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Abstract - Manual, pneumatic grinding plays a big role in several manufacturing industries, because of its flexibility and 
productivity and even in highly automated industries, the need for it is felt, because it effectively supplements even the 
automated production lines. This study evaluates the discomfort levels of the  pneumatic grinders in a fabrication industry 
and its relationship to age, height, weight, gender, different body parts of the operators, in different product areas and at 
various times of the shift.Corlett and Bishop’s body part discomfort mapping was deployed for the data collection and 
ANOVA, for statistical analysis.The mean discomfort score (MDS) of the operators, increases over time and is the highest at 
the shift end. No significant difference in MDS was found because of age, gender, body weight and height of the operators. 
However, significantly higher discomfort was found in operators working in the heavy fabrication area, namely ‘drums and 
headers’. Among the body parts, significantly higher level of discomfort was noticed inthe shoulder, followed by wrist, neck, 
lower back, and forearm. 
 

Index terms - discomfort mapping; hand arm vibration; human engineering; pneumatic grinding; work-related 
musculoskeletal disorders 

 
I. INTRODUCTION 
 
Powered hand tools have their essential presence, 
where the operations are numerous, repetitive 
requiring strong forces. Powered hand tools save 
time, manpower and also increase productivity and 
quality. [1] During the use of powered hand tools like 
riveting hammer and dolly, power screwdrivers, 
saws, and grinding machines, high exposure to 
vibration occurs. [2] Such prolonged exposure to 
hand-transmitted vibration is associated with a series 
of disorders in the vascular, sensorineural and 
musculoskeletal structures of human fingers-hand-
arm system, which is also called as hand-arm 
vibration syndrome (HAVS). [3] [4] 
 
HAVS is a disease that involves circulatory disorders 
(e.g. white finger), sensory and motor disorders and 
musculoskeletal disorders, which may occur in 
people operating vibrating handheld tools [5] 
Exposure to hand-transmitted vibration exposure has 
also been identified as a factor in the development of 
carpal tunnel syndrome (CTS). [6] Reports generated 

by workers may form the basis for assessing the 
pattern of engagement over the time [7] or an 
interview with the concerned workers may also 
indicate the same. [8] The way by which workers 
perceive the risks to which they are exposed can be 
an important input, for a better understanding of risk 
management and ultimately, to their own safety. [9] 
The risk perception by the operators in their 
workplaces can, to an extent, influence their 
behaviour towards these risks. [10] Analysis of tasks 
or activities not only provides information on factors 
affecting human performance, but also the 
information needed for system designers. [11]  

 
The objectives of the present study are to investigate 
the extent of postural discomfort in the pneumatic 
grinding machine operators and its relationship to the 
gender, height, weight, age group of the operators, 
area of work or intensity of work performed, different 
body parts and at various time intervals of the shift 
and to look for rearrangements in work scheduling to 
minimize discomfort levels. 
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II. MATERIALS AND METHODS
 
A. Study among pneumatic Grinding operators 
Fabrication industry 
The largest Engineering organization in India 
manufacturing steam generator components involving 
a huge amount of welding and grinding has been 
chosen for the study. Pneumatic grinding operators in 
different age groups, who are full
grinding, working in various product areas like 
drums, headers, panels and valves 
for the study. All the operators were briefed about the 
study and their consent was obtained prior to the 
beginning of the study. The operators’ characteristics 
and their distribution are shown in Table.

 
B. Role of Pneumatic grinding in Fabrication 
industry 
The pneumatic grinding is a vital 
out in the manufacturing of steam generator 
components. Raw materials for 
components include boiler grade steel plates, sheets, 
seamless tubes, pipes of different material 
specifications and thickness.The fabrication process 
covers material preparation like marking and 
cuttingto size, edge preparation, welding, 
grinding, followed by quality control checks like 
dimensional and visual checks, radiography, 
ultrasonic,fluoroscopic and hydrostatic testing. While 
in service, the steam generator components are 
subjected to high temperatures (up to 540o C) a
pressures (up to 250 bars), necessitating the need to 
have a  smooth weld profile, correct weld dimensions 
and quality weld joints by grinding. 
pneumatic grinding machines like pencil grinder, 
heavy surface grinder, tool and die grinde
deployed, depending upon the product size, shape, 
access available and the type of grinding involved,
 
C. Details of products manufactured
‘Drums and headers’, ‘panels and coils’
are the three major product groupings in the industry
The drum is the single largest component in a thermal 
power plant, weighing up to 215 Metric Tonne (
Boiler quality plates of thickness up to 190 
millimetres (mm) are cut  to size, edge prepar
CNC machines, hot pressed to semi cylindrical shape 
in 8000 Metric Tonne capacity, hydraulic press, to 
make half shells. Such half shells are joined together 
longitudinally to make a cylindrical drum. 
a limitation on availability of longer 
at a global level, three cylindrical shel
be joined circumferentially to make a full length final 
product of about 25 metres and about 3 metres in 
diameter. Welding of hemispherical dish at both ends, 
fixing attachments are the other major activities to 
complete the product. The number of attachments in a 
drum goes up to 204 numbers. Extensive welding and 
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MATERIALS AND METHODS 

. Study among pneumatic Grinding operators in 

The largest Engineering organization in India 
manufacturing steam generator components involving 

welding and grinding has been 
chosen for the study. Pneumatic grinding operators in 

who are full time engaged in 
product areas like 

drums, headers, panels and valves have been chosen 
operators were briefed about the 

consent was obtained prior to the 
The operators’ characteristics 
shown in Table.1 

of Pneumatic grinding in Fabrication 

is a vital operation carried 
out in the manufacturing of steam generator 

 steam generator 
grade steel plates, sheets, 

seamless tubes, pipes of different material 
fabrication process 

covers material preparation like marking and 
cuttingto size, edge preparation, welding, finishing by 
grinding, followed by quality control checks like 
dimensional and visual checks, radiography, 
ultrasonic,fluoroscopic and hydrostatic testing. While 

the steam generator components are 
subjected to high temperatures (up to 540o C) and 

necessitating the need to 
smooth weld profile, correct weld dimensions 

and quality weld joints by grinding. Different type of 
pneumatic grinding machines like pencil grinder, 

tool and die grinders are 
, depending upon the product size, shape, 

access available and the type of grinding involved, 

of products manufactured 
rums and headers’, ‘panels and coils’ and ‘valves’ 

are the three major product groupings in the industry. 
rum is the single largest component in a thermal 

Metric Tonne (MT). 
Boiler quality plates of thickness up to 190 

to size, edge prepared in 
to semi cylindrical shape 

hydraulic press, to 
make half shells. Such half shells are joined together 
longitudinally to make a cylindrical drum. As there is 

longer plate sizes even 
cylindrical shells are made to 

be joined circumferentially to make a full length final 
and about 3 metres in 

. Welding of hemispherical dish at both ends, 
other major activities to 

ber of attachments in a 
drum goes up to 204 numbers. Extensive welding and 

subsequent grinding is involved in 
of the drum.(Fig. 1) 
 

Fig. 1 Drum, the single largest component

 
 
Similarly headers are either made from seamless steel 
pipes or from plates which are hot rolled or pressed 
and welded to shape. Headers have diameter up to 
864 mm, length about 24 meters, weighing up to 40 
MT with a number of attachments going up to 963 fo
each of the header. 
 

Fig. 2. Header, in fully finished condition

 
The high quantum of attachmentsin these two 
products, increases not only the grindingactivities
but also induce higher stress to the operators, as 
grinding is accompanied by difficult p
manipulation of the wrist and fingers to grind around 
the attachments.(Fig. 2). Panels and coils which 
convert the water into steam, are made from seamless 
steel tubes of diameter ranging from 31.8 to 76.1 mm. 
Custom built panel processing machine
longitudinally joins the tubes, to make the final 
product of about 2 metres width, 24 metres length, 
each panel weighing up to 8 MT. (Fig. 3) Coils are 
also tubular products, made from tubes of similar 
sizes but the configuration vary, to suit thepower 
plant layout. 
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Fig. 2. Header, in fully finished condition 

The high quantum of attachmentsin these two 
products, increases not only the grindingactivities, 
but also induce higher stress to the operators, as 
grinding is accompanied by difficult postures, 

wrist and fingers to grind around 
. Panels and coils which 

convert the water into steam, are made from seamless 
steel tubes of diameter ranging from 31.8 to 76.1 mm. 
Custom built panel processing machines 
longitudinally joins the tubes, to make the final 
product of about 2 metres width, 24 metres length, 
each panel weighing up to 8 MT. (Fig. 3) Coils are 
also tubular products, made from tubes of similar 
sizes but the configuration vary, to suit thepower 
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Fig. 3 Panel made from seamless steel tubes

 
Valves are employed in hundreds, to regulate the 
flow of water in the boiler circuit. 
widely in sizes ranging from control valves of less 
than a kg to valves weighing up to 12 Metric tonnes. 
(Fig. 4) 
 

Fig. 4 A typical Valve, being used in boiler

 
The basic raw material for valves are steel forgings 
and castings, which are machined in CNC machines 
to the required dimensions, the components are 
assembled, and stellite deposited when applicable and 
tested at designated pressures using water /air / ste
to ensure trouble free operation during the service. 
All the three major products handle the boil
media, namely water and steam at very high 
temperatures and pressure, indicating the very high 
quality requirements of manufacturing
inspectorate, a statutory authority approve the boiler 
designand also witness the manufacturing
and certifies the testing and inspection of thefinal 
product. 
 
D. Assessment of discomfort using Corlett and 
Bishop’s method of body mapping
Body discomfortassessment involves identification of 
various body parts which are subjected to stress 
because of occupational situations like posture 
(sitting, standing, bending forward, confined space 
and overhead) necessitated by the jobs (size, shape 
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Fig. 3 Panel made from seamless steel tubes 

Valves are employed in hundreds, to regulate the 
flow of water in the boiler circuit. They vary very 
widely in sizes ranging from control valves of less 
than a kg to valves weighing up to 12 Metric tonnes. 

 
Fig. 4 A typical Valve, being used in boiler 

The basic raw material for valves are steel forgings 
and castings, which are machined in CNC machines 
to the required dimensions, the components are 
assembled, and stellite deposited when applicable and 
tested at designated pressures using water /air / steam 
to ensure trouble free operation during the service. 
All the three major products handle the boiling 

namely water and steam at very high 
temperatures and pressure, indicating the very high 
quality requirements of manufacturing.The boiler 
inspectorate, a statutory authority approve the boiler 

manufacturing process 
and inspection of thefinal 

Assessment of discomfort using Corlett and 
Bishop’s method of body mapping 

involves identification of 
various body parts which are subjected to stress 
because of occupational situations like posture 
(sitting, standing, bending forward, confined space 

the jobs (size, shape 

and design), force involved depending on the type of 
work handled, duration for which operators engage in 
work, breaks availed in between for recouping or 
resting and fitness of the task performers (age, skill, 
experience, built and health). 
To obtain information about the discomfort 
the operators, in different body parts, one of the most 
commonly adopted methodology is the
structured questionnaire. The questionnaire method 
involves the operators directly and
adopting, at work situations and remains inexpensive
Corlett and Bishop’s method of body mapping 
been effectively used in several studies in the 
discomfort assessment earlier likefor 
operators, [12][13] energy distribution network 
linemen, [14] computerized numeric control machine 
operators [15][16] and fork lifts
The body map questionnaire deployed
the operator’s details like name, age, sex, work area, 
predominant work posture and average engagement 
hours. The normal shift duration
grinding operators is 8 hours with 
between, at about every two hours, such as morning 
tea break (15 minutes), lunch break (30 minutes) and 
afternoon tea break (15 minutes), leaving about 7 
hours effectively for grinding operation in a shift. The 
purpose of the study, the methodology proposed and 
the Corlett and Bishop’s (1976) body part discomfort 
mapping questionnaire were explained to the 
operators. Each operator was asked to indicate the 
body part in which he or she felt most uncomfortable 
and the body part next most uncomfortable. This 
process was continued till the operator had no body 
part with discomfort.The discomfort responses 
on a 5-point scale like ‘no discomfort’, ‘minimum 
discomfort’, ‘moderate discomfort’, ‘severe 
discomfort’ and ‘extreme discomfort’ 
intervals, like the start of a shift, at morning tea 
break, before lunch, after lunch, at afternoon tea 
break and at the end of the shift. The procedure was 
carried out throughout the shift
score was estimated for each body part, 
grouping the operators, age wise. Based on the 
response obtained from the operators, value of 0, 1, 2, 
3, or 4 was assigned to indicate the respective 
severity levels and the scores obtained for various 
body parts at various time intervals were 
for further analysis. 
 
III. RESULTS 
 
A. Analysis of discomfort based on gender, height 
and weight of operators. 
From the data collected from the operators, the 
Discomfort Score (MDS) at various time intervals 
were estimated and ANOVA was carried out to 
determine the statistical significance of discomfort 
because of gender, height and weight of the 
operators. The MDS results are presented in Fig.5 to 
Fig.7. 
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different body parts, one of the most 

adopted methodology is the use of a 
questionnaire. The questionnaire method 

directly and is suitable for 
and remains inexpensive. 

Corlett and Bishop’s method of body mapping has 
several studies in the 

earlier likefor sewing machine 
] energy distribution network 

computerized numeric control machine 
] and fork lifts. [17] 

questionnaire deployed,also,captured 
details like name, age, sex, work area, 

predominant work posture and average engagement 
ration for the pneumatic 

hours with 3 planned breaks in 
every two hours, such as morning 

tea break (15 minutes), lunch break (30 minutes) and 
afternoon tea break (15 minutes), leaving about 7 

for grinding operation in a shift. The 
methodology proposed and 

the Corlett and Bishop’s (1976) body part discomfort 
were explained to the 

Each operator was asked to indicate the 
he or she felt most uncomfortable 

and the body part next most uncomfortable. This 
process was continued till the operator had no body 

The discomfort responses were 
like ‘no discomfort’, ‘minimum 

te discomfort’, ‘severe 
discomfort’ and ‘extreme discomfort’ at every time 

like the start of a shift, at morning tea 
break, before lunch, after lunch, at afternoon tea 
break and at the end of the shift. The procedure was 

shift. The mean weighted 
score was estimated for each body part, at each break, 

age wise. Based on the 
response obtained from the operators, value of 0, 1, 2, 
3, or 4 was assigned to indicate the respective 

e scores obtained for various 
body parts at various time intervals were considered 

Analysis of discomfort based on gender, height 

From the data collected from the operators, the Mean 
at various time intervals 

and ANOVA was carried out to 
determine the statistical significance of discomfort 
because of gender, height and weight of the 

results are presented in Fig.5 to 
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Fig. 5 presents the trend of MDS reported at various 
time intervals by male (50) and female operators 
(4).The trend of MDS exhibited by both male and 
female operators appears close to each other and does 
not suggest a big variation between the two groups. 
ANOVA carried out on these data confirms that there 
is no significant difference in discomfort levels 
between male and female operators. 

 

 
Fig. 5 MDS trend, over time wise, Gender wise 

 
Similarly, the data were analysed for finding out the 
statistically significant difference between operators 
of different body weight, by grouping them into three 
groups of body weight, namely, 
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Fig. 6 MDS trend– Body weight wise 

 
‘less than 60 kilograms (kg)’, ‘60 to 69kg’ and ‘70 kg 
and higher’. The trend ofMDS reported at various 
time intervals, the body built wise is presented in Fig. 
6.  
 
While the group with body weight ‘less than 60kg’  
has the lowest MDS at all the time intervals 
compared to the other  two groups, the differences 
observed is not significant as  the ANOVA carried 
out reveals that there is no significant difference 
between the three groups based on body weight. 
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Fig. 7 MDS trend– Operator height wise 

 
The data collected also was analysed for variation in 
discomfort levels between operators of different 
heights by grouping them into three categories 
namely ‘less than 160 centimetres (cm)’, ‘160 to 
169cm’ and ‘170 cm and higher’. The trend of MDS 
reported at various time intervals, operator height 
group wise is presented in Fig. 7. While the group 
with operator’s height ‘less than 160cm’  has the 
lowest MDS at all the time intervals compared to the 
other  two groups, the differences observed is not 
significant as the ANOVA carried out that there is no 
significant difference between the three groups of 
different heights. 
 

 
Fig. 8MDS trend– Age group wise 

 
B. Age wise analysis of discomfort 
For further analysis, the operators were divided into 
three groups by age (19 to 30, 31 to 40 and 41 to 60). 
The mean age of the entire group chosen for study is 
34.57 years, the mean height is 164.33 cm and the 
mean weight is 62.26 Kg.  
 
The MDStrend of the different age groups (19 to 30, 
31 to 40, and 41 to 60) is presented in Fig.8. The 
MDS displays an increasing trend over time for all 
the age groups and the age group 31 to 40 exhibits 
highest MDS at all the time intervals and the age 
group 19 to 30 exhibits the lowest MDS in 4 out of 6 
intervals in which data was collected and the age 
group 41 to 60 has an MDS in between these 
two.There is a dip in MDS after lunch, for all the age 

 

0.30
0.50

0.64

0.59

0.73

0.94

0.19

0.58

0.69

0.48

0.71

1.00

0.29

0.51

0.65 0.58

0.73

0.94

0.00

0.20

0.40

0.60

0.80

1.00

1.20

Start of
shift

Morning
Tea

Before
Lunch

After Lunch After noon
Tea

End of shift

M
e

an
 D

is
co

m
fo

rt
 S

co
re

Mean Discomfort Score trend over time - Gender wise 

MDS - Male MDS - Female MDS - Overall



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-3, Mar.-2017 
http://iraj.in 

Analysis of Pneumatic Grinding Operator Discomfort in a Fabrication Industry 
 

101 

groups, probably indicating partial recovery during 
the lunch  period of 30 minutes.  
ANOVA was used on the data collected to determine 
the statistical significance of discomfort between 
different age groups and at various time intervals of 
the shift. The analysis revealed that there was no 

significant difference in discomfort level between 
different age groups. However, significant difference 
in discomfort level is observed at various time 
intervals. The LSD (@ 1% level) was calculated 
taking into account the population of the two groups 
being compared. The results are presented in Table 2. 

 

 
C. Body part wise analysis of discomfort 
The analysis also was made on the MDS for various 
body parts (shoulder, wrist, neck, forearm, lower 
back, upper arm, upper back, foot, knee, thigh, lower 
leg, eyes and hip), over various time intervals and the 
findings are presented in Fig. 9. Five body parts 
namely shoulder, wrist, neck, forearm and lower back 
in that order have consistently exhibited predominant 
MDS compared to the other body parts, at all-time 
intervals. The other body parts have not only 
exhibited much lower MDS, but also have almost 
maintained static levels over time.Analysis of 
variance for discomfort at different body parts 
revealed that there was a significant difference in 
discomfort level between various body parts. 
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Fig. 9 MDS trend– Body part wise, over time 

 
Taking the response of each operator for various time 
intervals, the MDS for the shift, for each body part  

 
was calculated and analysis of variance was carried 
out. The least significant difference (LSD) (@ 1% 
level) was calculated taking the overall population 
and time intervals. The LSD was estimated at 0.145. 
For the body part ‘shoulder’, the difference between 
its MDS and the MDS of every other body part like 
‘wrist’, ‘neck’ etc. were calculated and presented in 
Table 3. The MDS of body part ‘shoulder’ is found to 
be significantly different compared to all other body 
parts like ‘wrist’, ‘neck’, ‘forearm’, ‘lower back’, 
‘upper arm’, upper back’, ‘foot’, ‘knee’, ‘thigh’, 
‘lower leg’, ‘eyes’ and ‘hip’ as the modulus values 
calculated are more than the LSD (0.145).  
 
Similar analysis of significance was done for every 
other body part. From the analysis, it is found, that 
the MDS of each of the body parts ‘shoulder’, ‘wrist’ 
and ‘neck’ is found to be significantly different 
compared to the remaining other twelve body parts. . 
It is also found that the MDS of each of the body 
parts ‘forearm’, ‘lower back’ is found to be 
significantly different compared to the other 
remaining eleven body parts except among 
themselves.Similarly, it is found that the MDS of 
each of the body parts ‘upper arm’, ‘upper back’ is 
found to be significantly different compared to the 
other eleven body parts except among themselves.  
 
The remaining six of the thirteen body parts, namely 
‘foot’, ‘knee’, ‘thigh’, ‘lower leg’, ‘eyes’ and  ‘hip’ 
have very low level of MDS and also do not have 
significant difference between their MDS.  
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D.Analysis of discomfort based on the intensity of 
work 
The MDS trend observed at different time intervals 
for the operators performing work in different 
product groups (‘drums and headers’, ‘panels and 
coils’ and ’valves’) is presented in Fig. 10.  The MDS 
has an increasing trend in all the three product groups 
over various time intervals. The operators from 
‘valves’ group exhibit the lowest MDS at all the time 
intervals and the operators working in ‘drums and 
headers’ consistently has the highest MDS at all the 
time intervals with a slope which is twice that for 
‘valves’. 
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Fig. 10 MDS trend– Product wise, over time 

 
The group from ‘panels and coils’ exhibit a trend of 
MDS, which is in between the other two. Another 
observation was that the operators from ‘valves ‘ and 
‘panels and coils’ show a dip in MDS after lunch, 
which is absent in ‘drums and headers’. This may be, 
because of higher stress level in ‘drums  
 
and headers’ group where, the intensity of work is the 
heaviest with difficult postures, because of heavier 
and voluminous products and probably the rest 

durations during lunch was not adequate to initiate 
the recovery.  
Analysis of variance on data collected for discomfort 
revealed that there was a significant difference in 
discomfort level at various ‘product group’ levels. 
The least significant difference (LSD) (@ 1% level) 
was calculated taking into account the population of 
the groups being compared. The analysis revealed 
that the discomfort levels, perceived by the operators 
working in ‘drums and headers’ are significantly 
higher compared to the other two product groups. 
Also, the discomfort levels, perceived by the 
operators working in ‘panes and coils’ are 
significantly higher compared to the ‘valves’ groups. 
 
IV.DISCUSSIONS AND CONCLUSION 
 
The study has been made in the largest power plant 
equipment manufacturing plant in India, which very 
widely deploys the process of welding and 
subsequent finishing operations by manual pneumatic 
grinding.  
From the data collected from the 54 pneumatic 
grinding operators chosen for the study, it is revealed 
that the discomfort was perceived to be 
predominantly in body parts like shoulder, wrist, 
neck, forearm and lower back. Also, the operators 
who reported discomfort in the predominant body 
parts at the beginning of the shift continued to have 
the discomfort throughout the shift. 
The MDS has an increasing trend, over the time, for 
all age groups, with the lowest MDS at the start of the 
shift and the maximum being at the end of the shift. 
The time gap of 30 minutes provided for lunch could 
enable some recovery for operators, resulting in a dip 
in MDS observed after lunch. Analysis of variance on 
data collected for discomfort revealed that there was 
no significant difference in the discomfort level 
because of agegender, body weight or height. 
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However, a significant difference in discomfort level 
is observed at various time intervals of the shift.  
From the analysis, it is also found, that the MDS of 
each of the body parts ‘shoulder’, ‘wrist’,  ‘neck’, 
forearm’, ‘lower back’, ‘upper arm ‘ and ‘upper back’ 
is found to be significantly different compared to 
many other body parts. The remaining six of the 
thirteen body parts namely ‘foot’, ‘knee’, ‘thigh’, 
‘lower leg’, ‘eyes’ and  ‘hip’ do not have significant 
difference between their MDS.  
The MDS has an increasing trend over time for 
operators from all the product areas. While the 
operators from ‘drums and headers’ do not exhibit a 
dip in MDS after lunch, the other two groups have a 
dip in MDS after lunch. The operators from ‘drums 
and headers’ area report the highest level of MDS at 
all time intervals and also the MDS levels are 
significantly higher compared to the other two 
groups.  
To summarize, the operators feel significantly higher 
level of discomfort in some of the body parts like 
‘shoulder, ‘wrist’, ’neck’, ’forearm’ and ‘lower back’. 
Factors like area of work and duration of engagement 
during the shift cause significantly higher discomfort 
and factors like age, gender, height and weight of the 
operators do not cause significant differences in 
discomfort levels. One possible option for 
minimizing discomfort involves rotating operators 
between the three different product groups  
periodically and if possible, even within the shift after 
lunch break considering the fact that operators in 
‘valves’ product group have the least discomfort level 
and the operators from ‘drums and headers’ have the 
highest level of discomfort. 
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