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Introduction

A pioneer Indian electrical company started manufactur-
ing locomotives for Indian Railways with the Tacility Tor
manufacturing 350 HP and 700 HP diesel jocomotives. Ac-
cordingly, the necessary infrastructure for testing the loco-
motives was also created. Initially, the plan was for 6-8
locomatives per year and then to ingreasze the annual produc-
tion 1o 18 -20 diesel locomotives, depending on the demandd.

Subsequently, the Railway Beard undertook a massive
electrification program in Indisn Railways, which increased
the demand for electric locomotives. Because of the tnatbiliny
of the existing manufacturer of electric locomotives o fullill
this enhanced demand, the Tndian Railways had to look for
an alternate source of electric locomotives. Eventually, the
company at which this study was carried out was entrusted
with the pdditional responsibility of manufucturing electrie
locomuotives.

To start, in addition to the existing demand for 12 diesel
locomatives, the Railway Board gave an onder for 5 electrie
locomotives, which was subsequently enhanced to 33 per
year. The major stages in the production of locomatives are
as follows:
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1. Fabrication
2. Asscmbly
3. Testing

it was felt that with the mtrodoction of the requirement Lo
manufacture electric locomotives, the wsting facilities might
be a bottleneck due to a space constraint in the test shop.
Thus, # study was undertaken to determine the inadeguacy,
if any, of the existing facilities and to supgest suitable alter-
natives o meet the demand for increased production.

Objectives

The objectives of this study were 10 determine the maxi-
mum number of locomaotives that can be tested in a financial
year of roughly 300 working days, consisting of two shifis
ol & h each with the existing testing facilities and to find any
botdeneck arcas. Another objective of this study was fo sug-
gest alternatives in case bottleneck areas are detected, so
that the current demand for locomatives could be fultilled
through optimization of testing facilities.

Testing: Sequence and Layout

During  testing, each electric locomotive must pass
through 10 dilferent activitics, whereas each diesel locomo-
tive must pass through only 5 acuvities. These activities in
some instances included a part of manufacturing. The setivi-
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Tuble 1. Testing Time and Stations {or Electric Locomaotives
EXPECTED
TESTING TIME
SL.NO. ACTIVITIES STATIONS  (IN DAYS)
1 Electrical and pneumatic tesis (locomalive a6 13
i% o0 dummy)
2 Mechanical and rain wss 7,89 5
K] Painting 1] n
4 Leweting on regular bogeys 1,2.3 4
5 Preumatic and leftoer rests 4. 56 5
fi Weighmem 4,5 |
7 Mazimum moving dimension and curve 1 2
lests
b Trial run |2 2
9 Attending to miscellaneous problems 4,56 1
1] Pinking and dispatch 1,2,3 T
tics were carried our in the predefined sequence given in Assumptions

the following subsection, Each activity may be performed in
a number of westing stations (there are 12 testing stations)
und cach testing station can perform a number of differem
uetivities,

Sequence and Processing Time

The order of activities that must be carried out on an elec-
tric locomaotive, along with the testing stations and expected
processing times (in days), is given in Table 1. The order of
activities that must be carried out en a diesel locomotive,
along with the testing stations and expected processing times
{in days), is given in Table 2.

Layou!

The layout of the existing testing facilities is given in Fig-
ure |,

Each locomotive must pass through all of the activi-
tics in the stated prespecified order. This s in the as-
cending order of activities listed in Tables | and 2 for
electric und diesel locomotives, respectively.

The production of locomotives was assumed to fol-
low a Poisson distribution with means of 25 days and
8 days respectively for diesel and cleetric locomo-
tives.

Activily times were also assumed to follow a Pois-
son distribution with mean values as specified in
Tables | and 2 lor electric and diesel locomotives,
respectively, One day consisted of two shifts of 8 h
duration.

The transportation time required to shift a locomaotive
from one testing station o another is negligible com-
pared (o the activity times.

Tirhle 2, Testing Time and Swations for Diesel Locomotives | 12 |
Lacomotive
EXPECTED Assembly
SL., TESTING  TIME Ehig i
NO. ACTIVITIES STATIONS (IN DAYS) Test
o sh op 11
| Eleetrical pnd me- 7.8,9 5 | I
chanical tests

2 Puinting 3] 3 T8 t] 10
] Trind run 12 L
4 W{:ighmﬂnl 7804 3 Lowamyotive Paint Shop
5 Pinking und dispaich 1,23 3

Figure f. Layow of testing facilities.
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Development of the Computer Program
Algorithm

Bascd on the above assumplions, a compuler program in
ChiickBasic was developed using the following algorithm:

1. Find the activities that can be carricd out, in the bo-
comotives undergoing testing, atl any instant of time.

2. Find the testing stations where these activities can be
performed.

3. Find the testing station, among the stations obtained
in Step 2, where an activity can first be allocated.

4,  ldentify the locomotive to be allocated to the selected
lesting station that minimizes the idle time of the sta-
tion. [n the case of mulliple choices, allocate the lo-
comative with the least number of activiries pending
ut thut stage, and in the case of a tie, use the first-in—
first-out (FIFD) principle to select the locomotive for
alloeativm.

5. Select the activity for which the identified locomative
is waiting.

6. Generate a testing time from the testing-time distri-
bution of the selected activity and use it to update the
time at which the sclected testing station becomes
idle (i.e., to determing the time when the selected
testing station is ready for the next allocation).

7. Repeat steps 1-6 until all the locomotives are tested
or the ume exceeds the maximum allowable time.

Input and Output

The matrix of testing stations for each activity and the
corresponding processing time is the primary input to the
program. Diesel and electric locomotives are available for
testing as per the Assumption 2,

The program was designed to find the number of diescl
and electric locomotives that could be tested in a span of 300
days. The program was run several times and the H)-percen-
tile point was laken as the representalive ouiput w be used
for subsequent analysis. An addirional output is the average
waiting time for the starl of cach activity.

Analysis and Results

The program was run taking into account the existing
testing facilitics first, The number of [ocomotives that can be
fully tested in a year is given as follows:

Dhigsel locomotive; 12
Electric locomotive; 25
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Thus, in the existing service facilities, at most 37 locomo-
tives could be tested. However, this was much less than the
targel production of 47. A sample outpur of the program giv-
ing allocation of activities to different lesting stations along
with respeetive start times corresponding to the existing test-
ing facilities is given in the Appendix.

Table 3 provides the average waiting time for each ac-
tivity. From Tuble 3, it is cleur that painting is the main
botllenesck area (marked with asterisk). To overcome the
bottleneck in painting. it was decided to increase the painting
facility by the introduction of another set of painting equip-
menl at station 9. In this case, the number of locomotives that
could be tested in a year was determined to be as Follows:

Diesel locomotive: 12
Electric locomotive: 33

Table 4 gives the estimated average wailing time lor the
different activities. In this case, activity | for electric

Table 3. Avcrage Waiting Time in Existing Facilitics

AVERAGE WAITING TIME (1IN DAY S}

ACTIVITY DIESEL ELECTRIC
NO, LOCOMOTIVE LOCOMOTIVE
1 AL 0.64
2 .92 0.48
3 0.58 1 2.08*
4 3.08 .00
5 (LGT [hid
i .28
7 012
] 0.16
o 0.28
Lo 0.0

Tuble 4. Average Wailing Time

AVERAGE WAITING TIME (1N DAY S)

ACTIVITY DIESEL ELECTRIC
MO LOCOMOTIVE LOCOMOTIVE
! {L0H) 4.04%
2 |67 018
3 | .50 127
4 217 (1.30
5 1.42 (1,64
4] (.36
7 015
H 1.36
9 0.55
L0 0.82




026
Table 5. Average Waiting Time
AVERAGE WAITING TIME (IN DAYS)

ACTIVITY DIESEL ELECTRIC
NO. LOCOMOTIVE LOCOMOTIVE

I .00 2.00

2 (67 0.03

3 .50 079

4 1.50 (.0

3 7 (LES

il 1.35

7 0.56

H 08

9 0.59
L 1.03

[comotives (eleetrical and poocumatic tests) appears o be
the only bottleneck. Consequently, a decision was taken to
catry ol the electrical and pneumatic 1ests for electric laco-
motives in station 4 also. In this casc, the number of Toco-
motives that could be tesed in | year was determined to be
as follows:

Diesel locomative: 12

Eleciric locomotive: 34
The estimated wvernge waiting time for the different activi-
tics in this cose is found in Table 5. This lable indicates that
with 1he enhanced testing facility, there are no boulenecks,
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Summary of Results

1. Puinting is the main bottleneck area, especially in
case af electric locomolives.

2. By increasing the facilities so that the pamnting ac-
tivity can be carried out in two testing stations,
namely stations 9 and 1, in the Paint shop, it is
possible to test 33 electric locomotives, which is
sufficiently close to the corresponding targeted value
of 35,

3. Further, by enhancing the facility of clectrical and
pneumatic ests for eleciric locomotives, it is possible
to test 34 electric locomatives,

Implementation

The findings of the study were presented to the top man-
agement of the organization and the following decisions
were macte:

. Extensions for facility of painting to station 3, in ad-
dition to the existing facility at station 10

2. Extensions for facility of electrical and poneamatic
tests for electric locomotives to station 4, in addition
to the existing facility aL s1ations 5 and 6

Subscquently, implementation took place, and by the end of
| year, 12 diesel and 35 electric locomotives were manufac-
tured und tested successlully.
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