application of lean and six sigma tools and especially the D.M.A.1.C and TPM
methods are two tools that improve efficiency and productivity in a production workshop.
Thus, a grid was developed to monitor and maintain the effectiveness of improvement actions
and for the continuity of the spirit of improvement within the production department without
forgetting that teamwork makes it possible to improve the result.
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Alot of research has been done to study
the parameters that influence production
management. According to Fisher in 1996,
new products introduced have a great in-
fluence on production management [3].
For the fashion industry, whose products
have a short life cycle, improving the co-
ordination of services and sharing infor-
mation in the sales contract in a sliding
plant framework make it possible to work
with data in real time as much as possi-
ble and follow the customer’s request,
which is arandom variable [4]. Market
requirements and product characteristics
influence the choice of the planning and
production control system [5].

The textile and clothing industries are
facing rapid changes in production tech-
nology and consumer preferences for
greater variety, better quality and more
fashionable products [6]. Clothing man-
ufacturing is largely low-tech and la-
bour-intensive, while the textile industry
is more technology-intensive and re-
quires less unskilled labour [7].

Improving productivity for the textile
and clothing industries is an important
condition for competitiveness on a glob-
al scale. During the period 1995-2004,
productivity in the clothing industry in-
creased on average by 0.3 and 1% per
year, which was mainly due to technical
progress [8]. In industry, the cycle time
must be targeted to achieve a balance
between labour, machines and materials
depending on the management methods
used. Business rivalry is a new approach
to quickly respond to fluctuating con-

sumer demand, which helps maintain
global competitive advantage for the pro-
ducer [9].

Indeed, research in the areas of improve-
ment in production management is di-
vided into two categories: The first uses
simulation and the laws linking action
parameters to performance indicators,
helping the manager to better manage his
production system [10], while the sec-
ond proposes an approach for calculating
action parameters to obtain a value for
a performance indicator [11].

This study was done in a clothing com-
pany in Tunisia, whose objective was to
investigate the parameters which have an
influence on production using the tools of
the two methodologies lean and six sig-
ma, which are used for the improvement
of the organisational and operational per-
formance by large companies through
their influence on productivity and qual-
ity [12]. The aim was also to resolve the
problems that contributed to production
weakness and to find solutions to mini-
mise losses and improve productivity.

M Material and method

The study was carried out in a clothing
company specialising in the manufac-
ture of knitted articles such as swimwear,
panties, boxers, underpants and under-
clothing.

The study lasted 8 months in the produc-
tion department, and it was started with
an analysis based on the D.M.A.I.C tool
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Table 1. Summary table of parameters measured per month during the period.

Parameters Number

Number

Number Number

of working of product of model of launches Losf
Month hours chains changes with 0 output quantity
January 225 3 2 4 44406
February 198 5 2 5 51760
March 216 5 2 4 69896
April 225 3 3 2 32302
May 234 3 3 1 27047
June 189 3 2 5 28518
July 243 4 4 5 36427
August 81 4 2 5 16623

of the six sigma method [13]. The main
steps of the method are as follows:

1. Define: in this first step, all the prob-
lems encountered in the production de-
partment identified by a daily follow-up,
with a weekly summary, next classify the
problems found according to priority and
then reformulate them considering their
weakness and the dissatisfaction of cus-
tomers [14, 15].

In the production department of the com-
pany, which is its heart , many problems
have a direct impact on planning, causing
the delay of export and dissatisfaction of
customers. The planning department was
aware of this problem since the DOT
(Delivery on Time) percentage was only
60%. The daily monitoring of problems
encountered with respect to the KPIs rep-
resents the starting point of the project.
The data tracked every day were the out
production per line, number of defects,
efficiency, number of lost parts, and the
cause of the decrease in production in
cases where the efficiency was lower
than the target requested. Each instructor
would insert all the data every hour. A re-
cap was made at the end of each hour.

2. Measure: in this phase the relevant
data in the production department must
be measured to assess the current situa-
tion by means of the problems encoun-
tered [14, 15]. The five parameters to be
measured in this case are as follows:

— the output of the production per day,

— the number of non-compliant parts re-
corded each hour by the control post,
which are cumulated at the end of the
day.

— the efficiency percentage, determined
according to the actual quantity rela-
tive to the target requested,

— the quantity of parts lost each day,
classified according to the problem
encountered during production,

FIBRES & TEXTILES in Eastemn Eurgpe 2021, Vol. 29, 6(150)

— the number of working days and pro-
duction lines per month,

— the number of model changes per
chain and per month,

— the number of launch days with zero
output,

— the lost costs, calculated according
to the quantity not produced and the
unit selling price.

3. Determine the root causes of the prob-
lems encountered and make detailed
analyses of each source [14, 15].

An analysis of the causes was done dai-
ly in order to make a corrective plan.
The major causes of production losses
are absenteeism, low versatility, machine
breakdowns, low quality of cut, and lack
of supplies or accessories at a new launch
or during production. The causes are
measured and arranged according to the
Prometheus storage method: sort, order,
describe and select [16].

4. A solution must be proposed to each
problem in order to improve the produc-
tion service [14, 15].

SPC (Statistical Process Control) brings
a set of methods to monitor and improve
a production process from a statistical
point of view. SPC is the most appro-
priate method for monitoring a complex
production process. It is defined as a set
of actions for evaluating, regulating and
maintaining a production process in
a condition in accordance with the spec-
ifications adopted, with stable charac-
teristics over time [14]. TPM is a meth-
odology for increasing the availability
of equipment by reducing investment
needs and increasing the yield of human
resources, with better quality of products
and a reduction of labour costs [17].

5. Control: in this phase it is necessary
to control the efficiency of the improve-

Lost cost % Retouch % Efficiency
72735 € 1.65% 57%
62112 € 2.14% 60%
83875 € 1.44% 62%
38762 € 1.66% 67%
32456 € 2.41% 61%
25666 € 1.92% 7%
43712 € 9.35% 66%
19947 € 1.84% 64%

ment system by evaluation according to
a well-defined grid.

AMDEC is a method used as a reliabili-
ty assessment technique to determine the
effects of system failures. This method
prevents potential failures of a product
in a manufacturing process or organisa-
tion. It is based on a methodical analysis
of potential risks which allows them to
be prioritised in order to treat the most
important risks in a preventive manner.
AMDEC achieves quality through pre-
ventive action. The purpose of this tool
is to detect product failures, define the
actions to be taken to eliminate these
failures, reduce their effects, prevent or
detect their causes, and document the de-
velopment process [18].

M Results and discussion

The following table summarises the re-
sults found for the parameters measured
over 8 months:

The Table 1 shows that machine break-
downs decreased production by 34.6%
and the versatility level by 19.70%, while
absenteeism in the chain had an adverse
effect of 14.60% on production. A heavy
launch without any ideal preparation had
an influence of 17.10% on production
and the lack of supplies during a launch —
9% on the pace of production. The return
pieces had an influence of 3% on produc-
tion and missing cut pieces 2%.

The parameters studied have an influ-
ence on production between 2% and
19.7%. In total, we have a loss between
23% and 49% in terms of efficiency. This
translates into a loss in turnover between
19947 € and 83875 € per month. These
figures compelled us to take immediate
action.

To remedy these problems, several ac-
tions have been taken. Indeed, the param-
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eter “machine failure” is the one that has
the most important effect on production.
The company is moving towards the ap-
plication of a TPM (TOTAL PRODUC-
TIVE MAINTENANCE) plan whose
objective is to increase efficiency and
productivity and change the mentalities
of staff [19]. There is also the application
of the curative maintenance procedure
as a solution to measure the number of
minutes of daily breakdowns, allowing
recording and analysis to realise an ac-
tion plan. Moreover, total productive
maintenance is an equipment and process
improvement strategy to achieve a high
level of equipment efficiency [20]. For
this goal, repairing broken down ma-
chines is essential to keep them running
and improve their profitability. In this
case, TPM makes it possible to increase
the availability of equipment by reducing
the need for additional capital invest-
ments [19].

To improve the efficiency of the mainte-
nance department, it is necessary to make
a preparation plan for the machines that
have a high risk of failure and use them
as a reserve. The main objectives of TPM
obliges the involvement of operators in
the daily maintenance of the equipment,
which necessitates a training plan for the
personnel involved in order to introduce
autonomous maintenance to avoid fail-
ure waiting time. The maintenance team
must insert the culture of TPM and divide
tasks by planning and making adjust-
ments for a new launch.

To properly apply TPM culture, it is nec-
essary to measure the performance of the
maintenance service by the OEE index
(OVERAL EQUIPEMENT EFFICIEN-
CY), which makes it possible to treat all
losses caused by the equipment by meas-
uring the rate of quality and performance
of the equipment.

Table 2. Grid to control the launch preparation, model change, and production monitoring.

CHECK LIST DETAILS

Preparing
Who

Deadline production + OUTPUT

Availability of fabric and accessories

Is there a meeting with the Sampling
Manager to identify specific machine
and critical operations’ needs?

Is there an updated competency matrix?

Is there an up-to-date list of machines

Is the assembly plan available?

Is there a study on the design of
theoretical lines with n° of machines
and workers (using the skills matrix
+ the list of machines available)?

Availability of machines, spare parts,
and equipment necessary to launch

Controlled trace + controlled cut parts
at cut and screen printing level

The mechanics prepare the machines.
guide, models, etc. if necessary

Prepare SOPs for critical positions

Train the worker in critical operations
identified by the sampling manager

=> Remember to prepare the parts
/semi-finished products in advance
(in the sampling room, for example)

Quality end-of-line verifiers supervised

Conception
Model Code
Time Line Global Status
D-8 (Mini) Planification + responsible line
. Supplies/
D-8 (Mini) | Eapric
Feedback
D-8 Sampling
room
Always Skills matrix
Maintenance
Always plan and spare parts?
D-7 Timeline
D-7 Layout of line
Machines and
D-7 spare parts
(equipment) the line?
D-6 Cut parts
D-6 => 1 Machine_
preparation
_ Preparation
D-6=>1 SOP
Training A
D-6=>1 for critical (use overtime if necessary)
positions
D-6=>1 QC end line in the control plan
D-3=>1 Wipwordk

Check the outstanding amount
(flow of 5 coins for day D)

Planning Leader

Planning Leader

Development Leader
+ Production Leader

+ Line Leader + Quality

Manager + Industrial

engineering + Mechanics

Industrial engineering
+ Production Leader

Mechanics

Industrial engineering

Industrial engineering

Mechanics

Cutting and quality service

Mechanics

Industrial Engineer
+ Mechanics

Workers + Line Leader
+ Mechanics + Industrial

engineer

QC + Line Leader
+ Quality Manager
+ Production Leader

Line Leader

OEE = A x PR xQ (1)

Where,

OEE - overal equipement efficiency;

A — availability proportionate to the time
in which the machine is available;

PR —performance rate and PR =RE x SR;
Quality rate (Q) — refers to the quality
rate, which is the percentage of good
parts out of the total produced.

The reference value for OEE is 85%, but
on a practical scale it varies between 40%
and 60%. The main objective of TPM
methodology is to have zero failures
and zero faults, therefore the procedure
involves having a linear organisation-
al structure with a versatile workforce.
Rigorous reassessment of the method by
introducing improvements leads to sim-
plifications and standardisation [19].

The production department had an aver-
age rate of 12% for versatility. The target

Chain

Tools Statut Comments

Planning

Stock status

Sampling room
return sheet

Skills matrix
Machine data sheet
and equipment

Assembly process
sheet

Layout & balancing

Machine and
equipment needs
sheet

Cut parts control
plug

Machine and
equipment needs
sheet

Standard operation
time (SOP)

Master sample

Master sample
+ control plan
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Time Line

D-3=>1

D-DAY

D-DAY

D-DAY

D-DAY

D-DAY

D-DAY

D => + Ramp
up target

J =>+ Ramp
up target

D-DAY and
after closing

Time Line

D+3

From D-DAY
until the end
of production

Global Status

Ramp
up target

Meeting
to launch

* Supply
system

Launch

Machine
adjustment/
ergonomic
validation

Training/
validation
of gestures

Quality
Validation

Speed/
efficiency
validation

* Validation
of steps

* Validation
of steps

* Value of WIP

End of Launch

Closing
meeting

Capitalise

Global Status

Process
stability

Absenteeism

Model change

CHECK LIST DETAILS

Number of critical operations x 15 min
+ number of easy operations x 10 min
+ number of manual operations x 5 min
=> maximum launch time: max 5 h

=> max 3 days to reach the target

Is a meeting organised to recall the
target and the role of each player (check
the availability of all documents and
tools: MS, stock of components and
accessories...)? + explanation of the
power-up object until the end of the line

The supply system is composed of
5 pieces by 5 pieces

Start the launch of the new model
following the lines’ structure while
the previous model is out of the line
(for each operation and following the
correct balancing sequence)

— Configure the machine or implement
a new machine => worker or mechanics
— Finalise workstation ergonomics
=> worker, Line Leader, industrial
engineering

— See and train each shift and each
operation: Line Leader, Industrial
engineering and/or mechanic

— The operating procedure and the
gestures are validated by the Industrial
Engineering and Line Leader as defined
in the assembly range;

Quality is validated by the Quality
Manager until the quality requirements
and subsequent FDP steps are met.

The speed is validated by the IE
calculated in line balancing... if we do not
reach the 'double check' of the reliability
of the SKILLS MATRIX, and update it if
necessary

Do not continue with the next workstation
until the current workstation is not
validated in the previous 4th step
(machine setting + training + quality

+ speed)

Do not start producing if previous
workstation is not validated

=> you cannot start configuring the
machine

No work on 5 new parts if the next
workstation still has its 5 parts = work

in progress for each workstation should
not exceed 5 parts (the only exception is
when the previous workstation could not
get validation with the first 5 pieces)

Notify all workers and participants of
the launch when the launch is complete
+ announce the result of the launch in
relation to the target

A roundtable and debrief are required to
understand the discrepancies between
the launch results and those of the target
(debrief daily if the launch lasts more than
one day).

Capitalise on blocking points for
improvement at the next launch of the line

Who

Industrial Engineer
+ Line Leader

Production Leader,

Line Leader, Mechanics,
Industrial Engineer, Quality
Manager

Workers, Production
Leader, Line leader,
mechanics, Industrial
Engineer, Quality Manager

Workers, Industrial
Engineer, Line Leader,
mechanics

Workers, Production
leader, Line leader,
Mechanics, Industrial
Engineer, Quality Manage

Workers, Production
Leader, Line Leader,
mechanics, Industrial
Engineer, Quality Manager

Industrial Engineer

Workers, Production
Leader, Line Leader,
mechanics, Industrial
Engineer, Quality Manager

Workers, mechanics

Workers

Workers, Production
Leader, Line Leader,
Mechanics, Industrial
Engineer, Quality Manager

Production Leader,

Line Leader, mechanics,
Industrial Engineer,
Quality Manager

Workers, Production
Leader, Line Leader,
mechanics, Industrial
Engineer, Quality Manager

Follow up

CHECK LIST DETAILS

If the efficiency of the line is not
satisfactory, double-check that of each
workstation and compare it to the target.
If it is off target, check why and adjust
your actions accordingly: train the worker
again or rebalance

If one worker is missing:

— try to replace then with an equivalent
worker

— if not possible, rebalance
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Who

Industrial Engineer,
Line Leader

Industrial Engineer,
Line Leader

Tools Statut

Display tools

All cards prepare
a technical file
master sample

Layout &
balancing,,
assembly process
sheet, master
sample

Layout & balancing,
assembly process
sheet, master
sample

Layout & balancing,
assembly process
sheet, master
sample

Master sample,
control plan,
tape measure

Assembly process
sheet, chronometer,
skills matrix

Tools Statut
Chronometer

assembly pocess

sheet,

skills matrix

layout

Layout
skills matrix

Comments

Comments



set was 50%. To achieve this objective,
an action plan was implemented by set-
ting out the models to be produced un-
til the end of 2020. We also established
the needs of multipurpose personnel for
critical positions according to the current
polyvalence and provided a training plan
for aspecial chain containing at least
eight people. The plan must be formu-
lated according to the method, produc-
tion, planning, quality, and management
system for the completion of procedures
and all appropriate forms. In fact, a suf-
ficient number of staff, the best weekly
training program and fulfilling the needs
make it possible to improve the level of
versatility and therefore improve produc-
tivity. On the other hand, the best choice
of organisational structure at the level of
job management by the operator and the
responsibility of employees are principal
elements for the success of the program.
Setting a bonus system according to job
difficulty is a solution to encourage oper-
ators to improve their salary level and, at
the same time, the versatility rate.

To minimise the percentage of absen-
teeism, an action plan was put in place:
workers who have a high rate are inter-
viewed to look for causes and find out if
there is a solution. Then, do two sessions
a week for a medical examination at the
company to avoid absence due to illness.
In addition, make a monthly bonus for
workers who have an absence rate equal
to zero.

When there is a lack of supplies, accesso-
ries or cut panels, an improvement proce-
dure must be put in place. The production
service must receive the complete order
including supplies and accessories with
the cut parts. Thus, quantity and quality
control must be done before each launch
and must be noted in the supply sheet.

To reduce the launch time, several ac-
tions must be taken; a maintenance team
should support only the preparation
phase of the machines, which must be
done by the service method before the
launch. The method team with the plan-
ning department must prepare the follow-
ing sheets for each new launch:

A detailed sheet of the time of each
operation

A balance between the available work-
force according to the versatility grid
[21] and the production department.
The balancing method is very essential to
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make the workflow almost smooth and to
improve efficiency between workposts.
Balancing must be done according to the
skill of the operators and of the machines
to improve productivity and shorten pro-
duction times [22].

Adequate chain implementation to
improve the efficiency of the corre-
sponding chain [23].

A machine and equipment file must be
completed and transformed into main-
tenance service within 15 days of the
launch date to prepare the machines
and equipment, as well as make ad-
justments and purchase parts if neces-

sary.

The use of information technologies and
better communication between the vari-
ous departments of the company are im-
portant keys to success. To control and
evaluate the improvement process, a grid
was developed for three phases: launch
preparation, model change, and produc-
tion monitoring. The grid is summarised
in the following Table 2.

According to Table 2, 8 days before the
launch, you need the best preparation
at the planning level. It is necessary to
check the level of stocks of fabric and
supplies. The method department must
prepare the assembly process sheet, lay-
out, balancing, SOP based on feedback
from the sampling room and depending
on the materials, and the skills matrix.

The maintenance department must pre-
pare the machines and equipment. More-
ocer, the cutting service must prepare the
cut pieces according to the schedule and
the quality department ensure quality at
the various stages of production.

In the second phase: “Model change”, it
is necessary to start with a meeting with
the various managers in charge to indi-
cate the objective and to check the avail-
ability of the various tools. The launch
must start with 5 pieces. For each post,
it is necessary to validate the quality,
gestures, and ergonomics to move on
to the next position. Then the efficiency
and WIP are checked. Finally, a closing
meeting must be held to compare the re-
sults obtained with the objective and to
take corrective actions if necessary.

This study allows to apply corrective
actions using lean tools. This system
improved efficiency from 57% to 77%

in June, Whereas there was a gradual
decrease in July and August (66% and
64%). mainly due to environmental fac-
tors i.e. temperature increases during this
period. in this case, corrective actions are
needed to improve the working environ-
ment. According to research carried out
to provide the optimum environment for
the optimal comfort of humans, the opti-
mum humidity should be between 40%
and 65% at a temperature of 22 °C [24].

Application of the improvement system
can increase efficiency. This is approved
by other research, such as Fahad (2016),
who used the systematic technical lay-
out schedule (SPL) to improve the flow
of materials in a multinational company
that produces a product with a wide va-
riety. Using Lean tools, the main activi-
ties without added value were identified.
In addition, the SPL method allows to
decrease the delivery time, increase the
production rate and reduce the cost [25].
Technical change gave productivity
growth of 7.6% for Taiwan and 9% for
China [26]. Turkish textile and clothing
companies have undergone productiv-
ity growth thanks to technical chang-
es [27]. According to a study made in
Tunisia, the average level of efficiency
resulting from the generalised method
of the moments system increases from
58% to 68%. Exporting firms are more
productive and efficient than non-ex-
porting ones. Exporting would encour-
age companies to upgrade and improve
the production system. The use of mod-
ernised equipment increases efficiency
and productivity [28]. Over the past two
decades, the sector has restructured and
modernised its production, leading to
a large number of exits of companies
in the industry. However, productivi-
ty grew by 2.1% following technical
changes. According to this study, the
application of lean principles (value
stream mapping — VSM, total produc-
tive maintenance — TPM) increases ef-
ficiency to 30.09% [29]. An integrated
approach of the “multicriteria decision
method” (e.g. the theory of constraint —
TOC, analytic hierarchy process — AHP)
and simulation reduced the in waiting
time and lead time by over 50% — with-
out overtime and with overtime [30].

This study was devoted only to the pa-
rameters that influence the decline in
production in a clothing workshop, while
there are other factors that influence the
pace of work. The method of planning in
a clothing company is an important ele-
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ment for the successful delivery of each
order within the allotted time. Indeed,
production capacity, material resources
and human needs must always be defined
according to a renewable strategic plan
[31]. Simulation for the planning of pro-
duction in uncertainty and study of the
planning method enable to give the best
modelling of the forecast [32]. Research
is being done to control the planning
system by applying PPCS (Planning and
Production Control System). This system
determines the market need for manufac-
tured products and plans production in
workshops [33, 34].

B Conclusions

This monitoring study was done in
a clothing company to determine the pa-
rameters that influence the decline in pro-
duction. The results showed that the pa-
rameter “machine failures” had a 34.6%
effect on production and “lack of versa-
tility” 19.7%, while the parameter “heavy
launch” had an effect of 17.1%, “lack of
supplies” 9% , touch-ups 3%, and “lack
of cut parts” 2% . Based on these results,
an action plan was developed to reduce
these percentages and improve efficien-
cy. Indeed, the application of lean and six
sigma tools and especially the D.M.A.I.C
method as well as TPM method are two
tools that improve efficiency and pro-
ductivity in a production workshop at
the level of maintenance service, quality,
production and method. In order, to sta-
bilise the efficiency of the improvement
system, a grid was developed to monitor
and maintain the effectiveness of im-
provement actions and for the continuity
of the spirit of improvement within the
production department. Indeed, it is true
that the continuous improvement system
increases the productivity of the com-
pany in terms of quantity, quality, cost
and deadlines, but it is necessary to have
strong coherence between personnel and
to have team spirit. To have this system, it
is necessary not only to improve the work
system but also the quality of personnel
by continuous training at the technical
level and at the spirit level by promoting
the culture of group work.

This study focused only on the param-
eters influencing production, namely
those related to material, personnel and
managerial resources. What is missing
in this study is an analysis of ergonomic
factors, such as organizational , work en-
vironment and psychosocial factors. This
analysis should be done in the future to
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study the influence of these parameters
on productivity.

References

1. Lakhal A, Sejri N, Chaabouni Y, Jaafar F,
Cheikhrouhou M. Elaboration of a Rest
Index for a Sewing Post in a Clothing In-
dustry. Journal of Industria Textila 2019;
70 (5): 430-434.

2. Kumbhar SK, Niranjan MR, and Satpute
ST. Assembly Line Production Impro-
vement by Optimization of Cycle Time.
International Journal of Mechanical And
Production Engineering 2014; 2 (8):
29-33.

3. Cao Y. Long-Distance Procurement
Planning in Global Sourcing. Chemical
and Process Engineering. Ecole Centra-
le Paris; 2015. Available from: https://tel.
archives-ouvertes.fr/tel-01154871/docu-
ment.

4. Donohue KL. Efficient Supply Contracts
for Fashion Goods with Forecast Upda-
ting and Two Production Modes. Mana-
gement Science 2000; 46 (11): 1397-
1411.

5. Vollmann TE, Berry WL, Whybark DC.
Manufacturing Planning and Control
Systems. Irwin: Boston, 1997.

6. Hildegunn KN. The Global Textile and
Clothing Industry Post the Agreement on
Textiles and Clothing. Geneva: Switzer-
land, 2004. Available from: https://www.
researchgate.net/publication/255601778.

7. Datta A, Christoffersen S. Production
Costs, Scale Economies and Techni-
cal Change in U.S. Textile and Apparel
Industries. Atlantic Economic Journal
2005; 33 (2): 201-213.

8. Magdalena K, Alfons OL. An internatio-
nal comparison of productivity change
in the textile and clothing industry: a bo-
otstrapped Malmquist index approach.
Empirical Economics 2015; 48 (4):1499-
1523.

9. ZhaoY, Xiaoyun Xu, Haidong Li, Yanni L
X. Stochastic Customer Order Schedu-
ling with Setup Times to Minimize
Expected Cycle Time. International Jo-
urnal of Production Research 2018; 56
(7): 2684-2706.

10. David Damand, Marc Barth. Vers un
outil d’evaluation et de diagnostic de
la performance en planification de la
chaine logistique. Paper presented at
ICMOS 2012. Proceedings of 9 con-
gress of International Conference on
Modeling, Optimization & SlIMulation ;
2012 Jun 6-8, Bordeaux, France ; HAL
Id: hal-00728641. Available from: https://
hal.archives-ouvertes.fr/hal-00728641.

11. Hnaien F, Delorme X, Dolgui A. Mul-
tiobjective Optimization for Inventory
Control in Twolevel Assembly Systems
Under Uncertainty of Lead Times. Com-
puters & Operations Research 2010; 37
(11): 1835-1843.

12. Matthew P, Pepper, Trevor A. Sped-
ding, The Evolution of Lean Six Sigma.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

The International Journal of Quality and
Reliability Management 2010; 27 (2):
138-155.

Roger G, Kevin L, Charles L, Adrian S.
Six Sigma: Definition and Underlying
Theory. Journal of Operations Manage-
ment 2008; 26(4): 536-554.

Lotfi Azzabi. Contribution a I'ameliora-
tion d’'un systeme de production : inte-
gration de la methode six sigma et ap-
proche multicritere d’aide ala decision
dans sidelec internationale. Méthodes et
statistiques. Université d’Angers; 2010.
Available from https://tel.archives-ouver-
tes.fr/tel-00730543/.

Sokovi¢ M, Pavleti¢ D, Krul¢i¢ E. Six
Sigma Process Improvements in Auto-
motive Parts Production. Journal of In-
dustrial Management and Organization
2006; 19(1): 96-102.

Brans JP, Vincke PH, Mareschal B. How
to Select and How to Rank Projects:
The PROMETHEE Methods. European
Journal of Operational Research 1986;
24(2): 228-238.

Chan FTS, Lau HCW, Ip RWL, Chan
HK, Kong S. Implementation of Total
Productive Maintenance, A case study.
International Journal of Production Eco-
nomics 2005; 95(1): 71-94.

GOGUE F. La maitrise de la qualité. Ed.
Economica: Paris; 1991.

Sarath Chandran. TPM Implementation
Approach. Journal of Industrial Engine-
ering and Management 2015. Available
from: https://www.researchgate.net/pu-
blication/279059214.

Baluch Nazim, Abdullah Che Sobry,
Mohtar Shahimi. TPM and lean mainte-
nance, A critical review. Interdisciplinary
Journal of Contemporary Research in
Business 2012; 4 (2): 850-857.

Senem Kursun Bahadir. Assembly Line
Balancing in Garment Production by Si-
mulation [https://www.intechopen.com/
books/assembly-line-theory-and-practi-
ce/model-sequencing-andassembly-line
-balancing-in-garment-production-by-si-
mulation-worker-transfer-syst]. No date
[cited 2011 August 17]. Available from
.https://www.intechopen.com/books/as-
sembly-line-theory-and-practice/model-
sequencing-andassembly-line-balancin-
g-in-garment-production-by-simulation
-worker-transfer-syst.

Rezaul HS, Kazi AUZ, Azizur R. Produc-
tivity Improvement through Line Balan-
cing in Apparel Industries. Paper pre-
sented at ICIEOM 2010. Proceedings
of the 2010 International Conference on
Industrial Engineering and Operations
Management. 2010 January 9-10, Dha-
ka, Bangladesh, 102-110. Available from
http://citeseerx.ist.psu.edu/viewdoc/
download?doi=10.1.1.645.472&rep=re-
p1&type=pdf.

Bobby John, Jenson Joseph. Analy-
sis and Simulation of Factory Layout
using ARENA. International Journal of
Scientific and Research Publications
2013; 3(2) Available from http://citese-

9



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

O

10

erx.ist.psu.edu/viewdoc/download?do-
i=10.1.1.299.7406&rep=rep1&type=pdf.
Lakhal A, Sejri N, Jaafar F, Chaabo-
uni,Y, Cheikhrouhou M. Influence of
Environmental Factors on the Working
Rhythmin A Clothing Industry. Industria
Textila 2021; 72(1): 108-113.

Naqgvi SA, Fahad M, Atir M, Zubair M,
Shehzad MM. Productivity Improvement
of a Manufacturing Facility Using Syste-
matic Layout Planning. Cogent Engine-
ering 2016; 3(1): 1-13.

Chen Y. ANon-Radial Malmquist Pro-
ductivity Index with an lllustrative Ap-
plication to Chinese Major Industries.
International Journal of Production Eco-
nomics 2003; 83 (1): 27-35.

Goncharuk AG. Impact of Political Chan-
ges on Industrial Efficiency: A Case of
Ukraine. Journal of Economic Studies
2007; 34 (4): 324-340.

Ayed MR, Goaied M. Efficiency Measu-
re from Dynamic Stochastic Production
Frontier: Application to Tunisian Textile,
Clothing, and Leather Industries. Eco-
nometric Reviews 2003; 22 (1): 93-111.
Kumar P, Shetty R, Rodrigues LR. Overall
Equipment Efficiency and Productivity of
a Newspaper Printing Machine of a Daily
Newspaper Company — ACase Study.
International Journal of Engineering Prac-
tical Research 2014; 3(1): 20-27.
Saravanan J, Thakkar J. An Integrated
Approach for Lead Time Reduction of
Military Aircraft Major Overhaul: A Case
of ABC Company. International Journal
of Quality & Reliability Management
2018; 35 (1): 2-33.

Maxime Claisse. Production Planning
under Uncertainties and Forecasts Up-
date [https://tel.archives-ouvertes.fr/
tel-01939425]. C2020[updated 2018
Nov 29; cited 2020 Sep 29]. Available
from https://tel.archives-ouvertes.fr/tel-
01939425.

Albey E, Norouzi A, Kempf K G, Uzsoy
R. Demand Modeling with Forecast
Evolution: An Application to Produc-
tion Planning. IEEE Transactions on
Semiconductor Manufacturing 2015,
28(3):374-384.

Hayes RH, Wheelwright SC. Restoring
Our Competitive Edge. Competing Thro-
ugh Manufacturing: New York; John Wi-
ley & Sons; 1984.

Marcos Buestan, Hendrik Van Lande-
ghem, Maria Loépez. A Framework for
the Selection or Design of Production
Planning and Control Systems: A Case
of Application. Paper presented at LAC-
CEI 2019. Proceedings of 17t congress
of International Multi-Conference for En-
gineering, Education, and Technology:
Industry, Innovation, And Infrastructure
for Sustainable Cities and Communities:
2019 July 24-26, Jamaica. Available
from http://dx.doi.org/10.18687/LAC-
CEI2019.1.1.276.

Received 05.01.2021 Reviewed 07.04.2021

PPC

P LYMER CONFERENCE

11 - 14 December 2022

Join me at

PPC

www.ppcl7.com.au

UNIVERSITA

DEGLI STUDI "%(pol_} mers

DI TORINO

&2 |CIM 16

THE 16TH INTERNATIONAL CONFERENCE
ON INORGANIC MEMBRANES A

June 27-30, 2022

-

A INSTITUTE OF

"M, MACROMOLECULAR

v CHEMISTRY
mmmmmmmmmmmmm

24-28 JULY, 2022

PRAGUE
FPCOL 2022

84" PRAGUE MEETING ON MACROMOLECULES R

FRONTIERS OF POLYMER COLLOIDS
From Synthesis to Macro-Scale
and Nano-Scale Applications 24-28 July 2022

Prague, Czech Republic

https://www.imc.cas.cz/sympo/84pmm

FIBRES & TEXTILES in Eastern Eurgpe 2021, Vol. 29, 6(150)



