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SPECIPICATION FOR MOTOR DRIVEL

I

HIGH VACUUN FXPAUSTERS ¥OR

e e T

This {5 a technical specification for
motox driven high vacuum exhausters for
glectric locomotives application.

In preparing this specification, assis-
tance has been dravn from the following
Indian Standards:

15:5456-1969 Code of Praetice for
Testing of Positive Dis-
placement Type Alr Com-
pressors anté Exhausters.

I5:55%8-13069 Keasurement of air flow

{(Part 1) of Comprescors and Ex-
hausters « Papt I -
"Nozzles".,

I5:5727-1970 Glossory of Terms Rela-
- ting to Compressors and
Exhausters.

This specification covers clauses which
call for agreement between the purchaser
and the supplier and supply of certain
technical information by the manufacturer/
Supplier at-the time of submlitting ten-
ders for the equipmént.

SCOPE

Tuis specification covers exhausters for
use on Electric Locomotives fitted with
Ale/Vacuum brake system, Thls is & teche
nleal specificatlion and does not cover
all the necessary provisions of a contract.

TERMINQLOGY

For the purpose of this standard, the
followiny definitions in addition to
those given in "Indian Standard Glossary
of Terms Relating to Compressors and
Exhaustecs® - IS5:572751970, shall apoly.
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anuacturer - The party manufacturing the

mahing,  Phe manufacturer way or may not he
the cunpnlier.,

2.3 Englreers - The term 'Engineers' shall
apply o the Director General{(Motive Power),
Rescorch Deegjgns and Standards Organisation,
Ministry of Railways, Lucknow-226011, and
perscn or persons authorised by him

2.4 sub~Cont{ractors - Sub-contractor means nerson
or pevsons {rom whom the manufacturer buys
parte/assenblies for fitment to the equipment
o be supplied.

%.0 DESTICY FEATURES AND SERVICE CONDITLONS

Z.1 Basic Ddesipgh - Exhauster shall beof positive

dispiaceneént type suitable of being driven by

2 two-speed electric motor.

2 Capacity =

2.1 T . The capacity of motor driven
exhauster shall be around 4500 1/min. at slow
speed and about 7000 1/min. at high speed of
the drive motor at gzero vacuum.

5022 The exhauster shall be able to maintain 75%
vacuum against parallel leak hole of 5/16!" 4ia
in 1/8" thick plate whiie working at slow speed
ant-against & parallel leak hole of 1/2" dia
while working &t high speed, A reservoir of
85 litre capacity shall be fitted at the
inlet of the exhauster and the leak hole shall
be provided at a distance of 1 m from the
veservoir. o

Repraa

for working cantinuously at vacuum level of
80% without resulting in overheating ox abnor-
ral wear of components, :

3.3 Sormal Duty - The exhauster shall be suitable

3.4 Drive
3.4 .1 ‘The exhauster shall be driven by a two
' speed motor. -

3.4.2 Drive .to the exhauster shall be through a

flexible coupling of proven design., It
shall be selected to suit the arduous duty
encountered in normal service without the

veendlB '..../
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necessity ol renewing any wearing parst
within 3 years of 1ts operation. The
coupling shall be of ‘gimple design and
shall require mlnlmum attention during
operatlon

3.4 .3 Tne limite of angular and axial mis-
' alignments - which the coupling is capa-
ble of withatanding shall be lntimdted
to "Engineers" or "Purchaser” and their
2pproval be obtalned

5.4 .4 The coupling shall be requlred to with-
stand shocks duz to frequent starting =
and stopping and variation of load
on ext.auster-motoér set due to operation
of vacuvum relief valve.

AN
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The drive arrangement of the exhauster
shall be subject to the approval of the
purchaser/Engineers. Manufacturer
-8hall advise breakaway torque of the
coupling..

3.5 Mounting and Lift}ng Aggénéemént

3.5.1 “The exhauster and drive motor shall be
mounted on & cowmmon bed plate.

%.5.2, The bné of the exhauster/exhauster-
moter set shall be robust in design and
shall be able 4o withstand shocks and

sptresses normally encounterdd in loco-
motive operation.

5.5.3 By hauster/Exhauster-motor set when
mounted on the locomotive shall be free
from excesslve vibrations and shall be
dble to withstand vibration and shoks
causing an acceleration of "3g" (g =
dcceleratlon due to oraVLtatlonal force
at see level) in the longitudinal direc-
Sion,and 1 g in vertical and transverse
iirections. Any special anti-vibration
meanting, 1f required, shall be specifically
indieated  and ouDDlled as a part of the
unit,

. . ) .
3.5.4 Sulteble lifting arrangements shall be

proviced separately for motor and
exhaustar and ailso for the complete unit.
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3.6

2.7

371

Jobrication

The exhauster sh:ll have a positive lubricat-
ing' system of proven design., The lubrication
arrangement shall be reliable and capable

of withstanding continuous operation at the
temperature prevalent inside the locomotive,
without undue carbonisition of the mdviag
paris and discharge portss/valves. The lubri-
cat.ng system shall be such that its working
can be observed duving operation and parts
erc gasily accessible for atiention during
maiitenance.,

The oll consumption shall be low and shall be
specified. The capacity of oil tank shall also
be upecified.

Metillic dipstick arrangement shall be provi-
ded for checking oil level.

The lubricating system shall have a filter

of vdeguate capacity to ensure reliability

of “he Llube cil system under the actwal service
contitions. The filter shall be easily re-
nmovible for mailntenance.

The oil reservolir/sump shall be deslgned to
perriit easy drainage/cleaning.

Inter-conneecting pipes of the lubricating sys-
tem shall be so designed so that there is no
po3sibility of damage during transit, service,
storage and handling. :

The drop oil counter,. if nrovided, should be
of adjustable type so that sight glasses are
vigible from any convenient position and shall
not become loose and develop leakage during
service. The oil flow shall not be affected
by locemotive vibration. The rate of oil

flow shall be specified for.each drop oil
coanter for different points of lubrication.

I

The exhauster -snall Be air couled. A-cooling
fan of 4 simple and rugged design shall be
movided, The fan shall be mounted oh the
shaft and shall be dynamically balanced.
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3.7.2‘ The dasign of coeling errangement shall
| ensure that hot air from moisr does not
flow over the exhauster..

3iT743 The temperature at the bearing cover of -
' the exhauster should not exceed 120°C.

5.8, Misce Llanzous

3;8.1 For securing protective ‘hoods, pipe
. ‘braglets etc. foundation bolts shall not
he ubilised,

3.8.2. Wheériever bearings are grease lubricated,
"sasily accessible grease.nipples to IS:
4974 shall be provided. Suitable vent
for overflow of excess grease shall also
be provided. Type of indigencusly avail-~
8ble grease %o be used, shall be specified.

3.8:3 Direction plate with 5C.mm arrow shall be
fitted on the exhauster and motor, sépara-
tely to indicate the normal dirdction of
rotation.

3.8.4 Parts like oil filler caps etc. shall be
secured to the exhauster body by means of
a chain. -

3.9 Ambient conditions

An exhauster shall be capable of working
satisfactorily under the following
conditions:~

.1 4mbient temperature =+ 5° to 55°C

2 Maximum température of

- &air at inlet port . - 60°C

.3 Relative humidity - upbo %00

A Altitude ~ Sea level to
1000 m. -

»5 The equipment shall be capable of
operating satisfactorily- in spite of dust,
dirt, mist. rain and heavy dust storm to
which rolling stoék is.normally exposad

in sexvice. The equipment shall also be
capable of withstanding continous contact

el
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or rrolonged exposure to petrolsum products
without any eflfect on its efficlency.
ACCEISORIES

sREs AT R

The axhauster sha11 be Sunplled with the follow-
ihg iccesgories:

Intace ¥ilter - A suction filter of approved
des;gn shall be provideda at the air inlet to the
exhanster. The filter shall be of compact cons-
truc:ion and s8hall ne 2able to withstand the con-
ditions prevailing in the locomotive.

Silencer and oil sepdrator -~ - The exhauster
shall be provided with @ Silencer and an oil
separator -unit of adeguate capacity. Combined
5ilencer-cum-oil separator unit is also &ccep-~
table. The arrangessent should be leak proof
ané easy in dismentalling and c¢leaning.

Testing and Insnection

The testing of exbAausters shall generally conform
to I5:5456-1969.

=]

Type Test
Whenever & new series of exhauster is manufactured
two nuwrbergr s of prototype exhauster shall be
sutjected to a series of test to establish the
rzliabildty and performance of the unit.

If the aupply order exceeds 100 nos., the type
tests shall alsc be conducted at the rate of
two exhausters for every %ubsequent 100 exhaua—
ters it part thereof

The wype test shall constitute the following
testmand mezsurements in zaccordance with IS:
5456-1969 or relevant BS specification.

Initial test check

Run the exhauster at the following vacuum
levels and speeds for the duration
indicatead aﬁdLnst gach:~—

1) A% C% vacuum and slow spesd ... 1 hr{lfin)

ii) 4% 20% -do- «v. 3 hrs

iii) A% 60% vacuum and max.rated spsed 5 hrs

1v) At 0% -do- 10 hrs.
---O/THC



5.2.3.2

5.2.5-47

Ciaen. Y.

a* the ;nt»rva

-7 -

During these tests check shall be made

for undue heating, 1eakaces and- proper
functioning of all parts and accemsories,

Adaubtments, if called for, shall be
made ‘duwring thess tasts.

Vacuum Naxnta;nabulitv Tast‘ -

Maximum vacuum 1evels attalned at slow

and hightspeed shall be determined -

against parallel leakholes of 5/16"

(7.9 mm) and (12 mm) respectively with

the arrangment indic.ted in para 3.2.2.
ollowing observations shall be recorded:-

Test .speed -

Luak hold- sxze

fpbient, temperature

Barometric Pressure

Stabliszd vacuum level

Time to reach stablllsed vacuum
ievel,

. Startlnc current of the motor and
voltage and. current values in the
steady state condltiono.

.. - » *

., | AT P PO -

-Jetermine the exhauster OﬁpaOlt{ - in

terms of FAD (frée Air Delivery) in litres
per minute at O, 570, 600 and the maximum
totainable vacuum level ‘both at slow and
high speeds.
Indurance Test %

#

The-exhauster shall be run at a macuum
level of 80% (600 mm) at the maximum
rated .speed for a period. of 400 hrs.
following measurements shall be made
durxng théss tests at intervals of 1 hr.
Yor the first 10 readings, 2 hrs., for
she next 10 readings, 5 hrs,, for the
next 10 ruﬁdin%s and the remaining

8 of 8 hours.

Date .

Tlme :

8peed (rpm)

Barometric pressure :
Vacuum level (mm of Hg)
Ambeint tcmpur:ture

R =P AN P b
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foumperature of ajr at inlet port
. Tvmpor&tﬁre ‘of air at exhaust port
jTempcraturc of the exhauster motor set
a —

E g Bearing eap. gb) Bxhauster body
(

O3

s e

3). Motor body ' (d) Motor Bearing cap.
2). Bng covers bothdrive and
non=-driving ends.

10, Crank case vacuum (In case of reciprocating
machine).

19, Motor voltage,. current during run.
42—“—6tar%fﬁg_@arren%ueﬁ—%he-me$@r-
,2, During the test observe for any abnormal

' gound, leaks through joints, commutation
condltlons ‘of ~the motor.,™ '

5&1-3.a.i ‘ Fo1lowrngjchécks/mpaSuxements shall be made
before and after completion of tests:-

1. Dimensions of wearing components accord-
ing to chart supplied by Engineers at
the time of tessy.

2. Iwmportant clearances which effect perfor-
mance of ‘the cxhauster

£ 4. 3 After completion of test the exhauster shall be
completely dismentled, all components cleaned
threughly and examlnatlon shail be made for -

(a) Any-abnormal_wear/SLgn of damage
to' bearings, 'gears, rotors,.oil seals,
rotor casing, couplings, and crank shaft,
ristons, connecting rod, piston rings,
etc. in ense of rcciprocﬁting machines.

() TLooscness of rotors, gesrs, couplings,end
COVLrS bearings ete.

(¢) Conmdittonr of alr and oil filtor.

(a) Total consumption of lube oil during
the trials.

(e) 0il/sludge deposits if noticed in
exheustars.,

v/ 9



512 i3l

it

5.2,3%'6

543

54343

e

Test_ with elevated inlet tompsrature

The exhauster shall be worked for 8 hours

at the rated max.mum sgaed and 80% vacuum
with inlet 2ir témperature of 60°C and

then stopped for half an hour for cooling
wnder prevailing atmospheric conditions.
Tarcée such .cycles of tost shall/ performed /Dde
and measurements/observations as made dur~

ing the cndurance tests shall he rocorded.

Run in tﬂlted_poaitiog -

with the oil filtled upto the minimum
dipstick level, the exhaustur-motcr set
shall be mounted on a platform of 1 in 20
inclination with the exhauster r2aissd.

The platform shall alsec have 2 side tilt

of .1 in 10, The exhauster shall be
worked 'in this position at the ratsd maximum
speed and vacuum level of 80% for 12 hours.
At the eni of the tést, the parts shall be
examined for any starvation of oil etc.

ROUTINE TESTS

These tosts ' shall be carried out on 21l

the exhausters, before dcceptance by the:
purchas:r, The supplier shall also supply
a copy of the routine test report with
every michine. Following tests shall be
conduct: d: -

Rur. the exhauster at maxiwmum rated.speed
and 80% vacuum till the temperature of thc
bearing cover sftablizes. Record the
temperature and ‘check for any leakage from
joints etce

Icak hole tests with 5/16" and %" dia.
porallel leak holes on 1/8" thick plate

at slow and high spoed respectively.

The results shall be compared with those
obtaincd during type tests (para. 5.2.3.2)

Maximum level of vzeuum attdined 2gnhinst
dunmy, both at slow and high spced! - Time

to achieve the maximum vacuum shall 21so
be recorded.

-0/10010
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6. _ GENERAL CONDITIONS FOR INSPECTION AND TESTS

6.1 . 411 tests shall be conducted at manufa cturers

© " ¢ premises. Any shortéoming or defect noticed
.during’ the type test shall be peinted out to
Cthe manufﬂcturur by the purchnser, or his
rcprusnntﬂtlve to enable him to incorporate
the necessary improvemsnts before bulk manufae-
ture is commenced without effecting the guaran-
‘teeddeliveries or guaranteed performance
characteristics.

6.2 Any additional tests/trials, if considered
necessary by the Englineer, shall also be
arranged by the supoller free of cost.

6.3 The purch@ser/bnﬂinccra, or their represen—

: t2tive shall have access 2t all reasonable
times, for stage inspection, to those portiuans
of the manufacturer's works in which produc-
tion is being carried out and where the

~testing ks taking place.

6.4 - ' "The inspecving officer shall have the power
to adopt any means le may consider necessary
to satisfy himself that proper materials and
p&rts specified, are actually used during the
manu_acturo of the uni%. ,

6,5 . Phs bupplier/manuracturur mhall provide labour

ar anpliances ruguired by the imspecting offi-
cer free of charge for inspection and testing

of. the whole unlt and its conmponents, if

ruqulrbd
6.6 ' Should any part of - the emhauster unit requlro
Cove ‘alteration ‘or any defect appear during the

tests or trials, the supplier shall, w1thout
any extra charge, make such alterations or
rectify the defects to the satiisfaction of
the purchwser/Bnclngbrs or his representative.

7. . BBARES

Along hlth the quotations far supply of the
.exhauutur, the tenderer shall also furnish

‘12 ‘pecommended list of spares for two years

and quot-tions thereof, The tenderer shalil
alsc 2gree to hold the price of spares for

o period of one year fiom the date of the
suyrly of exhausters.

AN
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8. -INFORMATIOH/DATE T0 BE FURNISHED BY THE TENDERER

8,1 rnakaras per Annexure I shall be furnished by the
. tenderer alongwith the quotations in triplicate.
tenderers shall also furnish. the following infor-
mation alongwitt. the quotation.

o1 Location of the factory

o2 Name‘and address of authorised stockists
for spares: -

3 Whethor the type of exlmuster proposed fto
be suppliecd has already been in Service
in rail application, and the name of the
country/railway where it has been uscd.

8.2 Devailed information as per Annexure IT shall be
farnished by the tenderer if an order is plcced.

9 20)L KIT
9.1 3as every exhauster units, or part thereof,
‘ a omplete tool kit shall be supplied, free
of cost,
9.2 Th: price for tool kit, when procured inde-

peadeny of the order, shall be indicated
for information alongwith the gunotation of
th: elnauster,

10.. MA INTENANCE  MANUALS

10.1 Th: tenderer shall supply .¢ copies of

- exnaustive, fully illustrated manuals covering among
otacr items, the following vital detalls,
to the "Purchisers" and "Bngineers" at the
tiiee of submission of the tender.

.1 Description and arrangement
2 Techrical data
) -Oommiasioning instructions

«4 Dismantling and Asseumbly instructions.

.5 Particulars of indigenously available
recommended lubricants.

../12
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.6 Periodical inspection and
gpaintenance sheedule.

¢7 Maintenance instructions along with
trouble shooting instructions.

.8 ;Testing,grocedure far the .equlpment
©and othem auxilicries. .

W9 Wear limits fo:lvifal'compOnents,

10 Detiiled parts catalogue with des-
cription of items. The mrits shall
be detailed by sketches to fracilitate
ordering.

11 Instructions for reclam2tion of worn
out componen¥s.

.12 Iist of special tools with inatruc-
. tions for use, :

.13  Detailed packing and storing instruc-
tions.

™wo copies of maintendnce m2nuals shall be
supplied with the first méchine one egach
to the Engineer aand the purchassr.

One copy of waintandnce manual shall be supplied

with every 10 exhauster sets and part thereof,
TRAINING

The supplier shall provide facilities for
frge fraining of the railway maintenance
staf? at thelr works on aspects of main-
tenance; overhaul and testing of sguipmsnt.

GUARANTER

Any. component found to be defective either
due %o bad workmanship, design or faulty wa-
terial within a psriod of 18 months, from the
date of commissioning and 20 months from the
date of Beceipt of the exhauster in the
consignee premesis (which ever is edrlier)
siiall w2 replaced by the purchascer free of
cost. The frec replacement items shall be
supplica expeditiously to the user of the

celif13
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locomotive employing the subject exhausters.
The replaced componcnts if proved unsgtis-
factory in service, shall be replaced by
the modified and improved components by the
supplier At nis own cost.

1t



10,

11.

9 A 4 e

BROAD SECHNICAT, FREADURES OF THE EXHAUSTER

Type, mike 2nd model.

Digplrcemant/swept volumes at minimum and
maximum speeds {algo indicating the minimum
and wmoximum speeds).

Graph showing free air delivery against

vacuum levels of O to 85% a{ minimum 2nd
maximum rated speed.

Leakhole Vs vacuuwn graph with varying leakholes
and without leak holes (leakholes to be provided
in 3 chamber of 385 litess volume) at slow and
hign spedd. '

" Maximum permissible temperature at inlet and

exhaust ports.

Horge powor consumption at different vacuum
lavels a2nd apeceds gg indicated ipn para 3 above.

Feight of the unit complete with accessories.
detalls of drive arrangements.

Jatalls of couplings'(if used) including
allgnment data and method of checking

&alignment.

Detaiie of mounting arrangment with overall
dimensions,

Overall snace requirements inclusive of all

accessorics (layout drawings should -be
supplied,.

LI I B I I I )
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Annaxure 2

1. Typo, make and model,
2. Details of technical collaboration(if any).
'3,  pasic design data’ '
'3.1 | If rcciprocating type,
.1 Cylinder arrangement.
.2 ¥o. of cylinders;
.% OCylindcr ¢ia. and stroke.

.4 Detalls ard expected life arnd vital
components like suction ard dolivery
velves, piston, rings, small and big
end bvearings, etc.

n

3tuanzions,,'material specification,
heat treatment arnd mwethod of manu-
facture of:~

“®iston

Platon rings
Cylinder heads
Valvcé‘
Crankshatt
Connecting rogd.

Crankcapa.

6 Ho. and type of main bearings.

7 Labricating systsm, 1f by pump,
details of tue pump including
werking principles, drawings and
life o wearing parts.

3.2 1f rotary (Vane/lobe) type

1 Barrel iimensions.

P

.2 Rotcr dimensions,

.3 Lobe orofile (if luve type)

16
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i No. and material of blades.,

) Ploating ring/drum dimensions and material

.6 Side clearance betmeen thp rotor
aand end covers

.7 fo. and type of main bearings.

.8 ILubricating system - if by a pump

"~ detalls of the pump inc¢luding working,
principles, drawings and ‘life of wearing
parts.

Pechnical specification of coupling (if used)

including dimensions and meterdal specifica-
tion far the key and assemblu@@draw1ngs of the
coupling on shait calculations™indicating
life of coupling with regard to.maximum and
continaotls torque of the moter also be sub-
mitted,

Direction of rotation

Tybe and details of air filters used in the
ezhauster l1.e. suction lnlet and Lube oil
suction filter etec.

Lube oil consumption 3t different speeds.
Sump capacity
i) Maximum dipstick level.

L1} Minimum dipstick level.
gcommended brands of .lubrieating oil
gatcrlais used for gaskets and seals.
“ubmit. specxflcatlon and drawings of oil

SGG ..s .

Location of ‘rubher or synthetlc sealing
mFdld, if used.

Dut&.;s of cool:ng fan including mounting
drawings.

e . ..t000:... oo s
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AEIDAINT 0 SPECIFICATIONS FOR COMPRE330R,
EXHAUSTZR AND EXPRESD R UNITS, . .-

3L T

Endurance lest:

Bndnrance test is a continuous test and shall he

carried out by running the oxpressor/compres§or/exhauster

with cowprassor delivery pressure at 10 §3/cm® and

with the exhauster at 80% vacuum, with compressor,
exhauster sr.' expressor running at maximum rated speed,

‘The test shall be of 400 hours duration, Normally, interruptions
are not permitted during the testing except under following
circunstances:- '

(1)

{1i1) .

(111)

Intsrruptions are permitted if any adjustament is required
to de carried out during the course of testing which, -
warvants stonping ofecompressor/exhauster or driving motor,
Undor these circuastances, the period of interruptions -
shoild not axceed 2 minutes, Tho aggregate totadl ofisueh;
*Interruntions should bg totalled at the end and the' =
perio% of endurance testing prolonged by thls agiregate -
alnount, S

Durins enduragnce test, a maximum of 4 interruptions -
shall be tvolurated when they ave required for. attending -
defucts in the equipuent but in such casc more than =
20 minutes shall not be allowed to lapsc between the.
interruption and restart, In all such zases consent of-
RDEO or its ropresentative should be obtained before
recoaaencing the tast,: The aggregate total of such
interruptions should be totalled at the end and the .
veriod of endurance testing prolonged by thils aggregate.
anount. In case of wore than 4 intervuptions, the -
sndurance testing should be done afresh,

If ordurance testing is interrupted for reasons
unzonncetod with compressor/exhauster” such as due
to defcet D drive motor and coupling, t hé test. should
be startad within 24 hours, after .the dnterruption, - .
Only nno such interruption will be ‘gilowed and in case
the testing is interruptad by more than ona '
Interruption, 080 or its representative shall

declc e whethor tae cndurance tests must be

reconaineed from the beginning or werely prolonged
for'the perdod equal tc” thet of interruption, In
case of such interruption, the reasons of interrup-
tion as well as time of beginning and end of the
Intermuption should b2 ontired in the column nrovided
Lmacsiataly after data nrior to interruption.
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