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1. Hybrid Electric Loco Concept & Scope

The Hybrid Electric Locomotive (HEL) is basically an electric locomotive with the ability to operate from Battery. Since
the advent of electrified rail road, the concept of a vehicle which could be self or electrically propelled has been
pursued to meet particular operating needs. End of an electrified section is always a bottleneck to the customer.
Therefore, HEL can bridge this gap between electrified & non-electrified routes. Development of battery operated
locomotive is an effort to reduce emission of Green House Gases (GHG) under Clean Development Mechanism
(CDM)  of Kyoto protocol.

This Specification defines the system and performance requirements for the desi velopment, construction and
testing of a Hybrid Electric Locomotive. HEL can work under 25kV Over He ipments (OHE) as the primary
power source in electrified routes and work with battery power in non-electrifi ions.

2. Advantages of Hybrid Electric Locomotives

e Improved operational flexibility in last mile opera
shunting operation which are non-electrified.

e Emission free, noise free operation of cos will not be there.
3. Design of a Hybrid Electric Locomotive

e Housing the on

control system.
e Keeping the
e Weight balancin

3.1 [ pecifi [ isting electric locomotive (WAG9H) in HEL instead of

3.2 teristics of the HEL shall be similar to the base locomotive to which the retrofit

has bee ied. er, significant areas of improvements as the results of the retrofit is likely to be

3.3  WAG9H is being manufactured at CLW/BLW/DMW with indigenized control software.

3.4 The power rating of the Battery Set will be approximately 857 kWh to keep the size of on board Battery set &
accessories minimum to be accommodated in the space available & the fact that switching over to Battery
mode will be required during last mile connectivity or in case of exigencies. The existing Traction Motors(TM)
will be utilized.

3.5 A design objective during the development of the HEL will be to keep the interface identical in both Electric &
Battery Mode for crew.
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3.6 Changeover from electric mode to Battery mode & vice-versa may be accomplished following due safety
precautions. Provision of only manual change over switch from OHE to Battery & vice versa should be there
during prototype development. Automatic change over switch for the purpose may be decided during regular
cut in as per outcome & experience gained during prototype testing.

3.7 A annunciation panel shall be provided in the cab to inform crew the status of Battery mode equipment on the
locomotive.

3.8 HEL shall be equipped with regenerative braking in both electric mode and i ry mode.

lier. Further the CG should be
equipment. Further firm shall

3.9 The machine room layout of various equipments shall be designed
balanced. Firm shall ensure the CG of the locomotive along with

should be taken from purchaser during the design app attery should be able to deliver the
required energy requirement so that load of 5900T shall b level gradient and should continue to

ie with the supplier. Suitable battery
management system (BMS) with fail safe ard battery bank and its charger

should be adopted for reliable operation of

3.11 Battery charger i : On- Battery charger should be able to operate both from
charger shall also be able to operate from power
er battery mode. The battery charger shall be rated

3.12 nics:. There should be separate Ni-Cd type 199Ah/C5A or other type of ACC

3.13 hour, weight & space requirement to haul a train of 5900t load on
motive at 30kmph speed is given below. This stipulated requirement is only for
all do the necessary calculation to determine the battery capacity to meet the

lated in this specification.

 power requirement (kW) 707

Auxiliary load (kW) 150

Total Power requirement for Traction & Auxiliary (kW) 857

Time for operation on battery Hour 1

kWh 857
Considering DC link voltage as Volts 2800

Ah 306
Battery voltage 12.8
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Note: Following auxiliaries will not run during battery mode.

1.

Ah of battery 300
No. of battery required to match with DC link voltage 219
No. of parallel path to achieve required Ah 1
Total no of battery 223
I*b*h of battery (mm) 522,267,220
volume of battery (m3) 0.031
Total space required (m3) 6.91
Wt of battery (kg) 34.36
Total Wt of battery (tonne) 7.67

TFP Oil Pump= 2x4.7=9.4kW

2. One Compressor = 15kW

3. Scavenger Blower for OCB+TMB=2x6=6kW

4. No requirement of Machine Room Blower &

3.14 Detail of particulars of lithium iron phosphate (LiFeP as under

»  Lithium iron phosphate (LiFePO4) battery pro
» LiFePO4 batteries are lighter, 4z
» Require no maintenance an@
» LiFePO4 Batteries use the sa d [ ttery Management System (BMS).
» Specification: Voltage: 12.8V, A ]
> ht: 34.36 kg

Dimension & Weight: Lx B x H : 52
4.0 Design ParameterA

Sharpest cuwﬁgotiated
Single unit witho r

Double.unit with buffe

74m radius and 1 in 8% turnout in either Direction

17132T (Max.)

22.0T (Max.)

1092mm(New)
1016mm(Condemning)

1:5.133

30 kmph
100kmph

Tractive effort Vs Speed characteristics RDSO graph See Annexure-1V

Starting Tractive Effort OHE Mode: Starting Tractive Effort under dry rail

conditions shall not be less than 500kN

Battery Mode: Starting Tractive Effort under dry rail
conditions shall not be less than 288kN
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5.0

5.1

5.2

Installed power under standard conditions in | 857 kWh @ 2800VDC (to achieve a speed of 30kmph
Battery Traction Mode for 1 hr)

Installed power under standard conditions in | 6000HP
Electric Traction Mode Power to the wheels(
Including Auxiliary Power)

Installed power under standard conditions in 1140 HP
Battery Mode Power to the wheels ( Including
Aucxiliary Power)

EXTENT OF MODIFICATION

Schematic Circuit Diagram of Hybrid Electric Locomotive

with a new General
of battery mode

Existing design of WAG9H locomotive shall be suitably ~for Hybrid mode
Arrangement, duly incorporating the proposed cham shall be made for
equipments in existing loco without major layout ¢ isti
with existing Traction/Auxiliary converter is shown in
In case, Integrated Converter is proposed in place of exi
is shown in Annexure-Il for guidance p
during electric mode operation. Before ¢
locomotive, it is necessary to establish
enabling interfaces with existing equipmen

rs, the general arrangement of the HEL
otive is designed for regenerative braking
odification required to the basic WAG9H

Power & Auxiliary Cir i i i g traction/auxiliary converter

A number of opti ver circuit to be adopted for the HEL. The operation, control
and performancﬁl [ [  are unchanged. In Battery mode, the power circuitry
remains the same i ' ' e of the transformer & battery supply is being fed at
DC link
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iary Circuit of HEL with existing traction/auxiliary converter

5.3 Power & Auxiliary it of Hybrid Electric Locomotive with Integrated Converter
Existing Power Circuit to be modified for additional traction Battery set & Integrated Converter to be installed

& interfaced as under.
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6. Mechanical Designs A

The mechanical de HEL will ge
arrangement and equi
the firm (supplying the
layout of Ig

e as that of base line loco i.e. WAG9H.The general
jointly worked out by RDSO, Production Units and
rframe/superstructure will be modified as per final

DC link Voltage 2800V

Output Voltage line to line 2180V

Power Rating to be handled 2x2250kW which includes the power requirement of
Auxiliary supplies.

7.3 Integrated converter: Suitably designed integrated converter may be used and the traction battery should be
integrated in the DC link of the power converter. Firm may propose an integrated converter consisting of traction
converter and auxiliary converter with common DC link should be housed in same cubicle.
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8.1

8.2

Both integrated converter shall be identical in all aspects. In such a case, auxiliary converter shall be capable of
supplying the complete load of the auxiliaries at rated frequency including battery charger for locomotive battery.
In case of isolation of one of the auxiliary converter, the other converter shall take the complete auxiliary load
including battery charging and the change over arrangement shall be automatic. Firm shall propose the design
during design stage prior to manufacturing of prototype unit. In order to reduce energy consumption as well as to
increase equipment life, multiple level ventilation control shall be adopted, which shall vary the output of all the
blowers according to the cooling needs. Auxiliary converter output and control system shall be designed
considering the total harmonic distortion at output voltage shall be less than 10% and supply regulated to +5% of

the nominal voltage under all operating condition.
The following aspects should be considered while designing the integrated

v" Fault of any converter module (traction converter/auxiliary con inside the integrated converter
shouldn't affect the performance of remaining converters of rated converter.

v The integrated converter and footprint shall be desig

mounting issue in the locomotive. The design shall be submi ser during detailed design

stage.

v" Firm shall design the cable index related to i

purchaser at the time of approval of design ent.
v" There shall be Bogie controlled operation
v Suitable redundancy in the vital PCBs co

ed converter and sa ould be provided to

ctric Hybrid otives.
d wit y and power supplies, so that the

locomotive failure and degradation in performanc ed in the event of the failure.
v" As the single auxiliary convertef 6f:one Integrate%hall be sufficient for total auxiliary load
ed to

and in case of failure, the total
Converter. Hence it leads to red

r auxiliary converter of other Integrated

shift

he Integrated Converter for approval and all

Atmospheric

Maxi emperature of metallic surface under the Sun: 75 degree Celsius
and in shade: 55 degree Celsius

Vlinimum temperature: - 10 degree Celsius (Also snow fall in certain areas
Juring winter season)

Reference site

100% saturation during rainy season

i) Ambient temperature: -10 °C to 55 °C
i) Humidity: 100%

conditions iii) Altitude: 1776 m above mean sea level
Rain fall Very heavy in certain areas.

Extremely dusty and desert terrain in certain areas. The dust concentration
Atmospheric in air may reach a high value of 1.6 mg/mé. In many iron ore and coal mine
conditions areas, the dust concentration is very high affecting the filter and air

ventilation system.
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10.

Coastal area

Humid and salt laden atmosphere with maximum pH value of 8.5, Sulphate
of 7 mg per liter, maximum concentration of chlorine 6 mg per liters and
maximum conductivity of 130 micro Siemens /cm.

Wind speed

High wind speed in certain areas, with wind pressure reaching 150 kg/m2.

Electromagnetic
pollution

High degree of electromagnetic pollution is anticipated in locomotive
machine room/HT & LT compartment, w he equipment shall be
mounted. Necessary precaution shall be n this regard. The system
shall be interference free from the ication system between the
Guard-Driver-Control and Public a m. The system should be

Vibration

The system shall be ions and shock
encountered in servi and 60571
d relevant

The hauling
operation.
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Tentative General Arrangement of Proposed Hybrid Electric Locomotive on WAG9H

with existing Traction/Auxiliary Conv?

b ﬁuﬂmhmmln

1 200 from skde wall
imanienCARed

Tebln Tiy loval < 187 Srmen om0 e |

5 Mo Diasignation [Draseriplion & Ha [Dresignalion Creseription

1 . Augilary Rameei i 41 Ceniral Elgcironics 1 (CELY)

2 552 Seavangs Blower |0 irachion Meter Blowar 2 | Cil Coolrg il 1 18 - Main Ressrvol

1 637 Tiraction Mot Biowsr Bogis 2 L] - Waim Rasanck
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5 260 Conirol Electronics Preumaic maniiid Fil 582 Cublcls Control Circuits 2

& PP Prsamalic Panel Fl HEZ Cublcle Ausdliary Cirauls 2

T A Auniliary Compredss n #0502 ‘Annailiary Comvertar Bon 2
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B - =0 Ol Pump Corwerler | % 7] Sawvangs Blower lor Maching Roam Blower 2

W =11 Tractien Corverier 1 % .52 Capaciior b Scavengs Blewr for Machins Room Blowar 2
1 5.5 Capaciior Iy Seavange Blower for Machine Ficom Blowst 1 T &R2 Traction Commrier 3

12 561 ‘Seavangs Blower for Machine Floom Blower 1 " = O Pump Converiar 2

7 St Maching Fioom Bower 1 ) 50 'OA Cealing Uni, Transiomer | Converier 2

m 1050.1 ‘Haiiary Converter Bos 1 E FB Filor Cubicie

15 HE1 Cubicle Audliary Circuits 1 3 N Traction Maior Blower Bogia 1

1B £ 1) Cublde Conlrol Clrouls 1 £ 581 Scavangs Blower ko action koter Blower 1/ Ol Codling unit 7

Note: (i) A stands for; Tentative location of Traction Battery in place of ballast weight.
(i) B stands for; Tentative location of Battery Charger.
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Annexure-ll

Tentative General Arrangement of Proposed Hybrid Electric Locomotive on WAG9H platform

with Integrated Converter
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Tentative Weight reduction/addition in the proposed Hybrid Electric Loco on WAG9H platform with

axle load with in permissible limit of 22T

- The equipments will be placed generally in line with Tentative Layout (Annexure-l).The Additional
weight for Battery mode will be compensated by removing the dead weight used in WAG9H i.e. 9t to

keep the axle load within permissible li

mit of 22T.

Annexure-lll

SN | Item Description Likely Weight Weight | Net Change
Addition(kg) (kg)
1. Battery set (complete), 7670 7670
857 kWh
2. Dead weight -9000
3. Modular for battery set, 1330
Battery charger & its sub-
assembly
0
0
22.0
22.0
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Annexure-IV

Tractive effort Vs Speed characteristics of Hybrid Electric Locomotive (HEL)

PERFORMANCE CURVE OF HEL

60
= TE Vs Speed(OHE Mode)
= Speed vs Train Resistance
50 ——
===-1E Vs Speed (Battery Mode)
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