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1.1
119

1.1.2

o

1.1.4

145

1.%.6

1.2,

CHAPTER1
GENERAL DESCRIPTION AND SUPPLIER'S RESPONSIBILITIES

Introduction

Indian Rattways (IR) Is currgntly manufacluring electric locomolives employing 3-phase
propulsion based on the GTO technalogy. In arder lo upgrade the exisfing lechnology fo
the present stale-of-the-art, it is proposed to Introduce electrics with thrae phase drive
IGBT prepulsion for fitment on WAGS / WAGSHMWAPT/WAPRS locomoative

These propulsion eguipmenls  shall be provided by the Supplier in
WAGSMAGSHWAPTWAPSIocomatives fitted with brake sysiem and Gther equipment
al CLW, Chittaraman

This specification defines the lechnical requirements of design, develdpment,
manufaciure, lesting, supply, defivery and commissioning of IGET based 3-phase
propulsion eguipments comprising of ttaction converter, auxiliary converler, vehicle
control unit (WCU) and thair interconneciions including documentation stc. for assembly
on WAGHWAGEHMWAPRPTMWAPS locomolives of Indian Rallways. The performance
requirements, anvironmental & service condiions, lechrucal requrements and
inspection, tests and trials are specdiad in the following chaplers of 1his specilication
The existng thres phase Traction Motors 6FRA B0B8/8FXA 7052 and the existing
Transtormer LOT B500JLOT 7500 shall be retained for WAGSIWAGIHWAPT/WARS
locomaotives. Twe series resonant chokes available in the existing transformer alse are
to be used, The delails of Transfarmers and Traction Molors are given in Anngxure B.
Use of {he exisling choke has o be mandatory since transfonmer is 1o be retained.

The design and manufacture of equipment shall be based on sound, proven and
rellable enginaering practice. The eguipment used in different sub-systems shall be of
proven lechnology and design.

The specification envisages for desian, development. manufacture, festing, supply
delivery and commussioning of IGBT basad 3-phase propulsion system consisting of
fraction converter, auxiiary converfer, 2nd control electronics (Vehcle control wnit)

The Suppler has responsibility of engineernng adaplation of the equipment and system
mtegration of the locomotives.

The exsting equipment layoul 0 the machine room shall be studied by the Supplier
Traction converter, Auxiliary converter and Contrgl electronics (Vehicle Contral Unit)
shall fit in existing logations of these equipmeants Present mechanical drawings can be
obtamead from CLW/Chittaraman.

Abbreviations and Definitions

IR means Indian Rallways

'RDSC' means Research Designs & Standards Organisalion

‘Engineet’ means RDSO. Ministry of Rallways

'‘CLW' means Chitaranjan Locomotive Works

Tenderer means Firmicampanies participaling in the tender

'Supplier’ means the person, firm or Company wilh whom the order for supply of the
work has been placed

Preparad by Checked by Ehecked by
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1.3

‘Sub Supplier means any parson, firm or company from whom the Supplier may ablain
any matenals or fittings to be used for the works

'‘Purchaser’ means the President of the Republic of India as represented by the
Ralways orgamisation eplenng into the contract

‘Inspecting Otficar’ means  person, frm or deparimen| nominated o inspeact the
lecomatve of the representative of the inspecting officer so nominated

'OEM’ means Original Equipment Manutacturer

‘BG" means 1678 mm Broad Gauge usad in IR

15" means Indian Standard

RS’ maans Indian Rallways Standard

|EC” means International Electra technical Commission

''EEE" means Inslilulion af Eleclrical and Elediranics Enginears

UIC" means Unian internatienal des Chemins de fer (International Union of Railways)
'ORE means Office of Research and Experiment if the "UIC

80" means Inlernational Standards Drﬁanjs.ﬂtinn

Referances to Various Standards:

This Specification is based on the following Normative References and standards

1. IEC-B1287 . Elactronic Pawer Converter mountad on board rolling stock:
2 IEC-B05F1 - Specific rules conceming the electronic control part of
convenars.

3. IEC -B0345-2  : Electionic converter fad allernaling currenmt motors

4. |[EC-80563 . Permissible limiting temperatisne in services for component of
electncal equipment of traction vehiclas.

5. IEC 50505 Guide for the evaluation and identification of insulation systems
of glecincal equipment

6. IEC 613751 Electric Rallway Equipment-Train Communication Netwoerk

7. EN50121-3.2 ‘Raillway applications — Electramagnetic compaltibility — Pant 3-2 -
Raolling steck — Apparatus

8. EN&80121-2 - Rallway applications — Electromagnetic compatibility - Pan 2
Emission af Ihe whale railway system to the oulside worid

B 1S 3231 . Relays and Contactors

10. 1EC 228, 1S 10810 ; Cables

11, IEC 61373 ' Rallway applications — Ralling stock equipment - shack and
vibration lest

12. [EC 81377-3 : Combined lesting of alternative currenl motors, fed by an
indirec! convertor, and thair contral system

13. [EC 600771 . Electric equipment for relling stock — General service condilions

and general rules
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14 IEC 8007 7=2 Electic equipmeart far rofling stock - Eleciro technical
compaorents - genetal rules

5. IEC 61131 Programming languages for PLC

16 EN 50153 Ralkay application - Roling Stock — Proteciive action agains!
electrcal hazards

17 EN 60529 Protection classes of cases (IP code)

1.4  Submission of afers

tal

1.5

151

Tenderer is required (o offer clouse by-clause comments 1o this specificotion mither
confirming acceplance of the clause and eiaboraling In detall where Necessery o
odicating deviptons there from, The Tendersr shall be specific aboul devialions

reguiread by them
Scope of supply

Tha propuision system to be suppled corkisis of lollowing eduipmeants

IGHT based Traction Converter / Inverte:

IGBT based Auxifiary Corverler / Invertar

Cooling sysiam

Contrad, communication and protection syslem, inclding sensors & Wansducers
Drwver display unit and interface ol Ihe system with dover dieplay unil In gach cab.
Interface with offier equipment nol in the saope of the supple of this spacfication
such as brake system, spsadomeler

Apparalus | arrangement for ansunng ssfely of the operaling and maintenance
parsonnel

Traction motor speed senscrs

#* Source code and compiter of software of traclion converier, mnoliary converter and
Vehicle Control Unit (VCU)

Y Y Yy

w

b

OR

Supplier shall prowde long ferm e time  suppont  for  softwara
modificaton/upgradation as required by (R fea of cost. An undedaking lo thia
effact shall be furmishad at the ime of submission of tender documant.

162 Commissioning of above equipments m WAGBWAGEHAVARPTWAPS lacomolves
153 The scope of supply shall also axtend 1o the following:
153 1 Detailad design documents, drawings and calculations o the propulsion equipment

These shall ba used for approval of design (see ciause 1.7 of this specfication|

15.3.2 Support matenal assocated with the operation and maintenance of Ihe equipments.

The full gocumentation shall mclude Matenance Manuals, Operation Manuass,
Troubsleshooting Directory, Training Manuals, QA documentation elic

15.3.3Complete kriow-how far assembly, testing and commaissioning of the equipment on the

locomotive shall be transfered 1o IR al CLW. The engi know how shall include
assembly / lesting / commissioning process delals, regquiste drawings, training of stall,
and mamtenance instructions These are required in order to eénabie senes production
of such IGBT basad WAGS! WAGEH | WAP7 WAPS locomotives at CLWIChitfaranjan
n future.
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15340me sat of specal tools, igs & fivfures spacsal tés! aguipment elg for assembly,

testing, commissianing, mairtenance and oparation of propuksion systam, along with

documeniation. spechicaiion and gpurchass mlormation theteol

1.5.35 Sutable software tool and laptops (ore laptop per 10 loco seis propulsion systam o

pan tharaof] as per clause 4 4.8 and 4.4.2 of this specification.

1.53 6 Applcation software package required interacting with the Vehicle Elecironics and for

154

1586

=5 167

16.1

162

163

164

1685

changes n locomotive software oparating parameters (ke presel values  imis
characterisiics etc and behaviour of the locomotive in general) and othar funciions as
per ciause 4 4 10 of this specficaton.

The ewsling HE1/HE2, SB!/SB2 and Fiter Cubicie shall be retained Necessary
interface of propulsion equipments with fhese cubicies hove 1o be provided by the
Supplier

Ore Lifting jig per 10 loca sets of propulsan sysltem or pan thera of shall be supplied for
traction converler and Auxiliary Corwerter One no  pump far filing coclant in traction
converinr shall be supplied per 10 joco sat or pant theteof

02 nos. MPCE each of 6.2-10A rating with differant satting along with auxiiany contacts
3 NO, per loco set of propulsion system. Prior approval for the MPCB will be taken
from ROSOCLW

Supplier's Responsibilities

In addition 1o the requlremants spelt au! elsewhara in this specification. the Supplier's
respansibiity shall also include the following

The Suppller is expected o sludy the exigting design, drawing and layout of
WAGSIWAGIH/WAPT/WAPS locomotives The drawings can be obtained from
Chittaranjan Locomotive wotks Chiftaranjan Wherever the supplisd eqlipment has 1o
mechanically interface with the existing equipment. requisite malching shall be ensured
The Supplier shiall arrange reguired instrumentation and carry out detailed tests and
field trials joinlly with RDSO. The Supplior shall ensure availabliity of todls, testing
mmm freasuring instruments & spare pans in ddequate guantity for lasts and field

The Supplier shall be antirely responsible for the supply and commigsiohing of
propulsion sysiam in accordante with tha requiremaonts of this spocification

Tha supply against this contract shall be designed in accardance with the specficason
and the Suppler's lechnical proposal for the satisfaciory performance of the stock in
service notwilhstanding any aporoval which the Enginear or the Inspaching officer may
nave given:

)} 1o the detailed drawings prepared by 1he Supphiers,

i) of 5 Sub Supplier for material,

in) of sther parts of the work,

iv) of the lests carmed oul by the Suppher, Engineer oc Inapection Officar

After successful commissianing in one of the WAGSWAGSHWAP7AVAPS locomotive.
first set of equipmant shall be subjected 1o tests as par clause 51 of this specfication
There after the equipmants shall be subjestad 1o Service Trials for & minimum 50000
Kms-as par clause 5.7 of this specificalion. The furthar supply of the propulsion system
shall starl aMer successiul complebion of senvice tria's. During the prototype testelinale
Of SETVICEs,

\ Checked by _ny ]
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# any problem s observed o leed-back information is obtained, which warranis a re-
check of the design / manulacture / qualily of the squipment and componants.
necassary action shall be laken by the Supplier o carry oul the reowred nvestgations
and 1o incorparale the modifications / improvements considerad mpst apprapriate (o
comply with the spocification & to ensure belter reliabilty and parformance without any
exirn costs 1o the Purchaser The Suppler shall nol proceed with any modifications /
mprovements uniess approved by RDSO  Such modfications / improvements shall be
carmied out in all locomalives and shall be evakiated for their validity for @ further period
of ime as may be agreed mutuafly in each case

1866 For the equipment supplea / arranged by the Suppler, modifications mutually agreed 1o
comgly with the specification shall be incorporated by the Suppler at his own cost in the
locomotives in & manner approved by the Purchaser Drawings incorporating the
modifications found necessary as a result of test and tnal shall ba submitied to RDEO
for approval before camying out the modificaltions

167 The Suppiet shal further, notwithslanding any exercisa by the Inspecting Officer of the
power of supenntandence, ba responsibie for the sulficiency of the packing, marking
el of pll mportad pars of the work to ensure their delivary in India without damage

168 Tralning The Suppher shall arrange for the training of CLW, RDSO and the
maintenance & cparabing persannel of [R of § man months at suppliar's premises,
where each man month shall be of 25 werking man days. The cost of trairing shall be
inclugded in the offer Thoﬁmﬂ;aﬂhemﬂmshaﬂbuwndmmwmm
finalisation staga/design approval stage.

.68 Necessary simulslor setup to be kept al fem's'manufacturer premisas for real time
simulation and valicaton of softwaremargware of IGBT bases Tractior Converter to
ensure quick redreseal of fleld protilame/saftwate upgradation

1.7 APPROVAL OF DESIGN

171 Tha dasign shall be deveioped basad on the requremants giver! in ths spacificalion and
sound engineering practices. The dasign shall be developed in Sl unils,

172 The entire design shall ba supplisd by the Supplier with required tackinical data and
calculations In RDSO for spproval The manufacturing shall commence after and as
por the sporoval of gesign by RDSO. Thres sets of RDSO approved design are 1o be
supplisd by the Supplier, The sctunl distribution shall ba finalised during design stage.

1.7.3 Programme ¢! cesign & arawing submission shall be furrsshed wilh the tander 1o snabie
ROSO 1o plan in advance Programme shall be finalized al the fwne of contract
finalization

1.74 Tha Suppher shal submi! all necassary data, designs. calculalions drawings and
spaciiications referred in thewr drawings or design documents m English language ss
required by RDSO for examination and shall provide expiaration and clarfication of the
documents for which spproval 1s sought Approval or decision by RDSO shall normaly
be given within 3 weaks of submission of all clanfications by the Supplier to the
satisfaction of RDSO. For the purpose, tha Supoli=r shall depule i1s technical expens 1o
RDSO for design discussions and finalisalion ARer the fnal design s approved the
Supplier shall furnigh complete set of specfications and standards as meantionsed in tha
spproved drowmgs & documenits and shall also submil fhe Il of egquivalent Indian

Standardgs, whersver applicabie
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1.7.5 Supplier shall submit complete design details, block diagrams, functional description of
all sub-systems, schematic drawmngs, loading calculalions, circuts., winng diagrams,
device rating & data sheels of canverer, inverter and ather power, control and the major
equipment, lgading of electronic sequipmen! (companents calculated under the ambient
conditions as specified, ventilation design, component rating etc. The aspects covered
above are nol exhaustive and the Suppller shall commit to supply 7 lurish complets
technical details wilh respecl to their system and eguipmenl design and to the
satistaction of RDSO for design approval,

1.7.6 Suppher shall enclose defails of 1heir system design, waight particulars and its disposition
oovering all ltems, wiz, Canverler/invarter, Auxiliary Converter, conliol system =ic hasic
software specification, elecirorics, communigation protocaols, display systems, and any
other aspect / equipment which is within Ihe scope of supply of the Supplier. The
Supplier shall also submil in their offer the simulated values of the rmaximum
interference currents in the power supply: Suppglier shall refer to Annexuwre A while
enclosing the details.

1.72.7 A decumentalion giwing descaplion of déﬁ:gn aspect for contiolling emission and
immunity, test methodoiogy and test plan as per EN 50238 & EN-50121 standards shali

ke submitted to RDSO for approval.

1.7.8 Deviations propnsed by the Suppiier in the interest of reliablity and better perfarmance
shall be examined by RDSO in glose consultation and association with the manulacturer
so as lo arrive at Ihe final locemotive design

1.7.9 The Supplier shall submit the complete material / technical specification and sources of
the components during design approval, The specification shall specifically be indicated
on relevant drawings [ documents

1.7.10 The Supplier shall furnish details of its Quality Assurance and Quality Contral 3t the
design approval stage The qualty checks lo be made at various stages of manufacture,
final assembly and commissioning with tolerance would be Indicated. The system would
alsa cover (he quality assuranice for boughl out dems.

1.7.11 Approval of design means the approval of general design features. Notwithstanding
approval from RDSO the Supplier shall be wholly and completely responsible for the
satlsfactory perfarmance of the equipment

1.7.12 The Buppler shall be responsible for catrying out improverments and madifications at his
own expanse on all the equipmeant supplied, pravided such modifications/improvemeants’
are decided to be necessary for meeling the requirements of reliability. performancea,
safety stc |oinlly batween Supplier and Purchaser

1.7.13 For the purpose of technical decisions on improvementsimodifications etc on
equipment, the final authority from the Purchaser's side shall be RDSO.

18  STANDARD SPECIFICATIONS

international Electro-Technical Commission (IEC) publications and ndian Standards
(IS) as far as apphcable and relevant to the varous equipment. systems and sub-
syslerns shall be considered The standards apphcable for eguipment as well as tor
materials shall be furnished during design approval stage In case of any conllict
between the reguirernents of this specification and standards, the stipulalions of this
specification shall have precedence In case of contradictions between these
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1.9
1.8.9

182

. 193

1.9.4

1838

1.10

standards, the same shall be agreed mutually  Any deviations from these specifications
as specified herein and as may be mutually agreed to subseguently between the
Supplier and RDSO shall not reduce reliability or decrease salety margins.

DOCUMENTATION

The Supplier shall furpish as made drawings and fracings, manual of instruchions faor
operation and manienance of the equipments, trouble shoaling instruclions and such
other techinical infermation as may be requirad for the maintenance and oparalion of (ne
equipments in India. A preliminary version shall be supplied along with the despalch of
the first squipments from the Supplier's works. Final dosumantalion shall be provided
incorparating experience galned in final manufaclunng phase and the first petiod of
trials within 6 months after completion of these frials.

Operation Manual

The operafion manual shall be comprehensive, easy to read & understand and shall
include the Trouble Shoeting Instruction, the eguipment rafings & operating limits of
instafied system and control & safety features.

Maintenance Manual

The mainlenance manuals shall incliide details of the varlous syslems and sub-system
from = mainlenance and faull finding stand poinl, with particulars of operating
parameters, taols for dismantling and tesling methods of assembly and disassembly
tolerances, repair techniques, lubnication datalls, software detaiis apd Irouble shoating
tools and all ather infurmation necessary (o et Up repalr and servcing programme
These shall be accompanied by suttable (lustrations & diagram. It shall include
inspection [ ovarhaul procedure and periodicity of various inspestion / overhaul
schadules in detail, including the tocls, special tools / plants, and facilities required. An
llustrated parts catalogue with sufficient information o identify and requisition any part

skall be included,

Clarification and amendments to the documen!, particularly operations and
maintenance manual, as necessary during the defect liabily period shall be supplied by
the Supplier. Updates shall be provided far the ariginal and 3l caples suppliad.

The cperations & mainténance manyals shall be supplisd @ 1 set (hard copies) per
equipment. Al the document shall be supplied in glectronic form an Compact Dises |
DVD also along with software and hardware tools 1o raad and print them. The manual
shall be generally in A4 size and shall be bound with wear ras|stant covers,

INFRINGEMENT OF PATENT RIGHTS

Indian Rallway shall not be responsible for infringemenl of palent rnghts arising due to
simllarity in design, manufaciliing protess, components used in design. development
and manufacturing of propulsion system and any other factar which may && a cause
slch dispute. The respaonsibility to sattle any Issue lies with Ihe manufaciurer.
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2.1

2.2

2.3

CHAPTER - 2

OPERATING & SERVICE CONDITIONS AND DESIGN CONSTRAINTS

Leading parameters of Locomotive:

| Parameter WAGS WAGHH | WAP? WAPS
locomative locomotive locomotive locomotive
Axle load 205 tornes = 220 tonmes £ | 205 lonnes & 185 tonnes
2% 2% 2% £ 2%
|'No. of axles & & 6 4
Weight 123 fonnes & 1% | 132 lonnes £ 1% | 123 tonnes & | 78 lonnes 4
1% 1%
| Max:  design | 100 kmph 100 kmph 140 kmph | 180 kinph
| speed
Test epead 110 kmph 110 kmph 155 kmph 180 kmph

Power Supply System:

Nominal supply voltage

25 kV, 50 He, single phase, AC

Normal variation in supply voltage

19 kW 1o 27.5 kV

Occasjanal maximum vollage 31 kY
Oeceasional minimum valtage 1635 kV
| Variation in supply frequency + 8% (46 to 54 Hz)

Climatic and Environmental Conditions;

» Atmosphernic

Uinder Sun : 75°C max.

temperature In shade: 55°C max.
Temp inside working locomotive may reach 60°C.
Mimimurm temperature: -5°C
»  Humialty 100% saturation during rainy season.
> Refererice  site | [) Ambient Temp.: 50°C
condilions iy Temp. inside loco: 80°C
iii) Humidity: 100%
W) Altitude: 1776 m above mean sea lavel |
» Hain fall Very heayy in cartain areas.
? Almosphere Extremely dusly and desert terrgin in cerain areas The dust
during het | cancentration in air may reach a high walug of 1.5 mg/m’ In
weather many iron ore and coalmine areas, the dusi concenlration is

vary high affecting the filtar and air ventilation system. |

» Coastal area

Locamative and equipment shall be designed to work in coastal |
areas in humid and sall laden almospherg with maximum pH
value of 85, sulphate of 7 mg per litre, max. canceniration of
chlarine 8 mq per htre and maximum cenductivity of 130 micio

~ \ibration High leve! of vibration and shocks.
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'# Eleclromagnetic | High cegree of electromagnefic pailufion (s anticipated i |

Pallution locomaotive maching foom, whera the egupment shall be
mountad Necsssary precaution shall be taken in this regard

The equipment shall be able to start up a! the maxmum temperature, which may be
reached inside a locomotive standing m sun, withoul any regurement of pre-coohng of
slectronic eguioment

interferences.

The elecltic and electronic apparatus used in propulsion sy shall comply emssion
and immunity aspects of EMC 10 CENELEC standard EN 50233 and EN-50121 The
internal EMC  shall cover a combination of earhing, shislding and msolation of
mMerference scurces sa thal conducled and radiated noses are properly segregated or
suppressed and no olher equipment s affected due to operation of propulson

equipments

The tacks over which the offerad locomotive propulson system shall wark shall be
squipped with DC track circuits, 83-1/3 Hz bask clreuits 35 well a5 track clrolits
higher frequencies  Similarly, other devites ke asle counters, blogk nsiruments, paint
machines, elc, shall aiso be employed. On the communication network  control
circuils, teleprinter circuita, as well as VHF/UHF and micro-weave circuits are employed.

The harmonic currents injeciéd in the overbead supply system (as also the track relurn
current) can inreduce voltage harmonics on power Supply and can interlere with signal
and telscom circulds The design of the powsr elscironics and control electioncs
provided on the propuisian system shall be such as not to cause levels of interference
excending the levels specified below at any point in the pperating envelope of the
locomaotive:

Psaphometric current 100A
DC companent 47 A
2™ Harmaonic component (100 Hx) BSA
1400 Hz to 5000 Hz 400 mA

More than 5000 Hz up to 50000 Hz 270 mA

Weight and layout particulars

Weights of the sxsting major aguipment are as follows:

» Traction Comvertar / Investar (2 nos ) - 3330 wg sach

7  Auxidiary Converes ( 3 nos in 2 boxes) 0B kg (bax 1) + 1130 kg (box2)

¥ Control cutcle 8B1 & 582 incl contrd elecironics 160 kg » 170 kg = 330 kg
Weights of equipment to be fitted in the locomotive have to be considered to

make sure the final locomotive weight remains as per slipulation in this
specification.
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CHAPTER J

PERFORMANCE REQUIREMENTS

Perdormance: Al 22 5 kV line vollage and hall womn wheels, locomotve fitted wilh the

proguision egxpment shall be capgabie of the followang performance undee he relesence
sile conditons Full irachion powe shall be available m the voltage range af 22 5 kV 16
28.5 bV Variation in trachan power bayond 22 5 KV -28 5V shall be ndicaled in the

desgn details
Parameter WAGS WAGHH WAPT  WAPS '
Incomotive locomotive lacomolive locamotive
() |Staring | Motlessthan | Notlessihan | Notlessthan | Notiess tan
tracive effort 460 kN 500 kN 322.6 kN 258N
under dry rail
condition
— s r—r—

. (i) | Sonlinuous Hntﬂurlum Notmone than | Mot more than | Not mare than
roted TE upto | S0 kmph . 50 kmoh 70 kmph S0 kmph
spaed

b o——— - - -
{1} | Max design | 100 xmph 100 kmpn 140 kmph 160 kmph
speed
L e e . ! —_—
| w) | Continwous Nol less than ‘Mﬂllﬂﬂ'llﬂ | Not less than | Not less han
rated powee gl | 4500 WV at all HEMWHIIH 4500 WA al gl | 4000 KA at all
rail speeds fom | Gpoeds rom spedds ham | spoedy from
canfinous | continucius contnuous conbhuoLs
spead 10 max | speed 1o max spaad o mas speed 1o max,
design speed _!Imnlpu-d detign speed |dﬁ=nﬂtpﬂd
(v) | Regensratve | Maimum possible wihout skitding over full spasd range bitne) |
| braks I2s3 than 260 KN for WAGHNWAGEHIDCO and :
. | Mtamum possiole without shidding over full speea range tutnotl |
| lerss Inan 182 XN for WAPT ioco and |
| Marimum possible wihout skioding over full spesd range bl not
less than 180 KN for WAPS oco
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311 The presant characieisues of WAGS. WAGSH WAP7 and WAPS locomolive with GTO

based propution ane gven below
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Braking EHort - Speed charactarstic of WAG S

Loco Braking Effart In Tonnes
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Braking Effort - Speed characteristic of WAG 8H
Loco Braking Effort in Tonnes.
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3.1.2  With adoption of \GBT based propulsion system using same transformer, traction motor
arel gears & pinions, the Tractive Effort | Braking Effart curves WAGS, WAHIH, WAPT
WAPS |locomotive shall match the existing curves.
3.2 Duty Cycle
WAGHWAGSH locometive working in adverse terrain shall be required to pegotiate
longer periods at lower speeds. The typical duty cycle encounterad in operalion shall be
as given below and loco propulsion system and equipment shall be able to work
satisfactonly under such conditions.
| Speed (in kmih) 0-10 10-30 30-60 80-80 | 80-100
% of total running tima 05 % 10 % 20% 50 % 15 %
of lncomative
3.3 Adhesion;

The design of the adhesion contral shall be optimised for maximum ulilisation of
adhesion factor and shall be such thal i is capable of generating the required starling
tractive effort under dry rail conditions. The Supgplier shall slate the value of maximum
staiting tractive effort that shall be developed under dry rail conditions and also under
all weather canditions, which shall be# demonstrated during testing. The achievable
running adhesion characteristics shall be made available The formulae for linking
adhesion charadteristics wilh the operating speed shall be Indicated

HEBEEPAFRARIEF R IR A IR FRE
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CHAPTER 4
TECHNICAL REQUIREMENTS
41 GENERAL

411

412

413

414

415

416

417

The squpment shal be of pioven state of the at technology that has been
Uiediesied in 1al traction applicahon with good kel ol performance and resull The
details of such applications and user expenence shall he prowded. Features to yield
high avalability tor traffic use_ [ow mantenance requuements, sasy mantamatity,
high refiability in ooeration and high efficiency shall be incarporated.

The system and equipment shall be specaly adopied for aopiication o mest the
peformance nequirements under environmental condticns specified in Chapter 24 3
of his specification Adeguate margn shall be tuill in the desgn. partiulary o take
cae ol condibon of tigh ambwent femperatures, dusty condibon, high humidity
prevaling in Ingia. The equipment, sub-systam and they mounting arrangement shall
be designad to withstand satisfacionly vibrations ang ghocks encountered in sanice
os specficaton n relevant IEC publicatons un‘ess otherwise preacrined.

Easy access for mapection and maintenance requinng minimum attenbion shall be
giver special consideration in the design and layout

it shall be possibie to use the lccomotive n multiple unit operation up to 02
locomotives in ore group.  The entite control of both lotomotves shall be actkeved
from the leading locomative under multiple lcCcomotive operatons

Prewvision shall be made in the control creuntry of ihe locomelive. to ime the starting
fractve etfort 10 predefined values when required during operaton The predefined
values shall be around 30 ton per lncomative. to he decided dunng design stage

Provision shall be made to enabie operation of locomotive under incheng control mode
at a constont speed seffable by the drver m steps of 01 Kmph, in the rangs 0.5
Kmph 1o 1.5 knph in yards for 2 load not greater than 5200 tonnes and on a gradient
of 1 in 1000 or flatter it shall be possible 10 change from mching contrad mode o
Normal Mode and vice versa by the driver depending upon his requirement
Provision shall also be mace fo enable operalign of |pcomotve In shunbng mode up
12 15 kmph in yaras for 2 loac not greater than 5200 tonnes and on a gradient of 1 in
1000 or fiatter

Adequate redundancy shal be oull in with the design in order to improve reliability
and avaiabity In the vital units of the power contrgl circud, whare any defectfalure
of a componenl would cause complste failure of ‘ocomotive's elecircal system,
suptable redundancyfduplication shall be prowided preferably with automatic
substitulion faptures to avoid locomotive fallure or drastic reduction in peformance
cue to such defects. The power supphes 1o the control circujt shall be hot recundant
The redundancy requirements are given in following paragrapn

No single-pomt fallure of the propulsion system shall Cause the complete failure of 1he
lecomaotves and the number of smgie pajnt falures which woulg result m a loss of
more than 18" (one sixth) of the iracfion power shall be minimised. The Suppier
shall identify and adwse the Furchasar of any singie-point fallures that shall cause a
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iass of power of 176" [one sixth) or greater of the traction power as paft of the design
details

i the event of breakdown of any componment or basic unit of couipment, | shall ba
possicte to conlimue 19 haul tha tram with (he least reducton possible n its sarvices,
operating withen resticied bul permissible condilions Tre basic poncples and
procedunes o be folowed in e evenl ol a breakdown shall be:

[}] Sreakdown aof dnve sige converter of irachion converner (except for short
creut of IGBTs) ar slecincal fafure of trachon molorr The power al the
iacomotive shall be reduced cnly by 18 (one sadh).

i} Braakdown of ine side converter of fraction converter (axcapt Tor short clreul
of IGHTs) The power of the locomotive shall be rediced only by 1/d (one
fouitth),

1) Failuie of drive controller unit or power supply. of the drive controller unit or
gate unit or gals unt power supply of a drive side convester of traction
converter: The power of the locomotive shall only be reduced by 16 (cne
4ixin)

il Faiiure of Line controlier unit or power supply of the Line contrailer unit or gate
unit or gate unt power supply of ling side convertar of traction converter Tha
power of the locomotrve shall be reduced only by 1/4 {one fourth).

V) Faillure of one spasa sensor alemant. The oparation of the locomative shall not
be degraded and all tracton motors shall ramain operational

w) Bieakdown of an auxifary converter.  The traction capacily of the locomatve
shall not be affected as o resull of the redundant design of the alxiliary
converters

viiy Control Electronecs (VCU) shall nhave adequale redundancy so that a
breakdown shall not affect the traction and braking cperations of locomotive
without nead of cab change

The protection/alarmindication circuts shall normally have salf-correcting festures
rather than cause lipping of the lncomative or drastic reduction in tractive affort. If
Driver's intervention is nesded sufficent hime/advance indication shall be made
avaiiabie to the Driver to anable cormective action o be takan in tme

In design and construghion, reliability and mantanateity shall be of paramount
consideration. Supplier shall submit resability calculabions indicating MTBF for
different devices, cards and sub-assemblies durng design stage Adecuate margin
shall be provided to take into account ambient condifions prevailing m India

4110 High afficiency of equipment shall he important consideration, next only o high

refiabiity. The components and technoicgy used shall ensure vary high efficiency of
the converter Tandarer shall fumish the expectad efficiency with respect 1o vehicla
icad and speads The Tendersr shall specdy the efficiency of individual agupmant
such as Traction Convarter and Auxiliary Converder These measurements of
efficencies shal have lo be crgamsed by the Suppler al their cost and shall be
witnessad by IR's reprasentalive.

4.1.11 Mooular constructiens shall be adopted whetever considared possible. Easy access

far inspectonmamntenance and minimum mantenance regurement shall be given
special considerafion in design and layout. Traction Converter shall be designed in
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such a way that main Transformer bushings are visible afler cpening of Tracton
Convertar franl door to check any oll leakage from bushing In this refarance, the
schadyled martenance activiies shall be a part of design documents and have (o be
gol approved akong with dasign approval

4112 In the design and constructon of IGBT based converterfnverier and associated
control equipments. adequale margin shall he prowded 16 takan nlo acsount
cordibons prevailng in India. Freedom from dust and protection from surges shall be
ensured  Modular construction shall he adopted whersver considared possible for
achewing the above regurements

4.1 13 The voitage ratmg of IGBT would be so chesen that &l least 25% margin 1s avalable
after taking into consideration ihe DC ink voltage and vollage jump on account of
mduclance and capacitances in the crcuit  The current rabing of IGBT shall be such
that the junchion temperatre has the minimum thermal margin of 10°C in the worst
leading conditions and under tha ambien! contitions as specified

4.1 14 Tha design calcuiations of worst case tempaerature rige of equipmaent shall be made

‘ after taking into account 25% choking of filters and heat siniradiator fine A safely

margin of o least 10°C shall be kept with respect to maxwmum permissible junction
temperature of power devices declared by the manufactierer,

4,115 The power eguipment shall be designed and operated (o achisve near unity power
factor and mntimurn harmonic intederence current fiom CHE The input power facio
shail be close to unity within the normal vanation range of ine voitage at all speeds of
operation of the locomolve The maximum nierference cutrent permittad s specifind
in chapter 2 of this specficalion Pantograph bouncing narmally experenced in
service shall not adversely affect the propulsion equipment

41,18 The equipments for WAGSWAGSHWAPTAWNAPS shali be identical in ak respects

4117 Energy metering (energy consumption and energy regeneration) function shall pe
integrated n the conlro! software

41.18 Marking The major equpments | subassembhes shall bear marking and =enal
rumbear, The equipment shall Contain sarial number and make of Suppler.

. (3 Al equipments / cubicles shall contain name plates of anodized allminum
with engraved / punched lettar

(b)  The irverter rating plate shall be marked with the ‘ollowing information:
(1) Type | Make
{it} Contract nureber
(i) Month and year of manufacthure / batch no. / seral no
(v}  Rating:
- KVA
- Input voltaga range
- Output voltage, requency and wave shape.

4119 Panlograph bouncing up to 45 ms (md of zero pressure contact) narmally
avperencad n satvice shall nat advarsaly affect the propulsion equipment
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4127

412

42
a21

4232

423

The modss of operabons and funclionality of the locomotives are detalled In
Annaxia-=

Any new systems may be planned 10 be commssionad on locomotive 0 futlre ike
Radio Remote Control and Remote Diagnostic Systam  In sush cases, supphar shal
provide full cooperabon far adaptability of these systerns with their Propulsion System
The cooperation shall include mingr design changes, hardware modficafions ang
sotwiare changes without any exira cost lo | R

The use of genersl puipose (Cs should be encouraged and use of ASICs restricted for
tetler malntainability.

Traction converter

Thare are two tracton corverters entical in all respects shall be provided in one
laca, The Supplier is expected 1o siudy In dotal the existing Intedace of the GTO
Converter with the remaning equipment on the locomative (e.g Traction Motor, ite
speed #nd Temperalure Sensors, Transformer with Hs seres resonant choke,
Harmaonic Filler, Cooling Arrargement and Vebhicls Control Unit etc ) The Supphber is
slso expected o study in detall the exsting machine room layoul, ducting, cable
routing elc on the locomotive. Site vist for thae pumposa can be arranged on phor
mtimation to CLW. It shall be daemed that the Tendarer knows 2 tha relevant

aspects a! the time of makirg offar

Foliowing special festures shall be provided o maximise tha performance & raliability
and minimise possibiities of trains being stalled in the section '

(a) Ingividual axle contral shall be provided

(b Sunable redundancy shail be piovided in the vital PCBs conneciad with safety
and power supplies. 50 that locomoiive fallure degradation in performance and
disgbing e train is avoided in the event of their Tallurs

{e) The exsting faul screen of the driver (faul massages cisplayed on driver
dispiny) shal remain same as in existing GTO locomotivas with the adoption of
IGBT traclion converter except for following new messages nested due to
indiviciual sxle contral:

Motor 1 - Boge 1 solated — reduced trachion/braiong
Muotor 2 — Boge 1 molated - recuced trachon/braking
Motor 3 - Boge 1 |solated - recuced traction/braking
Line converier 1 -~ Bogle 1 isolaled - reduced iraction/tvaking
Line converter 2 — Bogee 1 isclated — reduced Iractanraking
Mator | - Bogie 2 Isolated - reduced trattion/Draking
Motor 2 - Bogie 2 isalated - reducea traclion/braking
Motor 3 — Bogie 7 solaled - reduced traction/braking
Lina converier 1 — Bogie 2 isclaled - reduced Iraction/braking
Line converter 2 — Bogie 2 msolated — reduced traction/braking

The whas! siip getaction and comection system shall bs an integral part of the control
system of the Power conventersinvernar and shall supervise axcessve accelaration,
differantial speads betwean avies, over speed and any ofher paramater considered
necessary to maximize adhesion and minimize wheal slipping !/ skidding The
adhesion control system shall be capeble of giving high adhesion through a whee| siip
cantrol sysiam of proven performance. The cbjeclive shall be (o maxmise the
deliverad draw bar pull through control systam in conjunction with sanding
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The converterfimienier system shall be capable of withstanding the maxmum shod
circuil curent under faull conditons and these shall be establshed through
cakulstons. The comverter [ mwerier sysiemt snal also be designed lo withstand
Exiréme daturbanges ke shor-circuil / cpen circuil etc. 31 3V points of inpu! / oliput
rieriaces wilh locomative. without any fallure. This shall be demonsirated dunng
Mototype kests an per e retevant clase of the IEC

Duning Me earth faut or phase to phase laull in e fracton motor, protection schame
of the convented inverter shall engsure that the fault does not have any adverse mpact

on the Pedormance of the converdedirverter. Oetails shall be furnished by the
Bumil.l'dihd" a scheme,

Onily dry type capacion shall te used 1o I liak | Barmonic filler / resongnt cif ouEs

Wheel dameter differenca permasle shall pe more fhan or soual 10 tha presant
imds, which are as foliows

» Wneels on different axles of the same bogie -80/mm
¥ Wheels on avies of the different bogies 25.0 mm

The poposed equipments shall not vidlate the given space envalopes of the
equipment 1o be replacad. Any neadad charge due 10 new squipment has to be
gemonstusled wih he help of suilabie drawngs The dmensiprs of he converter
shall not exceed the exsing foot prat and no intenmediate frame shall be aliowed for
meuiting of raction converter as a separate part of converter

liem | Enveloge Dimensons (WaDxl) mm )
IGET converter with VUL interace and 3000x1 1002087
eaalihg pump. _ )
| Cooling lowe: with wislerimr and ollsd | 145011 54x 1510
exchange! |
| Machine Room Blowsr I BO0x1 100x1620 ]

Existing orincigie of the machine room ventilation shall be kapt unchanged

4210 Tracson motor speed sensol and assicisied atcessones

TVIES

() Actve speed Sensors with 120 tooth whiee! ling dUly approved byRDSOICLW
shall be provided

(i) Power gupply for the speed senso shall be from the elecyonics card of the
converter. 2a2u) 5 atiekied twisted cable shall be used for speed sensor signal
and one shisided cablehaving single histed pair 10 be used in the loco meching
ioom for spesd seraor power supply Following shall be within the scope of
supply of the Supplier

e Achive speed sensor with exsling mechanical interface

Toolh whes) with eosting mechancs! inkerface.

= Sansor piate

*  Sunfable male and female parts of the speed senstr connecttvs al the sensor
plate with POKA-YOKE armaogement 10 avold wrong placement of the
connectos

= The seoggicgnnector ol the convertar eng

Speed sensor shall ne supphed as per CUW specificaton No CLVWESQMGZE darea
Nov' 12 ov [stest which may be laken from CLW. The drawing and c2tails of lpcation
of Goeed SENGOI CONNECIONS uiedﬂsenny_mﬁm convenar may be nad from CLYW
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and location of speed sensor connectors at converter shall be kept same a5 per the
drawing 1o have same length of cable for spead sensgr

4211 Existing input power connection methodology from ransformer termnal o Wraction
Converter teimnal shall be used Suppler shall use same tansformes links anc
flexible links as per CLVWY spedification no CLWIES/SD13E o lateat 1 fitm does not
require using  the  existing  ftansformer link as  per CLW speathicalion
No CLWES/30138, then they will have 'o supply the suitable Nexible links

4 212 Converter output

Tre motor converter oulpul current rppre shall be such as to kesp the forgue
pulsations ard traction motor heating to a mmimum It is the Supplier's responsibiiy
1o make surs thal output quality of the Tracticn Convarter is entiraly sulabls for the
exinting traction motars The molor convener shall generate the J-phase output with
Highes pulsaling lrequencies and improved pulse patiern than with the exitling G700
Lytlem

4213 The exsting transformear, which is 10 be used, is provided with a filter windinig. Tha
resistance and inductance yalues of which have been given in Annexura B. The fiter
resistor and filter capacitor ratings are 2800 V, 0.2 ohmi/40 kW & 0 2 shim/B0 KW and
0amF 2500V, B0 A (bank capacity) respectively Duning singla bogie apsration, filtar
adaplion contacler (832) i opened thereby infroducing an additional resistanca
Curing normal operation, contactor 8.2 remaing closed Tha ewsting harmanic fiier
has (o be considerad while desighing the system for intedferance limite. I is expectod
tha! with highetr swifching frequency of IGAT, this  shall be sufficent to masl the
stipulsted harmonics requiraments It shiall bie possibie to simplify the Harmanic Filtar
The Tenderer shall indicole clearly the filer arrangement reguiced, and if any
modifications are required, it has (1o be done through choosing approptials exterral
RC slemants, which shal than be provided (o IR for nacesaary modification in Lhe
locomotive,

4 2 14 Mechanical Dimensions:

Dimensions of the exisbing Traction Converter sre 3000 x 1100 x 2087 mm (WxDxil)
The dimensions of the IGBT Traclion shall nel exceed these values Delalled
dimengional drawings can bi made available 1o the Tencerer & CLW The panel
sheets used for fabrnication of enclosure shall be of stainless steel grade 304 as per
ASTM-AZ40 of minimum thickness 2.0 mm, The cabinel door matenal may be ysed
alumimium alloy far ight weight of the door. Tha quantity of foang bolt per door shall
not be more than 10 nos Necessary FEM analysis of cabnet shall be submited by
supplier.

42 15 Cooling:

The present GTO Converter uses forced ol cooling  There IS @ commoOn aluminium
afloy heat exchanger moduie for both converter and transtarmer, but with different oil
circuts. The blower s comman. There are two cooling units. ane for each bogee

The Suppher shall use the existing radiator and cooling qircuit with blower and pumps
for the coohing of the Traction Conveder The coolant used for the converter shall be
mixture of water and ethylene giycol containing corresion mhitators and the rato of
athyiene glycol and water shail be 30 70. The form and appearance of coclam shall
be hguid green Visibility of coolant level shall be prowded in conservator of the
converier and there shall be sufficient gap betwsen maxmum and mirimum lzvel
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There shall Mlso be o drain Sock on the convener side 10 prevent spillage of coolant.
The detased dtawmgsof the exsling sysiem car be oblained from CLW

4216 MCB i HB panals & conneciors in Iha converter side for J-phase 415 V auxiliary
supphy. L e for pumptan ale. in the Propulson System shall be in tha firm's scope of
Iy Cone MPCE of raling 6.3-10 Amps in HB panal with provision of dfferanl
settings shall ba used for protection of cooling pump/an in Traction Converer.
Standatd cable tength as in GTO loco shall b2 adopted for cooling pump connaclion,
Datarls and deawings hae locahon of pump connection point 8t corvester sule may be

had from CLW. No MCBs shall be used insideathe tiacton converter.

4 217 Swndad odsnation of Trachon Molors as i existing GTO based lrecton cotvedens
and sisngard sequence of multe rninels &t the cowelter end 10 be adopled ps
ariging GTD based conveéden. The same configuration shall be Used by CLW foi the
connections of Traction Motors. Suppied shall kiso adopt the standacd Tengiths of 1he
conrol cable and power cable a3 in cese of GTO based convern=m. The odentation of
tmchon mator and sequence of TBction MooT lemmnal 15 as below

OOW®||®

tarminal
- - caiv—= =l = - 'H-1 1 ——— e - -
& @ e = i
cas-2 | (me)(ms){ma) (ma)(mz){m1) | cas-
B M3 ma M) imz)im |
I_ _ | SR-% | —
Crientation of Traction Molor

4,218 Tne mlaizaton bme for IGET Gased Toaglion Converier shal be kepl ess fan 30
sec Further, the total time for achieving node 504 shall be less than 50 sec

4219 Converter cantrol electronics and IGET medules enclosures shall comply with IP 54
"~ Prepared by | Ghecked by Chucked by
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4.3
#:31

432

433

. 434

Auxiliary System:

Auxhary system shall consist of Auxiiary Converters, Battery Cnarger and associated
protection system. The Auwaliary system shall be galvanically isolated from the traction
power system. Auxiliary system design shall ensure that there is no surge / spike in
the cutpu! voltage patween phase to phase and with respect to earth The comman
mode output voltage (with réspect to earth) shall be as low as possible. preferably
zero

Auxillary Converter shall be |GBET based and forced air-cocled. However thyristors
can be used on input side. The control shall be microprocessar / micro-controller
based with diagnostic features Protection from overload/shor circut, single phasing
and any other proteclion considered necessary for reliaBle funchioning shall be
provided, The oulput of Auxiliary converter shall be SINUSOIDAL

Three Auxiliary converters (BURY, BUR2 and BUR3) identical in all respects sach
with 130 kVA capacity and battery-charging unit (detalls In clause 4.3.4) shall be
provided in one loca

Converfar Ratings (BUR1, BURZ & BUR3)
INPUT

(a) Voltage : 1000V single phase 50 Hz al a catenary
voltage of 25 kV. The calenary voltage
can vary in the range as specifiad in
clause 2.2 of this specification,

(b} Frequency 50 Hz + B%

() Power Faclor 0.8 or more (at full load) between QHE
voltage 19kV to 27.5kV and min 0.55
above 275 kV

(s} Tolal Harmonic DOistorlion To be kept to minimum, manufacturer
(Currant) shall indlcale the optimized value at full
lnad. '

(8) | Winding Details 334 WA I 5 82% Impedarice | 258 58 0

(4] Other Detalls A R-C shubber is placed acrpss the
auxiliary winding with R = 22 Ohm, 320W
and C = 066 micro Fatad, 2000V. In
addition, torold cores are Inserled in the
Input cables to minimize the difdl and
inleraction between mulliple converers
across same winding The lenderer has to
study the presen! scheme and 1o ensure
that offered converder i5 protecled in all
operaling condiions

|' Prapared by Checked by | Checked by
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B oUTPUT

{f)

SINUSOIDAL AC. 3 Phase

i8) | AC Voltage (L) 418V ¢ 5%

| b} | Nommal Outper Frequency 50 Hz £ 3%

| e} | KVA output 130 kVA

l]’l:ﬂ ' Short time current rating Same as ovencad rating of ewsifing G0 .
| based 3 x 100 kVA Auxifary Converter

‘el | Tota hamonic cdistortion | Less than 10%.
| (THD) 0 ihe oulput vollage

_ to the J-phase motot

i [dvidl Lass than S00V/Micrasecond

-' gl The awxikary converter shall be sutable for generating 3-phase AC outout at
. __ muitiple voltages and fraquencies as detailed in para 4 1.7 below
[H]

Norminal DC Oulput V10V, BOA with current nigple less than 5%
and vollage reguistion $£5%. wih batery
current maximum of 1104

The Battery Charger charsclerstics shall be |
suitable for chaiging the existing 199 A Ni
- Cd battery & supplying the 110V lead in 3-
ghasa locomotives

Note. Rated capacity of 130 kVA 1s expected for mput voltage range as specified in clause
2.2 of this specification However, degraded performance in lemms of lowet output
wollage of fraquency s acceplable below the range specifed and manufaciurer shall
specily the extent of degraded performance It shall not be passible to reguiate the
duty cycle of (he joads

The existing smaoothing choke, which i rated at 155A (Max 190A) shail be used in the
Auxlliary Converter (3X130 kVA)
The detar's of he ensting smoothing choke are as below

Pos 513

Type SGOD120

Quantity 1 Three phaso choko

Location insicde ransformer tank

Data Reler o specification No. 3EHE 428048

inductance value of @ach BUR choka at diferent currents:

oA 30 mH
120 A 30 mH
185 A 26 mH
190 A 20 mH
Tolerance 0%, not specified
Fregquancy 100 Hz
Prapared by Chucked by Checked by |
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Current Nominzl 155A
Max 190 A
Ripple g6%
Muanx. 50 2%
Losaes al nom 12 kW = 15% t5tal
Terminal Notations:

It ik LT

wEed WAl

““A vl t_] _J

LILT]] G 107 S e 3 DR LR h#

VAN | Jadine s T e

Eath choke conibyls of & magrelc e The choies ae Fanged n & stick  Since
asymmesric yottages ae applied across these, the chiokes are decoupled The DC link
slemenis are designad for a nominal power of 100 kVA

435 LoadPattern: The normal & emergency loadings are shown in Annexure C
4 35 1 Three phase atxikary load

Auxiiary loads on individual BUR, In normal and fauli conditions shall be distributed
as detared in Annexurg C

Auxiltary converter shall be in 8 pesition 12 508 stant the lcacs using vanable vollage
variable frequency control

4352 DC lbad: The lacomntive centrol cirmull, loce head light. flasher ight ele are fad
thiough 110V DC circult containing Incomotiva baltary

435 3 Reconnection of the loads under emergancy

i one of the awiliary converters fails then the provision is made for continued
operation with recorinection of icads  The reconrection of loads i done with the help
of contactors wih inlerfocking feature  Bee Annexure C for the propossd connection
These cortactons are conticlied by the vehicle control eleciionics. The necessary
actons for reconnection shall be 1aken by vehicle control elecironics

4354 The auxliary converter shall have provision for giving suitable supply for cab air
conditioning, which may be adopled In future The tenderar shall submit tha complete
proposal consisting of relaled hardivare and software.

43.55 M presant, TV Blowers star rurining upon ciosure of VOB and continue 1o run even if
Trachon Molor lemperalure is nol high & locomoive (s at standstill Energy
optimisation shall be done by supplier by running auxiiaries at varins spesds
through software/hardware by sensing temperature of tracton motor and transformer
Further detaus shall be worked out by supplier in associstion with ROSO and CLW

during detalled design slage

Prepared by Ohackedby  Chocked by
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436

Protection:

438 ) The devices used In the fimenter shall be protected against high rate of rise of voilage

& cument, ine ransient surge, swilching surges sic. The conveners shall be protectsd
aganst

(a) Open circut in auxiliary winding

(b))  Grourd fault in AC mput eweuit

(¢}  Ground fait in J-phase load

{4y  Aunliary Comverter phase fault

{e}  Line lo line short Cifcull due to dead short ot motor terminals
(]  Thermal over ioading

(@)  Fuse falure in converter

() High /low voltage in DG Iink

(1) Failures of power supply 1o conrol electronics
3 DC hnk shor circut

(e} Input ower volage / under vollage

{n Input over curren!

(m) Single phasing load

(n)  Outpd owver current

The details of such protection shall be submitted by the successhil Tenderer for
1eview during desgn stage.,

43562 The equipment shall bé prolected against internal transient, spikes and surges as per

437

438

linnd} Lk down as pear IEC 60571 2012

Muitiple voltage | frequency operation:

Tha energy corservation featura thraugh muft ievel venfilaton / cooling. as sxizhing in
the present 3 X 100 kKVA GTO based Auxilary commrer shall be retaned. Al
presanl, fraquency steps for multiple operations are 37 He 47 Hz and 50 2. Steps
ol vottage / frequency lo be adopied for multiple frequancy oparation as well as
methodology of implementation shall be finalized at the design approval singe

The spaces for retro fitment of auxidiary conventer in place of axising sgquipment are
mentioned upder  The changes f any are to be agieed 1o between Radways ang the
Suppher. 1 s to be ensured thal the above equipment shall be fited 10 eamting types
of locos of IR namely WAGSH WAGSH and WAPT and suppher shall make uie of

existing mounting arrangement used in GTO based aowiliary comvartar ar necessary
ndaptation for installation shall be prowded by suppler

Envelope size of the space avallatile in the locomotive for mountng the aquipment (all
dimensions are in mm) for mtro ftment o WAPT | WAGAMWAGIHWARPS locas, shall
be as under-

Ovarall Size | Maunting Dimensions
(1  Gubicle 1 1160 x 1020 x 1880 (LxDxM) 1120 % 900 (L)
(1} Cubicle 2 1520 x 1020 x 1860 (LyDxH) 1480 x 900 (LxW)

C A A gap of 50 to 100 mm only = svailable between roof and aquipmant in the

locomative and hence coolitg system design shall be done accordngly.

___Propared by “hecked by | Ghecked by
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B Cubicle t houses one and cubcle 2 hoses two fully identical 130 kVA
conwener as described in dause 4 3 of this specilication

& Design details shall inclugde power loss calculation considering existing

coohng system

438 The wesght of the Aumlinry converter cubicles are approx. 608 kg for cubicte -1 (BUR:
1) and 1130 kg for cubicle -2 (BUR 2 & BUR 3)

4310 Enclosure:
43101 The panel sheets Used for fabrcation of enclosure shall ba of slainless sieel grade
304 as per ASTM-A240 of mirimum thickness 2 0 mm The cabnet door material may
be used aluminium afoy for ligh! weighl of the door  Necessary FEM analysis of
cabinet shall be submilted by suppher
4.3.10 2 Enclosure would be as per TOT design dacurnents far auxilary converter of 3-phase
laca. Any allemative design méeting funclicna! requirement shall be offered with ‘ull
detaits for IR's scrutiny and approval,
. 4.3 10.3 The enclosure for slectionics shull be free from dust and moisture  Design of cooling

heal exchanger shall be dora lo ensure lemperature difference less than 10 deg.
Cenligrade across the hea!l exchanger Control slecironics and power modules
enclosures shall comply witn [P 34 3¢ per IEC-80529.

431

Cooling:
From machine reom blowers, a parl of the coolng air ie guided fo the existing
auxiiary converter cooling. Tne heat lpsses in the BLIR are camied away through the
heat exchanger. The ventilaton air guiding ducts from the machine roof to cubiche 1
& 2 provide following air values
Cubicle 1
Alr flow rate  Front - 1100 m'h

Rear £50 m’M
Arspeed  Fromt 25mis

Rear S0m's
Pressure Fronl 30 Pa

Rear 6 Pa
Cubicle 1 & 2 provide fallowing air values
Cubicle 2
Alr flow rate  Front . 1760 m*mh

Rear 1100 m'h
Air 5peed Front S50nmvs

Rear | E0ms
Fressure Front | 3 Pa

Rear 20 Pa

F‘ Propared by , Checked by Checked
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The existing arcangements for the codling of the auihary convener shall be preferred.
Hiowaver the Tenhderer shall fumish datailed allemative atrangement il sxising
arrangement ia found inadequate

4312 Locomotive caoble interface: | s proposed thal the cables for connechon to tha
lecomolve shall be in the battom of the pansl Following are the saes of varous
cables proposed 10 be used. Howeaver_ this may change as per the requeements and
needs ang shall be discussed and finaized alter placement of orde: EP nradialed
cables shail be used for mtemal winng

(@)  Transtormer auxiiary winding 15 input of Auniary convenar canel — 70 mm’
cage

{B)  Oulput of Auxiliary converter - 50 mm’ catle
{e)  Bamery charger to battery Base — Twe 10.mm’ cadle.

Control cables are connected from upper mside of the cubicle through a Tound socke:
connecior. However, finalizabon of cable outlels shall be done during design
. aporoval after award of caniract,

Location of input & ocutpudt termiral shall be same as the one in existing Aux convenar
to provide for interchangeability of different makes of Aux. converter

4313 General design feature:
4313 1 Safety factor:

(@) In e circult configuration, 25% safety margin in the rafing of both valtage
and curenl under wors! conditions 8 o be erswured  This shall be
established in the design details with calculation

(8} A mn thermal margin of 10 geg C for junction femperature under worst
cperating cohdition for the power devices is required  Over ioad margins and
duration are 1o be furnished

4.3.13.2 Currert density of the bus bars 4A | sgmm

4.3.13.3 Acoustic Noise Acoushc Noise generated by circuds and compaonents shall be as
low as possible, less than 80 dB (A} 3t a distance of 1 M from The sguipment

. 43134 The caids shall be prownded with LED indication o show the healtn of cards, to
assist maintenance and operaling persannal m troubie shooting,

4.3.13.5 The powor portion ol the equipmant shall be sultably profected fo prevent accidental
contact The shigldn and screens shall be propetly earthed

43136 Cable The use of wires / cables shall be reduced 1o mmimum, Bus Bars shall be
high grade copper and insulaled bus bar i preferable  The wires / cables shall be
of high grade, copper with halogen free fm waled nsulations. Al the cable
terminations shall be made throygh crmpes sockats | ugs and wires with cireust and
diagram fummbed. Each cable / wre shall be numbered ol both ends for eady
wentification The use of pre-insulated lugs suitable for double crimp for insulation
and conductor is recommended Current collection through threads shall be
avoided and terminals of adequate size shall be provided.

4 3137 Cahle grommets | glands of suitable see as required tor input and outpet cables
shall be provided at cable entry / axit

43138 Fament of MCB-100 100. MCB-100 (Circuit Breaker for battery charger), f requires,
shauld be nrovided on the front/ left side wall (near machine room biower-2) or al
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445

th top of Auxiliary converter-2 such thal il should be 2asily sccessible by the Loco
Pllot and maintensnce stafl, the oulput of MCB-100 shall be connecled directly lo
the input of Batiery chaiger Mounting of MCE-100 should be such thal U should be
porsibin ta gperata it wihoul apeaing the front door of Auclary conventar-2. Whike
opening the door of Audlaty conveiter-2 durng mainlensnce it shall be easifred
that the poabion of MCE-100 in not disturbed.

Presenily Ferlte Cores as per CLW specificalion no CLW/ESOI/0431 are being
provided &t Ihe inpul suptly cable coanecting 1o the Aundisey Converler The
manulaciure: shoyld ascenain the requirement ol thees farrte cores and necessary
action may be taken to incorporale the same in IGET based Ayxitary convertas of
ther make, as CLW will nol be aroviding any lerrte coe in inpul cable in fulyre The
suppies will b rasponsibie for proper working of Auxilisry Converer in absance of
ferrita cores baing used presenily and (he aunlialy convedter showd nol cause any
interigsence (o powercontrol orculry of locomotive and eguipments instalied nearby
Ratway tracks

Electranics, Centrol and Communicetion:

Tho general provisions of this pars 4. 4.1 shall ba applicable to tha Elecironics used
for Tracion and Awabary Convediets also. The clectronics used shall conform lo
[EC-B3571, However, due 10 higher ambyent lempersture i India, it shall be suitabie
for werking for short ime (of loast 15 minutes) at high temperstures aa expected 1o
be enccuniered n locomotve standing undsr sun (refer lo clause 23 of the
specification) Therelore thete shall be no requirement of pre-cocling of the
elecironcs on lscomolive stonding in summed sun for long duratioh The eleclionic
comtrol equipments shall ba profecisd sgaingt undvoldable EMI in the machine
COMPOInent

Contrgl and communicaton shall be tased on control architecture and
compliant to IEC-81375 “Train E-unm-twm profocol of any ofhed
superar, ntematonaly pubished ptuhanl deviss shal b=
programmed wsing langusge camphiant o IE{:-EHM PLCs (Progranmable Logc
Control) are used '

it 5 desireble that the magpely of contral and monilonng funclion i1s mplamenied by
software 80 95 lo reduce hardwane and cables.

The contrad system shal inzgrate the task of faud diagnosics and display n
addifion 1o control task It shall be capakle of real lime monitonng the stalus of 2
the vital equipmant conbnuously and occumence of faults, i shall alsp tahe
appropriate protechive action and shul down the equipment whersver necessany.
Fealures of seffcheck. calibirabon and plavsibiily checks shall be moorporated n
Ine cesgn

The vehcle control urll (VCU) has 10 interdace with the existing biakes sysiem
offocomotive as wall as new brake sysiern o be niraduced in fulure. Fresenty E.70
hrake aysierm of Nz DAM / Faively Transport and CCB Systam of MWs Knorr.
Bremsearg ugad on of ipcomotivas Tha (marace hardware and saofware shall be
designed accordingly. The aulomalic Flashar operaton (In case of rain pating) and
e Vigitance Control functionality, which are avadable at presert through the brake
system, shall be mplemanted. In adddion, provmion shall be kept 1o intedoce with
the beake system through melipleced paw of wire on RS-486 prolpcol

445 The VCU shall have a diagnostics compules, with non-volatile mamory, lo stars all the
refevant dagnostc data  On occurrance of sach faull related to priopulsion syslam in
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e scope of 1his specification besides e faull infarmation on equipmen| paramsiars,
background data with lime stamp shall aiso be captured and stored with a view to
enabie proper fault analysis, There shall be faclity 10 caplure pos! ingger and pre-
tigger background information. Tha diagnostic computer shall apecdy dimgnostic of ¥
fiem doss nol reguire fo use the sxisting trarsformer ink as psr CLW spocification
No CLWIESDN 138 then they will have 1o supply te sutatie fexible krks faull up to
card level The diagnostic Systern shall be able to dentily and jog all favlls on the
locomofive caused by incorect aperation by the driver and such data shall be siored
in the cisgnoatic compulter for a panod of net less than 100 days, Application saftware
shall be provided ta facinate the faull diagnos:s and the analysis of equipment wise
fallures. The steps recuired for mvashgaton (o be done by maintanance staff shall be
Oisplayed in simpie [anguagse along with background information. Such softwars shall
be compatible for working on commerc:ally avalable cperaling sysiems:

The vehicie control unit (VCU) shall also provide on-line, context sensitive Wroubie
shooting assistance to the dover in case of any fault. through the driver's cisplay.

it shall be possible to access all the processors within a vehicke using a standard
laptop copnacted to one of the pors provided on the WCU rack. Such access is
needed for uploading of firmware/application program, visusization of process
parameders and also force or record the same and downloading the diagnoshc data
Requies mierfaces shall be bt m the VCU so that standaro laptops shall be directly
plugged to the VCU wihout any special erface. Supply of a sullable software too!
ang laptops B neluded in the scope.  Using this tool, i shall be possible to resel ine
diagnosiic memaory for further recording  This tool shall also provide detalled off Ine
analyss facilty Preferably Ethemet/ USB 2.0/ USE3 IIRS232 interface shall be used,

Supply of a suitable visualization software tool, which would run in a laplop connected
o the vehicle copfrol Urpt, for vsualizing the process vorables, ko within the scope of
supply. Using (his 1ool, nunrmﬂhmmnmmmvmmIchhﬂwum
recold ang lemporarily force s value  Recording shall be both in numercal and
graphica! form

4410 |t shall be possible for the Rallways 1o execute parametnc changes in the soffwara in

441

respect of user's interface viz© madifying some of the permissible parametsrs ke
cumTents, hocse powers, lemparstures, pressures, speeds elc, for adjusiing the
characteristic within permissible range, changing presel values, limits, characlenstics
etc and behavior of the locomolive in general, and add/alter the proleclion ‘eatuces, i
50 required In futwe in ofder lo Improve the operation of locomolive. It shall be
possible to configure these parameters through lapiep. A menu diven easy (o use
application software shall be prowided for loading on the lapiop for this purpose
Password protecton shall be grovided to safeguard against misuse.

The electronics shall be designed o be sealed from the remaining pant of the machine
roum S0 a8 10 ensure thal there 15 no dust ngress whatsosver In o the slectiones
For its cooling, internal vantilation armangement along with heat exchanger for removal
af heat shall be provided The cooling arrangement of the electronics of the traction
converter, auxikary convartsr and the VCU shall be designed $o that the tempeiature
adiacant 10 the elechonic cards remans balow 45 'C (degrees Calsius) while the
locomatve (s cperaling Alteinatvely, the codling armangement of the electroncs of
the power converler, awoliary converter and the VCU shall be designed so thal at
least 20 deg Celsius margin s maintained between temperalure admcent to the
electronic cards and the maximum femperature allowed adjacent to the electronic
cards

Prepared by [ (Checkedby | Checked by
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4.4.12 The electronic cards shall be mechanically codad 10 ensure that insértion of card in
wrong £lot s not posaible Two addtional expans:on slots shall be kapt to integrate
addiiona! system in fulure or firm should have sufficient spare charmels (DIOAAID)
for fulure requvement The frma can 2%80 supply wall mounting or din fail Maunhng
type arrangement for PCB.

4.4 13 Capacitors shall be hbarally raled, keeping it view the high ambient in India,
vibrations of eiectnc roling stock and elecirical surges expected during operation
Indian Raiiways have experienced high falure rates of elecrodybe  mounted on PCBs
ol electronic cards due to high operating lemperature / voltage / curmant vis-h-vis
desined opeating temperaturafvoltage/ourrent This aspect shall be especially Kept
in view during design, Ory type of capaciors shall preferably be vsed, Expecied e of
the cards, and elecironics in general shall be al feast 1B years under working
canditions.

4 4 14 Mainterance of electronic systems:

3) On-board diaghostic €hall be Used on the locomotive (o discriminale between
fault on the rest of the locomaotive and fault on the elecironic ealipment

b} Shall the elecironic aguipment found faulty, the on boarg diagnostic ghall enable
faut finging to be carnad out at modu'e lsvel

4415 It has been IR's axpenance tha! the ismperature inside the maching room nesr
slactranic cublcle of WAPS, WAGH, WAPT and WAPS locos risos to mora than 85 deg
Celsius during summer season when ambiont temperature is as high as 50 deg
Ceisius The Supplier shall do tials of temperature messurement 12 mm away from
card by sullable equipment such as thermgcouple, it working congdion of loco 1o
sermonsirale the lempeialuné nse

4416 IR shall fsciitate doing frals, I/ desrad by Suppler, on sxsling WAGSH, WAGH,
WAPT & WAPS [ocos for temperature rige inkide maching rsom near elecironic
cubicle and dust ingress in maching room o approciate indinn conditions so as to
cansider appropriate desgn of glectranics and sultabie filters and blowara

4417 In the existing system, the slectronic racks are mounted within & sealod casing
lacal=d af low voltage cubicles (SB1 & SBZ) The ar from the maching room blower
indirectly coois the casing In lhis affer nisa, the racks ans 1o ba mounted at the same
locations 10 avoid change in the locomotive catle harmass. The suppliers may choose
to adopt the same machanical system as exsing laday, which measns the racks are
mountad within the casing and the cosmng i cooled indiractly  In such a case, supply
of rack integrated with casing and hoat exchanger shall be part of the supply. The
offered rack shall ba having 1S own cooling and venliiation arrangement, The physical
location of presenl VCU1 and VCUZ shall be retained. The cffered VCU racks are (o
be mounted within the mechanical spacs envelope existing Presenty the rack which
comes m & casng 15 marectly cooled by a heat exchanger mountéd on this casing

through which e machine room ar passes. The rack 15 a 68U card cage. While the

tocallon has to be retained within the consiraints of easting space envelops and
mounting arrangemenl, the reguiremeant of the cooling shall be met either by ulilizing
the existing arrangemant or by providing a sulfable aliernalive within axising space
ervalop and airfiow. Supply of rack casing and the cooling arrangamant ks part of tha

scope of supply.
The essence is as follows
7 New racks ate lo be accommodated In casing on winch SBUZ cubickes
shail be mounted like used presantly
’: Prapared by |__sChacked by Checked by
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¥ The Supplier may or may not ullize the present ndirect Coolng
arrangoment uging MR 2 and BERR Ragialor depending on the design,
In case the heat exchanger is nol required opening Mas (o bhe sulably
blarked at this point by the Supplier

» The Supplier has o make his own arrangsment for irtarmnasl cwcilation of
alr i aveed hett spots. Prasantly a fan iray & mounted below the rack

# Gaaing snall be within the scope of supply

# External heat exchanger s siso part of the supply in case e deuign so
rieds il

Al pregent. tne vethiclé control unils are housed in two racks viz. rack lype
HVBAG4A33 and HVB424A34 for vehicle cantrg! umits VCUY & VCUR
respecively. The interconnechans of VELIINCUZ with contral rack of Trachion
Converter and Auxilary Converter s goven in annexure-0

441 IR prefers to r=fain the ewsting cable lboms with conpectors (for 1/0s and
tattery power) withgul any change, so that tne same shat be plugged on to
o the rew system under consideration The tenderers are expecied to study he
present arrangament and expecied to comment specifically about the retention
of present arrangement without any change.

4418 Special Comment on Cantrol Cabling from Driver's Dask

In 2xisting scheme, the driver's desk s physically weed 1o the VCUI and VEU2
cublcies. The tencerers may propose allernatve schemes mvoNing intelligant
110 which shall reside in the driver's desk for capturing and acluating vanious
grivers’ interfaces communicate with VCU over CAN/MVE and the exitling
cabling then can be saved upon This however shall be guoted s an oplion
and the IR shall decde upon the relative merts of existing scheme and this

4 420 Madmum méchanical Dimansion (anvelope) of VCU housing Case
Length - 780 mm

wigth - 502 mm
Height - 560 mm
@& 45  Driver's Display:

451 Display units for driver shall be provded in sach cab oa driver's desi displaying
imponant nformation relevant o the dnver, sucth as operational aspects, faull stalus /
messages and status of valious importan! paramelers Bs selacted by driver
mainienance staff or as requirsd for the satsfaciory system operaton el The
display shall be menu driven. The interdace with the drver shall be very simple
considenng average level of proficiency of drivers in handiing electrome devices

452 The display shall be designed fo provide full guidance and nssistance lo drver about
acton 1o be taken in case of faull. The mierface shall be usar fnendly and here shall
nommaiy nol be any nesd fur a sepsrate Troubie Snooting Directory for drver's usa.

453 Selection of display medium shall take into account high ambient temperalure and
hght, dus to direct sunlight on the diners desk Backllt arrangement shall be provided
for all ime vaibility. The display syslem shall be protaciad against dus! and moisture
The display systermn along with its controls shall be very rugged for ropeated rough
uoe.

454 Dsplay units shall be accommodated in same of exishing display units
__"' Prepared by [\ Chocked by ; !ﬂm-u by
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455 The display system shall be protected agains! dusl and moisture o an IP rating of 1P
B85
insulating materials:

45

4.7

In selecting malenals of insulation, the moist tropecal weather condiions prevailing n

inda shall be kep! in wew. In ths regard. the manufacturer shall furmish full

nfarmabon regarding the sultatiily of the selecled malenals under vanous climstic

congmons referad lo n this spacfcshion  Additional nacessary tests, f any, for

ensunng suitabiity of matenals shall be conducted by the manufacturer in fhe

w of Indian Rallway's representative and the lest résults advsed 10 The
hager

Safety measures:

Standard protective systems for peotection of (he electrical equipments agzinst
abrnormal currents. excesswe voltages, etc . as wel as indication of normal and
abnoimal condlions %0 as 10 ensure safe ang corec! operations shall be provided
While working in multiple, the taults in the Iraliing ‘scomptives chall be indicated 1 Ihe
leading ‘oco.

All equipments shall be adequately earthed insulateo, screened or enclosed and
provided with essential nterlocks gnd Keys as may be appropviate 10 ensure the
protection of the equipmenits and safety of those concarned with #s operation and
maintenance The present arrangemant! of safety intarlocking of the major squipment
may bie studied by the Tenderse and appropriste arrangement for the equipment
undes the scope of this tender may be offered

Vollage indicator shall be provided on lop of the converer for indication of presence

-of high volfage (o ensure safely of maintenance personnel.

A sensitive relisbls protection arrangement against earth fault shall be provided.

All electrical ciicuts shall be fully msulsted from the superstructice on both positive
and negatve sides The super-structure shall not be used as a porion of an sarth
meturn circuit

- The design of equiprment shal incorporate all measuras 1

Eire prevenhon measure
prevent fires and shall e such that shall any fire fake place, the effect shall be

minumized and no speead of fire shall take place Materials, which amne not fie-
retardart, shall not be used

All safety features in the matter of design construction and matenals used shall
conform 1o the best safely stangards and shall in panicuter prevent fires in
lscomotves
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CHAPTER §
INSPECTION, TESTS AND TRIALS

The propulsion system shall be tested on a comrbined test bed generally In accotdance
with the IEC. §1377-X The individual equipment and systemisub-sysiems as rmay be
necessary stall be type ang routne lested In accordance with the relevan
standards/specitication/publicationsfdsatails given elsewhere In thes spectficaton, which,
it required, may be modified to suit kocal conditions Dry Heal test of the Eiectronics
shall be carmed out at B0® C as per |IEC 60571 Alernativaly Supplier may propose for
dry heat test as per 1EC 60571 uubpc! 1o provisions fo enswe lemperalure in the
vicinity of cards being less than 70 °C when ambient temperature is 50 °C, which sha
have to be estabished diring fesi irials Al ophonal ltests mentoned in varlous
standards shall also be camed aut Datalls shall be worked out during design appraval

The electronic cards used in the equipments shall be subjected 10 burn in test as per
temperature cycle in Annexure E The cards shal be Kep! energized duting the lest
The functonal test aach card shall be carried out altar the burm in test

Type and routing teats shal be carried out by the Supplier al his own responsitality and
cestand in the presence of and o the satislaciion of represantatives of RDSQUCLW.

Whisreyar the melevart standard ted! procedurss do not adequateily cover Ihe
requiramants of arduous srvilsnmantal condilions pravailing in India, RDSO might lay
down special tests apart from those specified that shall be requied to be conducted
These may inciude accelarated ageing 1as1s and endurance test

Tra Supplier shall formulate and submit type and routine test prolocol / plan al design
approval staga for appeoval of RDSO bafore undartaning manufacture It shall
howaver, be cpen for RDSO o waive some of tests n case of equipment and sub-
assemblies, whare fhe manofacturer can astabiizh to the satsfaction of ROSO tha
such tests have already been corfiad aut 2arfies on the same equipment and whirs

gquipment has baen proved in prolonged sanvce

First lncomaotives equippec with tha propulsion system supplec as per this specificalion

shall be subjscied to the foliowing tests {0 salisly indian Ralways regarding operabona!

parformance, capability and safety -

(i) Dynamomeler car 1esis fo ascertan starting and rolling resistance of the
locomotive and to prove fractive effort / braking effort - spesd charactanshics,

(i) Adhasion tasts o prove the agheson capatslity of the lncomotive

i}  Tesls to determine the levels of interfarence with the traction power supply ana

signal and lelecommunication eguipments to prove thal these are within
acceptable limits

(v}  Any olher tests that may be found hecessary,

Whesl siip and adhesion characterstics shall recave proper attention during the tests
and Irials undar differant track conditions

Tha locomative shall also be evalustes dunng operation under actual load conditons.
'l'lm&ﬂwﬂbewmaa “Sarvice Trmals™ Apan from checking on the repealabiity of
the operational performance under different condtions, thess tests shall also enable
practical evaluation of the mantainabilty, accassitiy of components, teliatiily n
service and such other aspacts, which have been envsaged n this specification

Modifications found necessary as a resull of the testeitnals shali be incorporated by the
Suppliar at his own cas! in Ine locomotives in & manner approved by the Purchaser
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Drawings incorporating the modifications ‘ound necessary, as 2 result of lests and trials,
shall be submitted to RDSO lor final approval.

858  The componerts of Traction/Auxitiary Converter alc shall not be subjecied to type tests
bul {heir test certificates shall be submities to RDSO Ly ihe Supptes

51C initakzation time o' traction convenar shall be tested agains! each PO on sample
basis and it should be as per clause 4 2.18

EELET T T
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Annexure A

DESIGN DATA, CALCULATIONS AND DRAWINGS TO BE SUBMITTED BY THE
SUPPLIER

Design data shall include following particulars:
Traction, & Auxiliary Converter { Invertar: Make and type, numbear of cubkcles por
feco, thermal characteristics of ICBTs, arrangemont of dewvices, margm m current,
vollage and junction lemperature, hest sink detads of IGBTs, cocling system design
detalls cliding ainwater fow rates and arangement of fillared ar, nolse level,
configutation with detal calculation of branch wise cufrent providing adeguacy of the
devices used, Rating of each IGET, Thermal margn with caltulations, overal
gimensions and wawght Dletals of the capackor for DT unk as well a5 resonance
crouil, if provided, detals of the protection of power converter, the designed power loss
in the converter,
Vehicle contro! unit and diagnostic system: WMake and type, details o
microprocessor, Complete lunctionsl descripticn details o faults to be displayed in
driving cab and stored In permanent mematy, procedure for down loading the details of
fauns from memory, details of all protecton schemes of al equipments. getals of
controt for corverter, DC link, inverter, racton mator, braking etc
Smoathing Reactor | Fillers: Make and typa, number ang rating of the cols
nductance ard ripple cheractentics up ic 15 timeg e rated current details of the
conductar and insUlation system, current densily, losses, lemparature rige limil, details
of cobling system, dielectric tesl voltsges, overall dimensions and weigh! of the
equipment,
Design Calculations shall include -
a) Wieight and centre gravity of each egquipment with weght unbalance calculstions
elc

o) Adhesion coalculoton

c) System performance calculations

) Cooling system calculations.

E) Trachve and braking effont vs. speed curves showing balancing spasad

N Detafed stepwse calculatons for egquipment ratings ang perdormance
requirement

a) Curves of etficiancy, power lactor, frequency. shp as a function of speed.

h) Harmenic calculations

] Reilabilty predictions of each equapment at 40°C

Drawings: - .

Schematic diagram ol power, dynamic braking, control and auxiiary Circults including
multiple aperations.

Mrunting detais of squipments
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Annexure B

DETAILS OF TRACTION TRANSFORMER

SN Parameter Value _
i Type LOT 6500/ LOT 7500*LOT-7776™ |
2 Onginal Design Sechacon SA
3 Windings
Traction 4
Auxlsary 1
Filtes 1
| Hotal Losd® | 1072
4 Frequency {f nom) | 50 Hz
5 Primary Voltage '
Masmurn 300 kv
. Nomiinal 25.0 kv
Mnimum | 17.5kV
& Valtage Ratings (at 25.0 ¥V Calenary)
Traction 1268V
Auxiliary 1000V
Filter 1154V
Hotel Load* TS50\ R0
[ 7 Currarit Ratings
HT 311 A
Tmaction 4x 11424
Auxitiary JHMA
Fiter 474
Hotel Load® 1X1260A 2XEB48A™
8 Thermal Ratings:
Primsary G531 kVA
' ' Traction 4 x 1443 KVA
Filtar 400 VA
_ Hotel Loadg* B45 KVA*2XE22 SkVA™"
8 Winding Data.
Traction IWOmO, 2.1 mH + 15%
Auxiliary 80,0 mQ, D 43 mH
Filter 190 mn, 0.29 mH
| Hotel Load® 11.0 mf), 0.37 mH*

* Hotal Load wnding avaliable on LOT-T7S00
** Hote! Load winding proposed on LOT- 7775
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CHARACTERISTICS OF TRACTION MOTORS
| SN Characlersiics. | Linit |6Fxazose  [eFmacosn |
v ontinuous Rating - <1
1 Shah ouput 1w 11180 N
e s 1
3 Cument Ta o E0 i
4 Speed [Rum 1585 KEC I
5| Tomue Nm 8830 6330 |
6 | Frequency | Hz | BD 85 ..l.
7 | Power Faclor 1= o8s = |os8
2 OmeMowRetng
| 1| Shak output KW 1150 80
2 Nominal Voltage S . -
3| Curent A 206 290 )
4 | Spead Rpm 1485 1135
T 5 Tormue ram 7420 7140
L .i"r-:r-qu}q W 78 T lEms
7| PoserFactor . 086  |oss |
3. Short Time Ovarload Rating: o
1 Snaftouput ' ! 1150 850
2| Nominal Vollage |V 1540 1680
3 | Cusrant A 540 370
4 | Spass Hpm 107 8ol
| S|Tomse INm  lse0  ew0
8| Frequency | H2 S6 & 457
| 7| Powet Factor . 0.85 086 |
4 | Max Speed Rpm 3174 2584

l

B Speed Sarsor

Actve mﬂdmmmﬂwmwmx\
ring far 120 pulsas per relor revolufion:

L Li 2l ]
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Annexure C

Existing load connéctions (Revised |pad dstribulion with moditicalion release 434)

BUR1 Both ol cooling urits
BUR2 Both traction motor biowers & all four oll pumps
BUR3 . Both compressors. both scavengs blowers & batlery charger

Distribution with Thres Converlars:

Faollowing are the load distibution.  However, IR reserves nght to redisinbute the load &s per
its requirement. This shall be fmaized with the successful Tenderer This dsinbution & for

3x 130 kVA concapt
 BUR-1 ]
Ol cocler Bower-1 25 kW
il cocler biower-2 25 kKW
| Total 50 kW
. BUR-2
Traction Motor biower- 1 25 kW
Traction Motae blower-2 28 kW
QI pump transiormes-1 47 kW
Ol pump transformer-2 47 kW
Oll pump conventer-1 11 kW
Od pump converer-2 11 kW
Total 81.4 KW
BUR-3
blowar-1 3 kW
Scavenge biower-7 3 KN
Compressar -1 A5 kW
Comprassor -2 15 kW
Batiery 12 KVA
, . Total 48 kW
bt When BUR-1 Isolated
‘BUR-2
Traction Motot blower-1 25 kW
Traciion Motor blower-2 25 kW
. O+ gooier blower-1 25 kW
| Ok coolar blower-2 25RW
Scavenge blower-1 3 kW
B - Scavengs blowe:.-2 — kW _
| Total 106 kW
BUR-3 |
Of pump transfommar-1 | 4T KW
Ol pump trangformar-2 4.7 kW
Ol pump converter-1 Sk
Ol pump converiss-2 1y kW - .
Comoressor -1 185 KW |
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15 kW
12 kVA
T34 kW
Whean BLUR-2 ISOLATED
BURT
L Traction Molor blower-1 25 kW
T | Traclian Mator blowar2 25 kW
Oil caoler blower-1 25 kW
Ol cooler Blowai -2 25 kW
Scavengs blowsr-1 3 kW
. Scavenge biowsr-2 I 3 kW
[ | Total 106 kW
_BUR-3
' | Ol pump transformar- 1 4 7 kW
vl pump transformar-2 4.7 kW
. Oil pump converter-1 11 &W
Oil pump converter-2 11 kW
Compressof -1 15 kW
Comprassor -2 15 kW
. Battary charger 12 KA
! | Totat 734 kW
Whan BUR-3 ISOLATED
BUR-1
Traction Motor blowsr-1 L 25 kW
Tractian Molor blower-2 25 kW
On copler blower-1 =
Ol coaler blower-2 25 kW
Seavenge blower- 1 3 KW
| Scavenge blower-2 3 RW
| Total 106 kW
@ “8URZ
Oll pump transformer-1 4.7 kW
Oil pump transfarmer-2 4.7 W
Qil pump canverter-1 11 kW
Oil pump converter-2 11 kW
| Compressor -1 15 kW
Compressol -2 15 kW
Banery charger 12 kWA
otal 734 kW
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Annexure D
g \
Vehicle Control Redundunt MVE fibre optic c m:;h'm
(VCU1Y < > veu2)
'y T A |
P Converter Coaverier !
Control Control
(SR 1) (8R2)
<> . |
Sus | Auxillary Auxiliary
> Canvarter Convorer e
Control Control
. [BUR1) (BUR2)
Auxiliary
Converter
Non-redundant MVE fibre opile Bsapral -
(BURJ)
Nor-redundant MVB fibre
Indicative Schematic
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Annexure E
' Eemperature Cycle
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Annoxure F

Modes of Operation (Normal and Degraded)

Unless stated ofhervssa In e specihicaion e locomolive provided with 1GBT
based proplision equipments in accordance with this specification, shall operale {in
normal and degraded condiions} in the same manner as (he existing
WAGIWWAGIHMWAPTMWAPS locomolive as dascribed in the current oparational
manual (Documant number IEHWE11172)

The Suppber shal invesbgalte the opedation 2nd lunclionsity of the existing
WAGHWAGIHAWAPT incomotive and develop ine full functionality of the propuison
equipments 10 provide a simuar leve! of operalion.

For the avowdance of doubt. m addiion o maoling the requwemenis ol s
specification, t shall be possible for the locomolives, provided with IGBT basad
propulsion equipments in accordance with ths specification. to operate as a single
lcomative n e fallowing modes

{al  Inching Mode - the WAGS lncomitive shall be able to operate al & constant
spead settable by the driver in steps of 6.7 Km/h, in the rangs from 0510 1 5
Km/Mh with loads up to 5200 tonnes on » gradient of 1 in 1000 or flafler.. it
shall be possible to change from inching mode to normal mode and vice versa
by the driver depending upan his réquirement;

(b) Constant Speed Control (CSC) - the locomotive shall be able o operale al a
pre-set speed selecied by the diiver, The selection of speed shall be possitile
by pressing a switch However. the system shall be inherently fall safe and
shall immediately come oul of the pre-set spaed mode 1o normal made on
actuation of the master/ brake controlier, reduction of brake pipe pressuie,
activation of the direct brake or as required from safety considerations,

(¢}  Shunfing Mode - the locomative shall be able to shunl the wageoneicoaches o
create the train fermation. This op2ration shall be the same as that which s
underaken by the existing WAGAAVAGEHWAPTAWWAPS locomotive,

it shall be possible to operate 3 locomative in multiple with other locomatives of the
same type i.e. i shall be possible 1o operate a Locomotive with other Locomotves
it shail be possible to ooceratd® 3 maomum of 2 (two) kcomobives in mutiple
operation. WTB inlerface shall be used for interdacing of signals between locos in
multiple operatan

Whan operaling in muultiple the conlrols of the cougpled locomotives shall be achieved
from Ihe active cab of the leading locommofive. Pravision shall 3150 be made to snabie
the driver (n the active cab 1o moritol the important parametsrs of the other
incomotives as well as 1o dentity important faulls in all lscomotives

Provigion shall be made n the contral circuitry of the Locamotive, to imit the sitarting
fractive &fforl lo pradefingd values when required during mulliple operatons with
other locomotives. The two predelined value setfings ahall be 300 KN and 353 kN
per locomotive

# shall be possible for the ipcomolives o cparate with other Locomotives in the

loliowing modes

a) traling mode - Ihe locomotive shall be able 10 operate [he Waling
locomotive's traction powet from the leading Locomohve's cab, in the event
of total falure of the traction power on the lead locomotive,

b) banking mode — the locomative is mechamcally and prsuralically coupled
to the rear of 8 train and the lead locomolive shall contral all ths frain
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brakes,; although in emergencies the rear locomelive driver can activate the
emergency brake; and

) towing mode - following a failure of a locomotive which is prevented from
operaling under its own pawer, it shall be possible to haul a Locomolive as
part of a train configuration.

2  Functionality of the Locomotive

2.1 Unless stated otherwise in this specification the funchionality of the locomotives,
provided with IGBT based propulsion equipments in accordance with this
specification, shall provide the same operational funclionality in normal and
degraded conditions, driver controls and interfaces as the existing
WAGSWAGSH/WAP7/WAPS locomolive as described in the current operalional
manual (Document number 3EHW411172).

22 The following clauses provide an overview of the required functionality of the
locomotive. The Supplier shall invesligate the operation and functionality of the
existing WAGSMWAGSH/WAPT7/WAPS locomaotive and develop the full functionality of
the propulsion equipments to provide the same level of operation.

. 23 Driving controls and interlocks — the driving controls shall mimic those of the existing
WAGS/Wag9HMWAPTMWAPS locomotive. The system shall have interlocks 1o
prevent tractive effort if the:

a) emergency stop bufton is active,

b) parking brake remains applied for speed more than 5 km/h;

c) pneumatic (direct) locomotive brake is applied for speed mare than 10 km/h,
d) automatic brake is applied for speed more than 10 km/h;

e)  main reservoir is below 56 Kglem?®,

f brake pipe pressure is below 4.7 ka/em®:

a) isolation cock brake pipe control systam is isolated,

h) fire detection system activated, or the

i) emergency exhaust isolating cock is open.
24 Traction interlocks — the activation of the traction inlerlock shall reduce the
‘ tractive/lbraking effort to zero and stop the pulsing of the traction converter. An

indicator shall alert the dniver to the loss of tractive/braking effort. The following shall
activate a traction inlerlock.

a) vigilance system activation,

b} emergency stop button activation;
¢c) pressure switch emergency brake;
d) battery voitage oo low,

e) 110% over speecq,

f) failure of electronic brake control,

Q) electric brake failure, and

h) any traction cenverter failure modes, including angle transmitter disturbance
and protective actions where the design process undertaken by the Supplier
\dentifies that a traction interlock is necessary.

Prepared by Checkedby |  Checked by

SSENNSP/RDSO DSE/MPL/RDSO Dy CEE/D&DYCLW




3544563/2025/C/FWIRDESGUDMW/RTAST In June- 2016 | Spec. No RDSO/2008/EL/SPECI0071 Rev.'5' -

2.5

2.6

2.7

28

28

The traction interlock shall be released as soon as the reason for the traction
interlock disappears and the drniver moves the master confroller to the neutral
position. This interlock shall be manually released and shall never be an automatic

operation,

Sanding control - this shall be by automatic and manual operation. The manual
operation shall be by a foot switch. The automatic operation shall be controlled by
the wheel slip/slide control system. Only the leading axles of each bogie shall deliver
sand to the wheel rail interface dependent on direction of travel. The sand discharge
rate shall optimise adhesion whilst not impeding detection through the track circuits.

Vigilance - the vigilance system requires (he driver lo operate, as a minimum, either
vigilance foot pedal, the sanding fool pedal. the master controller or the push button
provided on the assistant driver's side, within a 60 second period. Any of these
actions shall reset the imer. Failure to reset the timer within the 60 second period
shall trigger an alarm The alarm is to be cancelled by the vigilance foot pedal within
1614 seconds. Failure to cancel the alarm shall activate the emergency brake which
shall only be resettable after 3212 seconds

Pantograph contrel — a mechanical interlock system to ensure that a pantograph
cannot be raised until all the HV systems are secured and un-earthed shall be
installed. The Locomotive pantograph shall be raised by a selection switch which
has three modes and a raise and lower switch which are described below.

a) position "Auto” - automatically selects the pantograph at the opposite end of
the locomotive !0 the activated cab:

b)  position “I" - selects the pantograph at the cab 1 end to be raised irrespective
of which cab is active, and

c) position “II” - selects the pantograph at the cab 2 end to be raised irrespective
of which cab is active.

The selected pantograph shall be raised by the use of an "up" switch. If there is

insufficient air pressure to raise the pantograph an auxiliary pantograph compressor

shall be automatically activated The pantograph shall not raise until the auxiliary

compressor has de-activated,

The pantograph shall be lowered by the use of a "down" switch. The switch shall

open the VCB first, if closed, when activated.

Compressor Conitrol — the compressors shall be operated in three different modes

which are described below

a) operating mode "Off" - with the switch active in this position both compressors
shall be inaclive.

b) operating mode "Auto” - with the swilch active in this position the compressors
shall supply the pneumatic system automatically cutting out once the pressure
reaches 10 kg/em2 The compressor shall automatically reactivate if the main
reservorr pressure reduces below B kg/cm2. The compressors shall operate
alternately to ensure that the duty is balanced for both compressors

¢) operating mode "Man" - with the switch active in this position both compressars
shall be achve as long as the main circuit breaker i1s closed It should be noted

that the compressor cut-out switch shall not operate in this position.

Prepared by |\ Checked by Checked by |

[ Tl
| ﬁEftNS%RDSU __DSETPL/RDSO | Dy CEE/D&D)/CLW |

68



| Spec. No. ROSORAGDBIEL/SPEC/DO7) Rev,' s

2,10

212

213

2.14

2:15

218

Emergency stop button — there shall be an emergency stop button located on the
driver's desk that shall open the VCB, lower the panlograph and apply the
emergency brake. The system shall be designed such that the control system shall
not reset until the locomaotive has come to rest. The button shall be sited such that it
15 within the reach of the dnver but shall not be susceptible to accidental or
inadverient operation

Emergency Brake Activation - the emergency brake shall be aclivated by the
follownng:

a) vigiance equipment excesding time limits;

by emergency stop button activation,

¢)  110% of mawmum speed being exceeded,

d} moving the aulamatic brake cantroller to the EMERGENCY positian;

2) activation of the emergency brake cock on the aisistant driver's side; and
f) failure of the elactronic biake cantral

Farking brake contral - the parking hrake shall be applied and released by the use
of a single laton illominaied pushbulion. The parking brake shall be interiocked with
the traction equipment to prevent the driver taking traction with the parking brake
applied. The drive shall not be able 1o apply the parking brake if the Locomaotive
speed is greater than 5 Kmvh.

Contral of lighting - the conteal of the Lacomative lighting shall be similar to that of
the existing WAGSWagSHWAF7/WAPS locomotive The cab lighting shall be
controlled by the driver and all the gauges and meters shall be self [lluminated. The
maching room lighting shall be such that all iniiai fauit finding can be underiaken
without additionzl lighting

Head lighls — the head lighls shall have twirt beams that are cantralled by the driver.

Marker lights — there shall be two sots of marker lights, .one white and one red thai
are confrolied by the driver.

Flasher light - in the event of the train parting the flasher light shall be automatically
activated and any fractive efforn on the lecomotive shall be disabled until
acknowledged by the driver Similaily, in the event of 2larm chain pulling the flasher
light shall be sutomatically activated until acknowledged by the driver. The flasher
light shall have the ability to be activated manually by the driver by operating a
swilch provided on the flasher light unit

LR T T R RN R
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