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Abstract.

The main objective of this project is to prepare a
proposal for the application of HME for the reduction of
waste in the process of making pajamas, by applying
methodologies applicable to the problems of the textile
company. The work consisted of seeking the theoretical
foundation of the philosophy of Lean Manufacturing,
followed by a diagnosis where the main problem of 31% of
non-fulfillment of orders is established, reaching
measurements of activities that add value and does not add
value, getting to elaborate the Map of the Value Chain of the
current situation of the company. Finally, the prioritization
of the tools is done with criteria of cost, time, feasibility,
feasibility of the implementation, achieving definition of the

proposal of 5S's and Manufacturing Cell.

The 5S’s Slender Manufacturing Tool, will reduce
waste or activities that do not add value to the product. This
implies that the cycle time of the cutting process decreases
from 4'04™ to 3'50", stamping, of 424" at 4'16’’ and
packing from 240"’ to 2'36" to himself, the work

environment will be improved, from 46% to 87%.

By implementing the Manufacturing Cell in the
manufacturing process, the cycle time will reduce from 8'28"
Ipijamas to 4'55"/pajamas, this implies that the production
capacity of the process will increase from 1.080 pijamas for
month to 1.964 monthly pijamas, exceeding the customer
demand with 23% which will reduce the order failure from

31% to 0%. This will allow the company to fully comply with

the 1.589 monthly pijamas demanded by the customer. Next,
the stages are established to eliminate 31% of non-
fulfillment of orders caused by changes or activities that add
value and do not add value by means of the proposed

implementation of the Lean Manufacturing tools

Keywords
Lean Manufacturing, Lead Time, Takt Time,
Manufacturing  Cell,  Efficiency, Productivity,

Production Capacity.

1. Introduction

At the present time worldwide, Lean Manufacturing
(LM) has revolutionized the way of producing by
eliminating those activities that do not add value to the final
product, also called waste (Guzman, 2014). ver the years,
numerous improvement techniques have been developed,
such as Total Quality Management (TQM), Business
Process Reengineering (BPR), the competitive advantages
of the Porter diamond model and the emergence of the
Philosophy of ME with which seeks to raise the parameters
of productivity, quality, aiming at industrial excellence
(Rios & Reveco, 2012).

Being the reason for study of this work entitled HME
Application Proposal, this system is based on the reduction
of waste, through the use of tools such as; 5S's, error-proof
(POKA-YOKE), Manufacturing Cells (CM), Total
Productive Maintenance (TPM), Identification through
cards or labels (KANBAN)(Villena, 2016).

The application of the LM, generates a great impact
from the industrial, financial and commercial point of view.
It is based on a production based on demand, quality,
reduction of delivery times and above all greater customer
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satisfaction, and avoids activities that do not add value, this
generates a reduction impact on production costs (PC),
therefore, the profits will be greater(Urmero Astros, 2013).

A survey carried out to manufacturing companies that
have adopted the principles of this methodology highlights
important benefits in the areas of operation, administration
and management, with improvements of up to 90%
reduction of time in the work cycle and increases of 80% in
the final quality of the product, also allows to gain market
share to the competition, which produces slower times,
higher costs or lower quality (Arota Acosta & Pacheco
Duarte, 2017).

In Ecuador, the use of this system is not common,
therefore, it has been necessary to turn around the traditional
way of operating companies and optimize production
processes, as well as eliminate the waste generated in it,
using the Lean Manufacturing Tools (LMT), which includes
the concepts of activities that add value (AAV) and activities
that do not add (ANV), and other aspects within the process.

2. Material and Methods

Taking into account the analyzes of the LM philosophy
and its various approaches; the procedure used to make the
proposal to improve the process is detailed. This procedure
consists of 4 phases.

2.1 Analysis and Diagnosis

To have a global vision about the LM system and
develop its methodology, the first step was to carry out a
pertinent scientific and technical investigation about its
philosophy, tools, applications, objectives, benefits; which
provided necessary information to start the investigative
work.

The work consisted of looking for the theoretical
foundation of the LM philosophy, followed by a diagnosis
and measurements, until the map of the current situation of
the company was drawn up. Finally, the prioritization of the
tools was done with criteria of cost, time, feasibility,
feasibility for the implementation proposal.

e Selection of the line or product to study

One of the five lines will be chosen, which takes the
largest amount of production for this, the Pareto diagram
will be used to organize, and focus the efforts for the Lean
Manufacturing Tools (LMT) search applicable to the waste
that affects the selected line.

Within the most representative production line selected
in this step, the product with the highest production volume
or star product will be chosen.

e  Order fulfillment analysis

This analysis includes data such as orders received,
back orders specifically from pajamas, with which the level
of compliance with the orders received by the customer will
be established.

e Study of the standard time of the product

Once the star product is chosen, the time study is
carried out, with the objective of establishing Standar Time
(ST), Cicle Time (CT) and calculation of the production rate
(takt time). To then analyze and determine problems in each
process.

o Development of current value flow map

The current Value Flow Map (VSM) will be designed
for the star product selected in the previous step, which
allows a panoramic view of the entire value chain. In order
to identify ANV problems, identify the waste of LM. The
scope of the investigation is the identification of activities
and measurement of times.

2.2 Improvement Proposal
e Lean Manufacturing Indicators

Once the current VSM has been prepared, a starting
point will be identified for the indicators, based on the data
collected, that will best help us achieve the objectives set in
the current diagnosis of problems within the comparison of
CT and the rhythm of production (takt time), Lead Time,
Efficiency, Production capacity, Labor Productivity.

e Prioritization of lean manufacturing tools

Having identified the LMT in the future value flow
map, we will prioritize the lean manufacturing tools with the
help of the Brainstorming tool and the prioritization matrix
where the main problem is related to the criteria cost, time,
feasibility, feasibility, giving solution with LMT.

e Proposal for lean manufacturing tools

In order to achieve the improvements proposed by the
philosophy of ME, by eliminating the problems prioritized
in the previous step, the resulting tools of the prioritization
matrix will be applied.

o Development of the future value flow map

Obtained the representation of the current state of the
product or family, thanks to the current VSM design and
determined the indicators of ME, the next step will be the
design of the future VSM that consists of the identification
of HME that solve the problems, which will be evidenced
with the results or improvements obtained in each process.

e Economic impact assessment

In the final step, the applications of the LMT will be
financed according to variables such as: VAN TIR and C/B,
in order to evaluate the feasibility of the implementation of
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the selected tools proposal based on the benefits that will be
obtained. of the company.

3. Result

Based on the research carried out and the information
collected by applying the described procedure that served to
perform an analysis of the results of this improvement
proposal, it is necessary to carry out the following
calculations:

Selection of line or product to study

In illustration 1, the Pareto diagram, proposed by the
Italian economist, Wilfredo Pareto (1843-1923), is shown,
this quality tool called the 80-20 law, few vital, many trivial,
in which it is recognized that few elements (20%) generate
most of the total effect, helps us to determine that 20% of the
production, of the pijameria line generates 80% of the
income (Pulido, 2009).

PARETO FOR THE SELECTION OF THE PRODUCTION LINE
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llustration 1. Aplication of Pareto for the selectiéno of the line to estudy.
Source: Author.

In this case the Pareto diagram indicates that the
pajama and casual line are the 20% that represents 80% of
sales taking into account the 5 lines, but due to the
complexity of the process and the short time for the
completion of the project, this study focuses only on the
pajama line.

With reference to the above, the pajama line represents
40% of the production that generates 60% of sales.

Order fulfillment analysis

According to the data collected in the course of the
analysis of the current situation, by interviewing the
packing, stamping, and cutting workers, it was established
that the pijameria line has a delivery level of 31%, as
appreciate in the following calculation.

Orders delivered on Time

% Deliveries on Time =
Received Orders

6
% Deliveries onTime = 35

% Deliveries on Time = 0,69 ~ 69%

The level of compliance or delivered on time is 69%
and non-compliance is 31%, reflecting a non-adequate
percentage of non-compliance. This is how the present study
focuses on the analysis of each of the processes in order to
determine the causes that cause waste (overproduction,
waiting, unnecessary transport, reprocessing, incense
movements, inventories, defective products), which attack
the delivery times of orders.

Study of the standard time of the product

From the standard time, the cycle times of each process
were obtained, as shown in Table 1.

Tabla 1. Cycle time of each process.

CYCLE TIME OF EACH PROCESS
CUTTING | DRESSMAKING | SCREEN "1 5ackacING
PRINTING
4°07’ 8’28’ 4°24°° 2’40

Source: Author.

Development of the current value flow map

At the end of the current VSM design, the main waste
existing in the value flow map that affects the pajama line is
identified. The purpose is to reduce this waste, and in case it
can be eliminated by applying the LM tools.

Development of the current value flow map

At the end of the current VSM design, the main waste
existing in the value flow map that affects the pajama line is
identified. The purpose is to reduce this waste, and in case it
can be eliminated by applying the LM tools.
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lustration 2. Current VValue Flow Map.
Source: Author.

At the end of the current VSM design, the main waste
existing in the value flow map that affects the pajama line is
identified. The purpose is to reduce this waste, and in case it
can be eliminated by applying the LMT.
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With reference to the above, we proceed to describe the
types of waste identified in the current VSM.

Cutting process

Unnecessary movements: In the cutting process the
time of change or preparation time is 1h 4 '08' ', which is
high because in this process there are unnecessary or silent
movements, these activities are: Search for orders that are
lost with a time of 3'30 ", look for tools that are lost with a
time of 2'40 " and delays by disorder with a time of 2
adding a time of unnecessary movements of 8'10, this time
multiplies according to the number of times that happens in
this case at least three times a day therefore has a time of
24'30 ", this type of seedlings is intended to eliminate when
implementing the 5S's and the rest of time belong to ANV
but that are necessary in the process.

Disorder: Through the 5S's audit, it is established that
the cutting process has a compliance level of 41% which is
considered low, the same one that seeks to improve the
parameters of the 5S's tool.

Dressmaking process

Production flow: When making a comparison of the TC of
8'28 " and the time takt time of 6 ', it is considered waste
because this process is not able to comply with the time
required by the 6' customer each pajama for this purpose, the
flow and distribution of operations within module 5 will be
analyzed more closely, in order to seek to reduce and adjust
up to the takt time. The production capacity of this process
is 1.080 and the customer's demand is 1.589, which the
company is not currently able to comply with because the
capacity has a direct relationship with the TC.

Disorder: Through the 5S's audit, it is established that
the manufacturing process has a compliance level of 52%
which is considered low, which will be aimed at improving
the parameters of the 5S's tool.

Screen printing process

Disorder: Through the 5S's audit, it is established that
the stamping process has a compliance level of 46% which
is considered low, the same one that seeks to improve the
parameters of 5S's.

Transportation: The distance traveled is 47m due to
the fact that the process is located on the fourth floor and the
operators go down to the manufacturing process to move the
garments for printing, and they go to the second floor to
deliver the stamped garments for their packaging. For this,
the packaging process will be relocated.

Unnecessary movements: The time of change or
preparation is 2h 47'24" to not have implemented the
philosophy 5S's lost time of 17'35" in looking for negatives,
1028 " in looking for frames and tools, these are valuable
times that are lost when performing ANV to the product and

only increase the TC, the remaining times are ANV but that
are necessary, to eliminate or reduce these activities the
implementation of the 5S's is proposed.

Packaging process

Disorder: Through the 5S's audit, it is established that
the packaging process has a compliance level of 47% which
is considered low, the same that seeks to improve the
parameters of the 5S's tool.

Transportation: The distance traveled is 40m which
is generated by the location on the second floor and
operators go up to the process of making and stamping in
order to find clothes that remain in reprocess. For this, the
packaging process will be relocated.

Unnecessary movements: The preparation time is 7
‘which is because of unnecessary movements as in this case
is the search for garments in the previous processes having
a time of 527°°, for which it is intended to eliminate the
relocation of the process and application of the 5S's.

Identification of indicators Lean manufacturing

Lead Time

Lead Time is the time that elapses from the start of a
request for the supply of raw materials and supplies to
suppliers or the factory of a certain product until the finished
product is delivered to the customer. Lead time is composed
of three factors (Yerovi Huaca, 2017).

Lead Time = LT Abastecimiento + LT Produccion + LT Trasporte
Lead Time = 300" + 319'36" + 0
Lead Time = 319'36"

The Lead Time of the textile company ANITEX is of
319'36 " where the Lead Time of Supply, Lead Time of
Production and Lead Time of Transport, are considered to
elaborate the pijamas.

Calculation of the time the client demands (takt time)

The takt time represents the consumption rate required
by the market or the client, in other words, it indicates the
pace or pace at which it must be produced in order to be in
synchrony with the customer's demand, we start from the
following equation.

. Production time availible in the pajama line
Takt time =

Costumer Demand

. . . turn 10turn 60min 60se,
Production time available = (1 —) * ( ) * ( ) * ( - g)
day turn hour min

. . . 10hour 3600se, 36000se
Production time available = ( ) * ( g) = ( 9)
day hour day

. . . 36000se, 8280se,
Production time available = (—g) - (—g )
day day
2772052g)

Real production time available = ( day

27720s / 79pajamas
day day

Takt time =
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. 351s
Takt time = ————
pajamas

Takt time = 5'85" /pajama ~ 6’ pajama

Therefore, the current CT of each process must be the
same or approach the takt time as much as possible, at which
time a comparison is made with each TC versus the takt
time, in order to have a clear idea of how the process flow to
process.

Efficiency calculation

It is the ability to achieve the objectives, with the least
amount of resources possible, this implies "doing things
correctly”, without having to spend time on unnecessary
activities, for which the following data is used (Yerovi
Huaca, 2017).

Table 2. Summary of time that add value and do not add value.

Process flow in the pajama line of the pajama module

The takt time is 6 'and the current cycle time in each
process are compared in order to determine the one with the
highest TC, with mention to this the processes of; Cutting,
stamping and packing shows that the TCs are lower than the
takt time expected by the client, except for the
manufacturing process since the cycle time is longer, then
the existing problem must be analyzed and determined,
which is vitally important. said TC must adjust to the takt
time, being one of the conditions established by the
management of ME. Figure 2 presents the relationship of the
time takt time with the TC of each process.

LEAN MANUFACTURING

RELATION OF THE TAKT TIME AND THE CYCLE TIME OF THE PROCESS

30 30 30

GENERAL RESULT OF THE TIME THAT ADDES VALUE
AND DOES NOT ADD VALUE
ACTIVITY CURRENT minutes
Quantity Time Distance Add value: 2:47:03 167,03
PROCESS DETALIE # minutes meters _|does not add value: 1:51:13 111,13
. Operation 63 2:47:03 0 Total 4:38:16 278,16
B |inspection 5 |oorss | o
=) |Traspor 15 0:27:41 | 136
[ ] Delay 7 1:15:55 35
j Warehousing 1 0:00:00 5
TOTAL 91 4:38:16 176

Source: Author.
La table 2, se detalla los tiempos de las AAV y ANV
de la situacion actual del proceso de elaboracidon de pijamas.

Tiempo que Add Value
Po g 100

Efficiency = Tiempo que Agrega Valor + Tiempo que no Agrega Valorx

167'03" 100
16703 + 11113~
167'03"

Efficiency = mx 100

Efficiency =

Efficiency = 60%

It means that the process of making pajamas is at 60%
efficiency. There is a 40% waste in the resource time,
evidencing a serious problem due to the existence of molts
or ANV to the product.

Labor productivity

It refers to the efficient use of resources (inputs), when
producing goods or services (products). Productivity in
terms of employees is synonymous with returns (Yerovi
Huaca, 2017).

Next, labor productivity (Labor) is calculated taking
into account the result of the current production capacity of
1,080 pajamas per month.

Total units producid
(Total man hours worked)(Ne Workers)

Labor Productivity =

. 1.080 pajamas
Labor Porductivity = m

- 1,40pajamas
Labor Productivity = W

10
TAKTIME [ [ |
B \ i;

il

A B C D TOTAL CYCLE
0:04:07 0:08:2f 0:04:24 0:02:40 0:19:39

COTTING 2P
llustration 3. Ratio of Takt Time vs the Cycle Time of each process.
Source: Author.

DRESSMAKING 5P SCREEN PRINTING 1P PACKAGING 1P| MINUTES

Current production capacity (modular system)

The calculation of the current production capacity,
labor cost, general productivity, was carried out in a period
of one month under ideal conditions. It should be noted that
this capacity is determined by establishing the
manufacturing process as a bottleneck due to its high TC and
its low production capacity compared to others with greater
capacity.

This method analyzes the path followed by the raw
material by the different stations in this case machines, each
one shows the capacity taking into account the human
resource, time, and the existing reprocesses for each
machine.

CAPACITY OF PRODUCTION BY SET OF OPERATIONS OF MODULE 5 OF
THE PROCESS OF CONFECTION OF PIJAMA (pajamas / month)
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Rework= 0,33% FINALIZATION |
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Rework= 0,70% Quality Control
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f

cfg

Rework= 0,30%

Operator 3

Q3=1080 FINALIZATION OF
THE JEANS

llustration 4. Production capacity by set of operations.
Source: Author.




Figure 4 shows the current production capacity taking
into account the set of operations that each operator must
perform. Next, an analysis of the limiting capacity is carried
out.

Analyzing the load or volume of productivity, the
capacity with the highest TC is chosen, in this case the
operator 3 with a cycle time of 8'28"with a capacity of 1.080,
which will be called as production limitation, that is to say
at the end of the One-month period can only produce 1.080
sets or pajamas.

The current production capacity in module 5 is 1080
pajamas per month as it was considered the time of 1'15 "
that represents the dead time per day, which is why they
work only 7'45 " day.

5S's audit

Through the "5S’s" audit, the current situation of the
tool was determined, based on these results the improvement
to each of the requirements is started, thus pursuing the
optimal level of 100% of the application of the tool in each
one of the processes.

AUDIT SUMMARY "58's"

%
COTTING

PACKANGIN

llustration 5. Audit Summary "5S’s" current.
Source: Author.

Figure 5, shows the summary of the audit of the "5Ss",
allocating 41% for the cutting process, 52% for making,
46% for printing, and 47% for packaging, which are detailed
in the Annex 10, these values accurately define the
weaknesses that each process has, in terms of the application
of the "5Ss" tool.

4. Improvement Proposal

Based on the data obtained in the analysis of the current
situation of the company with the aim of seeking the
reduction or elimination of the percentage of 31% of non-
fulfillment of orders in the star product the pajamas, a
brainstorm is held against the problem, causes and the
possible solutions or tools of ME which can be seen in table
3.

Table 3. Brainstorming matrix applied to the problema of order delivery
delays.

BRAINSTORMING |

P. CURILLO
TOOLS: Company: Anitex Participants: Date:
Brainstorming pany: 4 18/11/2016
POSSIBLES
PROBLEM CAUSES SOLUTIONS PROCESS
There are not times in the Cotting
process  of  cutting, | Study of time Screen printing
stamping, packanging Packaging
DELIVERY oF | Cicle of Time> takt time (I;Af?éjlflacturmg Dressmaking
PELIVERED Cottng,
31% Disorder and movement 58’s Screen printing
Packaging
. Autonomous Cotting
Mechanic stop Maintenance Packaging
Operaciones incomodas 5S’s Packaging

Source: Author.

After the brainstorming application, we proceed to
prioritize the tools for their subsequent proposal

4.1 Priorizationof Lean Manufacturing
tools

In order to prioritize and order the tools to be used, the
prioritization matrix is presented in table 4.

Table 4. Array of priorization of tools to propose.

FINAL PRIORITIZATION MATRIX
Criterion 1 Criterion 2 Criterion 3 [ Criterion 4 Priorization
Lean tools cost Ve [FEASBILTY _viaBLmY | "™ | order
Study of time 28% 28% 29% 31% 20% 1ro
55's 28% 23% 27% 24% 26% 3r0
Autonomous 15% 23% 15% 15% 17% 40
"‘:”:;r”'ac'””"g 28% 26% 29% 29% 28% 2do
100%

Source: Author.

Table 4 presents the final prioritization matrix, which
is the result of the comparison of the tools with each one of
the criteria (implementation cost, implementation time,
Feasibility, Viability). According to the results, the tool that
will be proposed in this study will be carried out in the
following order. Study of times in the process of stamping,
cutting, packing, 5S's in cutting, stamping, packaging and
CM in the manufacturing process

4.2 Proposed Manufacturing Cell

It should be noted that this proposal will only be
applied in the manufacturing process because this is the
bottleneck, which is limiting for the fulfillment of the
customer's demand.

4.2.1 Balance of operations in module 5

The balance is made to reduce the operating times in
each operator in such a way that a sketch of the CM is made
with a continuous flow for both the upper garment and the
lower garment that makes up the pajamas.

Figure 6 indicates the distribution of the operations to
each worker, which are grouped in such a way that a single
value is obtained in operation times of the 5 machines
assigned in the cell.



BEEBE

3

“us®” FICA, VOL. 01, NO. 22, FEBRERO 2018

TECNIc,
0
%

4,

Uivg,
<y
FTO

PRODUCTION CAPACITY BY MANUFACTURING CELL OPERATION
ASSEMBLY (pajamas / day)

CUTTING

Operation=a, b, ¢

Operator 2
" Q4= 2055

Operation=a, b, ¢

Operator. 1
Q1=2175 e 411

Operator 3

(
Q2=2133

ﬂOperauon:d‘ de E

e

—

Recubr..
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Analyzing the load or volume of productivity, the
capacity with the longest cycle time is chosen, in this case
the operator 4 with a cycle time of 4'55 "with a capacity of
1,964, which will be referred to as production limitation, that
is to say, finishing the period of one month can only produce
1.964 sets or pijamas.

4.3 Proposal for the "5S’s™ tool

It is necessary to work first on this tool, it should be
emphasized that to justify the proposal an audit of "5S’s"
was carried out, which helps to determine the starting point
and propose the following results that will be achieved when
complying with the specifications or requirements that the
tool required in each of the processes, see table 5.

Table 5. Values pursued with the implementation.

Production of capacity 2060 2201
PACKAGING

Preparation of time 7 3’18

Cicle of time 2°40” 2°36”

Production of capacity 4.000 4.068

AUDIT SUMMARY 5S’s
Date: 23/11/2016 Questions: 24 Made by: Autor
Process Total, score Porcentage
Cotting 123 88%
Dressmaking 125 89%
Screen printing 117 84%
Packaging 112 87%

Source: Author.
Table 6 shows the improvements that will be obtained
when implementing the "5S's" tool. Improvement when
implementing the tool proposal

Table 6. Improvement when implementing the tool proposal 5S’s.

PROPOSAL FOR IMPROVEMENT WHEN IMPLEMENTING
5S8’s
PROCESS IMPROVEMENT
COTTING Proposal Improvement
Preparation of time 1h 04’08 39’38
Cicle of time 407 3’50
Production of capacity 2183 2654
SCREEN PRINTING
Preparation of time 2h47°24” 2h 27°50”
Cicle of time 424> 416

Source: Author.

It is vital to detail that the capacities that will be
obtained when implementing will not be the real one
because the company will operate with the capacity of the
bottleneck (Dressmaking).

Comparative analysis After making the diagnosis to
the company, it is necessary to carry out a comparative
analysis that indicates the percentage of improvement in
case of implementation as shown in table 7.

Table 7.Indicators before and after implementation.

COMPARATIVE TABLE OF RESULTS V¥ | Decreases
BEFORE AND AFTER THE IMPLEMENTATION OF
w55's and MC™ Increase
RESULTS
INDICATOR CURRENT Tmorovem UNITS
Proposal pent
Cycle time 828 4557 |y | 377 Minutes
Production
capacity 1.080 1964 | 4| 884 Units/month
Real production
capacity 1.080 1580 |4 | 509 Units/month
Efficiency 60% 2% 4| 1% Add value
Lead Time 31936 315447 |y | 355> Minutes/pajamas
Labor R
Pajamas/hour/w
productivity 1,40 2,10 4| o7 orlj<er
Production cost
584310 | 679464 |4 95}5 $/month

Cost of unit
production 5,41 4,28 * $1,01 $/unit
PV. U 13,12 975 |¥ | 320 $/unit

Source: Author.
Development of the future value flow map

In this way, the tools of 5S's and CM point to the
improvement in capacity and therefore a better satisfaction
of the client for which the VSM was made, which is
presented in the illustration 7, where the indicators are
presented that will be improved in the process of elaboration
of pajamas.

Cutting process

Disorder: By applying the 5S's in the cutting process,
the compliance level will be improved from 41% to 88%,
see Annex 9.1 and 10.1.

Unnecessary movements: In the cutting process there
is a preparation time of 1h 4'08", which is proposed to reduce
to 39'38", by eliminating ANV as, looking for orders with a
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time of 3'30”’, find tools that are lost with a time of 2'40’and
delays by disorder with a time of 2', adding a time of
unnecessary movements of 810", this time is multiplied
according to the number of times that happens in this case at
least three times a day, so you have a time of 24'30", this will
be achieved with the application of the first phase to
organize the 5S's tool.

PRODUCTION
CONTROL

Reqied ient 1569
pajamas month.

Tattin de 6 mites for
s oo @ o~ pama
Py o eaes (0 v

<
ey
PROVIDER
INDUTEXHA
T sss 555

1

WEEK
sss

process.
Source: Author.

Dressmaking process

Disorder: By applying the 5S's in the manufacturing
process, the compliance level will be improved from 52% to
89%.

Production flow: Through the times granted by the
dressmaker it is established that the pajamas module 5 has
the operations distributed as follows: Operator 1 with an
operating time of 5'50", operator 2 with 4'57", operator 3
with 828", operator 4 with 2'58" and operator 5 with 21",
which by means of a balance of operations is distributed in
such a way that operator 1 executes the operations in 4'11",
operator 2 in 4"35", operator 3 in 419", operator 4 in 4'55",
and operator 5 in 4'13".

The CT will be reduced from 828 "to 4'55" in such a
way that it is less than the time takt time of 6 ', so that it is
able to comply with the time required by the 6' client each
pajama, for this, the flow and distribution of the operations
within the module 5 were analyzed in depth, looking for a
distribution of the operational load ordered and balanced to
each operator See figure 28.

Screen printing

Transportation: The total traveled distance is 54m
which was reduced to 38m, this reduction is achieved by
reducing the activity transferring garments to packing from
32m to 16m, by changing the location of the packing process
from floor 2 to floor 3, this represents a decrease from 3'27"
to 1'30".

Unnecessary movements: The time of change or
preparation is 2h 4724 " which was reduced to 2h 27'50 "
when applying the first phase to organize the 5S tools which

focused on reducing the ANV as : look for negatives 17'35 "
which was reduced to 6'05 ", look for frames and tools 10'28
"to 4'15 ", in total it was reduced 28'15 " in activities that do
not add value to the product having a positive impact on the
cycle time since it was reduced from 424 " to 4'16 ", the
remaining time is of ANV but which are necessary.
Packaging process

Disorder: By applying the 5S's in the manufacturing
process, the compliance level will be improved from 47% to
87%.

Transportation: The distance traveled is 40m is
reduced to 24m which is achieved by the relocation to the
second floor, this also represents a reduction in time of the
activity looking for garments in reprocess from 5 'to 1'45" ",
this activity is considered as ANV to the product.

4.4 Economic impact assessment

4.4.1 Net Present Value (VAN)

For the cash flow, the current costs and improved costs
of the process are taken into account in relation to labor
within the productive process, as shown in table 8.

Table 8. Improved production cost.

RESULT OF IMPROVEMENT
CURRENT
PROPOSED METHOD MEJORA

COST METHOD

Total Unitary Total Unitary %
MPD $1.161,60 $1,08 $1.686,78 $1,06 1,30
MOD $4.000,00 $3,70 $4.000,00 $2,52 32,03
CIF $ 681,50 $0,63 $1.107,86 $0,70 10,49
PRODUCTION
OF COST $5.843,10 $5,41 $6.794,64 $4,28 20,96
CAD $2.675,00 $2,48 $2.675,00 $1,68 32,03
GV $1.600,00 $1,48 $1.600,00 $1,01 32,03
TOTAL,
CcOSsT $10.118,10 | $9,37 $11.069,64 | $6,97 25,64
UTILITY $4.047,24 $3,75 $4.427,86 $2,79 25,64
SALE
PRICE $14.165,34 | $13,12 | $15.497,50 | $9,75 25,64

Source: Author.

Taking into account the current production cost of
USD 5,843.10 of the elaboration of 1,080 monthly pajamas
and comparing the cost of production of USD 6,794.64 of
the elaboration of 1,589 monthly pajamas demanded by the
client, which will be obtained when implementing the
proposal of MC.

The cash flow is projected in a period of 12 months,
considering that the recovery of the investment is feasible in
this course of time. On the other hand, the costs of
production, total revenue, total of updated expenses are
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calculated based on the customer's demand, which served to
calculate the VAN, TIR, B/C and the recovery period (lzar
Landeta, 2016).

Table 9. Calculation of VAN

NET PRESENT VALUE (VAN)
N° FN (1+i) ~n FN /(1+i) ~n
0 $-5.084,20 $ -5.084,20
1 $2.316,36 $ 1,11 $ 2.092,47
2 $2.369,59 $ 1,23 $ 1.933,65
3 $2.422,44 $ 1,36 $ 1.785,71
4 $2.474,93 $ 1,50 $ 1.648,05
5 $2.527,04 $ 1,66 $ 1.520,11
6 $2.578,79 $ 1,84 $ 1.401,30
7 $2.630,17 $ 2,04 $ 1.291,07
8 $2.681,19 $ 2,26 $ 1.188,90
9 $2.731,85 $ 2,50 $ 1.094,28
10 $2.782,15 $ 2,76 $ 1.006,71
11 $2.832,09 $ 3,06 $ 925,73
12 $2.881,67 $ 3,39 $ 850,89
TOTAL $ 11.654,66
VAN $ 11.654,66

Source: Author.

In table 9, shows the (VAN = $ 11,654.66)> 0, Being a
positive net present value, the project is profitable

4.4.2 Internal Rate of Return (TIR)

The TIR is defined as the discount rate or interest rate
that equals the NPV at zero. In this case the discount rate for
the company is 11% is the rate that is obtained by adding the
passive rate (6.97%) + average monthly inflation (1.73%) +
risk premium (2%), by Therefore, the IRR must comply with
the following (lzar Landeta, 2016).

Table 10. Internal rate f return.

INTERNAL RATE OF RETURN
Discount rate VAN
0% $26.144,06
5% $17.717,61
10% $12.257,61
15% $8.577,76
20% $6.006,99
25% $4.151,63
30% $2.772,75
35% $1.720,72
40% $899,09
45% $243,92
50% $-288,19
55% $-727,44
60% $-1.095,29

| TIR | 47% |
Source: Author.

Table 10 shows the values obtained thanks to Excel
where this indicator was calculated (TIR = 47%)> 11% of
the discount rate of the company, so the project is considered
profitable.

4.4.3 Coefficient Benefit / Cost (B/C)

The benefit/cost coefficient is obtained from the sum
of the total flow of benefits between the sum of the flow of
costs, which is detailed in the following formula (Hernandez
Sanchez, 2015).

Benefit/Cost = $ 193,374.19/ $ 160,142.58 = 1.21 As
you can see the B/ C = 1.21 and this in turn is> 1, therefore,
the project in question is considered profitable.

4.6.4. Period of the
Investment (PRI)

To obtain the recovery time of the investment is
determined through the cash flows which is detailed above.
The investment is recovered in the month in which the
accumulated cash flows exceed the investment made in the
project, the interest that is occupied for this calculation is
that of the investment.

Recovery of the

Table 11. Periodo of payback.

PERIOD OF PAYBACK

Month | Present Net Future Net Monthly Presente Value Cumulative
(N) Flow (P) Flow (F) Interest (i) P) Present Value
0 $-5.084,20 | $ -5.084,20 $ -5.084,20
1 $ 2.316,36 11% $ 209247 | $ 209247
2 $ 2.369,59 11% $ 193365 | $ 4.026,12
3 $ 242244 11% $ 178571 | $ 5.811,82
4 $ 247493 11% $ 164805 | $ 7.459.88
5 $ 2.527,04 11% $ 152011 | $ 897999
6 $ 2.578,79 11% $ 140130 | $ 10.381,28
7 $ 2.630,17 11% $ 1.291,07 $ 11.672,35
8 $ 268119 11% $ 1.188,90 $ 12.861,26
9 $ 273185 11% $ 1.094,28 $ 13.955,54
10 $ 278215 11% $ 1.006,71 $ 14.962,25
11 $ 2.832,09 11% $ 925,73 | $ 15.887,97
12 $ 2.881,67 11% $ 850,89 | $ 16.738,86

Sourcee: Author.

Table 11 shows that the investment made in the
Company is recovered in the third month.
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5. Conclutions

The ME system helps deliveries to be quick, at the
lowest price and the amount required by improving the work
environment, eliminating the seven classic wastes present in
any industry.

When performing the initial diagnosis it was
determined that there is a 31% non-fulfillment of orders, this
caused by processes without standard times, efficiency of
60% and with a TC 8'28 " greater takt time of 6 ', which is
considered as bottleneck or critical process.

When implementing the CM in the manufacturing
process, the TC will reduce from 828 " / pajamas to 4'55 " /
pajamas, this implies that the production capacity of the
process will increase from 1,080 pajamas per month to 1,964
pajamas per month, exceeding al to the customer's demand
with 23% which will reduce the non-fulfillment of order
from 31% to 0% this will allow the company to fully meet
the customer's demand.

When applying the first phase, organizing the 5S's in
the cutting process will eliminate the activity to look for
orders and look for tools, reducing 24'30 " which reduces
preparation time from 1h4'08 " to 39'38 ", on the other hand,
the TC will decrease from 4'07 " to 3'50 ", in print the activity
will be reduced to look for negatives from 17'35 " to
6'05"and the activity of looking for 10 " paintings 28 " to 4'15
" which will decrease the preparation time from 2h 47'24 "
to 2h 27'50 " and the TC from 424 " to 4'16 ".
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