























































































































































































































5-2 BEARINGS, SYNCHRONIZED GEARS, AND THEIR LUBRICATING SYSTEM

Attached to the outside of the pumping chamber on the motor side is the intermediate flange (30). It contains an
oil slinger {63} which provides the motor-side bearings (54) with lubricating fluid {see Figure b-1).

Attached to the other side of the pumping chamber is the front cover {41}, It contains a splash plate {48) which
- provides the gears {60} and front bearings (84} with lubricating fluid {see Figure 5-1).

Vacuum pump fluid for both the front cover {41) and the intermediate flange (30} is added and drained through
ports in the front cover. Oil level equalization tubes (2/36) connect the two housings (41/30). The sight glass (45)
focated in the front cover is used to determine the pump fluid level for both housings {41/30) (see Figures 4-43
and 5-1).

The gearé {50} in the front cover synchronize the rotation of the impellers {60) {see Section 5-3 and Figure 5-1).

For WA- and WAU-Series pumps, the pump fluid in the motor mount {20} lubricates the bearing (27) in the
intermediate flange (30) in addition to sealing the shaft against atmosphere (see Section B-1-1 and Figure 1-1}.

5-3 PUMPING MECHANISM

i Th_e pumping mechanism of a roots pump consists of two counter-rotating impellers of “figure 8’ design {see
Figure 5-2). Th_e impetiers sweep all internal surfaces of the pumping chamber for positive dispiacement of gases.
The gas drawn in by the pump is compressed by the rotating impeliers and transported to the forevacuum side.
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. Figﬁre b-2. Cross Section of WA/WS Pumping Chamber .

Pump fluid is not required in the pumping chamber because there is no metal-to-metal contact between the
impellers and the chamber walis. Extremely close operating tolerances {see Table 4-4) hold backstreaming toa
minimum without the use of a sealing fluid.

5.4 PROTECTION AGAINST HIGH PRESSURE DIFFERENCE

The pressure difference between the intake and tha outlet of the roots pump should not exceed the values listed
for your pump model in Tables 2-2 and 2-3, Running the pumnp above the maximum pressure difference increases
the work of compression resulting in high power consumption and warming of the roots pump. If the pump is run
cantinuously above the maximum pressure difference, the impellers may become hotter than the pump housing
and thus expand more than the housing causing pump seizure. In general, the maximum pressure difference can
be exceeded for short periods {3 minates) if smali chambers are being evacuated.
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Section 5-4 Cont.

5-4-1

5-4-2

The WA- and W5-Series and the WAU- and WSL-Series pumps contain different solutions to this problem.
WA- and WS-Series Pumps

The WA- and WS-Series pumps come with the diaphragm pressure switch (11). The pressure switch, when
connected to the opticnal SV 110 contact amplifier (see Appendix A} or the optional Power Control Unit {see

Appendix B}, automatically protects your roots pump from operating above the maximum pressure difference.
This system works as follows:

When the backing pump has evacuated the system to a preset pressure, the diaphragm in the diaphragm
pressure switch bulges and closes a microcontact. This operates the SV 110 contact amplifier which amplifies
the signal enough to actuate the motor starter of the roots pump.

The SV 110 and the Power Control Unit contain a built-in time delay to prevent the roots pump from being
shut down as a result of short pressure burst or fluttering of the pressure switch, A more permanent increase

in pressure will result in the SV 110 or the Power Control Unit shutting off the roots pump. See Appendices
A and B for additional information on the 8V 110 and Power Control Unit,

WALI- and WSU-Series Pumps

The WAU- and WSU-Series pumps come with a built-in bypass line containing a differential pressure relief valve to
ensure that the maximum pressure difference between the intake and the outlet port is not exceeded (see Figure
5-3}. A weight-and-spring-Joaded compensation vaive opens if the pressure difference is too high. The portion of
the gas that is greater than the capacity of the backing pump is returned from the roots pump outlet, through the

bypass line and pressure relief valve, and into the intake of the roots pump. Therefore, no additional protective
control units for ON and OFF switching of the pump are required.

The WAU- and WSU-Series roots pumps can be switched ON at atmospheric pressure along with the backing
pump. Because the roots pump starts at atmosphere, it takes less time to evacuate the vessel. Even at varying gas
loads {e.q., inrush of air}, the pump and the motor are always safely protected against overloading.

PRESSURE
RELIEF VALVE PUMP INTAKE
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Figure 5-3. Cross Section of WAU/WSU Pumping Chamber,
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SECTION 6

TROUBLESHOOTING

WARNING: BEFORE BEGINNING WORK ON THE PUMP, BE SURE TO READ ALL WARNINGS AND CAUTIONS
IN SECTION 4-1-1 AND AT THE BEGINNING OF SECTION 4-2.

Most corrective maintenance problems c¢an be resoclved by using the Troubleshooting Chart {Table 6-1). Table 4-5 1s
also useful for troubleshooting problems. For repairs beyond the scope of this manual, contact your nearest Leybold
Sales Office for the location of your nearest service center,

Table 6-1 contains the instructions for troubleshooting your pump if a malfunction occurs. To use the table, first
observe the symptom, then locate the trouble area, and perform the recommended corrective action, if disassembly of a
component is necessary to perform the corrective action, refer to the steps listed in the “Repair Steps” column of Table
6-1. |f the Table recommends cleaning, use the general cleaning instructions in Section 4-3-1 or 4-3-2, in addition to any
specific “Repair Steps” recommended. '

CONTENTS
Symptom Page
1. Pump becomes too hot {max. operating temperature is
100° 10 115°C or 212710 230°F) L Lot 86
2. Exeessive power consumption or circuit breaker or motor overioads are tripping ... ..., ... ... .. 88
3. The pumping chamber is contaminated with pump fluid .. .. ... ... ... o oo ol 89
4, Abnormal rUNNING NOISE « . . o e e e e e e e e 90
5. Pump fluid is leaking from PUMIP . . . . o o e 91
6. Pumngp fluid has an unusual color or odor or is very dark, dirty, orturbid . ... ... . ... oL L a2
7. Excessive pump fluid is consumed . .. ... e 92
8, Thepumpwill ROUSTAML . . . .. e e e e 93
9. The pump will not achieve its rated pumpingspeed . . ... ... L L 94
10, The pump will not achieve its ultimate pressure ... ... ... o i e 95
11. The pump fluid level in the front cover {41} isincreasing . ... . ... ... ... . o a7
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SECTION 7
SPARE PARTS LIST

Section 71 lists the pump fluid, the gasket sets, and the new parts that are required to rebuild the pumps. Section
7-2 is a complete list of the spare parts for the RUVAC pumps. See Table B-2 of Appendix B for replacement parts for the
power control unit.

Use Figures 7-1 and 7-2 and the exploded isometric drawings in the back of this manual to help identify the part
you need. The numbers called out on the figures and drawings correspond to the position numbers listed for each part
in the first column of the spare parts list. For example, the first column on page 102 lists 54" for the bearing {end plate).
On Figure 7-1, the number “'54" is pointmg to a photograph of that bearing.

The second series of five columns indicates which pump mode] uses the part and how many each pump requires, For
example, on page 102, the 4" under the “180" column for Position No. 54 indicates that four bearings {Catalog No.
261-01-171) are required for WA-, WAL)-, WS-, and WSU-1580 pump models; the "4 in the “500" column indicates that
four bearings {Catalog No. 261-01-173} are required for WA-, WAL-, WS-, and WSU-500 pump models.

CONTENTS
Titke Page
SECTION 7-1 — NEWPARTS REQUIRED TO REBUILD PUMP . .. . . . e, 101
Gaskel Sot o L s e 101
SIS Sel o L e e e e e 101
Vacuum Pump FIuid . . . e 101
BEariNgS . . e e e e e e e e e e 102
PStOn RINgS . o L L o e e e e e 102
Piston Ring Kit {To convert oider model pumps with labyrinth rings to pistonrings) ... ..., . .... ... ... 102
SECTION 7-2 - COMPLETE LIST OF SPARE PARTS .« . . . i e e 103
WA/WALU/WS/WSU Purmp Parts . . . 103
WA and WAU Only, Motor-End Parts . . . .. . e e 105
WA/WAU/WS/WSU Pump Parts {Continued]} . . . . . . o e e 107
WS and WSU Only, Motor-End Parts .. ... oo o e 113
WAL and WSU Only, Pressure Relief Valve Parts . .. . ... 115
LIST OF FIGURES

Title Page
7-1 — Disassembled Pump {(WA-250 pump model shown) . ... . .. 100

7-2 — Disassembled Canned Motor for a WS- or WSU-Series Pump
(WS-250 pump model sShownl . L L e e e 112
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APPENDIX A*

SV 110 CONTACT AMPLIFIER
FOR WA- AND WS-SERIES PUMPS

NOTE: The diaphragm pressure switch and contact amplifier are not used on WAU- and WSU-Saries pumps,

NOTE: The diaphragm pressure switch comes standard with all WA. and WS-Series pumps; itis preset at the factory for
the correct starting pressure. The 5V 110 contact amplifier can be purchased from Leybold for use with the diaphragm
pressure switch.

A-1 STANDARD SPECIFICATIONS

Table A-1 contains the specifications for the 5V 110 contact amplifier. Figure A-1 is the wiring diagram of the
SV 110. Figure 2-4 shows the circuit required for automatic controt of the pump.

The diaphragm pressure switch requires the use of a contact amplifier, containing a relay to be controlled by the
diaphragm contact. The sweep stage with a delay of about 0.3 second is connected in series to the switching
circuit, aflowing flutter-free operation of the output relay. The output relay is energizéd when the pressure attains
or falls befow the preset value of the diaphragm pressure switch,

TABLE A-1. SPECIFICATIONS FOR SV 110 CONTACT AMPLIFIER*

Mains supply, 50/80 Hz 110 to 130V,
220 to 240 V
Power Consumption 3IVA

RELAY OUTPUT

max. switching voltage 250V {A.C)

max. switching current 5A

max, switching capacity 500 VA
SWITCHING LAG

Response time approx. 0.3 second
Releasing time approx. 0.007 second
CONTROL CIRCUIT

Voltage 73V

Current 2.1 mA
Maximum ambient temperature 50°C (122°F)
Weight 0.36 Kg {0.79 tb)
Catalog no. 16078-1

" The information in this appendix does not apply to the SM-43 contact amplifier. See the manual {GA-584) that came
with the SM-42 ar contact the main office for information on the SM-43. The SM-43 contact amplifier can not be used
with the PS 110A and PS 11 1A pressure switches,
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A-2 CONNECTING THE CONTACT AMPLIFIER*

1. NOTE: The pressure switch {11) shown in Figures 4-43 and 10-1 is the SM-42.

If you are using the SM-42 pressure switch, set the slide switch on the SV 110 contact amplifier
to the 16404 . . . 07 position {see Figure A-1),

If you are using the PS 110A or PS 111A pressure switch, set the slide switch on the SV 110 to
the 16072 , .. 73 position {see Figure A-1},

2. Use a two-core cable to connect terminals A and B of the SV 110 contact amplifier to the dia-

phragm pressure switch {see Figure A-1), The relay carries no potential, so that it can be freely
connected to the terminals of the diaphragm pressure switch.

3. NOTE: The mains connection of the SV 110 is set to 110 V before delivery. For connection to

different voltages, see Figure A-1 or the wiring diagram on the inside of the contact amplifier
housing.

Apply the mains connection and the relay output to the 4-pole terminal strip in the SV 110 (see
Figure A-1 or the wiring diagram inside of the plastic housing of the SV 110.

NOTE:_ You need a standard motor starter, a transformer, and averloads {see Table 2-1) to com-
plete the control circuit shown in Figure 2-4.

Use Figure 2-4 to complete the automatic control circuit.

Connect to Diaphragm Pressure Switch

Slide Switch -\

16404 . . . 07 Position _ el N
16072 .. . 73 Position A B

-
1231 12 11 13
olofole] [elele
111
I

220 ...230V 50/60 Hz

116 ... 130V 60/60 Mz

TH-H 13
NOTE: This schematic does nat apply 10 the SM-43 contact amplifier,

Figure A-1, Wiring Diagram for the 5V.110 Contact Amplifier
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APPENDIX B

POWER CONTROL UNIT
(P/N 164486)

NOTE: You must specify the pump model, voltage, frequency, and amperage of overioads (see Table 2-1) when ardering
the Power Control Unit,

B-1 STANDARD SPECIFICATIONS
Table B-1 contains the specifications for the Power Cantrot Unit, Figure 2-4 is the wiring diagram for the unit.

The Power Control Unit inctudes overloads (range set according to order}, a motor contactor, a fuse for relays, a
SM-43 contact amplifier,and a control transformer {see Figure 2-4}.

WS-Series pumps have an additional overtemperature safety switch embedded in the stator winding; when con-
nected to the Power Controf Unit, this switch protects the motor against thermat overload.

TABLE B-1. SPECIFICATIONS FOR POWER CONTROL UNIT

Mains supply ™ 220/380/415/440/500V, 3-ph, 50/60 Hz
Control voltage 220 Volts

Fuses for relays 6 Amps

Dimensions 210x300x16bmm

Weight 6 kg (13.23 Ibs)

*As specified in order.

8-2 CONNECTING THE POWER CONTROL UNIT
Connect the Power Control Unit to the pump as follows {see Figure 2-4}.
1. Connect the motor of the pump to terminats 1-2-3-5L of the Power Control Unit.

2. Use the dial on the top of the Power Control Unit to set the overloads to the rated motor current
indicated on the motor namepiate,

3. NOTE: This step is only for WS-Series pumps. Connect the overtemperature safety switch on a
WS-Series pump to terrminals 13 and 14 of the Power Control Unit.

4, Check if the primary voltage connection corresponds to the mains voltage, correct, if necessary,
5. Connect the digphragm pressure switch (11} to terminals 21 and 22 of the Power Control Unit.

6. Connect the operation voltage to terminals R,8, T and SL of the Power Control Unit; observe
regulations.

7. Use the switch on the top of the power control unit 1o connact the fuse for the relays.

8. CAUTION: REVIEW SECTION 2-6 BEFORE DOING STEP 8,

Use the pushbuttons to briefly switch on and then immediately turn off the motor to check the
direction of rotation. If the direction of rotation is wrong, change the polarity.

B-3 OPERATING THE POWER CONTROL UNIT

The Power Control Unit protects the motors from overload and two-phase operation. The motors can be switched
on manually by the pushbuttons on the Power Controi Unit. In addition, contacts for remotely controlfed
on-switching or interlocking can be connected in the control circuit of the motor contactor. For pressure inter-
locking or pressure-dependent starting, a diaphragm pressure switch must be connected, The diaphragm pressure
switch comes standard with all WA- and WS-Series pumps.
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Figure B-1 - Power Control Unit

B8-4 REPLACEMENT PARTS FOR THE POWER CONTROL UNIT

Table B-2 lists the critical replacement parts for the power control unit. See Figure B-1 to identify the item codes in Table
B-- See Figure 2-4 for the electrical schematic of the power control unit.

TABLE B-2 -- CRITICAL REPLACEMENT PARTS FOR THE POWER CONTROL UNIT.

ITEM | QTY | DESCRIPTION PART NUMBER
Al 1 Manual Motor Starler, 1-1.6 Amps* 500-69-130
Al 1 | Manual Motor Starter, 1.6-2.5 Amps* 500-69-131
At 1t | Manual Motor Starter, 2.5-4.0 Amps” 500-69-132
Al 1 Manual Motor Starter, 4-6.3 Amps™ 500-69-133
Al t | Manual Motor Starter, 6.3-10 Amps” 500-89-134
Al 1 |Manual Motor Starter, 10-16 Amps* 500-69-135
T1 1 Transformer 510-32-483
£1 1 Circuit Breaker, Control, 6A 520-31-235
C1 1 |Contactor 590-19-210
Ui 1 SV 110 Contact Amplifier 16078-1

*The overloads of the motor starters are adjustable within the range indicated. Set the
overload amperage based on the motor nameplate full load current (FLA); for motors
operated at a service factor of 1.15, multiply the FLA by 1.15.
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APPENDIX C

COMPLETE LIST OF MOTORS FOR WA- AND WAU-SERIES PUMPS

If vou are repiacing @ German motor with a U.S. motor or vice-versa, you must also replace the motor mount {20),
the coupling shield {17}, the coupling (15}, the O-ring {13}, the radial shaft seals {26), the compression ring {64}, and the
screws attaching the motor to the motor mount {20). A shield retainer {21} or motor adapter flange (22) is necessary for

See Figure 7-2 for the canned motors on WS and WSU pump models.

1.8, motors. Catalog numbers for 1).S. motors begin with 99; catalog numbers for the German motors begin with 380.

TABLE C-1.

(WA- AND WAU-SERIES PUMP MOTORS ONLY)

MOTOR SPECIFICATIONS AND CATALOG NUMBERS

Resistances between Motor Windings

Pump Model Motor Specifications (ohms) {measured over star point} Motor Catalog No.
WA/MWAU 1.5 hp, 3600 rpm, 3 ph, 60 Hz, 18 at 26°C 99-215-085"
150 and 250 230/460V, TEFC
1.5 hp, 3600 tpm, 3 ph, 60 Hz, 28at25°C 99-215-143
575V, TEFC
1.5 hp, 3600 rpm, 3 ph, 230/460V, 14 at 20°C 98-215-095
explosion proof, TEFC
220/380V, 0.75 kw, 3000 rpm, 380-66-101"
50 Hz, 3 ph
220/380V, 1.1 kw, 3000 rpm, 380-66-102
50 Hz, 3 ph

WA/WALU 500 3 hp, 3600 rpm, 3 ph, 60 Hz, 7 at 20°C 99.215-0871
230/460V, TEFC
3 hp, 3600 rpm, 3 ph, 60 Hz, 1at 25°C 99-215-1444
208V, TEFC
3 hp, 3600 rpm, 3 ph, 60 Hz, 11 at 20°C 99-215-145
576V, TEFC
3 hp, 3600 rpm, 3 ph, 230/460V, 7at25°C 99-216-097
explosion proof, TEFC
220/380V, 2.2 kw, 3 ph, 380-66-104
3000 rpm, 50 Hz -

WA/MAL 1000 | 5 hp, 3600 rpm, 3 ph, 60 Hz, 5at25°C 99-215-089
230/460V, TEFC
5 hp, 3600 rpm, 3 ph, 60 Hz, 13t25°C 99-215-147
208V, TEFC
5 hip, 3600 rpm, 3 ph, 60 Hz, Gat25°C 99-215-148
575V, TEFC
5 ip, 3600 rpm, 3 ph, 60 Hz, 4at25°C 99-215.099
2307460V, explosion proof, TEFC
220/380V, 4 kw, 3 ph, 380-66-106
3000 rpm, 50 Hz

WA/WAU 2000 10 hp, 3600 rpom, 3 ph, 60 He, 1.5 at 25°C 99-215-091+
230/460V, TEFC
10 hp, 3600 rpm, 3 ph, 60 Hz, 0.3at 25°C 99-215.150t
208V, TEFC
10 hp, 3600 rpm, 3 ph, 60 Hz, 15at25°C 89-215-161
575V, TEFC
10 hp, 3600 rpm, 3 ph, explosion 99-215-101
proof, 230/460V, TEFC
380V, 7.5 kw, 3 ph, 3000 rpm, 380-66-111
50 Hz

hp — horsepower Hz — hertz rpm — revolutions per minute
ph — phase V- voltage TEFC - totally enclosed fan cooled

* Replaced by 722-60-054.
1 Heplaced hy 722-60-05%.
t Replaced by 722-60G-063
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APPENDIX D
INSTALLING SPECIAL RADIAL SHAFT SEALS IN EXTREME-CORROSIVE SERVICE PUMPS

HE-2500 ofl must be used when pumping oxidizers or highly-corrosive gases. However, HE-2500 is prone to leak
around standard shaft seals. We recommend using special shaft seals in WA/WAU -150, -250, and -500 pumps models
that are charged with HE-2500 {Y25/5) oil to minimize the chance of a shaft seal leak.

Hequired Materials:

Compression ring (64),
Bearing (27),

Shait bushing steeve (28),
O-rings (3713},

Special inner shaft seal (PIN 720-27-011), CAUTION: Do not remove the special shaft
Special outer shaft seal (PIN 720-27-012), seals from their cardboard shipping sleeves
Loktite 271, untit you are instailing them.

Seal Driver {see Step 6] below).
Proceed as {oliows to install the special shaft seais onto the WA/WAU -150, -250, or -500 pump model:

1. Ensure that the pump is shut down.

2.  WARNING: It the pump has been used to pump toxic, corrosive or hazardous gases, use proper pre-
cautions before draining the oif or disassembling the pump.

Drain the HE-2500 oil from the front cover and from the shaft seal housing into a clean
hydrocarbon-free container and save it for reuse.

3. Refer io Section 4-2-2-1 to remove the motor, the coupiing, the motor mount, and the shaft seal
from the pump.

4.  Refer to Steps 1 through 4 of Sectien 4-2-3 to remove and disassemble the intermediate flange
and oil slinges.

5. Refer to Steps 6, 7. 8, 9, and 11 of Section 4-4-3 to install the oil slinger (63), O-ring (3), com-
pression ring {64), and intermediate flange (30) ontc the pump.

6. Install the bushing sleeve and red inner shaft seal onto the pump as follows:

a. Install the retainer ring (25) into its siot in the bottom of the bearing well in the intermediate
flange (30).

b. CAUTION: H sanding is necessary, sand only the bulge of the sleeve; DO NOT sand the area
where the seal will ride,

Test 1o see if you can push the bearing (27} over the buige in the middle of the shalft
bushing sleeve (28} (see Figure 4-34). H you cannot fit the bearing over the bulge, use
grade 80 sandpaper to sand the bulge until you can push the bearing over it. Remove
the bearing from the sleeve and clean the sleeve as necessary.

c. Ensure that the shaft seal groove in the bearing well is clean.

d. Lightly coat the elastomer on both shaft seals with HE-2500 (Y25/5) oit while the seals are
on the cardboard shipping sleeves.

e. Set the shaft bushing sleeve (2B) vertically on its end so that the end with the smali teeth
is facing up.

f. Set the red seal with the cardbos - shipping sleeve onto the end of the bushing sleeve so
that the lip on the seal is facing up. (see skefch).
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g CARDBOARD SHIPPING SLEEVE

—(—- SPECIAL RADIAL SHAFT SEAL

\- SHAFT BUSHING SLEEVE

g. Carefully slide the seal down off the cardboard sleeve and onto the shaft bushing sleeve;
continue to slide it down over the shaft bushing sleeve until it is ¥2"' from the bottom end
of the sleeve. Discard the cardboard shipping sleeve.

h. Place a light film of FOMBLIN grease on the ID of the shaft bushing sieeve. Do not allow
the grease to come into contact with the elastomer on the shaft seals.

i. Slide the shaft bushing sleeve with red seal down over the shaft so that the end of the
sigeve with the small teeth faces out.

j- NOTE: You must alternate between driving the shaft seal and tapping the shaft bushing sleeve
s0 that the seal and sleeve are driven evenly down the shaft.

Proceed as foliows to drive the shaft seal and shaft bushing sleeve:

1} Use a hammer and a seal driver (see Table 4-4A) to tap the shaft seal to drive it slighily down
{see Figure 4-35).

2) Remove the seal driver and tap the end of the shaft bushing sleeve with a rubber hammer
to drive the sleeve an equal distance down.

3} Continue repeating Steps 1) and 2) until the shaft seal is seated on the snap ring and the
bushing sleeve is tight against the compression ring.

7. Rater to Steps 4, 5, and 6 of Section 4-4-4-1 10 install the bearing, retainer ring, and motor mount
onto the pump.

8. Instali the blue ouler shaft seal as folows:

a. Set the blue seal with cardboard sleeve onto the end of the bushing sleeve so that the lip of
the seal is facing the bushing sleeve (see sketch).

b. CAUT!ON: Ensure that the sea! lips do not become folded as you instali the seal onto
the bushing sleeve. Once a seal folds, you cannot use it.

Carefully slide the blue seal off of the cardboard shipping sleeve and onto the shaft bushing
sleeve; discard the cardboard sleave.

c. Drive the seal down the shaft bushing sleeve until it bottoms out.

9. Refer to Steps 8 through 11 of Section 4-4-4-1 to reinstalt the coupling, coupling shield, and
the motor onto the pump.

10. Refer to Steps 9 through 12 of Section 4-4-5 to charge your pump with HE-2500 {Y25/5} oll.
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