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INSTALLATION & MAINTENANCE NOTES

Notice 1

Based on our own experience, you will obtain the best possible operational reliability from our
equipment by following the recommendations given in these instructions. The data contained
herein purports solely to describe the product and it is not a warranty of performance or
characteristics. It is with the best interests of our customers that we constantly strive to
improve our products and keep them abreast of advances in technology. This may lead to
discrepancies between a product and these instructions.

Notice 2

Within the scope of these instructions, it is impossible to take into account every eventuality
which may arise with technical equipment in service. Please consult our local salesmen in the
event of any irregularities, especially if not referred to herein.

Notice 3

We expressly decline liability for any damages resulting from any incorrect operation or
wrong handling of our equipment, even if these instructions contain no specific indication in
this respect. We stress the fact that only genuine spare parts should be used for replacements.

Notice 4
COPYRIGHT @

Without our written consent it is not permissible to disclose, reprint, copy or reproduce any
part of these instructions.

These instructions do not purport te cover all details or variations in equipment nor to
provide for every possible contingency to be met in connection with installation, operation, or
maintenance. Should further information be desired or should particular problems arise
which are not covered sufficiently for the purchaser’s purposes the matter should be referred
to the ABB Power T&D Company, Power Circuit Breaker Division, 125 Theobold Ave.
Greensburg Pa. 15601. Phone No. (412) 838-5200.
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Introduction
L ]
1 Introduction and General Description

Instructicns in this manual apply ta any of the following types
of multiple-tank, sulfur hexafluoride (SF,) puffer-type circuit
breakers manufactured by ABB:

« 121PM40 - 12/16/20/30
« 145PM40 - 12/16/20/30
« 169PM40 - 12/16/20/30

In this manual, reference to the 145 PM circuit breaker also
includes all of the other PM circuit breakers listed above.

1.1 Breaker Model Nomenclature
Breaker mode! nomenclature is defined as follows:
145 P M 40 20

Voltage, kV A v}

Sk, Puffer

Multiple Tank -
Intetrupter Rating (kA)

Continuous Current (AMPS x 100)
1.2 Conventions Used in This Manual

This manual 1s compased of modules which correspond to
either a major breaker component or a major scurce of
information, i.e. Pole Unit modwe, etc. Sections of text {and
in some cases tables) make up a moduls. The term section
refers to sequentially numbered segments of text in each
module, t.e. section 1.3 in this module refers to safety
instructions in this manual.

Sub-sections within a section have an extended digit in the
section number. The sub-section contains supporting infor-
mationthat pertains to the higher level section. Forexample,
section 1.2.1 Customer Data Module, is a sub-section of
section 1.2 Conventions Used in this Manual.

Multiple-task procedures are usually listed in a step-by-step
numbered sequence. It is very important to follow proce-
dures in the step-by-step sequence given in this manual to
ensure proper operation, maintenance, disassembly, and
assembly of components.

Figures refer to drawings and schematics at the end of each
module. Hustrations are drawings inserted within the text
pages of the moduie. Plates refer to photos inserted within
the sections of text.

1.2.1 Customer Data Module

The Gustomer Data module contains specific information
pertaining to your circuit breakar, such as:

- Customer data sheet - identifies the breaker along
with the customer name, address, and contact infor-
mation and the publication number of this manual.

+ Wiring diagrams

+ Module Listing - lists all of the component module
publications that pertain to your breaker.

1.2.2 Part Number References

Parts for the breaker are referred 10 in this manual as index
part numbers. These index part numbers are classitied as
three types:

+ Parts for major breaker components (refer to section
1.2.2.1);

« Special tools {refer to section 1.2.2.2),

» Hardware - nuts, bolts, washers, studs, and snap
rings {refer to section 1.2.2.3).

When ordeting parts for your breaker, in addition to your
customer data, please include:

+ Breaker serial number;

= Index part number used in the module;

» Publication number of the module {on the front page
of each module and at the top of each page in the
module).

1.2.2.1 Index Part Numbers for Major Breaker

Components

Index part numbers for major breaker componentsfall within
numbered groupings. With the exception of Q-rings, each
group categorizes parts pertaining to a specificmajorbreaker
component in a numbered series in increments of 10000 as
follows:

= 10000 Pcle Unit/ Interphase Linkage;

+ 20000 Bushing;

+ 30000 Interrupter;

+ 40000 Resistor;

» 50000 Mechanism;

+ 60000 Control Cabinet/SF, Gas Density Monitor;
« 70000 Current Transformers;

+ 90000 O-Rings.

For example, the rupture disk is part of the pole unit and #s
index part number is 10017.

1.2.2.2 index Part Numbers for Special Tools

index part numbers for special tools used to handle and
maintain these circuit breakers are prefixed with the letter T
iollowed by a five-digit number. For example, the index part
number for the deep socket tool 15 T13437.
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1.2.2.3 Index Part Numbers for Hardware

In this manual, hardware refers to:

+ Nuts;

+ Bolts;

« Washers;
« Studs;

+ Snap rings.

Index part numbers for hardware are prefixed with the letter
H followed by an actual hardware part numbsr. The index
part number for a typical bolt, for example, is H420A30510.

1.3 Safety Instructions in This Manual -
READ THIS

Foltow the instructions in this manual to prevent accidents
andfailures. The instructions are written in terms that should
be readily understood by well-trained, competent operators.
Personnel should thoroughly understand the instructions in
this manual before operating this equipment.

Forgonvenient reference, keepthis instruction manualin the
slot within the controlcabinet door of the breaker. Additional
copies of the book also can be purchased from ABB.

Operating power circuit breakers and related electrical and
mechanical components present inherent dangers. There-
fore, adhere to the procedures presanted herein in the step-
by-step sequence forthe safety of personnel and equipment.

Hazarg alert nomenclature (safety precautions and tips)
used in this manual are: danger, warning, caution, notice,
and important. These terms comply with standards devel-
oped by the American National Standards Institute (ANSH)
and set forth in ANSI Z535. These hazards are defined and
appear in this manual as follows, starting with the most
serious hazard alert term and descending to the least
serious:

DANGER

DANGER indicates an imminently
hazardous situation which, if not
avoided, will result in death or seri-

0ous injury.

Warning

WARNING indicates a potentially hazardous
situation which, if not avoided, could result in

death or serious injury.

Caution

' CAUTION indicates a hazardous situation which,
if not avoided, may result in minor or moderate

injury.

Notice: NOTICE is used for hazards that may resuftin
propetty damage only.
important:  IMPORTANT designates an operating tip or

maintenance suggestion.

9 February 1993

2 Breaker Description

The 145 PM circuit breaker is a multiple-tank, sulfur hexafluo-
ride (SF,) puffer-type circuit breaker manufactured by ABB.
This high speed, state-of-the-art circuit breaker ensures
raliable switching performance and fault interrupting capabil-
ity — a critically important function in power transmission
systems. The key advantages of this high voltage, outdoor
circuit breaker are:

+ Easy installation;
» Low maintenance requirements;
+ Reliability.

Drawing from its extensive experience in designing circuit
breakers, ABB is on the cutting edge of breaker technology
and strives to implement this expertise to provide circuit
breakers that excel in performance and reliability and require
minimal maintenance. All ABB circuit breakers are designed
according to customer specifications and in compliance with
the latest applicable NEMA and ANSI C37 standards for
outdoor high voltage circuit breakers.

The 145 PM breaker is factory-tested and shipped as a
complete unit — ready for easy and quick installation. After
the breaker is installed, a quick verffication of a few param-
eters is all that is required before placing the breaker into
service.

The Customer Data module serves as a customized refer-
ence guide for wiring connections and installation require-
ments unique for your applications. The nameptate on the
inside of the control cabinet door of the breaker indicates the
location, accuracy and ratio of the current transformers.

Because ofits advanced, yetuncomplicated, design, breaker
maintenance is minimal, but is still essential in ensuring
trouble-free aperation. By following the maintenance proce-
dures listed in this manuat, the 145 PM circuit breaker will
provide years of reliable, dependable service.

The 145 PM circuit breaker should not be
subjected to duties in excess of nameplate
ratings umess agreed upon at the time of
purchase.

Notice:

The 145 PM sircuit breaker (Fig. 1) consists of several major
components:

+ Three pole units;

Six poreelain entrance bushings;
Bushing-type current fransformers;
+ Three interrupter units;

» Interphase linkages;

« Mechanism;

+ Control cabinet.

Each of these components are briefly described in subse-
quent sub-sections in this module and in greater detail in
respective modules in this manual.
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2.1 Pole Unit

The 145 PM circuit breaker consists of three pole units
coupled to a single operating mechanism through an inter-
phase linkage assembly. The breaker is of a dead tank
design inwhich aninterrupterunit suspended by an insulating
support tube, is housed within each grounded aluminum
tank. Pressurized sulfur hexafluecride (SF ) gas surrounds
the interrupter units and fil's the hollow porcelain entrance
bushings. The gas functions as both an insulating and arc
guenching medium.

Each pole unit contains the following main components:

+ Cylindrical aluminum pole tank;

» Two entrance bushings (front and rear);
+ Bushing-type current transformers;

« Interrupter unit (and bellcrank assembiy);
» Rupture disk.

A carbon rupture disk is fitted to the rear of each tank. This
disk protects against excess pressure build-up which other-
wise could lead to catastrophic failure of pressurized compo-
nents.

Refer to the Pole Unit module for maintenance to be per-
formed on the pole unit.

2.2 Porcelain Entrance Bushings

The bushings are an integral part of the breaker and are
specifically designedto connectto the high voitage line orbus
and carry high voltage powertothe interrupter while providing
line-to-ground insulation.

Two plug-in type, porcelain entrance bushings are installed
at obtuse angles on top of each pole unit. Top and bottom
aluminum flanges are permanently cemented onto the insu-
lators. The bottom flange of the bushing bolts onto a pocket
onthetank. The bushings are hollow, high strength porcelain
vessels filled with SF, gas which acts as the insulating
medium. A conductor assembly (through rod) fits to the top
flange of the bushing and extends through the hollow center
of the bushing and atlaches to the interrupter.

Refer to the Porcelain Entrance Bushings module for more
details.

2.3 Current Transformers (CTs) .

Bushing-type current transformers (CTs) are instafled at the
factory and are wired to short circuiting terminal blocks in the
control cabinet. The CTs are provided as per custamer
specifications. Multi-ratio relaying class CTs are applied
most commonly. However, single-ratio metering class CTs
and linear couplers are available if requested.

Refer to the Current Transformers module for more details.

24 Interrupter

The type SW interrupter is a single pressure, single break,
sulfur hexaftuoride (SF,) gas putfer-type unit capable of
interrupting 40 kA terminal faults and 90 percent short-line
faults at 40 kA without the addition of external line-to-ground
capacitors. Each interrupter consists of a moving contact
assembly and a stationary contact assembily. Both assem-
blies contain a main contact and an arcing contact.

Under normalconditions, the main contacts carry continuous
current through the breaker. During interruption, the main
contacts part first.  Shortly afterward, the arcing contacts
part, an arc propagates between them and the current
eventuallyisinterrupted. Becausethe arcisinterrupted atthe
arcing contacts, the integrity of the main cutrent carrying
contacts is preserved.

The interrupting components are suspended by aninsulating
support tube situated within the grounded cylindrical tank of
each pofe unit. In the OPEN position, the moving and
stationary contact assemblies are isolated from each other
by an insulating interrupter tube. The moving contacts are
driven by the bellcrank assembly, which converts the vertical
motion of the operating mechanism te the horizontal motion
oftheinterruptercentacts. Aninsulating pullrodconnects the
bellcrank assembly to the moving contacts.

Refer to the Interrupter medule for mare details.
2.5 Interphase Linkage

The three pole units are interconnected by an interphase
linkage assembly and SF, gas density monitaring system.
The Interphase Linkage module includes all components that
join the individual pole units into a single breaker unit. These
components are the interphase shafts and the SF, gas
density monitoring system.

Refer to the Interphase Linkage moedule for more details.
2.6 Mechanism

The operating mechanism for the 145 PM circuit breaker is
housed within the control cabinet. This breakercan incorpo-
rate either a pure spring mechanism, Type FSA-2, or a
hydraulic mechanism, Type HMB. Refer to the Mechanism
module for more details.

2.6.1 FSA-2 Spring-Operated Mechanism

In the case of the pure spring-operated mechanism, the
interrupters have adirect mechanical link to steel coil springs,
and are driven by the springs during both the opening and
closing operations.

26.2 HMB Hydraulic Mechanism

The HMB hydraulic mechanism is driven completely hydrau-
lically. A stack of disc springs serves as an energy storage
system. During both opening and closing operations, hy-
draulic oil drives the piston/puilrod of the mechanism, con-
suming energy from the stack of disc springs. There is no
direct mechanical link between the spring stack and the
piston/oullrod.  The storage springs are charged using a
hydrautic pump; this stored energy provides the driving force
for hydraulic oil as the breaker is opened and closed.

9 February 1993
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2.7 Control Cabinet

The control cabinet is mounted to the stee! structural frame
of the circuit breaker. Components housed in the cabinet
include:

Operating mechanism;

+ CT shorting terminal blocks;

+ Anti-condensation heaters;

+ Control relays;

+ SF, gas density monitor(s);

+ Terminals for field connections;
+ Auxiliaty switches;

+ Circuit breaker contral panel.

Field wiring enters the control cabinet through a panel at the
base of the cabinet and is terminated on the appropriate
terminal blocks. The breaker control circuitry is wired and
tested at the factory.

lf required, the circuit breaker also can be fitted with asecond
control cabinet (not shown in Figure 1} mounted to the rear
of the structural frame.,

9 February 1993
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Figure 1
145 PM Circuit Breaker
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Notice 1

Based on our own experience, you will obtain the best possible operational reliability by following the recommendations given
in these instructions. The data contained herein purports solely to describe the product, and itis nota warranty of performance
or characteristics. It is with the best interests of our customers in mind that we constantly strive to improve our products and
keep them abreast of advances in technology. This may lead to discrepancies between a product and these instructions.

Notice 2

Within the scope of these Instructions, it is impossible to take into account every eventuality which may arise with technical
equipment in service. Plaase consult our local salesman in the event of any iregularities, especially if not referred to herein.

Notice 3

We exprassly decline liability for damagss resulting from any incorrect operation or wrong handling of our equipment, even
if these Instructions contaln no specific indication in this respect. We stress the fact that only genuine spare parts should be
used for replacements.

Notice 4

This publication is a copyrighted work. Therefore, it is not permissibla to disclose, reprint, copy, or reproduce any part of these
instructions without express written permission from ABB.

These instructions do not purport to cover all details or variations in equipment nor to provide for every possible contingency
to be met in connection with installation, operation, or maintenance. Should further information be desired or should particular
problems arise which are not covered sufficiently forthe purchaser’s purposes, the matter should ba referred to the ABB Power
T & D Company Inc. Power Cireuit Breaker Division, 125 Theobold Ave., Greensburg, PA 15601, Phone No. (412) 838-5200.

®Copyright 1993, ABB Al rights reserved.
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Installation 2 Recelving and Handling the Breaker
e - e = When the circuit breaker reaches its destination, check the
1 Introduction material actually received against the packing list immedi-

Instructions in this module pertain to recsiving, handling,
storing, and installing the 145 PM circuit breaker.

An installation and commissioning checklist is
included inthe Checklists module. This tabular
checklist includes all of the tests and items to
check when installing and commissioning the
breaker. The checklist specifies allowable
tolerances along with blank spaces for record-
ing measured values for future reference and
comparison.

1.1 Installation Precautions - READ THIS

important:

Thebreaker s shipped fromthefactory with a positive charge
of sulfur hexafluoride (SF,) gas of approximately 5 psig (34,5
kPaG). Eventually after the breakeris putin place and ready
for testing and operation, it will be filled with SF, gas to a
working pressure of 87 psig (600 kPaG)at 20°C (68°F) during
commissioning. The procedures listed below must be
performedin the following sequence before placing the circuit
breaker into service:

1. Receive and lift the circuit breaker into place (with 5 psig
{34.5 kPaG) of pressure in the tank); referto sections 2
and 4.2.

2. Completely instali the breaker (with 5 psig (34.5 kPaG))
before filling it with gas; refer to section 4.

3. Commission the breaker as follows (section 5):

« Land power and confrol wiring connections; refer to
section 5.1.

+ Connectthecurrenttransformers; refertosection5.2.

+ Fill the circuit breaker with SF, gas to a working
pressure of 87 psig (600 kPaG) at 20°C (68°F), refer
to section 5.3.

4. Test the breaker; refer to sections § and 7.
DANGER

Never move or install a breaker that
is fully pressurized with SF_ gas. The
breaker can be moved or installed
only if the tank is at a slight positive
pressure of approximately 5psig(34.5
kPaG). Afterinstallationis completed
and before the breaker is operated,
fill the breaker with SF, gas.

Do not energize, test, or operate the
breaker until it is completely filled
with SF, gas.

ately. Be certain that all parts have been received to avoid
delays in installation. If the breaker is found to be damaged
or is suspected of being damaged, file a claim immediately
with the transportation company. Next, notify the local ABB
representative of shortages or damaged equipment.

The breaker either can be installed or stored. To store the
breaker, refer to section 3; to instafl the breaket, refer to
section 4,

Thebreakeris shipped completely assembled except thatthe
lower legs are retracted into the frame. The bushing top
terminals are shipped with the field assembly materials and
must be attached during installation.

A crane with a lifting capacity of at least 5 tons is the most
efficientmeans of handling the circuit breaker. Liftinglugs are
provided for this purpose. Refer to section 4.2 for lifting
instructions.

21 Moving the Breaker
To move the breaker:

1. Besurethatthe breakeris inthe OPEN positionand that
the mechanism springs are completely discharged.

2. Reduce the SF_ gas pressure to approximately 5 psig
(34.5 kPaG).

DANGER

Never move or install a breaker that
isfully pressurized with SF, gas. The
breaker can be moved or installed
only if the tank is at a slight positive
pressure of approximately 5psig(34.5
kPaG).

3. Lift the breaker as shown in Figure 1 and in Plate 1 as
shown in section 4.2,

4, Remove the leg boits H800A02703 (Fig. 1) and retract
the extension legs into the breaker frame.

5. Refastenthelegsintotheretracted position usingtheleg
boits.

6. Mount the breaker to wooden skids at the foot pads to
keep the breaker from tipping over during transport.

7. Secure the breaker with straps during transport.

8. Bs careful not to damage the entrance bushings.
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3 Storing the Circuit Breaker

The breaker can be stored indoors or outdoors. Any time a
breaker is to be stored, maintain a slight positive pressure of
dry, SF, gas (5 psig (34.5 kPaG)) to prevent corrosion of the
internal components and absorption of moisture.

If the breaker is to be stored longer than 1
month, protect the operating mechanism and
control cabinet from moisture and corrosion by
closing the housing and energizing the anti-
condensation healers.

Important:

Keep spare parts in a clean, dry room to minimize the
possibility of moisture and corrosion damage.

Notice: If a breaker which has been opened is to be
sfored, it must be evacuated and filled to a
positive pressure with dry, SF, gas to approxi-
mately 5 psig (34.5 kPaG). Refer to the
Maintenance module forinstructions on evacu-
ating and refilling a breaker which has been

opened.

7 Qctober 1993

4 Installing the 145 PM Circuit Breaker

Wheninstalling the 145 PMcircuit breaker, refertothe outline
and field assembly drawings in the Customer Data module
and the flow chart on the opposite page. Afterinstallation is
complete, commission the breaker. Rafer to section 5.

DANGER

Upon installation, the tank pressure
should be at the shipping pressure
of approximately 5 psig (34.5 kPaG).
Never move or install a breaker that
is fully pressurized with SF_ gas. The
breaker can be moved or installed
only if the tank is at a slight positive
pressure of approximately 5psig(34.5
kPaG). Do not fill the breaker with
SF, gasuntilinstallation is complete.

4.1 Equlpment Usod in Installation

The following items are supplied by ABB with the 145 PM
circuit breaker;

* One service kit (containing lubricants, electrical joint
compound, touch-up paint, and Loctite);

* One instruction manual;

+ One breaker field assembly drawing;

* One breaker outline drawing;

« One set of standard maintenance toois (including the
travel recorder kit T13435);

+ One set of wiring diagrams.

The following items are provided as options by ABB. Check
if these materials were purchased with the breaker:

+ Lifting sling assemblies;
» SF, gas;
* SF, gas regulator with filling hose and adapter fitting.

When installing the 145 PM circuit breaker, have on hand
both the ABB-supplied equipment as well as the following
equipment supplied by your company:

Traveling crane, 5-ton capacity;

Slings;

Level;

Leveling shims;

Thermometer,

Test Equipment:

- Leak detector,

- Moisture analyzer,

- Timing devices,

- Micro-chm measurement equipment;
Standard tools, screwdrivers, wrenches, etc.;
Torquewrenches: 10to 150 fi-lbs and 10to 600 ft-lbs;
Twe, step ladders (10-feet siza);

Wire brush;

Cleaning materials (denatured ethyl alcohal);
Lint-free wipers.

——
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Installation and Commissioning Flow Chart
Task Section Reference

Remove all packing material. J——
[

Lift circult breaker Into place with

5 psig (34.5 kPaG) of SF, In It;  |——

use 5-ton crane & lifting slings.

Unbaeilt the leg extenslons and
lowaer them Into position. —

i
Re-assemble and fasten the legs.|——

Place the breaker on the —
foundation pad.

Grout or shim under the pads | ——..
and secure the anchor bolts.

Permanently ground the clrcuit
breaker and then ground the e
control cabinet.

Clean the entrance bushings. {———
I Touch up any chipped paint. |—

| Install the bushing top terminal I—

Commission the breaker:

* Make elactrical connections —p——
* Flll the breaker with SF,gas ...} ...

]
Perform the following tests
+ Measure contact resistance ——

+ Measure the moisture content————
of the SF_gas

+ Check for leaks —_
+ Operational and timing tests __|

* Calibrate the SF, gas o B
density monitor

— I
Complete the Installation and _
Commissioning Chacklists

Sections 4.1 & 4.2

Sections 4.1 & 4.2

Section 4.2

Section 4.2

Section 4.2

Sectlon 4.2

Section 4.2

Saction 4.2

Section 4.2

Soction 4.3

Sections 5.1. & 5.2
Section 5.3

Section 7.1

Section 7.2

Sectlon 7.3
Section 74

Section 7.5

Chaecklists module &
Mechanism module
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DANGER 6.

Proceed with extreme caution be-
cause installation often involves
working near energized lines.

4.2

Priorto installing the 145 PM circuit breaker, be sure that the
tank pressure is approximately 5 psig (34.5 kPaG). Do not
install a fully pressurized breaker.

To install the 145 PM circuit breaker:

Installation Procedure

1. Remove all packaging material. 7.
2. Liftthe breaker using the crane and following the rigging
arrangement shown in Figure 1 and Plate 1.
8.
9.
10.

Plate 1: Lifting breaker

3. While the breaker is suspended, unbolt the leg exten-
sions and lowerthemtothe position shown onthe outline
drawinginthe CustomerDatamodule. Re-assemblethe
legs using the fasteners provided with the legs.

4. Place the breaker on its foundation pad. The unit does
not require precise leveling; a level on the horizontal
bracing will suffice.

5. Grout or shim under the breaker foot pads and secure
the anchor bolts.
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Permanently ground the circuit breaker structure. Two
NEMA grounding pads, welded to the front and rear
structural legs at opposite corners, are provided for this
purpose. The ground cable should be able to carry the
available fault current at the breaker location for the
maximum duration of the protection scheme.

DANGER

A permanent low resistance ground
is essential to adequately protect
equipment and personnel.

Ground the control cabinet ground terminal 60011 (Fig.
2) located on the inside rear wall of the cabinet. A
grounding stud extends through the rear walland canbe
accessed from outside of the cabinet.

Cleanthe entrance bushings to remove any dirt or debris
which may have accumulated during shipment and
installation using standard cleaning procedures de-
scribed in the Porcelain Entrance Bushings module.

Touch up any areas of damaged or chipped paint using
the provided touch-up paint.

Complete the installation and commissioning checklist
included inthe Checklists module. This tabular checklist
includes all of the tests and items to check when
installing and commissioning the breaker. The checklist
specifies allowable tolerances along with blank spaces
for recording measured values for future reference and
comparison.
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4.3 Installing the Bushing Top Terminal

Each 145 PM circuit breaker is provided with six four-hole
NEMA terminal pads 20311 (Fig. 15) as part of the fleld
assembly materials. Refer to Plate 2.

Four-Hole NEMA Bolt H420A30614
Terminal Pad 20311 Belleville Washer
H967800

V-Clamps 20318

Plate 2: Installing the bushing top terminal

To install the terminal pad 20311 (Fig. 15) to the top cap of
the bushing conductor:

1. Coat the mating surfaces between the terminal pad
20311 and top cap of the bushing with Alnox Electrical
Joint Gompound (found in the service kif). Abrade both
contact surfaces with a wire brush to remove dirt and
oxides. Completely wipe off the Alnox with a clean, lint-
free wiper and Immediately apply a new coat of Alnox to
both mating surfaces to prevent oxidation.

Positlon the terminal pad on the top cap cf the bushing.

3. Place a clamping ring 20317 over the terminal with the
drip slots at the bottom of the clamping ring.

4. Place four V-clamps 20318 between the clamping ring
20317 and terminal pad and overthe holes inthetop cap
of the bushing.

5. Place a belleville washer H967800 (Fig. 15) on each of
thefour M12 hex head bolts H420A30614. Apply Amber
Petrolatum Grease to the bearing surfaces and the

threads of each bolt. Place a boltthrough eachV-clamp,
and screw the bolts Into the four holes of the top cap of
the bushing.

6. Tumn the terminal pad to the desired crientation (the
terminalcan beturned 360 degrees)and torque the bolts
to 61 Nm (45 ft-Ibs).

Clamping Ring 20317 4.4 Slow Close Operation

Since the slow close operation is only necessary when re-
installing & stationary contact assembly during interrupter
maintenancs, this procedure Is optlonal during /nstallation
because:

« The clrcult breakeris shipped as a complete ready-to-
install unit and contact inspection or alignment is not
required during installation.

« A slow close operation is not required when using
modem circuit breaker timing techniques;

Important:  With the 145 PM circuit breaker, the mecha-
nismcannotbejacked closed. The interrupters
must be isolated from the mechanism.

Refer to the Interphase Linkage module for the procedure to
perform a slow close operation.
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5 Commissioning the Breaker

Commissioning follows installation.
breaker involves:

Commissioning the

« Making electrical connections;

Filling the breaker with SF, gas;

« Testing the breaker;

* GCompletingthe installation and commissioning check-
list (in the Checklists module);

* Gompletingthe commissioning checklistforthe mecha-
nism (in the Mechanism module).

The breaker has been adjusted and tested at the factory and
is shipped completely assembled except as noted in the
previous sections. The breaker contains a partial charge of
SF, gas and thefullamount of desiccant. Therefore, it should
notbe necessary to open the breaker before commissioning.

DANGER

Do not fill the breaker with SF; gas
until installation is complete. Refer
to section 4 to install the breaker. Do
not energize, test, or operate the
breaker until it is installed and com-
pletely filled with SF, gas.

Once the breaker has been assembled completely and all
electrical connections have been made, the breaker is ready
for final commissioning. Commission the breaker in the
following procedural sequence listed in Table 1.

Sections 5.1 t0 5.3

Complete Commissioning

&7
Control & Secondary Wiring Section 5.1
Current Transformers Section 5.2
Filling the Breaker with SF6 Gas | Section 5.3
Perform Tests: Section 7

- Pole Resistance Measurement
Moisture Measurement

Leak Checking

Operational and Timing Tests
Density Monitor Callbration

Checklists Module &
Mechanism Module

Complete Installation and
Commissioning Checklists
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5.1 Control and Secondary Wiring

Control and auxiliary equipmentinherentto the circuit breaker
have been wired, adjusted and tested at the factory. Termi-
nals blocks are provided for customer power and control
connections (Fig. 2). Referto the wiring diagram for external
connections and to the mechanism nameplate for control
voltages and operating pressures.

Use control and power wiring of adequate size to maintain
voltages at the breaker terminals within ANSI Standard
ranges.

Condulit forexternal control wiring should be terminated atthe
removable plate 60009 (Fig. 2) located in the bottom of the
controlhousing. RefertoPlate 3. Allconduit should be sealed
at the cabinet to keep out dirt and moisture.

Plate 3: Removable plate

5.2 Current Transformers

Bushing-type current transformers (CTs) are installed at the
factory and are wired to short circuiting terminal blocks in the
control cabinet. The CTs are provided as per customer
specifications. Multi-ratio relaying class CTs are applied
most commonly. However, single-ratio metering class CTs
and linear couplers are available if requested. A nameplate
on the inside of the cabinet door Indicates the location,
accuracy and ratio of the current transformers.

Refer to the Current Transformers module for more details.
DANGER

Each current transformer secondary
must be connected to a relaying or
metering burden orbe shortcircuited
at all times.
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53  SF,Gas Filling

The properties of the sulfurhexafluoride (SF,) gas usedinthe
breaker must mest the specifications for sulfur hexafluoride
according to ASTM D2472-71. SF, gas is available In
standard industrial type cylinders. The adapter needed for
connecting to the gas cylinder is a CGA #590 male left-hand
thread connector. Cylinders containing a charge of either 25
Ibs or 115 Ibs of gas are available. The pressure in the
cylinder is 300 psl at 24°C (75°F).

The breaker should be filled with SF, gas to a pressure of 87
psig (600 kPaG) at 20°C (68°F).

Important:  When filling the breaker with SF,gas, compen-
sate for temperature variation as shown in the
pressure vs. temperature characteristics of
Figure 3. The SF, Gas Filling and Density
Maonitor Calibration Chart in Figure 4 is a quick
reference, tabular version of the characteris-
tics in Figure 3. Forexample, at-1°C (30°F) the
correct fill pressure would be 78.2 psig (539.2
kPaG).

Before filling the breaker with gas either from a gas cylinder
or gas service unit, review section 5.3.1. To fill the breaker
with SF_ gas from a cylinder, referto section 5.3.2. Tofillthe
breaker with SF, gas from a gas service unit, refer to section
5.3.3.

Warning

Do not over-pressurize the circuit breaker when
filling the breaker with SF, gas. Over-pressur-
Izatlon may cause the rupture disk to fall.

5.31  Proparation Prior to Filiing the Breaker with
SF, Gas

When the breaker is shipped from the factory, it already is
positively charged with SF, gas toapproximately 5 psig (34.5
kPaG). As long as this initial charge of gas is present, the
breaker can be simply topped off to the proper level on
installation. However, beforefilling the breaker with SF_ gas,
make sure that this positive pressure has not been lost due
to leakage or damage during shipping, etc.

Ifthe positive charge of gas is gone, determine the cause and
correct the problem. Refer to section 7.3 for leak checking
procedures. When the leak has been corrected, refer to the
Pole Unit module for instructions on replacing the desiccant
bag. Then, follow the procedures for evacuating andfilling a
circuit breaker which has been opened as listed in the
Maintenance module.

The SF, gas pressure gauge 60003 (Fig. 5) is mountedinthe
control cabinet and can be seen through a view port on the
front wall to check the tank pressure. This gauge has an
accuracy of 2 percent. It is good policy to periodically verify
the calibration of this gauge using a test gauge with an
accuracy of at least 1/4 percent, especlally following ship-
ment. The pressure gauge in the breaker is adjustable and
can be re-calibrated as needed.

WARNING

If the positive shipping pressure has been lost
or If the breaker has been opened for any
reason, rofer to the Maintenance module for
procedures to fill an opened breaker.

53.2 Fllling an Unopened Breaker from a Gas
Cylinder

Filling the breaker with SF, gas from a gas cylinder should
only be done if the pole tanks have not been opened and a
positive pressure of approximately 5 psig (34.5 kPaG) at
20°C(68°F) remains inthetank. Usinga portable in-linefilter/
drier is optional if filling from a gas cylinder.

Important:  The gas cylinder should be vertical at all fimes
to prevent introducing liquefied gas into the
circuit breaker, Particulate matter within the
gas cylinder can be carried with the liquefied
gas into the breaker.

To fill the unopened breaker with gas from a gas cylinder:

1. Removethe capfromthe 1/4-inch, 37-degree maleflare
fitting 60008 at location F (Fig. 5).

2. Purge the hose by allowing SF, gas from the cylinder to
pass through the hose driving out air and moisture.

3. Shut off the gas and immediately connect the hose at
location F. Refer to Figure 5 and Plate 4.

Plate 4: Connecting the fill hose

4. Open the sample valve 60007 (Fig. 5); then open the
valve on the regulator at the SF, gas cylinder.
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Warning
The gas regulator must be adjusted approxi-
mately totheflnalfill pressure ofthe broaker(87
psig (600 kPaG)) such that the 8F, plumbing,
density monitor, and gauge are not over-pres-

surized. Compensate for temperature varia-
tions as needed.

S. Slowly fill the breaker with gas to the pressure as shown
in Figures 3 and 4 for the corresponding ambient
temperature. Approximately 65 Ibs. (30 kg) of SF, gas
by welght will be required for the breaker.

One cylinderof gas will be sufficiant to fill one breaker. Usable
gas may remain in the cylinder after the breaker is filled.

When filling during cold ambient temperatures, the cylinder
may be heated using any of the following methods to convert
the fliquid SF, in the cylinder to a gaseous state:

= An electric blanket heater;

* Immersing the gas cylinder upright in a drum partially
filled with warm water so that approximately half of the
cylinder Is immersed. Heat the water with a portable
gas or electric heater,

Waming
Never hoat a gas cylinder with an apen flame.
Energize heaters only when transferring the
gas. When heating the cylinder, besure that the
temperature in the cylinder does not vxcead
100°F (38°C),

5.3.3  Filling an Unopened Breaker from a Gas
Service Unit

Useaportable in-linefilter/drieriffilling the breakerfromagas
service unit. A filterwith 13x molecular sieve (desiccant) can
be used. Place the filter vertically in the line betwsen the
breaker sample valve 60007 (Fig. 5) and the SF, gas sefvice
unit. Gas will be forced to flow through the desiccant in the
filter/drier. Care must be taken to ensure that liquid SF, wil
not enter the partable filter or breaker.

Important:  The 13x molecular sieve (desiccant) must be
replaced after passing approximately 3500
pounds of gas through the filter.

To fili the breaker;

1. Purge the hoss from the gas service unit with a quantity
of SF, gas equal to approximately 10 tims the volume of
the hose to eliminate air and moisturs. (A quick blast
purge through the hose is not sufficient to adequately
eliminate air and molsture - especially if using a long
hose with a large diameter.)

2. Fum off the gas flow and inmediately make the neces-
sary connection at locatlon F (Fig. 5). Refar to Plate 4.

3. Open the sample valve 60007 and then open the
appropriate valve on the gas service unit.

4. Slowlyfill the breaker with gas to the pressure as shown
in Figures 3 and 4 for the coresponding ambient
temperature. Approximately 65 Ibs. (30 kg) of SF, gas
by welght will be required for the breaker.
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6 Test Equipment
Equipment used in testing Includes:

* Leak detector (section 6.1 for vendor sources);

* Moisture analyzer (section 6.2 for vendor sources);
* Timing devices (saction 6.3);

* Micro-ohm measurement equipment (section 6.4).

6.1 Leak Detector
The suggested sources for leak detectors are:

TIF Halogen Leak Detector Modsl 5500
Halogen Leaktector, Code 23-7023
Bacharach Instrurnent inc.

625 Alpha Drive

Pittsburgh, PA 15238

Gas Leak Datector

Calgon Corporation

Route 60 Cambells Run Rd,
Pittsburgh, PA 15230

6.2 Molsture Analyzer
The suggested source for molsture analyzers is:

Electrolytic Moisture Analyzer

Manufacturing Englneering and Equipment Corp.
{MEECO)

250 Titus Avenue

Warrington, PA 18976

63 Timing Devices

Use any of the following devices to perform circuit breaker
timing:

* Digital circult breaker analyzer;
+ Oscillographic circuit breaksr analyzer;
* Mechanical time trave! recorder.

6.4 Micro-Ohm Measurement Equipment

A Ductor or equivalent 100 amp DC micro-ohmmeter can be
used to measure pole resistance.

-
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7 Testing
Thefollowing should be petformed wheninstallingthe breaker:

Pole resistance measurement (section 7.1);
Moisture measurement of the SF, gas (section 7.2);
Leak checking (section 7.3);

Operational and timing tests (section 7.4);

SF, gas density monitor calibration (section 7.5);
Completing the installation and commissioning check-
list (in the Checklists module);

» Completingthe commissioning checklistforthe mecha-
nism (in the Mechanism module).

« & 8 & 2 s

71 Pole Resistance Measurement

Using a 100 A micro-ohmmeter (or millivolt drop meter),
performa contactresistance {ormilliVolt drop) measurement
on each pole of the breaker. The maximum resistance from
bushing terminal to bushing terminal should not exceed 150
micro-ohms.

72 Molisture Measurement of the SF, Gas

Use a moisture analyzer {hygrometer} to measure the mois-
ture content of the SF, gas in the breaker. Refer to section
7.2.1.

Important:  An adequate moisture content reading can be
taken 1 hour after filling the circuit breakerwith
gas. However, if time permits, allow 24 hours
or more for the gas system to stabilize before
taking a moisture content reading. The addi-
tional time for stabilization will ensure a more

accurate reading.
The maximum meisture level permitted in the SF, gas is:
200 ppmV {by volume) at 68°F (20°C}

The maximum moisture content to be expected from an SF;
gas cylinder is:

SF, Dew Point of -50°F (-45°C)
Cautlon

Should the molsture content of the SF; gas
exceed 200 ppmV on filling, the SF,gas mustbe
reclaimed and recycled through a drying filter.
Before refliling, the circuit breaker must be
svacuated to eliminate moisture using the pro-
cedure in the Maintenance module for filling a
breaker that has been opened.

7.21 Measuring the Molsture

To ensure reliable moisture measurements, pay particular
attention to cleanliness and prescribed procedure, particu-
larly as It applies to preventing moisture from contaminating
the molsture analyzer (hygrometer) and its connections. Itis
important that the recommendations of the analyzer supplier
be followad carefully.

The gas is sampled through the 1/4-inch 37-degree male
flare fitting 60008 (Fig. 5) located at the outlet of the sample
valve 60007. Use only stainless steel tubing to connect the
instrument. Cap the tubing immediately after taking the
sample to keep moisture out.

7.3 Leak Checking

After the breaker has been opened or if an SF_ leak Is
suspected, check the following threaded, O-ring and gasket
connections with a hand-held halogen leak detector:

Tube connections and fittings to the pressure gauge;
8F, gas density monitor;

5F,gas plumbing;

Rupture disk;

Bushing ftanges;

Rear tank cover assembly;

Belicrank housing;

Interphase shaft seals with the breaker opened and
closed.

7.4 Operational and Timing Tests -

Before placing the breaker into service, perform operational
and timing tests, Refer to section 7.4.1 for information
pertaining to operational tests; refer to section 7.4.2 for
details about circuit breaker timing tests.

7.41  Operational Tests

The controlrelays, protection devices, and schemes mustbe
fully checked by operational tests to ensure that the breaker
is ready for service. Because the control schemes are usually
designed as per customer specifications, operational tests
vary depending upon the particutar control scheme. Referto
the breaker control schematic to determine the necessary
operational tests to be performed.

Generally, operational tests include the following steps:

1. Assure that the circuit breaker will cpen and close
electrically at both the local control switches and at the
remote control switches. If a localiremote or mainte-
nance test switch is used, verify that it is functioning

properly.

2. Check the alarm and operation lock-out functions for
proper actuation. The 145 PM breaker has two param-
eters which are monitored: SF, gas density and operal-
ing energy of the mechanism. To calibrate the SF, gas
density monitor refer to section 7.5 of this module. To
verify the operating energy of the mechanism, refer to
the "Commissioning” section of the Mechanism module.
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3. Verifythatthe anti-pumping circultry (Y relay or X-Y relay
schems) is operating properly @s per your particular
control scheme.

4, Test any optional devices i.e., undervoltage relays,
reclose time delay relays, etc.

7.42 Timing Tests

Timing tests are performed to verify that the circuit breaker
contacts are opening and closingat accentable velocities and
within time limits that meet the design parameters of the
circuit breaker and the high voltage system. Timing tests
include:

* Measuring contactclosing and opening times (section
7.4.2.1);
* Measuring contact velocity (section 7.4.2.2).

A full set of timing tests, including contact velocity measure-
ments, are performed at the factory prior to shipping the
breaker. Upon installation, contact timing tests as described
in section 7.4.2.1 should be performed to verify closing and
opening times. Gontact velocity measurements are not
required on installation, but should be performed during the
5-year scheduled maintenance as specified in the Mainte-
nance module.

Awide variety of circuitbreakeranalyzers (timing equipment)
are available to perform these tests. The two most common
types of circuit breaker analyzers are oscillographic analyz-
ers using light-sensitive chart paper and the more advanced
digital timers. Either oscillographic or digital devices are
acceptable, however, the digital devices are more accurate
and tend to be easier to use. Circuit breaker analyzers are
normally supplied with all test leads, motion transducers, and
timing channels necessary to perform timing tests.

The actual procedures for using the analyzers vary by
manufacturer. However, all circuit breakeranalyzers provide
the following:

* Timing channels which monitor the closing and cpen-
ing of the main contact;

« Channels which monitor trip and close coil currents;

* Motion channels which monitor contact movementvia
motion transducers;

= Event charts showing distance (vertical units) vs.time
{horizontal units).

Perform alltiming tests with the gas system pressurized to 87
psig (600 kPaG) at 20°C (68°F) and with the mechanismfully
charged.

Refer to Table 2 for timing specifications. Figures 6, 7, and
8 showtypical osclllographic measurements oftiming param-
eters; Figures 9 and 10 show typical oscillographic motion
characteristics (distance vs. time) for breaker opening and
closing.
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Opening Time 30 ms maximum
Onening Velocity for FSA-2 3.8t04.2m/s
Spring Mechanism 12.4to 13.8 ftfs
Opening Velocity for HMB 4.6 to 5.0 mfs
Hydraulic Mechanism (40 kA

interrupting rating) 15.0to0 16.4 fi/s
Opening Velocity for HM8 43t04.8 mis

Hydraulic Mechanism (50/63 kA

interrupting rating) 14.1t0 15.7 ft/s

Inter-Pole Spread Opening 2 ms maximum

Closing Time 50 to 65 ms
Closing Velocity for FSA-2 Spring | 2-5 t0 2.8 m/s
Mechanism 8.2t0 9.2 ft's
Closing Velocity for HMB 25t02.9m/s
Hydraulic Mechanism (40 kA

interrupting rating) 8.21t0 0.51s
Closing Velocity for HMB 21to25mfs
Hydraulic Mechanism (50/63 kA

interrupting rating) 69t08.21ls

Inter-Pole Spread Closing 2 ms maximum

Close-Open Time for FSA-2

Spring Mechanism 251050 ms
Close-Open Time for HMB

Hydraulic Mechanism (40 through | 20 fo 38 ms

63 kA interrupting rating)

Reclose Time 20 cycles minimum

7.4.2.1 Contact Closing and Opening Times

Contact closing and opening times must be within the
specified limits shown in Table 2 to assure that the circuit
breaker is functioning properly. As part of installation and
commissioning, tests should be performed to verify the
following:

Closing time(contact make)-time interval elapsed between
energization of the close coil and the last arcing contact to
make on closing (Fig. 7); units are in milliseconds (ms) or
cycles (Hz).
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Openlng time (contact part) - time interval elapsed between
energization of thetrip colland thelastarcing contactto break
on opening (Fig. 6); units are in milliseconds (ms} or cycles
(Hz).

Close-Open time (lrip-free time) - time interval elapsed
between the last arcing contact to make on closing and the
last arcing contact to break on opening (Fig. 8); units are in
milliseconds {ms) or cycles (Hz).

Reclose time (open-close) - ime interval elapsed between
the energization of the trip circuit for an open operation and
the making of the arcing contacts on the subsequent close
operation; units are most commonly in cycles (Hz).

Inter-pole spread on closing - time interval between the
first arcing contact to make and the last arcing contact to
make on closing (Fig. 7); units are most commeonly in
milliseconds {ms).

Inter-pola spread oh opening - time interval between the
first arcing contact to break and the last arcing contact to
break on opening (Fig. 6); units are most commonly in
milliseconds {ms).

Cautlon

The reciosingtime of a circuit breaker s dofined
as the time Interval betwesen aenergization of the
trip circultfor an open operation andthemaking
of the primary arcing contacts of the Interrupter
on the subsequent close operation.

The rated reciosing time of a circult breaker Is
defined by ANSI Standards to be a minimum of
20 cycles. In practice, this time delay allows for
delonizatlon of fault current paths and to re-
stora the arcing reglon of the breaker to its full
interrupting performance level. The 145 PM
breaker has beeon tosted far this capability with
the required time delay intentlonally introduced
by control circuits external to the breaker. For
testing purposes, while the breaker Is Isolated
from the system, the 145 PM breaker is fully
capable of instantaneous reclose operations
{no time delay), without sustaining mechanical
damage. The instantaneous reclose time may
be approximately 7 cycles. Howeaver, unless
specified by contract documents, timing de-
vices to achleve the requiradminimum 20-cycle
defay are not provided as part of the local
control circult for the breaker. Prior to placing
the breaker into service, ensure that the re-
quired time delay be part of the complete con-
trol clrcult for the breaker.

ABB roquires a minimurmn 20-cycle reclosing
time.

7.4.2.2 Contact Velocity

Maintaining contact velocity within the specified limits shown
in Table 2 is necessary to assure that the circuit breaker is
functioning properly. Contact velocity (meters/second or
feet/second) an breaker opening orclosing is factory set prior
to shipment. Since the contact velocity is dependent upon
mechanlism settings (e.g. spring pre-charge, etc.) which are
unlikely to change in the relatively short time between
shipment and installation, taking motion characteristics to
determine contact velocity is optional during initial installation
and commissioning. However, these measurements should
be performed during the 5-year maintenance procedures
and at major maintenance (10 years).

Contact velocity is deduced from motion characteristics of
distance vs. time. Figures 9and 10 showtypical distancevs.
time characteristics. To obtain motion characteristics, a
motion transducer must be attached to the circult breaker.
The travel recorder kit T13435, installed as per Figures 11
and 12, will be needed to apply the motion transducer.

Once distance vs. time characteristics are obtained, contact
velocity can be calculated. Contact velocity is defined as the
average velocity between the two given speed measuring
points as shown In Figures 9 and 10, i.e, the slope of the line
drawn between these two points.

The speed measuring points for the FSA-2
spring mechanism are at 30 and 70 mm from
the tully open position. The speed measuring
points for the HMB hydraulic mechanism are at
40 and 70 mm from the fully open position.

Important:

The distance traveled (on the vertical axis) between the two
speed measuring points is always 40 mm{l.e. 70mm- 30 mm
=40 mm) (Figs. 9 and 10} for FSA-2 spring mechanisms and
30 mm (l.e. 70 mm - 40 mm = 30 mm) for HMB hydraulic
mechanisms. To calculate the contact velocity, the time
taken to travel the distance between the two speed measur-
ing points must be determined from the horizontal (time} axis.
Contact velocily is calculated using the following formula:

Contact Velocity = _Distance (mm)

Time (ms)

The value calculated fromthis formulafor contact velocity will
be in m/sec.

Important:  If contact vefocity or the amount of overtravel
Is not within the specified limits as shown in
Figures 9 and 10, refer to the Mechanism
modulefor instructions on adjusting the mecha-

nism.

3.28
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7.5

§F, Gas Density Monitor Callbration

The SF, gas density monitor 60002 (Figs. 13 and 14) is
calibrated at the factory as follows:

» The temperature probe is set at 20°C (68°F);

* Switch C(Fig. 14)is settoclose at 76 psig {524 kPaG)
(alarm point} with decreasing pressurs;

» Switches B1and B2(Fig. 14) are settocloseat 72 psig
(496 kPaG) (breaker lock-out point) with decreasing
pressure (unless altemate values are listed on thefirst
page of the wiring diagrams in the Customer Data
moduis).

DANGER

To prevent personal injury and dam-
age to the equipment, before begin-
ning any calibration or adjustment,
de-energize the breaker and remove
it from service.

Warning

Never change the switch settings from the
factory-specified setpoints shown on the first
sheet of the wiring diagrams in the Customer
Data module - otherwise breaker failure could
resuit,

To calibrate the SF, gas density monitor and adjust the
pressure switches:

1.

Refer to the SF, Gas Density Monitor Calibration Curve
and Chart (Figs. 3 and 4) to determine the properalarm
and lock-out pressure settings for the current ambient
temperature.

Determine the existing alarm and lock-out settings by
closingthelsolationvalve 60006 {Fig. 13)to separate the
8F; gas density monitor 80002 and SF; gas pressure
gauge 60003 from the pole units.

a. Bleed this negligible amount of gas through the
sample valve 60007 until the alarm occurs.

b. Read the setting points on the pressure gaugs
60003. It is strongly recommended to use an
accurate, calibrated, test pressure gauge to verify
the integrity of the control cabinet pressure gauge
andtoensure accurate alarm and lock-out settings.

If the pressure spread (differential) between pressure
switches is correct, with all settings either high or low by
the same amount, use the main pressure adjustment nut
(Fig. 14) to make the necessary changes. Use the main
pressure adjustment nut to adjust all of the pressure
switches at one time. Turning this nut clockwise in-
creases the settings of all of the pres sure switches by the
same increment, while turning it counter-clockwise de-
creases all of the settings.

7 October 1993

important:

Notice:

Tochangethe pressure settingof an individual pressure
switch, use the individual pressure switch adjustment
nut {Fig. 14}. Turning the nut clockwise increases the
alarm pressure setting, while turning it counter-clock-
wise decrsases the alarm pressure setting.

Adjusting one of the individual switches will
often affect the settings of the other presstre
switches. Adjustments should be made in
small increments and a final verificafion of all
pressure switch seftings should be performed.

Always adjust in the crder from high pressure switches
{olow pressure switchas, i.e. start with switch Candthen
adjust switches B1 and B2,

After adjustments are complete, perform a final verifica-
tion of alt pressure swilches.

Never severely bend or kink the capillary tube.

6. Be sure that the isolation valve 60006 {Fig. 13) is open.

Warning

The isolatlon valve must remain openforproper
operation of the low density SF_alarm and lock-
out conftrols. A closed isolation valve could
result In low gas density operation and cause
breaker failure or damage.

Complete the density monitor calibration section of the
Installation and Commissioning Checklist in the Check-
lists module.
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Figure 1
Lifting the Breaker
10043 l.eg Extansion
10044 Support Structure
60010 View Port Windows

HE622A00801 Lifting Lug

H673A04511 Nuts

HB800A02703 Leg Boits

H800AD3601 Bolt, 5/8-11 x 1-3/4-inch
HO73A06009 Flat Washer, 5/8
H973A33501 Spacers

T13442 Sling
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Pressure
/ psig kPaG
’ 1W // —
Saturation Curve d - 90 620
¥ "] —
7 " ] /;/“:7‘- 80 550
/—"" ] _,.-_:;__,——-’ A\ 70 480
"] el
R i B et N3 680 415
A
50 345
40 275
30 205
20 140
10 70
Temperature°F 130 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110
‘C 18 7 4 16 27 38 49

WN =

Normal Fifling Pressure psig or kPaG
Low Pressure Afarm {Contact 63-2C Closes)
Low Pressure Lock-Out (Contact 63-21B1 & 63-282 Close)

Figure 3
SF, Gas Density Monitor Calibration Curve for Pressure vs. Temperature

important: Refor to Figure 4 for a tabular version of the characteristics above.
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Tabular Version of the Pressure vs. Temperature Characteristics shown in Figure 3

Saturated | Saturated | Saturated | Saturated | Saturated | Saturated
-30 -34 Saturated | Saturated | Saturated | Saturated | Saturated | Saturated
-20 -29 Salurated | Saturated 58.0 380.9 54.9 3785
-10 -23 68.8 4744 60.0 413.7 56.9 392.3
0 -18 71.1 490.2 62.1 428.2 58.8 405.4
10 -12 734 506.1 64.0 441.3 60.3 419.2
20 -7 75.8 522.6 66.2 456.4 62.7 432.3
30 -1 78.2 539.2 68.1 469.5 64.7 446.1
40 4 80.5 555.0 70.2 484.0 66.6 459.2
50 10 82.8 570.9 72.3 498.5 68.5 472.3
60 16 85.2 587.4 743 512.3 704 4854
68 20 87.0 599.8 76.0 524.0 72.0 496.4
70 21 876 604.0 76.4 526.8 723 498.5
80 27 90.0 620.5 785 541.2 742 5116
90 32 92.3 636.4 80.5 555.0 76.2 525.4
100 38 94.7 652.9 82.7 570.2 78.2 539.2
97.1 669.5 848 584.7 80.1 552.3
* +/- 2 psig
** +/- 14 kPaG

7 October 1993

’ Figure 4
8F, Gas Filling and Density Monitor Calibration Chart
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T13446

60003 ~_ )
60007
0008
Locatlon F
Figure 5

Gas Charging Arrangement

60003 SF, Gas Pressure Gauge
60007 Sample Valve

60008 Fiare Fitting

T13446 SF, Gas Regulator and Hose
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‘/T rip Coif Energized

'} Coil Current

.

A Phase
[ l
j-l B Phase Breaker Contacts
I C Phase J

—-} ‘= Maximum Pole Spread 2 ms

= 30 Ms Maximum ———w—=t— proarer Contacts Open

NOTE: All measurements at rated pressures and voltage.
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Figure 6
OPEN Operation
Close Coil Energized
Clese Coll Current

—!_ A Phase

B Phase

ll C Phase
- |_. Maximum Pole Spread 2 ms

50to65ms »-ret— Breaker Contacts Closed

NOTE: Ali measurements at rated pressures and voltage; does not include X-relay time.

Figure 7
CLOSE Operation
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Close Coil Energized

R,\ / Closing Coil Current

' ]( Trip Coil Energlzed Trip Coil Current
i¢.__ Refer to Tab
2 for values

A Phase!

J
J B Phase Breaker
i

Contacts
C Phase)

J S
J S

50 to 65 ms —\ L_ Breaker Contacts Open

Breaker Contacts Close

NOTE: All measurements at rated pressures and voltage.

Figure 8
CLOSE-OPEN Operation
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NOTE: All measurements at rated pressures and voltage.

Refer to Table 2 for values for opening velocity
Distance (mm}

120

— ¢
Fully Closed 1

~\
\ | L,

70 ' 0

po

Speed Mpasuring Pointg for F§A-2 Spling Mephanisths

Distance (ﬁm)

Ho

Full al J]

¢ 10
Time (ms)

Maximum Acceptable Limits of Overtravel and Rebound

Breaker Stroke: 104.1 mm Minimum for FSA-2 Spring Mechanism
105.5 mm Minimum for HMB Hydraulle Mechanism

Figure 9
Typical Distance vs. Time Travel CGurve for the Opening Operation
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Distance (mm)

NOTE: All measuremants at rated pressures and voltages.

Refer to Table 2 for values for closing velocity

119 mm Maximum for FSA-2 Spring Mechanism

109 mm Maximum for HMB Hydraulic Mechanlsm

N\

120

AN

;—\ 110

/ \_//‘\..f : Filly Cloked

T ~
T 100
Rebpund 1¢5.5 mmy Minimjum forjHMB Hydrau-
/ lic Mechanigm
S 20
] Mechanism
80
\ 70
- \
Spee Measl:ngP ints ' N 60
for HNIB Hydraulic Mechanisms Speeod Measufing Pdints
\\ Ior FSA-2 Spring Mephanisms 50
) /{ rl1m 30
/ 20
10
Fully Ppen ,/

0

0 10 20 30 40 50 6 70 80 90 100 110 120 130

Time (ms)
Breaker Stroke: 104.1 mm Minimum for FSA-2 Spring Mechanism

105.5 mm Minimum for HMB Hydraulic Mechanism

Figure 10

Typical Distance vs, Time Travel Curve for the Closing Operation

Distance (mm)
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Right Side Inter-
phase Shaft

Lever I’ i
Davice

Mounting Boits

| level this surface

\ Note: When installing the
lever and rod assembly,

Lever and Rod Assembly

Figure 11

Travel Recorder Kit T13435

Travel Recorder Kit Mounting Instructions

1.

Important:

Open the circvit breaker and isolate it from the high
voltage system. Properly ground the circuit breaker.

Discharge the mechanism (in the OPEN position) and
disconnect all control and auxiliary power.

Remove the cover from the right side interphase shaft.

Loosely clamp the lever and rod assembly (Fig. 11} to
the right side interphase shaft (at approximately the
location shown in Fig. 11) using the mounting bolts
provided with the kit. (The exact location where the
assembly is clamped is not critical.)

While tightening the lever and rod assembly mounting
bolts, place alevelacross the surface of the leverdevice
as shown in Fig. 11 to lavel this surface of the lever
device as closely as possible.

The travel recorder kit has been designed with
enough flexibility so that it is not absolutely
critical that the lever device be exactly lev-
eled. Should the lever device be offlevel by a

7 Oclober 1893

couple of degrees, it will not adversely affect the
performance of the travel recorder kit.

6. Assemble your transducer to the vertical angle of the

transducermounting bracket (Fig. 12) usingeither boits or
C-clamps. Figure 12 shows the mounting arrangement
for two commonly-used transducer types.

Mount the transducer mounting bracket and transducer
ontothe horizontal member of the breaker structure (using
C-clamps)as shown in Figure 11 sothatthe rod of the lever
and rod assembly aligns with the slider or rollers, etc. of
your transducer.

Adjust the height of the transducer by sliding the vertical
angle of the transducer mounting bracket along the slot
(Fig. 12) until the rod is visibly at a slight, upward angle as
shown in Figure 12.

Important:  Having the rod at an exact angle is nof critical.

9. Connect the rod to the slider or rollers, etc. of your

transducer.

—




526P110-02
145 PM Installation®

137 £15)

- N '''''''''''' %:_“

Verlical Angle

Slot

Horizontal Angle

Transducer Mounting Bracket

Typlcal Mounting Arrangement for a Doble Roller-type Transducer

Slot

Vertical Angle —

Horizontal Angle

Transducer Mounting Bracket

Typlcal Mounting Arrangement for a Doble Slider/Cable Transducer

Figure 12
Detalls for the Travel Recordsr Kit Mounting
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60008
—— Flare Fitting
60007
Sample Valve
60003 60002 .
SF6 Gas Pressure Gauge SF6 Gas Density Monitor

~. AN

NN
A v

10213
Gas Manifold
10047 10048 10049
Pole Unit- Pole Unit- Pole Unit
Left Center Right

Rupture Disk Rupture Disk Rupture Disk
10017 10017 10017

Figure 13
SF, Gas Schematic
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pommm "'h Maln Pressure Adjustment Nut
Individual Pressure Switch Adjustment Nut

S h

NO.
C Setto close at 76 psig (524 kPaG) at 20°C (68°F)

v/

!

L3

L]
“°r B2 Set to close at 72 psig (496 kPaG) at 20°C (68°F)
NG

)
O
NC

B1 Set to close at 72 psig (496 kPaG) at 20°C (68°F)

L3

A

Set each switch to the pressure Indicated in Figures 3 and 4.

Figure 14
SF, Gas Density Monitor 60002
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Alnox Electrical
Joint Compound*

7 October 1983

H420A30614
H967800

Apply amber

greass fo the threads |
and bearing surfaces
Torque 61 Nm (45 f-ibs) ’

O O \/20311"'

petrolatum

20318
20317

Fs-1202""

Figure 15
Terminal Pad 20311
20311 Terminal Pad
20317 Clamping Ring
20318 V-Clamps
H420A30614 Hex Head Boit, M12 x 50
H967800 Bellsville Washer, M12

*Requires surface preparation with Alnox Electrical Joint Compound
as described in step 1 in section 4.3.

“*Rotate to the desired orientation.

***Apply Dow Coming FS-1292 Grease to all flange surfaces outside
of the O-ring groove to prevent corrosion.

Refer to Plate 2 for more detalls.

-~
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Notes

" Notice 1

Based on our own axperience, you will obtain the best possible operational reliability by following the recommendations given
inthese Instructions. The data contained herein purports solely to describe the product, and itis nota warranty of performance
or characteristics. It is with the best interests of our customers in mind that we constantly strive to improve our products and
keep them abreast of advances in technology. This may lead o discrepancies betwaen a product and thess instructions,

Notice 2

Within the scope of these Instructions, it Is impossible to take into account every eventuality which may arise with technical
equipment in service. Please consult our local salesman in the event of any irregularities, especially if not referred to herein.

Notice 3

We expressly decline liability for damages resulting from any incorract operatiocn or wrong handling of our equipment, even
If these Instruciions contaln no specific indication in this respect. We stress the fact that only genuine spare parts should be
used for replacements.

Notice 4

This publication is a copyrighted work. Therefore, it is not permissible to disclose, reprint, copy, orreproduce any part of these
instructions without express written permission from ABB.

These instructions do not purport to cover all details or variations in equipment nor to provide for every possible contingency
to be met In connection with installation, operation, or maintenance. Should further information be desired or should particular
problems arise which are not covered sufficiently forthe purchaser's purposes, the matter should be referred to the ABB Power
T & D Company Inc. Power Circuit Breaker Division, 125 Theobold Ave., Greensburg, PA 15601, Phone No. (412) 838-5200.

®Copyright 1993, ABB All rights reserved.
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Pole Unit

1 Introduction

A description of the pole units and related maintenance
procedures for the 145 PM circuit breaker are given in this
module. The procedure forisolating a pole unitis listedin the
Interphase Linkage module.

1.1 Description

The 145 PM circuit breaker consists of three pole units
coupled to a single operating mechanism through an inter-
phaselinkage assembly. Refertotheillustration onthis page.
The breaker Is of a dead tank design in which an interrupter
unit, suspended by an insulating support tube, is housed
within a grounded aluminum tank. The cylindrical tank is
made up of twoidentical halves bolted tegether in the center.

Each pole unit {(Fig. 1) contains the following main compo-
nents:

+ Cylindrical aluminum pole tank;

» Two entrance bushings (front and rear);
+ Bushing-type current transformers;

« Interrupter unit (and bellcrank assembly),
* Rupture disk.

Pressurized sulfur hexafluoride (SF,} gas surrounds the
interrupter and fills the tank and hollow porcelain entrance
bushings. The gas functions as both an insulating and arc
quenching medium.

A carbon rupture disk is fitted {o the rear of each tank. This
disk protects against excess pressure build-up which could
otherwise lead to catastrophic failure of pressurized compo-
nents. if the tank pressure exceeds 160 psig (well below the
hydrostatic test pressures of all other pressurized compo-
nents), the disk will rupture within a protective guard directing
the exhausting gas and rupture disk fragments upward and
away from personnel.

Porcelain entrance bushings are mounted to pockets at the
front and rear of each tank. Bushing-type current transform-
ers, mounted in protective covers, surround the pockets
below the bushings. Refer to the respective module for
further details about interrupters, bushings, and current
transformers.

111  8F, Gas System

The pole tank and entrance bushings are pressurized to 87
psig (600 kPaG) at 20°C (68°F) with sulfur hexafluoride (SF,)
gas. Maintaining a proper gas density is critical toensure the
dielectric intagrity of the pole unit.

The SF, gas density monitoring system compensates for
pressure changes due to temperature varlations and pro-
vides alarm and lock-out functions only if low gas density
problems exist. Density monitor calibration and gas filling
procedures are discussad in the Maintenance medule of this
manual.

1.1.2 Mechanical Interconnection

Thethreabelicrankassemblies (oneforeach pole unit) enthe
145 PM breaker are tied together by thetwo interphase shafts
{left and right) which are coupled to the mechanism pulirod
through a crank at the center pole unit. The bellcrank
assemblies are used to open and close the interrupters in the
respective pole units. The crank at the center pole converts
the vertical motion of the mechanism pullrod to the rotational
motion of the interphase shafts. The bellcrank assemblies
then convert this rotational motion to the horizontal motion of
the interrupters. Refer to the Interphase Linkage module for
more details.

Center Pole Unit

Left Pole

Unit Right Pole

Unit

Qo
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2 General Maintenance Guidelines

Thefollowing sub-sections are general, recommended prac-
tices employed in the process of performing maintenance on
the pole unit.

DANGER

To preventinjury or equipmentdam-
age, the breaker must be removed
fromservice, isolated, and grounded
before performing any maintenance
procedures.

2.1 Genaeral Cleanliness

Maintaining the cleanliness of the component surfaces in the
breaker is an extremely important part of maintenance
because the major insulating components in the breaker are
subjected to high electrical stresses.

Because cleanliness is so important, care must be taken to
perform internal breaker maintenance under clean, dry
conditions.

Warning

The Importance of cleanilness cannot be
overstressed. Introducing loose dirt, espe-
cially metallic particles, Intc an open pole unlt
(SF; gas compartment) can cause dielectric
failure. Insulating surfaces must be protected
from physical, damage {nicks and scratches)
and kept clean and dry at all times.

Loose dirt (especially metallic particles) as well as residue left
from sweaty hands and atmospheric moisture can lead to
dielectric failure. Itis bestto avoid handling critical insulating
components with bare hands. Instead, wear snug-itting
cloth gloves when handling insulating parts and surfaces. To
ensure cleanliness, wipe insulating surfaces with lint-free
wipers dampened with denatured ethyl alcohol,

Important:  Never clean an insulating component with the
same wiper used to clean aluminum or metal

parts.
2.2 Fastener Locking

Since the impact loading which the circuit breaker experi-
ences during operation tends to loosen threaded hardware,
Loctite Threadlocker must be applied to all critical bolted
joints. Fourtypes of Loctite are used for specific applications:
222,242, 262,and 271. Table 1 specifies the recommended
torque and type of Loctite to be applied {o all fasteners in the
breaker except where specified othenwise,

Clean the threads in blind holes if they can be adequately
dried afterwards. Apply Loctite sparingly to the outermost
edges of the thread. Two small drops of Loctite are encugh
even for large threads.

& October 1993

Hardware secured with Loctite usually can be unfastened
with proper wrenches. In case of difficulty, the connection can
be loosened by heating the joint to 150°C (300°F). Be careful
not to damage materials which are sensitive to heat, such as
insulation or sealing components.

Use particular care in applying Loctite to fasteners used in
assembling current carrying connections. Apply Loctite oniy
where specified. If used improperly, Loctite can squeeze
between contact areas and may cause a high resistance
joint, Ensure that excess Loclite does not squeeze into
contact areas.

23 Seals

Sealing rings which have been in service will be deformed
from being compressed into their sealing grooves. There-
fore, when disassembling components with sealing rings,
replace them. Replacements are available from ABB.

Maintenance tips pertaining to seals include:

1. Do not grease or lubricate O-rings or any other geals
unless specified otherwise.

2. Never clean seals with abrasives even if they are very
fine.

3. Use only lukewarm, soapy water to clean the seais.
4, Use a soft, dry cloth to dry the seals.

5. Always check seals for cracks, deformities, and brittle-
ness before they are installed. Acceptable seals are
flexible and free of cracks. Do not install seals that are
cracked, brittie, or deformed.

24 Flange Corrosion Protection

The grease used in sealing joints (Dow Corning FS-1292} is
intended to be used as a flange corrosion protectant only.
This grease is to be applied to all flange surfaces outside of
the O-ring seals, or in other words, to areas where water can
become entrapped between metal-to-metal joints. Pay
special attention to areas around bolts where moisture is
most likely to enter. Apply Dow Corning Fluoro Silicone FS5-
1292 Grease in all such cases.

2.5 Treatment of Sliverpiating

Siiverplated contactareas can be polishad lightlywith Scotch-
Brite to remove surface oxide. Do not heavily abrade the
silverpiated surffaces to avoid rubbing off the plating.

In situations where sliding contact joints are used, such asin
the case of the plug-in type bushing conductors or main
breaker contacts, the silverplated areas must be lubricated
with Shell Alvania No. 2 Grease. Thoroughly rub the grease
into the microscopic pores of the silverplated surface; re-
move all excess grease so that only a light film remains.

—
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Table 1
Recommended Fastener Torque
(if Not Specified)
Metric
M5 M6 M3 { M10 | M12 | M14 | M16 | M18 | M20
Metric fi-lbs 3 5 13 25 43 68 101 144 198
Grade
5.8 Nm 4 7 17 34 58 92 137 195 | 268
Metric ft-lbs 5 8 20 38 66 105 156 | 223 | 306
Grade
8.8 Nm 6 11 27 52 89 142 | 212 302 | 414
Metric ft-ibs 7 12 28 54 23 148 | 221 | 314 | 431
Grade
10.9 Nm 9 16 37 73 126 | 201 | 299 | 426 | 585
(S8} fi-lbs 4 6 14 28 48 77 116 | 163 | 224
GradeAZ | N 5 g8 | 19 | 38 | 66 | 104 | 156 | 221 | 304
U.S. Standard
#10 | 1/4 | 516 | 3/8 1/2 | 9116 | 5/8 3/4 7i8 1
SAE ft-lbs 3 6 12 21 51 72 99 171 219 327
Grade 2 | N 4 | 9 | 17| 20 | 69 | 98 | 134 | 232 | 207 443
SAE ft-lbs 4 10 19 33 78 111 ] 153 | 264 | 338 584
Grade5 | Ny 6 | 13 | 26 | 45 | 106 | 151 | 207 | 358 | 459 792
SAE ft-lbs 6 14 27 47 110 } 157 | 2146 | 373 | 631 942
Grade 8 | nm 8 | 19 | 37 | 63 | 150 | 213 | 203 | 505 | 856 1278
18-8 SS ft-lbs 3 7 15 25 60 85 117 | 202 | 298 479
Grade2 | np, 4 | 10| 20 j 34 | 81 | 118 | 158 | 274 | 405 649
Note: Do not exceed grade 5.8 torques when the fastener is threaded into cast aluminum or for button
head socket bolts.
Note: Use Loctite 222 through 1/4-inch (M6) and Loctite 242 above 1/4-inch (M6). Keep Loctite off
silverplated surfaces.
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3 Pole Unit Maintenance Procedures

Pole unit maintenance includes all of the procedures listed in
Table 2.

Sections 3.2 to 3.1

Complete Pole Unit
Maintenance

Reclaiming SF6 Gas from | Section 3.2

the Pale Unit

Opening the Rear Tank Sections 3.28& 3.3
Cover Assembly and

Cleaning the Tank

Removing the interrupter | Sections 3.2, 3.3, & 3.4

Re-Installing the Section 3.5

Interrupter

Re-Installing the Bushing | Section 3.6

Top Terminal

Replacing the Rupture Sections 3.38& 3.7

Disk

Changing the O-Ring in Section 3.8

the Pole Tank

Replacing the Desiccant Sections 3.2, 3.3, 3.9, &
3.10

Re-Installing the Rear Section 3.10

Tank Cover Assembly

Refilling the Pole Unit with | Section 3.11
SF6 Gas

important:  When performing pole unit maintenance pro-
cedures, follow the mainfenance guidslines

discussed in section 2,

Because moisture can combine with the SF, decomposition
products in an open breakerand form corrosive and conduc-
tive compounds, it is advised, if at all possible, to avoid
performing internal breaker maintenance on rainy days or
extremely humid days.

6 October 1993

31 Equipment Raqguired

The following materials and tools are required for pole unit
maintenance (refer to the Maintenance module for vendors
of special materials, i.e. grease, sic.):

* 1 Torque wrench - 10 to 150 fi-lbs;

+ 1Setboxendand openendwrenches 5,6,7,8,9,10,
13, 17,19, 24, 41, and 46 mm;

« 1 Set box end and open end wrenches 3/8, 7/16, 1/2,
9/16, 5/8, 11/16, 3/4, 1316, 7/8, and 15/16 inch;

« 1 Socket wrench, ratchet handle;

+ 1Setofsockets 4,5,6,7,8,9,10,13,17, 19, and 24
mm;

+ 1 Set of sockets 3/8, 7/16, 1/2, 9/16, 5/8, 11/16, 3/4,

13/16, 7/8, and 15/16 inch;

Slings, nylon 2-inches wide; 8 fest long;

Portable vacuum cleaner;

Sulfur hexafluoride (SF,);

Shell Alvania No. 2 Grease;

Alnox Electrical Joint Compound;

Amber Petrolatum Grease;

Denatured sthyl alcchol;

Loctite Threadlocker 242;

Dow Corning Fluoro Sllicone FS-1292 Greass;

Scotch-Brite extra fine pads;

Desiccant.

Special tools provided by ABB with each contract are:

« Bushing conductor removal ool T13441 (Fig. 2);
« Interrupter dolly T13445 (Fig. 3);
» DILO quick disconnect teol T13433 (Fig. 6).

DANGER

Before beginning any maintenance,
isolate the breaker from high voltage
and properly ground the breaker.

Warning

Discharge the mechanism springs. Open the
disconnects in the control cabinet to all AC and
DC power sources.

Any time a pole unit is to be opened, evacuate the system of
all SF, gas andreclaim the gas using theprocedure described
in section 3.2,

—_—
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3.2 Reclaiming SF, Gas from a Pole Unit

Use the procedure described in this section to reclaim SF,
gas from a pole unit. The gas must be reclaimed any time a
pole unit is to be opened.

DANGER

Remove the SF, gas before attempt-
ing to open the pole unit. Break the
vacuum if the tank pressure is below
atmospheric pressure.

Use a gas service unit to reclaim SF, gas from the pole unit.
The gas service unitnot only reclaims and stores the SF gas
but also, if equipped with the appropriate filters, can remove
decomposition products from the gas.

Important:  Itis not economical or environmentally wise fo

exhaust the SF, gas to the atmosphere.

The gas service unit should be used to reclaim SF, gas only.
Therefore, no air or other gases should ever be in the tank of
the gas service unit. Check that air is purged from the unit
and that the SF, gas already contained in the unit Is of good
quality (particularly in regards to gas moisture content). Use
a moisture analyzer to check the moisture content of the gas
in the gas service unit.

Review the manufacturer's instructions for the gas service
unit if you are not already familiar with the unit.

To reclaim SF, gas from the poie unit:

1. Connecttheflexible hosefromthe gas service unittothe
DILO quick disconnecttool T13433 (Fig. 6) supplied with
the standard breaker tools.

2. De-couple the pole unit to be serviced from the SF_ gas
manifold by loosening the self-sealing DILO quick dis-
connect fitting 10171 (Fig. 6) at the rear tank cover
assembly 10032 (referto Plate 1). The de-coupledfitting
will seal on both sides so that no SF gas can be lostfrom
the pole units.

3. Evacuate the hose from the gas service unit to drive out
air and moisture using the vacuum pump. (The de-
coupled DILO quick disconnect tool will be sealed.)

4, Turn off the vacuum pump.

Connect the DILO quick disconnect tool to the rear tank
cover half of the self-sealing fitting and let the high
pressure gas flow from the pole unit to the service unit.
Refer to Plate 1.

Plate 1: Quick disconnect fitting

6. Follow the gas service unit procedures step-by-step to
reclaim the SF, gas until a vacuum of about 2 mm Hg is
achieved. Then close all valves on the gas service unit.
Break the vacuum.

7. Repeat this procedure for each pole unit to be opened.

8. Since breaking the vacuum fills the pole unit with moist
atmospheric air, it is strongly recommended to open the
pole unit and clean the internal components of the pole
tank promptly after breaking vacuum. Refer to section
3.3.
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33 Opening the Rear Tank Cover Assembly and
Cleaning the Tank

When opening the rear tank cover assembly, certain precau-
tions must be taken:

1. Reclaim the SF, gas from the pole unit as described in
section 3.2.

2. Be sure to wear gloves, protective clothing, and a
respirator before opening the rear tank cover assembly.

3. Review section 3.3.1 before opening the pole unit.

3.3.1 Precautions Before Opening the Pole Unit

When opening a pole unit, you could be exposed to SF,
decomposition products (which are formed by heat produced
during current interruption). Observe all safety precautions
pertaining to handling SF, gas and its by-products. Before
proceeding with any pole unit maintenance, refer to the
module Safe Handling Practices for SF, Gas to review
procedures on handling and disposing of SF,decomposition
products.

Warning

In its natural state, SF, gas Is colorless, odor-
less, tastoless and possesses a low level of
toxiclty. The danger in breathing SF_gas is that
it displaces oxygen and can cause suffocation.
If SF, Is subjected to an electric arc, toxic
decomposition products are formed. Sulfur
fluorides ars the most toxlc and ars In gassous
form. The less toxic metal fluorides are In the
solid or powderform. The amount of decompo-
sitlon Is a function of the Intensity and the
duratlon of the arc.

Some of the SF, decomposition products form corrosive and
conductive compounds when exposed to moisture in the air.
These compounds, which can injure human beings, also are
aggressive towards materials within the circuit breaker,
especially insulating surfaces, if subjected to prolonged
exposure. That's why it's best not to perform breaker main-
tenance on rainy or humid days.

Before opening the pole unit and performing an intemal
inspection, wear gloves, protective clothing, and arespirator.

Warning

Solid decomposition products could be harm-
ful if swallowed by humans or animals. Do not
Inhale orallow decomposition products tocome
In contact with the skin, eyes, and respiratory
system. Severe Irritation or burningmay resulit.

Use a gas service unit to reclaim SF gas from the breaker by
following the procedure described in section 3.2.

After vacuum is broken, open the pole unit and clean the tank
to eliminate corrosive decomposition products. Refer to
sections 3.3.2 and 3.3.3.
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3.3.2 Opening the Pole Unit

Wearing the necessary safety gear and having evacuated
the SF, gas from the pole unit, the rear tank cover is ready
to be removed.

To open the pole unit:

1. Removethetwelve 1/2-inch hex head bolts H800A45711
(Fig. 1) holding the rear tank cover assembly 10032 in
place.

2. Allow the tank to properly ventilate. Then proceed to
clean the pole tank as described in section 3.3.3. Refer
to Plate 2.

Plate 2: Opening the pole unit
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3.3.3 Cleaning the Pole Tank

Before cleaning the pole tank, review the module Safe
Handling Practices for SF, Gas.

To clean the pole tank:

1. Collect all powdered decomposition products with an
approved vacuum cleaner.

2. Wipe all intemal tank surfaces, espeacially insulating
surfaces, with int-free wipers dampened with denatured
ethyl alcohol,

3. Remove the interrupter and bushing, if necessary, to
clean out any lingering decomposition products. Refer
to section 3.4 to remove the interrupter; refer to the
Porcelain Entrance Bushings module to remove the
bushing.

Caution

SF, decomposition products form aggressive
compounds when exposed to molsture In the
air. Thesecompounds are detrimental tobreaker
components, especiallyinsulating components,
suchas Interruptersupporttubes and porcelain
entrance bushings. If decomposition products
are presant upon opening a tank, they must be
cloaned away as quickly as possible. Cloaning
may involve removing the interrupter unit as
discussed In sectlon 3.4 and the bushings as
described In the Porcelaln Entrance Bushings
module.

To re-install the rear tank cover assembly with a new
desiccant bag, refer to sections 3.9 and 3.10.

Important:  Donotleave the pole tank open ovemight. Re-
install the end covers with a few bolts to keep
out debris and moisture.

34 Removing the Interrupter Unit

Before removing theinterrupterunit 30000 or 30121 or 30122
(Figs. 1 and 4) for expanded maintenance, the following
maintenance procedures must be performed:

. Remove the appropriate interphase shaft(s) (refer to
the Interphase Linkage module};

+ Reclaim all SF, gas (refer to section 3.2 In this
module);

+ Open the rear tank cover assembly {refer to section
3.3 in this module).

To remove an interrupter unit:

1. Remove the rear tank cover assembly 10032 (Fig. 1)
which contains the rupture disk by unscrewing the twelve
1/2-inch hex head bolts H800A45711. Store in a clean
area. Clean the tank as per section 3.3.3.

2. Remove the two M8 nuts H420A50008 (Fig. 5) and
washers H420A60008 mounting the deflector 30075
within the rear exhaust shield 30077 of the interrupter
unit.

3. Remove the M12 nut H420A50012 fastening the rear
exhaust shield to the bottom of the bushing conductor
20001 (Fig. 1)-

4. Disconnectthe highvoltage connections tothe entrance
bushings of the pole unit at the (four-hole NEMA)
terminal pad 20311 (Fig. 7).

5. Remove the terminal pads 20311 from the bushing top
caps (front and rear) so that the bushing conductor
removal tool T13441 (Fig. 2) can be attached.

Remove the six 1/2-inch hex head bolts H800A45708
(Fig. 1) and washers H420A64012 from the bushing top
flange.

7. Pull each plug-in bushing conductor 20001 (front and
rear} from their respective plug-in connections 30052
(Fig. 4) using the bushing conductor removal tool T13441
(Fig. 2) as detailed in the steps below. The bushing
conductor removal tool is a puller used to withdraw the
plug-in bushing conductors from their female connec-
tions on the interrupter. The tool is made up ofaT-
bracket, studs, horseshoewashers, andajacking screw.
To pull each bushing conductor from its plug-in connec-
tion:

a. Screw the thres studs of the bushing conductor
removal tool into the bushing top flange 120 de-
grees apart (into the vacant holes from bolts re-
moved in step 6).

b. Boltthejacking screw(Fig. 2) ontothetopcap ofthe
bushing using the bolts provided with the tool. (The
jacking screw replaces the four-hole NEMA termi-
nal pad.)
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c. Place a horseshoe washer (Fig. 2) (provided with
the tool) in the slot of each stud to support the T-
bracket on the studs above the bushing cap. Se-
cure the T-bracket to the studs using the provided
nuts and flat washers.

d. Jackthe bushing conductor from its plug-in connec-
tion by tuming a nut onto the jacking screw. The
bushing conductor will need to be raised approxi-
mately 2 inches until the conductor is disengaged.

e. Once the bushing conductor is free from its plug-in
connection, removethe T-bracket, horseshoewash-
ers, and the jacking screw.

f.  Carefully lift the bushing conductor by hand while
supporting it at its lower end. Lift the bushing
conductor above the slots in the studs and re-install
the horseshoe washers to allow the assembly to
rest on the horseshoe washers.

g. Screw the three nuts provided with the tool back
onto the studs to firmly fix the retracted bushing
conductor in place.

h. Cover the open top of bushing with a plastic bag to
prevent debris from entering the bushing.

8. Position the interrupter dolly T13445 (Fig. 3) under the
rear exhaust shield 30077 (Fig. 4) ofthe interrupter unit.
Refer to Plate 3.

Plate 3: Positioning the interrupter dolly

9. Toremove the Interrupter, unscrew the twelve 1/2-inch
hex head bolts H800A45711 (Fig. 1) at the bellcrank
housing. (A line-up pin between the bellcrank housing
and the tank prevents the Interrupter from dropping.)

The weight of interrupter and bellcrank is ap-
proximately 65 kg (143 Ibs.).

Important:
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10. With two persons on the bellcrank end of the interrupter,
carefully roll the interrupter from the pole tank. A third
person should supportthe rearexhaust shield end of the
interrupter unit as the unit is withdrawn from the tank.
Refer to Plate 4.

Caution

Protect the Interrupter Insulating support tube
from being scratched or otherwise damaged.

Plate 4: Removing the interrupter

11. Move the interrupter to a dry, clean area for disassem-
bly. For instructions on disassembling and re-assem-
bling the interrupter, refer to the Interrupters module of
this manual.

3.5 Re-Installing the Interrupter Unit

Before re-installing an interrupter unit 30000 or 30121 or
30122(Fig. 4), carefully clean the interrupter unit with lint-free
wipers and denatured ethyl alcohol, paying special attention
to the interrupter insulating tubes.

Important:  Never clean an insulating tube with the same

wiper used to clean aluminum or metal parts.
To re-install the now clean interrupter unit:

1. PlaceanO-ring 90002 (Figs. 1 and 4) overtheinterrupter
unit and press it firmly and snugly into the groove at the
bellcrank. Apply Dow Coming FS-1292 Grease to the
flange surface outside of the O-ringto prevent corrosion.
(Also, referto sections 2.3 and 2.4 for general guidelines
pertaining to O-ring seals and flange corrosion protec-
tion).

2. Grease the sliding surface area of the plug-in connec-
tions 30052 (Fig. 4) with Shell Alvania No. 2 Grease.
Thoroughly rub the grease into the pores of the silver-
plated surfaces; remove any excess grease so that only
a light film remains.
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Clean the inside surface of the pole tank 10015 (Fig. 1)
with a vacuum cleaner and lint-free wipers dampened
with denatured ethyl alcohol.

Since the O-ring in the top flanges of the bushings are
disturbed when the interrupter unitis removed, these O-
ring seals must be replaced as follows:

a. Pullthe old 80001 (Fig. 1) fromthe groove in the top
cap of the bushing.

b. Gutthe O-ring to remove it.

c. Drop a clean length of string through the hollow
bushing and into the pole tank.

d. Tie a new O-ring 90001 to the string and use the
string to pull the O-ring over the bushing conductor
20001 up to the top cap.

e. Thoroughly clean the O-ring groove with a lint-free
wiper dampened with denatured ethyl alcohol.

f.  Firmly press the new O-ring into the groove.

g. Apply Dow Coming FS-1292 Grease to the flange
surface outside of the O-ring to prevent corrosion.

h. Repeat steps a through g to replace all other
affected top cap O-rings.

Position the interrupter dolly T13445 (Fig. 3) at the
bottom of the pole tank, near the front. Referto Plate 5.

Plate 5: Interrupter dolly

6.

With two persons on the bellcrank end of the interrupter
unitand a third person at the rear exhaust shield, lift the
interrupterunitintothe poletankplacingthe rear exhaust
shield onto the interrupter dolly.

Using the interrupter dolly, roll the interrupter unit into
place.

10.

11.

12

13.

14.

15.

Caution

Protectthae interrupterinsulating supporttube
from being scratched or otherwise damaged.

Install the twelve 1/2-inch hex head bolts H800A45711
(Fig. 1) with washers H420A64012 at the bellcrank
housing. Place a drop of Loctite 242 on each bolt and
torque to 61 Nm (45 ft-lbs).

Remove the nuts and horseshoe washers (Fig. 2)
holding the bushing conductor In the retracted position.

Carefully lower and push the bushing conductor into
place.

Remove the studs from the bushing top flange and re-
install the six 1/2-inch hex head bolts H800A45708 (Fig.
1) and washers H420A64012 at each bushing cap.
Apply Loctite 242 and torque to 45 Nm (33 ft-lbs).

If the three M12 nuts H420A50012 (Fig. 5) that mount
the rear exhaust shield 30077 to the stationary contact
assembly 30019 of the interrupter are tight, loosen them
to allowthe rear exhaust shield to be centered within the
pole tank as discussed In the next step.

Re-install the M12 nut H420A50012 and washer
H973A32701 that connect the bushing conductor to the
rearexhaust shield 30077. Apply Loctite 242 to the stud
and turn the M12 nut H420A50012 to jack up the rear
exhaust shield until it is approximately centered within
the pole tank. (The nut will not need to be torqued or
completely tightened; a fork on the deflector 30075 will
lock the nut into position.) Use inside calipers to verify
thatthe rearexhaust shield is approximately centered in
the pole tank.

Re-tighten the three M12 nuts H420A50012 and flat
washers H420A60012 which connect the rear exhaust
shield 30077 to the stationary contact assembly 30019.
Apply Loctite 242 and torque to 72 Nm (52 ft-Ibs). (These
were the nuts that were loosened in step 12.)

Re-install the two M8 nuts H420A50008 and washers
H420A60008 mounting the deflector 30075.

Proceed to the respective sections for remaining tasks:

« Re-install the bushing top terminal (section 3.6);
« Replace the rupture disk (section 3.7);
« Replace the desiccant bag (section 3.9);

Finally proceed to sections 3.10and 3.11 tore-install the rear
tank cover assembly and refill the pole unit with SF, gas.
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3.6 Re-Installing the Bushing Top Terminal

Each 145 PM circuit breaker is provided with six four-hole
NEMA terminal pads 20311 {Fig. 7) as part of the field
assembly materials. Refer to Plate 6.

Boit H420A30614
Belleville Washer
HO67800

V-Clamps 20318

Plate 6: Installing the bushing top terminal

To Install the terminal pad 20311 (Fig. 7) tothe top cap of the
bushing conductor 20001 (Fig. 1}:

1. Coat the mating surfaces between the terminal pad
20311 (Fig. 7} and top cap of the bushing with Alnox
Electrical Joint Compound (found in the service Kit).
Abrade both contact surfaces with a wire brush to
remova dirt and oxides. Completely wipe off the Alnox
with a clean, lint-free wiper and immediately apply a new
coat of Alnox to both mating surfaces to prevent oxida-
tion.

Position the terminal pad on the top cap of the bushing.

3. Piace a clamping ring 20317 {Fig. 7) over the terminal
with the drip slots at the bottom of the clamping ring.

4. Place four V-clamps 20318 between the clamping ring
20317 and terminal pad and overthe holes in thetop cap
of the bushing.
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Clamping Ring 20317

5. Placea bsllevillewasher HS67800(Fig. 7) cneach of the
four M12 hex head bolts H420A30614. Apply Amber
Petrolatum Grease to the bearing surfaces and the
threads of each bolt. Place a boltthrough each V-clamp,
and screw the bolts into the four holes of the top cap of
the bushing.

6. Tumn the terminal pad to the desired orientation (the
terminalcan betumed 360 degrees) and torque the bolts
to 61 Nm (45 ft-ibs).

37 Replacing the Rupture Disk

Each pole tank Is equipped with a carbon rupture disk 10017
{Fig. 6). If the disk ruptures {for example from over-
pressurization due to over-filling oras the result of a defective
disk, etc.) it nasds to be replaced.

Before replacing the rupture disk, open the rear tank cover
assembly as described in section 3.3,

To replace the rupture disk:

1. Removethe reartank cover assembly 10032 (Fig. 1) by
unscrewing the twelve 1/2-inch hex head bolts
H800A45711 and fiat washers H420A64012.

2. Lift off the cover and place it on a clean work surface.
3. Remove the three set screws H800A47608 (Fig. 6).

4. Remove the six bolts HB00A47507 (one) and
H800A47513 (five) which allow for removal of the rup-
ture disk protective cover 10028 and rupture disk holding
ring 10036.

5. Remove the 1/32-inch thick gasket 10040, rupture disk
10017, solid gasket 10039, and pressure gasket 10041.

6. Cleanall metal parts with lint-free wipers dampened with
denatured ethyl alcohal,

7. Greasethesidewalland bottom of the rupture disk cavity
inthe reartank coverflange 10035with Dow Corning FS-
1292 Grease.

8. Installanew pressure gasket 10041, solid gasket 10039,
and rupture disk 10017 placing the flat side against the
solid gaskst.

9. Place the 1/32-inch thick gasket 10040 on top of the
rupture disk. Re-position the rupture disk holding ring
10036 and rupture disk protective cover 10028 onto the
rear tank cover flange 10035.

10. Re-install the six bolts H800A47507 (one) and
HB00A47513 (five} with washers HNB335050P609.
ApplyadropofLoctite 242 tothe threads of each boltand
torque to 27 to 32 ft-Ibs (37 to 43 Nm).

11. Apply a drop of Loctite 242 to the three set screws
H800A47608 and screw them back into their holes until
they just touch the rupture disk holding ring 10036.

12. Proceed totum each set screw H800AS7608 1/2 turn at
atime in a rofational sequence until each set scraw has
been tumed a total of 1-1/2 tumns.

——
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Replace the desiccant bag with a new desiccant bag as
described in section 3.9and then re-install the reartank cover
assembly as described in section 3.10.

38 Replacing the Pole Tank O-Rings

The poletank 10015(Fig. 1)is made up of twoidentical halves
10052 bolted together in the center. The SF, gas Is sealed
by a double O-ring sealing systemwhere the tank halves join.

Important:  When replacing these O-rings, the SF, gas
(section 3.2), interrupter (section 3.4), and
porcalain entrance bushings must be removed
and then the tank must be lifted from the
support structure. Figure 8 details the tank
mounting hardware. Refer to the Porcelain
Entrance Bushings module of this manual for
instructions on removing the porcelain en-

trance bushings.
To replace these O-rings (during major maintenance, etc.):

1. Removethe 1/2-inch hex head bolts H800A46315 (Fig.
1), washers H420A64012, and nuts H673A15609 which
hold the halves together.

2. Thoroughlyclean the O-ring grooves with lint-free wipers
dampened with denatured ethyl alcohol.

3. Replace the inner and outer O-rings 90014 and 90015
with new O-rings.

4. Grease the flange surfaces outside of the O-rings with
Dow Corning FS-1292 Grease.

5. Rejointhetank halves, being certain thatthe O-rings are
properiy situated. Re-install the 1/2-inch hex head bolts
H800A46315 (Fig. 1), washers H420A64012, and nuts
H673A15609. Apply Loctite 242 and torqueto 93Nm (70
ft-Ibs).

3.9 Replacing the Deslccant

"Desiccant” refers to a molecular sieve which removes
moisture as well as SF, decomposition products from the
gas. Adesiccant bag 10008 (Fig. 6) Is installed in every pole
unit at the rear tank cover assembly 10032, just behind the
rupture disk.

Important:  Any time that a pole unit has been opened or
otherwise exposed to the atmosphere, replace
the desiccant bag . The desiccant bag should
be installed immediately before the pole unit is
closed with the evacuation process following
soon thereafter to prevent prolonged expostre

to moist atmospheric air.

Before replacing the desiccant bag, perform the following
maintenance procedures:

* Remove all SF, gas from the tank as per section 3.2.
* Open the rear tank cover as described in section 3.3.

To replace the desiccant bag:

1. Obtainanew desiccant bag 10008 (Fig. 6). These bags
are shipped in a hermetically sealed reinforced alumi-
num foll bag to prevent contamination due to atmo-
spheric moisture. The date of manufacture is marked on
the outer bag.

Important: Do not use any desiccant bags marked with a

date that is over two years old.

2. Carefully open the outer aluminum bag at one end. If

using a knife or scissors, be careful not to tear the inner
bag when opening the outer bag. Immediately check
that the dot on the moisture indicator tag included in the
bag s blue. Ifitis not blue, the outer bag may have been
damaged. In this case, do not use the new desiccant
bag; discard it and get a new one.

The protective outer bag is sealed under vacuum as
indicated by the “tight-fit.” However, in very warm ambi-
enttemperatures, the molecular sieve gives off air it has
absorbed which may cause the outer bagto expand and
look like a pillow. This does not necessarily indicate that
the desiccant is ineffective; the desiccant bag still is
usable.

3. Install the desiccant bag by removing the three M6
Phillips head bolts H420A20513 (Fig. 6), which hold the
cover 10037 and spacers 10038 in place. Place the new
desiccant bag between the cover and spacers and
reinstall. Apply Loctite 242 and tighten each bolt. (Refer
to Plate 7.)

Plate 7: Installing the desiccant bag
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4. Discard used desiccant bags with other decomposition
products. Regenerating the desiccant for reuse, al-
though possible, is notrecommended. Use precautions
described In section 3.3.1 when removing the desiccant
bags.

Re-Install the reartank coverassemblyand apply vacuum as
soon as possible to avold over-exposing the desiccant to
molst atmospheric air. Refer to section 3.10.

3.10 Re-installing the Rear Tank Cover Assembly

To install the rear tank cover assembly 10032 (Fig. 6) with
desiccant:

1. Grease the rear tank cover flange 10035 from the outer
circumference of the O-ring groove to the oulside edge
of the flange with Dow Coming F5-1292 Grease,

2. Install a new O-ring 80002 by pressing it firmly into the
groove. This O-ring does not require lubrication. (Refer
to section 2.3 for guldelines about O-ring seals).

Be sure that desiccant was Installed as per section 3.9.

Re-install the rear tank cover assembly 10032 using the
twelve 1/2-inch hex head boits HB00A45711 (Fig. 1) with
washers H420A64012. Apply Loctite 242 and torque to
61 Nm (45 ft-Ibs).

5. Evacuate and refill the breaker with SF, gas; refer to
section 3.11.

N Refilling the Pole Unit with SF, Gas

General gas filling procedures are discussed in detail in the
Maintenance module of this manual. After completing work
inside the pole unit and immediately before closing the tank,
install a new desiccant bag 10008 (Fig. 6) in the rear tank
cover assembly 10032 (as per section 3.9) and re-install the
rear tank cover assembly (as per section 3.10).

Tofill the pole unit with SF, gas:

1. Install the DILO quick disconnect ool T13433{Fig.6)to
the hose of the gas service unit.

2. Ifit was not aiready done, de-couple the DILO quick
disconnectfitting 10171 althe reartank coverassembly,
separating the gas manifold from the single pole assem-
bly.

Important;  Ifthe gas manifold was nof decoupled from the
poie units, all of the pole units will have been
emptied of gas and will need to be evacuated

and refilled with gas.

3. Install the DILO quick disconnect tool from the hose to
the quick disconnect coupler hal on the rear tank cover
assembly.

4. Pulia vacuum to below 1.0 mm Hg absolute measured
with an accurate electronic vacuum gauge. Hold the
vacuum for 1 hour.
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S. Fill the pole tank with SF, gas to 87 psig (600 kPaG) at
20°C (68°F). Refer to the Density Monitor Calibration
Chart in the Maintenance module for pressures at other
temperatures.

6. Repeat the previous steps for all pole units which have
been opened.

7. Re-connect the gas manifold when all poles have been
refilled with SF, gas.

Warning

The gas manifold must be connected at all pole
units to properly monitor the SF, gas density at
all poles.

' Donotover-pressurize the circuit breakerwhen
filling the breaker with SF, gas. Over-pressur-
izatlon may cause the rupture disk to fail.

—
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4 Testing

After performing pole unit maintenancs, the following tests
must be performed to ensure optimum operation of the
system:

. SF.3 gas moisture content;

* Pole resistance measurament;
» Leak checking;

» Operational and timing tests.

Referto the Maintenance module for instructions to perform
the tests listed above.

& Oclober 1993
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H800A45708 90001 HB800A45708
H420A64012 H420A64012
Loctite 242 Loctite 242
Torque 45 Nm (33 fi-lbs) Torque 45 Nm (33 ft-1bs)

90003

B800A45709
H420A64012
Loctite 242

F§-1292" Fs-1292*

H700B16606

90002 "/E
i e -!:MI

10032

H420A64012

= 10015** HB00A45711
H420A64012 g 7090+ H420A64012 30000 or 30121 or 30122 Loctite 242
HB00A45711 H673A15609 FS-1292* Torque to 61 Nm
Laclite 242 HB00A46315 FS-1292* (45 f-ibs}
Torque to 61 Nm (45 fi-Ibs) Loctite 242
Torque fo 93 Nm (70 fi-ibs)
Figure 1
Pole Unit Assembly (Left, Center, or Right}
10047 or 10048 or 10049
10015 Pole Tank 90001 0O-Ring, Top Flange
10632 Rear Tank Gover Assembly 90002 O-Ring, Tank End
10047 Left Pole Unit Assembly 90003 O-Ring, Bottom Flange
10048 Center Pole Unit Assembly 90014 0O-Ring, Tank Center (Inner)
10049 Right Pole Unit Assambly 90015 O-Ring, Tank Center {Outer)
10052 Tank Half H420A64012 Flat Washer, M12
20001 Bushing Conductor HE673A15609  Nut, 1/2-13
20009 Front Bushing Assembly H700B16606 Alignment Pin
20010 Rear Bushing Assembly HB800A45708 Hex Head Bolt, 1/2-13 x 1-1/2 inch
30000 Interrupter Unit {Center) H800A45709 Hex Head Bolt, 1/2-13 x 2 inch
30121 Interrupter Unit (Left) HB800A45711 Hex Head Bolt, 1/2-13 x 2-1/2 inch
30122 Interrupter Unit (Right) H800A46315 Hex Head Bolt, 1/2-13 x 3-1/2 inch

*Apply Dow Corning FS-1292 grease to all flange surfaces outside of the O-ring groave to prevent corrosion.
**The pole tank 10015 is composed of two tank halves 10052,

6 October 1993
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Top View
L]
I
|
T-Bracket
Jacking
Screw
: orseshoe Washers
[ L. 1
h on. T |
___> Stud
/I
4 o

Side View

Figure 2
Bushing Conductor Removal Tool T13441

6 October 1993
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Figure 3
Interrupter Dolly T13445

6 October 1993
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30052
Shell Alvania
No. 2 Grease™

View A
—5

10151 or 10159 or FS-1292*

Figure 4
Interrupter Unit

View A 30000 or 30121 or 30122
10151 Bellcrank Assembly (Genter)
10159 Bellcrank Assembly (Left}
10160 Bellcrank Assembly (Right)
30000 Interrupter Unit (Canter)
30052 Plug-In Connection
30077 Rear Exhaust Shield
30121 Interrupter Unit (Left)
30122 Interrupter Unit (Right)
00002 0-Ring, Tank End

*Apply Dow Coming FS-1292 grease to all flange surfaces outside of the O-ring groove to prevent corrosion.
**Rub Shell Alvanla No. 2 Grease Into the microscople pores of silverplated surfaces; remove all excess so that
only a light film remains.

8 October 1993
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=S S inali

30019

H420A50012

H420A60012

Loctite 242

Torque to 72 Nm (52 ft-ibs)

HA420A50012 ~mee_

30052
Shell Alvania No.
2 Grease*

_ E View A

30077

H420A46705
Loctite 242

—

H973A32701

=]

&

»

H420A50008 A
H420A60008
Laoclite 242

Torque 22 Nm (16 fi-lbs)

Figure 5

Rear of Interrupter Unit

30019
30052
30075
30077
H420A46705
H420A50008
H420A50012
H420A60008
H420A60012
HO73A32701

Stationary Contact As:
Plug-In Connection
Deflector

Rear Exhaust Shield
Stud, M12 x 65 mm
Nut, M8

Nut, M12

Flat Washer, M8

Flat Washer, M12
Washer

sembly

View A

30075

*Rub Shell Alvania No. 2 Grease into the microscopic pores of silverplated surfaces; remove all excess so that

oniy a light film remains.,

6 October 1993
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10008
10017
10028
10035
10036
10037
10038
10039
10040
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HNB335050P609
HB800A47507
Loctite 242
Torque 27 to 32 ft-lbs
(37 to 43 Nm)
H420A20513
Tighten 242 Loctite 10028
10008
10017
10037 10040
O = -@- - i =
Y
/4;/{I — |- —-—
\_| i
HBO0A47513
. HNB335050P609
Grsase FS-1292* HB800A47608 (3 locations)  { gefite 242
Laclite 242 Torque 27 to 32 fi-lbs
Turn each set screw {37 to 43 Nm)

90002 \

Grease FS-1292*

untif it just touches the
rupture disk holding ring
10036. Then turn each set
screw 1/2 turn at a time In
a rolational sequence until
each set screw has been
turned a fotal of 1-1/2

10171 turns.
Hold this part with a
backup wrench
when decoupling

Locatlon where

fitting decouples
Figure 6
Rear Tank Cover Assembly 10032
Desiccant Bag 10041 Pressure Gasket
Rupture Disk 10171 DILO Quick Disconnect Fitting
Rupture Disk Protective Cover 80002 O-Ring, Tank End
Rear Tank Cover Flange H420A20513 Phillips Head Bolt, M6 x 45
Rupture Disk Holding Ring H800A47507 Bolt, 3/8-16 x 1-1/2-inch (1)
Cover H800A47513 Bolt, 3/8-16 x 3-inch (5)
Spacers HB00A47608  Set Screw 1/4-20 X 1-inch
Solid Gaskst’ HNB335050P609 Washer, M10

Gasket (1/32-inch})

T13433 DILO Quick Disconnect Tool

*Apply Dow Coming FS-1202 grease to all flange surfaces outslde of the O-ring groove to prevent corrosion. Apply Dow
Coming FS-1202 to lubricate the threads of the DILO quick disconnect fitting 10171.

6 QOclober 1993
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O O /2031 ™

H420A30614

H967800 /
Apply amber petrolatum
grease to the threads I
and bearing surfaces
Torque 61 Nm (45 fi-Ibs) '

) (

20317

Alnox Electrical
Joint Compound*

- - -

- -

Figure 7
Terminal Pad 20311
20311 Tetminal Pad
20317 Clamping Ring
20318 V-Clamps
H420A30614 Hex Head Bolt, M12 x 50
HI67800 Belleville Washer, M12

*Requires surface preparation as described in step 1 in section 3.6.
“*Rotate to desired orientation.

“*Apply Dow Comning FS-1292 Grease to alf flange surfaces outside
of the O-ring groove to prevent corrosion.

Refer to Plate 6 for more details.

6 October 1993
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HB846A26501

H973A32704
H673A05912
Loctite 242

Tighten until snug [~

oniv!

phase

Rear Tank Mount
{Rupture Disk End of the Breaker)

\ H973A06509 /

H673A056911
Loctite 242
Tighten securaly

L/

Front Tank Mount
{Mechanism End of the Breaker)

Figure 8

Tank Mounting Hardware
H201D69401 Tank Mounting Bracket
HB873A05811 Nut, 5/8-11-inch
HE73A05912 Nut, 3/4-10-inch
H800A03606 Bolt, 5/8-11 x 2-1/4-Inch
H800A03608 Bolt, 5/8-11 x 2-3/4-inch
H800A47411 Bolt, 3/4-10 x 4-1/2-inch
H846A26501 Spacer
H973A06509 Flat Washer, 5/8-inch
H973A32704 Ftat Washer

145 PM Pole Unit®
Page 21
~— H201D69401 ________,/
HO73A32704 N N
H673A05912 —— HI73A
1 HO73A32704 L octite 242 A e 32704
n H800A47411 Tighten securely ~ N 00A47411
B H973A06509 1| iz~ HO73A06500
H800A03606 HB846A26501 =y HB00A03606
ST Use HB00A03608 (H
4 | on the center 1 !

Procedure for Mounting the Pole Tank to the Structural Fame

1.

Noftice:

Using the Indicated hardware, fasten the tank mounting brack-
ets H201D69401 (Fig. 8) at the front and rear of the structural
frame as shown in Figure 8. (Note that the location of the bolts
differ from front to rear.)

Lowaer the pole tank into position at the proper angle. Loosely
(do not tighten yet) fastan the pole tank in place using bolits
H800A47411,flatwashers HO73A32704, spacers H846A26501,
and nuts HE73A05912. Apply a liberal amount of Loctite 242
to the threads of bolts H800A47411.

Securely tighten nuts H673A05912 at the front tank_mount
first,

Tighten nuts H673A05912 at the rear tank mount until they are
snug only and the spacer H846A26501 is touching the tank
gusset,

Overtightening nufs H873A05912 at the rear tank
mount may cause bracke! H201D69401 to break.

6 Qctober 1993
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Notes

Notice 1

Based on our own experience, you will obtain the best possible operational reliability by following the recommendations given
inthese instructions. The data contained herein purports solely to describe the product, and it is not a warranty of parformance
orcharacteristics. it is with the best interests of our customers in mind that we constantiy strive to improve our products and
kesp them abreast of advances in technology. This may lead to discrepancies between a product and these instructions.

Notice 2

Within the scope of these instructions, it is impossible to take into account every eventuality which may arise with technical
equipment in service. Please consult our local salesman in the event of any irregularities, especially if not referred to herain.

Notice 3

We expressly dectine liability for damages resulting from any incerrect operation or wrong handling of our equipment, even
if these instructions contain no specific indication in this respect. We stress the fact that only genuine spare parts should be
used for replacements.

Notice 4

This publication is a copyrighted work. Therefore, it is not permissible to disclose, reprint, copy, or reproduce any part of these
instructions without express written permission from ABB.

These instructions do not purport to cover all details or variations in equipment nor to provide for avery possible contingency
tobe met in connection with installation, operation, or maintenance. Should further information be desired or should particular
problems arise which are notcovered sufficientlyfor the purchaser’s purposes, the matter should be referredto the ABB Power
T& D Company Inc. Power Circuit Breaker Division, 125 Theobold Ave., Greensburg, PA 15601, Phone No. (412) 838-5200.

“Copyright 1993, ABB Al rights reserved.

8 February 1993
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Porcelain Entrance Bushings

1 introduction

This module describes the porcelain entrance bushings and
related maintenance on the 145 PM circuit breaker.

1.1 Desctription

The bushings are an integral part of the breaker and are
specifically designedto connect tothe highvoltage line orbus
andcarry high voltage powerto the interrupter while providing
line-to-ground insulation. Standard porcelain bushings are
designed to ANSI C37 standards. Designs with varying
creepage and BIL ratings also are available.

A front and rear porcelain entrance bushing are installed at
obtuse angles on top of each pole unit (Fig. 1). The bushings
on the mechanism side of the breaker are referred to as the
front bushings; the bushings on the rupture disk side are
referred to as the rear bushings. The rear bushings are
identical to the front bushings {except that a removable stud
is installed at the tip of the bushing conductor for rearbushing
application).

Both front and rear bushings are hollow, high strength
poreelain insulaters with top and bottom aluminum flanges
permanently cemented onto each end. The bottomflange of
the bushing bolts onto a pocket on the pole tank. A bushing
conductor assembly (through rod}) with a top cap welded to
it attaches to the top flange of the porcelain insulator and
extends through the hollow center, finally attaching to the
interrupter. The bushing conductors plug into spring loaded
contact rings at either end of the interrupter.

The bushings are filled with sulfur hexaflucride (SF,} gas
which acts as the insulating medium. The lower bushing end
is tully opentothe pole tank which allows the SF, gas ta freely
communicate between the tank and bushing. O-rings inthe
top cap and pocketflange directly seal against the upper and
lower ground end faces of the parcelain insulator.

A grounded throat shield attaches to the tank pocket and
extends into the bottomofthe bushing. This shieldis uniquely
shapedto grade the voltage field in the air along the exterior
length of the bushing as well as the internal area where the
conductor enters the pole tank.

The six porcelain bushing assembilies, including the bushing
conductors, are identical within any given breaker and can be
interchanged if required. Because variations of bushings
based on BIL and crespage exist, interchanging insulators
between 145 PM breakers, should be done only after first
consulting your local ABB representative or the factory in
Greensburg.

ANEMA four-holeterminal pad (Fig. 3) is provided inthe field
assembly materials for connection at each top cap.

DANGER

Since porcelain is extremely brittle,
be careful not to bump or rap the
bushings against hard objects.

2 Bushing Maintenance
Bushing maintenance entails:

» General maintenance {section 2.2).

- Cleaniiness,

- Fastener locking,

- Checking the seals for cracks, deformities, and
brittleness,

- Flange corrosion protection,

- Treatment of silverplating;

Removing the bushing (section 2.3);

Disassembling the bushing (section 2.4);

Re-assembiing the bushing (section 2.5);

Installing the bushing {section 2.6);

Refilling with SF, gas (section 2.7).

DANGER

To prevent injury or equipment dam-
age, the breaker must be removed
fromservice, isolated,and grounded
before performing any maintenance
procedures.

21 Tools and Materials

The following tools and materials are required for performing
maintenance on the bushings:

Light crane;

Two nylon slings (8-t long, 2-inches wide);
Two step ladders (10-ft);

Standard wrenches and sockets;
Come-along (winch);

Torque wrench (10 to 150 ft-Ibs);

Halogen leak detector;

Portable vacuum cleaner;

Lint-free wipers;

Denatured ethyl alcohol;

Loctite 242;

Alnox Electrical Joint Compound,;

Amber Petrolatum Grease;

Shell Alvania No. 2 Grease;

Dow Corning Fluoro Silicone FS-1292 Grease ;
Scotch-Brite (extra fine);

Special tools:

- Bushing guide rods T13436 (Fig. 4),

- Bushing conductor removal tool T13441.

2 & 8 * 4 8 & & & e e e a2 s ¥ @
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2.2 General Maintenance Practices

The following sub-sections are general, recommended prac-
tices employed in the process of performing maintenance on
the bushings.

2,21 General Cleanliness

Maintaining the cleanliness of the component surfaces inthe
breaker is an extremely important part of maintenance
because the major insulating components in the breaker are
subjected to high electrical stresses. Because cleanliness is
so important, care mustbe takan to performinternal breaker
maintenance under clean, dry conditions.

Warning

The importance of cleanliness cannot be
oversiressed. Introducing locose dirt, espe-
cially metallic particles, into an open pole unit
(SF, gas compartment) can cause dielectric
failure. Insulating surfaces must be protected
from physical, damage (nicks and scratches)
and kept clean and dry at all times.

Loose dirt (especially metallicparticles) as well as residue left
from sweaty hands and atmospheric moisture can lead 1o
dielectricfailure. itis bestto avoid handling critical insulating
compoenents with bare hands. Instead, wear snug-fitting
cloth gloves when handling insulating parts and surfaces. To
ensure cleanliness, wips insulating surfaces with lint-free
wipers dampened with denatured ethy! alcohol.

important.  Never clean an insulating component with the
same wiper used to clean aluminum or metal
parts.

2.21.1 Specific Guidelines for Cleaning the
Bushings

The porcelain exterior of the bushing has weather sheds
designedto resist surface contaminaticn andto maximize the
wet dielectric strength of the surface. The glazed surface is
easily cleanedby any method safe for station postinsulators.
Because cleaning techniques may be environment-specific,
folfow your own company policy for standard cleaning proce-
dures,

Warning

Regardless ofthe cleaning method used, do not
leave any filmy residue from the cleaningagent,
2.g. soap film, on the bushing after cleaning.

2.2.2  Fastener Locking

Since the impact loading which the circuit breaker experi-
ences during operation tends to loosen threaded hardware,
Loctite Threadlocker 242 must be appliedto all critical bolted
joints,

Clean the threads in blind holes if they can be adequately
dried afterwards. Apply Loctile sparingly to the outarmost
edges of the thread. Two small drops of Loctite are énough
even for large threads.

9 February 1993

Hardware secured with Loctite usually can be unfastened
with properwrenches. In case of difficulty, the connection can
be loosened by heating the jointto 150°C (300°F). Becareful
notto damage materials which are sensitive to heat, such as
insulation or sealing components.

Use particular care In applying Loctite to fasteners used in
assembling current carrying connections. Apply Loctite only
where specifisd. If used improperly, Loctite can squeeze
between contact areas and may cause a high resistance
joint.  Ensure that excess Loctite does not squeeze into
centact areas.

223 Seals

Sealing rings which have been in service will be deformed
from being compressed into their sealing grooves. There-
fore, when disassembling components with sealing rings,
replace them. Replacements are available from ABB.

Maintenance tips pertaining to seals inciude;

1. Do not grease or lubricate O-rings or any other seals
unless specified otherwise.

2. Never clean seals with abrasives even if they are very
fine.

3. Use only lukewarm, soapy water to clean the seals.
4. Use a soft, dry cloth to dry the seals.

5. Always check seals for cracks, deformities, and brittle-
ness before they are installed. Acceptable seals are
flexible and free of cracks. Do not Install seals that are
cracked, brittle, or deformed.

224  Flange Corrosion Protection

The grease used in sealing joints (Dow Corning FS-1292) is
intended to be used as a flange corrosion protectant only.
This grease is to be applied to all flange suriaces outside of
the O-ring seals, or in other werds, 1o areas where water can
become entrapped between metal-to-metal joints.  Pay
special attention to areas around bolts where moisture is
most likely to enter. Apply Dow Coming Fluoro Silicone FS-
1292 Grease in all such cases.

225  Treatment of Silverplating

Silverplated centact areas can be potished fightly with extra
fine Scotch-Brite to remove surtace oxide. Do not heavily
abrade the silverplated surfaces to avoid rubbing off the
plating.

In situations where sliding contact joints are used, such as in
the case of the plug-in type bushing conductors, the silver-
plated areas must be lubricated with Shell Atvania No, 2
Grease. Thoroughly rub the grease into the microscopic
pores of the silverpiated surface; remove all excess grease
s0 that only a light film remains.

——,
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23 Removing the Bushing

When working with the bushings, follow standard precautions
to prevent the brittle porcelain bodies from being chipped or
otherwise damaged e.g. avoid bumping the porcelain sheds
with tools, etc. In addition, avoid scratching or denting the
internal bushing throat shield 20004 (Fig. 1). Refer to Plate
1.

Warning

Remove the gas and open the pole unit follow-
ing the instructions in the Maintenance module
of this manual before removing a bushing.

Plate 1: Throat shield

Bushing assemblies should be removed from the breaker as
a complete unit with the bushing conductor in place.

Separate procedures are followed for removing the front and
rear bushing assemblies. To remove the front bushing
assembly 20009 (Fig. 1), refer to section 2.3.1; to remove the
rear bushing assembly 20010, refer to section 2.3.2,

The standard creep porcelain entrance bushing assembly
(with the bushing conductor installed) weighs approximately
123 kgs (275 Ibs). Use a light crane to lift the bushing.

Toliftthe bushing, use the two-point lift method with one sling
choked around the top of the bushing and the other sling
choked below the bottom shed of the bushing. Place a come-
along (winch) in line with the sling to allow the bottom of the
bushing to be either raised or lowered as necessary. Refer
to Plate 2.

Plate 2: Two-point lift method

Warning

The internal bushing throat shields 20004 (Fig.
1 and Plate 1) must be approximately centered
within the porcelain bodies. Avoid scratching
ordenting the throat shields. If the throat shield
is noticeably off center, especially to the extent
that it touches the porcelain wall, the electric
field characteristics will be negatively affected
and dielectric failure could result.

If a throat shield is off center or dented, discard
it and replace it with a new one.

9 February 1993
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2.3.1

If SF, decomposition products are present (when
the pole unit is opened) they must be removed
and disposed of as soon as possible as de-
scribed in the module Safe Handling Practices
for SF,Gas. Clean the breaker parts promptly
after opening the pole unit to prevent damage
caused by corrosive and conductive compounds
formed when SF, decomposition products are
exposed to moisture in the air.

Removing the Front Bushing Assembly

Toremove the front bushing assembly 20009 (on the mecha-
nism side of the breaker) (Fig. 1):

1.

Notice:

Reclaim the SF, gas using procedures specified in the
Pole Unit module of this manual.

Choke a sling around the top of the bushing.

Choke a second sling below the bottom shed of the
bushing.

Place a come-along (winch) in line with the lower sling to
allow the bottom of the bushing to be raised or lowered
as necessary at the proper angle. Refer to Plate 2.

Using a light crane, slowly and carefully take up tension
on the slings but do not put undue cantilever stress on
the porcelain insulator.

Remove three 1/2-inch hex head bolts H800A45709
(Fig. 1) positioned 120 degrees apart around the bottom
flange of the bushing assembly and install bushing guide
rods T13436 (Fig. 4) in place of the bolts. Refer to Plate
3.

The bushing guide rods are used to prevent the
bushing assembly from dropping against the
throat shield and damaging it when the bushing
is being removed and installed. These guide
rods always should be used when removing
and installing a bushing.

9 February 1993

Plate 3: Bushing guide rods

7.

Remove the remaining bolts from the bottom flange of
the bushing.

Carefully lift the bushing assembly from the pole unit
adjusting the angle of the assembly using the come-
along (winch). The plug-in contact will become disen-
gaged from the plug-in connection 30052 (Fig. 1) as the
bushing is lifted from its flange.

Caution

Take precautions not to bump the porcelain
insulator while lifting the bushing.

Proceed to disassemble and clean the bushing assem-
bly as described in section 2.4. Cleaning should be
performed as soon as possible to prevent damage
caused by corrosive compounds formed when SF,
decomposition products are exposed to atmospheric
moisture.
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2.3.2 Removing the Rear Bushing Assembly

To remove the rear bushing assembly 20010 (on the rupture
disk side of the breaker) (Fig. 1):

1. Reclaim the SF, gas from the pole unit and remove the
rear tank cover assembly 10032 (Fig. 1) using proce-
dures specified in the Pole Unit module.

2. Remove the two M8 nuts H420A50008 (Fig. 5) and flat
washers H420A60008 that hold the deflector 30075 in
place and lift away the deflector.

3. Remove the M12 nut H420A50012 and washer
H973A32701 from the stud H420A46705 that connects
the bushing conductor to the rear exhaust shield 30077.

4. Choke a sling around the top of the bushing.

5. Choke a second sling below the bottom shed of the
bushing.

6. Place acome-along (winch) in line with the lower sling to
allow the bottom of the bushing to be raised or lowered
asnecessary atthe properangle. Referto Plate 2to view
the two-point lift method.

7. Using a light crane, slowly and carefully take up tension
on the slings but do not put undue cantilever stress on
the porcelain insulator.

8. Remove three 1/2-inch hex head bolts H800A45709
(Fig. 1) positioned 120 degrees apart around the bottom
flange ofthe bushing assembly andinstall bushing guide
rods T13436 (Fig. 4} in place of the bolts. Referto Plate
3.

The bushing guide rods are usedto prevent the
bushing assembly from dropping against the
throat shield and damaging it when the bushing
is being removed and installed. These guide
rods always should be used when removing
and installing a bushing.

Notice:

9. Remove the remaining bolts from the bottom flange of
the bushing.

10. Carefully lift the bushing assembly from the pole unit
adjusting the angle of the assembly using the come-
along (winch).

Caution

Take precautions not to bump the porcelain
insulator while lifting the bushing.

11. Proceed to disassemble and clean the bushing assem-
bly as described in section 2.4. Cleaning should be
performed as soon as possible to prevent damage
caused by corrosive compounds formed when SF,
decomposition products are exposed to atmospheric
moisture.

24 Disassembling the Bushing

Instructions for disassembling a bushing are the same for
front and rear bushings.

To disassemble a porcelain bushing:

1. Lay the bushing horizontally, supported by wooden
saddle blocks. Refer to Plate 4.

Plate 4: Bushing supported by saddle blocks

2. Placewooden blocks under the bushing conductor atthe
top cap and at the plug-in contact end to support the
bushing conductor when the 1/2-inch hex head bolts
HB00A45708 (Fig. 2) on the top flange are removed.

Notice: The bushing conductor must be supported
when the bolts are removed to prevent the
bushing conductor from falling and striking the

porcelain insulator.

3. Remove the 1/2-inch hex head bolts H800A45708 at the
top flange.

4. With aperson ateach end, carefully remove the bushing
conductor 20001 from the porcelain insulator.

5. Remove all SF;decomposition products using avacuum
cleaner. Wipe the bushing with lint-free wipers damp-
ened with denatured ethyl alcohol. (Refer to the module
Safe Handling Practices for SF; Gas for details on
disposing of decomposition products.)

Never clean an insulating component with the
same wiper used to clean aluminum or metal
parts.

Important:

6. Remove any nicks or scratches on the bushing conduc-
tor using Scotch-Brite or emory cloth. Wipe the bushing
conductor with clean lint-free wipers dampened with
denatured ethyl alcohol.

9 February 1993
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2.5 Re-Assembling the Bushing

Instructions for re-assembling a bushing are the same for
front and rear bushings.

To re-assemble a porcelain bushing:

1. Remove the old O-ring 90001 (Fig. 2) from the top cap
of the bushing conductor; clean the flange area and the
O-ring groove with a lint-free wiper dampened with
denatured ethyl alcohol.

2. Install a new O-ring 90001 over the bushing conductor
and press it firmly into the groove in the top cap. Apply
Dow Corning FS-1292 Grease to all flange areas outside
of the O-ring groove to prevent corrosion of the flange.

3. Check that the internal surfaces of the insulator 20002
are wiped clean and free of debris.

4, Carefully re-install the bushing conductor into the insu-
lator.

5. Apply a drop of Loctite 242 to the 1/2-inch top cap bolts
H800A45708. Install the bolts with flat washers
H420A64012 and torque to 45 Nm (33 ft-Ibs).

To install the bushing assembly, refer to section 2.6.
26 Installing the Bushing

Separate procedures are followed for installing the front and
rear bushing assemblies. Toinstall the front bushing assem-
bly 20009 (Fig. 1), refer to section 2.6.1; to install the rear
bushing assembly 20010, refer to section 2.6.2.

Warning

The internal bushing throat shields 20004 (Fig.
1 or Plate 1) must be approximately centered
within the porcelain bodies. Avoid scratching
or denting the throat shields. If the shield is
noticeably off center, especially to the extent
that it touches the porcelain wall, the electric
field characteristics will be negatively affected
and dielectric failure could result.

If a throat shield is off center or dented, discard
it and replace it with a new one.

Remove any scratches on the throat shield
using Scotch-Brite. Wipe the throat shield
several times using lint-free wipers dampened
with denatured ethyl alcohol.

9 February 1993

2.6.1 Installing the Front Bushing Assembly

To install the front bushing assembly 20009 (Fig. 1):

1. Remove the old O-ring 90003 (Fig. 1) from the pocket
flange of the pole unit; clean the flange area and the O-
ring groove with a lint-free wiper dampened with dena-
tured ethyl alcohol.

2. Firmly press a new O-ring 90003 into the groove of the
pocket flange. Apply Dow Corning FS-1292 Grease to
all flange areas outside of the O-ring groove to prevent
corrosion. Refer to Plate 5.

Plate 5: Pocket flange

3. Remove any scratches on the throat shield 20004 (Fig.
1) using Scotch-Brite. Wipe the throat shield several
times using lint-free wipers dampened with denatured
ethyl alcohol.
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10.

Position the bushing assembly so that when it is lifted
and installed, the two bolt holes in the top cap shown in
the illustration below are aligned along the long axis or
length of the pole unit.

These bolt
holes in the top
cap must be
aligned along
the long axis or
length of the
pole unit.

Choke a sling around the top of the bushing.

Choke a second sling below the bottom shed of the
bushing.

Place a come-along (winch) in line with the lower sling
with the come-along fully retracted.

Using a light crane, slowly and carefully lift the bushing
parallel to the ground. While lifting, proceed to lower the
bottom of the bushing by slacking off on the come-along
(winch) until the bushing is oriented at the required
angle. Refer to Plate 2 for the two-point lift method.

Caution

Take precautions not to bump the porcelain
insulator 20002 (Fig. 2) while lifting the bushing.

Apply a light coat of Shell Alvania No. 2 Grease to the
male plug-in area of the bushing conductor 20001 (Fig.
1). Thoroughly rub the grease into the pores of the
silverplating with a lint-free wiper and remove all excess.

Install three bushing guide rods T13436 (Fig. 4) 120
degrees apart on the pocket flange of the pole tank.

11.

Important:

Raise the bushing assembly above the tank pocket;
adjust the angle of the bushing with the come-along
(winch) and slowly lower the bushing onto the tank
pocket allowing the bushing guide rods to pass through
the bolt holes on the bottom flange of the bushing. Refer
to Plate 6.

While the bushing assembly is being lowered
into place, the male plug-in contact area of the
bushing conductor 20001 (Fig. 1) will engage
with the female plug-in connection 30052 on
the interrupter unit.

Plate 6: Lowering the bushing onto the pocket flange

12.

13.

Apply a drop of Loctite 242 to the threads of the bottom
flange 1/2-inch hex head bolts H800A45709 (Fig. 1).
Install the bottom flange bolts and flat washers
H420A64012 (remove the bushing guide rods and re-
place them with the remaining bolts when all of the other
bolts are in place). Torque the bolts to 60 Nm (45 ft-Ibs).

Proceed to section 2.7 if all other maintenance work is
complete. 9 February 1993




218P012-01
145 PM Porcelain Entrance Bushings®
Page 8

2.6.2

Installing the Rear Bushing Assembly

To install the rear bushing assembly 20010 (Fig. 1):

1.

10.

Remove the old O-ring 90003 (Fig. 1) from the pocket
flange of the pole unit; clean the flange area and the O-
ring groove with a lint-free wiper dampened with dena-
tured ethyl aicohol.

Firmly press a new C-ring 90003 into the groove of the
pocket flange. Apply Dow Corning FS-1292 Grease to
all flange areas outside of the O-ring groove to prevent
corrosion. Refer to Plate 5.

Remove anyscratches onthethroat shield using Scotch-
Brite. Wipe thethroat shield several times using lint-free
wipers dampened with denatured ethyl alcohol.

Position the bushing assembly so that when it is litted
and instailed, the two bolt holes in the top cap shown in
the illustration beiow are aligned along the long axis or
length of the pole unit.

These bolt
holes in the top
cap must be
aligned along
the long axis or
length of the
pole unit.

Choke a sling around the top of the bushing.

Choke a second sling below the bottom shed of the
bushing.

Place a come-along (winch} ir line with the lower sling
with the come-aleng fully retracted.

Using a light crane, slowly and carefully litt the bushing
parallelto the ground. While lifting, proceedto lowerthe
bottom of the bushing by slacking off onthe come-along
{winch) until the bushing is oriented at the required
angle. Referto Plate 2 for the two-point lift method.

Caution

Take precautions net to bump the percelain
insulator 20002 (Fig. 2) whileliftingthe bushing.

Apply a light coat of Shell Alvania No. 2 Grease to the
male plug-in area of the bushing conductor 20001 (Fig.
1). Thoroughly rub the grease into the pores of the
silverplating with a lint-free wiper and remove all excess.

Install three bushing guide rods T13436 (Fig. 4) 120
degrees apart on the pocket flange of the pole tank.

@ February 1993

Important:

12.

13.

14.

15.

2.7

. Raise the bushing assembly above the tank pocket;

adjust the angle of the bushing with the come-along
(winch} and slowly lower the bushing ento the tank
pocket allowing the guide rods to pass through the bok
holes on the bottomflange of the bushing. Referto Plate
6.

While the bushing assembly is being lowered
into place, the male plug-in contact area of the
bushing conductor 20001 (Fig. 1) will engage
with the female piug-in connection 30052 on
the interrupter unit.

Apply a drop of Loctite 242 1o the threads of the bottom
flange 1/2-inch hex head bolts H800A45709 (Fig. 1).
Install the bottom flange bolls and flat washers
H420A64012 (remove the bushing guide rods and re-
place themwith the remaining bolts when all of the other
bolts are in place). Torque the bolts to 60 Nm (45 ft-lbs).

Install the M12 nut H420A50012 (Fig. 5) and washer
H973A32701 that connect the bushing conductor 20001
tothe rear exhaust shield 30077. Apply Loctite 242 and
tighten the nut untit it is snug only (hand-tighten plus 1/
4 turn).

Caution

Do not overtighten nut H420A50012. This nutis
intended only to support the interrupter. If the
nut is overtightened, undue cantilever stress
will be applied to the interrupter support tube
which could cause mechanical failure of the
tube. The nut is locked into position by the
deflecter 30075 (Fig. 5) and cannot turn loose.

Install the deflector using the two M8 nuts H420A50008
and washers H420A60008. Apply Loctite 242 and
torque to 22 Nm (16 ft-lbs).

Proceed to section 2.7 if all other maintenance work is
complete.

Gas Refilling

After all maintenance work has bean completed, refer to the
Pole Unit module for instructions to perform the following:

1.

Ensure thatthe pole unittank is intemally clean and free
of debris, metal panicles, efc.

Replace the desiccant bag 10008 (Fig. 1).
Re-install the rear tank cover assembly 10032,

Immediately perform a vacuum procedure to remove
ambient air and moisture.

Refill the breaker with SF_ gas.

Leak check all seals with a halogen leak detector.

L —
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3 Installing the Bushing Top Terminal
Plate 7

Each 145 PM circuit breaker is provided with six four-hole
NEMA terminal pads 20311 (Fig. 3) as part of the field
assembly materials. To install the terminal pad to the top cap
of the bushing conductor 20001 (Fig. 1):

1. Coat mating surfaces between the terminal pad 20311
(Fig. 3) and top cap of the bushing with Alnox Electrical
Joint Compound (found in the service kit). Abrade both
contact surfaces with a wire brush to remove dirt and
oxides. Completely wipe off the Alnox with a clean, lint-
free wiper and immediately apply a new coat of Alnox to
both mating surfaces to prevent oxidation.

2. Position the terminal pad on the top cap of the bushing.
Four-Hole NEMA
Terminal Pad 20311

Clamping Ring 20317

V-Clamps 20318

Bolt H420A30614

Belleville Washer
H967800

Plate 7: Installing the bushing top terminal

3. Place a clamping ring 20317 (Fig. 3) over the terminal
with the drip slots at the bottom of the clamping ring.

4. Place four V-clamps 20318 between the clamping ring
and terminal pad and over the holes in the top cap of the
bushing.

5. Place a belleville washer H967800 on each of the four
M12 hex head bolts H420A30614. Apply Amber Petro-
latum Grease to the bearing surtaces and the threads of
each bolt. Place aboltthrough each V-clamp, and screw
the bolts into the four holes of the top cap of the bushing.

6. Turn the terminal pad to the desired orientation (the
terminal can be turned 360 degrees) and torque the bolts
to 61 Nm (45 ft-Ibs).

9 February 1993




218P012-01
145 PM Porcelain Entrance Bushings®
Page 10

H800A45708 HBO0A45708
H420A64012 90001 H420A64012
Loctito 242 Loctite 242
Torque 45 Nm (33 ft-ibs) Torque 45 Nm (33 ft-los)
20001
\
20009 20010
20004
\ 90003
\ HB00A45709
: H420A64012
Fs-1262" \ Loctite 242 \ l FS-1292*
' Torque 60 Nm {45 fi-ibs ﬁ,{
\ / gy //l
\, 30052 . .
\ Shell " D
. Alavania * A
° \ A, | S
' ! 10008
i R S |E R ol B Rl e < il -
) r“ - )
]
s e | 10032
10015 30077
Figure 1
Center Pole Unit Assembly 10048
10008 Desiccant Bag
10015 Pole Tank
10032 Rear Tank Cover Assembly
20001 Bushing Conductor
20004 Throat Shield
20009 Front Bushing Assembly
20010 Rear Bushing Assembly
30052 Plug-In Connection
30077 Rear Exhaust Shield
90001 O-Ring (Top Fiange)
90003 O-Ring, (Bottom Flange)
H420A64012 Flat Washer, M12
HB00A45708 Hex Head Bolt, 1/2-13 x 1-1/2 inch
H800A45709 Hex Head Bolt, 1/2-13 x 2 inch

9 Fabruary 1993

*Apply Dow Coming FS-1292 greass to all flange surfacas
outside of the O-ring grocve to prevent corrosion.

**Rub Shell Alvania Neo. 2 Grease into the microscopic
pores of silverplated surfaces; remove all excess so that
only a light film remains.

—
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H420A64012

H800A45708

Loctite 242

Torque to 45 Nm (33 it-ths)

Shell Alavania No. 2 Grease™*

N\

F5-1292°

20001

H420A4!705

{Rear Bushing
Assembly Only)
Loctite 242

F5-1292*

Figure 2

Entrance Bushing Assembly
Front Bushing Assembly 20009
Rear Bushing Assembly 20010 (includes stud)

- 20001
20002
90001
H420A46705
H420A64012
HB00A45708

Bushing Conductor

Insulator

O-Ring, Top Flange

Threaded Stud, M12 x 65

Flat Washer, M12

Hex Head Bolt, 1/2-13 x 1-1/2 inch

“Apply Dow Corning FS-1292 grease to all flange surfaces
outside of the O-ring groove to prevent corrosion.

**Rub Shell Alvania No. 2 Grease into the microscepic
pores of silverplated surfaces; remove all excess so that
only a light fi'm remains.

9 February 1993
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O O /2031 1+

H420A30614

H987800 /
Apply Amber Pelrofatum
Grease to the threads ]
and bearing surfaces
Torgue 61 Nm {45 ft-ibs) I

) ( 20318
20317
Alnox Electrical
Joint Compound*

Fs-1292***

Figure 3
Terminal Pad 20311
20311 Terminal Pad
20317 Clamping Ring
20318 V-Clamps
H420A30614 Hex Head Boit, M12 x 50
H967800 Belleville Washer, M12

*Requires surface preparation as described in section 3 of this module.
**Rotate to desired orientalion.
=+ Apply Dow Coming FS-1292 Grease to ail flange surfaces outside of the O-ring grocve to prevent corrosion.

Refer to Plate 7 for more detalls.

9 Fabruary 1993
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,/‘\/

Figure 4
Bushing Guide Rod T13436

G February 1983
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9 February 1993

30052
Shell Alavania
No. 2 Grease”

H420A46705
Loctite 242

H973A32701

H420A50012 =~ __

—

1 —

¢

@

H420A50008 Z
H420A80008
Loctite 242

Torque 22 Nm (16 ft-lbs)

Figure 5

Rear of Interrupter Unit

36052
30075
30077
H420A46705
H420A50008
H420A50012
H420A60008
H873A32701

Plug-In Connection
Deflector

Rear Exhaust Shield
Stud, M12 x 65 mm
Nut, M8

Nut, M12

Flat Washer, M8
Washer

View A

*Rub Shell Alvania No. 2 Grease into the microscopic
pores of silverplated surfaces; remove all excess so that
only a light fim remains.

30075

-
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Notes

Notice 1

Based on our own experience, vou will obtain the best possible operational reliabiiity by following the recommendations given
inthese instructions. The data contained herein purports selely to describe the product, and it is not a warranty of peiformance
or characteristics. it is with the best interests of our customers in mind that we canstantly strive to improve our products and
keep them abreast of advances in technology. This may lead to discrepancies between a product and these instructions.

Notice 2

Within the scope of these instructions, it is impossible to take into account every eventuality which may arise with technical
equipment in service. Please consuit our focal salesman in the event of any irregularities, especially It not referred to herein.

Notice 3

We expressly decline liabliity for damages resulting from any incarrect operation or wrang handling of our equipment, evan
if these instructions contain no specific indication in this respect. We stress the fact that only genuine spare parts should be
used for replacements.

Notice 4

This publication is a copyrighted work. Therefore, it is not permissible to disclose, reprint, copy, or reproduce any part of these
instructions without express written permission from ABB.

These instructions do not purport to cover all details or variations in equipment nor to provide for every possibie contingency
tobe metin connection with installation, operation, or maintenance. Should furtherinformation be desired or should particular
problems arise which are not covered sufficiently for the purchaser’s purposes, the matter shouid be referredto the ABB Power
T & D Company Inc. Power Circuit Breaker Division, 125 Theobold Ave., Greensburg, PA 15601, Phone No. (412} 838-5200.

®Copyright 1993, ABB All rights reserved.
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Current Transformers

#

1 Introduction

Instructions in this module apply to removing and re-installing
the bushing-type current transformers (CTs) and their pro-
tective covers.

1.1 Description

Each phase can be equipped with many combinations of
bushing-type CTs or linear couplers. The CTs are housed in
a weatherproof aluminum protective cover located at the
base of the entrance bushings. CT secondary leads are
installed in conduits extending from each CT housing and
terminating onto shorting type terminal blocks in the control
cabinet. Refer to Plate 1.

The CTs are provided as per customer specifications. Multi-
ratio relaying class CTs are applied most commonly. How-
ever, single-ratio metering class CTs and linear couplers are
available if requested. A nameplate on the inside of the
cabinet door indicates the location, accuracy, and ratio of the
current transformers.

Plate 1: Bushing-type current transformers

2 CT Maintenance
CT maintenance involves the following procedures:

» Removing the CT protective cover (refer to section
2.1);

» Removing the CT(s) (refer to section 2.2);

+ Installing the CT(s) (refer to section 2.3 );

« Re-installing the CT protective cover (refer to section
2.4).

Important:  The CT protective cover, as well as the CTs,
can be lifted over the entrance bushing without
removing the bushing.

DANGER

To prevent injury or equipment dam-
age, the breaker must be removed
from service, isolated, and grounded
before performing any maintenance
procedures.

Each current transformer secondary
must be connected to a relaying or
metering burden orbe shortcircuited
at all times.

Warning

The system pressure should be lowered to a
slight positive pressure of approximately 5 psig
(34.5 kPaG) when removing or replacing the CcT
protective cover or CTs. Be careful not to bump
the bushing while removing the CTs. Bumping
a pressurized bushing could result in cracking
the porcelain and causing it to rupture.

Caution

Do not stand on the CT protective cover, other-
wise you could crush the cover or damage the
seal around the lip of the bottom support.

2.1 Removing the CT Protective Cover

The CT protective cover 70001 (Fig. 1) is removed whenever
a CT 70000 needs to be added, replaced, or removed.

To remove the CT protective cover:

1. Remove the boits HBO0A08105, nuts H673A09102, and
flat washers H420A64008 at the bottom of the CT
protective cover.

2. Carefully lift the protective cover over the top of the
bushing; avoid damaging the porcelain glaze or sheds.

10 February 1993
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2.2

Removing the CT(s)

Before removing the CT(s), remove the CT protective cover.
Refer to section 2.1.

To remove the CT(s):

1.

23

After lowering the SF, gas pressure to a slight positive
pressure of approximately 5 psig (34.5 kPaG), discon-
nect the CT leads.

Using a lightcrane, carefully liftthe CT overthe top ofthe
bushing; avoid damaging the porcelain glaze or sheds.

Installing the CT(s)

Prior to installing the CT(s), the SF,gas pressure must be
lowered to a slight positive pressure of approximately 5 psig
(34.5 kPaG).

To install a CT:

1.

Using a light crane, carefully lower the CT over the top
of the bushing; avoid damaging the porcelain glaze or
sheds.

While lowering the CT in place, install the appropriate
number of pressboard spacers (Fig. 1) between the CTs
to attain the following approximate gap clearances:

« 1/2 inch on the inner diameter of the CT;

» 1/8 inch to 1/4 inch between CTs;

« 3/8inch to 1/2 inch between the bottom CT and the
support.

Caution

Pressboard spacers mustbe installed to ensure
that the CTs are isolated from the CT protective
cover 70001 and bottom support 70003 (Fig. 1).

Connect the secondary leads to the shorting terminal
blocks.

Re-install the CT protective cover. Refer to section 2.4.

10 February 1993

Plate 2: Shorting terminal blocks
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2.4

Re-Installing the CT Protective Cover
Caution

Whenre-installingthe CT protective cover 70001
(Fig. 1), be careful not to damage the insulating
seal 70002 around the lip of the bottom support
70003. This seal serves both as a weather seal
and an insulating barrier. Without this insulat-
ing barrier, the CT protective cover would form
a continuous conducting loop around the CTs,
thereby shorting them and jeopardizing CT ac-
curacy.

To reinstali the CT protective cover:

1.

Carefully place the CT protective cover over the top of
the de-pressurized bushing; avoid bumping the bushing.
The CT protective cover should seat itself evenly on the
insulating seal without excessive force.

Re-install the bolts at the bettom of the CT protective
cover to fasten the cover to the support.

Warning

Fill the breaker with SF_ gas if it had been de-
pressurized as recommended. Refer to the
Maintenance module.

3 Wiring

The CT wiring is depicted on the last sheet of the wiring
diagram package in the Customer Data module. This
diagram includesthe connections of any special test switches
or plugs that may have been installed on the breaker for
testing and monitoring of the CTs. The CT ratios and
accuracies, as well as their relative position in relation to the
breaker main contacts are also included.

3.1 CT Curves

For CT curves, refer to the Customer Data module.

10 February 1993
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4 Replacement Parts

The actual ABB part numbers forthe CTs which are equipped
with the breaker are located on a Current Transformer
Location Nameplate (Fig. 2}. The nameplates are located
inside the door of the main control cabinet. The CT curve
number, the ratio, and the accuracy class are also included
on this nameplate. Please identify these numbers when
service Or spare parts are required.

10 February 1993
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HB800A08105
H673A09102
H420A64008

HB00A04206
H&E73A05907

HNB335050P609
Loctite 242
Torque to 50 Nm (37 fi-Ib

HB800A09906
H420A64012 ~

Loctite 242
Torque to 60 Nm (45 ft-Ibs)

Figure 1
Current Transformer 70000
70000 Current Transformer
70001 CT Protective Cover
70002 Insulating Seal
70003 Bottom Support
70004 Mounting Bracket

H420A64008 Flat Washer (Twc)
H420A64012 Fiat Washer, M12
HB73A05907 Nut, 3/8-16
HG673A09102 Nut, 5/16
H800A04206
H800A08105 Bolt, 5/16-18
H800AC9906 Bolt, 1/2-13 x 1-1/4-inch
HNB335050P609 Washer, M10

70002

70001

Pressboard Spacers

70003

Hex Head Bolt, 3/8-16 x 1-inch
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POCKET N0

UPPER  1-3-5
UPPER  2-4-6
MIDDLE 1-3-5
MIDDLE 2-4-8
LOWER 1-3-5

LOWER 2-4-5

o]
/ BUSHING CURRENT TRANSFORMERS
BUSHING  RANUFACTURERS HAX ACCURACY

NUMBER RATID  SPECIAL  CLASS

TIPE
F—

w
CURVE
NUMBER

L]
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Figure 2
Current Transformer Location Nameplate
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‘Notice 1

Based on our own experience, you will obtain the best possible operational rellabllity by following the recommendations given
in these instructions. The data contained herein purports solely to describe the product, and itis nota warranty of performance
or characteristics. It is with the best interests of our customers in mind that we constantly strive to improve our products and
keep them abreast of advances in technology. This may lead to discrepancies between a product and these instructions.

Notice 2

Within the scope of these instructions, it is impossible to take into account every eventuality which may arise with tachnical
equipment in service. Please consult our [ocal salesman in the event of any iregularities, especially if not referred to herein.

Notice 3

We expressly decline liability for damages resulting from any incorrect operation or wrong handling of our squipment, even
if these instructions contain no specific indication in this respect. We stress the fact that only genuine spare parts should be
used for replacements.

Notice 4

This publication is a copyrighted work. Therefore, itis not permissible to disclose, reprint, copy, or reproduce any part of these
instructions without express written permission from ABB.

These instructions do not purport to cover all details or variations in equipment nor to provide for every possible contingency
to.be metin connection with installation, operation, or maintenance. Shouid further information be desired or should particular
problems arise which are not coversd sufficiently for the purchaser's purposes, the matter should be referred to the ABB Power
T & D Gompany Inc. Power Circuit Breaker Division, 125 Theobold Ave., Greensburg, PA 15601, Phone No. (412) 838-5200.

®Copyright 1993, ABB All rights reserved.
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Interrupters
L ]

1 introduction

The 145 PM interrupters, their operation and maintenance
(including disassembly and assembly) are described in this
module.

1.1 Description

The type SW interrupter is a single pressure, single break,
suliur hexafluoride (SF;) gas puffer-type unit capable of
interrupting 40 kA terminal faults and 90 percent short-line
faults at 40 kA without the addition of extemat line-to-ground
capacitors. Each interrupter consists of a moving contact
assembly and a stationary contact assembly, both which
contain a main contact and an arcing contact.

Under normal conditions, the main contacts parallel the
arcing contacts and carry continuous current through the
breaker. During interruption, the main contacts part first.
Shortly afterward, the arcing contacts part, an arc propa-
gates between them and the current eventually is interrupted
as described in section 1.2. Because the arc is interrupted
at the arcing contacts, the integrity of the main current
carrying contacts is preserved.

The interrupting components are suspended by an Insulating
support tube situated within the grounded, cylindrical tank of
each pole unit. In the OPEN position, the moving and
stationary contact assemblies are isolated from each other
by an insulating interrupter tube. The moving contacts are
driven by the bellcrank assembly, which converts the vertical
motion of the operating mechanism to the horizontal motion
of theinterruptercontacts. An insulatingpullrod connects the
bellcrank assembly to the moving contacts.

1.2 Operation

The SW interrupter unit Is a single pressure design, using a
combination of puffer and self-blast technologies. SF, gas
fills the pole tanks and bushings ata pressure of 87 psig (600
kPaG) at 20°G (68°F) and serves as both an insulating and
arc-quenchingmedium. The higher pressure SF, gas needed
for arc interruption is generated during the opening stroke of
the breaker, as outlined in the proceeding sub-sections.

1.21 CLOSED Position

In the CLOSED position, the contacts are fully engaged and
the maximum compressible volume of SF, gas is within the
moving puffer cylinder. This gas entered the moving puffer
cylinder through a cne-directional check valve during the
previous closing stroke. Refer to the illustration on page 2.

1.22 Interruption at High Currents

As the breaker begins to open, the main contacts part first,
transferring the current to the arcing contacts. Shorlly
afterwards, the arcing contacts part and an arc begins to
propagate between the arcing contacts which are enclosed
within Teflon nozzles. While the current is at higher levels or,
in other words, around current peak, the arc heats and
pressurizes the SF, gas in the area surrounding the arcing

contacts. This pressure build-up propels the heated SF, gas
surrounding the arcing contacts into the constant volume
self-biast chamberwhile the unique nozzte design directs the
flow. Refer to the illustration on page 2.

By virtue of the advanced design of the SW interrupter, the
hot, pressurized gas is able to be sufficiently cooled by
turbulently mixing with the cool gas in the self-biast chamber.
This action results in a high pressure mixture at a low
temperature - a necessity to ultimately achieve interruption.

Approachingcurrentzero, the intensity ofthearcreduces. As
a result, gas flow reverses driving the pressurized SF, gas
across the arcing contacts. Owing to the excelient thermal
properties of the SF, gas, the arc is cooled and finally
axtinguished at current zero.

After the arcis extinguished, the moving contacts continue to
travel to the fully OPEN position. During this time, the area
around the contact gap is cleansed of hot gases and decom-
position products to re-establish the dielectric strength in the
contact zone.

During high currentinterruption, the pressure build-up is high
enough inthe self-blast chamberto cause the one-directional
check valve between the self-blast chamber and the puffer
cylinder to seal off the path between the two. A relief valve
built into the moving confact support provides a means for
releasing the pressure build-up in the puffer cylinder at a
predetermined value(lowerthan the pressure inthe self-blast
chamber during high current interruption).

To summarize the process of high current interruption, the
energy required for pressurizing the SF_ gas used to extin-
guish the arcis generated bythe arcitself, thus the "self-blast"
designation. Unlike pure puffer interrupters, the SW inter-
rupter does not require as powerful of a mechanism because
the pressure differential needed for high current interruption
is generated by the arc and not by the mechanism. The
maximum pressure build-up in the puffer cylinderis limited to
the release pressure of the relief valve.

1.23  Interruption at Low Currents

For interruption of lower currents which cannot generate
sufficient gas pressure in the self-blast chamber, a "light”
puffer cylinder provides the pressure differential nesded to
extinguish the arc. In this case, the one-directional valve
between the seif-blast chamber and the puffer cylinder does
not seal off because the pressure build-up in the self-blast
chamber does not exceed the release value of the relief
valve. Pressurized gas flows from the puffer cylinder through
the self-blast chamber and into the arcing zone to extinguish
the are. This "softinterruption™ process effectively quenches
lower current arcs for load switching, capacitive switching,
andinductive switching. The puffercylinder provides a gentle
blast which minimizes cumrent chopping during inductive
switching.

After the arcis extinguished, the moving contacts continue to
travel to the fully OPEN position. During this time, the area
around the contact gap is cleansed of hot gases and decom-
position products to re-establish the dielectric strength in the
contact zone.
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1.2.4 OPEN Poslition

In the OPEN position, contact separation provides full rated
dielectric capability and the breaker stands prepared for its
next closing operation. Refer to the illustration on page 2.

1.25 Interrupter Closing Operation

During a closing operation, the arcing contacts make before
the main contacts of the continuous current path. Duetothe
movement of the puffercylinder, the puffer chamberfills with
SF, gas through the check vaive located in the moving
contact support assembly.

2 Interrupter Maintenance

Interrupter maintenance is summarized in Table 1 below.
Interrupter maintenance includes:

« Nozzle and contact inspection;

* Removing decomposition products;

* Replacing nozzles and contacts as needed;
* Reaplacing other worn parts as needed.

Refer to the flow chart in Figure 1 which shows the
overview and sequence for performing interrupter mainte-
nance proceduras. A checklist at the end of this module
Is provided for interrupter maintenance. This checklist
serves as a reference guide of all interrupter components
to be replaced or inspected during major interrupter main-
tenance which is performed at 10 years or after the
permissible number of operations listed in Table 2 on page

5.

Complete Interrupter Unit
Maintenance

Sections 2.1t0 2.6

Reclaim the SF& Gas Refar to the Pole Unit
module.

Remove the Rear Tank Refer to the Pole Unit

Cover Assembly/Open the | module,

Pole Unit

Inspect the Nozzles and Section 2.3

Contacts

Remove the Interrupter Refer to the Pole Unit

Unit module.

Disassemble the Section 2.4

Interrupter Unit

Replace the Nozzles and | Sections 2.3, 2.4, and 2.5

Contacts

Re-Assemble the Section 2.5

Interrupter Unit

Re-Install the Interrupter Refer to the Pole Unit

Unit module.

Replace the Desiccant Refer to the Pole Unit
module,

Re-Install the Rear Tank Refer to the Pole Unit

Cover Assembly module,

Refilling the Breaker with | Refer to the Pole Unit

SF6 Gas module.
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24 Material Required for Interrupter Maintenance

The following materials are required for interrupter main-
tenance:

Flashlight;

No-Go gauge T13406 (Fig. 2);

Interrupter dolly T13445;

Interrupter assembly fixture T13438 (Fig. 6);
Inside calipers;

Threaded rod tool T13428 (Fig. 7);

Clip tool T13439 (Flg. 8);

Alignment tocl T13440 (Fig. 13);

Contact finger assembly tool T13207 (Fig. 15);
Deep socket tool T13437 (Fig. 14);

DILO quick disconnect tool T13433;
Denatured ethyl alcohol;

Lint-free wipers;

Shell Alvania No, 2 Greass;

Dow Coming Fluoro Silicone FS-1292 Grease;
Molycote Spray, Dow Comning 321R;

Pro AA2 grease;

Set of metric wrenches and sockets;

Set of metric allen head sockets 4 mm to 10 mm size;
16/16-inch and 11/16-inch standard open end
wrenches;

» 158/16-inch crowsfoot wrench;

» Torque wrench 10 to 150 fi-Ibs;

« Clean work arsa with workbench.

" 8 & &8 & 4 & % & & & T & " e e & @ * 0w

2.2 Interrupter Maintenance Standard Practices

Thefollowing sub-sections are general, recommended prac-
tices employed in the process of performing maintenance on
the interrupters.

DANGER

To preventinjury or equipment dam-
age, the breaker must be removed
fromservice, isolated, and grounded
before performing any maintenance
procedures.

221 General Cleanliness

Maintaining the cleanliness of the component surfaces in the
breaker is an extremely important part of maintenance
because the major insulating components in the breaker are
subjected to high electrical stresses. Because cleanlinessis
soimportant, care must be taken to perform internal breaker
maintenance under clean, dry conditions.

Waming

The importance of cleanliness cannot be
ovarstressed. Introducing loose dirt, espe-
cially metallic particles, Into an open pole unit
(SF, gas compartment) can cause dlelactric
fallure. Insulating surfaces must be protectad
from physical, damage (nlcks and scratches)
and kept clean and dry at all times.
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Loose dirt(especially metallic particles) as well as residue left
from sweaty hands and atmospheric moisture can lead to
dielectric failure. It Is bast toavoid handling critical insulating
components with bare hands. Instead, wear snug-fitting
cloth gloves when handling insulating parts and surfaces. To
ensure cleanliness, wipe insulating sutfaces with lint-free
wipers dampened with denatured ethyl alcohol.

important:  Never clean an insulating component with the
same wiper used fo clean aluminum or meftal
parts.

2.22 Fastener Locking

Since the impact loading which the circuit breaker experi-
ances during operation tends to loosen threaded hardware,
Loctite Threadiocker must he applied to all critical bolted
joints. Fourtypes of Loctite are usedfor specificapplications:
222, 242, 262, and 271.

Clean the threads in blind holes if they can be adequately
dried afterwards. Apply Loctite sparingly to the outermost
edges of the thread. Two small drops of Loctite are enough
even for large threads.

Hardware secured with Loctite usually can be unfastened
with properwrenches. in case of difficulty, the connection can
be loosened by heating the joint to 150°C (300°F). Becareful
not to damage materials which are sensitive to heat, such as
insulation or sealing components.

Use particular care in applying Loctite to fasteners used in
assembling cument camying connections. Apply Loctite only
where specified. If used improperly, Loctite can squeeze
betwesn contact areas and may cause a high resistance
joint. Ensura that excess Loctite does not squeeze into
contact areas.

2.23 Treatment of Silverplating

Silverplated contact areas can be polished light{ywith Scotch-
Brite to remove surface oxide. Do not heavily abrade the
silverplated surfaces to avoid rubbing off the plating.

In situations where sliding contact joints are used, suchasin
the case of the plug-in type bushing conductors or main
breaker contacts, the silverplated areas must be lubricated
with Shell Alavania No. 2 Grease. Thoroughly rubthe grease
into the microscopic pores of the silverplated surface; re-
move all excess grease so that only a light film remains.
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2.3 Nozzle and Contact Inspection

Contacts are designed to withstand a great number of load
switching operations without maintenance as well as a fewer
number of operations as the interrupting current increases.
Table 2 lists the recommended maximum number of opera-
tions that can be performed at various current levels before
nozzle and contact inspection are required.

Upto3 2000
5 400
10 100
20 25
30 10
40 10

After reaching any of the limits listed In Table 2 or after 10
years (whichever occurs first), inspect the nozzles and
contacts using the procedures and replacement criteria as
described in section 2.3.1.

Contacts in the 145 PM circuit breaker can be
inspected without completely removing the
interrupter unit. However, should the nozzles
and contacts require replacement or if SF,
decompaosition products are present which
cannot be completely vacuumed away with the
interrupter in place, the entire interrupter unit
will have to be removed, disassembled, and
cleaned complefely.

Important:

Warning

If SF_ decomposition products are present(when
the pole unit Is opened) they must be removed
and disposed of as soon as possible as de-
scribed in the module, Safe Handling Practices
for SF_Gas. Clean the breaker parts, espaclally
the insulating components, promptiy after open-
ing the pole unit to provent damage and pos-
gible fallure caused by corrosive and conduc-
tive compounds formed when decomposition
products aro exposed to molsture in the air.

2.31 Nozzle and Contact Replacement Criteria

Criteria for determining when to replace the nozzles and
arcing contacts is based upon the condition of the insulating
and auxiliary nozzles. The No-Go gauge T13406 (Fig. 2} is
used to determine if the nozzles are acceptable.

The No-Go gauge has a hub at the center and two gauge
ends - the smaller end is used to check the diameter of the
auxiliary nozzle throat; the larger end Is used to check the
diameter of the insulating nozzie throat. Refer to the
illustrations on pages 7 and 8. For a nozzle to be acceptable,
the No-Go gauge must not penetrate the throat of the
respective nozzle. Ifthe hubtouches the end oftheinsulating
nozzls, this indicates thatthe gauge has penetrated anozzle.

If any nozzle is unacceptable, the arcing contacts (moving
and stationary) as well as the nozzles {auxiliary and insulat-
ing) wilt need to be replaced.

Because buming is primarily limited to the arcing contacts,
the main contacts are less likely to be wom beyond use.
Howevaer, ifthe main contacts experience a ot of opsrations,
the silverplating on these contacts may become worn due to
friction. If a coppertint is visible through the silverplating, the
main contacts need to be replaced,

2.3.2 Inspecting the Nozzles and Contacts

Contact inspection involves:

« Checking the insulating and auxiliary nozzles with a
No-Go gauge T13406 (Fig. 2);

« Determining the condition of the main contacts;

* Determining the need for internal cleaning based on
the presence of SF, decomposition products.

Before performing this inspection, the following must be
done:

* Reclaim SF; gas from the breaker;
+ Open the pole unit.

Refer to the Pole Unit module for instructions to reclaim SF,
gas and open the pole unit.

After opening the pole unit and performing initial cleaning
procedures, continue with contact inspection as follows:

1. Remove the two M8 nufs H420A50008 (Fig. 3} and
washers H420A60008 mounting the deflector 30075.

2. Remove the M12 nut H420A50012 fastening the rear
exhaust shield 30077 to the bottom of the bushing
conductor.

3. Disconnectthe high voltage connections tothe entraince
bushings of the pole unit{atthe four-hole NEMA terminal
pad).

4. Remove the four-hole NEMA terminal pads from the
bushing top caps {front and rear) so that the bushing
conductor removal tool T13441 (Fig. 17) can be at-
tached.
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5. Remove the six 1/2-inch hex head bolts H800A45708 9. Inspect the auxiliary nozzle 30004 (Fig. 10) using the
(Fig. 18) and washers H420A64012fromthe bushingtop specially designed No-Go gauge T13406 (Fig. 2) by
flange. passing the smaller end of the No-Go gauge through the
. throat of theinsulating nozzle untilitreaches the auxiliary
6. Pull each plug-in bushing conductor 20001 {front and nozzle. The No-Go gauge has a hub atthe center, Ifthe
rear) from thelr respective plug-in connections 30052 hub touches the end of the insulating nozzte, this

(Fig.4) usingthe bushing conductorremovaltool 13441 indicates that the gauge has penstrated the throat of the

(Fig. 17) as detailed In the steps below. The bushing auxiliary nozzle and that the nozzle is eroded unaccept-

conductor removal tool is a puller used to withdraw the ably. Refer to the illustration on page 8.

plug-in bushing conducter from its female connection on

theinterrupter. Thetoolismade up of a T-bracket, studs, Important:  When the nozzles are nearly new, the smaller

horseshos washers, and a jacking screw. To pull each end of the gauge may not pass through the

bushing conductor from its plug-in connection: throat of the insulating nozzle preventing ac-
cess fo the auxiliary nozzle. Ifthis is the case,

a. Screw the three studs of the bushing conductor the auxiliary nozzle is acceptable.
temoval tool into the bushing top flange 120 de-
grees apart (into the vacant holes from bolts re- 10. Inspect the insulating nozzle 30005 (Fig. 10) using the
moved in step 5). larger end of the No-Go gauge. If the hub touches the

e end of the insulating nozzle, this indicates that the gauge

b. Bolt the jacking screw onto the top cap of the has penetrated the throat of the insulating nozzle and
bushing using the bolts provided with the tool. {The that the nozzle is eroded unacceptably. Refer to the
Jaclkin% icrew replaces the four-hole NEMA termi- illustration on page 7.
nal pad.

. 11. Ifany nozzle is unacceptable, the arcing contacts (mov-

c. Place a horseshoe washer (provided with the tool) ing and stationary) as well as the nozzles (auxiliary and
it the slot of each stud to support the T-bracket on insulating) will need to be reptaced.
the studs above the bushing cap. Secure the T-
bracketto the studs using the provided nutsandflat  important:  Afthough the nozzles may have passed this
washers. inspection and have some usable iffe left, there

) ) may be wear that warrants replacement -

d. Jackthebushing conductor fromits plug-in connec- especially if the contacts are blackened and
tion by tuming a nut onto the jacking screw. The significantamounts of decomposition products
bushing conductor wili need to be raised approxi- are present. Since the breaker is already
mately 2 inches until the conducter is disengaged. opened and the interrupter unit will need to be

e. Once the bushing conductor is free from its plug-in removed o clean outthe decomposition prod-
connection, remove the T-bracket, horseshoewash- uets, ABB recommends, for convenience, that
ors, and the jacking screw. _r.ou replace the nozzles and contacts at this

ime.

f.  Carefully lift the bushing conductor by hand while .
supporting it at its lower end. Lift the bushing 12. Examine the main moving contactlself-bl.ast chamber
conductor above the slots in the studs and re-install 30116(Fig. 10) andthe stationary contactfingers 30026
the horseshoe washers to aflow the assembly to (Flg.5): Ifa coppertintis visible through the silverplating,
rest on the horseshoe washers. the main contacts need to be replaced.

g. Screw the three nuts provided with the tool back 13- Ifany nozzles and contacts are not acceptable, remove
onto the studs to firmly fix the retracted bushing the interrupter assemb%y as described in the Pole Unit
conductor in place. mod'ule and the'm. disassemble the interrupter (refer to

section 2.4 inthis module); then replace the contacts and

h. Coverthe open top of the bushing with a plastic bag nozzles (refer to section 2.5 in this module).
to prevent debris from entering the bushing. .

Notice: Always replace nozzles and contacts in com-
7. Removethe rear exhaust shield 30077 (Figs. 3and 4) of pleta sets. For example, the stationary arcing
the interrupter unit by unscrewing the three M12 nuts contacts should not be replaced without also

M420A50012 which mount the shield. replacing the moving arcing contacts and

8. Removethe M8 socket head bolts H420A04611 (Fig. 4) nozzles.

which mount the stationary contact assembly 30019;
pull the stationary contact assembly from the interrupter
and lift it out of the rear of the pole tank. Refer to Plate
2 on page 10.
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No-Go Gauge Test of Insulating Nozzle

Cross-Sectional View

No-Go Gauge T13406 {Large End)
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No-Go Gauge Test of Auxiliary Nozzle

Cross-Sectional View

No-Go Gauge T13406 (Small End)

No-Go Gauge T13406 (Small End)

Hub touching the end of the nozzle
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2.32.1 Reo-Assembly after Contact Inspection

To re-assemble and close the pole unit:

1.

Nofice:

Perform the slow close procedure described in the
Interphase Linkage module to move all three moving
contact assemblies of the interrupter units into the
CLOSED position.

Before re-installing any of the stationary con-
tact assemblies, the moving contact assem-
blies of the interrupter units must be in the fully
CLOSED position to ensure proper contact
alignment when the stationary contact assem-
blies are re-instalfed. Perform the siow close
procedure as described in the Interphase Link-
age module to position the moving contact
assemblies of the interrupter units in the fully
CLOSED position.

Thoroughly clean all components with lint-free wipers
dampened with denatured ethyl alcohol; grease the
main contact silverplated surfaces with Shell Alvania No.
2 Grease.

Noftice: SF, decomposition products must be removed
completely. This may invelve removing the
Interrupter unif. Refer fo the Pole Unit module.
3. Liftthe stationary contact assembly 30019 (Figs. 4 and

10.

5) into the rear of the interrupter unit and firmly push it
into position so that it fully engages the moving contact
assembly (to ensure contact alignment). Be sure that
thestud H783A31803(Fig. 3) located closesttothe base
of the boss that supports the stationary arcing contact
30020 (Fig. 5) is aligned opposite the plug-in connec-
tions 30052 (Fig. 3) for the bushing conductors.

Place a drop of Loctite 242 on the threads of each M8
sockethead boltH420A0461 1 {Fig. 4) used tomountthe
stationary contactassembly. Screwthe M8 sockethead
bolts H420A04611 with washers H420A60008 into place
and torque them to 22 Nm (16 ft-lbs).

Clean the silverplated areas on the rear exhaust shield
30077 with lint-free wipers dampened with denatured
elhyl alcohol.

Place the rear exhaust shield into position. Apply Loctite
242 to the threads of the three studs H783A31803 (Fig.
3) and re-install the M12 nuts H420A50012 (Figs. 3and
4) and flat washers H420A60012 until they are hand
tight only. (These nuts will be tightened and torqued in
step 19 of this procedure.)

Pulithe old O-ring 90001 {Fig. 18) from the groove in the
top cap of the bushing.

Cut the O-ring to remove it.

Drop a clean length of string through the hollow bushing
and Into the pole tank.

Tie a new O-ring to the string and use the string to pull
the O-ring over the bushing conductor up to the top cap.

1.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21,

Thoroughly clean the O-ring groove with a lint-free wiper
dampened with denatured ethyl akcchol.

Firmly press the new O-ring into the groove.

Apply Dow Coming FS-1292 Grease to the flange
surfaces outside of the O-ring to prevent corrosion.

Repeat steps 7 through 13 te replace all other affected
top cap O-rings.

Rub Shell Alvania No. 2 Grease into the microscopic
pores of the silverplated tip of the bushing conductor
20001 (Fig. 18}; remove all excess sothat only a lightfilm
remains.

Carefully lower the bushing conductor allowing the plug-
in connection 30052 {Figs. 3 and 4) to engage.

Remove the three studs of the bushing conductor
removal tool T13441 (Fig. 17) and re-install the six 1/2-
inch hex head bolts HS800A45708 (Fig. 18) and washers
H420A64012 at the bushing top flange. Apply Loctite
242 to threads of each bolt and torque to 45 Nm (33 ft-
Ibs).

Re-instail the M12 nut H420A50012 (Fig. 3) and washer
H973A32701 that connect the bushing conductor to the
rear exhaust shield 30077. Apply Loctite 242 to the stud
H420A46705 and tum the M12 nut H420A50012 to jack
up the rear exhaust shield until it Is approximately
cantered within the pole tank. (The nut will not need to
be torqued or completely tight; a fork on the deflector
30075 will hold the nut into position.} Use Inside calipers
to verify that the exhaust shleld is approximately cen-
terad in the pole tank.

Torqus the M12 nuts H420A50012 (Figs. 3 and 4) and
flat washers H420A60012 (which fasten the rear ex-
haust shleld 30077 to the stationary contact assembly
30019; refer to step 6) to 72 Nm (52 ft-lbs).

Re-Install the two M8 nuts H420A50008 (Fig. 3} and
washers H420A60008 mounting the deflector 30075.
Apply Loclite 242 and torque to 22 Nm (16 fi-Ibs).

Refer to the Pole Unit module to proceed as follows:
+ Ingtall a new desiccant bag.

* Re-installthe reartank cover assembly to close the
pole unit.

+  After the pole unit has been closed, immediately
svacuale the pole unit and fill with SF, gas.

* Re-install the NEMA four-hole terminal pads at the
bushing top cap.
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2.4 Disassembling the Interrupter Unit

After removing the interrupter unit 30000, 30121, or 30122
(Fig. 4)as describedin the Pole Unitmodule, disassemblethe
interrupter unit in a clean, dry work area as follows:

1. Remove any SF; decomposition products Immediately
as described in the module Safe Handling Practices for
SF, Gas. Refer to Plate 1.

Important:  Whiledisassembling the interrupter, wipe away
any SF, decomposition products (if present)
with alint-free wiper dampened with denatured
ethyl alcohol.

Plate 2: Removing the stationary contact assembly

Plate 1: Removing SF, decomposition products

2. Remove the stationary contact assembly 30019 (Figs. 4
and 5) by unscrewing the M8 socket head bolts
H420A04611 (Fig. 4). Refer to Plate 2.
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3.

Lift and turn the interrupter unit into a vertical position
and loweritontothe interrupterassembly fixture T13438
(Fig. 6).

Rotate the interrupter until it drops 1/4-inch and locks on
the interrupter assembly fixture.

Remove the M8 socket head bolts H420A04611 (Fig. 4)
holding the bellcrank assembly 10151, 10159, or 10160
to the support tube 30051.
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Use the threaded rod tools (two) T13428 (Fig. 7) and clip
tools (two) T13439 (Fig. 8) to raise and support the
belicrank assembly above theinterrupter. Referto Plate
3. Todoso, insertthe threaded rod tools (with the groove
in the rod turned down) through the interrupter support
tube bolt holes and hand tighten the rod tools into the
bellcrank bolt holes. Lift the bellcrank approximately 4
inches or high enough to insert the clip tools into the
grooves on the rod tools. The bellcrank is now sus-
pended, allowing access to the pulired coupling 30106
(Fig. 4).

Plate 3: Threaded rod tool

With a set of inside calipers, measure the length of the
pullrod coupling 30106 (Fig. 4) between the bellcrank
arm and operating pullrod 30032 for reference on re-
assembly. Refer to Plate 4.

Plate 4: Measuring the length of the pulirod coupling with

inside calipers

Loosenthe M16 jam nuts H420A54116 (right hand) (Fig.
4) and H420A54156 (left hand) securing the pulirod
coupling 30106. (An 11/16-inch open-end wrench and
a 15/16-inch open-end wrench are needed.)

7 October 1993
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9. Remove the pullrod coupling 30106 (Fig. 4). Referto  11. Usingasocketwrench with along extension, removethe
Plate 5. M8 socket head bolts H420A04611 (Fig. 4) holding the
support tube 30051 to the moving contact support
assembly 30012. Lift away the support tube. Refer to

Plate 6.

Plate 5: Removing the pullrod coupiing

10. Once the pulirod coupling has been removed, lift the
bellcrank away from the interrupter unit.

Plate 6: Lifting away the support tube

7 October 1993
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12. Removethe M8 hex head bolt H420A30406 (Fig. 4) and 13. Remove the M8 socket head bolts H420A04611 (Fig. 4)
flat washer H420A60108 which hold the pullrod wrist pin holding the moving contact support assembly 30012 to
30105 in place and slide away the wrist pin to free the the interrupter tube 30030.

operating pulirod 30032. Refer to Plate 7.
P ap 14. Slide the moving contact support assembly 30012 from

the puffer cylinder 30007 (Fig. 10). Refer to Plate 8.

Plate 7: Removing the wrist pin of the operating pulirod

Plate 8: Withdrawing the moving contact support assem-
bly

7 October 1993
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15. Lift the moving contact assembly 30001 (Fig. 4) out of
the interrupter tube. Refer to Plate 9.

Plate 9: Lifting the moving contact assembly out of the
interrupter tube

Al this point, the interrupter is disassembled into its sub-
assemblies. Refer to section 2.5 to replace the nozzles and
contacts and re-assemble the interrupter unit.

7 October 1993

25 Replacing Nozzles and Contacts and Re-
Assembling the Interrupter Unit

Replacing the nozzles and contacts and re-assembling the
interrupter unit 30000, 30121, or 30122 (Fig. 4) Includes the
following procedures:

» Rebuilding the moving contact assembly 30001 (Fig.
10) (section 2.5.1);

* Rebuilding the moving contact support assembly
30012 (Fig. 9) (section 2.5.2);

* Rebuilding the statlonary contact assembly 30019
(Fig. 5) (section 2.5.3);

* Re-assembling the interrupter unit (section 2.5.4).

The following Items should be replaced with new parts when
re-assembling the interrupter unit:

* Moving arcing contact 30006 (Fig. 10);
» Auxiliary nozzle assembly 30117 (Fig. 10);
* Insulating nozzle 30005 (Fig. 10);
* Main moving contact/self-blast chamber 30116 (Fig.
10);
Mesh cooler 30107 (Fig. 9);
Multi-lam contact 30014 (Fig. 9);
Inner guide bearing 30103 (Fig. 9);
Outer guide bearing 30104 (Fig. 9);
Stationary areing contact 30020 (Fig. 5);
Stationary main contact fingers 30026 (Fig. 5).

Rebuilding the Moving Contact Assembly

251

Torefurbish and re-assemble the interrupter, start by rebuild-
ing the moving contact assembly 30001 (Fig. 10). Refer to
Plate 10. Section 2.5.1.1 lists the procedure for disassem-
bling the moving contact assembly; section 2.5.1.2 lists the
procedure for re-assembling the moving contact assembly.

Plate 10:Companents of the moving contact assembly
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2.,5.1.1 Disassembling the Moving Contact Assembly 2. Remove the retaining snap ring H776A34304 (Fig. 10)

which secures the insulating nozzle 30005 into the main
:‘g)disassamble the moving contact assembly 30001 (Fig. moving contact/self-blast chamber. Refer to Plate 12.

1. Remove the M5 socket head bolts H420A04410 (Fig.
10) holding the puffer cylinder 30007 to the main moving
contact/self-blast chamber30116 usingasocketwrench
and long extension. Refer to Plate 11.

Plate 12:Retaining snap ring for the insulating nozzle

Plate 11:Separating the main moving contact/self blast
chamber from the puffer cylinder
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3. Removethe insulating nozzle guide ring 30119 (Fig. 10)

from its groove on the insulating nozzle 30005. Referto
Plate 13.

Plate 13:Removing the insulating nozzle guide ring

4. Press the Insulating nozzle out of the main moving
contact/self-blast chamber 30116 (Fig. 10).

5. Unscrew the auxiliary nozzle assembly 30117 at the
auxiliary nozzle adapter 30118 to release the moving
arcing contact 30006. Refer to Plate 14.

important:  If either the insulating nozzle or the auxiliary

nozzle failed the No-Go test during the inspec-
tion (section 2.3.2); bothnozzles and the arcing
contacts must be replaced as a complete set,

7 October 1993

Plate 14:Unscrewing the auxiliary nozzle

Important:

Inspect the main contact area of the main moving
contact/self-blast chamber30116(Fig. 10) andtheinner
wall of the puffer cylinder 30007. Ifa coppertint is visible
through the silverplating of either the main contact and/
or the inner wall of the puffer cylinder, the part(s) need
to be replaced.

Ifthe silverpiating of the main moving contact/
self-blast chamber or puffer cylinder is worn to
the point that a copper tintis visible through the
silverplating, the componentmust be replaced.
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7. I the puifer cylinder 30007 (Fig. 10) must be replaced, 8. Remove the check plate (self-blast chamber) 30102
separate it fromthe exhausttube 30002 by removing the (Fig. 10) by releasing the retainingsnap ring H776 A34705.
lock nut HHATE400176P1 using the exhaust tube tool Refer to Plate 16.

T13455 (Fig. 20). Refer to Plate 15.

Plate 16:Remaving the check plate

The moving contact assembly is now disassembled and
Plate 15:Removing the exhaust tube lock nut ready to be rebuilt. Complete the checklist at the end of this
module before re-assembling any interrupter component.

7 October 1993
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2.5.1.2 Re-Assembling the Moving Contact Assembly 3. Apply Loctite 242 to the lock nut HHATE400176P1 (Fig.
10) and torque to 275 Nm (202 ft-Ibs). Referto Plate 18.

After determining the components that need to be replaced,
re-assemblethe moving contactassembly 30001 (Fig. 10)as
follows:

1. Clean all components using lint-free wipers dampened
with denatured ethyl alcohol.

Important:  Because the auxiliary nozzle 30004 (Fig. 10)
and insulating nozzle 30005 are insulating
components, they must be cleaned using new
lint-free wipers that have not be used on metal
components fo avold contamination.

2. Re-installthe exhausttube 30002 into the puffer cylinder
30007. Refer to Plate 17.

Plate 18:Lock nut

Plate 17:Re-installing the exhaust tube

7 October 1993
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4. Re-install the check plate (self-blast chamber) 30102
(Fig. 10) by replacingthe retainingsnap ring H7 76 A34705.
Refer to Plate 19.

Important:  Itis good general practice to replace old retain-

ing snap rings with new retaining snap rings.

: e
- -
-
- -
Qg; wealE
e
e

5. Unscrew the auxiliary nozzle 30004 (by hand) (Fig. 10)
fromthe auxiliary nozzle adapter 30118. Replacethe old
auxlliary nozzle with a new nozzle. Firmly hand-tighten
the new auxiliary nozzle in place. Refer to Plate 20.

b

i : :
: s
Lg-«u e

Plate 20:Replacing the auxiliary nozzle

Plate 19:Re-installing the check plate

6. Inserta new moving arcing contact 30006 (Fig. 10) into
the auxiliary nozzle assembly 30117 (which includes the
auxiliary nozzle 30004 and auxiliary nozzle adapter
30118).

7 October 1993
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7. Apply Loctite 242 to the male threads of the auxillary 8. Place anewinsulatingnozzie O-ring 90004 (Fig. 10) into
nozzle assembly 30117 (Fig. 10) connection and install the corresponding groove on a new insulating nozzle
the assembly. Torque the auxiliary nozzle assembly to 30005. Refer to Plate 22.
70 Nm (52 ft-Ibs). Refer to Plate 21.

Plate 22:Installing the insulating nozzle O-ring

Plate 21:Re-installing the auxiliary nozzle assembly
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9. Insertthe new insulating nozzle 30005 (Fig. 10) into the 10. Secure the insulating nozzle with a new retaining snap
main moving contact/self-blast chamber30116. Usethe ring H776A34304 (Fig. 10). Refer to Plate 24.
insulating nozzle tool T13449to press the new insulating
nozzle into place. Refer to Figure 19 and Plate 23,

Plate 24:Re-installing the insulating nozzle retaining snap
ring

Plate 23:Insulating nozzle tool
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11. Re-connectthemain movingcontact/self-blastchamber ~ 12. Place a new insulating nozzle guide ring 30119 (Fig. 10)
30116 (Fig. 10) to the puffer cylinder 30007 by re- into its groove on the insulating nozzle 30005. Referto
Installing the M5 socket head bolts H420A04410 and flat Plate 26.
washers H420A60005 using a socket wrench and long
extension. Apply a small drop of Loctite 242 into the
holes and torque to 5.5 Nm (4 ft-lbs). Referto Plate 25.

Plate 26:Replacing the insulating nozzle guide ring

13. Thoroughly clean the moving contact assembly 30001
(Fig. 10) using denatured ethyl alcohol and lint-free
wipers.

Plate 25:Re-connecting the main moving contact/self-blast
chamber to the puffer cylinder

Important:  Because the auxiflary nozzle 30004 and insu-
lating nozzle 30005 are insulating components,
they must be cleaned using new lint-free wip-
ersthathave not be used on metal components
(to avoid contamination).

7 October 1993
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2,52 Rebuilding the Moving Contact Support

Assembly

The mesh cooler 30107 (Fig. 9), which is mounted inside of
the moving contact support assembly 30012 should be
replaced during a major overhaul of an interrupter. Plate 27
shows all of the components of the moving contact support
assembly.

Plate 27:Components of the moving contact support
assembly.

To rebuild the moving contact support assembly 30012 (Fig.
9):

1. Remove the valve plate assembly 30108 located at the
nose of the moving contact support assembly 30012 by
removing the retaining snap ring H776A34302. Referto
Plate 28.

<

Plate 28:Removing the valve plate assembly

2. Liftoutthe inner retainer core 30112 (Fig. 8), used mesh
cooler 30107, and the Teflon disk 30120.

3. Clean all components using lint-free wipers and dena-
tured ethyl alcohol.
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4. Place a new Teflon disk 30120 (Fig. 9) into the groove 5.  Install the new mesh cooler 30107 (Fig. 9) which will be
at the base the assembly. Refer to Plate 29. heldintoa roll with wire retainers. Do notcutand remove
the wires until afterthe mesh coolerhas been slippedinto

place. Refer to Plate 30.

Plate 29: Teflon disk

Plate 30:Installing the mesh cooler.
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6. Slidetheinner retainer core 30112 (Fig. 9) backintothe 7. Re-install the valve plate assembly 30108 (Fig. 9) and
mesh cooler 30107. Refer to Plate 31. replacetheretainingsnap ring H776A34302. (Iifany part
of valve plate assembly requires replacement, replace

the entire assembly 30108.) Refer to Plate 32.

Important:  Itisgood general practice to replace old retain-
ing snap rings with new retaining snap rings.

Plate 31:Re-installing the inner retainer core

Plate 32:Re-installing the valve plate assembly
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8. Replace the inner guide bearing 30103 (Fig. 9) at the 9. Replace the muiti-lam contact 30014 (Fig. 9) and outer
base of the moving contact support 30018. Refer to guide bearing 30104 (located in the transfer area be-
Plate 33. tween the puffer cylinder and moving contact support

assembly). Lubricate the siiverplated area where the

multi-lam contact is seated with a light coat of Shell

Alavania No. 2 Grease and be sure to install the multi-

lam contact with the teeth pointing counter-clockwise

when looking at the moving contact support from above.

Refer to the Plate 34.

Plate 34:Replacing the outer guide bearing and multi-lam
contact

Plate 33:Replacing the inner guide bearing
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2.53 Rebullding the Stationary Contact Assembly

The stationary contact assembly 30019 (Fig. 5) must be
refurbished and replaced before the interrupter is re-installed
into the pole tank. Plate 35 shows all of the components of
the stationary contact assembly.

Plate 35:Components of the stationary contact assembly

To rebuild the stationary contact assembly 30019 (Fig. 5):

i. Remove the stationary arcing contact 30020 using the
special deep socket tool T13437 (Fig. 14).

2. Determine if the stationary main contact fingers 30026
(Fig. 5) need tobe replaced. Replacementis considered
necessary if the silverplating has been worn down to the
point that a copper color is visible. If the fingers do not
need to be replaced, proceed to step 10.

3. If the stationary main contact fingers 30026 are to be
replaced, remove the M6 socket head set screw
H420A15101 that hold the contact cage 30025 to the
stationary contact support 30022,

4. Pull the contact cage from the stationary contact sup-
port, allowing the contact fingers to fall free.

5. Apply a light coat of Shell Alavania No. 2 Grease to the
silverplating of each contact finger. Rub the grease into
the microscopic pores of the silverplating of each station-
ary main contact finger and wipe away excess so that
only a light film remains.

6. Installthe newcontactfingers (48) by placing the contact
cage over the contactfinger assembly tool T13207 (Fig.
15) and pushing the fingers into position. Three indi-
vidual fingers are needed to fill one slot in the contact
cage. Fill two slots with contact fingers, then skip a slot
(leaving it empty) until all contact fingers are installed.
Refer to Plate 36.

Plate 36:Installing the contact fingers in the contact cage
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7. Re-install the contact spacer 30115 (Fig. 5) over the
contact fingers. Refer to Plate 37.

Plate 37:Re-installing the contact spacer

7 October 1993

8.

Apply a light coat of Shell Alavania No. 2 Grease to the
silverplated area of the stationary contact support 30022
(Fig. 5). Rubthe grease into the microscopic pores ofthe
silverplating and wipe away excess so that only a light
film remains. Refer to Plate 38,

Plate 38:Applying Shell Alvania No. 2 Grease fo the

stationary contact support

10.

1.

12.
13,

Lift the contact finger assembly tool T13207 (Fig. 15),
contact cage 30025 (Fig. 5) and contact fingers 30026
over the stationary contact support 30022, aligning the
mounting holes. While pushing the contact cage onto
the stationary contact support, allow the assembly tool
to move off of the contact fingers.

Secure the assembly by placing a drop of Loctite 222 on
each M6 socket head set screw H420A15101 (Fig. 5)
and torque to 5.5 Nm (4 ft-Ibs).

Apply Loctite 242 10 mm deep inside of the mounting
hole for the stationary arcing contact 30020.

Be sure that the deflector clip 30123 is in place.

Replace the stationary arcing contact 30020 with a new
one usingthe deep socket tool T13437 (Fig. 14). Torque
the stationary arcing contact to 50 Nm (37 ft-Ibs).

Important: I stud H420A15001 (Fig. 5) is not already

installed in the stationary arcing contact, apply
permanent Loctite 271 to the stud and install.
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254 Re-Assembling the Interrupter Unit

To re-assemble the Interrupter unit 30000, 30121, or 30122
(Fig. 4):

1. Apply a light coat of Shell Alvania No. 2 Grease to the
inner surface of the puffer cylinder 30007 (Fig. 10).
Thoroughly rub the grease into the microscopic pores of
the silverplated surface; remove all excess grease so
that only a light film remains. Refer to Plate 39.

Plate 39:Applying Shell Alvania No. 2 Grease to the inner
surface of the puffer cylinder

2. Slidethe moving contact supportassembly 30012 (Figs.
4 and 9) back into the puffer cylinder 30007 (Fig. 10) of
the moving contact assembly 30001 until it bottoms in
the cylinder.

Important:  Be careful not to pinch any of the inner and
outer guide bearings 30103 and 30104 (Fig. 9)
and be certain that the multi-lam contact 30014

is properly seated.

3. Carefully clean the interrupter tube 30030 (Fig. 4) with
lint-free wipers dampened with denatured ethyl alcohol.

Important:  Never clean an insulating component with the
same wiper used to clean aluminum or metal

parts.

4. Place the interrupter tube onto the interrupter assembly
fixture T13438 (Fig. 6) and lock It into place. Refer to
Plate 40,

Plate 40:Placing the interrupter tube on the interrupter
assembly fixture

5. Apply a light coat uf Shell Alvania No. 2 Grease to the

main moving contact area of the moving contact assem-
bly 30001 (Figs.4 and 10). Thoroughly rub the grease
into the microscopic pores of the silverplated surface;
remove all excess grease so that only a light film
remains.
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6. Lowerthe moving contact assembly into the interrupter

tube while aligning the exhaust ports in the moving
contact support assembly 30012 (Fig. 9) 90 degrees to
the exhaust ports In the interrupter tube 30030 (Fig. 4).
(Verify proper alignment by checking that the vacant
space of the bolt circle pointed to in Plate 41 is turned 90
degrees to the exhaust ports in the interrupter tube.)
Refer to Plate 41.

Plate 41:Re-installing the moving contact assembly

7.

Bolt the moving contact assembly 30001 (Fig. 4) to the
interrupter tube 30030 using M8 socket head bolts
H420A04611 and washers H420A60008. Apply Loctite
242 to the threads of each bolt and torque to 22 Nm (16
ft-Ibs).

Thoroughly clean the operating pullrod 30032 with lint-
free wipers dampened with denatured ethyl alcohol.

Important:  Never clean an insulating component with the

9.

same wiper used to clean aluminum or metal
parts.

Install the operating pulirod 30032 by re-installing the
wrist pin 30105.

7 October 1993

10. Lock the wrist pin 30105 (Flg. 4) in place using the M8
hex head bolt H420A30406 and washer H420A60108.
Apply Loctite 242 and torque the boltto 22 Nm (16 ft-Ibs).
Refer to Plate 42.

Plate 42:Re-installing the wrist pin

11. Thoroughly clean the interrupter support tube 30051

(Fig. 4) with lint-free wipers dampened with denatured
ethyl alcohol.

Important:  Never clean an insulating component with the

same wiper used to clean aluminum or metal
parts.
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12. Install the interrupter support tube 30051 (Fig. 4) by 14. Measure dimension A as shown in Plate 44 and Fig. 11
fastening it to the moving contact support assembly in mm. Dimension A typically is 41.5 + 1.0 mm.
30012 using M8 socket head bolts H420A04611 and
washers H420A60008. Apply Loctite 242 into the holes
and torque to 22 Nm (16 ft-lbs). Refer to Plate 43.

Important:  Loctite 242 for the bolts must be applied to the
holes so that it will not squeeze into this current
carrying joint.

Plate 43:Re-installing the interrupter support tube

Plate 44:Measuring dimension A
13. Push the operating pullrod down to be certain that the

moving contact assembly 30001 (Fig. 4) is bottomed out
on the interrupter assembly fixture.
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15. Measure dimension B as shown in Plate 45 and Fig. 12
In mm. Dimension B typically is 95 + 1.0 mm.

2.5.4.1 Final Assembly for Left, Center, and Right
Interrupter Units

Final assembly for an interrupter unit depends upon whether
the unit is to be used for left, center, or right pole unit
applications. For leftpole applications, the bellcrank must be
oriented so that the plug-in contacts are turned 30 degrees
counter-clockwise from the top of the bellcrank. For center
pole applications, the plug-in contacts should be aligned with
the top of the bellcrank. For right pole applications, the plug-
in contacts should be turned 30 degrees clockwise from the
top of the bellcrank. Refer to Figure 4.

To ensure proper alignment:
1. Install the threaded rod tools T13428 (Fig. 7) as follows:

a. For left pole applications, install the threaded rod
tools in the holes of the bellcrank housing shown in
Plate 46.

Plate 45:Measuring dimension B

16. To determine the needed length of the pullrod coupling
30106 (Fig. 4) between the operating pulirod and bell-
crank arm, use the following formula:

Plate 46:Installing the rod tools for a left pole unit

b. Forcenterpoleapplications, instalithethreadedrod
E=Dim.B-Dim.A-15mm tools In the holes of the bellcrank housing shown in
Plate 47.
Where E = length of the pullred coupling in mm

Dimension E typically is 38.5 + 2.0 mm.

Important:  The calculated length of the pullrod coupling
should be very close to the length measured
with inside calipers on disassembly, step 7 in
section 2.4 of this module.

Proceed to section 2.5.4.1 for final assembly instructions.

7 October 1993 Plate 47:Installing the rod tools for a center pole unit
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c. Forrightpole applications, install the rod tools in the ¢. For right pole applications, align the two slots as
holes of the bellcrank housing shown In Plate 48, shown In the illustration below.

Th,eaded - Direction of
rod tool m pullrod swing

Plate 48:Installing the rod tools for a right pole unit

2.

3.

Position the bellcrankassembly overthe interrupterunit,
aligning the upper rod tool with the plug-in contact.

Install the clip tools T13439 (Fig. 8) to hold the bellcrank
assembly above the interrupter unit.

Check alignment of the operating pullrod using the
special alignment tool T13440 (Fig. 13). Refer to Piate
49, Rotate the moving contact assembly 30001 (Fig. 4) .

clockwise using a wrench until the appropriate slots in Plate 49:Aligning the center pole pullrod
the special tool align with the rod tools at both extremes
of the pull rod’s swing. The moving contact assembly
mustbe tumed clockwise to prevent damaging the multi-
lam contact 30014 (Fig. 9). Refer to Plate 50.

a. For left pole applications, align the two slots as
shown in the illustration below. Threaded

rod tool

NN

: N
T rd
Threaded K[j Direction of
ulirod swin
rod tool @— — — P g

b. For center pole applications, align the two slots as
shown in the lllustration below.

Threaded [ j Threaded
rod tool /,i\ rod tool

Di rection of Plate 50: Turning the moving contact assembly clockwise

pullrod swing
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5. When the operating pulirod is aligned, apply Loctite 242
on the threads of the pullrod coupling 30106 (Fig. 4) and
install it to the calculated length. Refer to Plate 51.

Plate 51:Setting the length of the pullrod coupling

6. Secure the pullrod coupling with M16 jam nuts
H420A54116 RH (Fig. 4) and H420A54156 LH. Torque
each jam nut to 50 Nm (38 ft-Ibs).

Important: ~ While tightening the jam nuts, be sure to use a
back-up wrenchto preventthe operating pullrod
from moving out of alignment.

7. Remove the clip tools T13439 (Fig. 8) and allow the
bellcrank assembly to lower onto the interrupter unit.

8. Re-attach the bellcrank to the interrupter support tube
30051 (Fig. 4) using M8 socket head bolts H420A04611
and washers H420A60008. Apply Loctite 242 to each of
the bolts and torque to 22 Nm (16 ft-Ibs). (Remove the
threaded rod tools during this step.)

9. Liftthe interrupter from the interrupter assembly fixture.
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10. Tore-installthe stationary contactassembly 30019 (Fig.
4):

a. Rotate the bellcrank shaft to place the moving contact
assembly into the fully CLOSED position using the
manual open/close tool T13451 (shown in the Inter-
phase Linkage module).

Notice: When re-installing the stationary contact as-
sembly, the moving contact assembly of the
interrupter unit must be in the CLOSED posi-
tion to ensure proper contact alignment.

b. Lift the stationary contact assembly 30019 (Figs. 4 and
5) into the rear of the interrupter unit and firmly push it
into position so that it fully engages the moving contact
assembly (to ensure contact alignment). Be sure that
thestud H783A31803(Fig. 3) located closesttothe base
of the boss that supports the stationary arcing contact
30020 (Fig. 5) Is aligned opposite the plug-in connec-
tions 30052 (Fig. 3) for the bushing conductors.

c. Install the M8 socket head bolts H420A04611 (Fig. 4)
and washers H420A60008 to secure the stationary
contact assembly. Apply Loctite 242 to each of the bolts
and torque to 22 Nm (16 ft-lbs). Refer to Plate 52.

Plate 52:Stationary contact assembly
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11. Re-install the rear exhaust shield 30077 (Fig. 4) using
M12 nuts H420A50012 and washers H420A60012.
Hand-tighten the nuts. (Final tightening will be done
when the interrupter unit s re-installed in the pole tank.)

12. Refer to the Pole Unit module to proceed as follows:

* Re-install the interrupter unit.

* Install a new desiccant bag.

* Re-install the rear tank cover assembly to close the
pole unit.

* After the pole unit has been closed, immediately
evacuate the pole unit and fill it with SF, gas.

2.6 Rebuilding the Belicrank Assembly

Refer to Figure 16 when rebuilding the bellcrank assemblies
10151 (center), 10159 (left), and 10160 (right). Rebuilding
the bellcrank assembly involves replacing the weather seals
10169, gasivacuum lip seals 10168, and bearings 10164.
The seals and bearings are contained within the shaft seal
assemblies 10153. The center bellcrank assembly contains
two shaft seal assemblies; the leftand right belicrank assem-
blies each contain one shaft seal assembly. Refer to Plate
63 for a view of bellcrank components.

Plate 53:Bellcrank components

To replace the seals and bearings:

1. Remove the M8 hex head bolts H420A30409 (Fig. 16)
and washers H420A64008 which secure the shaft seal
assembly 10153 to the belicrank housing 10152 (or
10172 or 10173).

2. Slide the shaft seal assembly from the bellcrank hous-
ing. Refer to Plate 54.

O-rings 90005 (two) tend to hold the shaft seal
assembly snugly in place. It may be necessary
to gently pry out the shaft seal assembly with a
thin-bladed screwdriver. No sealing surfaces
can be damaged by performing this procedure.

Important:

Piate 54:Shaft seal assembly
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Removethe seal assembly snap ring H776A02215 (Fig.
16) which holds the following items within the shaft seal
assembly housing:

Gas/Vacuum Lip Seals (two) 10168;
Aluminum Spacer 10170;

Bearing 10164,

Weather Seal 10169,

Refer to Plate 55 for an exploded view of the shaft seal
assembly.

A light press may be required to push the components
listed above out of the shaft seal assembly housing.

Plate 55:Shaft seal exploded view

4.

Replace the seals and bearings removed inthe previous
step. Lightly lubricate these parts with ProAA2 grease.

Replace the seal assembly snap ring H776A02215 with
a new snap ring.

Remove the old shaft seal assembly O-rings 90005
(two) and replace them with new O-rings.

Apply Dow Corning FS-1292 Grease to the surfaces of
the shaft seal assembly and bellcrank housing which will
be exposed to weather, i.e. areas outside of the sealing
O-rings.

7 October 1993

8.

If the bellcrank shaft was pulled out of the internal crank
10162, itwillhave to be re-aligned. Align the punch mark
which is located on the end of one of the splines of the
bellcrank shaft with the punch mark ontheintemal crank.
Refer to Plate 56.

Important:  The line-up punch marks on the internal crank
10162 and bellcrank shaft must be aligned.

Plate 56:Aligning punch marks

9.

10.

1.

12.

Push the bellcrank shaft back into position.

Re-position the now rebuilt shaft seal assembly 10153
(Fig. 16) over the bellcrank shaft end and carefully push
it into place without damaging the O-ring seals.

Re-install the M8 hex head bolts H420A30409 and
washers H420A64008 which secure the shaft seal as-
semblytothe bellcrank housing. Apply Loctite 242 tothe
threads of each bolt and torque to 24 Nm (18 fi-Ibs).

Repeat the previous steps for any other shaft seal
assemblies which need to be rebuilt.
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NOTES:
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Interrupter Maintenance Flow Chart

Open the Pole Unit

Module.)

Reclaim the SF, Gas

{Refer to the Pole Unit Module and the
Safe Handling Practices for SF, Gas

Inspect the Nozzles and Contacts
(Refer to section 2.3 in this module)

/

If the nozzles and contacts
need to be replaced, proceed
as follows:

Remove the Interrupter Unit

(Refer to the Fole Unit Module}

Disassemble the Interrupter Unit
{Refer to section 2.4 in this module)

AN

If the nozzles and contacts are okay
and do not need to be replaced,
procaed to the last step.

™ Replace the Nozzles and Contacts
{Refer to section 2.5 in this module)

Re-Assemble the interrupter Unit
{Refer to section 2.5 in this module)

Re-Install the Interrupter Unit
{Refer to the Pole Unit Mcdule)

Close the Pole Unit
Refill with SF, Gas

Module.}

Replace the Desiccant Bag

(Refer to the Pole Unit Module and the
Safe Handling Practices for SF, Gas

Figure 1

Interrupter Maintenance Flow Chart

—
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22 mm diameter 25 mm diameter

Hub

Figure 2
No-Go Gauge T13406
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*Rub Shell Alvania No. 2 Grease Into the microscopic pores of silverplated surfaces; remove all excess so that

only a light film remains.

7 Qctober 1993

H776A33301

30052
Shell Alvania No.
2 Grease*

_ E View A

30077
H420A50012 H783A31803 H420A46705
3001 H420A60012 Loctite 242
Loctite 242
Torque to 72 Nm (52 fi-Ibs)
H420A00667 H973A32701
H420A60008
H420A50012
-'-—‘_--.____\
30124 =
\\4}_
H420A50008 Z
H420A80008
Loctite 242
Torque 22 Nm (16 ft-ibs)
View A
Figure 3
Rear of Interrupter Unit
30019 Stationary Contact Assembly
30052 Plug-In Connection
30075 Deflector
30077 Rear Exhaust Shield
30124 Shield Support
H420A00667 Hex Head Bolt, M8 x 65
H420A46705 Stud, M12 x 65 mm
H420A50008 Nut, M8
_H420A50012 Nut, M12
H420A60008 Flat Washer, M8
H420A60012 Flat Washer, M12
H776A33301 Retaining Snap Ring
H783A31803 Stud, M12
H973A32701 Washer

——
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0020
Torque 50 N (37 ft-Ibs)
7 Y
4 0025
Shell Alvania No. 2 Grease N
]
\\
AN 30026
30115
H420A15101
- Loctite 222
Torque to 5.5 Nm (4 fi-Ibs)

S/
7

e //

7

N\
Loctite 271 -
N\
N
Shell Alvania No. 2 Grease®. ’< :
i :\ h )
T4 30123
H783A31803 H420A15001 ]
Loctite 271 [ Loctite 242 (10 mm deep in hole)
(Tolock in ?
position) ny
— |
: Figure 5
Stationary Contact Assembly 30019

30020 Stationary Arcing Contact

30022 Stationary Contact Support

30025 Contact Cage

30026 Contact Fingers

30115 Contact Spacer

30123 Deflector Clip

H420A15001 Stud, M10x 70
H420A15101  Socket Head Set Scraw, M6 x 12
H783A31803 Stud, M12

*Rub Sheil Alvania No. 2 Grease into the microscopic pores of silverplated surfaces: remove all excess so that
only a light film remains.
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Figure 6
Interrupter Assembly Fixture T13438
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|
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[

7 October 1993

Figure 7

Threaded Rod Tool T13428

Figure 8
Clip Tool T13439

-
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30018
30103
30104
30107

Exhaust Ports
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30108
776A34302
T
l=.-’r— 30104
()t
. [ \ 1
.l 1
4
: 30014
Shell Alavania

No. 2 Grease*

b 30112

30107

e e = el e« e — s .+ v v e o ]
el - - - - . . -
. . . . .
Ld .

— 30018

f
:
Figure 9
Moving Contact Support Assembly 30012

Multi-Lam Contact 30108 Valve Plate Assembly (sold as an

Moving Contact Support assembly only)

Inner Guide Bearing 30112 Innner Retainer Core

Outer Guide Bearing 30120 Teflon Disk

Mesh Cooler H776A34302 Retaining Snhap Ring

*Rub Shell Alvania No. 2 Grease Into the microscopic pores of silverplated surfaces; remove all excess so that
only a light film remains.
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HHATE400176P1

Loctite 242

Torque to 275 Nm (202 fi-1bs) 30117

Shell Alvania No. 2 Grease”*
Shell Alvania No. 2 Grease* 30007 30102 | 30116
S 30006 30004 30005 30119
30002

H420A04410 /

-

H776A34705 H776A34304 90004
H420A60005
Loctite 242 (into hole) 30118
Torque to 5.5 Nm (4 ft-ibs) Loctite 242 Torque
to 70 Nm (52 ft-lbs)

Figure 10

Moving Contact Assembly 30001

30002
30004
30005
30006
30007
30102
30116
30117

30118

30119

90004
H420A04410
H420A60005
H7768A34304
H776A34705
HHATE400176P1

Exhaust Tube

Auxilfary Nozzle

Insulating Nozzle

Moving Arcing Contact

Puffer Cylinder

Check Plate (Self-Blast Chambser)

Main Moving Contact/Self-Blast Chamber
Auxiliary Nozzle Assembly (includes
auxiliary nozzle and auxiliary nozzle adapter)
Auxiliary Nozzle Adapter

Insulating Nozzle Guide Ring

Insulating Nozzle O-Ring

Socket Head Boit, M5 x 30

Flat Washer, M5

Retaining Snap Ring

Retaining Snap Ring

Lock Nut

*Rub Shell Alvania No. 2 Grease into the microscopic pores of siiverplated surfaces; remove all excess so that

only a light film remains.

7 QOctober 1993
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Support Tube Operating Pullrod

; P o =Y '\\> .
wins I ),

[ Figure 11
Dimension A

Dimension B
Typically 95 + 1.0 mm

Bellcrank Assembly

Figure 12
Dimension B
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Figure 13
Alignment Tool T13440

Figure 14
Deep Socket Tool T13437

—_——
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Steel Tube

Steel Cross Rod

Figure 15
Contact Finger Assembly Tool T13207
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Top View
—— T ——
1
|
;
T-Bracket
Jacking
Screw
orseshoe Washers
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Side View

Figure 17
Bushing Conductor Removal Tool T13441
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90001
H800A45708 H800A45708
H420A64012 H420A64012
Loctite 242 Loctite 242
Torque 45 Nm (33 ft-ibs) 20001 Torque 45 Nm (33 fi-lbs)
\
m"" %)
'\)\ ; \\\ 90003
\E 20010
‘ HB00A45709 i
3\ H420A64012 FS-1292

FS-1292*

20002

Torque 60 Nm (45 fi-Ibs)

A\ ( Loctite 242
\
‘ X 10052

90014
90015

N

90002

. . FS-1292* H420A84012
H420A64012 Fs-1292 - . H800A45711
H800A45711 10015 p4ooneantz  FS-1292 3 2 Loctite 242
Loctite 242 H673A15609 30000 or 30121 or 30122 Torque to 60 Nm
Torque to 60 Nm (45 ft-Ibs) H800A46315 (45 ft-ibs)
Loctite 242
Torque fo 93 Nm (70 i-Ibs}
Figure 18
Pole Unit Assembly (Left, Center, or Right)
10047 or 10048 or 10049
10015 Pole Tank 90001 0O-Ring, Top Flange
10032 Rear Tank Cover Assembly 90002 O-Ring, Tank End
10047 Left Pole Unit Assembly 80003 O-Ring, Bottom Flange
10048 Center Pole Unit Assembly 90014 O-Ring, Tank Center (Inner)
10049 Right Pole Unit Assembly 90015 O-Ring, Tank Center (Outer}
10082 Tank Half H420A64012 Flat Washer, M12
20001 Bushing Conductor H673A15609 Nut, 1/2-13
20009 Front Bushing Assembly H700B16606 Alignment Pin
20010 Rear Bushing Assembly HB800A45708 Hex Head Boit, 1/2-13 x 1-1/2 inch
30000 Interrupter Unit {Center) HB800A45709 Hex Head Bolt, 1/2-13 x 2 inch
30121 Interrupter Unit (Left) HB00A45711 Hex Head Bolt, 1/2-13 x 2-1/2 inch
30122 Interrupter Unit (Right) HB800A46315 Hex Head Bolt, 1/2-13 x 3-1/2 inch

*Apply Dow Coming FS-1292 grease to all flange surfaces outside of the O-ring groove to prevent corrosion.
**The pole tank 10015 is composed of two tank halves 10052.

7 October 1993
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Figure 19
insulating Nozzle Tool T13449
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Figure 20
Exhaust Tube Tool T13455

7 October 1993




Interrupter Major Maintenance Checklist (every 10 years or after permissible number

of operations in Table 2)
interrupter Recommended Condition of .
Component Action Component Action Taken/Comments

Stationary Contact Assembly 30019 (Fig. 5)

Stationary Arcing .
Contact 30020 Replace
Contact Fingers -
30026 inspect
Contact Cage 30025 | Inspect™
Stationary Contact Inspect™

Support 30022

Moving Contact Assembly 30001 (Fig. 10)

Moving Arcing

Contact 30006 Replace”
Auxiliary Nozzle .
30004 ry Replace
Insulating Nozzle "
30005 Replace
Main Moving

Contact/Self-Blast Inspect™*
Chamber 30116

Puffer Cylinder 30007 | Inspect™
Insulating Nozzle .
O-Ring 90004 Replace
Retaining Snap Ring N
H776A34304 Replace
Insulating Nozzle .
Guide Ring 30119 | eplace
Moving Contact Support Assembly 30012 (Fig. 9}
Mesh Cooler 30107 Replace*
Inner Guide Bearing .
30103 Replace
Outer Guide Bearing "
30104 Replace
Multi-Lam Contact Replace” :
30014 place
Moving Contact -
Support 30018 Inspect
Valve Plate Assembly I e
30108 nspec
Teflon Disk 30120 Replace™
Retaining Snap Ring Replace*

H776A34302

*Replace the part when it reaches the permissible number of operations. If after the inspection period of 10
years, the parts are in very good condition (e.g. if there have been very few or no operations), the parts need

not be replaced.

*Inspect the part and, if necessary, replace it. Replacement is generally necessary if a siiverplated area has

worn to the peint that a copper tint is visible through the silverplating.

7 October 1993
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Notes

'Nofice 1

Based on our own experience, you will obtain the best possible operational reliability by following the recommendations given
inthese instructions. The data contained herein purports solely to describe the product, and itis nota warranty of performance
or characteristics. Itis with the best Interests of our customers in mind that we constantly strive to improve our products and
keep them abreast of advances in technology. This may lead to discrepancies between a product and these instructions.

Notice 2

Within the scope of these instructions, it Is impossible to take Into account every eventuality which may arise with technical
equipment In service. Please consult our local salesman in the event of any imegularities, especially if not referred to herein.

Notice 3

We expressiy decline liability for damages resulting from any incorrect operation or wrong handiing of our equipment, aven
if these instructions contaln ho specific indication in this respect. We stress the fact that only genuine spare parts should be
used for replacements.

Notice 4

This publication is a copyrighted work. Therefore, itis not permissible to disclose, reprint, copy, orreproduce any part of these
instructions without express written permission from ABB.

These instructions do not purport to cover all detalls or variations in equipment ner to provide for every possible contingency
to be met in connection with installation, operation, or maintenance. Should further information be desired orshould particular
problems arise which ars not covered sufficlently for the purchaser’s purposes, the matter should bereferred tothe ABB Power
T & D Company Inc. Power Circult Breaker Division, 125 Theobold Ave., Greensburg, PA 15601, Phone No. {(412) 838-5200.

@Copyright 1993, ABB Al rights reserved.
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Interphase Linkage
"

1 Iintroduction

The 145 PM clrcult brsaker consists of three pole units
Interconnected by an interphase linkage assembly and gas
manifold. The Interphase Linkage moduls includes all com-
ponentsthatjoin the Individual pole units intoa single breaker
unit. These components are the interphase shafts and the
gas manifold.

141 Interphase Shafts

Two Interphase shafts, left and right, tle together the three
bellcrank assemblies on the 145 PM breaker(Fig. 1). Thelsft
and right interphase shafts are coupled to the mechanism
pullrod through a crank at the centsr pole unit, The crank at
the center pole converts the vertical motion of the mechanism
pulirod to the rotational motion of the interphase shafts. The
bellcrank assemblies then convert this rotational motion to
the horizontal motien of the Interrupters.

1.2 Gas Manlfold

The gas manifold (Figs. 2 and 3} links the three pole units into
a single gas density monitoring system. A self-sealing quick
disconnect fitting at each rear tank cover assembly (Fig. 4)
conveniently allows the Individual pole units to be isolated
from the gas manifold without losing any sulfur hexafluoride
(SF,) gas - a great advantage when performing pole unit
maintenance.

13 Fastener Locking

Since the impact loading which ths circuit breaker experi-
ences during operation tends to loosen threaded hardware,
Loctite Threadlocker must be applied to all critical bolted
joints. Fourtypes of Loctite are used for specificapplications:
222,242, 262, and 271,

Clean the threads in blind holes If they can be adequately
dried afterwards. Apply Loctite sparingly to the outermost
edges of the thread. Two small drops of Loctite are snough
even for large threads.

Hardware secured with Loctite usually can be unfastened
with proper wrenches. In case of difficulty, the connection
can be loosened by heating the joint to 150°C (300°F). Be
careful not to damage materials which are sensitive to heat,
such as insulation or sealing components.

Use particular care in applying Loctite to fasteners used in
assembling current carrying connections. Apply Loctite only
where specified. If used Improperly, Loctite can squesze
between contact areas and may cause a high reslstance
joint.  Ensure that excess Loctite does not squeeze Into
contact areas.

2 Isolating a Pole Unit

Certaln maintenance tasks raquire isolating a pole unit which
entails de-coupling the interphase iinkages and the gas
mantfold. Eventuaily, the more criticaltasks of synchronizing
the interrupter contacts and re-coupling the interphase link-
ages arise. The following sections describe the procedures
for:

» De-coupling the Interphase linkages (refer to section
2.1);

* Synchronizing the Interrupler contacts (refer to sec-
tion 2.2);

* Re-coupling the interphase linkages {refer to section
2.3).

Important:  In addition to the common maintenance lools
and materials listed in the Malntenance mod-
ule, the special tools referred to herein as the
slow open/close device T13444 (Fig. 5)and the
manuai open/close tool T13451 (Fig. 7) will be
needed in this procedure.

DANGER

Before beginning this procedure, iso-
late the breaker from high voltage
and properly ground the breaker.

21 De-Coupling the Interphase Linkages
Warning

Before proceeding, verlfy that the operating
mechanism Is discharged Inthe OPEN position
and that all control power Is disabled.

De-coupling the interphase linkages involves:

* Removing the right side interphase shaft (refer to
section 2.1.1);

* Removing the left side interphase shaft (refer to
seclion 2.1.2);

* De-coupling the gas manlfold (refer to section 2.1.3).

211  Removing the Right Side Interphase Shaft
To remove the right side Interphase shaft 10204 (Fig. 1):

1. Remove the four M5 sockel head bolts H420A31306
which hold the right side shaft cover 10203 In place.

2, Punch outtheroll pins 10202from the couplings 10205.

3. Slide the couplings 10205 ontc the Interphase shaft
10204 and lift off the shaft.

8 October 1993
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21.2 Removing the Left Side Interphase Shaft
To remove the left side interphase shaft 10204 (Fig. 1):

1. Remove the four M5 socket head bolts H420A31306
which hold the left side shaft cover 10202 in place.

2. Loosen the cover 10208 by removing the 1/4-inch bolts
H800A12904.

3. Removethe M6 hex head bolt H420A31406 (Fig. 6) and
washer H973A06504 which holds the crank wrist pin
10210 in place.

4. Slide out the crank wrist pin 10210 and move the
mechanism pulirod assembly 10207 out of the way.

5. Remove the M8 hex head bolt H420A30467 and nut
H420A58008 from the center of the crank 10206.

6. Slide the crank onto the interphase shaft 10204.

7. Punch out the roll pin 10209 (Fig. 1) from the coupling
10205. Slide the coupling onto the interphase shaft and
Iift the crank and shaft away.

213 De-Coupling the Gas Manifold

To de-couple the gas manifold 10213 (Figs. 2 and 3), loosen
the DILO quick disconnect fitting 10171 (Fig. 3) at the rear
tank cover assembly 10032 of each pole unit. No SFgas will
be emitted; the fitting is self-sealing. Refer to Plate 1.

Plate 1: DILO quick disconnect fitting

6 October 1993

2.2 Synchronizing the Interrupter Contacts

If the interrupter units have been de-coupled, they must be
properly synchronized with each otherbefore re-installing the
interphase linkages. To do this, all three interrupter units
must be pulled into the fully open position as described in the
steps below. Only after all three interrupters are pulled into
the fully open position can the interphase linkages be re-
installed.

Warning

It Is absolutely essentlal that the interrupter
contacts be properly synchronized with each
other as well as with the operating mechanism.

To synchronize the interrupter contacts:

1. Slide the manual open/close tool T13451 (Fig. 7) onto
the splines of the belicrank shaft 10156 (left), 10157
(center), or 10156 (right) (Fig. 1).

2. Facing the control cabinet (belicrank end of the inter-
rupter), with the ratchet handle T13453 (Fig. 7) on the
manual open/close tool vertically upright above the
bellcrank shaft, rotate the bellcrank shaft to the fully
OPEN position by pulling the ratchet handle towards you
until you feel the interrupter bottom out.

Caution

You must feel the Interrupter bottom out when
rotating the bellcrank shaft to ensure that the
Interrupter Is in the fully OPEN pnosition,

Repeat steps 1 and 2 for each bellcrank shaft.

Proceed to re-couple the interphase linkages. Refer to
section 2.3.

2.3 Re-Coupling the Interphase Linkages
Re-coupling the interphase linkages involves:

+ Re-installing the right side interphase shatft (refer to
section 2.3.1);

* Re-installing the left side interphase shaft (refer to
section 2.3.2);

» Re-coupling the gas manifold (refer to section 2.3.3).

Warning

Before proceeding, verify that the interrupter
contacts have been synchronized as described
In section 2.2 and thatthe operating mechanism
Is discharged In the OPEN position and that all
control power Is disabled. Open the discon-
nects in the control cabinet to all AC and DC
power sources.
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23.1  Re-installing the Right Side Interphase Shaft
To re-Instail the right side interphase shaft 10204 (Fig. 1):

1. Slide the couplings 10205 onto the right side interphase
shaft 10204 and re-install the shaft.

2. Tap the roll ping 10209 into the couplings 10205,
Place the right side shaft cover 10203 into position,

Install the four M5 socket head bolts H420A31306 and
washers H961376 which hold the right side shaft cover
in place. Apply Loctite 222 to secure the bolts.

232 Re-Installing the Left Side Interphase Shaft
To re-install the left side Interphase shaft 10204 (Fig. 1):

1. Slide the cover 10208 over the left side interphase shaft
10204 before re-installing the shatft.

2. Slide the crank 10206 and coupling 10205 onto the left
side interphase shaft.

3. Re-install the left side interphase shaft aligning the line-
up dot on the crank 10206 with the line-up dot located on
one of the splines of the centsr bellcrank shaft 10157,

Cautlon

The lins-up dot on the crank and the line-up dot
on the center belicrank shaft must be aligned to
ansure proper synchronization of the interrupt-
ars with respact to the mechanlism.

4. Re-instailthe M8 hex head bolt H420A30467 (Fig.6) and
nut H420A58008 into the crank 10208.

5. Tap the roll pin 10209 (Fig. 1) into the coupling 10205,

6. Move the mechanism pulirod assembly 10207 into
position and slide the crani wrist pin 10210 (Fig. 6) into
place.

Notice; The crank wrist pin usually can be re-installed
without requiring any adjustment of the pullrod
length. However, because this pin Is finely
machined for precision fitting, it is sometimes
difficulf to insert the pin. Therefore a very
slight adjustment of the tumbuckling pullrod
may be required to afign the pin. To adjust the
pulirod, loosen the lock nuts H420A58160(Fig.
6) and H420A58116 and then turn the pulirod
slightiy (on the order of a half turn) until the pin
fits. Apply Loctite 242 to the lock nuts and
torque locknut H420A5816010217 Nm{ 1601t
ibs); torque lock nut H420A58118 to 136 Nm
(100 fi-ibs). If the pin alignment Is off signifi-
cantly, (more than 1 mm) the interrupters may
not be fully operied or properly synchronized,

7. Re-instalithe M6 hex head bolt H420A31406 (Fig. 6) and
washer H973A06504 which hold the crank wrist pin
10210 In place. Apply Loctite 222 to the threads of the
M8 bolt and torque to 7 Nm (5 ft-lbs).

9.

Re-install the cover 10208 (Fig. 1).

Re-install the left side shaft cover 10202 by inserting the
four M5 socket head bolts H420A31306 with washers
H981376.

233 Re-Coupling the Gas Manifold

To re-couple the gas manifold 10213 (Figs. 2 and 3), re-
connect the DILO quick disconnect fitting 10171 (Fig. 3). No

SF,

gas will be emitted because the fitting is self-sealing.

Important:  Apply Dow Corning FS-1292 Grease to the

24

threads of the DILO quick disconnect fitting.
Warning

The gas manifold must be connected at ail pole
units to properly monitor the SF,gas density at
all poles. Ifthe pole unit was opened, avacuum
and refilling procedure must be performed as
described In the Maintenance module.

Final Inspection

After re-installing the interphase linkages, inspect the follow-

ing:

* Be sure that the gas manifold is re-connected at all
phases (refer to saction 2.3.3);

« Besurethatthe breakeris properiy filled with 8F, gas.
Refer to the Maintenance module for gas filling proce-
dures. Ifthe pole unitwas opened, a vacuum and gas
replenishing procedure must he performed as de-
scribed in the Maintenance module.

6 October 1993
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Slow Close Operation

Perform the slow close operation anytime a stationary con-
tact assembly is either replaced or re-installed into an
interrupter unitto ensure proper contactalignment, i.e. during
contact inspection.

Important:

With the 145 PM circuit breaker, the mecha-
nism cannot be jacked closed. The interrupt-
ers must be isolated from the mechanism by
removing the crank wrist pin 10210 (Fig. 6).

Warning

Before proceeding, verify that the operating
mechanism Is discharged in the OPEN position
and that all control power Is disabled.

To perform a slow close operation:

1.

Remove the left side shaft cover 10202 (Fig. 1) by
unfasteningthe fourM5 socket head bolts H420A31306.

Loosen the cover 10208 by removing the 1/4-inch bolts
H800A12904.

Remove the M6 hex head bolt H420A31406 (Fig. 6) and
washer H973A06504 which holds the crank wrist pin
10210 in place.

Slide out the crank wrist pin 10210 and move the
mechanism pullrod assembly 10207 out of the way.

Strap the slow open/close device T13444(Fig. 5)around
the interphase shaft 10204 (Fig. 1). Refer to Plate 2.

Turn the interphase shaft by pushing the slow open/
close device away from you. All three interrupter units
will move to the CLOSE position simultaneously.

6 October 1993

Plate 2: Slow open/close device

7.

Notice:

After completing the slow close, move the interrupters
back into the OPEN position by pulling the slow open/
close device towards you until you feel the interrupters
bottom out.

Caution

You mustfeel the interrupters bottom out when
rotating the interphase shaftto ensure that they
are In the fully OPEN position.

Move the mechanism pullrod assembly 10207 (Fig. 6)
into position and slide the crank wrist pin 10210 into
place.

The crank wrist pin usually can be re-installed
without requiring any adjustment of the pullrod
length. However, because this pin is finely
machined for precision fitting, it is sometimes
difficult to insert the pin. Therefore a very
slight adjustment of the tumbuckling pullrod
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10.
11.

may be required to allgn the pin. To adjust the
pulirod, ioosen the lock nuts H420A58160(Flg.
6} and H420A581 16 and then turn the pulfrod
slightly (on the order of a halfturn) until the pin
fits. Apply Loclite 242 to the lock nuts and
forquelocknut H420A5816010217 Nm (1601t-
ibs); torque lock nut H420A58116 to 136 Nm
(100 fi-ibs). If the pin alignment is off signifi-
cantly, (more than T mm) the interrupters may
not be fully opened or properly synchronized.

Re-instalithe M& hax head bolt H420A31406 (Fig. 6) and
washer H973A06504 which hold the crank wrist pin
10210in placs. Appiy Loctite 222 and torque to 7Nm (5
ft-Ibs).

Re-install the cover 10208 (Fig. 1).

Re-Install the left slde shaft cover 10202 by inserting the
four M5 socket head bolts H420A31306 with washers
H961376.

6 October 1993
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NOTES:
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10171
DILO Quick Disconnect Fitting

Hold this part with a backup wrench
when decoupling

Grease FS-1292*

Location where
fitting decouples

Figure 4
Rear Tank Cover Assembly 10032

*Apply Dow Coming FS-1292 to lubricate the threads of the quick disconnect fitting.
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Figure 5
Slow Open/Close Device T13444
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H420A30467
H420A58008
Loctite 242
Tighten

10204
10174

10206

H420A30467
H420A58008
Loctite 242
04
102 Tighten
10206
H420A58116
H420A64016 10210
Loctite 242
136 Nm (100 fl-lbs)
H420A31406 HB73A06907
Ho73A06504
Loctite 222

H420A58160
H420A64020
Loctite 242

217 Nm (160 ft-Ibs)

FACING VIEW
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7 Nm (5 fi-ibs)

SIDE VIEW

Figure 6

Crank 10206 and Mechanism Pullrod Assembly 10207

10174
10175
10204
10206
10207
10210
H420A30467
H420A31406
H420A58008
H420A58116
H420A58160
H420A64016
H420A64020
HE73A06907
HO73A06504

Rod End, Upper

Rod End, Lower

Interphase Shaft {Left/Right)
Crank

Mechanism Pullrod Assembly
Crank Wrist Pin

Hex Head Bolt, M8 x 65
Hex Head Bolt, M6 x 12
Nut, M8

Lock Nut, M16 (Right Hand)
Lock Nut, M20 (Left Hand)
Flat Washer, M16

Flat Washer, M20

Nut Insert, 1/4-20-inch

Flat Washer, 1/4-inch
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T13452

| et — ——— —

i

T13451

T13463 ~————————ipn|

Figure 7
Manual Open/Close Tool

T13451 Manual Open/Close Tool
T13452 Socket
T13453 Ratchet Handle
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Notice 1

Based on our own experience, you will obtain the best possible operational reliability by following the recommendations given
in these Instructions. The data contained herein purports solely to describe the product, and itis nota warranty of performance
or characteristics. it is with the best interests of our customers in mind that we constantly strive to improve our products and
keep them abreast of advances in technology. This may lead to discrepancies between a product and these instructions.

Notice 2

Within the scope of these Instructions, it Is impossible to take into account every eventuality which may arise with technical
equipment in service. Please consult our local salesman in the event of any Iregularities, especially if not referred to herein.

Notice 3

We expressly decline liabillty for damages resutting from any incorrect operation or wrong handling of our equipment, even
if these instructions contain no specific indication in this respect. We stress the fact that only genuine spare parts should be
used for replacements.

Notice 4

‘This publication Is a copyrighted work. Therefore, Itis not permissible to disclose, reprint, copy, or reproduce any part of these
instructions without express written permission from ABB.

These Instructions do not purport to cover all details or variations In equipment ror to provide for evary possible contingency
to be met in connsction with instaltation, operation, or maintenance. Should further information be desired orshould particuiar
problems arise which are not covered sufficlently for the purchaser’s purposes, the mattershould be referred to the ABB Power
T & D Company Inc. Power Circuit Breaker Division, 125 Theobold Ave., Greensburg, PA 15601, Phone No. (412) 838-5200.

®Copyright 1993, ABB All rights reserved.
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FSA-2 Mechanism
.. ]

1 Introduction

Instructions in this module apply to the type FSA-2 spring
drive mechanism.

1.1 Description

The FSA-2 mechanismactuates the circult breakerinterrupt-
ers, The mechaniem, housed within the control cabinet,
receives operaling commands from the electrical control
system and translates these commands into the mechanical
motion which opens or closes the clrcuit breaker contacts.

The FSA-2 Is a pure spring-operated mechanism where the
interrupters are opened and closed solely by steel coil
springs. The FSA-2 mechanism slores operating energy in
two sets of spring packages — the closing springs and
opening springs. The closing springs are charged under
normal conditions using a charging motor and gearbox
assembiy, but can be manually charged ifnecessary. During
the closing operation, the mechanlsm moves tothe CLOSED
position and simuftaneously charges the opening springs
using the stored energy of the closing springs. The mecha-
nism contains enough stored energy inthe CLOSED position
with the closing and opening springs charged to perform an
open-close-open (O-C-O) operation without ra-charging. A
low spring charge alarm s actuated by a limit switch should
the closing springs fall to re-charge. This Is the only alarm
function for the FSA-2 mechanism. Refer to Section 2 fora
complete description of operating principles.

The FSA-2 mechanism iz available for use with all common
operating voltages. Acceptable fluctuations in the system
voltages are per ANS| standards. The standard circuit
breaker is supplied with one trip coil. However, a second trip
coil is avallable if specified. Either trip coll Is capable of
independently tripping the machanism.

Control cabinet antl-condensation heaters H1, H2, H3, and
H4 are incorporated into the FSA-2 mechanism.

The FS$A-2 mechanism contains the following major compo-
nents;

Closing springs;

Opening springs;

Main shaft;

Drive shaft;

Tripping and closing latch assemblies;
Dashpot;

Limit switches;

Trip and close coils;

Charging motor and gearbox assembly;
Anti-condensation heaters.

The functions of these components are described in section
2, "Principles of Operation.”

2 Principles of Operation

This description of operating principles begins with both the
closing springs and apening springs discharged. Section 2.1
describes the charging operation of the closing springs;
section 2.2 describes the closing operation; section 2.3
describes the opening operation, and section 2.4 describes
the duty cycle.

21 Chargling the Closing Springs

Bafore a closing operation can be performed, the closing
springs 53010 (Fig. 1) must be charged. Under normal
operating conditions, the closing springs are charged via the
charging motor and gearbox assembly 53008,

The charging motor s energized by a limitswitch 53017 which
is controlied by the position of the closing springs. Anytime
the closing springs are In the discharged position, the limit
switch Is made and power (if avallable) is applied ioc the
charging motor. When the closing springs move to the
charged position, the limit switch opens to de-energize the
charging motor.

During the charging process of the closing springs, the worm
gear 53006 and the worm 53007 transfer rotatlonal motion
from the charging motorand gearbox assembly 53008 to the
main shaft 53001 through the jack pawl 53023 and jack
slesve 53029. As the main shaft rotates In a clockwise
direction, it causes the closing spring crank 53011 on the left
side of the main shaft to rotate upward charging the closing
springs.

After the main shaft Is rotated clockwise slightly more than
180 degrees, the closing latch assembly 53005 engages the
closing cam 53003 to hold the main shaft in the charged
posttion. The jack pawl releases automatically. A latch
reverse stop 53027 and rebound gear 53028 prevent the
main shaft from reversing its direction.

A spring charge Indicator 53034 (Fig. 2), visible through a
view port in the control cabinet door indicates whether the
closing springs are charged or discharged.

22 Closing Operation

After completing the charging process as described in sec-
tion 2.1, the closing operation s initiated when the closing
latch assembly 53005 (Fig. 1) is released by remote electrical
operation of the cloge coll 53014, Releasing the closing latch
assembly allows the closing springs 53010 to discharge,
rotating the main shaft 53001 clockwise.

Simultaneously, the closing cam 53003 on the main shaft
contacts the operating lever 53004 on the drive shaft 53002
causing the drive shaft to rotate in a counter-clockwise
direction. The drive crank 53012 at the right end of the drive
shaft rotates upward driving the mechanism pulirod assem-
bly 10207 into the CLOSED position. At the same time, the
opaningsprings 53019 are being charged because they also
are connected to the drive crank.
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At the end of this rotation, the trip cam 53020 on the drive
crank engages the tripping latch assembly 53018. The
tripping latch assembly holds the drive shaft in the CLOSED
position with the apening springs charged and the mecha-
nism ready to actuate an cpening operation.

A hydraulic dashpot 53024 attached directly to the drive
crank, dampens motion at the end of the closing siroke to
reducethe speed of the mechanism before coming tothefully
CLOSED position.

The position indicator 53035 (Fig. 2), visible through a view
portin the control cabinet door indicates that the mechanism
Is in the CLOSED position.

When the closing springs discharge, the limit switch (which
controls the charging motor) closes and energizes the charg-
ingmotor. In 10 seconds orless aftera closing operation, the
closing springs will re-charge. The stop latch 53025 (Fig. 1)
mechanically prevents the closing latch assembly from being
released Ifthe mechanism is already ih the CLOSED position
or if the closing springs are not fully charged. A limit switch
also prevents electrical operation of the close coll 53014 ifthe
closing springs are not fully charged.

Insummary, during the closing operation the following occur:

* Themechanismisdrivenand latchedintothe CLOSED
position;

* The opening springs are charged readyingthe mecha-
nism for an OPEN operation;

« The closing springs re-charge automatically.

23 Opening Operation

After the opening springs have been charged during the
closing operation as describedin section 2.2, the mechanism
is prepared to perform an opening operation. The opening
operation is initiated when the tipping latch assembly 53018
(Fig. 1) Is released by remote electrical operation of the trip
coli 53016. Releasing the tripping latch assembly allows the
opening springs 53019 to discharge pulling the drive crank
53012 and the mechanism pulirod assembly 10207 (which Is
connected to the drive crank) into the OPEN position. The
position Indicator 53035 {Fig. 2), visible through a view port
in the control cabinet door, indicates that the mechanism Is
in the OPEN position.

The operations counter 53036 Is visible in the view port. Each
time the mechanism opens, the counter advances by one
count.

As in the closing operation, the dashpot 53024 (Fig. 1} also
dampens motion at the end of the opening stroke to reduce
thespeed ofthe mechanism before coming to thefully OPEN
position,

18 February 1993

24  DutyCycle

Under normal operating conditions, the FSA-2 mechanism is
in the CLOSED position with both the closing and opening
springs fully charged. At this point, there Is shough snergy
stored in the closing and opening springs to performan open-
close-open {0O-C-O) cperation (sven if the charging motor
has been disabled by a power failure, etc.) as demonstrated
in the following sequence:

1. OPEN: The breaker can be opsned using the energy in
the opening springs;

2. CLOSE: The breaker can be closed and consequently
the opening springs charged using the energy of the
closing springs;

3. OPEN: The breaker can now be opened using the
energy stored in the opening springs in the previous
stap.

Assuming that the charging motor is not disabled, the closing
springs will re-charge within 10 seconds after a closing
aperation. Owing to this factor, the duty cycle is 0-C-0O 10
seconds CO.
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3 Manual Operation

Under normal conditions, the FSA-2 mechanism operates
using electrical controls. However, provisions are made for
the following manual operations:

+ Manually charging the closing springs (section 3.1);
» Manual closing at the mechanism (section 3.2);

= Manual opening at the mechanism (section 3.3);

« External manual tripping (section 3.4).

DANGER

Spring-operated mechanisms pose
inherent hazards associated with
high energy equipment having rap-
idlymoving parts and electrical com-
ponents. Only qualified personnel
possessing a full understanding of
this equipment should operate or
service this equipment. Be careful of
limbs and extremities when working
around this equipment as they may
become entangled in moving parts.
To preventinjury or equipmentdam-
age, the breaker must be removed
from service, isolated, and grounded
before performing any maintenance
or manual operating procedures.

Manual operation of this mechanism
overrides all electrical breaker op-
eration lock-outs such as those that
occur with low SF, gas density.
Manual operation is not recom-
mended when the high voltage cir-
cuit breaker is energized.

3.1 Manually Charging the Closing Springs

The manual spring charge tool T13443 (Flg. 4) is used to
manually charge the closing springs 53010 (Fig. 1). Thistool
is equipped with a ratchethandle T13453 (Fig. 4)and a socket
T13452. The manual spring charge tool is provided with the
standard breaker tools. Refer to Plate 1.

[ —— —
TR TR

Plate 1: Manual spring charging

The manual spring charge tool allows the closing springs
53010 (Fig. 1) to be manually charged by rotating the worm
gear 53006 throughthe bevel pinlon assembly 53021 and the
one-way coupling 53022. The worm gear and the worm
53007 transfer rotational motion to the main shaft 53001. As
the main shaft 53001 rotates in a clockwise direction, it
causes the closing spring crank 53011 on the left side of the
main shaft to rotate upward charging the closing springs.
After being rotated clockwise slightly more than 180 degress,
the closing latch assembly 53005 holds the main shaftin the
charged position.

Approximately 30 complete rotations of the manual spring
charge tool are required to charge the closing springs. The
jack pawl 53023 automatically disengages.
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Should the charging motor start while this specialtool is being
used, the one-way coupling will ratchet to prevent injuries.

Notice: Use only the manual spring charge tool T13443
(Fig. 4) to manually charge the closing springs.
There is no other way to manually charge the
closing springs.

3.2 Manual Closing at the Mechanism

Tomanually close the FSA-2 mechanism, the closing springs
53010 (Fig. 1) must be fully charged. To initiate closing, lift
up on the closing lever 563013. Refer to Plate 2.

Plate 2: Manual closing

18 February 1993

33 Manual Opening at the Mechanism

To manually open the FSA-2 mechanism, the opening
springs 53019 (Fig. 1) must be fully charged. To initiate
opening, lift up on the tripping lever 53015, Refer to Plate 3.

- Tripping
Lever

Plate 3: Manual opening
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3.4 External Manual Tripping 4 Commissioning the FSA-2 Mechanism

When specified, a manual trip device 53033 (Fig. 5) Is  Commissioning the FSA-2 mechanism on Initial start-up
supplied with the circuit breaker. This device consists ofa  includes performing the following procedures and checks:
lever assembly connected to an actuating rod that extends

through the bottom of the control cabinet for convenlent * Applying control power to the charging motor (sec-
external access. The rod is fitted with a knob which, when tion 4.1.); ]
pulled, initiates manual tripping by lifting on the tripping lever * Adjusting the auxiliary switches (section 4.2.);
53015(Fig. 1). AB9switch 53043 (Fig. 5) locks outthe closing * Adjusting the limit switches (section 4.3.);
circult until the manual trip device is reset. The manual trip * Checking that ant-condensation heaters are ener-
system is designed to accept a Kirk Key Interlock which can gized and functioning properly (section 4.4);
be supplied. * Functional testing (section 4.5):
- Checking the low spring charge alarm,
DANGER - Operational tests of the mechanism;

= Completing the commissioning checklist.

Manual operatlon of thismechanism Important: A commissioning checklist is provided af the

overrides all electrical breaker op- back of this module. Use this checklist as a
eration lock-outs such as those that reference guide when performing the com-
occur with low SF, gas density. missioning procedures in this section.
Manual operation is not recom- DANGER

mended when the high voltage cir-

cuit breaker is energized. Spring-operated mechanisms pose

inherent hazards associated with
high energy equipment having rap-
idly moving parts and electricalcom-
ponents. Only qualified personnel
possessing a full understanding of
this equipment should operate or
service this equipment. Be careful
of limbs and extremities when work-
ing around this equipment as they
may become entangled in moving
parts. To prevent injury or equip-
ment damage, the breaker must be
removed fromservice, isolated, and
grounded before performing any
maintenance or manual operating
procedures.

Manual operation ofthis mechanism
overrides all electrical breaker op-
eration lock-outs such as those that
occur with low SF, gas density.
Manual operation is not recom-
mended when the high voltage cir-
cuit breaker is energized.

18 February 1893
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4.1 Applying Control Power to the Charging
Motor

Since charging motors of differing operating voltages are
available (both AC and DC), refertothewiringdiagrams in the
Customer Data module to determine the type of charging
motor provided. The power requirements for the charging
motor also are listed on the front page of the wiring diagram.

The mechanism is shipped from the factory with the closing
and opening springs discharged and the breakerinthe OPEN
position. When power is applied to the charging motor, the
closing springs should charge in 10 seconds or less. If the
motor does not charge in 10 seconds, verify that the proper
operating voltage Is being applled and that the supply cable
Is sized sufficiently to carry the necessary current based on
the power requirements of the charging motor.

4.2 Adjusting the Auxiliary Switches
Plate 4

The Type L2 auxiliary switches 53040 (Figs. 1 and 7) are
factory set and in general do not require adjustment. The
switches are driven by a linkage system connected to the
drive shaft 53002 (Fig. 1) of the FSA-2 mechanism. An
adjustable auxiliary switch drive arm 53044 (Fig. 7) consisting
of two clevises 53051 and 53054 and a rod 53055 drive the
auxiliary switch crank 53056. This crank, in turn, drives the
auxiliary switches. Should adjustments to the auxiliary
switches be required, make the adjustment by loosening the
locknuts of the clevises and turning the rod of the adjustable
drive arm. Adjust the switches as per the instructions In the
Type L2 Auxiliary Switches publication,

Notice: Although the auxiliary switches can be ad-
vanced or delayed in 22-degree increments
and also can be changed froman "a" contact to
a "b" contact or vice versa, they should not be
re-adjusted without first consulting the factory
in Greensburg.

AR RO R R R
Yy

Ht

Plate 4: Auxiliary switches
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4.3 Adjusting the Limit Switches
Plate 5

Thelimit switches 53017 (LS1, LS2, LS3 and LS4)(Fig. 1) are
identical. They are factory-setand are not field adjustable (a
pin is used to fix the adjustment setpoint of the limit switch
assembly). It is possible to replace the individual limit
switches simply by unbolting the entire assembly from the
frame and replacing the old switch with a new switch (section
5.10).

The limit switches provide the following functions:

* Startand stop the charging motor - (typically LS1 and
LS3);

* Closingoperation blockfora discharged closingspring
i.e. latch check switch (typically LS2);

* Low spring charge alarm (typically LS4).

Plate 5: Limit switches

4.4 Checking the Anti-Condensation Heaters

Assurethat poweris supplied tothe heater circuitand that the
fouranti-condensation heaters 60001 (Fig. 7) arefunctioning
properly. Check the wiring diagram in the Customer Data
module for the proper supply voltage. The power demand is
300W maximum. Heaters H1 and H2 operate continuously
to provide 150W of heat. Heaters H3 and H4, are controlled
by a thermostat to provide an additional 150W of heat when
the temperature falls below the setpoint of the thermostat.

Important:  The anti-condensation heaters should be ener-
gized at all times fo prevent condensation and
subsequent corrosion. If the breaker is to be
stored longer than one month, establish tem-
porary power connections to energize the anti-
condensation heaters.
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4.5 Functional Testing

Functional testing of the FSA-2 mechanism should be done
in conjunction with breaker commissioningas specifiedinthe
Installation and Commissioning module ofthis manual. Mecha-
nism checklists for commissioning checks as well as mainte-
nance procedures are provided at the end of this module for
reproduction and use in the field.

Functional testing Includes:

+ Checking the low spring charge alarm (section 4.5.1);
« Operational tests (section 4.5.2).

4.51  Checking the Low Spring Charge Alarm

The FSA-2 mechanism has ons alarm function - the low
spring charge alarm{typically given by limit switch LS4)which
indicates the condition of the closing springs.

The limit switch for low spring charge alam energizes a time
delay relay (set at one minute} when the closing springs are
discharged. If the closing springs fail to recharge within the
one minute delay, the relay picks up to provide a low spring
charge alarm.

The latch check switch LS2 prevents electrical energization
of the closing circult when the closing springs are not fully

charged,

The low spring charge alarm should be checked for proper
operation during commissloning. Checkthe atarmasfollows:

1. Disable the supply voltage to the charging motor but do
not disable the DC control voltage to the breaker control
scheme,

2. Discharge the closingsprings by closing the mechanism
either electrically or manually.

3. Monitor the alarm contact for the low spring charge
alarm. After approximately a 1-minute delay, a low
spring charge alarm should be indicated since the
closing springs remain discharged.

4. After assuring that the alarm s operating properly,
restore the supply voltage to the charging motor.

5. Afterthe closing springs have re-charged, verify that the
low spring charge alarm resets.

452 Operational Tests of the Mechanism

Operaticnal testing of the mechanism Is performed in con-
Junction with the installation and commissioning procedures
described in the Installation and Commissioning modtle.
The circult breaker timing characteristics (contact velocity
and dampening of overiravel) depend upon proper operation
of the mechanism. Refer to section 5.3 (in this module) for
instructions to adjust the dashpot which determines the
amount of overtravel; section 5.8.1 (in this module) lists
instructions for adjusting the opening and closing velocities.

Refertothe Maintenance moedule for procedures to measure
contact velocity.

5 FSA-2 Mechanism Maintenance and
Inspection

The FSA-2 mechanism Is designed to perform up to 5000
Close-Open operations without requiring majormaintenance
or overhaul. After 5000 operations or 10 years of service,
trained personnel should inspect and overhaul the mecha-
nism. During overhaui, the mechanism will be disassembled
andall components will be cleaned and inspected fordamage
or unusually heavy wear. Parts exhibiting heavy wearwill be
replaced. '

To ensure proper operation, certaln routine maintenance
tasks are required yearly and after every 2600 Close-Open
operations (or after 5§ years of service -- whichever comes
first). The yearly and 2500-operation maintenance require-
ments for the FSA-2 mechanism are detalled in respective
checklists atthe end of this module. The checklist pages can
be reproduced for convenient use in the field.

General maintenance guidelines, which Include fastener
locking and lubrication, are covered in section 5.2. Specific
routine maintenance tasks are described in the proceeding
sections:

Adjusting/resetting the dashpot (section 5.3);
Rebuilding the dashpot (sectlon 5.3.1);

Adjusting the trip and close coils (section 5.4.1);
Adjusting the opening and closing velocities (section
§5.8.1);

+ Replacing the following:

- Trip and close colls (section 5.4),

- Tripping laich assembly (section 5.5),

- Closing latch assembly (section 5.6),

- Charging motor and gearbox assembly (section
5.7.1),

- Motor brushes (section 5.7.2),

- Closing springs (section 5.8),

- Opening springs (section 5.8),

- Anti-condensation heaters (section 5.9},

- Limit switches (section 5.10).

DANGER

Spring-operated mechanisms pose
inherent hazards associated with
high energy equipment having rap-
idly moving parts and electrical com-
ponents.

Only qualified personnel possess-
ing afull understanding of this equip-
ment should operate or service this
equipment. Be careful of limbs and
extremities whenworking around this
equipment as they may become en-
tangled in moving parts.

L I T Y

18 Februgry 1993
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To preventinjury or equipment dam-
age, the breaker must be removed
from service, isolated, and grounded
before performing any maintenance
or manual operating procedures.

Before replacing any components
on the mechanism, be sure that the
mechanism springs are discharged
and that all control power is discon-
nected.

Manual operation of this mechanism
overrides all electrical breaker op-
eration lock-outs such as occur with
low SF, gas density. Manual opera-
tion is not recommended when the
high voltage circuit breaker is ener-
gized.

51 Materlals Required for FSA-2 Mechanism
Maintenance

Materials required when performing maintenance on the
FSA-2 mechanism are:

Exxon Ronex MP {Moly base grease);

Exxon Ronex (Lithium base grease);

Shell Diala D or ASEA 65 (inhibited) - dashpot oil;
Molycote Spray Dow Coming No. 321;

Loctite Primer;

Loctite 242 (removable);

Loctite 262 (permanent);

Loctite 271 (permanent);

Standard wrenches and tools.

e & & & & & = & 8

52 General Malntenance Guidelines

General maintenance Includes fastener locking {section
5.2.1} and lubrication {section 5.2.2).

521
Apply permanent Loctite 271 to:

« All set screws used to retain cams or lever amns.
Apply permanent Loctite 262 to:

« Fagtening hardware for the closing and tripping latch
assemblies;

+ Lock nuts H420A52020 (Fig. 1} for the adjustment
SCrews;

 Nuts H420A52016 (Fig. 1) for the upper pivol point of
the closing springs.

Fastener Locking Instructions

18 Febiuary 1993

Carefully clean all hardware with Loctite primer when using
either permanent Loctite 262 or 271. Use Loctite Grade 242
on all other fasteners within the mechanism. Refer to Figure
3 for torque values.

Important:  Toremove fasteners retained with Loctite 262
ar 271, heat the fastener to 302°F (150°C ).
§.2.2 Lubrication

DANGER

To preventinjury or equipmentdam-
age, the breaker must be removed
fromservice, isolated, and grounded
before performing any maintenance.
Be sure that the mechanism springs
are discharged and that all control
power is disconnected.

Refer to Table 1 for mechanism components which require
lubrication on a routine basis. Also refer to Plate 6.

Important:  The transfer roller 53031 (Fig. 1) pin requires a
spray coatof Moly-Dow CorningNo. 321; spray
on bare, clean metal prior to applying a coat of
Exxon Ronex Lithium base grease. This is
done at the factory and need not be repeatsd
until after 5000 operations.
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Table 1

Lubrication Schedule for FSA-2 Mechanism

Item Frequency Grease

Worm 53007 Every year Exxon Ronex MP*
(Fig. 1)

Worm Gear Every year Exxon Ronex MP*
53006 (Fig. 1)

Components of | 2500 Exxon Ronex*"
the Tripping operations or
Latch Assembly | after 5 years
53018 (Fig. 1)

Components of | 2500 Exxon Ronex**
the Closing operations or
Latch Assembly | after 5 years
53005 (Fig. 1)

Closing Cam 2500 Exxon Ronex**
53003 (Fig. 1) | operations or

after 5 years
Bevel Pinion 2500 Exxon Ronex**
Assembly operations or
53021 (Fig. 1) |after 5 years
Bearing, FSA-2 | 5000 Exxon Ronex™
Shafts 53067 operations or
(Fig. 1) after 10 years
Transfer Roller | 2500 Exxon Ronex**
53031*** (Fig. | operations or
1) after 5 years

*Moly base grease

**Lithium base grease

***After 5000 operations, requires a spray coat of
Moly-Dow Coming No. 321 - spray on bare metal
before applying a coat of Exxon Ronex lithium base
grease

Plate 6: Lubricating the worm gear

18 February 1993
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53 Adjusting/Resetting the Dashpot
Plate 7

DANGER

To preventinjury or equipmentdam-
age, the breaker must be removed
fromservice, isolated, and grounded
before performing any maintenance.
Be sure that the mechanism springs
are discharged and that all control
power is disconnected.

The dashpot 53024 (Figs. 1 and 6) is a dual-action hydraulic
shock absorberwhich dampens the motion atthe end of both
the opening and closing strokes. The setting of the dashpot
determines the amount of interrupter overtravel observed
during circuit breaker timing. Refer to the Maintenance
module of this manual for typical distance vs. time character-
istics showing the allowable limits for overtravel.

To adjust or reset the dashpot (fine tune the dampening
characteristics):

1. Remove the right side spring cover 53038 (Fig. 2).

2. Loosen the lock nut H673A16001 (Fig. 6) where the
dashpot piston 53059 turns into the dashpot clevis
53050.

3. Turn the dashpot piston one turn at a time (moving the
piston up into the clevis increases trip dampening and
decreases closing dampening; moving the rod out of the
clevis doas the opposite).

Notice: Dampening must be set so that the overtrave!
for both opening and closing falls within the
ranges specified in the "Timing Tests" section
of the Maintenance module. .

4. Whenthe properdampening characteristics areachieved,
secure the lock nut H673A16001 of the dashpot piston
53059 using Loctite 242.

5. Replace the right side spring cover 53038 (Fig. 2).

For a new dashpot, a starting point of four threads remaining
on the piston outside of the clevis will allow operation without
damage until final adjustments are complete.

18 February 1993
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Plate 7: Adjusting the dashpot

5.3.1 Rebullding the Dashpot

The dashpot 53024 (Fig. 6) is filled with 90 cc of hydraulic oil
-- gither ASEA 65 inhibited or Shell Diala D. During overhaul
(after 5000 operations or after 10 years), remove this oil and
replace itwitha new supply of cilas described in Figure 6. The
dashpot is factory-set and must be reset if disturbed. Refer
to section 5.3 to reset the dashpot.

Referto Figure 6 for instructions on changing the dashpot oil
and replacing the seals.
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54 Replacing the Trip and Close Colls
Plates 8 and 9

DANGER

To preventinjury or equipment dam-
age, the breaker must be removed
fromservice, isolated, and grounded
before performing any maintenance.
Be sure that the mechanism springs
are discharged and that all control
power is disconnected.
Coils are factory-set and should not be disassembled. Pri-

mary trip coil 53016 and close coil 53014 (Fig. 2) are identical.
A secondary trip coil 53066 is available as an option.

To remove either a trip or close coil:
1. Remove the coil mounting bolts.
2. Remove the old coil.

3. Replace it with a new coil.

4

Re-install the mounting bolts; apply Loctite 242 and
tighten.

5. Proceed to section 5.4.1.

Close Coll

Plate 8: Replacing the close coil

54.1  Adjusting the Trip and Close Coils

Thetrip and close coils need to be adjusted when re-installing
or replacing the respective trip or close coil. Refer to Figure
8 for instructions to adjust the trip and close coils.

Afteradjusting the coil(s), perform circuit breaker timing tests
as per the instructions in the Maintenance module to verify
that the timing characteristics are correct.

5.5 Replacing the Tripping Latch Assembly
Plate 9

DANGER

To preventinjury or equipment dam-
age, the breaker must be removed
fromservice, isolated, and grounded
before performing any maintenance.
Be sure that the mechanism springs
are discharged and that all control
power is disconnected.
The tripping latch assembly 53018 (Fig. 1) is factory-set. The
only maintenance required is lubrication of the component
paris as described in Table 1 section 5.2.2. If a tripping latch

assembly is worn, it should be replaced as an entire assem-
bly.

To replace the tripping latch assembly:

1. Remove the trip coil 53016 (Figs 1 and 2) from the
tripping latch assembly.

2. Remove the right side spring cover 53038 (Fig. 2).

Unfasten the three M12 nuts securing the latch assem-
bly. It may be necessary to heat the nuts to loosen the
Loctite.

4. Remove the old tripping latch assembly 53018 (Fig. 1)
and replace it with a new latch assembly.

5. Re-install the three M12 nuts which secure the tripping
latch assembly; apply Loctite 262 and torque to 43 ft-Ibs
(57 Nm).

6. Re-install the trip coil as per section 5.4.

18 February 1993
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The closing latch assembly 53005 (Fig. 1) is factory-set. The
only maintenance required is lubrication as described in
Table 1 of section 5.2.2. If a closing latch assembly is worn,
it should be replaced as an entire assembly.

To replace the closing latch assembly:

1. Remove the close coil 53014 (Figs. 1 and 2) from the
closing latch assembly.

Remove the left side spring cover 53037 (Fig. 2).

Unfasten the two M12 hex head bolts securing the latch
assembly. It may be necessary to heat the bolts to
loosen the Loctite.

4. Remove the old closing latch assembly and replace it
with a new latch assembly.

5. Re-install the two M12 bolts which secure the latch
assembly; apply Loctite 262 and torque to 43 fi-lbs (57
Nm).

Re-install the close coil as per section 5.4.

o
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Primary
Trip Coil

Plate 9: Replacing the tripping latch assembly

5.6 Replacing the Closing Latch Assembly
Plate 10

DANGER

To preventinjury or equipment dam-
age, the breaker must be removed
fromservice, isolated, and grounded
before performing any maintenance.
Be sure that the mechanism springs
are discharged and that all control
power is disconnected.
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5.7 Replacing the Charging Motor and Gearbox
Assembly and Motor Brushes
Plate 11

The charging motor and gearbox assembly 53008 (Fig. 1) is
a single unit. The following procedures are covered in this
section:
+ Replacing the charging motor and gearbox assembly
(section 5.7.1.);
» Replacing the motor brushes (section 5.7.2).

DANGER

To preventinjury or equipment dam-
age, the breaker must be removed
fromservice, isolated, and grounded
before performing any maintenance.
Be sure that the mechanism springs
are discharged and that all control
power is disconnected.

5.71 Replacing the Charging Motor and Gearbox

Assembly

To repair or replace the charging motor and gearbox assem-
bly 53008 (Fig. 1):

1. Remove the seven nuts that mount the auxiliary switch
panel assembly 53039 (Fig. 7).

N

Disconnect the auxiliary switch linkage at clevis 53054 to
allow the panel to swing aside.

3. Swing the panel with the auxiliary switches 53040 and
wiring aside.

4. Remove the right side spring cover 53038 (Fig. 2).

5. Unscrew the two bolts holding the charging motor and
gearbox assembly in place.

6. Replace the old charging motor and gearbox assembly
with a new one and then re-install the unit using the two
bolts removed in step 5. Apply Loctite 242 and torque
to 22 ft-lbs (20 Nm).

7. Re-install the right side spring cover.

8. Re-connect the auxiliary switch linkage at clevis 530564
(Fig. 7).

9. Re-install the seven nuts to mount the auxiliary switch
panel assembly 53039. Apply Loctite 242 and tighten.

Plate 11:Replacing the charging motor and gearbox
assembly

5.7.2
To replace the motor brushes 53009 (Fig. 1):

Replacing the Motor Brushes

1. Remove the seven nuts that mount the auxiliary switch
panel assembly 53039 (Fig. 7).

2. Disconnecttheauxiliary switch linkage at clevis 53054 to
allow the panel to swing aside.

3. Swing the panel with the auxiliary switches 53040 and
wiring aside.

4, Remove the brush holding caps.

5. Remove the old motor brushes 53009 (Fig. 1) and
replace them with new brushes.

18 February 1993
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6. Re-Install the brush holding caps.

7. Re-connect the auxiliary switch linkage at clevis 53054
(Flg. 7).

8. Re-install the seven nuts to mount the auxiliary switch
panel assembly 53039. Apply Loctite 242 and tighten.

5.8 Replacing the Opening and Closing Springs
Plate 12

DANGER

To preventinjury or equipment dam-
age, the breaker must be removed
fromservice, isolated, and grounded
before performing any maintenance.
Be sure that the mechanism springs
are discharged and that all control
power is disconnected.

Both the opening springs 53019 (Fig. 1) and closing springs
53010 can be changed without removing the mechanism
from the breaker control cabinet. Prior to removing a spring
assembly, be sure that the mechanism is discharged.

Both springs are factory-pre-loaded and must be relaxed
before removal.

The procedure for replacing either the opening or closing
springs s the same for elther assembly. The springs are
replaced as an entire assembly.

To remove and replace either an opening or closing spring
set:

1. Remove the appropriate spring cover 53037 (left) or
53038 (right) (Fig. 2).

2. Measure the length of the pre-loaded spring at the upper
and lower mounting plate before relaxing the pre-load.
This measurement serves as a reference on re-assem-
bly.

3. Loosen the M20 lock nuts H420A52020 (Fig. 1) on the
adjustment screw 53030 at the bottom of the spring
assembly and relax the spring set by turning the adjust-
ment screw. It may be necessary to heat the lock nuts
to loosen the Loctite.

4. Unfasten the spring package at the upper pivot paint.
For the closing springs, remove the two M16 nuts
H420A52016. For the opening springs remove pin
53045.

5. Remove the old spring set and replace it with a new
spring set. If replacing the closing springs, re-install the
M16 nuts H420A52016 applying Loctite 262 and torque
to 100 ft-Ibs (133 Nm). If replacing the opening springs
re-install pin 53045.

6. Pre-load the new spring set to the length measured in
step 2 by turning the adjustment screw 53030.

18 February 1993

7. Tightenthe lock nuts H420A52020 to hold the spring set
while performing circuit breaker timing tests.

8. Perform circuit breaker timing tests as instructed in the
Maintenance module to determine the opening and
closing velocities. Adjust the velocities by turning the
adjustment screw to increase or decrease spring pre-
load; 1/4-inch of additional pre-load on either spring set
(opening or closing) will increase the velocity approxi-
mately 0.1 m/sec. Note that increasing the pre-load of
the opening spring will decrease the closing velocity.
Adjust the spring pre-load as necessary toattain closing
and opening velocities that fall within the specified
ranges as given inthe Maintenance module forthe circuit
breaker.

Nofice: Changing the pre-load of the opening springs
will affect the closing velocity because the
closing springs charge the opening springs. A
corresponding adjustmentto the closing springs
should be made if any adjustment has been

made to the opening springs.

9. Afterthe openingand closing velocities are properly set,
apply Loctite 262 to the lock M20 nuts H420A52020 of
the adjustment screw and torque them to 144 ft-Ibs (195
Nm).

10. Re-install the spring cover.

Important:  Always re-check the clasing velocity after chang-
ing the opening spring pre-load. Refer to the
Maintenance module for the pracedure tocheck

the closing velocity.

Plate 12:Replacing the opening springs

5.81 Adjusting the Opening and Closing Velocities

To set the opening and closing velocities:

1. Remove the spring covers 53037 (left) and 53038 (right)
(Fig. 2).

2. Loosen the M20 lock nuts H420A52020 (Fig. 1) on the
adjustment screw 53030. It may be necessary to heat
the lock nuts to loosen the Loctite.
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3. Perform circult breaker timing tests as instructed in the
Mailntenance module to determine the opsning and
closing velocities. Adjust the velocities by tuming the
adjustment screw to Increase or decrease spring pre-
load; 1/4-inch of additional pre-load on either spring set
(opening or closing) will increase the velocity approxi-
mately 0.1m/sec. Note that increasing the pre-load of
the opening spring will decrease the closing velocity.
Adjustthe spring pre-load as necessary to attain closing
and opening velccities that fall within the specified
ranges as given inthe Maintenance module forthe circuit
breaker.

Notice: Changing the pre-load of the opening springs
will affect the closing velocity because the
closing springs charge the opening springs. A
comesponding adjustmentto the closing springs
should be mads if any adjustment has been
made to the opening springs.

4. Aftertheopeningand closing velocities are properly set,
apply Loctite 262 tothe M20 lock nuts H420A52020 (Fig,
1) ofthe adjustment screw 53030 and torque themto 144
ft-lbs (195 Nm).

5. Re-install the spring covers.

Important:  Alwaysre-checkthe closing velocity after chang-
ing the opening spring pre-load.
59 Antl-Condensation Heaters
DANGER

To preventinjury or equipmentdam-
age, the breaker must be removed
fromservice, isolated, and grounded
before performing any maintenance.
Be sure that the mechanism springs
are discharged and that all control
power is disconnected.

Four anti-condensatlon heaters (H1, H2, H3, and H4) 60001
(Fig. 7) are located on the auxiliary switch panel 53039 of the
FSA-2mechanism. These heaters maintainthe temperature
inside the control housing high enough to prevent condensa-
tion.

Common Voltages are:

* 120 VAC - Connected for 1/2 voltage operation {1/4
watlage),

* 240 VAG - Gonnected for 1/2 voltage operation (1/4
walttage).

The power demand is 300W Maximum. Heaters H1 and H2
operate continuously to provide 150W of heat. Heaters H3
and H4, are controlled by thermostat 23-1 to provide an
additional 150W of heat when the temperaturefalls belowthe
setpoint of the thermostat.

The anti-condensation heaters shouid be ener-
gized at all imes to prevent condensation and
subsequent corrosion. If the breaker Is o be
stored longer than one month, establish tem-
porary powerconnections to energize the anti-
condensation heaters.

To replace an antl-condensation heater 60001 (Fig. 7):

Important:

1. Remove the seven nuts that mount the axillary switch
panel assembly 53039,

2. Disconnectthe auxiliary switch linkageat clevis 53054 to
allow the panel to swing aside,

3. Replace the old anti-condensation heater element with
& new one,

Re-connect the auxiliary switch linkage at clevis 53054,

Re-install the seven nuts to mount the auxillary switch
panel assembly 53039, Apply Loctite 242 and tighten.

510 Replacing Limit Switches

Plate 13
DANGER

To preventinjury or equipment dam-
age, the breaker must be removed
fromservice,isolated, and grounded
before performing any maintenance.
Be sure that the mechanism springs
are discharged and that all control
power is disconnected.

The limit switch assembly 53042 (Fig. 1) is actuated by the
closing spring crank 5301 1. When the closing springs 53010
are charged, the crank engages the limit switch assembly to
change the state of the limit switches 53017.

The limit switches 53017 (LS1, LS2, LS3 and LS4) are
identical. They are factory-set and are notfield adjustabie (a
pin is used to fix the adjustment setpoint of the limit switch
assembly). it is possible to replace the individual limit
switches simply by unbolting the entire assembly from the
frame and replacing the old switch with a new switch.

The limit switches provide the following functions:

= Starting and stopping the charging motor - (typically
LS1 and LS3);

+ Closingoperation blockfora discharged closing spring
i.e. fatch check swilch (typically LS2);

* Low spring charge alarm (typically LS4).

The limit switch for low spring charge alarm energizes a time
delay relay (set at one minute) when the closing springs are
discharged. If the closing springs fall to recharge within the
one minuts delay, the relay picks up to provide a low spring
charge alarm.

The latch check switch prevents electrical energization of the
closing circuit when the closing springs are not fully charged.

18 February 1893
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Plate 13:Replacing the limit switches

18 February 1993
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NOTES:
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GradeA2

M5 M6 M8 | M10 | M12 | M14 | M16 | M18 | M20
Metric ft-lbs 3 5 13 25 43 68 101 | 144 | 198
Grade
5.8 Nm 4 7 17 34 58 92 137 | 195 | 268
Metric ft-lbs 5 8 20 38 66 105 | 156 | 223 | 306
Grade
8.8 Nm 6 1 27 52 89 142 | 212 | 302 | 414
Metric ft-lbs 7 12 28 54 93 148 | 221 | 314 | 431
Grade
10.9 Nm 9 16 37 73 126 | 201 | 299 | 426 | 585
{ss} ft-lbs 4 6 14 28 48 77 115 | 163 | 224

#10

318

iz

516

5/8

34

7i8

sae | fbs | 3 | 8 |12 [ 21 | 51 | 72| 90 | 71| 219 327
Grade2 | Np 4 o | 17 | 20 | 69 | 98 | 134 | 232 | 297 443
Sag | fbs [ 4 | 10 | 19 | 33 | 78 | 111 | 153 | 264 | 338 584
GradeS | Nm 6 | 13 | 26 | 45 | 106 | 151 | 207 | 358 | 459 702
saE | ftibs | 6 | 14 | 27 | 47 | 10 | 157 | 216 | 373 | 631 942
Grade 8 | Nm 8 19 | 37 | 63 | 150 | 213 | 293 | 505 | 856 1278
1sgss | fribs | 3 7 | 15 | 25 | 60 | 85 | 117 | 202 | 298 479
Grade2 | \m 4 | 10| 20 | 34 | 81 | 116 | 158 | 274 | 405 649

Note: Do not exceed grade 5.8 torques when the fastener Is threaded into cast aluminum or for
button head socket bolts.

Figure 3

Torquing Table

18 February 1993
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-

-4 T13443

48 inches

Figure 4
Manual Spring Charge Tool
T13443 Manual Spring Charge Tool
T13452 Socket
T13453 Ratchet Handle

18 February 1993
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f
Reset Latch SECTION AA
Reset Latch
Figure 5
Manual Trip Device 53033

53015 Tripping Lever
53018 Tripping Latch Assembly
53043 69 Switch

18 February 1993
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Nofe position 54457 53060 53058 90016 53060 90018 H776A34303
ofgmove\ |
1y <. VI AR Y RS AR A ., WAy A A HE73A16001
X ST Lk 1
O |
VN I | 1 L7771 . 17 725
Zo] e x> LA R L N AN
53061 90016 53062
H973A32904
Figure 6
Dashpot (Damper) 53024
53050 Dashpot Clevis
53057 Dashpot Body
53058 Dashpot Cylinder
53059 Dashpot Piston
53060 Dashpot Cap
53061 Dashpot Plug
53062 Dashpot Piston Ring
90016 ©O-Ring, Dashpot Cylinder
90017 O-Ring, Dashpol Piston
90018 O-Ring, Dashpot Main
HE73A16001 Lock Nut
H776A34303 Retaining Ring
H973A30803 Lock Washer
H973A32804 Washer

Removing Oil from the Dashpot/Replacing Seals
DANGER

Ensure that both the tripping and
closing springs are fully discharged
before removing the dashpot
(damper).

To reptace oll in the dashpot (damper) 53024 (Fig. 6),
disconnect the dashpot from the drive crank at the
dashpot clevis 53050 and at the mechanism frame.
Remove the retaining ring H776A34303. Extract the
dashpot piston 53059 and dashpot cap 53060 by carefully
pulling the rod of the dashpot piston 53059 straight out,
(The dashpot cylinder 53058 may need to be pulled out
separately.)

Drain the oll from the dashpot body 53057 and the
dashpot cylinder 53058. Disassemble the cylinder/piston
assembly and remove the old O-ring seals 20016, 90017
and 90018, Clean all components with new dashpot oil
(ASEA 65 or Shell Diala-D). Replace the O-rings and the
dashpot piston rings 53062 with new parts.

18 February 1993

Rebuilding/Refilling the Dashpot

Use oil: ASEA 65 (inhibited) or Shell Dlala-D
89-90 cc (3.05 fluid ounces)

To re-assemble and refill the dashpot 53024 (Fig. 6), start
by re-assembling the dashpot cylinder/piston assembly,
which is made up of the dashpot cylinder 53058, dashpot
piston 53059, dashpot cap 53060 and dashpot plug
53061. Insert the cylinder/piston assembly approximately
haif-way into the dashpot body 53057. Hold the cylinder/
piston assembly at an angle and slowly fill the dashpot
body 53057 with 89-90 cc (3.05 fluld ounces) of oll.

Slowly insert the cylinder/piston assembly compiletely into

the dashpot body 53057, Insert washer H973A32904 and

install the retaining ring H776A34303. Re-install the
dashpot onto the mechanism using existing hardwars.
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53052
53054
af-fw | ———— 53056
53056 -|_ - EOEIH:— 53051
! e = 53053/53039
11
1o 77 o]
|| = A]
53044 o c © =J
:_’ Jje
53040/ :ﬂI o j
1 T G
of |l © ‘; o
0 E—28 o
© ®°I’'el 1@ I°el
;B;_/j | SLQ

53039
53040
53044
530561
53052
53053
53054
53055
53056
60001

Figure 7
Auxiliary Switch Panel and Drive Linkages

Auxiliary Switch Panel

Auxliiary Switch

Auxiliary Switch Drive Arm

Clevis {Auxiliary Switch Drive - Lower)
Pin (Auxiliary Switch Drive - Upper)
Pin (Auxillary Switch Drive - Lower)
Clevis (Auxitiary Switch Drive - Upper)
Rod

Auxillary Switch Crank
Anti-Condensation Heaters (H1, H2, H3, and H4)
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Important:

Figure 8a

FSA-2 Mechanl 1 REF. GAUGE
Page2 a2 458A034-01
. 030
. 025
\ o
I S S~ = v
Y TAY =
RO () :
I . Tripping Lever 5315
: 4 . NOTE: Setgap at 2 to 4 mm
| ‘ e~ S | with lever lifted to touch
| \ , relsase finger
P .
& & i}
). - Plunger Cap
e ™ Release Finger
Coil o Allow sufficlent
. Mounting s .95;. / clearance for
. Bait 1) b wrench
| Loctte [E2 7]\ Pri
, 242 ZZHINY mary
. N Trip
’ : Coil
Tripping Lever Retum Spring . .
“jouns
(1)
o

“Trip Coll Adjustment - 3-Cycle Laich
{USE THE DIMENSIONS SPECIFIED IN THIS PROCEDURE TO ADJUST CLOSE COILS ALSO)

DANGER
Before performing this procedure, de-energize the circuit breaker and isolate it from

the high voitage system.

The circuit breaker must be closed (and the closing spring charged) to measure the gap between the plunger

cap (Fig. 8a) and the tripping lever 53015. However, adjusting this gap shouid only be done with the closing and
opening springs discharged and all control and auxiliary powsr disconnected. (Perform all measurements and
adjustments for a close coil with the closing and opening springs discharged (no need o charge any springs)

and all control and auxiliary power disconnected. ‘)‘

With the closing and opening springs discharged and all
control and auxliliary power disconnected, mount the trip
coll as far to the right as possible while still allowing
enhough reom for a wrench tofit between the trip coiland
trip coll mounting bolt as shown in Figure 8a.

Connect auxiliary power and charge the closing spring.
Close the circuit breaker.

Very Jightly and siowly lift the tripping lever 53015 until
surface A (Fig. 8a) |ust makes contact with the release

finger which is Indiceted by the tripping lever feeling
harder to lift - stop lifting the laver at this point. Do
not lift it any further. if you lift it any further, the
circuit breaker will trip.

important:  The tripping lever initially moves only against

thelight force of the tripping lever return spring.
When the tripping lever contacts the release
finger, do not iift the tripping lever any further.

18 February 1993

Measure the gap between the plunger cap and the
tripping lever with a gauge.

Discharge the opening and closing springs and disable
all control and auxiiary power.

Based on the measurement taken in step 4 of this
procedure, make the necessary adjustments to obtain
the 2to 4 mm gap between the tripping leverand plunger
cap by either adjustingthe plunger cap ormoving the coil
along the slotted mounting holes.

Chargetheciosing springs, close the circuit breaker, and
verify that the gap is now set for the correct dimension
by repeating steps 2, 3, and 4 of this procedurs. If re-
adjustment is necessary repeat steps, 5and 6 and then
steps 2, 3, and 4, etc. unlil the gap is properly set.

Tighten the coll mounting bolts; {secure with Loctite
242). (Theplungercapshould belocked intoplace using
permanent Loctlte 262.)

_p—
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NOTE: Setgap at 0.6 mm
with lever resting in its normal
position against the O-ring
stop

=

DANGER

Before performing this procedure,
all control power must be discon-
nected and the opening and closing
springs must be discharged.

Flgure 8b
Trip Coll Adjustment - 5-Cycle Latch

Disable all control power (including the charging motor
supply) and discharge the opening and closing springs.

Mountthe trip coll as far to the rightas possibie while still
allowing for a wrench to fit between the trip coil and trip
coll mounting boit as shown in Figure 8b.

With the tripping lever resting in its normal position
against the O-ring stop, make the necessary adjust-
ments to oblain the 0.6 mm gap between the tripping
leverand plunger cap by eitheradjustingthe plunger cap
or moving the coll along the slotted mounting holes.

Tighten the coil mounting boits; (secure with Loctite
242). (The plungercapshouldbe locked into place using
permanent Loctite 262.)

Plunger Cap

™ Release Finger

Aliow sufficlent
clearance for
wrench

Primary
Trip

18 Fabruary 1993
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\

N

Locating Nuts
; (
Quter Mounting Plate 53083 l
!
%
| *
| NNE ==
EY
Vo)
) AN
. Seconda
' Trip Coll
. [ \
O)_ | Nmmmw]
(.
© View A

Tripping Lever

Figure 8¢
Secondary Trip Coil Adjustment for Both 3 and 5-Cycle Latches
(Refer to the next page for instructions)

z (1] Z Rotated for Clarity

Tripping Lever

18 February 1
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DANGER

Before performing this procedure,
all control power must be discon-
nected and the opening and closing
springs must be discharged.

Figure 8c
Secondary Trip Coil Adjustment for Both 3 and 5-Cycle Latches

1. Disable all control power {including the charging motor
supply) and discharge the opening and closing springs.

2. Mountthe secondary trip coil as farto the leftas possible
{until the trip coil frame touches the outer mounting plate
53083} as shown in Figure 8c.

3. Tighten the secondary frip coll mounting bolts; secure
with Loctite 242.

4. Adjust the locating nuts (shown in Figure 8c) up ordown
to set the 1 to 2 mm gap between the tripping lever and
the ring of the core assembly as shown in View A of
Figure 8c.

Secure the locating nuts with Loctite 242 and tighten.

6. Re-verify the 1 to 2 mm gap between the tripping lever
and the ring of the core assembly (adjust if necessary).

18 February 1993




Rated Control Voltage (VDC) VDC
Actual Control Voltage (VDC) vDC
{Measure and record voltage)

Rated Charging Motor Voltage (VAC or VDC) '
Actual Charging Motor Voltage (VAC or VDC) \'4

(Measure and record voltage)

Apply power to the charging motor and record
charging time of the closing springs

(15 seconds maximum)

Primary Trip Coil Resistance ohms
Secondary Trip Coil Resistance (if applicable) ohms

Close Coll Resistance ohms
Breaker leveled and properly anchored?

All grounding connections properly made?

Control wiring landsd?

Breaker filled to proper operating pressure with

SF6 gas (record pressure and temperature) psig kPaG ___°C __ °F
Record anti-condensation heater resistance ohms
Calculate anti-condensation heaters’ wattage Watts

(specified 300 W total)

Check the low spring charge alarm

Perform circuit breaker timing tests as per the
Installation module.

Complete the Installation and Commissioning
Checklist in the Checklists module

Record breaker operation counter after
commissioning

Commissioning checks performed by:




Check for loose
hardware

Visually inspect the
tripping latch assembly
for worn or defective
parts

Visually inspect the
tripping latch assembly
for proper lubrication
(lubricate if necessary)

Visually inspect the
closing latch assembly
for wom or defective
parts

Visually inspect the
closing latch assembly
for proper lubrication
(lubricate if necessary)

Visually inspect the
bevel pinion assembly
for womn or defective
parts

Visually inspect the
bevel pinion assembly
for proper lubrication
(lubricate if necessary)

Visually inspect the
dashpot for cil leakage;
correct the leak and
replace oil if necessary

Visually inspect the
worm and worm gear for
worn or defective parts

Apply additional
lubrication to worm gear
yearly

Visually inspect the
closing cam for wear
(lubricate if necessary)

Visually inspect the trip
cam for wear (lubricate if
necessary)

Visually inspect the
transfer roller for wear
(lubricate if necessary)

Record breaker
operations counter

Test performed by




Check for loose
hardware

Visually inspect the
tripping latch assembly
for wom or defective
parts

Clean and re-ubricate
the tripping latch
assembly

Visually inspect the
closing latch assembly
for womn or defective
parts

Clean and re-ubricate
the closing latch
assembly

Visually inspect the
bevel pinion assembly
for worn or defective
parts

Clean and re-ubricate
the bevel pinion
assembly

Visually inspect the
dashpot for oil leakage;
correct the leak and
replace oil if necessary
(Fig. 6)

Visually inspect the
worm and worm gear for
wom or defective parts

Clean and re-lubricate
the worm and worm
gear

Visually inspect the
closing cam for wear

Clean and re-lubricate
the closing cam

Visually inspect the trip
cam for wear

Clean and re<ubricate
the trip cam

Visually inspect the
transfer roller for wear

Lubricate the transfer
roller

Record breaker
operations counter

Test performed by




Check for
hardware

Visually inspect the
tripping latch assembly
for worn or defective
parts

Clean and re-lubricate
the tripping latch
assembly

Visually inspect the
closing latch assembly
for worn or defective
parts

Clean and re-lubricate
the closing latch
assembly

Visually inspect the
bevel pinion assembly
for worn or defective

parts

Ciean and re-lubricate
the bevel pinion
assembly

Rebuild the dashpot and
replace the oil as
described in Fig. 6

Visually inspect the
worm and worm gear for
worn or defective parts

Clean and re-lubricate
the worm and worm
gear

Visually inspect the
closing cam for wear

Clean and re-lubricate
the closing cam

Visually inspect the trip
cam for wear

Clean and re-lubricate
the trip cam

Visually inspect the
transfer roller for wear

Inspect all bearings and
re-lubricate (replace if
necessary)

Lubricate the transfer
roller

Record breaker
operations counter

Test performed by
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Notes

Notice 1

Based on our own expetience, you will obtain the best possible operational reliability by following the recommendations given
inthese instructions. The datacontained herein purperts solely to describe the product, and it is not a warranty of performance
or characteristics. It is with the best interests of our customers in mind that we constantly strive to improve our products and
keep them abreast of advances in technology. This may lead to discrepancies between a product and these instructions.

Notice 2

Within the scope of these instructions, it is impossible to take into account every eventuality which may arise with technical
equipment in service. Please consult our local salesman in the event of any irregularities, especially if not referred to herein.

Notice 3

We expressly decline liability for damages resulting frem any incorrect operation or wrong handling of our equipment, even
if these instructions contain no specific indication in this respect. We stress the fact that only genuine spare parts should be

used for replacements.

Notice 4

This publication s a copyrighted work. Therefore, it is not permissible to disclose, reprint, copy, or reproduce any part of these
instructions without express written permission from ABB.

These instructions do not purport to cover all details or variations in equipment nor to provide for every possible contingency
to be met in connection with installation, operation, or maintenance. Should further information be desired or should particular
problems arise which are not covered sufficiently forthe purchaser's purposes, the matter should be referredtothe ABB Power
T & D Company Inc. Power Circuit Breaker Division, 125 Theobold Ava,, Greensburg, PA 15601, Phone No. (412)838-5200.

®Copyright 1993, ABB All rights reserved.
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Control Circuits/
SF, Gas Density Monitor
e

1 Introduction

The Instructions in this section are applicable to the control
circuitry and the SF, gas density monitor of 145 PM circuit
breakers. Section 2 covers control circuits and section 3
covers the SF_ gas density monitor.

1.1 Description

The control circuitry is located in the breaker control cabinet
{Fig. 1). The cantrol cabinet serves the following functions:

+ Houses the cperating mechanism:

+ Houses the auxiliary switches;

* Housesthe SF, gas density monitor and SF, pressure

gauge;

Houses the CT shorting terminal blocks:

Provides centraiized controls for the circuit breaker;

» Provides a convenient place for all customer termina-
tions;

+ Containsthe CLOSE and TRIP circuits, including thelr
permissive interlocks, machanism motor controls,
and terminal blocks.

The SF,gas density monitor is mounted within the control
cabinet and is equipped with a temperature probe and
pressure switch, The temperature probe, mounted to the
outside wall of the center pole tank, provides temperature
input to the monitor. The monitor can compensate for
outdocr temperature variations ranging from -40°C to 66°C
{-40°F to 150°F) and it automatically adjusts the setpoints of
the pressure switch to higherorlowerpressures based onthe
temperature. If the SF gas density drops below the accept-
able level for optimum breaker operation, the monitor actu-
ates an alarmwhenthe pressure dropsto 76 psig {524 kPaG)
at 20°C (68°F) and operation iock-out at 72 psig (496 kPaG).

All devices are designed to provide trouble-free service for
extended periods of time with a minimum of maintenance or
service.

1.2 Wiring Diagrams

The witing diagrams, contained inthe Customer Data module
ofthis manual, are breaker specific drawings providing allthe
necessary information concerning control logic, switch and
relay logic, switch setpoints, and operating characteristics
{voltage, current, wattage, etc.) of the control components.
Figure 2 shows ageneric AC wiring schematic. Figures 3and
4 respectively show generic DC circuits with and without an
X refay.

The FSA-2 spring-operated mechanism can be provided with
orwithout an X relay in its DC contro) scheme. The standard
is without an X relay. However, the hydraulic mechanism,
Type HMB, is aiways providedwith an X relay in its DC control
scheme.

Refer to the specific wiring diagrams for the control logic for
yourbreaker. The wiring diagramnumber Is engraved onthe
operating mechanism nameplate along with the density
monitor setpoints.

The wiring diagrams show the following states:

* Breaker in the OPEN position;

+ All devices shown in the de-energized (shelf) state:
* Mechanism in the discharged state;

+ No SF,gas pressure.

The first sheet of the wiring diagrams provides the foliowing
information:

* Seftings for the SF, gas density monitor;

» Settings for the mechanism limit switches;

+ Device legend;

« Electrical characteristics of relays, coils, and macha-
nism motors;

+ Heater ratings and thermostat settings:

+ Alarms and spare auxiliary switches.

Warning

The settings for the mechanism spring moni-
tors and the SF, gas density monitor should
neverbechanged from the factory recommended
setpoints, Alternate settings could result in
breaker failure.

The next sheel(s) in the Customer Data module show the
schematics for both the AC and DC coentro! circuits as well as
the contact development for any special contral switch that
is required.

The subsequent sheet(s) in the Customer Data module
illustrate the connection diagram showing the final factory
wiring of the circuit breaker. The wires are usually marked
using an opposite end destination code as shown balow.

Example: B4/63CX(B1)-530

B4 Source terminal designation;
B3CX Opposite end device designation;
B1 Opposite end terminal designation;
530 Wire number as shown on the wire.

10 February 1993
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2 Control Circuits

Control circuits include both AC and DC circuitry. Refer to
sections 2.2 and 2.3 respectively.

2.1 Grounding the Control Cabinet

A controt cabinet ground terminal 80011 (Fig. 1) is located in
the main control cabinet. A studprotruding through the back
wall of the cabinet is attached to the ground terminal. This
stud can be accessed from outside of the cabinet.

Notice: The cabinet ground stud shou!d be connected
to the station ground grid.

2.2 AC Circuits
AC circuits include:

» Charging motor {refer to section 2.2.1);
+ Control cabinet heaters (refer to section 2.2.2);
» Tank heaters (refer to saction 2.2.3).

Figure 2 shows a generic AC wiring schematic,
2.2.1  Charging Motor Clrcuit

The charging motor controls are designed to automatically
maintain the stored spring energy of the mechanism. A
spring limit switch closes to pick up a contactor supplying the
charging motor. When the operating energy is restoredtoits
normal level, the limit switch contact opens to turn the
charging motor off. The same sequence of events holds true
foreitherthe pure spring mechanism(FSA-2) orthe hydraulic
mechanism {HMB). Reter to the Mechanism module of this
manual for more specific details.

Notice: The charging motors can, if specified, be oper-
ated on DC power or AC power with DG backup
as options.

2.2.2 Control Cabinet Heaters

Anti-condensation heaters 80001 (Fig. 1) are located in the
control cabinet. The normal heater circuit provides for 150
Watts of heat energized continuously (H1 and H2), with
another 150 Watts thermostatically controiled (H3 and H4).,

Noticeo: The anti-condensation heater circuit is to be
energized at alf times, regardless of the ambi-
ent termperature.

These heaters are series connecled for half voltage (1/4
wattage) operation on each heating element to ensure
trouble-free service for many years.

2.2.3 Tank Heaters

In operating conditions whers ambiant temparatures below
-30°C (-22°F) can cccur, the breaker pole tanks must be
equipped with thermostatically-controlled tank heaters to
preventthe SF gasfrom liquelying. The thermostat operates
at -23°C (-10°F). A drawing detailing all components and
containing all information pertinent tc the tank heaters is
contained in the Gustomer Data module,

10 February 1993

2.3 DC Circuits

The DC control system converts remote operating signals
into breaker operations. This control system also monitors
the operational status of the breaker {SF, pressure, mecha-
nism energy, breaker positicn, etc.) and automatically per-
forms TRIP BLOCK (or AUTO TRIP) and CLOSE BLOCK
functions when necessary.

Figures 3 and 4 respectively show generic DC circuits with
and without an X relay.

231 CLOSE Circuit With X Relay
Figure 3

The HMB mechanismis always providedwith an X retay. The
CLOSE circuit can be activated by a local control switch or by
a remote signal, provided that the breaker is in the OPEN
position with the mechanismcharged and asufficient SF gas
density exists (refer to section 3). When a CLOSE pulse is
received by the breaker, the 52X relay picks up, seals itself
in, andenergizesthe CLOSE coiltoclose the breaker. Asthe
breaker starts to close, the 52b auxiliary contacts shunting
the 52Y relay coil open, allowing the 52Y relay to pick up.
Contacts of the 52Y relay drop out the 52X relay and seal in
the 52Y relay by locking open the shorting path around the
52Y coil. The 52Y ralay will remain energized as long as the
CLOSE pulse remains present which provides the anti-
pumping feature by blocking out the X relay.

During the closing operation, the CLOSE coil current is
interrupted by the opening of the 52b auxiliary contacts.

2.3.2 CLOSE Circuit Without X Relay
Figure 4

The closing circuit for the pure spring mechanism can be
provided with orwithout an X refay; the standard is withoutthe
X relay.

The CLOSE circuit can be activated by a local control switch
or by a remote signal, provided that the breaker is in the
OPEN position with the mechanism charged and a sufficient
SF, gas density exists (refer to section 3). As the breaker
closes, a 52a auxiliary contact makes to energize the 52Y
relay. Acontact of the 52Y relay opens within the CLOSE coil
circuit, which has been interrupted by 52b auxiliary contacts.
The 52Y relay lalches itself in as long as the CLOSE pulse is
maintained, thus providing anti-pumping action by blocking
the CLOSE circuit,

2.3.3  TRIP Circuit

The TRIP circuit can be activated by a local control switch or
by remate refaying. The breakercan be tripped provided that
the breaker is in the CLOSED position and that there is both
sufficient SF, gas density {refer to section 3} and spring
energy. Asthe breaker opans, 52a auxiliary contacts in the
TRIP circuit interrupt the TRIP coil current.

——
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3 SF, Gas Density Monitor

Sulfurhexafluoride (SF,} gas serves as the insulating and arc
quenching medium within the pole tanks. To perform these
functions, it is essential that the proper SF, gas density be
maintained. The SF, gas density is checked indirectly by
monitoring pressure as afunction of temperature, i.e., agiven
temperature X and prassure Y correspond to a certain
density (assuming a constant volume).

Basedonthecorrelation bstween temperature and pressure,
the SF gas density monitor operates as a temperature-
compensated pressure switch 1o indirectly monitor the den-
sity of the SF, gas and to provide the following control
functions:

+ Low gas density alarm (contact 63C) at 76 psig (524
kPaG) at 20°C (68°F);

+ CLOSE BLOCK and TRIP BLOCK (cr AUTO TRIP) it
the SF_ gas density is at or below 72 psig (496 kPaG)
at 20°C (68°F) (which is the minimum pressure nec-
essary to maintain the full interrupting rating). These
contacts (6381 & 63B2) generally close onloss of gas
density and energize the appropriate refay(s) to carry
outthe necessary lock-out functions (or AUTO TRIP)
and provide alarm indication.

The SF_ gas density monitor 60002 (Fig. 5)is mounted within
the controlcabinet and is equipped with a temperature probe
and pressure switch. An SF_ gas pressure gauge also is
mounted within the control cabinet. The pressure gauge is
visible through a view port window 80010 (Fig. 1) in the
cabinet front wall.

The temperature probe, mounted to the outside wall of the
center pole tank, provides temperature input to the monitor.
A capillary tube connects the density monitor to the tempera-
ture probe; this tube exits the control cabinet through cenduit
and extends to the probe cover 10045 [Fig. 8) which houses
the temperature probe.

The density monitor can compensate for outdoor tempera-
ture variations ranging from -40°C to 66°C (-40°F to 150°F).
The monitor automatically adjusts the operating points of the
pressure switch to higher or lower pressures based on
temperature changes. If the SF,_gas pressure drops below
76 psig (524 kPaG) at 20°C (68°F), the monitor actuates an
alarm. If the SF_ gas pressure drops below 72 psig (496
kPaG) at 20°C (68°F), the monitor will lock out circuit breaker
operation (or AUTQO TRIP and BLOCK CLOSE) and provide
the approptiate alarm.

Agas manifold 10213 (Fig. 7)interconnectsthe pole units and
connects these units to the density monitor. An isolation
valve 60006 is in the gas line between the gas manifoid and
the density manitor 60002. By closing the isolation valve, the
density monitor, pressure gauge 80003, and associated
plumbing can be isolated from the rest of the gas system.

Warning

The isolation valve 60006 (Fig. 7) must remain
open for proper operation of the low density SF,
alarm and lock-out controls. A closed isolation
valve could result in low gas density operation
and cause breaker fallure or damage.

Cnce the density monitor is isolated, low density alarm
simulations can be performed using the sample valve 60007
(Fig. 7) at the outlet of the density monitor. This valve can be
opened to release a negligible amount of SF, gas.

A 1/4-inch, 37-degree mae flarefitting 60008 is located atthe
outlet of the sampile valve and serves as a port for filling the
breaker with gas and for gas moisture sampling.

3.1 SF, Gas Density Monitor Calibration

The SF, gas density maonitor 60002 (Figs. 5 and 7) is
calibrated at the factory as follows:

« The temperature probe is set at 20°C (68°F);

» Switch C (Fig. 5) is set to close at 76 psig (524 kPaG)
(alarm point) with decreasing pressure;

+ Switches B1and B2 (Fig. 5) are setio close at 72 psig
{498 kPaG) (breaker lock-out point) with decreasing
pressure (uniess alternate values are listed on the first
page of the wiring diagrams in the Customer Data
module).

DANGER

To prevent personal injury and dam-
age to the equipment, before begin-
ning any calibration or adjustment,
de-energize the breaker and remove
it from service.

Warning

Never change the switch settings from the
lactory-specitied setpoints shown on the first
sheet of the wiring dlagrams in the Customer
Data module - ctherwise breaker failure could
result.

To calibrate the SF, gas density monitor and adjust the
pressure switches:

1. Retertothe SF, Gas Density Monitor Calibration Curve
and Chart (Figs. 8 and 9) to determine the proper alarm
and lock-out pressure settings for the current ambient
temperatura.

2. Determine the existing alarm and lock-out settings by
clesing the isalation valve 60006 (Fig. 7) to separate the
SF, gas density monitor 60002 and SF, gas pressure
gauge 60003 from the pole units.

a. Bleed this negligible amount of gas through the
sample valve 60007 until the alarm occurs.

10 February 1993
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b. Read the setting points on the pressure gauge
80003. It is strongly recommended to use an
accurate, calibrated, test pressure gauge to verify
the integrity of the control cabinet pressure gauge
andto ensure accurate alarm and lock-out settings.

3. [f the pressure spread (differential) between pressure
switches is corract, with all settings either high or low by
the same amount, use the main pressure adjustment nut
(Fig. 5) to make the necessary changes. Use the main
pressure adjustment nut to adjust all of the pressure
switches at one time. Tumning this nut clockwise in-
creasesthe settings of all of the pressure switches bythe
same increment, while turning it counter-clockwise de-
creases all of the settings.

4, Tochange the pressure setting of anindividual pressure
switch, use the individual pressure swilch adjustment
nut (Fig. 5). Turning the nut clockwise increases the
alarm pressure setting, while turning it counter-clock-
wise decreases the alarm pressure setting.

Adjusting one ofthe individual pressure switches
will often affect the settings of the other pres-
sure switches. Adjustments shouldbe madein
small increments and a final verification of all
pressure swilch settings should be performed.

Important:

Always adjust in the order from high pressure switches
to low pressure switches, i.e. start with switch C (Fig. 5)
and then adjust switches B1 and B2.

5. Aiteradjustments are complete, perform afinal verifica-
tion of all pressure switches.

Notice: Never severely bend or kink the capillary tube.

6. Be sure that the isolation valve 60006 (Fig. 7) is open.
Warning

The Isolation valve mustremain open forproper
operation of the low density SF, alarmand lock-
out controls. A closed isolation valve could
result in low gas density operation and cause
breaker failure or damage.

7. Complete the density monitar calibration section of the
appropriate Maintenance Checklist in the Checklists
module.

10 February 1993

4 Miscellaneous Control Components
Miscellaneous control components include:

» Mechanism limit switches (section 4.1);
+ Auxiliary switches (section 4.2);
» Operations counter (section 4.3}.

41 Mechanism Limit Switches

The mechanism is equippedwith limit switches whichindicate
insufficient energy level situations. Like the density monitor
pressure switches, the limit switches initiate breaker alarms
and lockouts. Refertothe Mechanism module of this manual
for specifics.

4.2 Auxiliary Switches

The auxiliary switches furnished with this breaker are ABB
Type L2 switches. For detailed instructions refer 1o AEB
publication 1B 3.5:6.7B.

The switch assembly is pre-adjusted at the factory and
should not need to be readjusted.

4.3 Operations Counter

The breaker is furnished with a mechanical cperations
counter which is located in the control cabinet, and visible
through a view port. This counter keeps track of the number
of trip operations. (Optional electric operations counters can
be furnishad upon request and, likewise, would be lecated in
the main control cabinet.)
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5 Replacement Parts

When ordering replacemeant parts for any part in the control
system, consult the factery. The following information is
needed to ensure that the correct par is furnished:

+ Breaker serial number;

+ Breaker model designation;

+ Wiring diagram number;

+ Device name and description as stated on the wiring
diagram.

10 February 1993
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NOTES:

10 February 1993
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DESCRIPTION
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L)
2 583
e e o1 B

SPRING CHARGING NOTOR POWER SWITCH
CONTAOL HOUSE HEATER PONER SWITCH, AC SUPRLY
THERMOSTAT, CONTROL HOUSE HEATERS
CONTACTOR, SPRING CHARGE MOTCR AC

1 LINIT SYITCH, MOTOR START-ST(P

HITC 14
18

HEATERS, CONTROL HOUSING
HOTOR, SPRIXS CHARGING
TERKINAL BLACK

Generic AC Wiring Schematic

Figure 2
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Wiring Diagram: Typical DC Control System (With X Relay)

DESCRIPTION
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8-2
62-1

g8g=

2888

511!.5‘![12.513
-1
X
Y

CONTROL POVER SVITCH, CLOSE DC SUPPLY
CONTROL POVER SUITCH, TRIP OC SUPPLY
(¥ SPRING CHARGE ALARM TINER

-5 GAS PRESSURE SWITCH

& CLOSE BLOCK AUXTLIARY RELAY
CLOSE BLOCK AUXILIARY RELAY

LOV 6AS PRESSURE ALARN RELAY
MIXILTARY SULTCH ASSEMBLY

AUXILTARY SVITCH CONTACT

g4=

Figure 3
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8-1 CONTROL POVER SWITCH, CLOSE DC SUPPLY

8=-2 CONTROL POMER SWITLH, TRIP DC SUPPLY

63 5F-6 GAS PRESSURE SVITCH--TEWP. I:L(NPENSATEIJ

63AX - IUTO g&l’ AND CLOE BLOCK AUX

TRy’
92-1,2 MJXILIAIIY SUITCH ASSEIBLY
g or b IUXILEIARY SWITCH CONTACT

LS|
ce CLOSING COIL
BREAKER CONTROL SWITCH
LaL LIMIT SNITCH NOTOR START - STOP
LS2 & L54| LINIT SWITCH, SPAING OISCHARGED

Al RESISTOR 158 GHH 180 W

T TAIP

Tc-1 TAIP COIL

Y ANTE-PUNP RELAY
Figure 4

Wiring Diagram: Typical DC Contro! System (Without X Relay)

10 February 1993

—,




996P004-02°

145 PM Control Circu its/SF_ Gas Density Monitor

Page 11

Main Pressure Adjustment Nut

Ll

—
NO»

C
a:“}
p NS
MG

Ingividual Pressure Switch Adjustment Nut

Set to close at 76 psig {524 kPaG) at 20°C
(68°F)

Set to close at 72 psig (496 KPaG) at 20°C
{68°F)

Set to close at 72 psig (496 kPaG) at 20°C
(68°F)

Set each switch to the pressure indicated in Figures 8 and 9.

Figure 5
SF, Gas Density Monitor 60002
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Temperature Probe

Fitting for Flexible Conduit

A3

7700007

VIEW AA

10045

H420A64012

H800A09914

Loctite 242

Torgue to 80 Nm (45 fi-1bs)

The probe retaining pin 10050 is held in place
by screw H800A24205. When removing the
probe from the probe cover 10045, remove the
screw HB00A24205 and slide the probe retaining
pin out of the hole.

10050
H800A24205

Figure 6
Temperature Probe Housing

10015
10045
10050
H420A64012
H800A09914
H800A24205

10 February 1993

Pole Tank

Probe Cover

Probe Retaining Pin

Flat Washer, M12

Hex Head Boit, 1/2-13 x 3-1/4-inch
Flat Head Screw, 10-32 x 1/2-inch
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60008
— Flare Fitting

60007
Sample Valve

60003 60002 ‘
SF6 Gas Pressure Gauge SF6 Gas Density Monitor

~ \\Z\J

AN

60006
Isolation Valve

10213
Gas Manifﬂ
10047 10048 10049
Pole Unit- Pole Unit-| Pole Unit-
Left Center Right
N ’ L

l
Rupture Disk Rupture Disk Rupture Disk
10017 10017 10017

Figure 7
SF, Gas Schematic
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Pressure
/ psig kPaG
i
Saturation Curve P /.-———“" €0 620
/ ] — 1| 80 550
7 — /__,-—- fouar
f 1 1] N3
a—— 60 415
50 345
40 275
30 205
20 140
10 70
Temperature °F 30 -20 <10 0 10 20 30 40 50 60 70 80 90 100 110
°C -18 -7 4 16 27 38 49
1 Normal Filling Pressure psig or kPaG
2 Low Pressure Alarm (Contact 63-2C Closes)
3  Low Pressure Lock-Out (Contact 63-21B1 & 63-2B2 Close)

Figure 8
8F, Gas Density Monitor Calibration Curve for Pressure vs. Temperature

Important: Refer to Figure 9 for a tabular version of the characteristics above.

10 February 1993
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Tabular Version of the Pressure vs. Temperature Characteristics shown in Figure 8

e

| e pole | e pas| DI | S | Mg | wese
Saturated | Saturated | Saturated | Saturated | Saturated | Saturated
-30 -34 Saturated | Saturated | Saturated | Saturated | Saturated | Saturated
-20 -29 Saturated | Saturated 58.0 399.9 54.9 378.5
-10 -23 68.8 474.4 60.0 413.7 56.9 392.3
0 -18 711 490.2 62.1 428.2 58.8 405.4
10 -12 734 506.1 64.0 441.3 60.8 419.2
20 -7 75.8 522.8 66.2 456.4 62.7 432.3
30 -1 78.2 539.2 68.1 489.5 64,7 446.1
40 4 80.5 555.0 70.2 484.0 66.6 459.2
50 10 82.8 570.9 723 498.5 68.5 4723
80 16 85.2 587.4 743 5123 704 4854
68 20 87.0 599.8 76.0 524.0 72.0 496.4
70 21 87.6 604.0 76.4 526.8 72.3 498.5
80 27 90.0 620.5 78.5 544.2 74.2 511.6
90 32 92.3 636.4 80.5 555.0 76.2 525.4
100 38 94.7 652.9 82.7 570.2 78.2 539.2
110 43 97.1 669.5 84.8 584.7 80.1 552.3
* +/- 2 psig
* /- 14 kPaG
Figure 9

SF, Gas Filling and Density Monitor Calibration Chart

10 February 1993
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Fig. 1—Type L2 Auxiliary Switch, Two Contact

Fig. 2—Type L2 Auxiliary Switch, Eight Contact

These instructions do not purport to cover all details or variations in equipment nor to provide for every possible contingency to be
met in connection with installation, operation, or maintenance. Should further information be desired or should particular problems
arise which are not covered sufficiently for the purchaser’s purposes the matter should be referred to the nearest District Office.
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AUXILIARY SWITCHES
TYPE L2

INTRODUCTION

The Type L2 auxiliary swilch is a front-connected
switch with double-break rotary contacts. The
auxiliary switch can be furnished as a two, four,
six, or eight contact unit.

The switch is "built-up’’ of a series of moldings
which, when assembled, enclose the contact parts.
The cover is molded of clear plastic so that it is not
necessary to remove the cover to check the condi-
tion or operating sequence of the contacts.

The contacts are assembled on the shaft in any
desired combination. That is, closed when the
circuit breaker is closed “a’’; or closed when the
circuit breaker is open “'b'’. Any contact can he
removed from the shaft and rotated to change an
“a” contact to a ‘b’ contact, or a "'b" contact

i

to an "a" contact.

RATINGS

The switch contacts can carry 40 amperes con-
tinuously with limitations in interrupting as
indicated in Table 1. The interrupling rating for
the various control voltages, listed in Table I,
assume an inductance of the average trip coil.

TABLE 1 INTERRUPTING RATINGS

Circuit Voltage Maximum Amperes
115 AC 30
240 A-C 20
480 A-C 10
600 A.C 7
125 b.C 10
250 D-C 5
600 D-C 0.5

For highly inductive circuits, two contacts are
sometimes placed in series.

RECEIVING AND STORAGE

RECEIVING

In general, auxiliary switches are usually mounted
on a circuit breaker or other device. Auxiliary
switches shipped separately for replacement purposes
or for adding to existing equipment are completely
assembled and packed in individual cartons. Immedi-
ately upon receipt, examine the switches for any
damage sustained in transit. If injury or rough
handling is evident, file a damaage claim at once with
the transportation company and promptly notify the
nearest Sales Office.

STORAGE

Individually packed switches for stock purposes
or switches not for immediate installation should
be lelt in the shipping carton and stored in a clean
dry place.

DESCRIPTION

The Type L2 auxiliary switches are “built-up”
of moldings which interlock and nest into each
other. This assures that the moldings torming the
body and cover of the switch can be assembled 1n
only one way. The basic two contact switch consists
of two end moldings, a stationary contact molding
with contacts, two rotating contact moldings with
contacts and retainers, two bearing moldings,
cover molding, shaft, and the necessary assembly
hardware.

The four, six, and eight contact auxiliary switches
are formed by adding an interphase molding, one
stationary contact molding with contacts, two
rotating contact assemblies, and a longer shaft and
cover for each additional two contacts required.

CONTACTS

The stationary contacts are positioned and held
in place by cavities in the stationary contact mold-
ings. These contacts also carry the contact ter-
minal screws.

The movable contacts are positioned by a pro-
jection on the stationary contact; and the contact
movement, in the open contact position, is limited
by a projection on the contact molding. Each
movable contact is “backed-up” by a contact
spring which furnishes the necessary contact pres-
sure. Movement of the movable contact produces
contact wipe at its pivot which assures a low resist-
ance contact with the stationary contact.

Each rotating contact is assembled on a rotating
molding and held in position by a contact retainer.
The complete rotaiing contact assembly is then
positioned on a square shaft that rotates on bear-
ings in the end moldings. The shaft opening in the
contact molding is so formed that the contact
molding can be placed in any one of three positions
in each of the four quadrants of the shaft. If we
assume that the vertical and horizontal axes forming
the quadrants pass through the diagonals of the
square shalt, the contact moldings can be posi-
tioned on the shaft so that the center line of the
contacts is on the diagonals or at 22 degree spac-
ings on either side of the diagonals. Standard short
contacts, "'a" or "'b’’, will always have their center
lines on the diagonals; while (“'early make’’ and
“late break'’) advanced long contacts (*'a’’ or "'b’’)
will always have their center lines on the 22 deqree
spacings at either side of the diagonals.
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Interphase Molding
Cover

Screw

Screw

Contact Molding
End Molding

D s LN

7. Operating Link
8. Stud

9. Hair Pin Cotter
10. Bearing Molding
11. Screw
12, Mounting Feet

Fig. 3—Type L2 Auxiliary Switch, Six Contact Showing
Mounting and Operating Parts

1. Rotating Contact Assembly v

2. Shaft
3. Crank
4. Stud

Fig. 4— Assembly of Rotating Parts for Four-Contact
Type L2 Auxiliary Switch

STANDARD ADVANCED
CONTACT CONTACT CRANK
| | Nl SHAFT
i 4 {
CENTER LINE
1 l 1 [~ 1 OF GONTACT
7-8 5-6 3-4 |-2—=—TERMINAL
NUMBER

Fig. 5—Sketch Showing Center Line of Contacts Relative
to Position of Shaft and Operating Crank, Viewed From
End Opposite the Crank
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TERMINAL IDENTIFICATION

The switch terminals are identified by means of
raised numkers on the cover molding. Starting with
the terminals at the crank end of the switch, the
terminals on the right-hand side when facing the
crank are given odd numbers beginning with one;
while the contacts on the left-hand side are given
even numbers beginning with two.

OPERATION

The Type L2 auxiliary switches are operated by
a crank mounted on the switch shaft which is con-
nected by an adjustable linkage to the circuit
breaker. The crank and linkage are designed so
that the opening and closing of the circuit breaker
rotates the switch shaft 90 degrees. This rotation of
the shaft opens the normally closed "'b" contacts
when the breaker closes and closes the normally
open "a'' contacts. The contact operation is
reversed as the circuit breaker opens; that is, the

w_rr

“b" contacts close and the “a’" contacts open.

MAINTENANCE

The Type L2 auxiliary switches require very lit-
fle maintenance. However, it is recommended
that the following be inspected every six months
and whenever the circuit breaker is de-energized
for inspection or maintenance. The rotating con-
tact assembly (2, Fig. 6} should be rotated 180 de-
grees after every 4000 operations of the switch.

CONTACTS

A visual inspection of the contacts can be made
through the clear molded cover. If the contacts
show signs of burning or pitting, dis-assemble the
switch and either rotate the rotating contact as-
sembly (2, Fig. 6) 180 degrees or replace the
necessary parts as described under REPAIR AND
REPLACEMENT.

REPAIR AND REPLACEMENT

A minimum amount of work is required to dis-
assemble the Type L2 auxiliary switches. Should it
become necessary to replace contacts or other
parts of the switch, proceed as described in the
following sections.

Rotating Contact Assembly

To replace or change the rotating contact
assemblies, proceed as follows:

1. Trip the circuit breaker and de-energize the
control circuit.

2. Tag all leads with their correct terminal num-
ber and remove the leads.

3. Refer to Fig. 3 and remove hairpin cotter (9)
(and spacers, it used) from crank stud (8) and
remove the switch operating link (7).

4. Remove screw (11} fastening switch to mount-
ing feet (12) and remove the complete switch,
(NOTE: On switches mounted without feet, remove
two self tapping screws fastening switch to mount-
ing plate).

5. Remove two screws (3) lastening cover {2) to
switch and remove cover.

6. Remove two screws lastening bearing mold-
ings {10} to end moldings (6) and remove the
bearing moldings.

7. Remove the shaft, operating crank, and rotat-
ing contacts as a complete assembly. (See Fig. 4).

CAUTION CAUTICN CAUTION CAUTION

BEFORE REMOVING THE ROTATING CON-
TACT ASSEMBLIES FROM THE SHAFT
MAKE A SKETCH (SIMILAR TO THAT
SHOWN IN FIG. 5) SHOWING THE POSITION
QOF THE CENTER LINE OF THE CONTACTS
RELATIVE TO THE DIAGOLNALS OF THE
SHAFT AND PCSITION OF THE OPERATING
CRANK. THIS IS IMPORTANT IF A CONTACT
REMOVED AS AN “a”” (CR “b”) CONTACT IS
TO BE REPLACED AFTER DIS-ASSEMBLY IN
ITS CORRECT POSITION ON THE SHAFT AS
AN “a” (OR “b"") CONTACT.

The simplified sketch as shown in Fig. 5, would
be typical of that made for a four contact switch
having an "a'’ contact at terminals 1 and 2, and
advanced “a"’ contact at terminals 3 and 4, a *'b"
contact at terminals 5 and 6, and an "a'"" contact
at terminals 7 and 8. When making this sketch,
hold the complete assembly, shown in Fig. 4, so
that the operating crank is perpendicular to the
floor and facing away from you.

8. Start with the contact assembly at the end of
the shaft opposite the operating crank. Sketch the
position of the contact and then remove it. Con-
tinue this procedure with each contact assembly
until all the assemblies are removed from the shait.

Replace the rotating contact assembly (1, Fig. 4)
as a complete unit if either the contacts are pitted
or if the contact molding is carbonized due to arc-
ing or damaged in any way. Follow the sketch
made during dis-assembly when replacing the ro-
tating contact assemblies on the shaft. This assures
correct contact sequence and switch operation,

Care must be taken, when replacing the shait,
operating crank, and rotating contacts as a com-
plete unit, to make sure the crank and switch
terminals one and two are at the same end of the
switch.

Re-assemble the switch parts and replace it on
the circuit breaker by following the reverse of the
procedure described in steps 1 to 8 above.

Movable and Stationary Contact

To replace the movable or stationary contacts,
proceed as follows:

1. Proceed with and follow steps 1 to 8 as des-
cribed under Rotating Contact Assembly.

2. Remove the one remaining screw (4, Fig. 3)
fastening the switlch moldings together. (NOTE: On
switches not mounted on mounting feet, it is neces-
sary fo remove two screws).

3. Separate the end moldings (6, Fig. 3), and
contact moldings (5, Fig. 3); and, if the switch has
more than two contacts, the interphase moldings
(1, Fig. 3).
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1.
2

3.
4.

(2]

Contact Molding

Rotating Contact Assembly
Movable Contact
Stationary Contact
Contact Spring

Fig. 6—Type L2 Auxiliary Switch with End Molding,
Cover, and Operating Crank Removed

4. The movable contacts (3, Fig. 6), stationary
contacts (4, Fig. 6), and contact springs (5, Fig. 6)
are easily removed from the cavities in the contact
molding, by lifting each contact assembly up and
away from the molding. (NOTE: Care must be
taken when removing the contacts to prevent loss
of the contact spring. It is suggested that the thumb
or finger be placed over the spring while the con-
tacts are being removed).

Replace any pitted or burned contacts and ex-
amine the moldings for signs of burning or break-
ing. Re-assemble the parts following the reverse of
the procedure described in steps 1 to 4 above.

CAUTION CAUTION CAUTION CAUTION

BEFORE REPLACING THE BEARING AND
COVER MOLDINGS, CHECK AND MAKE
SURE THE OPERATING CRANK AND TER-
MINALS ONE AND TWO WILL BE AT THE
SAME END OF THE SWITCH WIIEN THE
ASSEMBLY IS COMPLETE.

RENEWAL PARTS

It is recommended that complete switches be
cartted 1 stock for the prompt replacement of
Type L2 auxiliary switches. Addihonal rencwal
parts may be stocked to tacilitate the repair of
auxihary switches alter 1emoval from the cireuit
breaker.

When ordering complete switches, specify the
type of switch, number of contacts and contact
code, type of circuit breaker on which il is to be
mounted, and whether it is to be right-hand o1
left-hand mounted.

When ordering renewal parts, specify the type of
switch, description of parts, and quantity required.
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Notes

Notice 1

Based on our own experience, you will obtain the best possible operational reliabliity by following the recommendations given
inthese instructions. The data contained hereinpurports solely to describe the product, and it is not awarranty of performance
or charactetistics. It is with the best interests of our customers in mind that we constantly strive to improve our preducts and
keep them abreast of advances in technology. This may lead to discrepancies between a product and these instructions.

Notice 2

Within the scope of these instructions, it is impossible to take into account every eventuality which may arise with technical
equipment in service. Please consult our local salesman in the event of any irregularities, especially if not referred o herein.

Notice 3

We expressly decline liability for damages resulting from any incorrect operation or wrong handling of our equipment, sven
if these instructions contain no specific indication in this respect. We stress the fact that only genuine spare parts should be

used for replacements.
Notice 4

This publication is a copyrighted work. Therefore, itis not permissible to disclose, reptint, copy, or reproduce any part of these
instructions without express written permission from ABB.

These instructions do not purpert to cover all details or variations in equipment rtor to provide for every possible contingency
to be met in connection with installation, operation, or maintenance. Should further information be desired or should particular
problems arise which are not covered sufficiently forthe purchaser's purposes, the matter should be referredto the ABB Power
T & D Company Inc. Power Circuit Breaker Division, 125 Theoboid Ave., Greensbu rg, PA 15601, Phone No. {412) 838-5200.

®Copyright 1993, ABB Al rights reserved.
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Safe Handling Practices for SF,Gas

1 Intraduction

This module lists procedures required to safely perform
installation, inspection, and maintenance work on sulfur
hexafluoride (SF,) gas-insulated apparatus.

Incommon with numerous other chemicals used everydayin
industry, SF, gas and its decomposition products present no
injury orifiness problems if dealt with properly. As with cther
chemicals, health hazards may exist under particular condi-
tions, if exposure or handling is careless or improper. All
personnel designated to performinspection or maintenance
work on ABB SF-insulated apparatus should read this
module and follow all of the instructions herein.

1.1 Properties of SF, Gas

In its pure, natural state, SF_ gas is colotless, odorless,
tasteless and possesses a low order of toxicity. The only
danger in breathing pure SF, gas is that it displaces cxygen
and can cause suffocation. SF, gas is chemically inert and
nondlammable. The gas has a high dielectric strength and
thermal properties conducive for insulating high voltage and
quenching electrical arcs.

Refer to the addendum (at the end of this module) from the
manufacturer for specific chemical details.

It SF, gas is subjectedto an electric arc, heat causes the gas
to decompose inte potentially toxic by-products. (This gas
also decomposes when exposed to other high temperature
conditions suich as heater filaments, smoking, welding, etc.)
Fluorides of sulfur are the most toxic decomposition products
and are in gaseous form. A molecular sieve (desiccant bag)
containing activated alumina is provided in each pole tank.
This molecular sieve eliminates most of these gaseous
decomposition products. The less toxic metal fluorides are
in the form of white, tan or gray powder. The amount of
decomposition of the gas is a functicn of the intensity and
duration of the are.

Some of the SF_ decomposition preducts form corrosive and
conductive compounds when exposed to moisture. These
compounds, which can be harmfulto human beings, are also
aggressive towards materials within the circuit breaker,
especially insulating surfaces, i subjected to prolonged
exposure. That's why it's best not to perform breaker main-
tenance on rainy, humid days.

By weight, SF_ gas is approximately five times heavier than
air and tends 1o diffuse towards the pull of gravity and pools
in low places. As a result of this pooling, the gas displaces
oxygen and can cause suffocation without warning if the
oxygen content of air is reduced from the normal 20 percent
to less than 13 percent.

Inthe presence of moist air, noxious decomposition products
have a characteristic oder of rotten eggs.

DANGER

Since SF, gas displaces oxygen,
avoid inhaling SF, gas. Oxygen defi-
ciency can cause nauseaand drowsi-
ness. Prolonged exposure to this
gas in a confined space can cause
serious breathing difficulty and suf-
focation.

Avoid skin or eye contact with the
decomposition products because
they can cause skin rashes, eye irri-
tation, and chemical burns.

In the presence of moist air, noxious
decomposition products haveachar-
acteristic odor of rotten eggs. Avoid
inhaling these by-products because,
unprotected prolongedexposurecan
injure the respiratory tract. Wear the
prescribed protective gear indicated
in sections 1.2.1 and 3.

1.2 Equipment Used to Handle SF,
Decomposition Products

The following equipment is used to perform maintenance on
SF, gas-insulated apparatus where decompasition products
may be prasani:

+ Hooded disposable coveralls - Tyvec, Durafab, or
equivalent - made of paper with nylon reinforcement
material;

« Non-Disposable Necprene Gloves - 14-inch size;

+ Non-Disposable Rubber Boots - 17-inch size, over-
the-shoe style;

+ Clean, oil-free dry air supply with a capability to
provide sufficient purging and ventilating capacity;

Full-face Comto Il respirator or equivalent with twin
cartridges for organic vapors and acid gases, i.e.,
GMC or equivalent;

+ Supplied air-line respirator - MSA pressure demand
type with Ultravue face piece and web belt-mounted
demand regulator, 50 ft. of air supply hose, manifold
with quick-disconnect and automatic shut-off outlets,
cylinder pressure regulator; must have NIOSH/MESA
Approval No. TC-19C-983, or equivalent from other
manufacturer;

+ Respirable, compressed air supply - 300 b, approved
portable tank with air meeting Grade D, ANSI Stan-
dard Z86.1-1974 with supply hose inlet pressure
between 80 to 100 psig;
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+ Industrial wet or dry type vacuum cleaner with non-
metallic attachments, micro staphicidalfilter elements
(particles to 0.3 microns), two 15-inch lengths of
plastic hose and coupler;

» Cleaning solvant: denatured ethy! alcohol.
1.2.1  Protective Gear

Minimum required protective gear to be warn when handling
SF, gas-insulated apparatus are:

» Gloves;

+ Full-face Comfo Il respirator or equivalent with twin
cartridges for organic vapors and acid gases, i.e.,
GMC or equivalent.

Fuil protective gear includes:

« Gloves;

+ Hooded disposable coveralls;

+ Non-Disposable Neoprene Gloves - 14-inch size;

+ Non-Disposable Rubber Boots - 17-inch size, over-
the-shoe style;

« Supplied air-line respirator.

15 March 1993

2 SF, Gas Handling Safety Practices

Safety practices when handling SF, gas-insulated apparatus
are:

+ Perform SF, gas handling, filling or reclaiming out-
doors;

- If procedures involving SF, gas insulated equipment
must be done indoors, work in a weil-ventilated room;
make sure the ventilating equipment is operating;

+ No smoking;

+ No exposed heaters, flames, or arc-prodticing equip-
ment should be used in the area while the gas is being
handled;

- If, whenhandling used SF gas, the odorof rotten eggs
is detected, personne! not wearing respiratary equip-
ment should promptly evacuate the area;

+ Correct any gas leaks at hoss crfitting connections at
the breaker, on the service cart, or at the cylinder.

21 Storing SF, Gas Cylinders

Pressurized cylinders which contain SF_ gas can be dam-
aged or ruptured by careless handling.

Requirements for storing gas cylinders include:

- Store cylinders in a well-ventilated area;
» Secure the cylinders in a way te prevent them from
falling or being knocked over.

211 Heating an SF, Gas Cylinder

When filling during cold ambient temperatures, the cylinder
may be heated using any of the following methods to convert
the liquid SF, in the cylinder to a gaseous state:

- An electric blanket heater;

- Immersing the gas cylinder upright in a drum partially
filled with warm water sothat approximately half of the
cylinder is Immersed. Heat the water with a portable
gas of electric heater.

Warning
Never heat a gas cylinder with an open flame.

Energize heaters only when transferring the
gas. When heating the cylinder, be surethat the
temperature in the cylinder does not exceed
100°F (38°C).

,—
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3 Maintenance of SF; Gas Insulated
Apparatus

After an SF electrical apparatus has beeninservice, it should
bg assumedthat hazardous decomposition products may be
present.

Before performing any maintenance on SF, gas-insulated
apparatus, review sections 1 and 2 of this module. Perform
the initial inspection of the apparatus wearing, at a minimum,
gloves and a full-face respirator. If significant amounts of
solid decomposition products or noxious gases are present
when opening a pole unit, wear full protective gear {as listed
in section 1.2.1) and proceed as per section 3.1.

If atent-like enclosurs is used around the apparatus, use a
dry air ventilation system while performing maintenance
work.

If no decomposition products are found:

1. Purge the apparatus thoroughly with dry air from a
suitable source.

Do not purge with damp or wet air as it can
endanger the integrity of insulation materials
and proiong dry-out and reconditioning time.

Important:

It is only safe to assume that there may be
hazardous gaseous products present. All per-
sonnel should stand clear of the apparatus
auring purging.

2. Allow purging to continue loeng enough to assure a
minimumof at least 10 complete airchangesthroughthe
total apparatus before working onthe equipment. [fthe
SF,gas hasnotbeeniully evacuatedfromthe apparatus
priorto purging, perform a minimum of 100 airchanges.

3. Reduce the purging air supply to a low level (approxi-
mately 10 air changes per hour) to provide continuous
ventilation of the apparatus while personnel are working
internally in the apparatus.

31 Removing SF, Decomposition Products

If significant arc powdars or noxious odors are detected upon
opening a pcle unit or any ather apparatus:

1. Wear full protective clothing and a supplied air full-face
respirator.

2. Establish arestricted safety zone aroundthe equipment.
Personne! cannot enter this zone without wearing full
protective gear (defined in section 1.2.1). If performing
this work outdoors, the zone may need to be extended
downwind of the work site.

3. Useavacuum cleanerequipped with fillers as described
in section 1.2; this vacuum cleaner should be used
exclusively tor removing SF_ decomposition products.

4.  Wipe up any remaining powdered decemposition prod-
ucts with rags using denatured ethyl alcohol.

5. Remove and dispose the molecular sieve (desiccant)
within the apparatus as per section 4; keep the fult
protective gear on.

6. Place materials used and retrieved in clean-up opera-
tions in large plastic or metal containers. These contain-
ers serve as refuse containers.

7. Proceed with purging as per section 3 after removing all
decomposition products.
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4 Disposing of Decomposition Products

Dispose the decomposition products outdaors since corro-
sive or toxic gases may evolve fromthe solid arc products or
from the molecular sieve (desiccant). Disposal of the SF,
residue involves neutralizing the decomposition products.

Notice: Wear full protective gear as per section 1.2.1
during disposal.

To properiy dispose of decompasition product residue:

1. Place materials used and retrieved in clean-up opera-
tions in farge plastic or metal containers. These contain-
ers serve as refuse containers.

2. Empty the vacuum cleaner housing and the absorption
filter material into the container.

3. Note or measure the volume of material in the container.

4. Inaseparate container (plastic pail), measure a volume
of water 1.5 times that of the above refuse material.
Empty the water into the refuse container pouring the
water quickly at firstthen slowly. The water mixing with
the SF, refuse will produce some heat and foam.

5. Measure a quantity of soda ash (sedium carbonate) or
lime (calcium oxide) equal to at least one-quarter the
volume of the refuse and add this neutralizing agent to
the water-refuse material.

6. Addthe cleaning rags, protective clothing {aven though
it is disposable), along with the filters from the vacuum
ciganer and respirator to the neutralizing mixture in the
refuse container.

7. Allow the refuse container to stand uncovered for 24
hours.

8. Afterwards test the pH of the refuse mixture.

The mixture should be at least slightly alkaline (greater
than 7). if the pH is between 7 and 10, the refuse is now
rendered harmless and may be disposed of in a normai
manner as per local ordinances.

If the solution pH is less than 7, it is still acidic and
harmful; add additional soda ash or lime te neutralize the
refuse mixture to a pH greater than 7 but less than 10.
Then dispose of the material as par local ordinances.

15 March 1993

4.1 Removing SF, Gas Residue from Tools and
Equipment

To clean tools and equipment which have been exposed to
SF, decomposition products:

1. Prepare amild (10%) lime or soda ash solution and use
this as the neutralizing solution.

2. Wash any hand tools, non-disposable protective gear,
and equipment employed in the clean-up operation.

3. Vacuum some of this neutralizing solution through the
hose and into the vacuum cleaner to neutralize particles
adhering to this equipment.

4. Rinse ali washed tools and equipment thoroughly with
water.

5. Wash the rubber boots and Neoprene gloves in water.

—_—
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A. GENERAL INFORMATION

@HJED

ACCUDRI® SFg

PRODUCT SAFETY.. _
. DATASHEET .. .-

TRAADE NAME ([(COMMON NaAME)

ACCUDRI® sFg

BJ C.A 5. NOL {J ALLIED PRODUCT CODE 7

2551-62-4

CHEMICAL NAME AND/OR SYNONYM

Sulfur Hexatluoride

Synonym: Sulfur Flueride

FORMULA

SFg

MOLECULAR WEIGHT

146.05

ALLIED-SIGNAL INC.

P.0O. Box 1139R
Morristown, N.J. 07960

ENGINEERED MATERIALS SECTOR

ADORESS {Na., STREET,CITY,STATE AND ZIP CODE}

CONTACT
Product Safety Department

PHCNE NUMBER

(201) 455-4157

LAST ISSUE DATE
July, 1886

CURRENT LS50S DATE

May, 1€87

B. FIAST AlD MEASURES

EMERGENCY PHONE NUMBEZR
{201) 455-2000

Inhalation: Immediately remove 1o fresh air. If breathing has stopped, give artificial respiraticn, preferably
mouth-to-mouth. 1f breathing is difficult, give oxygen provided a2 qualified operator is available,
Call a physician.

£. HAZARDS INFORMATION

HEALTH

INHALATION

Pure SFgis of a low order of toxicity, but may act as an asphyxiant if oxygen is reduced to below 1683, as indicated by
paleness, possible cyanosis (blue skin), See also Sections G, K.

INGESTION

N.A. (gasecus)

SKIN

No effects reported. May be irritant.

EYES

No effects reported. May be irritant.

PEAMISSIBLE CONCENTRATION: AR
{SEESECTION N

1000 ppm or 6000 mg/m3 (OSHA). TLV {ACGIH): same.

BIOLOGICAY

None established.

UNUSUAL CHRONIC TOXICITY

None known.

CC124-501 (11/84)

ND=NOQOT DETERMINED

1 NA»NOT APPLICABLE




C. HAZARDS (Cont)

FIRE AND EXPLOSION
FLASH POINT N.A. oC|AavTQ IGNITION N.A. OC |FLAMMASLE LIMITS IN AR {% 8Y VOL,) )

TEMPERATURAE
LOWER — N.A. UPPER - N.A.

[Net fiamrr'mble or combustible)
[CJoren cur [crLosep gur

UNUSUAL FIRE AND EXPLOSION HAZARDS
See "*Hazardous Decomposition Products, Section G”.

D. PRECAUTIONS/PROCEDURES

FIRE EXTINGUISHING AGENTS RECOMMENDED

N.A.

FIRE EXTINGUISHING AQENTS TO AVOID

N.A.

SPECIAL FIRE FIGHTING PRECAUTIONS
‘Wear self-contained breathing apparatus approved by NIOSH. Use water spray to keep cylinders cool.

VENTILATION

Mechanical {General).

NORMAL HANDLING
Observe precautions on cylinder label. Protect eylinders from physical damage.

STORAGE
Protect cylinders from physical damage, heat, and sunlight. Store in area of low fire risk. For additional information, ses

Compressed Gas Association Pamphlet P-1, 1974,

P

SPILL OR LEAK [ALWAYS WEAR PERSONAL PROT ECTIVE EQUIPMENT — SECTION E}
Evacuats unprotected personnel, Protected personnel (Section E) may shut off leak. Product will disperse itself,

SPECIAL: PRECAUTIONS/PROCEDURES/ LABEL INSTRUCTIONS SIGNAL WORD - CAUTION!
NGTE: The product has no warning properties. The gas is odorless, SFg exposed 1o electric arcs may break down into toxic

byproducts. {See Section G). Avoid breathing SFg which has been thus exposed.
Comply with OSHA Regulations for Compressed Gas and Contaminants, Also see CGA Pamphlet P-1, 1074

PERSONAL PRC \ QUIFMEN

RESPIRATOAY PROTECTION -
Use self-contained breathing apparatus or air-supplied respirator,

EYES AND FACE
Safety glasses.

HANDS, ARMS, AND 800DY

Not generally required.

OTHER GLOTHING AND EQUIPMENT
Not generally required.
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F. PHYSICAL DATA

MATERIAL IS (AT NOAMAL CONDITIONS):

APPEARANCE AND ODOR —
Colorless, odorless gas, Non-flammable gas label.

g L1Quib 0O sSoLID &/ GAS Container: 115 Ib. cylinders.
O
SPECIFIC GRAVITY VAPOR DENSITY
BOILING POINT oC | Hz0- 1) {21R = 1)
Sublimes®-63.9°C., 1 atmos. N.A. {Gas} 51 @ 1 atm., 21.1°C.
E INT —50.8°C. oc

MELTING POINT —5 ©32.5 psia.
SOLUBILITY IN WATER pH VAPOR PRESSURE
1% by Weight) immHgat200C30  tes1G0

Slight N.A. N.A. {Gas)
EVAPORATION RATE : - % VOLATILES BY VOLUME
(Butyl Acetacz = 11 [ {Ether = 11 {Ar200°C)
N.A. [Gas) N.A. {Gas)

G. REACTIVITY DATA

STABILITY

O UNSTABLE % STABLE

CONDITIONS TO AVOID
Note special precautions / procedures, Section D.

INCOMPATISILITY (MATERIALSTO AVQID}

Hot reactive metals. Liquefied gases in contact with water can explode violently.

HAZARDOUS DECOMPOSITION PRODUCTS

highly toxic and irritating.

Thermal and electrical arc decomposition products: GASES
and thionyl fluaride and thionyl tetrafluoride, p

— fluorides of sulfur {particularly sulfuryl fluoride, a convulsznt,
ulmonary irritants). SOLIDS — metal fluorides and sulfides which ¢an ba

HAZARDOUS POLYMERIZATION

0O MAY OCCUR ® wilLL NOT OCCUR

N.A.

CONDITIONS TO AVOLD

H. HAZARDOUSINGREDIENTS (Mixtures Ounfv). SIS

MATERIAL OR COMPONENT/C.AS. #

WT.% |
1

HAZARD DATA [SEZ SECT. N

N.A.

€C124-501 (11/84)

* <« PAGPRIETARY — TRADE JECRE




L -.. ENVIRONMENTAL

’ DEGRADADILITY/AGQUATIC TOXICITY OCTANQU/WATER PAATITION COEFFICIENT

N.D.

N.A. (Incrganic)

EFPA HAZARDQUS SUBSTANCE? E

A A 40 CFA
. N.A. # O CFR
ICLEAN WATER ACT SECT. 311) IF SO. REFORTABLE QUANTITY:

YES NO 116-117

WASTE DiSPOSAL METHODS (DISPOSER MUST COMPLY WITH FEDERAL, STATE AND LOCAL DISPQSAL OR DISCHARGE LAWS)

Disposal of sulfur hexafluoride may be subject to environmental regulations. Users of this product should review their
operation in terms of applicable federal, state, and local faws, and consult with appropriate regulatory agencies before
_discharge or disposal of this material.

ACRA STATUS OF UNUSED MATER!IAL IF DISCARDED:

HAZARDGUS WASTE NUMBER: [IF APPLICABLE],
Not a “hazardous waste'’. N.A.

4. - REFERENCES

PEAMISSIBLE CONCENTRATION REFERENCES

40 CFR
2851

ACGIH: *Threshold Limit Values .. .", 1985/ 1986.
OSHA: 29 CFR 1810.1000, ~Z List".

REGULATORY STANDARCS 0.0.T. CLASSIFICATION: Nonflammable gas 43 CFR1T3

.D. No.: UN1080
Nane additional cited.

GEMNERAL -

{a} Lester, D.and Greenburg_, L.A., *"The Toxicology of Sulfur Hexafluoride”, Arch. Ind. Hyg. 2:348,1950.
‘(b) ACGIH: Documentation of the Threshold Limit Values and Biological Expesure Indices, 5th. £d., 1986,
American Conference of Governmental Industrial Hyglenists.

K. ADDITIONAL INFORMATION

SECTION C— HEALTH — continued
Each lot is tested for toxic effects before shipment. A certificate is furnished on request.

PSDS FILE NO. 1037

THIS PROCUCT SAFETY DATA SHEET IS OFFERED SOLELY FQR VOUFI INFOHMATION CONSIDERATION AND
INVESTIGATION. -

ALLIED COAPORATION PROVIDES NO WAFIRANTIES EITHER EXPHESS anr IMPLIED AND ASSUMES ND HESFONS!BILITY
FOR THE ACCURACV 0R COMPLETENESS OF THE DATA CONTAINED HEREIN.
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Notice 1

Based on our own experience, you will obtain the best possible operational reliabllity by following the recommendations given
inthese instructions. The data contained herein purports solely to describe the product, and itis nota warranty of performance
or characteristics. it is with the bast interests of our customers in mind that we constantly strive to im prove our products and
keep them abreast of advances in technology. This may lead to discrepancies betwesn a product and these instructions.

Notice 2

Within the scope of these insiructions, it is iimpossible to take into account every eventuality which may arise with technical
equipment in service. Please consult our local salesman in the event of any irregularities, especially if not referred to harsin,

Notice 3

We expressly decline liabflity for damages resulting from any Incorrect operation or wrong handling of our equipment, even
if these instructions contain no specific indication in this respect. We stress the fact that only genuine spare parts shouid be
used for replacements.

Notice 4

This publicationisa copyrighted work. Therefore, it is not permissible to discloss, reprint, copy, or reproduce any part of these
instructions without express writtan permission from ABB. .

These instructions do not purport to cover all dstails or varlations in equipment nor lo provide for every possible contingency
tobe met in connection with installation, operation, or maintenance. Should further information be desired or should particular
problems arise which are not covered sufficiently forthe purchaser's purposes, the mattershould be referred to the ABB Power
T &D Company Inc. Power Circuit Breaker Division, 125 Theobold Ave., Greensburg, PA 15601, Phone No. (412) 838-5200.

®Copyright 1993, ABB Al rights reserved.
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Maintenance
.

1 Introduction

Procedures, materials, and equipment required for general
maintenance and testing of the 145 PM circuit breakers are
described in this module.

Spacific maintenance procedures performed on main compo-
nents of the 145 PM clrcuit breakers are listed in Maintenance
sections in respective component modules.

11 General Maintsenance Guldelines

The following sub-sections are general, recommended prac-
tices employed in the process of performing maintenance.

DANGER

To prevent injury or equipment dam-
age, the breaker must be removed
from service, isolated, and grounded
before performing any maintenance
procedures.

1.1.1 General Cisanliness

Maintaining the cleanliness of the component surfaces in the
breaker is an extremely important part of maintenance be-
cause the major insulating components in the breaker are
subjected to high electrical stresses.

Because cleanliness is so important, care must be taken to
perform internal breaker maintenance under clean, dry con-
ditions.

Warning

The importance of cleaniiness cannot be
overstressed. Introducing loose dirt, especlally
matallic particles, into an open pole unit (SF,gas
compartment)can cause dielectric failure. Insu-
lating surfaces must be protected from physical,
damage (nicks and scratches) and kept clean
and dry at all times.

Loose dirt (especially metallic particles) as well as residue left
from sweaty hands and atmospheric moisture can lead to
dielectric failure. Itis bestto avoid handiing critical insulating
components with bare hands, Instead, wear snug-fitting cloth
gloves when handling insulating parts and surfaces, To
ensure cleanliness, wipe insulating surfaces with lint-free
wipers dampened with denatured ethyl alcohol,

Important:  Never clean an insulating component with the
same wiper used to clean aluminum or metal
parts.

1.1.2 Lubrication

Circult breakers must be lubricated only where required and
with speclfied lubrication.

1.1.3 Fastener Locking

Since the impact loading which the circuit breaker experi-
ences during operation tends to loosen threaded hardware,
Loctite Threadlocker must be applied fto all critical bolted
joints. Fourtypes of Loctite are used for specific applications:
222, 242, 262, and 271. Table 1 specifies the recommended
torque and type of Loctite to be applled to all fasteners in the
breaker except where specified otherwise.

Cleanthethreads in blind holes if they can be adequately dried
afterwards. Apply Loctite sparingly to the outermost edges of
the thread. Two small drops of Loctite are enough even for
large threads.

Hardware secured with Loctite usually can be unfastened with
proper wrenches. In case of difficulty, the connection can be
loosened by heating the joint to 150°C (300°F). Be careful not
to damage materlals which are sensitive to heat, such as
insulation or sealing components.

Use particular care in applying Loctite to fasteners used in
assembling cuirent carrying connections. Apply Loctite only
where specified. If used improperly, Loctite can squeeze
between contact areas and may cause a high resistance joint.
Ensure that excess Loctite does not squeeze into contact
areas,

114 Seals

Sealing rings which have beenin service will be deformedfrom
being compressed into their sealing grooves. Therefore,
when disassembling componsents with sealing rings, repface
them. Replacements are available from ABB.

Maintenance tips pertaining to seals include:

1. Do nol se cate O-rings ol seals

unless specified otherwise.

2. Never clean seals with abrasives even If they are very
fine.

3. Use only lukewarm, soapy water to clean the seals.
4. Use a soft, dry cloth to dry the seals.

Always check seals for cracks, deformities, and brittle-
ness before they are installed. Acceptable seals are
flexible and free of cracks. Do not Install seals that are
cracked, brittle, or deformed.

1.1.5 Flange Corrosion Protection

The grease used in sealing joints {Dow Corning FS-1292) is
intended to be used as aflange corrosion protectantonly. This
greaseis to be applied to all flange surfaces outside of the O-
ring seals, orin otherwords, toareas where water can become
entrapped between metal-to-metal joints. Pay special atten-
tion to areas around bolts where moisture is most likely to
enter. Apply Dow Coming Fluore Silicone FS-1292 Grease In
all such cases.
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11.6 Treatment of Silvarplafing

Silverplated contactareas can be polished fightfywith Scotch-
Brite to remove surface oxide. Do not heavily abrade the
silverplated surfaces to avoid rubbing off the plating.

In situations where sliding contact Joints are used, such as in
the case of the plug-in type bushing conductors or main

breaker contacts, the silverplated areas must be lubricated
with Shell Alvania No. 2 Grease, Thoroughly rub the grease
into the microscopic pores of the silverplated surface; remove
all excess grease so that only a light film remains.

Mbs Me M8 M10

M1z 1 M14 { M16 | M18 | M20

#10 114 5116 3/8

Metric | ft-Ibs 3 5 13 | 25 | 43 | 68 | 101 | 144 | 198
Grade
5.8 Nm 4 7 17 | 34 | s8 | 92 | 137 | 195 | 268
Metric | ft-lbs 5 8 20 | 38 | 66 | 105 | 156 | 223 | 306
Grade
8.8 Nm 6 11 | 27 | 52 | 89 | 142 | 212 | 202 | 414
Metric | ft-lbs 7 12 | 28 | 54 | 93 | 148 | 221 | 314 | 431
Grade
10.9 Nm 9 16 | 37 | 73 | 126 | 201 | 299 | 426 | 585
(S8} ft-lbs 4 6 14 | 28 | 48 | 77 | 115 | 163 | 224
GradeA2| 5 8 19 | 3s | &6 | 104 | 156 | 221 | 304

112 | 9116 | 518 | 34 | 718 1

SAE ft-lbs 3 6 12 { 21 | 51 | 72 | 99 | 171 | 219 327
Grade 2 | Ny 4 9 17 | 29 | 69 | 98 | 134 | 232 | 297 443
SAE ft-lbs 4 10 | 19 | 33 | 78 | 111 | 153 | 264 | 338 584
Grade 5| yp 6 13 | 26 | 45 | 106 | 151 | 207 | 358 | 450 792
SAE ft-lbs 6 14 | 27 | 47 | 110 | 157 | 216 | 373 | 631 942
Grade 8 | Np 8 19 | 37 | 63 | 150 | 213 | 293 | s05 | 856 1278
188 ss | ft-ibs 3 7 15 | 25 | 60 | 85 | 117 | 202 | 298 479
Grade 2 | Ny 4 10 | 20 | 34 | 81 | 116 | 158 | 274 | 405 649

head socket bolls.

Note: Do not exceed grade 5.8 torques when the fastener is threaded info cast aluminum or for button

silverplated  surfaces.

Note: Use Loclite 222 through 1/4-inch {M6) and Loctite 242 above 1/4-inch (M6). Keep Loctite off
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2 Maintenance Frequency

Table 2 provides a list of maintenance checkpolnts and
suggested inspection frequency for general breaker mainte-
nance. Specific maintenancs procedures for components
such as the mechanism and interrupters are found in their
respective modules.

Refer to the Checklists module for checklist sheets to follow
when performing monthly, yearly, and 5-year maintenance
inspections. Make copies of these original checklists to serve
as helpful references and sign-off sheets when performing
maintenance. Checklists for interrupters and mechanism
maintenance are in their respective modules.

Table 2

Maintenance Table

Inspection Intervals

Item/Condition

Monthly

Yearly

5-Year

Major#

All Sealing Rings Affected During Major
Maintenance

SF6 Gas Pressure

C

SF6 Gas Density Monitor Settings

Moisture Content of the SF6 Gas

Leak Test Fittings and All Gas Sealing Connections

Orolo|o

Circuit Breaker Timing

Contact Resistance {Micro-Ohms}

Anti-Condensation Heaters

Bushing Hardware

Tank Mounting Hardware

Rupture Disk Cover & Hardware

Belicrank Housing & Hardware

O|ojol o] o

olojojojojojojololalo

ajojlojojojolololojolo

# At 10 years

operations), the parts need not be replaced.

A - Replace, Replace the part when it reaches the permissible number of operations. If, after the
inspection period of 10 years, the parts are in very good condition {e.g., if there have baen very few or no

hardware for tightness.

C- Check. Carry out a comparison of the nominal and actual values (settings and readings). Check
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3 Standard Testing

The following standard tests are performed as part of main-
tenance:

* Pole reslstance measurement (refer to section 3.1);

* Moisture measurement of the SF, gas in the breaker
(refer to section 3.2);

* Leak checking (refer to saction 3.3);

* Operational and timing tests (refer to section 3.4);

*SF, gas density monitor calibration (referto section 3.5),

3.1 Pole Resistance Measurement

Using a 100 A micro-ochmmeter (or millivolt drop meter),
performa contact resistance (or mifiiVolt drop) measurement
on each pole of the breaker. The maximum resistance from
bushing terminal to bushing terminal should not exceed 150
micro-ohms,

3.2 Moisture Measurement of the SF, Gas

Use a moisture analyzer (hygrometer) to measure the mois-
ture content of the SF, gas In the breaker. Refer to section
3.2.1.

Important:  An adequate moisture content reading can be
taken 1 hour after filling the circuit breaker with
gas. However, iftime permits, allow 24 hours or
more for the gas system to stabilize befors
taking a moisture confent reading. The addj-
tional time for stabilization will ensure a more
accurafe reading.

The maximum moisture level permitted in the SF, gas is:
200 ppmV (by volume) at 68°F (26°C)

The maximum molsture content to be expected from an SF,
gas cylinder is:

SF, Dew Point of -50°F {-45°C})
Cautlon

Should the moisture content of the SF, gas
excead 200 ppmV on filling, the SF, gas must be
reclaimed and recycled through a drying fliter.
Bofore refilling, the clrcult breaker must be
avacuated to eliminate moisture using the pro-
cedure In saction 4.3.3 for replenishing gas toa
pole unit that has been opened.

3.21  Measuring the Moisture

To ensure reliable moisture measurements, pay particular
attentionto cleanliness and prescribed procedure, particularly
as it applies to preventing moisture from contaminating the
moisture analyzer (hygrometer) and its connections. It is
Important that the recommendations of the analyzer supplier
be followed carefully.

12 October 1993

The gas is sampled throughthe t/4-inch 37-degree male flare
fitting 60008 (Fig. 12) located at the cutlet of the sample valve
60007. Use only stainless steel tubing to connect the
instrument, Cap the tubing immediately after taking the
sample to keep moisture out.

33 Leak Checking

After the breaker has been opened or if an SF, leak Is
suspected, check the following threaded, O-ring, and gasket
connections with a hand held halogen leak detector:

Tube connections and fittings to the pressure gauge;
SF, gas density monitor;

SF, gas plumbing;

Rupture disk;

Bushing flanges;

Rear tank cover assembily;

Bellcrank housing;

Interphase shaft seails with the breaker opened and
closed.

= & & 8 & & »

3.4 Oporational and Timing Tests

Before placing the breaker into service, perform operational
and timing tests. Refer to section 3.4.1 for information
pertaining to operationaltests; referto section 3.4.2 for details
about circuit breaker timing tests,

3.41  Operational Tests

The control relays, protection devices, and schemes mustbe
fully checked by operational tests to ensure that the breaker
is ready for service. Because the control schemes are usually
designed as per customer specifications, operational tests
vary depending upon the particular control scheme. Referto
the breaker contrel schematic to determine the necessary
operational tests to be performed.

Generally, operational tests include the following steps:

1. Assure that the circuil breaker will open and close
electrically at both the local control switches and at the
remote control switches. If a local/remote or mainte-
nance test switch is used, verify that it is functioning
properly.

2. Check the alarm and operation lock-out functions for
proper actuation. The 145 PM breaker has two param-
eters whichare monitored: SF, gas densityand operating
energy of the mechanism. To calibrate the SF, gas
density monitor refer to section 3.5 of this module. To
verify the operatingenergy of the mechanism, refertothe
"Commissioning” section of the Mechanism module.

3. Verify thatthe anti-pumping circuitry (Y relay or X-Y relay
scheme) is operating properly as per your particular
control scheme.

4. Testanyopticnaldevicesie.,undervoltage relays, reclose

time delay relays, etc.

-
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342 Timing Tests

Timing tests are performed to verify that the circuit breaker
contacts are opening and closing at acceptable velocities and
within time limits that meet the design parameters ofthe cirouit
breaker and the high voltage system. Timing tests include:

*« Measuring contact closing and opening times (section
3.4.2.1);
* Msasuring contact veloclty (section 3.4.2.2).

A full set of timing tests, including contact velocity measure-
ments, are performed at the factory prior to shipping the
breaker. Upon installation, contact timing tests as described
in section 3.4.2.1 should be performed to verify closing and
opening times. Contact velocity measurements are not
required on installation, but should be performed during the 5
year scheduled maintenance.

Awide variety of circuit breaker analyzers (timing equipment)
are available to perform these tests. The two most common
types of circultbreakeranalyzers are oscillographicanalyzers
using light-sensitive chart paper and the more advanced
digital timers, Elther oscillographic or digital devices are
acceptable, however, the digital devices are more accurate
and tend to be easier to use. Circult breaker analyzers are
normally supplied with all test leads, motion transducers, and
timing channsels necessary to perform timing tests.

The actual procedures for using the analyzers vary by manu-
facturer. However, all circuit breaker analyzers provide the
following:

* Timing channels which monitor the closing and open-
ing of the main contact;

» GChannels which monitor trip and close coll currents;

« Motion channels which monitor contact movement via
motion transducers;

+ Event charts showing distance (vertical units) vs. time
{horizontal units).

Perform all timing tests with the gas system pressurized to 87
psig (600 kPaG) at 20°C (68°F) and with the mechanism fully
charged.,

Refer to Table 3 for liming specifications. Figures 2, 3, and 4
show typical oscillographic measuremsnts of timing param-
eters; Figures 5 and 6 show typical oscillographic motion
characteristics (distance vs. time) for breaker opening and
closing.

Opening Time 30 ms maximum
Opening Velocity for FSA-2 38tod4.2m/s
Spring Mechanism 124 to 13.8 fts
Opening Velocity for HMB 46t05.0m/s

Hydraulic Mechanism (40 kA
interrupting rating)

Opening Velocity for HMB
Hydraulic Mechanism (50/63 kA
interrupting rating)

16.0 to 16.4 ft/s
4.3t0 4.8 mfs
14.1 to 15.7 fi/s

2 ms maximum

Inter-Pole Spread Opsening

Closing Time 50to 65 ms
Closing Velocity for FSA-2 Spring | 2-5 t0 2.8 m/s
Mechanism 8.2t0 0.2 /s
Closing Velacity for HMB 25t02.9m/s
Hydraulic Mechanism (40 kA

interrupting rating) 8.2t0 9.5ft/s
Closing Velocity for HMB 21te2.5mfs
Hydraulic Mechanism (50/63 kA

interrupting rating) 6.9t08.2ft/s

Inter-Pole Spread Closing 2 ms maximum

Close-Open Time for FSA-2

Spting Mechanism 251050 ms
Close-Open Time for HMB

Hydraulic Mechanism (40 through | 20 to 38 ms

63 kA interrupting rating)

Reclose Time 20 cycles minimum

3.4.21 Contact Closing and Opening Times

Contact closing and opening times must be within the speci-
fied limits shown in Table 3 to assure that the circuit breaker
is functioning properly. As part of maintenance, tests should
be performed te verify the following:

Closing time (contact make)} - time interval elapsed between
energization of the close coll and the last arcing contact to
make on closing (Fig. 3); units are in milliseconds (ms) or
cycles (Hz).
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Opening tima (contact part) - time interval elapsed between
energization of thetrip colland the last arcing contact to break
on opening (Fig. 2); units are in milllseconds (ms) or cycles
{Hz).

Close-Open time (trip-free time) - time interval elapsed
between the lastarcing contacttomake on closingandthe last
arcing contact to break on opening (Fig. 4); units are in
milliseconds (ms) or cycles (Hz).

Reclose time {open-close) - time interval elapsed between
theenergization ofthe trip circuitforan open operationand the
making of the arcing contacts on the subsequent close
operation; units are most commeonly In cycles (Hz).

Inter-pole spread on closing - time interval between thefirst
arcing contact to make and the last arcing contact to make on
closing (Fig. 3); units are most commeonly in milliseconds {ms).

Inter-pole spread on opening - time interval between the
firstarcing contactto break and the last arcing contact to break
on opening (Fig. 2); units are most commonly in milliseconds
{ms).

Caution

The reclosing time of a circult breaker Is defined
as the time Interval betwaen energlzation of the
trip circultfor an open operation and the making
of the primary arcing contacts of tha Interrupter
on the subsequent close operation.

The rated reclosing time of a circuit breaker Is
defined by ANSI Standards to ba a minimum of
20 cycles. In practice, this time delay allows for
delonizatlon offault current paths and to restore
the arcing region of the breaker to its full inter-
rupting performanca level. The 145 PM breaker
has been tested for this capabllity with the
required time delay Intentionally introduced by
confrol circuits external to the breaker. For
testing purposas, while the braaker Is Isolated
from the system, the 145 PM breaker is fully
capable of instantaneous reclosooparations {(no
timedelay), without sustainingmechanical dam-
age. The instantaneous reclose time may be
approximately 7 cycles. Howaver, unless speci-
fled by contract documents, timing devices to
achleve the required minimum 20-cycle delay
are not provided as part of the local control
clrcult for the breaker. Prior to placing the
breaker Into service, ensure that the required
time delay be part of the complate control circuit
for the breaker.

ABB requires a minimum 20-cycle reclosing
time.

12 October 1993

3.42.2 Contact Velocity

Maintalning contact velocity within the specified limits shown
in Table 3 Is necessary to assure that the clrcuit breaker is
functioning properly. Contactvelocity {meters/second orfest/
second) on breaker opening or closing is factory sst prior to
shipment. Since the contact velocity is dependent upon
mechanism settings (e.g. spring pre-charge, etc.) which are
unlikely to change in the relatively short time betwsen ship-
ment and installation, taking motion characteristics to deter-
mine contact velocity is optional during initial instaflation and
commigsioning. However, these measurements should be
performed during the 5-year maintenance procedures and at
major maintenance (10 years),

Contact velocily is deduced from motion characteristics of
distance vs, time. Figures 5 and 6 show typical distance vs.
time characteristics. To oblain motion characteristics, a
motion transducer must be attached to the circult breaker.
The travel recorder kit T13435, installed as per Figures 7 and
8, will be needed to apply the motion transducer.

Once distance vs. time characteristics are obtained, contact
velocity can be calcuiated. Contact velocity is defined as the
average velocity between the two given speed measuring
points as shown in Figures 5 and 6, i.e, the slope of the line
drawn between these two points.

Important:  The speed measuring points for the FSA-2
spring mechanismare at 30 and 70mm fromthe
fully open position. The speed measuring points
forthe HMB hydraulic mechanism are at40 and
70 mm from the fully open position.

The distance traveled {on the vertical axis) between the two
speed measuring polints is always 40 mm (i.e. 70 mm-30mm
= 40 mm)} (Figs. 5 and 6) for FSA-2 spring mechanisms and
30 mm (i.e. 70 mm - 40 mm = 30 mm) for HMB hydraulic
mechanisms. To calculate the contact velocity, the ime taken
to travel the distance betwesn the two speed measuring
points must be determined from the herizontal (time} axis,
Contact velocity is calculated using the following formula:

Contact Velocity = Distance (mm)
Time {ms)

The value calculated from this formula for contact velocity will
be in m/sec.

Important:  Ifcontact velociy or the amount of overtravel is
nat within the specified limits as shown in Fig-
ures 5 and 6, refarto the Mechanism module for
instructions on adjusting the mechanism.

——,
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3.5

§F, Gas Density Monitor Callbration

( The SF, gas density monitor 80002 (Figs. 1 and 11} is
calibrated at the factory as follows:

—

1.

* The temperature probe Is set at 20°C (68°F);

« Switch C (Fig. 11} Is setto close at 78 psig (524 kPaG)
(alarm point) with decreasing pressure;

= Switches B1and B2 (Fig. 11)aresettocloseat 72 psig
(496 kPaG) (breaker fock-out point) with decreasing
pressure (unless alternate values are listed on the first
page of the wiring diagrams in the Gustomer Data
module).

DANGER

To prevent personal injury and dam-
age to the equipment, before begin-
ning any calibration or adjustment,
de-energize the breaker and remove
it from service.

Waming

Nover change the switch settings from the fac-
tory-specified ssetpoints shown on thefirstsheet
of the wiring diagrams In the Customer Data
module - otherwise breaker fallure could result.

To callbrate the SF, gas density monitor and adjust the
pressure switches:

Refer to the SF, Gas Density Monitor Calibration Gurve
and Chart{Figs. 9 and 10) to determine the proper alarm
and lock-out pressure settings for the current ambient
temperature.

Determine the existing alarm and lock-out seltings by
closing the isolation valve 60006 (Fig. 1) to separate the
SF, gas density monitor 60002 and SF, gas pressure
gauge 60003 from the pole units.

a. Bleed this negligible amount of gas through the
sample valve 60007 until the alarm cccurs.

b. Read the setting points on the pressure gauge
60003. I is strongly recommended to use an
accurate, calibrated, test pressure gauge to verify
the integrity of the control cabinet pressure gauge
and to ensurs accurate alarm and lock-out settings.

If the pressure spread (differential) between pressure
switches is comrect, with all seftings sither high or low by
the same amount, use the main pressure adjustment nut
{Fig. 11) to make the necessary changes. Use the main
pressure adjustment nut to adjust all of the pressure
switches at one time. Tuming this nut clockwise in-
creases the setlings of all of the pressure switches by the
sams Increment, while turning it counter-clockwise de-
creases all of the settings.

4. Tochange the pressure setting of an individual pressure

Important:

Notice:
6.

7.

switch, use the individual pressure switch adjustment nut
(Fig. 11). Turning the nut clockwise Increases the alarm
pressure setting, while tuming it counter-clockwise de-
creases the alarm pressure setting.

Adjusting oneoftheindividual pressure switches
will often affect the setfings of the other pres-
sure switches. Adjustments should be made in
small increments and a final verification of all
pressure switch settings should be performed.

Always adjust In the order from high pressure switches to
low pressure switches, l.e., start with switch C (Fig. 11)
and then adjust switches B1 and B2.

After adjustments are complete, perform a final verifica-
tion of all pressure switches.

Never severely bend or kink the capillary fube,
Be sure that the isolation vaive 60006 (Fig. 1) is open.

Waming

The Isolation valve must remaln open for proper
operation of the low density SF, alarm and lock-
out controls. A closed isolation vaive could
result In low gas density operation and cause
breaker fallure or damage.

Complete the density monitor calibration section of the
appropriate Maintenance Checklist in the Checklists
module.
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4 SF, Gas Removal and Replenishing

The properties of the sulfur hexafluoride (SF;) gas used inthe
breaker must meet the specifications for sulfur hexafluoride
according to ASTM D2472-71. SF, gas is available in
standard Industrial type cylinders. The adapter needed for
connecting to the cylinder Is a CGA #590 male left-hand
thread connector. Cylinders containing a charge of either 25
Ibs or 115 Ibs of gas are available. The pressureinthe cylinder
Is 300 psi at 24°C (75°F).

The circuit breaker should be filled with SF, gas to a pressure
of 87 psig (600 kPaG) at 20°C (68°F).

When filling the breaker with SF, gas, compen-
sate for temperature variation as shown in the
pressure vs. temperature characteristics of Fig-
ure 9. The SF, Gas Filling and Density Monitor
Calibration Chart in Figure 10 is a quick refer-
ence, tabular version of the characteristics in
Figure 9. For example, at -1°C (30°F) the
correct fill pressure would be 78.2 psig (538.2
kPaG).

Important:

The SF,pressure gauge is mounted in the control cabinetand
can be seen through a view port on the front wall. This gauge
has an accuracy of 2 percent. It is good policy to periodically
verify the calibration of this gauge using a test gauge with an
accuracy of at least 1/4 percent, especially following ship-
ment. The pressure gauge in the breaker is adjustable and
can be re-calibrated.

4.1 Gas Handling Equipment

Either a gas cylinder (bottle) or a gas service unitcan be used
to top off a breaker as long as the breaker has already been
evacuated and contains a definite positive pressure of sulfur
hexafluoride (SF,) gas. The gas service unit is the environ-
mentally preferred and recommended equipment to be used
when the breaker must be opened. Refer to section 4.1.1.

Notice: When the breaker is shipped from the factory,
it already is positively charged with SF, gas fo
approximately 5 psig (34.5 kPaG). Unless this
initial charge of gas is lost because of unusual
circumstances, the breakercan be simply topped
off to the proper level on installation without

performing a vacuum procedure.

An in-ine portable filter with a molecular sieve medium
(desiccant) may be used each time the breaker is filled. The
filter removes SF, decomposition products and moisture from
the gas.

When filling the breaker from a cylinder supplied by a repu-
table gas manufacturer, using a filter as a precaution is not
normally necessary.

12 October 1993

411 Gas Service Unit

The gas service unit is an all-in-one, contained system which
allows the SF, gas to be cost-efficlently and sffectively
reclaimed and recycled. RefertoPlate 1. Thefeatures onthe
gas service unit provide the following distinct advantages:

The unit is cost-efficient because it saves money by
raclaiming and storing the expensive SF, gas.

The in-line filter on the unit removes moisture and arc
by-product impurities from the recycled gas as it is
being reclaimed.

The unit is environmentally preferred because it elimi-
nates the need to release the SF, gas into the atmo-
sphere.

The built-in vacuum pump on the unit removes air and
moisture from the breaker and eliminates the need to
have a separate vacuum pump.

After the necessary vacuum Is attained, the breaker
can be refilled with gas directly from the gas service
unit.

-

Plate 1: Gas service unit
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4.2

Use the procedure described in this section toreclaim SF, gas
from a pole unit. The gas must be reclaimed any time a pole
unit is to be opened.

Reclaiming SF, Gas from a Pole Unit

DANGER

Remove the SF, gas before attempt-
ing to open the pole unit. Break the
vacuum if the tank pressure is below
atmospheric pressure.
Use a gas service unit to reclaim SF; gas from the pole unit.
The gas service unit not only reclaims and stores the SF, gas

but also, if equipped with the appropriate filters, can remove
decomposition products from the gas.

It Is not eccnomical or environmentally wise to
exhaust the SF, gas to the atmosphere.

Important:

The gas service unit should be used to reclaim SF, gas only.
Therefore, no air or other gases should ever be in the tank of
the gas service unit. Checkthatairis purged fromthe unitand
thatthe SF, gas already contained in the unitis of good quality
(particularly in regards to gas moisture content). Use a
moisture analyzer to check the moisture content of the gas in
the gas service unit.

Review instructions for the gas service unit if you are not
already familiar with the unit.

To reclaim SF, gas from a pole unit:

1. Connect the flexible hose from the gas service unit tothe
DILO quick disconnect tool T13433 (Fig. 13) supplied
with the standard tools.

2. De-couple the pole to be serviced from the SF; gas
manifold by loosening the self-sealing DILO quick discon-
nect fitting 10171 at the rear tank cover assembly 10032
(referto Plate 2). The de-coupled fitting will seal on both
sides so that no SF, gas can be lost from the pole units.

3. Evacuate the hose from the gas service unit to drive out
air and moisture using the vacuum pump.

4, Turn off the vacuum pump.

Connect the DILO quick disconnect tool to the rear tank
cover half of the self-sealing fitting and let the high
pressure gas flow from the pole unit to the service unit.
Refer to Plate 2.

Plate 2: DILO quick disconnect tool

6. [Follow the gas service unit procedures step-by-step to
remove the SF, gas until a vacuum of about 2 mm Hg is
achieved. Then close all valves on the gas service unit.
Break the vacuum.

7. Repeat this procedure for each pole unit to be opened.

Since breaking the vacuum fills the pole unit with atmo-
spheric air and moisture, it is strongly recommended to
open the pole unit and clean the internal components of
the pole tank promptly after breaking vacuum.

Warning

If decomposition products are present (when
the pole unit s opened) they must be removed
and disposed of as soon as possible as de-
scribed In the module Safe Handling Practices
for SF,Gas. Clean the breaker parts promptly
after opening the pole unit to prevent damage
caused by corrosive compounds formed when
decomposition products are exposed to mols-

ture in the air.
12 October 1993
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43 Filling the Circult Breaker with SF, Gas

The circuit breaker shouid be filled with SF, gastoapressure
of 87 psig (600 kPaG) at 20'C {68'F).

The gasfilling procedures vary in cases where the breaker has
been opened and unopened.

Warning

Do not over-pressurize the circuit breaker when
filting the breaker with SF, gas. Over-pressur-
ization may cause the rupture disk to fall.

43.1  Filling an Unopened Breaker from a Gas
Cylinder

Filling the breaker with SF, gas from a gas cylindershould only
be done ifthe pole tanks have not been opened and a positive
pressure of approximately 5 psig (34.5 kPaG) at 20°C (68°F)
remains in the pole tank. Using a portable inline fitter/drier is
optional if filling from a gas cylinder.

The gas cylinder should be vertical at all times
to prevent inlroducing liquefied gas Into the
circuitbreaker. Particulate matter within the gas
cylindercanbe carried with theliquefied gas into
the breaker.

To fill the unopened breaker with gas from a gas cylinder:

Important;

1. Remove the cap from the 1/4-Inch 37-degree male flare
fitting 60008 at location F (Fig. 12).

2. Purge the hose and filter (if used) by allowing SF, gas
from the oyfinder to pass through the hose driving out alr
and moisture.

3. Shut off the gas and immedlately connect the hoss at
location F. Refer to Plate 3.

Plate 3: Connecting the fill hose

12 October 1593

4. Open the sample valve 60007 (Fig. 12), then open the
valve on the regulator at the SF, gas cylinder.

Waming

The gas regulator must be adjusted approxi-
mately to the final fill pressure of the breaker (37
psig (600 kPaG)) such that the 8F, plumbing,
density monltor, and gauge are not over-pres-
surized,

tions as needed,

5. Slowlyfilltothe pressure forthe comesponding tempera-
ture as shown In Figures Sand 10. Approximately 65 |bs.
(30 kg) of SF, gas by weight will be required for the
breaker.

One cylinder of gas will be sufficient tofill one breaker. Usable
gas may remain in the cylinder after the breaker is fllled.

When filling during cold ambient temperatures, the cylinder
may be heated using any of the following methods to convert
the liquid SF in the cylinder to a gaseous state:

* An electric blanket heater;

* Immersing the gas cylinder upright in a drum partially
filled with warm water so that approximately haif of the
cylinder is iInmersed. Heat the water with a portable
gas or electric hoater,

Waming
Never heat a gas cylinder with an open flame.

Energize heaters only when transferring the gas.
When heating the cylinder, be sure that the
temperature In the cylinder does not exceod
100°F (38°C).

4.3.2  Fliling an Unopened Breaker from a Gas
Service Unit

Use the portable in-line filter/drier if using the gas service unit
tofill the breaker with SF, gas. A filter with a 13x molecular
sleve (desiccant) can be used.

Tofill an unopened breaker with gas from a gas service unit:

1. Place the filter vertically In the line between the breaker
sample valve and the 8F, gas service unit. Gas will be
forced to flow through the desiccant In the filter/drier.
Care must be taken to ensure that liquid SF,wilinot enter
the portable filter or breaker.

The 13x molecular sleve mustbe replaced after
passing approximately 3500 pounds of gas
through the fiter.

2. Purge the hose from the gas service unit by allowing the
SF, gas to pass through the hose driving out alr and
moisture.

3. Turm off the gas flow and immediately connect the hose
at locatlon F (Fig. 12),

Important:

4. Open the sample valve 60007 and then open the appro-
priate valve on the gas service unit,

-~
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§. Slowlyfilithe breaker to the pressure for the correspond-
ing temperature as shown in Figures 9 and 10. Approxi-
mately 65 Ibs (30 kg) of SF, gas by weight will be required
for the entire breaker.

4.3.3 Replenishing SF, Gas to a Pole Unit That Has
Been Opened

After completing work inside the pole unit and immediately
before closingthe pole tank, install a new desiccant bagonthe
rear tank cover assembly and re-install the rear tank cover
assembly. (Refer to the Pole Unit madule of this manual for
spegcific instructions.)

To fill a pole unit which has been opened:

1. Install the DILO quick disconnecttool T13433 (Fig. 13) to
the hose of the gas service unit.

2. I it was not already done, de-couple the DILO quick
disconnect fitting 10171 at the rear tank cover assembly
10032, separating the gas manifold from the single pole
unit.

Important:  Ifthe gas manifoid was not decoupled from the
pole unils, all of the pole units will have been
emptied of gas and will need to be evacuated
and refilled with gas.

3. Instalithe DILO quick disconnectioolfrom the hosetothe
quick disconnect coupler half on the rear tank cover
assembly.

4. Pull a vacuum to below 1.0 mm Hg absolute measured
with an accurate electronic vacyum gauge. Hold the
vacuum for 1 hour.

5. Fill the pole tank with SF, gas to 87 psig (600 kPaG) at
20°C (B8°F). Refer to Figures 9 and 10 for pressures at
other temperatures.

6. Repeat the previous steps for all pole units which have
been opened.

7. Re-connect the gas manifold when all poles have been
refilled with SF, gas.

WARNING

The gas manifold must be connected at all pole
units to properly monitor the SF, gas density at
all pols units.

5 Equipment, Maintenance Material, and
Renewatl Parts

Various types of equipment, i.e., spare parts, and mainte-
nance material are required to maintain a clrcuit hreaker
throughout its expected life.

5.1 Equipment

The equipment listed in subsequent sub-sections is used to
perform maintenance.

511 Vacuum Pump

A 50 CFM vacuum pump with two stages having back flow
protection is recommended. If a smaller sizeis available, it will
be satisfactory. However, the pump-down time will take
longer.

6§12 Vacuum Gauge

An accurate portable vacuum gauge sufficient to measure
down to 0.5 mm Hg or lower must be used. Stokes Electrical
Gaugs, Model TB-4, or equivalent is suitable.

51.3 Hose Assembllies

For an expeditious vacuum, it is recommended that a short,
large diameter hose (e.g., 10 feet or less by 1-1/4 inch L.D.
hose) be connected between the breaker and the vacuum
pump.

The suggested source for the hose assembiies is:

Aeroquip Hose
300-T S. East Ave.
Jackson, Mi 49203

514 Gas Service Unit

The gas service unit should include the compressor, vacuum
pump, active filters, and storage capacity of 350 to 500 Ibs. of
gas. Suggested sources for the gas service unit are:

DILO Company, Inc.
1936 Beckett Lake Drive
Clearwater, Florida 34623

Limco Corporation
Gravis Point Road
Glenn Cove, NY 11542

5.1.5 Portable In-Line Filter Assembly on the Gas
Service Unit

An in-line portable filter connected to the gas service unit may
be used each time the breaker Is filled or emptied of SF, gas.
Thefilter removes decomposition products and moisture from
the gas, which protects the compressor and vacuum pump
from damage.

The suggested source forthe (molecular sieve) in-linefilter is:

ABB Service Dept.
125 Theobold Avenue
Greensburg, PA 15601
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5.1.5.1 Installing the Portable In-LIne Fliter

A filter utilizing the 13x molecular sieve (desiccant) can be
used on either the gas cylinder or on the gas service unit. To
Install the portable in-fine filter, place the filter vertically in the
line between the breaker sample vaive and the SF,; gas
service unit or gas cylinder. The gas will be forced to flow
through the desiccant. Use care to ensure that liquefled SF,
does not enter the portable filter or breaker.

Replace the deslccant (13x molecular sieve) after passing
approximately 3500 pounds of gas through the filter. Referto
saction 5.1.5.2.

5.1.5.2 Replacing Desiccant in the Portable In-Line
Filter

The portable in-line filter for the gas service unit incorporates
a 13x molecular sieve (desiccant) to remove moisture from
the SF, gas. When the desiccant is spent, it needs to be
raplaced. (This deslccant Is not to be confused with the
desiccant in the rear tank cover of the pole unit.)

The key rule of thumb when replacing the desiccantis to avoid
exposing the desiccant to atmospheric moisture. Therefore,
it is best to perform this replacement procedure indoors i
possible. If hoses are not connacted to the gas service unit,
always keep the flared cap in place to protect the threads and
seal from the atmosphere.

To replace the desiceant in the portable in-line fitter:

1. Stand the gas service unit upright and remove the pipe
plugatthebottom end of unit, releasing the old deslccant,
Discard the used desiccant.

2, Check the plug and clean the threads thoroughly.

3. Apply Teflon tape and Rector Seal #2 tothe pipe plugand
replace the plug.

4. Pour the desiccant from the shipping container directly
into the filter on the gas service unit using a funnel; fillto
about 1 inch from the top of the unit. Fill the unit with
desiccantas quickly as possible to reduce the time which
the molecular sisve and the interior of the column are
exposed to the atmespheric molsture {perform indoors if
possible),

5. Install the top pipe plug as soon as the filter is filled.
516 Gas Cylinder Regulator {for Size A Cylinders)

The vendor and code information for the gas cylinder single
stage regufator with a delivery pressure range of 1 to 180 psig
is:

Air Products and Chemicals Inc.
Code number E11-4-N515F, Connection 1/4-Inch NPT

12 October 1993

§.1.7 Leak Detector
The suggested sources for leak detectors are:

TIF Halogen Leak Detector Model 5500
Halogen Leaktector, Code 23-7023
Bacharach Instrument Inc.

625 Alpha Drive

Pittsburgh, PA 15238

Gas Leak Detsctor

Calgon Gorporation

Rotte 60 Cambells Run Rd.,
Pittsburgh, PA 15230

518  Molsture Analyzer
The suggested source for moisture analyzers Is:

Electrolytic Moisture Analyzer
Manufacturing Engineering and Equipment
Corp. (MEECO)

250 Titus Avenue

Warrington, PA 18976

518 Timing Devices

Use any of the following devices to petform circuit breaker
timing:

» Digitat circuit breaker analyzer
* Oscillographic circuit breaker anaiyzer
* Mechanical Time Travel Recorder

5.1.10 Micro-Ohm Measurement Equipment

A Ductor or equivalent 100 amp DC micro-ohmmeter can be
used to measure pole resistance.

5.2 Tools

Sections 5.2.1 and 5.2.2 provide suggested sets of tools and
aquipment to have available when Installing ormaintaining the
145 PM circuit breaker. Most of the tools listed are normally
carried by a mechanic and can be substituted by any tool
which will perform the same function.

5.21 Common Tools Supplled by User

The following tools are required for maintenance and must be
supplied by the user:

* 1 Torque wrench - 10 to 150 ft-Ibs;

* 1 Torque wrench - 10 to 600 ft-lbs;

* 18ethox end and open end wrenches 5, 6, 7, 8, 9, 10,
13, 17,19, 24, 41, 46 mm;

» 18Set box end and open end wrenches 3/8, 7/16, 1/2,
986, 5/8, 11/16, 3/4, 13/16, 7/8, and 15/16 inch;

* 1 Socket wrench, ratchet handle;

* 1Setofsockets 4, 5,6,7, 8,9, 10, 13, 17, 19, and 24
mm;

* 18etofsockets 3/8, 7/16, 1/2, 9/16, 5/8, 11/16, 3/4, 13/
16, 7/8, and 15/16 inch;

* 1SetofAllen head sockets 1.5,2, 2.5, 3,4, 5,6, 8, 10,

12, 14 mm;

2 Nylon slings, 2-inches wide; 6 feet lang;

2 Step ladders;

1 Come along winch

1 Portable vacuum cleaner.

-
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522 Speclal Tools

53 Maintenance Material

Special tools not normally avallable except through ABB are  Thefollowing list details the maintenance materialused forthe

listed in Table 4.

Table 4
Speclal Tools
Index . Description Designation

Part No. : AorBorC
T13207 .Cr::;tact Finger Assembly B
T13406 |No-Go Gauge A
T13428 | Threaded Red Tool B
T13433 | DILO Quick Disconnect Tool A
T13435 | Travel Recorder Kit A
T13436 | Bushing Guide Rods A
T13437 | Deep Socket Tool B
T13438 | Interrupter Assembly Fixture B
T13439 | Clip Tool B
T13440 {Adignment Tool B
el e
T13442 |Sling c
T13443 | Manual Spring Gharge Tool A
T13444 | Slow Open/Close Device A
T13445 | Interrupter Dolly B
T13446 | SF6 Gas Regulater & Hose c
T13447 | Vacuum Hose o
T13448 \é:t::um & SF6 Sewlce. c
T13449 | Insulating Nozzle Tool B
T13451 | Manual Open/Close Tool A
T13452 | Socket A
T13453 | Ratchet Handle A
T13455 | Exhaust Tube Tool B

A - Standard Tools (provided with breaker)

B - Optional Interrupter Maintenance

C - Optional (purchased separately)

*Unit cannot reclaim SF6 gas {not a gas service unit)

145 PM circuit breaker.

* Sulfur Hexafluoride (SF,):
Manufactured as per ASTM D2472-71.
Shipped as liquid gas in stee! cylinders containing 27-
35 Ibs. of gas by weight.
Each consignment is provided with a test certificate.
Each cylinder has a serial numberand date of delivery.

* Contact Grease
ABB ED 4.1.3388
Alvania No, 2
Shell Oil Company,

Cleaning Materials - Denatured Ethyl Alcohol;
Lectite Threadlocker Nos. 222, 242, 262, & 271;
+ Alnox Electrical Joint Compound ( ABB ED 4.1.3318);

+ Dow Corning Fluore Silicone FS-1292 Grease (ABB
ED 4.1.3322);

* Molycote Spray, DowComing#321 (ABB ED 4.1.3387);
* Pro AA2 Greass (available through ABB);

* Amber Petrolatum Greass;

+ Scotch-Brite extra fine pads;

Molecular Sleve (Desiccant);

Cloth gloves;

Lint-free wipers.
54 Renewal Parts

Sufficient renewal parts should be carried in stock to enable
prompt replacement of worn or damaged parts. Careful
planning for stock of such parts will minimize service interrup-
tions caused by equipment breakdown and will ultimately save
time and expense.

The number of renewal parts which should be maintained Is
dependsnt on conditions of operaticns and past experience.
When continuous operation is of primary importance, more
renewal parts should be stocked, the amount being depen-
dent upon severity of service and the time required to secure
replacements. It is recommended that subassembiies be
stocked for use as spares.

Renewal parts may not always be identical to the original
parts, since revisions may occur which improve the product.
The new, improved parts, however, will be interchangeable
with the original parts.

Standard hardware items are not listed, and it is suggested
that these items be purchased locally to save time and
expense. Where hardware is of a special nature or where
standard hardware is specifically requested, it will be pro-
vided.
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5.4.1. Parts Ordering Information

When ordering renewal parts, or for information conceming
service or rdpair of parts, contact the sales office of ABB.
When ordering parts, obtain the foflowing information from the
breaker nameplate and instruction book to properly identify
the parts:

= Order number see ordering
documentation

« Code number of type see identification plate

« Serial number see identification plate

* Publication number see cover page

* Part number see spare parts list

* Part designation see spare parts list

« Design for indoor or outdoor

All parts are shipped F.O.B. point of shipment, freight prepaid
and added. ABB will establish the method and routing of
shipment. Standard carriers are rall or truck,

Customers may specify the method and route of shipment,
but doing so obligates them for the additional expense
incurred. Parts also may be sent by air or parcel post.

54.2 Parts Storage Instructions

Foliow these instructions to preserve parts while they are in
storage:

1. Carefully handle parts sealed in plastic bags; avold
rippingthe bag; {plastic bags mustbe intact); only remove
the bag when you are ready to install the part.

2. Storerubber parts in 2 cool, dry place; protect them from
light, sun, and rain.

3. Unsuitable storage causes accelerated aging of seals.
The following rules permit spare seals to be stored for
several years without deterioration:

*  Maintain a storage temperature between 4°C and
21°C (40°F and 70°F).

*  Protect the storage area from waler condensation
or high humidity,

*  Maintain a closed atmosphsre In a suitable packing
to reduce the oxidizing effects of air.

« Store the seals away from effects of ozone or
equipment or machines which produce sparks or
arcs.

+  Avoid contamination withfluids, olls, andfats. Avoid
contact with metals (copper, iron, manganese and
their alloys), rubber of other grades, and plastics.

+  Store seals (O-rings) flat with no stress, pressure,
deformation, or bending.

12 October 1993
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60008
— " Flare Fitting
60007
Sample Valve
60003 60002 _
SF6 Gas Pressure Gauge SF6 Gas Density Monitor

. ANAN

60006
Isolation Valve

10213
Gas Manifold
10047 10048 10049
Pole Unit- Pole Unit- Pole Unit-
Left Center Right

Rupture Disk Rupture Disk Rupture Disk
10017 10017 10017

Figure 1
SF, Gas Schematic
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/rlp Coil Energized

'); GColl Current

~
A Phase l

B Phase

Rk Breaker Contacts
I
[ C Phase J

| == Maximum Pole Spread 2 ms

=== Breaker Contacts Open

e 30 MS Maximum

NOTE: All measurements at rated pressures and voltage.

Figure 2
OPEN QOperation

Close Coil Energized

/ Close Coll Current
j‘ A Phase
B Phase
IL C Phase
I Maximum Pole Spread 2 ms
50 to 85 ms >rat— Breaker Contacts Closed

NOTE: All measuraments at rated pressures and voltage; does not include X-relay time.

Figure 3
CLOSE Operation
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Close Coil Energized

w Closing Coil Current

/Trlp Coil Energized /Trip Coll Current

|. |__ Refer to Tab) ;
3 for values

—

—__

I A Phase Break
reaker
I B Phase Contacts
—_ C Phase
50to65ms \ L Breaker Contacts Open
Breaker Gontacts Close

NOTE: All measurements at rated pressures and voltage.

Figure 4
CLOSE-OPEN Operation
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NOTE: All measurements at rated pressures and voltage.

Refer to Table 3 for values for opening velocity

Distance (mm)

120

110

Fully [Closed

=

100

bo

7ﬂ mL

SpeedMeasufin
Points|for H L
Hydradlic Me¢hanisnys eed Mpasuring Pointk for F

N

-2 SpTing Mebhanisrps

Distance {mm)

AN

H#0

4°Tn //

I0m

4]

d % 2
Time (ms)

Maximum Acceptable Limits of Overtravel and Rebhound

100 110 120

Breaker Stroke: 104.1 mm Minimum for FSA-2 Spring Mechanism
105.5 mm Minimum for HMB Hydraulic Mechanism

Figure 5

Typical Distance vs Time Travel Gurve for the Opening Operation
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NOTE: All measurements at rated pressures and voltages.

Refar to Table 3 for values for closing velocity

119 mm Maximum for FSA-2 Spring Mechanism

um for HMB Hydraulic Mechanism

109 mm Maxim
: \ Distance (mm)
\ ;\ 120
\ 110
/ \/ = Fijilly Cloged
s 100
/ Rebgund 145.5 mn Minln-|Um forHMB Hf[drau-
t 20
/ Rebsund 142.2 mn{ Mininjum forFSA-2 l.'uprlng
MecRhanism
80
\ 70
E N
E  ['speed Meas{iring Ppints | N €0
S for HMB Hydraulic Mechanisms Spood Moasufing Pdints
§  for ESh-2 Sggl:_}g Mihan [sths 50
a \ yd
Rt 40
0 thm 30
/ 20
10
Fully ppen /
0
0 10 20 30 40 50 60 70 80 80 100 110 120 130

Time {ms)

Breaker Stroke: 104.1 mm Minimum for FSA-2 Spring Mechanism

105.5 mm Minimum for HMB Hydraulic Mechanism

Figure 6

Typlcal Distance vs. Time Travel Curve for the Closing Operation
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Right Side Inter-
phase Shaft

\Note: When installing the
lever and rod assembly,

-

level this surface

Lever and Rod Assembly

Figure 7
Travel Recorder Kit T13435

Travel Recorder Kit Mounting Instructions

1. Open the circuit breaker and isolate it from the high
voltage system. Properly ground the circult breaker.

2. Discharge the mechanism {in the OPEN position} and
disconnect all control and auxiliary power.

Remove the cover from the right side intarphase shaft.

4. Loossely clamp theleverand rod assembly (Fig. 7) tothe
right side interphase shaft (at approximatsly the loca-
tion shown in Fig. 7) using the mounting bolts provided
with the kit. {The exact location where the assembly is
clamped Is not critical.)

5. While tightening the lever and rod assembly mounting
bolts, place alevelacrossthe surface of the lever device
as showninFig. 7 tolevel this surface ofthe loverdevice
as closely as possible.

The travel recorder kit has been designed with
anough flexibility so that it Is not absolutely
critical that the lever device be exactly lev-
oled, Should the lever device be offlevel by a

Important:

12 October 1993

couple of degrees, it will not adversely affect the
performance of the travel recorder Kkif.

6. Assemble your transducer to the vertical angle of the
transducer mounting bracket (Fig. 8) using either bolts or
C-clamps. Figure 8 shows the mounting arrangementfor
two commonly-used transducer types.

7. Mount the transducer mounting bracket and transducer
ontothe horizontal member of the breaker structure (using
C-clamps)as shown in Figure 7 so that the rod of the lever
and rod assembiy aligns with the sfider or rollers, etc. of
your transducer,

8. Adjust the height of the transducer by sliding the vertical
angle of the transducer mounting bracket along the slot
(Fig. 8) until the rod Is vislbly at a slight, upward angle as

shown in Figure 8.
Important:  Having the rod at an exact anglie is not ctitical.

8. Connect the rod to the slider or rollers, etc. of your
transducer.
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//

Vertical Angle

- Slot
|
!
|

Horizontal Angle

Transducer Mounting Bracket

Typical Mounting Arrangement for a Doble Roller-type Transducer

| Slot

Vertical Angle —

~ i
P : Horizontal Angle '{ﬁ
N S L

Transducer Mounting Bracket

Typlcal Mounting Arrangement for a Doble Slider/Cable Transducer

Figure 8
Details for the Travel Recorder Kit Mounting
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Pressure
L psig  kPaG
4
Saturation - S0 620
. 2 LT o=
Curve / \ ] —
7 X —— =T -80 550
Z "] " S
r-’ —] — ;\ 70 480
/’__._—-"
/F; = 3 80 415
50 345
40 275
30 205
20 140
10 70
Temperature°F 30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110
°C -18 -7 4 16 27 38 49

Normal Filling Pressure psig or kPaG
Low Pressurs Alarm (Contact 63-2C Closes)
Low Pressure Lock-Out (Contact 63-2B1 & 63-2B2 Close)

W=

Figure 9
SF, Gas Density Monitor Calibration Curve for Pressure vs. Temperature

Important: Refer to Figure 10 for a tabuiar version of the characteristics above.

12 October 1993
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Tabular Version of the Pressure vs. Temperature Characteristics shownin Figure9

Saturated

-40 -40 Saturated | Saturated | Saturated | Saturated | Saturated
-30 -34 Saturated | Saturated | Saturated | Saturated | Saturated | Saturated
-20 -29 Saturated | Saturated 58.0 399.9 54.9 378.5
-10 -23 68.8 474.4 €0.0 413.7 56.9 1392.3
0 -18 7141 490.2 62.1 428.2 58.8 405.4
10 -12 73.4 506.1 64.0 4413 60.8 419.2
20 -7 75.8 522.6 66.2 456.4 62.7 4323
30 -1 78.2 539.2 68.1 469.5 64.7 446.1
40 4 80.5 555.0 70.2 484.0 66.6 459.2
50 10 82.8 570.9 72.3 498.5 68.5 4723
60 16 852 587.4 74.3 512.3 70.4 485.4
68 20 87.0 599.8 76.0 524.0 72.0 496.4
70 21 87.6 604.0 76.4 526.8 72.3 498.5
80 27 90.0 620.5 78.5 541.2 74.2 51186
80 32 92.3 636.4 80.5 555.0 76.2 525.4
100 38 94.7 652.9 827 §70.2 78.2 539.2
97.1 669.5 8438 584.7 80.1 552.3
* +/- 2 psig
** +.- 14 kPaG

Figure 10

SF, Gas Filling and Density Monitor Calibration Chart
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Main Pressure Adjustment Nut

ol Skl WPy mp AT wpr

Individual Switch Adjustment Nut

el

i 0
Al I
(Z)(D(?Jé o

E]D G Settoclose at 76 psig (524 kPaG) at 20°C (68°F)

£82 Setto close at 72 psig (496 kPaG) at 20°C (68°F)
NC

Set each switch to the pressure indicated in Figures 9 and 10.

Figure 11
SF, Gas Density Monitor 60002

12 Cctober 1993
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60003 \
:7
60007
60008
Location F
Figure 12
Gas Charging Arrangement
60003 SF, Gas Pressure Gauge
60007 Sample Valve
60008 Flare Fltting
T13446 SF, Gas Reguator and Hose

T13446
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(] 10171
[ i Quick Disconnect Fitting

Grease FS-1292* /| ' Hold this part with a backup wrench
when dacoupling

Grease FS-1292*

= )— Location where
fitting decouples

De-couple the gas manifold at this fitting. Replace the gas

T13433 manifold connection with the DILO Quick Disconnect Tool
T13433 to perform maintenance procedures involving SF,
gas removal and replacement,

Figure 13
Rear Tank Cover Assembly. 10032

10171 DILO Quick Disconnect Fitting
T13433 DILO Quick Disconnect Tool
*Apply Dow Coming FS-1292 Grease to lubricate the threads of the quick disconnect fitting. (

12 October 1993
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145 PM Checklists
Notes

Notice 1

Based on our own experience, you will abtain the best possible operational reliability by following the recommendations given
inthese instructions. The datacontained herein purports solely to describe the product, and it is not a warranty of performance
or characteristics. it is with the best interests of our customars in mind that we constantly strive to improve our products and
keep them abreast of advances in technelogy. This may lead to discrepancies between a product and these instructions,

Notice 2

Within the scope of these instructions, it is impossible to take into account every eventuality which may arise with technical
equipment in service. Please consult our local salesman inthe event of any irregularities, especially if not referred to herein.

Notice 3

We expressly decline liability for damages resulting from any incotract operation or wrong handling of our equipment, even
if these instructions contain ne specific indication in this respect. We stress the fact that cnly genuine spare parts shouid be
used for replacements.

Notice 4

This publication is a copyrighted work. Therefore, it is not permissible to disclose, reprint, copy, of reproduce any part of these
instructions without express written permission from ABB.

These instructions do not purport to cover all details or varlations in equipment nor to provide for every possible contingency
to be metin connection with installation, operation, or maintenance. Should furtherinformation be dasired or should particular
problems arise which are not covered sufficiently forthe purchaser's purposes, the matter should be referredto the ABB Power
T & D Company Inc. Power Gircuit Breaker Division, 125 Theoboid Ave., Greenshurg, PA 15601, Phone Na. (412) 838-5200.

“Copyright 1993, ABB All rights reserved.

10 February 1993
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Installation and Commissioning Checklist

Note: Make copies of the pages herein. Keep the sheets in this module as your original master.
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Page 1 0f 4

145 PM Installation and Commissioning Checklist

Date:

Substation:

Breaker ID Number:

Line or Bus:

Kem/Conaitens to Chook (Unie)

Breaker Data:

Breaker Type: Serial Number:

Maximum Rated Voltage (kV) kv
Maximum Rated Gontinuous Current (A) A
Maximum Short Circuit Current (kA) kA
Control Voltage (VDC) VDC
Auxiliary Voltage (VAC) VAC

SF6 Pressure at 20°C (68°F)

87 psig (600 kPaG})

Machanism Type:

Serial Number:

Breaker leveled and properly anchored?

All grounding connections properly made?

Control wiring landed?

CTs connected to relaying or metering burden {or
short circuited)?

SF6 Gas Filling Pressure (psig) (kPaG)
Filling Temperature

psig

°G  or

kPaG

°F

Note: The breaker must be filled as specified on the Density Monitor Calibration Chart as shown in the

installation module.

SF6 Gas Density Monitor Settings

Manutacturer: Type: Serial Number:
Temperature °C or °F
Nominal Contact Make Reset
Contact and Function Pressure at (Falling
20°C (68°F) Pressure)

76 psig psig psig
63-C Alarm

524 kPaG kPaG kPaG

72 psig _ psig [____ psig
63-B1 Operation Lock-Out or Auto-Trip ,

496 kPaG kPaG kPaG

72 psig psig psig
63-B2 Operation Lock-Out or Auto-Trip

496 kPaG kPaG kPaG

Note: Referto the Density Monitor Calibration Chart as shown in the Instaliation module for correct

alarm and lock-out pressure settings for any given ambient temperature.

Continued on the next page. 2
10 February 1993
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145 PM Installation and Commissioning Checklist

Date:

Substation: Breaker [D Number:

Line or Bus:

- kem/Conditions to Check (Units)

Check

Check for loose hardware

Clean entrance bushings

Touch up chipped or scratched paint

Check the anti-pumping circuit

Check control cabinet anti-condensation heaters

Check alarms and lock-outs

Leak Check Testing

Leak check tube connections and fittings

Leak check the SF6 Gas Density Monitor

Leak check the SF6 gas plumbing

Leak check the rupture disk

Leak check the bushing flanges

Leak check the rear tank cover assembly

Leak check the bellcrank housing

Leak check the interphase shaft seals with the
breaker in the OPEN and CLOSED positions

Contact resistance terminal to terminal specified
less than < 150 micro-ohms

Pole 1:

Pole 2:

Pole 3;

micro-ohms

micro-ohms

micro-ohms

SF6 Gas Moisture Content (to be taken no sooner
than 24 hours after filling the breaker with gas)
*200 PPMV maximum

PPMV at

°G or

°F

Complete the Mechanism Commissioning Checklist
{in the Mechanism moduje)

Check the breaker timing - refer to the 145 PM
Timing Specification Checklist

Reading on the operations counter

Test performed by

*Refer to the Installation module for further details.

Continued on the next page.

10 February 1993
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145 PM Installation and Commissioning Checklist

145 PM Timing Specifications -

ltem to Check

Actual
Measurement

Specified
Parameter

Opening Time

30 ms maximum

Opening Velacity for FSA-2 Spring
Mechanism

3.8to4.2m/s

12.4t0 13.8 fi/s

Opening Velocity for HMB Hydraulic
Mechanism (40 kA interrupting rating)

4.61t05.0m/s

15.010 16.4 ft/s

Opening Velocity for HMB Hydraulic
Mechanism (50/63 kA interrupting rating)

4.3t0 4.8 m/s

14,1 to 15.7 ft/s

Inter-Pole Spread Opening

2 ms maximum

Closing Time

50to 65 ms

Closing Velocity for FSA-2 Spring
Mechanism

251028 m/s

8.21t09.21t/s

Closing Velocity for HMB Hydraulic
Mechanism (40 kA interrupting rating)

251029 m/is

8.210 9.5ft/s

Closing Velocity for HMB Hydraulic
Mechanism (50/63 kA interrupting rating)

21to25mss

6.9t0 821/s

Inter-Pole Spread Closing

2 ms maximum

Close-Open Time for FSA-2 Spring

Mschanism 251050 ms
Close-Open Time for HMB Hydraulic
Mechanism (40 through 63 kA interrupting 20t0 38 ms

rating)

Reclose Time*

20 cycles minimum

reciose time.

"Important: Refer to the Maintenance module for impontant information regarding

Continued on the next page.

10 February 1993
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145 PM Installation and Commissioning Checklist

REMARKS/ COMMENTS/NOTES:

10 February 1993
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Maintenance Checklists:

» Monthly Checklist

» Yearly Maintenance Checklist
« 5-Year Maintenance Checklist

Forthe 10-year major maintenance, complete all of the standard 5-year checks and tests plus the
Interrupter Checklist found at the end of the Interrupter module.

Refer to the Mechanism module for Mechanism Maintenance

Notice: For your convenience, you can make copies of the pages in this module as well as the checklists found in both
the Mechanismand Interrupters modules. Itis wise, after copying, to return andstore the sheets in this instruction
baok for ready reference as your original master sheets,

10 February 1993
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Monthly Checklist for the 145 PM Circuit Breaker
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145 PM Yearly Maintenance Checklist

Page 1 of 3

Date:
Substation:

Line or Bus:

Breaker ID Number:

“em/Conditions to Gheck (Units)

Breaker Data:

Breaker Type: Serial Number:
Maximum Rated Voltage (kV) kv
Maximum Rated Continucus Current (A) A
Maximum Short Circuit Current (KA) kA
Controt Voltage (VDC) vDC
Auxiliary Voitage (VAC) VAC
SF6 Pressure at 20°C (68°F) 87 psig (600 kPaG)
Mechanism Type: Serial Number;
8F8 Gas Filling Pressure {psig) (kPaG) psig kPaG
Filling Temperature

°C  or °F

Maintenance module.

Note: The breaker must be filled as specified on the Density Monitor Calibration Chart as shown in the

SF6 Gas Density Monitor Settings

Manufacturer: Type: Serial Number:
Temperature °C  or °F
Nominal Contact Make Reset
Contact and Function Pressure at {Falling
20°C (B8°F) Pressure)

76 psig psig psig
83-C Alarm

524 kPaG kPaG kPaG

72 psig psig psig
63-B1 Operation Lock-Out or Auto-Trip

496 kPaG kPaG kPaG

72 psig _ psig | psig
63-B2 Operation Lock-Out or Auto-Trip

496 kPaG kPaG kPaG

Note: Refer to the Density Monitor Calibration Chart as shown in the Maintenance module for correct
alarm and lock-out prassure settings for any given ambient temperature.

Continued on the next page.

10 February 1993




145 PM Yearly Maintenance Checklist

Page 2 of 3

Check for logse hardvfare

Check the anti-pumping circuit

Check control cabinet anti-condensation heaters

Check alarms and lock-outs

Leak Check Testing

Leak check tube connections and fittings

Leak check the SF6 Gas Density Monitor

Leak check the SF6 gas plumbing

Leak check the rupture disk

Leak check the bushing flanges

Leak check the rear tank cover assembly

Leak chack the bellcrank housing

Leak check tha interphase shaft seals with the
breaker in the OPEN and CLOSED positions

SF6 Gas Moisture Content (to be taken no sooner
than 24 hours after filing the breaker with gas)
200 PPMV maximum®*

PPMV at

°Cor

°F

Complete the Mechanism Maintenance Yearly
Ghecklist found at the end of the Mechanism
module

Reading on the operations counter

Test performed by

*Refer to the Maintenance module for further details.

Continued on the next page.

10 February 1993
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145 PM Yearly Maintenance Checklist

REMARKS/COMMENTS/NCTES:
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Page 1 of 4
145 PM 5-Year Maintenance Checklist

(Perform every 5 years)

Date:

Substation: Breaker ID Number:

Line or Bus:
- Hem/Conditfonsto Check {Units) | " Data. . .
Breaker Data:

Breaker Type: Serial Number:

Maximum Rated Voltage (kV) kV

Maximum Rated Continuous Current (A) A

Maximum Short Circuit Current (kA}) kA

Gontrol Voitage (VDC) vDC

Auxiliary Voliage (VAC) VAC

SF& Pressure at 20°C (68°F) 87 psig (600 kPaG)
Mechanism Type: Serial Number:

S5F6 Gas Filling Pressure {psig) (kPaG) psig kPaG

Filling Temperature

G or °F

Note: The breaker must be filled as specified on the Density Monitor Calibration Chart as shown in the
Maintenance module.

5F6 Gas Density Monitor Settings

Manufacturer: Type: Serial Number:
Temperature °C or °F
Nominal Contact Make Reset
Contact and Function Pressure at {Falling
20°C (68°F) Pressure)

76 psig psig psig
83-C Alarm

524 kPaG kPaG kPaG

72 psig psig psig
83-B1 Operation Lock-Out or Auto-Trip

496 kPaG kPaG kPaG

72 psig psig psig
63-B2 Operation Lock-Out or Auto-Trip

496 kPaG kPaG kPaG

Note: Refer to the Density Monitor Calibration Chart as shown in the Maintenance module for correct
alarm and lock-out pressure settings for any given ambient temperature.

Continued on the next page.
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145 PM 5-Year Maintenance Checklist

Page 2 of 4

Date:

Substation: Breaker ID Number:

Line or Bus:

Check for loose hardware

Check the anti-pumping circuit

Check the control cabinet anti-condensation
heaters

Check alarms and lock-outs

Leak Check Testing

Leak check tube connections and fittings

Leak check the SF& Gas Density Monitor

Leak check the SF6 gas plumbing

Leak check the rupture disk

Leak check the bushing flanges

Leak check the rear tank cover assembiy

Leak check the bellcrank housing

Leak check the interphase shaft seals with the
breaker In the OPEN and CLOSED positions

*200 PPMV maximum

Poie 1: micro-ohms
Contact resistance terminal to terminal specified
less than < 150 micro-ohms Pole 2: micro-chms
Pole 3: micro-ohms
SF6 Gas Moisture Content (1o be taken no sooner
than 24 hours after filling the breaker with gas) PPMV at °Cor °F

Complete the Mechanism Maintenance 2500
Operatians (5-Year) Checklist found at the end of
the Mechanism module '

Check the breaker timing - refer 1o the 145 PM
Timing Specification Checklist

Reading on the operaticns counter

Test parformed by

*Retfer to the Maintenance module for further detaits.

Continued on the next page.
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145 PM 5-Year Maintenance Checklist

145 PM Timing Specifications

Cpening Velocity for HMB Hydraulic

Actual Specified
Item to Check Measurement Parameter
Opening Time 30 ms maximum
Opening Velocity for FSA-2 Spring 3810 4.2ms
Mechanism 12.41tc 13.8 fi/s
461t05.0m/s

Mechanism (40 kA interrupting rating)

15.0t0 16.4 fi/s

Opening Velocity for HMB Hydraulic

4.3t04.8m/s

Mechanism (50/63 kA interrupting rating)

14,110 15.7 ft/s

Inter-Pole Spread Opening

2 ms maximum

Closing Time

50 to 65 ms

Closing Velocity for FSA-2 Spring

251028 m/s

Mechanism

821092 f/s

Closing Velocity for HMB Hydraulic

25t 29m/s

Mechanism (40 KA interrupting rating)

8.2 10 8.5ft/s

Closing Velocity for HMB Hydraulic

21to2.5m/s

Mechanism {50/63 kA interrupting rating)

6.9108.21t/s

Inter-Pole Spread Closing

2 ms maximum

Close-Open Time for FSA-2 Spring

rating)

Mechanism 2510 50 ms
Close-Open Time for HMB Hydraulic
Mechanism (40 through €3 kA interrupting 20t0 38 ms

Reclose Time*

20 cycles minimum

reciose time.

“Important: Refer to the Maintenance rnodule for important information regarding

Continued on the next page.
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145 PM 5-Year Maintenance Checklist

REMARKS/COMMENTS/NOTES:

14
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' 145 PM Circult Breaker

Index Part Description Quantity

Number per Breaker
Recommended Spare Parts List
Deslceant, Rupture Disk. and Seals

40008 Desiccant Bag 3
10017 Rupture Disk 3
10039 Solid Gasket 3
10040 Gasket (1/32-Inch) 3
10041 Pressure Gaskets 6
Bellcrank Assembly

10164 Bearing 6
10168 Gas/Vacuum Lip Seal 8
10169 Weather Seal 4
Interrupters

30004 Auxiliary Nozzle 3
30005 Insulating Nozzle 3
30006 Moving Arcing Contact 3
30007 Puffer Cylinder 3
30014 Multi-Lam Contact 3
30020 Stationary Arcing Contact 3
30026 Contact Fingers 144
30103 Inner Guide Bearing 3
30104 Quter Guide Bearing 3
30107 Mesh Cooler 3
30116 Main Moving Contact/Self-Blast Chamber 3
30120 Teflon Disk 3




145 PM Clrcult Breaker

Index Part Description Quantity

Number per Breaker
Recommended Spare Parts List

Machanism

53008 Charging Motor and Gearbox Assembly 1
53009 Motor Brushes 2
53014 Close Coil 1
53016 Trip Coll 1
53017 Limit Switch 4
§3040 Auxiliary Switch 2
53066 Secondary Trip Coil 1
Control Cabinet
60001 Anti-Condensation Heater 4
60002 SF, Gas Density Monitor 1
60003 SFS Gas Pressure Gauge 1
60007 Sample Valve 1
O-Rings
90001 C-Ring, Top Flangs, (Bushing) 6
90002 O-Ring, Tank End 6
20003 O-Ring, Bottom Flange, (Bushing} 6
90004 Insulating Nozzle O-Ring 3
90005 O-Ring, Shaft Seal Assembly 8
90014 0O-Ring, Tank Center (Inner) 3
90015 O-Ring, Tank Center {Outer) 3
90016 0O-Ring, Dashpot Cylinder 2
90017 O-Ring, Dashpot Piston 2
90018 O-Ring, Dashpot Main 1
Miscellaneous
20009 Front Bushing Assembly 3
20010 Rear Bushing Assembly 3






