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Abstract: The aim of this paper is to find the ergonomic risk related to Indian e-rickshaw and do the needed changes and
improvements for the development of a new design of the e-rickshaw which ergonomically useful for its drivers.

The ergonomic risk is calculated by analyzing the different postures gained by the drivers. The tool used for this purpose is
RULA (rapid upper limb assessment). A RULA score of 6+ indicates that the changes must be done instantly. So as to minimize
the related ergonomic risk some modifications were suggested in the design of e-rickshaw.

The scores of RULA computed after making said modifications in the model generated using Solid Works and inserting mamikin
by using H-CAD showed that ergonomic risk is reduced considerably. Though E-rickshaws are environment friendly but
hazardous to safety measures for human life and property due to its dimensional drawbacks. This analysis will present you
information regarding various postures of drivers available in E-rickshaws which will be eventually helpful for the
manufactures to do research and development for the same’

Keywords: Ergonomics, Rapid Upper Limb Assessment (RULA), Three Wheelers Ergonomics, Indian Anthropometry Data; E-
Rickshaw, Three Wheeler Seat, Driver Seat Ergonomics ,Posture Analysis, Digital Human Model

I. INTRODUCTION
A. Ergonomics Or Human Factor Engineering
Human factors and ergonomics (commonly referred to as human factors) is the application of psychological and physiological
principles to the (engineering and) design of products, processes, and systems. The goal of human factors is to reduce human error,
increase productivity, and enhance safety and comfort with a specific focus on the interaction between the human and the thing of
interest. It is not simply changes or amendments to the work environment but encompasses theory, methods, data and principles all
applied in the field of ergonomics.

B. The International Ergonomics Association defines ergonomics or human factors as follows

Ergonomics (or human factors) is the scientific discipline concerned with the understanding of interactions among humans and other
elements of a system, and the profession that applies theory, principles, data and methods to design to optimize human well-being
and overall system performance.

C. Electric Rickshaw

The word rickshaw’s origins lie in the Japanese language, and it literally translates to “a human-powered vehicle”. The rickshaw is
one of the oldest modes of transport, and was first introduced in the late 19th century. It is used all across the world, but more
common in the Asian countries, especially in India and Bangladesh. The various types of rickshaws have also evolved over time
with the earliest ones being the pulled-rickshaws. Other variations of the mode of transport include the cycle-rickshaw, the auto-
rickshaw and the relatively newer iteration of the e-rickshaws. . Historically, India’s urban as well as rural areas have depended on
the various rickshaw types for their travel requirements. Electric rickshaws (also known as TukTuk, e-rickshaw) have been
becoming more popular in some cities since 2008 as an alternative to auto rickshaws and pulled rickshaw because of their low fuel
cost, and less human effort compared to pulled rickshaws. They are being widely accepted as an alternative to Petrol/Diesel/CNG
auto rickshaws. They are 3 wheels pulled by an electric motor ranging from 650-1400 Watts.

D. Anthopmetry

The study of anthropometry is the study of human body measurements to assist in understanding human physical variations and aid
in anthropological classification. Anthropometry refers to the measurement of the human individual. It has been used for the
purposes of understanding human physical variation. Anthropometry plays an important role in industrial design, clothing design,
ergonomics and architecture where statistical data is used to optimize products. Ergonomic design uses anthropometric data to
ensure that Sthe equipment and surrounding environment fits the person. For this purpose it is important to have details of
dimensions of appropriate body parts. 3D anthropometric data, obtained using 3D imaging technologies, provide detailed shape
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information. In addition, traditional measurements can also be extracted from the 3D models. Therefore, 3D anthropometric data
offers an opportunity to improve the quality of the design models and, at the same time, maintain the simplicity of the traditional
design schemes where key body dimensions are used. The principle that a product should be comfortable to use for the user is the
most universally employed concept in ergonomics. If a product is to be used by only one user, careful measurements of that person's
body will yield appropriate dimensional specifications for that product. However, in various fields, where a single product must
accommodate a large percentage of the population, the constraints on the design values are usually imposed by the desire to
accommodate a sufficient range of the population on the anthropometric measures.

E. Digital Human Models (Dhms) For Indian Anthropometry

An anthropometric model is characterized by the exterior skin model that gives it a realistic appearance as well as by the interior
skeletal model.

Three-dimensional manikins are also known as Digital Human Models. These are software representations of humans that enable
designers to visualize the effectiveness of a design before a physical prototype is constructed. The DHM programs can be used to
assess many design concerns.

For example, automotive companies can utilize DHM to examine if the current seat adjustability will allow a wide range of users to
reach all of the needed controls. Being able to do all of this on a computer rather than using a physical prototype, results in faster,
igher quality, and more accessible designs that also lower cost. Various software like CATIA, UGS, DELMIA, JACK, RAMSIS,
SAFEWORK,HUMAN CAD can be used to reate digital manikins. Digital human models make use of the boundary manikin
concept, where statistically extreme cases are used to represent the less extreme cases of a certain population.

Il. LITERATURE REVIEW
The Battery Operated Electric Rickshaws is a new mode of transportation introduced in the state of Delhi in 2010. The number of
these type of rickshaws has increased from 4,000 in 2010 to approximately 1,00,000 in 2014. These e-rickshaws are a popular mode
of transport for short-distance commute within the city, and almost 3,00,000 people in the country rely on it for their
livelihood.[Rana et al 2012 a.] showed the role of the battery operated rickshaws in the urban income generation and the
employment creation in Bangladesh. It also shows the role of the mode of transport in depressurization of the migration to the
capital state of Dhaka. [Rana et al 2012 b.] checks the efficiency of the battery operated rickshaws in Bangladesh, and recommends
route fixation and the issuance of driving licenses to increase the efficiency in these areas. The situation in Bangladesh is similar to
the one observed in Delhi, as a report estimated that there were more than 50,000 unlicensed battery rickshaws in the cities of Dhaka
and Chittagong.
The High Court, in July 2014, rejected writ petitions that sought permission to allow the functioning of these vehicles in the cities,
and banned the rickshaws in Dhaka and Chittagong. [Daily Star 2014][Nandhi — I.F.M.R. 2011] studied the financial behavior of the
cycle rickshaw pullers in Delhi, and showed the use of case study method to substantiate their findings.
The results were utilized to assess the rickshaw pullers ’strategies and choices in savings as well as to address the challenges faced
by them.
The case method has been applied in the study to elucidate the importance of the mode of transport in a social context. The paper
makes use of the research conducted to supsssssport the arguments in favor of regularisation of the battery rickshaws in Delhi.The
Socio-Economic study aims to check the role of the rickshaws in the employment and income generation in the city, as well as its
contribution to poverty alleviation of the drivers by doing a comparative analysis with their previous livelihoods. The technical
study is aimed at checking the safety and the efficiency of the vehicles, in order to recommend the most effective policies for
manufacturing and functioning of these vehicles.
The variables and parameters have been selected accordingly, to attain the objectives of the study.
The battery-operated e-rickshaws were introduced in Delhi for the Commonwealth Games in 2010, and close to 4,000 rickshaws
were supposed to be introduced and regulated by the end of the year. [Telegraph 2010]
The number of such battery rickshaws has increased exponentially in the period between October 2010 and July 2014 with the
present number standing close to 1,00,000. In the 4-year period, there have been many attempts to initiate a policy regarding the
functioning of these vehicles but there has been no concrete decision on the matter. [Hindu 2014 a.]

TABLE : Comparative Cost Analysis of the different types of rickshaws. .
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Type  of | Numbers in delhi | Initial Daily Rent(rs)
rickshaw cost earnings(rs)

Cycle 700000(govt 8000- 300-450 40-100
rickshaw figure) 15000

Auto- 100000(licensed- | 150000- | 700-1200 300-500

rickshaw 55,000,4500 in | 300000
the process after

2011)
E- 100000 600000- | 550-1000 250-400
rickshaw approximately 140000

A. Socio Economic

The effect of the introduction and the operation of the e-rickshaws on the socio-economic front can be gauged by the data analysis
that will be done in this section. The parameters for the sub-aspect of the study are mentioned in this section.While introducing the
battery rickshaws, the government aimed to replace the physically taxing cycle rickshaws with thes battery rickshaws. In the case of
Hemraj vs. C.P. Delhi (2006), the Delhi High Court said that the cycle rickshaws offended human dignity and the state would make
attempts to remove the trade altogether.In this section, it will also be examined whether the introduction of the battery rickshaws has
resulted in a successful transition from the cycle rickshaws or not.The parameters used for the social study included relevant
benchmarks such as education, previous employment and the salary change with the profession. To understand the significance of
the profession in the urban setup, and the reason behind the large influx of the rickshaws, various factors such as job security and
independence, change in the social status and living conditions of the drivers were considered and studied. For the subjective
questions on status, independence, living conditions and security, the questions had a Yes/No component with an open-ended
interpretation. The subjective views, apart from the Yes/No component, were used to create a case study, which would represent a
section of the study.The findings from the data, as well as the analysis can provide sound reasoning behind the increasing number of
battery rickshaws on the roads. The battery rickshaws can be considered as a serious alternative to the physically taxing cycle
rickshaws as well as other relatively physical tasks. From the chart given below, one can see that 37% of the e-rickshaw drivers
were either unemployed or cycle-rickshaw pullers before turning to the profession. This helps the government in achieving the
respective aims of generating employment, and the initial idea of a transition from the cycle rickshaws to the battery rickshaws.
Another 21% were either factory workers or daily wage laborers involved in jobs such as painting or woodworking where the job
security is low and the physical work is relatively higher. It was also found that a staggering 89% of the rickshaw drivers saw an
increase in their salary.

Table: Educational Qualification Of Drivers

EDUCATIONAL PERCENTAGE OF
QUALIFICATIONS DRIVERS
GRADUATION  AND | 2%

ABOVE

HIGHER SECONDARY | 5%

SECONDARY 19%

PRIMARY 26%

NO SCHOOLING 48%

B. Vehicle Seats

Seats are one of the most important components of vehicles and they are the place where professional driver spends most of their
time. For the drivers and also for the passenger who drive daily or those spend more time in the travelling by auto vehicle comfort
and safety is a main issue. Seats of auto vehicle is major part which is always in contact with the drivers and passengers has a very
important significant and it plays important role for improvising the comfort level and work surrounding mainly during the driving a
vehicle.[Mike, 2003], [Park 2000], [Salim 2013],[Dian, 2011].Auto vehicle seating system needs improvement for all the occupants
but mainly for the drivers because a driver feels more stress and fatigue comparison to the other occupants during the driving. This
change mainly in the seat of driver has been subject of keen interest for many years. [Fair 2007],[Bridger, 1995]. Comfort is main
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attribute for the occupants so without considering the comfort expectations of people we cannot judge actual need and cannot
establish proper design of auto vehicle seat. [Mike, 2002].Auto vehicle ergonomics is how we make our Vehicles seat ease to use,
how our auto vehicle seat designed superior for the use for the occupants. Overall interior designing of auto vehicle seat considered
under the vehicle packaging .vehicle packaging deals with the designing of auto vehicle seat regarding the human factor aspect.

I1l. PROBLEM STATEMENT

A. Driving Postural Problem & Driving Risk

It consist many problem during the continuously driving passenger and driver face the different problem. Sometimes driving would
not seem that sitting in a moving vehicle would be dangerous, irrelevant and hazardous to your health .Man factor of driving risk are
improper design of seat, long time driving and whole body vibration. During the driving for long time, stress and lower back support
ache are numerous complaints reported by means of drivers. Over and over again, it’s a all about the term "tedious driving damage"
(TDD) which has been used as a major problem. These damaged in our body take account of foot cramps, lower back pain,
inflexible neck, and uncomfortable shoulders from pitiable posture, fatigue, stress, strain, and staying in one position for an
comprehensive span of time period. Several epidemiological researches illustrate that specialized drivers of a variety of earth
moving auto vehicles, have increased risks for whole body skeleton vibration and disorders in the lower back, neck and shoulders,
see review by Griffin (1990). It is however close to guess exposure to WBV as a risk feature in the negative manner among drivers
since several researches have indicated an association between revelation to WBV and musculoskeletal symptoms and disorders,
first in the lower back in the form of injury [Nishith, 2014].

B. Problems Associated With E-Rickshaw

E-rickshaws are one of the most common means of transportation in India. Small size driver cabin, long handle, type of seat,
duration of work are few reasons why auto rickshaw drivers sit awkwardly and are prone to develop musculoskeletal disorders like
scoliosis. As auto rickshaw drivers are one of the most vulnerable groups to develop musculoskeletal disorders due to
theirworking environment, there exists a need and background for the genesis of this study.

A musculoskeletal disorder is a condition where a part of musculoskeletal system is injured over a period of time. The disorder
occurs when the body part is called on to work harder, stretch farther, impact more directly or otherwise functions at a greater level
than it is prepared for. The immediate impact may be minute, but when it occurs repeatedly the constant trauma causes damage.The
term musculoskeletal disorder identifies a large group of conditions that result from traumatizing the body in either a minute or
major way over a period of time. It is the buildup of trauma that causes this disorder. These conditions are often focused on a joint
and affect the muscle and bone. However other areas can be strained and their response to that trauma can be an injury.

IV. METHODOLOGY
A survey was conducted to find the ergonomic risk among E-rickshaw drivers; auto-rickshaw drivers remain seated in their seat for
several hours and perform tasks that are dynamic in nature. The RULA score for this research came out to be 7 which means the
condition of the job is very poor. A survey was conducted to find out the various ergonomic risks for spool lifting, shifting and
mounting activity in India.
The design of this vehicle consists of a small cabin for the driver at the front and seats for passengers at the rear. The position of the
handlebar and cabin is such that it bound the movement of the driver which leads to discomfort . The space provided for the driver is
so small that he is bound to a restricted area and cannot do his movements properly. E-rickshaw drivers have to maintain their
position for several hours in a day which may cause musculoskeletal disorders among these drivers. The driver cannot move his legs
properly while applying brakes because of the small space provided for the driver. An open-labeled clinical study was conducted on
E- rickshaw drivers to evaluate the stress over wrist joints of auto-rickshaw drivers . The changes made to design are an adjustable
seat, a design of foot pedal, the introduction of a backrest.
The results of this consideration are reduced the ingress and egress problems, reduces the efforts of the rickshaw puller, reduction of
weight of the rickshaw . Thus, the aim of this research paper is to find out the ergonomic risks that the e-rickshaw drivers are
subjected to while driving and for evaluation, we have chosen the well-known ergonomic tools RULA (Rapid upper limb
assessment). These methods was used by the researcher in the field of ergonomics to find out that a particular posture or process is
disadvantageous ergonomically

Table 1: Level of Musculoskeletal Disorders Risks
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Score Level of MSD Risk
1-2 | Negligible nisk, no action required
3-4 | Low risk, change may be needed
5-6 | Medmm risk, further investigation, change soon
6+ | Very high nisk implement change now

A. Computational Model

The data used in this Project is collected from observing different postures of an e-rickshaw driver. A 3D model of the e-rickshaw is
designed in Solidworks to carry out the ergonomic analysis. In order to find the risk associated with e-rickshaw drivers a well-
known ergonomic tool, RULA is used for analysis purpose of e-rickshaw. In the present scenario, e-rickshaw drivers remain seated
in their seats for long hours and perform tasks that are dynamic in nature.

Therefore RULA was chosen because it is best suited for seated tasks. Thus RULA was used to evaluate the ergonomic risk
associated with the working postures of E-rickshaw drivers. There were two main different postures attained by the erickshaw
drivers. E-rickshaw drivers attain two different postures; one is the foot on the surface of the surface and second foot on the brake
pedal as shown in figure 2.

’ c‘ REDM! NOTE & PRO
™I DUAL CAMERA.

- P

Figure 2: E-Rickshaw Driving Posture

There was no use of backrest and the space provided for the driver is very small. This restricts the movements of the driver; a driver
cannot make his legs movement properly when pressing the brake pedal.

For the analysis purpose, a 3D model of the e-rickshaw is designed in Solidworks. All the parts of the e-rickshaw are designed in
Solidworks separately and then the assembly of these parts was done in catia. The dimensions of these parts are taken from the
standard dimensions of e-rickshaw. The 3D model of e-rickshaw designed in the catia is shown in figure 2. As shown in the figure
the seats are straight, padded benches and straight backrests for the driver and passengers. For the analysis, a manikin was inserted
in the 3D model. This manikin is taken from the standard anthropometry data of the Indian population. The analysis is done for the
95 percentile of the total Indian population.

Figure 3: Standard Model of E-Rickshaw in H-CAD
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Figure 3 clearly shows that the backrest is not utilized properly by the driver. Hence there is room for improvement in the
coordination between seats, backrest, pedals, and controls. The analysis for this model is done from both right sides and as well as
from the left side of the driver. The results of the analysis are shown in figure 4. The final score of the analysis for the e-rickshaw
standard model is 7, which means changes should be implemented immediately in the design. There is different score given to
every part of the body and a final score is computed from these scores as shown in figure 5. For this standard model of e-rickshaw a
score of 7 comes after doing the analysis which means there is a high risk of musculoskeletal disorders in this task.

ERGON@MICS RULA Employee Assessment Worksheet  Taskame: Date:
PLUS
Scores
A. Arm and Wrist Analysis " WristScore | B Neck, Trunk and Leg Analysis
Step 1: Locate Upper Arm Position: Table A Step 9: Locate Neck Position:
1 2 3 4 o0 10-20° 20 in extension 2
e - wrist Wrist Wrist Wrist| +1 (7} 42 (7) +3 c\ v R
= DB :pe' Twist Twist Twist Twist - (~ (- (- Neck Score
rm +4
( 1|2[1]2[1]2|1]2 Wi Wi i M
@ {{ Btz
I I M
. 1 - 2/2/12/12/3/3/3|3 If neck is side bending: +1
W Shoulder s raced: + BN 2131313/313 414] G op10: Locate Trunk Posit
shoulder is raised: + tep 10: Locate Trunk Position:
If upper arm is abducted: +1 4 - 2/3|313[3]|4/4/4 .
If arm is supported or person is leaning: -1 Upper Arm Score 2 N 3(3(3(3(4/4[4| 11 X o2 3 +4
Step 2: Locate Lower Arm Position: RS 344 /4/4/4/55 ¢ 9 S r0s00 7l \
- : B 33 4[4[4[4]5]5 ® 1 @ 9
+ S ST A 3 a3 4444455 /( 1 / 7w
B\ : B 4 4/4[4/4[5/5[5 :
,... H ... -4 214/ ala[5(5(5 Step10§.Ad!ust...
If trunk is twisted: +1 3
(“) 4 BN 4| 4(4]4]4[5]5[5 Iftrunk is side bending: +1
ot : Add #1 Lower Arm Score - 4/4/4|5|/5|/5|/6|6 Step 11: Legs: Trunk Score
Step 2a: Adjust. B 5/5/5/5/5/6/6/7 If legs and feet are supported: +1
If either arm is working across midline or out to side of body: Add +1 5 B2 6666777 If not: +2 S — 2
" sr . Stul
Step 3: Locate Wrist Position: i B G 667 7(7/7 8| |Neck e Leg Score
15 16\ 1 B 7 7 7/7(7[8]8]9 P P ) s T
ﬁ“‘:ﬁ - adder| 6 [NNBNN 8/8/88/8/9(9(9| |So T 4T 0T 450212
+ N ' B o(9/9(99/9/9/9] [N 1[3/2[3(3/4/5[5(6/6/7/7
Step 3a: Adjust... +2 15 +3 . i - 3 B 2 (3(2(3(4/5(5(5(6|7]7]7
If wrist is bent from midline: Add +1 Table C n v I 33(3[4[4[5[5]6[6]7[7]7
Step 4: Wrist Twist: 1 8 W1 233455 B G5 51016(717/71717,88
lsehpnsirriome 5 77777883583883838
If wrist is twisted in mid-range: +1 e
If wrist is at or near end of range: +2 Wrist Twist Score Wrist Score : ; ; ; : i : 2 | 6 8/8/888/8891919909
Step 12: Look-up Posture Score in Table B:
Step 5: Look-up Posture Score in Table A: )
Using values from steps 1-4 above, locate score in 4 Lt ) ; i 3 i : : : : l[éﬂ:{gé\;actjésiggrr:bls;eapﬂ-ﬂabove,
Table A Score Posture B Score
Step 6: Add Muscle Use Score Posture Score A B 4/4|5/6/6/7|7 Step 13: Add Muscle Use Score +
If posture mainly static (i.e. held>10 minutes), B 5/5(6/(6/7/7|7 pr'ostU(e mainly static (i.e. held>10 minutes), 1
Or if action repeated occurs 4X per minute: +1 1 M s(s(6(7(7(7(7 Or if action repeated occurs 4X per minute: +1
Muscle Use Score
|Sftlep 7: Add ForjceIand Sc.ore Musclewlrjse SCOre - Seoring: (final score from Table ) Step 14: Add qucelead §core
oad < .4.4 Ibs. (intermittent): +0 1-2 = acceptable posture Ifload < 4.4 Ibs. (intermittent): +0 0
If load 4.4 to 22 Ibs. (intermittent): +1 _ Pt If load 4.4 to 22 Ibs. (intermittent): +1
If load 4.4 to 22 Ibs. (static or repeated); +2 0 3-4:funher!nvest!gat!on, change may be needed If load 4.4 to 22 lbs. (static or repeated): +2
If more than 22 Ibs. or repeated or shocks: +3 Force/ Load Score -0 = further investigation, change soon If more than 22 Ibs. or repeated or shocks: +3 ~ Force/Load Score

7 = investigate and implement change =
Step 8: Find Row in Table C Step 15: Find Column in Table C
Add values from steps 5-7 to obtain 5 7 Add values from steps 12-14 to obtain

Wrist and Arm Score. Find row in Table C. Wrist & Arm Score TR Neck, Trunk and Leg Score. Find Column in Table C. neck Trunk, Leg Score

Figure 4: Rula Score Of Driver Before Modification

The analysis results are shown in above figures and it is clear from the score in figure 4. that the condition of the job is very poor.
The analysis score is 7 which means there is a high risk of developing musculoskeletal disorders and should be changed
immediately. To minimize the ergonomic risk associated with e-rickshaw drivers a new model of seat is proposed.

V. RESULTS AND DISCUSSION:

The RULA scores are computed for different postures attained by the e-rickshaw driver while applying brakes and when foot on the
surface . The scores for standard have been shown in figure 4. The RULA score for each position comes out to be 7 which propose
that the ergonomic state of the job is poor and needed modifications should be done as soon as possible. Therefore needed
modifications should be done in a small pan of time.

The possibility for enhancements in the present design can be approached from following two directions:
1) Modification in the design of the driver’s seat.
2) Madification in the cabin space i.e. space provided for the driver.
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A. Design Of The E-Rickshaw Driver Seat
The initial score was coming out to be 7 which mean there is high risk and changes may be needed. Thus to reduce the score a new
model is proposed. The dimensions of the model are shown in figure 8.

seated
eye ||
height |

/T seated \ : »
hip breadth ' i
J ¥ }

Jratuack -paphiteal, | oo iteal height

i Al . \

Fig. 1. Seat parameters and related anthropometric dimensions.

P i

33>

Figure 8 :The assembly of the e-rickshaw with the proosd st

The assembly of the e-rickshaw with the proposed seat shown in the figure 3.3 with a human manikin representing 95 percentile of
the total Indian population. The analysis was done for both positions of the driver i.e. foot on brake pedal and foot on the surface of
e-rickshaw.

=
Figure 8.1: ASSEMBLEY OF PROPOSED SEAT
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B. Design Of Driver Cabin

The space provided for the e-rickshaw driver is very small and restricts the movements of the driver to a small space. Thus restrict
the movements of the driver’s legs. This can lead to various musculoskeletal disorders and other injuries. This can lead to various
musculoskeletal disorders like back pain, neck pain, Leg pain and trunk pain etc. In order to decrease the chances of musculoskeletal
disorders, there is need of proper modification in the design of cabin space.

The modification has been suggested to increase the space of the cabin. The driver’s cabin length has been increased by 165mm in a
forward direction. By increasing the length of the cabin the space of driver’s cabin is increases and he can easily change his posture.

ERGON@MICS RULA Employee Assessment Worksheet — TaskName: Date:
PLUS
" Scores
A. Arm and Wrist Analysis = B. Neck, Trunk and Leg Analysis
Wrist Score
Step 1: Locate Upper Arm Position: Table A T a8 . step 9: Locate Neck Posltlon ‘ N
n extension
¢ U = Wrist Wrist Wrist Wrist
= (s ppe Twist Twist Twist Twist Neck Score
| Arm 112(7|2|1]2(1|2 4 (
X +3 +4 B 2/2(2(2(3[3]3 |5ftep9ka_ AdJ,uztd.+1
== 1 222223333 |f::§k::gg:§ehding~+1
Step1a:AdiusL:. - 2(3[3(3(3(3[a[a 3
If shoulder is raised: +1 B 2 3333444 Step 10: Locate Trunk Position:
If upper arm is abducted: +1 1
If arm is supported or person is leaning: -1 U 2 BN 3/3/3/3/4/4]4
pper Arm Score 2422455
Step 2: Locate Lower Arm Position: =§ IEAR AP P 20-60° /*, \
2 3 QBN 4444455 a0+
N - 4|4(4(4|4|5(5|5
\ -4 4l4|4|4|5(5|5 Step10a Ad]US[
2 If trunk is twisted: +1 1
o5 Lower Arm Score 4 edbdbdbdb L ALIL: Iftrunk is side bending: +1 Trunk Score
314445556 6| step11: Legs:
. B 5/ 5/ 5/5(5/6(6/7 If legs and feet are supported: +1
Step 2a: Adjust... If not: +2 1
If either arm is working across midline or out to side of body: Add +1 5 BBl 6666777 : S —
Step 3: Locate Wrist Position: i~ B 66677/ 7(7]8 L e Leg Score
160\ B 7 7(7(7(7/8]8]9 P e Y P [
%’:f A Add+1| 6 [N 8 8 8889 99 S PRI
3 ; B o 9/9/9/9/9]9]9 I 1/3(2[3[3]4[5]5[6|6[7]7
Step 3a: Adjust... 15 +3 e/ ] T N 2(3(2(3(4(5/5(5/6(7|7]7
If wrist is bent from mldllne.Add+1 Table C —T—TTT—T—T— BN 3(3(3|4[4[s5|5(6(6[7[7]7
o e ‘eecen R
If wrist is at or near end of range: +2 Wrist Twist Score Wrist Score : ; ; ; : : : : B 8| 8/8/8/8(8(8({9(9(9/9]9
Step 12: Look-up Posture Score in Table B:
Step 5: Look-up Posture Score in Table A: -
Using values from steps 1-4 above, locate score in 2 Wrist/Arm 4 3 3 3 4 5 6 6 Usnngvalues_fromstep59-11above.
Table A RN 4| 4/ 4(5|6(7|7 locate score in Table B Posture B Score
Posture Score A o+
Step 6: Add Muscle Use Score gh  4/4|5/6]6/7]7 Step 13: Add Muscle Use Score t
If posture mainly static (i.e. held>10 minutes), B 5 5(6(6|7|7|(7 lfp_osturemalnlystatlc(|.e.held>10 mlnutes), 1
Or if action repeated occurs 4X per minute: +1 1 B s/s5(6(7(7(7]7 Or if action repeated occurs 4X per minute: +1
- Muscle Use Score
Step 7: Add Force/Load Score Muscle Use Score . Step 14: Add Force/Load Score 1
If load < .4.4 Ibs. (intermittent): +0 + EeriigirEeseiemiEiiag, If load < .4.4 Ibs. (intermittent): +0 ;

1-2 = acceptable posture

If load 4.4 to 22 Ibs. (intermittent): +1 0 AT e T e b e If load 4.4 to 22 Ibs. (intermittent): +1 0

If load 4.4 to 22 Ibs. (static or repeated): +2 = further investigation, change may be NEECEd 14,4 4.4 to 22 Ibs. (static or repeated): +2

If more than 22 Ibs. or repeated or shocks: +3 Force / Load Score | -8 = further investigation, change soon If more than 22 Ibs. or repeated or shocks; +3 ~ Force/Load Score
= 7 = investigate and implement change —

Step 8: Find Row in Table C Step 15: Find Column in Table C

Add values from steps 5-7 to obtain 3 3 Add values from steps 12-14 to obtain

Wrist and Arm Score. Find row in Table C. Neck, Trunk and Leg Score. Find Column in Table C. neck Trunk, Leg Score

Wrist & Arm Score RULA Score

Figure: Rula Score Of Driver After Modification

1) Modification and Changes After Designing Seat: After implementing the changes driver can easily do his movements and there
is enough space for doing his legs movements. After implementing the changes RULA analysis is done on the e-rickshaw
model with the new seat. Different scores have been given to the various body parts. These scores have been given on the basis
of the position of the body parts. The analysis score has been reduced from 7 to 3. The analysis score comes out to be 3 which
show that there is a LOW risk. The analysis score with the new seat is shown in figure 8. It is clear from figure 8 that there
was little change is needed in the design of the seat. The new design of the e-rickshaw is comfortable than the current e-
rickshaw used in today. The comparison between old model and the newly designed model is given in table 9.1. The changes
done in the seat and cabin length reduced the level of musculoskeletal disorders and provide the driver a better and comfortable
ride. The RULA score reducing considerably in the new proposed model of the seat at different body parts like upper arm,
forearm, wrist, neck, and trunk.
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Table 9.1: Comparison of Standard E-Rickshaw with New Proposed Model of E- Ricksha

Body Parts Standard Model Scores Proposed model score
Upper arm 4 1
Lower arm 2 2
Forearm 2 2
Wrist 3 1
Wrist twist 1 1
Posture A 4 2
Muscle 1 1
Force load 0 0
Wrist and arm 5 3
Neck 2 1
Trunk 3 1
Leg 2 1
Posture B 5 1
Neck Trunk and leg 1 1
Final score 7 3

It is clearly shown in table 9.1 that analysis score is reduced from 7 to 3 which mean the chances of a musculoskeletal disorder is
reduced. These suggested changes reduced the score of RULA analysis relatively as there is the significant decrease in the
ergonomic risk involved in this proposed job.

The RULA score for the new proposed model was reduced considerably as compared to the standard model of erickshaw.
Comparisons of the standard model with newly proposed models were shown in table the RULA score was reduced considerably at
upper arm, forearm wrist, neck and trunk for a new proposed model.

The RULA score for the new proposed model has been reduced from 7 to 3 which shows that there is low risk now as compared to
very high risk earlier. The RULA analysis score has been clearly shown that the score at different parts of body reduced
considerably.

VI. CONCLUSIONS

Prior to proposing the improvements in the design of e-rickshaw, a thorough study of the working postures of the drivers has been
carried out using ergonomic assessment technique RULA. The final score of this method indicates that the e-rickshaw drivers have a
high risk of developing musculoskeletal disorders and hence the working position should be modified instantly. In the current study,
an attempt has been made to lower the ergonomic risks by proposing modifications in the design of the driver seat and cabin length.
new seat model was proposed and the RULA analysis was done. Drastic changes have been made in the dimensions of the driver’s
seat by considering anthropometrics of the 95th percentile of the total Indian male population. These changes will allow the driver to
attain a comfortable and convenient position while driving. Secondly, some modifications have been made in the dimensions of the
cabin which allow the driver to adjust his posture easily and also allow the driver to move his legs easily while driving. The
advantages of the said modifications were clearly reflected in the scores that have been remarkably reduced. Hence there is a great
scope for carrying out future research work in this field.

A. Recommendations

It is recommended to use the anthropometric measurements of all categories and to develop a single design that is economical,
ergonomically fit, structurally stable and equipped with all safety standards and it is an appeal to the Government to establish
regulatory framework and manufacturing policies and set a committee of Research and Development in this area to avoid accidents
and to safeguard the lives of the common man.

One of the benefits of our research that the manufacturers of E-Rickshaws can use the dimensions taken by us to modify and
improve the present design. A little R&D in this area by Researchers like shock absorbing system, casing strength, Seat comfort
ability, Safety issues could be focused and could be beneficial to daily commuters.
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Charts And Graphs Between Standard Model And New Proposed Model
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