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ABSTRACT — REZUMAT

Elaboration of a rest index for a sewing post in a clothing industry

The textile industry of clothing causes professional diseases in particular the musculoskeletal disorders (MSDs). The
application of the culture of technical ergonomics and the methods of ergonomic analysis is to reduce the risk of the
diseases. The main objective of this study is to elaborate a rest index which allows giving a recovery period for the
sewing post to reduce the risk of MSDs. The method of experimental designs is used to find a model which contains the
parameters: the force multiplier, the frequency of technical actions per minute, the posture multiplier and the recovery
period multiplier. Then the analysis of results was done by MINITAB Software. The method of General Sewing Data is
used to analyze the gesture of the technical actions. The standard ISO 11228-3 is used to determine the posture
analysis and the recovery period multiplier. Then, the force analysis is realized by the Borg Score. The model proposed
is statistically significant (p value = 0), representative (R? = 96.5%) and validated according to the predictor Fisher test.
The practical study was made in two companies of clothing to validate the rest index which varies between 1.14 and
(322}

Keywords: MSDs, action, ergonomic, force, posture, recovery, time

Elaborarea unui indice de repaos pentru operatorul confectioner in industria de imbracaminte

Industria textild si de imbracaminte provoacd boli profesionale, in special afectiunile musculo-scheletice (MSD).
Aplicarea culturii ergonomiei tehnice si a metodelor de analizd ergonomicéd se realizeaza pentru a reduce riscul bolilor.
Obiectivul principal al acestui studiu este elaborarea unui indice de repaos, care sa permita acordarea unei perioade de
recuperare pentru operatorul confectioner, pentru a reduce riscul de aparitie a bolii. Metoda proiectarilor experimentale
este utilizata pentru a gasi un model, care sa contind parametrii: multiplicatorul de forta, frecventa actiunilor tehnice per
minut, multiplicatorul de posturd si multiplicatorul perioadei de recuperare. Analiza rezultatelor a fost realizata cu
software-ul MINITAB. Metoda referitoare la Datele Generale privind Operatia de asamblare a fost utilizata pentru a
analiza activitatile tehnice. Standardul ISO 11228-3 a fost utilizat pentru a realiza analiza posturii si multiplicatorul
perioadei de recuperare. Ulterior, analiza fortei a fost realizata prin scorul Borg. Modelul propus este semnificativ din
punct de vedere statistic (valoarea p = 0), reprezentativ (R? = 96,5%) si validat in conformitate cu testul Fisher predictor.
Studliul practic a fost realizat in doud companii producétoare de imbrdcdminte pentru a valida indicele de repaos care
variaza intre 1,14 si 1,22.

Cuvinte-cheie: MSD; actiune, ergonomic, forta, postura, recuperare, timp

INTRODUCTION

The textile industry of clothing positions as pillar of
Tunisian industry, keeps an important place in the
national economy and support a strong contribution
in the socioeconomic balances of Tunisia. The sector
represents 26.6% of gross domestic product of
Tunisia in 2015 [1]. But, the sector causes profes-
sional diseases in particular the musculoskeletal dis-
orders (MSDs). The diseases of MSDs can be locat-
ed at the level of the hand, the fingers and the wrists,
at the level of the elbow, the shoulder, the neck, the
back or still at the level of knee and the ankle [2—4].
The diseases of MSDs are connected to a large num-
ber of physical constraints (repetitive work, uncom-
fortable posture...) and psychology organizational
(variable work, insecurity of employment...) [5]. The
principal objective of this study is to evaluate a rest
index to give for the sewing post a percentage of
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recovery time of the cycle time to minimize the risk of
MSDs.

MATERIAL & METHODS

The principal objective of this study is to find a model
which allows determining a coefficient of rest for
sewing post by using parameters chosen from an
ergonomic study made according to the standard
ISO 11228-3. The method of experimental designs
was used to elaborate an index of rest [6]. The tests
are determined by the following method:
Ergonomic Index =
. 2(FM + FA + PM + REM + RCM + TM + AM) (1)
100

Knowing that: F,,is the force multiplier, P,, — the pos-
ture multiplier, R, — the repetitiveness multiplier,
R, — the recovery period multiplier, T,, — the multiplier

=1
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duration and A,, — the additional multiplier. The vari-
ables parameters are F,, F,, P,,and R_,,. The addi-
tional multiplier A,, was fixed to 0,8 absolute precision
and the rhythm is high for more than 80% of the cycle
time [1]. The parameter “duration multiplier” was fixed
to 0,5 since, the day time working is greater than 480
minutes for 68% of Tunisian companies applying
more than 8 hour per day.

The cycle time for sewing task is generally greater
than 15 seconds [1]. The repetitiveness multiplier
was fixed to 1 according to the standard ISO 11228-3.
The table 1 summarizes the modality of the different
factors of this study.

Table 1

THE VARIOUS FACTORS AND THEIR MODALITY

Factors Modality 1 (-) | Modality 2 (+)

F,: the force multiplier 0.5 1

F,: The frequency of

technical actions/minute 60 actions/min

30 actions/min

P, The posture

. 0.5 0.7
multiplier

Rew: The recovery

period multiplier 0.25 0.7

The comprehensive method in fact a full factorial
conception is selected where this type of plan
exhaustive doing all possible combinations of input
variable [6]. The value of factor K equal to 4 and the
number of level is two levels. The MINITAB software
is used to analyze data by choosing the multiple lin-
ear regression models with the additive form [7].
Y=b,+ 3B (2)
After the theoretical elaboration of the rest index, a
practical study was made to validate this index for dif-
ferent articles for clothing and for technical uses. The
study was realized in tow Tunisian sewing compa-
nies. Then, the tests are made in three chains whose
two simple lines contain 36 workers and the third has

42 workers and the establishment | S-shaped. The

working time in the companies is more than 480 min-

utes per day with more than 4 hours of working with-
out a recovery period. The steps performed for each
article are the following:

— A general observation of the swing posts;

— A gesture analysis according to a predetermined
measurement method. The General Sewing Data
method [8] was chosen to determine the cycle time
and the technical actions of the left and right hands
to determine the frequency of technical action per
minute;

— A force analysis with the BORG score [9] to deter-
mine the force multiplier;

— A posture analysis at the elbow, hand and wrists to
determine the posture multiplier;

— Determination of the recovery period multiplier
according to the number of hours per day without
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recovery period according to the standard 1SO
11228-3;

— Determination of the rest index according to the
proposed model.

RESULTS AND DISCUSSION

The MINITAB software is used to analyze data, the
regression equation is of the following form:

Y =1,27 +0,00175 F, - 0,104 F,, -
- 0,12 P,,—0,0833 R, (3)

According to the regression equation, it is indeed a
multiple linear regression model [10-11] with a sum-
mation of linearity of different parameters with a con-
stant equal to 1.27. The “p” value for the parameters
that included in the model is very low. Therefore, all
the coefficients are important in the regression model
and are statistically significant. The standard devia-
tion of model “S equal to 0.0098” and the correlation
coefficient “R? equal to 96.5%”, while the error is
equal to “3.5%”, less than “5%”. The values of the
coefficient “R?” indicate that the model is better. As a
conclusion, the calculated answers will be highly cor-
related with experimental answers. The value of “R?”’
is equal to 96.5%, so, the quality of this model is bet-
ter. In a hypothesis test, the decision can be based
on the probability value “p value” [12—13]. In fact, if
the value of “p” is less than or equal to a predeter-
mined level of significance (alpha = 0.05), so the
model is statistically significant. If not, we must reject
the model. According to the model suggested “P = 07,
so the model is statistically significant [4—13].
According to the model “P = 0”, well observed that the
“F statistic equal 75.23” is a significant value higher
than “F critical = 3.357”, which satisfies the predictor
Fischer test. The predictor Fischer test “H0O” does not
describe the variation of test results. The predictor
Fischer test “F” gives an ideal probability “prob F”
rejects the null hypothesis. Below “5%”, the model
cannot be rejected in this case; “prob F” is equal to
“3.9%". Therefore, the model is representative.
Observing the interactions given by statistical analy-
sis as shown in figure 1, there are no interactions
between the overall input parameters.

Figure 2 indicates the effects of the variables over the
response. In fact, the parameter “Frequency of tech-
nical actions/minute” has a positive effect over the
response with a statistical coefficient equal to
0.00175. However, the parameters “force multiplier”,
“posture multiplier” and “recovery period multiplier”
have a negative effect over the response with the suc-
cessively coefficient: “0.104”; “0.112” and “0.0833".
The practical study was realized for different articles
for clothing and for technical uses, the table 2 shows
the results.

Textile and clothing industry has been known for its
incremental changes and the multiple organizational
disruptive changes [16]. MSDs are a major health prob-
lem in the work place and especially in the clothing
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level competence required
[4]. Then, the nature of the
sewing machine usually
requires a sitting posture and
the assembly task requires
pushed to the right and the
left hand [7]. The analysis of
sewing post shows that the
MSDs are a major problem
with 78% of the population
has problems of the lower
luck, 76% in the hands and
wrists, 52% in the neck and
48% in the shoulders. The

Fig. 1. Diagram of interaction Plot between the variables

frequent use of two hands
throughout the cycle of work-
ing for a stitching task
increases the frequency of
technical actions. The level

of the force increases by the
action of sewing in the cycle
and by the use of the tools
and the materials. The time
of the cycle working and the
duration of daily work in the
company affected the risk of
MSDs, as well as posture
knowing that the stitching
station is major cause for the
risk [1].

According to these factors, a
rest index has been devel-
oped which allows giving a
recovery time for each post.

Fig. 2. Diagram of the principal effects of the variables over the rest index

sector and represent the leading cause of occupa-
tional diseases. The major causes of MSDs are phys-
ical exertions, repetitive movements and awkward
position [15]. Other causes of the MSDs diseases are
related to the following factors that machine inci-
dents, machine breakdown, the light rate of work and
lack of autonomy, the level of concentration and the

This index is defined accord-
ing to the following parame-
ters; frequency of technical
actions that varies according

to the number of gestures of the left and right hands
in the cycle of a stitching task. The second parameter
is the level of force that depends on the complexity of
the task and the used tools. The next parameter is
the posture multiplier which is related only to the
movements of the hands, wrists and elbows. The last
parameter is the recovery multiplier which is related

Table 2
APPLICATION OF THE REST INDEX IN TWO COMPANIES OF CLOTHING FOR DIFFERENT ARTICLES
. . Number of | Total time Pm FA FM Rest index
Companies Articles . RcM . . . .
operations (s) (min-max) | (min-max) | (min-max) | (min-max)
. Casual trousers 45 1334 0.53 0.5-0.6 32-70 0.6-0.83 1.14-1.22
Companies 1 -
Men jacket 61 2293.44 | 0.53 0.5-0.6 32-63 0.75-0.77 | 1.14-1.19
Sport trousers 23 586.4 0.55 0.5-0.6 35-57 0.75-0.81 | 1.14-1.18
. Support for broom 10 366.86 0.55 0.5-0.6 41-55 0.75-0.8 1.15-1.17
Companies 2
BAG 10 405.4 0.55 0.5-0.6 39-61 0.76-0.84 | 1.15-1.18
Guettre 19 665.74 0.55 0.5-0.6 41-56 0.75-0.78 | 1.15-1.18
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to the break time of the work and which influences
the work rate.

The rest index was developed based on these param-
eters in order to reduce the risk of MSDs for a stitch-
ing station. This index depends on the task, the
equipment and the tools used and also on the com-
pany itself in terms of job organization and working
time. The use of this index must be done by increas-
ing this index by the cycle time of a stitching task to
give a percentage of recovery time for the operator.
The rest index is valid for stitching operations that
have a cycle time greater than 15s and a working
time of more than 8 hours per day.

The practical application for the articles studied indi-
cates that the index of rest varies between 1.14 and
1.22. This shows that it takes a markup between 14%
and 22% of the cycle time to give a recovery time to
the workforce.

The ergonomic indexes found (14%—-22%) are quite
high compared with the ergonomic index for the auto-
motive field which varies according to the manufac-
turer between 7% and 10% [1]. Indeed the index of
rest depends on the complexity of the task which
influences the frequency of the technical actions of
two hands. Where this frequency varies between 32
and 70 actions per minute depending on the opera-
tion to be performed and the phase of the operation;
this means that a preparation operation requires
fewer actions than a mounting phase. In addition, the
number of pieces to be stitched and the size of
pieces influenced the frequency of the technical
actions and the time of the stitching operation [8].
The force multiplier F,, varies between 0.6 and 0.81,
in fact, this level depends on the frequency of the
technical actions, the percentage of technological
time (sewing action) in the cycle and tools used such
as the chisel. The posture multiplier P,, varies
between 0.5 and 0.6 depending on the position of the
elbows, hands and handles and also according to the
percentage of awkward position in the work cycle of

a task. The recovery multiplier time R, depends on
the break time according to the company’s timetable.
In fact, according to the ISO 11228-3 standard, every
60s requires 10s of recovery to have a coefficient R ,,,
equal to 1. The recovery makes it possible to rest the
upper limbs of the workforce in order to minimize the
risk of MSDs.

CONCLUSION

Tunisian garment sector is the most providers of
occupational diseases including MSDs, despite its
importance in the economy sector. This study was
done to determine a rest index used as a cycle time
increase multiplier of an operation to give a percent-
age of recovery time to the workforce to minimize the
risk of MSDs. The proposed index is statistically sig-
nificant since the value of R? is 96.5 and the error is
4.5% indicating that the model is representative.
Thus, the value of F statistic corresponds to the pre-
dictor Fischer test. The practical application of the
index in various article and following the results
found, the index of rest varies from 1.14 to 1.22. This
variance mainly depends on the complicity of the
task, the phase of the operation (preparation, mount-
ing...), the size and number of pieces, the percentage
of technological time in the cycle, the tools used, the
posture and the work timetable and the break time
set by the company.

The proposal of a rest index is a solution to minimize
the risk of MSDs. As well as the application of the
ergonomic culture on the technical scale is neces-
sary in the garment industries using ergonomic anal-
ysis methods and applying the ergonomic design
approach to take preventive measures to achieve the
optimal layout Workstations allowing the best organi-
zation of the post with a comfortable posture to
reduce the time constraints and improve working
conditions and increase the productivity and thus
reduce the risk of MSDs.
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