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Safety Information

Important
Safety Information

Indicates procedures that must be strictly observed to prevent hazards to ~ Warning
persons.

Indicates procedures that must be strictly observed to prevent damage to, ~ Caution
or destruction of the product.

Emphasises additional application information and other useful information ~ Note
provided within these Operating Instructions.

The Leybold TRIVAC BCS has been designed for safe and effi-
cient operation when used properly and in accordance with these
Operating Instructions. It is the responsibility of the user to careful-
ly read and strictly observe all safety precautions described in this
section and throughout the Operating Instructions. The TRIVAC
BCS must only be operated in the proper condition and
under the conditions described in the Operating Instruc-
tions. It must be operated and maintained by trained personnel
only. Consult local, state, and national agencies regarding speci-
fic requirements and regulations. Address any further safety, ope-
ration and/or maintenance questions to your nearest Leybold
Vacuum office.

Failure to observe the following precautions could result in serious
personal injury!

Warning

B Before beginning with any maintenance or service work on the
TRIVAC BCS (PFPE), disconnect the pump from all power
supplies.

B Do not operate the pump with any of the covers removed.
Serious injury may result.

B If exhaust gases must be collected or contained, do not allow
the exhaust line to become pressurised.

B Make sure that the gas flow from the exhaust port is not
blocked or restricted in any way.

B The standard version of the TRIVAC BCS (PFPE) is not suited
for operation in explosion hazard areas. For this applications
we offer the TRIVAC B ATEX pumps. Contact us before plan-
ning to use the pump under such circumstances.

B Before starting up for the first time, the motor circuit must be
equipped with a suitable protective motor switch. Please take
note of the information in these Operating Instructions or on
the electric motor (wiring diagram).
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Safety Information
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The TRIVAC BCS (PFPE) is not suited for pumping of:
B combustible and explosive gases or vapours

B radioactive and toxic substances

B pyrophorous substances.

Avoid exposing any part of the human body to the vacuum.

Never operate the TRIVAC BCS (PFPE) without a connected
intake line or blank flange.

The location at which the TRIVAC BCS (PFPE) (including its
accessories) is operated should be such that angles over 10°
from the vertical are avoided.

The location of the TRIVAC BCS (PFPE) should be such that
all controls are easily accessible.

Under certain ambient conditions the TRIVAC BCS (PFPE)
may attain a temperature of over 80 °C (176 °F). There then
exists the danger of receiving burns.

Note the symbols on the pump pointing to the hazards, and
in the case of a hot pump wear the required protective clo-
thing.

The noise level of the TRIVAC BCS (PFPE) is between 57 and
59 dB(A). Introduce suitable hearing protection.

Before pumping oxygen (or other highly reactive gases) at
concentrations exceeding the concentration in the atmosphe-
re (> 21 % for oxygen) it will be necessary to use a special
pump. Such a pump will have to be modified and de-greased,
and an inert special lubricant (like PFPE) must be used.

Before operating the TRIVAC BCS (PFPE) with atmospheric
gas ballast (optional) check first compatibility with the pumped
media so as to avoid hazardous conditions during operation
right from the start.

Before commissioning the TRIVAC BCS (PFPE), make sure
that the media which are to be pumped are compatible with
each other so as to avoid hazardous situations.

All relevant safety standards and regulations must be obser-
ved.

It is recommended to always operate the TRIVAC BCS (PFPE)
with a suitable exhaust line which is properly connected. It
must slope down and away from the pump.

When moving the TRIVAC BCS (PFPE) always use the allo-
wed means. A lifting eye is provided as standard on the
pump.



Safety Information

Failure to observe the following precautions could result in dama- Caution
ge to the pump!

Do not allow the ingestion of small objects (screws, nuts,
washers, pieces of wire, etc.) through the inlet port. Always
use the screen which is supplied with every pump.

Do not use the pump for applications that produce abrasive
or adhesive powders or condensable vapours that can leave
adhesive or high viscosity deposits. Please contact Leybold
Sales or Service to select a suitable separator. Also pease
contact Leybold Sales or Service when planning to pump
vapours other than water vapour.

This pump is suited for pumping water vapour within the spe-
cified water vapour tolerance limits.

Avoid vapours that can condense into liquids upon compres-
sion inside the pump, if these substances exceed the vapour
tolerance of the pump.

Before pumping vapours, the TRIVAC BCS (PFPE) should have
attained its operating temperature, and the gas ballast should
be set to position | (position 0 = closed, position | = max. water
vapour tolerance, 25 mbar). The pump will have attained its
operating temperature about 30 minutes after starting the
pump. During this time the pump should be separated from the
process, by a valve in the intake line, for example.

In the case of wet processes we recommend the installation
of liquid separators upstream and downstream of the pump
as well as the use of the gas ballast.

The exhaust line should be laid so that it slopes down and
away from the pump so as to prevent condensate from back-
streaming into the pump.

The entry of particles and fluids must be avoided under all cir-
cumstances.

Reactive or aggressive substances in the pump chamber
may impair the operating oil or modify it. In addition, such
substances may be incompatible with the materials of the
pump (Viton, grey cast iron, aluminium, steel, resins, glass
etc.).

Corrosion, deposits and cracking of oil within the pump are
not allowed.

Normal amounts of humidity within the range of the pump’s
vapour tolerance will not significantly affect pump performan-
ce when the gas ballast is active.

In the case of custom pumps (with a Part No. deviating from
the Part No. stated in the EC Declaration of Conformity)
please note the information provided on a separate sheet.

Note

The references to diagrams, e.g. (1/2) consist of the Fig. No. and the ltem  Figures
No. in that order.

We reserve the right to modify the design and the specified data. The illu-
strations are not binding.

GAO01301_0702 - 04/2006 - © by Leybold Vacuum
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Description

Fig. 1 TRIVAC BCS pump with accessories

1 Description

TRIVAC BCS pumps are oil-sealed rotary vane pumps. The TRIVAC D 40
BCS and D 65 BCS are dual-stage pumps. The number in the type desi-
gnation (40 or 65) indicates the pumping speed in m3 - h™.

The TRIVAC BCS-PFPE have been prepared especially for operation with
perfluoropolyther.

Areas of application TRIVAC BCS pumps can pump gases and vapours, and evacuate vessels
or vacuum systems in the fine vacuum range.

They have been designed particularly for use in connection with corrosive
or aggressive media. Moreover, the pump has been prepared for the instal-
lation of an electric monitoring facility. Leybold have developed for the TRI-
VAC BCS a range of accessories which considerably extend the range of
applications for this kind of pump. These accessories which in connection
with the TRIVAC BCS vacuum pump make up the TRIVAC system, are
described briefly in Chapter 1.5.

Drive concept The drive motor of the TRIVAC BCS is directly flanged to the pump at the
coupling housing. The pump and motor shafts are directly connected by a
flexible coupling. The bearing points of the pump module are force lubrica-
ted sliding bearings.

All controls as well as the oil-level glass and the hameplate are arranged on
the front. All connections are to be found at the sides of the pump. The oil-
level glass is provided with prisms for better observation of the oil level.
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The pump module consists of assembly parts which are pin-fitted so as to
allow easy disassembly and reassembly. The pump module can be easily
removed without special tools.

Those of standard design are not suitable for pumping greater
than atmospheric concentrations of oxygen.

Before pumping oxygen (or other highly reactive gases) at con-
centrations exceeding the concentration in the atmosphere
(> 21 % for oxygen) it will be necessary to use a special pump.
Such a pump will have to be modified and de-greased, and an
inert special lubricant (like PFPE) must be used.

11 Design and Function

The rotor (2/7), mounted eccentrically in the pump housing (2/6), has two
radially sliding vanes (2/5) which divide the pump chamber into several
compartments. The volume of each compartment changes periodically
with the rotation of the rotor.

As a result, gas is sucked in at the intake port (2/1). The gas passes
through the dirt trap sieve (2/2), flows past the open anti-suckback valve
(2/3) and then enters the pump chamber. In the pump chamber, the gas is
passed on and compressed, after the inlet aperture is closed by the vane.

The oil injected into the pump chamber is used for sealing and lubricating.
The slap noise of the il in the pump which usually occurs when attaining
the ultimate pressure is prevented by admitting a very small amount of air
into the pump chamber.

The compressed gas in the pump chamber is ejected through the exhaust
valve (2/10). The oil entrained in the gas is coarsely trapped in the internal
demister (2/11); there the oil is also freed of mechanical impurities. The TRI-
VAC BCS PFPE pumps do not have an internal demister. The gas leaves
the TRIVAC BCS-PFPE through the exhaust port.

During compression, a controlled amount of air — the so-called gas ballast
— can be allowed to enter the pump chamber by opening the gas ballast
valve. The gas ballast stops condensation of vapours in the pump cham-
ber up to the limit of the water vapour tolerance as specified in the techni-
cal data for the pump.

The gas ballast valve is opened (position I) and closed (position 0) by tur-
ning the gas ballast knob (7/5) on the front.

The gas ballast facility of the TRIVAC BCS pump has been prepared for
connecting the inert gas system IGS.

To enable the TRIVAC BCS to be used at intake pressures as high as 1,000
mbar, a special lubricating system was developed featuring force-lubricati-
on of the sliding bearings.

An oil pump (8/6) pumps the oil from the oil reservoir (3/5) into a pressure-
lubrication system which supplies oil to all bearing points (3/2). From there
the oil enters the pump chamber area (3/4) of the vacuum pump.

Description

Warning

Operating principle

Qil filter

Operation with gas ballast

Lubrication system

GAO01301_0702 - 04/2006 - © by Leybolc Vacuum
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Description

Key to Fig. 2
1 Intake port

2 Dirt trap

3 Anti-suckback valve
4 Intake channel

5 Vanes

6 Pump chamber

7 Rotor

8
9

Cover plate, connection for inert gas ballast

Exhaust channel
10 Exhaust valve
11 Internal demister
12 Spring buckles
13 Cover plate, connection for oil filter

Fig. 2 Sectional drawing of the TRIVAC BCS
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Anti-suckback valve
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The oil pump is fitted in the front end plate on the coupling side of the pump
module. The oil suction line is placed low, resulting in a large usable oil
reservoir.

The ail is separated from the gas in the TRIVAC BCS in two steps as
described above. First, small droplets are coalesced into large drops in the
internal demister (2/11) fitted above the exhaust valve (2/10). Then, the
large drops fall into the oil reservoir as the exhaust gas is diverted by the
inner walls of the oil case. Thus a low loss of oil is obtained. This and the
large usable oil reservoir ensure long intervals between oil changes even at
high intake pressures.

The vacuum is maintained by the TRIVAC BCS through an integrated
hydropneumatic anti-suckback valve (2/3) which is controlled via the il
pressure.

During operation of the TRIVAC BCS the control piston (4/3) remains sea-
led against a spring (4/2) by the oil pressure. The valve disc (4/6) of the anti-
suckback valve is held at the lower position by its own weight (valve open).
When the pump stops (because it has been switched off or because of a
failure), the oil pressure drops and the spring (4/2) presses the control
piston (4/3) up. Thus a connection is provided between the oil case or the
oil reservoir (4/1) and the piston (4/4) of the anti-suckback valve.

Due to the pressure difference between the oil case and the intake port the
oil presses the piston (4/4) up and the valve plate (4/6) against the valve
seat (4/5). The quantity of oil in the oil reservoir (4/1) prevents the entry of
air into the intake port (2/1) at the beginning of this process.

8 | GA01301_0702 - 04/2006 - © by Leybold Vacuum



Description

Key to Fig. 3

Accessories

Bearings

Non-return valve

Pump chamber of the TRIVAC
Qil reservoir

DO~ WN =

Oil pump

Fig. 3 Schematic of the lubricating system

Key to Fig. 4

1 Qil reservoir 5 Valve seat
2 Spring 6 Valve disk
3 Control piston 7 Gas inlet
4 Anti-suckback piston

Fig. 4 Hydropneumatic anti-suckback valve

After the oil has flowed out from the reservoir and when the valve plate rests
on the valve seat, air follows in, which vents the pump chamber and forces
the valve disc (4/6) against its seat.This effectively prevents backstreaming
of oil or oil vapours. The anti-suckback valve (2/3) operates independently
of the operating mode of the pump, i.e. also with gas ballast.

All aluminium surfaces of the TRIVAC BCS are surface protected and thus
particularly capable of resisting aggressive chemicals. A thermocouple has
been incorporated in the pump which is used in connection with the optio-
nal electrical monitoring facility. The thermocouple may be accessed
through the built-in connector (7/8).

Via a second ail fill opening, an exhaust line may be connected for venting
the oil case when using the inert gas purging facility.

Surface protection

Thermocouple

GAO01301_0702 - 04/2006 - © by Leybold Vacuum
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Description

1.2 Lubricants

The standard TRIVAC BCS pumps are either ready for operation with mine-
ral oil or with the special lubricant, perfluoropolyther (PFPE).

If mineral oil and PFPE come into contact they will emulsify. That’s why the
pumps must only be run with the type of lubricant specified for the pump.
If you want to change the type of lubricant Leybold should do the change.

In case of operation with mineral oil we recommend our vacuum pump oil
N 62.

In case of operation with PFPE we recommend our vacuum pump oil NC
1/14.

Warning When handling PFPE you should observe the following:

During thermal decomposition at temperatures over 290 °C toxic

% and corrosive gases are released. When handling PFPE keep it
way from open fires. Do not smoke in the work area.

Touch the inner sections of the pumps only while wearing clean gloves, and
use clean tools;

Do the necessary work in clean and dry rooms;

After having removed the pump from its packaging, start it up as quickly as
possible;

While working on the pump, do not eat, drink or smoke.

As cleaning agents solvents based on hydrofluorether compounds may be
used.

Caution The Operating Instructions GA 07.009 “PFPE for Vacuum Pumps*
will be enclosed with all TRIVAC BCS pumps. Observe the hand-
ling notes for PFPE collected in these Operating Instructions.
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Description

1.3 Supplied Equipment

Pump with motor,

1 centering ring,

1 centering ring with dirt trap,

2 clamping rings DN 40 KF.

Plug without cable to protect the socket for the temperature switch.

For protection during shipment, the connection ports are each blanked off
by rubber diaphragms and supporting rings.

The pump is contained with some silica gel in an air-tight plastic bag.

TRIVAC BCS for operation with mineral oil
Upon delivery from Leybold Cologne the pumps will be filled with N62 oil.

TRIVAC BCS for operation with PFPE

The pumps will be supplied without lubricant. However, the pump will still
contain residues (about 0.7 litres) of the NC 1/14 lubricant.

The ail fill plugs have been removed and are supplied separately.

In the case of custom pumps (with a Part No. deviating from the Caution
Part No. stated in the EC Declaration of Conformity) please note
the information provided on a separate sheet.

GAO01301_0702 - 04/2006 - © by Leybold Vacuum
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Description

1.4 Technical Data

TRIVAC BCS D 40 BCS D 65 BCS
two-stage two-stage

Nominal pumping speed " m?3 - h'? (cfm) 46 (27.1) 75 (44.2)
Pumping speed” m3 - h'! (cfm) 40 (23.6) 65 (38.3)
Ult. partial pr. without gas ballast?) mbar 10

Torr 0.75 - 10
Ultimate total pr. without gas ballast? mbar <2-10%

Torr <15 -108
Ultimate total pr. with gas ballast mbar <5-10%

Torr <3.8 1078
Water vapour tolerance? mbar 40

Torr 30
Water vapour capacity g-h' 1184 1925
Qil filling, min./max. | 1.7/2.6 2.0/3.3
Noise level to DIN 45 635
without/with gas ballast dB (A) 57 - 59
Admissible ambient temperature °C 12 - 40
Motor power wW 2200
Speed (50 / 60 Hz) rom 1500 / 1800
Motor protection IP 55
Voltage range 50 Hz \ 218-242/380-420

60 Hz V 230-277/414-480
Nom. current 50 Hz A 9.9/5.7
60 Hz A 8.5/4.9

Weight kg 68 80
Connections, intake and exhaust side DN 40 KF
TRIVAC BCS with three-phase motor Part No. Part No.
230/400 V, 50 Hz / 250/440 V, 60 Hz 113 88 113 98

1) To DIN 28 400 and subsequent numbers

Caution

12 | GA01301_0702 - 04/2006 - © by Leybold Vacuum

In the case of custom pumps (with a Part No. deviating from the
Part No. stated in the EC Declaration of Conformity) please note
the information provided on a separate sheet.

Motor voltage and current may differ from these data. Observe the
data given on the name plates.



Description
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10 10 10% 10% 102 107 10° 10" mbar 10° D 40 BCS 4OKF 135 264 234 206 166 355 308 336 - 715 382 191190
D 65 BCS 4JOKF 213 793
Pressure D 40 BCS-PFPE |40KF 135 264 234 206 166 355 308 336 — 716 382 191190
Ultimate partial pressure without gas ballast D 65 BCS-PFPE |40 KF 213 794
————e — Ultimate total pressure without gas ballast
---------- Ultimate total pressure with gas ballast
Fig. 5 Pumping speed characteristics for the Fig. 6  Dimensional drawings for the TRIVAC BCS pumps
TRIVAC BCS pumps (50 Hz operation, S| units) (dimensions a, |, b to b, and h, are approximate,
dimensions in mm) (Tinch = 25.4 mm)
TRIVAC BCS-PFPE D 40 BCS-PFPE D 65 BCS-PFPE
two-stage two-stage
Nominal pumping speed ") mS - h (cfm) 46 (27.1) 75 (44.2)
Pumping speed™ m3 - h'! (cfm) 40 (23.6) 65 (38.3)
Ult. partial pr. without gas ballast?) mbar <8-10%
Torr <6-10%
Ultimate total pr. with gas ballast mbar <5-10%
Torr <3.8-10°
Qil filling, min./max. | 15/25 20/3.5
upon delivery | 0.6 0.75
Noise level to DIN 45 635
without/with gas ballast dB (A) 57 - 59
Admissible ambient temperature °C 12 - 40
Motor power W 2200
Speed (50 / 60 Hz) min-! 1500 / 1800
Motor protection IP 55
Voltage range 230/400 V, 50 Hz Vv 218-242/380-420
(for motor) 250/440 V, 60 Hz V 240-277/414-480
200/400 V, 50 Hz V 190-220/380-440
200/400 V, 60 Hz V 190-240/380-480
Nom. current 230/400 V, 50 Hz A 8.65/5.0 or 9.9/5.7*
(for motor) 250/440 V, 60 Hz A 7.8/4.5 or 8.5/4.9*
200/400 V, 50 Hz A 11.8/6.9 or 15/7.5*
200/400 V, 60 Hz A 10/5.0 or 11.5/5.9*
Weight kg 71 83
Connections, intake and exhaust side DN 40 KF
TRIVAC BCS-PFPE with three-phase motor Part No. Part No.
230/400 V, 50 Hz / 250/440 V, 60 Hz 113 89 113 99
200/400 V, 50 Hz / 200/400 V, 60 Hz 154 52 154 54

*depending on the mounted motor. Observe the data given on the motor name plate

GAO01301_0702 - 04/2006 - © by Leybold Vacuum
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Description

1.5 Accessories

1.5.1 Standard Accessories and Lubricants

Part No.
Separator AK 40-65, DN 40 KF 188 16
Exhaust filter AF 40-65, DN 40 KF 189 16
Drain tap for condensate trap, exhaust filter, oil drain of the pump,
vacuum-tight 190 90
oil-tight 190 91
Exhaust filter with lubricant return AR 40-65, DN 40 KF 189 22
Exhaust filter with lubricant return ARS 40-65, DN 40 KF 189 57
Dust filter 186 15
Dust separator 186 16
Fine vacuum adsorption trap (with zeolite) 187 15
Adsorption trap (with aluminium oxide) 854 16
Qil filter OF 40-65 101 92
Chemical filter CF 40-65 101 97
Adaptor for RUVAC 151/251 Roots pumps 168 30
Adaptor for gas ballast port
M 16 x 1.5 -DN 16 KF 168 40
l\/|16x1.5—3/8inohNPT 99 175 011
Oil N 62
1 177 01
51 177 02
201 177 03
(Order through Leybold Cologne, Germany)
NC 1/14, 1 | 177 38
HE 1600, 10 Ib 898 564
(Order through LHVP, Export, Pa, USA)
Special oils upon request.

Caution Use only the kind of oil specified by Leybold. Alternative types of

oil upon request.

1.5.2 TRIVAC System

Leybold has developed the TRIVAC system especially for processes which
depend on the reliability of the pump under difficult conditions (pumping of
aggressive gases or vapours, for example).

Moreover, the pump status may be monitored continuously through visual
and electric indicators.

14 | GA01301_0702 - 04/2006 - © by Leybold Vacuum



The TRIVAC system consists of the TRIVAC BCS pump and the following
accessories:

CFS 40-65 chemical filter with safety separating valve

Part No. 101 77
The CFS is a main flow lubricant filter incorporating a safety separating
valve which may be exchanged while the pump continues to operate. The
status of the interchangeable filters is indicated.

ARS 40-65 exhaust filter with lubricant return

Part No.: 189 57
The ARS filter collects the droplets of lubricant entrained in the exhaust gas
and returns the collected lubricant back into the pump by means of a float
controlled valve. This reduces the consumption of lubricant by the pump to
an insignificant level so that a daily oil check will no longer be necessary.
The status of the filter element may be checked at any time through the dif-
ferential pressure indicator.

IGS 40-65 inert gas system

Part No.: 161 77
This accessory which may be controlled through a solenoid valve allows the
definite injection of controlled quantities of gas into the TRIVAC BCS.

Thus it offers the possibility of effectively reducing contaminants in the lubri-
cant of the system and the materials of the system itself.

LSS 40-65 limit switch system

Part No.: 161 07
This accessory consists of a package of limit switches and serves the pur-
pose of monitoring the operation of the system.

Included with the limit switch system are one each:
M oil pressure switch (operating pressure)

M float switch (oil level monitoring)

M flow switch (inert gas)

M differential pressure switch (chemical filter)

W pressure switch (exhaust filter)

W connection cable for the built-in temperature switch

EIS 40-65 electrical indicator system

Part No.: 160 97
This accessory combines all switch status signals and indicates the status
of these switches through LEDs: “GREEN” for normal operation, “RED” for
fault. Through a multi-way connector all signals may be accessed for trans-
mission to a remote processing unit.

Description

GAO01301_0702 - 04/2006 - © by Leybold Vacuum
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Transport and
Storing / Installation

Caution

Warning

Warning

Caution

Ambiant conditions

2 Transport and
Storing

B Pumps which are filled with operating agents must only be
moved while standing upright. Otherwise oil may escape.
Avoid any other orientations during transport.

B Check the pump for the presence of any oil leaks, since there
exists the danger that someone may slip on spilt oil.

B When lifting the pump you must make use of the crane eyes
provided on the pump for this purpose; also use the recom-
mended type of lifting device.

3 Installation

3.1 Placement

The standard pump is not suited for installation in explosion
hazard areas. When planning such an application please contact
us first.

A fully assembled TRIVAC system D 65 must not be lifted at the
eye bolt (7/1). First unscrew the eye bolt and fit an adaptor with a
stronger eye bolt (Ref. No. 200 09 675).

The TRIVAC BCS pump can be set freely up on a flat, horizontal surface.
Rubber feet under the coupling housing ensure that the pump can not slip.

If you wish firmly install the pump in place, insert bolts or similar through the
bore holes in the rubber feet.

The rubber feet act as vibration absorbers. They must therefore not be
compressed by bolts.

When installing the TRIVAC BCS pump, make sure that the connections
and controls are readily accessible.

Max. tilt for the pump (without further attachment) with possibly fitted stan-
dard accessories is 10° from the vertical.

The site chosen should allow adequate air circulation to cool the TRIVAC
BCS (keep front and rear unobstructed). The ambient temperature should
not exceed +40 °C (104 °F) and not drop below +12 °C (55 °F).

The max. amount of heat given off approximately corresponds to the rated
motor power.

16 | GA01301_0702 - 04/2006 - © by Leybold Vacuum



3.2 Conforming Utilisation
TRIVAC BCS pumps are oil-sealed rotary vane pumps.

The TRIVAC BCS-PFPE have been prepared especially for operation with
perfluoropolyther.

TRIVAC BCS pumps can pump gases and vapours, and evacuate vessels
or vacuum systems in the fine vacuum range. They have been designed
particularly for use in connection with corrosive or aggressive media.

They are not suited for operation in explosion hazard areas.

The TRIVAC BCS (PFPE) is not suited for pumping of:
B combustible and explosive gases or vapours

B radioactive and toxic substances

B pyrophorous substances.

TRIVAC BCS of standard design are not suitable for pumping greater than
atmospheric concentrations of oxygen.

Before pumping oxygen (or other highly reactive gases) at concentrations
exceeding the concentration in the atmosphere (> 21 % for oxygen) it will
be necessary to use a special pump. Such a pump will have to be modi-
fied and de-greased, and an inert special lubricant (ike PFPE) must be
used.

The pumps are not suitable for pumping of liquids or very dusty
media. Suitable protective devices must be installed.

Our technical sales department is available for further advice in these mat-
ters.

Caution

Installation

GAO01301_0702 - 04/2006 - © by Leybold Vacuum
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3.3 Connection to the System

Warning When operating the pump with PFPE observe the additional infor-
mation provided in Chapter 1.2 and Operating Instructions GA
07.009.

Remove and retain Before connecting the TRIVAC BCS, remove the shipping seals from the
the shipping seals connection flanges (7/2) and (7/3).

Retain the shipping seals in case you need to store the pump in the future.

The pump is shipped with intake and exhaust flanges mounted for hori-
zontal connection of the connecting lines. You can easily convert the ports
for vertical connection by removing the four capscrews, rotating the flanges
as required, and reinstalling the capscrews. Connect the intake and
exhaust lines with a centering ring and a clamping ring each. Use the cen-
tering ring with dirt trap for the intake port.

without strain  Connect the intake and exhaust line using anti-vibration bellows, without
placing any strain on the pump.

clean The intake line must be clean. Deposits in the intake line may outgas and
adversely affect the vacuum. The connecting flanges must be clean and
undamaged.

The maximum throughput of the pump is equivalent to the pumping speed
of the pump.

Minimum cross-section The cross-section of the intake and exhaust lines should be at least the
same size as the connection ports of the pump. If the intake line is too nar-
row, it reduces the pumping speed. If the exhaust line is too narrow, over-

Maximum pressure pressures may occur in the pump; this might damage the shaft seals and
cause oil leaks. The maximum pressure in the oil case must not exceed 1.5
bar (absolute).

When pumping vapours, it is advisable to install condensate traps on the
intake and exhaust sides.

Prevent condensate Install the exhaust line with a downward slope (lower than the pump) so
from flowing back as to prevent condensate from flowing back into the pump. If this is not
possible, insert a condensate trap.

When oil mist is to be removed from the exhaust flow we recommend the
use of the exhaust filter with lubricant return (ARS) which is part of the TRI-
VAC system.

When pumping aggressive media in particular in connection with PFPE as
the lubricant, we recommend the use of the chemical filter with safety sepa-
rating valve (CFS) which is part of the TRIVAC system. This will considera-
bly extend the service life of the lubricant.

The inlet pressure for the gas ballast should be about 1000 mbar (absolu-
te) and sufficient quantities of gas must be available (about /,, of the pum-
ping speed).
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§
N

» 2
Key to Fig. 7 \ ;
1 Eye bolt for moving the pump i ; 4
2 Intake port [\ >, : FS
3 Exhaust port g \\0 N 2 68 h
4 Qil-level glass \ & (
5 Gas ballast knob (0 = OFF, | = ON) = ]
6 Cover plate, connection for IGS 7 S 27
7 Cover plate, connection for CFS ) \ 7 i 5
8 Connector for temperature switch 6 ol

Fig. 7 Connections and controls

Never operate the pump with a sealed exhaust line. There is the Warning
danger of injury.

Before starting any work on the pump, the personnel must be

informed about possible dangers first. All safety regulations must

be observed.

Depending on the type of application or the kind of pumped
media, the corresponding regulations and information sheets
must be observed.
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3.4 Electrical Connections

Warning Before wiring the motor or altering the wiring, ensure that mains
supply for the pump is off and that it can not be applied inadver-
tently.

In order to prevent the pump from running up unexpectedly after
a mains power failure, the pump must be integrated in the control
system in such a way that the pump can only be switched on
again manually. This applies equally to emergency cut-out arran-
gements.

The connections must only be provided by a trained electrician or
must be supervised by a trained electrician working in accordan-
ce with the currently valid IEC (International), EN (European) or
national guidelines.

Observe all safety regulations.

TRIVAC BCS pumps are supplied with three-phase motor but without
accessories for electrical connection. They must be connected via the
appropriate cable, and a suitable motor protection switch.

Set the switch in accordance with the rating on the motor nameplate.

Fig. 8 shows the connection for pumps with 230/380 V, 50 Hz motors. In
the case of pumps equipped as standard with a 60 Hz motor, please obser-
ve the diagram on or at the motor.

Check the direction of rotation  After connecting the motor and after every time you alter the wiring, check
the direction of rotation. To do so, briefly switch on the motor and check
whether a suitable cover (e. g. a blank flange) is sucked on at the intake
port. If not, interchange two phases of the connection.

Observe the direction arrow on the coupling housing.

If the connector for the temperature switch is not used, the plug may
remain connected at this socket to protect it. However, there is the danger
that the protruding plug may be damaged.

Temperature switch  The built-in temperature switch provides a signal when the pump gets too
hot. We recommend that you access the signal available at this connector
through the LSS and the EIS. Otherwise you may access the signal at pins
1 and 2 (voltage 24 V DC max., power consumption 10 W).

In the case of custom pumps (with a Part No. deviating from the Part No.
stated in the EC Declaration of Conformity) please note the information pro-
vided on a separate sheet.
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Delta connection Star connection

Fig. 8 Connection diagram for TRIVAC BCS with 50 Hz 3-phase motor

T7 U/2

L1 L2 L3

L1,L2,L3

e A

Fig. 8a Double star - Connection for pumps with 190-220 V, 50 Hz and 190-240 V, 60 Hz motor (Part No. 154 52/54)
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4 Operation
41 Start-up

Warning Each time before starting up check the oil level.

Open all valves blocking the exhaust lines. The pump must never
be operated with a blocked or constricted exhaust line.

For pumps with 3-phase motors, check the direction of rotation before star-
ting the pump for the first time and after each change in the electrical
connection (see Chapter 3.4).

On initial start-up, after prolonged idle periods or after an oil change, the
specified ultimate pressure cannot be attained until the oil is degassed.

Run-up phase This can be done by running the pump for approx. 30 min. with the intake
line closed and the gas ballast valve (7/5) open.

If the chemical filter (CFS) has been installed on the pump the separating
valve may be set to the position marked “Wechsel” during the first part of
the run-up phase. When doing so, the relatively cold and thick lubricant will
not have to be pumped through the interchangeable filter, thus removing
some load from the pump’s motor. Thereafter, the separating valve is set to
the position “Betrieb”.

Warning Before starting the pump ensure that the pump and the fitted
accessories meet the requirements of your application and that
safe operation can be guaranteed.

Avoid exposure of any part of the body to the vacuum. There is
the danger of injury. Never operate the pump with an open intake
port. Vacuum connections as well as oil-fill and oil-drain openings
must never be opened during operation.

The safety regulations which apply to the application in each case
must be observed. This applies to installation, operation and
during maintenance (service) as well as waste disposal and trans-
portation.

The standard pump is not suited for pumping of hazardous gases
Or vapours.

Our technical sales department is available for further advice in these mat-
ters.
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4.2 Operation

TRIVAC BCS pumps can pump condensable gases and vapours, provided
that the gas ballast valve (7/5) is open and the pump has attained its ope-
rating temperature.

In connection with the inert gas system (IGS) which is part of the TRIVAC
System, TRIVAC BCS pumps may be operated with an inert gas ballast.

Since the IGS is intended for a reduced gas ballast for purging the pump,
the water vapour tolerance of the pump is reduced depending on the set-
tings to values in the 1 mbar range.

The inert gas supply needs to be opened before allowing the process gas
to enter into the pump.

4.2.1 Non-Condensable Gases

If the process contains mainly permanent gases, the TRIVAC BCS may be
operated without gas ballast (position 0), provided that the saturation
vapour pressure at operating temperature is not exceeded during com-
pression.

If the composition of the gases to be pumped is not known and if conden-
sation in the pump cannot be ruled out, run the pump with the gas ballast
valve open in accordance with Chapter 4.2.2.

4.2.2 Condensable Gases and Vapours

With the gas ballast valve open (position I) and at operating temperature,
TRIVAC BCS pumps can pump pure water vapour up to the water vapour
tolerance specified by the technical data. If the vapour pressure increases
above the permissible level, the water vapour will condense in the oil of the

pump.

When pumping vapours ensure that the gas ballast valve is open and that
the pump has warmed up for approximately 30 minutes with the intake line
closed.

Vapour phases may only be pumped up to the permissible limit
after the pump has attained its operating temperature.

During pumping, vapours may dissolve in the oil. This changes the
oil’s properties and thus there is a risk of corrosion in the pump.
Therefore, don't switch off the pump immediately after completi-
on of the process. Instead, allow the TRIVAC BCS to continue
operating with the gas ballast valve open and the intake line clo-
sed until the ail is free of condensed vapours.

We strongly recommend operating the pump in this mode for
about 30 minutes after completion of the process.

Gas ballast valve

Caution

Operation

GAO01301_0702 - 04/2006 - © by Leybold Vacuum
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In cyclic operation, the TRIVAC BCS should not be switched off during the
intervals between the individual working phases (power consumption is
minimal when the pump is operating at ultimate pressure), but should con-
tinue to run with gas ballast valve open and intake port closed (if possible
via a valve).

Once all vapours have been pumped off from a process (e.g. during dry-
ing), the gas ballast valve can be closed to improve the attainable ultimate
pressure.

4.2.3 Operating Temperature

Proper operation of the TRIVAC BCS is ensured in the ambient temperatu-
re range between 12 °C (55 °F) to 40 °C (104 °F).

Warnin . .
9 At operating temperature, the surface temperature of the oil case

may lie between 40 °C (104 °F) and over 100 °C (212 °F), depen-
ding on the load.

There is the danger of receiving burns.

If — due to the ambient conditions — this temperature range is exceeded at
either end of the range, then the operating range of the TRIVAC BCS can
be adapted. The Leybold sales department will be pleased to answer any
questions in this matter.

4.3 Switching Off / Shutdown

Since the TRIVAC BCS pump will commonly be exposed to aggressive and
corrosive media, we recommend that you let the pump continue to opera-
te even during long non-working intervals (e.g. overnight) with the intake
line closed and the gas ballast valve open. This avoids corrosion during idle
periods and difficulties when re-starting the pump under conditions where
the lubricant has been chemically modified.

Caution When pumping condensable media let the pump continue to ope-
rate with the gas ballast valve open and the intake line closed
before switching off (see Chapter 4.2.2). When using PFPE as the
lubricant you must note the information given in Operating Instruc-
tions GA 07.009 when switching the pump off or shutting it down
for a longer period of time.

If the TRIVAC BCS running with mineral oil is to be shutdown for an exten-
ded period after pumping aggressive or corrosive media or if the pump has
to be stored, proceed as follows:

Warning When pumping harmful substances, take adequate safety pre-
cautions.
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Our technical sales department is available for further advice in these mat-
ters.

Drain the oil (see Chapter 5.4).

Add clean oil until the oil-level is at the “min” mark and let the pump ope-
rate for some time.

Then drain the oil and add clean oil until the oil level is at the “max.” mark.

Seal the connection ports. Special conservation or anti-corrosion oils aren’t
necessary.

Please also take note of the information given in Chapter 7 (Storing the
Pump).

Shutdown through Monitoring Components

When the pump has been switched off due to overheating sensed Warning
by the motor coil protector, the pump must only be started

manually after the pump has cooled down to the ambient tempe-

rature and after having removed the cause first.

Failure of the Control System or the Mains Power

In order to prevent the pump from running up unexpectedly after Warning
a mains power failure, the pump must be integrated in the control

system in such a way that the pump can only be switched on

again manually. This applies equally to emergency cut-out arran-

gements.

GAO01301_0702 - 04/2006 - © by Leybold Vacuum
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5 Maintenance

Warning Disconnect the electrical connections before disassembling the
pump. Make absolutely sure that the pump cannot be accidental-
ly started.

If the pump has pumped harmful substances, ascertain the natu-
re of hazard and take adequate safety measures.

Observe all safety regulations.

When using PFPE as the lubricant please observe all instructions given in
Chapter 1.2 and in Operating Instructions GA 07.009.

When disposing of used oil, you must observe the applicable environmental
regulations!

Due to the design concept, TRIVAC BCS pumps require very little mainte-
nance when operated under normal conditions. The work required is
described in the sections below.

Caution All work must be carried out by suitably trained personnel.
Maintenance or repairs carried out incorrectly will affect the life
and performance of the pump and may cause problems when
filing warranty claims.

Leybold offers practical courses on the maintenance, repair, and testing of
TRIVAC BCS pumps. Further details are available from Leybold on request.

If the TRIVAC BCS is used in ambient air which is much contaminated,
make sure that the air circulation and the gas ballast valve are not adver-
sely affected.

When the TRIVAC BCS has been pumping corrosive media we recommend
that possibly planned maintenance work be carried out immediately in
order to prevent corrosion of the pump while it is at standstill.

For spare parts numbers please refer to the enclosed Spare Parts List.

In the case of custom models and special versions, please always state the
number of the custom model or version together with its serial number.
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S.1

Maintenance

Maintenance Plan (Recommendation)

No. Rotary vane pump Measurement/test quantity Interval Remarks
TRIVAC D 40 BCS Operating/auxiliary materials VE VP t 6m a n-a
TRIVAC D 65 BCS
1 Operate the pump for at least 0.8 h Condensed water is thus removed from the oil.
with gas ballast.
2 Check the oil level, Qil: N 62 or special and Refill: Only after the pump has been switched
if required change the oail.. and alternative oils off.
see Chapter 1.2
3 Check the quality of the ail, visually (all oils) Visually: normally light and transparent, oil
change the oil if required. change is required when discolorations increase.
chemically (N 62 or HE 200) Chemically: to DIN 51558, when the
neutralisation number exceeds 2; then an oil
change will be required.
mechanically (N 62 or HE 200) Mechanically: when viscosity is 20 % above
the one of fresh oil; then an oil change will be
required.
4 Clean the inlet screen in the intake Suitable cleaning agent and B Clean inlet screen with a cleaning agent and
port, change it as required. compressed air. blow it out with compressed air under a suction
hood.
M Replace the defective inlet screen.
Use a cleaning agent which complies with the
national/international specifications.
Observe the safety regulations when using
cleaning agents.
5 Clean the internal demister, Suitable cleaning agent. Already clean before the maintenance
change it as required. interval has elapsed when the noise level
increases.
M Clean internal demister with cleaning agent
M Replace the defective internal demister
M Dispose of the defective internal demister as
special waste.
Cleaning agent according to
national/international specifications.
Observe the safety regulations when using
cleaning agents.
6 Check the edges of the teeth on
the coupling element for any
damages, change the coupling
element as required.
7 Change the oil - Qil: N 62 or special and Oil change:
and alternative oils M First oil change after 100 operating hours.
M Pump switched off and cold.
and Exchange the oil while the pump is cold
s0 as to avoid releasing adsorbed gases.
clean the oil level glass. Suitable cleaning agent Clean the oil level glass with a cleaning agent
and compressed air. and blow it out with compressed air under a
suction hood.
Use cleaning agents only corresponding to
the national/international specifications.
Observe the safety regulations when using
cleaning agents.
Quantity of oil: see Technical data
8 | Check the fan of the pump and Brush and industrial vacuum Depending on the amount of dust check the

motor as well as the cooling fins
on the motor for deposits,
and clean as required.

Key to maintenance plan

VE =
VP =
t =
6m
a

n-a=

Maintenance before switching on the system

cleaner.

pump and keep it clean.

Caution: switch off the pump and ensure that
it cannot run inadvertently (disconnect from the
mains).

We recommend that you service the pump every two years covering the following:

B Cleaning

Maintenance before starting production
Daily maintenance

Six monthly maintenance

Annual maintenance

Maintenance every n years

M Checking the individual components

W Exchange of all seals

B Functional check

This check should be run by the Leybold Service.

GAO01301_0702 - 04/2006 - © by Leybold Vacuum
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5.2 Leybold Service

Whenever you send in equipment to Leybold, indicate whether the equip-

Contamination Ment is contaminated or is free of substances which could pose a health
hazard. If it is contaminated, specify exactly which substances are involved.
You must use the form we have prepared for this purpose.

Form A copy of the form has been reproduced at the end of these Operating
Instructions: “Declaration of Contamination for Compressors, Vacuum
Pumps and Components”. Another suitable form is available from the
Leybold homepage:

www.leybold.com under the headline “Support & Downloads”.

Attach the form to the equipment or enclose it with the equipment. Do not
place it together with the equipment inside the PE bag.

This statement detailing the type of contamination is required to satisfy legal
requirements and for the protection of our employees.

Leybold must return to the sender any equipment which is not accompa-
nied by a contamination statement.

5.3 Checking the Oil

During operation of the TRIVAC BCS the oil level must always remain bet-
ween marks (9/2) and (9/3) at the oil-level glass. The amount of oil must be
checked and topped up as required.

Caution Fill in oil only after the pump has been switched off.

Pumps which have not directly been delivered from Leybold, e.g. in sys-
tems, may have been filled with oils different from N 62 or HE-200. In this
case a refill with N 62 may cause problems. Therefore check before the refill
the kind of oil in the pump and fill in only suitable oil or change the ail.

When operating the TRIVAC BCS in connection with the exhaust filter with
lubricant return (ARS 40-65) the checking intervals are extended.

When using the oil float switch (LSS) remote monitoring of the lubricant is
possible.

N 62 or HE 200 Oil

The ageing process for the standard operating fluid N 62 resp. HE 200 (see
Chapter 1.2) will depend very much on the area of application for the pump.
a) Visual check

Normally the oil is clear and transparent. If the oil darkens, it should be
changed.

b) Chemical check

The neutralisation number of N 62 oil is determined according to DIN
51558. If it exceeds 2, the oil should be changed.
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c) Viscosity check

If the viscosity of N 62 at 25 °C exceeds a level of 240 mPas (20% higher
than the viscosity of fresh oil) an oil change is recommended.

If gases or liquids dissolved in the oil result in a deterioration of the ultima-
te pressure, the oil can be degassed by allowing the pump to run for
approx. 30 min. with the intake port closed and the gas ballast valve open.

When wanting to check the oil, switch off the pump first and drain out from
the warm pump the required amount of oil through the oil drain (9/4) into a
beaker or similar.

Hazardous substances may escape from the pump and the oail.
Take adequate safety precautions. For example wear gloves, face
protection or breathing protection.

PFPE

PFPE are practically inert against any kind of chemical and oxidative influ-
ence. Against Lewis acids (like boron trifluoride BF3, aluminium trichloride
AICL,, for example) they are not entirely inert. Here a reaction at tempera-
tures of approximately 100 °C or more can be expected.

PFPE are thermally highly stable. A thermal decomposition can occur only
at temperatures over 290 °C.

Perfluorinated polyethers will, when suffering thermal decomposi-
tion, release toxic and corrosive gases.

In the case of PFPE at least a visual check is recommended.

Normally the oil will be light and transparent. In the case of an increasing
discoloration it is likely that the oil has taken up either liquid or solid process
media, and an oil change is recommended.

Warning

Warning

Maintenance
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5.4 Oil Change

Warning Before pumping oxygen (or other highly reactive gases) at con-
centrations exceeding the concentration in the atmosphere
(> 21 % for oxygen) it will be necessary to use a special pump.
Such a pump will have to be modified and de-greased, and an
inert special lubricant (like PFPE) must be used.

Hazardous substances may escape from the pump and the oil.
. Take adequate safety precautions. For example wear gloves, face
& protection or breathing protection.

Observe all safety regulations.

Mineral oil (N 62 or HE 200)

For proper operation of the pump, it is essential that the pump has an ade-
quate supply of the correct and clean oil at all times.

The oil must be changed when it looks dirty or if it appears chemically or
mechanically worn out.

The oil should be changed after the first 100 operating hours and then at
least every 2,000 to 3,000 operating hours or after one year. At high intake
pressures and intake temperatures and/or when pumping contaminated
gases, the oil will have to be changed more frequently.

Further oil changes should be made before and after long-term storage of
the pump.

If the oil becomes contaminated too quickly, install a dust filter and/or oil fil-
ter. Contact us for more information in this matter.

PFPE

PFPE lubricants are chemically almost inert. Thus they do not suffer ageing
like mineral oils, for example.

However, PFPE lubricants offer a reduced dispersing behaviour compared
to that of mineral oils. For this reason, any contaminant particles entering
into the pump may deposit themselves within the pump and cause dama-
ge. The ingress of process media can also cause impairments within the
pump, for example through condensation and a reduction in the attainable
ultimate pressure or by attacking components through aggressive media.
In this case pumps with a filing of PFPE must always be operated in
connection with a suitable oil filter facility.

When the ail filter facilities are changed early enough, it will only be requi-
red to exchange the PFPE rarely. In such cases we recommend to exchan-
ge the PFPE once a year to be on the safe side.

Shorter oil change intervals will be necessary in the case of

B inadequate ail filter facilities

B oil filter changes which are done too late

B when pumping contaminated gases

B when pumping extremely reactive substances.

How often a PFPE exchange will be necessary can only be decided on a
case-by-case basis depending on the level and type of contamination.
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Key to Fig. 9
1 Qil-ill plug
2 Qil-level mark “maximum”
3 Qil-level mark “minimum”
4 Qil-drain plug

Fig. 9 Oil change

Required tool for the oil change:
Allen key size 8.

Normally change the oil after the pump has been switched off and Warning
while the pump is still warm. Change the oil while the pump is cold
if dangerous gases may be released. @

If there is the danger that the operating agent may present a @
hazard in any way due to decomposition of the oil, or because of

the media which have been pumped, you must determine the

kind of hazard and ensure that all necessary safety precautions

are taken.

Remove the oil-drain plug (9/4) and let the used oil drain into a suitable con-
tainer. When the flow of oil slows down, screw the oil-drain plug back in,
briefly switch on the pump (max. 10 s) and then switch it off again. Remove
the oil-drain plug once more and drain out the remaining oil.

Screw the oil-drain plug back in (check the gasket and reinstall a new one
if necessary).

Remove the oil-fill plug (9/1) and fill in fresh ail.
Screw the ail-fill plug (9/1) back in.

When an exhaust filter with lubricant return has been installed on the pump
please also exchange the oil there.

We can only guarantee that the pump operates as specified by Caution
the technical data if the lubricants recommended by us are used.
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5.5 Cleaning the Dirt Trap

A wire-mesh sieve is located in the intake port of the pump to act as a dirt
trap for foreign objects. It should be kept clean to avoid a reduction of the
pumping speed.

For this purpose, remove the dirt trap (2/2) from the intake port and rinse it
in a suitable vessel with solvent. Then thoroughly dry it with compressed air.

If the dirt trap is defective, replace it with a new one.

Caution The cleaning intervals depend on the application. If the pump is
exposed to large amounts of abrasive materials, a dust filter
should be fitted into the intake line.

5.6 Removing and Fitting the
Internal Demister

(not required for PFPE)

Required tools: Allen keys size 6 and 8
Required spare parts:

Gasket for oil case 200 09 148
Internal demister: 390 26 014

The internal demister is spring-mounted in a frame. When it is clogged, it
rises periodically to reduce the pressure difference created. The resultant
noise at high intake pressures indicates that the internal demister is dirty.

Periodically clean or replace the internal demister; the maintenance interval
depends on the application. Use a suitable solvent for cleaning.

Shutdown the pump and drain the oil (see Chapter 5.4).

Remove the six recessed screws (10/6) on the oil case (10/4). Don’t remo-
ve the non-recessed screws; they hold the motor flange in place and
need not be removed.

Pull the oil case forward off the pump.
Remove the gasket (10/5).
Unscrew screw (10/1).

Remove small washer (10/1), spring (10/1), large washer (10/1) and O-ring
(10/1).

Lift off the frame (10/2) and remove the internal demister (10/3).

Clean all parts and check that they are in perfect condition; if not, replace
them with new parts.

Reassemble in the reverse order.

Torque for the screws (10/6) is 12 Nm.
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Key to Fig. 10

1 Screw with small washer, spring,

large washer and O-ring
2 Frame for demister

3 Demister
4 Qil case

5 Gasket

6 Fixing screws

Fig. 10 Removal and fitting of the internal demister
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Key to Fig. 11

Gasket

Coupling with fan blades
Hex. socket screws
Intermediate flange

Hex. socket screws
Electric motor

OO~ wWN =

Fig. 11 Disassembly and reassembly of the electric motor

Warning

5.7 Disassembly and Reassembly
of the Electric Motor

Before starting any disassembly work, always disconnect the
motor from the mains. Reliably prevent the pump from running up.

Required tools:

Screwdriver 1.0 x 5.5 mm (for junction box), open-jaw wrenches size 7 and
size 19 (for junction box), Allan keys size 3 and size 6; possibly a puller for
the coupling.

Disconnect the mains connection.

Support the motor.

Unscrew the four non-recessed hex. socket screws (11/5).

Remove the intermediate flange (11/4) together with the electric motor.
Remove the gasket (11/1).

Loosen the threaded pin and pull the coupling with the blade wheel (11/2)
off the motor shaft.

Unscrew the hex. socket screws (11/3).

Remove the electric motor (11/6).
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Clean all parts and check that they are in perfect condition; if not, replace
them with new parts.

Reassemble in the reverse order.

5.8 Replacing the Outer Shaft Seal

Oil stains under the housing of the coupling indi