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2} TESTS =+ . ..
11.1 General
11.1,.1 e tests specified below shyll nermally be

carried out a2t the manufacturer’s works. Tests are
¢lassified as type and routine tests. :

11.1.2 The tests on the motor shall.be generally
carried out in accordance with the recommendaticns of
IEC 3491871 - YRules for rotating electrical machines

-for rall and road vehicles." The temparatprs riss limits
stated in Table 2 of the said publications shall Le
reduced by 259°C to account for higher ambisnt temperaturs
in India. Any deviaticns from the tes®t programme glven
here shell be matually agreed to between the purchaser
and the manufacturer,

11,1.3 ALl the type tests shall be conducted on one
of the proto-type motors. Test corresponding +to clause
42 of IEC-~348 shell be conducted cn first ten mstors ol
bulk production. Tests corresponding tc ciatse 25 of .
IEC-342 shall pe done on the first two proto-type motors,
first four motors from bulk production and two motors
selected at random from bulk production.

11, 1.4 For these machines certain type htests (tempera-
ture rise, coumutation and chavacteristic curve tesis)
shall be made with pulsating current at actual pulsztion
freguen¢y and . ripple factor. The equipment useld for
these tests shall have characteristics which will nroduce
a ripple factor as close as possible to that which will
occur in service over the coperating range.

11.1.5 The routine tests on these mctors shall be done
with direct current, provided fthzat the relationships
between temperature rises, commutation, and spsead
characteristics on both direct currens and wi{h pulsaling
current are determined in the {ype tests.

11.1.6 The type tests shall be performed in chrconclogi-
cal order as arranged in this progranmne. :

Hd

11.1.7 Instrunents used for tests ~ The indicating
instruments used in electrical measurcnents shall conform
to IS;1248-1968 (Specificaticon for electrical indicactin
instruments). Instruments with the following accuracies
shall be used:

(2) For type tests - Instruments of
class 0.5 accuracy.

(b) For routine tests - Instrumenis of
¢class 1.0 acecuracy.
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the tender, indicating the: cost,

10, DRAWINGS

]

oukline dimensioned drawings of the notor; freGQuency
regulator, smoothing reactor and its accessories; compdlate
and detailed dimensioned drawiags for mcunting arrangementns,
shall be furnished along with the tender. '
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S LIMITE OF TEMPExATURE ISE
5a1 Limits of temperature rise; The temperature rise
of tae motor after contlnuou; and starting duatics saall

not exceed the follow1nb values. These are baSLd <0
IEC-349, reduced by 25°C for higher ambient temperature,
i

Insulating ~Method of Temperature rise
Meterial Part meaguremen®. in °C_
Class d Armature windings - ' Resistance ) 135
Field windings Resistance 155
Commutator ' , Thermomcter _ 85
5.2 Fhe maximun bearing temperature rise sh2ll not execed
30°¢C. ' )
5.3 The temperature rise of the cooling ajir of the machine

while delivering full load output at the lowesi or the highest
operatiag voltage sinall not exceed 25°C,

5.4 The temperature rise of the auxiliary smoothing reactor
shall not exceed the values specified by IEC~3:0 reduced by 25°

' s ! .
6. SCASDULE OF PAATICUIARS
The schedule of aartlculars of the motor, erQuency
rezgulator and smoothing reactor sha%g be furnisned alonz with
the tender as pear Aannexure and "

7 TECANICAL DOCUMANTS

Technical literature on the motor,' frequency regulator/
speed coatrol system, smoothing reactor and its accessories,
such as; type test repor¥%e, descriptive write-upns, maintenance
manualg, spare parts catalogues; etc., shall be supplicd as
desired by the purchaser.

B. TOOLS Tyaogr . - 0

The supplier sinall supply a complete set of tools/
testing kit for the malntenance of the eguipments with each
equipnent set. The list of the recomumended tools and their
cost shall be furnished along wita the tender.

L4

9. S PaisS

] . - . -
The tenderer snall furnish als recomaend?tion regarding
requirements of spares for each eqQuipnent supolied along with

N e .



[THN ‘.—'!" ;1-1

4. 4 Auxiliary Smocthing Reactor

L.s,1  The reactor is a choke coil wound on an iron core
of aporoved quallty. It ghall be designed ror natural aix

coollng. , N - . Co A
- . €. JL - * - [ -
\ :

4.4,2 Entire current of pulsating nature prequired. by motor
of tie motor-alternator set under various-coanditions—of opera-
.tion will flow though the smopthlng reactor. Tﬁe primary
winding of the &ain transformér is tonne scted to the 25 kV ac,
50 Az sinzle phase overhsad catenary.system and the tertiary
winding through a bridgze rectifier with-silicon cells and
‘smootihing reactor to' the motor of the motor-alternator set.
h.he3 e equipmént sinall bedésifned % limit tine rinple
content of the motor supply voltige over tie entirée voltage
range. . _ ' ) .
LT i - ' \ .

L.h. .4  Tae avxiliary’ smoothing reactor shili be designed ic
have relatively’ ‘uniform inductance with varying 1o2ds,

4.4.5 The approx1nate size of the reactor and associate
equipsent siall be 6§70x550 mm and 430 height and shall be
suitable to mount on thb floor of t plc 1ocomot1ve. 1
bolho6 The smoothing reactor shall be supn11ed in ‘fully
Assembled conditionj $ogether with the accigsories reguired
for mouating and copnectlng them with the’ reactor coil

L4 Marking: { oo
. .o T [
a] Manufac tj.tr!;g:: 's name, type .+ 1 o
and model . ' &
. ; ~
. - i t . ‘.- , \h
b} Ceatinucus rating gt - é?
- _ El . L . .‘
'¢) Class of insulation - TR c e

-~ d) Ripple frequency in
3 cycles/gecond " T

v

¢) Ripple factor

f) Nature of cooling
-.ll' - ‘3 2 I R €. :

" g) Type of con“uction. ) o
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4.,3.9 The equipment shall be supplied in fully
assembled condition., Hardware items refuired for
markingz the external connections shall be provided
on tiae tarminals and the details of tae terminals
snall be shown in the drawiag furnished along wita .
the tender. :

4,3.,10 If the frequency regulator/speed control system
nas already been type tested, then tiae typ¢ test
results shall also be furnisned along with the tender.
The tenderer shall also furnish- the details eof service
experience on the freqQuency reguiator, if any.

L,3.11 The tenderer shall furnish full particulars
of the fregtency regulator and its components along
with tiae teucer.

4.3.12 Morking:
L -
a) Manufactursr'!s name and

model

' i

b) Variation of speed in
percentage - o

¢) Voltage-range in volts
A .

d) kated 1requency and variaticn
in percentage L

e) Type of connection.
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4ae3 Frequency Regulator

4

4.3.1 The frequeacy regulator or alterdator speed
control system shall be matched with tane motor of the
motor-alternator set and shall be suitable for maintainiag
tae speed of the de motor within 1500 + 3% rpi over the
entire voltage range, : -

) .
4.3.2 .AdeQuate surge protector devices shalli be pro-
vided at the iaput and output of the frequency regulator
to aveoid failure of semi-conductor components due to
surses aenerated on the alternator and tlhe motor control
Wlﬂding-

i
b

%.3.3 The frequency regulator/speed control system
snall have a protective device to trip the motor-
alternator set in the event of overspeed due to failure
of the regulator. The device shall be ir. addition to
tae mecnanical overspeed trip. . 1
; If \

k.3.,4 The components of frequency regulator shall be
liberally rated with adequate safety margins to meet

tne service conditiorsand dusz environmpat: and, to provide
reliability in service& : !

i
4.3.5 The termination of.regulator comﬁonents shall
be of adaquate striength to withstand vibration in

sarvice. blexlble multistrand wires shall be used for gb
connection, , fig
ate
. Lo
4.3.6 The components of the frequency regulator/ ‘~
speed control system shall be tropicalised for working *

under the service .condition stipulated in clause 3. ‘

4.3.7 The terminal connections on the frequency
rezulator/speed control system shall be suitably
providad for connecting 10 mm~ cable with crimoed
lagss, Proper lockiaz arrangement, of the cable lugs
sinall be provided preferably with spring washers

and nuts. . Cs

4.3.8 The frequency regulator/speed control system
shall be suitable for mounting vertically on the
side-wall of tne locomotive near the notor-alternator
seta

o
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P

provideg on the motor shaft far coupling it to the altez
nator. The coupling shall be designed for tﬁe starting
duty of the set a@and the continuous transmission of the
rated horse-power at spseds of 1500 + 3% rpm. Thae coupling
shal.l, however, be capable to withstand frequent ovarspeed
of tne set without any deterioration. The design of the
coupling shall be subject to the approval of the purchaser,
The particulars of a coupling used oh gimilar. z2pplication
are furnished at Annexure 6  for guidance.

4.2.20 The motor saall be screen protected, drip proof
and self-ventilated. '

4,2.21 Tae mounting arrangement of the motor, 2long with
its alternator; sa32ll be robust for traction duty aad
subject to prior approval of -the purcnaser. -Suitable
lifting arrangeient shall be provided on tae motor to 1lift
it dadividually and on the bed plate to 1lift tae complcte
set.

4.2.,22 The maching and the common bed plate s22Il be
suitably treated to remove dust 212 shaould be cozted wikh
an anti-rust primer and finisaed with two c23ts of
battle-ship grewy paint. '

U

’-|- 0l .23 Marki ':;ig 3

rmal

&

O

3 anodiscd aluminiumn rating latsz sikall be
provided on terminal side on eic eguipnant to show the
ratiaz. insulation, method of connoctiorn, with hecessary
circuit diagiacs etc. The following parfticulars <«nall be
clearly uwad indelibly arirked on  the rating plate:-—

-

ials

@} Manufacturoer?’s aame, *vpe and .asdel
on pulzz2ting ~urrsnmw

b) Direct Curreni {dc}/ and weather shunt,
seri.s or ccapound
¢} nated cutput in kW (ap) 2t tac rated wvoitége

d) Rated voltage and range of voltage

e) Current-in anDcrug, de and pulsating both,
and ivs range at rated output

¥) Ratad speed in rpm
Excitation veltage and current of the control
or shunt wianding a%t rated output
h) Class of iansulaticn

J) Type of duty

ci
St

y . - . - |'_‘ - » .

¢& A2 arrow iadzcatiag the correct direction of rotaw
th thne supply connected to the corre esponding terminals
\garkud on tae terminal box shali be permancatly fixed on tho

tion wi

otor body.
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schedule, including a 1list of recommended lubricants waich
are indigenously avallable, quantity of tne graesase to be’
packed iaitially and to be re-charged perlod1callyo

4,2.15 Balanciag: The motor armature aad tﬁe,fan shall
be dynamically balanced both individually 2ad together and
shall have identification marks, The balancing weights
shall be suitably secured and welded. The fan sazll bz
keyed to taoe rotor_shafte :

4,2.16 4rmature coastruction. , ' 4

Tha armature wiqdiab’ nall be'suitabl§ geeured and
impregnated . with jasulatiang varnish to resist toe action
of lubricating oil and dust preseat in the cooliang air. The
wisdiagz shall be specially streng thenud mechanically to
resist vibration.

Normally, noan-magnetic steel bandiaz shall be used
but resiglass banding may be permitted provided it is
confirmed that the glass band will withstand 100% humidity and
saline atmospaere at elevated teaperature. The bandiag.
snall be of adequate strength aand shall be aole to withstand
tae stresses duriag overspeed tests and ia service without
any distr ss 1o ar.aature, ) : '
4e2:.17 Termznal Rox: The armdilrve nnd field soinschioa.
of the zotcr shall be brought out to industrial type
terminals of adequate size in a terminal box suitable for
connecting the suppiy leads with crimped 1ubsﬁ‘ The nmoter
leads saall be properly protected against dﬁmng to
izsulation ia servicee The terminal bex of the motor shall
be on the side .faciag tne set witn the motor on the laft-nand
side. The terminal arrangements snall, however, be subject g
to approval of the purchaser. All cempoaents ifcluding &,

bolts and nuts aad washers,; zcrews, =2tc, s2mil be suiianb égv
protected against corrosioan and rusi. <
4.2.18 Overspced Trip Doewices 4 mer%anlcaj overspeed +-

trip device of rotust design for traction duty. shall be
jincorporated on the motor to trip the motar stpply in case
ti1e apecd exceeds 1800 rpm., The provision shzll, however;
be made in the design %o vary its setiting bétween 1500 to
2000 rpm and ivs G?GratlJﬂ suall be ‘stable over the entire
raage of speed. Thae tripping device, whaen operated, sgall
latch itself mechanically and snall be capable of manual
re-settiag. Tie tripping device shall be mounted at the
end of tiae motor snaft and suitable drive arrzagement shall
be provided for <the purpos It ssali, however, ba
capabla of being uqcoupled 3uslly for attentizn without
affectidz the motor,

«

4.2,19 Ccupling: A flexible coupliing desigaed to take
mis-alijgzninent betwaen wmotor and the alternator shall be



.
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" o2 The commut2tor saall be ¥Well seasoned so that
the maximum ovality shall aot exceed 0,02 mm at ovarspzed
tests The mica snall be undercut and the segneuts proparly
chanfereda : ¢

+

.3_’The cormutator diameter, when new and fully
worn-out, aad its expected life saall be iadicateds

o4 The commutator cane 'V! ring saall have a
layer of !Teflon' or similar material to give a fine and
smootin fiandsh and arc resistance surface. '

4.2.13 Brushds and Brush Gear C7 ‘
«1 Brush gear and brushes shall be of suitable
casizsa feor traculon daty amd sasll give bdaia,abt,:y
comnutation over tie entire supply voitage ranges, Splis
brusies with well secured pig-fails saall be used, The
brush gear shall be selected 'to give an adouuate 1life,

-t
s

¢2 The brush -grade maximam 2and ninimun Jermissible
height of brush and expected rate of wsdr of’ hrush io mm
per 12300 hours -of run shall be indicateds i
«3 3Brush pressure shall be maintained constant
over tie full operating height of the brush, It shall bg .
possible to adjust tae brush pressure as and wien wrequired
in servicas. .

4o2 14 Bearingsy ‘ ‘

»1  The motor kearings shall bte of sulvable design
for traction duty and shall be selected from ths standard
range of marufacturers. Deep groove ball bearings sh2ll be
usad preferably in view of the vibrations expsrienced on the
locomotives. Particulars of the bearings and calculations of
estindted life saall be furnisted., The guarantced life of
the heariag ga“ll, however, be not less taan 40,000 working
hours. . . - ceeme e

2 Grease nipvles provided for lubricating the
beariazs shall be suitably extended to facilitate easy
lubrication witiaout. diswmantling any part 2f the machine.
Unnecessary bends in the grease pipe shall be avoided to
. have free flow of grease., A vent for tac flow of grease
shall also be provided in the bearing housiags

s3 The Guality of grease to be used 5a the motor
si2all bo detormined in relation. to tue ambient temperatuve
aid service coaditions specified. The oanufactuarer shnall
supply, aloagz witn the maintenance instructions; a lubricating



4ozl The mechanical design of the motor sﬁa‘ cor;éaw
pond to its maximum speed reached under m05+”unfavourabxu
conditions of voltage and field currents. The motor
shall pass the IEC tests corresponding to this speed.
The general design and manufacture of the mwotdr shall
he of the highest standard in accordance with modern

traction practice and robust in construction.
. *

4.2.5 The motor shall be designed such that.it shall
be pogsible to re-start the motor any time after its
contactor has tripped by the, control relays in the
locomotive circuit.

)

4.2.6 The motor shall be protected 2gains% short
circuit by ARC fuse. ,The capacity and the’ SDeFlmlCa+lGﬁ

of tne fuse sinall be advised. The tenderer;may
include this in nis offer. In addition to tae fuse, an
over-load relay, as shown in SK.EL. 2296 , has been pro-
vided in the existing scheme. The same relay may be
retained in the new scheme, if desired by th2 tenderer.
~The relay Settlﬂ"S are 200, 270 and 340 amps.

h;2-7- Thn motor shall have cl2s” H fosuiation for ihe
armaeure aad the field coil. The a*yblaﬁdré riss shaii
be limited %o tne wvalue laid downin clause 5.

4.2.8 The moior shall be self-ventilated 3ype with a
fan providew in the rotor shaft. . i

4.2.9 The motor and the alternator shall bLe mounted on
a common bed plate and the complete ‘bed plate shall form

the p Pt of the supply, , . H' o
: ' &g
0
14.. 2.1 0 Commnatator . . . o ’_éh
: ; . o
-1 The commutator shall be manufactired from A
either high conductlvity hard drawn copper or extruded *

tapered section silvered copper bars, .

. The insulating material used in
this uonstruction sh2ll be suitably cured so- that the
working stresses in the copper and.steel are within the
acweptable limits for good mechanical ¢ta“ili‘y in
service,
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S in wvoltage due o trippang of the wrachion

thae leoomotive or tridumias of otuer locomctivow
&, Since the speed of the motor and power idg
tically rnonstaant. the curvent taken by the nmotcr at
ilow VoluGgw :

. - T - . :
5 owali LilfedEtg

3

ho1.3 When working on a&c¢ overhead 1ine, the ¢upply from
the tertiary winding of the locomotive transformer shall
be rectified by & bridge connected silicon rectifier and
spmofothened by a2uxiliary- smoosthing peaeto;a‘ The dévalls
of tertiary winding.outpub. dre giventat-Ahnexure 2,

.

b,1.4 The details of the starting aad cperating scineme

of the motoxr have been furnished for guidance. The
manufacturer. nowever, may evolve nis own working schewus
for the motor, to suit its design aad to meet the operating
requirements. The full details of any alternative scheme
shall be furnished alons with the +endam. Thg 4anda—a-
sng! L e peaDo s pha Yor the cdivio F 20N PTG L, n’* e
Scheme <3 & whola and of all the eau;pmuqf; 100 ddued IO
ite

4,2 Desipgn and CouSPructionsl
aSnObuJ 04 mOuor
h.2.1 The motor shail be either a series or compound

wound with suinable separately excited coawnrcl field
winding ~r wiadiogs fed from the freCiagacy regulldtoyr fon
speed contrcl tc Keep the speed of thne motor-alternsicw
set withir 75C0 3% opm in order to - limit the freduency
of ac putpn v'of tne alternator wishin 30 Hs + 3%, ‘

f b VP
wt '

¢ resiator

5 o Llimid
tory ovarting of
e

Lb.,2.2 A auijable starting-scum-protesiiv
shall ke oonnested in series with the moi
the starting cuirrent to givera eatisfacioer:

the motor at tne highest voltage., This resistvance ahail
form a2 party of the supply and shall he .continucusly

ratved to match the operating currents of the motor over .
the entire working range. The resistance shall be
naturalily cooled,

4.2.3 The starting torque of the motor shall be
gsufficient to accelerate the npuor—a‘ternauor set to full

speed within 5 seconrds over the entire supply voltage
range, *
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3.2 The " equipment and its mounfia# arranﬂement sﬁall be
of robust design for traction duty and shall withstand

atlsfactorlly tile v1brat10ns and: sho&?a normally encountered
in sczrvice, 2q ind1ﬂd*>d befow: - :

i

4
- A o T -
a) Maxirmum vertioal'acceleratlon W 1.0 g
' e g
b} Maxlmum longitudAnal acceleration | 3.0 g
c) Maximum tfansverse accelefation ﬁ 0.5 g
: :% .
d) Max1mum frequeney 10 iz with 3
amp*“tude of 2.5 fam C . M
.[g'being acceleration'duefto ra"'ty, ’
- - ) B )
3:2,1 The wvibrationas are of sine wave form and uhe‘frequendy

of vibration is Jetween|1 Hz and 50 Hz. The amplitude 2,
expressed in millimetres is given as a function of f, bv the
equations - o K

- = . . Al
. .

;I
i

i

2K . i

Ta = ——§r—-for values of £ from 1 Haz t*
' |

3 iC Hz
i 4
i 1
250 ‘ . T
a = =5 for values cf ¢ exneedéng ) Hz and
o “ . . ’ ]
oy LtO 50 I"..-.i:g ) L
; i
3.2.2 In the direction corresponding to the iongltudinai g
movement of the vehicle, the edquipment is,svbgﬂcted for ’3
2 min o 50 Hz v;brﬂt*ons of sueh a value uhat;cne maximum r\
acceleration is egual to 3 g wmp itude a = O.] ) e dg'
e, GENEEaAL DESAGN %NB CONETRUCTIGHAL h‘”uCTD . ;
2 4 H . i |‘:: R L4
" SR N .
Yo Zower Uupgo 3 to vl.e Motor o h
‘ Vv' ‘ o ﬁ'
et The presgent arrangement of suaoiy to, Ehe motor and
its startiag scheme are !given in drawings No. ﬂK , 8L, 2296, .
and SK.EL. 2300 enclosed- The dimensions 0f the alter-

nator-and common bed—plate are given in draWLng No
(to he supplied by Chittaranjan Locomotive: quﬂs} The
ratings of the slAsrnator {Kllevﬁd*_mh“et are ilrnizhed nt

Annexure 1. The motor overall dimensious shalr not exteed
those given in drawing (Chlttarangan Locomotxve Works to -
furnlsh)ﬁ i ., t-. ,

I [ .
Y21,2  When Dperat1hg-ﬂn de cvernead iiné, t&é?ﬁupply %o
the motor is taken directly from the cverhead lirfe

snd the kin&a?olﬁag@‘vaz; s from 1000 V to 1800 V¥ and

is subject to line surges and sudden . ! '

{



2. “CAPACITY AND RaTING
2.1 Motor -

HP rating 210 hp at 55°C ambient

continuous

1400 V dc/pulsating current

v nominal vaaywing, between 1000 V
to. 1800 V {wawking wange} and
ocoftsionally dropping to 800 V
for short periods of few seconds,

Voltage.

Speed .t 1500 + 3% rpm maintained by
;requency/soeed regulator

Ripple factor + The motor shall be capable of
: operating satisfactorily with
the ripple factor obtained
from the auxiliary smoothing
reactor over the entire working
. ' range of voltage and currents.

. Capacity { The motor shall be capable of
dellverlng its full rated output
continuously w1tn1n the- prescribed
limits of speed and over the
entire working range. .

A

2.2 Frequeincy Regulator

2.241 The freduerncy regulator shall be suitable for
maintaining the speed of the dec motor within + 3% of its
rated sveed over the entire working ranges

‘243 Auxiliary Smoothing Reactor ‘ :

2.3.1. The smoothing reat'tor shall be suitable for the
currents drawn by motbr under various conditions of _
operation and for reduciag the ripple content of rcctlfler
osutput to match the operatlng requlrements of the motor

ower the entlra working range.

[ EE IR ' - ¥

3. bbﬁVluﬂ'CoﬂJlfIUNg'.' R

¥ A i i A

3.1 . The. notor covered' in this specification shall be
suitable for. sdrvite 'in ambient. teﬂperature varying from
0°C to 55°C, relative humidity ranging upto 100%, at an
altitude of 1000 metres above mean sea level and in dusty
atuospheric conditions,



SPLCLFICATION FOR
HOTOR - FREWUENCY REGULATOR - AUXILIAIY
SAQOLUING ABACYIR O WCiaMi CuLa33 LOCOmMOTIVES

0. FORBEA0OXD

0,1 This specification covers tne supgly of threa items;
feay, the motor of motor-alternator set, freguency regulator
and the auxiliary smoothing reactor for dual voltage system
25 kV ac, 50 Hz/1500 V dc electric locomotives.
.
0.2 Tite motor is directly nounlgd fa the al+ernator
WRL1C.. sUEpiies 40U ¥V, Tarse paasge, Su oo, &g 0wWor LI tne
induction motors driving various auxiliaries of the iocomotive.
Under dc asystew of 'supply, ths motor is directly fed frorm tne
line waile uader ac, supply systen, itine motor is fed at
pul'sating current through a transforsier, auxiliary rectifier
and auxiiiary smhoothing reactor,
0.3 In tac pre?dration of tnis specification, assistance
has been derived from the following specific2tiont-
IEC Fubl 1cat10n No. 349 -~ ©kKules for asuxiliary

. - mrachiines on motor vehicles.
0.l This specification contains certaia ciazuses reQuiring
agreenient between tne purc haser and ithe supolier based on
technical JQLULJthO“ furnisued by the nanutﬂct irer alt the tima
of submitting the tcudvre -

.

0.5 Any devfﬁtions from this specification, calculated to
improve the verforaance, utility and efflclaacj of equinment,
proposed by tae “anufacturer,‘w111 ‘be blven “due consideration,

provided full particulars with Justlflcatlon tnereof Aare Lo
furnlsngd in the teader. .. i : ;}y
. - L ) N
1, SCOrE . SRy
.:- .: r ) . . L {‘ : ": Q“
1,1 This specification covers the manufacture, supply‘?nd

tests on the motor of the motorpaliernator set, freQuency ¢
regulator and rlpp+u current aux111arylswoon1ng reactor,
Tha scope of suuply gaall also include ther supply of associated
: startlnb contactor, startlnp reslstor, if used, protective
fuse and any other equipment required for the satlsfactory
working of the motor. The btenderer shall check the suitability
of the existing alternators for the system design, If.found
unsuiltable, he shall quote: for the:ralternator also, giving
reasons for his alternative choiCe, and furnlsh conmplete
technical detalls and proposed ‘test progranme for alternator
along with:the tendﬁr. The tenderer 5hall furnish cost of
iﬂleldual items in the quotatlon. . _ R

. < «t

.1

.
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11.1.8 The type tests will be conducted In the presence

of rallway representative. Any medification in test
conditions required by the supplier
the prior approval of the Rallway representative,

11,2 TESTS oN MOTOR

[P
[CTERTE

11,2,1 Prelimipnary checking
Check anc verily the proper
terminal ccnreciion, brush
holder cettlng and free
movement of the rotor without.
any noiss at the bearings.

The owality of the commatator
-of the moior shalil zlso be
measured and ¢euordeda

11.2.2 zirection of roftation

Check and verify that the
direction of rotation of the
motor is as per marking on
the moior.

11.2.3 Measuremant of res

Same as type

-

igtance

all be subject to

The resistance of the
various windings shall he
megsured by Kelvin Bridge
metiod or by voltage drop
method. The measured values
shall De corrected by
calvulﬂtlon for tempera+ureg
of 25“9 and ]10 Ca For this
purposge, the machine shall
be left in stand-still
conditicn for 12 hours
before tie measurement. The
valus of measuring current,
in ¢asz of voltmeter ammeter
methods shall not exceed &%
of rated current.

Y1.20h Measurement of ITmpe

e

The mea%area res
the verious qud*ngq \colc.
corrected to 25%C
differ by more than 4 5%
average of ths values
derived fror the tests
first ten motors.

aan

ce

The measursment of impedance
at 50 Hz shall he mzde on
the various windings of the
motor separztely and naxt
connected together in series.
Voltage,; fregusncy and
carrent shall be reccorded.
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{T,Zai  Measurement and separation

of

2

45 ]

D

This test shall be conducied
with dircct current and
pElsating current on the

noijor te plot the eazarac ion
curve ULt the maximum
excitation current anticipated.
No-load losses upto 1800 v
line voltzge and maximum
excitation current shall be
computed.,

11.2.6 Ne-load characiteristi

The cheracteristics shall be
deducea from the above
no-lozd teste.

11.2.7 Temperaturs Rise Tast

(2) Covtinvnous heat run tast
(m pulsaiiag uutreadg__
The motor snzll be arranged
for normel operation at rated
voltage and continuous rated
current with designed ripple
factor as obtained with the
auxillanry smoothing
reacteor. The temperature
rise tesi shall be conducted
in the following seguencess-

at
tag
)

a) Test for 1L hou
1400 T line v
L} (milnue tebt
afceryzining th
nagimum temperature
o ok
c) T2st for 1 heur at
1200 V iine voltage:
4) Test foer 1 hour at
LECO ¥V iine voltaga:

Q [c3
for

._l et *‘S
) f‘l) e

=)

A%t the end of each of the
above tests, the temperature
rise of each of the windings
compautator, bearingsﬁ maxi-
mumn tempe:u sure of the hody
coPa. Cocling alr inlet and
cutlet sazll te measured
and racorded- The $ins
interval Dbetween the
successive tests shall le
limited to 5 minutes. The
temperature rise shall nob
exceed the limits speciiied.

Ca
SRt

no-load 1



/systen

[+ 3%

(b) One hour rating test on

«  rpulsating current

The test shall be carried out
at the rated/voltzge and one
hour rasted current of the
motor in the same manner as

in (a). '

(¢) Continuous heat run test
on_dn

The test siall be carried out

as in {a) but on dc supply

oh¥y.
(d) One hour rating test on ~

GC
The test shall be carried Same as in type test (d).
out as in (b) at dc ' The tenmperature rissz shall
supply only.- not exceasd the limits and

also shall nct vary uera
than + 8% from the declored
value during tyre test:

11.2.8 Load Test

Immediately after the Immediately after tie 1 hour
temperature rise test, raiing temperature risi test,
load test at input system load test shall be carricd
voltages of 1800 VvV, 1400 V out 25 in the =ype test at

and 1000 V¥ shall be . rated/voltage. This will/systenm
conducted to determine th enabls the characterisfic
characteristics of the moftor walues (efficiency exrected)
under wvarious load condie of each machine %o he

tions 2% constant speed of compared, at rated current,

1500/rpm. The load current with the corresponding

shall be varied from no-load wvalaes of the type tects. &y
to 1.5 times the full load  Tor this current, the 1ndi-l>
current in steps of 25% and - vidual values shall not N
corresponding field exclta- depart by more than s 5% f@
tion recorded. Current in ci tne typ: test values.

the conirol field winding

shall also be recorded in

each e¢asae. The curves of .

terque, shdaft horse power

and efficiency as a funciion

of load current and for

different comiitions of

excitation and supply , -
voltages svecified cbova :

shall be plotted.

Ao
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11.2,% Qver-speed Tash

This test shzll be done on
the machine for 2 minutes -
witen the machine is hot.

The motor shall be capable
of withgtending a rotational
speed of 1.35 times its
Daximum speed. After this
test tie machine shall not
show permanent defcrmation,
The ovality shall he chocked
and reccrdad. It shall not
exceed more than 0.03 am,
NOTE*

11.,2,1C Commutation Tast

With direct current

e

oame as type test.

These commutation tests shall The motop, ehall withsiang forp

be conducted after the over-
speed tests in addition to
the record of commutaticn
during the determination of
characteristics test No.3

The test shall be carried out
with machine when hot for'a
period of 30 seconds : - ;
‘. ) -+ at 1000, 1400
and 1800 veltages. The test

1 min, &t syztem voltage of
i800 V,; a current eauai to
1.5 times the current corres-
pending to its ratinga.

shsll be carried cut at several

values of currents and excita-

tions covering whole range of
fracticn application (10 A to

1.5 times zated current and

zero to noximom current forconsrol

exciltation).

With pulsating current

The test shall be conducted
at actual prlsation
frequeny axd ripple factor
at - Ll:i times the rated
voltzge of the motor and for
several values of current
covering the whcle range of
traction applicaticn,.

The machine shall withstend
the commutation test without
mechanical deterioration,

flashover or permanent damage.

(*) NOTE:

- Maximum gpecd of motor corresponds Lo the

eneed obtained during sitartinz under most
unfavourable conditions, ‘



11.2.11 Bisck Band Commutation Test

The test shall bBe conducted
by a standard method tc
determincs the =zcne of "Black!
commutation for full opera-
ting range of voliage and
current of tlie motors

11,2,12 Dielectric Test

Thne test shall be carried Same as type
out with the machine not
and after the tftests speci-
fied in the preceding
secvions, The test voltage
shall be alternating and,
as nearly as possible, of
sine wave form; frequency
being 50 Hz.

The test voltage of rms
value 2.25 u + 2000 V {where
u = 1800 V) shall be
complied for a period of

T minute between windings

5f eachn circuit and the frame
with the windinszs of other-
circuits connected to the
frame. The test snall be
condurted as per clause 41
of IE(-34G6., The insulation
resistance of the machine
gshall be nmeasured before and
after the test and there
shall be no .apjreciable
difference between the two
values,

11.2.13 Weighment (Type Test onriy)

4fter all the above type
tests, the motor shall be
iaspected for ary damage

» abrnormality and then the
motor weighed in working
ordera.

teste

Bm,
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11.3.10 Igipact or shock test : -

v e

L]

This test shall be carried out
in accordance with I8:2106
(Part VIII)-1964, At the end
of the test the reguliator

shall be inspected for any
loose connectlons and then
subjected to electrical _
performznce test. T2 -
regulator saall funﬂtwon
normally.

11.3.11 Insulation-resistance_ﬁast

The insulation resistance Same as type test
between 211 the terminals and

earth shall be measured with a

500 v meggar and it shall not

‘be less thar 1 ¥ ohumus

11.3.12  digh voltage test ‘ -

Before conducting this test, Same as Typs test
insulation resistances shall be -
measured in~itially. A voltage

of 2.5 KV pee shall De

applied between all the

terminals and the frame for

1 minube. There shall ba

no damage whatsoever during

the test.

After the high voltaye tesc,' .

insslaticn resistance shall e

measured again. There snall

be rne appraciable difference - |

between txe imulation

resistance values mzasured

before and «fter tha high

voltage tests.

U}
t"I'

11.3,15 kegulation %

The resulator shall he Same as tyle test
- connected to the mobor alter-
nator set for normal working.
Tne uasyembunnlv voltage shall
be set at 14097V por  The
alternator output frequancy
shall be set to 50 [z by means
of the regulator adjustments

at no loazd. The alternator is
then loaded to its full capa-
city and the supply voltage of
thesystem.shall be varied from
1000 V pc to 1800 V »c. The
alternator output frequenwj
shall be within 50 Hz + 3k
durirg the test« The test shall
be- repeated with dc voltages.

-
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1.4 TESTS ON AUXILTARY SMOQTHING REACTOR |

1.4.1 The tests specified are to be conducted at the
manufscturerts works and based on the latest ITC-310
Publication for YTraction transformer and reactor'.
The temperature rise limits stated in the above publica-
tion shall be reduced by 259°C to cater for higher
ambient temperature in India., Any deviation from the
test programme given here shall -be mutually agreed to
between the purchaser and the manufacturer.

A\
11.4.2 Tests are classified as type tests and routine
tests. Type tests shall be carrisd oul cn one reector,
while routine tests shall be carriad out onh. each reactor.

v . 5t
LR st [N SN

Tl Preximinary checking and measurenents
T"E“.i:jiL Rousine test
1143 Preliminary checi )

A check shall Dbe made on the Szame as tyre test
terminal merkings, .polarity

and the particulars of the

rating plate for correctness.

11l .4 Measurement of winding resisténce

The resistance of the winding The measured resistance
is recorded with dirsct currsnt shall not differ by & 10%
at ambient -temperature, usual = from the declared

care being taken to minimise resistance vglue.
self-inductive effects, The

measured values shall De

corrsctied by Lalcuiﬁt .on for ,

temperature of 1159C and 259C,

T1.4.5 Moasurement of 1nductance , ' AE;
This tzst shall be coryizd out The test shall be carried ,g‘
with oulsatrrg current at out with ac at 30 M. o
100 E#. fraguency an per the -

The current shall vazy from type test. b

O amps to max. amps in the

steps of 25 aznps 2nd “he ’ -
inductanse shail he recorded.

A curve snall be p‘c*foa with .

inducvance {in milt 1han;") VS,

current; as the absclssa. : .
Another curve shall be drawn

with impedance vs. current.

‘While doing this ¥3st the

confenser shall be disconnected.
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11.74.6. Determination of losses

I2R loss shell be recorded

at rated current and rated
voltage and shell Le correced
for resistance of the rezctor
ay the refoerence tempsrature
specified in IRC-310(Clauvss 22)

11 4.7 Qpcillogrgﬁgig Sesu

Oscillograns of the form of C .
voltage and current at Hie

termingls shall be recorded

onn a time basis while passing

various values of currents atv

various voltages. : o

’

11.4.8 Tempsraturse Riss Tests

r

- .
Rated curreant at rated The test shall he carried
voltage of pulsating nature = out ab rated current and
shall be paased through the rated voliage for one
Teactor and. femparacure Trise hour rating 238 tempera-
of the winding and the ture shall be recorded.

different parts of the core
shall be measuled,

Winding temparature shzll be
recorded at 10 minutes in%erval

till the tunyerd turs has >
attalned n aizedy value for
conszent’ vz o Jmad*n,hq he *

temparalaire Shail noit exceed
the 130 raliss reduced by 25%¢.

, Hot spot tempera-
tira oh the windings-shall
gla0 he uneazired by thermo-
couples. The tcst shail z2iso
he conductad on 1ts 1 hr.
ratirg a5 above and tae
temperaiure shall be racorded.

11.4.,9 Di-eleciric test

-

. The tests shall bhe carried out The test shall ke conqacted
in acoordance with clau 2 33 as per type,waﬁﬁ‘ : :
of IEC-310. a3 .

11.4.10 Welghment ]

The weight of the cmoathing
rsactor in wouolding orler shall
he measured and recordel after
tlhie tests are completad.



11.5

Bunping Test on aomplete,mntor~alternator sygtem
11.5,1 Test tc check that the uVSth These tests ‘sanil include:
iz in ad 4hﬂﬂlnﬂ o"ucv . tirece starting tests at
2 minutes.interval az full
The tests to ensure that  load and maximum qupem
the assembled system is in rufi~ voltage. The last stard
ning order shall he carried.out shaall be immediftely followed
either on the test bed or on the by a S-miguic run under
motive power venicle, The o rated condition, Tae moter
laotor and the alternator system sinall satisf ¥, the réqpira~-
suaall be arranged for normal monts of the %yps tests.

—

\R

‘satisfactory during the

working with all components/
parts in position, including
starting resistor, coantastor

and proteciive devices, if any
in the motor. It shall also

be ensured tnat the system gives
its norm2l output under the
conditions specified, -

After 10 starting tests -~
of 2 minutes interval at full
load (Jf whiclhh 5 shall be made
at 1800 V and 5 at 1000 V
pulsating ocurreni), it shall
he confirmed thatf, the motor
does not attain a temperature
risze higher than specified.
Tne commutation snall remain
tests
commitator snall not

traces of-burninga

and the
show any

v2  Interruption and ﬁeatorﬁtlon

of volitage test fmroe Test onlyj

The *testsz shall be carried
cout on the motor with the resistor
and proteciive gear [*f permanently
ronnected) in the circuit simula-
ting the conditions in normal
service, both on the tesi begd and
on the motive power veaicle. If,
for the test bed, the alternator
is not available; an equivalcnat
inertia isad shall be coupled %o
the motor for:the purposes of the
test. )

The supply sazll be
interrupted and restored five
titmes in succession, .2allowing



11.5

11.5.4 Short ¢izu.il

the normal load conditions to
re-establish between successive |
interruptions, the system
operating a ite maximum veltage
and rated load. ~The time inter~
val between the instants of.
interruption and restoration

of supply shall be approximately
1 second. The motor shall with-
stand the tests without mecha-
nical deterioration or flashover
or permanent damage to the
commutator, The test results
shall be recorded 0501llograph1ca11yc

.3 Test on sndden variation in
the supply voltage to mctor

This test shall be made by
means of an appropriate resistance
connected in series with the motor
and provided with a short circuiting
switch. This switch shall be opened
13 times and ~lagad 10 Limez 2 1 1o~
ration every 5 seconds, so that ithe
voltage at the terminals of the
system wvarias between the maxzimum
(1800 V) ang micimum (1000 V). The
motor shall witustand the tests
without maohanizal deterioration or
flashover o. permanent damage to the
commmutator i Ghe motor. The test
resulis 53321 e mecorded
oscillographkically.

% - X _SomMooung—
I
wound mctor (Type Test cnly)

The systc: ahall be fed at .
1800 VvV psulseting carreat on au-Llo80.
When *the gtzhle conditions aie .
obtained, the supply circuit snall
be rapidly o¢penad and the motor,
immediately tuereafter. short
circuited, vhe motor, however, being
protected by the equipment {relays
in the circuit breaking devices;
permanent and starting resistors),
with which it is rormally orovided.
The tesv shall be carried out twice’
Zt 5 minutes intewr/al. This test
shall also be repeated for dec operation



of the motor. The motor shall
withstand all thege teats without
mecitdAnical debterioration or
.permanent damage to the commutator.
The %est resulits shall be reccrded
oscillographically.

11,55 Starting Time Tesi {Type Test cnliy)

The motor-alternator system shiail
be arranzcd for normal. working. The
motor-altasrnator system snall be
started at the following supply velfagas:-~

1800 V pulsating current

1400 V pulsating current

1000 V pulsating current
The starting time of the unit to come
up to full speed from zero speed
shall be measured oscillographiesally.

Record final load current and
voltage ratings., :

11.%6 Endurance Test

The motor-alternator system
shall be arracared for normal working
order and tha set running conti-
nuously .fuvr ] hours at the ratead
locad conditi~.s. Tne system shall
pDerform satref=ctorily without
exceeding fne temperature risc of
the varinus winiings and othesr
components and shall not show any
signs of detericration in regard
to specially the commuta®ion of the
motor.

v oo g

11.5.7 0Oscillographic Test

The motocr-alwernator; freqQuency
regulater aad smoowvhing reazstor
shali be arranged for normal werking
conditions. -Ogciliographic tests
shall be conducted so as to racond
the behavicur of motor armaturs
current, speed of tne set, alternator
voltage, rivple content of smoothing
reactor under various conditions of
oporation of tie system, ilceasy
starting and ruaning at minimuam,
rated and maxinum voltage.

*RNS*
15.2,75
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Farticulars
Cantinuous outout -

*L")
P

[y

Ouk put voltagse at various

220 KVa, 2 ghase, 50 Hz at

0,8 P.F. largin
180 KV4 for an gmblcnt

» Cargted to

temperature of 55 UC and a
cepression of 2L mm water

gauge for cooling air.

lecads varies

within ¢ 7% of 400 ¥V over the spsed range of 1500 rpm

= 3%,

Transient voltage rise
at alternn*tor output
terminals vhen fuli lcad
is thrown oif

Directicn of rotation

Mounting dimensicns
Lengthwise
Widthwise

Shaft size

Shaft extunsion

Welght of the alternstor

20%

Anticlorkwise when viewed

from the driven end.

518.00 mm_
674.00 nm



Amnexure - 2

Particulars of auxiliary winding of
loconotive transiorpsr on zo/doe
locometlives.

Rating

o lcad voltage at 17.5 kY = 1142 Velts
Qverlszd catenary' 19 kY = 1240 U
voltege of 22,5 k¥ = 1470 W

25 kv = 1630 ¢
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Annexure -3

.

Schedule of particulars for d¢é Motor
of the Motor-Alternator set

Type, Mpdel and make
Nominal voltage

Rated speed (rev/min)
Continuous rating (HP/KW)
Rated current -

a) at rated voltage (1400 V)
bh) at minimum voltage (110G V)
Class of insulation -

a) Armature

b) Fleid

Type of enclosure

Method - of ventilation

Material specificetion of the motor
ventilating fan

Cooling air temperature assumed in the
design of the motor

Annlitude of vibration of the motor
(as per Indian Standards)

Type and particularé of the terminal box
and caple entrv used (enclcse sketeh)

Type. and make of bearings, their estimated
life and maximum bearing clearances

Recommended grease (specify I0C grades),

frequency of regreasirg and gquantity of grease

Welght of the rotor

Weight-of the motor
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{Annexure- 3 ccntd.) - 11 ~

Design Particulars

-

17 .Mgin Dimgnsions
a) Dia of armature
b) Gross core leng%h mm
¢} Duects (number and width)
d) Iron length
e)‘Alr gep length
f)} Depth of core below slots
g) Ceummutator dia
h) Cammﬁtétor length‘- effec@?ve .

18 Lrmehure

. i
7

a) Typs of winding connecticn and

number of parallel paths
b) Number and size of slots -
¢) Numger of conduetors per slot . ..
d) Coil piteh ,

e) Conductor size, covering snd
cross sectional aren '

f) Slot insulation details
g 5verhang insulﬁtioh details .
) Ircer 1ayer:insalatiOn details
i) Current density in amperes/ﬁmg
x) fupere tur‘s_ﬁer polz
1) Hecistance at 20°¢

19 Field i
a) Nuuber of main.poles
b) Dimenéions bf main pole

¢) Dimensions cf interpole

Contd,



(Annexure 3 contd.) - i3 -

20

a2l

¢) blze, coverlng, c¢ross sectional aresa of

1) mzin pole contictor

andiil) interpole conductor

el

£)
g)

Resistance per pole of

[

) Main field winding at 20°C
i1) Interpole winding at 20°0
Pernsnent field shunt, if any

Fic¢lé azmpere turns per pole

Commnsator

a)
b)
o
d)
e)
£)
2)
h)
3)
k)

Tia of commutetor
Length'of commuatator
Mamber énd size of commutatcr sesments
Cormmutator surface per pair of pceles
Commutator;pitch

Inculation thiclkness

Caormatator factor

Time of commutation

Voltage per bar

Revarsal of current per milli secuna

Srash

a)
b)
c)
d)
g)
£)

rade

Dimensions (Length x Width x Thiclmass)

Current density 8/ens

Brush pressure Kg/cmg
Number of sets of brusih holders

Number of brushes per holder

o

C-Oﬂt dn



{Annexure}E contd.)
' . - iv ~

22  Bandin-~
a) Matarial specification
b) Nuwmber of turns on- commutator erl
¢) Number of turns cn evclate end
d) Diameter of banding wire
e) Tension of bsnding wire in kg

23 Teslgn parameters -

' ' . . o
fic mgznetic loading (Wo/m=)

o
S’
n
o
@
]
b

b) Specific electric lcading (ezip. ccondu
: (T

o
{1

astors/
e)

A\

¢) Ar gap flux density fwb/m>)

d) Ratlo | Field AT

e

Armature AT

, at full field

-

a) Specific power-(Watts/cmS)
f) Frequency of flux reversal

g) Ratio of flux density 1n alr gap
to current density in arm ccadustor

L B B
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8.

2

10,

1l.

Schedule of particulars for
Freguency Regulater

(Ngte: Sunmit detailed drawings
wherever necessary)

Tvpe. mpdel ané make

Nem-onal voltage and frequancy

Speed rsgulation

Class of insulaticn

Type nf enclosure

Particulars of terminal connectlon
and cable entry used. _

Welght of the equipment

Range of the voltage and freguency
Circult dlagram and déscription
and 1ts application in the motor
alternator system.

Mounting arrangement details with
draving.

Deteils of circuit components used.

Annexure - &
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Annexurs- 5

Sciedule of particulars for smecthins reachon

G DIEL L_A.L
1.
2o

S
4,
S,

6.

Te

8.
e

WINDING
- 10

Typ2, wodel and make
Mexzimum continuous .
Current amps .
Voltzge Volts
Class of insulatism and its details
Short time duty cycle rating
Self-inductance at
- rated current
- saturation
- short circult conditions
Calculations for arriving at the valus of
inductance for the designsd ripple facter
against mean current.
Overall outline dimansions and moanting
detalls with drawing.
Aszambly drawing of the smoouhlng r2achor
Toial welght of each unit in yoriing order

Size of individual conductor

Thickness mm

Width mn ’
No. of conductors in parallel,
Saclional area e
1 e s oa 2
Current density . amp/mn

Totel number of effective turns
Tasulatipn between core and conducters

suality of e material
Szetional araa

]
Gross mm;
Net ‘mm
Thicknsss fihi!
Flux density Gua
Power loss Watts

IEMPERATUR.. RIS

L.

[~ )

At rated current

wining gc
Cora ¢
t one heur rating o
Wirding . C
Core S¢

CHARACTERISTICA

L.
Ze

3.

Current in amps vs. flux curve

Inductance vs. current curve .upso 1.7 times
the motor current

Resistance of winding at 259°¢
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Scheduie of particulars of the cusition couplings

Annexure - 5

used on similar Motor-Alternator sets.

(For Guidance only)

Mzke

Ty pe

Maximum bore
Maximum speed
HP/rom

Maximuom starting
torque

Iimits of angular
misalignment

Limits of parallel
misalignment

duits of end 2lcat
Recommended service

values for 7, 8 & 9
above

M. JedoFernner « Co.
(India) LuG.,
86-Dy Free School Sireew,

_ Calecuttiza,.

FM-L7 coupiiag

125 nm
2000 »pm
21

3110 lbs-~ft

30
1/16%

5// 161

1.5

&y

]
LaF



