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Preface

This book congregates selected research articles from the 3rd series of Innova-
tive Product Design and Intelligent Manufacturing System (IPDIMS-2021), held
at National Institute of Technology Rourkela, India. The book emphasises the recent
technologies and advanced tools in the areas of product design and manufacturing
technology. The main topics covered include ergonomics and human factors, UI/UX,
design for ‘X’, Industry 4.0, smart manufacturing, advanced robotics and CAD/AM.
The contents of this book are useful for academics as well as professionals working in
the areas of industrial design, manufacturing, mechatronics, robotics and automation.
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and Psychosocial Factors of Railway T
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1 Introduction

Indian Railway system occupies the first railway network system in Asia and is
fourth largest in the world [1]. It is 167 years old and comprises 436 departments and
15.4 lakh employees working [1]. Indian Railway is the fourth largest Railway track
network in the world [1]. It has a total of about 108,706 route-kms of track which
covers 6853 stations [1]. Indian Railways runs 11,000 trains daily, consisting of
passenger and goods trains [1]. This Indian transportation system handles 13 million
passengers and 1.35 million tonnes of freight with a total of 11,000 trains on a daily
basis [1]. Indian Railways is considered to be one of the safest and comfortable
means of transportation for both man and material.

A study report on railway drivers found a higher incidence of stress compared
to other jobs like assistant station masters, train examiners and office clerks [2].
Loco pilots get irregular sleeps and suffer stress-related diseases like hypertension,
diabetes and frequent headaches [3]. The loco pilot of a high-speed train has to
work for 400-500 km at a stretch without any food or toilet break. The driver of a
high-speed train like Rajdhani has to observe a signal every 1 min 22 s on average,
which means he has to be vigilant continuously [3]. The loco pilots operating at a
long-distance route stay overnight in the running room away from the home station
[3]. The night duty is only considered when the duty is between 10 pm and 6 am
[3]. There is a high noise level in the cab which has adverse effects on the mind and
ears of the drivers [3]. During hot summer days, the cab temperature goes as high as
54-56 °C [3]. Poor visibility due to foggy or rainy weather or sometimes because of
not proper functioning of the wiper is often faced by the loco pilots. The workspace
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Fig. 1 Inside cab of WAG
12 locomotive

of a locomotive cab drivers is usually with seats without backrest and without toilet
and pantry (Fig. 1). Presently, the work schedule of Loco Pilots is classified under
‘continuous’ roaster, which results in no fixed calendar off-day. In usual cases, the
loco pilots must work for continuous 10 h duty and can take break after 12 h by
giving notice to the controller [4]. Loco pilots do not have control on their work
environment and often need to work with job schedules that disturb their personal
life and social life, and planning leaves is also difficult [5].

Over the years, many research studies concerning the psychological effects, work-
life balance, stress and fatigue, ergonomics and health effects of the loco pilots have
been done [3, 5-8]. There is a need for analysis of the tasks they perform and
psychosocial factors related to the duty of the loco pilots. The tasks taken here are
secondary tasks performed by the Loco pilots for the smooth running of the train
[6]. The secondary task is subdivided as blowing horn, operating vigilance switch—
button to keep a check on alertness, use of walkie talky—verbal communication
with the crew, signal exchange—to exchange speechless communication and leaning
out—to check on the following train attached at the rear end visually [6]. Psychosocial
factors are to understand the social conditions of the loco pilots, which affect mental
health. The study aims to find out the tasks performed and psychosocial effects on
the various designation levels of the Loco pilots.
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2 Methodology

The study was conducted at Patna Junction. Patna Junction is one of the busiest
railway stations in the country [9]. Patna Junction is operated by East Central
Railways, and it lies on the busiest railway route, New Delhi to Kolkata.

There are some limitations in conducting this study due to the COVID situa-
tion resulting in a smaller number of respondents participating in the study. In this
study, 38 respondents of different designations working in the Danapur division
in Patna participated. All the respondents were randomly chosen and participated
voluntarily. Among the total 38 respondents, all were male. The primary data source
was collected through a self-administered questionnaire that was designed keeping
in mind the objectives of the study. The self-administered questionnaire contained
questions addressing the secondary tasks performed by the Loco pilots based on the
study done by Subir Danda [6], and the questions related to psychosocial factors
which they go through were based on the research findings [5, 7].

Total of 17 questions were generated based on the findings of the study [5-7].
Out of which, 5 questions addressed the physical factors of the Loco pilots and the
rest 12 questions addressed psychosocial factors. The questionnaire was prepared for
psychosocial factors like no job satisfaction, support from the co-pilots and super-
visor, work health hazard anxiety, difficulty in relaxing, demand for hiding emotion,
depression, responsibility of people, missing on quality family time, work over-
load, time pressure and no fixed working hours. Furthermore, the questionnaire was
prepared for tasks like blowing horn, operating vigilance switch, using walkie talky,
signal exchange and leaning out. The questions asked were as follows: ‘How often in
your work you Q1: are not satisfied with your job?; Q2: get support from Co-pilots?;
Q3: get support from supervisors?; Q4: feel anxiety because of work related health
hazard?; QS5: face difficulties to relax during relax hours?; Q6: have to hide your
emotions?; Q7: feel like depression?; Q8: feel responsibility of people?; Q9: miss
out quality time with family?; Q10: get overloaded with work?; Q11: get time pres-
sure?; Q12: get uncertain working hours?; Q13: perform task of Blowing horn?; Q14:
perform task of operating vigilance switch?; Q15: use walkie talky?; Q16: perform
exchange of signals?; and Q17: lean out?’. The questions were to be answered in a
5-point scale. The 5-point scale used was as follows: 1 signifies rarely, 2 signifies
rather rarely, 3 signifies sometimes, 4 signifies rather often, and 5 denotes often.
Finally, the respondents were asked to rate each of the tasks and factors on the above
scale. The answer ratings 1 and 2 were classified as ‘No’, and ratings 3, 4 and 5 were
classified as ‘Yes’.

For statistical analysis, basic statistics, including total mean and percentages,
were calculated. The statistical differences between the various designation levels,
psychosocial factors and tasks were found using the chi-square test. Here, p < 0.001
is being considered statistically highly significant, and p < 0.05 is being considered
statistically significant throughout the study.
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Table 1 Dempgraphic data Gender Male 38 (100%)
of survey participants
Female 0
Designation ALP 8 (21%)
ALP goods 10 (26.3%)
ALP passenger 6 (15.7%)
LP goods 5(13.1%)
LP passenger 4 (10.5%)
LP mail 5(13.1%)
Marital status Married 33 (66.7%)
Unmarried 5(33.3%)

3 Results

3.1 Demographic Profile

Among the total 38 respondents, all are men (Table 1). The respondents are from
the 18-62 years of age groups and across all the designations of the Loco pilots.
Asst Loco pilots (ALP) were 8, Asst Loco pilot goods (ALP goods) were 10, Asst
Loco pilot passengers (ALP passengers) were 6, Loco pilot goods (LP goods) were
5, Loco pilot passengers (LP passengers) were 4, and Loco pilot mail (LP mail) was
5, respectively. Respondents were mostly the pilots of goods trains (23 out of 38),
and the rest (15 out of 38) were of mail (passenger) trains. All the respondents belong
to Patna Jn, which is under the Danapur division of Indian Railways.

3.2 Psychosocial Factors Affecting Loco Pilots

Table 2 shows the psychosocial factors which affect the Loco pilots across the levels
of designation based in Patna Jn. The statistical differences among the different demo-
graphic groups were found to be insignificant for the psychosocial factors: support
from co-pilots, support from supervisors, responsibility for people and missing family
time. This suggested that all the above factors are prevalent across all levels of loco
pilots. There was significant low job satisfaction among the Asst Loco pilots as
compared to the Loco Pilots. In addition, there was a significant difference found in
working health hazard anxiety (p < 0.05). Loco pilots with higher designations tend
to have more anxiety of getting any health issues/hazards due to their duty. For the
psychosocial factor: demand of hiding emotions and depression, there was a signif-
icant difference compared to higher and lower designation levels. Lower-level loco
pilots tend to have high depression levels (p < 0.05), and they hide their emotions
more (p < 0.05). Under no fixed working hours (p < 0.001), it was found that Loco



Analysis of Secondary Tasks Performed and Psychosocial Factors ... 7

pilots with higher designation levels tend to have fixed working hours compared to
lower designation levels.

3.3 Secondary Tasks Affecting Loco Pilots

Table 3 shows the tasks which affects the Loco pilots across the levels of designa-
tion based in Patna Jn. The statistical differences among the different demographic
groups were found to be insignificant for the task: signal exchange. For the tasks:
blowing horn and operating vigilance switch, there was a significant difference when
compared to higher and lower designation levels. Higher-level loco pilots tend to blow
horn (p <0.001) and operate vigilance switch (p < 0.001) more as compared to lower
designation levels. There was a significant difference found when it comes to use
of walkie talky (p < 0.05). Loco pilots with lower designation levels tend to have
more use of walkie talky. For leaning out tasks, there was a significant difference
(» < 0.001) when compared across the levels of loco pilot. Loco pilots with lower
designation levels tend to lean out more as compared to higher levels.

4 Discussion

In this study, we found that Loco Pilots with higher designation levels have more job
satisfaction as compared to lower levels. Loco Pilots with higher designation levels
experienced lower workload pressure as compared to others. The anxiety of health
hazards related to work was found to have more with the Loco pilots as compared
to Asst Loco pilots. It was also found that high designation Loco pilots feel uneasy
about relaxing and sleeping during relaxing hours as compared to Asst Loco pilots.
Quality family time is compromised across all levels of designation of Loco pilots.
Similar studies have been done related to the work and life of the Loco pilots [5, 8].
Signs of depression were found to have with Asst Loco Pilots, and they also tend to
hide their emotions during duty hours. Similar studies found in the research paper
[5] suggested that the job demands lead to affect the mental health of the Loco pilots.
It was found that there were no fixed hours of working for the Loco pilots. This was
discussed in the previous research papers [10]. Loco pilots can be allotted any shift
of duty, and number of working hours depends upon circumstances.

It was also found that tasks like use of walkie talky, signal exchange and leaning
out were frequently seen among ALP, ALP goods and ALP passenger. And the
tasks like blowing horn, operating vigilance switch and also signal exchange were
most frequent among designations like LP goods, LP passenger and LP mail. These
tasks are found to cause musculoskeletal disorders among the Loco pilots [6]. In the
study done by Subir danda and Soumya Sarkar, the RULA score for the tasks like
blowing horn, operating vigilance switch, use of walkie talky and leaning out was
found to be 3—4 [6], which suggested that ergonomic intervention may be required



S. Krishna et al.

100°0 > d SIIRIIPUL 4 PUR ‘G0°0 > d SALIIPUI

o 001 (omc (oo S (09 ¥ o [rewr 41
00 SO1 So1 (oD ¥ 09)c (so)1|  13usssed g1
(oo ¢ 00 1 (oo ¢ (oo ¢ (ov) T 0o 1 $poo3 ']
(L99) ¥ (00D 9 (001 9 (00D 9 (00D 9 (09) ¢ | IoSuossed TV
(001) 01 (001) 01 (06) 6 (oom) 01 (oL L (09) 8 Spoos d'Tv
xx000°0 00D 8|  %S10°0 (00D 8 %200 (00D 8 - (00D 8 - (00D 8 %200 (SL)9 d1v
onfeA d (%) N | onead (%) N | onead (%) N| oA d (%) N| onAd (%B)N| 9MAd| (%) N
sImoy qwn Afrurey ordoad
unjIom paxy oN somssaxd ouy, PBOLISAO JIOM Kypenb SurssIpy 10§ Ayrpiqisuodsoy uorssardoq uoneu3Isa(
(09) € (oD s (0o s (oD s (00D § 001 [rew 47
(19K4 (001 ¥ (00D ¥ (001 ¥ (00D ¥ (YAN! Toguossed 41
(09 v (oo ¢ 09 v (oo ¢ (09 v 09 € Spoos d'T
(00D 9 (00D 9 ) € (00D 9 (00D 9 (€€8) | 08udssed 4TV
(0oD) 01 oL L 09 ¢ 06) 6 (06) 6 (0oD) 01 Spoos d'TV
%8¢0°0 (oo 8 xS100| (SLO€ x¥0°0 (YAk4 - €L —| (L)L %9000 (SLYL d1v
onfeA 4 (%) N| onfeadq (%) N| onread (%) N | onreaq (%) N| onfeaq (%) N| onpeaq (%) N
SUOTIOW sInoy xe[ar uumnp Kyorxue s1os1alodns syoqid-09
Surpry 1oJ SpUBWIOQ |  XB[2I 0] SAN[NOYJI( | PIezey YI[eay JIoA woly Joddng woly yoddng uonoesnes qol oN uoneudIsaq

syo[1d 000] Jo s1030e] [e10050YIAsd 03 109dsar Yiim S[AJ[ uoneusIsdq ¢ dqeL



100°0 > d SYRIIPUL 5, PUE “G°() > d SANLDIPUL

o 09) ¥ 001 (oom ¢ (oom ¢ [rew 41

0 (S € o1 (001 ¥ (00D ¥ 1o3uassed 411

(09 € (oo S (2K4 (00D S (001 S spoo3 1

(€€8)§ (00D 9 (00N 9 o (001 9|  3usssed JTV

(001) 01 (oo1) 01 (0o o1 @o 0oz Spoos 4TV

%x000°0 (00D 8 - (00D 8 x100°0 (cL8)L %x000°0 ®o %x000°0 (czD1 d1v
ON[eA d (%) N ON[EA d (%) N ON[EA d (%) N ON[eA d (%) N ON[eA d (%) N

[oIIMmS
no Jurued| a3ueyox? [eudis AY[e1 an[em Jo as) Qoueidia JuneradQ uloy Suimorg uoneudIsaq

Analysis of Secondary Tasks Performed and Psychosocial Factors ...

syo[1d 0507 Jo syse} A1epuod9s 03 30adsal YIIm S[IAQ] UOneUSISIJ € d[qeL



10 S. Krishna et al.

for these tasks. Furthermore, task like signal exchange which was the most frequent
and repeating task across the designations such as ALP (100%), ALP goods (100%),
ALP passenger (100%), LP goods (100%), LP passenger (75%) and LP mail (80%)
had RULA score of 5 [6], which suggested ergonomic interventions should be done
soon.

Limitations of this study are the smaller number of respondents considered for
the study due to the pandemic situation. Therefore, larger data could help better
understanding in this area of research.

5 Conclusion

Loco pilots are one of the important crew members responsible for the safety of the
train by avoiding any accidents. It is important to understand the working conditions
and their mindsets across all the levels of the designations of Loco pilot. The research
shows that various psychosocial factors, like job satisfaction, work health hazard
anxiety, no proper sleep, depression, work pressure, no fixed hours of duty, etc.,
are different across the higher and lower designation levels of the Loco pilots. To
improve the conditions of Loco pilots, the above problems need to be analysed and
dealt with at the hierarchy level of the Loco pilots. Some factors like lack of quality
time with family, support from the crew members and feeling of responsibility are
consistent across all the designation levels of the Loco pilots, which can also be
dealt with to improve their working conditions. Higher designation level Loco pilots
perform secondary tasks: blowing horn, signal exchange and operating the vigilance
switch. This research can help to understand the tasks performed and task-related
psychosocial issues of the Loco Pilots.
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Instructions for the Preparation )
Intervention of Shoulder Load Carrier e
for Porters Working in Vegetable Mandi

of Jabalpur

Sangeeta Pandit®, Rajat Kamble®, Avinash Sahu®,
Bangaru Sai Prakash @, and Vishal Patil

1 Introduction

Manual material handling (MMH) is human act of lifting, lowering, pushing, pulling,
carrying, holding, and releasing items. In India, due to the chief labor force, MMH
is a major part of material handling activity in different transportation sectors [1, 2].
One such MMH activity is found by the porters in the fruits and vegetable wholesale
markets commonly known as “sabji mandi”. The porters of any wholesale markets are
the backbone of transportation of goods between truck and shops of a mandi. MMH
exposes workers to physical risk factors. If these tasks are performed repeatedly or
for a longer period of time, it can cause injuries. Main risk factors associated with the
development of injuries in MMH tasks include uncomfortable postures, repetitive
actions, forceful exertions, loads. The present study was led in the main wholesale
vegetable and fruit markets of Jabalpur from where the fruits and vegetables were
supplied to different local markets. Around 300 tons of fresh vegetables and fruits
are distributed daily throughout Jabalpur city. To keep the mandi running in the early
morning peak business hours, around 150 porters were involved. The porters do not
follow any standard ergonomic guidelines for lifting heavy weights, and the nature
of work is highly repetitive in nature. In order to earn more, during the peak hours,
they carry more weights without intervals. The nature of work is highly repetitive. In
order to unload the trucks, the porters carry heavy load on their heads from trucks to
the shops. This causes stress in the muscles, tendons, and ligaments. This high stress
led to work-related injuries and health problems among the porters resulting early
retirement and financial burden on the family and society. Manual load transportation
is an occupation pursued by a good population of labor forces from economically
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