
For Motor Technical/ Service related 
query address your enquires at : 

Addl. General Manager 
Industrial Machines Sales Division 
Bharat Heavy Electricals Ltd. 
Piplani, Bhopal (M.P.)- 462 022 
Tele fax: 0755-4201653 
webistie: www.bhelbhopal.com 

For motors price quotation 

address your enquires at : 

Addl. General Manager 

Industry Sector 
Integrated Office Complex 

Lodhi Road, New Delhi - 11 0 003 

Fax: 011-24365367 

For motors spares quotation 

address your enquires at : 

Addl. General Manager 

Electrical Machine Repair Plant 
Plot No. D/1, Cross Road-C 

Road No. 16, MIDC, Andheri (East) 

Mumbai - 400 093 
Tele fax : 022-28364587 

Note:· Product development & improvement are our continuous endevour, hence the product may slightly differ from that indicated in this manual 
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CHAPTER 1 

MOTOR DESCRIP110N 

I 

1
1.1 Introduction: 

1
Thls 0 & M manual gives deacdptlon af Open type and Closed type 3-phase Sllprfng 
11nduction motors. Open type motors conforming to IP23 protection have frame 
Cleelgnallon beginning as "1 RS" and Closed type motDI'$ conforming to IP4411P5411P55 1
protection have frame designation beginning as •1 RB or 1 RR or 1 RU or 1 RE, 1 LS, 1 RC". 
iThese moto,. generally comply with all relevant Indian and International Standards on 
'rotating eledrical machines like 15325, IEC 34. The machines can be suitable ei1her for 
,horizontal moun11ng (B3}orvertlcal moun11ng (V1 0). 

I 

·This manual enables user to know the madllne In respect of c:onstruc:tlon, storage, 
'operation and maintenance of motors of this type having a wide range of output from 
'smalle8t to hlgheatfra.rne. To know external dimension details & performance parameters 
:of any specific motor, user has to refer to Outline Drawing & Technical Data sheets 
,submitted by BHEL. 
1
1.2Ventllltlon 1 CoollngAmmgement: 
bpen type motors (1 RS) have a single shaft-mounted fan wtllch draws atmospheric air 
'irrto the motor through louvel'8 and filter at one end and, after cooling the cora and 
:wtndlngs, forces the alroutofthe motor atotherend. 
I 
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- - - - - - - - - - - - - - - - 4 
Closed type motcra1 RBI1 RR have a shaft-mounted fan for internal air circulation. Theae1
will aJao have an air-to-eir heat exchanger mounted externally on to motor frame. In 
addition to main motor shaft-mounted internal fan, these will also have LT motor driven fan1
to foroe external al.rnospharicairthro' the externally mounted heat exchanger. I 
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9. CACA COOLE"l 

10 .. BRUSH' GEAR AS<;f. 
11. LT BLOW!:R UNIT 

I I J 

I_ - 1- -- - - - - - - - - - - - - -
1Cioeed type molol'81 RU has a ehaft-mounted fan for internal air circulation. It also has an 
air-to-waterheat&xeha.nger mounted externally on ID motorframe. 
I 
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'/. :NTCRNAL FAN 
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1 0. 1:11-(USH Cr.AR ASSY. 

'Cioeed type motors 1 RE has two shaft-mounted fane, one for Internal air clraAiatlon and 
.the other for e.xternal atmospheric air circulation. These will also have an air-to-eir heat 
,exd'langermounted externally on to motorf'rame 
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Closed type motcr 1 RC has LT blower motors both for external and internal air cil'alit. -

The shaft-mounted internal fan will u!Kially have a fixed direction of ratation only. Fans: 
suitableforboth directians ofro1ation can be provided if specifically ordered. 1 

-·-·-·-·· - UOTOR 
• . COIHC� 

I_ -1-- - --- --- - - - - - - -

11LSmotors 
�otally enclc ae d tube ventilated motors 

:r1 hese machines have elosed-drcult cooling with a concentric tube nest cooler, wtllch Is 
ntegrsl with the frame, and with shaft-mounted fans (external fan, slip ring compartment 
·ran and two main compart.ment fans). 

iThe external ran Is normally unidirectional, but a bidirectional variant can be fitted If 
,specially ordered. 

jl'he external fan le located In the fan shroud on the nondrlve end and forces the 
,atmospheric air through the cooling tubes of the stator frame and subsequently past the 
'external fins oftheslip ring compartment housing. 

1-he two Internal fans In the main compartment cause the primary air to circulate In two 
:symmetrical sub-circuits. Circulation is intensified by the radial ducts in the laminated rotor 
1core. The primary air circulates through the end windings and the duc1s In the core packs 

1
andcaniestheheatlosstothecoolingtubes. 
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1.3Statorframeandwfndlng
- - - - - - - - - - - - - - - -! - !- -I-

I I 
The stator frame is of welded construction. The stator core pack is fitted centrally in the: 
stator frame and �red againttrotation and displacement. 1 
The stator winding of the HV machines Is a double-layer coli winding and Is provided� 
MICAI.ASTIC• insulation complying with cl1188 F insulation requirements. This ineulation1 
system Is bated on Integrated mica and Is made by a special eynlhetlc retln lmpregnallon'
process. The Insulation passe a sea high electric strength, high resistance to moisture and 
aggreasive gasea and vapors, excellent medlanical atabil ityand long life. 

1.• Rotor and rotor winding 

The shafts have two journals (drive end and non-drive end) and a cylindrical shaft, 
extension at the driveend.Aaecond shalt extension may be provided at the non-drive end.1 
The laminated rotor core is pressed onto the shaft. cramped and SBC:Qred against axial 
displacement, and carries the rotorwlndlng. 1 

I 
The winding bars are pn:Mded with an insulating layer, inserted in the slots of the rotor core; 
and connec:ted Into a winding by brazing. The and windings are reinforced against the, 
centrifugal forces by banding with flber glass tape. The rotor winding Is Impregnated v.1th 
synthatic 1'8Sin and st�bsequently cured at inaeaaed temperature. The rotors arti 
dynamically balanced with half key insetted in the keywayofthe shaft extension. 1 

I 

I 
11.5 Slip rings

The elip ring asaambly consisting of elip rings and an insulated hub is connected to the 
btorwlndlng by means oflr\SUiated conductor bars and connecting bolts. 

:1.6 End ahlelda

�he end shields at the drive and non-drive ends are disk shaped and arranged for taking 
11'1e bearing &8$8mblywhlch Is appropriate for the type and type varlantofthe machine. 
Bolted to the inside of the end shield are the brush-holder a up ports with the brush-holder 
'and brush assemblies. 
I 
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EXPLODED VIEW OF MOTOR I I 

I 
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7.21 
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7.31 

! 8.11 

! 8.12 

i 8.20 

8.50 

Sleevebe81fng DriYe End 

PointerQncaaellflwosleew 

bea�ngno1thoutaxlallacrion) 

SeflllngCOYef 

Sleewbearing Non Drive End 

Sealing covet 
Rollng-contactbea�ng unlt(locattlg bermg) 

Roling-contactbearing unit(floating bea�) 

End stleld Drive End 

End sNeld Non Drive End 

Fan mpelenridirectional 

Fan mpellltllidirectional 

Fan IUl{wtth parallel key) 

Solid all aft 
Spidenhaft 

Rotaroor&YI1thv.tldlng 

Slip ring assembly 

i 10.00 Statorframe(wi1h 001eandviilding)

10.15 Clamplngstrapforearthlng 

! 10.30 AlrguldewaiiDrtveEnd 

10.48 Straps 
10.40 Ai'glidewall 

10.4$ Fbdngtuppo!ts 

10.80 Hocded�ouverpla.le 
10.81 Hocded�ouveri*!B 
10.74 Silleooverwithgaeket 

10-75 SkleCO'IItrYI1thgaskllt 

10.84 T�covarwithgasket(insulatonl) 

10.65 T�covar.,;thgaeket 

20.01 Sta!crtermlnalbox00!1'4llllle 

20.02 RoiDrtennil\81 box 

25.00 Brueh Gear Unit 

25.10 lsola1lon Bolts with lnsulll!bl 

25.11 Outenspadng buallas 

25.12 lnnerepadng bushes (ineulatonl) 

25.13 Bracket with nuts 

25.30 Oan'fllng brush hokler 
25.20 Caltlonbrushes 
25.50 S!4IPO'l 

c____ ____________________ j - - - - - - - - - - - - - - - - - - -
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1.6Bruahholdan,carbonbruahes:- - - - - - - - - - - - - -! - I_ -: 1.8.1RotorTennlnafBoxArrangement----

The bi'Ush-hoklet8 guide the bnJshes in the preset position relative to the slip rings and 
ensure the ne011688ry contact pressure. 1 

In machines wtlhout brush-lifting gear, I.e. with brushes In permanent ccntacts, one or two1 
bloc:laJ of clamping type brush-hoklei1J in V BJTangement are provided ovw or at the sides' 
oftha sllp rings. I 

1.7 Bearings : 
I 

Depending on the cleslgn and the operaUng ccndltlonsspedfled In tl'le order, the machines, 
are fitted wi1h greas&-lubricated rolling-contact bearings or with 8leeve bearings with o� 
wlthoutforced-olllubrlcatlon. 

1 
Sleeve besrlngs of machines wtth bruslles In pennanent contact are of the floating type: 
without axial restraint. Axial restraintforthe rotors of such machines must be provided from, 
the locating bearing of the driven machine via a suitable coupling hr:Mng limited play. 1 

For a full description and speclal lr\Strucllons, reference should be made U> the supple-1 

menta.ry instructions. I 

1.8 Terminal boxu : 
I 

The electrical connections of tl'le stator and rotor windings are made in separate temninal1 
boxes.Any auxiliary clrallts forfunctlons such as antl-ccnclensatlon heating, temperature1 
moni10ring, etc:. are ccnnected in additionally fitted auxiliary terminal boxes. The temninal 
boxK at leastccmplywtth degree of protedlon IP 54 to IS-325 or IEC 34-5. I 

I 
The number, location and type of terminal boxes can be sean from the dimension drawing I 
of the machine; tl'le kind, circ:uit arran98fTient and ccnnectione of the main and auxiliar)i 
clrctilts are documented In tl'le aeccmpanytng clrc:ult diagrams. 

Rotor Terminal Box i8 fitted to the mad'! in& for making ccnnec:tion U> the starting system, 
.may be Liquid rotor starter or Grief Resistance starter. The cables coming externally from 
,starting devise and intemallyfrom motor rotor are tenninatecf in tl'li8 Box. 
I 

•The ccnnec:tion between the motor rotor and external cablee i8 made on the Bus 
·ear(ltern4). Three such bus barsaraprovtdad: one for each phase. On each oftl'lasesbus 
bars a total of six external cables can be ccnnectsd. The Bus bar i8 supportted on tl'le 
,Insulated pin assembly(ltem 7). 
I ROTOR TERMINAL .ARRANGEMENT 

I 

! 
" ?-'k-·¥· c====���� 

m:M DESCRIPTION 
01 lERMINAI.. BOX 
02 ADAPTOR PLATE 
03 GASKET 
04 BUS BAR 
05 BUSBAR STIFFENER 
08 INSULATOR PIN ASSY. 
07 S'T\ID BOLT 
08 SEALING PLATE 
09 GROMMET 
10 END BARRIER 

I 11 MOTOR lERMINAL. 
--------1 -12 - Ct:.iSTOMER 'TERMiNAL 

-- -- -- -- -- -- --��
-------------- ���---------------z��1�5�---------------· 
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STATO R TERMINAl:" B-OX AND-AlUQNGEMENI 
{For High Yo� Motors} 

-!_I_ -1-_ 

1.8.2 Phaa..segregated TennlnaiAtrangement: 

When a high fault capacity Phase-Segregated Terminal Box is fittsd to a machine1 
connected to a high fault level system, the lnccmlng supply cables should be terminated lnl 
the88aling chambers and not in the Tanninal Box itself. The connec:tion between the motor: 
and supply cable tails Is by means of split cable clamp (19) provided along with the box.l 
1b& cabl& tails terminate with copper ferrules (11) and a Get of 3 ferrules i8 suppli&d fOfj 
filling to the tails of the Incoming supply cables. It Is nonnal to leave a 3 mm gap between1 
the clamp&d tail cable ends. If desired the c lamps and ferrules from both motor and supply

1 cables can be omitted and the joints made by crimped connectors. 
I 

Each IBrmlnal box Is provided with three desiccators (15.) on examination, the dtlslccators; 
when dry, show the inner ring of the indicator to be blue in color. If thiS inner ring show up1 
pink In contrast to the blue outer ring, the desiccators will have to be dried out and

1 refilt.ed ... 
I 

PHASE SEGREGATED TERMINAL ARRANGEMENT 

4 

19 

I 
---·15.16,, I 

IT. NO. 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 

22 
23 
24 
25 
26 
27 

I 

DE8CRIP110N 
Tenninal bOx 
LID 
Joint Box 
Gasket 
Gasket 
Gasket 
Gasket 

Plate 
Grommet 
Gland Part 
Ferrule for stator cable 
Filler Pin 
Gland Bush 
Sllllt Washer 
Desiccator 
'O'Seal 
Retaining Bush 

Tub. Socket (for 14•) 
Earthing Pad (ForMS Flat) 
Tenninal 
Bottom Clamp 

Explosive Vent (RellefVant} 
Double Comp. Type Cable Gland 
BoltM16wlth 

Pad 
Gland Plate 

MATERIAL 

Bakelite 

Syntha11c Rubber 
Bakelite Fabric Board 

Synthetic Rubber 

For Earthing 
Copper 
Brass 

EpoxyGias Mat Laminated Sheet 
Met Laminated 

steel 
Baskellt&Board 
Brass Nickel Plated 
steel 

-----------------
1 
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1.8.3Phue-8eparatedTermlnaiArrangemant: - - - - - - - - - -! - I_ 

When a high fault capacity Phase-Segregated Terminal Box is fitted to a machine' 
connected to a high fault level system, the Incoming st�pply cables should be llilrmlna!Bd In: 
the sealing c:hambenl and notin the Terminal Box itself. lbec:onnec:tion between the motofj 
and st�pply cable tails Is by means of terminal connector (19) provided along with the box.1 
1be cable tails tarminata with copper fertulee (11) and a set of 3 fertulee i8 supplied for 
fitting to the tails of the Incoming supply cables. It Is normal to leave a 3 mm gap betweerl 
the clamped tail cable ends. If desired the clamps and ferrules ftom boti'l mocor and eupply1 
cables can be omitted and the joints made by crimped connectors. I 

I 
Each llilrmlnal box Is provided with three desiccators (15.) on examination, the deslccators1 
when dry, show the inner ring of the indicator to be blue in color. If this inner ring show up 
pink In coubastto the blue ou!Brr1ng, the desiccators will have to be dried out and refftted. I 

I 

I ' 
I ' 
I ' 
I 
• 

I 
I 

c____ ____________________ j 

IT. NO. 
01 
02 
03 
04 
05 
06 
err 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 

TABLE OF FITTINGS 
DESCRIP110N MATERIAL 
Terminal box Steel 
LID Stl. with FRP Lining 
Joint Box FRPMouldlng 
Gasket Neoprene Rubber 
Gasket Neoprene Rubber 
Gasket Neoprene Rubber 
Gasket Neoprene Rubber 
Sealing Plate Bakelite paperboard 
Grommet Neoprene Rubber 
Gland Part NylOn 
Ferrule Copper 
FlllarPin Staal 
Gland Bush Synthetic Rubber 
Split Washer Bakelite PaperBoard 
Desiccator Assembly 
'O'Seal Synthetic Rubber 
Retaining Bush steal 
TublerSocbt(forlil14) For Earthing 
Earthing Pad {ForMS Flat) Copper 
Terminal Conne<:tor 81'888 
Tail Celbe (95 Sq. mm.) Copper 
tnsulall:n Proc:alaln 
Trffurca11ng Box Staal 
Gland Plate Staal 
Double Compression Type Gland Cast Brass 
Bolt steel 
Earthing Pad steal 

- - - - - - - - - - - - - -��--------------���--------------- z��,�·�---------------· 
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1.9Antl Condensation Heating DHCI'fptlon 

Appllcailon: 

---------- -! 

Anti condensation heatem filtsd in motom warm the air inside the stationary machine' 
above that of the surroundings, thus eft'ectively prevenling moistiJre condensation. 1 

Installation : 
I 

Depending on the size and type of the machine the anti-ccndensation heater consists of 
two or more heating tubes connected together. They are combined to form units which are1 
normally built into the stator frame on the drive and non drive ends. I 

I 
For these motom Immersion heater 8Cf8W8d Into the stator frame so as to be acx:esslble 
fnxntheoutslcle(F1g. 1)areused. I 

I 

Heating tubes: 

;;�--�· .. 
:: 

·-.·f):· 
--- . ' 

The heating tubes have a, heating conductorwhich is embedded in insulating material and 
arranged inside a corrosion-resistant metal tube. The tube ends are sealed to prevent the, 
ingress of moisbJre. 1 
Connecting: 

The heater connections are brought to terminals v.111ch are located In a separate terminal 
boxlnthecaseofhlgh-voltsgemachlnes. 1 

Connection must be made in ac:c:on:lanoe with the diagram shown in the terminal box.1 
Examine the rating plate or the dimenSion drawing to see that the voltage and the power of: 
the heating agree with the mains supply. 'The supply connection of the heatem must be: 
intsrlocked with the main breaker of the machine to ensure that the heatem are switched, 
off when the machine Is running and switched on onoe the machine hascometo standstill. 1 

1.10CACACoolen I 

1.0 Introduction : 1 
The cooler consists of a bank of tubes. TUbe ends are held In bJbe plates. On Inlet end, al� 
equalizer chamber is provided. In this chamber air either from LT blower or shaft mounted 
fan comes before entering cooler nest. The bJbes are secured in the tube plates by roller: 
expanding. The arrangement provides for flow of cooling air from atmosphere through, 
tubes whereas hot air present Inside the motor, flows over the tubes In a cross flOWj 
manner. The tubes are pltehedlspaced to give the most efllclent performance. The 
efficiency and high quality of these units are the result of careful designing and ----------------

1 

I_ -1 ----------------
proportioning of the cooling surface. This ensures the required duty under prevalent 'operating conditions at minimum running costs. A carefUl sale ot1on o f  mallarlals and 
'c:raftsmanship ensures a product capable of trouble freeeer vioe. 
I 
�.OConstructJon: 

1
The cooler consists of cooler ho1J81ng, tube nest and fan motor unit. In some daslgns 

poryesterfibre filtem are also provided in the cooler for &m:�Sting carbon dust. 

�.1 Cooler Housing: 

[This consists of sheet metal walls 
�J: are fabrfceted & substantially 

· ad. One 8ide of frame acts as 
:flange with required arrangements 
'or fixing the cooler on the stator 
rrame. 

�.2Tube8: 

iThe rubes is of robust construction. 

r
Tube ends are roller expanded Into 
tube plate• with adequate 
1expanaion length to prevent 
leakage. 

2.3 Fan Motor Unit: 

l T motor with axial fan unit of suitable power rating Is provlclecl at one end of the cooler to 1
facilitatetheflowofsecondaryairthrough coolerbJbes. 

I 
�.0 Maintenance: 

�.1.0 Coolem should be Inspected at regular lntsrvals of time. The effec:tlven888 of <:OOiem 
jWill be reduced if there is tube ct'loking. If unit is allowed to run under above condition, loss 
bf performance will result which will evenbJally neoessitate complete overhaul. Therefore, 
.ltls necessary to dean the coolerbJbes regularly. 

3.2.0 Dlamantllng of Cooler: 

'Remove the coole1'8 from the stator frame by remOVing balta fastening them. Due care to 
be exercised before dismantling as explained at chapter 6 on "Dismantling and 
.reassembly procedure.• 
I 

13.3.0 Cleaning ofl\.Jbes : 

for the removal of deposits from the lnslcle ofbJbes In a straight portion only brushing wtth 
bristleofsoft braa8 wire brusheslnyton brushes usually give satisfactory resulta. 
I 
�.4.0 General Instructions: 

DO's :(1) Coolershould be periodically cleaned. 
DON'TS: 

1(1) Do not use ham wire or steel brushes forc:leaning the tubes. 
:(2) Do not take the cooleroutfrom the stator frame uniBSSessentialfor maintenance. 

····•······················ 
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4.0 huble Shooting : 

FAULT 

lnsuftlclant 
cooling of mac:hina 

1.11 CACWCoolerw 

1.0 Introduction : 

PROBABLE CAUSE 

1) LT motor not working 

2) Tubes dirty 

3)AirFIIterchocked 

REMEDY 

1 )Aibtnd L T moiDr 

2) Clean lhetubes 
3) Clean lhe tillar I 

The cooler consi.ta of a bank of tubes. Tube ends are held in tube platae on whictt inlet, 
outlet and ratum and watar boxes are mounted. The tubas are secured In the tuba plates 
by roller expansion. lha arrangement ptoYide. for llow of cooling watar through tubes 
wllereaa hot air llow8 ovar lhe finned or wire wound tubM in a aoBS now manner. The 
tubes are pll.cttadlspacad to gtva the most eftlclant parfoiTTliUlOit. Water boxes are 
internally divided to provide multiple watar p a 8 8116. The efficiency and high quality of thele 
uniiB are the reau n of carefu I designing and proportioning of the cooling au rface. lhis 
ensures the required duty under prevalent operatlng conditions at minimum running costs. 
A careful 8alaction of materiala ancl craft:amanlhip ensuree a product capable of trouble 
frae service. 1 

2.0 ConatnJctlon: 

The cooler oonaiata of tube neet, tube platse, 
watar boxes and casing platae. 

2.1 TUbu: 
The tubes haw crimped tins or copper wire 
wound all aver, in the form of loops and is of robust 
oonllrucl!on. The basic tube maleltal can be 
changed to suit cooling watBr chemlatly. Tube 
ends are roller expanded into tube plates with 
adaqullllt upanslon length to pntWnl leakage. 

2.2 TUbe Platu: 
Tube platBs are pl.aced between water box and at 
the tube ends. 

2.3 Water Boxes : 

Water bDXN are eHiler cast or fabricated from steel platae and are amply proportioned to 
reduce turbulence and preasure drop. These are diYtded lnlllrnally Into suitable 
oompartmen1a for requisite number of water pe88ea. The thlckneu of water boxes 
includes a generous corroaion allowance. 

Two flanged connectiona are provided in the inlet/outlet end waiBrbox for inlet and outlet of 
cooling watar. Water boxes are ·PI'C'.'kli!ld with-the a!r wnt. drain valv8s and llftln� 

I 
I 

T 

arrangementalao.- -

2.4 Casing Plates: 
The ceslng plate consists of top & bottom segments which are fabrtcated & substantially 
sttl'lened. The nolea haw been made In the stllfenar. for lilting of cooler. One aide oftrame 
acts as fta�ewilh required no. ofhDIH & cutouts forfixi� the coo ler on the statorfnune. 

Important: 

3.1 

3.2 

3.3 

4.0 

�-1 

�.1.1 

�.1.2 

I 
4.1.3 

4.2 

Air In the system encourages corrosion and causes pulsatlng and r�<�n-Unlform 
now. Ptpe layouts, therefore, should be planned to avoid air locka. b should be 
ensured lhat the cooling water supply is under poeltiva preuure so aa to flood lhe 
unit under all operating conditions. 

When coolers are operating In parallel. pmvtslon should be made for regulatlng lhe 
llow lhrough various coolers and account should be taken of lhe variation in 
praeeure Ioise. through dill'erence in the length of piping. 

The cooling water should be ni88DII8bly clean and frve from suspended aolids. 
When thewatBrcontalnsauapended aollda, a suitable strainer should be used. 

OPERATION: 

INITIAL START-UP 

Flush the entire system thoroughly, includi� piping. 

Prime tube side, release entrapped air by opening vent cocks and ensure 
elimination of all air pocketll. Cera should be taken to open inlet valvae gradually to 
avoid water hammer. 

The now ar water should be controlled by regulating the valva at the outlet while 
Inlet valves are kept fully open In general. N8VIIr throttle Inlet valves for this 
purpose. 

NORMAL OPERATION: 

4.2.1 DOS: 

1) Regulate cooling water to maintain nsquired waterflow by regulating outlet valves 
only. 

2) Altha start up, operate vent cocho that water lnalda Ia free from air. Cooler should 
b e  Immediately Isolated, whenever leaky tube Ia detected. b should be repaired at 
the fi 111t opportunity. 

3) Keep a continuous watch on cooling water and air lllfnpendure to 8881168 lhe 
performance ofttle cooler. 

5) In caae of tube leakage, cooler should be isolated and replaced by spare cooler. 
However 10% plugging oftubes I a  poaalble before tube replacement 

6) Ensure apere cooler ia hyaraulicellyl88ted before use. 

4.2.2 DON"T8: 

1) Never throttle Inlet valva to control the llow of fluids. 

�2) Neverallowthecoolertorun with entrapped air in the circuit 
I 

• 
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3) Never allowthe cooler to contain stagnantwaterin the rubes during shut downs. 
4) Neverrun 1h&c:oolerl f1h&ccollng water leakage Is $USI)Eided. 
5.0 Maintenance: 
5.1 Coole1'8 should be Inspected at regular Intervals of time. The effectlveness ofJ 

coole1'8 will be reduoed if there is deposition insicSe the tubes or tube choking. '" 
unit Is allowed to run under above condition, loss of performance will result whlc:h1 
will eventually ne0&$$itate complete overhaul. Therefore, it is neeeseary to Clesn1 
1h& cooler rubes. The period between successive cleaning will depend upon the 
Clesnliness of the COOling water and the surtOUnding atmosphere. Hence the' 
actual lime can be determined from experlence only and at least once In a year. I 

5.2 DiamantlingofCooler: 
Cut-off the water supply by dosing 1h& appropriate va�v&e. Drain tube $ida of cooler byi 
operating drain plug. Dlsc:onnec:tplplng connected to cooler. Remove the coolers from the, 
stator frame by removing bolte faatenlng them. To dismantle 1h& waiiEir boxes from tube1 
nest. remove nut ofbollsfaslenlngth&waterboxwllhtube plate and nul ofst1Jdsfastenlng1 
the water box with tube plate and frame. 
Ensure 1h& breaking of joint seal of tube plates & water box flange with the help of forcing' 
saews, screwed In the water box flange. I 

5.3 Cleaning crfl\lbH: 

5.3. t Extemal Surfacas : 
The outsldesurfaceofalrooolertubesshould flrst bedeanedwtth compressed air, then I� 
should be washed with dean water. Compressed air should b& passed over 1h& coole'l 
rubesaft.erwashlng to dry out the cooler's rubes. An ally dean with cleaning solvent. I 
5.3.2 lnlamal Surfaces : 
For the remove! of deposits from the Inside of rubes In a slralght portion only, brushing with' 
bl'istle of soft bress wire brusheelnylon brushes usually give satiSfactory results. Clesn· 
watershould bepassed lnsldethetubesafterabovedeanlng. 1 
Hth&deposltsfound are In 1h&fonn ofhanl sc:ale which can notb& brushed off easily, It rnay1 
be neeesearyto resort to chemical treatment. 1 

IMPORTANT: ' 
Chemical treatment should b& done only under the supeMslon of a chemist wflo wfll 
decide the nature and strength of deaning solution suitable for particular kind of scale' 
present Remove the rube nest If Cleaning with chemical solution Is required. Ensure that: 
after clesning, all traces of cleaning solution are removed before reassembly. 1 

5.4 Tealfng for leakage: I 

Pressurize 1h& water boxes wtth clean water at test pressure to locete leaking tubes "a.) 
watclling on the air side. I 

I --------------
1 

I 
-1 - - - - - -----------15.5 Plugging of tubes: 

11fa c:oolertube is found leaking, it should be saaled by inserting tapertumed wooden plugs 
lightly at both endsofdefectlvetubes. Never use metal plugs • 

I 
.IMPORTANT: 
Hydltl8tatic testing should be conducted at 1 0 kg/c:m2 for 30 minutes after the tube holes 
,have been plug �)�!d. Hthe tube plate to water box joint Is found leaking, the corresponding 
_;oint should be replaced. 
11n dean coolal'8 it is possible to plug up to ten percent of tubes without afl'eding 
performance. However, when this stage Is reached It Is necessary to replace tubes. I 
Is.& General Instructions: 
I 
,000. 
,(1) 

1(5) 
1(6) 1(7) I 

Replace the CAF gaskets between tube plate and waiiEir box whenever re­
assembly of water box Is done. 
Replace defaced and worn outfasl8ners. 
Hydrost:atk: teat of cooler should b& conducted once In every year to check the 
leakage of tub&. 
Leaking tubes should be plugged as temporary measu re by lnsertlng taper turned 
wooden plugstightly at each end and can be replaced during shut down if desired. 
Hydltl8taticteet should be conducted after plugging theleaking lubes. 
use forcing SCI'EIW$ for breakingjoints. 
Cooler should be periodically cleaned. 

.DON'TS: 
:(1) Donotuse the old gaskets. 
:(2) Do not plug lesklng tubeswtthparallel plugs. 
:(3) Donotusehardwfreorstael brushesforcleanlngthe tubes. 
:(4) Do not resort to chemical deanlngwtthoutconsultlng the chemist. 
:(5) Do not take the cooler outfromthestator freme unless essential formalntenance. 
:(6) Do not use levers under rube plate to break 1h& }oint. This may damage the rube 

plat& surface and may �use leakage during operation. 

I -----------------
1 
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1.12 Realstance Temperat\tre Detector
­

StltorWincling 

-!- I_ -1--

DHCrlptlon: 

The temperature of the etator v.1ndlng Is monitored by retlstance tharmometen�: 
embedded in the statorwinding to protectthe winding againstthermal over loads. 1 
Thermal over1oadlng means a prolonged excess temperature wfllch may destroy the1 
winding insulatiOn or considetably reduce the life of the insulation. I 

I 
If the winding temperatura at the points whe� the temperatura sensors are ill8talled1 
reaches or exceeds the permls1slble limit value an alarm signal Is given or the machine sl1ut 
down automaticelly, depending on thatempera1ure atlainad. 1 
The bililar thermometer resistor is wound on a core, covered with glass fibre tape and, 
potted In cast resin, and thus has a high mechanical strength. The temperawre sensors1 
are inatalled in separalonJ of the stator winding. Replacement of the sensors would be1 dlfllcult. I 
The number of senson� and their dlstrlbutlon over the slots In the stator core a� Indicated, 
in the dimension drawing. 

The connecting leads of the temperature sensors are taken to an Instrument terminal box .I 
The circuit arrangement and the terminal connecdons can be seen from the diagram' 
shown in the instrument terminal box which forms part of the dimension drawing of the; 
machine. 1 
Commlalonlng: 

I 
Before commissioning the machine. Check all the leads for correct connection bYj 
referenceto thec:ircuitdiagram. 1 
Important: 

I 
The maximum load permitted for the resistance thermometers Pt 100 (1 00" at o •c) Is 1 � 
rnA. Only usea single buUDn Wheatstone bridge fortesting. I 
N�: I 
The temperatura monitoring system of the stator winding does not provide complete' I 

thermal protection for the entire machine. Owfng to the different Urne constants, parts of 
the rotor winding may assume a high temt:�eratura eanier than the measuring points in the' 
statorwlndlng undercondltlonsofrapldlyvarylng loads. 1 

I ----------------
1 

CHAPTER 2 

I 
I 

RECEIPT, INSPECTION AND STORAGE 

1Generallnstructlons 
1The rotor of the 'Machine is locked in position for transport by a shalt block to prevent 
damage to the beating. Do not remove this shaft block until the transmi88ion element is 
1fltted . Other measurG$ may be neOEIS88ry in speCial ceses if the machine iS to be 
itrai\SI)OI'Iad aflarthe transmission alamant Is fitted. 
Machines of vertical type of construction should be transported In a vertical position. In 1exceptional cases in which madlines with angular-contact ball bearings have to be 
transported horizontally, lodt the rotor by a shaft block before c:arvfully moving the 
'machine into a horizontal positiOn. When setting dOwn the machine, make sura that a 
,safeguard Is pi'OIIk:lad to prevent It rolling away, also entUra that the machine Is set dOwn 
�U8.1'8Iy only on the11anges of the stator frame beceuse the shell Is not designed to take 
the full weight of the machine. If a machine Is not put Into tlef'Y!ce lmmedlat.efy after arrival, 
:store ltln a dry, vlbra11on·free room. 

2.10eneral 
the machines have been cervfully inspected and packed before leaving the factory. After 
'receipt the machine should be removed carefully from its packing and examined 
1thort�Ughly to see if damage has ocx:um�d in lra.n8it. Ensure that all parts and 8CX18Ssories 
,are in accordance with packing $lip and in proper conditiOn. In the event of any damage or 
loss In transit the ca.rrklnl and manufacturar should ba acMsed In vmtlng within the 
's1fpulated pertod. 
llf goods sent overseas are received in damaged or incomplete condition the 
,communication either to the Insurance Company or to ourselves should be acx:ompanied 
With surveyor's report and the photographs or other useful evidence. I 
�2.21napedlon 
'After unpacking the machine should be cleaned to remove all dust and ramnanta of 
packing materials and all perm should be Inspected thoroughly to ensure that nothing has 
becon1e loase or detached due tovlbrallonsorlnterfwence durfngtranslt. I 
�.3ShortTennStorage 
llf the motor Is not to be Installed for about & months It should be stored In clean, dry and 
1covered areawfllch Is not subjected to large V81latlon of temperabJre. 

,The condensation of moisture on windings lowers the insulations 1"88ietance. This lhould 
be avoided. Space heaters are intended to be in operation whanaver the motor is SWitched 
'off and subJect to moisture and condensation. 
Ensure that all covers areflttad Intact and nothing Is leltopen on the frame. Protective axial 
,locking cover on shalt extension should be used to prevent damage toshaltextension. 
I 

·2.ALongStorage 
'on arrival of motoratthe destination, packages should be examined to determlnewflether 
'molswre of any kind has entered. Alter unpacking the machine should be cleaned and 
1thort�Ughly Inspected to see that nothing Is loose or detached due to vibration or 
interference during transit. If the pac:bge seems undamaged, it is reasonable to expect 

_!thattheenclosedmachinewillbedry. _____ _ 
I 
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- - - - - - - - - - - - - - - - � 
Measure the insulation resistance of winding by means of megger. If, it is I9SS than, 
spedfled vai1J9 than the motor should be dried out as detailed Section 3. If, It Is suspected 
that moiBture of any kind has entered Into the motorwlndlng then the motorshould be drted 
outlrrespedlveofiRvaluetoearth. 1 

�=::,rgs S::: �avoS::.� ����:
a
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storage room should .be well venllleted and reliably protected against Ingress of' 
atmospheric sedimentation . 1 
Earthen floors shall not be used. Relative humiditY of air should not exceed 70% and the; 
temperature not below + 10 dag C.  Thera shall be no sl1arp variations In the rala11va1 
humiditY and the tamp of air conditions. 
No chemicals, acids, alkalis or storage batteries sllall be stored In the same location wtttJ 
motors. It Is naces11ary to cover the motor with thick water proof polythene covers with' 
silica gel placed Inside. The condition of silica gal for Indication of presence of moiBtura, 
should be check&d periodically. 1 The motor should not be placed on a vibrating floor or In closed pmxlmlly of vibrating, machinery. If this cannot be avoided, then the motor should be placad on thick blodcs of 
rubber or fell and the shaft tl.lmed through e quarter of revolution each week. Space: 
healer$ should be put ON whenever motor Is Idle and Is subjected to molature and, 
condenaation. 

I 

EntUre that all covers are fitted Intact and nothing Is left open In the frame. Protectlv& axial 
locking cover on shaft eldenslon should be used to pl'EIVEIIrtdamage to shaft eldenslon. It Is' 
to be removed only for turning the shaft through a quarter of revOlution as deserib&d above; 
and then put back in position. 1 
The bearing should be re-lubricated if the time between delivery and commissioning of the1 
machine is more than 4 years, assuming that they have been etored in favorable 
conditions (i.e. in a dry, duet and vibration free roam) or more than 2 years they have been' 
stored in unfavorablecondilions 1 
2.5 CaN of Bearing• 
Stationary Vlbrailon 

I 

If a machine lilted with roller bearings Is subJected to continued vibration for long period 
while stationary, damage to the rollers and races may be caueed by fretting corrosion' (commonly called "Stationary Vibration", "Sia1ic Vibration Marking• or "False Brinelling"). 1 
The follOWing precautions shOuld therefore beteken :- 1 
(a) Machines fitted with roller bearings should not be allowed to stand on vibrating. 

(b) 

(c) 

(d) 

&ordurlng storage or operation, If this can beavolded. I 
If storage on a vibrating floor cannot be avoided, the machine should be placad on 
thick block$ o1 rubber, corte or felt, and the rotor turned through about a quartarof a1 
revolution each week. If a $hroud/$haft locking device is fitted, it should be' 
temporarily remowd and refitted. 1 
VI/hen a machine fitted with roller bearings Is Installed 88 a stand by and Is, 
subjected to the adveree condition referred to above, IT IS ESSENTIAL that the1 rotor be wmed autipulated in (b)above 
Similar damage to rollers and raoes sometimes occurs in transit, partioolariy on1 
board ship. When machines are sent abroad the first recommendation given in: 
note (b}aboveshould beobserved.z 1 - - - - - - - - - - - - - - - -

1 

- I_ -1 - -
CHAPTER 3 

I INSTALLATI O N  
I 
,General 
.Remove the shaft block, if provicled. Adhere to the instructions atlached to the shaft 
,extension and shown In the tarmlnal box. The rotor has been balanced dynamically with a 

1
halffeather key fitted In the &haft extension. 

tFor transport. the feather key in the shaft extension is locked to prevent it from falling out. 
10peratlon of the machine v.1thout1111ed transmission element Is notpermls$1ble. 

�lgn the machine ca.n!fullyand accurately, balance the elements to be fitted on the shaft to 
;ensure smooth and vibration-free running. Place thin shims under the feet. ifniJC88sary, to 
prevent the machine from being subjecced to etrain. TransmiSsion elements must be fitted 

;
:!:=:�!:::�:::::P��!::�������p;e�'7ng�

ces 

I 
11f a belt drive is U88d install the machine in such a manner that it can be shifted on it8 base 
1(e.g. on slide ralls) to permit the corred ball tension to be adjusted and the ball to be ,. 
tensioned. Excessive belt tension may result In damage to the sl1aft and bearings. 
'Attention Is Invited to the measut'88 necessary to prevent contact with rotating parts 
;(couplings, belt pulleys, etc.) 

I 

Examine the ra11ng plat& data to a&& that they agree with the power drcult to which the 
'machine Is to be connected. Select the size of the supply cable 88 required for the 
partioolar current rating. Connect the supply-<:able conductors in accordance with the 
1diagram shown in the terminal box. 
:With pole changing motors wtth old terminal deslgnallons according to VDE570, the 
.Indices of!Brmlnal d981gnatlons In the sequencea,band c Indicate rising speeds steps. 

I 

Note the direction of rocation specified for the partiootar plant (non-reversing IOek., for 
'lnstanca). lntllrchanglngtwo supply phase connections In the terminal box can reverse the 
;dlractlon of rotation. 
3.1 Check to aee before closing the terminal box that 
I 

Thalnterioroftha terminal box Is clean and free of cable residua: 
All terminal screws or bolts are firmly tightened; 
The minimum clearances In air are maintained (more than 10 mm for 500V. more than 
14 mm for 1 kV: and mora than 60 mm fo/'6.6 kV, nota anyprofacllng wire ends). 
Unused entry openings are closed otrwtth the plugging elements 11rmtysci'EIW8d-ln; 
For maintaining the degree of protaction, all seating, surfaces of the terminal box are in 
order, If sealing of the joints Is effected by metal to metal joints only, these surfaces 
should becleanedandthlnlyre-greased. 

'Before starting and during operation make sure that all relevant safely regula1ions are 
;complied with. 

- - - - - - - - - - - - - - - - -
1 
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3.2 Meaaurfngthelnsulatlonreal8ta.nceandDryfngofwlndlngs- - - - -! - '­
Before commiasioning and after long period$ of storage or stand-still, the insulation! 
resistance (1 minute value) of the windings to the frame must be measured wtlh DC-; 
�Ia�. I 

The limit valuee of minimum insulation resistance and critical insulation resistance (tor' 
measurement at a ambient winding temperature epprox 25 deg C) and for measuring' 
�!age cen be derived fromfollowingteble depending on rated voltage of machine. 1 

Measuring 
Voltage 

Minimum Insulation 
Resistance of n�3 cleared or repalnta 
winding 

Critical specific 
Insulation 
Resistance after long 
periods of operation 

� V DC 
{Min.100V DC) 
1oMn 

0.5MO I KV  

>50DVDC 
(Min.1000 V DC) 
10DMn 

5MO/KV 

Dry new winding have insulation resistance values between 100 megaohm to 2000, 
rnegaohm or higher. If the Insulation resistance value Is In the region of minimum valua,1 

:�::::u�rt
m�;:::a-:��.d1� t����� r:=��:u::s=� 

c lean winding is 1aJve1Y depended on temp. H. a general thumb rule, for each 10 deg d 
rise In temperature IR value fal ls by half. I 

I 
During operelloo the !MUtation resistance of winding may deCI98S8 as a result � 
environmental and operating condition. The critical specific insulation reastance a� 
ambient winding temperature of approx 25 dag C can be meas uredlchacked depending 
on rated voltage using above table. If the value is above the aiticel value, machines can be1 
operated further. If the value Is reaclled below the critical value, winding must be' 
thortlughly c leaned and dried. 1 

I 
3.3 Polarization Index Check 

The polarization Index {PI) Is a figure of merit for dryness and deanllnass of the winding 
insulation. PI is ratio of two measurements of insulation resistance taken at specified time' 
Interval employing the same measuring condition (Identical winding temperature and! 
Identical measuring voltage). 1 

I 
- - - - - - - - - - - - - - - - 1 

-
�he procedure for evaluation of the winding condition on the basis of polarization index in 
order t od elllr mine whether drying Is nec:essa.ry or not Is given below: 
I 
PI= IR 10Mjn 

IR 1 Min 
I 

Evaluation of la.ulatlon CondiUon baled on PI 

I Insulation CondiUon Baaed 
on PI I 

I Hazardous < 1  
Bad 1-1.5 
Doubtful 1 .5-2 
Adequate 2-3 
Good 34 
Excel I ant > 4  

Drying 

Manclatory 
Manclatory 
Recommended 
No 
No 
No 

:Sometimes in new or completely rewound machines, the 1 minute IR value is Yef'J high (of 
ithe order of 5,000 MO or  above} though PI may be marginally lass than 2. 1n such cases, l t 
,is recommended that if PI value is between 1.5 & 2, the machines cen be commi88ioned 

,
and run on load. Generally In epoxy based Insulation aystams, IR value establishes after 
prolonged running of machines. Plt!hall improve and be more than 2afl.er prolonged runs. I 
Drying is also necesury wt1en in spite of adequate polarization index and 1nsulation 
.reslstancevaluemols ture lavlslbleon thewfndlng. 

I 

3.4Dryfng0ut Procedure 
I 
,Extreme dampness will cause redudlon of Insulation resistance. New machine which 
,have been standing idle for few weeks or more may need drying out. Particulady if they 
have been subjected towlcle and rapid temperature changes or have bean In wet orhumld ;sumxmdings. For ex. eetting concrete quite oft8n resultB in extreme humidity. 

tThe time required for drying out depends upon the initial degree of dampness and may 
,extend from one day to several days. Out of several drying out processes which aver 
process is selectBd, it is essential that the heating process is continuous and that the I 

1temperature Is maln1alned constant a t  a value sufllclantly high to ensure drying out but not 
so high that the insulation i8 damaged. A suitable temperature for drying out is 60 deg C to I 

·70deg C measured by using built in slot reslstancethermometars. 
I 
1Tha temperature of the windings must not be ralll&d fastarthan a taw degrM par hour (say 
f"ax, 10 deg C) in order to prevent damage from differential thermal expansion. It will 
generally be found that at first as the temperature of the winding Increases, the Insulation 1
resistance decreases until a minimum value is reached. This is due to a redistribution of 
:the moisture In the winding and the drooping temperature resistance charactaristlcs of the 
insulation. 

- - - - - - - - - - - - - - - - -1 

--------------��--------------���-------------- z��3�1 r--------------· 

····•·····················­

• • • • • 
� 



� � 
······················t···· 

• • • • • 
' 

..! - I_ 

I TEMPERP.TUf!� 
IL I 

If 1/ 

\ 
0 � I ' \ IHSVLATIOH 'f 1'. 0 "' RESISTANCE: � 0 l I I I I 

0 y,_ 1 1 !.i 2 2 �  l. 3 )� 4 

HEAliNC ORYIHC OUT 
• 

T I M E ·  DAYS 

II i8 for these reasons that it is essential to maintain a COI'\$Iant temperature during the 
plotting of drying out curves a few degrees fall In temperature may give a misleading rtse ln1 
thevalueofthelneulatlon retlstance. 1 
If the temperature is allowed to fall oonsiderably, re-absorption of moiature will take place.! 
After a lengthy pedod during which the Insulation resistance will remain practlcalfYI 
COI'\$Iant at the minimum value, it will commence to riSe steadily until a maximum value iS, 
reached Indicating that the machine Is practically dry and ready for service. 1 
A typical curve showing variation of Insulation resistance with rasped to temperature andl 
time (when in the operation of drying out) clearly 8how8 hoYi the insulation 1"88ietance firet: 
decreases for Initial heating and becomes minimum and remain for along time till It furthet'j 
incre8888to a maximum value aftsrlapseofcertain time (refereketd'l). 1 
During operation aiBO the insulation 1"88islance of the winding may decrease as a result ofi 
environmental and operating conditions. The attlcal value ofthelnst�latlon resistance at at 
winding temperature of 25 degree C can be ceiCI.IIated depending on the rated voltage as, 
mentlonedearilerlnthlsartlcle. 1 
If the measured Insulation resistance value Is above 1he celculated critical 11gure during 
operation, the madline can still operate further. However the winding must be dried if the� 
IR value falls below the specified valuee. For the machines In operation theiR value 8houldt 
usually be checked afterappn:�priateehortinlervals. 1 

I 
---------------- 1 

-�.SDryfngMethoda----------

rForthe purpose of drying winding, heatcen be applied In threeways: 
:a) By producing heat losses In the machine Itself I.e. by operating the machine on short 
I c:in:oit. 

I 
I 

Avoid temperature V8.11atlona during the drying prooesa. With tolally enclosed 
mad'linea, proviaion 8hould be macSe (by removing cove,. etc) to permit the moiature 
to escape and for dean and dry air to enter. Where a drain plug Is provided for water 
condensation on the undersicSeofthe motor, the same 8hould be opened. 

1b) By feeding current frtlm external energy soun:es to produce heat losse8 in the 
1 'Wfndlngs e.g. v.1th the aid of welding setsorcont.n:lllable high Cl.lrrent rectifiers. 
c) By providing a flow of hot air aft« suitably covering wi1h tarpaulins. Wl1h all th888 

methods some air drcula11on must naturally be provided to allow the moisture to 
escape. The magnitude of the current in the winding or the quantity of heat applied 
should be oorrtrolled so as to fulflll the requirement I.e. starting v.1th low values and 
regulated aCQOI'ding to temperature rise. Winding ceble leads in terminal boxee should 
be cleaned with dry rags before drying • 

l t d  WHEN SIX STATOR l£•0 
AR£ SROI.IOIH OtJI 

VI 

u 
SUPPLY I'RO!< WE,L.!1J;fl W C.ER 

SUGG[�l(O 11/li:RCONNECTION OF STATOR VIHIOII�<lS 

FOR t 11 E: DR'flt�O OUT 

During short circuit drying rotor Is blocked to avoid rotation. Apply a balanced three phase 1
very low voltage (about 10% of normalstatorvortage) supply acroeutatorterminals. In the 
:11rst6 to 8 hours (depending on size of the machine) Increase the stator currentfrtlm about 
I 
I 

----------��----------���----------- ��BU�-----------· 
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- - - - - -- - - - - - - - - - � 
0.5 times the rated convnt to a value such Ulat the winding temperabJre does not exceed1 
60 degree C. Monitor the progren of drying procen by repeated measurement of 
insulation resistance and also observing thewinding temperabJre. I 

I 
If DC welding sets are to be used for drying machine windings certain precautions must be1 

�k::::=t�;�r:�;·=:e�:::n':5=es�:t!����;!�:d 
the Individual phase$ of the winding either In aedes or parallel. With series connectlon,1 
connect the indMdual phases unsysmmetrically (e.g. plus to U I, U2 to VI, V2 to W2, W 1 to1 
mlnus)lnordertokeepaldal megnellcfluxlntheshaltk:lw. I 

Where the neutral point ia not brought out, two pheaea muat inevi1ably be petalled and1 
connected In series to third phase (see sketch). Change the connection order about trVe;J 
hourao Ulattha winding i8 evenly heated. MeiUlUre the intulation resiatance hOurly. Before1 
switching off a direct current the current should be gradually reduced to prevent winding' 
inductance to cause arcing. Since the temp. distribution of the m/c at atand8till is different: 
from Ulat In running condition, a winding temperabJre of 60 degree C should not be, 
exceeded and rotorbJmed through 90 degree every hour. 1 
If methoda a & b cannot be applied the machine must be dried with hot air obtained from ani 
extemal souroe. The heaters can be arranged ao that by means of suitable covers, the: 
winding baing heated is in hOt air we am without concentrating the heat to the extent Ula� 
excessive temperature Is reached. This requires that the continuous circulation and 
replacementoftheairtakesplace. 

- I _ _ , _ -

CHAPTER 4 

O P E R A T I O N  

I 

1
eommllslonlng, Starting the machine, Operation, Shutting down. 

;Cove,., wflleh prevent accessibility to rotating and live parts ...swell as those required for 
.Prop&rairguidance and ell'ec:tii8 cooling, must not be opened during op81'8tion. 

'cOMMISSIONING INS'TRUC'nONS 
I 
'nalructlona: 

I 

'The following checb and le8t8 ahould be performed after initial installation and 
:subsequent il'l8p8Ction :-

Machineoorrectlyaligned 
Drive elements correetty adJusted depending upon type (e.g. belt tension with 
belt drive, tooth flank end crest clearance with gear drives, radial end axial 
play with coupling&, radial play, axial control and correct axial poaition with 
couplings ofslee·�e bearing maehineswilhtwoself-aligning bearings). 
Minimum intulation reaista.nce of the winelinga seti8factory (alao cheek after 
extended shutdown a)? 
Specified direction of rotatiOn? 

1 Cooling alr-tlow not obstructed? 
Rotor revolves freelywlthouttouchlng? 
Slip ring contactsurfaces are concanltfcend smooth? 
Even patina Is present (aflarlongeroperatlon)? 
Brush holders correctly aligned and firmly fixed on brush holderarms? 

1 Carbon brushes in the brush boxes and arm-type brushes move fr8ely and 
spring action Is satisfactory? 

1 All fixing bolts, fastening devices and electrical connections tight? 
Earthing and potential-equalizing connections satisfactory? 
Bearing properly lubricated accordingto type and supplementary instructiona? 
No bridging of any bearing in.sulation filled 

1 Any ewdllary d911108S fitted properly connected and serviceable (e.g. 
temperabJre monitoring instrumenta in windings and bearings, anti 
concleneation heaters, etc.). 

1 All protective measures against contect wflh moving or live parts properly 
implemented. 

1 Any separately driven fans SEII'IIIceeble, property connected eccordlng to the 
specified direction of rotation end in service running satiafaetorily. 

1 Any heat exchanger In case of elr-to-watwcoollng system properly connected 
to the water supply, filled, vented end serviceable (elao cheek after extended 

_ 
Shutdownat_ 

_ _ _ _ _ _ _ _ _ 
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The following commis1!1ioning procedure Is recommended after initial installation an: t  
subte(luentovemauts: 

� 

I 
atartlng the Machine: I 

Settheslartertothe"start"posltlon. 1 
Close the clrc�.�lt-braaker and as soon as the machine starts mcMng open It 
again. lfthemachine does not start. do notmovethestart.ertothe nextstepbu� 
swllt:h off and ascertain why It has not started. Rectlfythefault. 1 
AI# the machine is coaating-down, liaten and feel for any mechanical noise ori 
Y1brallon from the bearings and end slllelcls. 1 
If the mechanic:el running of the machine is sati�ry swilt:h on again and 
move the starter through Its steps to maximum. If a brush lifter Is fitted, lift the' 
brushes when rated speed has been reached. Observe the machine briefly: 
vmlle It Is running off-load Of the run Is extended, start up the sa� 
ventilation and cooling if applicable). ' 

I 

If the machine runs roughly or there ere any unusual noises, switch off and 
ascertain the causes during the coasting down. I 
If the mechanical running of the machine Improves Immediately afterswltch-olfi 
it mea.ne that the causes are magnetic « afactrical. If the running does not: 
Improve It means that the causes are mechanical, e.g. Inadequate allgnmento'l 
the set orunbalance in the machine, coupling or driven machine. 

OIHira.tlon : 1 
1 If the running Is satisfactory start up any cooling system which may be fitted 

(separate fan, heat exchanger etc.) and load the machine. Check the running' 
smoothness and take and record the readings of voltage, currant, etc.. As far as' 
possible also take corresponding readings from the driven machine and record 
th�, I 

Monitor and record the temperatures of the bearings, windings, etc. until th� 
steadystatelsreached. I 

Temperaturesefllng: 1 
Motor may be operated with temperatura settings, as Indicated by RTD, as 
tabulatedbelow:- I 

I 

Initial 

Recorded 

8huUingdown :  I 
Open the circuit-breaker and return the starter to the "atart" poaltlon. AlloYi the1 
machinet.ocoastdo.wn.:witbout.btaking. __________ _ 

I 

- '- _,_ -
CHAPTER 5 

M A I NTENANCE I 
I 

I 'nspectlon Schedule 

:Careful maintenance and Inspection allo1N any faults to be deteded and corrected at any 
,earty stage before they are able to develop into serious damage. Therefore, they help to 
preserve the value of the machine, prevent costly ou1ages and inc:rease il$ reliability and 
'availability. 
I 
;Since the conditions underwhich the machines are required to operate can vary widely, it 
,Is only possible In malntanance and Inspection schedules to recommend maximum 
Intervals between lnspedlonsfornormal conditions. Expertence gained at the actual place 
1of installation must be used subsequenUy to adjust the inspection intervals when 
'necaGsary to take account of factors such as contamination, frequency of startup, load, 
,etc. It Is recommended, therefore, that the accastlbla parts oft he machine are Inspected 
j���sually about 500 hoursafter commissioning. 

!Furthermore, the Inspection Intervals given In the maintenance schedules presuppose no 
,operating dlaturba.nces. If any disturbances « unust�al opera11ng conditions occtJr (e.g. 
1aver load, short-cirtUit, machine runaway, etc.) which cause electrical or mechanical over 
1stressing of the machine, the appropriate inspectiOns must be carried outimmediately. 

tlf BHEL engineers are not called upon to carry out the inspection work it should only be 
1entrusted to trained personnel who have had adequate expenenoa on large etectlical 
1machlnes. 

We suggest that such penonnel ls lnstrueted by a BHEL engineer durfng his presence for 
,Installation, commissioning or Inspections. 

'Rapalr work vmlch goes beyond normal maintenance or Inspection procedures, and any 
:subsequent modification, etc. should always be ca.n1ed out by BHELenglneers. Your local 
,BHELrepreaenlativewill be pleased to make the necessary arrangements. 
I 

•The relevant safely and p10tedlon measures demanded by local regulations must be 
implemented when carrying out inspection and maintenance work. 

�he first inspection should be made after approx 500 hours. It should then be determined 
on the basis of the rate of fouling, whetherthe cooling air ducts will require cleaning before 
:the second lntpedlon normally carried outafterapproxone year. 
�hefollowing checb should also be carried out: 

1 Running smoothnell8ofmachine satisfactory. 
Rotorallgnmentwtthln tolerances. 
No subsiclenc:e or c:mcb in the foundation. 

I 
All fixing boltsofmechanlcal and ele ctrk:al joints tlghl 

- - -
I 
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Maintenance 
-! - I_ 

Before starting any WOI'k on the machine, make sure that it has been i8olalled from the' 
supply and that a safeguard has been provided to prevent unintentional starting. 1 

I 

Passages, which transfer cooling air from the ambient atmosphere, should be cleaned I 

with dry, oil·free compressed air at regular intervals in aocorclance with the degree of 
-� I 

Slip Ring Maintenance 

The slip ring compartment must be cleaned when the brush set has been replaced. carefui 
and complete removals of bfUah.dust deposits from the Insulating components of the slip: 
ring aseembty and the brush aMembty are particularly important. AI) ply speeial measur$$,1 
If necessary. Whenever two to three brush sets have to be replaced, the machine should, 
also be stopped and the brush dust carefully and oomplately removed by thorough1 
cleaning of the enUre machine. 

I 
If dust or moisture has penebated Into the terminal compartment carefully clean and dry1 
the component, in partiCQiar the surfaoes of the insulating parts. Check the seals and, 
ellmlnatetheleakage. 1 
Tbe slip rings must run true and have 8 smooth surface. If they have become rough,! 
scored, out of true or show signs of burning, skim the slip rings on a lathe. For this eithen 
remove the rotor or foroe off the end shield. Disconnect the slip ring leads and carefullyj 
drawofftheslipringassemblyfromtheshaftwith a tool, which must be applied, to the hub1 
of the slip ring assembly. 1 
The brushes must make good contact with the slip rings. To do this the brushes must move: 
freely in the brush guides or the legs must be hinged easily. The brush gear assembly and, 
the end sllleld or the stator frame must be flnmlytlghtened by means of fixing elements. 1 
Wom brushes must be replaced In good time. It Ia reoommended to change brushBS wflen1 
the 18ft over bush height is approximately 15mm., when measut'8d at the center of the: 
brush New brushes must be of the same type as originally fitted and need not be bedded. 
in. 1 
For replacing the brushes of the clamping brush holders, disengage the dips and release1 
the terminal $Ct8W$ forth& brush cords. I 

I 

:u:=�=�=��":�a:::b��::�:r:P::�:�!�=
a
�� 

fixing $CtGWS of the bruSh gear aseembly and disconnect the slip ring leads. If the end' 
shield has a centarlng shoulder for the brush gear assembly, the later c.:an easily be1 
removed byi!Jmlng It out In a peripheral direction. Th& mad'tln& need not be dismantled to: 
replace clamping-type brush holders. When filling new brush holders of this type, maka; 
sure that they lie symmetrically In relation the slip rlngt. 1 

- - - - - - - - - - - - - - - - 1 

-
�

he legs and brush p1988ure-of adjustable- clamping-type brush holders are set at the 
'fac:tory and must not be c:hanged. 
I 
1For replacing the brushes of the double leg-type brush holders, etways take out the brush 
gear assembly. In doing so the brush holders must not be released or moved on the brush I 
1holderanm. 

New double leg-type brush holdEn must be installed in such a manner that the brush 
.holders have 8 symme171cal position to the slip rings. 

I 

Before forcing off 8 part, It Is 1'8C0mmanded that two of the upperfbclng screws be replaced 
' by longer ones or headless bolts which will support the part after it has been forced out of 
:the ceniBrlng recess. 

�OTE: 

.Maehinea of vertical type of oons1ruetion may be dismantled in a horizontal position. Refer 
1to "Transport. storage• for the measut'8S reqult'8d to set down, lift and transport them. 
1Before performing any work on the locetlng bearing with the machine In a vert! eel position, 
�rstbrace the rotor. 

:Cleaning lnslrudion for PolyalterFiber Air FilbK 

�hedustlaidenAir Filter c.:anbecleaned inthefollowingways: 

11. Remove the Filter Media from the filtarframeAssembly. 
;2. Clean the media by shaking off the filter. 
13. Clean with compt'8888d air. 

�· 
Rinse In clean Water. 

5. Dip in DeterventSolution for 30 minutes. 
16. Rinse with fresh water again. 
:7. Clean and dryfinallywith compressed air. 
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ROLLING CONTACT BEARINGS- - -! - I_ 

Instructions I 
I 

Electrical machines fitted with rolling oontact bearings (see Appendix ) are subject to the1 
following lnstruc:dona 8Upplementlng and modifying the operation Instructions of tha

1 machines. 

lnatallailon 

The locating bearings are deep groove ball bearings for horizontally mounted machlnes.1 
These bearin91 may also be in pair with cylindrical roller bearings. In the C88e of bearings' 
In pair. the outer ring of the deep groove ball bearings Is not guided radially and ls1 
prevented from rotating by oompression springs. I 

The locating bearingsforverlically mounted machines are angular oontactball bearings. : 
The floating bearings are deep groove ball bearings or cylindrical roller bearings. ln caseofj 
deep groove ball bearings as floating bearings, the axial play Is oompansatad by means o" 
compression springs. 1 
The model of bearing Is favorably chosen as for direction and size of load (type of, 
OOI'\$truetlon, l'orC$$ ectlng on the thaft) and therefore It should not be ehanged. The: 
pennlsslblevalues of axial and radial fon:es may please be Inquired. 1 
1be machines should operate In only one type of oonstructlon as shown In the rating plate,1 
because another type of construction required perhaps further measul98 in addition to a' 
modification of the model of bearing. Always In this case an Inquiry In necessary. 1 

I 

The bearings should be ne-lubrlcated If the lima between delivery and oommlsslonlng of 
the machines ie more than 4 yearu, 88Suming that they have been stored in favourable1 
conditions (I.e. In a dry, dust and vibration free room) ormorelhan 2 years If they have' 
beenetored in unfavourableoonditions. I 

Bearing Maintenance 

For the Initial lubrication of bearings, a lubricating graaae IOC Servogem-3 or equivalent,! 
with lithium soap as thickenerandwith mineral oil as basic oil are usually used. 1 
If special operating oondltlons necessltaUng a different kind of grease were known wtterJ 
the rnaehin8$ were Ol'dered, then the graasedafinition (type of grease, thiCkener and basic' 
oll)canbetakenfromthedataplate. I 

I 
Besides the definition of grease, the regreS1Slng Interval and the necessary amount are 
given on the data plate. I 

I 
It is recommended that the re-greasing instructions be followed strictly. Greases ofj 
dlfferentthlcksners and basic oils reduces the quality and Is therefore to be avoided. Onlyj 

- - - - - - - - - - - - - -
1 

- l - - - - - - - - - - - - - - --
/" special cases should deviations be made from the usual greasing, data. The re-
g19&81ng, Intervals should be shortened, for lns1ance, If the machines am operated at 1
coalant tamperatul98 higher than originally allowed for if corrosive vapours OOOJr or 
1ext19mely heavy cxwrtamlnatlon Is present. 
1
aaan the �199sing nipple and prGS$ in the grease ttipulated on the data plate uSing a 1
grease gun.Atthe same time shaft ahould be rotated In order to dlstrlbute the new grease '
uniformly In the bearing. After �reatlng, the bearing, tiEimperatum w111 ria& by a ffWI 
1degl988 and will drop to the normal value when the grease has reached i1B nonnal seMc:e 
:viscosity and the eXC$$$ graaae h8$ been fol'cad out of the bearing. 
1
The Old gl99se from several �reaeing, operatiOns gathefs in the space inside the outer I 

bearing caps. Remove the Old graasewhen overhauling the machines. 
I 
1For working on the locating bearing In the vertical position of the machine, support the 
,rotor. 

Itt is recommended that new rolling bearings be installed as follow: heat the ball bearings 
'or the In net' ring of the roller bearings In oil or alrto a temperature of approx. 80"C and slip 
1them ontothethaft. HeavybiOW8 maydamag• the bearingsand mustb&avoided. 
1
When installing single angular oontact ball5 make sure that the broad shoulder of the inner 
1rfng (and the narrow shoulder of the outer ring) In operation position points upwards, l.e. ln 
'a direction opposite to that of the axial thrust. 
1
eam must betaken and during assembly to see that the sealing rings are fitted property. 
I 
iWhen flttlng shaft seal rings (V-ffngs), the correct axial position or the V-ffngs Is attained 
iWf'en the bearing cap end face and outside edge of the V-rlng are flush. It 1$ reoommencled 
1uslng an appropriate assembly aid for this. 

'Before new felt sealing rings are fitted In to the bearing caps, they must first be 
Impregnated In 80"C , not high 'Jtseotlty oil (lubricating oil) they should be dlmentloned so 
1that the shaft slides easily in, yetis also well enclosed by them. 

I 

'ThetableglvenatAppendlx I helpstotracaand removethecauaesoffaults. 
I 
1tn case It Is dlfllcult to find the damages of bearings. It Is recommended to reple.ca the 
1bearings. 

I 

I - - - - - - - - - - - - - - - - -
1 
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Appendix T -! - I_ - :SLEEVE BEARINGSWI'mOtn" AXIALLOCAnoN 

Instructions 
CAUSES Of FAULTS AND RENmY FOR BEARING I 

CAUSES 

FELT SEALING RING 
PRESSING ON SHAFT 

STRAINAPPI..IED 
FROMCOUPUNG 

EXCESSIVE BELT 
'TENSION 

BEARING 
CONTAMINATED 

AMBIENTTEMPERA-
nJREHIGHERTHAN40 C 

LUBRICANT 
INSUFFICIENT 

BEARING CANTED 

TOOUllLEBEARING 
PLAY 

BEARINGCORROOED 

SCRATCHES ON 
RN;EWAYS 

SCORING 

EXCESSIVE BEARING 
PLAY 

DEFECT RENmY 
BEARING I!EAUG BEARfiG 
OVERHEAT SCRATCHES KNOCK& 

............. FIT RING INTO GROOVES OR 
REPLACE'lliEM 

............. IMPROVEALIGNMENTOF 
MACHINE 

............. REDUCE BELT TENSION 

............. CI.EAN OR RENEW BEARING, 
INSPECT SEAL 

............. USE SPECIAL HIGH 
'TEMPERATURE GREASE 

............. LUBRICATE TO INSTRUCTION 

............. CHECK MOUNTING 
CONDITION INSTALL OUTER 
RING WITH LIGHTER FIT 

............. FITBEARJNGWITH 
LARGER PLAY 

............. RENEW BEARING 
INSPECT SEALS 

............. RENEW BEARING 

............. RENEW BEARING AVOID 
VIBRATION WHILE AT 
STANDSTILL 

............. INSTAI.L.BEARJNG Willi 
SMIIU.ER PLAY 

- - - - - - - - - - - - - - - -
I 
1 

1
The machines are characterized by the pointer which is nonnally fixed to the bearing 
housing or to the guard ring (for designs v.1th supplementary sealing and also by the 
1correaponding shaft recess The width of the recess •s• ocrresponds to the axial float of 
!the respective bearing. The axial float of the other sleeve bearing (normally on the non­
'drive end } is several millimetere larger than •s• amongst ether things to allow for the 
.Inherent oonstrucllon tolerancesofthe machine and thus does not have to beconsldared. 

I 

The rotor must be located axially by the guide bearing of the coupled machine. For this 
1reason it is necessary to use a suitable coupling having limited 11cat. The axial movement 
bfthe rotorwttlch Is composed of the axial play of the guide bearing and the axial play of the 
:coupling must clea.rty be smaller than the bearing float •s• to prevent the shaft collars 
,running against the bearing shouldere. Allowance must also be made here, amongst 
1ctherthin;s, for the thennal f»CPSnsion resulting during operation • 

lin addition to the normal installation and coupling procedure, it is important that the pointer 
be In alignment v.1th the centre of the shalt recest when the coupling 1$ In Its mean play 
position. 

I 

To achieve this the stator Is shifted on the foundation In an axial direction until the pointer 
'indiee.1&8thecorrect positiOn. 
I 
11n most of the machines, the exact axial positiOn of the pointer is actlieved by the addition 
1of washers during assembly at the works. The number and the total thickens of these 
W88h8r8 therefore must not be altered. 
I 
11n order to prevent the bearing shouldere accepting load during operation, the pointer must 
,always be clearly within the zone Indicated bythe edges of the shaft recess. 

'EJectrtcal machines may have a dust ling In front of the sleeve bearing as an addition 
:extemal sealing. If during dismantling or other maintenance work on these machines the 
:dust lfn;s are removed then during reassembly they must be slid along the shaft and fixed 
,astheywere. 
I 
I 

I 
- - - - - - - - - - - - - - - - -1 
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- -AP"PENDCX-'P"" - - - - - -
SLEEVE BEARINGS (WITHOUT AXIAL LOCA110N ) 

- - - ..!  

-·- - -· ·- � -- -

1 

\ 

··�- .. �- -. :,.:� .... .:..-:-: · -· -

3 

--· - · -. - ----· -

BEARING FLOAT POINTER 

(1) Pointer (In Case of two sleeve bearings without axlal locallon) 
(2) BBBring housing upper part 
(3) Shaft 

SLEEVE BEARINGS 
( wrFHOUT AXIAL LOCAnON ) 

1. Beerfng cover 
2. 011 flllng plug 
3. Sigtlt giiiSB 
4. Top betlrtng &hell 
5. Bottom bearing shell 
6. Tapped hole for i� 88f.ling ring 
7. Beerfng l101.16lng 
8. SWltgiiiSB 
9. Joint bolt I 10. Tapper pin 
11. Hole for fbdng bolt 11 12. Centaing ring 
13. 011 di'Ul SCff1W 
14. Thermometer well 
15. Oil-ring I s 16. Inner Insert sealing ring 

18. Oufa' ina art -ling ring 
17. Seeling Ct1'lel 

J L-----------------------------------------

I_ 
---------------------------------. 

Motor wtth FlanJIMYpe •1- bearfnga 

lMotar wtth rolllng-m.ct bea.rfnp 

- -----------------------------------------� 
I 
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CHAPTER 6 ..! - I_ 

DI SMANTUNG AND RE-ASSEMBLY P ROCEDURE 

4.1 General 

Before dismantling the motor, eneurethe availability of crane faCility of adequate cepaeity,l 
sufficient space and tool&-tacldes. For the purpose of de-threading the rotor, a mild steei 
pipe of minimum 10 mm wall thickness, ID suiting to accommodate motor shaftextention' 
and length approximately equal to stator frame length, should be available. All loosa; 
fltments, accessorkl$ like RTO., BTO., dial type thennometers, space heater powa� 
supply connections, cooler blower motor power supply connections, oil inletlouUet pipe1 
connections and the ceble terminations are to be removed I disconnected before 
dismantling the maclline. I 

In case of water cooled machines (1 RU.) disconnect water inlet and outlet flanges. His no� 
essential to dlsmanUe the water cooler I air cooler (1 RB .. , 1 R R . . ,1 RE .. ) for lr\SI)8CIIon or1 
change of bearing I bearing housing components. However, for any maintenance work on' 
statorwlndlng, top mounted air/watercooler may have to be removed. 1 
Before removing top mounted cooler enclosure from 1RR1 & 1RU1 motors, all cables: 
connectiOns (main and acx:essories) must b& disconnected from respective terminal, 
boxK and property bunched and Identified tofacllltate reoonnecUon. 1 
Remcwtng the coupling half at drive end side Is left to the choice of site engineer". Since tha1 
fan Is at drive end, this end can be singed and the dethreadlng pipe cen be Inserted at NDE1 
side after C819fully protecting both the shaft. journals. Refer the longitudinal sectional 
arre.ngement of the machine In aub-tecllon 1 and the bearing assembly sketches In su.,J 
section 8, study them carefully before attempting the dismantling of motor or bearing1 
�� I 
•1n case of motors with 81111-frfcdon bearfnlJS, DE bearing, end shield, fan and air guide' 
baffle can be removed only if the coupling half is removed. 1 

4.2 Sequence of Dlamantllng I 

Bearfng UHfllblydl1manUing for oil lubricated aleeve bearing: 
I 

1 .  Drain off oil from the eump of bearing housing bottom at DE and NDE. In case of 
foroed oil lubrication system dlsconnectoll lnletand outletffanges. I 

I 

2. The bearing assembly consists of top and bottom half bea.rfng housing and top and 
bottom bearinghalfshells(liners). I 

3. Remove all accessorkl$11ke BTD and vibration monitoring probes etc. 
4. Before dismantling, proper match marking to be ensured between mechanical' 

separable parts. I 
5. Remove top half bearing housing and preserve the loose spacer labyrinth half1 

6. 
7. 

rings. 1 
Preserve all the dowel pins C819fully lnthelrown respedlve assembly parts. 
Remove top bearing sleeve. 

-1 - - - - - - - - - - - - - - - -
1s. Remove bottom half bearing sleeve after sliding it to top side. For this it is 

necet9ary to centrally lift the rotor tllghtly by using soft slings. Gen11y lower the 
rotor. Do not drop rotor abruptly. Preserve oil pick-up brass rings C819fully. Remove 
ltbysplllllng lfltlslntwo halves. 

�9. Remove the botmm bea.rfng housing. If required. 
110. Remove end shleJds through jacking holes by suitably supporting them through a 
I sling. 
I Bearing aAembly dlamantllngforgreue lubricated anllfrfctlon bearfnp: 
11. Remove all fastenernnd take out outer bearing cap (OBC). 

�· 
13. 
�. 
I 

Unserew Inner Bee ring cap fasteners. 
carefUlly heatupgrea$efllngerwlth a thin flame and remove by 11\Sertlng st.udt In 
two threaded holes or by handsafterwearing heat-resistant gloves. 
Remove bearing housing through its jaddng holes after carefully supporting the 
shaftbyasoftnylonsllng. 

15. Unscrew end shield bolts and remove the end shield by Jacking. 
16. Removeshrinkfltted bealfngs with help of suitable hydraullclmechanlcal puller. 
I 

·1. Remove Inner bearing cap (IBC) by ui'IIICf8W!ng ltsfourlong bolts. 
I 
;4.3 Dllmanlllng of other parts /aaembllea 

After dismantling of both side beerfnlJS , sling the rotor at both ends with almost 
equal air gap on all sides i.e. parallel to stator bore. Remove intemal blower from 
Its hub. 
Removealrgulde. 
Now the rotor can be de-threaded by use of extension pipe eultably either on DE or 
NDE. l.ltrno8t cere must be taken that the stator end winding does not come Into 
ph}llllcal contact with rotor due to movement of rotor In slung position. De-threaded 
rotorshould preferably be kept on wooden logs orsoftpadded V-blocks. 
If required, rotor can be de-threaded partially or fully from DE side by dismantling 
only NDE bearing and its assembly components. In this case end shield of DE will 
be required to be unsa'GW'ad and jacked out from Its spigot In this case, It Is not 
neoessary to dismantle NDE side antifriction bearing fully. Dismantling of NDE 
end-shield and bearing housing along with OBCwlll be sufficient. 
Protect the shaft}oumal face by envek>plng the same wtth clean rag wool cloth all 
aroundandlyingwilh rope. 
Do not diSturb I remove any of the balanCing weight» on redial internal bloweroron 
the balancing ring. 

--------------��--------------���-------------- z����r--------------· 
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Reauambly 
-! _ I_ - 1 - _ 

Re-eatembly of the motorisgenerally in revel'88 of the above respective procedure. 

Motorwlth anti-friction beetlngtl: 
Clean end insert inner bearing eep (IBC) beyond bearing resting shoulder on Wft. Apply: 
fresh greaseonfaceofiBCtoflll grease aMI!ea. 1 
Place all springs in blind holes of IBC & retain them in position by grease. (springs will rest' 
on meandlaofoutarra.ce.) 1 
At the same time, ball bearing and roller brg inner-race to be heated to around 100" to: 
120'C by Induction heating or In a dean oil bath. Now shrink ball brg and lnnafloi"BCe of rollaf! 
br; equarv to shaft.Apptyfre8h grease on accessible face of ball bearing. 1 
Roller bearing cage assy filled with greasecan be separately pressed In the housing. 
Insert housing on to shaft. Align tha iBC holes with holes of housing by suitably supporting' 
the shaft by a soft sling keeping grease in-let hole in bearing housing on top. Use of guide: 
ring avoids marks on Inner race & rollers. Start healing of grease flinger to about 1 00" to; 
120"C . 1 
Now tighten the bearing housing by gradually tightening 4 to 6 bolts at equally opposite: 
loca11on for unlfonm Insertion of housing. At the same tlma pull the IBC as near as passlbla, 
and try to hold IBC with its epec;ified longer bolts and tightsn the c:omplete bearing assy. 1 
Now ensure that housing to end shield Is fully light and no gap Is left between faces.Atthls, 
stag& the rotorehould be flee to rotate if NDE bearing is also 8$$Gtl'lbled. 1 
Inject grease to chedtgrease path. Shrink grvase flinger on to shaft. Insert cirdip in groove, 
pmvlcled on Wft. 1 
Ell8Ure that cin:lip i8 fully seated in groove & there is no gap between flinger & cin:lip.1 
Unscrew all fixing bolts between bearing housing to end shield and Insert outer bearfng I 
cap (OBC). Now align the holesofOBCwith hole ofbfg housing and end shield and tighten1 
all three Items together. 

1 
Assemble the NDE bea.rfng In same order. Springs and ball bearing ere to be omitted In 
NDE bearing assembly. : 
Motor with oJI.Iubtfcllt:ttd ateew beMnp: 
During re-assembly ensure that the metal to metaljain18 between bearing housing and end 
shlalds end stator frame terminal box flanges faoes and all Inspection covers are applied, 
with non-hardening jointing compound as a joint sealant to ensure Ingress Protection.1 
'Tbe non-hardening jointing compound should not contain silicon. It Is also recommended 
to use thiseealing compound when inserting fastening bolts/8Cf8W8. 1 

I 

I - - - - - - - - - - - - - - - -
1 

CHAPTER 7 

FA ULT DIAGNO SI S CHART 

I 

1Tha dlart lists general faults due to alact.rical and machanlcel factors. Bearing faults are 

1deattwith inthesupplementaryinstructionsforbearings. 

I 

FAULT, MECHANICAL POSSIBLE CAUSE REMEDY 

I B I z 0 
I w � � � R I � il ::! z �i 8 a I ell 
I E II � _, 

liD I i f i  
I AIR SUPPLY OBSTRUCTED, CHEa<AIRDUCT. 

FILlER DIRTY, WRONG CLEAN FILlER. 
i DIRECTION OF ROTATION CHANGE FAN 

I REVOLVING PARTS RUBBING ASCERTAIN CAUse, RE-ALIGN 
I ROI'ORUNBALN«:ED UNCOUPLE ROTOR 

AND REBALANCE 

I UNBALANCE IN COUPLED RE-9AI.ANCE, COUPLE MACHINE 
MACHINE 

I ROTOROUTOFTRUE, DISCUSS WITH FM:fC1tN 

i SHAFT DISTORTED 

t I I MISALIGNMENT RE-AI.JGN MACHINE, CHECKFOR 
MISAI.IGNMENTWHEN HOT. 
CHECKCOUPUNG 

I I INTERFERENCE FROMGI:ARING CHECK GEARING 
I I RESCXW«:EFROM F'OONDATION STIFFENFOUNDATIONAFTER 

CONSULTING FACTORY 

I CHANGE IN FOUNDATION ASCERTAIN CAUse OFMACHINE 
AND ELIMINATE, 
RE-ALIGN MACHINE 

I MUS6SfROM(XUIIB)WQifE EXAMINE COUPLED MACHINE 
OVERLOAD REDUCE LOAD 

i I INSUFFICENTcxx:tERCNW:lrV CI.EANCOOLERANDAIRDUCT VENT !WATERCOOLER. 
CHECKWATERSUPPLY 

----------��----------���----------- ���-�-----------· 
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I 
• 
I 
I 
I 

I 

I 

I 

I 
I 
I 
I 

I 

I 

I 

I 

I 

FAULT, ELECTRICAL 

t .e I 'I I 
I: � f f �� I � 

t I I �� 
l f �� �� I l I I I: Jl Jf I Jl 

I I 

I I 

I I I 

I I I I 

I 

I I I 

I I I 

I I 

I I 

I 

POSSIBLE CAUSE 

OVERLOAD 

ONESUPPLYOPEN 
CIRCUITED 

ONESUPPLYPHASE 
OPEN CIRCUITED AFTER 
SWITCHING ON 

OPEN CIRCUIT IN 
SECONDARY CIRCUIT 

LOW SYSTEM VOLTAGE; 
HIGH FREQUENCY 

LOW SYSTEM VOLTAGE; 
LOW FREQUENCY 

STATOR WINDING 
INCORRECTLY 
CONNEClED 

INTER-TURN OR PHASE 
SHORT CIRCUIT IN 
STATOR WINDING 

INTER-TURN OR PHASE 
SHORT CIRCUIT IN 
ROTOR WINDING 

STARTl:RINCORRECTLY 
CONNEClED 

RESISTANCE OFFRIST 
STARTl:RSTEPTOOLOW, 
FLAH OVER IN LIQUID 
STARTl:R 

50 

REMEDY 

I 
I 
I 
I 

I 

I 

I 

I 

REDUCE LOADING 

CHECK I 
SWITICHGEARAND I 
SUPPLY CIRCUIT I 
CHECKSWITICHGEAR 1 
SUPPLY CIRCUIT AND 
STARTER I 

CORRECT 

SYSlCM 
CONDITION 

CHECK WINDING I 
CONNEcnON 

I 

MEASURE WINOitiG 
RESISTANCEN«J 
INSUlATION 
RESISTANCE. REPJ\R 
AFTER OONSI.UWG 
F.ICTORY 

CHECK 
CONNEcnON 

CHECK ELECTROLYTE 
C(Ml()SIIION,� I 
RESISTANCE OF 
STARTERACCORDING I 
TOTIHE INSTRUCTIONS 

CHAPTER 8 

PRESERVATION MEASURES 

For 8118embled but non-operaliw machines (without regular main!Bnance) & ,machines 
not commlssloneclforalongdme after assembling. 

Reactivating 

Restore the machine to Its machine mndlllon before all above measures were taken, and 
make everyltling reedy for commissiOning. before ltatting the machine, carry out all 
pertinent opltl allooll descr1bed In "Commlllllonlng and shutting down". Comml&slon lng of 

machine or restarting of a machine after a period ohhutdown ean only ba taken up after 
the preseMitlon ageniB have been removed. 

Preservation 

'The machinee which an1 not to be taken in operation are to be properly �rved for long 
duration. The purpose Is ID prevent condansallon from forming In the machine, I.e. keep 
,relative air humidity below 70% and, where neea888ry, make provisiOn for healing and air 

1
clroulatlon. 

Poalble measures: 
I 
1Pack machine moisture proof In 11111led polyethylene folium. Place dasloeant and humidity 
indicator inside oover(recommancted value: 105 g/m2 folium aurfaea and month duratiOn 
of application). Check desiccant periodically and renew If naceasary. 

In less crlllcel cases (e.g. storage In warehouses) switch on antklondenaallon heatlng or 
blow a conatant 8tream of warm air through tha machine by meena of fan heater. Apply a 
coat of anti-corrosion agent (e.g. Tectyt506) to all bright aurfaces outside the bearings. 

If the rvtor contains components (e.g. and bells) made of material subject to stress 
COITVIIion cracking (d' neeaaeary check with manufactun�r). th- must be proted8cl 
property as lnslruciBcl by manufacturer. 

In casa of oil lubricated si81J118 bearings drain oil from baeringa. Open 11811118 bearings, 
coat the bearing parts and journals of the ahaft with antt-oorrceion agent (e.g. Tectyl506}. 
Remove bear1ng shells for this purpoae (unoouple the machine tf..-IBIY) and ralltaftar 
coalin!J. Cloae bearings. 

Follow the manufactun�r's recommendations concerning preeervation of rolling contact 
bearings. 

• 
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- - - - - - - - - - - - - - - - �  
Rotors equipped with rolling contact bearings must be locked radially or axially to prevent1 
the rotor from being damaged by lllbra11on. Spare machines must be kept In a place not 
elCJ)Clsedtovibration. I 

I 
Apply a coat of anti-corrosion agent (e.g.Tectyl506) ID all bdghtsurface e.g. couplings. 
All bacl<stopswtth antk:orroslon oil (like Sheii·Ensls 152). 

Remove oil lines. If necessary, clean and coat Inside with olh5olubla anti-corrosion agent: 
(e.g.Tectyl472). Carefully seal open pipe ends. 1 
Clean c:ooler pipes and c:hambers. Fill clean cooler with mixture of water, anti-freeze andl 
antl-ooiTOSion agent. The composition of the mixture should be sultad ID the local climatic' 
conditions. I 

Carefully remove all brushes from the brush boxes and secore them ID their boxes with th� 
pretsure fingers. I 
Smear acid-free Vaseline like $hell 8422, on steel elip ring contact surfac88 and cover with: 
polyathylenefollum. 1 
Keep a list of preservation measures that have been taken. The effectlvenesa of these1 
meeaures thould be ehac:bd by qualified 8ta1f at regular intefvala. If any deterioratiOn i81 
noticed, remedy this lmme<llatety and remove any peroeptlble OClf1'08Ion and othet( 
damage. 

_ I_ - 1 - -

11.1 
11.2 
I 

11.5 

I 
•2.2 ' 

:2.4 
:2.5 
:3.0 
!3.1 
'3.2 
I 
:3.3 
:3.4 
I 
13.5 
I 
:3.6 

CHAPTER 9 

SAFETY PRECA UTIONS 

When operating the motor, the following basic safety precautions must be 
obsaMKI. 
No work shall be carried on ronnlng motor. 
In order ID canry out any work on motor or driven unit, the motor must be 
dlsoonnected from the mains and fool proof ptotectlon be provided ID avoid any 
potSiblllty or acdclantel switching on of the motor or of rotor revollllng from the 
driven end eide. 
Motor frame, main terminal box and sheath armour of the cable must be reliably 
earthed. 
Rotating parta auc:h a a driving end of the motor ahaft or coupling must be provided 
with a trustworthy guard ID protect the serYiclng personnel or people passing close 
by. 
If the feeding cable a are to be <liaconnacted from the motor, the cablea en® must 
beshortciraJited. 
When working on high voltage startlng equipment, all safety roles pertaining to 
high voltage inetallation ahould be obS81vad. 
When handling the motor or sub assemblies, it is necessary ID take all the safety 
precautions, a few of which are listed below. 
All lifting equipment and attachments should be In good condition, tasted and 
properlysela cted. 
Ascerialn the weight of the load prior to lifting It and remove all loose Items lying on 
lt. 
When lifting the motor and other parta by the lifting bars, hookS of eye balta, th888 
thould be carefully examined. 
Putpeddlngofsoftmaterialsatplaceswberethesllngstnuchthesta!Drframe. 
All manlpulatlon should be done carefUIIywlthoutjerks. 
While handling the rotor, thefollowings must be 81ric:ttyob8erwd. 
Do not let the ropes touch the joumalsurface of the shaft. 
While lifting the motor do not apply force ID the parts of the shaft between the 
extra me en cia up to the surfaees under, the bea.rfngs lncludlngjournals. 
Do not support the motor on rotor overhang and fans. 
Do not support the motor on parts of the shaft between the extreme ends up ID the 
surfaces underthe bearing lncludlngjournals. 
Any equipment connected/ooupted on the NDE- Side the motor, provided with 
bearing insulation, must be thoroughly, insulated from machine/earth to prevent 
flow ofshaft current In the motor. 
In no case shall any part of rotor touch the winding overhang during Insertion or 
removal of rotor from stator. It is desirable to cover the winding overhangs on both 
theends by thick pras11pahn or laartharold or Elaphantlde paper as a protadlon. 

I 

NOTE : The urety precautions mentioned In the modulea, should also be followed while 
1 attendingtornotorsub-assembly. - - - - - - - - - - - - - - - - -1 
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-! - I_ -1 - -CHAPTER 1 0  

ENVIRONMENTAL GUI DE LINES 

SafeDIIpoul ofAC Machlnnltema 
(Ailer explly of ueefulllfe) 

I 

BHEL has aclopted an Environmental Policy and pledged to fulfill i18 responsibility o" 
protecting and conseNfngthe environment on aooount of Its product. 

I 
ltemsfmaterials of AC machines, served their useful 111'8 are to be disposed off In an: 
environment friendly way to pnrtect our resourws ana control, environmental pollution.1 
("Guidelines furnished below lead to a long way In planning actMty for saapplng the1 
above efl'edivelyin an echo-friendly manner. 1 
AC machine5are basically manufactured byuaing the following: 1 

01- Metals. 
02- Non Metals 
03- Lubricating oils. 

'These IIams should be disposed offlmcyclad/rtHJSed as per current environmental laws of! 
the�- I 
METALS {Structural steel, Sheet Steel, Copper, Aluminum etc.): 
'These may be sold es $Crap metal for recycling and r&-U$9. I 

I 
NON METALS {Insulating MalariaJ$ (Mica, Gla$8, Nomex. Epoxy/ Poly818d$ilic:one ba8ed1 
bonding materials}, Rubber(SynthetlciN1111Jrai)Greaseetc.): 

1 
Big places & useable lengths of lnsulaUng maiBrlals may be salvaged for re-using as: 
insulation in smaller & lower voltage rating electrical equipment. Materiale unfit fo� 
economic salvaging, should be stored In an Isolated spaoeforfurthersafe disposal. 1 
Lubrication Oils : 

I 
Oils ahoukl be recycled after deanlng and wflen become unserviceable, may be dlsposed1 
of'Pto I'EH'Bflners for lowerend use as low-grade lubrtcatlng oil. 

I 
I 

I - - - - - - - - - - - - - - - -
1 

CHAPTER 1 1  

LI ST O F  RECOMMENDED SPARES 

;when ordering spare parts, please state the serial number & frame designation of the 
:machine as 8hown on the rating plate and at the Drive-end shaft faoe in addition to the 
exact designations of the parts required. 

��of machine 
Assembly 
� 

i 
SCIM Bearing 
1LA7, {See'C'for 
1RA. vertical 
1RN, 1RQ motore.) 
1TC" 
1MJ 
1SJ 
1SQ 
1SN 

SRJM 
1LS, 
1RR,1RS, Llneskle 
1RU, 1RB, Terminal box 
1RE,1RC 
111' 
11M 

Syn..Mom 
1Dl 
1DQ 
1DM 
1DN 

AltamafzU1J 
1DK Neutral side 
1AG Terminal box 

lnatrumenls 

L- -- --'-- -- -- --

A-For all machine a 
�pa Hems 

Anllfrlctlon Ball bearing-DE 
Roller bearin11-DE 
Roller bea.rfng.NDE 
OuterRubber8Gale 
(DEandNDEl 
lnnerFeltaealll 
lDEandNDEl 

Joumal Bearina bush-DE 
Bearing bueh-NDE 
Sealing ring-DE 
andNDE 
Oil ring-DE and NDE 

Phase segregated Connector 
box with direct Joint box 
tenmlnatlon Desiccators 
Phatesegregatad Connector 
tenminal box with Insulator 
tall lead Tall lead 

Joint box 
Desiccators 

Phase separated Connector 
tanminal box Joint box 

Tennlnal 
bushing 
Insulator 

Neutral terminal Neutral connector 
box PSTBt.ype 
NTBsuHablefor Bushing/Insulator 
CT mounting used 
withoutCT 

tem Rigid elem type 
detec:tor-PT-100 C&PIIIa 
Airtemperatura Rigid stem type 
detector C&pillary ''"" 
�oeheaters Plug In heaters 

Healens for 1 L 
type motors 

Dial thenmomater Rigid stem type 
forbearing C&plllarytype - -- -- -- -- --.  

Quantity =ng 
number 

One 
One 
One 
One each 

One each 

One 
One 
One set 
each 
One each 
One set 
Oneaat 
One set 

One set 
One set 
Oneaat 
One set 
One set 
Oneaat 
One set 

One set 
One 

One set 

One 
One 
One 
One 
One set 
One set 

One 
One 

----------�� ���H�-----------· 
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D-Addilional for aynchronoua machine exciters 

I �of AMembly 1YPe Item a Quantity �., mlld!IM name Drilwlng 

i 
number 

&-Additional for alip ring induction motora AJtematol'8 Exciter Eledronie itema Diod&a Oneset 
andVFD Vluls!Dr Ones at 
synmotors Resistance Oneset 
1DK, 1AG, Capacitor One set 

"'Jpeof Assembly 1YJie llama Quantity �a/ machine nama Dr'awfng 
numbei 

SRIM Brush gear Brush holder �t 1DQ Earthing Camplete Brush holder One 
1LS, assembly Carbon brushes One set brush assembly Carbon brush One 
1RR, Insulators and One set ! ! Syn. Exciter Eledronie itema Diod&a Oneaet 
1RS, insulation rube ! Mo!IQ Resletance Onuat 

1DL Capacitor Ones at 
10M Thyristor One set 
1DN Arfngunlt One 

1RU, Slip ring Three ring slip ring Slip ring assy. One ! 
1RB, assembly Six ring alip ring Slip ring assy. One ! 
1RE ! 
1IT 
1TM 

C-Only for vertical motora(in place of bearings as called in section A) 

T�of AMembly Type lterM Quantity §tylef 
machine name Drawing 

number 

VertiCal Bearing Journal bearing Top Thrust pede One set 
Molar'S Top G4Jide pads One set 
1TC Bottom Guida pads One set 

Antlfrk:tlon Top Roller bearing One 
Bottom Roller One 
bearing 
Outer Rubber seals One each 
(OEandNOE) i 
lnnerFeltsaal8 
(DEandNDE) 

One each 

--------------��--------------���-------------- z����r--------------· 
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NOTE"S -
I 

-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·J 
-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·, 
-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·J 

I 
-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·1 
-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·J 
-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·1 
-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·J 
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-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-
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I 

-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·� 

I 
-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·� 

I -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-

-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·1 
I -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-
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-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·1 
-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·J 

I 
-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·1 
-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·J 
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r·--·--·--·--·--·--·--·--·--·--·--·--·--·--·--·--·--·--·--·--·--·--·--·-

L. _____________________________________________________________________ _ 
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1 
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