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e a, DATE OF TEST 2/7/83-1/1%/83

REPORT OF ROUTINE TESTS MANUFACTURERS
INDUCTION MOTOR ORDER NO-. 2144245
‘ o PURCHASERS
PURCHASER.  Qil Producis Pipeline Ltd. ORDER NO. EG-9-2794-8
NAMEPLATE DATA
TYPE . | FRAMC RATED H.P. | R.P.M. | voLTs SERV. FACT.
CE5B 445Lp 100 1480 380 : o 1.00
' LOCKED | AMBIENT| INSUL.]DESIGH | TIME | TEMP, RISE BY
PHASE | HERTZ AMPERES KVAZH.P. | TOMP. 7| CLASS |LETTER | RATING | RESISTANCE
3 50 142 E- 45°C F - CONT. 100°cC
TEST CHARACTERISTICS |
STATOR WDG. RES.
SERTAL 10 RO LOAD BETWEEN TERMINALS
3144265-001 380 50 | 1500 34.7 1800 L0432 23
135 50 1500 11.8 1136
460 40 1800 ©36.1 3000 - -
160 40 1800 13.6 2140
3144245-002 440 40 1800 36.9 3100 .0429 23
' 140 60 1800 14.4 2360
LOCKED ROTOR ( 1) PHASE HIGH WOUND
POTENTIAL ROTOR
SERIAL NO. TEST OPEN-
VOLTS HZ AMP | WATTS VOLTAGE CIRCUIT
' (A) VOLTAGE
3144265-001 140 50 |250.4 |20,000 2500 - -
140 40 | 184 7,800 - -- --
3144245-002 140 40 | 188 8,000 2500 R --
NOTES : - (A) [@ 1 SECOND
o |  1-DATA ON TEST FROM__ these MOTOR(S) .. 3 1 MINUTE
S [THIS OR DUPLICAIE)
1 2<IN ACCORDANCE WITH NEMA PUB. NO. M& 1-1978 PAR. 12.51,12.54 & IEEE 112-1978 FORM A-1

—=¥H IS -D-A TA—F-O R EFEREME -GNt E S 5—OTHER WSS ESH-HD - =

PREPARED BY y

APPROVED BY t:E} F448J4-100-K40-RO
T fdeamen LOUIS ALLIS 00-K60-R0 __

" bl31L

DATE 4 Litton  Miwases: Wiseonse: 53201




M 3187 2/82

MANUFACTURERS

TYPICAL INDUCTION MOTOR DATA ORDER NO. 3-_144265
PURCHASERS
PURCHASER_Qil Producis Pipeline Lid,. _ORDER NO. EG. 9-27%4-B
TYPE__CE5B FRAME_ 445LP  H.P._100 SYN.SPEED 1500 -
VOLTAGE 380 PHASE/HERTZ 3/50  AMBIENT 45°C  SERVICE FACTOR 1.00

INSULATION CLASS__F DUTY CONT. ENCLOSURE TEXP

EFFICIENCY POWER FACTOR

1/2 LOAD 926 1/2 LOAD .811

3/4 LOAD .933 3/4 LOAD .85¢4

FULL LOAD .930 FULL LOAD .861
FULL LOAD R.P.M. 1480 OUTLINE DWG. NO. E-130034-0003
FULL LOAD AMPS 142 TOTAL APPROX. WGT._ 2050 LBS.
LOCKED ROTOR AMPS 715 BEARINGS Ball Anti-Friction
LOCKED ROTOR TORQUE 125 % D.E._** opp. D.E.__*
BREAKDOWN TORQUE 210 % LUBRICATION Grease

REMARKS:

** Bearings D.E. B80BCO3XPX3 USA

MOUNTING V-1 (Vert.)

* Bearings opposite D.E. 9OBTO3XXXO0OX USA

3/4 Load Amps -

104.5;

1/2 Load Amps ~ 75.5

Ne Load Amps - 33;

Locked Rotor Power Factor -

.29

94 DBA @ 3 Ft.

THIS DATA FOR REFERENZE ONLY UMLESS OTHERWISE SPELCIFIED

PREPARED BY_ L/ -

&

F44BJ4-100-K460-D0O

SHEET 1

APPROVED BY_%&%E-E LOUIS ALLIS
DATE 11 /82 tiHon  Mivsves Winmnnan 53771
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OVERTEMPERATURE

- PROTECTION SYSTEMS
Compact single input for
the economical protection
of low horsepower motors

The new Serjes 15Q “Motlogard" OQvertem-
perature Protection System provides immediate,
reliable protection against motor overheating
regardless of cause.

in the case of high temperature, the moicr may
either be disconnected from s supply and/or a
warning signal activated by reason of:

¥ Single phasing

¥ Frequent|y repeated over|loads

¥ Phase voltage unbalance

Y Too frequent starting

¥ Locked rotor or bearing seizure,
Y Heavy plugging or reversing duty
¥ Ventilation failures

The Series 150 "Motogard” s designed to
operate from the Power Contro] Corparation’s Tvpe
8000 or Type 9000 Pasitive Temperature Coeffi-
cient (PTC) thermistors. These rugged, industrially
designed sensars are placed in the windings of the
motor, narmally one for, each phase. |t the tem-
perature of the winding reaches the swilch poipt of
the thermistor, the resistance of the thermisjor
sharply increases tripping the conirolier output
electro-mechanical relay through a prinied circuit
board solid siate network. Resetting of the output
may be aulomatic (stapdard) when the tem-
perature of the motor drops severa| degrees helow
its swilch point or by a remote manual reset

{optional),

To insure reliable operation, the autput relay Is
energized under normal motor run conditions. Ldss
of power to lhe relay, break ol the input sensoers
teads, or short circuit of the sensorinput (less than
100 ohms) causes the output relay ta remove the
motor from the line and/or trip the warning circuit.

SERIES 150 "MOTOGARD"” KEY FEATURES

¥ Singte Sensor input—Designed for 3 PTC ther-
mistor sensors connecied in series to minimize
the number of molor o controller sensor wires.

¥ Isolation— Qutput “load” circuit electrically isoi-
ated from both controller excitation and sensor

.. inputs.

v Qutput Rating—Form C relay (rated far direct
control of 120V, Size 5 contactor coils). ‘

¥ Dual Fault Operation—Coniroller cannot be
damaged by grounding of any two of the sensor,
output or controller excitation terminals.

¥ Compaci controlier design potted in high impact
strength phenolic enclosure for industrial
appfications.

¥ No adjustments required. Moduie [ndependent
of motor horsepower.

v Sensors continuously ‘monitor motor tem-
perature, operating only when required and
eliminate the nuisance trips of current sensing
coverloads.

APPLICATIONS
Other applications of the Series 150 “Motogard”
include overtemperature protection of: -

¥ Equipment enclosures

¥ Sleeve bearings

¥ Semiconductor heat sinks

¥ Transformer windings

¥ Electromagrets

¥ Compressor oil'sumps

¥ Process vats, furnaces and ovens
OPTIONS

¥ Speciai resistance inputs
¥ Manual reset




SERIES 150 CONTROLLER

Evcitation: 120V, 50/80 Hz

g.-. ~ Input: Three Style 8000 ar g00Qa therm-
.stors connected in series. Controiler off at
3500 chms or greater with 10% resistance
hysteresis 1o prevent chatter.

Retay Output: Form C (Rated 120 VAC for Size 3
contactor coil),

isotation: Output Joad circuit isolated iram exci-
tation and sensor inputs.

Fail Safe: Under normal conditions, the output
relay js energized and.d_e—energizés on sensar
iead break or shorl cjrcuit; or loss of excitation
voltage. ' '

Dual Fault Operation: Contreller cannot be
terminals.

Reset: Automatic.

Ambient Temperature; —20°ta +80° C.

Construction; Potted in high impact strength
phenolic enclogure.
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AwITCHING RESISTANCE
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THE AMIS TR RESISTANCE

THE RMIETAR TEMPERATUAE

The' temperature sensors used with
MOTOGARDS Controllers are pasitive {em-
perature coetficient thermistars of the swijtching
type. The PTC switching thermistor, unlike other
thermistors, increases its resistance sharply upon
reaching its switch point temperature. This pro-
vides snap-action response and allows remote
locatiop from the cantrolier without any change in
switch point calibration.

PTC “800Q" and "20Q0" thermistors are en-
capsulaled in a special epoxy for rugged mechani-
cal propzrlies and good thermal conductivity,
They are well suited for use in severe industrial
environments. Both use identical sensor pellets.

damaged by short circuiting of any fwo of its

PTC

120VAC

[ lere
i 6}

s 6 6 9

z ]
%QNTACTCR INDICATOR
=1¢ 3 O @

wdmmm ol

PTC “BO0O" THERMISTOR

B —
L LPERCN A LT .
42 i
5:32
MAX L
l ~ -
PTC “9000" THERMISTOR
!.—-—. £ MIN JJ
‘J—'L::_L“ e
=
. } —E' 35228 TERON /
5117 73 INSULATED LEAD
5598 VOIT INSULATION SUEEVE
SPECIAL MOUNTIMGS
b $PECIFY DESIRED LEWGTH - {
w4 SSemTTTSPECIFY DESIRED LENGTR MmN 2V - i
I
Ian Dra STam|£55 STEEL PTC ! H l
\ THERMISTOR _J" .
] £ ‘
e L :
57D, SwAGELOR TuBE FTTING —3-
WiTh §7&. NPF SIZES OF 147 3/8" & 17"
o:'/q\-,-— SPECIFY DESIRED LENGTHMIN 2=
_il TTaa e e m e e
l + - ")
T GUASS EPCXY S—EET } a2y TEFLON
¢l INSULATEDR WIRE .
vy

PTC 8000 THERMWISTOPR
saddinhcnal lead fEngths avattable

PTC "9000" thermistors have an additicnal
silicone rubber, glass braid, 5000 volt insulation
sieave over ihe teflon insuiated leads. Specially
maunted units are also available for slol and bear-
ing probe applications as shown. The switching
temperatures listed are standard. Thermistors with
other switching temperatures within the range of
§° to 195°C can be supplied at extra charge,

Switching Temperature (Neminal}
{_T 73005 78015177025 T6035] T8053 | 18065 | 78085 TB105] T6115]78135 78155, 78175 TB195
 TypeNo.  Loooe | 0015 T9025| o035 To0ss | 19065 | T9085 | T9105| 1911519135 19155 | 19175 T91°95
Sanngrede S i5 | 25 | a5 | 55| o5 85| 1051 115|135 | 155} 175 | 195
o Febrarhen | 55| 77| 95 ] 13 | iac | i85 | 221 | 209 [ 275 | 311 { 347 | 383

FOR SERIES “150” MOTOGARD USE TYPE “8000” OR “9600" PTC THERMISTORS

The PCC engineering staff is available ior recammendations or custom
modifications of MOTOGARD systems tor your special requirements.

N\ Y o y :
.. k 1 o P
R T R R ST EER RS RSN

PHONE 14121 782.3120
BULLETIN 8113




SERVICE MANUAL
SECTION 186, Page 905
March, 2982
Supersedas

April, 1878

OPERATING and LUBRICATING INSTRUCTIONS

LOUIS ALLIS PACEMAKER®

P8211

VERTICAL SOLID SHAFT — NORMAL THRUST “.P" BASE

TOTALLY ENCLOSED FAN COOLED
FRAMES 143 LP / HP through 445 LP / HP

INTRODUCTION

Totally enclosed fan cooled moiors covered by this instruction
booklet are designed to give long perieds of trouble-free service when
properly installed and maintained. Figure 1 shows a typical totally
enclosed fan cooled vertical P-base motor.

The arrangement of the thrust bearing of the normal thrust unjt has
been designed to zccept the pumps developed load, Overoading will
greatly reduce the motor’s bearing life; therefore, the amount of thrust
load applied to the motor should not exceed the published values.

Proper maintenance of the pump will help to assure successful oper-
ation of the motors driving the pumps. Care in maintaining the
packing gland in pumpe utilizing this sealing method will prevent
liquid frotn entering the motor at the lower bearing bracket. Additonal
protection against liquids can be provided by mounting a shaft slinger
on the pump shait. Motors driving pumps in pressure sysiems where
the pressure is maintained after shutdown should be protected by check
valves in the sysiem arranged to prohibit back pressure on the pump
during shuidown.

® PACEMAKER is a trademark of Litton Industrial Products, Inc.
COPYRAIGHT © 1952 LOUIS ALLIS

PRICES AND OTHER DATA SUBJECT TO
- CHANGE WITHOUT NOTICE.

RECEIPT OF SHIPMENT

Upon amival, the motors should be checked immediately to see that all
components have been received and that there is no evidence of damage
in shipment.

In the event the complete assembly has not been received or arrives in a
damaged condition, you should, without delay, notify the carrier who
handled the shipment and the nearest Louis Allis District Sales Office.

STORAGE

If the equipment is nol put into immediate use it should be stored in 2
clean, dry location. For long periods of storage, especially where
moisture or dust 5 prevalent, the equipment should be covered to
protect it from corrosion. If the motor is to be stored over three
months, the shaft should be rotated about ien revolutions at least
once 2 month.

1 LOUIS ALLIS

Litton niwaukee Wisconsn 53200




SERVICE MANUAL
SECTION 16, Page 906
Mareh, 1982
Supersedes

April, 1978

INSTALLATION

In selecting a location for the unit, two primary considerations
should be made: First-consideration should be given to ventila-
tion and Second-consideration shouid be given to accessibility. It
should be far enough from walls or other objects so as to permit free
passage of air and allow easy access for maintenance and, repairs.

*

Be sure that the mounting surfaces are clean and the pump flange is
rigid enough to prevent excessive vibration of the unit. When aligning,
shim the pump base with a small number of large shims instead of a
lzrge number of small shims.

The motor should never be placed in a room with a hazardous process
or where flammable gases or combustible material may be present
unless it is specifically designed for this service.

INSTALLATION OF COUPLINGS
The flexible coupling should be heated in oil before installation and
slid intc position on the shaft or installed with a pushing device.-

WARNING: DO NOT DRIVE OR FORCE COUPLINGS ONTO
THE SHAFT. DAMAGE TO BEARINGS MAY RESULT. REFER
TO THE COUPLING MANUFACTURER'S INSTRUCTIONS FOR
THE PROPER INSTALLATION PROCEDURE.

ALIGNME]_U'I: {DIRECT CONNECTED)

Angular misaligﬁment and runout between direct connected shafts

will cause increased bearing loads and vibration even when the
connection is made by means of a flexible coupling,

To check for angular mislignment, clamp a dial indicator to
one coupling hub and place the finger or button of the indicator
against the finished face of the other hub, as shown in Figure 2.

COUPLING
HUSS

i 17
IHDICATOR—{ /. [I ”' i“

IHDHTA TOR BASE ] l

Figure 2 Figure 3

Rotate both shafts simultanecusly keeping the indicator button at the
reference mark on the coupling hub, and note the reading on the
indicator dial at each one-quarter revolution.

ANGULAR MISALIGNMENT OF SHAFTS MUST NOT EXCEED
A TOTAL INDICATOR READING OF 001 INCH FOR EACH
INCH OF RADIUS OF THE COUPLING HUR.

1 LOUIS ALLIS

Litton Miwaikes Wisconsin 33201

After the shafts have been checked for angular misalionment and are
parallel within the limits specified in the preceding paragraph, check
the shaft for RUN-QUT to insure concentricity of the shafts. Clamp
the indicator to one coupling hub and place the indicator buttor on the:
machined diameter of the other hub, as shown in Figure 3.

Rotate both shafts simultaneousiy, keeping the indicator button at the
reference mark on the hub and note the reading on the indicator dial at
each one-quarter revolution.

TOTAL RUN-OUT BETWEEN THE HUBS SHOULD NOT EXCEED
002 INCH. NEVER ATTEMPT TO MEASURE THE TEMPERATURE
RISE OF A MOTOR BY HAND.

Temperature rise of a motor may he measured by z thermometer,
resistance, or by an embedded detector or thermocouples.

ELECTRICAL CONNECTIONS

Before starting the motor, check the mameplate to insure that the
correct power supply (voitage, hertz, frequency, and phase) is being
used and that the motor is connected according to the connection
diagram on the nameplate. Be sure that the motor is connected for the
correct rotation. Before connecting the driven machine, energize the
motor and check the rotation.

OPERATION

Altemating current motors shall operate successfully at rated load and
frequency with voltage variations not more than 10% above or below
nameplate mtings. Motors shall operate successfully at rated Joad and
voltage with frequency variations not more than 5% above or below
the rated frequency. Motors shall also operate sucecessfully at rated
loads with combined variations in voltage and frequency not more than
10% above the raied voltage and frequency provided the frequency
variation does not exceed 5%. Performance within these variations
will not necessarily be in accordance with the standards established for
operation at rated frequency and voltage.

LUBRICATION

Ball bearing motors are properly lubricated at the factory and it is not
necessary to lubricate before using. In the event a motor is not
put into service for six months or longer, regreasing is required. When
regreasing, the following steps should be followed:

. De-energize the motor.

. (lean exterior of the motor.

. Remeove both the grease fill plug and grease relief plug.

. If the grease has hardened, run a rod or wire a short distance inte
chamber to break grease. In severe conditions, run motor untl
bearing chamber becomes heated.

- Regrease motor with low pressure hand-lever grease gun.

. For optimum operation, the bearing chamber should be three-
quarters full of grease.

7. When grease appears at outlet hole, discontinue greasing. Operate
motor for minimum of one hour to expell excessive grease. Shut
down motor.

. Replace grease plugs.

. Energize motor to return unit to service.

[ ] e L b P

=]

PRICES AND OTHER DATA SUBJECT TO
CHANGE WITHOUT NQTICE,




SERVICE MANUAL
SECTION 15, Page 307

March, 1982
Supersedes
April, 1978
RECOMMENDED FREQUENCY-OF LUBRICATION
H.P. t 1800 . STANDARD SEVERE EXTREME
R.P.M. or Less ENCLOSDAE CONDITIONS CONDITIONS CONDITIONS
5-75 ' oDP 24 Months 12 Months 6 Months
TEFC ]
EXP. PR. 18 Months 4 Months 6 Months
10. 40 oD?P 18 Months 9 Months 3 Months
TEFC
EXF. PR. 12 Months 6 Months : 3 Months
56-150 onp 12 Manths 3 Months 3 Months
TEFC -
EXP. PR. % Months 3 Months 3 Months
L3
H.P. Abova STANDARD SEVERE EXTREME
1800 R.P.M. ENCLOSURE CONDITIONS CONDITIONS CONDITIONS
5-150 Al 6 Months 3 Months 3 Months

STANDARD CONDITIONS

Normal or light loading, single eight (8) hour shift eperation, cléan
environment, 104°F maximum ambient.

SEVERE CONDITIONS

One of the following: Twenty-Four (24) hows a day service;
dusty location; light vibration; light shock ; 104°F maximum ambient.

EXTREME CONDITIONS

One of the following: heavy vibration; heavy shock; excessive dust;
ambient between 104°F and 140°F.,

For other .motor types or operating conditions not covered, consult
factory.

HPRICES AND OTHER DATA SUBJECT TO
CHANGE WITHOUT NOTICE.

The below listed preases, or their equal, are suitable for motors
operating between 0°F and 104°F ambients.

NORMAL ’ HIGH
Manufacturer Ambient Temperature | Ambisnt Temperature
—20°F 1o 105°F 0 to 150°F

Chevron Qit Co. SRINo. 2 SR1 No. 2
Shell Oil Co. Dolium R Dolium R
Shell Qil Co. Darina No. 2 Darina No. 2
Texaco Premium RB Premium RB
Texaco AFB No. 2 AFB No.2
Mobil Mobilux No. 2 Mobil 28
Gutf Oil Gutf Crown No. 2 Guif Crown No. 2
Exxon Unirex N2 Unirex

LOUIS ALLIS

Litton Miwaukee Wisconsn 53201
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SEAVICE MANUAL

ZTION 16, Page 508

fainn, 1982

1.
3.
3.
4.
3.
6.
7.
8.
S.
10.
11.
12.
13.
1<
1"
1.
17.
18.
19.
20.

ﬁ Back Bearing
Back Bearing Locknut and Washer

o

.Back Outside Slinger

24

Cslipersades
“xaril, 1978

Drip Cover

Fan

Front Lub Fitting

Front Bracket

Front Bearing

Conduit Box

Back Cap Bolt

Inlet Guard

Front Cartridge Bolt
Front Cartridge

Front Bracket Bolt

Inlet Guard Mounting Bolt
Lifting Lugs

Housing

Ststor Core and Winding
Rotor

Back Bearing Bracket Bolt
Back Bearing Bracket
Back Bearing Cap

Back Lub Fitting

Shaft

CE EEEENEY

Back Bearing Cap | ]

Labyrinth Seal

: g ;{ Bcnfil’lg .

—mme—— S haft

=

Explosion-Proof, (lass I, Group C Inside Cap Labyrinth Seal

e LOU!S ALL'S PRICES AND OTHER DATA SUB_.;_ECT TQ

LE%On Miwackee Wisconsin 53201 CHANGE WITHOUT NGTICE
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FRAMES 7100 -~ 7500

PRICE $7.50

CONTACT YOUR LOUIS ALLIS DISTRICT OFFICE OR
PRODUCT SERVICE CENTER

MILWAUKEE, WIS. 53207 m LOUIS ALLIS

. MANUAL 3356M - Revised 1/81 Litton Miwaukee, Wisconsin 53201




WARRANTY

Standard products manufactured by the Company are warranted to be
free from defects in workmanship and material for a period of one year
from the date of shipment, and any products which are defective in
worlumanship or material will be repaired or replaced, at the Company’s
option, at no charge to the Buyer. Final determination as to whether a
product is actually defective rests with the Company. The obligation of
the Company hereunder shall be limited solely to repair and replacement
of products that fall within the foregoing limitations, and shallbe con-
ditioned upon receipt by the Company of written notice of any alleged
defects or deficiency promptly after discovery and within the warranty
period, and in the case of components or units purchased by the Com-
pany, the obligation of the Company shali not exceed the settlement
that the Company is able to obtain from the supplier thereof. No
products shall be returned to the Company without its prior consent.
Products which the Company consents to have returned shall be shipped
f.ob. the Company’s factory. The Company cannot assume responsi-
bility or accept invoices for unaunthorized repairs to its components,
even though defective. The life of the products of the Company de-
pends, to a large extent, upon type of usage thereof, and THE COM-
PANY MAKES NO WARRANTY AS TO FITNESS OF ITS PROD-
UCTS FOR SPECIFIC APPLICATIONS BY THE BUYER NOR AS TQ
. PERIOD OF SERVICE UNLESS THE COMPANY SPECIFICALLY
AGREES OTHERWISE IN WRITING AFTER THE PROPOSED
USAGE HAS BEEN MADE KNOWN_TO IT.

THE FOREGOING WARRANTY IS EXCLUSIVE AND IN LIEU OF
ALL OTHER WARRANTIES EXPRESSED OR IMPLIED, INCLUD-
ING BUT NOT LIMITED TO ANY WARRANTY OF MERCHANTA-
BILITY OR OF FITNESS FOR A PARTICULAR PURPOSE.

This warranty does not apply to experimental or developmental
produets.
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ARMOR LINE

All Louis Allis vertical motors are designed for heavy duty
- industrial use. With proper operation and maintenance,
they may be counted on to perform continuously for many
years within the range and rating established by the design.

Like all good ind ustrial machinery they will perform beyond
the limits established by their ratings, but continuvous

RECEIPT OF

When your equipment arrives, it should be checked
immediately to see that all companents have been received,
and that there is no evidence of damage in shipment.

In the event the complete assembly has not been received,
or arrives in a damaged condition you should without delav
notify the carrier who handled the shipment and the nearest
Louis Allis Sales Office,

When communicating with a Louis Allis Sales Office or the
factory, make reference to our inveice numbers, the type
and rating of the unit, Louis Allis Order No. and any other
information such as distriet: office from which ordered,

SERIES 7000

operation beyond this rating will definitely shorten their
life and in some cases will actually cause serious breakdown.

It is strongly recommended, therefore, that these instruc-
tions be carefully observed and that the motor be con-
nected and operated as intended by its design. Observance
of these procedures will result in long life, good perform-
ance and financial savings.

SHIPMENT

your purchase order number, ete. that would be useful in
identifying the equipment. If no other information is avail-
able, the equipment can be identified by serial numbers
appearing on the nameplates.

Describe as completely as possible what damage has oc-
curred, what shortages exist, what features have been omit-
ted, or what problem you have encountered with the equip-
ment.

Complete and precise information will enable us to unde-
stand and remedy your problem with minimum delay.

STORAGE

GREASE LUBRICATED EQUIPMENT

Louis Allis grease lubricated motors are shipped with the
proper amount of grease in each bearing.

If the motor is placed in storage for a period in excess of
three months, it is recommended that the shaft be turned
over slowly by hand at least once in every three-month
period. This will distribute the grease and prevent bearing
corrosion due to condensation or contaminating gases
in the wvicinity of the motor. -

[f the motor is exposed directly to weather conditions
during storage, it is important that a check be made to
determine if the motor has actually become wet and if the
grease contains droplets of water which have entered the
bearing chamber due to normal breathing. If water has
become mixed with the grease during the storage period, it
is desirable to flush the bearing of all old grease and replace
with new lubricant of the type recommended.

OIL LUBRICATED EQUIPMENT

All oil lubricated Louis Allis motors are tested with a rast
preventative oil which protects the bearing structure from
rust and corrosion. Before shipment, the oil is drained from
the bearing chamber. OIL MUST BE ADDED TO THE
MOTOR BEFORE OPERATING.

If the motor is to be in storage over three months, the
bearing chambers should be filled with a rust preventative
oil. The shaft should be rotated by hand or by use of a suit-
able wrench after the oil is added and at least onee in every
three month period. If the motor is exposed directly to
weather conditions or adverse atmospheric conditions, it is
recommended that the shaft be rotated at least once every
month.

The following oils or their equivalents are recommended for
use during the storage periods.

Shell Oil Company — ENSIS Oil 10 or 30
Texaco, Inc. — Preservative Lubricant Oil Code 788-30
Mobil — Mobilkote 500 Series

For recommended operating oils, see page 2114.

GENERAL INSTRUCTIONS

[f the equipment is not put into immediate use it should be
stored in a clean, dry location.

Take care to keep the equipment covered when moving
from a cold location to 2 warm location. Otherwise,
condensation may occur. If condensation does occur, and
the equipment is moist, allow it to dry thoroughly before

applying power.




LONG TERM.ON-SITE STORAGE

In the event that in-place installation is longer than one
month prior to the date of motor start-up the following on-
site storage maintenance should be performed.

1. On in-place installation motor bearings should be filled
with a rust preventative oil. The following oils or their
equivalents are recommended for use during the storage
periods.

Shell 01l Company — ENSIS 10 or 30
Texaco, Inc. — Preservative Lubricant Oil Code 788-30
Mobil — Mobilkote 500 Series

On Vertical motors bearings should be flooded with oil.
Fill in accordance with motor nameplate number
118683. Shaft should be rotated on a monthly basis.

Section 19, Page 2103

See long term storage manual for further details. Louis
Allis Service Manual Section 19, Page 2051.

2. Motors should be loosely covered with plastic film or
similar covers.

3. During storage period motor space heaters should be
energized to eliminate moisture econdensation inside the
housing. Where space heaters are not provided heat
should be supplied inside the motor either using light
bulbs or low voltage heating of one phase of the stator
winding. Winding temperature shonld be maintained

5°C above ambient.

4. Megger readings should be taken on a monthly basis and
a chart kept to determine if reading changes occur.
Temperature of the winding must also be recorded when
the megger reading is taken.

LIFTING

All lifting of the assembled motor should be done with the
slings and clevises through the lifting lugs provided on the
stator housing. A spreader bar should be used.

In handling the stator alone, never lift or support it by the
core, laminations, or coils.

INSTALLATION

LOCATION

In selecting a location for the unmit, first consideration
should be given to ventilation. It should be far enough from
walls or other objects to permit a'free passage of air.

Less maintenance will be required if unnecessary dirt, dust,
moisture, liquids and similar hazards are kept away from
motors. '

The motor should never be placed in a room with a hazard-
ous process, or where flammable gases or combustible
material may be present unless it is specially designed for
this type of service.

ALIGNMENT AND ERECTION

The motor must be securely mounted to a pump head or
similar support which is rigid enough to prevent any vibra-
tion of the unit or transfer of pump vibration to the motor,
This must not impose bending or twisting strains on the
motor structure. Make sure that the hold down bolt loca-
tions in the pump head are accurate.

The motor base has a machined lower face with a rabbet fit.
It is not recommended that these parts be used for align-
ment purposes in place of a further check of the shaft
alignment itself, because the motor base is not perfectly
congentric and square with respect to the shaft.

After the motor shipping braces have been carefully re-
moved, place the motor onto the pump head support using
lifting means as described previously. Follow the instrue-
tions of the coupling manufacture for the correct method
of shaft coupling installation. Rigid couplings should be
checked for alignment and truth by loosening the bolts and
measuring with thickness gauges between the coupling faces
with the shaft set at four angular positions, equally spaced.
The alignment should be sufficiently accurate to give no
more than .00@ inch variation between the faces for 12
inches of face diameter. After each corrective adjustment,
the holding down bolts should be tightened and alignment
checked. After alignment is completed, tighten the holding
down bolts. If desired, the motor base may now be dow-
elled to the pump head support.

Care should be observed in checking coupling alignment to
insure that the pilot fit in the coupling is not so tight as to
affect the alignment measurements.




Section 19, Page 2104

Flexible couplings should not be forced to accommodate
excessive misalignments. This will produce undue wear and
can cause vibration. Align these by checking between coup-
ling hub faces with feeler gauges and with dial indicators
from one hub cylinder surface to the other. This will
eliminate both offset and angular misalignment. Mount the
indicator on the shaft (Figure 1} and read radial as well as
axial variations between the coupling halves as they are
revolved slowly together. Where the two half couplings
float axially with respect to each other, it is necessary to
us¢ two indicators mounted 180 degrees apart and obtain
the difference in the two axial readings in order to check
the angular alignment.

Scribe a reference mark on the machined diameter of the
coupling hub at the indicator button. Rotate both shafts
simultaneously, keeping the indicator button at the refer-
ence mark on the hub and note the reading on the indicator
dial at each one-guarter revolution.

TOTAL RUN-OUT BETWEEN THE HUBS SHOULD NOT
EXCELED .002 INCH.

COUPLING HUBS

INDICATOR . W

INDICATOR BASE

Figure 1

If it is not possible to rotate both shafts when checking
alignment, the indicator should be clamped to the hub of
the rotating shaft and the indjcator button should sweep
the ground diameter and face of the stationary hub. Dis-
torted or cocked coupling hubs may cause errors in check-
ing by this method, however, and the former method is
preferred where possible.

When conditions make it impossible to check alignment
with a dial indicator, a rough check of alinment can be
made with a straight edge and feeler gauges. Check for
angular misalignment by inserting feeler zanges between the
faces of the coupling hubs at four equidistant points. Check
for run-out by placing a straight-edge across the closely
machined diameters of both coupling hubs, This method is
not recommended unless a check with a dial indicator is
impossible.

After the alignment has been checked, secure the mounting
bolts on the motor and the driven equipment, and recheck
the alignment before engaging the flexible coupling.

ALIGNMENT
{Vertical Hollow Shaft Motors)

On vertical hollow shaft motors, the coupling is designed as
an integral part of the motor. Before assembling the coup-
ling, check to make sure that the pump shaft is in the
center of the motor shaft.

Check for runout using the procedure given in the left hand
column on this page. Attach the indicator as shown in
Figure 2.

TOTAL RUN-QUT SHOULD NOT EXCEED .002 INCH.

IesSms oV
]
/ T\INDICATOR

P> INDICATOR BASE

CHECK RUNOUT OF PUMP SHAFT

RELATIVE TO MOTOR BEARINGS

Figure 2

Once the pump shaft has been centered, assemble the rest
of the coupling. The pump shaft can now be raised or
lowered simply by turning the pump shaft adjusting nut.
Lock the coupling and adjust the pump shaft adjusting
shaft as required. See page 2105. When the pump shaft
has been set at the proper height, the pump shaft adjusting
nut can be locked into position by turning in the pump
adjusting nut lock screws.

PUMP COUPLINGS

There are three variations of the pump coupling, namely
the non-reverse ratchet, the solid coupling, and the self-
release. The coupling is drilled with six holes. Three holes
permit the self-release coupling cap serews to be inserted so
that the caps of the bolts seat to the bearing holder and
thus result in a selfrelease type coupling. The other set of
three holes is drilled to engage the cap of the cap screw so
as to form a solid or non-reverse coupling. The ratchet pins
are inserted when a non-reverse type ratchet is desired.
Construction details of the three types of couplings are
shown in Figure 3.

B s
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On new installations, vibration problems are sometimes
encountered. When this happens, it is well to realize that
there are many causes of excessive vibration. Some of these
are: faulty alignment, vibration of driven equipment, im-
proper or cracked foundations, sprung shafting, electrical
unbalance, rotor unbalance and reed frequency. When
vibration problems are encountered, always look for the
simplest, most obvious cause of trouble. Keep in mind that
the motor was tested by actual operation at the factory and
when motors are tested at the factory, the vibration is
much less than the vibration limits shown in Table 1
Always be sure that the motor is actually out of balance
before considering balancing the rotor,

The measurement of vibration will require the use of
specialized equipment. Portable vibration detectors are
available which will measure the amplitude of the vibration.
If excessive unbalance is detected, please contact your
nearest Louis Allis district office.

Table 1 - Vibration Limits
Speed® Amplitude (Inchesy®
3000 & Above 0.001
1500 - 2999 0.002
1000 - 1499 0.0025
999 & Below 0.003

*Values per NEMA standard MG 1-20.52.
Measured per NEMA standard MG1-20.53.

VIBRATION

NEMA REED FREQUENCY REFERENCE
MG1-20.54 Reed Frequency of Vertical Motors
A. In a single degree of freedom system, the static deflection

of the mass (53, inches) is related to the resonant fre-
quency of the system (f,, cycles per minute). as

follows:
187.6 \/I
A

5

fn

. Vertical or other flange-mounted motors are frequently
mounted on some part of the driven machine such as ‘
pump adaptor. The resulting system may have a radial
resonant frequency (reed frequency) the same order of
magnitude as the rotational speed of the motor. When
the resonant frequency of the system is too close to the
rotational speed, a damaging vibration level may result.

. The vertical motor manufacturer supplies the following
information to the customer to aid in determining the
system resonant frequency, fn. It is the responsibility
of the pump adaptor designer to calculate system reed
frequency.

1. Motor weight
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2. Center of gravity locatton — This is the distance from
the motor mounting flange to the center of gravity of
the motor.

3. Motor static deflection — this is the distance the
center of gravity would be displaced downward from
its original position if the motor were horizontally
mounted. This value assumes that the motor usges its
normal mounting and fastening means but that the
foundation to which it is fastened does not deflect.
Authorized Engineering Information 7-13-1977.

Louis Allis furnishes the information under Item C on the
motor outline drawing to the purchaser of the motor.

REED FREQUENCY TEST

The following procedure can be used to obtain excitation
frequency and displacement data for each of two directions
of vibration. For reference take readings with vibration
instrument in the direction of the conduit box and then
repeat it for vibration 90° from the conduit box.

1. Bolt the motor to the base. Record the size of the
bolts. The motor flange bolts should be the correct
length (no washer stacks) and properly tightened.

2. Select a vibrator having an appropriate force at the
motor natural frequency. For motors (440 and larger)
Formula 62 or equivalent vibration source.

3. Attach the vibrator 0 2 main structural member near the
top of the motor. Locate the vibrator on the side of the
motor opposite the vibration instrument pick up.

4. Set the vibrator at a low frequency and read the vibra-
tion displacement indicated on the vibration instrument.
Start taking displacement and frequency data at approx-
imately 200 cycles per minute and repeat in approx-
imately 200 cpm increments until the reed frequency has
been determined. The reed frequency has been reached
when the displacement maximum has been reached and
further changes in frequency results in smaller displace-
ment values. The peak must be clearly outlined by the
data so continue taking new data points after the dis-
placement peak has been reached. Take three more
points or continue to the maximum vibrator frequency
whichever comes first.

5. A typical curve is as shown below.
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MOTOR STARTING

ACROSS-THE-LINE STARTING

Across-the-line starting is the most basic and widely used
method of starting motors. The starting operation is as
follows: (see Figure 5).

A pilot device (such as a start pushbuiton) closes contactor
M to connect the motor directly to the line.

Figure 4
Lt L2 L3 4, oL
[
1
T1
M oL
] T2
I
M oL T3

@
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AUTOTRANSFORMER first step reduced voltage connection to the full line voltage
OPEN-CIRCUIT TRANSITION connection, part of the autotransformer windings are con-

_nected between the motor and the line. These seres con-
After the start button is pushed, the sequence of operation nected inductive reactances also act as a voltage reducing

is as described in figure 6 and 7. Note that during the device.
transition from reduced voltage to full line voltage, the
motor is temporarily disconnected from the line. -

n Ly L3 )
T e ]
CONTALTOR “15" o 257
T CLO3E CONNECTING
UGTOR THROUGH
AUTOTRANSFORNER TO
IHE LINE (RSTWCED
i} VOLTAGE}
STEE 1
CONTACTOR *'5" CLOSES
. sTER
)
1

TC THE LINE (REDUCED
VOLTAGE}

CONNECTING MOTOR
THROUGH AUTOTRANSFORMER

CONTACTOR ™S OPENS
CONNECTING PART OF

3

STEP 12

1y
I CONTACTOR “'3" OPENS
OISCONNECTING NOTOR -, STEP 1 .
FROM LINE CONTACTOR “R* CLOSES
: nf” ) S
VOLTAGE. 18" OPENS
SHORTLY AFTER "K'
CLOSES.
. . Figure 8
' STEP 3 .
T, ggx;gg;&t:o';gﬂl.osss Seq uence of Operahon
A a
To THE FULL L2 Closed Circuit Transition
i)

VOLTAGE

Ly Lo Lj
R oL
Figure 6 } <2
Sequence of Operation 25 ao] 657 0%
Open Circuit Transition * } I—Uﬁ
25 s
i1 La T
F }—1 ITz{‘
L] T8
15
25
'
i_—gg;?%?wﬂ_‘l_
5 oL
f O
Figure 9
Schematic Diagram
Closed Circuit Transition
ELECTRICAL CONNECTIONS AND STARTUP
Figure 7 o oz <h be locati f ik )
Schematic Diagram The 01-1thne drawing shows the \’oclz(mor}ll o tde connectl.ons
Open Circuit Transition to main and accessory leads. le} e the lea connectl?ns
securely referring to the connection nameplate of outline
AUTOTRANSFORMER ‘drawing. Ground the motor as protection to the operator in
CLOSED-CIRCUIT TRANSITION case of a winding breakdown.
As in the case of the open-circuit transition, the steps that Before starting a machine after an extended period of idle-
take place after the start button is pushed are described by ness, give it a thorough inspection and cleaning. Measure
the sequence of operation and the schematic diagram (see the insulation resistance to determine whether or not dry-
figure 8 and 9). Note that during the transition from the ing out is required.
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NOTE:  When a machine is very wet or has been
immersed in water, the insulation could be broken
down by improper application of the test voltage it-
self. In such cases, dry out the winding thoroughly
before testing.

Several methods ol drying may be used. If the
machine is too large to put in a drying oven, it can
be covered with a canvas or similar covering under
which stoves or heaters supply the necessary heat.

Squirrel cage motors can also be dried out by apply-
ing low voltage (usually no more than 10 per cent of
rated) to one phase of the winding. Appiy heat slowly
to avoid insulation damage; winding temperatures
should not exceed 75 - 80 degrees C.

The process should not be hurried, and must be con-
tinued until the insulation resistance reaches a satis-
factory value.

Insulation resistance may be measured either by a Megger
or by using a 500 volt direct cuarrent circuit and voltmeter.

The insulation resistance is calculated by the following
formula:
1 - R (V- vl
V1 (106

where V= line voltage
V1 voltage reading with insulation in series with
voltmeter
R =resistance of voltmeter in ohms
R} = resistance of insulation in megohms

A convenient connection disgram is shown in Figure 10.

500 TO 600V, O—C CIRCUIT
CLOSE SWITCH TO READ LINE VOLTAGE

AN
N

TO RESISTANCE TO BE MEASURED
Figure 10

The insulation resistance of a machine at the operating
temperature should not be less than:

Rated terminal voltage

(Ratmg in KVA
100

R (Megohms) =
+ 1000

If an unusually low value of IR is found with no obvious
causes, and cannot be corrected by cleaning and drying
windings, separate the phases and test each phase of the
winding separately to localize the trouble.

NOTE: The IR of one phase, with the other two
phases grounded, should be about twice that of
the entite winding.

When the test voltage is applied for a period of ten minutes
or more, the plotted graph of insulation resistance values
obtained represents the dielectric absorption characteristic.
This graph may be interpreted as follows: A steadily-rising
curve is indicative of a clean, dry winding; a quick-
flattening curve is the result of leakage current through or
over the surface of the winding insulation, and is generally
indicative of a moist or dirty winding.

To compare insulation resistance readings taken periodi-
cally over a long time, all should be converted to a standard
40 degree C temperature. Take a 500 volt d-c reading for 60
seconds, then convert as follows:

R at knownr test temperature

R at 40°C =
1 X

where K4 is the insulation resistance-temperature co-efficient.

See Figure L1 for approximate values of K at various
winding temperatures.

START-UP PROCEDURE

Before starting the motor for the [irst time, follow these
instructions carefully.

1. Be certain that the power supply corresponds to the
fine voltage on the motor nameplate.

]

. Check that all connections are made eorrectly and
securely.

3. Check that all bearing housings are filled with the
proper lubricant and to the proper level. Do not over-

fill.

4. Check that ail shipping braces or ingerts have been
removed.

5. Inspect all electrical clearances.

6. Check that all external cooling or oiling systems are
operating correctly.

7. Carefully examine the motor interior, coil ends, air
gap, and fans for loose foreign objects.

S
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8. Be sure all rotating parts have sufficient clearance with
respect to adjacent stationary parts.

9. If possible, bar the rotor over by hand to see that it
rotates freely, “Bump” motor electrically to check

rotation.

10. As soon as the motor starts, observe the oil level gauges
to see that a favorable running oil level exists.

CAUTION - STARTING DUTY: Too frequent

starting can cause serious damage to the squirrel cage

windings of induction motors. Such motors are

occasionally subjected to abusive starting duty while

control equipment and relays are being adjusted .
during initial plant startup. Refer to the motor out-

line drawing for starting duty limitations.

MOTOR CONTROL

Location of the motor control or starter is dependent
upon many factors. Some of these are: size of motor,
voltage drop, moisture, dust, ambient temperature, vibra-
tion, etc. '

Controls should be protected from moisture and weather
conditions and must not be exposed to conductive dusts
such as metal scale or carbon black. Care should also be
taken to minimize wide differences in temperature between
motor and control. Be sure to select the proper overload

heater when installine the control. Heater selection rules
are given below.

Before energizing the control, carefully check all con-
nections to the control terminals. Check the mechanical
operation of all relays, starters, etc., for any binding or
damage in shipment, installation or storage. Be sure all
protective devices are properly connected.

Should problems arise during start-up, look for the most
obvious cause of trouble. Remember that the control was
tested for proper operation before it was shipped.

THERMAL OVERLOAD HEATER
SELECTION RULES

The overload heater motor current ratings used in control
manufacturers’ catalogs are applicable to 40°C rise con-
tinuous duty motors, where the motor and the thermal
overload element are operating in the same ambient temper-
ature. These values should be used as the basis for thermal
overload heater selection, but should be modified according
to the following rules.

1. Overload heater elements in a non-ventilated or en-
closed cabinet should be increased by one size.

2. Overload heater elements for 30-53°C rise motors
should be decreased by one size.

3. Overload heater elements should be decreased by one
gize when used in forced ventilated cabinets.

4., Overload heater elements should be increased by one
size for each 15°C that the ambient temperature
around the controller is higher than that around the

motor.

5. Overload heater elements should be reduced one size
fFor each 15°C that the ambient temperature around the
controller is lower than the ambient temperature around
the motor. |

These rules are to be applied cumulatively. In other words,
if the starter for a 80°C rise motor is located in a ventilated
cabinet in which the ambient temperature is 15°C lower
than the motor ambient, the overload heater size ag
selected from a manufacturer’s catalog based on the motor
current should be reduced by three sizes; once for the
ambient temperature difference once because of the foreed
ventlation cabinet, and once for the 55°C rise motor. Ifa
heater is selected for a B0°C rise motor for use on a
starter located in an enclosed cabinet, the heater size will be
the same as that given in the manufacturer’s catalog. This is
so because, while the heater should be reduced one size for
the 80°C rise motor, it should he increased by one size be-
cause the starter is located in an enclosed cabinet.
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SPACE HEATERS

When the electric motors are installed in damp locations,
space heaters should be used to keep moisture from con-

densing on the windings when the motor is not in use.

Resistance units are the most commeon type. A typieal
space heater which is used in Louis Allis motors is shown
in Figure 12.

Heaters are usually located in the bottom of the motor so
that convection currents carry the heat upward. They are
usually placed so that they may be easily inspected.

The power requirements of the heater are listed on the
motor outline drawing. A surface temperature of about
700°F is common. However, some hazardous locations
require a surface temperature of approximately 400°F
or less.

Controls for space heaters should be located in a prominent
place and should be operated by a normally closed inter-
lock on the motor starter. A pilot light is normally used to
show when the heaters are on. In this way the heaters will
be energized when the motor is stopped.

Heaters can also be controlled by a thermostat, arranged to
turn on the heaters whenever the motor temperature drops
to a preset value.

Figure 12

STATOR TEMPERATURE DETECTORS

Many large motors are now equipped with temperature
detectors to detect stator winding temperature. The type
of detector used is based solely on the customer require-
ments, with the leads brought out to a separate auxiliary
terminal box or the main conduit box.

Four types of temperature detectors are available for sens-
ing stator winding temperature. A separate auxiliary ter-
minal hox is furnished for high voltage motors. Leads are
brought into the main conduit box on low voltage motors.

1. Thermostats

Thermostats are a small hermetically sealed button
shaped device secured to the end turns of the stator.
Temperature changes cause a pre-calibrated bi-metallic
disc to change its characteristies at the pre-calibrated
temperature to open or close a set of electrical contacts,

Three detectors are provided, located on the end turns
of the winding. For a class “B" motor, unless other-
wise specified, the thermostats will operate at 115°C
+ 5% The reset temperature is 100°C + 5% These
devices operate when the temperature of the thermostat
reaches the preset temperature for which they are to
operate.

Supplier: Texas Instruments - KLIXON

Only AC circuits can be interrupted by these devices pee
the manufacturer.

When advising customer on use of the thermostats
remember - - - -

a. Operating temperature is pre-calibrated. No provision
for adjustment.

b. All are single-pole, single throw with N.O. or N.C.
contacts.

¢. Device is absolute. No indication of actual temper-
ature or rate of rise is possible.

d. Device protects stators. Rotors are not protected.

2. Stator Savers

The stator saver is a winding protection system - positive
temperature co-efficient thermistors and a completely
encapsulated solid state switch in a contact module,
which is the equivalent of a N.C. contact. The
thermistors are located at the end turns of the winding
and the contact module can be mounted on the motor or
remotely mounted. This system is designed to produce a
signal for either alarm or shutdown when thermistors
reach a predetermined temperature.

Supplier: Power Control Corporation
a. Stator saver does not protect rotors.

b. It is an integrated system and must be furnished in
its entirety.




System is designed for the following:

a. Generate signal which can be used for alarm, shut-
down, etc.

b. Module power supply voltage (110 or 220).
¢. Module motor mounted or remotely mounted

d. Input and ountput leads in same or separate conduit.

3. Resistance Temperature Detectors

Six RTD’s are installed in the motor slots, two per
phase. The detectors are designed to operate in a bridge
circuit with temperature stable resistors, connected to a
milliameter that is calibrated in decrees; a reading of
temperature of the stator windings will he indicated.

Supplier: Minco

4. Thermocouples

The fourth method for the measurement of temperature
rise is by embedded thermocouple, The thermocouple is
connected to a bridge type instrument which usually
gives a reading directly in degrees Centigrade. Care
should be taken to insure that the bridge is calibrated for
the type of thermocouple used.
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BEARING TEMPERATURE DETECTORS
AND RELAYS :

Many machines are supplied with some type of bearing
temperature detector and/or relay. These devices will pro-
vide warning or shutdown of the equipment if bearings are
overheating as a result of misalignment or loss of lubrica-
tion. Ball bearing motors can also be protected with vibra-
tion detectors which will detect excessive vibration as a
result of a rough bearing.

Bearing temperature detectors may be one of several var-
oties. Typical ones are resistance temperature detectors,
thermocouples and thermistors. Each of these detectors
required some type of conirol which may or may not be
supplied with the detector. The control equipment is
separately mounted either on the machine or with the
control equipment. The relays for these various types of
detectors may be directly or through auxiliary relays
connected into the starter holding coil cireuit to provide
shutdown, or into a bell or light circuit to provide warning.
Bearing temperature devices are normally recommended to
operate at 185 to 200°F. Once the bearing operating
temperature has been established, it should stay fairly con-
stant as long as the ambient temperature doesn’t change
too much. It is recommended that the operator reset the
relay temperature to about 10°F above the maximum
expected operating temperature. In case of trouble, this
setting should give ¢nough time to make a quick investi-
gation or shutdown the unit, and may he the difference
between saving or losing the bearing.

MAINTENANCE

Electric motors are among the most efficient machines
known today and will operate with a minimum of
attention to keep the equipment operating at a high level of
efficiency; however, a good maintenance program must be
set up. Systematic inspections of the equipment should be
scheduled, and records should be kept of the findings of
these inspections. Examination of these records will indi-
cate any sign of potential trouble. Periodically, at planned
intervals, the equipment should be compietely disassembled
and overhauled.

Figures 13 and 14 show two typical 3” x 57 cards which
are used to keep maintenance records on electrical equip-
ment. When properly used, these cards will show how much
repair has been done to a piece of equipment and also the
condition of the eguipment. The cards insure that each
unit is inspected at least once a week and also show the
inspector what to check.

Since each industry has its own special conditions, an over-
ail plan for periodic maintenance is not outlined here.
However the following pages give many tips on the main-
tenance of electrical equipment.

CLEANING

Dirt, dust and oil are the greatest enemies of electrical
equipment. When dirt or dust settles on a machine, it
may prevent heat dissipation and restrict ventilating pass-
ages. This in turn may lead to overhealing and insulation
breakdown. Some types of dust are electrically conducive
and can also cause insulation breakdown,

Dust and dirt may be removed from electrical équipment
with dry compressed air, with dry cloths or by brushing.
The compressed air must be dry and at a low pressure (not
over 50 P.5.1.) in order to prevent damage to the insulation.
Grit, iron, dust, graphite, lamp black and copper dusts
should be removed by suction. Hose tips for either pressure
or suction should not be of metal.

Dust and dirt also have z harmful effect in that they tend to
soak up oil or grease, forming a gum which is not easily
cleaned off. Qil is particularily damaging since it tends to
deteriorate insulating varnish. Once a motor or generator
has become oil soaked, it is in serious danger of burning

out.
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RECORD OF REPAIR

CAUSE

OF DAMAGE REMEDY COMMENTS

DATE

INVENTORY CARD
MOTORS — GENERATORS — EXCITERS

LOCATION
APPLICATION
COMMENTS

HP-KVA | FRAME . VOLTS
TYPE | PHASE AMPS
RPM CYCLES SERIAL NO.

BEARINGS BRUSHES CONTROCL

NUMBER MEGR.
TYPE TYPE BACK

SIZES WIRING DIA. NO.

FRONTNC.__... | GRADE SHAFT

MFGR. DIA. . LENGTH
CAT. NO. KWy X X

BACK NO.

FRONT
Figure 13

CHECK SHEET 19
. No.

*
Date _];n Feb{Mar{Apr |May|Jun JGI Aungcp OctiNov{Ded]

INSPECTION RECORD

No.

Air Gap v
Insulation olis Load Check

Front End Shaft End i

o Date T n Resistance Phase Ampz/Phase

Bot- Bot-

1L . T Ri L ioht

12 op [Right tom eft | Top |Rig tom Left Temp{ Resz.] 1 2 3 1 2 3
13
14
15
16
17
18
19
20
Zl
22
23
24
25
26
27
28
29
30
31

Weelkly Check—Vibration-Rubbing-Temperature-Sparking-
Qil Level-Dirt,

*Quarterly Cheek—Connections-Brushes-Field Coil
Tightness-Alignment-Belt Tension-Grease (Check
{ireasing Charts)-Clean if necessary-Slarter Contacts-
Noise-Temperature.

Ol M oA | B ]| R

BACK

FRONT -
Figure 14




Oil or grease covered machines should be cleaned thoroughly
and a fresh coating of insulating. vamish applied. Usually
most of the oil or grease can be removed with a cloth
moisteried with a solvent such as VM & P Naptha. A brush
should be used for surfaces difficult to reach by hand.
Use a spray gun to clean inaccessable slots and passages.
After using the solvent, be sure to dry the windings with
dry compressed air.

WARNING: Do not use a solvent which has toxic

effects or which has a deteriorating effect on varnish.

No amount of cleaning will repair insulation which hasbeen
badly oil soaked. The motor will probably have tobe
rewound. Refer to the nearest Louis Allis district office for
rewinding instructions.

LUBRICATION

The lubricating instructions shipped with each motor give
the proper Iubricating procedure for the specific motor.
These instructions should be carefully followed, especially
in the case of a motor using special bearings or lubricants.
The following lubricating instructions apply only to stan-
dard motors and applications
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Grease Lubrication

Under normal operating conditions it is only necessary to
regrease Louis Allis ball bearing motors according to Table
2. The frequency of regreasing should be dependent upon
the speed and operating conditions. Excessive greasing is a
mistake which contributes to motor failure. [t overheats
the bearings and contaminates the windings which may
reduce service life.

The following steps should be followed when greasing the
motor.

a. Clean the exterior of the motor.
b. Remove both the lubrication fitting and the drain.

¢. If grease has hardened, remove the hardened lubricant
which has accumulated in the area around the relief plug
with a wooden or plastic stick. In severe conditions, run
the motor until the bearing chamber is warmed to the
temperature which will allow the grease to flow more
easily.

Table 2 - Recommended Ball Bearing Greases for Normal Conditions*
It is recommended that these greases or their equivalent be used in Louis Allis motors.

NOERMAL HIGH
I Company Ambient Temperature Ambient Temperature
s —20°F to 105°F 0 to 150°F
Chevron Qil Co. SRINo. 2 SRI No. 2
Sheil 0il Co. Dolium R Dolium R
Shell 0il Co. Darina No. 2 Darina No. 2
Texaco Premium RB Premium RB
Texaco AFB No.2 AFB No. 2
Vobil Mobilux No. 2 Mobil 28
Gulf Oil Gulf Crown No. 2 Gulf Crown No. 2
Exxon Unirex N2 Unirex

*NORMAL conditions are considered to inelude most
ambient atmospheres and operation requirements. SE-
YERE conditions include the following:

Extreme dust, dirt or other atmospheric contaminants.

Direct exposure to moisture beyond normal atmospheric
humidity.

Shock, vibration or other loading beyond rated.

Extremes of operation cycle such as long shutdown,
frequent starting or reversing,

For lubrication recommendations covering above SE-
VERE conditions refer to special lube instructions
furnished, or consult nearest Louis Allis Sales Office.

For roller bearings refer to special lube instructions or

Louis Allis Sales Office.

RECOMMENDED REGREASING SCHEDULE
FOR BALL BEARINGS *%

Motor Approximate Hours of Qperation
Speed Normal Conditions Severe Conditions
1200 & 6000-8000 3000-4000
Below

1800 3000-4000 1400-2000

3600 1500-2000 750-1000

**For roller bearings 1800 RPM & below and in the
absence of other instructions, it is recommended that
- the above hours be reduced to 1/3 listed values.
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Table 3 - Recommended Qii Specifications

Qil Viscosity SSU at 100°F / SAE Equivalent
Bearing For Ambients Of
Type
—250C to 0°C ® 0°C to 40°C 40°C to 50°C

Angular 215550 315385U 465350
Contact Ball

Bearings 10W 20W 30

Spherical 4658SU / 700SSU 700SSU
Rofler Thrust

Bearings / 30 40 ) 40
Tilting Shoe 46555U 700SSU 700SSU
{Kingsbury) 30 40 40

(O 0il heaters are re%uired with oils that have Normal oil change is 8,000 hours of

pour points of —7°C (20°F). If heaters are
not used oil with minimum pour points of
—359C (—30°F) should be used for ambients
below 0°C.

operation. For ambients above 40°C and
other severe operating conditions reduce
the interval by 1/2.

d. Regrease motor with a low pressure grease gun.

e. Run motor for approximately 10 minutes to assure that
excess grease has been expelled. For optimum operation
the bearing chamber should be three-quarters full of
grease.

f. Replace lubrication fitting and drain.

NOTE: If the bearings are rough, the motor should be
disassembled and the bearings replaced. Repack the
bearings and the bearing chamber with enough grease to fill
the chamber approximately three+juarters full at assembly.

Qil Lubrication

The oil used in both upper and lower bearings should be a
premium grade lubrication oil, preferably of turbine quality.
See tables 3 and 4. It should be solvent extracted. Qils of
the desired corrosion and oxidation resistance characteristics
can be obtained with or without inhibitors, but the former
is recommended. Oxidation inhibitors retard oil deteriora-
tion and corrosion inhibitors prevent corrosion of parts
in contact with oil in the presence of moisture. In addi-
Hon, some rust inhibitors tend to decrease starting friction.

Fill the bearing chambers through the fill plug with the
proper grade of oil to the level indicated at the center of
the sight glass provided. Follow the instructions on the
lubrication nameplate affixed to the motor.

NOTE: The quantities of oil shown on the name-
plate are approximate, for guidance only. Fill to the
proper level regardless of quantity; oil level should be
checked daily during operation.

Examine the oil at regular intervals for contamination and
acidity. Unless such harmful elements are found, oil should
last for years without replacement. When oil is changed,
carefully clean and flush the oil chambers to climinate any
chanee of contamination in the fresh oil.

Table 4 - Typical Oils
Satisfactory for use in Louis Allis Motors

Company

Brand Name

American Qil Co.

RPM Handy Oils
Calol OC Turbine 0il

American Industrial Oil

Atlantic Richfield Co.

Dure Oil

Continental 0il Co.

Dectol

Delta Oil Products Corp.

Electrie Motor Gil

Exxon

Teresstic

Phillips Petrolenm Co.

Mangus il

Shell Oil Co.

Tellus Oil

Mobil

Mobil DTE Qils

Texaco Inec.

Regal Oils R & O
Grade Industrial

.




REPLACING BEARINGS

The repeated stressing of the balls and races as a bearing
rotates may cause fatigue of the metal. The higher the
load, the higher the stress and the shorter the time until the
bearing fails. Bearings are rated by their probability of
fatigue failure.

Bearing manufacturers have tested many groups of identical
bearings under heavy loads to the point of fatigue failure.
Bearings in a group have been found to have different lives
even though they are under the same load. For this reason,
bearings are rated for either minimum life or for average
life, Minimum bearing life is a pertod of time, based on
continuous operation at designed load, after which 90% of
the bearings will still be operating. Average bearing life is
five Limes minimum bearing life.

When removing or replacing a ball bearing there are several
rules which should always be observed. Following these
rules closely will prevent damage to the bearing or motor
and will result in longer bearing life.

When removing a bearing, always use an approved bearing
puller. See [Figure 15.

Figure 15

Never open the protective cover on new bearings where the
bearing will be exposed to dust or dirt. Always open the
package in a clean place and do not remove hearing from
package until ready to instail.

Never try to clean a new ball bearing. The slushing oil on
new bearings should not be removed.

Do not force a bearing onto a shaft by means of the outer
race. Do not attempt to force the bearing on a badly worn
shaft or a shaft which is too large for the bearing.

Figure 16 shows a good method of installing a bearing.
Note that the metal tube fits against the inner race of the
bearing. Do not hit the tube very hard. Just TAP it.
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Figure 16

Another method of installing ball bearings would be to
heat the bearing in an oven or oil bath so that it will slide
onto the shaft. Before heating, be sure that bearing 1.
has been checked against shaft journal dimension to
prevent too tight a fit after bearing cools. Use a temper-
ature of approximately 200°F. Too high a temperature
will damage the bearing and too low a temperature will
cause the bearing to seize the shaft.

1. Remove the old bearing and inspect the bearing journal.
The journal should be free from marks or scratches.
Also make sure the shaft shoulder is square with the
bearing seat.

2. Select the proper new bearing.
The pilot bearing should have a loose internal fit. Manu-

facturers’ references are given below. If another make is
used, check the manufacturer for nomenclature.

Marlin Rockwell Corp. Q9 fit up
Fafnir Bearing E5702 fit up
SKF Industries C3 fit up

If duplex thrust bearings are used, be sure to note the
proper assembly.

3. For best results, purchase bearings from Louis Allis.
A complete stock of properly selected bearings is
maintained at the factory. When purchasing bearings
from local suppliers, be sure to specify Electric Motor
Grade.

4, Measure bearing inside diameter and shaft bearing
journal. The interference of the bearing bore to the
shaft should be within good engineering practices.

5. Measure the bearing outside diameter and the bearing
chamber. The bearing chamber should be .001 to .002
inches larger so that the bearing can move when sub-
jected to thermal expansion of the shaft.
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6.

Figure 17 shows the general disassembly procedure for
thrust bearings. In addition, Figures 18-23 show
typical bearing construction for both solid shaft and
hollow shaft motors.

THRUST BEARING INSPECTION OR
REPLACEMENT

Disassemble the thrust bearing (see Figure 17) as follows:

1.

2.

10.

11

Remove top cover bolts (2) and cover (1).

Remove retaining ring bolts (3) and ring (4).

- Remove coupling bolts (3).

- Remove coupling (8) with pins (6) and Gib Key (7).

- Remove ratchet cap bolts (9).

- Remove ratchet cap (10).

. Remove bearing lock nut (11) and washer (12).

. Insert puller bolts in hole provided in bearing holder
{14).

- Using puller bolts remove bearing holder (14) with

key (13).

Remove bearing lock nut (17) and washer (16) or snap
ring, see Figure 23.

. Remove bearing (13)

. Top Cover

. Top Cover Bolt

. Retaining Ring Bolt

. Retaining Ring

. Coupling Bolt

. Ratchet Pin

Gib Key

. Coupling

. Ratehet Cap Bolt

10. Ratchet Cap

11. Bearing Holder Lock Nut
12. Bearing Holder Lock Washer
13. Bearing Holder Key

14. Bearing Holder

15. Bearings

16. Bearing Lock Washer

17. Bearing Lock Nut

18. Bearing Bracket

19. Motor Shaft

20. Puller Bolts

MO0 Sl O o b

Key for Figure 17

-




When replacement of shaft, rotor, bearings, caps, cartridges
or bearing brackets of a vertical motor is required the
assembly of the bearings must be in accordance with the
following procedure.

Case | - Thrust Load Down

The thrust bearing can be a single bearing or a duplex set.
The bearing is assembled on the holder such that the side
marked “thrust here” is down when holder is in vertical
position. The bearing is held in position by a snap ring or a
bearing lock washér and bearing nut. If a duplex bearing is
used the bearings are assembled in tandem. The bearing
holder with bearings is assembled to the shaft and secured
in position with the bearing holder lock washer and lock
nut. See Figure 18.. The thrust bearing assembly is located
at the top of the motor.

The bottom bearing for Case [ assembly must be assembled
such that the bearing is capable of carrying momentary up
thrust. This is accomplished by machining the bottom end
cap such that the cap slkirt contacts the hottom bearing
outer race. See Figure 19.

Adjusting Nut

Lock Washer
i Bearing Holder
S~ Ratchet Cap

§-_'_________,_._ Ceoupling
N

7

H NN

H 3 i
i Shaft L&

Thrust Bearing

E Top Bearing
‘ Retalning Ring
' Top Bearing Lock Washer
- Top Bearing Lock Nut
‘ : e

;

i

Top Brackat

THRUST BEARING {TOP}

Figure 18
e Shafi
- Bottom Bearing Cap

Stabilizing Bushing

Sl ———Gasket
tabyrinth Seal

B\ !
Bottom Bearing
&Cap Bolt
Q gt Bottorn Bearing
\\Bracket
\ R Bottom Bearing
\ Sottom Bearing Retaining Ring
\ T S
> N Bottom Bearing Lack Washer

N A .
\4'(_ Bottom Bearing Lock Nut

GUIDE BEARING {BOTTOM)
Figure 19
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To check for proper assembly of single thrust or duplex DT
bearing the following procedure must be followed:

1. The motor should be completely assembled in a vertical
position. The bearing holder nut should be loose.

2. Place a dial indicator at the end of the shaft so that it
will show any vertical movement of the rotor. Tighten
the bearing holder lock nut until the dial indicator shows
zero end play when the rotor is raised.

3. Back off the bearing holder lock nut approximately %
turn and re-check the end play. The end play should
be 0.010 to 0.020 inch. When this is attained secure
the lock nut with the lock washer.

Case 11 - Up and Down Thrust Bearing
Assembled Back-to-Back DB

When up and down thrust is specified the motor is
equipped with duplex bearings assembled back-to-back
(DB).

Coupling

Adjusting Nut
L.ock Washer
Bearing Holder

Ratchat Cap

Shaft L

Thrust Bearlng

Top Bearing Lock Nui

Top Bracket

THRUST BEARING {TOP}
Figure 20

Shaft
Bottem Bearing Cap

IORUSN Labyrinth Seal
LN

Bottom Eearing\J\
Retaining Ring

+Bottom Bearing
Cap Bolt

;'\‘ \ : Bottom Bearing
! + Bracket
’ Bottom Bearing
Bottom Bearing Lock Washer

Bottom Bearing Lock Nut

4

/

GUIDE BEARING (BOTTOM)
Figure 21

Top Bearing Lock Washer
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Assemble the top bearing as a duplex set on the bearing
holder. The bearing is secured with a bearing lock washer
and lock nut. The bearing holder with bearing is
assernbled to the shaft and secured by the bearing holder
lock nut washer and lock nut. . The bearing holder must
seat firmly on the shaft shoulder. "The outer race is held
in position by the top cap skirt or a bearing retaining ring.
The cap skirt and retaining ring must be machined to hold
the bearing tight. See Figure 20.

The bottom bearing is assembled on the shaft and secured
in position by a snap ring or bearing lock washer and lock
nut.

The bottom hearing is located so that ample clearance is
allowed below the bearing to allow for thermal expansion
of the rotor and shaft assembly.
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DUPLEX BEARINGS

Duplex bearings can be mounted in different ways to suit
various loading conditions. The positions are identified by
symbols “DB”, and “DT™. The correct position for the
particular motor is specified on the motor nameplate.

“DB" or Back-to-Back Mounting

With “DB™ mounted bearings (Figure 28) the two halves
of the bearing are placed so that the stamped faces (high
shoulder) of the outer rings are together. In this type of
mounting, zero preload is imposed when the inner rings are
clamped. This arrangement is used for .001 to .005 end

play.
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“DT"” or Tandem Mounting

With “DT” bearings, the two bearing halves are placed
so that the stamped face (high shoulder) of one outer ring
is in contact with the unstamped face (lower shoulder)
of the outer ring. See Figure 29.

This method of mounting is used for extremely large thrust
loads in one direction and where extreme speeds or space
limitations prevent the use of larger bearings. Duplex
bearings will very nearly divide the thrust load. The thrust
capacity in one direction of a Duplex 7000 D series bearing
mounted in tandem is 1.63 times that of a single thrust
bearing.

N
’ o~ ]
’ 7 it
/ \ 7
? N I
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Figure 29

PLATE TYPE BEARINGS

The plate equalizing type upper thrust bearing consists
of a runner or thrust collar keyed to the upper end of
the motor shaft, and a set of segmental babbitted shoes
which support the runner by means of oil film between
the lower polished runner surface and the upper bab-
bitted shoe surfaces. See figure 31. Each shoe is free to
tilt slightly in any direction. This tilting allows the oil
films between the bearing surfaces to take the natural
wedge form.

Between the shoes and the supporting base ring beneath
them is a set of segmented, overlapping “levelling plates”
which form a cireular chain of shoe supports. Through the
ability of this chain of supporting elements to transfer load
from a more heavily loaded to a less heavily loaded shoe, all
the shoes are made to carry substantially equal loads.

The runnershaft is stabilized against lateral off-center
movement by the upper guide bearing assembly located just
above the runner thrust surface. .

The bottom gude. bearing and the thrust bearing are
flooded with lubricant and use their natural action to cir-
culate this lubricant. The upper guide bearing receives oil
through piping. The pumping effort necessary to cause this
flow is supplied by the rotation of the thrust collar inside
the oil volute.

Bearing Cooling Coils

Heat generated in the lubricating oil by the upper thrust
and guide bearings is camried away by cooling water cir-
culating in coils of copper tubing mounted inside the upper
bearing chamber. Cooling water requirements are listed on
the motor outling drawing. Inlet water temperature should
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not exceed 85 degrees F. Care should be taken that the
water contains no corrosive or sealing elements or sediment
which might damage or plug the copper tubing.

Precaution must be taken against starting with oil of insuf-
ficient viscosity to form an oit film. This condition exists if
the motor is shut down “hot™, due to loss of coolant, and
allowed to remain idle for more than a few minutes, but
not long enough to cool the oil to room temperature.

On a hot shutdown, the oil film is squeezed out from
between the shoes and the runner in a few minutes. If the
motor is restarted within, say, five minutes after shutdown,
the oil film will be re-established. However, if restart is
delayed to 15-30 minutes after shutdown, lack of residual
film in combination with the low viscosity “hot™ oil sur-
rounding the bearing may prevent rapid renewal of the
wedge-shaped film, and bearing failure can result. If the
restart is delayed, it is advisable to wait until the oil has
cooled to no more than 20°F above ambient temperature.

Bearing Insulation

Variations in reluctance in the magnetic circuit of large AC
machines may cause periodic changes in the amount of
magnetic flux linking the shaft. This in turn can generate
sufficient voltage to circulate small currents through the cir-
cuit consisting of shaft, bearings, brackets, and housing.

If precautions are not taken to prevent this current flow, it
may have a destructive affect on bearing parts. Small pits
are usually formed on the surface of the shaft, bearing, or
runner. In some instances, bearing babbitt is actually eaten
away by the current.

It is impractical to eliminate entirely the cause of such
circulating current. Therefore, on motors in frames 7400
and larger the upper bearing assembly is completely insulat-
ed from the bearingbracket to interrupt any possible circuit
for flow of circulating current. The insulation consists of a
thick pad of plastic material supporting the thrust bearing
assembly, and an insulating collar around the upper ghide
bearing.

To avoid bypassing or short-circuiting this insulation, all
metallic connections to the bearing assembly for thermo-
couples have also been insulated. Avoid short-circuiting or
omitting any of this insulating material during maintenance
or inspection work.

COOLING COIL
Figure 31

T
o)
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ELECTRICAL TESTING

RECOMMENDED FIELD INSULATION TEST
FOR LARGE MOTORS

Field Insulation tests on large motors are performed to
determine the following:

1. Impending failure of the insulation system.

2. The need to recondition insulation system to prolong
life.

3. Along range program to detect progressive deterioration.

Each user must evaluate his specific conditions and applica-
tions to determine test method most suited for his needs.

Insulation resistance test is made with DC rather than AC
to determine if system can be tested with high voltage. For
induetion machinery 0-13,800 volts, random and form
wound, the tests in Table 5 are recommended.

AC High Potential Test
Pre-service

If an initial AC high-potential test is required or deemed
necessary, the one minute test voltage should not exceed'
85% of the factory test voltage (0.83) x (2E + 1000). The
high-potential test voltage is to be applied successively
between each electric circuit and the frame, with the
winding not under test, auxiliary equipment, and acces-
sories grounded to the frame.

In-service

Repetitive application of an AC high potential should be
avoided. For machines that have seen service, the one
minute test voltage should not exceed 60% of the factory
test voltage (0.60) x (2E + 1000). The high-potential test
voltage is to be applied successively between each electric
circuit and the frame, with the winding not under test,
auxiliary equipment, and acecessories grounded to the

DC Megger Test

A DC voltage (500 volts) is applied between winding and
frame for a ten minute period. Readings of the insulation
resistance are taken each minute. The polarization index
(ten minute resistance reading/one minute resistance reading)
is calculated. Values of the P.I. indicates the condition of
the insulation and winding surfaces and are useful in deter-
mining whether maintenance is required.

DC High-Potential Test

DC High-potential tests will indicate such faults as cracks,
discontinuities, thin spots or voids .in the insulation and
excessive moisture or dirt in the insulation system. Weak-
nesses in the insulation system can be found without caus-
ing a breakdown in the system. Equipment to be tested
must be: de-energized and grounded to eliminate any
charge. Switches should be open and potential transformers
disconnected. The motor winding temperature detectors
and thermoguards should he grounded. Temperatures of
equipment to be tested should be near ambient since
resistance and dielectric absorption vary with temperature,
A dielectric absorption characteristic should be established.
The insulation resistance and polarization should be at or
above a Pi of 2 and an insulation resistance of 100 megohms
for a clean dry system. The DC proof test voltage is based
on a calculated value which is determined as follows.

DC proof test voltage = Rated motor AC voltage x.
125% x 1.7.

This test voltage may vary due to conditions to which
motor insulation has been subjected.

NOTE: Consult factory if test procedure is required.

MEASUREMENT OF TEMPERATURE RISE

There are two fundamental methods for the determination
of temperature rises on electrical equipment; namely,
resistance, or by imbedded detector. Never attempt to

frame. measure temperature by hand.
Table 5 - Recommended Insulation Tests
Type of Test
Type of Voltage AC HIPOT DC MEGGER DC HIPOT
Winding Range Pre Service In Service Pre Service In Service Pre Service In Service
Random 0-600 yes ves yes yes no no
Form 0-600 yes yes yes yes no no
601-7000 yes no no no yes yes
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RESISTANCE

The method of determining temperature rise is by resis-
tance. In this method it is necessary to have a Wheatstone
or Kelvin bridge and measure the actual winding resistance
at standstill when the motor is at room temperature and
then measure the temperature again after the motor has
operated at full load for four to six hours. The temperature
rise in degrees centigrade may then be calculated from the
following formula.

T =(§K—m) (2345 + t1) — (tg —t1)

where T = Temperature Rise in °C
Rt = Winding Resistance in ohms (hot)
Rc = Winding Resistance in ohms (cold)
t] = Ambient Temperature in °C (motor cold)
to = Ambient Temperature in °C (motor hot)

Since the resistance method measures the average temper-
ature of the entire coil, the temperature rise when measured
by resistance more closely approximates the hot spot
temperature. As a resull, it is customary in this method to
use a differential of only about 5°C to determine the hot
gpot temperature for an open or splash-proof motor.

THERMOCOUPLE OR EMBEDDED DETECTOR

The method for the measurement of temperature rise is by
embedded detector or thermocouple. The thermocouple is
connected to a bridge type instrument which usually gives
a reading directly in degrees Centigrade. Care should be
taken to insure that the bridge is calibrated for the type of
thermocouple used.

If there is any question as to whether or not the temperature
measured is satisfactory for the motor, refer to the nearest
Louis Allis district office. Be sure to give all nameplate
information.

EFFECT OF ALTITUDE
ON TEMPERATURE RISE

The altitude at which the motor iz operated is normally
assumed to be 3300 feet or less above sea level. Since most
machines are cooled principally by convection and since the
density and' corresponding cooling ability of the air
decreases with altitude, allowances must be made for
altitudes above 3300 feet.

NEMA Standards specify that the temperature rise as
tested at low altitudes shall be less than that tabulated in
the “Temperature Rise Table on page 2123 by 1% of the
specified temperature rise for each 330 feet increase in
altitude above 3300 feel.

As an illustration, an open motor tested at sea level must
have a full load temperature rise of only 32°C to be suitable
for operation at 9900 feet altitude with the standard
temperature rise of 40°C. The calculations are shown
below:

Standard Temperature Rise Open Motor — 40°C
Allowance for 9900 Feet Altitude

9900 — 3300 Or  _ 00
330 x 100 we = 8e
Maximum Permissible Temperature

4] O _ [s)
Rise at Low Altitude 40% - 87 = 32C




NEMA TEMPERATURE RISE SPECIFICATIONS

The observable temperature rise under rated load conditions
of each of the various parts of the induction motor, above
the temperature of the cooling air, shall not exceed the
values given in Table 6. The temperature of the cooling
air® is the temperature of the external air as it enters the
ventilating openings of the machine, and the temperature
rises given in the table are based on a maximum temperature
of 40°C for this external air. Temperatures shall be deter-
mined in accordance with the latest revision of the IEEE
Test Procedure for Polyphase Induction Motors and Gener-
ators, Publication No. 112A.

*For totally-enclosed water-air-cooled machines, the

o

air leaving the coolers. With a coolihg water temperature
not exceeding that for which the machine is designed:

. On machines designed for cooling water temperatures

up to 30°C — the temperature of the air leaviag the
coolers shall not exceed 40°C.

. On machines designed for higher cooling water temper-

atures — the temperature of the air leaving the coolers
may exceed 40°C provided the temperature rises of the
machine parts are then limited to values less than those
given in the table by the number of degrees that the
temperatures of the air leaving the coolers exceeds
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40°C.

temperature of the cooling air is the temperature of the

Table 6 - NEMA Standard Temperature Rise Specifications

Temperature Rise, Degrees C
Item Machine Part Method of T.em[.)erature Class of Insulation System
Determination
A B F H
1 Insulated windings
a. All horsepower ratings Resistance 60 80 105 125
b. 1500 horsepower and less Embedded Detectort 70 a0 115 140
¢. Over 1500 horsepower
(1) 7000 volts and less Embedded Detectort 65 85 110 135
(2) Over 7000 volts Embedded Detectort 60 80 105 125
2 Cores, Squirrel-cage windings and mechanical parts, such as collector rings and brushes, may attain such
temperatures as will not injure the machine in any respect.

T Embedded detectors are located within the slot of the machine and can be either resistance elements or thermo-
couples. For motors equipped with embedded detectors, this method shall be used to demonstrate conformity with
the standard.

NOTE I - Totally-enclosed water-air-cooled machines are normally designed for the maximum cooling water temper-
ature encountered at the location where each machine is to be installed.

NOTE 1l — For motors which operate under prevailing barometric pressure and which are designed not to exceed the
specified temperature rise at altitudes from 3300 feet {1000 meters) to 13000 feet (4000 meters), the temperature
rises as checked by tests at low altitudes, shall be less than those listed in the foregoing table by 1 percent of the
specified temperature rise for each 330 feet (100 meters) of altitude in excess of 3300 feet (1000 meters).

Suggested Standard for Future Design 5-24-1960, revised 11-15-1962, NEMA Standard 11-11-1965, revised 8-20 i966;
7-16-1969.

NOTE HI — Temperature rises in the foregoing table are based upon a reference ambient temperature of 40°C.
However, it is recognized that induction motors may be required to operate in an ambient temperature higher than
40°C. For successful operation of the motors in ambient temperatures higher than 40°C, it is recommended that the
temperature rises of the motors given in the foregoing table be reduced, as indicated below, for the ranges of ambient
temperature given.

Values by which Temperature Rises in the
Foregoing Table should be Reduced

Above 40 up to and including 50 10°C
Above 50 up to and including 60 20°C
® Reproduced from NEMA Standards Dated June, 1978. Authorized Engineering Information 5-24-1960.

Ambient Temperature, Degrees C
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Table 7 - Temperature Conversion Table
Centigrade — Fahrenheit

FAHRENHEIT to CENTIGRADE CENTIGRADE to FAHRENHEIT
OF — — @°C OF o @°C 0C e e °F °C — T
0 ~17.8 105 08 | 0 32 105 221
3 —-15 110 43 5 41 110 230
10 —12.2 115 45.8 10 50 115 239
15 — 9.44 120 49 15 59 120 248
20 — 6.67 125 51.8 20 68 125 257
25 — 3.89 130 54 25 77 130 266
30 — 1.11 135 56.8 30 86 135 275
32 0 140 60 35 95 140 284
33 1.67 145 62.8 40 104 145 293
40 4.44 150 06 45 113 150 302
45 7.22 155 68.8 50 122 155 311
50 10 160 71 a5 131 160 320
55 12.8 165 73.8 60 140 165 328
60 15.6 170 77 65 149 176 338
65 18.3 175 79.8 70 158 175 347
70 211 180 82 75 167 180 356
75 23.9 185 84.8 80 176 185 365
80 26.7 190 88 85 185 190 374
85 29.4 195 90.8 90 194 195 383
90 32.2 200 93 95 203 200 392
g5 35 205 95.8 100 212
100 38 212 100
FORMULA: Fahrenheit to Centigrade Centigrade to Fahrenheit
(OF—32)—3=°C (°C x‘gs—)+82=°F

NOISE

Since noise is undesirable and electric motors are a source
of noise, we are concerned with limiting the noise which
motors produce.

Electric motor noise source can he classified into three
categories.

—Windage (air} noise.

—Mechanical noise.

—Magnetic noise.

WINDAGE {AIR) NOISE

This type of noise is created in the air stream used to cool
the motor. Both dripproof and TEFC motors use fans to
move air. Moving air removes the heat losses from the

motor and thus maintains safe motor temperatures.

Windage or air noise is generated by the air flowing in and
around the motor parts. Windage noise is developed by:

—Fan blades rotating ir close proximity to mounting bolts.
—Restrictions in the air stream.

—Abrupt changes in direction of air flow.

In general, the external air flow system of the fan cooled

motor generates somewhat higher noise levels than ex-
perienced in dripprooi motors.

MECHANICAL NOISE

The vibration of mechanical parts causes mechanical noise.
Electric motor mechanical noise or vibration results from:

—Rotor unbalance.
—Bearings.

—Loose internal parts.
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MAGNETIC NOISE

The magnetic noise generated in an electric motor results
from:

—The size and concentricity of the air gap.

—The number and shape of rotor and stator slots.
—Magnetic flux density.

The forces of attraction and repulsion between the stator

and rotor magnetic poles in the air gap cause stresses or’
vibration of the rotor.

METHODS OF REDUCING NOISE

General

Noise is either radiated directly from the source as airhorne
noise or it is carried to other parts of the machine along
structural paths. These other machine parts can then act as

secondary sounding boards that inerease the overall noise
level. Noise may be reduced at the source or isolated.

Noise Reduction at Source

Electric motor noisé can be reduced by:

Mechanical

—~Emproved rotor balance.

—Replacement of defective ball bearings.

—Improved ventilating technique.

Electrical

—Change connection arrangement of stator windings.
—Increase air gap size and improve concentricity.

—Change the number of rotor and/or stator slots.

—Design change of ventilation system.

—Lower magnetic flux densities.

The use of the foregoing noise reduction methods usually
adversely affects motor performance. Generally, lower
motor torques and higher winding temperatures result. It
may therefore be necessary to build a motor in a larger

frame or as non-vent to meet both performance and noise
requirements.
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Noise Reduction by lsolation
When it is impractical, uneconomiczl, or even impossible to
lower motor noise at its source, various methods can be

used to contain or isclate it.

—Use of special conplings for connecting motor and driven
equipment shafts.

—Use of vibration absorption material beneath motor
mounting surfaces.

—Use of noise barriers made of material that can absorb
unwanted noise.

—Increase distance between noise source and people.

—Have people wear earplugs or other protective devices.

OTHER NOISE SOURCES

The equipment driven by the electric motor often contd-
butes a very significant part to the total noise level.

Examples are:
1. Mechanical systems
—Rotation of eccentric load.
—An oscillation (either linear or in rotation).
—An impact or collision between parts.
—A speed changing movement.
2. Air moving systems
—~Fans and blowers.
3. Hydraulic systems
—Pumps.
—Cavitation and turbulance in pipes and controls.
NOISE MEASUREMENT
instrumentation

Three instruments (see figure 30), used in conjunction
with each other, are usually required for a noise analysis:

—Microphone.

—Sound Level Meter.

—Analyzer.
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Figure 32

The normal accuracy from these measurement instruments
varies with the octave band. (See Table 8).

Principles and Terms

The noise intensity reaching the listener’s ears is dependent
on:

1. The distance between listener and noise source. Noise
intensity is inversely proportional to the distance.

Table 8
Decibel Tolerance at Various Bandwidths

Total Tolerance®
in db

Octave Band
Bandwidth in Hertz

2. The physical characteristics of the environment. This
inclndes dimensions as well as the material of the objects
in the surrounding area.

3. The strength of the sound generated by the source. The
strength of the sound is better known as sound power
which is measured in units called decibels (db} referred
to watts.

Conclusion
When considering noise, it is important to remember that:

1. Both the scale and reference quantity must be specified.
Two methods frequently used are sound power level and
sound pressure level. See Table 9.

The sound power level of a noise source may be used to
predict the noise that will result if the environmental char-
acteristics are known,

Sound pressure level readings are a function of the environ-
mental characteristics.

90-180
180-355
355.710
710-1400

1400-2800
2800-5600
5600-11200

0o Oy b W W o en

I+ 14+ I+ |1+ |+ i+ i+

Table 9
Noise Scales and Reference
Scale Reference Units
Sound Power Level 1012 Watts® Decibel (db)
2
*Typical values

*Taken from IEEE No, 85

2. Tolerances of noise measuring instruments must be con-
sidered.

AIR FILTERS

Air filters on motors are designed to trap air borne dirt
before it gets into the working parts of a motor. Their
usefulness is dependent upon how frequently they are
cleaned and/or changed.

All series 7000 motors with bonnets can be adapted for air
filters.

Metallic air filters are available. These are permanent
cleanable viscous type filters made of all galvanized metal

construction. Stainless steel and monel construction is also
available. It is constructed of horizontal layers of galvan-
ized wire screen mesh so arranged to provide a large

-filtering area and has no direct passages through the filter

media.

All motors are designed to operate properly with or without
air filters, However, air filters do tend to restrict and, there-
fore, reduce the volume of air cooling the motor. To insure
that the motor does not reach critical temperature stator
winding protection devices are suggested.

At




EFFECT OF VOLTAGE AND
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FREQUENCY VARIATIONS

ON INDUCTION MOTOR PERFORMANCE

OVER AND UNDER VOLTAGE

Polyphase induction motors are ordinarily designed te =ve
satisfactory performance on a line voltage up to 10%

or below the rated value. Beyond this range there 13 un
appreciable depreciation of certain performance charactes-
istics. Table 10 demonstrates how the performance is
affected by a condition of over or under voltage with rated
frequency held constant.

It will be noted from Table 10 that the voltage affects the
performance qualities in the following manner:

1. The starting or locked rotor torque varies approximately
as the square of the applied voitage.

3]

. The maximum or breakdown torque varies approxi-
malely as the square of the applied voltage.

3. The starting or locked rolor current variation is directly
related to this applied voltage.

4. The overload capacity or maximum developed horse-
power varies as the square of the voltage. This does not
mean that the motor can carry this overload continuously
without overheating.

5. There is no change in the synchronous speed with a
change in voltage.

6. There will be a change in the operating speed with 2
change in voltage. To explain further, for most standard
motors the slip RPM will decrease as the square of the
voltage on an over voltage power supply and conversely
will increase as the square of the voltage on an under
voltage supply.

An additional word of caution is in order. The difference
between the temperature rise at rated voltage and the tem-
perature rise at over or under voltage is difficult to gen-
eralize as it depends on the type of enclosure, the distribu-
tion of losses within the machine and on other factors.
Generally, totally enclosed, totally enclosed fan cooled or
explosion-proof motors will heat up faster than open
motors.

HIGH OR LOW FREQUENCY

Motors built in accordance with NEMA standards are
designed to operate successfully at rated load and at rated
voltage with a variation in the frequency up to 5% above or
below the rated {requency.

Table 11 shows that a change in frequency affects the per-
formance in the following manner:

1. The starting torque and the maximum torque vary in-
versely as the square of the frequency. In other words,
the torque will increase as the square of the decrease m
frequency and vice versa.

o

. The synchronous speed will vary directly with the fre-
quency; that is, a 30 ¢ycle motor will have 5/6 the
synchronous speed of a 60 cycle motor.

3. The locked rotor corrent will vary inversely as the
frequency.

Table 10 - Effects of Voltage Variation

Starting
and Syncro- Full Full
Maximum| nous % Load Load

Voltage | Torque | Speed Slip Speed |Ltficiency

: Magnetic
Full Noise-
Load Full Locked | Temp. {Maximum| Ne Load
Power- Load Rotor Rise {Overload in

Factor { Current | Current [Full Load|Capacity [Particular

120% { Increase No Decrease | Increase| Small

Decrease{ Decrease | Inerease|Decrease| Increase | Notice-

Voltage

Voltage 44% { Change )} 30% 15% | Increase [ Sto 15| 11% 25% |5to 6°C| 44% | able
Points Increase
110% Increase | No Decrease | Increase | Increase | Decrease |Decrease | Increase |Decrease | Increase | Increase
Voltage | 21L% Change | 17% 1% Vato 1 3 7% 10to |3t04°C| 21% Slightly
Points Points 12%
Rated RATED DESIGN VALUES

90% | Decrease No Increase |Decrease |Decrease
Voltage 19% Change| 23% 15% 2

Points

Increase | Increase |Decrease | Increase | Decrease |[Decrease
1 11% 10to {6to7°C| 19% Slightly
Point 12%
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Table 11 - Effects of Frequency Variation

Starting Full Full Temp.-
and |Synchro- Full Load Load Full Locked | Rise |Maximum

Fre- [Maximum| nous % Load Effi- | Power- | Load Rotor | Full Overload |Magnetic
guency | Torque | Speed Sk Speed | ciency | Factor | Current | Cwrent | Load | Capacity{ Noise
105% | Decrease | Increase [Practically| Increase | Slight | Slight [ Decrease | Decrease{ Decrease} Decrease | Decrease
Fre- 10% 5% No 5% Increase | Increase| Slightly | 5 to 6% | Slightly | Slightly | Slightly
quency Change

Rated

Fre: RATED DESIGN VALUES
quency

95% | Increase |Decrease|PracticallylDecrease | Slight | Slight | Increase § Increase | Increase] Increase |Increase

Fre- 11% 5% No 5%  |Decrease |Decrease| Slightly |5 to 6% [ Slightly | Slightly {Slightly
quency Change

VOLTAGE AND FREQUENCY VARIATION

We have seen how both voltage (with frequency held con-
stant) and frequency (with voltage held constant) affect
motor performance. It now remains to be seen how a com-
bination of the two influences operate.

To keep the magnetic [lux densities in a motor at the same
value for which the motor has heen designed, the voltage
and frequency should vary directly with cach other; that is,
if the voltage is reduced, the frequency should also be re-
duced. Many 440 volt, 60 cycle motors have been operated
at 400 volts, 50 cycles and some at 380 volts, 50 cycles.
This is possible because 50 cycle standard motors are usual-
ly built in the same frame size as 60 cycle motors for
NEMA ratings, although at some increase in temperature
' rise.

Any increase in temperature rise reduces insulation life. In
general, each 10°C increase in temperature halves the in-
sulation life expectancy. Thus, considerable caution must
be exercised by the user in permitting motors to be used on
other than nameplate conditions.

The variation in induction motor performance with a varia-
tion in voltage and frequency is shown in Table 12. The
440 volt, 60 cycle values are considered as 100%.

This data is, of course, approximate and does not include
effect of saturation, “deep bar”, etc. The heating figures
are very approximate and are included merely to give the
reader some idea of the magnitude of the temperature
increase.

UNBALANCED VOLTAGES

From time to time the question arises as to the operation of
polyphase squirrel cage induction motors on systems having
unbalanced voltages.

The problem has been tackled rather extensively by the nse
of higher mathematics, but for a specific situation it is
rather long and tedious. Certain general relations, however,
can be concluded from the work that has been done.

The theoretically exact definition of voltage unbalance is
rather involved. However, within the range of limits which
are satisfactory for successful motor operation, the follow-
ing definition gives results which are fairly accurate:

The percent voltage unbalance may be defined as 100
times the sum of the deviation of the three voltages
from the average without regard to sign, divided by
twice the average voltage.

This can be illustrated by the following example of a 220
volt system. lf the voltages between lines of an unbalanced
system are 213, 219 and 222 volts, the percent voltage
unbalance is calculated as follows:

(218-213) + (219-218) + (222-218)
2 x 218

x 100 = 2.29%

The effect of voltage unbalance on the following will now
be taken up individually.

CURRENT

In  general a small voltage unbalance on any type of in-
duction motor results in a considerably greater current
unbalance. For 2 given voltage variation the current
variation is greatest at no load and decreases with loading
with the least effect being exhibited under locked condi-
tions. This phenomena is conveniently shown in Figure 33.
The band indicates the spread that is lhikely to be
encountered.

20

Per Cent Current Unbalance
=
L J
)

1 s

Per Cent Voltage Unbalance

Figure 33




Section 19, Page 2129

Table 12 - Effects of Voltage and Frequency Variation

Starting Full Load Locked
Voltage- | & Maximum | Full Load | Synchronous | Full Load | Power Full Load | Rotor Magnetic
Frequency| Torue Torque Speed Efficiency | Factor Current | Current | Heating | Noise
440-60 100% 100% 100% 100% 100% | 100%
380-30 100% 120% 83% Dec. 2 Pts. | Dee. 1 Pt. 130% 100% | 145% [Not Much
Change
400.50 110% 120% 83% Dec. 1 Pt. IDec. 1 Pt 120% 105% | 135% Slight
Increase
420-30 121% 120% 83% Dec. 2 Ps. [Dec. 2 Pts. | 117% 110% | 130% |Increase
TORQUE On an unhalanced system the greatest permissible load (dis-

Voltage unbalance within tolerable limits DOES NOT
AFFECT INDUCTION MOTOR TORQUES APPRECIA-
BLY EITHER AT LOCKED OR AT BREAKDOWN.

The locked torque, however, actually is reduced as the
square of the voltage unbalance; that is:

Locked Torgue Unbal. 1 % Voltage Unbal. ) 2
Locked Torque Bal. - 100

Hence, for a 30% voltage unbalance there is a 9% reduction
in locked torque. The reduction in the breakdown torque
is even more noticeable, and a voltage unbalance of 30%
may amount to as much as a 15 to 20% reduction in the
breakdown torque. Of course, a 30% voltage unbalance is
entirely unacceptable.

SPEED

When the voltage unbalance is kept within tolerable limits,
the speed is not affected appreciably. The tendency, how-
ever, is to slightly decrease the speed.

TEMPERATURE RISE

TEMPERATURE RISE IS INCREASED GREATLY BY A
SMALL VOLTAGE UNBALANCE, No hard and fast rule
can be given, but the percent increase in temperature rise is
usually about twice the square of the percent voltage
unbalance; that is:

Temp. Rise on Unbal. System _ . 2 (% Volt Unbal)?
Temp. Rise on Bal. System  ~ 100

An example may clarify the equation. Assuming 3.5% voit-
age unbalance, let us calculate the percent inerease in tem-
perature rise that will result,

Temp. Rise Unbal. L+ 2(35)2

- 1.25
Temp. Rise Bal. 100

Hence, a 3.5% voltage unbalance results in a 25% increase in
temperature rise.

regarding any liberality in the design itself) can be approxi-
mated by dividing rated load by the ratio found above. For
the case of 3.5% voltage unbalance the permissible load
amounts to 1/1.25 = 0.8 of the motor rating.

OVERLCAD PROTECTION

The large current unbalance corresponding to a small
voltage unbalance introduces a serious problem in selecting
the proper overload protection devices. In order to
adequately protect the motor under unbalanced voltage
conditions, complete information on individual line currents
shouid be referred to the control manufacturer for their
recommendation as to the type and size of overload relay
heater coils to be supplied. -

SINGLE PHASE OPERATION

A common cause for the failure of a polyphase induction
motor is due to single phase operation. When inspecting a -
winding, it can readily be detected if a motor has been
single-phased.

Figure 34 shows a schematic diagram of a star connected
motor. The arrows show the normal flow of current with
Phases A, B and C each carrying an equal and normal
value.

A
FLA —»—o

B
FLA —————

C
FLA —#————

Figure 34

Figure 35 shows a break in Phase A, Phases B and C now
equally share this normal full load current. This condi-
tion will cause the temperature on Phases B and C to in-
crease as the square of the current. Within a short period
of operation, this will cause the insulation of Phases B
and C to completely roast out.




1.73x FLA-B

Figure 35

Figure 36, a schematic of a delta connected motor, illus-
trates the normal flow of current. [f each phase is
checked externally with a clamp-on ammeter, it would
show the full loads amps as specified on the nameplate.
However, from the schematic you will note that inter-
nally Phases A, B and C each carry 2 current which is full
load amps divided by 1.73.

FLA e

FLA FLA
7739 A-353
FA e B /

FLA—-D-—-—E-:—
FLA c e
1737
Figure 36

Figure 37 illustrates an externally disconnected Phase A.
If checked with a clamp-on ammeter, no current reading
will be obtained; however, Phases B and C should show a
value 1.73 times normal full load amperes.

With an open in the line of Phase A, Phases B and A carry
full load divided by 1.73. Phase C will carry twice the

normal current.

There are many conditions that can cause a motor to run
single phased. If there is a poor internal connection, the
cause for single phase operation can readily be detected.

0

1.73x FLA*——g——

.73 x FLA ~>——C

However, since there are many factors external to the
motor that can cause a motor to operate single phased, it is
suggested that when on inspection a winding appears asif a
single phase faflure has been experienced, make the follow-
ing checks:

1. Check all motor connections to be sure that they are all
properly secured.

2. Check for blown-out fuses.

3. Check the control and control contacts to be sure that
they are in working order. With one or two contactsin a
control welded together, the current will continue to
flow through the motor after the control has been
de-energized.

4. Check all thermall overload elements and observe

whether they are properly sized.
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SERVICE GUIDE

MOTOR WON'T START 6. Air gap not uniform — Center rotor. Replace bearings

if necessary.

1. Overload tripped — Reset
7. Vibration — Check alignment. Driven machine may be

unbalanced. Remove motor from driven machine. If
motor is still noisy, rebalance rotor.

[ )

. 'uses blown — Replace fuses.

3. Motor not connected properly — Check all connections
to motor and control. 8. Electrical unbalance — Check voltage and current.

4. Improper line voltage — Check motor nameplate to
insure that motor is connected to proper voltage. Also
check the voltage at the motor terminals to insure that

wire size 1s adequate. OVERHEATING
5. Jammed — Disconnect motor irom load. If motor 1. Overload — Reduce load or use larger motor.
starts, check driven machine. X
2. Poor ventilation — Check motor air passages. Make sure :
6. Control not operating — Check control circuit and that ventilating air is not obstructed.
components.

3. Bearing stiff — Replace bearings.
7. Overloaded — Reduce load or use larger motor.
4. Belt too tight — Reduee belt tension.
8. Bearings stiff — Replace bearings.
5. Electrical unbalance — Check voltage and current.
0. Grease stiff — Replace grease. Be sure to use the right
grease for the application. Consult the factory if in 6. Stator grounded — Check for grounded coil.

( doubt.
k 7. Stator shorted — Check for shorted coil.

10. Open circuit in stator or rotor — Check for open circuit,
8. Alr gap not uniform — Center rotor.
11. Short circuit in stator — Check for short circuit.
12, Winding grounded — Check for ground.
BEARINGS HOT (General)
MOTOR RUNS BACKWARDS

1. Misaligned — Check alignment.

1. Reversed phase sequence — interchange two line con-

. 9 t — 8§ 1 .
nections at the motor. 2. Bent shaft — Straighten shaft

3. Bearings stiff — Free bearing or replace.
MOTOR NOISY

1. Single phased — Stop motor and try to start. It will not

start on single phase. BEARINGS HOT (Ball Bearings) GREASE LUB.
2, Loose coupling — Check alignment and tighten cou- 1. Too much grease — Remove excess grease.
pling.

2. Insufficient grease — Add proper amount of grease.

3. Motor loose — Tighten mounting bolts — Check align-
3. Wrong grade of grease — Use recommended greases.

ment.
4. Shaft bumping (sleeve bearing motor) — Check align- 4. Grease contaminated — Relubricate. Be sure that grease
ment. supply is clean.

. Noisy bearing — Check lubrication and replace bearing. 5. Bearings damaged — Replace hearings.

[4]]
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BEARINGS HOT, OIL LUBRICATED
(Sieeve Bearings and Ball Bearings}

1. Insufficient oil — Add proper amount of oil.
2. Motor tilted.
3. Wrong grade of oil — Use recommended lubricant.

4. Qi contaminated by foreign material — Drain oil.
Relubricate using a recommended oil.

5. Defective bearings — Replace bearings.

SPARE PARTS

The recommended spare parts listed in Table 13 are those
which are normally most subject to wear or damage. The
table should be considered as a guide only. However, it will
offer reasonable security for normal operations.

How large a stock of spare parts is maintained will depend
primarily on the application. Critical applications where
continuous operation is of primary importance will naturally
require a larger supply of parts. Each user will have to
evaluate his own requirements in this respect. For help in
setting up a replacement parts program, contact the Service
Department of Louis Allis.

If at all possible, spare parts should be purchased at the
same time as the original equipment. This insures that the
spare parts will duplicate the original material and dimen-
sions and will also result in a reduction in the cost of the
parts. In addition, it insures that spare parts will be on
hand if required and will minimize expensive telephone
orders and rush transportation.

ORDERING SPARE PARTS

All parts should be ordered from the nearest Louis Allis
Distriet Office, or the Service Department of Louis Allis
Division of Litton Industrial Products, Inc., Milwaukee,
Wisconsin 53201,

When ordering parts, determine the part number from the
instruction book, drawings, and diagrams, wherever possi-
ble. These drawings contain parts lists of all parts ordinaxily
considered to be subject to replacement, but in: case you are
unable to find the part number, use one of the drawings
indicating in pencil the part you wish to order. This
drawing will then be returned to you or replaced. Always
show the part number and the motor serial number. This
will enable the factory to locate records in case you are
unable to completely describe the part wanted.

Additional information on parts is always available at your
request.

Tabie 13 - Recommended Spare Parts for A.C. Motors
{Adapted from NEMA Guide 3)

Item Part Name 1 to 4 Units 5to 9 Units { 10to 25 Units
i Complete Motor or Generator 0 0 1
2 Stator Coils and Insulation 1 set 1 set 2 sets
3 Front Bearing 1 2 2
4 Back Bearing 1 2 2




[B LOUIS ALLIS

Litton Milwaukee, Wisconsin 53201
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METRIC CONVERSIONS FOR FLUID HEAD & ELOW

Flow - Cubic Metras per Hour o ]
o o o © o ooood 2 8
FEET OF HEAD METRES OF HEAD GALLONS PER MINUTE CUBIC METRES PER HOUR ° s o o cooeod 2 8 9 38888 2 8 8§ Bgg88\e o
TO METRES OF HEAD TO FEET QF HEAD 70 CUBIC METAES PER HOUR TC GALLONS PER MINUTE ._cmmwml o £ % O WsOme Il o 8 b oROmE & f g B eand o N%%%%%
FEET METRES METRES FEET gpm mi/h mi/h gpm meWWm wm mwm
1 0.3048C0 1 3280840 1 02271247 1 4.402868 60000 60 00O
2 06 z 66 2 45 2 BB 50000 50 000
3 09 3 98 3 L) 3 132 40000
4 12 4 131 4 a1 4 176 40009 11|
] i5 5 164 5 11 5 220 A0000| 30 000
6 V8 6 197 & 14 6 264 p
? 21 7 230 7 16 7 joe 20000
8 24 8 25.2 8 18 8 352 20000
. . 3 27 9 295 5 2.0 9 396
. 0 30 10 328 10 23 10 44 A
. : 20 61 20 66 20 45 0 LE] 10000 10000
30 91 a0 98 30 68 30 132 5800 z nwww
40 12 40 m a0 91 ag 176 mmmm 7000
50 15 50 164 50 " 50 220 6000 = 5000
60 18 &0 197 60 14 60 264 5000, i " 5000
70 2 70 230 70 16 70 108 @ -+ L =
80 24 80 262 80 18 80 352 3 4000 I — i 0s0
90 27 90 285 20 20 90 396 E 3000 d 3000 ©
100 30 100 328 - 100 23 100 440 C I} i 2
200 B1 200 655 200 a5 200 881 a il L T
K 300 0 300 984 300 68 300 1321 @ 2000 2000 -
L 400 122 400 1312 400 at 400 1761 o =T i.nr I -
5C0 152 500 1640 500 113 500 2201 H 7 Led HAL H
600 183 00 1968 800 136 600 2642 v < e
700 213 700 2297 700 153 700 3082 . 389 500"

. BUD 244 a00 2625 800 182 800 3522 $ 3o 800
800 274 900 2953 900 204 900 3963 T 700= ] 700
1060 305 1000 3281 1000 227 1000 4403 600 66a
2000 610 2000 6562 2000 454 2000 B8BO6 500 1T 500
3000 914 3000 9843 3000 681 3000 13 209 200 400
4000 1219 4000 12123 4000 508 2000 17611 HHH -

5000 1624 5000 16 404 5000 1136 5000 22014 300 Joo

60C0 1829 8000 19 685 6000 1383 6000 26217

7000 2134 7000 22966 7000 1580 7000 30820 200 208

8000 2438 8000 26 247 8000 1817 8000 35223

3000 2743 3000 29528 5000 2044 2000 39 626

10000 3048 10000 32808 10 00O 2271 10000 44029 %
20 000 4542 20600 88057 100 160
30 060 6814 30600 132 086 50 = 2
40 000 8085 40000 176 115 8 7 5
50 000 11 356 50 000 220143 50l—2 1] 60
60 000 13 627 60000 264 172 0 50
70 0CO 15 899 70 000 08 201 K N - = —
80 000 18170 20000 352 229 e a0
o 0041 0000 aoc 280 305 Q o © 00ogoo < o o 9 0aono =] g 0o g aQoin o o
100 000 22 112 100 000 440 267 ] 8 8 7 228888 g8 & £ 588888 g8 & g§8s3g558 g8
- - ~ [ I I R o o

Metres of Head - 8w
INSTRUCTIONS

To obtain quick approximate conversions use the graph. The units for flow are on 1. Find the conversion for 1 unit, on the first line of the appropriate coiumn, and

the top and left edges of the graph; the units for head are on the bottam and right multiply by the number of units involved. For example, 2146 feet of head

edges of the graph. times 0.3048 = 654 metres of head. Or,

For more exact conversions do one of the following: 2. Add together the conversions required to arrive at the exact number. For

example {ref. columns 1 and 2 above) 1o find how many metres of head are
equivalent to 2146 feet of head, find the conversion for 2000 ft. (=610 metres),
then 100 ft. (=30 metres), then 40 fi. (=12 metres), and then 6 ft, (=18
metres). The total of these is 653.8 or 654 metres of head.
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SERIAL'No. 4B290/1

PUMP TYPE VCR

_ BW w. SIZE 8x12x16A 3 STG.

; IDENTIFICATION
) USER OIL PRODUCTS PIPELINE LTD.
[ LOCATION TEL-AVIV, ISRAEL
L PURCHASER OIL PRODUCTS PIPELINE LTD.
P.O. NO. EG-9-2796-A
ITEM NO. -
SPECIFICATIONS -
SERVICE PIPELINE
PUMPAGE GASOLINE/JET FUEL/ @ 36-113 °F
DIESEL 0OiL sp gr 0.86 MAX.
CAPACITY, gpm 1232 US HEAD 196.8 1
SPEED 1460 rpm
EQUIPMENT

STUFFINGBOX [ packeD Kl MECHANICAL SEAL [1 PACKINGLESS

- VENDOR CRANE PACKING CO. LTD.
L TYPE 8 Bl CODE: XF 1Dl

BEARINGS CARBON

VENDOR BWL
TYPE SLV. BUSHING

f * DRIVER : MOTOR
£ VENDOR 1OoUIS ALLISS
(;:_; FRAME NO. 445 LP hp 100

VENDOR
FRAME NO. hp

COUPLING
L VENDOR BWL

TYPE ADJUSTABLE FLANGED SIZE 77 ECA
SPACER

(" INDICATES SUPPLIED BY CUSTOMER)




CONTENTS

SERIAL No. 4B290/1

BINGHAM-WILLAMETTE INFORMATION

MANUAL VCR
. CROSS SECTION B-4B290-3 W/PARTS LIST
% LOCKING OF IMPELLER RINGS: A-52134
LOCKING OF BOWL RINGS : A-52136
STUFFING BOX ASSEMBLY: A-4B290-2
OUTLINE B-4B290-1
VCR COLUMN DETAIL B-4B290-2 W/PARTS LIST ..
i SEAL CIRC PER API PLAN 13 B-4B290-4 W/PARTS LIST
- CERTIFIED TEST PERF. CURVES (-4258, C-4259 W/DATA
) CALCULATED(SALES) CURVES 20131, VB-201l-1
E;
P
|
i
VENDOR INFORMATION

MECHANICAL SEAL J. CRANE CROSS-SECTION DWG: CF-5P 90067-1
J. CRANE INSTALLATION INSTRUCTIONS: FORM S$-300

’ COUPLING Wp-275, FIG. 6
Ji_f

£ BEARING —

i DRIVER BY CUSTOMER

LUBE SYSTEM BY PUMPAGE




BINGHAM-WILLAMETTE LIMITED
QUALITY ASSURANCE DEPARTMENT
CERTIFICATE OF COMPLIANCE

SALES ORDER No. 4B290/1
CUSTOMER 0I1. PRODUCT PIPELINE_TLTD.
P.0. WO, EG~9-2796-4

SERIAL OR HEAT NO,

THIS IS TO CERTIFY THAT THE PROCESS/REQUIREMENT INDICATED BELOW WAS
PERFORMED IN ACCORDANCE WITH CONTRACT SPECIFICATIONS:

PROCESS PROCEDURE & REV. PROCESS PROCEDURE & REV,
[ PASSIVATION X HYDROSTATIC TEST See Below
] DISMANTLING ] T..R. .
(J ALL WELDERS USED WERE QUALIFIED UNDER ] LEAK TEST

ASME, SECTION IX
[ BALANCE (Static) 3 LIFT TEST
BALANCE {Dynamic) _See Below CJ FUNCTIONAL TEST
(] WELD PROCEDURES USED WERE CUSTOMER (O PACKAGING

APP'D.
] cLEANING MATERIALS CONTORM TQO SPECIFICATIONS
] HEAT TREAT O
] HARDNESS -
BALANCING: TWO PLANE - lst STAGE IMP Withim 17.40 g.in

- SERIES IMP Within 12.67 g.in
HARDNESS:
BRINNELL ROCKWELL
T.1.R.
HYDROSTATIC TEST PRESSURE 735 PS).G. FOR 1 Hr. on DISCHARGE HEAD
250 PSIG.FOR | Hr. on RECEIVER CAN
100 " " 1/2 Hr., an BOWLS
HEAT TREAT: A
OVEN HMEAT NO. DATE TEMP.
ra 5
le 1
%{Mu/ - (:Ze;/ ,4?;@52&/ 3
WITNESS { WHEN REQUIRED) BINGHAM-WLLAMETTE LTD.

Ll ) 983
DATE DATE




]E ﬁ : i ﬁ 'a ﬁa:*ﬂ‘-** -I:-.u.‘;:' r-.':-a:i'

INSTALLATION
OPERATION
MAINTENANCE

VEC

W/
V

VAl

1

L

LR =

DS

DS

Bingham-Willamette
MULTISTAGE
VERTICAL PUMPS




e n e e e i e e e I

CAUTION
THE SETTINGS ON FACTORY PROVIDED
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IN THE FIELD AND RESET AS NECESSARY
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Fig. 1

VCR multistage vertical pump
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SCOPE

INTRODUCTION

DESCRIPTION

This manual provides installation, operation and maintenance
instructions for Bingham-Wiilamette type VCR, VCR-DS, VTR
and VTR-DS vertical bowl pumps. This manual is prepared for
operation and maintenance personnel.

Read instructions carefully before operating pump.

Use this manual with & cross section drawing, parts list and outline
drawing (see specific manual). Instructions on vendor equipment
are included in the specific manuat.

INSTALLATION Depending on size of pump and oather factors,
the pump may be shipped assembled or partially assembled. See
INSTALLATION for appropriate instructions.

COMPONENTS

VCR, VCR-DS, VTR, VTR-DS The Bingham-Willamette type
VCR, VCR-DS, VTR and VTR-DS have a vertical bow! configura-
tion and are mounted within a suction well. The VCR-DS and
VTR-DS have a closed double suction first stage impeller. The
VCR has closed series impellers and the VTR has semi-open
series impellers.

Fig. 2 VCR

PUMP BOWLS Pump bowls are of flanged construction with
rabbet fits to assure alignment. The bowls are furnished with
replaceable wear rings and bushings.

COLUMN AND COLUMN SPIDERS Columns are of flanged
construction and are equipped with replaceable bushings.

SHAFTS Some extended setting pumps require two or more
coupled shaft sections.

IMPELLERS Theimpellersare key driven and positioned axially
with split lock collars bolted to the impeller hub or with retaining
rings. Impellers may be equipped with replaceable wear rings.

SUCTION AND DISCHARGEHEAD The suction and discharge
head provides the location for the shaft seal. The nozzle flanges
match ANSI flange ratings.

SHAFT SEAL Shaft sealing is by mechanical seal or packed
stuffingbox.

SUCTION WELL The bowl unit takes suction from the suction
well. The suction weil includes a pump mounting flange.

COUPLING The pump-driver coupling is either a split sleeve
design or flanged type. Both offer variable axial adjustment of the
rotating element. Selection is determined by speed, horsepower
and thrust conditions. A spacer is provided for easy seal mainte-
nance where applicable,




PERFORMANCE FACTORS

Pump performance may be affected by changes in pumpage
specific gravity, viscosity, pump operating speed and NPSH (Net
Positive Suction Head}. Centrifugal pumps are designed for spe-
cific service and may or may not be suited for any other service
without loss of performance or damage o pump.

IMPORTANT NOTE: Do not change operating conditions from
original design parameters without confacting a Bingham-Willam-
ette representative.

)




INSPECTION

INSTALLATION

INSPECT UPON ARRIVAL Equipment is inspected prior
to shipment. Check for shipping damage upon receipt. Re-
port damage or shortage immediately to the carrier and to a
representative of Bingham-Willamette.

STORAGE

NOTE: The foilowing storage instructions apply only to the
pump and may not be appropriate to driver units, switches,
etc. Follow vendor instructions for all other components of
the pump system.

REQUIREMENTS Prior to shipment the pump and its
components are adequately prepared for outside storage,
with the foilowing additional requirements:

1. Store off ground on skids or cribbing so that no water
will accumulate.

2. Protectpump and attachments with avinyl coated nylon
tarpaulin. Lash tarp down evenly to provide drainage
that does not form pools. Maintain sufficient air circula-
tion with a3 in. (8 cm) minimum clearance between tarp
and pump.

3. Locate in an area which is free from blowing sand and
dirt.

Maintain desiccant effectiveness.

Do not stack on top of this equipment.

Prevent animal entry by keeping connections sealed.

oo e

Maintain rust preventive protection.

APPROVED STORAGE MATERIAL The following mate-
rials shall be used for maintenance:

1. Use packages of VPI ¢crystals or a desiccant. Desiccant
will be non-halogenated, non-deliquescent, chemically
inert silica gel {or equivalent) to meet MIL-D-3464-D,
type 11.

Vinyl-coated nylon tarpaulin.

3. OVER-COAT (Certified Laboratories, Fort Worth, Texas)
or equivalent, rust preventive.

INSPECTION AND MAINTENANCE Inspect and perform
maintenance every four weeks:

1. Remove protective tarpautin.
Remove nozzle cover(s). Desiccant is attached to cover.

3. Change desiccant as necessary, or a minimum of ev'ery
6 months, and re-attach to cover.

4. Recoatsurfaces requiring protection with approved rust
preventive.

5. Wipe up spilled or excess rust preventive.
6. Replace and reseal protective cover(s).
7. Replace protective tarpauiin.




CLEANING

RECORDS Keep an inspection record with equipment:

1. Date of inspection.

2. Signature of person performing inspection and/or main-
tenance.

3. Results of inspection.

4. Date of maintenance.

5. Description of maintenance performed.

6. Amount and type of desiccant replaced.

NOTE: Requirements of a job specific Bingham-Willametle

Storage Procedure will supersede the aforementioned in-
structions.

SUCTION WELL SUPPORT

PUMP INSTALLATION

RUST PREVENTIVE Any internal parts of the pump that
are vulnerabile to rust are protected with a film of rust inhibi-
ior.

NOTE: Rust inhibitors are not normally used on corrosion
resistant materials. Flushing is unnecessary.

External nonpainted machined surfaces may be protected
with a rust preventive. This external coating can be removed
with kerosene or safety solvents.

FLUSH AND CLEAN Before installation, thoroughly flush
to remove rust inhibitor and any foreign material that may
have accumulaied during shipping or storage. Use a mild
alkali solution at 180°F (82°C}), or a safety petroleum sol-
vent. Flushing step may be eliminated if the pumpage is a
petroleum product compatible with the rust preventive.

NQOTE: Before cleaning, be sure toc remove any desiccant.

SUCTION WELL The suction well support must be suifi-
ciently rigid to inhibit vibration. The suction well mounting
flange must be level within .002 in./ft.

Pourany concrete in advance of installation to allow time for
drying and curing. The pump must be supported securely to
prevent movement resulting in straining/misalignment.

HOISTING The pump may be too long to be canveniently
shipped or instalied in one piece. The pump outline drawing
has a headroom reguirement reference.

Hoist and support requirements differ according to the site
and size of each pump. Review in advance to determine what
equipment and procedures are necessary.

Carefully support bowl and column unit throughout its
length, especially when instaliing a fully assembied pump.
Leave crating/skids attached when lifting from horizontal to
vertical in order to prevent bowing of unit. Remove crat-
ing/skids after unit is in vertical position.




A chain fall reduces the possibility of damage due to bounce.
The chain generally allows more precise control than
cabling. This control is particularly needed during final col-
umn registration fitting or when maneuvering shaft sections
into alignmenit.
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NOTE: Do not lift by use of driver stand window openings.

CAUTION: When itis necessary to weld around pump sys-
tem be certain ground connection is located very close to
weld area. Keep electrical current from passing through
pump or driver.

VCR AND VCR-DS SHAFT AXIAL MOVEMENT Deter-
mine pump shaft axial movement (end play) by moving shaft
to determine total distance between end stops. Record mea-
surement. This measurement is more easily accomplished
with the pump in a horizontal position.

INSTALLATION OF ASSEMBLED PUMP Place O-ring N
into groove of mounting flange. Check that no foreign mate-
rial was dropped into suction well.

S o e A s
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Lower assembled pump into suction well. Tighten fasteners
to ensure even loading, see TORQUE VALUES.

INSTALLATION OF PARTIALLY ASSEMBLED PUMP The
following instructions are for on-site vertical assembly if
pump was received partially disassembled. i there is suffi-
cient headrcom to install pump in one piece, the following
instructions may be used tc assemble pump in the horizon-
tal as well as the vertical position.

The discharge head is the last item to be mounted while
assembling the pumpin the horizontal position. Driver stand
and motor are added after securing pump to suction well.

Support full length of pump during horizontal assembly and
when lifting to the vertical position. Take care to prevent -
excessive bowing and resultant damage.

VERTICAL ASSEMBLY, TWO COLUMN EXAMPLE Ifthere
isinsufficient headroem toinstall pump in one piece use the
following instructions for on-site vertical assembly:

1. Attach lifting eyebolts to top bowl of bowl unit. Rigto a
ﬂ;ﬁ hoist.
| CAUTION: Check that no foreign material is dropped
imo suction well or pumnp. It must be removed, even if
pump must be completely disassembled!

2. Move bowl unit to suction well and ease assembly down
until lower flange of top bowl is a few inches above
suction well mounting flange.

Place an! beam or similar support undaer lower ftange of
top bowl. To prevent | beam slippage, run bars of
threaded stock through holes located at end web of
each beam. Tighten nuts onto ends of each bar.

Lower unit until {flange is resting on support.

3. Instail shaft sleeves, keys and retaining rings {if so
equipped) to head/line shaft. (Extended setting pumps
Fig. 3 Top bowl support may utilize one or more line shafts between pump shaft
and head shaft.)
5




[“~COUPLING SLEEVE

SPLIT THRUST RING

Fig. 4 Pump-head/line
shaft coupling

Fig. 5 Top column support

NOTE: Thefollowing steps presume sufficient headroom to
couple the shafts, then in a separate step to lower the col-
umns over an already installed head/line shaft. In an
instance of restricted headroom the column( s) and shaft can
be lifted together, coupling the shafts then fastening the
column. Block shaft to lower end of column in order to
maintain secure separation between column and shaft while
lifting into position.

CAUTION: Take care fo avoid damage to bushings when
columns are lowered over shait.

4.

10.

11.

12.

13.

14.
15.

16.

18a.

Lift shaft into alignment for coupling to pump shaft.
Use caution to avoid bumping, hitting or springing the
shafi.

Slip coupting body up over end of head/line shaft
(upper).

Install gib head key into pump shaft.

Install split ring.

Insert upper key, then slide coupling bogdy over upper
key and split ring until resting on projection of lower
gib key.

Lock coupling in place. Insert safety wire through
upper key hole. Twistends of wireto formaloop. Trim
excess wire,

Lower column to top bowl. Secure fasteners. See
TORQUE VALUES. Hoist remains attached to column.

Lift unit and remove | beam support. Lower unit and
place support under column upper flange. Remove
hoist and lifting eyeboits from lower column.

Ease upper column into position and secure available
column to column fasteners. See TORQUE VALUES.

Raise unit and place | beam support under top flange
of upper column. Remove hoist,

Install suction well to discharge head O-ring.

Place lifting eyebolts in driver stand mounting holes of
discharge head. Lower over pump shafl to proper posi-
tion on column flange and secure fasteners. See
TORQUE VALUES.

Fasten discharge head to suction well. See TORQUE
VALUES. Remove hoist and lifting bolts.

Install stuffingbox and O-ring (when so equipped) to
discharge head. Orient stuffingbox connections per
outline drawing.

Mechanical Seal Slide mechanical seal over expesed
shaft and fasten gland plate assembly to discharge
head or stuffingbox.

CAUTION: Protect mechanical seal faces, imperiec-
tions of any kind will cause leakage. A light coai of
propylene glycol, glycerine or distilled water will alfow
seal parts to move freely. Keep oil from contacting
elastomeric componenits. See seal manufacturer's in-
structions.
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Maximum face runout
005 in. {127 mm) TIR, 16% in. and
larger base diameter
.004 in. (102 mm), below 16% in.
base diameter

gl

1
DRIVER SHAFT

Maximum shaft runout
002 in. (051 mm) TIR

DARIVER BASE

Fig. 6 Driver shaft runout

NOTE: Mechanical seal is set and fastened to shaft
only after rotating element clearance is established
and pumg is coupled to driver.

18b. Packing See outline drawing for specific packing as-

sembly sequence.

19. Flanged Coupling? (SeeFig.9) Install driver huband

pump hub if pump is equipped with flanged type cou-
pling.

The driver hub is an interference fit and requires heat-
ing. The pump flanged coupling hub is a loose fit and
does not require heating.

Preheat driver hub to 200-300° F. Place key into shaft,
slip heated hub up so that bottom of hub is beyond
circumferential grooves. Quickly install spiit ring then
move hub down to contact split ¢ing.

Install pump hub and key.

Complete coupling instaliation. See COUPLING, RO-
TATING ELEMENT CLEARANCE.

20.

21. Set mechanicaiseal. See seal manuiacturer's drawing.

22, Connect piping. See PIPING.

DRIVER INSTALLATION

VERTICAL
RUNOUT
INDICATOR -}/

- HORIZONTAL
RUNOUT

PUMP SHAFT ~—p INDICATOR

b

Fig. 7 Driver-pump
alignment, size 12B-22

STUFFINGBOX +—=

VERTICAL | s =
RUNOUT |
INDICATOR —{
K HORIZONTAL
PUMP SHAFT —3 NDIGATOR
STUFHNGBOX\\j/

Fig. 8 Driver-pump alignment,
sizes 6A thru 12A

DRIVER SHAFT RUNOQUT It is important to check driver
shaft runout, see Fig. 6. in case of an apparent out-of-
tolerance driver, consult a Bingham-Willamette representa-
tive or the driver manufacturer.

Inspect all coupling components for dirt, burrs or any other
interferences.

ALIGNMENT Install driver stand and lift driver anto driver
stand. Install driver capscrews finger-tight.

Align driver to pump, see Fig. 7 or 8. Mount a dial indicator to
check vertical runout, .002 in. {.057 mm) maximum TIR.
Adjust by placing shims tetween driver base and driver
stand.

Mount a dial indicator to check horizontal runcut, .002 in.
(.051 mm) maximum TIR,

Secure driver to driver stand. See TORQUE VALUES. Re-
check vertical and horizontal runout.

DRIVER ROTATION Connect motor wiring according to
motor manufacturer's instructions.

Before installing pump to driver coupling or completing a
flanged coupling installation, momentarily start driver and
verify correct rotation (CCW when looking down from
driver).

Install coupling; see COUPLING, ROTATING ELEMENT
CLEARANCE.




COUPLING, ROTATING ELEMENT CLEARANCE

DRIVER SHAFT

DRIVER COUPLING HUB

KEY
SPLIT THRUST RING €
SPACER
{some applications)
ADJUSTING NUT
PUMP COUPLING HUB
KEY {not shown)
PUMP SHAFT
. Fig. 9 Flanged coupling
/_‘;'"‘“—- COUPLING BODY HALF
" ) .
~ ~ ——DRIVER SHAFT
N 78 1-xev
) - THRUST RING
@ |_{-CAPSCREW
@ -THRUST RING
T~ SHIMS
~.
e 4. {-KEY
l-cOUPLING BODY
HALF

PUMP SHAFT

Fig. 10 Split sleeve coupling

TAPERPINS Drill and ream flanges of driver and stand for
acceptance of taper pins only after coupling is in place and
alighment is rechecked. See COUPLING, ROTATING ELE-
MENT CLEARANCE.

FLANGED TYPE COUPLING Flanged coupling hubs are
keyed to shafts with standard square keys. A splitthrustring
locks driver coupling hub to driver shatft.

Ali mating surfaces must be ¢clean and free of burrs or chips.
Keys should be a push fit in all keyways.

Driver hub has been installed before mounting driver onto
driver stand. See PUMP INSTALLATION.

1. Insertkeyin pump shaft, then slide pump coupling hub
down on pump shatt.

2. Thread adjusting nut onto pump shaft.
3.  Bolt spacer, if provided, to driver coupling hub.

4a. VCR, VCR-DS (Closed Impeller) Rotate adjusting
nut so distance between top of adjusting nut and
spacer mating surface is one half of total axial move-
ment previously as determined in PUMP INSTALLA-
TION,

4b. VTR, VTR-DS (Semi-Open Impelier) Rotate adjust-
ing nut so distance between top of adjusting nut and
spacer mating surface is .025 in. (.64 mm) for pump
size 14B and smaller and .050 in. (1.27 mm) for pump
size 16A and larger.

5. Now rotate adjusiing nut to closest alignment of holes.
Install capscrews and tighien evenly to raise the shaft,
see TORQUE VALUES.

After assembly, check runout of the shaft immediately below
the coupling. Shaft must be within .002 in. (.051 mm) TIR.

SPLIT SLEEVE TYPE COUPLING Rotating element end
clearance is adjusted by placing appropriate thickness of
shims between pump thrust ring and pump shaft.

Rotating element end clearance has been established at the
factory. A tag stating this clearance {shim thickness) may
have been atiached to the pump. if the driver is supplied by
Bingham-Wiliamette, ihe proper shim thickness has already
been installed. Shims are provided for customer supplied
drivers.

1a. VCR, VCR-PS (Closed Impelier} Insert thickness of
shims required to lift rotating element to one half of
total axial movement previously noted in PUMP IN-
STALLATION,

1b. VTR (Semi-Open Impelier) Split sleeve type cou-
pling is not utilized on VTR’s.

2.  Assemble keyed half of coupling over pump and driver
thrust rings, shims (under pump thrust ring) and shaft
keys. Capscrew holding pump thrust ring and shims
must be loosened in order to align pump thrust ring
with groove in coupling.

3. Slowly raise rotating element by tightening capscrew
into pump shaft.




MECHANICAL SEAL

PACKING

4.  Assemble other half of coupling. Install bofis in left or
right side and draw up evenly to obtain metal to metal,
contact. Install bolts in other side and draw up evenly.
Due to manufacturing variations a gap may remain on
this second side. [f there is a gap, use a feeler guage to
maintain equal top to bottom separation.

After assembly, check runout of shaft immediately
below coupling. Shaft must be within 002 in. (.051 mm)
TIR.

MECHANICAL SEAL INSTALLATION The sealing sur-
faces of a mechanical seal must be protected from nicks or
scratches. Imperfections of any kind on mechanical seal
faces will cause leakage. Care must be used to keep these
surfaces clean and free of substances that would mar seal
faces.

Remove all burrs and sharp edges from the shaft or shaft
sleeve, including edges of keyways and threads. Inspect
stuffingbox bore and face for cleanliness and freedom from
burrs.

A lubricant is recommended for installation, but match
compatibility of lubricant to materials of the seal and pump-
age. See manufacturer's instructions. A light coating of ol
on the shaft or sleeve will allow the seal parts to move freely.
A clean finger method of applying oil will avoid leaving lint.

install mechanical seal. Bolt gland flange to stuffingbox or
discharge head after coupling is installed. To determine
correct seal setting, refer to seat manufacturer's drawing. Be
sure to follow seal manufacturer’s instructions for installa-
tion and maintenance.

Some units have special mechanical seals or auxiliary seal
equipment, such as heat exchangers or cyclone separators.
Refer to the manufacturer's instructions for general mainte-
nance.

Fig. 11

—1 GLAND

PACKING

“LANTERN
RING

iﬁ PACKING

Typical packing ring
sequence

Packing is installed after pump is coupled to driver.

NOTE: Packing is not a complete seal. Some leakage must
occur.

Success of packing depends upon even packing ring com-
pression by the gland, along with a slight amount of leakage
required to cool and lubricate the packing. Packing sup-
presses leakage by compressing against shaft and gland.

1. Remave gland ring halves. Use a hooked wire to slide
lantern ring out of stuffingbox. Clean stuffingbox of any
debris.

2. Note location of sealing liquid passages. Lantern ring
openings iine up with stuffingbox inlet and outlet.

WARNING: It is imperative that lantern ring be aligned
with liquid passageways.




Fig. 12

PIPING

Spiral twist is correct

3. Insert rings in sequence indicated on outline drawing
{lefi to right is inside to ouiside). Begin with inner ring.

To fit packing rings around shaft pull into a spiral.
Attempting to expand radizlly results in breakage.

Insert rings one at a time, seating each ring before
installing next. Stagger joints of successive rings by 90
degrees.

4. When last ring is in place, install and assemble gland
halves. Tightien gland adjusting nuts evenly until barely
snug. Then back off nuts and retighten finger-tight. Do
not tighten enough to compress packing rings against
shaft sleeve. Gland nuts will be adjusted at start-up. See
OPERATION.

o .«

<30|RECTION
OF FLOW  |i

MESH STAINLESS STEEL
WIRE SCREEN

5PDOL FIECE

PIPE TAP FOR
f  GAUGE CONNECTION

{ —STRAP SCREEN SUPPORT IS
WELDED TO THE SCREEN
AND PLATE.

GASKET ON BOTH SIDES OF
PLATE

f ~PIPE TAP FOR GAUGE
‘. CONNECTION

Fig. 13 Suction strainer exampie
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SUCTION AND DISCHARGE PIPING Usespecial careto
prevent dirt, pipe scale, or welding residue from entering
pump during installation. Thoroughly flush suction system
before piping is connecied.

It is suggested that a suction screen be in place at least the
first 24 hours of aperation. Install strainer into a spool piece
and insert pressure gauges so that screen pressure drop can
be monitored. See OPERATION.

Install piping so that no piping loads are imposed on pump.
Allowable piping forces and moments are operational only
and should not be used as justification for imposing exces-
sive loads. Piping loads can adversely affect component life.

BYPASS PIPING If pump is to be operated at reduced
discharge, it will be necessary to install a bypass pipe from
discharge back to suction source. This protects against
damage caused by heat generaied within pumpage, created
by throttling the discharge iine.

CAUTION: Pumg should not be operated below minimum
flow.

Instalt a minimum-flow bypass line to reguiate flow and thus
control amount of recirculation.

AUXILIARY PIPING  Auxiliary piping is sometimes required
for stuffingbox coolant, seal coolant, and/or packing injec-
tion. Auxiliary piping is identified on the outline drawing.




OPERATION

PRE-START

Also see INSTALLATION.
1. Clean the unit. Be certain to remove drying agents.

2. Check iightness of bolted flange connections. Review exter-
nal connections and function.

3. Inspect piping for correct installation.

4. Note that mechanical seal is set and locked to shaft, or pack-~
ing is properly installed.

5. Verify shaft freely rotates.

6. Be certain driver is installed according to manufacturer’s in-
structions.

STARTING PROCEDURE ..

COOLANT SERVICES Activate coolant systems. Follow manu-
facturer's instructions.

PRIME Before starting any centrifugal pump, case and suction
piping must be completely filled with liquid. The liquid iubricates
rotating parts within the pump. Damage can be caused if operated
dry.

With discharge valve closed, slowly cpen pump suction vaive to
allow pumpage to enter.

1. When pump is located below suction level source, openvents
to release trapped air or vapor, and pump will prime itself. Fuil
prime is indicated when vented liquid no longer contains
bubbles.

2. When pump is located above liquid level of pumpage, an
ejector or other means must be provided to evacuate air or
vapor from pump case.

NOTE: Bleed air from any seal circulation piping. Damage to

%
|
|
|
|
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|
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%
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3. Once suction valve is fully open, set discharge valve to ap-
proximately 10 percent open. A minimum flow bypass tine
may be used for start-up purposes.

NOTE: When pump is located above suction source, the dis-
charge valve cannot be opened until driver has been started, since
this would cause loss of prime.

HOT SERVICE When pumpage is hot, over 300° F {149°C), the
purap should be heated before start-up. Circulate a small amount
of hot liquid (induced pumpage is preferable) through pump until
within 100°F {38°C) of product temperature.

START-UP Start pump and bring immediately to operating
speed. As soon as pump begins to develop discharge pressure,
start slowly opening discharge valve. Avoid making any abrupt
change in discharge velocity in order to prevent surging within
piping. Surging can cause serious damage.

NOTE: Pump should produce pressure at discharge as soon as
rated operating speed is reached. If not, shut down immediately.

1




START-UP CHECKS

As soon as pump stops, open vent valves and reprime.

CAUTION: Do notoperate against closed discharge vaive, uriless
pump is equipped with bypass piping.

CAUTION: Never attempt to control pump output by throttling
suction valve. Use of suction valve as a throttie causes cavitation
damage.

BYPASS If pump is required to operate at less than design
output it is necessary to utilize a bypass line. Consult with a
Bingham-Willamette representative.

EXTENDED SHUTDOWN

12

LEAKAGE Periodically check for leakage at stuffingbox. Exces-
sive mechanical seal leakage indicates wear or damage.

Watch for any signs of ieakage at suction and discharge lines and
auxiliary.piping.

PACKING RING LEAKAGE At start-up packing rings may leak
substantially. A minimum ieakage rate of 2 drops each second is
required to cool and lubricate packing rings.

Correct excessive packing ring leakage by evenly tightening
gland nuts one flat (one-sixth of a turn). Wait several minutes for
leakage to stabilize, then check new leakage rate.

SUCTION STRAINER Observe pressure drop across suction
strainer. Some drop is normal, even when screen is clean. Watch
for any increase in pressure drop that indicates accumulation of
debris.

Strainer must be cleaned if there is an increase of 5 psi (34.5 kPa)
pressure drop. Leave strainer in iine for at least first 24 hours of
operation, or until system is cleansed.

SHUTDOWN The pump should be shut down rapidly to prevent
internal parts from running dry and seizing.

STANDBY SERVICE When pump is on standby for instant start-
up service, it should be kept ready by circulating pumpage. Main-
tain any coolant services.

FREEZE DAMAGE Exposure to freezing temperatures reguires
care to prevent liquid from freezing within pump. Drain all cooling
jackets to prevent freeze damage.




MECHANICAL SEAL REMOVAL

MAINTENANCE

| KEY

M rrn

L. COUPLING HUB

T

THRUSTRING

SPACER

g, H— anuwusting
NUT

[~ COUPLING HUB

T ey

Fig. 14 Flanged
T coupling

4 THRUSTAING

|- COUPLING
200y

- CAPSCAEW

[~ SHIMS

[ xev

Fig. 15 Split sleeve
coupling

TUTTE

DISASSEMBLY

The mechanical seal can be removed for inspection and
replacement without disturbing pump and driver. Variations
of seal design may result in different disassembly proce-
dures. Aefer to the manufacturer's information.

1. Lock power breakers to off position.

2. Disconnectany seal circulation lines at seal glands. Cap
ends of lines to prevent dirt entry.

3. Loosen seazl coilar setscrews holding to the shaft. See
seal manufacturer's drawing and instructions.

4a. Flanged Coupiing Lower the shaft to rest position by
removing coupling capscrews. Remove coupling spacer,
adjusting nut, pump shaft hub, and key.

4b. Split Sleeve Coupling Remove non-keyed half of cou-
pling. Slowly lower rotating element by unscrewing
capscrew from pump shaft. Remove keyed half of cou-
pling, thrust rings, shims, and shaft keys.

5. Unbolt and carefully remove seal and gland plate
assembly.

Be sure to follow seal manufacturer's instructions for
installation and maintenance. See seal manufacturer's
drawing for correci assembly and seal setting. New O-
rings, springs and faces should be installed.

COLUMN

ADAPTER 7

BOWIL ~-

Fig. 16 Size 12A-22A
with adapter

POWER Lock power breakers to off position.

TOOLS AND PROQCEDURES A variety of equipment is
required for disassembly. Review entire removal procedure
in advance to determine what equipment and disassembly
procedures are necessary.

Refer to spacific outline drawing, cross section drawing and
parts list.

All parts removed should be protected. Larger parts should
be placed in a protected area and wrapped in cloth or plastic.
Smaller parts should be placed in bags or boxes.

An overhead crane or boom, best rigged with a chain fall, is
required. A chain fall reduces possibility of damage due to
bounce. The chain generally allows more precise control
than cabling. '

NOTE: Do not lift by use of window openings on the driver
stand.

13




SHAFT
—~ MECHANICAL SEAL

STUFFING BOX

O-RING
INSERT
BUSHING

“RETAINING RING

Fig. 17 Example stuffingbox
with mechanical seal

KEY
/-HETAINING RING
<%GLAND BUSHING

r_ﬂ —1— PACKING GLAND
L7 A
= O-RING
L) ANTERN RING
PACKING RING

PACKING SLEEVE
STUFFING BCX

14— THROAT BUSHING

I key

R SLEEVE
RETAINING AING

T SHAFT

Fig. 18 Example stuffingbox
with packing

Fig. 19 Top column support
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‘DISASSEMBLY AT SUCTION WELL The bowl and col-

umn unit components are removed at the suction well when
headroom restrictions do not aliow removal of an assembled
pump. See outline drawing for reguired headroom to
remove the assembled pump.

Disconnect power leads to motor.

Remove any restraint from motor.

Unfasten discharge piping.

Disconnect any seal system injection lines to seal gland.

Fwn o=

NOTE: If size allows, the driver stand and motor may be
removed together, without removing motor to driver stand
fasteners.

5. Remove bolts and taper pins securing motor to driver
stand. Lift motor to a storage or maintenance location.
See manufacturer's information for correct motor han-
dling, storage and maintenance.

6. Remove pump-driver coupling and mechanical seal.
See MECHANICAL SEAL REMOVAL.

7. Place lifting eyebolts in the motor mounting holes of
driver stand. Unbolt and set driver stand aside.

8. Useexisting lifting lugs or place lifting eyebolisin driver
stand mounting holes of discharge head. Remove dis-
charge head to suction well flange bolts.

NOTE: Entire pump may now belifted from suction well
if there is sutficient headroom above mounting surface.
See outline drawing. Use care when lowering to a hori-
zontal position. Support full length to prevent excessive
bowing and resultant damage. If there is insufficient
headroom, pump will be partially disassembled in verti-
cal position at suction well.

CAUTION: Take care not to drop foreign material into
suction well. It must be removed or damage to pump
could result!

BOWL, COLUMN, DISCHARGE HEAD DISASSEMBLY
The following instructions are for on-site vertical disassem-
bly of an example pump with two ¢olumns. If there is suffi-
cient headroom to remove the assembled pump, the vertical
instructions may be used io disassemble pump in the hori-
zontal position.

9. Lift unit until upper flange of top column is a few inches
above suction well mounting flange.

Placetwo | beams or similar support under upper flange
of top column. To prevent | beam slippage, run bars of
threaded stock through holes locaied at end web of
each beam. Tighten nuts onto ends of each bar.

Lower unit until flange is resting on support.

10. Remove accessible fasteners holding discharge head tc
column. Lift pump, shift | beams and lower to rest again
in order to remove remaining fasieners. Lift off dis-
charge head.

11. Place lifting eyebolis in discharge head mounting holes
of upper column.




f BEAM SUPPCRTS

Fig. 20 Top bowl support

BOWL UNIT DISASSEMBLY

12. Lift pump, then lower unit until top flange of lower col-
umn is resting on | beam support,

13. Remove accessible fasteners holding column to coi-
umn. Lift unit, shift | beams and lower again. Remove
remaining fasteners and remove top column. Take care
to avoid damage to column bushing.

14. Placelifting eyebolts in flange of remaining column. Lift
unit, move | beams to support upper flange of top bowl.
Remove accessible fasteners, lift pumg, shift | beams
and lower again. Remove remaining fasteners and raise
lower coiumn sufficient to expose shaft coupling.

15. Rig hoist to support shaft during shaft coupling removal.
16. Remove coupling upper key lockwire.

17. Mave coupling body up to expose and remaove lower gib
key and split ring.

18. Raise shaft, coupiing body and upper key.

CAUTION: Use handling procedures adequate to avoid
burnping, hitting or springing shaft. Support shaft even-
ly over complete length.

19. Set shaft aside.

20. Attach eyeboilts to top bowl. Rig to hoist and lift untit |
beams can be removed. Carefully move bowl assembly
to a maintenance shop.

—~PUMP SHAFT

—BOWL
I~ OPTIONAL IMPELLER RING

i —-CASE RING

o —BUSHING

- BEARING HOUSING
| ~RETAINING RING
| - IMPELLER, §TG 1

: %sucruom 8ELL

Fig. 21 Size 6%:A-8%A
with optional impeller ring

Fig. 22 First stage, size 6A Fig. 23 First stage,
sizes 9A, 10A, 10B

The bowl unit assembly should be removed to a mainte-
nance shop where proper facilities are available for further
disassembly.

NOTE: As the dismantling proceeds it is essential that the
impellers, bowlis and wear parts be marked as to their relative
placement in the element.

The following procedure begins by first removing the top
bowl. A pump with a six to fourteen inch bowl size (BA-144)
may be readily disassembled by starting with the bottom
components. The suction bell would be the first item
remaoved, exposing the first stage impeller for removal.

1. Unbolt and remove top bowl.

2. Remove sleeve and key {and shaft sleeves on some
pumps}. .

3a. Sizes 6A-14A Remove impeller retaining ring(s) by
use of retaining ring pliers.

3b. Sizes14B-22A Removelockwireand capscrews secur-
ing lock collar to impeller. Remove lockeoilar.

4.  Slideimpeller from shaft. Clean and polish shaft ahead
and behind impellers during disassembly.

Remove impeller key.

8. Repeat above steps for remaining bowls.
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INSPECTION

PUMP SHAFT

KEY

IMPELLER. SERIES STAGE

BUSHING

RETAINING RING

OPTIONAL SHAFT SLEEVE

IMPELLER. §TG. 1

SUCTION BELL

FLOW DIFFUSING PLATE

RETAINING RING
COVER

Fig. 24 Size 12-14A with
optional shaft sleeve

_ - PUMP SHAFT

KEY

IMPELLER, STG.1

SUCTION BELL

; FLOW DIFFUSING PLATE

: i : Z

' ' 751— AETAINING RING
e cowver

Fig. 25 Size 14B-22A

largest case smallest diametrical
ringlD  —  impeller = clearance
ring QD

16

IMPELLER. SERIES 8TAGE

CLEAN AND INSPECT After disassembily, clean all parts
(not mechanical seal} in solvent and inspect for wear or
damage. Inspect shait sleeves, bushings, seal components
and wear rings. .

All running clearances (wear rings, etc.) must be accurately
measured for excessive wear. No damaged or worn parts
should be re-used.

MECHANICAL SEAL The sealing surfaces of mechanical
seals are highly polished and optically flat. Care must be
used to keep these surfaces perfectly clean and free from
substances that would mar seal faces.

Before completing seal installation, wipe sealing faces per-
fectly clean.

Be sure to follow seal manufacturer’s instructions for instal-
lation and maintenance. See the seal manufacturer's draw-
ing for correct assembly and seal setting. New O-rings,
springs, and faces should be installed.

SHAFTS Inspect shafts for burrs or scratches. File off
burrs and smooth resuliing file marks with crocus cloth,
Polish shaft with crocus cloth at location of impellers, seal,
coupling, sleeves and bushings.

The shaft must be handled with care and supported evenly
throughout its length 1o insure straightness. Avoid bumping,
hitting or springing the shaft.

Check runout. Carefuily rest the shaft on precision rollers to
perform concentricity inspection. Straighten or replace if
runout exceeds specification maximum.

A shaft up to 2% in. diameter must be straight within .0005
in/ft (.0127Y mm/.305 m) with maximum runout of .005 in.
(.127 mm) TIR. A shaft of 22 in. and larger diameter must be
straight within .001 in./ft (.0254 mm/.305 m) with maximum
runout of .10 in. (.254 mm) TIR.

IMPELLERS Inspectimpellersfor wear ordamage. Particu-
larty look for cavitation marks (pits} in the suction opening,
erosion of vanes and cracks in the shroud. Minor irregulari-
ties may be smoothed with a fine file and crocus cloth. Rings
may be machined if proper equipment is availabie, but only
within allowable clearance.

BOWLS Check bowls for burrs, chips, cracks or other
damage. Minor irregularities may be smoothed with a fine
file and crocus cloth.

WEAR RINGS, BUSHING AND SLEEVEINSPECTION In-
spect wear rings, bushings and sleeves for nicks and
scratches.

WEAR RING CLEARANCES Replace wear rings when
pump performance drops below system standards.

Measure clearance between corresponding sets of rings.
Compare impetller ring OD and case ring ID. Use several
measurement locations, then subtract smallest OD from
largest ID to determine diametrai clearance.




Shaft Minimum running
diameter clearance {diametral)

0.50 -1.4% in. 005 in, {127 mm)
1.50-2.49 008 (.152 )
2.50-3.49 007 {178 )
3.50 -4.49 008 {203 )
4.50-4.99 .00% {.229 )
5.00 -5.49 .010  {.254 )

Fig. 26 Bushing clearance at
pumpage temperature

CARBON BUSHING REPLACEMENT

ARBOR OR
HYRRAULIC PRESS
ARBOR CENTERING

TOCOL

STEPPED ARBOR
QR MANDREL

BUSHING

CHAMFER—fa )

HOUSING —— Apmrisn-sr

SNAP RINGS

{sore applications)~—[ A } |

Fig. 27 Graphite bushing press

WEAR RING MINIMUM RUNNING CLEARANCES Mini-
mum running clearances for APl Standard 610 and Bingham
Standard Clearance are listed. Uniess specified, wear ring
clearances on the VCR, VCR-DS&, and VTR are in accord-
ance with Bingham Standard Clearances.

DIAMETER MINIMUM DIAMETRAL CLEARANCE
OF ROTATING
MEMBER BINGHAM BINGHAM “HOT"
AT CLEARANCE STANDARD OR API STANDARD

2.000 - 2.499 in.  0.008 in. (6.203 mm) 0.031 in. {0.279 mm}
2,500 - 2.999 0.009 (0.229 ) 0.012 (0305 )
3.000 - 3.499 0.010 (0254 ) 0.014 (0358 )
3.500 - 3.999 0.011  (0.279 ) G016 {0408 )
4.000 - 4.499 0.011 (0272 ) 0.016 {0.406 )
4.500 - 4.999 0.012 (0306 ) 0.018 (0406 )
5.000 - 5.999 0.013 (0330 ) 0.017 (0432 )

For cast iron, bronze, hardened 11-13 percent chromium,

and materiais of similar iow galling tendencies, the minimum ™ «

clearances shall be used. For diameters greater than 5.999
in. (152.37 mm), add 0.001 in. (0.025 mm) for each additional
inch {25 mm) of diameter or fraction thereof.

For materiai with greater galling tendencies and/or operat-
ing temperature above 500°F {260° C), 0.005 in. (0.127 mm)
shall be added to AP| Standard diametral clearances.

Remové graghite bushings by pressing or breaking them out
of their seat. Use care to avoid housing damage.

Use an arbor centering tool, astepped arbor or mandrel and
a hydraulic press to install the bushings. The self-centering
tool and arbor are machined in the field. The arbor or man-
drel insures that the bushing is correctly positioned.

The smalil diameter of the arbor should be 1/32 in. {.8 mm)
smaller than inside diameter of the bushing. The large out-
side diameter of the arbor should be 1/32 in. {8 mm) smaller
than the outside diameter of the bushing.

Surfaces X and Y (Fig. 27) must be parallel before and during
pressing to insure final correct fit.

The bushings can be pressed dry, buta dip coat of water will
provide additional lubrication. During the press, pressure
must be applied continuously. Maximum press speed is 8
inches per minute.

NOTE: Graphite bushings can be broken if incorrectly in-
stalled. While installing the bushing do not stop and start the
press, use a continuous motion.

Renew retaining rings at time of bushing renewal.

The |D of a graphite bushing becomes smaller after installa-
tion due to the reaction of press fitling. Wait 24 hours before
measurement of |1D.
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'WEAR RING REPLACEMENT

/

|

ZRIND 35L0TS AS SHOWN IN BOWL

|

4

Lo h)
=

0120

hY

SECTION AA

R
TYPICAL

RING AND TACK WELD AT HOUSING
FOR POSITIVE LOCKING.
NOTE: USE THIS PROCEDURE WITH
PRESS FITSTATIONARY PARTS ONLY
fFOR REQUIRED APILOTKING ).

.

— N

BOWL
BOWL
RING

Fig. 28 Size 6A-10B bowl ring locking

\— STAKE EACH SIDE

Fig. 29 Size 12A-22A bowl ring locking

Fig. 30

SAW OFF,
FILE FLAT AND
SMOOTH/

MAC

(FOR

a.31i

HINE SCREW

CLEARANCE DRILL

RINGS)

n.

MIN THREAD

[use PLUG TAP, LEAVE TWO
IMPERFECT THREADS
L FILE FLAT AND SMOOTH

Impeller ring locking

18

ROUND HD MACHINE DRILL SIZE
RING DIA. | SCREWS AISI 316 MATL | (FOR RINGS)
oD, in. qiy. & size in. alpha drill=in.
to 6.50 3of%.-28x .75 long “F" drill = 257
6.51-10.00 3of%-28x 75 long “F" drill = .257
10.51-15.00 6 of 5r6-18 x 1.00 long P drill = 323
15.01-up 6 of %-24 x 1.00 long "W drill = 386
Fig. 31 Impeller locking screw size

NOTE: If newimpeller rings are installed, case rings should
also be replaced.

WEAR RING REMOVAL Remove wear rings by first remov-
ing setscrews and/or grinding off welds. Drill out setscrews;
an extractor may be used. A hote may be drilled into thering
to further relax the metal.

Insert a pulling tool or pry bar between ring and seat. Apply
pressure evenly {0 remove ring.

BOWL RINGS Before installing new case rings, be sure
rings and seats are clean and free of burrs,

1. Carefully tap rings into place, chamfer to inside.

Lock case ring in place as originally fastened, by tack
welding or setscrews.

Setscrews:

2. Drillandtap forinstallation of three 1/4-20 UNC x 3/4 in.
long stainless steel hexagon socket, cup peint, set-
screws. Offset drilled hole .03 in. (.76 mm) toward case
in order to minimize drill wander.

3. Install socket head setscrews. Use care during installa-
tion in order {o avoid ring distortion.

4. Use a center punch and hammer o stake setscrews in
place.

IMPELLER RINGS Beforeinstalling new impeller rings, be
sure rings and impetler seats are ctean and free of burrs.

1. New locking screw holes will be drilled in the impeller.
The old screw holes may be filied by installing stainless
steel machine screws. Saw screws off close to impeller.
Then file screws flush with surface.

2. Heat rings before installation.

NOTE: Preferred method of heating wear rings is by
electric oven or hot oil bath. Heating by torch is not
recommended due to uneven heating stresses. If heated
with a torch, use a "soft" flame and heat siowly and
evenly.

3. Install rings so locking screw holes do not align with old
holes or with any impeller vanes. Note that chamfer isin
correct position. Let rings cool.

4. Drill new locking screw hole inte impeller, using ring
holes as a guide. Holes must be at least as deep into
impeller as they are wide. Be very careful not to drill
through impeller shroud.

5. Tap threads but ieave imperfect threads at bottom so
screws will bind to lock.

6. Install stainless stee! machine screws so that they bind
tightly within imperfect threads. Being very careful of
ring surface, saw off tops of screws, file flush and finish
with crocus cloth. Remove any slivers ieft after filing.

CAUTION: Check dress of screws. High spots or loose
pieces can quickly score the close-fit wear ring surfaces.
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ASSEMBLY, GENERAL

TORQUE VALUES

CLEANLINESS During assembly, it is essential that all
parts be absolutely clean and {ree of oil or dust. Technical
grade acetone is recommended for cleaning machined sur-
faces immediately before assembly. Air dry (use filtered, dry
air) cleaned parts in a dust-free area.

WARNING: Acetone is extremely volatile and flammable.
Work only in a well-ventilated area, away from heat or flarme.
A “nosmoking” rule must be strictly enforced, and care must
be taken to prevent $parks.

USE NEW PARTS All gaskets, O-rings, lockwire and
retaining rings must be replaced each time pump is disas-
sembied.

ROTATING ELEMENT Ensure that shaft has been pol-
ished at locations of impeller, seal and coupling.

BINDING Check for freedom of rotation during bow! unit
assemtly. A half turn of the shaft is sufficient to indicate
binding.

COLUMNNUMBERSELECTION Look foragrade
identification marking on the fastener, then refer to
appropriate column in the torque table. The mate-
rial into which the fasteneris threaded must also be
considered. A¥ain. fastenerof A193 Gr B7, threaded
into AlISI316 S8 material, is torqued tc 70 Ibfeft. The
same fastener in a steel raised face flange with
gasket is torqued to 165 Ibfeft, (column 1}, Where
material is unknown, select proper column accord-
ing to following guidelines:

TYPEVCR/VTRTYPICALTORQUE SELECTIONS Torgue
selections given here are based on typical fastener size,
applications and material. Bestresults are obtained by use of
the correct torque value based on fastener grade identifica-
tion marking.

Suggested torgue values are recommended to attain proper
gasket compression and achieve tight, evenly stressed joints
with a minimum probability of nuts, bolts crstuds breaking
or lcosening.

THREAD LUBE Lubricate all threads with graphite and oil,

AESE;(-:%\?]'EISN SS'M%%E molybenum disuiphide, or another lubricant of comparable
Bowl - BOw 7, guality, except in instances where lubricants are incompati-
bowl - suction bell with steel ble with fastener application.
column - column fastener . . ) )
discharge head - or EVEN LOADING Tighten opposing fastenings in an alter-

suction well 3, nating sequence to ensure even loading. Avoid possible
with SS distortion by use of correct tightening sequence.
fastener
impeller retainer 2 Run up ail nuts finger tight. Develop the required fastener
seal gland . . .
driver stend < stregs in three steps, with a maximum 50 percent torgque on
discharge head the first pass.
driver-driver stand 3 . )
pump mounting VENDOR EQUIPMENT Refer to vendor instructions for
coupling proper torgue values on vendor-supplied equipment.
COLUMN NUMBER 1 2 3
Med. Carbon & Alloy Steel AlSI 304, 316 S5 Carbon Stesl
MAKEFSIAL SAE GrS ASTM A193 Gr B8, BEM SAEGr1or2
GRADE ASTM A193 Gr B7, BTM Monel ASTM A307 GrAcorB
AJ25, Ad49 Al Bronze
CLigﬁ:éNG (lubricated) 60,000 psi 20,000 psi 37,500 psi
PRODUCED | {non-lube) 45,000 psi 15,000 psi 28,000 psi
Yin. - 16 24 [bfeft{ 33 Nemn) 8 Ibfeft { 11 Nem) 15 Ibfeft [ 20 Nem)
ne - 14 40 { 54 ) 13 { 18 ) 25 { 34 )
% .13 80 ( 81 ) 20 {27 ) 38 { 52 )
% -11 120 { 163 ) 40 { 54 ) 75 (102 }
% -10 220 { 208 ) 70 {95 } 135 (183 )
T o- 9 340 { 481 Y| vie (149 } 210 (285 )
1 -8 520 { 705 Y| o170 {230 ) 325 {441 )
th - 8 750 (1.017 Y| 250 (339 ) 470 (637 ) 19
1% - 8 1.050 (1.424 11350 (475 ) 655 (888 )




ASSEMBLY
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BOWL UNIT ASSEMBLY The iollowing procedure begins
by adding components to the first stage, working upward. A
pump with a six to fourteen inch bowi size (BA-14A) may be
readily assembled by starting with the top components. A
specific pump may have component variations, see cross
section drawing and parts list:

1.
2.

3a.
3b.

3c.

7a.

7h.

Install first stage impeller key into shaft.
Slide first stage impelter onto shaft, over the key.
Sizes BA-14A Secure impeller with retaining rings,

Sizes 14B-22A Secure impeller with lockcollar. Tighten
capscrews, see TORQUE VALUES. Use lockwire ic
secure capscrews.

Shaft sleeves, if provided, are now mounted.
Install suction bell sieeve, key and retaining rings.
Install first stage sleeve, key and retaining rings.

Slide suction bell and first stage bowl into place, taking
care not to damage bowl bushing. Fasten bowl to
suction bell. See TORQUE VALUES.

VCR AND YCR-DS (Closed Impelier) Continue to as-
semble remaining impellers and bowls, checking after
each stage is assembied for freedom of rotation.

VTR AND VTR-DS (Semi-Open Impeller) Push shaft to
suction end until second stage impeller is resting on
wear surface then lock shaft and impelter by utilizing
tapped hole at shaft bottom. When assembling stage 3
and higher, use shims as necessary between impeller
hub and thrust ring so that each suceeding impeller is
positioned against the bow! wear surface (within .002
in. or .051 mm).

BOWL, COLUMN, DISCHARGE HEAD ASSEMBLY See
INSTALLATION, INSTALLATION of PARTIALLY ASSEM-
BLED PUMP.
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TROUBLESHOOTING

MALFUNCTION

PROBABLE CAUSE

REMEDY

Pump fails to start pumping.

Pump not properly primed.
Suction line clogged.
Impeller clogged with foreign

material.

Wrong direction of rofation.

Suction lift too high.

Reprime pump, be sure that suction
line shutoff valve is fully open.

Check suction line pressure. If low,
locate and remove obstructions.

Back-flush pump to clean impelier.

Be sure pump and driver rotate in
indicated direction. See"direction of
rotation™ arrows on pump and driver
cases.

Check with vacuum gauge. Suc-
tion pipe too iong; shorten.

Pump output not up to
capacity or pressure.

Air leak in suction line or
through stuifingbox.

Impeller partly clogged.

Worn case rings or impeller
rings.

Insufficient positive head in
suction line.

Befective or broken impelier,

Check for ieakage and correct.

Back-flush pump to ciean impel-
ler.

Repiace defective parts as re-
quired.

Ensure that suction line shutoff
valveis fully open and line is unob-
structed.

Inspect and repiace if necessary.

Pump starts, then stops
pumping.

Improperly primed pump.

Air or vapor pockets in suc-
tion line.

Reprime pump,

Rearrange piping as necessary, to
eliminate air pockets,

Undue vibration of pump.

Partly clogged impeller caus-
causing imbalance.

Broken or bent impeller or
shaft.

Worn bearings.

Suction ar discharge piping
not anchored or property sup-
ported.

If pump is noisy, it is vapor-
bound.

Back-flush pump to clean impeller.

Replace defective parts as re-
quired.

Replace.

Anchor them per Hydraulic Insti-
tute Manual recommendations.

Vent and bleed case. Reprime
pump.

Excessive eakage from

Defective mechanicat sezl
parts.

Overheating mechanical seal.

Replace defective parts.

Check lubrication and cooling lines.

Motor runs hot.

Suction head lower than rat-
ing; pumping too much liquid.

Moter rated at lower viscosity/
specific gravity than that of
pumpage.

Contact nearest Bingham-Willam-
ette saies office for rating review.

Contact nearest Bingham-Willam-
ette sales office for rating review.
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SPARE PARTS

REPLACEMENT PARTS

ORDERING INFORMATION

Spare parts should be kept on hand to reduce downtime.
Service of a particular pump determines number of spare
parts. It is recommended that the foliowing parts be stocked:

1 Set of Gaskets and O-Rings

Set of Wear Rings with Setscrews
Set of Shaft Sieeves

Mechanical Seal

Set of Impellers

Set of Bushings

Set of Retaining Rings

—_ el 1

Order parts through a local Bingham-Willamette field office.
Provide: .

{1) Pump serial number

(2) Cross section drawing number

(3) Description of part

(4) The number of part as shown on cross section drawing
and parts list.




BINGHAM-WILLAMETTE COMPANY
A Division of GUY F. ATKINSON Company
PORTLAND, OREGON » SHREVEPORT, LOUISIANA

BINGHAM-WILLAMETTE LTD.
A GUY F. ATKINSON Company
VANCQOUVER, B.C. » CAMBRIDGE, ONTARIO
CANADA
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FORM NO, 429

Parts PUMP:CASOLINE/JET FUEL/DIESEL/PIPELINE |PUMP SERIAL NO.
; ggiiAgiérgﬁgggggs PIPELINE LTD. 48290,/291
TYPE: 8x12x16A VCR |SHEET DRAWING
LlSt 3 STG. NO. 1 of 1 [NO. B-4B250-3
PAﬁT NO. DESCRIPTION PART NO. DESCRIPTION
101 DISCHARGE HEAD 527 COUPLING HUB-PUMP
105 RECEIVER CAN 528 COUPLING HUB-DRIVER
106 STUD 529 ADJUSTING NUT
107 NUT 530 THRUST RING
108 "O"-RING 531 SPACER
201 BELL, SUCTION 539 COUPLING GUARD
202 RING, CASE 102 PLUG - 3/4"
204 BUSHING
205 RING, RETAINING
206 COVER
208 PLATE, FLOW DIFFUSING
215 BOWL
216 RING, CASE R g
218 | BUSHING Z Z
230 ADAPTOR, ELEMENT 2 5
232 PUMP SHAFT Y "
245 IMPELLER, 1ST STAGE & i
246 RING, WEAR {IMPELLER = -
EYE) % :
247 RING, WEAR (IMPELLER 3 z
HUB) « .
E o]
251 IMPELLER, SERIES -
STAGE
252 RING, WEAR (IMP. EYE
AND HUB)
255 KEY
257 |:COLLAR, LOCK
502 DRIVER STAND
507 JACKSCREW PAD
509 JACKSCREWS
510 TAPER PINS
Unnumbered ports in the illustrations are the some a3 caorreiponding parts with numbers.

i

- .
Foctories: PORTLAND, OREGON e SHREVEPORT , LOUISIANA o VANCOUVER, B. C. CANADA
I— I E———
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PARTS LIST

PARTS LIST

N DESCRIPTION  |&% || "A87 | DESCRIPTION |t
402 STUFFING BOX a42 ScrewW Y4 % Fgin
403 "0"RING 413 STUD Fax 4 Lc
404 BUSHING,STUFF BOX 414 NUT B4
408 CAPSCREW 4% 2%l 421 PLUG 3/a
409 PIPE PUlG 2 ][ 423 MECH ANICAL S&AL
4t THROAT BUSHING 42.4 PLua %
TN
NOTE: SEE. JoWA CRANE. . [ 4‘3)
DW&. CF-SP-9006(-} Fo= SEAL L Ene N
DETAILS : - T\}\
54 ) ,\\‘ FARY..
/§£; N
1 ~.
| R 424
l-l'\.'.
24 -

STUFFING BOX ASSEMBLY

STUFFING BOX ASSEMBLY

FIGURE 2

UMP DEPARTMENT o
NGHAM W'g‘;&“ TTE CO.

PORT, LA.

A-4B290-2

‘ B C COMPA

OUVER B.C

LTD.




TR o S ; | MASTER B 21733

LEGEND oo - - s UNIT DATA ;
A PiFE PLUG Il PROTECTIVE CAP L LK PUMP SPEC!FICAT!ONS
ITEM IPED BY BINGHAM TAP . MONONNANNNN AN
= T S : SIZEand TYPE, £ o0 1o.n VCR
- NO. STAGES: = RPM: | 460 TRT
1 i : ; . : _
B |BY-PASS CONNECTION e V2 s S OTATION,  C & W (5w,
¢ ] ! CE.  [DISCHARGE FIG. ~ "- 300 FANSI RF.
D Deard L;’j“‘Ji‘JE:_ff.--"\‘.} -&_ ?‘f(_‘, W.[C_}ﬂal%g EC_.'l l35 ‘/2‘4_) O SUCT]ON FLANGE.IZ—H-3OO #ANS] R.F
E | DRIVER STAUD DRAIN V2 | o] | (500 ([9'3. =5 MECH. SEAL Cr/ iiln £
F r - BQ TYPE: Cagr<y 5=CODE: R\t -
Y EL L [ RACKING—— - .
G | GAGE CONNECTION PN LR ox|= : |
H ; — v NEAT 2l NO—RINGS- SIZE:
K ] “@r;?gf“{ssi ) 4 P.T. CONDUIT g FESERMBLY: .
vy T oUT % |« M CONNECTION /—’—43—\ o COUPLING ' |
QUENCH N an 2 ) , “ ' w ™ FOUSTARLE FLANGE SPACER T2
N : > ] ' S| [MFG. BY BINGHAM WILLAMETTE
P | VENT CONNECTION alll | ! ) ] <o Pt Gt — ALLIGl San
R |RETURN TO SUCTION CONN. |o | 2/4| [C]PIDISCH. N AV t T ag%, O 2
S ' ! (heo) O DRIVER SPECIFICATIONS
. | [l 7 . 9 [DRIVER_LOuis ALLLS
_ D g - e D =" [FURNISHED BY: OT e
NOTE - ' 4 (2845) o :
. B -~ A = AT Ty / l M + ; " L \/ FRAME 4—46 !——t-J )
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INSTALLATION INSTRUCTIONS FOR

JOHN CRANE TYPE 8B-1 SEAL

GENERAL INSTRUCTIONS

1. BE SURE TO READ ALL INSTRUCTIONS
CAREFULLY BEFORE INSTALLING SEAL.

2. A seal installation drawing containing sapecific
dimensional data and notes is packaged with each
seal. It is important that this information be read
and followed closely for best operating results.

PREPARING THE EQUIPMENT

1. Check concentricity between the bore of the
stuffing box and the shaft. This should not exceed
010" TIR.

2. Check to see that the face of the stuffing box
is square with shaft to within .005" TIR. This face
must alsc be smooth enough to form a good sealing
surface for & gasket or ‘O ring. (On field conver-
sions a portable facing tool can be furnished by
Crane Packing Company.)

3. After dismantling pump, check to see that shaft
or sleeve is completely free of pits, burrs, or sharp
edges to prevent cutting or improper sealing of
“0" ring. Surface finish of shaft or sleeve must
be highly polished to dimensions and tolerances
indicated on seal installation drawing.

BEFORE STARTING UNIT

1. Check to make certain that the by-pass line is
open and free of any obstruction which might inter-
fere with circulation or cooling liguid for seal.

Printed in U.5.A.

OVER

3, The “JOHN CRANE’’ Type BB-l seal is a pre-
cision product. To assure satisfactory operation
handle it with care, Take particular caution to see
that the lapped sealing faces are not scratched or
marred.

4. Packaged shaft zeals are shipped as -acom-
pletely assembled unit for easy installation (See
Figure 2).

4, Check to see that end of shaft or sleeve has a
proper 1/16" R,

5. Check shaft or sleeve diameter and stuffing box
bore dimensions to see that they agree with those
shown on layout drawing.

6. Check pump at coupling for proper alignment of
the driver. (Spool type coupling are recommended
and when used on split case pump permits replace-
ment of inboard seal without removing top half of
casing. This type coupling is especially recom-
mended for vertical type pumps where final adjust-
ment of shaft is required.)

2. Befote start up bleed all vapor from seal cavity.
It is necessary to insure a liquid environment for
effective seal operation. A gaseous entrapment
within the seal cavity will cause dry runnmg and
diminished seal life.

Form 5-300
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‘INSTALLING THE SEAL ASSEMBLY IN UNIT

£ | =k R WS \ \\\\\\%

FIGURE 1

1. Before installing seal, lubricate ID of seal ‘0"’
ring {1). Alse coat shaft or sleeve, over which
seal will pass, with a film of lubricant. Required
lubricant for all ““O’’ ring materials except Crane-
last* is tobe SAE #10 or #20 lube oils. When Crane-
last material is used for ‘'O'’ rings, no oil may be
used. Oil is harmful to Cranelast Elastomer. It is
recommended that a 3% detergent solution be used
or other types of mild socap solutions for instal-
lation purposes.

2. Lock Pump Bearings in place.

3. Install seal on shaft or sleeve to dimensions
noted on seal installation drawing, tiphten set
screws (2) in tetainer (3). We suggest locking set
screws with a punch to prevent loosening. {Bear in
mind that at some future date the set screws will
have to be removed.)

4. Before installing seat, lubricate seat *‘0’* ring
{4). (For proper lubricant to be used see note #1.)
Insert seat (5) into end plate (6) using finger pres-
sure only.

5. Thoroughly clean both lapped faces of seat (5)
and washer (7) with a clean, but lint-free, cloth or
lens wiper. Lubricate both seat and washer faces
with a light film of clean SAE #10 oil. If Cranelast
materials are being used lubricate the seal faces
with same lubricants indicated in paragraph 1.

6. Bring up end plate (6) against face of stuffing
box and draw bolts up evenly. Use special care in
assembling to avoid damaging rotating washer
and stationary seat.

7. Important Note: Tighten end plate.until metal
¢ matal rTontact i.,'aﬁ;e'en plate and- housiag -is.
realizéd. Do not ovér-staess due tp hazards of dis-
torting seal seat

FIGURE 2

1. This seal is shipped as a completely as-
sembled “PACKAGED’' unit, It is not necessary
to do any dismanteling ss the seal is assembled
at our factery for easy installation.

2, Lubricate sleeve ‘“'O' ring (A) and shaft
thoroughly with lubricant and slip complete as-
sembly on shaft. Required lubricant for all *‘O"
ring materials except Cranelast is to be SAE #10
or #20 lube oils. When Cranelast material is used
for ‘0"’ rings, no oil may be used. Qil is harmful
to Cranelast Elastomer. It is recommended that a
3% detergent sclution be used or other types of
mild soap solutions for installation purposes.

3. Bolt end plate to face of the pump.

4. Tighten end plate until metal to metal contact
between plate and housing is realized. Do not
overstress due to hazards of distorting seal seat.

5. Lock pump bearings in place.

6. Securely tighten all set screws {B) in the set
screw collar (C), {On vertical pump this operation
is done after coupling is made up.)

7. Remove the split spacer gasket (D) from be-
tween the end plate and set screw collar.

*Cra\neh_alst is . Crane Packing.Co'mpany trade name
Hor_atgpegial élastomeric. compeund,
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BINGHAM VERTICAL DRIVER COUPLINGS e

y 18, 1968
_SPLIT SLEEVE CGOUPLINGS and FLANGED COUPLINGS
SLEEVE COUPLINGS

Flg.1 SPLIT SLEEYE SPACER COUPLING
This ;uypling is psed on clased type impeller pumps at speeds of 1170 rpm and highear

Fig.2  SPLIT SLEEVE SPACER COUPLING

This coupling is similar to Fig.,1 and is wsed on semi-apen impeller pumps
to permit vertical adjustment of shaft far proper impellier clearances.

el

w Fig.3 SPLIT SLEEVE SPACER COUPLING

This caypling is simifar [ahh

to Fig.! and is used on __4 -
arocess type pumps having r" \ . —]
high suction pressures

angd generally low horse- '
powers.

-

The small diameler pump
shaft reduces the pump
end thrust, thus zpa-
bling a normal thrust
driver to be used. &
pinned type coupling de-
sign is shown.

A threaded design is a-
vailable ta allow fat
shaft adjustment on semi-
oper type impeller pumps.

- OORX —
HI
i
FLANGED COUPLINGS j'if
Fig. 5 Fig. § fi
FLANGED TYPE COUPLING FLANGED TYPE COUPLING ZdMl
witheut SPACER with SPACER “HI
This coupling is used an pumps This coupling is similar to I i F
ith shaft diameters above 27" and Fig.5 hut has a spacer to .
;;l EXG:EdiﬂE 18440 rpm. 4 ailex for mechanical seal M, | !
maintenance without disturb- 7
ing the driver

DRA¥ING NO., WP-273
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i : W Factaries: PORTLAMD, OREGON . YANCOUYER, B. C. CAMADA
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AUDIO-VISUAL TRAINING PROGRAMS

Audio-visual training programs
are available for many types of
Bingham-Willamette pumps.
Most programs deal with pump
and bearing disassembly, in-
spection and reassembly.

The programs are in 2X2 siidé format with an automatically synchronized
cassette tape. Program guides are also furnished. The guides are a written
version of the program, including photographs and script.

's Y ' ~ ( \

\, J . y - J

New programs are constantly being developed for typical pumps. In addition,
Bingham can provide programs for individual orders on a contractual basis.
Contact your Bingham-Willametie sales office for more information on
program availability.
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BINGHAM SALES OFFICES

DOMESTIC

ATLANTA, GEORGIA 30338
Heyward, Incorporated

5 Dunwoody Park, Suite 120
PH: (404) 394-6140

TELEX: 707-456

BIRMINGHAM, ALABAMA 35202
Engineered Process Equipment, Inc.
PO. Box 11022

PH: (205) 942-0730

TELEX: 782-183

BOSTON, MASSACHUSETTS
Bingham-Willamette Co.

46 Church Street

Braintree, MA 02184

PH: (617) B48-3332

TELEX: 940-207

CHARLOTTE, NO. CARCLINA 28203

Heyward, Incorporated
P.0. Box 3066

PH: (704) 372-5805
TELEX: 572-376

CHICAGO METROPOLITAN OFFICE

Bingham-Willamette Co.
7667 West 95th Street
Suite 305

Hickory Hills, IL 60457
PH: (312) 568-3010
TELEX: 253-599

INTERNATIONAL

CINCINNATI, OHIO 45227
Bingham-Willamette Co.
5725 Dragon Way

PH: (513) 271-5552
TELEX: 214-276

DENVER, COLORADO 80222
Bingham-Willamette Co.

6000 East Evans Ave,

Suite 425, Bidg. 1

HOUSTON, TEXAS 77027
Bingham-Willamette Co.
Executive Plaza Building
4615 Southwest Freeway
Suite 435E

PH: (713) 626-4652
TELEX: 762-370

JACKSONVILLE, FLORIDA
Heyward, Incorporated

P.O. Box 795

Qrange Park, FL 32073

PH: (904) 264-3555

TELEX; 568-434

KANSAS CITY, KANSAS
Dyn Magc Carporation
2210 West 75th Street
Prairie Village, KS 66208
PH: (913) 362-9636
TELEX: 426-155

LOS ANGELES AREA
Bingham-Willametie Co.
11050 Artesia Blvd.
Suite G

Cerritos, CA S0701

PH: (213) B60-7122
TELEX: 698-361

MIDLAND, TEXAS 79701
Dyn Mac Corporation

310 Mid America Building
PH: (915) 684-4002

MOBILE, ALABAMA 36601

Engineered Process Equipment, Inc.

RO. Box 1985
PH: (205) 433-8793

NEW ORLEANS, LOUISIANA 70184

Singham-Willamette Co.
PO. Box 24006

PH: (504) 887-5407
TELEX: 5B4-130

NEW YORK
METROPOLITAN OFFICE
Bingham-Willamette Co.

377 Route 17, Suite 600
Hasbrouck Heights, NJ 07604
NJ PH: (201) 288-6850

NY PH: (212) 7368-1910
TELEX: 642-898

NORTHWEST
REGIONAL OFFICE
Bingham-Willamette Co.
RO, Box 10247
Partland, Oregon 87210
PH: (503) 226-5216
TELEX: 360-516

ST. LOUIS OFFICE
Bingham-Willamette Co.
6025 Wildwood Court
High Ridge, MO 630498
PH: (314) 677-3420

*SALT LAKE CITY QFFICE
Phil York Company, Inc.
PO. Box 246

Woods Cross, UT 84087
PH: (801) 208-3626
TELEX: 388-429

SAN FRANCISCO AREA
Bingham-Willamette Co.
FO.Box 878

Orinda, CA 94563

PH: (415) 254-0514
TELEX: 338-533

TULSA, OKLAHOMA 74145
Dyn Mac Corporaticn
7925 East 40th

PH: (918) 627-0110
TELEX: 492-454

“Yacuum/Compressors Only

AUSTRALIA

Glencraig Engineering &
Instailatior: Co. Pty Ltd,

Cnr. Leslie & Somerleigh Roads

Brooklyn, Vic. 3025

Australia

PH: 314-8431, 314-8432

VANCOUVER, B.C., CANADA
Bingham-Willametie Ltd,

4129 Lozells Avenue

Bumaby, B.C. V5A 2725

PH: (604) 420-5330

TELEX: 043-54825

CALGARY, ALBERTA, CANADA
Bingham-Willamette Ltd.

200 J. Haddon Road

Calgary, Alta. T2V 2Y86

PH: {403} 253-7651

TELEX: 038-25675

MONTREAL, QUEBEC, CANADA
8ingham-Willamette Ltd.

Place Peint Claire

225 Hymus Boulevard,

Suite 5

Pointe Claire, Quebec HIR 1G4
PH: (514} 697-7913
TELEX:058-21648

TORONTO, ONTARIO, CANADA
Bingham-Willamette Ltd.

2 Sheppard Ave., East, #606
Willowdale, Ont., M2N 5Y7

PH: (416) 224-5002

TELEX: 069-86769

COLOMBIA, PERU & ECUADOR
Ingenieria y Mercadeo Ltda.
(IMER

Kra. 9, No, 1747, Of. 203
MAILING ADDRESS:
Apartado Aereg No. 53923
Bogotd 2, Colombia
SCUTH AMERICA

PH: 2340736

TELEX: 43254 REWOP CO

EGYPT

SELIMCO

2, Sidi Gaber Street

Sporting, Alexandria
YPT

PH: 45266

TELEX: 4057 Aitn: SELIMCO
TEL: 45266

ANS. BK.: COMALX UN

CABLE ADDRESS: COSELIM

Atexandria, Egypt

HOLLAND
Bingham-Willamette Co.
PO. Box 059

Zuidhoek 19

2371 CA Roelofarendsveen
HOLLAND

PH: (1713) 3975

TELEX: (844) 38426

ANS. BK.: BWCISNL

INDIA

Enterprising Engineers
EO. Box 2160

New Delhi 110007
INDIA

PH: 714902, 714585
TELEX: 31-3303 HIMP
CABLE: PRAMENTER

INDONESIA

P. T. Mitra Bersama
Arthaloka Bldg., 17th Fl.
Jalan Jendral Sudiman 2,
Jakarta, INDONESIA

PH: 587611

TELEX: 46454 MAHRE JKT

TOKYO, JAPAN

Nissho-lwai Co., Ltd.

Tokya Hear Office

4-5, Akasaka 2-chome
Minato-ku

Tokyo 107, JAPAN

PH: (03) 588-2111

TELEX: J22233, J22234
CABLE: NISSHOIWAI TOKYO

SOUTH KOREA

Sun San Enterprise Co., Inc.
Seoul Heavy Industry Division
335 Chang-Dong

Cobongku, Seoul, KOREA
PH: 7760757

KUWAIT

Kuwait Commercial Agency

P.O. Box Ahmadi 9366

Kuwait, State of KUWAIT

PH: 981045, 980184

TELEX: STROLK-4217 KT,
Almulla London 2629-46

PH: 01-581-3033/7

CABLE; COMAGENCY KUWAIT

MEXICY

Bombas Dyna, S. A.
Mariane Escobedo 752-15
Mexico 5, D.F, MEXICO
PH: (905) 533-6948
TELEX: 001774385

ANS; BK.: 1774395

PHILIPPINES

Filipinas industrial Supply, Inc.
PO, Box SM-436, Sta. Mesa
Manila 2806, PHILIPPINES

PH: 77-43-33; 77-40-87, 77-40-81
TELEX: (RCA) 23087 FISI PH
CABLE: Filipinas Maniia

SAUDI ARABIA

Drilling Equipment and
Chemical Company

(DRECCQ)

FP.O.Box 132

Dammam, SAUDI ARABIA

PH: 22814, 23618

TELEX: (928) 601063

ANS. BK. DRECCO 8J

CABLE:DRECCO -

Dammam, Saudi Arabia

TAIWAN

Ail-Refiable Industries, Inc.
PO. Box 816

Taipei, TAIWAN
REPUBLIC OF CHINA
PH: (02) 751-8253
TELEX: 27818 Reindus

VENEZUELA
Venezolana de Tecnologia C.A.
(VENTECA)
Apartado 1942
Maracaibo, VENEZUELA
SOQUTH AMERICA
PH: (061} 917865
(061) 919705
TELEX: 62418 Ceven Ve
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USEFUL METRIC CONVERSIONS FOR
PUMP CHARACTERISTICS & RELATED UNITS

adopted by: *API (American Petroleumn Institute) *ANMC {American National Metric Council) sASME (American Society of Mechanical Engineers) «HI (Hydraulic Institute)

CONVERSION ™

U.S. METRIC
/ MEASUREMENT U.S. UNIT ABBREV. METRIC (SI) UNITS ASBREY. [U.S.TO METRIC | METRIC TO US.
OR SYMBOL (All metric units decimalized) ! OR SYMBOL| MULTIPLIER MULTIPLIER

l("éﬁgﬁ;enr'mg%ﬁgss inch {decimalized) " orin. | millimetre mm 25.4000 0.03237
PLANE ANGLE degree, minute, second °, " | degree (only) ° 1 1
MASS (WEIGHT) pound (decimalized) Ib. or # | kilogram kg 0.4538 2.2046
FORCE pound-force (decimalized) Ibf newtaon N 4.4482 0.2248
TORQUE

(rotational) pound-force-foot Ibffi | newtonsmetre N=m 1.3558 0.7376
WORK ENERGY footpound-force flbf | Joule {N-m) J 1.3558 0.7376
HEAT ENERGY British Thermal Unit BTU | kilojoule kd 1.0551 0.9478
TEMPERATURE degree Fahrenheit °F degree Celsius °C {tr -32) xg- (tox 1.8y + 32
POWER horsepower (550 filbf/s) hp kilowatt (kJ/s} KW 0.7457 1.3410
DENSITY . . . 3

(mass density) pounds per cubic foot Ib/ft2 | kilogram per cubic metre [ kg/m 16.0185 0.0624
FLUID “"HEAD" foot ft,’ metre m 0.3048 3.2808
PRESSURE pounds per square inch psi kilopascal (kN/m?) kPa 5.8848 0.1450
SOUND PRESSURE decibel or db ;

LEVEL microbar (0.002 ubar) ubar micropascal {20 uPa) uPa 100 000 0.000 0
FLOW . .

(pumpage) gallons per minute gpm | cubic metre per hour ma/h 0.2271 4.4029
VELOCITY foot per second fps metre per second m/s 0.3048 3.2808
ACCELERATION foot per second sguared ft/s? | metre per second squared m/s? 0.3048 3.2808
FREQUENCY cycle per second cps hertz Hz 1 1
SPEED OF ROTATION]| revolutions per minute rpm | revolutions per minute r/min 1 1
WR* .

(moment of inertia) pound-foot-squared Ibsft2 | kilogramemetre squared kgem? 0.04214 23.7304
ROTATIONAL gram-inch gein et 25.4000 0.03937
UNBALANCE : : : gramemillimetre gemm

ounce-inch ozsin . 720.1 0.001 382
VISCOSITY centipoise cP millipasczal second mPass 1 1
SPECIFIC SPEED | PTNOPM N |PmNmYh Ns 11620 0.8608
(feet of head)-*s (metres of head)-s Unofficial)

\ (per stage)

NOTE: ELECTRICAL LUNITS SUCH AS AMPERE, VOLT & WATT ARE SAME IN BOTH SYSTEMS

Bingham-Willamette Company

A division of Guy F. Atkinson Company

FACTORIES

PORTLAND, OREGON 97210
2300 N.W, Front Avenusg

P.0. Box 10247

Ph (503) 226-5200

Talex No, 36-0576 Cabla; Bingham

TWX 910-464-8031

SHREVEPORT. LOUISIANA 71129

7303 West Park Road

Ph [318) 687-5711 Telex No. 507486

FACTORIES
VANCOQUVER. B.C.. CANADA

BINGHAM-WILLAMETTE, LTD.
4129 Lozells Ave.. Burnaby, B.C.

VBA2Z5

Ph {604} 420-6330 Telex No. 04354625
CAMBRIDGE, ONTARLD, CANADA

BINGHAM-WILLAMETTE, LTD.

295 Pinebush Road
Cambridge, Ontaric N1R 6R2
Ph (§12) §23-4550

LICENSEE

David Brown Gear Industries Lid.,

Penistone,

Sheffiald 530 684,
Yarkshire, England

Ph 3311 (§1d. code D22-676)
Telex No. 547173

Cable: DABRQCAST

M156.002 10-79 Printedin U.S.A,
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