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ABSTRACT
This paper focuses on reducing the occupational risks while
assembling a multistage pump. A sample of 10 employees
who assemble the multistage pump from an Indian
semiautomatic pump manufacturing industry was studied.
Awkward postures manifested in these tasks cause strain in
the employee’s body which lead to fatigue, injuries and
musculoskeletal disorders. These tasks were evaluated on the
basis of standards set by the National Institute for
Occupational Safety and Health (NIOSH). This evaluation
adopts posture assessment using Rapid Upper Limb
Assessment (RULA) and bio-mechanical approach to examine
the tasks. Engineering interventions were then developed and
evaluated in ergonomics laboratory to document the reduction
of risks. The ergonomic tool introduced in this study has the
potential to considerably reduce the occupational risk in pump
assembly.
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1. INTRODUCTION
Workplaces are a major part of the manufacturing industry
that is needed to accomplish various types of job. The quality
of the design of workstation in terms of the requirement of the
worker has an important effect on ease with which the activity
is accomplished. Improper workstation design can be an
important factor responsible for the development of various
work related musculoskeletal disorders (WMSD). The
WMSD pose occupational risks to the employees which
reduces the productivity of a manufacturing company and also
affect the health of employees has been demonstrated by
Nicolas [7]. Further the studies conducted by Battini, Faccio,
Persona and Sgarbossa [2] also reveal the implication of
efficient ergonomics in workstation design shows better
interaction between man-machine systems. Study regarding
employee performance and comfort in assembly task has been
done and the output workstation may function with less
efficiency, if anthropometry data mismatches with
workstation design.
The ergonomics analysis is performed in the virtual
environment using CATIA software as discussed by
karmakar, Sanjog and Thaneswer [14]. Due to the awkward
posture the workers face many health issues like shoulder
pain, neck pain and back pain. The lumbar spine may
experience significant forces during occupational tasks due to
The force of gravity acting on the upper body when bending
the trunk forward, so need to restrict the load on the spine

within The National Institute for Occupational Safety and
Health (NIOSH) recommended spine limit.
Granata, Marras and Davis [6] attempted to determine
ergonomic acceptable limits according to the NIOSH method.
NIOSH limit proved useful for identifying certain lifting jobs
that posed a risk to the musculoskeletal system for developing
lifting related low back pain.
The analysis of work stress during process among Indian
workers has been carried out in an Indian semiautomatic
pump manufacturing industry. Ergonomic study on manual
component insertion line in Stator pump which has high
assembly time has been done using method of questionnaire,
direct interview and archived data as discussed by Sangeeta,
Prakash and Debkumar [10].
The objective of this study is to analyze the working posture
of workers engaged in stator assembly by applying different
postural analysis tools and to identify the various risk factors
associate with WMSD. Associations between the risk factors
and the musculoskeletal complaints have been well
categorized by Nirathi and Kari [8], Low back pain is one of
the most prevalent WMSD.

2. METHODOLOGY
This study was conducted on assembly workstation in a stator
assembly section. Different parts of pump are assembled by
manual process. Assembly process consists of parts of
different size and weights; Inserted into the pump casing.
There are ten employees who are working in this workstation.
Their anthropometric measurements are carried out by direct
measurements.
The main focus is to find out the complex task of assembly
which leads to more time consumption, causing fatigue and
reduces occupational risk among workers. Static ergonomic
posture analysis is done by capturing pictures of assembly
process using high definition camera. The worker body
postures and the movement of other body members are
captured and analyzed using RULA posture analysis method
and verified by biomechanical approach according to the
biomechanical guideline for occupational low back disorder
prevention [3].

2.1 Existing Workstation
The task performed by the employee is the assembly of stator
pump parts using manual insertion process.
In order to assemble the parts inside the pump casing, the
employee has to bend his neck and trunk as shown in Fig 1.
The process consists of repetitive tasks which seem to be
hectic where the employee has to bend forward for every
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component assembly inside the pump casing. Employees are
Indian male working in stator assembly section and their
anthropometry data are mentioned below.

This Anthropometry data are used for building manikin in
CATIA software and bio-mechanics as discussed by
karmakar, Sanjog and Thaneswer [14]. Those results are
further used to design the work holding adjustable fixture.

2.2 Stator Assembly
The employees work on the stator assembly which consists of
3.5 HP to 25HP pump assembly. This is placed on the VBlock fixture, different sizes of stator pump casing can be
placed on the V-block fixture, but it is non-adjustable.
Time taken to assemble for 3.5 Hp to 25 Hp pump is about
0.30 to 12 hours per day. Total 24, 36, 48, 52 slot’s vary
according to Pump HP and every slot needs to be fixed with
insulation sheet, Bamboo stick and copper wire inside it
(copper wire diameter vary from 0.9 to 1.9 mm and length
vary from 100 to 500 m). The stator pump which is placed on
the table measures 0.93 x 0.30 x 0.92 meters and size of the
chair where the employee is sitting is 0.36 x 0.38 x 0.51
meters. The pump casing is placed on the V-Block fixture at
the height of 0.96 meters.
Fig 1: Existing Posture

2.3 Direct Method

Table: 1 Anthropometry Data of Employees working in
stator assembly
Body Dimension

50th
percentile,
cm

Range, cm minmax

When employees were interviewed for obtaining information
regarding awkward postures and complex task, various
illnesses were informed by these workers including neck pain,
back pain, and shoulder pain leading to reduced efficiency of
workers and in severe cases long duration pains.
Analysis of these factors is done by capturing pictures using
high definition camera and root causes of these illness are
found out.

Statue Height

172.6

157.0 – 181.0

Eye Height

161.1

144.0 – 168.0

Shoulder height

145.0

130.0 – 150.0

Elbow Height

109.0

96.0 – 115.0

Knuckle Height

75.3

70.2 – 80.4

Sitting Height Erect

91.3

85.1 – 97.5

Eye Height Sitting

79.3

73.4 – 85.2

Elbow Rest Height

27.8

25.4 – 30.2

Thigh Clearance
Height

12.9

11.0 -15.2

Knee Height

56.4

52.0 – 60.0

Buttock-Knee Length

57.7

55.0 – 60.0

Popliteal Height

42.2

40.0 – 44.0

Chest Depth

21.2

19.0 -23.0

Elbow to Elbow
Breadth

46.5

41.0 -51.0

Hip Breadth

32.0

27.5 – 36.0

Weight

75.9

60.0 – 85.0

The manikin is developed using CATIA software from Fig 1,
and angles of the body segments are measured using AUTOCAD software.

2.4 Binocular Visual Field
Employees are not able to clearly view the inside component
of the pump casing as shown in Fig 2 because of the position
in which the pump casing is placed on the table, the Visual
Fields with Head and Eye Movement is well demonstrated in
Surface Vehicle Information Report Superseding [13]. The
employee needs to bend frequently for assembling the
component inside the pump casing.

2.5 Ergonomic Risk Factors
Ergonomic risk factors associated with upper extremity MSD
score for neck trunk and leg is 5 and their RULA score is 5
based on Rapid Upper Limb Assessment (RULA) [9], it is
concluded that the working posture is improper and needs to
be modified. Employees are not able to maintain standard
body postures and movement because of poor work place
design. Hence, leading to fatigue like shoulder stress, back
pain and neck pain reducing working efficiency.

Fig 2: Binocular Vision of Manikin
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2.6 Design of Height Adjustable Fixture
The designer has to analyze in what ways anthropometric
mismatches might occur and then decide which
anthropometric data might be able to solve the problem.

evaluating the Force and moments, we use the concept of free
body diagram to solve the equilibrium equations

To overcome WMSD we have implemented a height
adjustable fixture, in which different pump casing size can be
place. Design of adjustable fixture was made on the basis of
anthropometry data collected from the employees.
The employees do not have to bend their trunk and neck
frequently to accommodate them to individual job while
assembling in stator assembly section Body.

Fig 3: Revised Posture Development using CATIA

2.7 Binocular Visual Field for Revised
Posture
Manikin is able to clearly see inside the pump casing with the
help of height adjustable fixture as shown in Fig 4.

Fig 5: Free-body diagram of the thoraco-lumbar spine
By using the force and moment equation,
Ra - axial reaction force along the central axis of the
spine
Fe - The extersor muscle force
WB - Body weight = 75.90 Kg

Fig 4: Binocular Vision of Manikin

2.8 Ergonomic Risk Factors
Ergonomic risk factors associated with upper extremity for the
revised posture, MSD score for neck trunk and leg is 2 and
their RULA score is 3.

Ra X 1.13 X WB

= 841.36 N

Fe = 0.624 X WB

= 464.61 N

Poor workplace design, requiring the person to bend at the
waist by an additional 10°, increases Lumbosacral axial forces
by 65%. The Fig 3, show the working posture in the upright
position with a worktable at a correct height and a work area
of correct arm reach length so that the thoracolumbar spine is
at an angle, θ = 85°.
Ra X 0.741 X WB

= 551.73 N

Fe = 0.208 X WB

= 154.87 N

This will help the worker to work with less, workload and
maintain a good posture, which in turn reduces fatigue and
maintain health of the worker.

In an upright position, only body weight forces are being
experienced, the lumbosacral joint is subjected to an axial
force of three-fourths of the body weight.

A recommendation for worktable surface height should be
0.96 - 1.15 meters, which will accommodate every individual
in the work place which is designed from their anthropometry
data.

The commonly used biomechanical measures include peak
joint moment, peak compression force on the spine and peak
shear force on the lumbar spine the most commonly adopted
by many researches [3, 6, 12]. Therefore, the present work
followed the same criteria to find out the compression limits
for the L4/L5 Joints.

3. BIO-MECHANICAL APPROACH
Biomechanics is the application of the principles of mechanics
to the physical structure of human beings. The person pictured
in Fig 1 is working in the upright position, the worktable is at
a low height even though the work area is of the correct armreach length, so the thoracolumbar spine is inclined at an
angle, θ = 75°, explained by Phillips [4] and it helped in

3.1 L4-L5 region
Using the CATIA biomechanics single action analysis the
force on the L4-L5 compression force is calculated for Fig 3
and NIOSH (National Institute for Occupational Safety and
Health) spine limits.
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force is less than that of the existing posture and concludes
that revised posture is ergonomic posture.

Fig 6: Bio-mechanics single action analysis the force on the
L4-L5
Among the recommendations proposed by various agencies,
the National Institute of Occupational Safety and Health
(NIOSH) Work Practices Guide [3, 6, 12, 13] has been more
widely distributed and adopted. Many Countries either do not
have a limit on weights for safe lifting/carrying and/or limits
set Fig 7.

Fig 7: NIOSH Spine limits
Based on the various design criteria, two limits are proposed.
Action limit (AL) loads under this limit can be lifted by 99%
of men and 75% of women, and maximum permissible limit
(MPL) loads that can be sustained by only 25% of men and
1% of women. At the workplace, administrative controls and
engineering controls (eg. mechanization) are required for
weights between the action limit and maximum permissible
limit.
The compression force Fig 6. Imposed on the spinal column,
for a given task condition (weight, load size) are compared
with the Fig 7 force tolerance limit of the spine (NIOSH),
under consideration is within the acceptable range.
A type of Biomechanical model is presented, which provides
a mean to quickly estimate the effect of the postures adopted
by workers during industrial work, particularly in sitting
postures. The Proposed model can predict the moments on
joints, as well as the forces in erector spinae muscle and L4L5 spinal region.

4. RESULT AND DISCUSSION
This study was conducted on an assembly station in a stator
assembly section. The section was facing problems of less
efficiency in workers due to poor ergonomics and in some
severe cases hazardous health issues were found. Here attempt
has been made to identify fatigue causing factors which leads
to reduced efficiency of workers hence less productivity of
workstations.
To study and analyze factors causing less efficiency, RULA
and biomechanical study techniques are used. The other
sources of data are interview with workers, managers and
archived documents. Ergonomically improved workplace
layout helps in reduced stress on workers, elimination of
repetitive tasks, cycle time reduction and hence increased
productivity.
Hence from the RULA score and
bio-mechanics force
analysis, it is seen that the revised posture extersor muscle

Fig 8: After implementation of height adjustable Fixture
in their work place
Fig 8, After the implementation, the operators aren’t facing
much pain in the back and neck. They can see inside the pump
casing clearly without adjusting themselves, Hence MSD risk
factor is reduced.

5. CONCLUSION
The Posture assessment has been performed on the employees
working in a stator assembly shop and the result has been
compared using CATIA and Bio-mechanics analysis. A
biomechanics analyse and RULA score indicated ‘at risk’ jobs
have been performed on work activities in occupation groups.
The model provides the severity of the posture towards
MSDs, through the investigation of risk factors and
recommendations for reducing risk have been provided with a
vision to demonstrate compliance with the requirements of
existing ergonomic legislation directed at improving working
posture. Significant insights have been gained through using a
methodology that combines assessment techniques to derive
risk of musculoskeletal injury. The combination and crossreferencing of these risk indexes provided the information
necessary to develop the prevention strategies recommended.
This study can be further improved by analysing psychosocial
of the employee, Energy expenditure and Heart rate
variability based on discussion made by Adams and Dolan
[1], Dukie et al [5], Centers for Disease Control and
Prevention [8].
It is the duty of the management of every company to provide
comfortable working environment for employees and to
support the well-being of workers.
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