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Abstract - Productivity of the workers in mat manufacturing unit depends on workstation design as well as 
environmental condition as well as their comfort depends on working postures and working environment.   Awkward, 
extreme and repetitive postures have been connected with work related musculoskeletal disorders and injury to the lower 
back of workers engaged in deburring process of PP Mat industries. Basically this process is performed manually by 
hand while sitting with folding legs at knee posture on the hard floor. In that situation which leads to various injuries 
associated to low back as well as neck and shoulder. The present study was carry out in M/S Varun Polymer, Jalgaon 
MIDC District of Maharashtra State India with the objective to study the physical and physiological parameters as well 
as the work station layout of the respondent engaged in Mat manufacturing unit. A total of 46 subjects were selected to 
study involved in mat making enterprise and to make the provision of technology selection to reduce the hard work as 
well as musculoskeletal disorders, thus enhancing the productivity and comfortness. Factors like BMI, Popliteal height, 
buttock-knee length, seat base height, back rest height and room temperature are considered for experiment. Taguchi 
L27 orthogonal array (OA) was applied to evaluate the effect of theses parameters’ and signal-to-noise and analysis of 
variance (ANOVA) used for work out the importance and their effect on the response parameter in summer 
environmental days. The results showed that the seat base height was the most significant parameter followed by BMI 
and the least influence was room temperature in winter season. Experimental results are provided to confirm the 
effectiveness of this approach.  
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I. INTRODUCTION 
Small scale enterprise has its own significance excellent importance for accelerating economic growth both in 
developed and developing countries. It reduces unemployment and poverty and it is a pathway to prosper. 
Entrepreneurship in rural areas may be developed through the adoption of new technologies not only for improving 
the productivity and value addition to rural resources also. Workers’ are the important part of every enterprise and 
significant to delivering quality products. [1]. Productivity is one of the most important factors affecting the overall 
performance in any industry. Ergonomic has usually been used to improve the workers’ performance by discovering 
the factors that contribute to their performance.  Robust design is an engineering methodology for obtaining product 
and process conditions. Taguchi’s parameter design is an important tool for robust design. It offers a simple and 
systematic approach to optimize design for performance, quality and cost. Taguchi’s approach is totally based on 
statistical design of experiments and this can economically satisfy the needs of problem solving and product or 
process design optimization. By applying this technique one can significantly reduce the time required for 
experimental investigation, as it is effective in investigating the effects of multiple factors on performance as well as 
to study the influence of individual factors to determine which factor has more influence and which less [2].  
 

II. METHODOLOGY 
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 The purpose of workplace design is to cut time losses, and to improve the quality as well as productivity. This study 
is conducted in M/S Varun Polymer, Jalgaon MIDC District of Maharashtra State India with the objective to study 
anthropometric and environmental parameters as well as the work station layout of the workers engaged in Mat 
manufacturing unit. The task of deburring (finishing) is performed in a prolonged sitting position on hard floor 
without back support in which worker is cutting the extra lengths tubes by blades. It is a repetitive and continuous 
process throughout the working shift (except lunch break). In this condition, back and neck is bent excessively and 
postures of different parts of body considerably turn from neutral position. Fig1 shows the detail of body position in 
order to perform finishing operation at workstation. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure No. 1 A typical working posture adapted in order to perform de-burring operation 
To assess the impact of occupational health risks and disorders due to prolonged sitting, bending and various other 
types of postural discomforts to the workers [6-8]. A total of 46 women workers volunteers were ready to take 
participation in this study.  Anthropometric data of these workers are measure with the help of a female staff of 
Mechanical Department in close room. Before going to start the experimentation, all anthropometric dates’ are 
recorded. This process was carry out in new workstation in the same company. 
  

III. EXPERIMENTATION 
 

Experimentation work is divided in three parts with respective to season i.e. Rainy, Winter and Summer. First 
experiment is started in the month of December, second is in the month of May and third is in the month of August.  
Experimental design: - 
To overcome the work musculoskeletal problems and to increase the productivity of women workers, the Taguchi 
design experiment was used. In this experiment six different factors related to workers, chair and environment viz. 
BMI, Buttock-knee length, Popliteal height, seat base height, back rest height and Room temperature are considered 
to improve the workstation. The identified factors and levels are shown in table 1. The workstation consisted of a 
fixed height table and height adjustable chair. Experiment was conducted on actual workplace in the company and in 
summer period (in second part). The fractional factorial design and L27 orthogonal array was used.  Each row of the 
OA represents one trial; with respective to level of factors in trail particular women is consider to performing the 
experiment.   
 

Sr. no. Parameters Range Level 1 Level 2 Level 3 
01 A: BMI 13.79-28.47 13-19 19-25 25-31 
02 B : Buttock-Knee length 383-419 380-394 394-408 408-422 
03 C : Popliteal height 490-600 380-520 520-560 560-600 
04 D: Chair Base  Height 380-560 380 470 560 
05 E: Backrest Support Height 100-200 100 150 200 
06 F:  Room Temp. 22-43 33 38 43 

Table1 factors and their range & levels (summer season) 
 

IV. RESULT AND DISCUSSION 
The results of this research are based on the case study conducted on the production of the PP Mat manufacturing 
industry. The response of each trial is recorded.  MINITAB statistical software has been used for the analysis of 
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variance (ANOVA) and regression model for each variable. Larger the better characteristics is used for calculation 
of the SN ration. One of the hypothesis is the efficiency of worker has a direct related with this considered 
parameters [16-19].  
SN ratios are calculated for each factor and level; they are tabulated as shown in table 2. Taguchi recommends 
analyzing the SN ratio using a theoretical approach that involves graphing the effect and visually identifying the 
factor that appear to be important, without using ANOVA.  

Level A B C D E F 
1 37.37  37.34  37.28  37.00  37.35  37.49  
2 37.56  37.59  37.49  37.74  37.50  37.62  
3 37.41  37.42  37.57  37.60  37.49  37.23 

Delta 0.20   0.25   0.29   0.73   0.15   0.39  
Rank 5 4 3 1 6 2 

Table 2 Response Table for Signal to Noise Ratios 
The more major difference in SN ration is the indication of influence of that factor on productivity. The difference 
for each parameters with respective the level is shown in table 2 i.e. delta. Therefore, based on results it can be 
concluded that seat base height is more dominating factor on productivity. And the second highest dominating factor 
is room temperature. The optimum condition of variable is A2 B2 C3 D2 E2 F2.  
Table 3 shows the result of ANOVA analysis by one way technique. It gives the impression that the main effects of 
six factors are important on production rate based on p-values which are less than 0.05. For this reason, they have 
been included in a regression model to build the mathematical formulation between factors and production. It can be 
observed from table 3 that p value of factor D is less than 0.05. 

Source DF Adj SS Adj 
MS F-Value P-Value Contribution 

 (%) 
A 2 12.07   6.037    0.43    0.658 3.43 
B 2 19.19   9.593    0.69    0.511 5.48 
C 2 28.74   14.37    1.07    0.360 8.26 
D 2 195.6  97.815   14.98    0.000 55.52 
E 2 9.852   4.962    0.35    0.712 2.8 
F 2 51.93   25.93    2.07    0.148 14.84 

Error 14 34.918 -- -- -- 9.67 
Total 26 352.30 -- -- -- 100 

Table 3 Result of Analysis of Variance 
It is observed from figure 1that seat base height of chair with second level (470 mm) is the highest on production 
rate among all levels. This means that it is not needed to raise the seat base height of chair up to third level 
(560mm).  Similarly room temperature second level (38º C) is representing the highest value of production. It can be 
concluded from this analysis that second level of BMI, second level of buttock-knee length, third level of popliteal 
height, second level of seat base height, second level of back rest height and second level of room temperature will 
give high productivity of workers.   

 

 

 

 

 

 

 

 

 

Figure 1Main effect of each parameter on production 
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The response function representing the production rate (Y) is expressed as follows; 

Y = f (A, B, C, D, F) 

Where, Y = Production rate. 

A = BMI, B = Buttock-knee length, C = Popliteal height, D = Seat base height, E = Back rest height and F = Room 
temperature. 
The MINITAB Statistical Software has used to determine mathematical model is given as equation 2 and it is 
consider as linear regression model representing production rate (units/hour) of deburring process on new 
workstation. 

y = 67.30 + 0.167 A + 0.278 B + 1.222 C + 2.500 D + 0.611 E - 1.111 F ……………. (2) 
The testing of regression model is evaluated through coefficient of R2 and R2-adj.  Figure 2 shows the normal 
probability plot of response. 

 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 2 Normal Probability Plot 
V. CONCLUSION 

Workstation for deburring process task should be design so that any women workers can adjust to her comfort to 
work and improve efficiency. The ergonomically designed workstation is a solution to ergonomic and productivity 
problems in the workplace. A regression model representing worker performance was built based on the 
experimental work.  
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