TECHNICAL UNIVERSITY OF NORTH

FACULTY OF ENGINEERING IN APPLIED SCIENCE

INDUSTRIAL ENGINEERING CAREERS

SCIENTIFIC ARTICLE PRIOR TO OBTAINING THE TITLE OF INDUSTRIAL
ENGINEER

THEME:

"STUDY METHODS AND TIME LINE SPORTS MEDIAS PRODUCTION
COMPANY INC BAYTEX CIA. LTDA FOR IMPROVING PRODUCTIVITY”

AUTHOR: FRANCISCO JAVIER NOVOA VARGAS

DIRECTOR: ING. CARLOS MACHADO

IBARRA – ECUADOR

2016

FICA, VOL. 01, NO. 1, NOVEMBER 2016

1

"STUDY METHODS AND TIME LINE SPORTS
MEDIAS PRODUCTION COMPANY INC BAYTEX
CIA. LTDA FOR IMPROVING PRODUCTIVITY”
Author-Francisco Javier NOVOA VARGAS1
1

Thecnical University of North, Av. 17 de julio 5-21 y Gral. José María Córdova, (593 6) 2997800 ext. 7070
Ibarra, Imbabura
Faculty of Engineering in Applied Science– Industrial Engineer
fjnovoav@utn.edu.ec

Abstract.
This research was conducted at the production plant of
the company "BAYTEX INC. INC. LTDA "which is dedicated
to the production of stockings. The study was carried out on
the production line of sports socks. The investigation begins
with the collection of bibliographic information needed to
support the theoretical and scientific tools concerning work
study bases. This allowed a clearer view of concepts related
to the study of time to thereby be able to run the practical
part of the investigation.
Having performed the literature search was
undertaken an analysis of the initial situation, I mean, lifting
the production process was conducted in order to obtain a
clearer picture of the activities performed within the
organization approach. A time study performed in different
threads to determine which factors can be improved through
a proposed working method.
Subsequently, a proposed method to obtain an increase
in productivity in the production process of the company
arises.

1. Introduction
There are several techniques that are applied within the
organization of work which should be applied according to
the needs of each organization. These tools are essential
because they provide significantly increased level of
productivity due to optimum coordination of resources and
activities running.
These tools are not currently employed in the research
company dedicated to the production of stockings. The
application of statistical methods and quantitative models is
of paramount importance in the operations of a company.
These tools help administrators daily to take swift and

successful in production planning and logistics operations
decisions.
The company "BAYTEX INC CIA. LTDA. "Is a
textile company based in San Antonio de Ibarra, dedicated
to the production of stockings and socks high quality to meet
customer demand, the organization strives to achieve the
highest quality and the best prices in the market. Currently
the company has been able to highlight potential problems
in the production area, the company does not have a
standardization processes, this because in the production line
operators perform the current process empirically, which It
leads to problems in the order of process flow and generate
timeouts that affect the productivity of the organization.
Another evidenced problem was that due to lack of
planning methods current job surplus intermediate is
generated in the production process to the subsequent
process, which triggers in problems such as failure and
delays in orders due the bottlenecks generated in the
production line of the company.
With the analysis of the current situation in the
production process of the company "BAYTEX INC CIA.
LTDA. "May be preset design a method to standardize the
processes of its production line to improve productivity by
designing methods and tools work study.

2. Materials and Methods
Materials
The materials provided support when lifting the
information and responsible work measurement analyst they
must have are:




Stopwatch;;
Board observations (Clipboard);
Time study forms;

FICA, VOL. 01, NO. 1, NOVEMBER 2016



2

Similarly it may be useful to use a camera
recording.

Methods
-

Inductive-Deductive

Through this method and prior to observations of the
process is a problem, that after an induction process to
generate a hypothesis to be validated empirically,
conducting research concerning the problems of the
organization, for it will make use of the technique of
bibliographic research needed to support the
theoretical basis.
-

Description

It allows us to analyze the data collected and thus
identify the current situation of the company, allowing
determine which variables are related, thus enables us
to interpret and relate to the characteristics of the
process. Direct observation is used as a technique,
which allows us to have a first knowledge of the current
reality of the organization.
-

Inductive and Predictive

The inductive method starts from the particular to the
general, that is, it involves moving from the results of
different observations to the approach of general
theories. While the predictive method can predict with
any degree of certainty the conduct and behavior of
certain variables of the process involved, from
knowledge of the preconditions.
-

Among the most commonly used procedures are:
Using tables, arithmetic, statistical formulas, among others.
The method carried out for the number of observations
which I have made is the ABACUS LIFSON.
Abacus Lifson
The Abacus Lifson is a statistical method that allows to
know the number of observations needed to be made in the
study based on a reading set of observations n = 10, standard
deviation is replaced by a B factor, which is calculated by
the following formula :
𝐵=

Qualitative and Quantitative

These methods provide data based on numerical
measurement, in addition to statistical analysis, to
interpret the results in the research process, in order to
establish patterns of behavior and test hypotheses that
yield consistent results.
-

Since the purpose of measuring time is to know an
exact time will be necessary to make several measurements
of time clock each of the elements, in order that between the
times taken of the same element can obtain an average time
representing that element, thereby compensating for
variations that may exist between them. Naturally, the
number of times to take each of the elements depends on the
accuracy and error with which you want to calculate the
representative time.

Analytical

This method is based on the assumption that all can
understand and explain the characteristics of each of its
parts and the relations between them, ie, the analytical
method allows us to know more detail the object of
study, with which you can: explain, make analogies, to
better understand their behavior and establish new
theories.

𝑆−𝐼
𝑆+𝐼

Calculation of Factor B
Source: (García R., 2005)
Where:
S = the upper time
I = the lower time
Calculation of Number of Observations
Before using the abacus Lifson proceed to perform
n =10 measurements because reading is part of a set of
observations.
Calculating observations were made for both processes
the production line, I mean, for such processes are part
performing the decomposition of tasks into elements then
get a reading of 10 measurements, which to obtain an
average of the readings we is an average time for each
activity.
This procedure was performed for each of the
subprocesses of the production line of both processes, such
as:
Process 1

2.1 Diagnosis of the current situation of
the company "BAYTEX INC. INC. LTDA".
2.1.1 Time Study in the
"BAYTEX INC. INC. LTDA".

company

Calculation of Number of Observations

-

Raw Material Thread
Thread of Weaving
With Overlock Sewing Thread
Thread Sewing with Backhand after Overlock
Ironing Thread
Packaging Thread

Process 2
-

Raw Material Thread
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Thread of Weaving
Thread Sewing with-binding
Thread Sewing with Backhand after-binding
Ironing Thread
Packaging Thread

Below is a table as an example of how taking time
starting from a fixed reading was made 10 observations.
Table 2.1: Observed Time with Overlock Sewing Thread.

Source: Enterprise “BAYTEX INC. CIA. LTDA”
Produced by: Javier Novoa
Through the different measurements in each of the
activities one Observed Average Total 205.11 Process 1
corresponding to [min] was obtained, obtaining said result
of the sum total of the different threads.
Figure 2.1: Abacus Lifson

𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑐𝑒𝑠𝑠 1 = 205.11 [𝑚𝑖𝑛]
Through the different measurements in each of the
activities one Observed Average Total Process 2
corresponding to 206.13 [min] was obtained, obtaining said
result of the sum total of the different threads.
𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑐𝑒𝑠𝑠 2 = 206.13 [𝑚𝑖𝑛]
The measurements obtained allow us to calculate the
factor B being indispensable to the calculation time both the
upper and the lower time of each item, thereby calculating
the factor B corresponding to each element, using the
formula:
𝑆−𝐼
𝐵=
𝑆+𝐼

By having the corresponding factors B to each of the
activities we proceeded to calculate an average of these
factors to thereby obtain a B average 0.15 factor for process
1 and process 2 to 0.12.
With the average factor B we can make use of abacus
calculation Lifson to determine the number of observations.
Needless to say, it worked with a risk and
corresponding to 0.02 and 4% respectively error.

The data generated in the study with values of error of
4% and a risk of 0.02 resulted in the graph of abacus Lifson
a rallying point which intersects the factor B corresponding
to 0.15 thereby obtaining a point follows a horizontal, which
states that you must make a total of 30 measurements or
observations in each of the activities that the corresponding
study is performed to process 1, whereas for process 2
corresponding to 0.12 factor B shows a point follows a
horizontal, which states that should make a total of 30
measurements or observations in each of the activities.
By knowing the number of measurements to be
performed proceeded to lift the information from the
remaining observations for both process 1 to process 2.
Rating Factor
Following the conclusion of the comment period both
of process 1 and process 2 is applicable to the calculation of
the weighting factor according to the method of
Westinghouse considering factors to assess how an operator
performs a normal rhythm of work, such are factors to assess
the ability, consistency, skill and working conditions.
Westinghouse method allows us to know the normal
working time, I mean, the time required by an operator to
perform some kind of task. Below is a table of exemplary
calculations obtained by this method is shown in the sub
feedstock.
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time to recover from the fatigue caused by work and
complementary activities, which are forced to make.
For calculating the standard time we use the average
time observed for each of the activities, just as the valuation
factor and supplements of the respective activities that have
been previously calculated.
Will use the following formula for the calculation of
Standard Time (Ts):
𝑇𝑠 = 𝑇𝑜 ∗ 𝐹𝑣 ∗ (1+S)
𝑊ℎ𝑒𝑟𝑒:
𝑇𝑠 = 𝑆𝑡𝑎𝑛𝑑𝑎𝑟 𝑡𝑖𝑚𝑒
𝑇𝑜 = 𝑆𝑡𝑎𝑛𝑑𝑎𝑟 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑

Supplements
𝐹𝑣 = 𝐹𝑎𝑐𝑡𝑜𝑟 𝑅𝑎𝑡𝑖𝑛𝑔

Supplements will proceed to calculate in order to
determine the time allowed the worker in order to
compensate for delays, delays and contingent elements that
are regular parts of the task. For table supplements the
International Labour Organization (OIT) was applied.

An example of calculating the standard time in the
process thread corresponding to the raw material 1 is shown.

Below is a table shown by way of example of the
calculations obtained in thread feedstock.

Table 2.4: Sub Standard Time Raw Material

𝑆 = 𝑆𝑢𝑝𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑠

Table 2.3: Sub Supplements Raw Material

For calculating the total standard time we use the
standard time of each thread which have been calculated
previously, both of process 1 and process 2. The calculation
was made of the sum of these threads, such as raw material,
weaving, sewing with overlock, reverse after seam overlock,
sewing-binding, reverse after seam-binding, ironing and
labeling.
The following table shows the total results of process 1
standard time of each thread is.
Table 2.5: Standard Time Process 1

Standard time (Ts)

𝑻𝒔𝟏 = 𝟐𝟗𝟕𝟗, 𝟓𝟗 𝒎𝒊𝒏

The standard time allows us to calculate the time it
takes a worker to perform normal activities more employees

(𝑇𝑠1 ) It is the standard time of the process 1 which is
performed a production of 60 packets corresponding to 1440
medium.
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The following table shows the total results of the
process 2 of the standard time of each thread is.

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑑𝑎𝑑 𝐼𝑛𝑖𝑐𝑖𝑎𝑙 =

1440 𝑠𝑜𝑐𝑘𝑠
50,38 ℎ𝑜𝑢𝑟𝑠

Table 2.6: Estándar Time Process 2

𝑷𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒗𝒊𝒅𝒂𝒅 𝑰𝒏𝒊𝒄𝒊𝒂𝒍 = 𝟐𝟖, 𝟓𝟖 𝒔𝒐𝒄𝒌𝒔⁄𝒉𝒐𝒖𝒓𝒔

3. Results
(𝑇𝑠2 ) Is the standard time of process 2 that is
performed a production of 60 packets corresponding to 1440
medium.

3.1 Analysis
Methods

After having calculated the Standard process 1
(𝑇𝑠1 ) and Standard Process 2 (𝑇𝑠2 ), has concluded that
the process 1 is more convenient because it has a Time
standard (Ts) less than the other process, namely:

After having made the diagnosis of the current
situation in the production line of sports socks company
"BAYTEX INC. INC. LTDA ", and after an analysis of the
results generated by the study proposes the following:

(𝑇𝑠1 ) = 2979,59 𝑚𝑖𝑛

In the company "BAYTEX INC.CIA LTDA" the
production process running on the sewing thread in two
ways:

(𝑇𝑠2 ) = 3022,91 𝑚𝑖𝑛




Then:
(𝑇𝑠1 ) = 2979,59 𝑚𝑖𝑛 < (𝑇𝑠2 ) = 3022,91 𝑚𝑖𝑛
(𝑇𝑠1 ) = 49,66 ℎ𝑟 < (𝑇𝑠2 ) = 50,38 ℎ𝑟
2.1.2

Productivity
Calculation of Productivity Process 1

To calculate productivity the relationship between the
units produced and the resources used was made, in this case
total time spent. In order to improve productivity it is
necessary to optimize the use of resources and maximize
results.
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =

𝑈𝑛𝑖𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =

1440 𝑠𝑜𝑐𝑘𝑠
49,66 ℎ𝑜𝑢𝑟𝑠

𝑷𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒗𝒊𝒅𝒂𝒅 𝑰𝒏𝒊𝒄𝒊𝒂𝒍 = 𝟐𝟖, 𝟗𝟗 𝒔𝒐𝒄𝒌𝒔⁄𝒉𝒐𝒖𝒓𝒔
Calculation of Productivity Process 2
To calculate productivity the relationship between the
units produced and the resources used was made, in this case
total time spent. In order to improve productivity it is
necessary to optimize the use of resources and maximize
results.
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑑𝑎𝑑 𝐼𝑛𝑖𝑐𝑖𝑎𝑙 =

𝑈𝑛𝑖𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒

and

Proposed

Design

with Overlock Sewing Thread (Process 1)
Sewing Thread with-binding (Process 2)

It is proposed to make a change in the method of work
in the sewing area, which is intended to process 1 is deemed
as an ideal method, this because the results of the study days
held generated better results this process because it has a
standard time (Ts) in the standard time lower (Ts) of the
process 2.
I mean:
(𝑇𝑠1 ) = 2979,59 𝑚𝑖𝑛
(𝑇𝑠2 ) = 3022,91 𝑚𝑖𝑛
Then:
(𝑇𝑠1 ) = 2979,59 𝑚𝑖𝑛 < (𝑇𝑠2 ) = 3022,91 𝑚𝑖𝑛
(𝑇𝑠1 ) = 49,66 ℎ𝑟 < (𝑇𝑠2 ) = 50,38 ℎ𝑟

3.1.1 New Method Study Times
3.1.1.1 Time Study Method Proposed in Sub
Backhand after with Overlock Sewing
New tools transport in the thread setback after sewing
Overlock allow time display significantly reduced because
the averages would move directly thread backhand to thread
ironing, thus avoiding that there is accumulation of
stockings, which would be transported by a conveyor belt
thereby eliminating the waiting time while the cartons are
filled on the thread backhand.

FICA, VOL. 01, NO. 1, NOVEMBER 2016

6

It allows the conveyor belt having a continuous flow
process one thread to another, in addition to avoid operator
Ironing thread cartons move one place to another.

Table 3.2: Thread Standard Time Ironing

Standard time (Ts) Thread Backhand
For calculating the standard time we use the observed
mean time the new method, just as the valuation factor and
supplements that thread.
The calculation of standard time in the thread shown
Backhand:
Table 3.1: Sub Standard Time Backhand

3.1.1.3 Calculation Standard Time (Ts)
Proposed Method
For this calculation will take into account the standard
times of the proposed methods both reverse thread and the
thread ironing. Below is a summary table in which you can
see the threads with their respective standard times shown.
Table 3.3: Proposed Standard Time Method

3.1.1.2 Proposed
Ironing Thread

Study

times

Method

The acquisition of a machine for ironing thread (FULL
BOARDING CORTESE MACHINE Mod. 845 M) allow
you to have a considerable increase in productivity in the
thread mentioned.
Purchase this machine will generate a change in the
current method being appropriate to consider the rotation of
personnel working on the thread Ironing this because in this
thread four operators but the acquisition of the machine
CORTESE FULL BOARDING MACHINE Mod work. 845
M requires the implementation of its activities with only 2
operators.
Standard time (Ts) Ironing Thread
For calculating the standard time we use the average
time observed the proposed method, just as the valuation
factor and supplements that thread.
The calculation of standard time on the thread Ironing
shown:

For the calculation of Total Standard Time (Ts) of the
proposed method included the new times, then:
𝑻𝒔(𝑷𝒓𝒐𝒑𝒖𝒆𝒔𝒕𝒐) = 𝟐𝟕𝟏𝟑, 𝟏𝟕 𝒎𝒊𝒏

3.1.2 Productivity
3.1.2.1 Calculation
Productivity

Method

Proposed

The calculation of productivity is obtained from the
relationship between the units produced and the resources
used, in this case the units produced are 1440/2 (60 packs)
and staff resources total time spent, ie Standard Time (Ts)
the proposed method. The calculation of the productivity
gained by changing the working method is shown.
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦(𝑝𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝑚𝑒𝑡ℎ𝑜𝑑) =

𝑈𝑛𝑖𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
𝑇𝑜𝑡𝑎𝑙 𝑇𝑖𝑚𝑒

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦(𝑝𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝑚𝑒𝑡ℎ𝑜𝑑) =

1440 𝑠𝑜𝑐𝑘𝑠
45,22 ℎ𝑜𝑢𝑟𝑠

𝑷𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒗𝒊𝒕𝒚(𝒑𝒓𝒐𝒑𝒐𝒔𝒆𝒅 𝒎𝒆𝒕𝒉𝒐𝒅) = 𝟑𝟏, 𝟖𝟒 𝒔𝒐𝒄𝒌𝒔⁄𝒉𝒐𝒖𝒓𝒔
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Method

For calculating the variation in productivity should be
considered the initial productivity of the present process
which corresponds to half 28,99 sock/ hour on the final
productivity corresponding to the proposed method that has
been previously calculated and corresponds to 31.84 socks
/hour.
∆𝑃𝑟. 𝐹𝑖𝑛𝑎𝑙
∆𝑃𝑟 = (
− 1) ∗ 100
∆𝑃𝑟. 𝐼𝑛𝑖𝑡𝑖𝑎𝑙

∆𝑃𝑟 = (

31,84 𝑠𝑜𝑐𝑘𝑠⁄ℎ𝑜𝑢𝑟
− 1) ∗ 100
28,99 𝑠𝑜𝑐𝑘𝑠⁄ℎ𝑜𝑢𝑟

∆𝑃𝑟 = (1,0983 − 1) ∗ 100
∆𝑃𝑟 = (0,0983) ∗ 100
∆𝑷𝒓 = 𝟗, 𝟖𝟑 %
This calculation allowed us to observe that the
proposed new method allows an increase in productivity of
9.83% in the production line of sports socks.

3.2 Comparative Analysis
A Below is a summary table where you can see the data
from both the current method and the proposed method,
which is presented below:
Table 3.4: Obtained Results Summary Table Current and
Proposed Method Method

4. Conclusions
The theoretical and scientific foundations on which this
research was based was the study methodology times, which
allowed across different types of tools work study analyzing
the production process in order to obtain an analysis of the
current situation in the that the company "is BAYTEX INC.
INC. LTDA ".
In order to meet the production process analysis of the
current situation we were conducted, using tools such as
analytical flow chart through which could detail the
sequence of activities relevant to the different threads, also
this tool allowed to appreciate the distance and the time of
the activities carried out by operators.
Similarly, the time study was performed on the
production line of sports socks company "BAYTEX INC.
INC. LTDA ", which is divided into two processes, this
because the sewing thread runs in two different ways, the
first one is done with Overlock machine, while the second
runs with the connecting machine. Thus time study was
conducted in both processes to determine the Standard Time
each process, for it was considered the observed time, the
valuation factor and supplements.
Result is obtained as the Standard process 1 is
(𝑇𝑠1 ) = 2979,59 𝑚𝑖𝑛, and the standard processing time 2
is (𝑇𝑠2 ) = 3022,91 𝑚𝑖𝑛. Having calculated the Standard of
the respective processes, it was concluded that the process 1
is the ideal working method because it has a lower than
Standard Standard Time Process 2.
Regarding the study of methods, it was raised as a
proposal for improvement new working methods, new tools
such as transportation sewing thread, ie a conveyor belt; and
in turn the acquisition of an ironing machine (FULL
BOARDING CORTESE MACHINE Mod. 845 M) would
obtain an increase in productivity globally in the company
corresponding to 9.83%.
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