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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 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 ABB Power T&D Company, Power Circuit Breaker Division, 125 Theobold Ave. 
Greensburg Pa. 15601. Phone No. (412) 838-5200. 
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I"'otice 1 

Based on our own experience, you will obtain the best possible operational reliabilny 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 01 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 01 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 01 any irregularities, especially il not relerred to herein. 

Notice 3 

We expressly decline liability lor damages resulting lrom any incorrect operation or wrong handling 01 our equipment, even 
il these instructions contain no specilic indication in this respect. We stress the lact 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 pu rpart to cover ali details or variations in equipment nor to provide for every possible contingency 
to be met in connection with installation, operation, or maintenance. Shouldlurther information be desired orshould particular 
problems arise which are not covered sufficiently lor the purchaser's purposes, the ma11ershould be referredtotheABB Power 
T & D Company Inc. Power Circuit Breaker Division, 125 Theobold Ave., Greensburg, PA 15601, Phone No. (412) 838·5200. 

eCopyright 1993, ABS All rights reserved. 
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Introduction 

1 Introduction and General Description 

Instructions in this manual apply to any ofthe following types 
of multiple-tank. sulfur hexafluoride (SF,) puffer-type circuit 
breakers manufactured by ABB: 

121 PM40 - 12/16/20/30 
• 145PM40 - 12/16/20/30 
• 169PM40 - 12116/20130 

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 model nomenclature is defined as follows: 

145 P M 40 20 

Voltage. kV ~~ J I I 

SF, Puffer ~ I 

~~~~~~:t:~~:tlng (kA) ~ 
Continuous Current (AMPS x 100)------" 

1.2 Conventions Used in This Manual 

This manual IS composed of modules which correspond to 
either a malar breaker component or a major source of 
infonnatlon. i.e. Pole Unit module. etc. Sections of text (and 
in some cases tables) make up a module. The term section 
refers to sequentially numbered segments of text in each 
module. i.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
mation that 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 referto drawings and schematics at the end of each 
module. Illustrations are drawings inserted within the text 
pages of the module. Plates refer to photos inserted within 
the sections of text. 

1.2.1 Customer Data Module 

526P005·02 
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The Customer Data module contains specific information 
pertaining to your circuit breaker. 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 Nu mber References 

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

Parts for major breaker components (referto 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 ordering 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 majorbreakercumponentsfall within 
numbered groupings. With the exception of a-rings. each 
group catego rizes parts pertain ing to a specific major breaker 
component in a numbered series in increments of 10000 as 
follows: 

10000 
20000 
30000 
40000 
50000 
60000 
70000 
90000 

Pole UniV Interphase Linkage; 
Bushing; 
Interrupter; 
Resistor; 
Mechanism; 
Control CabineVSF 6 Gas Density Monitor: 
Current Transformers; 
a-Rings. 

For example. the rupture disk is part of the pole unit and its 
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 
followed by a five-digit number. For example. the index part 
number for the deep socket tool IS T13437. 

9 February 1993 
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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 number. The index 
part number for a typical bolt, for example, is H420A3051 O. 

1.3 Safety Instructions in This Manual­
READ THIS 

Follow the instructions In this manual to prevent accidents 
and failures. 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 

Forconvenient reference, keep this instruction manual in the 
slot within the control cabinet 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 presented herein in the step­
by-step sequence forthe salety of personnel and equipment 

Hazard 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 (ANSI) 
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
ous 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 
i.!:liY.!Y . 

Notice: NOTICE IS used for hazards that mav result in 
property damage onlv. 

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 
reliable 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 breakertechnology 
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 verification 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 nameplate on the 
inside of the control cabinet door of the breaker indicates the 
location, accuracy and ratio of the current transformers. 

Because of its advanced, yet uncomplicated, design, breaker 
maintenance is minimal, but is still essential in ensuring 
trouble-free operation. Byfollowing the maintenance proce­
dures listed in this manual, the 145 PM circuit breaker will 
provide years of reliable, dependable service. 

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

The 145 PM circuit breaker (Fig. 1) consists of several major 
components; 

Three pole units; 
Six porcelain entrance bushings; 
Bushing-type current transformers; 
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 in which an interrupter unit suspended by an insulating 
support tube, is housed within each grounded aluminum 
tank. Pressurized sulfur hexafluoride (SF,) gas surrounds 
the interrupter units and fills the hollow porcelain entrance 
bushings. The gas functions as both an insulating and arc 
quenching 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 assembly); 
• 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 un it. 

2,2 Porcelain Entrance Bushings 

The bushings are an integral part of the breaker and are 
specificallydesignedtoconnecttothe high voltage 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 attaches to the interrupter. 

Refer to the Porcelain Entrance Bushings module for more 
details. 

2_3 Current Transformers (CTs) . 

Bushing-type current transformers (CTs) are installed at the 
factory and are wired to short circu~ing 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. 

Refer to the Current Transformers module for more details. 

2.4 Interrupter 

526P005-02 
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The type SW interrupter is a single pressure, single break, 
sulfur hexafluoride (SF,) gas puffer-type unit capable of 
interrupting 40 kA terminal fau~s and 90 percent short-line 
faults at 40 kA without the addition of externalline-to-ground 
capacitors. Each interrupter consists of a moving contact 
assembly and a stationary contact assembly. Both assem­
blies contain a main contact and an arcing contact. 

Under normal conditions, 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 
eventually is interrupted. Because the arc is interrupted althe 
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 bell crank assembly, which converts the vertical 
motion of the operating mechanism to the horizontal motion 
of the interruptercontacts. An insulating pullrod connects the 
bellcrank assembly to the moving contacts. 

Refer to the Internupter module for more details. 

2.5 Interphase Linkage 

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

Refer to the Interphase Linkage module for more details. 

2.6 Mechanism 

The operating mechanism for the 145 PM circuit breaker is 
housed within the control cabinet. This breaker can 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 a direct mechanicallinkto steel coil springs, 
and are driven by the springs during both the opening and 
closing operations. 

2.6.2 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/pull rod 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/pullrod. The storage springs are charged using a 
hydraulic 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 steel 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; 
Auxiliary switches; 
Circuit breaker control 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. 

If required. the circuit breaker also can be fitted with a second 
control cabinet (not shown in Figure 1) mounted to the rear 
of the structural frame. 

9 February 1993 
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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 Ihe product. and itis 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 

WHhin 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 irregularHles. especially W not referred to herein. 

Notice 3 

We expressly decline liability for damages resulting from any Incorrect operation or wrong handling of our eqUipment. even 
Ifthese Instructions contain no specWlc Indication In this respect. We stress the fact that only genuine spare parts should be 
used for replacements. 

Notice 4 

This publication is a copyrtghted work. Therefore. it Is not permissible to disclose. reprint, copy. or reproduce any part of these 
instructions without express written pennisslon 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 orshould particular 
problems arise which are not covered sufflcientlyforthe purchase~s purposes. the matter should be referred to the ABB Power 
T & 0 Company Inc. Power Circuit Breaker Division. 125 TheoboldAve .• Greensburg. PA 15601. Phone No. (412) 838-5200. 

eCopyright 1993. ABB All rights reserved. 
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Installation 

1 Introduction 

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

Important: An Installation and commissioning checklist Is 
included in the 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 

The breakerls shipped from the factory with a positive charge 
ofsulfur hexafluoride (SF,) gas of approximately 5 psig (34.5 
kPaG). Eventually after the breaker is put in place and ready 
for testing and operation, It will be filled with SF, gas to a 
working pressure of87 psig (600 kPaG) at20·C(68·F) during 
commIssIoning. The procedures listed below must be 
performed in the following sequence before placing the circuit 
breaker Into service: 

1. Receive and lift the circu~ breaker Into place (with 5 psig 
(34.5 kPaG) of pressure in the tank); refer to sections 2 
and 4.2. 

2. Completely install the breaker (with 5 psig (34.5 kPaG)) 
before filling it with gas; reter to secllon 4. 

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

land power and control wiring connections; refer to 
section 5.1. 

Connect the currenllransformers; refer to section 5.2. 

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 6 and 7. 

DANGER 

Never move or install a breaker that 
is fully pressurized with SF 6 gas. The 
breaker can be moved or installed 
only if the tank is at a slight positive 
pressure of approximately5 pSig(34.5 
kPaG). Afterinstallation is 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 6 gas. 

2 
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Recelvi ng and Handling the Breaker 

When the circuit breaker reaches ~s destination, check the 
material actually received against the packing list Immedi­
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 install the breaker, refer to 
section 4. 

The breaker Is shipped completely assembled exceptthallhe 
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 
efficient means ofhandling the circuit breaker. lifting lugs are 
provided for this purpose. Refer to section 4.2 for lifting 
instructions. 

2.1 Moving the Breaker 

To move the breaker: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Be sure that the breaker is In the OPEN position and that 
the mechanism springs are completely discharged. 

Reduce the SF, gas pressure to approximately 5 psig 
(34.5 kPaG). 

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 approximately5psig (34.5 
kPaG). 

lift the breaker as shown in Figure 1 and In Plate 1 as 
shown in section 4.2. 

Remove the leg bolts HBOOA02703 (Fig. 1) and retract 
the extension legs into the breaker frame. 

Refasten the legs into the retracted position using the leg 
bolts. 

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

Secure the breaker with straps during transport. 

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

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

Important: If the breaker is to be stored longer than 1 
month, protect the operating mechanism and 
control cablnetfrom moisture and corrosion by 
closing the hOu,9ing and energizing the ant/· 
condensation heaters. 

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

Notlca: 

7 October 1993 

If a breaker which has been opened is to be 
storad, 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 forinstructionson evacu· 
ating and refilling a breaker which has been 
opened. 

4 Installing the 145 PM Circuit Breaker 

When installing the 145 PM circuit breaker, referto the outline 
and field assembly drawings In the Customer Data module 
and the fiow chart on the opposite page. After installation is 
complete, commission the breaker. Refer to section 5. 

4.1 

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 6 gas. The 
breaker can be moved or installed 
only if the tank is at a slight positive 
pressure ofapproximately5 psig (34.5 
kPaG). Do not fill the breaker with 
SF 6 gas until installation is complete. 

Equipment Used In Installation 

The following items are supplied by ASS 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 tools (including the 
travel recorder kit T13435); 
One set of wiring diagrams. 

The following items are provided as options by ASS. Check 
if these matenals 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 ASB·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-ohm measurement eqUipment; 

• Standard tools, screwdrivers, wrenches, etc.; 
• Torquewrenches: 10t0150ft·lbsand 10t0600ft-lbs; 
• Two, step ladders (10·feet size); 

Wire brush; 
Cleaning materials (denatured ethyl alcohol); 

• Lint-free wipers. 
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Installation and Commissioning Flow Chart 
Task 

Remove all packing material. I 

Lift circuit breaker Into place wit 
5 palg (34.5 kPaG) of SF. In It; 
use Solon crane & lifting sUngs. 

I 
Unbolt the leg extensions and 
lower them Into position. 

I 
I Re-assemble and fasten the legs 

I 
Place the breaker on the 
foundation pad. 

I 
Grout or shim under the pads 
and secure the anchor bolts. 

I 
Permanently ground the circuit 
breaker and then ground the 
control cabinet. 

I 
Clean the entrance bushings. I 

I 
Touch up any chipped paint. 

I 

I 
Install the bushing top terminal 

I 
Commission the breaker: 

o Make electrical connections 
o Fill the breaker with SF. gas 

I 
Perform the following tasts 
o Measure contact resistance 

o Measure the moisture content 
ot the SF. gas 

o Check for leaks 

o Operational and timing tasts 

o Callbrata the SF. gas 
density monitor 

Complete the Installation and i 
Commissioning Checklists 

Section Reference 

Sections 4.1 & 4.2 

Sections 4.1 & 4.2 

Section 4.2 

Section 4.2 

Section 4.2 

Section 4.2 

Section 4.2 

Section 4.2 

Section 4.2 

Section 4.3 

Sections 5.1. & 5.2 
Section 5.3 

Section 7.1 

Section 7.2 

Section 7.3 

Section 7.4 

Section 7.5 

Checklists module & 
Mechanism module 

7 OdDber 1993 
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DANGER 

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

4.2 Installation Procedure 

Prior to Installing the 145 PM circuit breaker, be sure thatthe 
tank pressure Is approximately 5 psig (34.5 kPaG). Do not 
Install a fully pressurized breaker. 

To Install the 145 PM circutt breaker. 

1 . Remove all packaging material. 

2. Lift the breaker using the crane and following the rigging 
arrangement shown In Figure 1 and Plate 1. 

Plate 1: L/trJng breaker 

3. While the breaker Is suspended , unbolt the leg exten­
sions and lowerthemtothe posttlon shown on the outline 
drawing In the Customer Data module. R ... assemblethe 
legs using the fasteners provided wtth the legs. 

4. Placa the breaker on Its foundation pad. The unll 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 bolls. 
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6. Permanently ground the clrcutt breaker structure. Two 
NEMA grounding pads, welded to the front and rear 
structural legs at oppostte comers, are provided for this 
purpose. The ground cable should be able to cany the 
available fautt cunrent 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. 

7. 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 wall and can be 
accessed from outside of the cabinet. 

8. Clean theentranca bushings to remove any dlrtordebris 
which may have accumulated during shipment and 
Installation using standard cleaning procedures d ... 
scribed In the Porcelain Entrance Bushings module. 

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

10. Complete the Installation and commissioning checklist 
Included in the Checklists module. This tabularchecklist 
Includes all of the tests and Items to check when 
Installing and commissioning the breaker. The checklist 

( 

specifies allowable tolerances along with blank spacas ( 
for recording measured values for future referenca and 
comparison. 

( 



4.3 Installing tha Bushing Top Tannlnal 

Each 145 PM clrcutt breaker Is prcvlded wtth six four-hole 
NEMA tennlnal pads 20311 (Fig. 15) as part of the field 
assembly matertals. Refer to Plate 2. 

Four-Hole NEMA Bott H420A30614 
Tennlnal 20311 Belleville Washer 
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threads ofeach bott. Place a bottthrcugheach V-clamp, 
and screw the botts Into the four holes of the top cap of 
the bushing. 

6. Tum the tennlnal pad to the deslnsd orientation (the 
tennlnal can betumed 360 degrees)and torque the botts 
to 61 Nm (45 It-Ibs). 

Clalmp'lllg Ring 20317 4.4 Slow Clo.a Oparatlon 

Plate 2: Installing the bushIng top terminal 

To Install the tenninal pad 20311 (Fig. 15) to the top cap of 
the bUshing conductor: 

1. Coat the mating surfaces between the tennlnal pad 
20311 and top cap of the bushing wtth Alnox Electrical 
Joint Compound (found In the service kit). Abrade both 
contact surfaces with a wire brush to remove dirt and 
oxides. Completely wlpa off the A1nox with a cleen, IInt­
free wiper and Immediately apply a naw coat of Alnox to 
both mating surfaces to prevent oxidation. 

2. Position the tennlnal pad on the top cap of the bushing. 

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

4. Place fourV-clamps 20318 between the clamping ring 
20317 and tennlnal pad and over the holes in the top cap 
of the bushing. 

5. Place a belleville washer H967800 (Fig. 15) on each of 
thefourM12hexheadbottsH420A30614. ApplyAmber 
Petrclatum Grease to the bearing surtaces and the 

Since the slow close oparetlon Is only necessary when re­
Installing a stationary contact assembly during Interrupter 
maintenance, this prccedure Is optional during Installation 
because: 

The clrcultbreakerls shipped as a complete readY-to­
Install untt and contact Inspection or alignment Is not 
required during Installation. 
A slow close operation Is not required when using 
modem clrcutt breaker timing techniques; 

Imporlant WIth the 145 PM circuit breaker, the macha­
nlsmcannotbejackedc/osed. The InterruptelS 
must be Isolated from the mechanism. 

Refer to the Interphase Llnkege module for the procedure to 
perfonn a slow close operation. 

7 OcIDber 1993 
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5 Commissioning the Breaker 

Commissioning follows Installation. Commissioning the 
breaker Involves: 

• Making electrical connections; 
Filling the breaker with SF, gaa; 

• Testing the breaker; 
Completing the Installation and commissioning check­
list (In Ihe Checklists module); 

• Completlng!hecommlsslonlngcheckllstforthemecha-
nlsm (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 the full amount of desiccant. Therefore, itshould 
not be 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 I 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. 

Complete Commissioning 

Control & Secondary Wiring 

Current Transformers 

Sections 5.1 to 5.3 
&7 

Section 5.1 

Section 5.2 

Filling the Breaker with SF6 Gas Section 5.3 

Perform Tests: Section 7 
- Pole Resistance Measurement 
- Moisture Measurement 
- Leak Checking 
- Operetlonal and Timing Tests 
- Density Monitor calibration 

Complete Installation and Checklists Module & 
Commissioning Checkllsls Mechanism Module 
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5.1 Control and Secondary WIring 

Control and auxillaryequipment Inherenttothe 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 dlagrem forexlemal 
connections and to lhe mechanism nameplate for control 
voltages and operating pressures. 

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

Condultforexlemal control wiring should be terminated atthe 
removable plate 60009 (Fig. 2) located In the bottom of the 
control housing. RefertoPlate3. Allcondultshould be sealed 
at the cabinet to keep out dirt and moisture. 

Plate 3: Removable plate 

5.2 Cu rrenl Tranafonners 

Bushlnlrtype currant 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 ~ requested. A nameplate 
on the Inside of the cabinet door Indicates the location, 
accuracy and ratio of the currant transformers. 

Refer to the Currant Transformers module for more details. 

DANGER 

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

( 

( 

l 



5.3 SF. Gas Filling 

The properties of the suWur hexafluoride (SF.) gas used In the 
breaker must meet the specifications for suWur 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 malelefl-hand 
thread connector. Cylinders containing a charge of elther25 
Ibs or 115 Ibs of gas are available. The pressure In the 
cylinder Is 300 psi at 24·C (75·F). 

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

Imporfant: When filling the breakerwlth SF,gas, compen­
sate for temperature variaffon as shown In the 
pressure vs. temperature charactarisffcs of 
FIgure 3. The SF, Gas Filling and DBnsity 
Monitor Calibration Charf In Figure 41s a quick 
referance, tabular version of the characteris­
tics In FIgure 3. Forexample, at -t·C (30·F) the 
correct fill pressure would be 78.2 pslg (539.2 
kPaG). 

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

Warning 

Do not over-pressurlze the circuit breakerwhen 
flillng the breaker with SF, gas. Over-pressur­
Ization may cause the rupture disk to fall . 

5.3.1 Preparation Prior to Filling the Breaker with 
SF. Gas 

When the breaker Is shipped from the factory, n already Is 
posnlvely charged with SF, gas to approximately 5 pslg (34.5 
kPaG). As long as this Initial charge of gas Is presen~ the 
breaker can be simply topped off to the proper level on 
Installation. However, before filling the breakerwnh SF, gas, 
make sure that this positive pressure has not been lost due 
to leakage or damage during shipping, etc. 

lithe 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 Unn module for Instnuctlons on replacing the desiccant 
bag. Then, follow the procedures for evacuating and filling a 
clrcun breaker which has been opened as listed In the 
Maintenance module. 

The SF, gas pressure gauge 60003 (Fig. 5) Is mounted Inthe 
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 wnh an 
accuracy of at least 1/4 percen~ especially following ship­
ment. The pressure gauge In the breaker Is adjustable and 
can be re-callbrated as needed. 
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WARNING 
If the positive shipping pr .. sure h .. been lost 
or If the breaker has baan opened for any 
reason, refer to the Maintenance module for 
procedur .. to flll an opened breaker. 

5.3.2 Filling an Unopened Breaker from a Gas 
Cylinder 

FIlling the breaker wnh SF, gas from a gas cylinder should 
only be done W the pole tanks have not been opened and a 
positive pressure of approximately 5 pslg (34.5 kPaG) at 
20·C (68·F) remains In the tank. Using a portable in-linefliterl 
drier Is optional if filling from a gas cylinder. 

Important: The gas cylinder should be vertical at all times 
to prevent Introducing liquefied gas Into the 
circuit breaker. Parflculate matter within the 
gas cylinder can be carried with the liquefied 
gas Into the breaker. 

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

1. Remove the cap from the 114-lnch, 37 -degree male fiare 
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. 

7 October 1993 
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Warning 
The gas regulator must be adjusted approxl­
matelytotheflnalflll prsssure of the breaker(87 
pslg (800 kPaG» such that the SF, plumbing, 
density monitor, and gauge are not over-prss­
surlzed. Compensate for temperature vada­
tlons 88 n'eded. 

5. Slowly fill the breakerwfth gas to the pressure as shown 
In Figures 3 and 4 for the corresponding ambient 
temperature. Approximately 651bs. (30 kg) of SF, gas 
by weight will be required for the breaker. 

Onecyllnderofgaswillbesufficienttoflil one breaker. Usable 
gas may remain In the cylinder after the breaker Is filled. 

When filling dunng cold ambient temperatures, the cylinder 
may be heated using any at 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 wfth warm waterso that approximately haW of the 
cylinder Is Immersed. Heat the water with a portable 
gas or electric heater. 

Warning 
Nevar heat a gas cylinder with an open flame. 
Energize heaters only when tranafen1ng the 
gas. When heating the cylinder, besure that the 
temperature In the cylinder does not exceed 
100'F (38'C). 

5.3.3 Filling an Unopened Breaker from a Gas 
Service Unit 

Usea portableln-linefilter/dnerWfilling the breakerfrom a gas 
service unit. A filter with 13x molecular sieve (desiccant) can 
be used. Place the filter vertically In the line between the 
breaker sample valve 60007 (Fig. 5) and the SF. gas sarvlce 
unit Gas will be forced to fiow through tha desiccant In the 
fllter/dner. Care must be taken to ensure that liquid SF, will 
not enter the portable filter or breaker. 

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

To fill the breaker. 

1. Purga the hose from the gas service unit with a quantfty 
of SF, gas equal to approximately 10 IIms the volume of 
the hose to eliminate air and moisture. (A quick blast 
purge through the hose Is not sufficient to adequately 
eliminate air and moisture - especially W using a long 
hose wfth a larga diameter.) 

2. Tum off the gas fiow and Immediately make the neces­
sary connection at location F (Fig. 5). Refer to Plate 4. 

3. Open the sample valve 60007 and then open the 
appropnate valve on the gas service unft. 

4. Slowly fill the breakerwlth 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 weight will be required for the breaker. 
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6 Test Equipment 

Equipment used In tesllng Includes: 

• Leak detector (section 6.1 for vendor sources); 
• Moisture analyzer (section 6.2 for vendor sources); 
• Timing devices (section 6.3); 
• Micro-ohm measurement eqUipment (section 6.4). 

6.1 Leak Detector 

The suggested sources for leak detectors are: 

TlF Halogen Leak Detector Model 5500 
Halagan Leai<lector, Code 23-7023 
Bacharach Instrument Inc. 
625 Alpha Drive 
Pltlsburgh, PA 15238 

Gas Leak Detector 
Calgon Corporallon 
Route 60 Cambells Run Rd. 
Pittsburgh, PA 15230 

6.2 Moisture Analyzer 

The suggested source for moisture analyzers Is: 

Electrolytic Moisture Analyzer 
Manufactunng Englneenng and EqUipment Corp. 
(MEECO) 
250 Tftus Avenue 
Warrington. PA 18976 

8.3 Timing Devices 

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

Dlgftal circuit breaker analyzer; 
Oscillographic circuit breaker analyzer; 
Mechanical time travel recorder. 

8.4 Mlcn>Dhm Measurement Equipment 

A Ductororequlvalent 100amp DC micro-ohmmeter can be 
used to measure pole reslstence. 

{ 

( 



7 Testing 

Thefollowing should be performed when Installing the 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 chack­
list (In tha Checklists modula); 
Completingtha commissioning checklistfortha mecha­
nism (in the Mechanism module). 

7.1 Pole Resistance Maasurement 

Using a 100 A micro-ohmmeter (or millivott drop meter), 
perform a contact reSistance (or milliVolt drop) measurement 
on each pole of the breaker. The maximum resistance from 
bushing terminal to bushing terminal should not exceed 150 
micro-ohms. 

7.2 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 
7.2.1. 

Important: An adequate moisture content reading can be 
taken 1 hour after filling the circuit braakerwith 
gas. However, If time permits, allow 24 hours 
or more for the gas system to stabi/iza before 
taking a moisture content reading. The addi­
tional time for stabl7ization will ensure a more 
accutate reading. 

The maximum moisture level permttted In the SF, gas is: 

200 ppmV (by volume) at 6soF (20°C) 

The maximum moisture content to be expected from an SF, 
gas cylinder Is: 

SF, Dew Point of -50°F (-45°C) 

Caution 

Should the moisture content of the SF, gas 
exceed 200 ppmV on filling, the SF, gas must be 
reclaimed and recycled through a drying filter. 
Before refilling, the circuit breaker must be 
evacuated to eliminate moisture using the pro­
cedure In the Maintenance module for filling a 
breaker that has been opened. 
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7.2.1 Measuring the Moisture 

To ensure reliable moisture measurements, pay particular 
attention to cleanliness and prescribed procedure, particu­
larly as It applies to preventing moisture from contaminating 
the moisture analyzer (hygrometer) and tts connections. It is 
Important that the recommendations of the analyzer supplier 
be followed carefully. 

The gas is sampled through the 114-lnch 37-<1egree male 
flare fitting 60008 (Fig. 5) located at the outlet of the sample 
valve 60007. Use only stainless steel tubing to connact 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 frttings to the pressure gauge; 
SF, gas density monttor; 
SF, gas plumbing; 
Rupture disk; 
Bushing flanges; 
Rear tank cover assembly; 
Bellcrank 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. 

7.4.1 Operational Tests 

The control relays, protection devices, and schemes must be 
fully checked by operational tests to ensure that the breaker 
is ready for service. Beceuse the control schemes are usually 
deSigned as per customer speciflcatlons, operational tests 
vary depending upon the particular 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 clrcutt breaker will open and close 
electrically at both the local control switches and at the 
remote control switches. If a 10caVremote or mainte­
nance test switch is used, verify that it is functioning 
properiy. 

2. Chack the alarm and operation lock-out functions for 
proper actuation. The 145 PM breaker has two param­
eters which are monitored: SF, gas denstty and operat­
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 ant~pumping circultry(y relay or X-Y relay 
scheme) Is operating properly as per your parlicular 
control scheme. 

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

7.4.2 Timing Tests 

Timing tests are performed to verify that the circuli breaker 
contacts are opening and closlngat acceptable velocities and 
within lime limits that meet the design parameters of the 
circuit breaker and the high voltage system. Timing tests 
Include: 

Measuring contact clOSing 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. Contact velocity measurements are not 
required on installation, but should be performed during the 
5-year scheduled maintenance as specified In the Mainte­
nance module. 

A wide variety of circuit breaker analyzers (timing equipment) 
are available to perform these tests. The two most common 
types of circuit breaker analyzers are oscillographic analyz­
ers using light-sensitive chari paper and the more advanced 
digital timers. EHher oscillographic or digital devices are 
acceptable, however, the digital devices are more accurate 
and tend to be easier to use. Circuit breaker analyzers are 
normallysu pplied with all test leads, motion transd ucers, and 
timing channels necessary to perform timing tests. 

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

Timing channels which monitor the closing and open­
ing of the main contact; 
Channels which monitor trip and close coil currents; 
Motion channels which monitor contact movement via 
motion transducers; 
Event charls showing distance(verlical units) vs. time 
(horizontal units). 

Perform all timing tests with the gas system pressurized to 87 
psig (600 kPaG) at20·C (68·F) and with the mechanism fully 
charged. 

Refer to Table 2 for liming speCifications. Figures 6, 7, and 
8 show typical oscillographic measurements of timing 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 

Opening Velocity for FSA-2 3.8 to 4.2 mls 

Spring Mechanism 12.4 to 13.8 tVs 

Opening Velocity for HMB 4.6 to 5.0 mls 
Hydraulic Mechanism (40 kA 
interrupting rating) 15.0 to 16.4 tVs 

Opening Velocity for HMB 4.3 to 4.8 mls 
Hydraulic Mechanism (50163 kA 
interrupting rallng) 14.1 to 1S.7tVs 

Inter-Pole Spread Opening 2msmaximum 

Closing Time 50 to 65 ms 

Closing Velocity for FSA-2 Spring 2.5 to 2.8 mls 

Mechanism 8.2 to 9.2 tVs 

Closing Velocity for HMB 2.S to 2.9 mls 
Hydraulic Mechanism (40 kA 
Interrupting rating) 8.2 to 9.5 tVs 

Closing Velocity for HMB 2.1 to 2.S mls 
Hydraulic Mechanism (SOl63 kA 
Interrupting rating) 6.9 to 8.2 tVs 

Inter-Pole Spread Closing 2msmaxlmum 

Close-Open Time for FSA-2 2Sto SO ms 
Spring Mechanism 

Close-Open Time for HMB 
Hydraulic Mechanism (40 through 20 to 38 ms 
63 kA interrupting rating) 

Reclose Time 20 cycles minimum 

7.4.2.1 Contact Closing and Opening Times 

Contact closing and opening limes must be within the 
specified limits shown in Table 2 to assure that the circuit 
breaker Is functioning properly. As pari 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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Opening time (contact part) - time interval elapsed between 
energlzallon of the trip coli and the last arcing contact to break 
on opening (Fig. 6); units are in mlllisE!conds (ms) or cycles 
(Hz). 

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

Reclose time (open-close) - time interval elapsed between 
the energlzation 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 commonly in 
milliseconds (ms). 

Inter-pole spread on opening -lime 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). 

Caution 

The rIIcloslngttme of a circuit breaker Is defined 
as the time Interval between energlzatlon of the 
trip clrcultfor an open operation and the making 
of the primary arcing contacts of the Interrupter 
on the subsequent close operation. 

The rated rec/os/ng time of a circuit breaker Is 
defined by ANSI Standards to be a minimum of 
20 cycles. In practice, this time delay allows for 
delonlzatlon of fault current paths and to re­
store the arcing region of the breaker to Its full 
Interrupting performance level. The 145 PM 
breaker has been tested for this capability with 
the required time delay Intentionally 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. However, unless 
speCified by contract documents, timing de­
vices to achieve the required minimum 20-cycle 
delay are not provided as part of the local 
control circuit for the breaker. Prior to placing 
the breaker Into service, ensure that the re­
quired time delay be part of the complete con­
trol clrcultfor the breaker. 

ABB requires a minimum 20-cycle recloslng 
time. 

7.4.2.2 Contact Velocity 
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Maintaining contact velocity within the specifoed limits shown 
In Table 2 Is necessary to assure that the circuit breaker Is 
functioning properly. Contact velocity (meters/second or 
feeVsecond) on breaker opening orcloslng Is factory set prior 
to shipment. Since the contact veloctty Is dependent upon 
mechanism seltings (e.g. spring pre-charge, etc.) which are 
unlikely to change In the relatively short lime between 
shipment and installation, taking motion ciharacterislics to 
determine contact velocity is optional during inttlallnstallation 
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 ciharacteristics of 
distance vs.llme. Figures 9 and 10 show typical distance vs. 
lime characteristics. To obtain mollon characierlstlcs, a 
motion transducer must be attached to the circuit 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 
paints as shown In Figures 9 and 10, i.e, the slope oflhe line 
drawn belween these two points. 

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

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

Contact Velocity - Distance (mm) 

Time (ms) 

Thevaluecalculaledfromthisformulaforcontactvelocitywill 
be in mlsec. 

Important: If contact velocity or the amount of overlravel 
is not within the speclffed limits as shown in 
Figures 9 and 10, refer to the Mechanism 
moduleforlnstructfonsonadjustingthe mecha­
nism. 
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7.5 SF, Gas Density Monitor Calibration 

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 (6S·F); 

Switch C (Fig. 14) is setto close at 76 psig (524 kPaG) 
(alarm point) with decreasing pressure; 

SWHches B1 and B2(Flg. 14) are setto close at 72 psig 
(496 kPaG) (breaker lock-out point) with decreasing 
pressure (unlessaltematevaluesare 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 
factory-specified setpolnts shown on the first 
sheet of the wiring diagrams In the Customer 
Data module - otherwise breakar failure could 
result. 

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

1. Refer to the SF 6 Gas Density Monitor Calibration Curve 
and Chart (Figs. 3 and 4) to determine the proper alarm 
and lock-out pressure settings for the current ambient 
temperature. 

2. Determine the existing alarm and lock·out settings by 
closing the Isolation valve 60006 (Fig. 13) to separate the 
SF, gas density monitor 60002 and SF, gas pressure 
gauge 60003 from the pole units. 

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

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

3. 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 pressure switches by the 
same Increment, while turning it counter-clockwise de­
creases all of the settings. 
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4. To change the pressure setting of 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 counler-clock­
wise decreases the alarm pressure setting. 

Important: Adjusting one of the individual switches will 
often affect the settIngs of the other pressure 
swirohes. Adjustments should be made in 
small increments and a tinal verification of all 
pressure switch settings should be performed. 

Always adjust in the order from high pressure switches 
to low pressure switches, i.e. start with switch C and then 
adjust switches B1 and B2. 

5. After adjustments are complete, perform a final verifica­
tion of all pressure switches. 

Notice: Naver severely bend or kink the capillary tube. 

6. Be sure thatthe isolation valve 60006 (Fig. 13) is open. 

Warning 

The Isolation valve 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 failure or damage. 

7. Complete the density monitor calibration section of the 
Installation and Commissioning Checklist In the Check­
lists module. 

( 
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Pressure 
pslg kPaG 

I--
90 620 

~ 
80 550 

70 480 

60 415 

50 345 

40 275 

30 205 

20 140 

10 70 

Temperature of 
°C 

30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 
-18 -7 4 16 27 38 49 

1 Normal FIlling Pressure psig or kPaG 
2 Low Pressure Alann (Contact 63-2C Closes) 
3 Low Pressure Lock-Out (Contact 63-21 61 & 63-262 Close) 

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

Important: Refer 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 

-40 ·40 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 71.1 490.2 62.1 428.2 58.8 405.4 

10 ·12 73.4 506.1 64.0 441.3 60.8 419.2 

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 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 74.2 511.6 

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 4 
SF, Gas FillJng and Density MonHor Calibration Chart 
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/ Coil Current 
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~---30 ms maximum " Breaker Contacts Open 

NOTE: All measurements at rated pressures and voltage. 
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Figure 6 
OPEN Operation 
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• i" Breaker Contacts C losed 

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

Figure 7 
CLOSE Operation 

( 

( 



Close Coil Energized 

Closing Coli Current 

526P11 0-02 
145 PM Installatlon@ 

Page 19 

I ~ Trip Coil Energized / Trip Coil Current 

r--- ______ ,--...:----
\- I RefertoTab~ 

f----------......; 2 for values I 
L--E~= APhas~ r----------.;, I B Phase Breaker 
~ Contacts 

I I I CPhase 

~ " "''' ~----r I L ... '" Co",,'" 0,," -
Breaker Contacts Close 

NOTE: Ali 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 
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Breaker Stroke: 104.1 mm Minimum for FSA-2 Spring Mechanism 

105.5 mm Minimum for HMB Hydraulic Mechanism 

Figure 9 
Typical Distance vs. Time Travel Curve for the Opening Operation 
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NOTE: All measurements at rated pressures and voltages. 

119 mm Maximum for FSA.2 Spring Mechanism Refer to Table 2 for values for closing velocity 

109 mm Maxl~um for HMB Hydraulic Mechanism ! ~ 
" ,~ Distance (mm) 

r-~r--i1,,~-+---r--+---r-t=~---+---r--+---+-~~~120 

~--r-~r-~---f---+--~+-~--+---+---~--~~~~1~10 / \"./r-.. /~+-~F n.,iI"'"IY ""Cldc~l:-:,e::id-+' 
i===*=~===F==t=~==~~~~~--~--i--4~~~100 

Reb und 1 5.5 mr Mlnln um for HMB I ~drau. 
I IIc ~ echanl m 

l' ' ..... ,m • -r '.U 90 
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105.5 mm Minimum for HMB Hydraulic Mechanism 

Figure 10 
Typical Distance vs, Time Travel Curve for the Closing Operation 
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Pin Clevis 

-------------------

Rod 

Note: When installing the 
lever and rod assembly, 
level this surface 

Mounting Bolts Lever and Rod Assembly 

Figure 11 
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 circuit breaker. 

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

3. Remove the cover from the right side Interphase shaft. 

4. 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.) 

5. While tightening the lever and rod assembly mounting 
bolts, place a level across the surface of the lever device 
as shown in Fig. 11 to level this surface of the lever 
device as closely as possible. 

Important: The travel recorderklt has been designedwlth 
enough flexibility so that It Is not absolutely 
critical that the lever device be exactly lev­
eled. Should the lever device be off level by a 
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couple of degrees, it will not edversely affect the 
performance of the travel recorder kit. 

6. Assemble your transducer to the vertical angle of the 
trensducermountlng bracket (Fig. 12) using etther bolts or 
C-clamps. Figure 12 shows the mounting arrangement 
for two commonly-used transducer types. 

7. Mount the transducer mounting bracket and transducer 
onto the horizontal member of the breaker structure (using 
C-ciamps)asshown in Figure 11 sothatthe rod of the lever 
and rod assembly alig ns with the slider or rollers, etc. of 
your transducer. 

S. 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 tha rod at an exact angle is not critical. 

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

( 
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Vertical Anllie ---Ii 

Slot 

Transducer Mounting Bracket 

Typical Mounting Arrangement for a Doble Rolle .. type Transducer 
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Typical Mounting Arrangement for a Doble SlideriCable Transducer 

Figure 12 
Delalls for Ihe Travel Recorder Kit Mounting 
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SF6 Gas Pressure Gauge SF6 Gas Density MonitOr 

7 October 1993 

60006 
Isolation valve 

10047 
Pole UnH­

Left 

10213 
Gas Manifold 

10048 
Pole UnH­

Center 

10049 
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Right 

Rupture Disk Rupture Disk Rupture Disk 
10017 10017 10017 

Figure 13 
SF. Gas Schematic 
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Main Pressure Adjustment Nut 

~c 
I • 

~
wo 82 

INf 
C 110 81 

INC , 
6 

Individual Pressure Switch Adjustment Nut 

o 

o 

Set to close at 76 pslg (524 kPaG) at 20·C (6S·F) 

Set to close at 72 psig (496 kPaG) at 20·C (6S·F) 

Set to close at 72 pslg (496 kPaG) at 20·C (6S·F) 

Set aach swRch to the pressure Indicated In Figures 3 and 4. 

Figure 14 
SF. Gas Density MonRor 60002 
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Apply amber petro/atum 
gnoasetothethnoadS 
and bearing sutfacss 
Torqua 61 Nm (45 ft-lbs) 

0 0 

0 0 

1-

20318 

20317 
Alnox Electrical 
Joint Compound" ---4 
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20311 
20317 
20318 
H420A30814 
H967800 

Figure 15 
Tennlnal Pad 20311 

Tennlnal Pad 
Clamping Ring 
V-Clamps 
Hex Head BoH, M12 x 50 
Belleville Washer, M12 

·Requlres 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 details. 
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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 
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 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 

WHhin the scope of these Instructions, It Is Impossible to take Into account every eventuality which may arise with technical 
eqUipment In service. Please consu~ our local salesman in the event of any irregularities, especially If not referred to herein. 

Nollce3 

We expressly decline liability 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 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 pemnission 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 sUfficientlyforthe purchase~s purposes, the matter should be referred to theABB Power 
T & D Company Inc. Power Circuit Breaicer Division, 125 Theobold Ave., Greensburg, PA 15601, Phone No. (412) 838-5200. 

"Copyright 1993, ABB A" rights reserved. 
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Pole Unit 

1 Introduction 

A description of the pole units and related maintenance 
procedures for the 145 PM clrcuR breaker are given In this 
module. The procedure for isolating a pole unit Is listed In 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· 
phase linkage assembly. Refertothe illustration on this page. 
The breaker is of a dead tank design in which an interrupter 
uni~ suspended by an insulating support tube, is housed 
within a grounded aluminum tank. The cylindrical tank is 
made up of two identical halves botted together 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 suWur hexafluoride (SF,) gas surrounds the 
intenrupter 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 frtted to the rear of each tank. This 
disk protects against excess pressure build-up which could 
otherwise iead to catastrophic failure of pressurized compo­
nents. If the tank pressure exceeds 160 psig (well balow the 
hydrostatic test pressuras of all other prassurized compo­
nents), the diskwill rupturawithin a protective guard diracting 
the exhausting gas and ruptura disk fragments upward and 
away from personnel. 

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

1.1.1 SF, Gas System 

The pole tank and entrance bushings ara prassurlzed to 87 
psig (600 kPaG) at 20'C (68'F) wHh sulfur hexafluoride (SF,) 
gas. Maintaining a proper gas densHy is critical to ensura the 
dielectric integrity of the pole unR. 

The SF, gas density monHoring system compensates for 
pressura changes due to temperature variations and pro­
vides alarm and lock-out functions only W low gas density 
problems exist. Density monitor calibration and gas filling 
proceduras are discussed In the Maintenance module of this 
manual. 

1.1.2 Mechanical Interconnection 
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Thethree bellcrankassemblies (one for each pole unit) on the 
145 PM breaker are tied together by the two Interphase shafts 
(left and right) which are coupled to the mechanism pullrod 
through a crank at the center pole unit. The bellcrank 
assemblies ara used to open and close the Intenrupters in the 
respective pole units. The crank at the center pole converts 
the vertical motion ofthe mechanism pullrod to the rotational 
motion of the Interphase shafts. The bellcrank assemblies 
then convert this rotational motion to the horizontal motion of 
the intenrupters. Refer to the Interphase Linkage modulefor 
mOra details. 

o o 

Center Pole Unit 

o , 
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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 prevent injury or equipment dam­
age, the breaker must be removed 
from service, isolated, and grounded 
before performing any maintenance 
procedures_ 

2.1 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 cleanliness is so Important, care must be taken to 
perform Internal breaker maintenance under clean, dry 
conditions. 

Warning 

The Importance of cleanliness cannot be 
overstressed. Introducing loose 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 metallic particles )as well as residue left 
from sweaty hands and atmospheriC moisture can lead to 
dieleclrlcfaliure. It is bestloavoid handling 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. 

2.2 Fastener Locking 

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

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 Loctlte are enough 
even for large threads. 
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Hardware secured wRh Locille usually can be unfastened 
with proper wrenches. In caseofdlfflculty, the connection can 
be loosened by heating the jolntlo 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 Loclite to fasteners used in 
assembling current carrying connections. Apply Loctite only 
where speclfllld. If used improperly, Loclite can squeeze 
between contacl areas and may cause a high resistance 
joint. Ensure that excess Loctite does not squeeze Into 
contact areas. 

2.3 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 an~ other S!l!!ls 
unless specified othelWise. 

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. 

2.4 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-tc-metal joints. Pay 
special attention to areas around bolts where moisture is 
most likely to enter. Apply Dow Corning Fluoro Silicone FS-
1292 Grease In all such cases. 

2.5 Treatment of Sliverplating 

SlIverplated contact areas can be pOlished IIghtlywllh 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 sliverplated areas must be lubricated 
with Shell Alvania No.2 Grease. Thoroughly rub the grease 
Into the microscopic pores of the sllverplated surface; re­
move all excess grease so that only a light film remains. 

( 

( 

( 
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M5 M6 

Metric ft-Ibs 3 5 
Grade 

5.8 Nm 4 7 

Metric ft-Ibs 5 8 
Grade 

8.8 Nm 6 11 

Metric ft-Ibs 7 12 
Grade 
10.9 Nm 9 16 

{55} ft-Ibs 4 6 

GradeA2 Nm 5 8 

#10 1/4 

SAE ft-Ibs 3 6 
Grade 2 Nm 4 9 

SAE ft-Ibs 4 10 

Grade 5 Nm 6 13 

SAE ft-Ibs 6 14 

Grade 8 Nm 8 19 

18-855 ft-Ibs 3 7 

Grade 2 Nm 4 10 

Table 1 

Recommended Fastener Torque 
(If Not Specmed) 

Metric 

M8 M10 M12 M14 M16 

13 25 43 68 101 

17 34 58 92 137 

20 38 66 105 156 

27 52 89 142 212 

28 54 93 148 221 

37 73 126 201 299 

14 28 48 77 115 

19 38 66 104 156 

U.S. Standard 

5/16 3/8 1/2 9/16 5/8 

12 21 51 72 99 

17 29 69 98 134 

19 33 78 111 153 

26 45 106 151 207 

27 47 110 157 216 

37 63 150 213 293 

15 25 60 85 117 

20 34 81 116 158 

M18 

144 

195 

223 

302 

314 

426 

163 

221 

3/4 

171 

232 

264 

358 

373 

505 

202 

274 

M20 

198 

268 

306 

414 

431 

585 

224 

304 

7/8 

219 

297 

338 

459 

631 

856 

298 

405 
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1 

327 

443 

584 

792 

942 

1278 

479 

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 114-lnch (M6) and Loctite 242 above 114-lnch (M6). Keep Loctite off 
sllverplated surfaces. 
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3 Pole Unit Maintenance Procedures 

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

Complete Pole Unit Sections 3.2 to 3.11 
Maintenance 

Reclaiming SF6 Gas from Section 3.2 
the Pole Unit 

Opening the Rear Tank Sections 3.2 & 3.3 
Cover Assembly and 
Cleaning the Tank 

Removing the Interrupter Sections 3.2, 3.3, & 3.4 

Re-instailing the Section 3.5 
Interrupter 

Re-installing the Bushing Section 3.6 
Top Terminal 

Replacing the Rupture Sections 3.3 & 3.7 
Disk 

Changing the O·Rlng in Section 3.B 
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 maintenance guidelines 
discussed in section 2. 

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

6 October 1993 

3.1 Equipment Required 

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

1 Torque wrench - 10 to 150 ft·lbs; 
1 Set box end and open end wrenches 5,6, 7, B,9,10, 
13,17,19,24,41, and 46 mm; 
1 Set box end and open end wrenches 3/B, 7/16,1/2, 
9/16, 51B, 11/16, 314, 13116, 71B, and 15/16 Inch; 
1 Socket wrench, ratchet handle; 
1 Set of sockets 4,5,6,7, B, 9, 10, 13, 17, 19, and 24 
mm; 
1 Set of sockets 31B, 7/16, 1/2,9/16, 51B, 11/16, 314, 
13/16, 71B, and 15116 Inch; 
Slings, nylon 2·inches wide; B feet long; 
Portable vacuum cleaner; 
Sulfur hexafluoride (SF,); 
Shell Alvanla No.2 Grease; 
Alnox Electrical Joint Compound; 
Amber Petrolatum Grease; 
Denatured ethyl alcohol; 
Loctite Thraadlocker 242; 
Dow Coming Fluoro Silicone FS-1292 Grease; 
Scotch-Brite extra fine pads; 
Desiccant. 

Special tools provided by ABB with each contract are: 

Bushing conductor removal tool Tl3441 (Fig. 2); 
Interrupter dolly Tl3445 (Fig. 3): 
DILO quick disconnect tool Tl3433 (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 and reclaim the gas using the procedure described 
in section 3.2. 

( 

( 
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3.2 Reclaiming SF. 0 •• from. Pole U,nlt 

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

DANGER 

Remove the SF 8 gas before attempt­
ing to open the pole unit Break the 
vacuum if the tank pressure is below 
atmospheric pressure. 

Use a gas service unn to reclaim SF. gas from the pole unn. 
The gas service unit not only reclaims and stores the SF. gas 
but also, ~ equipped w~h the appropriate finers, can remove 
decomposition products from the gas. 

Importent: It Is not economical or environmentally wise to 
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 unll Check that air Is purged from the unit 
and that the SF. gas already contained In the unit Is of good 
qualijy (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 manufacture~s Instructions for the gas service 
unit ~ you are not already familiar with the unit. 

To reclaim SF, gas from the pole unit: 

1. Connect the flexible hose from the gas service unn to the 
DllOqulck disconnect tool T13433 (Fig. 6) supplledwlth 
the standard breaker tools. 

2. De-couple the pole unit to be serviced from the SF, gas 
man~old by loosening the seff-seallng DllO quick dis­
connect fitting 10171 (Fig. 6) at the rear tank cover 
assembly 1 0032 (referto Plate 1 ). Thede-coupledfitting 
will seal on both sidessothatnoSF, gas canbe lost from 
the pole unns. 

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

4. Tum off the vacuum pump. 

5. Connect the DllO quick disconne,ct tool to the rear tank 
cover haff of the se~-seallng frttlng and let the high 
pressure gas flow from the pole unit to the service unit. 
Refer to Plate 1. 

Plate 1: Quick disconnect fitting 
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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 fliis the pole unit with moist 
atmospheric air, it is strongly recommended to open the 
pole unn and clean the internal components of the pole 
tank promptly after breaking vacuum. Refer to section 
3.3. 
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3.3 Op.nlng the Rear Tank Cover A.s.mbly and 
Cleaning tha Tank 

When opening the rear lank cover a .... mbly, cerlaln precau-
tions musl be taken: . 

1. Reclaim Ihe SF, gas from the pole un~ a. de.crlbed In 
section 3.2. 

2. Be .ure 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 un~. 

3.3.1 Precautions aafora Opening the Pole Unit 

When opening a pole un~, you could be exposed to SF, 
decomposition products (whlcharefonmed by heat produced 
during current Interruption). Observe aU.afely precautions 
pertaining to handling SF, gas and Its by-products. Before 
proceeding with any pole ,'nit maintenance, refer 10 the 
module Safe Handling Practices for SF, Gas to review 
procedures on handling and dlspo.lng of SF, decompo.ltlon 
products. 

Warning 

In Its natural .tat •• SF, gas I. colorl.ss, odor· 
I .... ta.t.I ... and poss .... s a low lev.1 of 
toxicity. The danger In breathing SF, ga.l. that 
It dl.place. oxygen and can causa suflocatlon. 
If SF, I. subjected to an electric arc, toxic 
decomposltJon products are fanned. Sulfur 
fluorldas are the moat toxic and aro In gasoous 
fonn. Th. la.s toxic m.tal fluorld •• ara In the 
solid or powd.rfonn. Th. amount of d.compo­
sltJon Is a function of the Int.nslty and the 
duration of the arc. 

Some olthe SF, decompos~lon products form corrosive and 
conductive compounds when exposed to moisture in the air. 
These compounds, which can Injure human beings, also are 
aggressive toward. material. w~hln the clrcu~ breaker, 
especially Insulating surfaces, ff subjected to prolonged 
exposure. That'. why ~'. be.t 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 a respirator. 

Warning 

Solid d.composltlon products could b. harm· 
fullf swallowed by humans or animal • . Do not 
Inhal. or allow d.composltlon products to come 
In contact with the skin •• y.s. and r.splratory 
system. Severe Irritation orburnlng may r •• ult. 

Use a gas service un~ to reclaim SF, gas from the breaker by 
following the procedure described In section 3.2. 

Aftervacuum Is broken, open the pole un~ 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 untt: 

1. Remove the twelve 1/2-lnch hex head bolts H800A45711 
(Fig. 1) holding the rear lank cover as.embly 10032 In 
place. 

2. Allow the tank to properiy 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 Prac\lces for SF, Gas. 

To clean the pole tank: 

1. Collect all powdered decompos"lon products wtth an 
approved vacuum cleaner. 

2. Wipe all Intemal tank surfaces, especially Insulating 
surfaces, with IInt-freewlpers dampened wKh denatured 
ethyl alcohol. 

3. Remove the Interrupter and bushing, If necessary, to 
clean out any lingering decompos"lon products. Refer 
to section 3.4 to remove the Interruptar; refer to the 
Porcelain Entrance Bushings module to remOVe the 
bushing. 

Caution 

SF. decomposition products form aggressive 
compounds when exposed to moisture In the 
air. Thesecompounds aredetrimental to breaker 
components,espectallylnsulatlngcomponents, 
such aslnterruptersupporttubes and porcelain 
entrance bushings. If decomposition products 
are present upon opening a tank, they must be 
cleaned away as quickly as possible. Cleaning 
may Involve removing the Intsrrupter unit as 
discussed In section 3 •. 4 and the bushings as 
described In the Porcelain Entrance Bushings 
module. 

To .... Install the rear tank cover assembly w"h a new 
desiccant bag, refer 10 sections 3.9 and 3.10. 

Important Do not leeve the pole tank open ovemlght. Re­
irlStall the end covers with a rew boffs to keep 
out debris and mo/sture. 

3.4 
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Removing the Interrupter Unit 

Beforeremovlngthelntarrupterun"300000r301210r30122 
(Figs. 1 and 4) for expanded maintenance, the following 
maintenance procedures must be performed: 

Remove the appropriate interphase shafl(s) (refer to 
the Interphase Unkage 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 Intarrupter un": 

1. Remove the rear tank cover assembly 10032 (Fig. 1), 
which contains the rupture disk byunscrew1ng the twelve 
112-inch hex heed boKs HSO0A45711. 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 
wKhln the rear exhaust shield 300n of the Interrupter 
untt. 

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

4. Dlsconnectthe high voKageconnectlons tothe entrance 
bushings of the pole un" at the (four-hole NEMA) 
terminal pad 20311 (Fig. 7). 

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

6. Remove the six 112-lnch hex head boKs H800A45708 
(Fig. 1) and washers H420A64012 from the bushing lop 
flange. 

7. Pull each plug-In bushing conductor 20001 (front and 
rear) from their respective plug-In connections 30052 
(Fig. 4) using the bushing conductorremoveltool T13441 
(Fig. 2) as detailed In the slaps below. The bushing 
conductor removal tool Is a puller used to wRhdraw the 
plug-In bushing conductors from their femele connec­
lions on the interrupter. The 1001 Is made up of a T­
bracket, studs, horseshoe washers, and a jacking screw. 
To pull each bushing conductor from Its plug-In connec­
tion: 

a. Screw the three studs of the bushing conductor 
removal tool Into the bushing top flange 120 de­
grees apart (Into the vacant holes from boRs .... 
moved In stap 6). 

b. Boltthejacklngscrew(FIg.2)ontothetopcapofthe 
bushing using the baRs provided w1th the tool. (The 
lacking 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. S&­
cura the T-bracket to the studs using the provided 
nuts and flat washers. 

d. Jackthe bushing conductor from ~s 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. remove the T-bracket. horseshoe wash­
ers. and the Jacking screw. 

f. carefully 11ft the bushing conductor by hand while 
supporting It at Its lower end. lift the bushing 
conductor above the slots In the studs and r&-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 finmly 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. 

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

Plate 3: PositionIng the Interrupter dolly 

9. To remove the Interrupter, unscrew the twelve 1I2-lnch 
hex head bolts H800A45711 (Fig. 1) at the bellcrank 
housing. (A IIn&-up pin between the bellcrank housing 
and the tank prevents the Interrupter from dropping.) 

Important: The weIght of Interrupter and bel/crank Is ap­
proxImately 65 kg (143 Ibs.). 
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1 O. W~h two persons on the bellcrank end of the Interrupter, 
carefully roll the interrupter from the pole tank. A third 
person should support the rearexhaust shield end olthe 
Interrupter unit as the unn 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, dean area for disassem­
bly. For Instructions on disassembling and re-8ssem­
bllng the Interrupter, refer to the Interrupters module of 
this manual. 

3.5 Re-installlng the Interrupter Unit 

Before r&-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 InsulaNng tube with the same 
wiper used to clean aluminum or metal parts. 

To re-Install the now dean Interrupter unit: 

1. PlaceanO-ring90002(Flgs.1 and 4) over the Interrupter 
unit and press It flnmly and snugly Into the groove at the 
bellcrank. Apply Dow Coming FS-1292 Grease to the 
flange surface outside olthe O-ring to 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 sllver­
plated surfaces; remove any excess grease so that only 
a light film remains. 

( 
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3. Clean the Inside surface of the pole tank 10015 (Fig. 1) 
with a vacuum cleaner and IInt·fnse wipers dampened 
with denatured ethyl alcohol. 

4. Since the O-ring In the top flanges of the bushings ans 
disturbed when the Interrupter unit Is nsmoved, these O· 
ring seals must be nsplaced as follows: 

a. Pull the old 90001 (Fig. 1) fromthe groove In the top 
cap of the bushing. 

b. Cut the O-ring to nsmove n. 
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-fnse 
wiper dampened with denatunsd ethyl alcohol. 

f . Flnmly 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 pnsvent corrosion. 

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

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

Plate 5: Interrupter dolly 

6. Wnh two persons on the bellcrank end olthe Interrupter 
unit and a third person at the rear exhaust shield, 11ft the 
Interrupter unit Into the poletank placing the rear exhaust 
shield onto the Interrupter dolly. 

7. Using the Interrupter dolly, roll the Interrupter unit Into 
place. 

Caution 
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Protect the Interrupter In8ulatlng support tube 
from being scratched or otherwise damaged. 

S. Install the twelve 1/2-lnch hex head bolts HSOOA45711 
(Fig. 1) with washers H420A64012 at the bellcrank 
housing. Place a drop of Loctlte 242 on each bolt and 
torque to 61 Nm (45 ft·lbs). 

9. Remove the nuts and horseshoe washers (Fig. 2) 
holding the bushing conductor in the nstracted position. 

10. Carefully lower and push the bushing conductor Into 
place. 

11 . Remove the studs from the bushing top flange and re­
install the six 1/2-lnch hex head bolts HSOOA4570S (Fig. 
1) and washers H420A64012 at each bushing cap. 
Apply Loctlte 242 and torque to 45 Nm (33 It-Ibs). 

12. If the thnse M12 nuts H420A50012 (Fig. 5) that mount 
the rear exhaust shield 30077 to the staUonary contact 
assembly 30019 olthe Interrupter ans tight, loosen them 
to allow the rear exhaust shield to be centensd within the 
pole tank as discussed In the next step. 

13. Re-Install the M12 nut H420A50012 and washer 
H973A32701 that connect the bushing conductor to the 
rear exhaust shield 30077. Apply Loctlte 242 tothe stud 
and tum the M12 nut H420A50012 to jack up the rear 
exhaust shield unlll It Is approximately centensd 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 nsarexhaustshleld Is approximately centered in 
the pole tank. 

14. Re-tlghten the three M12 nuts H420A50012 and flat 
washers H420A60012 which connect the rear exhaust 
shield 30077 to the stationary contact assembly 30019. 
Apply Loctlte 242andtorque to 72 Nm(52ft-lbs). (These 
wens the nuts that wens loosened In step 12.) 

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

Proceed to the respective sections for nsmalnlng tasks: 

• Re-Install the bushing top tenmlnal (section 3.6); 
• Replace the ruptuns disk (section 3.7); 
• Replace the desiccant bag (secUon 3.9); 

Finally proceed to sections 3.1 0 and 3.11 to re-Install the rear 
tank cover assembly and nsfliithe pole unit with SF, gas. 
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3.8 Re-installlng the Bushing Top Termlnsl 

Each 145 PM circu~ breaker Is provided w~ six four-hole 
NEMA terminal pads 20311 (Fig. 7) as part of Ihe field 
assembly materials. Refer to Plate S. 

Four-Hole NEMA Bolt H420A30614 
Terminal 20311 Belleville Washer 

H967S00 
Clalmp'llng Ring 20317 

Plate 6: InstallIng the bushing top tennlnal 

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

1. Coat the mating surfacss between the terminal pad 
20311 (Fig. 7) and top cap of the bushing ~h Alnox 
Electrical Joint Compound (found In the service kit). 
Abrade both contact surfaces w~ a wire brush to 
remove dirt and oxides. Completely wipe off the Alnox 
with a clean,lInt-frea wiper and Immediately apply a new 
coat of Alnox to both mating surfaces to prevent oxida­
tion. 

2. Position the term Inal pad on the top cap of the bushing. 

3. Place a clamping ring 20317 (Fig. 7) over the terminal 
w~ the drip slots at the bottom of the clamping ring. 

4. Place fourV-clamps 2031S between the clamping ring 
20317 and terminal pad and overthe holes In the top cap 
of the bushing. 

6 0c/l1ber 1993 

5. Place a belleville washer H967S00 (Fig. 7) on each of the 
four M12 hex head bo~s H420A30614. Apply Amber 
Petrolatum Grease to the bearing surfaces and the 
threads ofeach bolt. Place a bolt through each V-clamp, 
and screw the bo~s Into the four holes of the top cap of 
the bushing. 

6. Tum the terminal pad to the desired orientation (the 
terminal can betumed 360 degreas) and torque the bo~ 
to 61 Nm (45 ft-Ibs). 

3.7 Replacing the Rupture DI8k 

Each pole tank Is equipped wnh a carbon rupture disk 10017 
(Fig. 6). If the disk ruptures (for example from over­
pressurization due to over-filling oras the resultof a defective 
disk, etc.) It needs 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. Remove the rear tank cover assembly 1 0032 (Fig. 1) by 
unscrewing the twelve 1/2-inch hex head bolts 
HSOOA45711 and flat washers H420A64012. 

2. Lift off the cover and place ~ on a clean work surface. 

3. Remove the three set screws HSOOA4760S (Fig. 6). 

( 

4. Remove the six bolts HSOOA47507 (one) and 
HSOOA47513 (five) which allow for removal of the rup-
ture disk protective ecver 1 002S 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. Clean all metal parlsw~ lint-free wipers dampened w~ 
denatured ethyl alechol. 

7. Greasethesldewall and bottom of the rupture disk cavity 
Inthereartankcoverflange10035~hDowComlngFS-
1292 Grease. 

S. Install a new pressure gasket 10041, solid gasket 10039, 
and rupture disk 10017 placing the flat side against the 
solid gasket. 

9. Place the 1/32-lnch thick gasket 10040 on top of the 
rupture disk. Re-posltion the rupture disk holding ring 
10036 and rupture disk protective cover 1 002S onto the 
rear tank cover flange 10035. 

10. Re-Install the six bolts HSOOA47507 (one) and 
HSOOA47513 (five) w~ washers HNB335050P609. 
ApplyadropofLoctlte242tothethreadsofeachbobnd 
torque to 27 to 32 It-Ibs (37 to 43 Nm). 

11. Apply a drop of Loctlte 242 to the three set screws 
HSOOA4760S and screw them back Into their holes until 
they just touch the rupture disk holding ring 10036. 

12. Proceed to tum each set screw HS00A4760S 1/2 tum at ( 
a time In a rotational sequence until each set screw has 
bean tumed a total of 1-1/2 turns. 



( 

Replace the desiccant bag with a new desiccant bag as 
described In section 3.9and then re-Installthereartankcover 
assembly as described In section 3.10. 

3.B Reptaclng the Pole Tank O-Rings 

The pole tank 1 0015 (Fig. 1) Is made up of two Identical halves 
10052 botted together in the center. The SF, gas Is sealed 
by a double O-ring sealing system where the tank halves Join. 

Important: When replacing these O-rings, the SF, gas 
(section 3.2), interrupter (section 3.4), and 
porcelain 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. Remove the 112-inch hex head bolts H800A46315 (Fig. 
1), washers H420A64012, and nuts H673A15609whlch 
hold the halves together. 

2. Thoroughly clean 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 Coming FS-1292 Grease. 

5. Rejoin the tank halves, being certain that the O-rings are 
properly sltuatad. Re-Install the 1/2-lnch hex head bolts 
H800A46315 (Fig. 1), washers H420A64012, and nuts 
H673A 15609. Apply Loctite 242 and torque to 93 Nm(70 
ft-Ibs). 

3.9 Replacing the Desiccant 

"Desiccant" refers to a molecular sieve which removes 
moisture as well as SF, decomposition products from the 
gas. A desiccant bag 10008 (Fig. 6) Is Installed In every pole 
unit at the rear tank cover assembly 1.0032, 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 exposure 
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: 
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1. Obtain a new desiccant bag 10008 (Fig. 6). These bags 
are shipped In a hermetically sealed reinforced alum~ 
num foil bag to prevent contamination due to atmo­
spheric moisture. The dateofmanufacture 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 notto tearthe Inner 
bag when opening the outer bag. Immediately check 
that the dot on the moisture Indicator tag Included in the 
bag Is blue. If It Is 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 bag toexpand and 
look like a pillow. This does not necessarily indicate that 
the desiccant Is Ineffective; the desiccant bag stili Is 
usable. 

3. Install the desiccant bag by removing the three M6 
Phillips head bolts H420A20513 (Fig. 6), which hold the 
cover 1 0037 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 decomposMlon 
products. Regenerating the desiccant for rause, al­
though posslble,ls not rscommended. Use pnscauUons 
described In section 3.3.1 when removing the desiccant 
bags. 

Re-Install the nsartank cover assembly and apply vacuum as 
soon as possible to avoid over-exposing the desiccant to 
moist atmospheric air. Refer to section 3.10. 

3,10 Re-installing the Rear Tank Cover Assembly 

To Install the nsar tank cover assembly 10032 (Fig. 6) wKh 
desiccant: 

1. Gnsase the nsar tank cover flange 10035 from the outer 
clrcumfensnos of the O-ring groove to the outside edge 
of the flange wKh Dow Coming FS-1292 Gnsase. 

2. Install a new O-ring 90002 by pnsssing It flrmly Into the 
groove. This O-ring does not nsqulns lubrication. (Refer 
to secUon 2.3 for guidelines about O-ring seals). 

3. Be suns that desiccant was Installed as per section 3.9. 

4. Re-Install the nsartank cover assembly 1 0032 using the 
twelve 112-lnch hex head boRs H800A45711 (Fig. 1 )wKh 
washers H420A64012. Apply loctMe 242 and torque to 
61 Nm (45 ft-Ibs). 

5. Evacuate and nsflll the bnsaker wMh SF, gas; nsfer to 
secUon 3.11. 

3.11 Refliling the Pole Unit wtth SF. Gas 

General gas filling procedunss ans discussed In detail In the 
Maintenance module of this manual. After compleUng work 
Inside the pole unM and Immediately befons clOSing the tank, 
Install a naw desiccant bag 10008 (Fig. 6) In the nsar tank 
cover assembly 10032 (as per section 3.9) and ns-install the 
nsartank cover assembly (as per section 3.10). 

To fill the pole unM with SF. gas: 

1. Install the DllO quick disconnect tool T13433 (Fig. 6) to 
the hose of the gas servlos unR. 

2. If It was not alnsady dona, de-couple the DllO quick 
dlsconnectflUlng 10171 althe nsartankcoverassembly, 
separating the gas manifold from the single pole assem­
bly. 

Important: "the gas manifold was not decoup/ed from the 
pole unIts, all of the pole units will hllve bean 
emptied of gas and wIll naed to be evacuatad 
and refilled wtth gas. 

3. Install the DllO quick disconnect tool from the hose to 
the quick disconnect coupler half on the nsar tank cover 
assembly. 

4. Pull a vacuum to below 1.0 mm Hg absolute measunsd 
wKh an accurate electronic vacuum gauga. Hold the 
vacuum for 1 hour. 
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5. Fill the pole tank with SF. gas to 87 pslg (600 kPaG) at 
20·C (6S·F). Refer to the DensKy MonRor CalibraUon 
Chart In the Maintenance module for pnsssunss at other 
temperatunss. 

6. Repeat the pnsvlous steps for ali pole unHs which have 
been opened. 

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

Warning 

The gas manifold must be connected at all pole 
unlta to property monitor the SF, gas denslly at 
all pol ... 

Donotover-pr .. surtzetheclrcultbreakerwhen 
filling the breaker with SF, gas. OVer-pressur­
Ization may caus. the rupture disk to fall. 

( 

( 



4 Testing 

After performing pole unR maintenance, the following tasts 
must be performed to ensure optimum operation of the 
system: 

• SF, gas moisture content; 
• Pole resistance measurement; 
• Leak checking; 
• Operational and timing tests. 

Referto the Maintenance mod ule for Instructions to perform 
the tests listed above. 
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H800A45708 
H420A64012 
Loctite242 
Torque 45 Nm (33 ft-lbs) 

H700B16606 

90002--~~,;?-

10015-
H420A64012 FS.1292* H420A64012 
H800A45711 H673A15609 
Loctite 242 H800A46315 
Torque to 61 Nm (45 ft-Ibs) Loctlte 242 

30000 or 30121 or 30122 

FS-1292* 

H800A45708 
H420A64012 
Locfite242 
Torque 45 Nm (33 ft-Ibs) 

FS-1292* 

10032 

90002 

H800A45711 
Loctite242 
Torque to 61 Nm 
(45 ft-Ibs) 

Torque to 93 Nm (70 ft-lbs) 

10015 
10032 
10047 
10048 
10049 
10052 
20001 
20009 
20010 
30000 
30121 
30122 

Figure 1 
Pole UnR Assembly (Left, Center, or Right) 

10047 or 10048 or 10049 

Pole Tank 
Rear Tank Cover Assembly 
Left Pole Unit Assembly 
Center Pole Unit Assembly 
Right Pole Unit Assembly 
Tank Half 
Bushing Conductor 
Front Bushing Assembly 
Rear Bushing Assembly 
Interrupter Unit (Center) 
Interrupter Unit (Left) 
Interrupter Unit (Right) 

90001 
90002 
90003 
90014 
90015 
H420A64012 
H673A15609 
H700B16606 
H800A45708 
H800A45709 
H800A45711 
H800A46315 

O-Ring, Top Flange 
O·Ring, Tank End 
O-Ring, Boltom Flange 
O-Ring, Tank Center (Inner) 
O-Ring, Tank Center (Outer) 
Flat Washer, M12 
Nut, 1/2·13 
Alignment Pin 
Hex Head Bol~ 1/2-13 x 1-1/2 inch 
Hex Head Bolt, 1/2-13 x 2 inch 
Hex Head BoH, 1/2-13 x 2-1/2 Inch 
Hex Head BoH, 1/2-13 x 3-1/2 inch 

"Apply Dow Coming FS-1292 greese to all flange surfaces outside of the O-ring groove to prevent corrosion. 
"*The pole tank 10015 Is composed of two tank halves 10052. 
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Figure 2 
Bushing Conductor Removal Tool T13441 
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T-Bracket 

orseshoe Washers 

Stud 
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Figure 3 
Interrupter Dolly T13445 
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( 
View A 

10151 
10159 
10160 
30000 
30052 
30077 
30121 
30122 
90002 

Figure 4 
Interrupter Unit 

30000 or 30121 or 30122 

Bellcrank Assembly (Center) 
Bellcrank Assembly (Lefl) 
Bellcrank Assembly (Right) 
Interrupter Unit (Center) 
Plug-In Connection 
Rear Exhaust Shield 
Interrupter Unit (Lefl) 
Interrupter Unit (Right) 
O-Ring, Tank End 
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30077 

"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 microscopic pores of silverplated surfaces; remove all excess so that 
only a light film remains. 
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30052 
Shell Alvania No. 
2 Grease' 

< -.... ~n--' - - - - - - - View A 

H420A5()o'12 
H420A60012 
Locffte242 

H420A46705 
Loctite 242 

Torque to 72 Nm (52 ft-lbs) 

H420A50012 --"F==~~~:::::J"""l 

H420A50008 
H420A60008 
Loctite 242 
Torque 22 Nm (16 ft-lbs) '-----../ 

View A 

Figure 5 
Rear of Interrupter Unit 

30019 
30052 
30075 
30077 
H420A46705 
H420A50008 
H420A50012 
H420A60008 
H420A60012 
H973A32701 

Stationary Contact Assembly 
Plug-In Connection 
Deflector 
Rear Exhaust Shield 
Stud, M12 x 65 mm 
Nut, M8 
Nut, M12 
Flat Washer, M8 
Flat Washer, M12 
Washer 

'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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Grease FS-1292* 

T13433 

10008 
10017 
10028 
10035 
10036 
10037 
10038 
10039 
10040 

10035 
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HNB335050P609 
H800A47507 
Loctite242 
Torque 27 to 32 ft-Ibs 
(37 to 43 Nm) 

10028 H420A20513 .. 1ci'iiieI----·8:-~~* Ttgh~n242Locti~ ~~~~~~ 
I---J 

10008 -ir------+-+_ 
t-HH-----+-+-10017 

10037---1---------+ 
~~--------_+4_10040 

Grease FS-1292* H800A47608 (3 locations) 
Locfite242 

H800A47513 
HNB335050P609 
Locti~242 

Tum each set screw 
until it just touches the 
rupture disk holdIng ring 
10036. Then tum each set 
screw 112 tum at a time In 
a rotational sequence until 
each set screw has bean 
tumed a total of 1-112 

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

Location where 
fitting decouples 

Torque 27 to 32 ft-Ibs 
(37 to 43 Nm) 

Figure 6 
Rear Tank Cover Assembly 10032 

Desiccant Bag 
Rupture Disk 
Rupture Disk Protective Cover 
Rear Tank Cover Flange 
Rupture Disk Holding Ring 
Cover 
Spacers 
Solid Gasket· 
Gasket (1/32·inch) 

10041 Pressure Gasket 
10171 DILO Quick Disconnect Fitting 
90002 O-Ring, Tank End 
H420A20513 Phillips Head Bolt, M6 x 45 
H800A47507 BaH, 3/8-16 x 1-1/2-inch (1) 
H800A47513 Bolt, 3/8-16 x 3-lnch (5) 
H800A47608 Set Screw 1/4-20 x 1-lnch 
HNB335050P609 Washer, M10 
T13433 OILO Quick Disconnect Tool 

"Apply Dow Coming FS-1292 grease to all flange surfaces outside of the O-ring groove to prevent corrosion. Apply Dow 
Coming FS-1292 to lubricate the threads of the DILO quick disconnect fHtlng 10171. 
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....::~--------------------------

0 0 
1-

H420A30614 
H967800 
Apply amber petrolatum 
grease to the thmads 
and bearing surfaces 
Torque 61 Nm (45 ft-lbs) 

0 0 

20318 

20317 
Alnox Electrical 
Joint Compound' -----t' .. ..&lIU'-LlI ....... ....,r------r-' ..... ""'''"""" 
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}--------------------------t--FS·1292 .. · 

20311 
20317 
20318 
H420A30614 
H967800 

Figure 7 
Terminal Pad 20311 

Terminal Pad 
Clamping Ring 
V-Clamps 
Hex Head Bolt, M 12 x 50 
Belleville Washer, M12 

'Requires surface pmparation as described In step 1 In section 3.6. 

"Rotate to desired orientation. 

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

Refer to Plate 6 for more details. 
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H846A26501 

H973A32704 
H673A05912 
LocUte242 

H973A32704 
HSOOM7411 

H973A06509 
HSOOA03606 

H201D69401 

H973A32704 
H673A05912 
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LacUte 242 t:jj~ttt=t;~j 
Tighten securely 

H973A32704 
HBOOM7411 

nI:=-- H973A06509 
..-ri..,...tI-~=¥.... HBOOA03606 

:ten untllsnuo 9~ttt::!:~ 
Use H800A03608 
on the center 
phase 

Rear Tank Mount 

H973A06509 

LocUte242 
Tighten securely 

Front Tank Mount 
(Rupture Disk End of the Breaker) (Mechanism End of the Breaker) 

Figure S 
Tank Mounting Hardware 

H201D69401 
H673A05911 
H673A05912 
HBOOA03606 
HBOOA0360S 
HSOOM7411 
HS46A26501 
H973A06509 
H973A32704 

Tank Mounting Bracket 
Nul, 51S·11·lnch 
Nul, 314-10·lnch 
Boll, 5/8-11 x 2·1/4-lnch 
Bolt, 5/8-11 x 2·314-lnch 
Bolt, 314-10 x 4-1/2·lnch 
Spacar 
Flat Washer, 51S·lnch 
Flat Washer 

Procedure for Mounting the Pole Tank to the Structural Fame 

1. Using the Indicated hardware, fasten the tank mounting brack· 
ets H201 D69401 (Fig. S) at the front and rear of the structural 
frame as shown in Figure S. (Notethalthe locallon of the boRs 
differ from front to rear.) 

2. Lower the pole tank Into posHlon at the proper angle. Loosely 
(do not tighten yet) fasten the pole tank In placa using boRs 
H800M7411,lIatwashersH973A32704,spacarsH846A26501, 
and nuts H673A05912. Apply a liberal amount of LoclHe 242 
to the threads of boRs H800M7411. 

3. Securely tighten nuts H673A05912 at the "'!Dt taa/c mount 
om 

4. Tighten nuts H673A05912 althe rear tank mount until they are 
snug only and the spacar HB46A26501 Is touching the tank 
gusset. 

Notice: Overtightening nuts H673A05912 at the rear tank 
mount may cause bracket H2O 1 069401 to break. 
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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 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 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, 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 norto 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 are not covered sufficientlyforthe purchaser's purposes, the matter should be referred to the ABB Power 
T & D Company Inc. Power Circuit Breaker Division, 125 Theobald Ave., Greensburg, PA 15601, Phone No. (412) 838-5200. 

"Copyright 1993, ABB All rights reserved. 
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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 Description 

The bushings are an integral part of the breaker and are 
specifically designed to connecttothe high voltage line orbus 
and carry high voltage powertothe 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 atthe tip of the bushing conductor for rear bushing 
application). 

Both front and rear bushings are hollow, high strength 
porcelain insulators w~h lop and bottom aluminum flanges 
permanently cemented onto each end. The bottom flange 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 hexafluoride (SF,) gas 
which acts as the insulating medium. The lower bushing end 
is fully open tothe pole tank which allows the SF,gas to freely 
communicate between the tank and bushing. O-rings in the 
top cap and pocketflange directly seal against the upper and 
lower ground end faces of the porcelain insulator. 

A grounded throat shield attaches to the tank pocket and 
extends into the bottom olthe bushing. This shield is uniquely 
shaped to 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 assemblies, including the bushing 
conductors, are identical within any given breaker and can be 
interchanged if required. Because variations of bushings 
based on BIL and creepage exist, interchanging insulators 
between 145 PM breakers, should be done only after first 
consulting your local ABB representative or the factory in 
Greensburg. 

A NEMA four-hole terminal pad (Fig. 3) is provided in the 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 
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Bushing Maintenance 

Bushing maintenance entails: 

General maintenance (section 2,2): 
- Cleanliness, 
- Fastener locking, 
- Checking the seals for cracks, defonmities. and 

brittleness, 
- Flange corrosion protection, 
- Treatment of silverplating; 
Removing the bushing (section 2.3); 
Disassembling the bushing (section 2.4); 
Re-assembling 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 
from servi ce, isolated, and grounded 
before performing any maintenance 
procedures_ 

2.1 Tools and Materials 

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

Light crane; 
Two nylon slings (6-1t long, 2-inches wide); 
Two step ladders (10-It); 
Standard wrenches and sockets; 
Come-along (winch); 
Torque wrench (IOta 150 It-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 TI3441. 

9 February 1993 
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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. 

2.2.1 General Cleanliness 

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

Warning 

The imparlance of cleanliness cannot be 
overstressed. Introducing loose 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. 

Loosedirt (especially metallic particles) as well as residue left 
from sweaty hands and atmospheric moisture can lead to 
dielectric failure. It is best to avoid handling 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. 

2.2.1.1 Specific Guidelines for Cleaning the 
Bushings 

The porcelain exterior of the bushing has weather sheds 
designed to resist surface contamination andto maximize the 
wet dielectric strength of the surface. The glazed surface is 
easily cleaned by any method safe for station post insulators. 
Because cleaning techniques may be environment·specific, 
follow your own company policy for standard cleaning proce· 
dures. 

Warning 

Regardlessofthecleaning method used,do not 
leave any filmy residue from the cleaning agent, 
e.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 applied to all critical bolted 
jOints. 

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. 
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Hardware secured with Loctite usually can be unfastened 
with properwrenches. In case of difficu~y, the connection can 
be loosened by heating the joinl1o 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 squeeze 
between contact areas and may cause a high resistance 
joint. Ensure that excess Loctite does not squeeze into 
contact areas. 

2.2.3 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 ar any ather 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. 

2.2.4 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 FS-
1292 Grease in all such cases. 

2.2.5 Treatment of Silverplating 

Silverplated contact areas can be polished /ightiywith extra 
fine 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, the silver­
plated 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. 

( 
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2.3 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 
wijh tools, etc. In addition, avoid scratching or denting the 
internal bushing throat shield 20004 (Fig. 1). Refer to Plate 
1. 

Warning 

Remov.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. 
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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. 

To lift the bushing, use the two-point lift method wijh 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 
or denting the throat shields. lithe 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. 

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

9 Februal}' 1993 
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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. 

2.3.1 Removing the Front Bushing Assembly 

To remove the front bushing assembly 20009 (on the mecha· 
nism side of the breaker) (Fig. 1): 

1 . Reclaim the SF, gas using procedures spacified in the 
Pole Unit module of this manuai. 

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

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

4. 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. 

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

6. Remove three 1/2·inch hex head bolts HBOOA45709 
(Fig. 1) positioned 120 degrees apart around the bottom 
!Iange of the bushing assembly and install bushing guide 
rods TI3436 (Fig. 4) in place of the bolts. Refer to Plate 
3. 

Notice: 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. 
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Plate 3: Bushing guide rods 

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

B. 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. 

9. Proceed to disassemble and clean the bushing assem­
bly as described in section 2.4. Cleaning should be 
perfonmed as soon as possible to prevent damage 
caused by corrosive compounds fonmed 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 2001 0 (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 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. Referto Plate 2 to 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 olthe bushing assembly and install bushing guide 
rods TI3436 (Fig. 4) in place of the bolts. Refer to Plate 
3. 

Notice: 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. 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 porcetain 
insulator while lifting the bushing. 

11 . Proceed to disassemble and clean the bushing assem­
bly as described in section 2.4. Cleaning should be 
pertormed 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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2.4 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. Place wooden blocks under the bushing conductoratlhe 
top cap and at the plug-in contact end to support the 
bushing conductor when the 1/2-inch hex head bolts 
H800A45708 (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 a person at each end, carefully remove the bushing 
conductor 20001 from the porcelain insulator. 

5. Remove all SF, decomposition products using a vacuum 
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.) 

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

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-Assembllng the Bushing 

I nstructions 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 
denatu red 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 Coming 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. 

2.6 Installing the Bushing 

Separate procedures are followed for installing the front and 
rear bushing assemblies. To install the front bushing assem­
b!y 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 0-
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 Coming 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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4. Position the bushing assembly so that when it is lilted 
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 un~. 

5. 

6. 

7. 

B. 

9. 

10. 

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

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. 
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11. 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. 

Important: While the bushing assembly is being lowered 
into place, the male plug-in contact area of the 
bushing conductor 2000 1 (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. Apply a drop of Loctite 242 to the threads of the bottom 
flange 1/2-inch hex head bolts HBOOA45709 (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 It-Ibs). 

13. Proceed to section 2.7 if all other maintenance work is 
complete. 9 F.bruaIY 1993 
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2.6.2 Installing the Rear Bushing Assembly 

To install the rear bushing assembly 20010 (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 0-
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. 

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

4. 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. 

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

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

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

8. Using a light crane. slowly and carefully lift the bushing 
paralleltotheground. While lilting, proceed to lowerthe 
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 
Insulalor20002 (Fig. 2)whlle lifting Ihebushlng. 

9. 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. 

10. Install three bushing guide rods T13436 (Fig. 4) 120 
degrees apart on the pocket flange of the pole tank. 
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11. 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 guide rods to pass through the bon 
holes on the bottom flange olthe bushing. Referto Plate 
6. 

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

12. Apply a drop of Loclite 242 to the threads of the bottom 
flange 112-inch hex head bans 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 
bans are in place). Torquethe bolts to 60 Nm (45ft-lbs). 

13. Install the M12 nut H420A50012 (Fig. 5) and washer 
H973A32701 that connect the bushing conductor20001 
to the rear exhaust shield 30077. Apply Loctite 242 and 
tighten the nut until it is snug only (hand-tighten plus 11 
4 turn). 

Caution 

Do not overtighten nut H420A50012. This nul is 
intended only 10 support Ihe 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 
deflector 30075 (Fig. 5) and cannot turn loose. 

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

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

2.7 Gas Refilling 

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

1. Ensure thatthe pole unittank is internally clean and free 
of debriS, metal particles, etc. 

2. Replace the desiccant bag 10008 (Fig. 1). 

3. Re-install the rear tank cover assembly 10032. 

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

5. Refill the breaker with SF, gas. 

6. Leak check all seals with a halogen leak detector. 
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3 Installing the Bushing Top Terminal 
Plate 7 

Each 145 PM circuil 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 

Plate 7: Installing the bushing top tenninal 

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 surfaces and the threads of 
each bolt. Place a bolt through each V-clamp, and screw 
the bolts into the four holes of the top cap of the bushing. 

6. Tum the terminal pad to the desired orientation (the 
terminal can be tumed 360 degrees) and torque the bolts 
to 61 Nm (45 It-Ibs) . 

r.1.,mn,inn Ring 20317 

V-Clamps 20318 

Bolt H420A30614 
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H800A45708 
H420A64012 
Loctite 242 

90001 
H800A45708 
H420A64012 
Loctite 242 

Torque 45 Nm (33 It-Ibs) Torque 45 Nm (33 It-Ibs) 
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------ ------il=,L,:-

10015 30077 

Figure 1 
Center Pole Un~ 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 Flange) 
90003 O-Ring, (Bottom Flange) 
H420A64012 Flat Washer, M12 
H800A45708 Hex Head Bott, 1/2-13 x HI2 inch 
H800A45709 Hex Head Bott, 112-13 x 2 inch 

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

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

FS-1292' 

10008 

10032 
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H420A64012 
H800A45708 
Loctite 242 
Torque to 45 Nm (33 (t·/bs) 

FS-1292' 

90001 
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20002 

Shell Alavania No.2 Grease" 

20001 
FS-1292" 

Figure 2 
Entrance Bushing Assembly 

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

·20001 
20002 
90001 
H420A46705 
H420A64012 
H800A45708 

Bushing Conductor 
Insulator 
a-Ring, Top Flange 
Threaded Stud, M 12 x 65 
Flat Washer, M12 
Hex Head Bolt, 1/2·13 x 1-112 inch 

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

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

H420A4 705 
(Rear Bushing 
Assembly Only) 
Loctite 242 
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Alnox Electrical 
Joint Compound> -----to 

203t8 

20317 

.. Mc--.:....-...---._-- ___ . ___ .. ___ ~~Ji'P.4 

l--------------------------i'-- FS-1292»> 

Figure 3 
Terminal Pad 20311 

20311 
20317 
20318 
H420A30614 
H967800 

Terminal Pad 
Clamping Ring 
V-Clamps 
Hex Head Bolt, M12 x 50 
Belleville Washer, M 12 

>Requires surface preparation as described in section 3 of this module. 

»Rotate to desired orientation. 

»> Apply Dow Corning FS-1292 Grease to all flange surfaces outside of the O-ring groove to prevent corrosion. 

Refer to Plate 7 for more details. 
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Figure 4 

Bushing Guide Rod T13436 
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H420A50012 

H420A50008 
H420A60008 
Loctite 242 

30052 
Shelf Alavania 
No.2 Grease' 

< View A 

H420A46705 
Loctite 242 

Torque 22 Nm (16 ft-Ibs) '-----./ 

Figure 5 
Rear of Interrupter Unit 

30052 
30075 
30077 
H420A46705 
H420A50008 
H420A50012 
H420A60008 
H973A32701 

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 film remains. 

( 

( 

30075 

( 



Publication No. 948P006-01 

( 

SFs Circuit Breakers 

Type PM 

145 PM Current Transformers© 

ASEA BROWN BOVERI 

10 February 1993 



( 

( 

Contents 

1 
1.1 

2 
2.1 
2.2 
2.3 
2.4 

3 
3.1 

4 

Introduction 
Description 

CT Maintenance 
Removing the CT Protective Cover 
Removing the CT(s) 
Installing the CT(s) 
Re-Inslalling the CT Protective Cover 

Wiring 
CTCurves 

Replacement Parts 

1 
1 
2 
2 
3 

3 
3 

4 

Figures 

Figure 1 

948P006-01 
145 PM Current Transfonners" 

Contents 

Current Transformer 70000 5 

Figure 2 
Current Transformer Location Nameplate 6 

10 February 1993 



948P006-01 
145 PM Current Transfonners@ 
Notes 

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 n 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 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, 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 orshould particular 
problems arise which are not covered sufficientlyforthe purchaser's purposes, the matter should be referredtothe ABB Power 
T & D Company Inc. Power Circuit Breaker Division, 125 Theobald 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 olthe 
current transformers. 

Plate 1: Bushing-type current transformers 

2 
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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 or be short circuited 
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 CT 
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 cover70oo1 (Fig. 1) is removed whenever 
a CT 70000 needs to be added, replaced, or removed. 

To remove the CT protective cover: 

1. Remove the bolts H800A081 05, nuts H673A091 02, and 
flat washers H420A64oo8 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. 
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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. After lowering the SF, gas pressure to a slight positive 
pressure of approximately 5 psig (34.5 kPaG). discon­
nect the CT leads. 

2. Using a light crane. carefully lift the CT overthe top olthe 
bushing; avoid damaging the porcelain glaze or sheds. 

2.3 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 aCT: 

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

2. 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 114 inch between CTs; 
3/8 inch to 1/2 inch between the bottom CT and the 
support. 

Caution 

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

3. Connect the secondary leads to the shorting terminal 
blocks. 

4. Re-install the CT protective cover. Refer to section 2.4. 
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2.4 Re-Installing the CT Protective Cover 

Caution 

When re-install ing the CT protective cover70001 
(Fig. 1), be careful not to damage the insulating 
seal 70002 around the lip olthe 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 reinstall 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 itse~ evenly on the 
insulating seal without excessive force. 

2. Re-install the bolls at the bottom 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 

948P006-01 
145 PM Current Transfonners© 

Page 3 

The CT wiring is depicted on the last sheet of the wiring 
diagram package in the Customer Data module. This 
diagram includes the connections of any special test swnches 
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 Cu rves 

For CT curves, refer to the Customer Data module. 

10 February 1993 
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4 Replacement Parts 

The actualABB 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. 
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H800A08105 
H673A09102 
H420A64008 

H800A04206 
H673A05907 

948P006-01 
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70001 

HNB335050P609 -----~-­ Pressboard Spacers 

Loctite 242 
Torque to 50 Nm (37 ft-/bs) 

H420A64012 
Loctite 242 
Torque to 60 Nm (45 ft-Ibs) 

70003 

70004 

Figure 1 
Current Transformer 70000 

70000 Current Transformer 
70001 CT Protective Cover 
70002 Insulating Seal 
70003 Bottom Support 
70004 Mounting Bracket 
H420A64008 Flat Washer (Two) 
H420A64012 Flat Washer, M12 
H673A05907 Nut, 3/8-16 
H673A09102 Nut, 5116 
H800A04206 Hex Head Bolt, 3/8-16 x 1 -inch 
H800A08105 Bolt, 5/16-18 
H800A09906 Bolt, 112-13 x 1-114-inch 
HNB335050P609 Washer, Ml0 
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BUSHING CURRENT TRANSFORMERS 

BUSHING HAtlFACTUIERS HAXACCURACr CURVE 
POCKET f«l NIItlER TYPE RATIO SPECIAL CUSS MIllER 

o 

:::E ;~:~:I r -------,1§§01 II 1 

~IO~E 2+6 I IDc=J§§8 
LOWER 1-3-5 I iDc=JOI 18 
LOWER 2+6 1 101 101 II 1 

I I~ 

Figure 2 
Current Transformer Location Nameplate 
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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 It Is nota warranty of performance 
or characteristics. It is with the best Interests of our customers in mind that we constantiy 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 
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Notice 3 

We expressly decline liability 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 should be 
usad for replacements. 

Nollce4 
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T & D Company Inc. Power Circuit Breaker Division, 125 Theobold Ave., Greensburg, PA 15601, Phone No. (412) 838-5200. 
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Interrupters 

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, 
suWur hexafluoride (SF,) gas puffer-type unit capable of 
interrupting 40 kA terminal fauRs and 90 percent short-line 
fau~s at40 kA withoutthe addition of extemalline-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 byan Insulating 
support tube situated w~hin 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 the Interrupter contacts. An insulating pullrod connects the 
bellcrank assembly to the moving contacts. 

1.2 Operation 

The SW Interrupter unR is a single pressure design, using a 
combination of puffer and seW-blast technologies. SF, gas 
fills the pole tanks and bushings ata pressure of 87 psig (600 
kPaG) at 20'C (68'F) and serves as both an insulating and 
arc-quenching medium. 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. 

1.2.1 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 one-directional check valVe during the 
previous closing stroke. Refer to the illustration on page 2. 

1.2.2 Interruption at High Currents 

As the breaker begins to open, the main contacts part first, 
transferring the current to the arcing contacts. Shortly 
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 

539P009-02 
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contacts. This pressure build-up propels the heated SF, gas 
surrounding the arcing contacts Into the constant volume 
seW-blast chamber while the unique nozzle 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 seW-blast chamber. 
This action results In a high pressure mixture at a low 
temperature - a necess~y to ultimately achieve interruption. 

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

After the arc is 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 currentinterruptlon, the pressure build-up is high 
enough In these~-blast chamberto cause the one-directional 
check valve between the seW-blast chamber and the puffer 
cylinder to seal off the path between the two. A relief valve 
built into the moving contact support provides a means for 
releaSing the pressure build-up in the puffer cylinder at a 
predetermined value(lowerthan the pressure in the seW-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 arcls generated by the arcitseW, thus the "seW-blasr 
designation. Unlike pure puffer Interrupters, the SW inter­
rupterdoes not require as powerful ofa 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 cylinder Is limited to 
the release pressure of the relief valve. 

1.2.3 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 needed to 
extinguish the arc. In this case, the one-directional valve 
between the se~-blast chamber and the puffer cylinder does 
not seal off because the pressure build-up In the se~-blast 
chamber does not exceed the release value of the relief 
valve. Pressurized gas flows from the putfercylinderthrough 
the se~-blast chamber and Into the arcing zone to extinguish 
the arc. This "soft interruption" process effectively quenches 
lower current arcs for load switching, capacitive switching, 
and inductive switching. The puffer cylinder provides a gentle 
blast which minimizes current chopping during inductive 
switching. 

Afterthearc is 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 tha 
contact zone. 
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Moving Arcing Contact 

Moving Contact Assembly 

--.-~--------.-.,..:- .. . . 
V2 

Check Valve (Between Self-Blast 
Chamber & Puffer Cylinder) 

Auxiliary Nozzle 

Relief Valve & 
Check Valve 
Assembly 

Closed Position 

Insulating Nozzle 

~~~------
Compressible Gas Volum Self-Blast Chambe 

.­
Arcing Area 

Interruption 

Moving Arcing Contact 

Mesh Cooler 
Moving 
Main 

Stationary Main Contact Fingers 

Moving Contact 
Assembly 
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1.2.4 OPEN Position 

In Ihe OPEN position, contact separation provides full rated 
dielectr1c capability and the breaker stands prepared for Its 
next closing operation. Refer to the illustration on page 2. 

1.2.5 Interrupter Closing Operation 

During a closing operation, the arcing contacts make before 
the main contacts of the continuous cunrent path. Due to the 
movement of the puffer cylinder, the puffer chamberfliis with 
SF, gas through the check valve located In the moving 
contact support assembly. 
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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; 
Replacing other worn parts as needed. 

Refer to the flow chart In Figure 1 which shows the 
overview and sequence for performing Interrupter mainte­
nance procedures. 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 Intenrupter Unit Sections 2.1 to 2.6 
Maintenance 

Reclaim the SF6 Gas Refer to the Pole Unit 
module. 

Remove the Rear Tank Reter to the Pole Unit 
Cover Assembly/Open the module. 
Pole Unit 

Inspect the Nozzles and Section 2.3 
Contacts 

Remove the Intenrupter 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 Brea ker with Refer to the Pole Unit 
SF6 Gas module. 
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2.1 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 (Fig. 8); 
Alignment tool 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 Grease; 
Dow Coming Fluoro Silicone FS-1292 Grease; 
Molycote Spray, Dow Coming 321 R; 
Pro AA2 grease; 
Set of metric wrenches and sockets; 
Set of metric allen head sockets 4 mm to 10 mm size; 
15/16-lnch and 11/16-inch standard open end 
wrenches; 
15116-lnch crowsfoot wrench; 
Torque wrench 10 to 150 ft-Ibs; 
Clean work area with workbench. 

2.2 Interrupter Maintenance Standard Practices 

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

DANGER 

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

2.2.1 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 cleanliness Is 
so Important, care must betaken to perform internal breaker 
maintenance under clean, dry conditions. 

Warning 

The Importance of cleanliness cannot be 
overstressed. Introducing loose 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. 
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Loose dlrt( especially metallic particles) as well as residue left 
from sweaty hands and atmospharlc moisture can lead to 
dielectric failure. It Is best to avoid handling critical Insulating 
components with bare hands. Instead, wear snug-fitting 
cloth glovas 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. 

2.2.2 Fastener Locking 

Since the Impact loading which the circuit breaker experi­
ences during operation tends to loosen threaded hardware, 
Loctlte Threadlocker must be applied to all critical bolted 
joints. Fourtypes ofLoctlte are used forspecificapplications: 
222, 242, 262, and 271. 

Clean the threads In blind holes W 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.ln caseofdlfflculty, the connection can 
be loosened by heating the jointto 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 Loctlte to fasteners used in 
assembling current 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 Loctlte does not squeeze into 
contact areas. 

2.2.3 Treatment of Sliverplating 

Silverplated contact areas can be polished ligMywith 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 sitverplated areas must be lubricated 
with Shell Alavanla 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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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. 

Up t03 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. 

Important: 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. 
decomposition 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 completely. 

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, especially 
the Insulating components, promptly after open­
Ing the pole unit to prevent damage and pos­
sible failure caused by corrosive and conduc­
tive compounds fonned when decomposition 
products are exposed to moisture In the air. 

2.3.1 

539POO9-02 
145 PM Interruptersc 

PageS 

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 nozzle throat. Refer to the 
illustrations on pages 7 and S. For a nozzle to be acceptable, 
the No-Go gauge must not penetrate the throat of the 
respective nozzle. Ifthe hub touches the end ofthe Insulating 
nozzle, this Indicates thatthe gauge has penetrated a nozzle. 

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

Because bumlng is primarily limited to the arcing contacts, 
the main contacts ans less likely to be wom beyond use. 
However. if the main contacts experience a lot of operations, 
the silverplating on these contacts may becomewom due to 
friction. If a copper tint is visible through the sllverplatlng, 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 intemal cleaning based on 
the presence of SF. decomposition products. 

Befons performing this inspection, the following must be 
done: 

• Reclaim SF, gas from the bnsaker; 
• Open the pole unit. 

Refer to the Pole UnH module for instructions to nsclaim 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 MS nuts H420A5000S (Fig. 3) and 
washers H420A6000S mounting the deflector 30075. 

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

3. Dlsconnectthe high voltage connections tothe entrance 
bushings ofthe pole unit (at thefour-hole NEMA terminal 
pad). 

4. Remove the four-hole NEMA terminal pads from the 
bushing top caps (front and nsar) so that the bushing 
conductor nsmoval tool T13441 (Fig. 17) can be at­
tached. 
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5. Remove the six 1/2-lnch hex head bolts HSOOA4570S 9. Inspect the auxiliary nozzle 30004 (Fig. 10) using the 
( (FIg. 1S) and washers H420A640 12from the bushing top specially designed No-Go gauge T13406 (Fig. 2) by 

flange. passing the smaller end oflhe No-Go gauge through the 

6. Pull each plug-in bushing conductor 20001 (front and 
throat of the insulating nozzle until It reaches the auxiliary 
nozzle. The No-Go gauge has a hub at the center. Ifthe 

rear) from their respective plug-in connections 30052 hub touches the end of the inSUlating nozzle, this 
(Fig. 4) using the bushing conductor removal tool T13441 indicates that the gauge has penetrated 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 S. 
plug-in bushing conductor from fis female connection on 
the interrupter. Thetool ismade up of a T-bracket, studs, Important: When the nozzles are nearly new, the smaller 
horseshoe 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-

Screw the three studs of the bushing conductor 
cess to the auxiliary nozzle. If this Is the case, 

a. the auxiliary nozzle Is acceptable. 
removal 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 

b. Bolt the jacking screw onto the top cap of the 
end of the insulating nozzle, this Indicates Ihatlhe gauge 
has penetrated the throat of the Insulating nozzle and 

bushing usi ng the botts provided with the tool. (The that the nozzle is eroded unacceptably. Refer to the 
jacking screw replaces the four-hole NEMA terml- illustration on page 7. 
nal pad.) 

Place a horseshoe washer (provided wfih the tool) 
11. If any nozzle is unacceptable, the arcing contacts (mov-

c. ing and stationary) as well as the nozzles (auxiliary and 
In the slot of each stud to support the T-bracket on insulating) will need to be replaced. 
the studs above the bushing cap. Secure the T-
bracketto the studs using the provided nuts and flat Important: Although the nozzles may have passed this 
washers. inspection and have some usable life left, there 

d. Jackthe bushing conductor from Its plug-in connec-
may be wear that warmnts replacement -
especially If the contacts are blackened and ( tion by turning a nut onto the jacking screw. The s/gnlficantamounts of decomposition products 

bushing conductor will need to be raised approx~ are present. Since the breaker is already 
mately 2 inches until the conductor is disengaged. opened and the interrupter unit will need to be 

e. Once the bushing conductor is free from its plug-In removed to clean auf the decomposition prod-

connection, remove the T-bracket, horseshoe wash- ucts, ABB recommends, for convenience, that 

ers, and the jacking screw. you replace the nozzles and contacts at this 
time. 

f. carefully lift the bushing conductor by hand while 
Examine the main moving contactlseW-blast chamber supporting it at fis lower end. Lift the bushing 12. 

conductor above the slots In the studs and re-install 30116 (Fig. 1 0) and the stationary contaclfingers 30026 

the horseshoe washers to allow the assembly to (Flg.5). If a copper tint is visible through the silverplallng, 

rest on the horseshoe washers. the main contacts need to be replaced. 

g. Screw the three nuts provided with the tool back 13. If any nozzles and contacts are not acceptable, remove 

onto the studs to firmly fix the retracted bushing the interrupter assembly as described in the Pole Unit 

conductor in place. module and then, disassemble the Interrupter (refer to 
section 2.4lnthis module); then replacethe contacts and 

h. Cover the 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. Remove the rear exhaust shield 30077 (Figs. 3and 4) of plete sets. For example, the stationary arcing 

the Interrupter unit by unscrewing the three M12 nuts contacts should not be replaced without also 
H420A50012 which mount the shield. replacing the moving arcing contacts and 

B. Remove the MSsocket head bolts H420A04611 (Fig. 4) 
nozzles. 

which mount the stationary contact assembly 30019; If the nozzles and contacts are acceptable, proceed to 
pull the stationary contact assembly from the interrupter section 2.3.2.1. 
and 11ft 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) 

Acceptable InsulatIng Nozzle 

No-Go Gauge T134Ci6 (Large End) 

Hub touchIng the end of the 

Unacceptable Insulating Nozzle 
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No-Go Gauge Test of Auxiliary Nozzle 

Cross-Sectional View 

No-Go Gauge T13406 (Small End) 

Acceptable auxiliary Nozzle 

No-Go Gauge T13406 (Small 

Unacceptable Auxiliary Nozzle 

Hub touching the end of the 
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2.3.2.1 Re-As8embly after Contact Inspactlon 

To re-assemble and close the pole unH: 

1. Perform the slow close procedure described In the 
Interphase Linkage module to move all three moving 
contact assemblies of the Interrupter unHs Into the 
CLOSED position. 

Notice: Before re-installing Bny of the stationary con­
tact assembiias, the moving contact assem­
blies oftha Interrup/er units must be In tha fully 
CLOSED position to ensure proper contact 
alignment when the stationary contact assem­
blies are re-installed. Perform the slow close 
procedure as described in the Interphase Link­
age module to position the moving contact 
assemblias of tha inierrup/er units In the fully 
CLOSED position. 

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

Notice: SF. decomposition products must be removed 
completely. This may Involve removing the 
Interrupter unit. Referto tha Pole Unit module. 

3. Lift the stationary contact assembly 30019 (Figs. 4 and 
5) Into the rear of the Interrupter unH and flnmly push H 
into posHion so that it fully engages the moving contact 
assembly (to ensure contact alignment). Be sure that 
the stud H783A31803(Fig. 3) located closest tothe 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. 

4. Place a drop of Loctlte 242 on the threads of each MS 
socket head bo1lH420A04611 (Flg.4) used to mount the 
stationary contact assembly. Screw the MS socket head 
bolts H420A04611 with washers H420A6000SInto place 
and torque them to 22 Nm (16 It-Ibs). 

5. Clean the sllverplated areas on the rear exhaust shield 
30077 with lint-free wipers dampened with denatured 
ethyl alcohol. 

6. Place the rear exhaust shield Into position. Apply Loctlte 
242 to the threads of the three studs H7S3A31S03 (Fig. 
3) and re-Install the M12 nuts H420AS0012 (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.) 

7. Pull the old O-ring 90001 (Fig. 1S) from the groove In the 
top cap of the bushing. 

8. Cut the O-ring to remove II. 

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

10. 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. 
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11. Thoroughly clean the O-ring groove wHh a lint-free wiper 
dampened with denatured ethyl alcohol. 

12. Annly press the new O-ring Into the groove. 

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

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

15. Rub Shell Alvanla No.2 Grease Into the microscopic 
pores of the silverplated tip of the bushing conductor 
20001 (Fig. 18); removeallexcesssothatonlyalightfilm 
remains. 

16. Carefully lower the bushing conductor allowing the plug­
in connection 30052 (Figs. 3 and 4) to engage. 

17. Remove the three studs of the bushing conductor 
removal tool T13441 (Fig. 17) and re-Install the six 1/2-
Inch hex heed boHs HS00A4570S (Fig. is) and washers 
H420A64012 at the bushing top flange. Apply Loctite 
242 to threads of each boH and torque to 45 Nm (33 11-
Ibs). 

18. Re-Install the M12 nut H420A50012 (Fig. 3) and washer 
H973A32701 that connect the bushing conductor to the 
rearexhaustshleld 30077. Apply LoctHe 242 to the stud 
H420A46705 and tum the M12 nut H420AS0012 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 tight; a fork on the deflactor 
30075will hold the nut Into posHlon.) Use Inside calipers 
to verify that the exhaust shield Is approximately cen­
tered In the pole tank. 

19. Torque the M12 nuts H420ASO012 (Figs. 3 and 4) and 
flat washers H420A60012 (wihlch fasten the rear ex­
haust shield 30077 to the stationary contact assembly 
30019; refer to step 6) to 72 Nm (5211-lbs). 

20. Re-Install the two MS nuts H420A50008 (Fig. 3) and 
washers H420A60008 mounting the deflector 30075. 
Apply LoctHe 242 and torque to 22 Nm (16 ft-Ibs). 

21. Refer to the Pole UnH module to proceed as follows: 

Install a new desiccant bag. 

Re-Install the reartank cover assembly to close the 
pole unH. 

After the pole unH has bean closed, Immediately 
evacuate the pole unH and fill wHh SF. ges. 

Re-Install the NEMA four-hole tennlnal pads at the 
bushing top cap. 
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2.4 Disassembling the Interrupter Unit 

After ... movlng the Interrupter unit 30000, 30121, or 30122 
(Fig. 4) as described In the Pole Unit module, dlsasoomblethe 
Interrupter unit In a clean, dry work a ... a 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: Whiledisassemblingthelnterrupter, wlpeaway 
any SF. decomposition products (If present) 
with a lint-free wiper dampened with denatured 
ethyl alcohol. 

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. 

7 October 1993 

Plate 2: RemovIng the stationary contac1 assembly 

3. Lift and tum the Interrupter unit Into a vertlcel position 
and lowernontothe Interrupterassemblyflxtu ... Tl3438 
(Fig. 6). 

4. Rotate the Interrupter until n drops 114-lnch and locks on 
the Interrupter assembly fixtu .... 

5. Remove the M8 socket head bons H420A04611 (Fig. 4) 
holding the bellcrank assembly 10151, 10159, or 1 0160 
to the support tube 30051. 

( 

( 
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6. Use Ihe threaded rod tools (two) T13428 (Fig. 7) and clip 
tools (two) T13439 (Fig. 8) to raise and support the 
bellcrank assembly above the Interrupter. Referlo Plate 
3. To do so, Insert the threaded rod tools (with the groove 
In the rod turned down) through the inlerrupter support 
tube bolt holes and hand tighten the rod tools into the 
bellcrank boH holes. Lift the bellcrank approximately 4 
Inches or high enough to insert the clip tools Into the 
grooves on the rod tools. The bellcrenk Is now sus­
pended, allowing access to the pullrod coupling 30106 
(Fig. 4). 

Plate 3: Threaded rod tool 
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7. With a set of Inside calipers, measure the length of the 
pullrod coupling 30106 (Fig. 4) betwean the bellcrank 
arm and operating pullrod 30032 for reference on re­
assembly. Refer to Plate 4. 

Plate 4: Measuring the length of the puflrod coupling with 
Inside calipers 

8. Loosen the M16Jam nutsH420A54116(rlghthand) (Fig. 
4) and H420A54156 (left hand) securing the pullrod 
coupling 30106. (An 11/16-lnch open-end wrench and 
a 15116-lnch open-end wrench are needed.) 
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9. Remove the pullrod coupling 30106 (Fig. 4). Refer to 
Plate 5. 

Plate 5: Removing the pullrod coupling 

10. Once the pullrod coupling has been removed, lift the 
bellcrank away from the Interrupter unit. 

7 October 1993 

11 . Using a socket wrench wRh a long extension, remove the 
Me socket head bolls 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 6: LIfting away the support tube 

( 
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12. Remove the MB hex head bolt H420A30406 (Fig. 4) and 
flat washer H420A601 OB which hold the pullrod wrist pin 
30105 in place and slide away the wrist pin to free the 
operating pullrod 30032. Refer to Plate 7. 

Plate 7: Removing the wrist pin of the operating pul/rod 
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13. Remove the MB socket head bo~s H420A04611 (FlgA) 
holding the moving contact support assembly 30012 to 
the Interrupter tube 30030. 

14. Slide the moving contact support assembly 30012 from 
the puffer cylinder 30007 (Fig. 10). Refer to Plate B. 

Plate 8: Withdrawing the moving contact support assem­
bly 
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15. Lift the moving contact assembly 30001 (Fig. 4) out of 2.5 Replacing Nozzles and Contacts and Re­
Assembling the Interrupter Unit the Interrupter tube. Refer to Plate 9. 

Plate 9: Lifting the moving contact assembly out of the 
interrupter tube 

At this point, the Interrupter is disassembled Into Its sub­
assemblies. Refer to section 2.5 to replaos the nozzles and 
contacts and re-assemble the Interrupter unit. 

7 October 1993 

Replacing the nozzles and contacts and re-assembllng 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 stationary contact assembly 30019 
(Fig. 5) (section 2.5.3); 
Re-assembllng the Interrupter unit (section 2.5.4). 

The following Items should be replaced with new parts when 
re-assembllng the Interrupter unit: 

Moving arcing contact 30006 (Fig. 10); 
Auxiliary nozzle assembly 30117 (Fig. 10); 
Insulating nozzle 30005 (Fig. 10); 
Main moving contactlse~-blast chamber 30116 (Fig. 
10); 
Mesh cooler 30107 (Fig. 9); 
Mu lt~lam contact 30014 (Fig. 9); 
Inner guide beanng 30103 (Fig. 9); 
Outer guide bearing 30104 (Fig. 9); 
Stationary arcing contact 30020 (Fig. 5); 
Stationary main contact fingers 30026 (Fig. 5). 

2.5.1 Rebuilding the Moving Contact Assembly 

To refurbish and re-a5semble 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:Components of the moving contact assembly 

( 
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2.5.1.1 Dlsa.sambllng the Moving Contact Assembly 

To disassemble the moving contact assembly 30001 (Fig. 
10): 

1. Remove the M5 socket head bob H420A04410 (Fig. 
10) holding the puffer cylinder 30007 to the main moving 
contact/self-blast chamber 30116 using a socket wrench 
and long extension. Refer to Plate 11. 

Plate 11: Separallng the maIn movIng contacVse/f blast 
chamber from the puffer cylinder 

539POO9-02 
145 PM Interrupterso 

Page 15 

2. Remove the retaining snap ring H776A34304 (Fig. 10) 
which secures the Insulating nozzle 30005 Into the main 
moving contact/seW-blast chamber. Refer to Plate 12. 

Plate 12:Retalnlng snap ring for the Insulating nozzle 
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3. Remove the Insulating nozzle guide ring 30119 (Fig. 10) 
from Rs groove on the Insulating nozzle 30005. Referto 
Plate 13. 

Plate 13:Removlng 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 ",e auxiliary 
nozzle failed the No-Go test during the inspec­
tion (section 2.3.2); both nozzles and",e arcing 
contacts must be replaced as a complete set. 
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Plate 14:Unscrewlng the auxiliary nozzle 

6. Inspect the main contact area of the main moving 
contact/self-b lastchamber30116 (Fig. 10) and the Inner 
wall ofthe puffer cylinder 30007. If a copper tint Is visible 
through the sllverplatlng of either the main contact andl 
or the Inner wall ofthe puffer cylinder. the part(s) need 
to be replaced. 

Important: If the sl/verplating of the main moving contact! 
self-blast chamber or puffer cylinder Is wom to 
the point that a copper tint Is visible through the 
sl/verplatlng. thecomponentmustbereplaced. 

( 
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7. If the puffer cylinder 30007 (Fig. 10) must be replaced, 
separate Itfrom the exhaust tube 30002 by removing the 
lock nut HHATE400176P1 using the exhaust tube tool 
T13455 (Fig. 20). Refer to Plate 15. 

Plate 15:Removing the exhaust tube lock nut 
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8. Remove the check plate (seW-blast chamber) 30102 
(Fig. 10) by releasing the retaining snap nng H776A34705. 
Refer to Plate 16. 

Plate 16:Removlng the check plate 

The moving contact assembly Is now disassembled and 
ready to be rebuilt. Complete the checklist at the end of this 
module before re-assembllng any Interrupter component. 
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2.5.1.2 R&oAssembllng the Moving Contact Assembly 

After determining the components that need to be replaced, 
........ ssemblethe moving contactassembly30001 (Fig. 10)as 
follows: 

1. Clean all components using lint-free wipers dampened 
with denatured ethyl alcohol. 

Important: Becausa tha auxiliary nozzle 30004 (Fig. 10) 
and Insulallng nozzle 30005 are Insulating 
acmponents, they must be cleaned using 1Il!lr 
lint-free wipers that have not be used on metal 
acmponents to avoid acntamlnal/on. 

2. R ... lnstalltheexhausttube 30002 Into the puffercyllnder 
30007. Refer to Plate 17. 

Plate 17:Ra-lnstalllng the exhaust tube 
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3. Apply Loctlte 242 to the lock nut HHA TE400176P1 (Fig. 
10) and torque to 275 Nm (202ft-lbs). Referto Plate 18. 

Plate 18:Lock nut 

( 

( 

( 



( 

( 

4. Re-Install the check plate (seW-blast chamber) 30102 
(Fig. 10) by nsplacing the nstaining snap ring H776A34705. 
Refer to Plate 19. 

Important: It is good general practice to replace old retain­
ing snap rings with new retaining snap rings. 

Plate 19:Re-installing the check plate 
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5. Unscnsw the auxiliary nozzle 30004 (by hand) (Fig. 10) 
from the auxiliary nozzle adapter 30118. Replace the old 
auxiliary nozzle with a new nozzle. Flnmly hand-tighten 
the new auxiliary nozzle In place. Refer to Plate 20. 

Plate 20:Replacing the auxiliary nozzle 

6. Insert a 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 



539POO9-02 
145 PM Interrupters" 
Page 20 

7. Apply LoctIte 242 to the male threads of the auxiliary 
nozzle assembly 30117 (Fig. 10) connection and Install 
the assembly. Torque the auxiliary nozzle assembly to 
70 Nm (52ft-lbs). Refer to Plate 21 . 

Plale 21:Re-/nslalling lhe auxiliary nozzle assembly 
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8. Place a new Insulating nozzleO-rlng90004(Flg. 10) Into 
the corresponding groove on a new Insulating nozzle 
30005. Refer to Plate 22. 

Plale 22:ln8lalllng Ihe/nsulatlng nozzle O-rlng 

( 

( 

{ 



( 

( 

9. Insert the new Insulating nozzle 30005 (Fig. 10) Into the 
main moving contacVself-blast chamber30116. Usethe 
Insulating nozzle toolT13449to press the new Insulating 
nozzle Into place. Refer to Figure 19 and Plate 23. 

Plate 23: Insulating nozzle tool 
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10. Secure the Insulating nozzle wHh a new retaining snap 
ring H776A34304 (Fig. 10). Refer to Plate 24. 

Plate 24:Re-/nstalllng the Insulating nozzle I8talnlng snap 
ring 
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11. Re-connect the main moving contacVseW-blast chamber 
30116 (Fig. 10) to the puffer cylinder 30007 by re­
Installing the MS socket head bolts H420A0441 0 and flat 
washers H420A6000S using a socket wrench and long 
extension. Apply a small drop of loctlte 242 into the 
holes and torque to S.S Nm (4 ft-Ibs). Refer to Plate 2S. 

Plat. 25:Re-connectlng the main moving contact/self-blast 
chamber to the puffer cylinder 
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12. Place a new Insulating nozzle guide ring 30119 (Fig. 10) 
Into its groove on the Insulating nozzle 3000S. Refer to 
Plate 26. 

Plate 26: Replacing the Insulating nozzle guide ring 

13. Thoroughly clean the moving contact assembly 30001 
(Fig. 10) using denatur.d ethyl alcohol and lint-free 
wipers. 

Important: Because the auxiliary nozzle 30004 and Insu­
lating nozzle30005 arelnsulatlngcomponents, 
they must be cleaned using 1I2W lint-free wlp­
ers thathavenotbe used on metal components 
(to avoid contamination). 

( 
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2.5.2 Rebuilding th .. Moving Contact Support 
As ... mbly 

The mesh cooler 30107 (Fig. 9), which Is mounted Inside of 
the moving contact support assembly 30012 should be 
replaced during a major overttaul of an interrupter. Plate 27 
shows all of the components of the moving contact support 
assembly. 

Plate 21:Components of the moving contact support 
assembly. 
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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. Refer to 
Plate 28. 

Plate 28:Removlng the valve plate assembly 

2. Lift outthe Inner retainer core 30112 (Fig. 9), used mesh 
cooler 30107, and the Teflon disk 30120. 

3. Clean ali 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 
at the base the assembly. Refer to Plate 29. 

Plate 29: Teffon disk 
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5. Install the new mesh cooler 30107 (Fig. 9) which will be 
held Intoa roll wRh wire retainers. Do not cut and remove 
the wires until aflerthe mesh cooler has been slipped Into 
place. Refer to Plate 30. 

Plate 30:lnstalllng /he mesh cooler. 
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6. Slide the Inner retainer core 30112 (Rg. 9) back Into the 
mesh cooler 30107. Refer to Plate 31 . 

Plate 31:Re-lnstal/lng the Inner retaIner core 
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7. Re-Install the valve plate assembly 30108 (Fig. 9) and 
replace the retaining snap ring H776A34302. (If any part 
of valve plate assembly requires replacemen~ replace 
the entire assembly 30108.) Refer to Plate 32. 

Important: It Is good general practIce to raplace old retaIn­
Ing snap rings with new retaInIng snap rings. 

Plate 32: Re-installing the valve plate assarnbly 
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8. Replace the Inner guide bearing 30103 (Fig. 9) at the 
base of the moving contact support 30018. Refer to 
Plate 33. 

Plate 33:Replacing the inner guide bearing 
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9. Replace the mulU-lam contact 30014 (Fig. 9) and outer 
guide bearing 30104 (located In the transfer area be­
tween the puffer cylinder and moving contact support 
assembly). Lubricate the sliverplated area where the 
multi-lam contact Is seated with a light coat of Shell 
Alavanla No. 2 Grease and be sure to Install the mu~i­

lam contact with the teeth pointing counter-clockwlse 
when looking althe moving contact support from above. 
Refer to the Plate 34. 

Plate 34:Replac/ng the outer guIde bearing and multl-lam 
contact 
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2.5.3 Rebuilding 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. 

Plale 35:Components orrhe stationary contact assembly 

To rebuild the stationary contact assembly 30019 (Fig. 5): 

1. Remove the stationary arcing contact 30020 using the 
special deep socket tool T13437 (Fig. 14). 

2. Determine W the stationary main contact fingers 30026 
(Fig. 5) need to be replaced. Replacement Is considered 
necessary W the sllverplatlng 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 Me 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 conlact sup­
port, allowing Ihe contact fingers to fall free. 

5. Apply a light coat of Shell Alavanla No. 2 Grease to the 
sllverplating of each contact finger. Rub the grease Into 
the microscopic pores olthe silverplatlng of each station­
ary main contact finger and wipe away excess so that 
only a light film remains. 

6. Install the new contact fingers (48) by placing the contact 
cage over the contact finger 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. 
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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-lnstalllng the contact sp8cer 
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8. Apply a light coat of Shell Alavanla No. 2 Grease to the 
silverplated area of the stationary contact support 30022 
(Fig. 5). Rubthe grease Into the microscopic pores of the 
silverplating and wipe away excess so that only a light 
film remains. Refer to Plate 38. 

Plate 38:App/ying Shell Alvan;a No.2 Grease to the 
stational)' contact support 

9. 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. 

10. Secure the assembly by placlng a drop of Loctlte 222 on 
each M6 socket head set screw H420A15101 (Fig. 5) 
and torque to 5.5 Nm (4 It-Ibs). 

11. Apply LocUte 242 10 mm deep Inside of the mounting 
hole for the stationary arcing contact 30020. 

12. Be sure that the deflector clip 30123 Is In place. 

13. Replace the stationary arcing contact 30020 wlth a new 
one using the deep sockettoolT13437 (Fig. 14). Torque 
the stationary arcing contact to 50 Nm (37 It-Ibs). 

Important: If stud H420A 15001 (Fig. 5) Is not already 
Installed In the stational)' arcing contact, apply 
permanent Loct/te 271 to the stud and Install. 

( 
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2.5.4 R ... As8embling the Interrupter Unit 

To ...... ssemble the Interrupter unH 30000, 30121, or 30122 
(Fig. 4): 

1. Apply a light coat of Shell Alvanla No.2 Grease to the 
Inner surface of the puffer cylinder 30007 (Fig. 10). 
Thoroughly rub the grease Into the microscopic pores of 
the sllverplated surface; remove all excess grease so 
that only a light film remains. Refer to Plate 39. 

Plate 39:Applytng Shell Alvanla No.2 Grease to the Inner 
surface of the puffer cylinder 

2. Slide the moving confect support assembly 30012 (Figs. 
4 and 9) back Into the puffer cylinder 30007 (Fig. 10) of 
the moving contact assembly 30001 until H bottoms In 
the cylinder. 

Important: Be careful not to pinch any of the Inner and 
outerguldebearlngs30103and30104 (Fig. 9) 
and be certain that the multi-lam contact30014 
Is properly seated. 

3. Carefully clean the Interrupter tube 30030 (Fig. 4) with 
lint-free wipers dampened wHh denatured ethyl alcohol. 
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Important: Never clean an Insulating component with the 
same wiper used to clean aluminum or metal 
perts. 

4. Place the Interrupter tube onto the Interrupter assembly 
fixture T13438 (Fig. 6) and lock It Into place. Refer to 
Plate 40. 

Plate 40:Placlng the Interrupter fube on the Interrupter 
assembly fixture 

5. Apply a light coat of Shell Alvania No.2 Grease to the 
main moving contact area of the moving contactassem­
bly 30001 (Flgs.4 and 10). Thoroughly rub the grease 
into the microscopic pores of the sllverplated surface; 
remove all excess grease so that only a light film 
remains. 
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6. Lower the 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 tumed 90 
degrees to the exhaust ports In the Interrupter tube.) 
Refer to Plate 41 . 

Plate 41:Re-/nstalllng the moving contact assembly 

7. Bolt the moving contact'lssembly 30001 (Fig. 4) to the 
Interrupter tube 30030 using MS socket head bolts 
H420A04611 and washers H420A6000S. Apply Loctlte 
242 to the threads of each bolt and torque to 22 Nm (16 
ft-Ibs) . 

S. Thoroughly clean the operating pullrod 30032 wHh IInt­
free wipers dampened with denatured ethyl alcohol. 

Important: Never clean an Insulating romponent with the 
same wiper used to clean aluminum or metal 
parts. 

9. Install the operating pullrod 30032 by r&-Installing the 
wrist pin 30105. 

7 October 1993 

10. Lock the wrist pin 30105 (Fig. 4) In place using the MS 
hex head boH H420A30406 and washer H420A601 OS. 
Apply LocUte 242 and torque the boltlo22 Nm (16ft-lbs). 
Refer to Plate 42. 

Plate 42:Re-installing the wrist pin 

11 . Thoroughly clean the Interrupter support tube 30051 
(Fig. 4) wHh lint-free wipers dampened wHh 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 
fastening It to the moving contact support assembly 
30012 using MB socket head bolts H420A04611 and 
washers H420A6000B. Apply Loctlte 242 Into the holes 
and torque to 22 Nm (16 II-Ibs). Refer to Plate 43. 

Important: Leetlte 242 for the boffs must be applied to the 
holes so that it will not squeeze into this current 
carrying Joint. 

Plate 43:Re-lnstalllng the Interrupter support tube 

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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14. MeasuredlmenslonAas shown In Plate 44 and Fig. 11 
In mm. Dimension A typically Is 41.5 .:!: 1.0 mm. 

Plate 44:Measuring dimension A 

7 Octob6r 1993 



539POO9-02 
145 PM Interrupterso 

Page 32 

15. Measure dimension B as shown In Plate 45 and Fig. 12 
In mm. Dimension B typically Is 95.! 1.0 mm. 

Plate 45: Measuring dimension B 

16. To detennlne the needed length of the pull rod coupling 
30106 (Fig. 4) between the opemHng pullrod and bel~ 
crenk ann, use the following fonnula: 

E = Dim. B - Dim. A -15 mm 

Where E = length of the pullrod coupling In mm 

Dimension E typically Is 38.5 .! 2.0 mm. 

Important: The calculafed length of the pullrod coupling 
should be very close to the length measured 
with inside calipers on disassembly, step 7 In 
sec~on 2.4 of this module. 

Proceed to section 2.5.4.1 for flnal assembly Instructions. 
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2.5.4.1 Final Aasembly for Left, Center, and Right 
Interrupter Units 

Final assembly for an Interrupteruntt depends upon whether 
the untt Is to be used for left, center, or right pole unit 
applications. For leftpoleapplications, the bellcmnk must be 
oriented so that the plug-In contacts are turned 30 degrees 
counter·clockwlse from the top of the bellcmnk. For center 
pole applications, the plug-In contacts should be aligned with 
the top olthe bellcmnk. For right pole applications, the plug­
In contacts should be turned 30 degrees clockwise from the 
top of the beliClank. Refer to Figure 4. 

To ensure proper alignment: 

1. Install the threaded rod tools Tl3428 (Fig. 7) as follows: 

a. For left pole applications, Install the threaded rod 
tools In the holes of the beliClank housing shown In 
Plate 46. 

Plate 46:lnstalllng the rod tools for a /eft pole unit 

b. For centerpole applicaHons, Install the threaded rod 
tools In the holes of the bellcrank housing shown In 
Plate 47. 

Plate 47: Installing the rod tools for a center pole unit 
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c. For right pole applications, Install the rod tools In the 
holes of the bellcrank housing shown In Plate 48. 

Plate 48: Installing the rod tools for a right pole unit 

2. Position the bellcrankassembly overthe interrupter unit, 
aligning the upper rod tool w~h the plug-In contact. 

3. Install the clip tools T13439 (Fig. 8) to hold the bellcrank 
assembly above the Interrupter unit. 

4. Check alignment of the operating pullrod using the 
special alignment tool T13440 (Fig. 13). Refer to Plate 
49. Rotate the moving contact assembly 30001 (Flg.4) 
clockwise using a wnsnch until the appropriate slots In 
the special tool align with the rod tools at both extnsmes 
of the pull rod's SWing. The moving contact assembly 
must be turned clockwise to prevent damaging the multl­
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 

< 
Threaded 
rodtool e- -

rod tool 

Q)J o,~:" ~ J pullrod swing 

b. For center pole applications, align the two slots as 
shown In the Illustration below. 

Threaded 
rod tool 

Threaded 
rod tool 

~~~~~~~~. 

Dlnsctlon of 
pullrod swing 
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c. For right pole applications, align the two slots as 
shown In the Illustration below. 

.---=-- , 
Threaded 
rod tool 

DlnscUon of 
pullrod swing 

'---~---. 

Plate 49:Allgnlng the center pole pullrod 

Threaded 
rod tool 

Plate 5O:Tumlng the moving contact assembly clockwise 
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5. When the operating pullrod Is aligned, apply Loct~e 242 
on the threads olthe pullrod coupling 30106 (Fig. 4) and 
Install ~ to tha ca lculated length. Refer to Plate 51. 

Plata 51:Settlng 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 (3S It-Ibs) . 

Important: While tightening the jam nuts, be sure to use a 
back-<Jp wrench topreventtheoperaUng pullrod 
from moving out of alignment. 

7. Remove the clip tools T13439 (Fig. S) and allow the 
bellcrank assembly to lower onto the Interrupter unij. 

S. Re-attach the ballcrank to the Interrupter support tube 
30051 (Fig. 4) using MS socket head bolts H420A04611 
and washers H420A6000S. Apply Locute 242 to each of 
the boHs and torque to 22 Nm (16 It-Ibs). (Remove the 
threaded rod tools during this step.) 

9 . Lift the Interrupter from the Interrupter assembly flxture. 
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10. To re-installthe stationary contact assembly 30019 (Fig. 
4): 

a . Rotate the bellcrank shalt 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 staUonary 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 flnnly push it 
Into pOSition so that It fully engages the moving contact 
assembly (to ensure contact alignment). Be sure that 
the stud H783A31803 (Fig. 3) located closestto the 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 MS socket head bolts H420A04611 (Fig. 4) 
and washers H420A6000S to secure tha stationary 
contact assembly. Apply Loctije 242 to each of the boHs 
and torque to 22 Nm (16 It-Ibs). Refer to Plate 52. 

Plate 52: staUonary contact assembly 
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11 . Re-Install the rear exhaust shield 30077 (Fig. 4) using 
M12 nuts H420A50012 end washers H420A60012. 
Hand-tighten the nuts. (Final tightening will be done 
when the Interrupter un~ is re-Installed In the pole tank.) 

12. Refer to the Pole Un~ module to procaed 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 untt has been closed, Immediately 
evacuate the pole untt and flll tt with SF, gas. 

2.6 Rebuilding the Bellcrank Assembly 

Refer to Figure 16 when rebuilding the bell crank assemblies 
10151 (center), 10159 (left), and 10160 (right). Rebuilding 
the bellcrank assembly Involves replacing the weather seals 
10169, gaslvacuum lip seals 10168, and bearings 10164. 
The seals and bearings are contained wnhln the shaft seal 
assemblies 10153. The center bellcrank assembly contains 
two shaft seal assemblies; the left and right bellcrank assem­
blies each contain one shaft seal assembly. Refer to Plate 
53 for a view of bellcrank components. 

Plefe 53:Bellcrank components 

To replace the seals and bearings: 

1. Remove the M8 hex head bons H420A30409 (Fig. 16) 
and washers H420A64008 which secure the shaft seal 
assembly 10153 to the bellcrank housing 10152 (or 
10172 or 10173). 

2. Slide the shaft seal assembly from the bell crank hous­
Ing. Refer to Plate 54. 

Important: O-rings 90005 (/wo) tend to hold the shall saal 
assemblysnugly In place. It may be necessary 
to gently pry out the shall seal assembly with a 
thln-bladed screwdriver. No sealing surfaces 
can be damaged by performing this procedure. 

Plate 54:Shall seal assembly 
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3. Remove the 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. 

Plete 55:Sherr seel exploded view 

4. Replace the seals and bearings removed In the previous 
step. Lightly lubricate these paris wllh Pr0AA2 grease. 

5. Replace the seal assembly snap ring H776A02215 with 
a new snap ring. 

6. Remove the old shaft seal assembly O-rings 90005 
(two) and replace them with new O-rings. 

7. 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. 
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8. If the bellcrank shaft was pulled out of the Intemal crank 
10162, H will have to be re-allgned. Align the punch mark 
which Is located on the end of one olthe splines of the 
bellcrank shaftwllh the punch mark on the Intemal crank. 
Refer to Plate 56. 

Importent: The line-up punch merles on the Intemel crank 
10162 end bellcrank sherr must be aligned. 

Plele 56:A1lgnlng punch marlcs 

9. Push the bellcrank shaft back Into posHlon. 

10. Re-posHion the now rebulH shaft seal assembly 10153 
(Fig. 16) over the bellcrank shaft end and cerelully push 
It Into place wHhout damaging the O-ring seals. 

11 . Re-Inslall the M8 hex head bolts H420A30409 and 
washers H420A64008 which secure the shaft seal as­
semblyto the bellcrank housing. Apply Loctite 242 to the 
threads of each boH and torque to 24 Nm (18 ft-Ibs). 

12. Repeat the previous steps for any other shaft seal 
assemblies which need to be rebulH. 
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Interrupter Maintenance Flow Chart 

Reclaim the SF. Gas 
Open the Pole Unit 
(Refer to the Pole Unit Module and the 
Safe Handling Practices for SF, Gas 
Module.) 

I 
Inspect the Nozzles and Contacts 
(Refer to section 2.3 in this module) 

/ "-If the nozzles and contacts If the nozzles and contacts are okay 
need to be replaced, proceed and do not need to be replaced, 
as follows: proceed to the last step. 

I 
Remove the Interrupter Unit 
(Refer to the Pole Unit Module) 

Disassemble the Interrupter Unit 
(Refer to section 2.4 In this module) 

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 Module) 

~ 
Replace the Desiccant Bag 
Close the Pole Unit 
Refill with SF. Gas 
(Refer to the Pole Unit Module and the 
Safe Handling Practices for SF, Gas 
Module.) 

Figure 1 
Interrupter Maintenance Flow Chart 
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Figure 2 
Nc>-Go Gauge T13406 
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25 mm diameter 

7 October 1993 



039P009-02 
145 PM Interrupters" 
Page 40 

H420A00667 
H420A60008 

H420A60012 
Loctite242 

H783A31803 

Torque to 72 Nm (52 ft-Ibs) 

H420A50012 

H420A50008 
H420A60008 
Loctite242 

30052 
Shell A1vania No. 
2 Grease' 

( 
View A 

H420A46705 
Loctite242 

Torque 22 Nm (16 ft-lbs) '------" 

Figure 3 
Rear of Interrupter Unit 

30019 
30052 
30075 
30077 
30124 
H420A00667 
H420A46705 
H420A50008 

. H420A50012 
H420A60008 
H420A60012 
H776A33301 
H783A31803 
H973A32701 

Stationary Contact Assembly 
Plug-In Connection 
Deflector 
Rear Exhaust Shield 
Shield Support 
Hex Head Bo~, M8 x 65 
Stud, M12 x 65 mm 
Nut, M8 
Nu~ M12 
Flat Washer, M8 
Flat Washer, M12 
Retaining Snap Ring 
Stud, M12 
Washer 

View A 30075 

'Rub Shell Alvanla No.2 Grease Into the microscopic pores of silverplated surfaces; remove all excess so that 
only a light film remains. 
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H420A54116 
Loctite242 
Torque50Nm 
(38 ft-lbs) 

LEFt 

10151 
10159 
10160 
30000 
30001 
30012 
30019 
30030 
30032 

Shell 
Alvanla 
No.2 

Loctite 242 H420A30406 
Torque 22 Nm H420A60108 
(16 ft-Ibs) Loctite 242 

LEFT 

-, 
30012 30001 

Loctite242 
Torque22Nm 
(16 ft-Ibs) 

H776A02217 

CENTER 

H420A60012 
Loctite242 
Torque 72Nm 

g. . (52ft-lbs) 
, :\ 

. ! I 

RIGHT 

~ 

EXHAUST PORTS IN INTERRUPTER TUBES 

CENtER RI~HT 

VIEW A 

Bellcrank Assembly (Center) 
Bellcrank Assembly (Left) 
Bellcrank Assembly (Right) 
Interrupter Unit (Center) 
Moving Contact Assembly 

~{~ 
J -®-r -(- -(~}--
\j/. Q/ 

Figure 4 
Interrupter UnH 

30000 or 30121 or 30122 

30051 Support Tube 
30052 Plug-In Connection 
30077 Rear Exhaust Shield 
30105 Wrist Pin 
30106 Pullrod Coupling 

Moving Contact Su pport Assembly 30121 Interrupter Unit (Left) 
Stationary Contact Assembly 30122 Interrupter UnH (Right) 
Interrupter Tube 30125 Plate 
Operating Pullrod 

I 

-® 
H420A04611 Socket Head BoH, M8 x 35 
H420A30406 Hex Head BoH, M8 x 12 
H420ASOO12 Nut, M12 
H420A54116 Jam Nut (right hand thread), M16 
H420A54156 Jam Nut (left hand thread), M16 
H420A60008 Flat Washer, M8 
H420A60012 Flat Washer, M12 
H420A60108 Flat Washer, M8 
H776A02217 Retaining Snap Ring 

-Rub Shell Alvanla No.2 Grease Into the microscopic pores of sllverplated surfaces; remove all excess so that only a light film remains. 

--- - -------
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0020 
Torque 50 Nm (37 ft-lbs) 

1+---3'0025 

30026 

30115 ----6I-J1:l1' 
H420A15101 

-I~~~+----t--i---i>tJt==I=::::=-:Loctite 222 Torque to 5.5 Nm (4 ft-lbs) 

Loctite 271--_"'":-"""..t!----+'+_ 

Shell A1vania No.2 Grease' 

H783A31803 H420A15001 
30123 

Locme271"'~~::l=-t ____ ~L~oc::m:e~24:2~(~1:0~m:m~d:~::p~m~h:o:~:~ __ ~ (To/Ockin 
position) 

Figure 5 
Stationary Contact Assembly 30019 

30020 
30022 
30025 
30026 
30115 
30123 
H420A15001 
H420A15101 
H783A31803 

Stationary Arcing Contact 
Stationary Contact Support 
Contact Cage 
Contact Fingers 
Contact Spacer 
Deflector Clip 
Stud, M10 x 70 
Socket Head Set Screw, M6 x 12 
Stud, M12 

·Rub Shell Alvania No.2 Grease into the microscopic pores of silverpiated surfaces; remove ail excess so that 
oniy a light film nsmalns. 
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Figure 6 
Interrupter Assembly Fixture T13438 
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Figure 7 
Threaded Rod Tool T13428 

Figure 8 
Clip Tool T13439 
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30014 
30018 
30103 
30104 
30107 

30108 

30103 

Figure 9 
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30104 

1+-__ 30014 
Shell Alavanla 
No.2 Grease" 

.' 

Moving Contact Support Assembly 30012 

Multi-lam Contact 
Moving Contact Support 
Inner Guide Bearing 
Outer Guide Bearing 
Mesh Cooler 

30108 

30112 
30120 
H776A34302 

Valve Plate Assembly (sold as an 
assembly only) 
Innner Retainer Core 
Teflon Disk 
Retaining Snap 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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HHATE400176Pl 
LoctJte242 
Torque to 275 Nm (202 ft-lbs) 30117 

30102 30116 
Shell A1vanla No.2 Grease" 

( 

30006 30004 30005 30119 

30002 

G----·------

H420A04410 
H420A60005 
Loct/Ie 242 (Into hole) 
Torque to 5.5 Nm (4 ft-lbs) 

Figure 10 

H776A34705 

Moving contact Assembly 30001 
Exhaust Tube 
Auxiliary Nozzle 
InsulaHng Nozzle 
Moving Arclng Contact 
Puffer Cylinder 
Check Plate (SeW-Blast Chamber) 

30118 
LoctJte 242 Torque 
to 70 Nm (52 ft-lbs) 

30002 
30004 
30005 
30006 
30007 
30102 
30116 
30117 

Main Moving Contact/SeW-Blast Chamber 
Auxiliary Nozzle Assembly (Includes 

30118 
30119 
90004 
H420A04410 
H420A60005 
H776A34304 
H776A34705 
HHATE400176Pl 

auxiliary nozzle and auxiliary nozzle adapter) 
Auxiliary Nozzle Adapter 
InsulaHng Nozzle Guide Ring 
Insulating Nozzle O-Ring 
Socket Head Bolt, M5 x 30 
Flat Washer, M5 
Retaining Snap Ring 
Retaining Snap Ring 
LockNut 

"Rub Shell Alvanla No.2 Grease Into the microscopic pores of sllverplated surfaces; remove all excess so that 
only a light film remains. 
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Support Tube Operating Pullrod 

Figure 11 
Dimension A 

Figure 12 
Dimension B 

Bellcrank Assembly 
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Figure 13 
Alignment Tool T13440 

J-------] 
~, _______ ; I 

Figure 14 
Deep Socket Tool T13437 
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1 I 

,=-L:.. -:: = = .::: :: .::I = :{ 
Steel Tube -----1 , I 

I , 
I I 
I 
I 
1- - - - - - -l ,------ ----., 

Steel Cross Rod 

Figure 15 
Contact Finger Assembly Tool T13207 

539P009-02 
145 PM Interrupterso 

Page 49 

7 October 1993 



.... 

I 
~ 

H776A02215 

...... ., ..... , 1.,.1 I~_J 

10164 ._jh~ 

~ 

Apply Loctlte 242 
Torque to 26 Nm (20 ft-Ibs) 

Apply Mo/ycote Spray, Dow Coming 321R 

Figure 16 
Rebuilding the Bellcrank 

10151 (Center). 10159 (Left), and 10160 (Right) 

Refer to the legend on the oppos~e page. 

.-, --. 

~:!:l 
..... CD 
II-a-a 
... _0 

o=~ 
"0 IN 
1 



'" 
~ ... 
C;; 
f£ 

10151 
10152 
10153 
10156 
10157 
10159 
10160 
10161 
10162 
10163 
10164 
10166 
10168 
10169 
10170 
10172 
10173 
90005 
H420A30406 
H420A30409 
H420A60108 
H420A64008 
H776A02215 
H776A02216 

--

Figure 16 
Rebuilding the Bellcrank 

Bellcrank Assembly (Center) 
Bellcrank Housing (Center) 
Shaft Seal Assembly 
Bellcrank Shaft (Left/Right) (not shown) 
Bellcrank Shaft (Center) 
Bellcrank Assembly (Left) 
Bellcrank Assembly (Right) 
Connecting Pin 
Internal Crank 
Connector Arm 
Bearing 
Buffer 
GaslVacuum Up Seal 
Weather Seal 
Aluminum Spacer 
Bellcrank Housing (Left) (not shown) 
Bellcrank Housing (Right) (not shown) 
O-Ring (Shaft Seal Assembly) 
Hex Head Bott, M8 x 12 
Hex Head Bott, M8 x 25 
Flat Washer, M8 
Flat Washer, M8 
Seal Assembly Snap Ring 
Retaining Snap Ring 

---

.... 
~ 

!l! 
~21 

-v =I CD mc;g 
CQ~c .... 'P 
",010 
.... "N 



539POO9-02 
145 PM Interrupters" 
Page 52 

Jacklng 
Screw 
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Top View 

T-Bracket 

---

I---':~·orseshoe Washers 

I 
~ 

--- - ... -- ..... - .-( 

~., 

"----r-------' 
'-..---/' 

Side View 

Figure 17 
Bushing Conductor Removal Tool T13441 
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I 
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H800A45708 
H420A64012 
Loctite242 
Torque 45 Nm (33 ft-lbs) 

FS-1292' 

H700B16606 

90002 ---=:.J~'?-

H420A64012 
H800M5711 
Loctite242 

FS-1292' 

Torque to 60 Nm (45 ft-lbs) 

10015" H420A64012 
H673A15609 
H800A46315 
Loctite242 

FS-1292' 
30000 or 30121 or 30122 
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(33 ft-Ibs) 

10032 

H420A64012 
H800A45711 
Loctite242 
Torque to 60 Nm 
(45 ft-lbs) 

Torque to 93 Nm (70 ft-lbs) 

10015 
10032 
10047 
10048 
10049 
10052 
20001 
20009 
20010 
30000 
30121 
30122 

Figure 18 
Pole Unn Assembly (Left, Center, or Right) 

10047 or 10048 or 10049 

Pole Tank 
Rear Tank Cover Assembly 
Left Pole Unit Assembly 
Center Pole Unit Assembly 
Right Pole Unit Assembly 
TankHeff 
Bushing Conductor 
Front Bushing Assembly 
Rear Bushing Assembly 
Interrupter Unit (Center) 
Interrupter Unit (Left) 
Interrupter Unit (Right) 

90001 
90002 
90003 
90014 
90015 
H420A64012 
H673A15609 
H700B16606 
H800M5708 
H800A45709 
H800A45711 
H800A46315 

O-Ring, Top Flange 
O-Ring, Tank End 
O-Ring, Bottom Flange 
O-Ring, Tank Center (Inner) 
O-Ring, Tank Center (Outer) 
Flat Washer, M12 
Nut, 1/2-13 
Alignment Pin 
Hex Head Bolt, 1/2-13 x 1-1/2 Inch 
Hex Head Bott, 1/2-13 x 2 Inch 
Hex Head Bolt, 1/2-13 x 2-1/2 inch 
Hex Head Bott, 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. 
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Figure 19 
Insulating Nozzle Tool T13449 
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Figure 20 
ExhaustTube Too1T13455 
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Interrupter Major Maintenance Checklist (every 10 years or after permissible number 
of operations In Table 2) 

( 

Interrupter Recommended Condition of 
Action Taken/Comments Component Action Component 

Stationary Contact Assembly 30019 (Fig. 5) 

Stationary Arcing Replace-
Contact 30020 

Contact Fingers Inspect·" 
30026 

Contact Cage 30025 Inspect--

Stationary Contact Inspect·-
Support 30022 

Moving Contact Assembly 30001 (Fig. 10) 

Moving Arcing 
Replace'*' Contact 30006 

Auxiliary Nozzle 
Replace' 30004 

Insulating Nozzle Replace-
30005 

Main Moving 
Contact/Self-Blast Inspect-.-

( 
Chamber 30116 

Puffer Cylinder 30007 Inspect·· 

Insulating Nozzle Replace-
O-Ring 90004 

Retaining Snap Ring Replace'*' 
H776A34304 

Insulating Nozzle 
Replace' Guide Ring 30119 

Moving Contact Support Assembly 30012 (Fig. 9) 

Mesh Cooler 301 07 Replace-

Inner Guide Bearing 
Replace' 30103 

Quler Guide Bearing 
Replace' 30104 

Multi-lam Conlact 
Replace' 

30014 

Moving Contact Inspect·· 
Support 30018 

Valve Plate Assembly Inspect--
30108 

Teflon Disk 30120 Replace' 

Retaining Snap Ring 
Replace' 

H776A34302 

'Replace the part when It reaches the parmlsslble number of operations. If after the Inspection paried of 10 
years, the parts are In very good condition (e.g. ~ there have been very few or no opsrations), the parts need 
not be replaced. 

-Inspect the part and, if necessary, replace it. Replacement Is generally necessary If a silverplaled area has 
worn to the point that a coppar tint Is visible through the sllverplating. 
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Notes 

. Notice 1 

Based on our own experience, you will obtain the best possible operaOonal rellabillly by following the recommendations given 
In these instructions. The data contained herein purporls solely to descrlbe 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 

WHhin the scope of these Instructions, H Is Impossible to take Into account every eventuailly which may arise with technlcsl 
equipment In service. Please consult our local salesman In the event of any IrregularlUes, especially If not referred to herein. 

Notice 3 

We expressly decline lIabillly for damages resu lOng 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, H Is not permissible to disclose, reprint, copy, or reproduce any part of these 
Instructions wHhout express written permission from ABB. 

These Instructions do not purport to cover all details or variations In equipment nor to provide for every possible conOngency 
to be met In connection wHh Installetlon, operation, ormainlenance. Should further Information be desired or should particular 
problems arise which are not covered sufficlentlyforthe purchasefs 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. 

CCopyright 1993, ABB All rights reserved. 
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Interphase Linkage 

1 Introduction 

The 145 PM clrcuR breakar conslsls of three pole units 
Interconnected by an Interphase linkage assembly and gas 
manWold. The Interphase Linkage module Includes all com­
ponents that join the Individual pole unltslnloa single breeker 
unit. These components are Ihe Interphase shafts and the 
gas manWCld. 

1.1 Interphase Shafts 

Two Interphase shafts, left and right, tie together the Ihree 
bellcrankassemblleson the 145 PM breakar(Flg. 1). Theleft 
and nght Interphase shatts ere coupled to the mechanism 
pullrod through a crank at the center pole unl!. The crank at 
the center pole convertslhe vertical motion otthe mechanism 
pullrod to the rotational motion of the Interphase shatts. The 
bellcrank assemblies then convert this rolatlonal motion 10 
the horizontal motion of the Interrupters. 

1.2 Gas Manifold 

The gas manifold (Figs. 2 and 3) links the three pole unllslnto 
a single gas density monKorlng system. A seW-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 hexafluonde 
(SF,) gas -- a great advantage when pertonnlng pole unit 
maintenance. 

1.3 Fastanar Locking 

Sinca the Impact loading which the circuit breaker experJ­
encas dunng operation tends to loosen threaded hardware, 
Loctlte Threadlocker musl be applied to all crHlcal boRed 
jolnls. Fourtypes otLoctite are used for specific applications: 
222, 242, 262, and 271. 

Clean the threads In blind holes W they can be adequately 
dned atterwards. Apply Loctlte sparingly to the outennost 
edges otthe thread. Two small drops of Loctlte are enough 
even for large threads. 

Hardware secured wRh Loctlte usually can be unfastened 
wHh 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 apptylng LoctRe to fasleners used In 
assembling current carrying connections. Apply LoctRe only 
where specified. If used Impropeny, LoctKe can squeeze 
between contact areas and may cause a high reslstanca 
Joint. Ensure that excess Locllte does not squeeze Into 
contact areas. 

812POO5-02 
145 PM Interpha •• Linkage­
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2 Isolating a Pole Unit 

Certain maintenance tasks require Isolating a pole unit which 
entails de-coupling Ihe Interphase linkages and the gas 
manWold. Eventually, the more cntlcal tasks otsynchronlzlng 
the Interrupter contacls and r&-coupllng the Interphase link­
ages anse. The following sections descnbe Ihe procedures 
for: 

De-coupllng the Interphase linkages (refer to section 
2.1); 
Synchronizing the Inlerrupter contacts (refer to sec­
tion 2.2); 

• Re-coupllng the Interphase linkages (refer to section 
2.3). 

Imporiant: In addition to the common maintenance tools 
and materials listed In the Maintenance mod­
ule, the spacial tools referred to herein as th9 
slowop9n/close d9vice T13444 (Fig. 5)and the 
manual open/close tool T13451 (Fig. 7) will b9 
needed In this procedure. 

DANGER 

Before beginning this procedure, iso­
late the breaker from high voltage 
and properly ground the breaker. 

2.1 De-Coupling the Interphase Llnkagas 

Warning 

Bafore proceeding, verlfy that the operating 
mechanism Ia discharged In the OPEN position 
and that all control power Is disabled. 

De-coupling the Interphase IInkag9s Involves: 

Removing the nght side Inlerphase shaft (refer 10 
section 2.1.1); 
Removing the left side Interphase shaft (refer to 
section 2.1.2); 
De-coupling the gElS manifold (referlo section 2.1.3). 

2.1.1 Removing the Right Sideinterphas. Shaft 

To remove the nght side Interphase shaft 10204 (Fig. 1): 

1. Remove the four M5 socket head bolls H420A31306 
which hold the nght side shaft cover 10203 In place. 

2. Punch outthe roll pins 1 0209 from Ihe couplings 10205. 

3. Slide the couplings 10205 onto the Interphase shaft 
10204 and 11ft off the shaft. 
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2.1.2 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 lI4-lnch bolts 
H800A12904. 

3. Remove the M6 hex head bott 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 pullrod 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 
11ft the cmnk and shaft away. 

2.1.3 De-Coupling the Gas Manifold 

To d ... couplethe gas manifold 10213 (Figs. 2and 3), loosen 
the DILO quick disconnect fitting 10171 (Fig. 3) at the rear 
tank cover assembly 1 0032 of each pole unit. NoSF,gaswll1 
be emitted; the fitting Is seW-sealing. Refer to Plate 1. 

Plate 1: OILO quIck disconnect fittIng 

6 October 1993 

2.2 Synchronizing the Interrupter Contacts 

lithe Interrupter unKs have been d ... coupled, they must be 
properly synchronized wHh each other before re-instaliing the 
Interphase linkages. To do this, all three Interrupter unKs 
must be pulled Into the fully open posKlon as described In the 
steps below. Only after all three Interrupters are pulled Into 
the fully open posHlon can the Interphase linkages be re­
Installed. 

Warning 
It Is absolutely 88sentlal 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 Tl3451 (Fig. 7) onto 
the splines of the bellerank shaft 10156 (left). 10157 
(center), or 10156 (right) (Fig. 1). 

2. Facing the control cabinet (bellcrank end of the Inter-
rupter), with the mtchet handle Tl3453 (Fig. 7) on the 
manual open/close tool vertically upright above the 
bellcmnk shaft, rotate the bellcmnk shaft to the fully 
OPEN position by pulling the ratchet handle towards you 
until you feel the Interrupter bottom out. 

Caution 

You mustfeel the Interrupter bottom out when 
rotating the bellcrank shaft to ensure that the 
Interrupter Is In the fully OPEN position. 

3. Repeat steps 1 and 2 for each bellcrank shaft. 

4. Proceed to re-couple the Interphase linkages. Refer to 
section 2.3. 

2.3 Re-Coupllng the Interphase Linkages 

R ... coupllng the Interphase linkages Involves: 

• R ... lnstalling the right side interphase shaft (refer to 
section 2.3.1); 
R ... installing the left side Interphase shaft (refer to 
section 2.3.2); 
R ... coupllng the gas manifold (refer to section 2.3.3). 

Warning 
Before proceeding, verify that the Interrupter 
contacts have baan 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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2.3.1 Ra-lnstelling the Right Side Interphase Shaft 

To re-Install the right side interphase shaft 10204 (Fig. 1): 

1. Slide the couplings 10205 onto the right side Interphase 
shaft 10204 and re-Inslall the shaft. 

2. Tap the roll pins 10209 Into the couplings 10205. 

3. Place the right side shaft cover 10203 Into position. 

4. Inslall the four M5 socket head bolls H420A31306 and 
washers H961376 which hold the right side shaft cover 
In place. Apply Loctlte 222 to secure the botts. 

2.3.2 Ra-lnstelling the Left Side Interphase Shaft 

To re-Inslall the left side Interphase shaft 10204 (Fig. 1): 

1. Slide the cover 1020B over the left side interphase shaft 
10204 before re-inslailing the shaft. 

2. Slide the crank 10206 and coupling 10205 onto the left 
side Interphase shaft. 

3. Re-Inslall the left side Interphase shaft aligning the line-
up dot on the crank 1 0206 with the line-up dot loceted on 
one of the splines of the center bellcrank shaft 10157. 

Caution 

Thellna-up dot on the crank and thellna-up dot 
on the center bellcrank shaft must be aligned to 
ensure proper synchronization of the Interrupt-
era with respect to the mechanism. 

4. Re-Inslallthe MB hex head bolt H420A30467 (Fig. 6) and 
nut H420A5BOOB Into the crank 10206. 

5. Tap the roll pin 10209 (Fig. 1) Into the coupling 10205. 

6. Move the mechanism pullrod assembly 10207 Into 
posttlon and slide the crank wrist pin 10210 (Fig. 6) Into 
place. 

Notice: The crank wrist pin usually can be re-Installad 
without requiring any adJustmant of the pullrod 
length. However, because this pin Is Nnely 
machlnad for precisIon ffttlng, It Is sometimes 
difficult to insert the pin. Therefore a "slY 
slight adJustmant of the tumbuckllng pullrod 
may be requIred to align the pIn. To adjust the 
pullrod, loosen the locknuts H420A58160(FIg. 
6) and H420A58116 and then tum the pullrod 
slightly (on the order of a hafftum) until the pin 
fits. Apply Loctlle 242 to the lock nuts and 
torque/ocknutH420A58160fo217Nm(160ff­
Ibs); torque lock nut H42OA58116 to 136 Nm 
(100 ff-lbs). If the pin allgnmant Is off signifi­
cantly, (more than 1 mm) the Interruptars may 
not be fUlly opened or properly synchronized. 

7. Re-lnslalltheM6hexheadboltH420A31406(Flg.6)and 
washer H973A06504 which hold the crank wrist pin 
10210 In place. Apply Loctlte 222 to the threads of the 
M6 bott and torque to 7 Nm (5 ft-Ibs). 

612POO5-02 
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B. Re-Inslall the cover 1020B (Fig. 1). 

9. Re-Inslallthe left side shaft cover 1 0202 by Inserllng the 
four M5 socket head botts H420A31306 with washers 
H961376. 

2.3.3 Ra-Coupllng the Gas Manifold 

To re-couple the gas manifold 10213 (Figs. 2 and 3). re­
connect the OILO quick disconnect filling 10171 (Fig. 3). No 
SF, gas will be emmed because the filling Is seW-sealing. 

Important: Apply Dow Corning FS-1292 Greasa to the 
threads of the DILO quick disconnect fitting. 

Warning 

The gas manifold must be connected at all pole 
units to properlly monitor the SF. gas dell8lty at 
all poles. If the pole unit was opened, a vacuum 
and refilling procedure must be performed as 
described In the Maintenance module. 

2.4 Final Ins paction 

After re-installing the Interphase IInkagas. Inspect the follow­
Ing: 

Be sure that the gas manWold Is re-connacted at all 
phases (retar to seellon 2.3.3); 
Be surethatthe breaker Is properly filled wtth SF, gas. 
Referto the Maintenance module for gas filling proce­
dures. If the pole unit was opened. a vacuum and gas 
replenishing procedure must be performed as de­
scribed In the Maintenance module. 
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3 Slow Close Operation 

Perfonn the slow close operation anytime a stationary con­
tad assembly Is either replaced or r .... lnstalled Into an 
Interrupter unit to ensure proper contact alignment, I.e. during 
contact Inspection. 

Important: With the 145 PM circuit brssker, the macha­
nlsm cannot be jacked closed. The Interrupt­
ers must be Isolated from tha machanlsm by 
removing the crank wrist pin 10210 (Fig. 6). 

Warning 

aefore proceeding, verify that the operating 
mechanism Is discharged In the OPEN position 
and that all control power Is disabled. 

To perfonn a slow close operation: 

1. Remove the left side shaft cover 10202 (Fig. 1) by 
unfastening the fourM5 socket head bolts H420A31306. 

2. Loosen the cover 1 0208 by removing the 114-lnch bolls 
HSOOA 12904. 

3. Remove the 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 pullrod assembly 10207 out of the way. 

5. Strap the slow open/close device T13444 (Fig. 5) around 
the Interphase shaft 10204 (Fig. 1). Refer to Plate 2. 

6. Tum 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 Odober 1993 

Plate 2: Slow open/close devfce 

7. 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 Intarrupters 
bottom out. 

Caution 

You mustfeel thelnterruptefS bottom out when 
rotating thelnterph ... shattto .nsur.thatthey 
are In the fully OPEN position. 

S. Move the mechanism pullrod assambly 10207 (Fig. 6) 
Into position and slide the crank wrist pin 10210 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 
difficult to Insert the pin. Therefore a vel)' 
slight adjustment of the tumbuckflng pullrod 

( 
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may be required to align the pin. To adjust the 
pullrod, loosen the lock nuts H420A58160 (Fig. 
6) and H420A58116 and than tum the pullrod 
slightly (on the order of a hafftumj unm the pin 
fits. Apply Locffte 242 to the lock nuts and 
torquelocknutH420A58160 to217Nm (160ft­
Ibs); torque lock nut H420A58116 to 136 Nm 
(100 ft-Ibs). If the pin alignment is off signifi­
cantly, (more than 1 mm) the Intel7llpters may 
not be fully opened or properly synchronized. 

9. Re-instalitheM6 hex head bolt H420A31406 {Fig. 6) and 
washer H973A06504 which hold the crank wrist pin 
10210 In place. Apply Loctlte222and torque to 7 Nm (5 
ft-Ibs). 

10. Re-Inslall the cover 10208 (Fig. 1). 

11. Re-Install the left side shaft cover 1 0202 by Inserting the 
four M5 socket head bolls H420A31306 with washers 
H961376. 
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Figure 2 
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Grease FS-1292" 

10171 
DILO Quick Disconnect Fitting 
Hold this part with a backup wrench 
when decoupling 

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 

612POO5-02 
145 PM Interphase LlnkageO 

Page 11 

6 October 1993 



Si2POO5-02 
145 PMlnterphas8 Linkage" 
Pag812 

10204 

10206 

10204 

H420A58116 

,~~~~~\ __ - H420A64016 
~ 0 Loctite 242 

~O§~O~====-__ 1_36 Nm (100 tf-lOO) 
u: H420A31406 

H973A06504 
Locffte222 
7 Nm (5 tf-lOO) 

H420A58160 
H420A64020-i~rc;+ __ _ 
Loctite242 

10207 

217 Nm (160 tf-lOO) 

FACING VIEW 

6 October 1993 

Figure 6 
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Notice 1 

Based on our own experience, you win obtain the best possible operational reliability by following the recommendations given ( 
In thaselnstructlons. The data contained herein purports solely to describe the product, and Ills nota warranty ofparformance 
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 laad to discrepancies between a product and these Instructions. 

Notice 2 

Wfthln the scope of these Instructions, It Is Impossible to take Into account every eventuality which may arise with tachnlcal 
equipment In service. Plaase consuft our local salesman In the event of any Irregularftlas, especially If not referred to herein. 

Notice 3 

We expressly decline liability for damages resulting from any Incorrect operation or wrong handling of our equlpman~ even 
If these Instructions contain no specific Indication In this respect. We stress the fact that only genuine spare parts should be 
used for replacemants. 

Notice 4 

This publication Is a copyrighted work. Therefore, ft Is not permissible to disclose, reprint, copy, or reproduce any part of these 
Instructions wfthout express written permission from ABB. 

Thase Instructions do not purport to cover all details or variations In equipment nor to provide for every possible contingency 
to be mat In connection wfth Installation, oparatlon, or maintenance. Should furthar Information be desired or should particular 
problems arise which are not covered sufflclentiyforthe purchasefs 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 raserved. 
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FSA·2 Mechanism 

1 Introduction 

Instrucllons In this module apply to the type FSA-2 spring 
drive mechanism. 

1.1 D .. crtptlon 

The FSA-2 mechanism acluates the circuit breakerlntenupt· 
ers. The mechanism. housed wfthln the control cabinet. 
receives operating commands from the eleclrical control 
system and translates these commands Into the mechanical 
moHon which opens or closes the clrcuR breaker contacts. 

The FSA-21s a pure spring-operated mechanism where the 
Intenuptars are opened and closed solely by steel coli 
springs. The FSA·2 mechanism storas operating energy In 
two sets of spring packages - the closing springs and 
opening springs. The closing springs ara charged undar 
normal conditions using a charging motor and gearbox 
assembly. but can be manually charged If necessary. During 
the closing oparation. the mechanism moves tothe CLOSED 
posltlon and slmuRaneously charges tha opening springs 
using tha storad enargy of the closing springs. Tha mecha· 
nlsm contains enough storad energy In tha CLOSED posltlon 
wfth the closing and opening springs charged to perform an 
open·closa-open (O-C-O) operation without ra-charglng. A 
lew spring charge alarm Is actuated by a limit switch should 
the closing springs fall to ra-charge. This Is the only alarm 
function for the FSA·2 mechanism. Refar to Section 2 for a 
complete description of operating principles. 

The FSA·2 mechanism Is available for use with all common 
operating voftages. Acceptable fluctuations In the system 
voRages ara per ANSI standards. The standard circuit 
breaker Is supplied with one trip coli. However, a second trip 
coli Is available If specified. Efther trip coli Is capable of 
Independentiy tripping the mechanism. 

Control cabinet anti-condensatlon heaters Hi. H2, H3, and 
H4 ara Incorporated Into the FSA·2 mechanism. 

The FSA-2 machenlsm contains the following major compo­
nents: 

• Closing springs; 
• Opening springs; 
• Main shaft; 
• Drive shaft; 
• Tripping and closing latch assemblies; 
• Dashpot; 
• Limit swftches; 
• Trip and close colis; 
• Charging motor and gearbox assembly; 
• Antk:ondensation haaters. 

The functions of these components ara described In section 
2. "Principles of OperaUon.· 

2 Principles of Operation 

141POO7·03 
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This description of operating principles begins with both the 
closing springs and opening springs discharged. Section 2.1 
describes the charging operation of the closing springs; 
section 2.2 describes the closing operation; seelion 2.3 
describes the opening operation. and section 2.4 describes 
the duty cycle. 

2.1 Charging the Closing Sprtngs 

Befora a clOSing operation can be performed. the closing 
springs 53010 (Fig. 1) must be charged. Under normal 
operating condRlons. tha closing springs ara charged via tha 
charging motor and gearbox assembly 53008. 

The charging motor Is energized bya IImHswRch 53017whlch 
Is controlled by the posHlon of the closing springs. Anytime 
the closing springs ara In the discharged position. the IlmR 
switch Is made and power (If available) Is applied to the 
charging motor. When the closing springs move to the 
charged position. the IlmR swRch opens to de-energlze the 
charging motor. 

During the charging process of the closing springs. the worm 
gear 53006 and the worm 53007 transfar rotational motion 
from the charging motor and gearbox assembly 53008 to the 
main shafl 53001 through the jack pawl 53023 and jack 
sleeve 53029. As the main shaft rotates In a clockwise 
dlraction. H causes the closing spring crank 53011 on the left 
side of tha main shalt to rotate upward charging the closing 
springs. 

After the main shaflls rotated clockwise slightly mora then 
180 degraes. the closing latch assembly 53005 engeges the 
closing cam 53003 to hold the main shaft In the charged 
position. The jack pewl raleeses automaticallY. A latch 
raverse stop 53027 and rabound gear 53028 pravent the 
main shaft from reversing Its dlracUon. 

A spring charge Indicator 53034 (Rg. 2). visible through a 
view pori In the control cabinet door Indicates whether the 
clOSing springs ara charged or discharged. 

2.2 Closing Operation 

After completing the charging prooess as described In sec­
tion 2.1, the closing operation Is InHlated when the closing 
latch assembly 53005 (Rg. 1) Is released by ramoteelectrical 
operation of the close coil 53014. Releasing the closing latch 
assembly allcws the closing springs 53010 to discharge. 
rotating the main shaft 53001 clockwise. 

Simuftaneously, 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·cIockwIse 
dlraction. The drive crank 53012 at the right end of the drive 
shaft rotates upward driving the mechanism pullrod a88em­
bly 10207 Into the CLOSED position. At the same time. the 
opening springs 53019ara being charged because they also 
ara connected to the drive crank. 
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At the end of this rolation, 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 opening springs charged and the mecha­
nism ready to actuate an opening operation. 

A hydraulic dashpot 53024 aHached dlnsctly to the drive 
crank, dampens motion at the end of the closing stroke to 
reduce the speed of the mechanism beforecomlngtothefully 
CLOSED position. 

The position Indicator 53035 (Fig. 2), visible through a view 
port In the control cabinet door Indicates that the mechanism 
Is In the CLOSED posHlon. 

When the closing springs discharge, the limit switch (which 
controls the charging motor) closes and energizes the charg­
Ing motor. In 10 seconds or less aftera closing operation, the 
closing springs will re-charge. Tha stop latch 53025 (Fig. 1) 
mechanically prevenla the closing latch assemblyfrom being 
released If the mechanism Is already In the CLOSED position 
or If the closing springs are not fully charged. A IImH swHch 
also prevents eleclrlcal operation of the close coli 53014 Iftha 
closing springs are not fully charged. 

In summary, during the closing operation tha following occur: 

• Themechanlsm Isdrfven and latched Into the CLOSED 
position; 

• The opening springs are charged readylngthemecha­
nlsm tor an OPEN operation; 

• The closing springs re-cherge automatically. 

2.3 Opening Operation 

After the opening springs have been charged during the 
closing operation as described In secllon 2.2, the mechanism 
Is prepared to parform an opening operation. The opening 
operation Is Initiated when the tripping latch assembly 53018 
(Fig. 1) Is released by remcta alectrlcal operation of the trip 
coll53016. Releasing the tripping latch assembly allows the 
opening springs 53019 to discharge pulling tha drive crank 
53012 and the mechanism pullrod assembly 10207 (which Is 
connected to the drive crank) Into the OPEN position. The 
posHlon Indicator 53035 (Fig. 2), visible through a view port 
In the control cabinet door, Indicates that the mechanism Is 
In the OPEN posHlon. 

The operations counter53036Is visible In the view port. Each 
tlma the mechanism opens, the counter advances by one 
count. 

As In tha closing operation, the dashpot 53024 (Ag. 1) also 
dampens motion at the end of the opening stroke to neduce 
thespeedofthemechanlsm baforecomlngtothefullyOPEN 
position. 

18F_ry1993 

2.4 Duty Cycle 

Under normal operating conditions, the FSA-2 mechanism Is 
In the CLOSED position with both the closing and opening 
springs fully charged. fJd this point, there Is enough energy 
stoned In the closing and opening springs to perfonn an open­
close-open (O-C-O) operation (even If the charging motor 
has been disabled by a power failure, etc.) as demonstrated 
In the following sequence: 

1. OPEN: The breaker can be opened 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 stoned In the opening springs In the previous 
step. 

Assuming that the charging motor Is not disabled, the closing 
springs will re-charge within 10 seconds after a clOSing 
operation. Owing to this factor, the duty cycle Is O-C-O 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); 
Extemal manual tripping (section 3.4). 

DANGER 

Spring-operated mechanisms pose 
inherent hazards associated with 
high energy equipment having rap­
idly moving 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 prevent injury or equipment dam­
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 SF6 gas denSity. 
Manual operation is not recom­
mended when the high voltage cir­
cuit breaker is energized. 

841P007·03 
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3.1 Manually Charging the Closing Springs 

The manual spring charge tOO/ Tl3443 (Fig. 4) Is used to 
manually charge the closing springs 53010 (Fig. 1). This tool 
Is equipped with a ratchet handle T13453 (Fig. 4) and a socket 
T13452. The manual spring charge tool Is provided with the 
standard breaker tools. Refer to Plate 1. 

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 
gear53006 through the bevel pinion 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 degrees, 
the closing latch assembly 53005 holds the main shaft In 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 Ihe charging motorslartwhllelhls speclalloolls being 
used, Ihe 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 

To manuallyclosethe FSA-2 mechanism, the closing springs 
53010 (Fig. 1) must be fu lly charged. To Initiate closing, lift 
up on the clOSing lever 53013. Refer to Plate 2. 

Plate 2: Manual closing 

18 February 1993 

3.3 Manual OpenIng at the MechanIsm 

To manually open the FSA-2 mechanism, Ihe opening 
springs 53019 (Fig. 1) must be fully charged. To inttJata 
opening, lift up on the tripping lever 53015. Refer to Plate 3. 

Plate 3: Manual openIng 
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3.4 External Manual Tripping 

When specified, a manual trip device 53033 (Fig. 5) Is 
supplied with the circuit breaker. This device consists of a 
lever assembly connected to an actuating rod that extends 
through the bottom of the control cabinet for convenient 
external access. The rod Is fitted wHh a knob which, when 
pulled,lnltiates manual tripping by lifting on the trtpping lever 
53015(Flg. 1). A69 switch 53043 (Fig. 5) locksoutthe closing 
clrcuft until the manual trip device Is reset. The manual trip 
system Is designed to accept a KIrk Key Interlock which can 
be supplied. 

DANGER 
Manual operation of this mechanism 
overrides all electrical breaker 0p­

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. 

4 
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Commissioning the FSA-2 Mechanism 

Commissioning the FSA-2 mechanism on InlUsI start-up 
Includes performing the following procedures and checks: 

• Applying control power to the charging motor (seo-
tlon 4.1.); 

• Adjusting the auxiliary switches (secUon 4.2.); 
• Adjusting the limit swftches (section 4.3.); 
• Checking that anti-condensation heaters are ener­

gized and functioning property (sdon 4.4); 
• Functional testing (secUon 4.5): 

- Checking the low sprtng charge alarm, 
- Operational tests of the mechanism; 

• Completing the commissioning checklist. 

Impottant: A commissioning checklist is provided at the 
back of this module. Use this checklist as a 
reference guide when performing the com­
missioning procedures In this section. 

DANGER 

Spring-operated mechanisms pose 
inherent hazards associated with 
high energy equipment having rap­
idly moving 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 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 from service, isolated, and 
grounded before performing any 
maintenance or manual operating 
procedures. 

Manual operation of this mechanism 
overrides all electrical breaker 0p­
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. 
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4.1 Applying Control Power to the Charging 
Motor 

Since charging motors of differing opemtlng voltages ans 
avallable(bothACand DC), nsfertothewiringdiagmms In the 
Customer Data module to detemnlne the type of charging 
motor provided. The power nsqulnsments for Ihe charging 
motor also ans listed on the front page of the wiring dlagmm. 

The mechanism Is shipped from the factory with the closing 
and opening springs discharged and the bnsakerln theOPEN 
pos~lon. 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 
opemtlng voltage Is being applied and that the supply cable 
Is slzad sufficiently to carry the necassary current based on 
the power nsqulnsments of the charging motor. 

4.2 Adjusting the Auxiliary Switch .. 
Plate 4 

The Type L2 auxiliary sw~ches 53040 (Figs. 1 and 7) ans 
factory set and In geneml 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 drlveamn 53044 (Fig. 7) consisting 
of two clevises 53051 and 53054 and a rod 53055 drive the 
auxiliary switch cmnk 53056. This crank, In tum, drives the 
auxiliary switches. Should adjustments to the auxiliary 
switches be requlnsd, make the adjustment by loosening the 
locknuts of the clevises and tumlng the rod of the adjustable 
drlva amn. 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-<iegree Inaements 
and also can be changed from an "a" contact to 
a "b" contact or vice versa, they should not be 
re-adJusted without first consulffng the factory 
In Greensburg. 

Plate 4: AUXiliary switches 
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4.3 Adjusting the Limit Switch .. 
Plate 5 

The IImltswitches 53017 (LS1, LS2, LS3and LS4)(Flg. 1) ans 
Identical. They are factory-set and ans not field adjustable (a 
pin Is used to fix the adjustment setpolnt of the IIm~ swttch 
assembly). It Is possible to replace the Individual IImtt 
switches simply by unboitlng the entire assembly from the 
fmmeand nsplaclng the old switch with a new sw~ch (section 
5.10). 

The IIm~ switches provide the following functions: 

Start and stop the charging motor- (typically LS1 and 
LS3); 
Closing operation blockfora discharged closing spring 
I.e. latch check switch (typically LS2); 
Low spring charge alamn (typically LS4). 

Plate 5: Limit switches 

4.4 Checking the AnU·CondensaUon Heaters 

Assure that power Is supplied tothe heaterclrcu~ and that the 
fourant~condensatlon heaters60001 (Fig. 7) are functioning 
properiy. Check the wiring diagram In the Customer Data 
module forthe proper supply voltage. The power demand is 
300W maximum. Heaters H1 and H2 operate continuously 
to provide 150W of heal Heaters H3 and H4, ans controlled 
by a thermostat to provide an additlonal150W of heat when 
the temperature falls below the set point of the themnostat. 

Important: The anti-condensat/on heaters should be ener-
gized at all times to prevent condensation and 
subsequent corrosion. If the breaker Is to be 
stored longer than one month, establish tem­
porary power connections to energize the ant/­
condensation heaters. 

( 
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4.5 Functional T .. tlng 

Functlonalleeting of Ihe FSA-2 mechanism should be done 
In conjunction wHh breaker commissioning as specffied In the 
Ins18llation and Commissioning moduleolthls manual. Mecha­
nism checklists for commissioning checks as wall 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). 

4.5.1 Chacklng the L_ Spring Charge Alarm 

The FSA-2 mechanism has one alarm funcllon - the low 
spring charge alarm (typically glvenby IImttswllch LS4)whlch 
Indicates the condttlon of the closing springs. 

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 wHhln the 
one minute delay, the relay picks up to provide a low spring 
charge alarm. 

The latch check switch LS2 prevents electrical energlzation 
of the clOSing clrcutt when the clOSing springs are not fully 
charged. 

The low spring charge alarm should be checked for proper 
operation during commissioning. Checkthealarmasfollows: 

1. Disable the supply vottage to the charging motor but do 
not disable the DC control voI18ge to the breaker control 
scheme. 

2. Discharge the closing springs by closing the mechanism 
etther electrically or manually. 

3. Monttor the alarm contact for the low spring charge 
alarm. After approximately a 1-mlnute delay, a low 
spring charge alerm should be Indicated since the 
closing springs remain discharged. 

4. After assuring that the alarm Is operating properly, 
restore the supply vottage to the charging motor. 

5. Aftarthe closing springs have re-charged, verify that the 
low spring charge alarm resats. 

4.5.2 Operational T .. ta of the Mechanism 

Operational testing of the mechanism Is performed In con­
junction wtth the Ins18natlon and commiSSioning procedures 
described In the Ins18llatlon and CommiSSioning module. 
The clrcuft breaker timing characteristics (contact velocity 
and dampening of overtravel) 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 modulefor procedures to measure 
con18ct veloctty. 

M1POO7·03 
FSA-2 Mechanism 

Page 7 

5 FSA-2 Mechanism Maintenance and 
Inspection 

The FSA-2 mechanism Is designed to perform up to 5000 
Close-Open operaUonswithoutrequlring major maintenance 
or overhaul. After 5000 operations or 10 years of service, 
trained personnel should Inspect and overhaul the mecha­
nism. During overhaul,the mechanism will be disassembled 
and all componentswlll becleaned andlnspectedfordamage 
or unusually heavywear. Parts exhibiting heavywearwlll be 
replaced. 

To ensure proper operation, certain routine maintenance 
tasks are required yearly and after every 2500 Close-Open 
operations (or attar 5 years of service - whichever comes 
first). The yearly and 2500-0peration maintenance require­
ments for the FSA-2 mechanism are detailed In respective 
checklists althe end of this module. The checklist peges 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 leeks are described In the proceeding 
sections: 

• Adjusting/reselling the dashpot (section 5.3); 
• Rebuilding the dashpot (section 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 coils (section 5.4), 
- Tripping latch 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), 
• Ant~condensatlon 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 when working around this 
equipment as they may become en­
tangled in moving parts. 
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To prevent injury or equipment dam· 
age, the breaker must be removed 
from service,lsolated, and grounded 
before perfonnlng 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 elecbical breaker 0p­
eration lock-outs such as occur with 
low SF. gas density. Manualopera. 
tion is not recommended when the 
high voltage circuit breaker is ener· 
gized. 

5.1 Materials Required for F8A-2 MeChanism 
Maintenance 

Malerlals required when performing maintenance on the 
FSA·2 mechanism are: 

• Exxon Ronex MP (Moly base grease); 
• Exxon Ronex (Ltthlum base grease); 
• Shell Dlala 0 or ASEA 65 (Inhlbtted) - deshpot 011; 
• Molycote Spray Dow Coming No. 321; 
• Locitte Primer; 
• Locitte 242 (removable); 
• Locitte 262 (penmanent); 
• Locitte 271 (penmanent); 
• Slendard wrenches and tools. 

5.2 Oeneral Malntenanca Ouldellnes 

General maintenance Includes fastener lOCking (section 
5.2.1) and lubrication (section 5.2.2). 

5.2.1 Fastanar Locking Instructions 

Apply permanent Locitte 271 to: 

• All set screws used to retain cams or lever arms. 

Apply permanent LociRe 262 to: 

• Faslenlng hardware for the closing and tripping latch 
assemblies; 

• lock nuts H420A52020 (fig. 1) for the adjustment 
screws; 

• Nuts H420A52016 (Fig. 1) for the upper pivot point of 
the cIoslng springs. 
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carefully clean all hardware wRh Locttte primer when using 
elthar permanent Loctile 262 or 271. Use LoctRe Grade 242 
on all otherfasleners wtthln the mechanism. Ratar to Rgure 
3 for torque values. 

Imporlant: To remove fastefl6fJuetalned with Lodite 262 
or 271, heat the fastanarto 302°F (150°C). 

5.2.2 Lubrication 

DANGER 

To prevent inJury or equipment dam· 
age, the breaker must be removed 
from service, isolated, and grounded 
before perfonning any maintenance. 
Be sure that the mechanism springs 
are discharged and that all control 
power is disconnected. 

Ratar to Table 1 for mechanism components which require 
lubrication on a routine basis. Also refer to Plale 6. 

Impedant: ThatransferroHar53031 (FIg. 1)p/nraqu/rasa 
spraycoatofMoly-DowComlngNo.321;spray 
on bare, clean metal prior to applying a coat of 
Exxon ROfl6x LithIum base grease. This Is 
done at the factoty and need not be repeated 
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 yea rs 
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 yea rs 

Transfer Roller 2500 Exxon Ronex" 
53031'" (Fig. operations or 
1 ) after 5 years 

'Moly base graase 

"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 
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5.3 AdJustlng/R .. ettlng the Dashpot 
Plate 7 

DANGER 

To prevent injury or equipment dam­
age, the breaker must be removed 
from service, 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 dua~actlon hydraulic 
shockabsorberwhlch dampens the motion althe end ofbolh 
the opening and closing strokes. The setllng olthe 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· 
Istlcs showing the allowable limits for overtravei. 

To adjust or reset the dash pot (flne tune the dampening 
characteristics): 

1. - Remove the right side spring cover 53038 (Fig. 2). 

2. Loosen the lock nut H673A16001 (Fig. 6) whera the 
dash pot piston 53059 turns Into the dash pot clevis 
53050. 

3. Tum the dashpot piston one tum at a time (moving the 
piston up Into the clevis Increases trip dampening and 
decreases closing dampening; moving the rod out ofthe 
clevis does the oppostte). 

Notice: Dampening must be set so that the overlravel 
for both opening and closing falls within the 
ranges specified In the "71mlng Tests" secffon 
of the Maintenance module . . 

4. Whentheproperdampenlngcharacteristlcsareachleved, 
secure the lock nut H673A16001 of the dashpot piston 
53059 using Loctlte 242. 

5. Replace the right side spring cover 53038 (Fig. 2). 

For a new dashpot, a starting point offourthreads remaining 
on the piston outside of the clevis will allow operation without 
damage until final adjustments ara complete. 
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Plate 7: Adjusting the dashpot 

5.3.1 Rebuilding the Oaahpot 

The dashpot 53024 (Fig. 6) Is fliled wtth 90 cc of hydraulic 011 
-- either ASEA 65 Inhibited or Shell Diaia D. During ovemaul 
(aller 5000 operations or after 10 years), remove this 011 and 
replace Hwitha newsupply otoll as described In Flgure6. The 
dashpot is factory-set and must be reset ~ disturbed. Refer 
to section 5.3 to reset the dashpot. 

Referto Figure 6 for Instructions on changing the dash pot 011 
and replacing the seals. 

( 
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5.4 Replacing the Trip and Close Colis 
Plates 8 and 9 

DANGER 
To prevent injury or equipment dam· 
age, the breaker must be removed 
from service, isolated, and grounded 
before performing any maintenance. 
Be sure that the mechanism springs 
are discharged and that all control 
power is disconnected. 

Colis are factory-set and should not be disassembled. Pri­
mary trip coli 53016 and close coli 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 Loctlte 242 and 
tighten. 

5. Proceed to section 5.4.1. 

Plate 8: ReplacIng the close coil 
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5.4.1 Adjusting the Trip and Close Colis 

The trip and close colis need to be adjusted when re-Instaillng 
or replacing the respective trip or close coli. Refer to Figure 
8 for Instructions to adjust the trip and close colis. 

After adjusting the coll( s), perform clrcu~ 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 
Plateg 

DANGER 
To prevent injury or equipment dam­
age, the breaker must be removed 
from service, 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 
parts 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 coli 53016 (Figs 1 and 2) from the 
tripping latch assembly. 

2. Remove the right side spring cover 53038 (Fig. 2). 

3. 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 H with a new latch assembly. 

5. Re-install the three M12 nuts which secure the tripping 
latch assembly; apply Loct~e 262 and torque to 43 ft-Ibs 
(57 Nm). 

6. Re-install the trip coli as per section 5.4. 
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Plate 9: Replacing the tripping latch assembly 

Primary 
Trip Coil 

5.8 Replacing 'the Closing Latch Assembly 
Plate 10 

DANGER 

To prevent injury or equipment dam­
age, the breaker must be removed 
from service, 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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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 wom, ( 
It should be replaced as an entire assembly. 

To replace the closing latch assembly: 

1. Remove the close coli 53014 (Figs. 1 and 2) from the 
closing latch assembly. 

Remove the left side spring cover 53037 (Fig. 2). 

3. Unfasten the two M12 hex head bolls securing the latch 
assembly. It may be necessary to heat the boHs 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 ft-Ibs (57 
Nm). 

6. Re-Install the close coil as per section 5.4. 

Plate 10: Replacing the closing latch assembly 

( 
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5.7 Replacing the Charging Motor and Gearbox 
A88embly 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 prevent injury or equipment dam­
age, the breaker must be removed 
from servlce,lsolated, and grounded 
before performing any maintenance. 
Be sure that the mechanism springs 
are discharged and that all control 
power is disconnected. 

5.7.1 Replacing the Charging Motor and Gearbox 
A88embly 

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). 

2. Dlsconnectlhe auxiliary switch IInkageat 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 Loctlte 242 and torque 
to 22 ft-Ibs (29 Nm). 

7. Re--Install the right side spring cover. 

8. Re-connect the auxiliary switch linkage at clevis 53054 
(Fig. 7). 

9. Re--Install the seven nuts to mount the auxiliary switch 
panel assembly 53039. Apply Loctlte 242 and tighten. 
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Plate 11: Replacing the charging motor and gearbox 
assembly 

5.7.2 Replacing the Motor Brush.s 

To replace the motor brushes 53009 (Fig. 1): 

1. Remove the seven nuts that mount the auxiliary switch 
panel assembly 53039 (Fig. 7). 

2. Disconnectthe auxiliary switch linkage at clevis 53054 to 
allow the panel to swing aside. 

3. Swing the panel with the auxiliary sw~ches 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. 
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6. Re-Install the brush holding caps. 

7. Re-connect the auxiliary switch linkage at clevis 53054 
(Fig. 7). 

8. Re-Install the sevan nuts to mount the auxiliary switch 
panel assambly 53039. Apply Loctlta 242 and tighten. 

5.8 Replacing the Opening and Cl081ng Sprlng8 
Plate 12 

DANGER 

To prevent injury or equipment dam­
age, the breaker must be removed 
from service, 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 wlthoul 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 replaclng either the opening or closing 
springs Is the same for either assembly. The springs are 
replaced as an entire assembly. 

To remove and replace either an opening or clOSing spring 
set: 

1. Ramove the appropriate spring cover 53037 (left) or 
53038 (right) (Fig. 2). 

2. Measure the length ofthe 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 tumlng 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 point. 
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 cioslng springs, re-Install the 
M16 nuts H420A52016 applying Loctlte 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. 
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7. Tighten the 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 veloclties. Adjust the velocities by tumlng the 
adjustment screw to Increase or decrease spring pre­
load; 1/4-lnch of additional pre-load on either spring set 
(opening or closing) will Increase the velocity approx~ 
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 to attain closing 
and opening velocities that fall within the specified 
rengesas given Inthe Maintenance moduleforthe circuit 
breaker. 

NoUee: Changing the pre-load of the opening springs 
will affect the closing velocity because the 
closing springs charge the opening springs. A 
corresponding adJustmentfo thec/oslng springs 
should be made If any adjustment has been 
made to the opening springs. 

9. After the opening and closing velocltles are properiy 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: A/waYSr/H:hecktheC/oslngve/oc/tyaflerchallg-
Ing the opening spring pre-load. Refer to the 
Maintenancemodulefortheprocaduretoeheck 
the closing velocity. 

Plate 12:Replsclng the opening springs 

5.8.1 Adjusting the Opening and Closing V.locltl •• 

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 LoctHe. 
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3. Pertonn circuit breaker timing tests as Instructed In the 
Maintenance module to detarmlne the opening and 
closing velocities. Adjust the velocRles by turning tha 
adjustment screw to Increase or decrease spring pre­
load; 1/4-lnch of additional pre-load on eRher spring set 
(opening or closing) will Increase the velocity approx~ 
mately 0.1 mlsec. Note that increaSing the pre-load of 
the opening spring will decrease the closing velocity. 
Adjust the spring pre-load as necessary to attain closing 
and opening velocRies that fall wRhln the speclfled 
ranges as given In the Maintenance moduleforthe clrcuR 
breaker. 

Notice: Changing the pre-load of the opening springs 
wi" affect the closing velcclty because the 
closing springs charge the opening springs. A 
correspondlngadjustmentto /heclosingsprings 
should be made If any adjustment has been 
made to the opening springs. 

4. Afterthe opening and closing veloclUes are properly set, 
apply LoctKe 262 to the M20 lock nuts H420A52020 (Fig. 
1) of the adjustment screw53030 and torque them to 144 
ft-Ibs (195 Nm). 

5. Re-install the spring covers. 

Important: Aiwaysre-check/hecloslngve/Ocltyaftercheng-
Ing the opening spring pre-/oad. 

5.9 AntI-Condensation Heaters 

DANGER 
To prevent injury or equipment dam­
age, the breaker must be removed 
from service, isolated, and grounded 
before performing any maintenance. 
Be sure that the mechanism springs 
are discharged and that all control 
power is disconnected. 

Four antl-condensatlon heaters (H1, H2, H3, and H4) 60001 
(Fig. 7) are located on the auxiliary swRch panal53039 ofthe 
FSA-2 mechanism. These heaters maintain tha temperature 
Inside the control housing high enough to prevent condensa­
tion. 

Common VoRages are: 

• 120 VAC - Connected for 1/2 voRage operation (1/4 
wattage), 

• 240 VAC - Connected for 1/2 voRage operation (1/4 
wattage). 

The power demand Is 300W Maximum. Heaters H1 and H2 
oparate continuously to provide 150W of heal Heaters H3 
and H4, are controlled by thermostat 23-1 to provide an 
addKlonall50W of heatwhan the temperature falls below tha 
setpolnt of the thennostat. 
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Important: TheantJ..condensat/on hea/etsshould beener­
glzad at a" limes to prevent condensation and 
subsequent conoslon. If /he breakBr Is to be 
stored longer than one month, establish tem­
porary powerconnectlons to energize the ant/­
condensation hea/ets. 

To replace an antI-condensation heater 60001 (Fig. 7): 

1. Remove the seven nuts that mount the axillary swRch 
panel assembly 53039. 

2. Dlsconnecttheauxlliary swRch linkage at clevis 53054 to 
allow the panel to swing aside. 

3. Replace the old antI-condensation heater element wRh 
a nswone. 

4. Re-connect the auxiliary swRch linkage at clevis 53054. 

5. Re-Install the seven nuts to mount the auxiliary swRch 
panel assembly 53039. Apply LoctHe 242 and tighten. 

5.10 Replacing Limit Swltche. 
Plate 13 

DANGER 
To prevent injury or equipment dam­
age, the breaker must be removed 
from service, 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 53011. When the closing springs 5301 0 
are charged, the crank engages the IImK switch assembly to 
change the state of the IImltswRches 53017. 

The limit switches 53017 (LS1, LS2, LS3 and LS4) are 
Identical. They are factory-set and are not field adjustable (a 
pin is used to fix the adjustment setpolnt of the IImK swRch 
assembly). It Is possible to replace the individual IimK 
switches Simply by unbolting the entire assembly from the 
frame and replacing the old switch with a naw switch. 

The IImR switches provide the following functions: 

Starting and stopping the charging motor - (typically 
LSl and LS3); 
Closing operation blockfora discharged closlngsprlng 
I.e. latch check switch (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 minute delay, tha relay picks up to provide a low spring 
charga alarm. 

The latch check swRch prevents electrical energlzatlon of the 
closing circuR when the closing springs are not fully charged. 
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Plate 13:Replaclng the limit switches 
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10207 
53001 
53002 
53003 
53004 
53005 
53006 
53007 
53008 
53009 
53010 
53011 
53012 
53013 
53014 
53015 
53016 
53017 
53018 
53019 
53020 
53021 
53022 
53023 
53024 
53025 
53026 

,"' 

Figure 1 
FSA-2 Mechanism 53000 

Mechanism Pullrod Assembly 
Meln Shaft 
Drive Shaft 
Closing Cam 
Operating Lever 
Closing Latch Assembly 
Worm Gear }- Components sold 
Worm as assembly 53071 
Charging Motor and Gearbox Assembly 
Motor Brushes 
Closing Springs 
Closing Spring Crank 
Drive Crank 
Closing Laver 
Close Coli 
Tripping Lever 
Trip Coil 
Llmtt SWItch (LS1, LS2, LS3, end LS4) 
Tripping Latch Assembly 
Opening Springs 
Trip Cam 
Bawl Pinion Assembly 
One-Way Couplng 
Jack Pawl 
Dashpot 
Stop Latch 
Latch Reversa Stop Spring 

53027 
53028 
53029 
53030 
53031 
53032 
53040 
53041 
53042 
53044 
53045 
53046 
53047 
53046 
53049 
53050 
53063 
53064 
53065 
53067 
53068 
53069 
53070 
53071 
H420A52016 
H420A52020 
T13443 

Latch Reverse stop 
Rebound Gear 
JackSleave 
Adjustment Screw 
Transfer RoRer 
Jack Pawt Release 
Auxiliary SWItch 
Auxiliary SWItch Operating Lavar 
Limit SWItch Assembly 
Auxiliary SWItch DrIve Arm 
Pin 
Posttlon Indicator Drive Arm 
Spring Chargs Indicator DrIve Arm 
Spring Holding Rod 
Charging Rod 
Dashpot ClevIs 
Dashpot Pin (Upper) 
Dashpot Pin (Lower) 
Transfer Roller Pin 
Bearing, FSA-2 Shafts 
Bearing Reos, Casting Ends 
Bearing Reos, Drlva Shaft Left 
Bearing Reos, Main Shaft RIght 
Worm and Worm Gear Assembly 
Nut (two), M16 
Lock Nut, M20 
Manual Spring Charge Tool 
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Figure 2 
Control Cabinet 60000 

Close Coil 
Trip Coil 
Spring Charge Indicator 
PosI1lon Indicator 
Operations Counter 
Spring Cover (Left) 
Spring Cover (Right) 

53039 
53040 
53066 
60001 
60009 
60010 
60011 
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CONTROL 

PANEL 

DOD 
0 

AuxIliary SWItch Panel 
AuxIliary SWItch 
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VIew Port Window 
Control Cabinet Ground Terminal 
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M5 M6 M8 Ml0 

Metric fI-lbs 3 5 13 25 
Grade 

5.8 Nm 4 7 17 34 

Metric fI-lbs 5 8 20 38 
Grade 

8.8 Nm 6 11 27 52 

Metric fI-lbs 7 12 28 54 
Grade 
10.9 Nm 9 16 37 73 

{55} fI-lbs 4 6 14 28 
GradeA2 Nm 5 8 19 38 

#10 1/4 5116 318 

5AE ft-Ibs 3 6 12 21 
Grade 2 Nm 4 9 17 29 

5AE ft-Ibs 4 10 19 33 

Grade 5 Nm 6 13 26 45 

5AE ft-Ibs 6 14 27 47 

Grade 8 Nm 8 19 37 63 

18-855 ft-Ibs 3 7 15 25 
Grade 2 Nm 4 10 20 34 

M12 M14 M16 

43 68 101 

58 92 137 

66 105 156 

89 142 212 

93 148 221 

126 201 299 

48 77 115 

66 104 156 

1/2 9/16 5/8 

51 72 99 

69 98 134 

78 111 153 

106 151 207 

110 157 216 

150 213 293 

60 85 117 

81 116 156 

M18 

144 

195 

223 

302 

314 

426 

163 

221 

314 

171 

232 

264 

358 

373 

505 

202 

274 

M20 

198 

268 

306 

414 

431 

565 

224 

304 

7/8 

219 

297 

338 

459 

631 

856 

296 

405 
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327 

443 

584 

792 

942 

1278 

479 

649 

Note: Do not exceed grade S.B torques when the fHtener I. threaded Into ca.t aluminum or for 
button head Bocket bolts. 

Figure 3 
Torquing Table 
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T13443 

T13453 

Figure 4 
Manual Spring Charge Tool 

T13443 
T13452 
T13453 

Manual Spring Charge Tool 
Socket 
Ratchet Handle 
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53015 r-----' 
I I ......... 53018 

r- -~ ~ 
~~~~.'- I 
rof'"t!:",., o:!:.:l.'-:~~ : 

Resal Latch 

I L _____ ..J 

, , , 

Reset Latch 

, 
===-:J.--

Figure 5 
Manual Trip Device 53033 

53015 Tripping Lever 

53043 

SECTIOHM 

53018 Tripping Latch Assembly 
53043 69 SWItch 
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Note position 53057 
afgroove~ J 

.' 

/ ''\ 

;'" ~'i 

0 
/ ;"~., 

~ >;.-
....• ~ ~~ v' ' 

"- t I .. ' 
5061 90016 53062 

53059 

, 
, 

53058 90016 53060 90018 H776A34303 

. , , , H673A16001 

~.~ 1 53,050 . . .... . . '.', 
r' ,";':::",":i t .:::~, . 

r~ 
===-==-;: 

:;::::':'0:;.:::= 

~-J!;' "!~ , ... ' ~:. 
I/,' : . , . 

9Orf:(; / H973A3 803 

H973A32904 

Flgure 6 
Dashpot (Damper) 53024 

53050 
53057 
53058 
53059 
53060 
53061 
53062 
90016 
90017 
90018 
H673A16001 
H776A34303 
H973A30803 
H973A32904 

Removing 011 from the DashpotlReplacing Seals 

DANGER 

Ensure that both the tripping and 
closing springs are fully discharged 
before removing the dashpot 
(damper). 

To replace 011 In the dash pot (damper) 53024 (Fig. 6), 
disconnect the dashpot from the drive crank at the 
dashpot clevis 53050 and at the mechanism freme. 
Remove the retain Ing ring H776A34303. Extrect the 
dashpot piston 53059 and deshpot cap 53060 by carefully 
pulling the rod of the dashpot piston 53059 streight out. 
(The dashpot cylinder 53058 may need to be pulled out 
separataly.) 
Drain the 011 from the dashpot body 53057 and the 
dashpot cylinder 53058. Disassemble the cylinder/piston 
assembly and remove the old O-ring seals 90016, 90017 
and 90018, Clean all components with new dashpot 011 
(ASEA 65 or Shell DIaIa·D), Replace the O-rings and the 
dashpot piston rings 53062 with new parts, 

1BFebtuaty1993 

Dashpot Clevis 
DashpotBody 
Dashpot Cylinder 
Dashpot Piston 
DashpotCap 
Dashpot Plug 
Dashpot Piston Ring 
O-Ring, Dashpot Cylinder 
O-Ring, Dashpot Piston 
O-Ring, Dashpot Main 
LockNut 
Retaining Ring 
Lock Washer 
Washer 

RebuildingJRefllling the Dashpot 

Use 011: ASEA 65 (Inhibited) or Shen Dlala-D 
89-90 co (3,05 fluid ounces) 

To re-assemble and refill the dashpot 53024 (Fig, 6), start 
by re-assembllng the dashpot cylinder/piston assembly, 
which is made up of the dashpot cylinder 53058, dashpot 
piston 53059, dashpot cap 53060 and dash pot plug 
53061. Insert the cylinder/piston assembly approximately 
half-way Into the dash pot body 53057. Hold the cylinder/ 
piston assembly at an angle and slowly fill the dashpot 
body 53057 with 89-90 cc (3.05 fluid ounces) of 011, 
Slowly Insert the cyllndar/plston assembly completely Into 
the dashpot body 53057. Insert washer H973A32904 end 
Install the retaining ring H776A34303. Ra-Install the 
dashpot onto the mechanism using existing hardware, 

( 

( 

( 
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11 53052 
53054 

II 53055 

53056 53051 
53053 53039 

53044 ----++---H o 0 
~~ __________ -J~ 

53040 -E::,..---++---II1Hi<e--- o 0 

'--------------'~ 

o 0 o 

o 

60001 

Figure 7 
Auxiliary Switch Panel and Drive Linkages 

53039 Auxiliary SwItch Panel 
53040 Auxiliary Switch 
53044 Auxiliary SwItch Drive Ann 
53051 Clevis (AUXiliary Switch Drive" Lower) 
53052 Pin (Auxiliary SwItch DriVe" Upper) 
53053 Pin (Auxiliary SwItch Drive " Lower) 
53054 Clevis (AUXiliary Switch Drive" Upper) 
53055 Rod 
53056 Auxiliary SwItch Crank 
60001 Ant~Condensation Heaters (H1, H2, H3, and H4) 
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~111"1". GAUGE 

'I5BA03'1-01 

.030 ( 

.025 

Tripping ever Retum Spring 

NOTE: Set gap at 2 to 4 mm 
wHh lever Ilftad to touch 
release flnger 

Plunger Cap 

Release Finger 

~l~,~~~~~tilt~-- AII_ sufllclent M clearance for 
wrench 

Primary 
Trip 
CoIl 

Figure Sa 
. Trip Coli Adjustment - 3-Cycle Latch 

(USE THE DIMENSIONS SPECIFIED IN THIS PROCEDURE TO ADJUST CLOSE COILS ALSO) 

DANGER 
Before performing this procedure, de-energizethe circuit breaker and isolate it from 
the high voltage system. 

Important: The circuit breaker must be closed (and the closIng spring charged) to measure the gap between the plunger 
cap (Fig. 8a) and the tripping /ever53015. However, sdlystino this gap should only be done with the closing and 
opening springs discharged and all control and auxll/ery power dlsconnec/ed. (Perform all measurements and 
adjustments for a c/ose coil with the closing and opening springs discharged (no need to charge any springs) 
and all control and atIXlllary power disconnected.) 

1. WHh the closing and opening springs discharged and all 4. tMrieasl u~ the g::: between the plunger cap and the 
control and auxiliary power dlsconnectad, mount tha trip pp ng ever w a gauge. 
coil as far to the right as possible while sUIl allowing 
enough room for a wrench to fit betwaan the trip coli and 
trip coli mounting boft as shown In Figure Sa. 

2. Connect auxiliary power and charge the closing spring. 
Close the clrcuft breaker. 

3. Very IlghIIv and sIowIv 11ft the tripping lever 53015 until 
surface A (Fig. Sa) just makes contact wfth tha release 
finger which Is Indlcatad by the tripping lever feeling 
hardar to 11ft - stop lifting the lavar at this point Do 
not lift it any further. If you lift it any further, the 
circuit breakar will trip. 

Important The trfpp/ng /ever Initially moves only agaInst 
theJlgb1fon:6 of the trfpp/ng /everretumspring. 
When the tripping /ever contacts the release 
fi!JgBf', do not 11ft the tripping lever any fUrther. 

18FebnJary1993 

5. Discharge the opening and closing springs and disable 
all control and auxiliary power. 

6. Basad on the measurement taken In step 4 of this 
procedure, make the necessary adjustments to obtain 
the2t04mmgapbetweenthetrlpplngleverandpiunger 
cap byelther adjusting the plunger cap or moving the coil 
along the slotted mounting holes. 

7. Chergethecloslngsprlngs,cIosethecircuftbreaker,and 
verify that the gap Is now sat for the correct dimension 
by repeating steps 2, 3, and 4 of this procedure. If re­
adjustment Is necessary repeat steps, 5 end 6 and then 
steps 2, 3, and 4, etc. until the gap Is properly sel 

S. Tighten the coli mounting bolts; (secure wfth Loctite 
242). (The plunger cap should be lockad Into place using 
permanent Loctfte 262.) 

( 

( 



( 

( 

• 
\ - - I 

~ i Tripping Lever 
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NOTE: Set gap at 0.6 mm 
wHh lever resting In lis normal 
position against the O-ring 
stop 

PlungarCap 

ur-Flerease Flngar 

DANGER 

Before performing this procedure, 
all control power must be discon­
nected and the opening and closing 
springs must be discharged. 

Flgure8b 
Trip Coli Adjustment - S-Cycle Latch 

1. Disable all control power (Including the charging motor 
supply) and discharge the opening and closing springs. 

2. Mountthe trip coli as farto the righlas possible while still 
allowing for a wrench to fit between Ihe trip coli and trip 
coil mounting boR as shown In Figure 8b. 

3. WRh the tripping lever resting In lis normal position 
against the O-ring stop. make the necessary adJust­
ments to obtain the 0.6 mm gap betwean the tripping 
rever and plungarcap byeHheradJustingthe plungarcap 
or moving the coli along the slotted mounting holes. 

4. Tighten the coil mounting bolls; (secure wHh Loctita 
242). (Theplungarcapshouldbelockedlnloplaceuslng 
permanent LoctRe 262.) 

Allow sufficient 
clearance for 
wrench 

Primary 
Trip 
Coil 
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® 
Tripping Lever 

--- --- --- --- --- --- --- --- --r 

Flgure8c 
Secondary Trip Coil Adjustment for Both 3 and 5-Cycle Latches 

(Refer to the next page for Instructions) 

~o1tatt~d for Clarity 

TriDIDlna Lever 

~~==~======:lro2mm 

,,~~ -T - - - - -

View A 

( 

\ 
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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 Coli 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. Mount the secondary trip coil as farto the left as possible 
(until the trip coil frame touches the outer mounting plate 
53083) as shown in Figure 8c. 

3. Tighten the secondary trip coil mounting bolts; secure 
with Loctite 242. 

4. AdJustthe locating nuts (shown in Figure8c) 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. 

5. 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 W necessary). 
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Primary Trip Coli Resistance 

Secondary Trip Coil Resistance (Wappllcable) 

Close Coli Resistance 

Breaker leveled and properly anchored? 

All grounding connections property made? 

Control wiring landed? 

Record anti-condensation heater resistance 

heaters' wattage 

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 

operation counter after 

Commissioning checks performed by: 

VDC 

v 
v 

(15 seconds maximum) 

kPaG 

ohms 

ohms 

ohms 

'C 

ohms 

Watts 

OF 
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l 

Check for loose 
hardware 

Visually Inspect the 
tripping latch assembly 
for worn or defective 

Visually Inspect the 
tripping latch assembly 
for proper lubricaUon 
(lubricate ~ necessary) 

Visually Inspect the 
closing latch assembly 

worn or defective 

the 

Visually inspect the 
bevel pinion assembly 
for worn or defective 

Visually Inspect the 
closing cam for wear 

Visually Inspect the trip 
cam for wear (Iubrlcale II 

Visually Inspect the 
transfer roller for wear 



( 
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Clean and nHubricale 
the closing latch 

Vl8ually inspect the 
bevel pinion assambly 
for worn or defective 

VISually inspect the 
daBhpot for oil leakage; 
correct the leak and 
replace oil if necessary 

VlSuaUy inspect the 
closing cam for wear 

Clean and nHubricate 
the closing cam 

VISually inspect the trip 
cam for wear 



r 

( 

l 

Clean and re--lubricate 
the closing latch 
assembly 

Visually Inspect the 
bevel pinion assembly 
for worn or defective 

reptace the oil as 
_bed In Fig. 6 

Inspect all bearings and 
nHubricato ("'place II 

Lubricate the transfer 
rotler 
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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 
in these instructions, The data contained herein purports solely to describe the product, and it is not a warranty of per10rmance 
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 anse with technical 
equipment in service, Please consun 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 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, it is not permissible to disclose, reprint, copy·, or reproduce any part of these 
instructions without express written permission from ABR 

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 sufficientlyforthe 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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Control Circuits/ 
SF

6 
Gas Density Monitor 

1 Introduction 

The instructions in this section are applicable to the control 
circuitry and the SF, gas density monitor of t 45 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. t). The control cabinet serves the following functions: 

Houses the operating mechanism; 
Houses the auxiliary switches; 
Houses the SF,gas density monitor and SF,pressure 
gauge; 
Houses the CT shorting terminal blocks; 
Provides centralized controls for the circuit breaker; 
Provides a convenient placeforall customertermina­
tions; 
Contains the CLOSE and TRIP circuits, including their 
permissive interlocks, mechanism 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 man itor can compensate for 
outdoor 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 higher or lowerpressures based on the 
temperature. If the SF, gas density drops below the accept­
able level for optimum breaker operation, the monitor actu­
atesan alarm when the pressure drops to 76 psig (524 kPaG) 
at 20°C (68°F) and operation lock-out at 72psig (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 wiring diagrams, contained in the Customer Data module 
of this manual, are breaker specific drawings providing allthe 
necessary information concerning control logic, switch and 
relay logic, switch setpaints, and operating characteristics 
(voltage, current, wattage, etc.) of the control components. 
Figure 2 shows ageneric AC wiring schematic. Figures 3 and 
4 respectively show generic DC circuits with and without an 
X relay. 

The FSA-2 spring-operated mechanism can be provided with 
orwithout an X relay in its DC control scheme. The standard 
is without an X relay. However, the hydraulic mechanism, 
Type HMB, is always provided with an X relay in its DCcontrol 
scheme. 

996PO04-02'" 
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Refer to the specific wiring diagrams forthe control logic for 
your breaker. The wiring diagram number is engraved on the 
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 following 
information: 

Settings for the SF, gas density monitor; 
Settings for the mechanism limit switches; 
Device legend; 
Electrical characteristics of relays, coils, and mecha­
nism motors; 
Heater ratings and thermostat settings; 
Alarms and spare auxiliary switches. 

Warning 

The settings for the mechanism spring monl­
lars and the SF, gas densily monitor should 
neverbechangedfromthefactoryrecommended 
setpoints. Alternate settings could result in 
breaker failure. 

The next sheet(s) in the Customer Data module show the 
schematics forboththe AC and DC control circuits as well as 
the contact development for any special control 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 below. 

Example: B4/63CX(B1 )-530 

B4 Source terminal designation; 
63CX Opposite end device designation; 
B1 Opposite end terminal designation; 
530 Wire number as shown on the wire. 
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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 control cabinet ground terminal60011 (Fig. 1) is located in 
the main control cabinet. A stud protruding through the back 
wall of the cabinet is attached to the ground terminal. This 
stud can be accessed from outside of the cabinet. 

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 position, 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. 

Notice: The cabinet ground stud should be connected 2.3.1 CLOSE Circuit With X Relay 
Figure 3 to the station ground grid. 

2.2 AC Circuits 

AC circuits include: 

Charging motor (referto section 2.2.1); 
• Control cabinet heaters (refer to section 2.2.2); 
• Tank heaters (refer to section 2.2.3). 

Figure 2 shows a generic AC wiring schematic. 

2.2.1 Charging Motor Circuit 

The charging motor controls are designed to automatically 
maintain the stored spring energy of the mechanism. A 
spring limit switch closes to pick up acontactor supplying the 
charging motor. When the operating energy is restored to its 
nonmal level, the limit switch contact opens to turn the 
charging motor off. The same sequence of events holds true 
for eitherthe pure spring mechanism (FSA-2) orthe hydraulic 
mechanism (HMB). Referto the Mechanism module o/this 
manual for more specific details. 

Notice: The charging motors can, if specified, be oper­
ated on DC power or AC power with DC backup 
as options. 

2.2.2 Control Cabinet Heaters 

Anti-condensation heaters 60001 (Fig. 1) are located in the 
control cabinet. The normal heater circuit provides for 150 
Watts of heat energized continuously (HI and H2), with 
another 150 Watts thermostatically controlled (H3 and H4). 

Notice: The anti-condensation heater circuit is to be 
energized at a/l times, regardless of the ambi-
ent temperature. 

These heaters are series connected 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 where ambient temperatures below 
-30°C (-22°F) can occur, the breaker pole tanks must be 
equipped with thermostatically-controlled tank heaters to 
preventthe SF,gasfrom liquefying. The thermostat operates 
at -23°C (-10°F). A drawing detailing all components and 
containing all information pertinent to the tank heaters is 
contained in the Customer Data module. 
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The HMB mechanism is always provided with an X relay. The 
CLOSE circuit can be activated by a local control switch orby 
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). When a CLOSE pulse is 
received by the breaker, the 52X relay piCks up, seals itself 
in, and energizes the CLOSE coil to close the breaker. As the 
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 relay 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 relay;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 althe 52Y relay opens within the CLOSE coil 
circuit, which has been interrupted by 52b auxiliary contacts. 
The 52Y relay latches itse~ 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 remote relaying. The breakercan be tripped provided that 
the breaker is in the CLOSED position and that there is both 
sufficient SF, gas density (reler to section 3) and spring 
energy. As the breaker opens, 52a auxiliary contacts in the 
TRIP circuit interrupt the TRIP coil current. 

( 

( 
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3 SF, Gas Density Mo nitor 

Suijur hexafluoride (SF,) gas serves as the insulating and arc 
quenching medium within the pole tanks. To pertorm these 
functions, it is essential that the proper SF, gas density be 
maintained. The SF, gas density is checked indirectly by 
monitoring pressure as a function of temperature, i.e., agiven 
temperature X and pressure Y correspond to a certain 
density (assuming a constant volume). 

Basedonthecorrelation between temperature and pressure, 
the SF, gas density monnor operates as a temperature­
compensated pressure switch to 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 (or AUTO TRIP) if 
the SF, gas density is at or below 72 psig (496 kPaG) 
at 20°C (68°F) (which is the minimum pressure nec­
essaryto maintain the full interrupting rating). These 
contacts (63B 1 & 63B2) generally close on loss of gas 
density and energize the appropriate relay(s) to carry 
out the necessary lock-out functions (or AUTO TRIP) 
and provide alarm indication. 

The SF,gas density monitor60002 (Fig. 5) is mounted within 
the control cabinet 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 60010 (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 monitorto the tempera­
ture probe; this tube exits the control cabinet through conduit 
and extends to the probe cover 1 0045 (Fig. 6) 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 olthe 
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 AUTO TRIP and BLOCK CLOSE) and provide 
the appropriate alarm. 

Agas manifold 1 0213 (Fig. 7) interconnects the pole units and 
connects these units to the density monitor. An isolation 
valve 60006 is in the gas line between the gas manifold and 
the density monitor 60002. By closi ng the isolation valve, the 
density monitor, pressure gauge 60003, and associated 
plumbing can be isolated from the rest of the gas system. 
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Warning 

The isolation valve 60006 (Fig. 7) must remain 
open for proper operation olthe low density SF, 
alarm and lock-out controls. A closed isolation 
valVe could result In low gas density operation 
and cause breaker failure or damage. 

Once the density monitor is isolated, low density alarm 
simulations can be pertormed using the sample valve 60007 
(Fig. 7) althe outlet of the density monitor. This valve can be 
opened to release a negligible amount of SF, gas. 

A 1/4-inch, 37-degree male flare fitting 60008 is located althe 
outlet of the sample 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 densny monitor 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 Bland B2 (Fig. 5) are set to close at 72 psig 
(496 kPaG) (breaker lock-out point) with decreasing 
pressure (unless 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 
factory·speclfled setpoints shown on the first 
sheet of the wiring diagrams In the Customer 
Data module - otherwise breaker failure could 
result. 

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

1. Referto the 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 
temperature. 

2. Determine the existing alarm and lock-out settings by 
closing the isolation 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. 
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b. Read the setting points on the pressure gauge 
60003. It is strongly recommended to use an 
accurate, calibrated, test pressure gauge to verify 
the integrity of the control cabinet pressure gauge 
and to ensure accurate alarm and lock-out sellings. 

3. If the pressure spread (differential) between pressure 
swnches is correct, 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. Turning this nut clockwise in­
creases the settings of all of the pressure switches by the 
same increment, while turning it counter-clockwise de­
creases all of the sellings. 

4. Tochangethe pressure selting of an individual pressure 
switch, use the individual pressure switch adjustment 
nut (Fig. 5). Turning the nut clockwise increases the 
alarm pressure setting, while turning it counter-clock­
wise decreases the alarm pressure selling. 

Important: Adjusting one olthe individual pressure switches 
will often affect the settings of the other pres­
sure switches. Adjustments shou/dbe 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, i.e. start with switch C (Fig. 5) 
and then adjust switches 81 and 82. 

5. After adjustments are complete, pertorm a final verifica­
tion of all pressure switches. 

Notice: Never severely bend or kink the capillary tube. 

6. 8e sure that the isolation valve 60006 (Fig. 7) is open. 

Warning 

The isolation valve must remain open forproper 
operation olthe low density SF, alarm and lock­
out controls. A closed isolation valve could 
result in low gas density operation and cause 
breaker failure or damage, 

7. Complete the density monitor calibration section of the 
appropriate Maintenance Checklist in 1he Checklists 
module. 
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4 Miscellaneous Control Components 

Miscellaneous control components include: 

• Mechanism limit switches (section 4.1); 
• Auxiliary switches (section 4.2); 
• Operations counter (section 4.3). 

4.1 Mechanism Limit Switches 

The mechanism is equipped with limitswitches which indicate 
insufficient energy level snuations. Like the density monitor 
pressure switches, the limn switches initiate breaker alarms 
and lockouts. Refertothe Mechanismmodule of this manual 
for specifics. 

4.2 Auxiliary Switches 

The auxiliary switches furnished with this breaker are A88 
Type L2 switches. For detailed instructions refer to A88 
publication 18 3.6:6.78. 

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 operations 
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 furnished upon request and, likewise, would be located in 
the main control cabinet.) 

( 
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5 Replacement Parts 

When ordering replacement parts for any part in the control 
system, consutt the factory. The following information is 
needed to ensure that the correct part is furnished: 

Breaker serial number; 
Breaker model designation; 
Wiring diagram number; 
Device name and description as stated on the wiring 
diagram. 
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NOTES: 
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NOTE: 
FOR SPECIFIC WIRING DIAGRAM. REFER TO 
YOUR PARTICULAR SCHEMATIC IN THE BREAKER. 

DESCRIPTIO N 

8-5 

TYPICAL AC CONTROL SYSTEM 

8·4 SPIIIHG CHAIIGIHG MOTOR POWER SWITCH 
8·5 CONTROL HOUSE HEATER POWER SWITCH, AC SUPPlY 
23·1 THERiOSTlT, CONTROL HOUSE HEATERS 
42·1 CONlACTOR, SPRING CHARGE IIOTOliIC 
SH LIMIT SWITCH, iOTOR START-STIl' 

HI TO H4 HEATERS, CONTROL HIIISING 
88 HOTOR, SPRIIIG CHARGING 
J8 TEIiIINAl 8UIl( 

Figure 2 
Generic AC Wiring Schematic 
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TYPICAL DC CONTROL SYSTEH 
fOR SPECIfIC WIRING DIAGRAM. REfER TO 
YOUR PARTICULAR SCHEMATIC IN THE BREAKER 

IISCRIPTIIW 
8-1 COORIlIWR SVITDl. CLOSE IX: SlPPLY 
8-2 COOIIlIWR SVITDl. I1IIP IX: SlPPLY 
62-1 LOU SPIIIIIJ DURflE AUIII TIlER 

63 SF-6 GAS PIE_ SVITDl 
63AX lAD' I CLOSE !LOCK AlJXlLIARY lEUr 
&XX CLOSE II.OCK muARY IEUY 
63JX LOU GAS PIESSIE AUlllIEUY 
52 mIARY !WITDl mIIlY 

811'b AUXILIARY !WITDl COOACT 
C CI.mE 
cc CLOOIIIJ con. es COOIIl SVITDl 
"I IESISTlII 

SllA.SI2.S13 LIMIT SVITDl. SPRIIIJ mSDURflE 
T lAD' 

TC-I TRIP COIL 
X CLOOIIIJ IEUY 
Y ANTI-fUfIEUY 

Figure 3 
Wiring Diagram: Typical DC Control System (With X Relay) 
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TYPICAL DC CONTiD... SYSTEM 

NOTE: 
fOR SPECIFIC WIRING DIAGRAM. REFER TO 
YOLIR PARTICULAR SCHEMATIC IN THE BREAKER. 

DEVICE 
8-1 
8-2 
63 
63AX 
62.:.1 
52-1,2 
ell or b 
e 
ee 
es 

lSl 
lS2 a LSi 
Al 
T 
1C-l 
Y 

CEOCRIPTION 

IlWTRO.. , CLmE IX: SlPPl Y 
CONTOOl TRIP 0:: SUPPlY 
SF-6 GAS TCH--TE"'. C(I4PENSATED 
AUTO TRIP AN] CL CI( AUX. FELlY 
lItE IELAY IRAY, 61 SEC. T1JIU 
AUXILIARY SWITCH ASSEtilLY 
AUXILIARY SWITCH CONTACT 
Cl.asE 
a.OSIt«; COIL 
BREAKER CONTROL SWITCH 
LIMIT mlITCH tIlTOR START - snp 
LIMIT SWITCH, SPRING OISCHAIH:D 
I£SISTM 158 ct/tI 181 11 
TAIP 
TRIP COIL 
ANTI-PUIP IEUY 

Figure 4 
Wiring Diagram: Typical DC Control System (Without X Relay) 
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Main Pressure Adjustment Nut 

In ividual 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 

10045 

H420A64012 
H800A09914 
Loctite 242 

VIEWAA 

Torque to 60 Nm (45 ft·lbs) 

The probe retaining pin 10050 is held in place 
by screw H800A24205. When removing the 
probe from the probe cover t 0045, remove the 
screw H800A24205 and slide the probe retaining 
pin out of the hole. 

10050 
H800A24205' 

Fitting for Flexible Conduit 

Figure 6 
Temperature Probe Housing 
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10015 
10045 
10050 
H420A64012 
H800A09914 
H800A24205 

Pole Tank 
Probe Cover 
Probe Retaining Pin 
Flat Washer, M12 
Hex Head Bolt, 1/2·13 x 3· 114·inch 
Flat Head Screw, 10·32 x 1I2·inch 
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60008 
- Flare Fitting 

60007 
Sample Valve 

60003 
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60002 
SF6 Gas Pressure Gauge SF6 Gas Density Monitor 

60006 
Isolation Valve 

10047 
Pole Unit-

Left 

Rupture Disk 
10017 

10213 
Gas Manifold 

10048 
Pole Unit-. 

Center 

I 

Rupture Disk 
10017 

Figure 7 
SF, Gas Schematic 

10049 
Pole Unit-

Right 

I 

~ 
Ruptu re Disk 

10017 
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I 
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1, 

Saturation Curve 

/ 1\ 
~/ ~ ~ -r -'--:::::: r::: 
/-f--I-

I--~ -lb..- I--- I--I-- -I-

\ ~ ~ -~ --r-- 1"--3 

Temperature 'F 
'C 

30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 
-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 63-21 B1 & 63-2B2 Close) 

Figure 8 
SF, Gas Density Monitor Calibration Curve for Pressure vs. Temperature 

Important: Refer to Figure 9 for a tabular version of the characteristics above. 
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Pressure 
psig kPaG 

90 620 

80 550 

70 480 

60 415 

50 345 

40 275 

30 205 

I 
20 140 \ 

10 70 

( 
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Tabular Version of the Pressure vs_ Temperature Characteristics shown in Figure 8 

>~~,I' I Ten\p;C .. . ... ... "A/arm.·· ,"AIatIn *t,c)ck-Qtit "LQck-()uI 
.·Flil psJg "Fill kPaG psig p!lig ... ik,.G .• 

••• . kPaG 

-40 -40 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 71.1 490.2 62.1 428.2 58.8 405.4 

10 -12 73.4 506.1 64.0 441.3 60.8 419.2 

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 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 74.2 511.6 

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 
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Fig. J- Type L2 Auxiliary Switch, Two Contact 

F;g. 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 possib le 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 pu r poses the matter should be referred to the nearest District Office. 
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AUXILIARY SWITCHES 

TYPE L2 

INTRODUCTION 

The Type L2 auxiliary sw~tch 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 d 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 be 
removed from the shaft and rotated to change an 
"a" contact to a "b" contact, or a \\b" contact 
to an "a" contact. 

RATINGS 

The switch contacts can carry 40 amperes con­
tinuously with limitations in interrupting as 
indicated in Table I. The interrupting rating for 
the various control voltages, listed in Table I, 
assume an inductance oj the average trip coil. 

TABLE I INTERRUPTING RATINGS 

Circuit Voltage Maxim.um Amperes 
---- "-_. --

115 A·C 30 
240 A·C 20 
480 A·C 10 
600 A·C 7 

---------------------

125 D·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 damaqe claim at once with 
the transportation company and promptly notify the 
nearest Sales Office. 

STORAGE 

Individually packed switches for stock purposes 
or sWltches not for immediate installation should 
be left in the shlPping carton and stored in a clean 
dry place_ 

DESCRIPTION 

The Type L2 auxiliary switches are "unilt-up" 
of moldings which interlock and nest into each 
other. This assures thai the moldings forming the 
body and cover of the switch can be assembled In 

only one way. The basic two contact switch consists 
of two end moldings, a stahonary 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 rotating contact assembly is then 
positioned on a sc;uare 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 anyone 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 shaft, 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 degree 
spacings at either side of the diagonals. 



IB 3.6.6.7 
Page 4 

I. 
2. 
3. 
4. 
5. 
6. 

2 3 

Interphase Molding 
Cover 
Screw 
Screw 
Contact Molding 
End Molding 

4 5 6 

7. Operating Link 
8. Stud 
9. Hair Pin Cotter 

10. Bearing Molding 
II. Screw 
12. Mounting Feet 

Fig. 3-Type L2 Auxiliary Switch, Six Contact Showing 
Mounting and Operating Parts 

1. Rotating Contact Assembly 
2. Sh.lt 
3. C rank 
4. Stud 

fig. 4-Assembly of Rotating Parts For Four-Contact 
Type l2 Auxiliary Switch 

STANDARD 
CONTACT 

7-8 5- 6 

ADVAN CED 

CO NTACTrf(=:::::. LINE 
~OF CONTACT 

3-4 1-2----TERMINAL 
NUMBER 

Fig. 5 -Slceten Showing Center Line of Contacts Relative 
to Position 01 Shalt and Operating Cronic, Viewed From 

End Opposite the Crank 

( 

( 
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TERMINAL IDENTIFICATION 

The switch terminals dre identified by means of 
raised numbers 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 dre 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 
"b" contacts close and the "a" contacts open. 

MAINTENANCE 

The Type L2 auxiliary switches require very lit­
tle maintenance. However, it is recommended 
that the following be inspected every six months 
and whenever the circuit breaker is de-energized 
for inspection aT 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 REP AIR 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, if 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) fastening cover (2) to 
switch and remove cover. 

IB 3.6.6.7 
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6. Remove two screws fastening bearing mold­
ings (l0) 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 CAUTION CAUTION CAUTION 

BEFORE REMOVING THE ROTATING CON­
TACT ASSEMBLIES FROM THE SHAF! 
MAKE A SKETCH (SIMILAR TO THA 1 
SHOWN IN FIG. 5) SHOWING THE POSITION 
OF THE CENTER LINE OF THE CONTACTS 
RELATIVE TO THE DIAGOLNALS OF THE 
SHAFT AND POSITION OF THE OPERATING 
CRANK. THIS IS IMPORTANT IF A CONTACT 
REMOVED AS AN "a" (OR "b") CONTACT IS 
TO BE REPLACED AFT'ER DIS·ASSEMBL Y 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 shaft. 

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 shaft, 
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: 

I, 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 switch moldings together. (NOTE: On 
switches not mounted on mounting feet, it is neces­
sary to 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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I. Cont" .... ' Mold!Tl9 
2 Rolati nq Conlc",_'1 A.%t' rnbly 

J . Movable Con ti\ct 
4 , St.ltio nar y Co nt,ll'! 
5. Contact S pring 

Fig. 6- Type l2 Auxiliary Switch with End Molding, 
Cover, and Operating Crank Removed 

4 . The movable contacts (3, Fig . 6) , statio nary 
contacts (4, Fig. 6) , and contact s prings (5, Fig. 6) 
are easily removed from the cavities in the contact 
molding, by lifting eac h contact assemb ly up and 
away from the molding . (NOTE: C are must be 
taken when removing the contacts to prevent loss 
of the contael s pring . II is sug g ested that the th umb 
or finger be placed over the spring while the con· 
tacts are being re moved) . 

Re place any pitted o r burned c o ntacts and ex­
amine the moldings fo r sign s at burning o r break­
ing. Re-assemble the parts fo llowing the reverse of 
the procedure described in ste ps 1 to 4 c\bove. 

CAUTION CAUTION CAUTION CAUTION 

BEFORE REPLACINC T HE BFARINC ANI) 
COVER MOLDINCS. CII ECK AND MAKI : 
SURE THE OPERATIN(; CRANK AND TFR­
MINAlS ONE AND TWO WILL BI: AT THF 
SAME END OF THE SW ITCII WIII'N THE 
ASSEMBLY IS COMPLETE 

RENEWAL PARTS 

It is re comm e nded thc\t cOlllph-" ll'" ~ \\' '' C hl''' S lW 
C'iHlil~d 11\ s lock fu r til l:' PIlHll pl I P pldC l' ll h '1\ 1 II I 

Type L2 ,luxilid ty swikht' s . Acidllion ,d Il'lIl'\\' ,~ 1 
p ent s ttlay bp ~ Ioc kt'rl 10 Id Cdil.th' th l' Il"' P,li t 0 1 
auxiliary s w ik-h C's aitpr It ' lll o v ,d I rnm tlit' l'l t l'l1l1 
bredke r. 

Whell o tde linq ('otl lpl f' tl.'" sw i kil~s , ::qwc .! v Ihl.' 
type o f switc h, 1l11llllwl o f co nt ~ll' ls el l1 d contelci 
c one, type o f (, 11 C' u i t breclke t 0 11 whi c h it is to lw 
mOllnte d , dod whl"lh e l it is to l)l.' r iqhl h ,l lul l ) 1 

l e ft ·h(\l ld Illou nl t:--..d . 
Whe n o rci e rimJ I ene w,l\ pal Is, specl fv Ih e tVPl' o f 

switc h , desc riptio n 0 1 pell b, a. nd qUdnlil y fC'qllired 
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526P003-05 
Safe Handling Practices forSF,Gas@ 
Notes 

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 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 eventual~y which may arise with technical 
equipment in service. Please consu~ 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 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, 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 sufficientlyforthe 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, ABS All rights reserved. 

15 March 1993 

( 

( 



( 

( 

Safe Handling Practices for SF6 Gas 

1 Introduction 

This module lists procedures required to safely pertorm 
installation, inspection, and maintenance work on sulfur 
hexafluoride (SF,) gas-insulated apparatus. 

In common with numerous other chemicals used everyday in 
industry, SF, gas and its decomposition products present no 
injury or illness problems if dealt with properly. As with other 
chemicals, health hazards may exist under particular condi­
tions, if exposu re or handling is careless or improper. All 
personnel designated to perform inspection or maintenance 
war!< 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 colorless, odorless, 
tasteless and possesses a low order of toxicity. The only 
danger in breathing pure SF, gas is that it displaces oxygen 
and can cause suffocation. SF, gas is chemically inert and 
non-flammable. 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 specrtic chemical details. 

If SF, gas is subJected to an electric arc, heat causes the gas 
to decompose into potentially toxic by-products. (This gas 
also decomposes when exposed to other high temperature 
conditions such 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 function of the intenSity and 
duration of the arc. 

Some of the SF, decomposition products 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, if 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 to 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. 

In the presence of moist air, noxious decomposition products 
have a characteristic odor of rotten eggs. 
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DANGER 

Since SF. gas displaces oxygen, 
avoid inhaling SF. gas. Oxygen defi­
ciency can cause nausea and 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 have a char­
acteristic odor of rotten eggs. Avoid 
inhaling these by-products because, 
unprotected prolonged exposure can 
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 usedto perform maintenance on 
SF, gas-insulated apparatus where decomposition products 
may be present: 

Hooded disposable coveralls - Tyvec, Durafab, or 
equivalent - made of paper with nylon reinforcement 
material; 

Non-Disposable Neoprene 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 Cornia II respirator or equivalent with twin 
cartridges for organiC vapors and acid gases, i.e., 
GMC or eq uivalent; 

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 t\lo. TC-19C-93, or equivalent from other 
manufacturer; 

Respirable, compressed air supply - 300 Ib, 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 staph icidal filter elements 
(particles to 0.3 microns), two 1S-inch lengths of 
plastic hose and coupler; 

• Cleaning solvent: denatured ethyl alcohol. 

1.2.1 Protective Gear 

Minimum required protective gear to be worn when handling 
SF, gas-insulated apparatus are: 

Gloves; 
Full-face Comio II respirator or equivalent with twin 
cartridges for organic vapors and acid gases, i.e., 
GMC or equivalent. 

Full 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 well-ventilated room; 
make sure the ventilating equipment is operating; 
No smoking; 
No exposed heaters, flames, or arc-producing equip­
ment should be used in the area whilethegas is being 
handled; 
If, when handling usedSF,gas, the odorof rotten eggs 
is detected, personnel not wearing respiratory equip­
ment should promptly evacuate the area; 
Correct any gas leaks at hose orfitting connections at 
the breaker, on the service cart, or at the cylinder. 

2,1 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 to prevent them from 
falling or being knocked over. 

2.1.1 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 ha~ olthe 
cylinder is immersed. Heat the water with a portable 
gas or electric heater. 

Warning 
Never heat a gas cylinder with an open flame. 

Energize heaters only when transferring the 
gas. When heating the cylinder, besurethatthe 
temperature in the cylinder does not exceed 
100"F (3S·C). 

( 
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3 Maintenance of SF 6 Gas Insulated 
Apparatus 

After an SF electrical apparatus has been in service, it should 
be assumed that 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 weanng, 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 unn, wear full protective gear (as listed 
in section 1.2.1) and proceed as per section 3.1. 

If a tent-like enclosure 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. 

Important: Do not purge with damp or wet air as it can 
endanger the integrity of insulation materials 
and prolong dry-out and reconditioning time. 

It is only safe to assume that there may be 
hazardous gaseous products present. All per­
sonnel should stand clear of the apparatus 
during purging. 

2. Allow purging to continue long enough to assure a 
minimum of at least 10complete airchangesthroughthe 
total apparatus before working on the equipment. If the 
SF gas has not been fully ev acuatedfromthe apparatus 
pri~rto purging, perform a minimum of 100 air changes. 

3. Reduce the purging air supply to a low level (approxi­
mately 10 air changes per hour) to provide continuous 
ventilation afthe apparatus while personnel are working 
internally in the apparatus. 
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3.1 Removing SF, DecomposHion Products 

If significant arc powders or noxious odors are detected upon 
opening a pole unit or any other apparatus: 

1. Wear full protective clothing and a supplied air full-face 
respirator. 

2. Establish a restricted safety zone around the equipment. 
Personnel 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. Use a vacuum cleaner equipped with filters as described 
in section 1.2; this vacuum cleaner should be used 
exclusively for removing SF, decomposition products. 

4. Wipe up any remaining powdered decomposition 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 full 
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 outdoors since corro­
sive or toxic gases may evolve fram the solid arc products or 
from the molecular sieve (desiccant). Disposal of the SF, 
residue involves neutralizing the decomposition products. 

Notice: Wear fu" protective gear as per section 1.2.1 
during disposal. 

To properly dispose of decomposition product residue: 

1. Place materials used and retrieved in clean-up opera­
tions in large 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. In a separate 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 first then slowly. The water mixing with 
the SF, refuse will produce some heat and foam. 

5. Measure a quantity of soda ash (sodium 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. Add the cleaning rags. protective clothing (even though 
it is disposable). along with the filters from the vacuum 
cleaner and respirator to the neutralizing mixture in the 
refuse container. 

7. Allow the refuse container to stand uncovered for 24 
hours. 

8. Attenwards test the pH of the refuse mixture. 

The mixture should be at least slightly alkaline (greater 
than 7). lithe pH is between 7 and 10, the refuse is now 
rendered harmless and may be disposed of in a normal 
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 to neutralize the 
refuse mixture to a pH greater than 7 but less than 10. 
Then dispose of the material as per local ordinances. 
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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 a mild (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 all washed tools and equipment thoroughly with 
water. 

5. Wash the rubber boots and Neoprene gloves in water. 
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ACCUDRI® SFS 

t-.'a3j!13 ili!!I htl i' IjM'i~ sl'litl 
TRADE NAME !COMMON NAME! 

~C.A S. NO. o ALLIED PRODUCT CO::;:;: 

ACCUDRI® SFS 2551·62·4 

CHEMICAL NAME ANDIOR SYNONYM 

Sulfur Hexafluoride Synonym: Sulfur Fluoride 

MOLECULAR WEIGHT 
FORMULA 

SF6 
146.05 

ADDRESS INo •• STREET. CITY, STATE AND ZIP COOE) 

ALLlED·SIGNAL INC. 
ENGINEERED MATERIALS SECTOR 
P.O. Box 1139R 
Morristown. N.J. 07960 

CONTACT 

Product Safety Department 

I PHONE NUMBER 

(201) 455 ·4157 
ILAST ISSUE DAn: 

July. 1986 
ICURFlE,\jT ISS ..... ; O,l,':' 

May.19S7 

EMERGENCY PHONE NUM3EA 

(201)455 ·2000 

Inhalation: Immediate!y remove to fresh air. If breathing has stopped, give artificial respiration, preferably 
mouth-ta-mouth. If breathing is difficult, give oxygen provided a qualified operator is available, 

Call a physician. 

1FJtI: (if!;'i l 1&'1 h\jill iI"";i J pi ~I 
HEALTH 

INHALATION 

Pure SFS is of a low order of toxicity, but may act as an asphyxiant if oxygen is reduced to below 16%, as indicated by 

paleness, possible cyanosis (blue skin). See also Sections G, K. 

INGESTION 

N.A. (gaseous) 

SKIN 

No effects reported. May be irritant. 

Eves 

No effects reported. May be irritant. 

PERMISSIBLE CONCENTRATION; AIR BIOLOGICAl. 
(SeE SECTION J1 

1000 ppm or 6000 mg/m 3 (OSHA). TLV (ACGIH): same. None established. 

UNUSUAl. CHRONIC TOXICITV 

None known. 

CC124-S01 (11/84) NO" NOT DETERMINEO 1 NA '" NOT APPLICABLE 

I 
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FIRE AND EXPLOSI0t:J 
FLASH POINT N.A. oc AUTO IGN! TION 

TEMPERATURE 
N.A. OC fLAMM*fI'LE LIMITS IN AIR 1% BY VOL.! 

(Not' flam~able or combustible) LOWER - N.A. UPPER - N.A. 
DOPENcuP OCLOSEOCUP 

UNUSUAL FIRE ANO EXPLOSION HAZARDS 

See "Hazardous D~composjtion Products, Section GUo 

~iJ3~i!llilll~~'l1~il'193111Iil!J 
FIRE EXTINGUISHING AGENTS RECOMMENOED 

N.A. 

FIRE EXTINGUISHING AGENTS TO AVOID 

N.A. 

S?ECIAL FIRE FIGHTING PRECAUTIONS 

·Wear self-contained breathing apparatus approved by NIOSH. Use water spray to keep cylinders cool. 

VENTU.AIION 

Mechanical (General). 

NORMAl. HANDLING 

Observe precautions on cylinder label. Protect cylinders from physical damage. 

STORAGE 

Protect cylinders from physicaJ damage, heat, and sunlight. Store in area of low fire risk. For additional information, see 
Compressed Gas Association Pamphlet P", 1974. 

SPILL OR LEAK (ALWAYS WEAR PERSONAL. PROTECTIVE eOUl.PMENT - SECTION El 

Evacuate unprotected personnel. Protected personnel (Section E) may shut off leak. Product will disperse itself. 

SPECIAL: PRECAUTIONS/PROCEDURES/LABEL INSTRUCTIONS SIGNAL WORD - CAUTION! 
NOTE: The product has no warning properties. The gas is odorless. SF6 exposed to electric arcs may break down into toxic 
byproducts. (See Sectipn G). Avoid breathing SFS which has been thus exposed. 

Comply with OSHA Regulations for Compressed Gas and Contaminants. Also see CGA Pamphlet p", 1974. 

r.:~3i~'h!!~! !~i!'i 13~ 1~1~~3111!!~I'd ~I'i ill 
RESPIRATORY PROTECTION 

Use self-contained breathing apparatus or air-supplied respirator. 

EYES AND FACE 

Safety glasses. 

HANDS. ARMS, AND BODY 

Not generally required. 

OTHER CLOTHING AND eOUIPMENT 

Not generally required. 

( 
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MATERIAL IS tAT NOAMALCONQITlONSI: APPEARANCE AND QOOA 

Colorless, odorless gas. Non-flammable gas label. 
o LlOUID o SOLID 0GAS Container: 115 lb. cylinders. 

0 
SPECIFIC GRAVITY VAPOR DENSITY 

BOILING POINT °C (H20. 1) IAIA-lI 
( 

Sublimes@·63.9'C .• 1 atmos. N.A. (Gas) 5.1 @ 1 atm., 21.1'C. 

MELTING POINT -50·.8'C·@32.5 P.s.i~~ 
SOLUBILITY IN WATER pH VAPOR PAESSURE 

1% by Weight) Imm ~; 1\ 200 Cl 0 (PSIG1O 

Slight N.A. N.A. (Gas) 

eVAPORATION AATe % VOLATILES BY VOLUME 
IBulyl ACluu:" 110 IEther" 110 (A1200 CI 

N.A. (Gas) N.A. (Gas) 

r.iJ3i!~ i ~ri! a'i 'liil~! 
STABILITY CONDITIONS TO AVOID 

o UNSTA8LE kSi STAB LE 
Note special precautions/procedures, Section D. 

INCOMPATIBILITY (MATERIALS TO AVOIDI 

Hot reactive metals. Liquefied gases in contact with water can explode violently. 

HAZARDOUS DECOMPOSITION PRODUCTS 

Thermal and electrical arc decomposition products: GASES - fluorides of sulfur (particularly sulfuryl fluoride, a convulsant, 

( 
and thionyl fluoride and thionyl tetrafluoride. pulmonary irritants). SOLIDS - metal fluorides and sulfides which can be 
highly toxic and irritating. 

HAZAROOUS POLYMERIZATION CONOITIONS TO AVOIO 

N.A. 
o MAY OCCUR 18 WI LL NOT OCCU R 

MATERIAL OR COMPONENT/C.A.S. I: WT.Y. HAZARD DATA (SEE SECT. Jl 

N.A. 

CC124-S01 (11/84) 
l 



N.A. (J norganicl 

EPA HAZARDOUS SUBSTANCE? 0 
tCLEAN WATER ACT SECT. 311) YES 

1SJ IF SO. REPORTABLE QUANTITY; ___ N_._A_. ____ # 

NO 
WASTE DISPOSAL METHODS /DISPOSER MUST COMPI- Y WlTH FEOERAL. STATE AND LOCAL DISPOSAL OA DISCHARGE LAWS} 

I 
40 CFH 
116·11 7 

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 laws, and consult with appropriate regulatory agencies before 

discharge or disposal of this material. 

RCRA STATUS OF ~ MATERIAL IF DISCAROED: 

Not a "hazardous waste". 

HAZARDOUS WASTE NUMBER; (IF APPLICABLE), I 
N.A. 

J. RefERENCES 
PERMISSIBLE CONCENTRATION REFERENCES 

ACGIH: "Threshold Limit Values ... ", 1985/1986. 

OSHA: 29 CFR 1910.1000, "Z List". 

REGULATORY STANDARDS I D.O.T. CLASSIFICATION: Nonflammable gas 

1.0. No.: UN1080 
None additional cited. 

GENERAL· 

(al Lester, o. and Greenburg, L.A., "The Toxicology of Sulfur He~afluoride", Arch. Ind. Hyg. 2:348,1950. 
·(bl ACGIH: Documentation 'of the Threshold Limit Values and Biological Exposure Indices, 5th. Ed., 1986, 

American Conference of Governmental I ndustrial Hygienists . 

• :.' 1111' i 'I "11;\ 4 UI illjMf!§ i ,.1,11 

SECTION C - HEALTH - continued 
Each lot is tested for toxic effects before shipment. A certificate is furnished on request . 

lHlSPRODUCTSAFETY DATA SHEET IS OFFERED SOLEl.Y FOR YOUR INFORMAnON.CONSIDERAnON AND 
INVESnGATION. 

I 

• 

40 erR 
251 

49 CFR 173 

• • 

ALLIED CORPORATION PROVIDES NOWARRANTIES.ElTHER EXPRESS OR IMPLIED. AND ASSUMES NO RESPONSIBILm· 
FOR THE ACCURACY OR COMPLETENESS OF THE DATA CONTAINED HEREIN. . . .. .. 
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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 
In thase instructions. The data contained herein purporls solely to describa the product, and It Is not a warranty of parformance 
or characteristics. II Is with the bast Interests of our customers In mind that we constantly strive to Improva our products and 
keep them abreast of advances in tachnology. This may lead to discrepancies between a product and these instructions. 

Notlca2 

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 salasman In the event of any irregularities, espaclally W not referred to herein. 

Notice 3 

We expressly decline liability for damages resulting from any Incorrect operation or wrong handling of our equlpmant, 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, reprln~ copy, or reproduce any part of these 
Instructions without express written permission from ABB. 

These Instructions do not purport to cover all datails or variations In equipment nor to provide for every possible contingency 
to be metln connection with Installation, operation, or maintenance. Should further Information be desired or should particular 
problems arise which are not covered sufficientlyforthe purchaser'S purposes, the mattarshould ba referred to the ABB Powar 
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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Maintenance 

1 Introduction 

Procedures, materials, and equipment required for general 
maintenanca and testing of the 145 PM circuit breakers are 
describad In this module. 

Specific maintenance procedures parformed on main compo­
nents of tha 145 PM circuit breakers are listed in Maintenance 
sections In respective component modules. 

1.1 General Maintenance Gutdellnes 

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 Cleanliness 

Maintaining the cleanliness ofthe 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 Intemal breaker maintenance under clean, dry con­
ditions. 

Warning 

The Importance of cleanliness cannot be 
overstressed. Introducing loose dirt, especially 
metallic partlcles,lnto an open pole unlt(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. It Is best to avoid handling 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 

Circuit breakers must be lubricated only where required and 
with speclfled lubrication. 

1.1.3 Fastener Locking 

526P209-02 
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Since the Impact loading which the circuit breaker experi­
ences during operation tends to loosen threaded hardware, 
Loctlte Threadlooker must be applied to all critical bolted 
joints. Fourtypes of Lootlte are used for specific applications: 
222,242,262, and 271. Table 1 specifies the recommended 
torque and type of Loctite to be applied to all fasteners in the 
breaker except where specified otherwise. 

Clean the threads In blind holes ntheycan beadequatelydried 
afterwards. Apply Loctlte sparingly to the outermost edges of 
the thread. Two small drops of Loctlte are enough even for 
large threads. 

Hardware secured with Loctlte usually can be unfastened with 
proper wrenches. In case of difficulty, the connection can be 
loosened by heatin g 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 Loctlte to fasteners used In 
assembling current 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 Loctlte does not squeeze into contact 
areas. 

1.1.4 Seals 

Sealing rings which have been In service will be deformedfrom 
being compressed into their sealing grooves. Therefore, 
when disassembling components with sealing rings, replace 
them. Replacements are available from ABB. 

Maintenance tips pertaining to seals Include: 

1. Do not grease or lyMcate 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. 

1.1.5 Flange Corrosion Protection 

The grease used in sealing joints (Dow Coming FS-1292) Is 
Intended to be used as a flange corrosion protectantonly. This 
grease Is to be applied to all flange surfaces outside of the 0-
ring seals, or in otherwords, to areas wherewatercan become 
entrapped between meta~to-metal joints. Pay special atten­
tion to areas around bolts where moisture Is most likely to 
enter. Apply Dow Coming Fluoro Silicone FS-1292 Grease In 
all such cases. 

12 October 1993 
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1.1.6 Treatment of Sliverplating 

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

In situations where sliding contaetJolnts are used. such as in 
the case of the plug-in type bushing conductors or main 

M5 M6 M8 M10 

Metric It-Ibs 3 5 13 25 
Grade 

5.8 Nm 4 7 17 34 

Metric It-lb. 5 8 20 38 
Grade 

8.8 Nm 6 1 1 27 52 

Metric It-lb. 7 12 28 54 
Grade 
10.9 Nm 9 16 37 73 

{SS} It-Ibs 4 6 14 28 

GradeA2 Nm 5 8 19 38 

#10 1/4 5/16 3/8 

SAE It-lb. 3 6 12 21 

Grade 2 Nm 4 9 17 29 

SAE It-Ibs 4 10 19 33 

Grade 5 Nm 6 13 26 45 

SAE It-lb. 6 14 27 47 

Grade 8 Nm 8 19 37 63 

18-8 SS It-lb. 3 7 15 25 

Grade 2 Nm 4 10 20 34 

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. 

M12 M14 M16 M18 M20 

43 68 101 144 198 

58 92 137 195 268 

66 105 156 223 306 

89 142 212 302 414 

93 148 221 314 431 

126 201 299 426 585 

48 77 115 163 224 

66 104 156 221 304 

1/2 9/16 5/8 3/4 7/8 

51 72 99 171 219 327 

69 98 134 232 297 443 

78 111 153 264 338 584 

106 151 207 358 459 792 

110 157 216 373 631 942 

150 213 293 505 856 1278 

60 85 117 202 298 479 

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. 

Note: Use Loctife 222 through 114-inch (MS) and Loctife 242 above 1I4-inch (MS). Keep Loct/te off 
silverplated surfaces. 

12 October 1993 
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2 Maintenance Frequency 

Table 2 provides a list of maintenance checkpoints and 
suggested Inspection frequency for general breaker mainte­
nance. Specific maintenance 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 ofthese 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 

Item/Condition Monthly 

All Sealing Rings Affected During Major -
Maintenance 

SF6 Gas Pressure C 

SF6 Gas Denstty Monitor Settings -
Moisture Content of the SF6 Gas -

Leak Test Fittings and All Gas Sealing Connections -
Circuit Breaker Timing -
Contact Resistance (Micro-Ohms) -

Anti-Condensation Heaters -

Bushing Hardware -

Tank Mounting Hardware -

Rupture Disk Cover & Hardware -

Bellcrank Housing & Hardware -
#At 10 years 

526P209-02 
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Inspection Intervals 

Yearly 5-Year Major# 

- - A 

C C C 

C C C 

C C C 

C C C 

- C C 

- C C 

C C C 

C C C 

C C C 

C C C 

C C C 

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 been very few or no 
operations), the parts need not be replaced. 

C- Check. Carry out a comparison of the nominal and actual values (settings and readings). Check 
hardware for tightness. 
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3 Standard Testing 

The following standard tests are performed as part of maln­
tenanea: 

• Pole reslstanea measurement (refer to section 3.1); 
• Moisture measurement of the SF, gas In the breaker 

(refer to section 3.2); 
• Leak checking (refer to section 3.3); 
• Operational and timing tests (refer to section 3.4); 
• SF, gas density monitor calibration (refer to section 3.5). 

3.1 Pole Resistance Measurement 

Using a 100 A micro-ohmmeter (or millivolt drop meter), 
perform a contact resistanea (or milliVott drop) measurement 
on each pole of the breaker. The maximum resistanea from 
bushing terminal to bushing terminal should not exeaed 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, iftlme permits, allow 24 hours or 
more for the gas system to stabilize before 
taking a moisture content readIng. The addi­
tional time for stabilizatIon wifl ensure a more 
accumte reading. 

The maximum moisture level permitted In the SF, gas Is: 

200 ppmV (by volume) at 6soF (20°C) 

The maximum moisture content to be expected from an SF, 
gas cylinder Is: 

SF, Dew Point of -50°F (-45°C) 

Caution 

Should the moisture content of the SF, gas 
exceed 200 ppmVon filling, the SF. gas must be 
reclaimed and recycled through a drying filter. 
Before refilling, the circuit breaker must be 
evacuated to eliminate moisture using the pro­
cedure In section 4.3.3 for replenlsh1ng gas to a 
pole unit that has been opened. 

3.2.1 Measuring the Moisture 

To ensure reliable moisture measurements, pay particular 
attention to 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 suppliar 
be followed carefully. 

12 October 1993 

The gas Is sampled through the 1/4-inch 37 -degree male flare 
fitting 6000S (Fig. 12) 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. 

3.3 Leak Checking 

After the breaker has been opened or W 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 assembly; 
Bellcrank housing; 
Interphase shaft seals with the breaker opened and 
closed. 

3.4 Operational and Timing Tests 

Before placing the breaker Into serviea, perform operational 
and timing tests. Refer to section 3.4.1 for Information 
pertaining to operational tests; refer to section 3.4.2 fordetails 
about circuit breaker timing tests. 

3.4.1 Operational Tests 

The control relays, protection devieas, and schemes must be 
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. Refer to 
the breaker control schematic to determine the neeassary 
operational tests to be performed. 

Generally, operational tests Include the following steps: 

1. Assure that the circuit breaker will open and close 
electrically at both the local control switches and at the 
remote control switches. If a 10caVremote or mainte­
nanea 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 operating 
energy of the mechanism. To calibrate the SF, gas 
density monitor refer to section 3.5 of this module. To 
verWythe operating energy ofthe mechanism, referto the 
"Commissioning" section of the Mechanism module. 

3. Verify thatthe ant~pumplng circuitry (Y relay or X-Y relay 
scheme) Is operating properly as per your particular 
control scheme. 

4. Testanyoptionaldevleas I.e., undervoitage relays, reclose 
time delay relays, etc. 

( 
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3.4.2 Timing Tests 

Timing tests are performed to verify that the clrcun breaker 
contacts are opening and closing at acceptable velocities and 
wnhln time limits that meet the design parameters of the circuit 
breaker and the high voltage system. Timing tests include: 

Measuring contact closing and opening times (section 
3.4.2.1); 
Measuring contact velocity (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. 

A wide variety of clrcuR breaker analyzers (timing equipment) 
are available to perform these tests. The two most common 
types of circuit breakeranalyzers are oscillographic analyzers 
using light-sensitive chart paper and the more advanced 
digital timers. Either oscillographic or digKal 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 manu­
facturer. However, all circuit breaker analyzers provide the 
following: 

Timing channels which monitor the closing and open­
Ing of the main contact; 
Channels which monitor trip and close coli currents; 
Motion channels which monnor contact movement via 
motion transducers; 
Event charts shOWing distance (vertical units) vs. time 
(horizontal units). 

Perform all timing tests wRh the gas system pressurized to 87 
pslg (600 kPaG) at20'C (68'F) and with the mechanism fully 
charged. 

Refer to Table 3 for timing specifications. Figures 2, 3, and 4 
show typical oscillographic measurements of timing param­
eters; Figures 5 and 6 show typical oscillographic motion 
characteristics (distance vs. time) for breaker opening and 
closing. 

Opening Time 

Opening Velocity for FSA-2 
Spring Mechanism 

Opening Velocity for HMB 
Hydraulic Mechanism (40 kA 
interrupting rating) 

Opening Velocity for HMB 
Hydraulic Mechanism (50163 kA 
interrupting rating) 

Inter-Pole Spread Opening 

Closing Time 

Closing VelocHy for FSA-2 Spring 
Mechanism 

Closing Velocity for HMB 
Hydraulic Mechanism (40 kA 
interrupting rating) 

Closing Velocity for HMB 
Hydraulic Mechanism (50163 kA 
interrupting rating) 

Inter-Pole Spread Closing 

Close-Open Time for FSA-2 
Spring Mechanism 

Close-Open Time for HMB 
Hydraulic Mechanism (40 through 
63 kA Interrupting rating) 

Reclose Time 
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30 ms maximum 

3.8 to 4.2 mls 

12.4 to 13.8 ttls 

4.6 to 5.0 mls 

15.0 to 16.4 ttls 

4.3 to 4.8 mls 

14.1 to 15.7tt1s 

2msmaxlmum 

50 to 65 ms 

2.5 to 2.8 mls 

8.2 to 9.2 ttls 

2.5 to 2.9 mls 

8.2 to 9.5 ttls 

2.1 to 2.5 mls 

6.9 to 8.2 ttls 

2msmaximum 

25 to 50 ms 

20 to 38 ms 

20 cycles minimum 

3.4.2.1 Contact Closing and Opening Times 

Contact closing and opening times must be wRhin 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 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. 3); unns are in milliseconds (ms) or 
cycles (Hz). 
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Opening time (contact part) - time Interval elapsed between 
energlzatlon ofthe trip coli and the last arclng contactto break 
on opening (Fig. 2); units are in milliseconds (ms) or cycles 
(Hz). 

Close-Open time (trip-free time) - time Interval elapsed 
between the lastarclng contact to make on closing and the last 
arcing contact to break on opening (Fig. 4); unHs are in 
milliseconds (ms) or cyclas (Hz). 

Reclose time (open-close) - time Interval elapsed between 
theenergizatlon of the trip clrcuHforan 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. 3); unfis are most commonly in mliliseconds(ms). 

Inter-pole spread on opening - time Interval between the 
first arcing contact to break and the last arcing contact to break 
on opening (Fig. 2); units are most commonly in milliseconds 
(ms). 

Caution 

The recloslngtlme of a circuit breaker Is defined 
as the time Interval between energlzatlon of the 
trip clrcultfor an open operation and tlhe making 
of the primary arcing contacte of the Interrupter 
on the subsequent close operation. 

The ratsd rec/oslng time of a circuit breaker Is 
defined by ANSI Standards to be a minimum of 
20 cycles. In practice, this time delay allows for 
delonlzatlon offault current paths and to restore 
the arcing region of the breaker to Its full Inter­
ruptlng performance level. The 145 PM breaker 
has been tested for this capability with the 
required time delay Intentionally Introduced by 
control circuits extemal to the breaker. For 
testing purposes, while the breaker Is Isolated 
from the system, the 145 PM breaker Is fully 
capableoflnstantaneous recloseoperatlons(no 
time delay), without sustaining mechanical dam­
age. The Instantaneous reclose time may be 
approximately 7 cycles. However, unless speci­
fied by contract documents, timing devices to 
achieve the required minimum 20-cycle delay 
are not provided as part of the local control 
circuit for the breaker. Prior to placing the 
breaker Into service, ensure that the required 
time delay be part of tlhe complete control circuit 
for the breaker. 

ABB requires a minimum 20-cycle recloslng 
time. 
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3.4.2.2 Contact Velocity 

Maintaining contact velocity wIIhln the specified IImHs shown 
In Table 3 Is necessary to assure that the clrcufi breaker Is 
functioning properly. ContactvelocHy (meters/second orfeet! 
second) on breaker opening or closing Is factory set 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 between ship­
ment and Installation, taking motion characteristics to deter­
mine contact velocity is optional during InltiallnstallaUon 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 5 and 6 show typical distance vs. 
time characteristics. To obtain motion characteristics, a 
motion transducer must be allached to the circuit 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 calculated. Contact velocity Is defined as the 
average veloctty between tlhe 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 mechanism are at 30 and 70 mm from the 
fullyopsn position. Thespeedmeasuring 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 points is always 40 mm (i.e. 70 mm - 30 mm 
= 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 velocHy, the time taken 
to travel the distance between the two speed measuring 
points must be determined from the horizontal (time) axis. 
Contact velocity is calculated using the following formula: 

Contact Velocity = Distance (mm) 

Time (ms) 

The value calculated from this fOrmula fOr contact velocHywlll 
be In mlsec. 

Important: Ifcontact velocity or the amount of overtravells 
not within the speclffed limits as shown in Fig­
ures 5 and 6, referto the Mechanism module for 
Instructions on adjusting the mechanism. 

( 
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3.5 SF. Gas Density Monitor Calibration 

The SF, gas density monkor 60002 (Figs. 1 and 11) Is 
calibrated at the factory as follows: 

• The temperatura probe Is set at 20°C (6S°F); 

Swftch C (Fig. 11) Is setto close al 76 pslg (524 kPaG) 
(alarm point) with decreasing pressure; 

SWftches B1 and B2(Flg. 11)are setto close at 72 pslg 
(496 kPaG) (breakar lock-out point) wkh decreasing 
pressure (unless aftemate 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 fae­
tory-specmad •• tpolnts shawn on theflrstsh.et 
of the wiring diagrams In the Customer oats 
module - otherwls. breaker failure could result. 

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. 9 and 10) to determine the proper alarm 
and lock-out pressure settings for the current ambient 
temperature. 

2. Delermlne the existing alarm and lock-out settings 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 unfts. 

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

b. Read the setting pOints on the pressure gauge 
60003. It Is strongly recommended to use an 
accurate, calibrated, test pressure gauge to verify 
the integrity of the oontrol cabinet pressure gauge 
and to ensure accurate alarm and lock-out settings. 

3. If the pressure spread (differential) between pressure 
switches Is correct, wkh all settings either 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. Turning this nut clockwise In­
creases the settings of all of the pressure swkches by the 
same Increment, while turning ft counter-clockwise de­
creases all of tha settings. 
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4. To change the pressure setting of an Individual pressure 
switch, use the Individual pressure swkch adjustment nut 
(Fig. 11). Turning the nut clockwise Increases the alarm 
pressure setting, while turning k counter-clockwise de­
creases the alarm pressure setting • 

Impolfant: Adjustlngoneofth8lndlvldualpressuteswftches 
will otten affect the settings of the other pres­
sure switches. Adjustments should be made In 
sma/llnersmenlB and a final vetfffca/Jon of all 
pressure switch settIngs should be performed. 

AlWays adjust In the oroerfrom high pressure switches to 
low pressure swkches, I.e., start wkh swkch C (Fig. 11) 
and then adjust swkches B1 and B2. 

5. After adjustments are complete, perform a final verifica­
tion of all pressure swftches. 

Notice: Never severely bend or kink the capillery tube. 

6. Be sure that the Isolation valve 60006 (Fig. 1) is open. 

Warning 

The Isolation valve must ramaln open for proper 
operation of the low density SF. alarm and lock­
out controls. A closed Isolation valve could 
_ult In low gas density operation and cause 
breaker failure or damage. 

7. Complete the density monftor 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 In the 
breaker must meet the specifications for suffur hexafluoride 
according to ASTM 02472-71. 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 1151bsof gasareavallable. The pressure In the cylinder 
Is 300 psi at 24'C (75·F). 

The clrcutt breaker should be filled with SF. gas to a pressure 
of 87 pslg (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. temperatura characteristics ofFlg­
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 
cofT9Ct fill pressure would be 78.2 pslg (539.2 
kPaG). 

The SF. pressure gauge Is mounted In the control cabinet and 
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 percen~ especially following ship­
ment The pressure gauge In the breaker Is adjustable and 
can be re-callbrated. 

4.1 Gas Handling Equipment 

Elthera gas cylinder (bottle) ora gas servlca unttcan be used 
to top off a breaker as long as the breaker has already been 
evacuated and contains a deflntte posttlve pressure of suffur 
hexafluoride (SF,) gas. The gas service untt 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 poslffvely charged with SF, gas to 
approxImately 5 pslg (34.5 kPaG). Unless thIs 
InItial charge of gas Is lost because of unusual 
circumstances, thebreakercan beslmp/ytopped 
off to the proper level on Installation without 
performing a vacuum procedure. 

An In-line portable fitter with a molecular sieve medium 
(desiccant) may be used each time the breaker Is filled. The 
fitter removes SF. decomposition products and molsturefrom 
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 necassary. 
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4.1.1 Gas Service Unit 

The gas service unit Is an alHn-one, contained system which 
allows the SF. gas to be cost-efficiently and effectively 
reclaimed and recycled. Refer to Plate 1. The features on the 
gas service unit provide the following distinct advantages: 

The unit Is cost-efflclent because tt saves money by 
reclaiming and storing the expensive SF, gas. 
Thein-line filter on the untt removes moisture and arc 
by-product Impurttles from the recycled gas as It Is 
being reclaimed. 
The unit Is environmentally preferred because It ellm~ 
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 necassary vacuum Is attained, the breaker 
can be refilled with gas directly from the gas servica 
unH. 

Plate 1: Gas servIce unIt 

( 

( 



( 

( 

4.2 Reclaiming SF, Gas from a Pole Unit 

Use the procedu re described In this section to reclaim SF, gas 
from a pole un~. 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. 

U68 a gas service un~ to reclaim SF, gas from the pole un~. 
The gas service un~ not only reclaims and stores the SF, gas 
but also, W equipped with the appropriate finers, can remove 
decomposition products from the gas. 

Important: It Is not economical or environmentally wise to 
exhaust the SF, gas to the atmosphere. 

The gas service un~ 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 analyzerto check the moisture content of the gas In 
the gas service unit. 

Review Instructions for the gas service unit W you are not 
already familiar with the unit. 

To reclaim SF, gas from a pole un~: 

1. Connect the flexible hose from the gas service un~ to the 
DILO quick disconnect tool TI3433 (Fig. 13) supplied 
with the standard tools. 

2. De-couple the pole to be serviced from the SF, gas 
man~old by loosening the se~-seallng DILO quick dlscon· 
nect fitting 10171 at the rear tank cover assembly 1 0032 
(refer to 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. Tum off the vacuum pump. 

S. Connect the DILO quick disconnect tool to the rear tank 
cover haW of the self-sealing fitting and let the high 
pressure gas flow from the pole unit to the service un~. 
Refer to Plate 2. 

Plate 2: DILO quick disconnect tool 
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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. 

8. Since breaking the vacuum fliis the pole un~ with atmo­
spheric air and moisture, ~ Is strongly recommended to 
open the pole un~ and clean the Internal components of 
the pole tank promptly after breaking vacuum. 

Warning 

If decomposition products are pr .. ent (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 compounds formed wihen 
decomposition products are exposed to mols­
tureln the air. 
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4.3 Filling th. Circuit Break.r with SF, Gas 

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

Thegasfllllngproceduresvaryincaseswherethebreakerhas 
been opened and unopened. 

Warning 
Do not ov .... p ..... urlze th. circuit break.r when 
filling th. break.r with SF. gaa. OV .... pr .... ur. 
lzallon may caus.the rupture disk to fall. 

4.3.1 Filling an Unopened Breaker from a Gas 
Cyllnd.r 

FlllingthebreakerwlthSF,gasfromagascylindershouldonly 
be done "the pole tanks have not been opened and a posltlve 
pressure of approximately 5 pslg (34.5 kPaG) at 20'C (6S'F) 
remains in the pole tank. Using a portable Inllne fiRer/drier Is 
optional It filling from a gas cylinder. 

ImpoIfant: The gas cytlnder should be vertical at all times 
to prevent Introducing Ilqueffed gas Into the 
clrcu/tbreaker. Psrtlculatematterwlthln thegas 
cytlndercanbecarrledwfth thellqueffedgas Into 
the breaker. 

To till the unopened breaker wllh gas from a gas cylinder: 

1. Remove the cap from the 1/4-lnOO 37 -degree male tlare 
fitting 60008 at location F (Fig. 12). 

2. Purga the hose and filter (It used) 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 Plate 3. 

Plate 3: Connecting the fill hose 
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4. Opan the sample valve 60007 (Fig. 12), then opan the 
valve on the regulator at the SF, gas cylinder. 

Warning 

The g_ regulator must ba adjusted approxl· 
mat.ly to th. final fill preasureofth. breaker (87 
palg (100 kPaG» such that th. SF, plumbing, 
d.nslty monitor, and gauge are not ov .... praa­
surlzed. Campan •• for tamnratu[f Vada­
tlOOI as naaded. 

5. Slowly till to the pressure for the corresponding tempere· 
tureasshown In Flgures9and 10. Approxlmately65lbs. 
(30 kg) of SF, gas by weight will be required for the 
breaker. 

One cylinder of gas will be sufllclentloflll one breaker. Usable 
gas may remain In the cylinder after ttoe breaker Is filled. 

When filling during cold ambient temperatures, the cylinder 
may be heated using any of the following methods to converl 
the liquid SF. In the cylinder to a gaseous state: 

• An electric blanket heater; 
• Immersing the gas cylinder upright In a drum pertlally 

filled wllh wanm water so that approximately halt of the 
cylinder Is Immersed. Heat the water with a portable 
gas or electric heater. 

Warning 
N.ver heat a g_ cyllnd.r with an op.n flam •• 

Energize h.atera on Iywhen tranef.rrlng the g_. 
WII.n heating the cylinder, ba sur. that th. 
temperature In tha cyllnd.r do .. not .xc •• d 
100'F (38·C). 

4.3.2 Filling an Unop.ned Break.r from a G_ 
S.rvlce Unit 

Use the portable In-line filter/drier It using the gas servlca unR 
to fill the breaker with SF. gas. A fitter with a 13x molecular 
sieve (desiccant) can be used. 

To fill an unopened breakar with gas from a gas service unR: 

1. Place the fiRer vertically In the line between the breaker 
sample valve and the SF, gas service unit Gas will be 
forced to flow through the desiccant In the fiRer/drier. 
Care must be taken to ensure that liquid SF, will not enter 
the portable fitter or breaker. 

Important: The 13x mo/ecularsl.ve mustbe replaced after 
passing approximately 3500 pounds of ges 
through the filter. 

2. Purga the hose from the gas service unR by allowing the 
SF, gas to pess through the hosa driving out air and 
moisture. 

3. Tum off the gas flow and Immediately connect the hose 
at location F (Fig. 12). 

4. Open the sample valve 60007 and then open the appro­
prtate valve on the gas service unR. 

{ 
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5. Slowly fill the breaker to the pressure forthe correspond­
Ing temperature as shown In Figures 9 and 10. Approxl­
mately651bs (30 kg) of SF. gas bywelghtwlli 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 closing the pole tank, Install a new desiccant bag on the 
rear tank cover assembly and re-Install the rear tank cover 
assembly. (Refer to the Pole Untt module of this manual for 
specific InstructJons.) 

To fill a pole unit which has been opened: 

1. Install theDllO quick disconnect tool T13433 (Fig. 13)to 
the hose of the gas service untt. 

2. If tt was not already done, de-couple the DllO quick 
disconnect fitting 10171 althe rear tank cover assembly 
10032, separating the gas manifold from the single pole 
unit. 

Important: If the gas manifold was not decoupled from the 
pole 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 DllO quick disconnect tool from the hose to the 
quick disconnect coupler haW on the rear tank cover 
assembly. 

4. Pull a vacuum to below 1.0 mm Hg absolute measured 
wtth an accurate electronic vacuum gauge. Hold the 
vacuum for 1 hour. 

5. Fill the pole tank wtth SF. gas to 87 pslg (600 kPaG) at 
20·C (68·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 man~old when all poles have been 
refilled with SF. gas. 

WARNING 
The gas manifold must be conn,ected at all pole 
units to properly monitor the SF. gas density at 
all pole units. 

526P209-02 
145 PM Maintenance"' 

Page 11 

5 Equipment, Maintenance Material, and 
Renewal Parts 

Various types of equipment, I.e., spare parts, and mainte­
nance material are required to maintain a circuit breaker 
throughout its expected I~e. 

5.1 Equipment 

The equipment listed In subsequent sub-sections is used to 
perform maintena nce. 

5.1.1 Vacuum Pump 

A 50 CFM vacuum pump with two stages having back flow 
protection Is recommended. If a smalierslzelsavaileble,ltwlli 
be satisfactory. However, the pump-down time will take 
longer. 

5.1.2 Vacuum Gauge 

An accurate portable vacuum gauge sufficient to measure 
down to 0.5 mm Hg or lower must be used. Stokes Electrical 
Gauge, Model TB-4, or equivalent Is suitable. 

5.1.3 Hose Assemblies 

For an expeditious vacuum, it is recommended that a short, 
large diameter hose (e.g., 10 feet or less by 1-1/4 inch I.D. 
hose) be connected between the breaker and the vacuum 
pump. 

The suggested source for the hose assemblies is: 

Aeroqulp Hose 
300-T S. East Ave. 
Jackson, MI 49203 

5.1.4 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 untt are: 

DllO Company, Inc. 
1936 Beckett lake Drive 
Clearwater, Floride 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 finer connected to the gas service unn may 
be used each time the breaker Is fliled or emptied of SF. gas. 
Thefilter removes decom posttlon products and moisture from 
the gas, which protects the compressor and vacuum pump 
from damage. 

The suggested sourceforthe (moleculersieve) In-linetiiteris: 

ABB Service Dept. 
125 Theobald Avenue 
Greensburg, PA 15601 

12 October 1993 



526P209-02 
145 PM MalntenanceO 

Page 12 

5.1.5.1 Installing the Portable In-Line Filter 

A fitter utilizing the 13x molecular sieve (desiccant) can be 
used on eHher the gas cylinder or on the gas service unit. To 
Install the portable In-line fitter, place thefiHer vertically In the 
line between the breaker sample valve and the SF. gas 
service unit or gas cylinder. The gas will be forced to fiow 
through the desiccant. Use care to ensure that liquefied SF, 
does not enter the portable filter or breaker. 

Replace the desiccant (13x molecular sieve) alter passing 
approximately 3500 pounds ofgas through the filter. Referto 
section 5.1.5.2. 

5.1.5.2 Replacing Desiccant In the Portable In-Line 
Filter 

The portable In-line filterforthe 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 
replaced. (ThiS desiccant Is not to be confused with the 
desiccant in the rear tank cover of the pole unit) 

The key rule ofthumbwhen replacing the desiccant is to avoid 
exposing the desiccant to atmospheric moisture. Therefore, 
It Is best to perfonn this replacement procedure Indoors If 
possible. If hoses are not connected to the gas service unit, 
always keep the flared cap In place to protect the threads and 
seal from the atmosphere. 

To replace the desiccant In the portable In·llne fllter: 

1. Stand the gas service unH upright and remove the pipe 
plug at the bottom end of unit, releasing the old desiccant. 
Discard the used desiccant. 

2. Check the plug and clean the threads thoroughly. 

3. Apply Teflon Iape and RectorSeal #2 to the pipe plug and 
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 
desiccant as quickly as possible to reduce the Ume which 
the molecular sieve and the interior of the column are 
exposed to the atmospheric moisture (perform Indoors If 
possible). 

5. Install the top pipe plug as soon as the filter Is filled. 

5.1.6 Gas Cylinder Regulator (for Size A Cylinders) 

The vendor and code Information for the gas cylinder single 
stage regulator with a delivery pressure range of 1 to 180 pslg 
Is: 

Air Products and Chemicals Inc. 
Code numberEll-4-N515F. Connection 1/4-lnch NPT 
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5.1.7 Leak Detector 

The suggested sources for leak detectors are: 

TlF Halogen Leak Detector Model 5500 
Halogen Leaktector, Code 23-7023 
Bacharach Instrument Inc. 
625 Alpha Drive 
Pittsburgh, PA 15238 

Gas Leak Detector 
Calgon Corporation 
Route 60 Cambells Run Rd. 
Pittsburgh, PA 15230 

5.1.8 Moisture Analyzer 

The suggested source for moisture analyzers Is: 

Elactrolytic Moisture Analyzer 
Manufacturing Engineering and Equipment 
Corp. (MEECO) 
250 Titus Avenue 
Warrington, PA 18976 

5.1.9 Timing Devices 

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

• Digital circuit breaker analyzer 
• Oscillographic circuit breaker analyzer 
• Mechanical Time Travel Recorder 

5.1.10 Micro-Ohm Measuremant Equipment 

A Ductor or equivalent 100 amp DC mlcro-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 
equipment to have available when Installing ormalntalnlng the 
145 PM circuH breaker. Most of the tools listed are nonnally 
carried by a mechanic and can be subsUtuted by any tool 
which will perfonn the same function. 

5.2.1 Common Tools Supplied by User 

The following tools are required for maintenance and must be 
supplied by the user: 

1 Torque wrench - 10 to 150 It-Ibs; 
1 Torque wrench - 10 to 600 It-Ibs; 
1 Set box end and open end wrenches5,6, 7, 8, 9,10, 
13,17,19,24,41,46 mm; 
1 Set box end and open end wrenches 318, 7/16, 1/2, 
9/16,5/8,11/16,314,13116,7/8, and 15116 Inch; 
1 Socket wrench, ratchet handle; 
1 Set of sockets 4,5,6,7,8,9,10, 13, 17, 19, and 24 
mm; 
1 Setofsockets3l8, 7116,1/2,9116,518,11/16,314,131 
16,7/8, and 15/16 Inch; 
1 Set of Allen head sockets 1.5, 2, 2.5, 3, 4, 5, 6, 8,10, 
12,14 mm; 
2 Nylon slings, 2-lnches wide; 6 feet long; 
2 Step ladders; 
1 Come along winch 
1 Portable vacuum cleaner. 
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5.2.2 Special Tools 5.3 Maintenance Material 
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Special tools not nonnally available except through ABB are Thefollowlng list details the maintenance material usedforthe 
listed In Table 4. 145 PM circuit breaker. 

. . Table 4 

SpeclalTools 

Index Description Designation 
Part No. AorBorC 

T13207 
Contact Finger Assembly 

B Tool 

T13406 No-Go Gauge A 

T13428 Threaded Rod Tool B 

T13433 OILO Quick Disconnect Tool A 

T13435 Trevel Recorder Klt A 

T13436 Bushing Guide Rods A 

T13437 Deep Socket Tool B 

T13438 Interrupter Assembly Flxtura B 

T13439 Clip Tool B 

T13440 Alignment Tool B 

T13441 
Bushing Conductor 

A Removal Tool 

T13442 Sling C 

T13443 Manual Spring Charge Tool A 

T13444 Slow Open/Close Device A 

T13445 Interrupter Dolly B 

T13446 SF6 Gas Regulator & Hose C 

T13447 Vacuum Hose C 

T13448 
Vacuum & SF6 Service 

C Cart· 

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 wHh breaker) 

B - Optlonallnterruptar Maintenance 

C - Optional (purchased separately) 

·UnH cannot reclaim SF6 gas (not a gas service unH) 

• Su~ur Hexafluoride (SF,): 
Manufactured as per ASTM D2472-71. 
Shipped as liquid gas In steel cylinders containing 27-
35 Ibs. of gas by weight. 
Each consignment Is provided with a test certificate. 
Each cylinder has a serial number and date of delivery . 

Contact Grease 
ABB ED 4.1.3388 
Alvanla No.2 
Shell 011 Company; 

Cleaning Materials - Denatured Ethyl Alcohol; 

Loctite Threadlocker Nos. 222. 242, 262, & 271; 

• Alnox Electrical Joint Compound (ABB ED 4.1.3318); 

Dow Corning Fluoro Silicone FS-1292 Grease (ABB 
ED 4.1.3322); 

MolycoteSpray, DowComlng#321 (ABB ED4.1.3387); 

Pro AA2 Grease (available through ABB); 

• Ambar Petrolatum Grease; 

Scotch-BrKe extra fine pads; 

Molecular Sieve (Desiccant); 

Cloth gloves; 

Lint-free wipers. 

5.4 Renewal Parts 

Sufficient renewal parts should be carried In stock to enable 
prompt replacement of wom or damaged parts. Careful 
planning for stock of such parts will minimize service Interrup­
tionscausedbyequlpmentbreakdownandwillultimatalysave 
time and expense. 

The number of renewal parts which should be maintained Is 
dependent on conditions of operations 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 subassemblies 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 perts, however, will be Interchangeable 
with the original parts. 

Standard hardware items are not listed, and H Is suggested 
that these Hems be purchased locally to save time and 
expense. Where hardware Is of a special nature or where 
standard hardware is specifically requested, K will be pro­
vided. 
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5.4.1. Parts Ordering Infonnatlon 

When ordering renewal parts, or for Information concemlng 
service or llIpalr of parts, contact the sales office of ABB. 
When ordering parts, obtain the following Information from the 
breaker nameplate and instruction book to properly Identify 
the parts: 

• Order number 

• Code number of type 
• Serial number 
• Publication number 
• Part number 
• Part designation 
• Design 

see ordering 
documentation 
see Identification plate 
see Identification plate 
see cover page 
see spare parts list 
see spare parts list 
for Indoor or outdoor 

All parts areshipped F.O.B. point ofshlpment, freight prepaid 
and added. ABB wlll establish the method and routing of 
shipment. Standard carriers are rail 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. 

5.4.2 Parts Storage Instructions 

Follow these Instructions to preserve parts while they are In 
storage: 

1. Carefully handle parts sealed In plastiC bags; avoid 
ripping the bag; (plastlcbags must be intact); only remove 
the bag when you are ready to Install the part. 

2. Store rubber parts in a 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 lO"F). 

Protect tha storage area from water condensation 
or high humidity, 

Maintain a closed atmosphere In a suitable packing 
to reduce the oxidizing effacts of air. 

Store tha seals away from effects of ozone or 
equipment or machines which produce sparks or 
arcs. 

Avoid contamination with fluids, oils, and fats. Avoid 
contact with melals (copper, Iron, manganese and 
their alloys), rubber of other grades, and plastics. 

Store seals (O-rings) nat with no stress, pressure, 
deformation, or bending. 

12 October 1993 
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60008 
- Flare Fitting 

60007 
Sample Valve 

60002 
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60003 
SF6 Gas Pressure Gauge SF6 Gas Density Monitor 

60006 
Isolation Valve 

10047 
Pole Unit­

Left 

10213 
Gas Manifold 

10048 
Pole Unit­

Center 

10049 
Pole Unit 

Right 

Rupture Disk Rupture Disk Rupture Disk 
10017 10017 10017 

Figure 1 
SF, Gas Schematic 
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/ Coli Current 

~ ____ .....J" . -., r Maximum Pole Spread 2 ms 

t---- 30 ms maximum ... Breaker Contacts Open 

NOTE: All measurements at rated pressuras and vo~age. 

Close Coil Energized 

K 

Figure 2 
OPEN Operation 

l , 

A Phase 

B Phase 

CPhase 

Close Coli Current 

APhasa 

B Phase 

C Phase 

50 to 65 ms 

---l~Maxlmum Po Ie Spread 2 ms 
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.. j" Breaker Contacts Closed 

NOTE: All measuraments at rated prassures and voRage; does not Include X-relay lime. 

Figure 3 
CLOSE Operallon 
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Close Coli Energized 

Closing Coli Current 

I ~ Trip Call Energized / Trip Call Current 

t-- ----..-"--!:..-.---

\- I Refer 10 Tab~ 
3 for values I 

!-----------....: ~======~======= A Phas~ 1-1-----------:'--1 B Phase Breaker 
Contacts 

I ' I I C Phas~ 

i---- 50 to 65 ms --r I L Breaker Contacts Opan 

Braaker Contacts 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 

\ 
......... 
~ 

\ 
\ 

70m 

'" / ~ :-.. 
') leed I Point for FS ~.2Sp ·Ingl ., , \ 

"\ \ / ~l. 
.. u ",m V 

.\, 30ml 

" 

~ 
-I '-- --- - !; mm .'\ -- -:..::l1 ._-

- -Smm' 
-i~- --- -"3 41 '51 ·si--7i '-a: 9 110 1 2 

Time (ms) 

12 Octaber 1993 

Maximum Acceptable Limits of Overtravel and Rebound 

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 CUive for the Opening Operation 

( 

Dis tance (mm) 

I'~u 

"0 , " ,., 
100 

on 

7ft 

50 

( 
on 

'n 

.n 

on 

In 

1 10 ZO 1::0 

( 



( 

( 

526P209-02 
145 PM Maintenance" 

Page 19 

NOTE: All measurements at rated pressures and voltages. 

F
efer to Table 3 for values for closing velocity 

119 mm Maximum for FSA-2 Spring Mechanism 
109 mm Maximum for HMB Hydraulic Mechanism 

" Distance (mm) 

"t- 120 

IJr 110 

II I~~./ F lIyClc ed 

1==t==f=*=:j::::=t==tt::::s~::.j.--I--.J-~---l--I100 
I Reb ~ 5.5 mn Mlnln um for ~MB ~ vdrau-

~~r--+---r--1---+--/+r~~~~~r--+---+--1---~90 
Reb und 1 2.2 mn Min In um for FSA-2 ~prlng 
Mec anlsm 

r--;---+---r--~--+_/~~~~~--4---+_--~-4--~80 

r--; __ -+ __ -r __ ~ __ ~A~.7~n'~_-+ __ ~ __ 4-__ +-__ ~-4 __ ~70 

/r,,~ 
~s=pe~e~M~e~a~s~rI=ng~p~ln~ta~F-~*---~~,,~----+---~---4----+---~---460 

for H B Hy. ,""ullc eCh,ar Isms I Spee, Measu~ng Pinta r-__ +-__ +-__ 1-~.r~/~ __ -+ __ ~I~~r'F~Sb~~S~SD~I~oa~M~'h~a~nl~S~S __ +-__ ~50 
\~.I __ V 

r--+-~-~-4~r~~~~}--+--4---~-4-~-+-~40 

r-~~~---i--~~~~~0~m~-r--4_--+_--+_--~--~~~-430 
r-__ r--+---r-~/r--4---r--4---+---r--4---+--~--~20 
r---r-~~-;~~---+---r--;_--4_--+_--+_--r_--~~10 

Fully ppen _ J 
~~~~--~--~--+---~-4--~--~--+---+---~-40 

o 10 20 30 40 50 60 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 6 
Typical Distance vs. Time Travel Curve for the Closing Operation 
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Pin Clevis 

- - -------------- - - - --

Rod 

Note: When installing the 
lever and rod assembly, 
level this surface 

Mounting Bolts Lever and Rod Assembly 

Figure 7 
Travel Recorder KlI T13435 

Travel Recorder Kit Mounting Instructions 

1. Open the circuit breaker and Isolale It from the high 
voltage system. Properly ground the circuit breaker. 

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

3. Remove the cover from the right side interphase shaft. 

4. Loosely clamp the leverand rodassembly(Fig. 7) to the 
right side interphase shaft (at approximately the loca­
lion shown In Fig. 7) using the mounting bolls provided 
with the kit. (The exact locallon where the assembly is 
clamped Is not CrilicaL) 

5. While tightening the lever and rod assembly mounting 
bolls, place a level across the surfaceoftheleverdevlce 
as shown In Fig. 7 to levelthls surface of the lever device 
as closely as possible. 

Important: The travel recorder kit has been designedwlth 
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 

12 October 1993 

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 
transducer mounting brecket (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 
onto the horizontal memberofthe breaker structure (using 
C-clamps) as shown in Figure 7 so that the rod of the lever 
and rod assembly aligns with the slider or rollers, etc. of 
your transducer. 

8. Adjust the height of the transducer by sliding the verticai 
angle of the transducer mounting bracket aiong the slot 
(Fig. 8) until the rod is visibly at a slight, upward angle as 
shown in Figure 8. 

Important: Having the rod at an exact angle Is not critical. 

9. Connect the rod to the slider or rollers, etc. of your 
transducer. 
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Vertical An!Jle---1 

Slot 

Horizontal Angle ---I 

Transducer Mounting Bracket 

Typical Mounting Arrangement for a Doble Roller-type Transducer 

I 
~ E' J 

~ 
- - ~- - - -

- - - - - - - - -( - -
\~ 

~, ~ 
1 

I 

Slot 

Vertical Angle-

- 1-

Horizontal Angle--

--= 

Transducer Mountfng Bracket 

Typical Mounting Arrangement for a Doble Slider/Cable Transducer 

Figure 8 
Details for the Travel Recorder Kit Mounting 
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n Saturatlo 
Curve 

~/ 
r 

/-

/ 
f 1, 

/ 

-~ -
l,....-----1\ '""\.. --- -V -~ r- \ --V 

..-
\...3 

Temperature of 
°C 

30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 
-18 -7 4 16 27 38 49 

1 Normal Filling Pressure pslg or kPaG 
2 Low Pressure Alarm (Contact 63-2C Closes) 
3 Low Pressure Lock-Out (Contact 63-281 & 63-282 Close) 

Figure 9 
SF, Gas Density MonRor Calibration Curve for Pressure vs. Temperature 

Important: Refer to Figure 10 for a tabular versIon of the characttNIstics above. 
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Pressure 
pslg kPaG 

90 620 

80 550 

70 480 

60 415 

50 345 

40 275 

30 205 
( , 

20 140 

10 70 
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Tabular Version of the Pressure vs. Temperature Characteristics shown in Figure 9 

·40 -40 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 71.1 490.2 62.1 428.2 58.8 405.4 

10 ·12 73.4 506.1 64.0 441.3 60.8 419.2 

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 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 74.2 511.6 

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 

Figura 10 
SF, Gas Filling and DensHy Monitor Calibration Chart 
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I 
I 
I 

,. .. - ... _---- Main Pressure Adjustment Nut 

liDo 

~ G Set to close at 76 pslg (524 kPaG) at 20·C (6S·F) 

I: No Il2 Set to close at 72 psig (496 kPaG) at 20·C (6S·F) 

f N." 
C I Bl Set to close at 72 pslg (496 kPaG) at 20·C (6S·F) 

INC 

Set each switch to the pressure Indicatad In Figures 9 and 10. 

Figure 11 
SF. Gas Density Monttor 60002 
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I \ 
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o 

60003_~:I:. 

Figure 12 
Gas Charging Arrangement 

60003 
60007 
60008 
Tl3446 

SF. Gas Pressure Gauge 
Sample Valve 
Fia re Ftttl n g 
SF, Gas Reguator and Hose 
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Tl3446 
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Grease FS-1292" 

T13433 

10171 
DILO Quick Disconneci Fitting 

Grease FS-1292' Hold this part with a backup wrench 
when decoupllng 

Location where 
fitting decouples 

De-couple the gas manifold at this fitting. Replace the gas 
manifold connection with the DILO Quick Disconnect Tool 
Tl3433 to perform maintenance procedures Involving SF, 
gas removal and replacement. 

10171 
Tl3433 

Figure 13 
Rear Tank Cover Assambly.10032 

DILO Quick Dlsconnecl FttUng 
DILO Quick Disconnect Tool 

• Apply Dow Coming FS-1292 Grease to lubricate the threads of the quick disconnect fitting. 

12 October 1993 

( 

( 

( 



( 

Publication No. 526P305-01 

( 

145 PM Circuit Breaker 

Type PM 

145 PM Checklists© 

IIII 
1'1' ASEA BROWN BOVERI 

10 February 1993 



( 

( 

( 

Contents 
145 PM Installation and Commissioning Checklist 2 

Monthly Checklist for the 145 PM Circuit Breaker 7 

145 PM Yearly Maintenance Checklist 

145 PM 5-Year Maintenance Checklist 

8 

11 

526P305-01 
145 PM Checklists 

Contents 

10 February 1993 



526P305-01 
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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 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, ~ 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 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 worl<. 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 ali details or variations in equipment norto 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 are not covered sufficiently fort he purchaser's purposes, the matter should be referredtotheABB Power 
T & D Company Inc. Power Circuit Breaker Division, t25 Theobald Ave., Greensburg, PA 15601, Phone No. (412) 838-5200. 

"Copyright 1993, ABB All rights reserved. 
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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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145 PM Installation and Commissioning Checklist 

Date: 

Substation: Breaker 10 Number: 

Line or Bus: 

• •..• ,' .• ,lteintCondiltpQsto Check (Unltl!) ..•........ 1 ••....•••....•.•...... .;: ..... ·C~~i....J·; 
Breaker Data: 

Breaker Type: Serial Number: 

Maximum Rated Voltage (kV) kV 

Maximum Rated Continuous 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) 

Mechanism 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) psig kPaG 
Filling Temperature 

'c or OF 

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 

Manufacturer: Type: Serial Number: 

Temperature °C or OF 

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-Bl 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 Installation 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 Installation and Commissioning Checklist 

Date: 

Substation: Breaker 10 Number: 

Line or Bus: 

", Item/Conditions to Check (UnHs) 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 

Pole 1: micro-ohms 
Contact resistance terminal to terminal specified 
less than < 150 micro-ohms Pole 2: micro-ohms 

Pole 3: micro-ohms 

SF6 Gas Moisture Content (to be taken no sooner 
than 24 hours after filling the breaker with gas) PPMV at °C or OF 
>200 PPMV maximum 

Complete the Mechanism Commissioning Checklist 
(in the Mechanism module) 

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, 
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145 PM Installation and Commissioning Checklist 

. 
145 PM Timing Specifications 

'.' . 

Item to Check 
Actual Specified 

Measurement Parameter 

Opening Time 30 ms maximum 

Opening Velocity lor FSA-2 Spring 3.8 to 4.2 mls 

Mechanism 12,4to 13.8ft1s 

Opening Velocity lor HMB Hydraulic 
4.6 to 5.0 mls 

Mechanism (40 kA interrupting rating) 
15.0 to 16,4 Itls 

Opening Velocity for HMB Hydraulic 4.3 to 4.8 mls 

Mechanism (50/63 kA interrupting rating) 
14.1 to 15.7 ftls 

Inter-Pole Spread Opening 2 ms maximum 

Closing Time 50 to 65 ms 

Closing Velocity for FSA-2 Spring 2.5 to 2.8 mls 

( Mechanism 8.2 to 9.2 Itls 

Closing Velocity for HMB Hydraulic 2.5 to 2.9 mls 

Mechanism (40 kA interrupting rating) 
8.2 to 9.5 Itls 

Closing Velocity for HMB Hydraulic 
2.1 to 2.5 mls 

Mechanism (50/63 kA interrupting rating) 
6.9 to 8.2 Itls 

Inter-Pole Spread Closing 2 ms maximum 

Close-Open Time for FSA-2 Spring 
25to 50 ms 

Mechanism 

Close-Open Time for HMB Hydraulic 
Mechanism (40 through 63 kA interrupting 20 to 38 ms 
rating) 

Reclose Time' 20 cycles minimum 

'Important: Refer to the Maintenance module for important information regarding 
reclose time. 

l Continued on the next page. 
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145 PM Installation and Commissioning Checklist 

REMARKS/COMMENTS/NOTES: 

( 

( 

5 
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Maintenance Checklists: 

• Monthly Checklist 

• Yearly Maintenance Checklist 

• 5-Year Maintenance Checklist 

Forthe 1 O-year major maintenance, complete all of the standard 5-yearchecks 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 Mechanism and Interrupters modules. It is wise, after copying, to return and store the sheets in this instruction 
book for ready reference as your original master sheets. 

6 
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Monthly Checklist for the 145 PM Circuit Breaker 
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145 PM Yearly Maintenance Checklist 

Date: 

Substation: Breaker 10 Number: 

Line or Bus: 

k,< .. 'temfCOnditionstoCllec1< (Vnlt.) .. 1 . , ••. >......; < ·PIItJiI· .••.•••• · .'" . '.·.·.·.:..D.' 
Breaker Data: 

Breaker Type: Serial Number: 

Maximum Rated Voltage (kV) kV 

Maximum Rated Continuous 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) 

Mechanism Type. Serial Number: 

SF6 Gas Filling Pressure (psig) (kPaG) psig kPaG 

( 
Filling Temperature 

'C or 'F 

Note: The breaker must be filled as specified on the Density Monitor Calibration Chart as shown in the 
Maintenance module. 

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 (68'F) Pressure) 

76 psig psig psig 
63·C Alarm 

524 kPaG kPaG kPaG 

72 psig psig psig 
63-81 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 Yearly Maintenance Checklist 

Check for loose hardware 

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 ruptu ra disk 

Leak check the bushing flanges 

Leak check the rear tank cover assembly 

Leak check the bellcrank housing 

Leak check the interphase shaft seals the 
breaker in the OPEN and CLOSED 

SF6 Gas Moisture Content (to be taken no sooner 
than 24 hours atter filling the breaker with gas) 
200 PPMV maximum" 

Complete the Mechanism Maintenance Yearly 
Checklist 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. 
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145 PM Yearly Maintenance Checklist 

REMARKS/COMMENTS/NOTES: 

( 

l 
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145 PM 5-Year Maintenance Checklist 

(Perform every 5 years) 

Date: 

Substation: Breaker 10 Number: 

Line or Bus: 

[~--- Hem/Conditions to Check(Unlts) I .......< Pata ................. .T . ... 

Breaker Data: 

Breaker Type. Serial Number: 

Maximum Rated Voltage (kV) kV 

Maximum Rated Continuous Current (A) A 

Maximum Short Circuit Current (kA) kA 

Control Voijage (VDC) VDC 

Auxiliary Voijage (VAC) VAC 

SF6 Pressure at 20°C (68°F) 87 psig (600 kPaG) 

Mechanism Type: Serial Number: 

( SF6 Gas Filling Pressure (psig) (kPaG) psig kPaG 
Filling Temperature 

°c or of 

Note: The breaker must be filled as specified on the Density Monitor Calibration Chart as shown in the 
Maintenance module. 

SF6 Gas Density Monitor Settings 

Manufacturer: Type: Serial Number: 

Temperature °c or of 

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: 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 

Date: 

Substation: Breaker ID Number: 

Line or Bus: 

~'; . .[';~,~ . ~ "··,·,,."?;"S,., . .!i~ 
Check for loose hardware 

Check the anti-pumping circuit 

Check the control cabinet anti-condensation 
heaters 

Check alanms and lock-outs 

Leak Check Testing 

Leak check tube can nections 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 'i'i 

Pole 1: micro-ohms 
Contact resistance terminal to terminal specified 
less than < 150 micro-ohms Pole 2: micro-ohms 

Pole 3: i 

SF6 Gas Moisture Content (to be taken no sooner 
than 24 hours after filling the breaker with gas) PPMV at °C or of 
"200 PPMV maximum 

Complete the Mechanism Maintenance 2500 
Operations (5-Year) Checklist found at the end of 
the Mechanism module 

I Check the timing - refer to the 145 PM 
I Timing "'~~vi"vduul Checklist 

Reading on the operations counter 

Test performed by 

"Refer to the Maintenance module for further details. 

( 
Continued on the next page. 
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145 PM 5-Vear Maintenance Checklist 

145 PM Timing Specifications 

Item to Check Actual Specified 
Measurement Parameter 

Opening Time 30 ms maximum 

Opening Velocity for FSA·2 Spring 3.8 to 4.2 mls 

Mechanism 12.4 to 13.8ft/s 

Opening Velocity for HMB Hydraulic 4.6 to 5.0 mls 

Mechanism (40 kA interrupting rating) 
15.0 to 16.4 f1ls 

Opening Velocity for HMB Hydraulic 4.3 to 4.8 mls 

Mechanism (50/63 kA interrupting rating) 
14.1 to 15.7111s 

Inter· Pole Spread Opening 2 ms maximum 

Closing Time 50 to 65 ms 

( 
Closing Velocity for FSA·2 Spring 2.5 to 2.8 mls 

Mechanism 8.2 to 9.2 f1ls 

Closing Velocity for HMB Hydraulic 2.5 to 2.9 mls 

Mechanism (40 kA interrupting rating) 
8.2 to 9.5 ft/s 

Closing Velocity for HMB Hydraulic 2.1 to 2.5 mls 

Mechanism (50/63 kA interrupting rating) 
6.9 to 8.2 ft/s 

Inter·Pole Spread Closing 2 ms maximum 

Close·Open Time for FSA·2 Spring 
25 to 50 ms Mechanism 

Close·Open Time for HMB Hydraulic 
Mechanism (40 through 63 kA interrupting 20 to 38 ms 
rating) 

Reclose Time' 20 cycles minimum 

"Important: Refer to the Maintenance module for important information regarding 
reelose time. 

Continued on the next page. 
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145 PM 5-Year Maintenance Checklist 

REMARKS/COMMENTS/NOTES: 

( 

l 
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145 PM Circuit Breaker 

Spare Parts@ 
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( 
Index Part Description Qu .. ntlty 
Number per Breaker 

Recommended Spare Parts List 

M!!cblolsm 

53008 Charging Motor and Gearbox Assembly 

53009 Motor Brushes 2 

53014 Close Coli 

53016 Trip Coli 

53017 limit Switch 4 

53040 Auxiliary Switch 2 

53066 Secondary Trip Coil 

Control Cabinet 

60001 Anti-Condensation Heater 4 

60002 SF, Gas Density Monitor 

60003 SF, Gas Pressure Gauge 1 
t , 60007 Sample Valve 

O·Rlngs 

90001 C-Ring, Top Flange, (Bushing) 6 

90002 C-Rlng, Tank End 6 

90003 C-Rlng, Bottom Flange, (Bushing) 6 

90004 Insulating Nozzle C-Ring 3 

90005 C-Ring, Shaft Seal Assembly 8 

90014 C-Ring, Tank: Center (Inner) 3 

90015 C-Ring, Tank Center (Cuter) 3 

90016 O-Ring, Dashpot Cylinder 2 

90017 C-Ring, Dashpot Piston 2 

90018 C-Rlng, Dashpot Main 

Mblcellaneo!ls 

20009 Front Bushing Assembly 3 

( 20010 Rear Bushing Assembly 3 




