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Abstract
Productivity is an important aspect of every industrial firm as well as for the economic growth of the country. High productivity
means completing a quantum of work with minimum possible time and fewer amounts of resources. Work-study is required for
designing the work system, which identifies the effective means of completing the work. Also, it is known that the workers suffer from
fatigue and injury during long hours of monotonous work when proper wor kplace/working environment is absent. This may indirectly
contribute to decreased productivity in an industry. Human factor issues arise in simple systems and in consumer products as well.
Hence the ergonomic principles are to be considered whiledesigning both consumer and industrial products. One of the most
prevalent types of work-related injuries is musculoskeletal disorder. Work-related musculoskeletal disorders (WRMDS) results in
continuous pain, functional capability loss and disability to work, but the prevailing disorder diagnosis is difficult because they are
mainly based on complaints of pain and other symptoms. Hence a proper workplace isto be designed to overcome the above issues or
to reduce them considerably. This research aims at improving the existing and proposed ways of doing work with Ergonomics and
Anthropometric considerations, thereby improving the productivity rate.
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details of each employees employment, place of eynpént,
hazards which will cause or likely to cause seriphgsical
harm or death to prevent accidents during employmen

1. INTRODUCTION

Productivity is defined as the relation between theéput
produced to the amount of input resources usediuetivity
is one of the best methods to measure the outpuhef

. . . 2. LITERATURE SURVEY
process. The progress of the improvements in theegss is

monitored by means of productivity by day to daysiba
Productivity will be achieved by following continus efforts
by applying new technique and method of operatithe
various reasons affecting the productivity are sifed as
controllable and non- controllable causes. The rodiable
causes are given below.

Plant and equipment technology level.

Materials.

Energy

Human- resources.

Work methods

Management.

oukhwnpE

The non- controllable causes are as follows.
1. Government and infrastructure
2. Natural resources availability.
3. Structural factors.

In our research we consider the Human factors amakW
methods. In order to improve productivity, the eayelr has to
train their staff and employees about their spegifb, safety,
their duties and responsibilities etc. An emplolyas to give

Prior to 1980, the industrial application of ergonics in the
United States largely focused on defining phystzgdabilities
of workers and physiological responses to variouskimg
conditions. Companies supporting these early engano
efforts, mainly through applied industrial reseamnttivities
included E.l. DuPont de Nemours & Company and Eastm
Kodak Company (Eastman Kodak Company, 1983).

In 1987, OSHA (Occupational Safety and Health
Administration in the United States) issued itstfErgonomics
directive that established regional ergonomics dioators to
provide technical assistance to OSHA area officesndated
training for compliance staff, and directed comptia safety
and health officers to consider ergonomic violagiaomder
what is known as the “General Duty Clause”. Ther@ral
Duty Clause requires an employer to “furnish taleaf his
employees employment and a place of employmenthnie
free from recognized hazards that are causing etikely to
cause death or serious physical harm to his eme#ye
Without a specific rule or regulation related t@aromics,
OSHA's compliance personnel used (and continues#) this
General Duty Clause to develop ergonomics related
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citations—often leading to the development of eettént
agreements that involved the development of annrengics
program. In addition to the efforts in the areacompliance,
the late 1980s and early 1990s saw OSHA involvedha
development of ergonomics assistance materials dlp h
industry deal with the growing problem of work reld
musculoskeletal disorders.

OSHA (1990) published the Ergonomics Program
Management Guidelines for Meatpacking Plants, which
defined basic elements of formal ergonomics prograamd
served as a template for the meatpacking induatywell as
general industry. Since then, several case studiés
ergonomics programs in other industries locatethénUnited
States and other countries have been publishedistirels
identified in these reports included the beveragesmetic,
telecommunications,  electronics,  financial  planping
automotive, light manufacturing (abrasive producsd
shoes), health care, utilities and food industres,well as
office environments (Gauf, 1995; US Government Actting
Office, 1997; Perry, 1997; Hignett, 2001; Munck-4J" et
al., 2003; Butler, 2003; Smyth, 2003; Joseph, 2008reau,
2003). These case studies generally demonstrated
effectiveness with pre and post implementation ,dstiah as
reduced injury rates, cost of compensation anditossrking
time.

Despite the numerous reports of ergonomic work ystud
programs in a variety of industries, there are eports of
implementing an ergonomic work study program in the
assembly of monoblock pumps. The assembly envirotsne
pose challenges to implement the ergonomic worldystu
principles.

3WORK STUDY

Work study is used to study the production efficieiof the
unit by reducing waste and un- wanted operatidnis. & best
technique to improve value addition in machine apen by
studying all factors affecting the product. The kastudy is
the accurate and system oriented technique to fatemtime
standards. This will contribute to the company'sfiprand
savings will start continuously with immediate effdor the
product throughout life cycle of the product. Medhstudy is
achieved through motion study and work measurenient
achieved through time study.

Work Study
Method Study Work Measurement
Motion Study Time Study

/

Higher Productivity

Fig-1: Work study

3.1. Method Study

In method study, the industrial engineer is to gtwhch
operation with systematic analysis. The major intgour
purpose of method study is to identify and elimgnain-
wanted operations and to achieve best way of paifay the
operations. The method study is also termed as adsth
engineering or work designing. The methods engingeis
used to collect all analysis technique with focasimproving
performance of men and machinery. Method studyhis
systematic recording and critical examination ofstxg &
proposed ways of doing work by designing easieh witst
efficient methods of operation with reduced cosasiBally,
the method study is performed by breaking down @aration
into simple parts.

—

3.2. Motion Study

Analysis of the motion of an operator or work wik studied
in motion study. The motion study is a part of noettstudy.
There are many number of principles used to studynemy
of movements developed by experience. This wilirfdyasis
for developing improved methods at work place, pragse of
human resources, work place arrangements, togjmiagi and
equipment. Work place height, seat etc., shoulddsigned to
allow alternate standing and seating.

3.3. Time Study

Time study is important for studying productionamhing and
control of operations. Time study is used to meagiata,
production capacity, to quote cost, schedule oiveg}, cost
of production, man power utilization and efficiencyhe
proper time study allows the management is to dhice
incentive schemes for the best performers and atdimihg
cost to control budget.

3.4. Techniques of Time Study

The work measurement is classified as repeatingk vaod
non- repeating work. Each work will be studied. \gas
techniques of work measurements are time study, $MbDrk
sampling and synthesis, etc.
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3.4.1. Repeating Work

In this main operation of the work, group of opernas repeat
continuously during time spent at the job. The tigépe work
cycles are of very short duration.

3.4.2. Non- Repeating Work

This type consists of some type of maintenance and
construction work, where the work is not repeatshtically.

Table-1: Work measurement techniques

Techniques Applications Unit of measurement

1. Time study Short cycle repetitive jobs. Centiminute (0.01 min)

Widely used for direct work.
2. Synthetic Data Centi minutes

3. Working sampling

Short cycle repetitive jobs.
Long cycle jobs/heterogensous ~ Minutes

operations.

4. MIM Manual operations confined o TMU (1 TMU = 0.006 min)

one work centre.
Minutes

5. Analytical estimation |  Short cycle non-repetitive job.

3.5 Computation of Standard Time

Standard time is the time allowed to an operatqetdorm the
task specified with specified conditions and defievel of
performance. To get standard time, the variousvaliwes are
added to normal time as applicable to perform abgban
operator. Time required completing a unit of workthw
existing working condition, using specified methahd
machine; proper working of an operator and at steshghace
is defined as standard time. Constituents of stahtiae are
observed time, performance rating, allowance fdaxagion,
Interference, contingency, policy etc.

oT FRF FA RPA_ | sA *“4
44 |
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Fig-2: Standard time

4. MOTIVATION AND APPROACH

As seen from the above literature review, one efithportant
considerations to be given in today’s industriethes physical
comfort of the worker in his/her working environnewhich
indirectly leads to growth of the industry and inck a
scenario, ergonomics plays a vital role. One imgurtcause
for undertaking this project is that there is nal dor

conducting ergonomic analysis for the people netatio
Indian origin as some software packages like CATRRO-E,
etc., provides support to perform ergonomic analysi the
people relating to a different origin (like Amentdut not
Indian). Hence, the anthropometric data relatinglndian
origin is to be fed into the software and then émalysis is
carried out. The project consists of three phatesd.

The first phase involves visiting mono block pumpgustries
and getting to know the assembly process and congoidk
study. The second phase of this project aims aguieg the
existing workplace for the assembly of mono blockmp
using CATIA software. The third and final phase dhes
ergonomic analysis of the existing workplace angitovide
suggestions for improvement in working conditionfs tle
assembly of mono block pump.

5. STAGESIN MONO BLOCK PUMP ASSEMBLY

The various stages involved in the assembly of mislock
pump components, represented by the fishbone dimagsa
given below.

F.G. NYLON POLYSTER TRIFLEX

CABLE TWINE FILM PAPER
WINDED STATOR

ENAMELLED ENAMELLED STATOR

COPPER WIRE COPPER WIRE STAMPING

MAIN WINDING AUX WINDING

EARTH PLATE[|GROMMET | |BODY WOUND

CAPACITOR | |CAPACITOR

CLAMP AND

AND SCREW STATOR

SCREW

MOTOR BODY ASSEMBLY

HANDLE AND [TERMINAL BLOCK,

SCREW SCREW AND COVER
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SHAFT END MOTOR

ADJUSTMENT COVER BODY

SCREW ASSEMBLY

MOTOR

MOTOR

WAVE WATER BEARING AND

WASHER THROWER WASHER

PRIMING NRV IMPELLER LOCK MECHANICAL
CAP O RUBBER NUT SEAL
RING WASHER

MOTOR PUMP ASSEMBLY

SUCTION DELIVERY ADJUSTMENT

CASING

FLANGE FLANGE SCREW

Fig-3: Stages in assembly of Mono block pump

6. DISCOMFORT SURVEY

A number of pump manufacturing industries have bésited
in order to get a clear view regarding the asseroblgnono
block pump. The age group of the employees wakdnange
of 26 to 37 years, experience of 3 to 8 years wibthking time
of 7 hours per day. The discomfort survey was cotatlh The
areas where the employees had pain while assemtiimg
components included elbows, wrists, hands, nesidi knee
joints, shoulders, upper and lower back.

7.ANTHROPOMETRIC MEASUREMENTS

The following table provides the anthropometric
measurements relating to workers of Indian origiat tare to
be used in creating the manikin using CATIA softevar

Table-2: Anthropometric Measurements

S.NO DESCRIPTION VALUE
(cms)

1 Elbow height 107.5

2 Knuckle height 78.4

3 Shoulder height 145.8

4 Stature 165.6

5 Functional forward 82.5

reach
6 Thigh clearance 45.2

7 Sitting elbow| 35.3
height

8 Sitting eye height 79.6

9 Sitting height 91.2

10 Elbow to elbow 40.7
breadth

8. RULA ANALYSIS

The Rapid Upper Limb Assessment (RULA) analysissed
for analyzing the manikin's posture based on végbuch as
weight, frequency, distance, etc. It analyzes miarets of
manikin posture based on the user data.

The RULA analysis examines the risk factors andtlaéise
factors are combined to give a total score thagearfrom 1 to
7. The data displayed is combined with a colouricatbr
zone. The colour of this zone changes from greemetb
according to the total score. The score reportistmsf basic
mode and advanced mode.

In the basic mode, the scores 1 and 2 (Green cimldigates
that the posture is acceptable if it is not maimgdior repeated
for long periods of time. The scores 3 and 4 (Melloolor)
indicates that further investigation is needed emahges may
be required. The scores 5 and 6 (Orange colorratels that
investigation and changes are required soon. T St (Red
color) indicates that investigation and changes rerpiired
immediately. The score indication of advanced mdoe
different body parts is given below.

Table-3: The score indication of advanced mode

Score @ Color associated to the score

Range | ; | > | 3 [ 4 [5 |6

8.1. Ergonomic Analysis of Existing Workplace

Segment

Upperarm | 1to 6
1to3
1to4

Forearm
Wrist

Wrist twist | 1 to 2
Neck lto6
Trunk 1to6

The assembly process involving some of the comiglita
postures of the worker was identified and desigosihg
CATIA software for ergonomic analysis. The manikiras
created using the anthropometric measurementsévat been
taken.

8.2. Existing Workplace

The given figure shows the existing workplace witie
worker, the assembly table and the packing area.
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The time for locating, reaching, and picking andgptg the
motor body is measured to be 87.5 TMU.

8.4. Fixing of Capacitor Clamp

The figure shows the capacitor clamp being screwexlthe
motor body. The RULA analysis for the posture githe
score of ‘7’ for both hands. The analysis is daméRepeated’
mode i.e. the action is performed more than 4 timgsnute.

Fig-4: Existing workplace

8.3. Reach Envelope

A reach envelope is defined as a region that inescall of the
possible positions that the manikin can reach usinly the
arm and forearm.

Fig-7: Fixing the capacitor clamp

The time for locating, reaching, picking, turningdaapplying
pressure is measured to be 352.8 TMU.

Fig-5: Reach envelope

Sidei O Left @ Right!

|
|1 Arms are working across midline

The time for reaching the components is measure@6as Foeiee g
TMU. The eye focus and travel time is taken as BWUT (1 | Satic U Intemttent @ Repeated. || B o e 2

— ™ :P.apeatFrquanc' . H_.IW"S‘ 4 .

TMU = 36 milliseconds). ‘O R T - =
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The RULA analysis for different body postures while i L h Muscle 1

assembling the components is given below. The RULA 1 Check balance - ::
analysis for the posture of manikin while picking Wotor | - H_jl\ler_k 2mm
. P . . Load: @
body shows a final score of ‘7' indicating the nefx Lo ’ _—II’““ -
immediate changes. | Fina Score: 7 = T 5
‘ Investigate and change immediately H Neck Trink and Leg' 6
— - Close I

Fig-8: RULA analysis

8.5. Moving the Assembled Component to Packing
Area

The figure shows the worker carrying the assemigeochp
from the assembly section to the packing area nignide
RULA analysis gives the score of ‘7’ as the workarries the

Fig-6: RULA Analysis for picking up the motor body pump which weighs around 5 kg, intermittently thieoke day.
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G | Posture B: 5

Neck, Trunk and Leg: 6

M| Final score: 7 =

core:
| Investigate and change immediately

Close

o .

Fig-10: RULA analysis

The time for picking and moving the component isasweed
to be 542.2 TMU.

9. RESULTSAND DISCUSSIONS

As seen from the results of the RULA analysissitlear that
some investigation and changes should be made texikting
workplace in order to save the worker from musdetetal
disorders. The overall time for carrying out theperations is
982.5 TMU. The total time for assembly and packisg
measured to be 35 minutes. Some possible modditsatihat
can be made efficiently are as follows.

The dimension of the worktable can be changed atittlsuits
the worker of 5th percentile. As the workers of ptrcentile
can work effectively in the worktable, it automatly suits
the workers with 95th percentile easily. Some idieation
marks are made on the worktable indicating the mawi
reach envelope of the worker so that the worker ldathe
components with ease as all the components lieirwitie
functional forward reach of the worker. This willrsly
minimize the reaching time to around 17.5 TMU. Tinigurn
will reduce time for all the remaining activitie8. manually
operated roller conveyor can be used to carry Hserabled
pump to the packing section. This eliminates tihess acting
on both hands of the worker and the time for movihg
component will also be reduced to around 187 TMklsWwill

reduce the overall time for carrying out these apens to
around 487 TMU. This can even reduce the total rakke
time to 27 minutes. The conceptual improved desigh the
reach envelope and with attached conveyor is shiowthe
figure 11.

Fig-11: The conceptual improved design

CONCLUSIONS

The above improved design is one preferable casagth
there may be variety of solutions to the problempeseling
upon the economic conditions of the industry. Forther
improvements, the use of a hydraulic press fonfpaf stator,
use of screw gun to screw the capacitor clamp, afsthe
automatic conveyor to move the pump to the packigtion
can be done. Although the initial investments mayhigh, it
would lead to better working environment for thegHloor
employees thereby improving the rate of production.
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