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Abstract - Ergonomics is defined as an appropriate design
for people, the design of systems, processes, equipment and
environments so that tasks and activities required of them are
within their limitations but also make the best use of their
capabilities (Salvendey, 2012). The function of specialists in
ergonomics is to design or to improve the workplace,
equipment, and procedures for workers to ensure the safe,
healthy, and efficient achievement of personal and
organizational goals. Poor work layout leads to fatigued,
frustrated and hurting workers. In the present paper, two
methods of bolt and washer assembly have been compared
using some general ergonomic procedure, which was well
verified using some software like Minitab, CATIA etc.
According to the stats and results, the better method had been
chosen among the two and was verified that the principle of
motion economy is well applied in the final case.
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1. INTRODUCTION

The first step towards reducing ergonomic risks in a
production system is to devise methods to understand and
characterize the risk events (Montgomery et al. 2009). By
making improvements to the work process, workers are
provided with a job that is within their body’s capabilities
and limitations. Ergonomics can have a profound impact on
any organizations like cost reduction, productivity and
quality improvement and safety culture. This particular
experiment is being done to find out the best work layout
and working procedure for the assembly of bolt and washer
among two proposed method, which had been proven
theoretically and experimentally. A general and systematic
procedure had been used which are following:

e Critical examination

e Two hand process chart

e  Normal probability plot

e Standard worksheet chart @ RULA (Rapid upper

limb assessment) analysis

These above tools would help us to optimize the procedure.
Hardware used:-
Decimal minute stopwatch, stock bins, bolts, steel washer,
leather washers, rubber washers
Software used:-
MINITAB, CATIA

2. PROCEDURE
2.1 Critical examination

In method study, recording is always followed by a critical
examination of that recorded date. The examination should
be critical but impartial. So examination is justa technique to
check the significance or bottlenecks of a process (Jayaram
et al. 2006). But which activities to be examined first and
now, are the points to be kept is mind while examination. A
critical examination table, table 1 had been made to keep an
eye on the methods used.

Primary questions Secondary questions
Established facts Why Alternatives Proposal
(What)
B bl
1.Assembly of bolts Class lab work Uy assembly No change
products
and washers
(H?W) 1.Assembly Normal practice Use fixture Fixture
using both hands
2.Assembled thing To be used for Stored in gravity .
G feed
placed in abin future feed ravity fee
ere) I.Qn a Better for lumbar . .
table of height . Using machine No change
and thoracic
approx. 100 cm
Custt d
(Who) 1. Students us OmA an Machines No change
practice

Table- 1: Critical examination table

2.2 Practical observations

A person was made to do assembly of washer and bolts in
both methods, say method 1 and method 2.
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Table 3: Method 2 time analysis

S. Assembly time for one bolt and Mean( R
No washer(in sec) sec) ange(sec)
1 1153 13.01 10.59 1291 12.01 2.42
2 114 12.1 109 11.0 11.36 1.2
3 9.9 11.6 10.3 8. 10.05 3.2
4 105 9.83 9.76 10.37 1031 0.74
. 5 8.9 98 9.2 10.6 957 17
Fig- 1: Method 1 setup
6 10.1 10.86 111 9.38 10.36 1.72
In the method 1, a person had to do assembly of one washer
. . 7 10.5 11.2 11.3 10 10.8 1.3
and one bolt at one time. The right hand would be used to
bring a washer and left hand would be used to bring one bolt g 12 o1 118 o1 589 7
which would be assembled using both hands and then being
put in an another bin. This would be repeated till all the 9 10.5 91 10.6 9.36 10.80 15
assembly has been done. Now, the time had been recorded
. 10 9.1 10.2 11.2 9 9.85 2.1
for every assembly as in table 2.
Table- 2: Method 1 time analysis .
y 2.3 Normal probability plot
S. No Assembly time for one bolt and Mean( sec) Range(sec) A 1 babili lot had b lotted f th b
3 washer(in sec) g normal probability plot had been plotted for the above
observations. This plot helps in the evaluation of both old
1 6.89 7.13 7.23 6.64 7 059 and new method. The plotting had been done in MINITAB
with 95% confidence interval.
2 6.93 7.2 7.25 6.68 7.17 0.57
Probability Plot of time
3 6.13 71 68 573 6.44 137 Normal - 95% CI
£ Mean  7.066
4 6.31 7.5 6.7 6.1 6.88 14 Stev 04022
95 i AD 0341
5 625 66 71 721 679 0.96 504 " Vaue 0415
ol
6 7.23 74 6.7 7.39 718 0.7 @
E 60
7 65 7 7.2 621 6.85 0.99 e
o 30 -
8 6 83 7.2 10.06 7.89 4.06 o -
9 59 6.9 75 7.54 6.96 1.64 i
10 65 8 73 8.2 75 17 ) s L L ,
55 60 65 70 75 [0 85
time
In the method 2, a person had to do assembly of two boltand Chart-1: Normal distribution plot for method 1

washer at a time by inserting the bolts into grooves.

The mean time for assembly of a bolt with the washers, as
shown in fig.3 comes out to be 7.066 seconds. The black dots
in the above figure are the observation values from table 1.

Fig-2: Method 2 setup
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Probability Plot of Time Table -5: Process chart for method 2
Normal - 95% Cl — _ —
Left-hand activity Symbol Right-hand activity Symbol
2 Mean 1046
StDev 07549 Moving hand to washer <emmeee- Moving hand to washer | - >
N 10
957 AD 0383
@ PValue 0387 Picking lock washer (0] Picking lock washer 0
80- Moving to fixture =~ | ------e- > Moving to fixture Semmenes
704
£ 60 Drop in fixture (o] Drop in fixture 0
g o)
D 40+ i
o | Move to leather washer 0 Moving hand toleather | = >
30+ washer
20+
Picking leather washer (o] Picking leather washer 0
10
54 Moving hand to fixture | -------- > Moving hand to fixture <-mmeee-
ol Assembly in fixture (o] Assembly in fixture 0
Moving hand to steel washer <ommmeeen Moving hand to steel washer | = ------- >
Chart -2: Normal distribution plot for method 2 Picking steel washer 0 Picking steel washer 0
Moving to assembly | -------- > Moving to assembly Commmnnen
2.4 Two hand process chart
Assembly (o] Assembly 0
A chart in which the activities of a workers hands (or limbs)
are recorded in their relationship to one another. Generally Moving hand to bolt o Moving hand tobolt | -------- >
used fqr repetltlve operation, when one complete cycle of the Ficking bolt 5 Ficking bolt 5
operation is to be recorded.
Itis being done for both the observations. Moving to assembly | -------- > Moving to assembly Commeee
Table -4: Process chart for method 1 Storage A Storage 4
Left-hand activity Symbol Right-hand activity Symbol i i .
The symbols used have the following significance:-
Moving hand to bolt <-emeees Moving hand to washer | = ------- >
Fig-3: Process chart symbols meaning
Picking bolt 0 Picking lock washer 0
Process Chart Symbols
Moving to assembly | = -------- > Moving to assembly <mmeen N
Sym Name Action Examples
Assembly 0 Assembly 0 Q I ﬁgﬁfe ]i g glwderC Lg’a;?a;g'é
™ S C . Fork Truck,
Holding bolt D Picking steel wash 0 D TranePort |oisiance é OTR Taick <
olding bo icking steel washer i T T
* Inspect SQ%CCKEFU p DII ?nu:ns?sﬁspecl
WIP Hold
Holding bolt D Moving steel washer <o E:) Delay E‘Zr.';ﬁ?.ﬁ?é @ Trare
V wWareh Tracked
A Bl 0 A bl 0 Storage \f\?arrrgﬁlousmg _%_ StgFagguLso-ec gtriorl:aC
ssembly ssembly Transfer Re-Package, Transf
@ [vanae  [TEos | Soiaags, ranse
Holding bolt D Moving hand to picknut | = ------ > * Decide Bﬂé’éﬁiiﬁn % Sﬁgrg;g?eny
Assembly 0 Assembly 0
(http://tohproblemkyahai.com/left-hand-right-hand-chart-
Storage A Delay D two-handed-process-chart/)
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2.5 Standard worksheet chart (spaghetti diagram)
The path followed by a worker in doing assembly had also

been analyzed on a standard worksheet chart for the both
method.

g
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Fig -4: Standard worksheet chart

This helps in evaluating the movements of both left and right
hand which is fertile and productive. Clearly, method 2
involves in fewer movements of limbs.

2.6 RULA analysis

Rapid Upper Limb Assessment (RULA) was developed to
evaluate the exposure of individual workers to ergonomic
risk factors associated with upper extremity MSD
(McAtamney, Lynn, and Corlett 1993). The RULA ergonomic
assessment tool considers biomechanical and postural load
requirements of job tasks/demands on the neck, trunk and
upper extremities.

So, a RULA analysis has been carried out for both the
posture and the RULA score helps in finalizing best posture
for a particular method. This had been performed in CATIA.

RULA Analysis (ManikinT) *

Side: () g @ Right

rParameters Details

Posture A Upper Am: |
O Static @ Intemittent O Repeated AForearm: 'm
Repeat Frequency AWrirt“ |
@ <ATimesfrin O > 4Tmesfr, dWristTwist 'm

O Arm supported/Person leaning :;RU:E‘AT i "
[ Arrns are working across midline F:Z:Load: 1 .
[ Check belance Wistand Am: 3
A Neck: N |
Load: Ekg E Arwnk; s |
S e '
Fingl Score 3 il Posture B !l
Investigate further Neck, Trunk and Leg: 3

m Close I

Fig -5: RULA analysis for method 1

For method 1, as shown in fig.7, arms were not leaned on any
support and gravity load has been considered while arms
were doing the assembly.

The final score for this observation was Rank 3.

RULA Analysis (Manikin1)

Side () et @ Right

- Parameters Details

Posture A Upper Arm: |

O Static @ Inermittent O Repeated A ooy |

Repeat Frequency AWIM‘ |

@ <4Timesfin, O > 4Timesfrin, AWIMTWM: 1=
; Posture & |

(] Am supported/Person lezning e o

uscle:

(] Ams are working across midline

[ Check balance

Force/Load: (N |
Wristand Am: 1 B0

T A Neck: TH
Load: 9 E ATrunk: by |

B | TH
Final Score: 2 | il PostureB: i |
Acceptable Neck, Trunk and Leg: 2 [

Fig -6: RULA analysis for method 2

All the input were same in both method except that in
improved method, worker arms were leaning and have good
support.

The final score for this observation was Rank 2.
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3. RESULT AND DISCUSSION

As inferred from all the above procedures, method 2 is better
in all the perspective from method 1 and this method should
be processed while doing assembly of bolts and washers.
Also, method 2 is being able to incorporate all the principles
of motion economy.
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