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1: Specific Gravity Readings®

Full Charge Specific Gravity at 25°C (77°F)
Type Specific Gravity
Lead Acid (Antimony) 1.200 - 1.230
Lead Acid (Calcium) 1.200 - 1.230
Nickel Cadmium 1.150 — 1.200

The recommended specific gravity readings may vary for special applications (i.e. portable diesel generators and gas
turbines).

Correction of Electrolyte Specific Gravity for Temperatures

When comparing specific gravity readings, allowances must be given for variations in the temperature of the
electrolyte. For each 1.7°C in temperature of the electrolyte above 25°C, add one (.001) point in specific gravity to
the actual hydrometer readings; and for each 1.7°C in temperature of the electrolyte below 25°C, subtract one (.001)
point in specific gravity from the actual reading.

Example:
Specific Gravity Cell Temperature (°C) Correction Specific Gravity reading
Hydrometer Reading Corrected to 25°C
1.230 15 -0.006 points 1.224
1.225 20 -0.003 points 1.222
1.220 30 +0.003 points 1.223
1.215 35 +0.006 points 1.221

2: Float and Equalize VVoltages

Proper Float and Equalize Cell Voltages
Float Equalize

Lead Acid (Antimony) 2.15 2.33
Lead Acid (Calcium) 2.17 2.33
Lead Acid (Selenium) 2.23 2.23
Nickel Cadmium 1.43 1.55
Gelled Electrolyte 2.23 2.23
AGM 2.25-2.30 N/A

Batteries should be given an equalize charge monthly or as required for a period of 8 hours. Most of the chargers
provide equalizing automatically.?

The manufacturer’s instructions should be referred to for any specific procedures.
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3: Battery Temperature

High temperatures give some additional capacity but will reduce total battery life. Low temperatures reduce capacity
but will prolong battery life under float operation.

The standard temperature used in rating battery performance is 25°C (77°F). The capacity of the battery will be
reduced by 0.6% for each degree fahrenheit the electrolyte is below 77°F, and will increase by 0.6% for each degree
above 77°F. Since our heating standards require the battery room temperature to be 15°C (59°F) minimum, the
battery will be operating at 90% capacity. In addition, the specific gravity is increased as the temperature is lowered.

Since capacity and specific gravity are affected by temperature changes, correction factors are used for testing and
test results (see MSR001-1).

4: Battery Terminal Torque and Re-Torgue Reguirements

The following table provides the torque and re-torques values for various battery types.

Manufacturer Description Initial Torque Re-Torque
Inch-Pounds Inch-Pounds
(Newton Meter) | (Newton Meter)
Exide Bolt: ¥4 diameter, 20 threads/inch 70-75 60-65
(8.0-8.5) (7.0-7.5)
Bolt: 5/16” diameter, 18 threads/inch 120-125 110-115
(13.5-14.0) (12.5-13.0)
C&D 3DU-11 70 70
(8.0) (8.0)

5: Current Limit Check on Battery Chargers

Instructions can usually be found in the manufacturer’s manual for setting this limit. Hook the discharged battery
bank back up and, with the spare set disconnected, observe the ammeter. The maximum current reading that is
shown on the ammeter indicates the current limit setting. Staticon uses a ratio of 1.25 times the current rating on the
nameplate. If the rating is not known, a ratio of 1.00 can be used.

6: De-lonized Water

De-ionized water from a water purifier with the purity selector switch set at 1 mega-ohm (1 mega-ohm/cm) or
higher, is to be used when it is required to add water to the cells.

! Not applicable to Lead Acid Gelled Electrolyte or AGM.
2 Turn off the equalize cycle on Gelled Electrolyte banks and AGM banks.
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Overview

The ProActiv program is used to retrieve, organize, and view results from battery bank
tests. The software supports two devices that are used for battery testing at
Newfoundland Power, the Digital Hydrometer and the Battery Impedance Tester (BITE).
Each device can be connected to a computer through a serial port and its test results
uploaded to the programs database.

ProActiv uses a Microsoft Access database to store its information. Through this
database, the battery bank information and test results are organized and updated.
There are currently two databases used by Newfoundland Power, one master and one
replica. The master database is stored in the following directory:

WNphome1\Maintenance\Substation Maintenance\Battery Proactiv Database\Master
Database\NF Power ProActiv.mdb

The master database is for use by all employees outside the St. John’s region. Test
equipment will be connected to a computer on the Newfoundland Power network and
result can be uploaded directly to this database through ProActiv.

A replica database (which should only be used when not connected to the network) also
exists on the hard drive of the Newfoundland Power laptop currently designated for
battery impedance testing, in a folder called Battery Database. This laptop is located at
the Electrical Maintenance Centre on Topsail Road. This laptop allows results to be
retrieved from test equipment in locations where no network connection is available.
This eliminates the need to return to an office to download tests once the testing
equipment is full.


file://Np-ken-user1/Maintenance/Substation%20Maintenance/Battery%20Proactiv%20Database/Master%20Database/NF%20Power%20ProActiv.mdb
file://Np-ken-user1/Maintenance/Substation%20Maintenance/Battery%20Proactiv%20Database/Master%20Database/NF%20Power%20ProActiv.mdb
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Quick Reference Downloading Steps

7)

Install ProActiv Software. If software is already on computer then this step
may be omitted.

Set up ProActiv Software by linking it to the proper master database

Connect BITE or Digital Hydrometer to computer through the serial port.
These instructions can be found in Section 2 and Section 4 respectively.

Place ProActiv in waiting mode and turn on the device. The transfer should
begin.

Once the transfer is complete, name the tests appropriately and save.
Detailed downloading instructions can be found in Section 3 and Section 5
respectively.

Close and Reopen ProActiv. Review test results using the software assuring
that all data is correct.

Once data confirmed accurate, delete data from “Bite Gun”. Note that once
this is done, if data was not downloaded into software, it will be lost
forever. If datais downloaded into wrong location, it must be re-
downloaded into correct location before it is deleted. Data cannot be
moved once it is downloaded (it can only be re-entered manually)
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Section 1 - Installing ProActiv Software

Note: This section is only needed if the ProActiv software is not already installed on
the computer being used. The Battery Impedance Laptop already has it installed.

To install the ProActiv software, perform the following steps:

1)

2)

Open Battery ProActiv Folder
\\Nphome1\Maintenance\Substation Maintenance\Battery Proactiv Database

Double click on the setup.exe icon

Setupexe

Follow the step-by-step setup instructions to install the ProActiv software on
your PC.

When setup is complete, open the ProActiv software by clicking on the
ProActiv shortcut icon which should be on the desktop

An
o
7]

Prodckiv


file:///C:/Users/mknight/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Maintenance/Substation%20Maintenance/Battery%20Proactiv%20Database
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Section 2 - Setting Up ProActiv

Note: Before ProActiv can be used, it must be linked to the proper master database.
To do this, follow the following directions:

1) When first installed, the software is linked to a default database; this will have
to be changed to the Newfoundland Power database. Each user will have to
change this default setting when he/she logs in the first time at a particular
machine. For example, if you download tests using a different computer than
the last time you downloaded test results, the database path will have to be

set again.

2) Click on File, select System Settings

ProActiv [\...\NF Power ProActiv.mdb] - |E| 1[
File Configure Import Data View Data  Instrument Utiities Tools  Help

Custom Field Designer

Copy Database

Exit

nfigure

Impaort Data

ProActiv ™ Quick Start Menu

3) Replace the default database path by Copying and Pasting the following path
into the Database Path

WNphomel\Maintenance\Substation Maintenance\Battery Proactiv

Database\Master Database\NF Power ProActiv.mdb

ProActiv System Settings =

=

[E Database
BackupDBDays
DatabasePath
DEVersion

[El General Settings
AutoCheckForllpdates
TemperatureUlrit

Bl Paths
ConfigurationPath
InstiumendpdatesPath
LagsPath
MainPath
ProgramPath
UserPath

7

[ne 1 Proaciiv D Dalabase\NF Power Profctivmdd]
B

Tiue |

Celcius

C:\Program Files\MeggerProdsetivi Configuration
C:\Progiam Files\Meager\Prodciv: Fimwsare
C:\Progiam Files\Megger\ProéetivLogs

C:\Program Files\Meager\ Pradctiv

C:\Progiam Files\Meager Prodetiv1.3.2.0
C:\Program Files\Megger\ Proéctiih iser =

AutoCheckForUpdates

Should Procliv automatically check for program wpdates? Note Pradctiv will only be able to find
updales i you have an Intemet connection

y
4) Click O.K. Set-up is now complete and ProActiv is now linked to the
Newfoundland Power Master Battery Database.
5) This can be verified by viewing old arbitrary NP test results.


file://Np-ken-user1/Maintenance/Substation%20Maintenance/Battery%20Proactiv%20Database/Master%20Database/NF%20Power%20ProActiv.mdb
file://Np-ken-user1/Maintenance/Substation%20Maintenance/Battery%20Proactiv%20Database/Master%20Database/NF%20Power%20ProActiv.mdb
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Section 3 - Connecting BITE to Computer

In order to connect the BITE to the computer the following equipment will be needed:

1) BITE “Gun”

Note: The serial extension cable is usually only needed if using a Newfoundland
Power laptop. The BITE Serial Adapter’s shape will not allow it to fit on certain serial
connections. In this case the extension is needed. These extensions can be
purchased at any store with an electronics department (Wal-Mart, Zellers, Radio
Shack, etc.)
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Perform the following steps to connect the BITE tester:

1) Connect the BITE Serial Adapter to the serial port at the rear of the
computer. The serial port is highlighted in the picture below. Please note
that it will not be found in the exact same location on every computer.

Once again please note that if the BITE Serial Adapter will not fit on the computer’s
serial port you will need to use a serial extension cable.

2) Once connected to the serial port you can connect the opposite end of the
cable to the BITE.

At this point you can move onto the next step and download the test results into
Proactiv.
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Section 4 - Downloading from BITE

1) Open ProActiv software

2) Click on Import Data, click on Import from Instrument, and click on BITE

trument W BITE 3
W BITE

® Digital Hydi

3) Click Next once to proceed to step 2. The program is now waiting to accept
test results.

Step 2 of 5

Importing data from BITE.

Opening communications po.. 4
Waiting for datafrom instrument.. =
Waiting for data downfoad fo compiete..

Closing communications poi.

Processing data..

Bytes received: NAA
Click to sbort waiting

‘ Please start the data transfer from the instument [refer to the instrument's instruction manual for detail] |

Cancel L Fevos | [ ea] 2 Rk

4) Turn the BITE on. Select EXPORT_DATA, select EBITE/PC, select PC.
The transfer should begin.

5) When transfer is complete, the program will proceed to step 3. Select the
checkbox for the results you wish to download. For each set, enter the Test
Date, Customer (Substation Asset Group), Region, Site, and String. When all
information is selected, click Next to move to step 4.

ProActiv Data Import Wizard

Step 3 of 5 ‘

Flease specify a string for every one ofthe 3 sets oftest results by first selecting a site and then & string

Result Sets TestDaie Customers Regions Sites Strings
[V St (32 cell [2005/03/16 =] [Substation Assi x| | =] =l 5|
¥ 5824 cels) [2005/03/16 x| [Substation Assi | |Cabonear ;sUrx] | =] =
[V Sel3(d cells [2005/03/16 =] [Substation assc x| [Cabonear (SUFx]  [BLK: Blaketowr »]  [100189 - Batter =]

BRI Bap Hobe

CAR: Catboneal

ELK; Clarkes Pc

COL: Colliers Su

DUN: Durills €
T configure a sile and/or sUing, please Use CorTQuialion 1| {CT- faats o
Tognore a specilc set, uncheck the checkbiol Lk s 0 o
To ses the raw data being imported, ik a resul

Concel o€ Previous | [ 1ien| 2 Fiieh




Select t

he checkbox for each result set to be saved. If Configuration Integrity
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is marked with a red X', click on the appropriate Result Set link (for example,

click on

“Set 1 (60 cells)” which is highlighted in blue). This will show you the

error which caused the failed Configuration Integrity test.

a.

ProActiv Data Import Wizard

If you are trying to download for example, 61 cells into a string which
has been configured to take only 60, you can click on (Create) to
create the extra required cells that are required for your download.
However, if you are trying to download for example, 59 cells into a
string which has been configured to take 60 or more, you can simply

select the save checkbox to override this error (Note that in this case,

the Create link is not clickable).
Click Next to move to step 5 and verify that all data was saved
successfully. Then click Finish.

Step 4 of 5

Hesult Seis

Set 132 cells
Set 2[4 cells
Set 3[4 cells

Please verify the validity of the 3 result sets

Datainfegiy  Configurabon Unique Data Save
Integy

v € (Ciecte) 4 v

U4 ® (Crezte) g v

7 x [Create] 4 I

Flease click the result set to see a description of any validation ermors.
Toignore a specific set, uncheck the *Save’ checkbox.

Cancel

Once all data has been downloaded into the database. Close down ProActiv
by clicking the ‘X’ in the upper right corner.

Re-open ProActiv and view the data which has been downloaded in the
previous sections. Once this data is confirmed to be satisfactory, Delete the
unneeded tests from the “Bite Gun”. Note that once this is done, if data
was not downloaded into software, it will be lost forever. If data is
downloaded into wrong location, it must be re-downloaded into correct
location before it is deleted. Data cannot be moved once it is
downloaded (it can only be re-entered manually).

-10 -
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Section 5 - Connecting Digital Hydrometer to Computer

Similar to the BITE, the Digital Hydrometer is connected through the computer’s
serial port.

In order to connect the Digital Hydrometer to the computer you will need the
Hydrometer itself and its serial adapter. They should both be found within the
Hydrometers case.

Perform the following steps to connect the Digital Hydrometer:
1) Connect the Digital Hydrometer’s Serial Adapter to the serial port at the rear

of the computer. The serial port is highlighted in the picture below. Please
note that it will not be found in the exact same location on every computer.

Pease note that if the Digital Hydrometer’s serial adapter will not fit on the
computer’s serial port you will need to use a serial extension cable, as outlined in the
instructions for connecting the BITE.

2) Once connected to the serial port you can connect the opposite end of the
cable to the Digital Hydrometer as seen below.

[ ol

At this point you can move onto the next step and download the test results into
Proactiv.

-11 -



Section 6 - Downloading From Digital Hydrometer

S)

Open ProActiv software

On the Digital Hydrometer, turn on the data logger (this is the block on the

left side of the Hydrometer).

Click on Import Data, click on Import from Instrument, and click on Digital

Hydrometer

Power ProActiv.mdb]
File Config ort Data View Daka Instrumert Utiities Tooks  Help

ProActiv ™ Quick Start Menu

Click Next once to proceed to step 2

ProActiv Data Import Wizard

Step 2 of 5

Opening communications po.. 4
Waiting for dasa from instrument.. <n
Waiting for data downioad fo complete.

Closing communicationspoi..
Processingdata..

Bytes received: N/A
Click to abort waiting

Imperiing deta from BITE...

‘ Please start the data transfer from the instrument (refer to the instrument’s instruction manual for detail] |

Canse]

& Previeus o Fiich

The program should begin to download results from the hydrometer. When
transfer is complete, the program will proceed to step 3.
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Select the checkbox for the results you wish to download. For each set, enter
the Test Date, Customer (Substation Asset Group), Region, Site, and String.

When all information is selected, click Next to move to step 4.

ProActiv Data Import Wizard

Step 3 of 5 ‘

Result Sels

[V Setd (32 cells
[ Set2[dcels
[ Setddcels

Flease specify a string for every one of the 3 sets oftest results by first selecting a site and then a string...

TestDaie Cusfomers Aegions Sites Strings

[ao0simarte =] [substationserz] [ =l N =l
[2005/03716 =] [Substation dsee x| [Cabonea (sUEx] | N =l
[2005/03116 =] [Substation dsse x| [Cabonear (sUEx]  [BLK: Blsketow =] [100183 - Batter ]

BB Doy ok

CAR: Carboneal

CLK; Clarkes P

COL Coliers 5u

DUMN: Durille &
To configure a site and/or sting, please use Configuration intl {07/ a5 oo
Toignare a speciic set, uncheck the checkba) e |24 v

Cancel

Ta see the raw data being impoted. dlick & resul
& Fevios| B tet| o A

-12 -
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Select the checkbox for each result set to be saved. If Configuration Integrity
is marked with a red X, click on the appropriate Result Set link (for example,
click on “Set 1 (60 cells)” which is highlighted in blue). This will show you the
error which caused the failed Configuration Integrity test.

a. If you are trying to download for example, 61 cells into a string which
has been configured to take only 60, you can click on (Create) to
create the extra required cells that are required for your download.

b. However, if you are trying to download for example, 59 cells into a
string which has been configured to take 60 or more, you can simply
select the save checkbox to override this error (Note that in this case,
the Create link is not clickable).

c. Click Next to move to step 5 and verify that all data was saved
successfully. Then click Finish.

Step 4 of 5

Please verify the validity of the 3 result sets

Besult Sefs Datainfegiy  Configurabor Unigue Data Save
Integy
et 1(32 cells s ® (ceste) 4 e
Set 2[4 cell| o x [Create] 4 v
Set 3[4 cells U * (Crezte) g r
Flease click the result set to see a description of any validation ermors.
Toignore a specific set, uncheck the *Save’ checkbox.
Cancel & Provious | [ B Newt] o Fiisn |

Once all data has been downloaded into the database. Close down ProActiv
by clicking the ‘X’ in the upper right corner. This is done to avoid glitches and
bugs currently present in the software.

Re-open ProActiv and view the data which has been downloaded in the
previous sections. Note that the Hydrometer’'s data should now be logged in
ProActiv. However, the specific gravity test results and impedance test
results will be stored as a different test within ProActiv. This is a software
limitation which should be fixed in the future.

Once this data is confirmed to be satisfactory, delete the unneeded tests
from the Hydrometer’s Data Logger. Note that once this is done, if data
was not downloaded into software, it will be lost forever. If data is
downloaded into wrong location, it must be re-downloaded into correct
location before it is deleted. Data cannot be moved once it is
downloaded (it can only be re-entered manually).

-13 -
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Section 7 — General ProActiv Use

Viewing Downloaded Tests

Once the tests from the BITE and Digital Hydrometer are downloaded to the
computer they can be viewed using ProActiv. If tests have been downloaded it is
recommended that ProActiv be restarted before viewing any tests. Once ProActiv is
closed it can be it can be reopened and the following steps can be followed:

1) Click on View Data, then View Data & Graphs

F Power ProActiv.mdhb]
Fille  Config port Data  View Data  Instrument Utiities  Tools  Help

ProActiv ™ Quick Start Menu

B configure

. Import Data

2) The next screen will appear as is below.
MNumerical and Graphical Data Yiew =) 5[
Display data for the following shiing tests.
Customers: Substation Asset  Regions St Jobns [SUB]  Sites HFP: Hoize Chops Hydia  Skings: 100144 - Battery
ISubslatiDn Azzet Group j ISI. Johns [SUB) j IHF'F’: Harze Chops Hydro Flant (5 j 100144 - Battery
Sting Tests, Print the Tests Grid
easurement Date Capture Date [Ambient Te.. |Ripple Curr. |Total AC Cu. |Float Current | Comments Edit Dielete B

2005/06/14 |ZDDEHDE!1E . . |Ehck toedit | Click to delete

200 3] 2| Click ta edit | [Click to delete

=l

| Dizplay String Summary Repart ‘

IceuM Lrements | Strap Measurements ‘ Azcending Impedance Graph | Selected Test Graph | Al Tests Graph ‘ Cell Measurements Graph ‘ E‘ly

[ Pt the Data Grid_Togdle Autowidth
2 0o 0o 0o 64940 [1zo0em
3 0o 00 0o . 54500 12:00 4M
4 0o 00 0o ; 54400 12:00 AM
5 0o 00 0o . 54220 12:00 M
6 0o 0o 0o 1240 64220 12:00 4
7 0o 0o 0o 1.250 g4.220 12:00 AM
8 0o 00 0o 1.241 54220 12:00 4M
3 0o 00 0o 1.235 54.220 12:00 AM
10 00 00 0o 1.240 54220 12:00 M
1 0o 0o 0o 1235 64220 12:00 A o]
String 100144 - Battery has 4 test(s). v

-14 -
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Here the Customers field will always be designated at “Substation Asset Group” as
it is the only possible selection for that field. The Region and Substation fields can
be selected simply by clicking on the drop down box and then selecting the
Region/Substation that the batteries you wish to view are contained in. Then you
can select the particular battery bank of interest by clicking the Strings drop down
box. If the battery bank of interest does not appear then there have been no tests
downloaded and the bank needs to be added to the database. Instructions on how
to add batteries can be found in the next sub-section.

Adding a Battery Bank

As mentioned in the previous section, if you wish to upload data to ProActiv and the
battery bank is not present it will need to be added. This can be done by following
the proceeding steps.

1) Open the main ProActiv menu. Click Configure, then Sites & String, then
Sites.

ProActiv [4...\NF Power ProActiv.mdb] =1olx]

File Configure Import Data Miew Data  Instrument Utilities  Tools  Help

ProActiv ™ Quick Start Menu

. Configure [ ] trings

B Instruments

Import Data .
. B anufacturers

2) The next screen will display all of the sites that have been configured for
ProActiv.

ProActiv ['...\NF Power ProActiv.mdb] - [Sites [All]] =10l x|
“a File Configure ImportData WiewData Instrument Utiities Tools Window Help =181 x]

D& X |B | -5

M Sites [All]
[ [ ik ek ek [ [ ik ek =

1241 Tap ABC: AlS BCW: Broad BFS. BHD: Beny  BIG: Big BLA: Bay BLE:
ToGlove.. Abiaha..  Aigentia.. CoweSu. Bishop".. HeadSu. PondSu. Liigent.. Blaketo.

e mk ome wd @ e @k e @

BOT BOY: Bowds  BRE: Bay BUC: By BV Indian BYS: CAR CAT:
Batwoo Cove Sub. Roberts Buchan. Bonavist River Su. Bayview. Carhone. Catalina

wh o omk ek omb sk b omd omb omd

CEF: Cape CHa: CLK: Clarkes ~ CLV: COB: Cobbs COL: Colliers  DLK: Deer  DOY: Doples  DUFFY,
Broyle Hyd .. Chamberlai . Pond Subs.. Clanenvil Pord Sub. Substation  Lake Su Substation  PLACE UF
b

< |

153 sites(s)

-15 -
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As of the time this document was written all the existing sites have been
configured for ProActiv therefore adding a site will not be covered in this
manual.

From the current screen, double click on the substation of interest.

Right click anywhere on the next screen and then select New.

| ProActiv [*...\NF Power ProActiv.mdb] - [Strings [GAR: Garnish Substation]] - |EI|5|
‘= File Configure Import Data View Data  Instrument Utiities Tools ‘window Help == x|

O e | & s -

Strings [GAR: Garnizh Substation]

Edit:

Delete

Other Actioms K
Up

Open

0 ztiingls)

Profciy

This will then prompt you for the string information. The name is the only
string information that is required. Batteries should be named as per their
company number. For example, the naming convention for a battery with
Newfoundland Power company number 100000 would follow the naming
convention “100000 — Battery”.

String Information |
I Basic Information | Duty Cycle | Charger | Diagram | Custarn Fields |
— [news string]
Mame: ||
Installation Diate: | 2008/08/21 =l
Default Cell Model
I anufachuren I j
el Model | |
Murnber of Cells: ID
Mominal Law Lirnit High Limit
“Walts per Celk IU il 0
Commerts: ;I
[

| E Save | | m Save and New | |E Save and Clusel

Once the battery bank is configured the cells will automatically generate once the
first download is complete.

-16 -
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Deleting a Battery Bank

1) Open the main ProActiv menu. Click Configure, then Sites & String, then
Sites.

.. \WF Power ProActiv.mdb] 131 x|
File Configure Impork Data  Wiew Data  Instrument Ukilties  Tools  Help

ProActiv ™ Quick Start Menu

. Configure | |

W Instruments
. Import Data

B viewData

2) The next screen will display all of the sites that have been configured for
ProActiv.

| i [...\NF Power ProActiv.mdb] - [Sites [All]] =0 x|
‘= File Configure ImportData WiewData Instrument Uiities Tools Window Help |8 x|
O e % | & e | -
0

m Sites [All]
[ [ ik ek ek [ [ ik ek =

124-L Tap ABC: ALS: BCY: Broad BFS: BHD: Bemy  BIG: Big BLA: Bay BLE:
ToGlove.. Abiaha..  Aigentia.. CoweSu. Bishop".. HeadSu. PondSu. Liigent.. Blaketo.

e mk ome w @ e @k e @
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3) From the current screen, double click on the substation of interest. Right
click the battery bank you wish to delete and then click Delete. A prompt will
appear asking you if you wish to delete all cells, straps and data. Click Yes.
The bank is now deleted.
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Synchronizing the Master and Replica Database

Note: This section should only be completed by those who are very familiar
with the program and its operation. Please call Jeff Coady @ 737-5384 if you
must proceed with this section.

This section is only necessary if the results that you wish to download are stored on
a laptop computer using the local/replica database. If this is the case, the results
stored on the laptop must be transferred to the main database which is located on
the network.

After new results are stored on either of the two databases, all information can be
transferred between both using a synchronization procedure. This can only be done
using Microsoft Access, and must be done on the laptop while it is connected to the
NF Power network.

To synchronize the master and replica database perform the following steps:

1) Open the replica database on the hard drive on the laptop in Microsoft
Access.

2) Select ‘Tools’ — ‘Replication’ — ‘Synchronize Now’ from the menu bar.

3) The user is then asked to enter the second database with which to
synchronize. The master database located in the maintenance directory
on the network should appear as a default. If not, select the master
database from the path:

\Nphome1\Maintenance\Substation Maintenance\Battery Proactiv Database\Master
Database\NF Power ProActiv.mdb

Performing the synchronization will transfer all changes in the replica to the master,
and all changes in the master to the replica. This will make both databases identical
and updated with the most recent test results from all areas.

-18 -
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MSRO002-1: Bushing Condition

The following descriptions are used for reporting bushing condition:

Good - Free from contamination, cracks, chipped skirts, etc. No repairs required.
Fair - Requires cleaning and possibility of replacing at next Maintenance V.
Bad - Change immediately or as soon as possible.

MSRO002-2: Types of Bushings

The manufacturer’s instruction literature covers all aspects of application, construction and maintenance of the
different types of bushings.

Bushing manufacturers have several different bushing type designations. Some bushings are oil filled and some are

of a dry construction. Bushings are usually made of porcelain, but some are made of epoxy (e.g. those on
Westinghouse SF6 gas breakers).

MSR002-3: Handling and Storage

Bushings should be handled with great care to avoid breakage or the entrance of moisture. Porcelain is very easily
broken when hit by a hard object.

Because of the weight and dimensions of the larger bushings, lifting eyes are provided and should be used when
lifting the bushing.

As soon as a busing is received, it should be examined for damage arising from shipment. With the bushing
temperature at 20-25°C, the oil level gauge should read “normal”. Examine the surface for small breaks or cracks
which might cause leakage later, but which are not yet affecting the oil level reading.

Bushings of the dry construction type can be handled and stored in any position for any period of time without
deterioration of bushing quality.

Oil filled bushings should never be laid horizontally. The top of the bushing should be kept at least 305 millimeters
(1 ft) higher than the bottom, so as to keep the core insulation below oil level. When stored for extended periods, the
bushing should be kept in the vertical position.
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MSRO002-4: Bushing Maintenance

Bushings should be examined closely for hairline cracks, broken skirts, and oil leaks. In oil-filled bushings, a check
should be made for leaks around metal flanges, fittings, and the solder seal at the bottom of some bushings (such as
the Westinghouse Type OSF condenser bushing). The oil level, as indicated by the gauge, should be checked and the
porcelain should be kept clean.

Some bushings are prone to leakage around the area where the cap is fastened to the porcelain, and also where the
porcelain is fastened to the mounting flange. These bushings usually have to be replaced and returned to the factory
for repairs. A check should be made to ensure that there is no excessive strain caused by personnel exerting
excessive force when tightening bolts on bushing caps when connecting conductors to the bushings.

Bushings with one or more skirts broken off may continue in service, but, because of the reduced creepage distance
from line to ground and the reduced impulse level, it is advisable to replace the bushing to prevent possible flash-
over due to moisture or contamination. The application of Glyptal on exposed surfaces of porcelain, where small
chips have been removed from skirts of bushings, is not recommended. Glyptal will not increase the insulating value
of the bushing. The only value in applying Glyptal would be in determining if future damage occurs in the future,
but, in most cases, the cost of the manpower and outages involved in it’s application outweighs the benefit.

Some bushings are provided with a test plug for making power factor tests. Power factor measurements should be
made as required. It is especially desirable to measure the power factor on bushings that have been in storage for a
long time.

Epoxy SF6 gas insulated bushings can usually have any chipping or cracking repaired with a patch kit supplied by
the manufacturer. The epoxy used in these bushings has the characteristic of naturally “chalking” on the surface,
which provides for self-cleaning by natural rainfall.

General maintenance of bushings consists of cleaning all exposed surfaces, checking for cracks and chipped
surfaces, and checking the oil level. Bushings that are exposed to salt spray, dust and any abnormal deposits are
subject to a special hazard and should be cleaned regularly to prevent flashover.

In some cases, as in the replacement of gauges and adding oil, it is possible to make repairs in the field. Specific
instructions should be obtained from the manufacturer’s literature. In some cases bushings have to be returned to the
factory because of the special equipment required to make the repairs.
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MSRO003-1: Minimum Trip and Close Voltages

A circuit breaker should be capable of a normal trip operation at less than full operating voltage.
A normal trip operation should be possible at approximately 70 volts on a 125- volt system.
Some circuit breakers require full operating voltage for a normal close operation, while some will close with slightly

less than full voltage. Refer to the manufacturer’s instructions for the minimum voltage required for a normal close
operation for a specific breaker.
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" OIL-BLAST CIRCUIT BREAKERS

SWITCHGEAR TYPES KSO 14.4 KV TO KSO 69 KV

CANADIAN GENERAL ELECTRIC COMPANY LIMITED |
PETERBOROUGH, ONTARIO -
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General Information

These instructions do not purport o cover all details or variations in equipment nor fo
provide for every possible confingency to be met in connection with installation, operation or
maintenance. Should 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 Canadian
General Electric Company.

INTRODUCTION

These breakers are of the most modern design, incorporating the oil blast principle of arc
interruption. The fast breaker interrupting time means less system disturbance because of a
quicker clearing of the fault. The shorter arc length means lower maintenance because of reduced
contact burning and oil deterioration. :

These instructions apply to outdoor breakers rated 14,400 volts to 69,000 volts and with
interrupting capacities as designated on the breaker nameplate.

An oil circuit breaker is a very important unit in the modern transmission system, being
depended upon for protection and flexibility of control. They rﬁcy be used at any daltitude up
to 10,000 ft. if the proper bushings are selected. The operating mechanism is installed in a
weather-tight housing attached to the circuit breaker framework, and its door provides access-
ability to all control parts. The breaker should not be installed in places where it will be called
upon to operate at voltages or currents greater than those given on the nameplate. The short
circuit conditions imposed should not exceed the breaker rating.

Proper installation and maintenance are necessary to insure continued safisfactory opera-
tion of the breaker. Section 19 of the Standard of the A.LEE, and the N.E.M.A. Switchgear
Standard published by the National Electrical Manufacturers' Association, in addition to these
instructions, are recommended for reference on the installation and use of the oil circuit breakers.
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RECEIVING, HANDLING AND STORAGE

Shipment-

All breakers are assembled and tested completely at the
factory. They are shipped assembled in as completed units
as handling and transportation facilities will permit. Each
breaker is carefully inspected and packed by workmen
experienced in the proper handling and packing of electri-
cal -equipment. Immediately upon receipt of a breaker an
examination should be made for any damage sustained in
transit. If injury or rough handling is evident, a damage
claim should be filed at once with the transportation
Company and nofification made promptly tfo the nearest
Canadian General Electric Sales Office.

Unpacking

For shipment to certain locations it will be necessary to
remove the bushings and interrupters.

When unpacking, the crating and boxing must be removed
carefully. The bushing porcelains and other parts are
sometimes damaged by the careless handling of uncrating
tools.

Storage

When the breaker can be set up immediately in its per-
manent location and fllled with oil, it is advisable fo do so,
even though it may not be put in service for some time. The
oil tanks should be cleaned and dried before they are filled
with oil. The protective crating should not be taken from the
bushings until the breaker has reached its permanent loca-
tion and all overhead work completed.

If stored outdoors, the breaker parts which are not
weather-proof should be thoroughly covered to protect
them from the weather. Machined parts of the operating
mechanism efc., should be slushed to prevent rusting and if
the breaker is stored for any length of time it should be
inspected periodically to see that rusting has not started
and to insure good mechanical condition.

Particular care should be taken fo protect insulation parts
which might absorb moisture. It is necessary that these parts
be stored in a dry room,

INSTALLATION

The installation of the breaker will be facilitated by a
study of these instructions and a review of the approved
drawings which supplement these instructions. The drawings
show the general arrangement, dimensions, location of
foundation bolts, provision for conduit connection, electrical

- TYPE KSO-14.4 KV TO 69 KV @
OIL-CIRCUIT BREAKER

connections and other information necessary for the proper
installation of the breaker. The approved drawings consist
of a requisition summary, outline of the breaker, and the
diagram of connections.

Location

The breaker should be located so that it will be readily
accessible for cleaning and inspection. It is important that
sufficient space be provided for operation of the mainten-
ance closing device. Where flood conditions exist, the
mechanism housing should be above high water level.

Mounting

" The total weight of the breaker with oil is given on the
outline drawing and on the nameplate. This information will
serve as a guide to the strength of the lifting means required
for handling the breaker. It may be lifted by hooking into .
the framework. When cable slings are used, the slings must
not strike the bushings, as any undue strain may cause them
to crack or break.

Connections

After the breaker has been located and foundation bolts
secured, electrical connections can be made. Before making
these, every precaution must be made to see that all leads to
be connected to the breaker are dead.

Leads should be brought down from above if possible.
Ample electrical clearance must be provided between leads
and parts of the station, such as walls, channels, and frame-
work. Leads should be properly supported so as not to put
any unusual strain on the bushings. The bushing should not
carry any cable or bus sirains. To avoid overheating, the
connecting leads must be of current carrying capacity at
least equal to the maximum operating current of the circuit
which shouid not exceed the breaker rating.

Connections to the breaker are made by bolted connec-
tors fastened to the end of the bushings. The bolts on the
terminal connectors must be securely tightened fo ensure
good contact. All contacts must be clean, bright and free
from dents or burrs.

Control and Secondary Wiring

All control wires should be run in conduit insofar as it is
practicable. Control wires must be run separately and remote
from high tension leads and must not be run in the same duct
or parallel to the high tension leads unless the distance
separating them is sufficient to prevent possible communica-
tion in the vent of a short circuit. Control wiring of adequate
size should be used so that with full operating current
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supplied to the control circuit, voltage across the mechanism
terminals is within the limits specified as standard for the
range of control voltage.

Grounding

The framework of each breaker should be permanently
grounded. The usual practics is to connect a heavy cable
from framework to ground, a bolted connector being
supplied for this purpose. The cable should be able to
carry 25% of rated current of the breaker but should not
be smaller than #4 /0.

A good permanent low resistance ground is essential for
adequate protection. A poor ground gives a false feeling
of safety to those working around the bredker and may
result in ultimate loss of life or damage to the equipment.

ADJUSTMENTS
Note:

Before making any changes or adjustments to the breaker
read carefully the factory electrical and mechanical inspec-
tion sheets pertaining by serial number to the breaker in
question.

Although the breaker has been completely set up,
adjusted and tested at the factory, it is suggested that all
adjustments be reviewed to see that no change has occured
during shipment and installation. Manual operation should
be used for all preliminary inspections. The breaker should
be operated 'by hand to see that it is smooth throughout
the closing and opening strokes, that no binding occurs and
that no excessive play is noficeable between parts. Elec-
trical operation should only be attempted after it is certain
all adjustments are made correctly.

The adjustments of the operating mechanism are not
included and instructions for the particular operating me-
chanism used should be referred to for detuails.

With the tank-lifter the tank can be lowered leaving the
contacts and breaker mechanism accessible for inspection.
The trip laich of the operating mechanism is wired in place
during SHIPMENT AND THIS WIRE MUST BE REMOVED
BEFORE INSPECTION. All wire and blocks used to hold parts
in place during shipment must be removed before breaker
is tripped open.

OlL
The specific high speed performance of the modern oil
blast breaker is dependent upon the uses, in the breaker,
of oil having the proper characteristics and refined under a
controlled method by a reliable refiner to meet fully the

rigid Specifications of the Canadian General Electric
Company. A high dielectric strength is necessary to meet

insulation requirements. A low freezing point is required for
successful operation when installed in locations subject to
freezing temperaturs. High resistance fo carbonization
minimizes the sludge and carbon deposits which reduce the
dielectric strength and cooling effect of the oil. It is very
important that the oil be free of all moisture as the presence
of one tenth of one percent may reduce its puncturing
resistance by fifty percent.

Before final adjusiments are made the oil tank should be
filled with GE #10C oil. Precavtions must be taken to insure
absolute dryness and cleanliness of the apparatus before
filling and to prevent the entrance of water and dirt
during transfer of oil to the tank. Customers desiring
detailed information on equipment and procedure for
filtering G.E. #10-C oil should obtain Bulletin GEA-1130A
from the nearest CGE Sales Office. Before filling with oil,
all accessories such as valves and gauges must be oil tight.
The threads should be covered with glyptal or equivalent.
Plugs are furnished for the outlet side of the drain valves
and should be used to prevent any leakage should the
valve seats become damaged from use. The normal oil
level is indicated by the oil gauge and may vary from
minimum to maximum, but should never drop below the
visible portion of the glass.

While the oil is shipped in sealed containers, careless
handiing during shipment or storage may result in absorp-

_ tion of moisture by the oil. All new oil should be tested before

being placed in the oil circuit breaker. The dielectric strength
of the oil when shipped is at least 22,000 volts when
tested in a standard gap with 17 disc terminals 0.1” apart.
New oil of less than standard dielectric strength (22,000
volts) should not be put in the breaker tank until its insulating
value has been brought up to standard, (by filtering or
otherwise).

In filling, care must be taken so that moisture will not be
absorbed by the oil. When cold drums are brought into a
warm place they must be left standing until condensation
has disappeared and drums are thoroughly dry. If the
installation is outdoors the preparation and filling must be
done on a clear dry day or adequate protection of some
kind provided against moisture being absorbed.

Metal or il proof rubber hose must be used because oil
dissolves the sulphur in ordinary rubber hose, this condition
being undesirable as the sulphur attacks the copper in
contacts, efc.

BREAKER ANALYSER CHARTS

When all brecker adjustments have been made, the
bearing surfaces of the mechanism properly lubricated and
the tank filled with oil, the breaker may be operated.
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A tfravel analyser may be attached to the breaker to
obtain an accurate travel record of breaker performance.
The removable operating rod of the analyser screws into
the top of the breaker crosshead, access through the dome
being obtained with a removable pipe plug inserted for
this purpose. A #10-24 hole is drilled in the crosshead to
receive analyser rod.

Representative travel curves of opening, closing and
trip free operations are illusirated in Fig. 1. lf should not be
necessary to mcke any adjustments to come within the
limits shown. Any variation from the limits given in Table 1
shatld be reported to the nearest Canadian General
Elettric Sales Office.

FINAL INSTALLATION INSPECTION
(See Table 1)

After the oil circuit breaker has been installed with all
mechanical and electrical connections completed, the follow-
ing tests and inspections should be made. Reference should
be made to the electrical and mechanical inspection
sheets supplied with each breaker.

1. See that the breaker is properly set up and levelled on
its foundation. :

2. Close the breaker by hand and check the following
points:
{a) Interrupter port alignment—Figure 2.
{b) Contact alignment.

(¢} Minimum clearance between blade and bottom
of interrupter.

. {d)} Stroke {inspection sheet).

(e} Clearance for all moving parts; connecting pipes,
etfc.

{f) Distance between top plate and crosshead. (See
Inspection Sheet).

3. See that all nuts, bolts, washers, cotter pins, and terminal
connections are in place and tightened.

4, Inspect and test all insulated wiring to see that no
damage, possible grounds or short circuits have occured
during installation.

5. See that all bearing surfaces of the breaker operating
mechanism have been properly lubricated.

6. See that the tank is filled with oil o the proper level.

INSTRUCTIONS
TYPE KSO-14.4 KV TO 69 KV
OIL-CIRCUIT BREAKER

7. Operate breaker electrically and check.
{a) Operating times—

time from closing impulse till con-
tacts touch.

1. Closing

2. Opening time from tripping impulse till con-
tacts Part.

3. Trip free time from contacts touch fill con-
tacts part on trip free operation.

Refer Figure 1, Analyser Chart, and Table 1.

(b} Rebound {Maximum of 5% of stroke).

8. See that current carrying parts connected fo the bush-
ings are correctly installed according to standard
practice and that all joints, whether made with bar
or cable, are made correctly.

9. See that all covers and bolted connections are securely
tightened and that all pipe plugs for inspection
openings are fightened and glyptalled so as to prevent
the entrance of moisture.

10. See that all points where the surface of the paint has
been damaged during shipping and installation are
repainted immediately.

BREAKER GENERAL

The oil circuit breaker is composed of the solenoid
mechanism and house, fop frame and dome, bushings,
stationary and moving contacts, and the breaker mechanism
which transmits motion from the solenoid to the moving
contacts.

The top frame supports the bushings, bushing current
transformers, breaker mechanism and the removable tank.
Figure 3 is a plan view of the dome and shows the relative
position of bushing current transformers and bushing current
transformer leads with respect to the mechanism. The frans-
former leads are brought out to the terminal blocks in the
housing, making them easily accessible for connecting to
meters and pro‘récﬁve devices.

Figure 4 shows the linkage involved in transmitting the
vertical travel of the solencid to the breaker lift rod (Fig.
4-6). On a closing operation the coupling 22 is pulled
down, rotates the bellcrank and gives vertical motion to the
link assembly 21. This in turn rotates the crank lever giving
upward motion to the lift rods.

Oil dash pots Fig. 5-(3) absorb the energy of the moving
parts on opening. The oil level in these dash pots should be
checked during regular maintenance.
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Venting

Gases generated during circuit inferruption are separated
from the oil and vented to the outside by means of a
pebble filled chamber Fig. 6 located in the top frame
Fig. 3 - (1). There are no adjustments and no maintenance
required unless the pebbles should be removed and cleaned.
The elbow (4) is removeable for this purpose.

Tank Lifter

A pair of chain blocks serves as a tank lifter. Two men
can raise the tank filled with oil quite readily. Clearance
should be left to the rear of the breaker to allow for the
removal of the tank for cleaning and maintenance purposes.

Contacts

The contacts consist of a stationary explosion chamber
mounted on the lower end of the bushings, and moving
blades and rods supported from the mechanism linkage.

Line-up of the chamber contact to the vertical position is
important. The contact rod moves through the throat of the
chamber and therefore the centre line of the chamber
should coincide with the centre line of the contact rod. In
mounting the adapter support and adapter, a spirit level
should be used to make certain the chambers are lined up
vertically. This vertical alignment can be adjusted by turning
the adapter support on the centre line of the bushing or by
loosening the bolts between the bushing and top frame and
altering the angle of the bushing.

The moving contacts consist of blades clamped to the
lower end of the wooden operating rods and holding, by
means of slotted supports, the adjustable contact rods,
Figure 4 (5). These contacts may be screwed in or out to
obtain correct contact compression on all stationary contacts
and to ensure that each phase is making and breaking at
approximately the same time. v

Contact Assembly

The complete explosion chamber, Fig. 4 (7) is removed
by unclamping from the bottom of the bushing. It is important
that the explosion chambers be set up so the parts are
exhausting- radially as shown in Fig. 2. To inspect the fixed
contacts the entire baffie assembly may be taken apart by
removing the dowel screws. The explosion chamber con-
tacts, spring loaded, are assembled on the adapter and are
renewable,

The explosion chamber contacts and moving contact rods
should be replaced when they become badly burned. Over
a period of time the baffles may become burned sufficiently
to require replacement of the baffle assembly.

Operation and Maintenance

The safety and successful functioning of connected appar-
atus depends upon proper and reliable operation of the
oil circuit breaker. To obtain this the breaker as a whole
must have regular systematic inspections. The frequency of
these inspections should be determined by each operating
company on the basis of the number of operations {including
switching), the magnitude of the current interrupted and
any unusual operations which occasionally occur. Operating
experience will soon establish a - maintenance schedule
which will give an assurance of proper breaker condition.
The following paragraphs give a resume of the points to be
included in an inspection and a number of general recom-
mendations,

1. At regular inspections:

{a) The current carrying capacity of high pressure line
or point contacts is practically independent of the
condition of the contact surface. With sufficient
contact pressure the area of contact is not important.
Therefore, with these contacts, where arcing and
current carrying functions are performed by the
same contact, it is not necessary o maintain the
surface of the contacts. As the contacts are burnt
away by arcing, it may be necessary to readjust
the contact compression and when burned suffi-
ciently, to replace the contacts.

{b) The oil should be checked. Qil in service should be
tested at approximately three month periods. If
the dielectric strength of the oil tests less than
16,500 volts, it should be filtered. When sampling
oil, the sample container should be a wide mouthed
glass bottle, cork stoppered, with at least one pint
capacity. The bottle should be cleaned and dried
and free from moisture before it is used.

Test samples should be taken only after the oil has
settled for some time. Samples should be taken
from the valve at the bottom of the tank and
sufficient oil drawn off to make certain that the
sample represents oil from the tank proper and
not oil that is stored in the drain pipe. A glass
receptacle is desired so that if water is present it
may be readily observed. If water is found, an
investigation of the cause should be made and a
remedy applied. Excessive ‘water is indicative of
leakage somewhere in the breaker structure,
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{¢) All insulation parts should be thoroughly cleaned
fo remove any trace of carbon which may remain
when the oil is drained from the tank. It is recom-
mended that the oil be removed and the tank
cleaned since the carbon which adheres to the side
of the tank is not removed by filtering.

{d) The operating and breaker mechanism should be
thoroughly checked and all bearing surfaces-lubri-
cated, using D50H15 circuit breaker lubrication.

{e) Dashpots should be checked and the pistons exa-
mined to see that they work freely and function
properly.

{f)  All bolts, nuts, washers, cotter pins and terminal
connections shauld be in place and properly tight-
ened. The gland nuts, small valves and oil gavge
sliould be checked fo see that they are sufficiently
tight to prevent leakage. In tightening glond nuts
and gauge connections, care must be taken not to
damage packing nor put undue strains on the gauge
glass.

{g) Operate the breaker slowly by hand and then
electrically; check the points listed under final
inspection in each case.

. Be sure the breaker and its mechanism are disconnected
from all sources of electric power before inspecting or
repairing. After breaker has been disconnected from
power lines, grounding leads should be properly
attached before coming in contact with breaker parts.

Be sure breaker framework is well grounded.

Inspect the bushing supports as the vibration due to the
operation of the breaker may cause the bushings to move
slightly and cause misalignment of contacts.

Clean the bushings at regular intervals. This is very
important where abnormal conditions exist, such as salt
deposits, cement dust or acid fumes, to avoid flashover
as a result of accumulation of foreign substances on
their surfaces.

INSTRUCTIONS
TYPE KSO-14.4 KV TO 69 KV

OIL-CIRCUIT BREAKER

6. See that the oil is kept at the proper level in the breaker
fank.

7. The maintenance closing device is to be used in making
adjustments~only and should never be used fo close the
breaker on load. Care should be taken also to see that
the breaker is never operated electrically with the
maintenance jack in position,

8. The apparatus should aiways be operated by hand
after any adjustments are made to make certain all
paris are in order.

Preparation of Gaskels and Gasket Surfaces (for cork,
neoprene, vellumoid, rubber and similar material.)

All gasket surfaces should be thoroughly cleaned to re-
move all cil, grease, or foreign material which would
prevent adhesion of the gaskets or sealing of the joints.
They should be allowed to become thoroughly dry before
proceeding with treatment.

All surfaces, where gaskets (except rubber gaskets) are
to be permanently assembled, should be given a full un-
broken coat of “1201" compound. All gaskets {except
rubber gaskets} for such joints should be given a similar
coat. This should be done at such a time in the assembly cycle
so that the compound be dallowed to dry at least one half
hour, and not more than twenty four hours, before assembly.
In making up permanent joints, both the gasket and gasket
surfaces should again be coated with glyptal and the parts
bolted up before the glyptal sets.

For joints which have to be opened, the surface of the
removable gasket should not be coated nor the part
installed until the compound on the gasket is perfectly dry.

The side of the gasket to be assembled against the uncoated -

surfaces should be greased to prevent sticking.

Rubber gaskets, due to their composition do not require
coating with compound or greasing as outlined above for
gaskets of other material.
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TYPE KSO-14.4 KV TO 69 KV
OIL-CIRCUIT BREAKER
RENEWAL PARTS Table 2 is a list of parts which are most subject to wear

It is recommended that sufficient renewal parts be carried or breakage and which are recommended for stocking.

in stock to enable the prompt replacement of any worn, The number stocked will vary depending on severity of

broken or damaged part. It will be readily appreciated service and the time required to secure replacements but a
that a stock of such parts minimizes service interruptions study of the following table will indicate a basis for ordering
cavsed by breakdowns and saves time and expense. spares.

Table 2: Renewal Parts Data

Recommended Stock
Type of Breaker No. per Breaker
F 1 Breacker 5 Breakers
a7
b 4 * [
E 2] - —_— - 1] —
] o 3 o ) o 5 0} o o - O
o g ° = o o B 3 o v 3 =
£ & a S & £ & a S & £ & & CI
233 8338 | 2338328 /2B EEoEOBROS8
£ i i | §::f:iiig | ffs:::z
8 U u u 5 % 0O a U U u 5 5 0 & U U U 5 5 O
KSO-14.4- 250-600 6 36 6 3 3 1 1 1 36 6 0 1 0 1 3 72 12 2 3 1 2
500-1200
1000-2000
1500-1200
-4000
KSO-14.4-1000-3000 -] 54 6 3 3 1 1 1 54 <) 0 1 0 1 3 108 12 2 3 1 2
KS50O-23-250-600 6 36 6 3 3 1 1 1 36 6 0 1 0 1 3 72 12 2 3 1 2
500-1200
KSO-34.5- 500-800 6 24 6 3 3 1 1 1 24 6 0 1 0 1 3 48 12 2 3 1 2
1000-1200
1000-2000
KSO-46- 500-800 [ 24 6 3 3 1 1 1 24 6 0 1 (o} 1 3 48 12 2 3 1 2
1000-1200
-2000
KSO-69-1000-800 6 12 6 3 3 1 1 1 12 6 (¢} 1 0 1 3 24 12 2 3 1 2
1500-1200
KSO-69-2500-1200 6 30 6 3 3 1 1 1 30 6 0 i 0 1 3 60 12 2 3 1 2
3500-2000

* The contact blade has two lengths, the longer blade for use on the centre phase. Recommended 1 long blade, 1 short blade.

10
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ar

" TYPE KSO-14.4 KV TO 69 KV

OIL-CIRCUIT BREAKER

TYPICAL ANALYSER CHART AS TAKEN ON TYPE KSO 14.4-500

1200 AMPERE—OIL CIRCUIT BREAKER

(REFER TO TABLE 1 FOR VALUES ON BREAKERS OF OTHER RATINGS)

—— - 1 | {1
E?{Fﬁﬂcmasg 4 T 6 JuT ||l 12 [} 14 [} g
0 LOW 4 6 o | 12 1) [ 8 20 22 | 94 | 96 | ®8 | 30 | 32
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D~ oaraeTs Taera AR e A
\\L CONTAGTS TOUGH fe@==
] AY
TRIP FFEE’—'\
—t— 3 \\ - "0 SWITCH MAKES
] \Y 1
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A
g— y
OYCLES T\
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\BREAKER FuLLY [QFEN
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1. OVERTRAVEL %", MAX. V2"

2. AVERAGE OPENING SPEED FROM ‘A’ TO ‘B’

2 x 3 = 54FL/SEC. RANGES TO 6 FT./SEC.

3. CLOSE & TRIP COIL ENERGIZED ON
ZERO LINE

4. TRIP FREE TIME-CONTACTS TOUCH TO
CONTACTS OPEN..3.0 CYCLES

A, CONTACTS PART
B. 3” FROM CONTACT TOUCH POSITION

Fig. 1

VIEW OF INTERRUPTER FROM ARROW “A" SHOWING PORT

MEGHANISM  HOUSE
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PLAR VIEW

Fig. 2
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INSTRUCTIONS
TYPE KSO-14.4 KV TO 69 KV
OIL-CIRCUIT BREAKER

0082867+ ONIMVYA

O N L AW N

Fig. 3

PLAN VIEW

. SEPARATING VENT
. HIGH VOLTAGE BUSHING
. FlLL VALVE

BUFFER
TOP FRAME

. MECHANISM HOUSE

SHAFT BUSHING

. BUSHING CURRENT TRANSFORMER LEAD
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TYPE K50-14.4 KV TO 69 KV
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INSTRUCTIONS @
OIL-CIRCUIT BREAKER

/

/@
]

[ Ayl b

Fig. 4

SECTIONAL VIEW THROUGH CENTRE

. FRAMEWORK
. TANK HEATERS

DRAIN VALVE

- CONTACT BLADE

CONTACT ROD
LIFT ROD

. EXPLOSION CHAMBER

GUIDE

9.
10.
11,
12,
13.
14,
15.
16.
17.

TANK LINING

OlL TANK

Ol GAUGE

CROSSHEAD

BUSHING CURRENT TRANS.
BUSHING GASKET
BUSHING

TOP FRAME

ANALYZER SUPPORT

13

18.
19.
20.
21.
22,
23.
24,
25.

PHASE

BUFFER

CRANK

SPLINE SHAFT

LEVER

ADJUSTABLE COUPLING
SOLENOID CRANK
MECHANISM HOUSE
GROUNDING TERMINAL
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INSTRUCTIONS
TYPE KSO-14.4 KV TO 69 KV
OIL-CIRCUIT BREAKER

g
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Fig. §

BREAKER MECHANISM

o
1. TANK 7. ANALYSER SUPPORT ®
2. TANK LINING 8. BUFFER >
3. OIL DASHPOT 9. LIFF ROD 03
4. CROSSHEAD 10. GUIDE SUPPORT z
5. TOP FRAME 11. GUIDE 0]
6. CRANK -
.
: o]
[o0]
0
0
g
Ny
Fig. 6
SEPARATING VENT
1. TOP FRAME 4. STREET ELBOW
2. PEBBLES 5. CHAMBER
3. SCREEN

14
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OIL-CIRCUIT BREAKER
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Fig. 7

EXPLOSION CHAMBER
14.4 and 23 KV—600, 1200 and 2000 Amperes

—
N—=O

PENO ;s wN

. EXPLOSION POT BODY

JET PLATES
CONTACT FINGER
SPRING BUSHING
SPRING

GUIDE

. ADAPTER

. INSULATING CAP
. DOWEL SCREW
. SPRING STEM

. STOP PLATE

. THROAT

15
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TYPE KSO-14.4 KV TO 69 KV

OIL-CIRCUIT BREAKER

N hwn =

v,
S s
———=

G

Fig. 8

|4

contact wipe= ¥
MAX. PERMISSABLE ‘i|€
OVERSHOOT = _%

EXPLOSION CHAMBER
14.4 KV—3000 Amperes

GUIDE

STEM

SPRING

BUSHING

WASHER
CONTACT FINGER

. THROAT PLATE

8.

9.
10.
11.
12.
13.
14.

16

ADAPTER

BODY

STOP PLATE
JET PLATE
BAFFLE

SPACER
DOWEL SCREW
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+
CONTACT WIPE= "¢ 1

MAX, PERMISSABL\
OVERTRAVEL = _Iz_

TYPE KSO-14.4 KV TO 69 KV

OIL-CIRCUIT BREAKER

\\\\\‘

{
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PN ALN

Fig. 9

EXPLOSION CHAMBER
34.5 and 46KV

STUD

. GUIDE PLATE

SPRING

SPACER

TUBE

DOWEL SCREW

. INSULATING PLATE

ADAPTER

9.
10.
11.
12.
13.
14,
15,

17

SPRING SEAT
SPRING COLLAR
CONTACT FINGER
BASE PLATE
BAFFLE

GASKET

THROAT

@
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INSTRUCTIONS
TYPE K50-14.4 KV TO 69 KV
OIL-CIRCUIT BREAKER
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Fig. 10

EXPLOSION CHAMBER
69KV—1000 and 1500 MVA

1. THROAT 8. ADAPTOR

2. CHAMBER BODY 9. SPRING

3. BAFFLE ASSEMBLY 10. CONTACT BASE
4. CONTACT 11. VENT TUBE

5. SPACER 12. ARCING PLATE
6. DOWEL SCREW 13. INNER THROAT
7. JACK SCREW

18
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INSTRUCTIONS
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TYPE K50-14.4 KV TO 69 KV

OIL-CIRCUIT BREAKER
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EXPLOSION CHAMBER
69KV—2500 and 3500MVA

19

1. STUD 9
2. GUIDE BUSH 10.
3. SPRING 11.
4. BODY 12,
5. SPACER 13.
6. TUBE 14,
7. DOWEL SCREW 15.
8. ADAPTER

. SPRING GUIDE

SPRING COLLAR
CONTACT FINGER
ARCING PLATE
BAFFLE PLATE
INNER THROAT
OQUTER THROAT
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INSTRUCTIONS .
TYPE KSO-14.4 KV TO 69 KV
OIL-CIRCUIT BREAKER

TABLE 1: I.N‘STAI.LATION INSPECTION DATA
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Table 1: Installation Inspection Data

INSTRUCTIONS
TYPE KSO-14.4 KV TO 69 KV
OIL-CIRCUIT BREAKER
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Contact . . .
Stroke . . Minimum Distance from Distance Maximum | Maximum .
Amps Inches IW;‘pe nglmum Top of Contact Block to | Opening over which Contact | Trip-Free M&z;’;:g"
Type 60 ?; es N ver-( Bottom of Interrupter Speed opening speed | Parting Time Time
Cycle! (Dim. A E lee' Ira;e Breaker closed Ft./Sec. Caleulated Time Touch to Cycles
Fig. 4) C}:(:mol::‘:) nehes Inches Inches Cycles | part Cycles Y
KSO-14.4-250 s00| 6 T Al % £y 1% Y 5 3 35 4.5 23
-14.4- ~ 0 (] 6 2 7 -6 . .
KSO‘]4.4-250 ]200 1" " e " I ”n " " "
KSO-14.4-500 600 " " " 3% " " " B "
KSO_] 4.4_500 ]200 " " a &t i i " " o
KSO._] 4.4_500 2000 “ it " " " " " " 26
KSO-#4.4-1000 1200 " " " 1% " " u " 23
KSO-1+4.4-1000 2000 " ° " " " " " " 26
) B
KSO-14.4-1000 | 3000 10 i(f‘ v + ;6 e % “ 5 " " 33
KSO-14 4-1500 1200 | 10, 1%+ Vie e 1% 5.6V “ 4.5 " 35
KSO-14.4-1500 4000 " « “ " “ u « “ u
)
K$0-23-250 s0] & OA %+ Vi Va % 5-6 3 3.5 4.5 23
KS$O-23-250 1200 " " " " " u " o “
KS0O-23-500 600 “ u “ 1. u “ u " o
KS0O-23-500 1200 “ " " 1 “ " M " "
) 1
KS0-34.5-500 800 10 i(f‘ » T é‘: v % 67 5 3.5 4.5 26 t1
KSO-34.5-1000 800 " “ o “ “ " " " « 11
K50-34.5-1000 | 1200 " " g g “ “ “ “ o 71
KSO-34.5-1000 | 2000 “ “ u % .. o u “ o tt
! !
KSO-46-500 gool10 T Mlgy + ‘//‘: A % 6Y2-72 5 3.5t 4.5% 261t
KSO-46-1000 800 “ . u g " “ vt w1 o 11
KS0O-46-1000 1200 “ “ " " “ “ w t w w 11
2000 u “ " % w " ot o 1 o 1T
) 1
KSO-69-1000 ~soof13 + 0/‘ % T 3//;: Y T “ 8 3.5¢ 4.5% 35 *
KSO-69-1000 1200{ * “ “ . . . " " .
KSO-69-1500 800 " " . u " " "t o oo
KSO-69-1500 1200 " " " " " " “t "1 w ok
KSO-69-2500 1200 N “ o 1 7-8 M “ “ wok
KSO-69-2500 2000 * “ o 1 " u “t "1 nok
K$O-69-3500 1200 “ “ u 1 ~- « “ g “t .
KSO-69-3500 2000 " " “ 1 o n .t “ 1 T

t 25 Cycles when pneumatic mechanism is used.

1 3.5 Cycles when pneumatic mechanism is used.

1T 12 Cycles when pneumatic mechanism is used.

*

18 Cycles when pneumatic mechanism is used.
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NEWFOUNDLAND Maintenance Standard Number: MSR003-3
POWE R Effective Date: 2009-07-17
A FORTIS COMPANY Superceding Date: 2004-07-21
Page 1 of 1
REFERENCE
WESTINGHOUSE SF6 SAFETY AND MAINTENANCE PROCEDURES
Created by: B. Chubbs Reviewed by: G. Samms
Revised by: B. Chubbs Approved by: G. Samms

MSRO003-3: Westinghouse SF6 Safety and Maintenance Procedures

Safety Precautions

Remove AC & DC Power Supply

Open Breaker, Remove Air Pressure, and Discharge Springs

Use Gas Reclaimer to Remove SF6 Gas to External Cylinder

When Opening the Pole Use Suitable Fresh Air Breathing Apparatus (3M-2091), and Rubber Gloves
Refer to ALSTOM Rev 1 HGF1000 Instruction Manual

akrwbdPE

Maintenance Procedures

Remove Bushings and Interrupters

Replace All Gaskets on Bushings and Bushing Flanges

Check Interrupters for Worn Parts, Remove Conductive Grease and Replace With New
Install New Bushings, Fill With Air

Check that SF6 Low Gas Alarms and Block Close Contacts Operate at 55psig

Pull Vacuum to 2mm of Mercury and Fill Breaker with SF6 Gas

Check All Breaker Dimensional Checks

Clean and Install New Gasket Kit in Pilot Valve

N~ WNE
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‘CBWatch-1 ALSTOM USA Inc.
Page 16 CBWatch-1 INSTRUCTION MANUAL Rev 3

40 Annex
CBWatch interface electrical connections

[ Optical
Serial number C RS232 )

#427824-12 CBWATCH 1
7mm GAS MONITOR
absolute equivalent pressure
at 68°F (bar)
L]
Threshold Trend
[ ® * L] e
P1 P2 T T2 Low
[ Temperature
Self test

206mm oK

3
GEC ALSTHOM

4x Low  Self
6.5 Temp _ test

i)

To sensor

Sensor connection diagram
(From left to right)

e Brown= +12Vccesmms  Connected to pin 30

e\ hite= groundmeeem
o de= groundm—
oY eflow= RS485A mmm—

Connected to pin 31
Connected to pin 32
Connected to pin 33

e Green= RS4853 ==  Connected to pin 34

Maintenance on the sensor should be execute by an qualify person only

@ Relays pictures
P1-P2-T1-T2 relays are shown at normal position (no alarms),

SELF TEST relay should be in the opposite position if the system is OK,

Connector can accept wire gage 24 to 12 AWG (0.241mn? to 3.31mm3).

@ Power supply

Connector can accept wire gage 24 to 12 AWG (0.241mm2 to 3.31mm2).

@ Optic fiber

Connector: ST

Optic fiber: 62.5/125um
Lenght max; 3.2km
protocol: Modbus
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AREVA GAS TRANSDUCER INSTALLATION FOR CB WATCH
Tools necessary: Large adjustable, small adjustable, Teflon tape,10 mm socket, tyraps,
silicone, small straight screwdriver, side cutters, meter, switching order to isolate breaker
( DC will have to be off for installation but necessary for testing ).
Isolate breaker and remove dc.

Attach coupling to transducer with Teflon tape in a vise.

Loosen pole nuts off % inch to isolate pole from piping. Check valve closes when nut is
backed off.

Drain gas from piping. Remove cap from bottom of piping junction box and press tit to
release gas.

Remove cap and attach transducer. Place cap in breaker to store (cap is no longer
necessary).

Tighten 3 pole nuts to reconnect gas to piping and introduce to transducer.
Remove two access covers on back of breaker.

Feed cable to cb watch. Leave drip loop in cable, The grommet is not really tight.
After routing cable reinstall metal covers and apply silicone to top edge.

Leave excess wire at back of breaker for there is a heater in front.

Remove two 10 mm bolts to swing cb watch panel. Remove 4 small slot screws to
remove front of cb watch panel.

Wrap cable 3 times through iron core leaving a wire diameter of about 2 inches.

Connect as follows to block J202 and J201. Left to right brown, white, nude, yellow and
green.

Apply dc to test. After a few seconds the pressure should show. We viewed about 98
psi.

***k Wire numbers 19, 20, and 21 on block J101 can be removed and 125 vdc can be
applied directly. Pos on 19, ground on 20 and neg on 21. This will not be necessary if
breaker is in service. Dc will already be present at cabinet. ***

If an E1 error shows wire cables yellow and green have to be swapped. There are two
versions of boards.
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MAGNE-BLAST CIRCUIT BREAKER

AM 4.16-250-8* and AM 4.16-150-8*

INTRODUCTION

The magne-blast circuit breaker is the removable
interrupting element for use in vertical-lift metal-
clad switchgear, to provide reliable control and
protection of power systems. Among the many
advantages of metal-clad switchgear are added
protection-to equipment and personnel, compactness,
simplified installation and reduced maintenance, In
kéeping with these featuresthe magne-blast breakers
are designed for interchangeability and maneuver-
ability, together with reliability and low maintenance
requirements,

The magne-blast circuit breaker operates.on the
principle that an arc can be interrupted in air by
sufficiently elongating and cooling it. Thisis accom-
plished by means of a strong magnetic field that
lengthens the arc and forces it into intimate contact
with cool dielectric material. A sturdy, reliable
operating mechanism assures low maintenance and
long life.

The AM-4.16 magne-blast breaker is available in a
number of current ratings, Refer to the breaker
nameplate for the complete rating information of
any particular breaker. The short circuit conditions
to be imposed on the breaker must not exceed its
rating, nor should it be called upon to operate at
voltages or currents greater than those given on the
nameplate. Since this book is writtento cover several
ratings of breakers that are of the same general
design, all instructions will be of a general character
and all illustrations will be typical, unless otherwise
specified.

Proper installation and maintenance are necessary
to insure continued satisfactory operation of the
breaker. The following instructions will provide
complete information for placing magne-blast break-
ers in  service and for maintaining satisfactory
operation,

RECEIVING, HANDLING AND STORAGE

RECEIVING AND HANDLING

Each breaker is carefully inspected and packed by
workmen experienced in the proper handling and
packing of electrical equipment. Immediately upon
receipt of the circuit breaker, an éxamination should
be made for any damage sustainedin transit. If injury
or rough handling is evident, a damage claim should
be filed immediately withthe transportation company
and the nearest Canadian General Electric Sales
Office should be notified.

It is expected that due care will be exercised during
the unpacking and installation of the breaker sothat
no damage will occur from careless or rough hand-
ling, or from exposure to moisture or dirt. Loose
parts associated withthe breaker are always included
in the same crate. Check all parts againstthe packing
list to be sure that no parts have been overlooked.

STORAGE

It isrecommendedthatthe breaker be put into service
immediately in its permanent location. If this is not
possible, the following precautions must be taken to
insure the proper storage of the breaker:

The breaker should be carefully protected against
condensation, preferably by storing it in a warmdry
room, since water absorption has an adverse effect
on the insulation parts. Circuit breakers for outdoor
metal-clad switchgear should be stored inthe equip-
ment only when power is available and the heaters
are in operation to prevent condensation.

The breaker should be storedin acleanlocation, free
from corrosive gasses or fumes; particular care
should be taken to protect the equipment from mois-

.~ture and cement dust, as this combinationhasa very

corrossive effect on many parts.

*Letter designation B, C, H, and R, used immediately following the model number indicates basic design

differences.



.chined parts of the operating mechanism, etc.,
ould be coated with a heavy oil or grease to
event rusting. .

the breaker is stored for any length of time, it
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should be inspected periodically to see that rusting
has not started and to insure good mechanical con~
dition, Should the breaker be stored under unfavor-
able atmospheric conditions,- steps should be taken
to dry out the breaker before it isplaced in service.

INSTALLATION

-

' PROCEDURE

smove the box barrier and front cover and make a
sual inspection to ascertain that the breaker and
echanism 1is in satisfactory condition., Check all
aring surfaces of the mechanism for lubrication.
sfer to section on Lubrication.

1arge the breaker closing springs manually usinga
tchet wrench to turn the driving eccentric (6,
rure 4). Turning the eccentric counter clockwise
11 advance the ratchet wheel and compress the
rings.

hen the springs have reached the fully chargedpo-
tion the indicator (6, figure 2) will read CHARGED,
1d the driving pawl will be raised from the ratchet
heel teeth. Additional turning of the eccentric will
't advance the ratchet wheel.

sert the spring blocking device {4, figure 4) and
anually discharge the springs against the pins by
ishing the manual close button (1, figure 4). The
rings are now blocked and slow closing of the
~eaker contacts can be accomplished by again
rning the driving eccentric with a ratchet wrench.

uring the slow closing operation check to insure
at the mechanism does not stick or bind during the
itire stroke, that it latches securely in the closed
)sition, and that it trips freely when the manual
ip lever is operated. The breaker should not be
yerated electrically until it has been operated
sveral times manually to insure freedom of action.
; this time, also check the following adjustments
iown in the CORRECTIVE MAINTENANCE section.

1) Primary contact wipe,
)) Arcing contact wipe,
:) Primary contact gap.

WARNING

DO NOT WORK ON EITHER THE
BREAKER OR MECHANISM UN-

LESS THE CLOSING SPRINGS ARE
BLOCKED AND THE OPENING
SPRINGS HAVE BEEN TRIPPED OR
MECHANICALLY BLOCKED. THIS
PRECAUTION IS REQUIRED TO PRE-
VENT ACCIDENTAL CLOSING OR
TRIPPING. . . : :

After the adjustments have been checked, the springs
can be unblocked. Rotate the driving eccentric until
the indicator reads CHARGED and the ratchet wheel
no longer is advanced. The blocking device can now
be removed.

Attach-'the test coupler to the circuit breasker and
operate electrically several times. Checkthe control
voltage as described under Control Power Check.

NOTE
If the breaker secondary wiring is to
be given a hi-potential test at 1500 volts,
remove both the motor leads from the
terminal connection. Failure to dis-
connect the motor from the circuit may
cause damage to the winding insulation.

Remove the test coupler and replace the box barrier.

If the breaker has been stored for a long period of
time, it is recommended that.the insulation be
checked with a standard 60 cycle high potential test.
Refer to Insulation Test.

Lubricate the silver portion of the primary dis-
connect studs by rubbing a small amount of contact
lubricant D50H47 to form a thin coating on the ball
contact,

Refer to metalclad iristrﬁction book PGEI-1202 for
final instructions before inserting the breaker into
the metalclad unit,

ADJUSTMENTS

In order to perform the adjustments refer to Adjust-
ments under CORRECTIVE MAINTENANCE,

S

e
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DESCRIPTION OF OPERATION

GENERAL

The magne-blast breaker is composed of two major
parts, the breaker element and the operating mech-
anism., The breaker element comprisesthree similar
pole umnits, each pole unit consisting of main and
arcing contacts, an interrupter, and an enclosing box
barrier that segregates the interrupting units from
each other to provide insulation between phases as
well as from each phase to ground. The primary
connections to the associated metalclad equipment
are made through the primary disconnect studs.
The ML-13 operating mechanism shown infigures 1,
2, and 3 is of the stored energytype designed to give
high speed closing and opening. The mechanism will
operate on AC or DC voltage as indicated on the
breaker nameplate. Closing and opening operations
are controlled electrically by the metal-clad or re-
mote relaying, and mechanically by the manual close
and trip levers on the breaker. All secondary con-
nections from the breaker to the metalclad unit are
made through the secondary coupler (1, figure 1).

A positive interlock roller (2, figure 3) andinterlock
switch (2, figure 1) are provided betweenthe breaker
and metal-clad unit to prevent raising or lowering of
the breaker in the unit while in aclosed position and
to prevent a closing operation when the breaker is
not in either the fully raised or lowered position. A
plunger can also be provided to operate an additional
auxiliary switch mounted in the metal-clad unit.

A spring release interlock shown in figure 21 will,
if the breaker is inthe closed position with closing
springs charged, trip the breaker open and hold the
mechanism in a trip free position while discharging
the closing springs when inserting or removing the
breaker from the metalclad unit.

When the breaker is interchangeable with MS-10D
solenoid operated breakers in M-26 metalcladunits,
motor circuit fuses are mounted on the breaker for
protection. These breakers are identified by the ““C’’
suffix in the breaker nomenclature. Breakers not
required to interchange with solenoid operated
breakers (MS-10D) in M-26 metalclad units are
identified by the ‘“H’’ suffix in the breaker nomen-
clature. Protective fuses for the motor circuit of
these breakers are mounted on the metalclad front
enclosure side sheet.

SPRING CHARGING

The mechanism consists of a high speed gear motor
that compresses a set of closing springs throughthe
action of a simple eccentric, ratchet, and pawl
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assembly. The rotary action of the motor (2, figure 4)
is converted to ashort straight stroke pumping action
through the eccentric {6) and a lever that carries a
spring loaded driving pawl (5).

The paw! advances the ratchet wheel (3, figure 3) only
a few degrees each stroke where itisheld in position
by the latching pawls (1}). When the ratchet wheel has
been rotated approximately 180 degrees the closing
springs (6) will be fully compressed. As the ratchet
wheel continues to rotate, the spring load will shift
over center and attempt to discharge. After only a
few degrees of rotation, the closing latch roller (10,
figure 1) will engage the closing latch (11) and the
compressed springs will be held in repose until a
closing operation is required. During the last few
degrees of the ratchet wheel rotation the motor and
interlock switches (6) are released and the driving
pawl is raised from the ratchet wheel surface. This

_allows the motor and driving mechanism to coast to

a natural stop expending all residual energy.

During the time the springs are being compressed a
relay (6, figure 6) locks the closing power circuits
open and the relay will remain energized until the
springs are fully charged and the control contacts

‘are re-set.

The closing springs may be charged manually if
control voltage is lost. A ratchet wrench can be used
to rotate the eccentric in a counter clockwise
direction until the indicator reads CHARGED andthe
driving pawl no longer engages the ratchet wheel. The
use of the ratchet wrench provides for maximum
safety in the event that control power is suddenly
restored without warning. In this event, the motor
drive will take over again and continue to charge
the springs.

CLOSING OPERATION

Closing the breaker is accomplished by energizing
the closing solenoid or .by manually pressing the
close button. In either case, the closing latch is
removed from the spring blocking location allowing
the springs to discharge. The energy of the springs
is applied to the rotation of a cam (16, figure 5)
that closes the breaker through a simple linkage
that remains trip-free at all times. A monitoring
switch (11, figure 6) on the closing latch will start
the spring charging motor after it is fully reset.

OPENING OPERATION

An electrical opening operation is initiated by
energizing the trip coil. This is accomplished either
by actuating the opening control switch onthe metal-
clad unit or by a combination of relays and current
devices used to detect a fault on the load side of the




reaker. By energizing the trip coil, the tripplunger
otates the trip latch (7, figure 5), causingthe oper-
ting mechanism linkage to collapse. The energy
tored In the opening springs is thus released,
pening the breaker. During this operation, the trip
0il circuit is de-energized, and upon completion
f the opening operation, the operating mechanism
3 returned to its normal position, ready for closing.

s the breaker opens, the main contacts part first,
hunting the current through the arcing contacts. An
rc forms as the arcing contacts part. See figure 7.
s the movable arcing contact (7) is withdrawn
hrough the probes on the arc runner, the upper end
f the arc is transferred to theupper arc runner (4).
‘o assist the interruption at this point, a stream of
ir is emitted from the booster tube (25) and forces
he arc onto the lower arc runner (8). Establish-
nent gf the arc on the runners automatically inserts
he bBlowout coil into the circuit, introducing a
nagnetic field between the pole pieces which tends
o draw the arc away from the arcing contacts. The
nterrupter contains one upper blowout coil and one
ower blowout coil each connected with its respective
rc runner. The arc is forced outward along the
liverging arc runner by the magnetic field.
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At the_same time, the arc is being forced into the
arc chute (3) which is composed of a series of
gradually. interleaving insulating fins. These fins,
which project alternately from the two opposite
inner surfaces of the chute, elongate the arc into a
gradually deepening serpentine path, so that the
electrical resistance in the path of the arc is rapidly
increased and the heat from the arc is absorbed. The
increased resistance reduces both the magnitude and
the phase angle of the current, and at an early
current-zero the arc path is so long and the gases
produced by the arc so cooled that the arc cannot
re-establish itself and interruption occurs.

Manual tripping follows the same procedure except
that instead of energizing the trip circuit, the
manual trip (11, figure 2) is used.

TRIP FREE OPERATION

If the trip coil circuit is energized while the breaker
is closing, the trip plunger will force the trip latch
(8, figure 5) away from the trip roller (9) causing
the mechanism linkage to collapse and the breaker
to re-open. The closing cam (16) will complete its
closing stroke and the springs will re-charge as in
a normal closing operation.

PREVENTIVE MAINTENANCE

Dependable service and safer power equipment are
contingent upon the unfailing performance of the
power circuit breaker. To maintain such service, it
is recommended that a definite inspection and main-
tenance schedule be set up and followed, as serious
shutdowns can often be avoided by locating potential
sources of trouble in an early stage. A periodic
lubrication of parts subject to wear is also vitally
important for the successful operation of the breaker.

WARNING

BEFORE ANY MAINTENANCE WORK
IS PERFORMED, MAKE CERTAIN

" THAT ALL CONTROL CIRCUITS ARE
OPENED AND THAT THE BREAKER
IS REMOVED FROM THE METAL-
CLAD UNIT. DO NOT WORK ON THE
BREAKER OR MECHANISM WHILE IN
THE CLOSED POSITION UNLESS THE
PROP AND TRIP LATCH HAVE BEEN
SECURELY WIRED OR BLOCKED TO
PREVENT ACCIDENTAL TRIPPING,
DO NOT WORK ON THE BREAKER OR
MECHANISM WHILE THE SPRINGS
ARE CHARGED UNLESS THEY ARE
SECURED IN THAT POSITIONBY THE
MAINTENANCE SPRING BLOCKING
DEVICE.

PERIODIC INSPECTION

The ‘frequency of periodic inspection should be de-
termined by each operating company on the basis of
the number of operations (including switching), the
magnitude of currents interrupted, and any unusual
operations which occur from time totime. Operating
experience will soon establish a maintenance sched-
ule which will give assurance of proper breaker
condition.

On installations where a combination of fault duty
and repetitive operationis encountered, an inspection
is recommended after any severe fault operation. The
following instructions list the main points to be
included in an inspection and a number of general
recommendations,

ARC CHUTES
It is not necessary to inspect the arc chutes unless
there is evidence of damage or if the arc chutes
are removed for any reason. When inspecting an
arc chute, it should be disassembled and the following
points noted:

Scale formed over the surface of the arc chute must
not be removed, but loose particles collected in the
chute should be blown out.




Cracks which have formed in the fins of the arc
chute are to be expected in ceramic materials of
this type when subjected to the severe heat of an
arc. These cracks do not interfere with the operation
of the device in any way and should be disregarded.

If the arc chute has suffered any mechanical injury
due to dropping or accidental striking, resulting in
the actual breaking off of fins, replacement of the
chute will be necessary. Small broken corners on
the exhaust end of the chute will not interfere with
its performance and can also be disregarded.

The plastisol flexible covering for the pole pieces (3 and
16, figure 15) should be inspected for breaks in the in-
sulation. If there are holes or breaks in the insulation
they should be repaired or the part replaced.

=

“BREAKER CONTACTS

By removing the boxbarrier the movable and station-
ary primary contacts and the movable arcing contacts
can be inspected. The stationary arcing contacts can
be inspected after removing the arc chute assembly
as explained under Repair and Replacement. If the
contacts are burned or pitted, they should be made
smooth with a fine file.

After completing inspection of the contacts, check
the contact adjustments as specified under Adjust-
ments.

MECHANISM

A careful inspection should be made to check for
loose nuts or bolts and broken retaining rings. All
cam, roller, and latch surfaces should be inspected
for any evidence of damage or excessive wear.
Lubricate the mechanism as outlined below, then,
using the manual charging wrench, open and close the
breaker several times to make certain that the
mechanism operates freely throughout its entire
stroke. Check the mechanism adjustments as speci-
fied under Adjustments. Check all terminal con-
nections.

BUSHINGS AND INSULATION

The bushings should be wiped clean to remove any
accumulated dirt and dust. If the moulded insulation
should be damaged it should be filled with epoxy,
allowed to cure and sanded to match the original
contour of the bushing.

All other insulation parts on the breaker should be
kept clean and dry. Smoke or dust collected between
inspection periods should be wiped off, and if
dampness is apparent, heaters should be installed
to insure dryness.

INSULATION TEST

When insulation has been repaired or replaced, or
when the breaker has been stored under adverse
conditions, it is recommended that the insulation be
checked before the breaker is placed in service. A
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“standard 60 cycle high potential test at 14,000 volts
RMS will normally indicate whether the breaker is
satisfactory for service. With the breaker contacts
in the fully open position, apply the high potential tc
each terminal of the breaker individually for one
minute with all other terminals and the breaker
frame grounded. After high potential tests are made
on organic - insulation materials, these materials
should be inspected for visible leakage currentpaths,
and necessary action must be taken to replace
insulation that may have been affected by moisture
absorption.

If the breaker secondary wiring is to be given a
hi-potential test at 1500 volts, remove both of the
motor leads from the terminal boards. Failure to
disconnect the motor from the circuit may cause
damage to the winding insulation.

LUBRICATION

In order to maintain reliable operation, it is impor-
tant that all circuit breakers be properly lubricated
at all times, Most of the bearings and rolling
surfaces utilize a new type of dry lubrication that
will require no maintenance and will last the life of
the equipment. Only a few of the bearings and
surfaces listed in the lubrication chart require
lubrication. These have been properly lubricated,
during assembly at the factory, using the finest

.grades of lubricants available. However, even the
finest oils and greases have a tendency to oxidize

with age, as evidenced by hardening and darkening
in color. Elimination of the hardened lubricant is
essential for the proper operation of circuit breakers.
Also frequent operation of the breaker causes the
lubricant to be forced out from between the bearing
surfaces. A simple lubrication will often clear up
minor disturbances which might be mistaken for
more serious trouble. '

A definite lubrication schedule should be set up
taking into consideration the frequency of operation
of the breaker and local conditions, Until such a
.schedule is worked out, the breaker should be
lubricated at each periodic inspection and also
whenever it is overhauled, in accordance with the

lubrication chart. It is also recommended that all-

circuit breakers be operated at regular intervals to
insure the user that the equipment is operating
freely.

The lubrication chart is divided into two methods of
lubrication. The first method outlines the mainte-
nance lubrication which should be performed at the
time of periodic maintenance, and requires no
disassembly. The second method outlines a lubri-
cation procedure similar to that performed on the
breaker at the factory, but should be used only in
case of a general overhaul or disassembly for other
reasons, or if the operation of the breaker becomes
slower.

i
I
i
i




neral Electric Lubricants D50H15 and D50H47
e available in 1/4 pound collapsible tubes. It is so
ckaged to insure cleanliness and to prevent
idation.

ETHOD OF CLEANING BEARINGS

henever cleaning is required, as indicafted on the
brication chart, the following procedures are
commended.

eeve Bearings

1e sleeve bearings used throughout the linkage
ilize Textolite surfaces and require only light
brication. If contaminants are present they should
> removed by immersing the link and bearing in
ean petroleum solvent or similar cleaner and using
stiffi_brush. Do not remove the bearings from the
nks. -

WARNING

DO NOT USE CARBON TETRACHLORIDE.

he hinge of the primary contact arm (24, figure 7)
hould be disassembled, cleaned, andlubricated with
E D50HA4T lubricant at general overhaul periods.

he main shaft bearings (24, figure 5) andthe driving
awl lever bearing should be removed, cleaned, and
ibricated with GE Db50H15 lubricant at general
verhaul periods,

oller and Needle Bearings

'he cam follower bearings (6, figure 5), latchroller
earing (9), and cam shaft bearings (25, figure 5)
hould be removed from the mechanism and the
nner race disassembled, They should then be placed
n a container of clean petroleum solvent or similar
leaner.

WARNING

DO NOT USE CARBON TETRACHLORIDE.

f the grease in the bearings has become badly
xidized, it may be necessary to use alcohol (type
ised for thinning shellac) to remove it, Ordinarily,
7w agitating the bearings in the cleaning solution, and
ising a stiff brush to remove the solidparticles, the
rearings can be satisfactorily cleaned. After the
yearings have been thoroughly cleaned, spin them in
:lean new light machine oil until the cleaner or
solvent is entirely removed. Allow this oil to drain
yff and then repack them immediately with GE
ubricant D50H15 being sure all metal parts are
rreased,

NOTE
If it becomes necessary to clean the
bearings in alcohol (shellac thinner),
be sure the alcohol is perfectly clean,
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and do not allow the bearingstoremain
in the alcohol more than a fewhours. If
it is desirable to leave the bearings in
the alcohol for a longer ftime, an
inhibited alcohol such as is used for
anti-freeze should be used. Even then
the bearings should be removed from
the alcohol within twenty-four hours.
Esso Anti-Freeze and Du Pont Zerone
are satisfactory for this purpose. Pre-
cautions against the toxic effects ofthe
alcohol must be exercised by wearing
rubber gloves and by using the alcohol
in a well ventilated room; excessive
exposure to the fumes is sometimes
unpleasant to personnel. Washing the
bearings in the light oil and draining
should follow immediately, they apply
the lubricant.

Bearings that are pressed into the frame or other
members such as the eccentric drive bearings (2,

figure 14) should not. be removed. After removing

the shaft and inner race the bearing can usually be
cleaned satisfactorily with petroleum solvent or a
similar cleaner and a stiff brush. Follow the pro-
cedure outlined above using a light machine oil and
GE lubricant D50H15 before reassembling the inner
race and shaft.

Rolling Surfaces )

A number of rolling and rubbing surfaces in the
mechanism have been lubricated with a baked-on,
dry, molybdenum disulfide coating. This requires
no maintenance and shouldlastthe life of the breaker.

MAINTENANCE FOR REPETITIVE
SWITCHING DUTY

GENERAL

Magne-blast breakers applied to repetitive operation
such as switching arc furnaces and motors should be
serviced and maintained according to the following
schedule.

EVERY 2000 OPERATIONS, OR SEMI ANNUALLY
(WHICHEVER COMES FIRST)
Remove the box barriers.

Wipe all insulating parts clean of smoke deposit and
dust with a clean dry cloth, including the bushings,
and the inside of the box barriers.

All areas in the throat area of the arc chute should
be thoroughly cleaned by using sandpaper. This
cleaning should be performed any time the arc chute
is removed. The arc chute fins should not be cleaned.
Whenever the arc chute is removed, loose dust and
dirt should be blown out before replacing arc chutes.

Primary Contacts ]
Inspect the condition of the stationary contact fingers
and movable contact blocks. Badly pitted or burned
contacts should be replaced.

tE
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NOTE
Burned primary contacts indicate the
probable need for arcing contact re-
placement.

If the contact surfaces are only roughened or galled,
they should be smoothed with crocus cloth or draw
filed. i

Arcing Contacts

When the arcing contact wipe is less than the mini-
mum specified under Adjustments, the contacts
should be replaced. The contacts should be inspected
for uneven wear and/or damage using a mirror to
inspect the stationary contacts. Normally it will not
be necessary to remove the arc chutes for this 2000
operation servicing unless an inadequate wipe or
contact condition indicates a need for replacement.
When the arc chutes are removed, the contact braids,
coil protectors, and other parts subject to arcing
should be checked for possible cleaning or replace-
ment. Do not grease the arcing contacts under any
circumstances.

Check the breaker and mechanism adjustments as
summarized under Inspection and Test. The neces-
sary readjustments should be made as described
under Adjustments.

The breaker and operating mechanism should be
carefully inspected for loose nuts, bolts, retaining
rings, etc. All cam, latch and roller surfaces should
be inspected for damage or excessive wear, The
buffer blocks and their retainers on the bottom of
the stationary contact support should be inspected
for possible need of replacement.

The contacts of the control relay shouldbe inspécted
for wear and cleaned if necessary.

The contacts of the auxiliary switch. should be
inspected for wear and cleaned if necessary.

Lubricate the breaker operating mechanism in
accordance with the table under Lubrication.

Inspect all wiring for tightness of connections and
possible damage to insulation.

After the breaker has been serviced, it should be
slowly closed and opened, as described in Installation,
to be sure there is no binding or friction and that the
breakér contacts can move to the fully opened and
fully closed positions. Its electrically operation
should then be checked using either a test cabinet
or the test couplers,

EVERY 10,000 OPERATIONS

In addition to the servicing done each 2,000 oper-
ations, the arc chutes should be removed from the
breaker and disassembled to permit a detailed
inspection of insulation, blow-out coils, arc runners
and assemblies which can become contaminated by
arc products.
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The blow-out coils should be carefully examined and
if-the insulation has been cracked, shrunk or eroded
from arc action and heat sothatthe turns of the coils
are mot fully insulated from each other, the coils
should be replaced. All connections should be checked
for tightness.

The arc runners should be inspected and replaced
when any part of their area has been reduced to 25%
of the original metal thickness as a result of arc
erosion.

Check the stationary arc contacts to assure that the
arcing contacts are in good condition and that their
connections are tight.

Insulating material that is carbonized and cannot be
satisfactorily cleaned should be replaced.

Any parts damaged or severely burned and/or
eroded from arc action should be replaced.

NOTE

Fine cracks may develop in the fins
of the arc chute sides., This is to be
expected with ceramic materials when
subjected to the high heat of an arc
and may be disregarded unless they
are long and present a possibility of
fin sections breaking completely off.
Small broken corners on the exhaust
end of the arc chute will not interfere
with its performance and can also be
disregarded.

The cup bearing and the contact ring at the hinge
point of the contact blade should be disassembled,
inspected, cleaned, and relubricated with GE contact
lubricant D50H47. The contact ring should be in-
spected for wear and replaced when reduced in
thickness to less than 1/32 inch.

EVERY 20,000 OPERATIONS OR EVERY FIVE
YEARS (WHICHEVER COMES FIRST)

At this time the breaker should be given a general
overhaul and all excessively worn parts in both the
mechanism and breaker replaced. Such wear will
usually be indicated when the breaker cannot be
adjusted to instruction booktolerances. This overhaul
and inspection is more detailed and will require
disassembly of mechanism and breaker operating
parts.

All roller and needle bearings in the operating
mechanism should be disassembled, cleaned, and
repacked with GE lubricant D50H15 as described
under Lubrication.

The stationary primary contact fingers should be
disassembled and the silver-plated pivot area of the
contact and contact support cleaned and lubricated
with GE lubricant D50H47.

The breaker and operating mechanism should be

[l
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rviced as described for every 2,000 operations and

! etitive operation, such as capacitor
operly adjusted before being put back into service,

switching, should be cleaned as des-

NOTE

Magne~blast breakers applied. to rep-

cribed for every 2,000 operations at

LUBRICATION CHART

intervals of not more than 500 oper-
ations.

PART

LUBRICATION AT
MAINTENANCE PERIOD

ALTERNATE LUBRICATION
(REQUIRES DISASSEMBLY)

Sleeve Bearings - links, trip
shaft, etcf (Textolite bearings)

Sleeve Bearings - main
crank shaft, driving pawl
lever. (Bronze or cast
iron)

Contact Arm Hinge Assembly
Cup Bearing

Loose rings between bushing
and contact arm. :

Roller and Needle Bearings
Ground surfaces such as

cams, ratchet teeth, etc.,
(Surfaces coated with MoSy)

Ground surfaces such as
latches, rollers, prop, etc.

Primary disconnect studs.

Booster Cylinder

Arcing contacts

No lubrication required

Light application of
machine oil SAE 20
or SAE 30.

No lubrication required

Light application 'of.
machine oil SAE 20
or SAE 30.

No lubrication required
Wipe clean and apply
D50H15 lubricant.

Wipe clean and apply
D50H47.

Wipe clean and apply thin
film of D50H15 -

Do not lubricate

Wipe clean and apply thin
film of D50H15

Remove bearings or links,
clean per instructions and
apply D50H15 lubricant
liberally.

Wipe clean and apply D50H47.

Clean per instructions and
repack with D50H15 lubricant.

No lubrication required.

Wipe clean and apply D50H15
lubricant.

Wipe clean and apply D50H47.

Do not lubricate
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CORRECTIVE MAINTENANCE

ADJUSTMENTS

All adjustments should be checked during periodic
inspections and whenever it becomes necessary to
repair or replace parts that have become worn or
defective while in service, The following adjustments
are listed in the order in which they are to be
checked. First, however, remove the breaker from
the metalclad unit and remove the box barriers and
front cover.

ARCING CONTACT WIPE
Refer to figure 8. Close the breaker until the arcing

contacts just touch. This can be determined with the-

use of a circuit continuity tester such as a light
indicator or bell set. Inthis position, the gap between
the stationary primary contacts (1) and the movable
primary contact (2) should be 5/16 inch or greater.
This setting has been made in the factory and no
adjustment is provided. A wipe of less than 5/16
inch is usually an indication that the arcing contacts
need to be replaced. When making this check, also
see that the movable arcing contact {5) passes through
the probes on the upper arc runner without touching.

PRIMARY CONTACT WIPE

When the breaker is closed, as shown in figure 8,
the stationary primary contacts {1) should rise 5/16
inch plus 0 minus 1/16 inch. Before checking this
dimension be sure the mechanism is re-set so that
the prop pin (13, figure 5) is resting on the prop. To
obtain the proper contact adjustment, open the
breaker and, referring to figure 9, loosen the check
nut (4) and turn the adjusting nut (3). Screwing up on
the adjusting nut will decrease the primary contact
wipe, down will increase it. Tighten the check nut,
close the breaker and recheck the wipe. With the
primary contact wipe correctly adjusted, the clear-
ance between the contact arm (6, figure 8) and the
buffer block (3) should be 1/16 inch or greater when
the breaker is fully closed.

WARNING

DO NOT WORK ON EITHER THE
BREAKER OR MECHANISM UNLESS
THE CLOSING SPRINGS ARE BLOCK-
ED AND THE OPENING SPRINGSHAVE
BEEN TRIPPED OPEN OR MECHANI-
CALLY BLOCKED. THIS MEASURE IS
REQUIRED TO PREVENT ACCIDEN-
TAL CLOSING OR TRIPPING.

PRIMARY CONTACT GAP
Refer to figure 9. With the breaker closed, press
the manual trip button allowing the breaker to trip

open normally. Do not force the contacts open wider-

by hand. The gap between the stationary primary
contacts (5) and the movable primary contact (6)

should be 3-13/16 inch plus 1/8 inch minus 3/16
inch. To change this gap, loosen the check nubt (17,
figure 5) and turn the adjusting nut (18) on stud (19).

Screwing the adjusting nut down will decrease the
primary contact gap. Tighten the check nut and
remeasure the contact gap {(close and trip the
breaker before checking the measurement).

TRIP LATCH WIPE
Refer to figure 5. The wipe of the trip latch (8) on

. the trip roller should be from 3/16 inch to 1/4 inch,

This can be measured by putting a film of grease on
the latch (8), closing the breaker part way, and
tripping. The mechanism has the proper trip latch
wipe when the latch rests against the stop pin (23).
No adjustment is provided and a visual inspection is
usually all that is required. If this setting is not cor-
rect, look for insufficient travel of the trip shaft (7).

WARNING

WHEN WORKING ON THE MECHANISM
IN THE CLOSED POSITION, KEEP
FINGERS CLEAR OF THE LINKAGE,
AS ACCIDENTAL TRIPPING CAN
CAUSE SEVERE INJURY.

TRIP LATCH CLEARANCE

Refer to figure 5. With the breaker in the tripped
position and the closing springs charged, check the
clearance between the trip latch (8) and the trip
roller (9). It should measure 1/32 inch to 1/16
inch,

PROP CLEARANCE

Refer to figure 5. With the breaker closed as far as
possible, that is, with the springs blocked and the
cam (16) rotated so that the prop pin (13) is at its
maximum height over the prop (14), theé clearance
between the prop and prop pin should be 1/16 inch to
5/32 inch. No adjustment is provided and a visual
inspection is usually all that is required.

RELEASE LATCH WIPE

Refer to figure 6. The wipe between the release
latch (3) and roller (2) should be 3/16 inch to 5/16
inch., If re-setting is required, loosen, set, and
re-tighten adjustment nut and screw (4). ’

RELEASE LATCH MONITORING SWITCH

The release latch must be fully re-set and the
monitoring switch operated before the motor will
start. The switch should be wiped by the striker so

‘that the clearance between the striker and switch

mounting bracket (20, figure 6) is 1/32 inch or less.
To obtain- this adjustment bend the switch striker.

Be sure the latch is fully re-set before making any
adjustments.




YTOR AND RELAY SWITCHES

th the closing springs blocked rotate the switch
m (1, figure 6) until the switch striker (8) has
veled the maximum amount {about 180 degrees
ation of cam). Loosen mounting bolt (14) and
ate switch support (15) until the gap between the
iker (8) and support (15) is 1/32inchor less.

TERLOCK SWITCH WIPE
fer to figure 10. Rotate the positive interlock shaft
manually clockwise to release the interlock switch
m (2). The point at which the contacts make can be
termined with a circuit continuity tester such asa
ht indicator or bell set. To obtain adjustment on
> interlock switch (3), bend the interlock switch
m (2) until there is a maximum of 1/32 inch
sarance to the switch support (4).

JXILIARY SWIT CH
e auxiliary switch (9, figure 11) is mountedon the
't side of the operating mechanism. The shaft of
e position indicator (8) operates the auxiliary
ritch shaft which opens and closesthe ““a’” and *‘b’’
ntacts. The ““a’’ contacts are open whenthe breaker
open and the ““b>’ contacts are open when the
eaker is closed. The ‘“‘a’ contacts should close
1en the breaker primary contact gap is a minimum
1 inch. The ““b’’ contacts need only to be checked
see that they are open whenthe breaker is closed.
> adjustment is provided and a visual inspection is
ually all that is required.

RIVING PAWL ADJUSTMENT

1e driving pawl (5, figure 4) must advance the
tchet wheel (3, figure 3) sufficiently on each stroke
allow the latching pawls (1) to fall into the ratchet
eth. This should be checked with the maximum
osing spring load against the driving members.
ith the mechanism unblocked, hand charge the
osing springs with the manual charging wrench
itil they are slightly more thanhalf charged. Slowly
tate the charging wrench until the driving pawl (5,
zure 4) has traveled through its return stroke and
leck the maximum clearance between the pawl and
e ratchet tooth. Rotate the charging wrench until
e driving pawl has advanced the ratchettoothto its
aximum travel. Now check the clearance between
e ratchet tooth and the latching pawl (1, figure 3).
1e clearance should be approximately equal for both
e driving and latching pawls and not less than .015
ch in either case,

adjustment is required for either pawl the springs
ust first be fully charged and blocked. Loosenseven
otor support bolts (1, figure 14) and move entire
otor assembly to the rear if the clearance is under
e minimum at the latching pawls, and to the front if
e clearance is under the minimum at the driving
wwl. Move the motor assembly approximatelytwice
e dimensional increase required at the pawl, Be
:rtain the motor assembly is moved straight
rward or rearward and tighten the one bolt on the
ght side of the mounting frame first to assure
‘oper alignment. After tightening the remaining
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bolts the springs should be released and the cleafahce
again checked as described-above.

AUXILIARY DEVICES

Latch Checking Switch

Refer to figure 12. Rotate thetrip latch (4) clockwise
(looking at the left side of the mechanism) by pressing
the manual trip lever to open the latch checking
switch operating arm (3). Allowthetriplatchto reset
slowly and determine the point at which the contacts

make by using a circuit continuity tester, such as a.

light indicator or bell set. The contacts of the latch
checking switch should just make when the gap
between the trip latch (4) and the stoppin (5) located
on the crank (T7) is 1/16 inch. There should be a
minimum of 1/64 inch clearance between the oper-
ating arm (3, figure 12) and the switch {2). To attain
this clearance bend the latch checkmg switch oper-
ating arm (3).

Plunger Interlock

Refer to figure 13. With the breaker in the closed
position, the vertical distance ‘A’ from the top of
the interlock bolt (1) to the bottom of the elevating
pin (3) should be 11.82 inches plus or minus 1/16
inch. To change this adjustment, loosen checknut (2},
raise or lower bolt (1) as required andtlghten check
nut to lock.

Auxiliary Fuses

Refer to figure 6. On breakers with ““C’’ suffix, a
set of protecting fuses (13} are mounted on the front
of the .breaker. These fuses will be the primary
protection devices for the closing control circuits
on those breakers that are used in metalclad units
designed for solenoid operated breakers.

Inspection and Test

For ease in reviewing the ad]ustments the following
are recapitulated:

a) Arcing contact wipe:
at primary contacts).
b) Primary contact wipe:
1/16 inch.
c) Primary contact gap: 3-13/16 inch plus 1/8 inch
minus 3/16 inch.
d) Trip latch wipe: 3/16 inch to 5/16 inch with trip
latch resting against stop pin.
e} Trip latch clearance: 1/32 inch to 1/16 inch.
f) Prop clearance: 1/16 inch to 5/32 inch.
'g) Release latch wipe: 3/16 inch to 1/4 inch.
h) Release latch monitoring switch: Maximum
clearance 1/32 inch,
i} Motor and relay switch: maximum clearance
1/32 inch.
j) Interlock switch: maximum clearance 1/32inch.
k) Auxiliary switch ‘““a’® contacts close when
breaker primary contact gapis 1inchor greater,
1) Driving and Latching Pawl: minimum clearance
to ratchet teeth .015 inch.
m) Latch checking switch contacts make when the
gap between the trip latch and the stop pin is
1/16 inch,

5/16 inch or greater (gap

5/16 inch plus 0 minus

===




n) Plunger interlock: 11.82 inch plus or minus
1/16 inch,

Check all nuts, washers, bolts,
terminal connections for tightness.

cotter pins, and

Inspect all wiring to make sure that no damage has
resulted during installation, and test for possible
grounds or short circuits.

See that all bearing surfaces of the mechanism
have been lubricated. Refer to the section on
Lubrication.

’ Operate the breaker slowly with the manual charging
wrench and note that there isno excessive binding or
friction and that the breaker can be moved to the
fully opened and fully closed positions.

“See that any place where the surface of the paint
‘has been damaged is repainted immediately.

Check the trip coil plunger and the release coil
plunger to see that they move freely.

Opening and Closing Speeds

The closing speed ofthe arcing contact of the breaker
should be a minimum of 11 feet per second. This
represents the average speed of the movable arcing
contact from a point one inch before the tip is
tangent to the lower surface of the probes on the
upper arc runner to the tangent position.

The opening speed of the arcing contact should be
a minimum of 12 feet per second. This represents
the average speed over 3 inches from the point when
the tip on the movable contact istangentto the lower
surface of the probes on the upper runner.

Control Power Check

After the mechanism has been closed and opened
slowly several times with the maintenance closing
wrench and the mechanism adjustments are checked
as described, the operating voltages should be
checked at the release coil, trip coil, and motor
terminals. For electrical operation of the mech-
anism, the control power may be either an alter-
nating or direct current source. The operating
ranges for the closing and tripping voltages are
given on the breaker nameplate. The following ranges
are standard:

Nominal Closing Tripping
Voltage . Range . Range
Min. Max. Min. Max.
48V DC 36 - 52V DC 28 - 60V DC
110V DC 80 - 115V DC 60 - 125V DC
125V DC 90 - 130V DC 70 - 140V DC
220V DC 160 - 230V DC 120 - 250V DC
250V DC 180 - 260V DC 140 - 280V DC
115V AC 95 - 125V AC 95 - 125V AC
230V AC 190 - 250V AC 190 - 250V AC
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}f the closed circuit voltage at the terminals of the
coil or motor does not fall in the specified range,
check the voltage at the source of power and line
drop between the power source and breaker.

When two or more breakers operating fromthe same
control power source are required to close simul-
taneously, the closed circuit voltage at the closing
coil or motor of each breaker must fall within the
specified limits.

Electrical closing or opening is accomplished by
merely energizing the closing or trip coil circuit.
Control switches are provided for this purpose on
the metalclad unit. It is also possible to trip or
close the breaker manually by pressing the manual
trip lever (11, figure 2) or the manual close button (7).

Before the breaker is finally raised into position in
the metalclad unit, rub a small amount of GE contact
lubricant D50H47 on the silvered portion of the
breaker studs to form a thin coating for contacting
purposes.

TROUBLESHOOTING

Failure of a breaker to operate properly will
generally fall within four general classes; failure to
trip, failure to close or latch closed, closing springs
will not recharge, and overheating. The Trouble-
shooting Chart is a brief outline showing particular
types of distress that might be encountered, together

with suggestions for remedying the trouble.

REPAIR AND REPLACEMENT

The following information covers indetailtheproper
method of removing various parts of the breaker in
order to make any necessary repairs. This section
includes only those repairs that can be made at the
installation on parts of the breaker that are most
subject to damage or wear.

Wty

CAUTION

PO W wre

Upon completion of any repair work,

all breaker and mechanism adjustments

must be checked. Refer to the section

on Installation, paying particular

attention to Adjustments and Final

Inspection.
ARC CHUTE
To remove an arc chute, first trip the breaker and
remove the box barrier (2, figure 7). Loosen the
two upper supporting bolts (2, figure 18) and the one
lower supporting bolt (9, figure 18) using a 3/4 inch
wrench. By raising the complete arc chute assembly
about 3/8 inch and sliding it toward the rear of the
breaker, it can be removed as shown in figure 18.

To disassemble the arc chute after it has been
removed from the breaker, proceed as follows:

11

}
|

e
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TROUBLESHOOTING CHART

FAULT

CAUSE

CORRECTIVE ACTION

1. Failure to Trip

2. Failure to Close

or Latch Closed .

. Mechanism binding or

sticking caused by lack
of lubrication.

. Mechanism binding or

sticking caused by being
out of adjustment.

. Damaged trip coil.’

. Blown fuse in trip

circuit.

. Faulty connections in

trip circuit.

. Damaged or dirty con-
~tacts in trip circuit.

. MéChanis;;i binding or

sticking caused by lack
of lubrication..

. Mechanism binding or

sticking caused by

: being out of adjustment.

. Damaged or dirty con-

tacts in control circuit-
including control relay.

. Damaged spring release
_coil.

. Defective latch-checking

switch, or interlock
switch.

. Blown fuse in closing

circuit.

. Faulty connections in

closing circuit.

. Insufficient control volt-

age caused by excessive
drop in leads.

Lubricate complete mechanism.

Check all mechanism adjustments, latches,
stops, auxiliary devices, etc., in accordance
with section on Adjustments. Examine latch
and roller surfaces for corrosion.

Replace damaged coil. .

Replace blown fuse aftef determining cause of
failure. -

Repair broken or loose wires and see that all
binding screws are tight.

Recondition or replace contacts.

" Lubricate complete mechanism.

Clieck all mechanism adjustments, latches,
stops, auxiliary devices, etc., in accordance
with section on Adjustments. Examine latch
and roller surfaces for corrosion.

Recondition or replace contacts.

Replace damaged coil.

Replace defective switch.

Replace blown fuse after determining cause of
failure.

Repair broken or loose wires and see that all
binding screws are tight.

Install larger wires and improve electrical
contact at connections.

12
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TROUBLESHOOTING CHART (CONT'D)

FAULT

CAUSE

CORRECTIVE ACTION

2. (Continued)

' 3. Failure to Re-
charge Springs

4. Overheating

i. Insufficient control volt-

age caused by poor re-
gulation (AC control).

. Defective motor cut-off

switch, interlock switch,
or closing latch moni-
toring switch.

. Damaged or dirty con-

tacts in control circuit.

. Blown fuse in closing

circuit.

. Faulty connection in

charging circuit.

. Poor condition of con-

tacts due to lack of
attention after severe
duty or too frequent
operation.

. Contacts not properly

aligned or adjusted.

. Breaker kept closed or
~ open for too long a

period.

. Overloading

. Primary connections of

inadequate capacity.

. Loose connections or

terminal connectors.

. Ambient temperature

too high.

Install larger control transformer.

Replace switch.

Recondition or replace contacts.

Replace blbwn fuse after determining cause
of failure.

Repair broken or loose wires and see that all
binding screws are tight.

Recondition or replace burned and pitted con-
tacts. (Contacts should be reconditioned very
carefully and only when absolutely necessary.)

Check all adjustments in accordance with
section on Adjustments.

Operate breaker more often to wipe contacts

clean. Replace contacts if necessary.

Replace breaker with one of adequate rating
for present or future load, or re-arrange
circuits so as to remove excess load.

Increase size or number of conductors or re-
move excess current.

Tighten.

Relocate in a cooler place or arrange some
means of cooling.

13




move the caps and assembly bolts (6, 8, 10 and
. figure 15).

move the side brace (5, figure 15) and pole pieces .

and 16, figure 15).

 remove the upper mounting support (9, figure 15)
move the assembly bolt (1, figure 15) and connection
It (2, figure 17).

move the assembly bolts (15, figure 15)toremove
> lower brace (7, figure 15).

move the lower mounting support (13, figure 15) by
moving the assembly bolts (14, figure 15) and the
nnection nut (9, figure 17).

this point the side shields (11, figure 15) the upper
c runner assembly (4, figure 17) and lower arc
nner assembly (7, figure 17) can be removed.

irther disassembly of both the upper andlower arc
nner assemblies cah be done by removing the
rious screws and 1/4 inch assembly bolts (not
ustrated) as shown in figure 16).

1e arc chute sides (7, figure 16) can be separated
- removal of assembly bolts (2 and 4, figure 15).

cassemble the arc chute in the reverse order,

he following items should be noted during assembly:

qually space the fins of the arc chute sides before
ylting together (figure 19).

heck to insure that"e'lectrical connectioné to the
owout coils are tight.

efore bolting the upper mounting support in place,
.ake ceértain that the upper arc runner assembly is
ght against the arc chute sides so that the gap
stween the throat piece assembly (8, figure 16) and
e arc chute side (7, figure 16) is a minimum.

‘ake certain that the electrical connectmns (2and 9,
gure 17) are tight.

o reassemble the arc chute to the breaker, proceed
;s follows:

est the lower mounting support (10, figure 18) on
e arc chute mounting bracket (8, figure 18) as
1own in figure 18.

ide the arc chute forward and lift it slightly to
igage the supporting bolts, (2, figure 18) inthe slots
'the upper mounting support (3, figure 18).

ighten the supporting bolts (2 and 9, figure 18).
hese bolts serve as both the electrical and mech-
yical connections between the bushing and arc
mners.
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Check that the movable arcing contact (5, figure 18)
passes’ through the baffle (12, figure 18) and the
probes on the upper arc runner, (5, figure 17) without
touching.

CONTACTS
Open the breaker and remove the box barrier and
arc chutes as previously described.

Arcing Contacts
To remove the Stationary Arcing Contacts (10, figure
20) proceed as follows: .

Disconnect thé contact braids from contact fingers
by removing two bolts (8, figure 20).

Grasp the lower end of the contact fingers and pull
the contact assembly downward to remove from stud
assembly.

To disassemble braids from the stud assembly
remove one bolt (5, figure 20).

Remove two bolts (6, figure 20) to disassemble stud
assembly from contact support.

Reassemble in the reverse order.
Primary Contacts

To remove the Stationary Primary Contacts (4,
figure 22) proceed as follows:

Using the spring compressor (1, figure 22), pushthe

compressor on to the contact spring (2). Close the
pliers to compress the spring and tip the bottom of
the guide bolt out of the socket in the contact finger
(4). The spring compressor may require adaptation
so that it will grasp the spring properly. This can
be done by closing the spacing between the ‘U’
shaped plier tips. The tips can be closed by tapping
with a hammer to bring the two tip sides closer
together.

After removing the spring assembly, the fingers are
removed by lifting the front end of the finger up and
thus pivoting the finger out of the contact block (3).

The contact block should be cleaned and regreased
with D50H47 grease before reassemblingthe fingers.

To replace the Stationary Primary Contacts, proceed
as follows:

Apply a thin coating of D50H47 grease on the hinged
edge of the finger (17), then place the finger on the
contact block (3) so that it is retained by the stop.

Reassemble by replacing the fingers, placing the
spring and guide assembly into the pliers and closing
the pliers to compress the spring as shownin figure
22A, Insert the end of the spring guide into the
retaining block (7) and tip the spring assembly into
position with the head of the spring guide in the
finger socket as shown in figure 22B.

-




To remove the Movable Arcing Contact (9, figure 9),
proceed as follows:

Remove the assembly bolts (10).
Reassemble in the reverse order.

To remove the Movable Primary Contacts (6, figure
9), in the 1200 Amp. Breaker, proceed as follows:

Remove the nuts from the assembly bolts (11), Re-
move the primary contacts.

Reassemble in the reverse order.

To remove the Movable Primary Contacts (6, figure
9), in the 2000 Amp. Breaker, proceed as follows:

Remove the nuts from the assembly bolts (11). Re-
move the connection bar (12). Remove the cup bear-
ing (13). Spread the contact arms (7) and remove
the primary contacts (6).

Reassemble in reverse order,

To remove the Contact Blade Assembly (6, 7 and 9,
figure 9), proceed as follows:

Remove the cénnection bar (12). Remove the cup
bearing (13) and the pin (14).

When reassembling, first insert the piston assembly
(15), into the booster cylinder and reassemble the
cup bearing (13). Replace the pin (14}, and the con-
nection bar (12},

After disassembly ‘and'reassembly of any contacts,
check all contact adjustments as described under
Adjustments.

BUSHINGS
NOTE
Do not remove all six bushings at once.

The bushings have been carefully aligned with the
breaker frame, during assembly at the factory, and
it is important that this alignment be maintained to
facilitate installation of the breaker in the metalclad
unit. It is, therefore, recommended thatthe bushings
be removed and reassembled one at a time. Also,
before removing any one bushing, measure the
distance from that particular bushing to adjacent
bushings in both directions, so that it may be re-
installed in the same location.

It is also possible to remove and reassemble three
bushings at one time, If this is preferred, alignment
of the bushings may be accomplished by placing the
breaker in ade-energized spare metalclad unit before
tightening the bushing mounting bolts. This must be
done before the arc chutes are reinstalled,

To replace the bushing, proceed as follows:
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Rear Bushing

Open the breaker and remove the box barrier and
arc chutes as already described. Remove the upper
barriers and lower horizontal barriers (14 and 18,
figure 7). Remove the four bolts at the mounting
flange of the rear bushing being replaced and lower
the bushing and arc runner assembly. For further
disassembly refer to figure 20.

Disassemble the primary contact springs (16, figure
20) as previously described.

Disassemble the spring retainer (14) by removing
the barrier support (15).

The contact support {4) and arc chute mounting

bracket (2) are disassembled by removing two
bolts (3).

Reassemble in the reverse order. The arc chute
mounting bracket {2) is not symmetrical and must
be assembled correctly to orient the chute properly
on the breaker, The longest projection of the bracket
should be toward the lower end of the bushing.

Front Bushing

Open the breaker and remove the box barrier and
arc chutes as already described. Remove the upper
and lower horizontal barriers (14 and 18, figure 7).
Remove the connection bar (12, figure 9), cup bearing
(13), and pin (14). Remove the four bolts at the
mounting flange of the front bushing being replaced,
and lower the bushing,

- When reassembling, first mount the bushing and

assemble the cup bearing (13) contact arm (7}, and
replace the pin (14). The contact surfaces at the
hinge point of the contact blade and bushing should
have a thin coating of D50H47 grease. Check all
contact adjustments as outlined under Adjustments.

INTERLOCK SWITCH
To remove the interlock switch (3, figure 10), remove

the two mounting screws and disconnect the lead
wires.

Reassemble in the reverse order and check the
switch adjustments as explained under Adjustments.

LATCH CHECKING SWITCH
To remove the latch checking switch (7, figure 6),
(when furnished), remove the two mounting screws
and disconnect the lead wires. Reassemble in the
reverse order and check the switch adjustments as
explained under Adjustments.

MOTOR, RELAY AND LIGHT SWITCHES
The three switches are mounted in tandem as shown
in figure 6.

Remove the opening spring per instructions below.
Remove the two mounting bolts (14) from the switch
bracket (15). Remove the two mounting screws of
the lower switch. Remove the two mounting screws

15




the center switch., Remove the two mounting
rews of the upper switch. Disconnect the lead
res of the switch to be replaced.

assemble in the reverse order and check the
itch adjustment as explained under Adjustments.

IP SHAFT AND LATCH

move the latch checking switch arm (when sup-
ied). Remove the cotter pins on both ends of the
aft {12, figure 11). Remove the set screw in the
tch {11). Remove the trip coil linkage bolt (6).
ace a block between the latch, the frame (either
de), and the drive shaft untilthelatchis free of the
y. Remove the key and all the burrs that may be
ised around the keyway on the shaft. Burrs will
ar or shave the bearing surfaces if they are not
moved.

sassemble the parts in the reverse order. Be sure
e latch spring is properly installed and the latch
aligned in the center of thelatchroller. Check the

tch adjustment as described under Adjustments.

RIP LATCH ROLLER BEARING

emove the two cotter pins at the ends of the shaft
, figure 12), Partially remove the shaft out the
ght side of the frame until the latch roller (6) is
ee.

eassemble in the reverse order with the proper
vacing of the washers. Be sure the latch roller
states freely.

LOSING LATCH

emove the cotter pins at both ends of the latch shaft
19, figure 6). Remove the spring and paddle (16,
gure 6). Remove the set screws from the latch
3, figure 6). Move the shaft (19) to the left (away
~om the frame) by tapping lightly on the inside end
f the shaft. Rotate the shaft and continue tapping

ntil the shaft is free. The shaft will push the outside |

eedle bearing from the housing.

.eassemble in the reverse order, puttingthe bearing
1o the frame last. Use a small piece of tubing or
ipe when inserting the bearing to assure proper
lignment. Check the latch adjustments as described
nder Adjustments. ’

TOTOR SUPPORT :

'0 remove the motor support (8, figure 14), first
emove the latch spring (16, figure 6). Remove the
ex charging stud (3, figure 14) and link (9). Remove
ix 3/8 inch bolts (1, figure 14) on the bottom and
ne 3/8 inch- bolt on the right side. Remove four
10unting bolts from the motor (not shown). Remove
1e retaining ring (7) fromthe eccentric (2, figure 14).

’.eassembie all parts of the motor support in the
everse order and re-align it properly as described
nder Driving Pawl Adjuftments.

(Sh]

-

CAM

Remove two set screws from the ratchet wheel (3,
figure 3) and remove the wheel from the main shaft
(8). Remove the two set screws from the cam (12,
figure 1). Remove the prop reset spring (10, figure 2).
Remove the two set screws from the cam (16,
figure 5) and move the cam to the right on the shaft
as far as it will go. Slide the shaft to the left until
the key is fully exposed. Remove the key and check
the shaft for burrs. Remove the shaft out the left
side of the frame.

Reassemble in the reverse order using the correct
number of washers and spacers to properly locate
the parts. Rotate the mechanism through a closing
operation using the manual charging wrench. Check
the location of the cam follower (6, figure 5) on the
cam (16). If necessary, move the cam to correct the
alignment. Complete the closing operation and check
the location of the prop pin (13, figure 5) on the prop
(14). It should be approximately centered.

TRIP COIL
To replace the potential trip coil (2, figure 11}
proceed as follows:

With the breaker in the open position, remove the
two mounting bolts (3). Remove the upper support (1)
and spacers.-Cut wires at the butt connectors and
remove the coil.

When replacing the coil be sure to assemble the
correct fiber spacers at the ends before bolting the
support (1). Adjust the coil locationto allow approxi-
mately 1/4 inch of armature travel before the latch
starts to move. Butt connect the wires and check the
operation of the solenoid electrically and mechan-
ically.

SPRING RELEASE COIL
To remove the spring release coil (b, figure 6)
proceed as follows.

Block the closing springs as described in Installation.
Remove the left hand closing spring as described in
Closing Springs below. Remove the two mounting
bolts (17), coil support (18), and spacers. Cut the
wires at the butt connectors and remove the coil.

Replace the coil and the correct number of fibre
spacers before bolting the support. Butt connect the
wires and check that the armature is not binding.
Check the coil for electrical operation.

CLOSING SPRINGS

The closing springs (6, figure 3) can be removed as
follows: :

Charge the springs with the manual charging wrench
and apply the spring blocking device as described in
Installation. Discharge the springs by pushing the
manual close button (7, figure 2). Rotate the cam
shaft (8, figure 3) by using the manual charging

AR
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wrench until the gap between the spring (6) and the
bearing block (10} is two inches or more. Lift both
springs until they clear the lower supports, then pull
forward and down until the top supports are free.
Either discharge the opening springs by pushing the
manual trip lever or block the opening springs with
a suitable blocking device.

OPENING SPRINGS
To remove the opening springs (9, figure 3) proceed
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“as follows:

Charge and block the closing springs as described
under Installation. Push the manual trip level (11,
figure 2) to be sure the opening springs are fully
discharged. Remove the upper pin (13, figure 3) and
the lower pin (11).

After reassembling the springs check the primary
opening as described under Primary Contact Gap.
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10,
11.

12.

Trip Coil

Open - Close Indicator
Auxiliary Switch

Counter (When Supplied)
Trip Latch
Charge-Discharge Indicator
Close Button

Motor

Fuse (when supplied)

Prop Spring )

Trip Lever

Nameplate
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Secondary Coupler

Interlock Switches

Auxiliary Switch

Latch Checking Switch Location Only
Charge-Discharge Indicator

Power Switches

Ciosihg Spring

Motor

Fuses (Location only - Fuses not shown)
Cloéing Latch Roller

Closing Latch

Switch Cam

Control Relay

Figure 2 Operating Mechanism - Front




H4977

Figure 3 Operating Mechanism

Close Button

Motor

Fuse (when supplied)
Spring Blocking Device
Driving Pawl

Eccentric

Closing Spring

Manual Charging Wrench

Support Bolts
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Latching Pawls

Positive Interlock Roller
Ratchet Wheel

Eccentric

Fuse (Location only - Fuse not shown)
Closing Spring

Main Shaft Bearing

Cam Shaft

Opening Spring

Guide Block

Lower Spring Pin

Upper Spring Pin

Secondary Coupler

- Right Side

Figure 4 Spring Blocking Device
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10.
11,
12,

13.

Sectional Side View

Handle
Trip Coil Support
Trip Coil

Trip Armature

. Prop Reset Spring

Cam Follower Roller

Trip Shaft

Trip Latch

- Trip Latch Roller

Trip Latch Roller Support

Crank Shaft
Cranks

Prop Pin

14,
15,
16.
17.
18.
19.
20.
21.
22.

23,

24,

25,

Figure 5 Operating Mechanism

(363HA423-2)
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=

Opening Spring

Prop

Drive Shaft
Cam

Check Nut
Stop Plate
Spring Rod
Spriné
Spring
Spring Guide
Stop Pin |
Main Shaft Bearing

Cam Shaft Bearing
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>
/) e B
‘* ' 1. Switch Cam
? 2. Closing Latch Roller
14 3. Closing Latch
5 4. Latch Adjusting Screw
5. Spring Release Solenoid
10 6. Control Relay
| 4 7. Latch Checking Switch
~ 8. Switch Striker
N 9, Charge-Discharge Indicator
-16 10. Power Switches
11. Latch Monitoring Switch
12 12. Motor
13. Fuse
14. Switch Support Bolts
13 15, Switch Support
16. Closing Latch Spring
17. Release Coil Bolts
18. Release Coil Support
19. Closing Latch Shaft
20. Switch Mounting Bracket
H4971

Figure 6 Control Mechanism

1. Box Barrier Support
2. Box Barrier
3. Arc Chute
4, Arc Runner, Upper
5. Blow Out Coil, Upper
6. Blow Out Core, Upper 2 4 6
7. Movable Arcing Contact o
8. Arc Runner, Lower
9. Blow Out Coil, Lower
10. Blow Out Core, Lower 3
11, Pole Piece
12, Front Bushing : \
13. Rear Bushing 6\3\ TN
14. Upper Horizontal Barrier S~ _
15, Main Operating Crank y
16. Arc Chute Support R N
17. Spring Retainer 20—£H
18. Lower Horizontal Barrier
19. Operating Rod 7
20. Stationary Arcing Contact 10— ]
21, Stationary Primary Contact 9—0 ||
22, Movable Primary Contact 8 ||
23. Movable Contact Arm Assembly 7=
24, Cup Bearing M
25, Booster Tube and Piston
26. Front Vertical Barrier

27. Check Nut
28. Connection Bar
29. Booster Cylinder

(363HA423-12)

Figure 7 Breaker Pole Unit - Cross Section
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2
- 3
- 5
A
5.
(363HA423-14) 5
Primary Contact Wipe Arcing Contact Wipe
1. Stationary Primary Contacts 4, Stationary Arcing Contacts
2. Movable Primary Contacts -5, Movable Arcing Contacts
3. Buffer Block 6. Contact Arm
Figure 8 Contact Adjustments
12
13
7
6
11
10
9
5
1. Operating Rod 6. Movable Primary Contacts 11, Assembly Bolts
2. Operating Rod Pin 7. Contact Arm 12. Connection Bar
3. Adjusting Nut 8. Yoke 13. Bearing
4, Check Nut 9. Movable Arcing Contact 14, Hinge Pin
5. Stationary Primary Contacts 10. Assembly Bolis 15. Piston Assembly

Figure 9 Adjustable Coupling for Making Primary Contact Wipe Adjustments,

i
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1. Positive Interlock Shaft

2. Switch Arm

3. Interlock Switch

4, Switch Support
5. Auxiliary Switch .

6. Trip Shaft

1. Trip Coil Support
2. r.I‘rip Coil
3. Mounting Bolts
4. Counter (When Supplied) -
5. Trip Latch
6. Trip Arm Screw
7. Manual Trip Lever
8. Open-Close Indicator
9, Auxiliary Switch
10. Handle
11, Latch Set Screw
12. Cotter Pin

13. Prop Spring

Figure 11 Auxiliary Switch and Trip Coil
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1. Plunger Bolt
2, Check Nut
3. Breaker Lifting Pins

4, Plunger Shield

24
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1. Switch Support

3 ' 2. Latch Checking Switch
) a 3. Switch Arm
4. Trip Latch
5. Reset Pin Stop
S 6. Latch Roller

7. Latch Roller Link

8. Latch Roller Pin

Figure 12 Latch Checking Switch

{363HA423-16)

Figure 13 Plunger Interlock
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1. Mounting Bolts

2. Eccentric

.3. Hex Charging Stud *
4. Fuse Block (when supplied)
5. Manual Close Button

6. Motor

7. Retaining Ring

8. Motor Support :

9. Driving Link

Figure 14 Driving Elements

Assembly Bolt and Bushing
Assembly Bolt

Upper Pole Piece
Assembly Bolt

Side Brace

Assembly Bolt

Lower Brace

Assembly Bolt

Upper Mounting Support
Insulating Cap

Side Shield

Assembly Bolt

Lower Mounting Support
Assembly Bolts
Assembly Bolts

. Lower Pole Piece

17. Upper Insulation

Pt
O W30 U N

[
W oo

=
oy o

Figure 15 Arc Chute Assembly
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10,

10.
11.
12.
13,
14,
15,

16.

Upper Arc Runner Spacers

Upper Arc Runner Assembly

- Blowout Core

Blowout Coil

Insulation

Upper Arc Runner

Arc Chute Side

Throat Piece Assembly
Lower Arc Runner
Blowout Coil

Blowout Core

Lower Arc Runner Assembiy
Lower Coil Connection
Lower Arc Runner Spacers
Lower Shield

Lower Insulation

Figure 16 Arc Chute Assembly With Side Removed

Upper Mounting Support
Connection Bolt

Upper Blowout Coil

Upper Arc Runner Assembly
Upper Arc Runner

Throat Piece Assembly
Lower Arc Runner Assembly
Lower Coil Connection
Connection Nut

Lower Mounting Support

&AW ON

u .1
6 *16

20

"Figure 17 Front View Arc Chute Assembly
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1. Rear Bushing
-2. Supporting Bolt
3. Upper Mounting Support
4, Stationar& Arcing Contact Assembly
5. .Movable Arcing Contact
6. Assembly Bolts
7. Brace for Arc Chute
8. Arc Chute Mounting Bracket
9. Lower Supporting Bolt
10. Lower Mounting Support

11. Upper Horizontal Barriers

H6077 10 12. Baffle

Figure 18 Arc Chute Partially Removed

Figure 19 Arc Chute Fin Spacing
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Rear Bushing :
Guide and Support for Arc Chute
Bolts for Contact Support
Contact Support : i
Bolt for Flexible Braid

Mounting Bolt ;

Flexible Braid

Connection Bolt

Stud for Mounting Arcing Fingers
Stationary Arcing Contact Assembly
Insulating Plate

Baffle

Spring Retainer

Barrier Support

Contact Springs
Stationary Primary Contact i
Buffer
18. Contact Retainer ’ j

-
OWW-I@® Uk Wh

e et
Lo

b= e
N oo

Figure 20 Rear Bushing Assembly

3

Crank
Link
Clevis (upper)

Clevis (lower)
Crank

Crank (front)
Adjusting Bolts

N e oo 2o

Figure 21 Spring Release Interlock-
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1. Spring Compressor

2. Contact Spring

3. Contact Block

4, Stationary Main Contact
5. Spring Guide

6. Spring Spacer

7. Spring Retainer

|
Figure 22 Method of Replacing Primary Contact Springs i
f
|
?
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——¢——— ) OR (X) (+F)OR (X)— ——
M _FU_ | ik FU
b . -!
P S 1 B
| | : l
_I_ _52CS | P! = 52CS
- | 3 ' '
l [ N |
| 1
P N A A
o 52 1
IS .52
3 4( 52 1, 52 g[ a
prr— 7‘—
T, 52Y _71_ 52y 4| SM/LS 5 SM/LS ;[
C 1 52
¥ 3, sy l 1, 52 T &
= 7T 18 =
8 2 3
5, _ 52
] 7‘1* b
- Ade 52 4, __ 52  5C
WAL L.C #— CL/MS
2 5 2
' 52Y 52
G % ' % : ? TC
6C ] 52
52X | RES SM ) "MOTOR
i
. 5] *
- (—
WVANE
15 11 61
11
52 L |
SM/LS 9 S\
v v
= _FU 1 _FU
t-d L T30
(F)OR(Y) e — (-)OR (Y)— — — ¢ e — — —

% Required For 250 Volt DC Operation Only

A Contacts Furnished Only As Required

Typical Elementary Wiring For Magne-Blast
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FIGURE & REF.

DESCRIPTION

52 Interlock switch mechanically closed when
1S 10-3 breaker fully raised or fully lowered in
metalclad unit.
52 Spring motor limit switch mechanically
SM/LS 6 -10 operated. Contacts (1-2) and (3-4) open
’ and contacts (5-6) close when closing springs
are fully charged.
52X 6 -5 Spring release coil operates latch to release
or close breaker.
52 Close latch mohitoring switch is closed when
CL/MS 6 -11 latch is in position to hold fully charged
closing springs.
52 6 -6 Auxiliary control relay (Anti-pumping).
Y
52 10-5 ) Auxiliary'switch contact open when breaker
a is open.
52 10 -5 Aﬁxiliary switch contact closed when breaker
b is open.
52 11 -2 Trip coil.
TC
52 .| Spring charging motor.
Motor .
52 Latch checking switch closed when trip latch
1LC is in position for a close operation. ‘

31
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RENEWAL PARTS

is recommended that sufficient renewal parts be
rried in stock to enable the prompt replacement
any worn, broken, or damaged parts. A stock of
ich parts minimize service interruptions causedby
-eakdowns, and saves time and expense. When
ntinuous operation is a primary consideration,
ore renewal parts should be carried, the amount
pending upon the severity of the service and the
me required to secure replacements.

enewal parts which are furnished may not be
lentical to the original parts, since improvements
re made from time to time. The parts which are
lrnis}}ued, however, will be interchangeable.

he Renewal Parts List covers the following types
"~ breakers having ampere ratings of 1200 or 2000
mps.

AM 4.16 - 150 - 8C
_.AM 4.16 - 150 - 8CR
‘AM 4.16 - 150 - 8H
AM 4.16 - 150 - 8HR
AM 4,16 - 250 - 8C

NOTE
The listed terms ‘‘Right’’ and “‘Left”
apply when facing the mechanism end
of the breaker.

ORDERING INSTRUCTIONS .
Always specify the breaker serial number and the
complete type description, e.g. AM 4.16-250-8HB.

Specify the qua_ﬁtity, catalog number (if listed), ref-
erence number (if listed), and description of each
part ordered, and this bulletin number.

Standard hardwarie, such as screws, bolts, nuts,
washers, etc., is not listed in this bulletin. Such
items should be purchased locally.

For prices, refertothenearest office ofthe Canadian
General Electric Company Limited.

AM 4.16 - 250 - 8CB
AM 4.16 - 250 - 8CR
AM 4.16 - 250 - 8H

AM 4,16 - 250 - 8HB
AM 4.16 - 250 - 8HR

{
i
H
1
i
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FOR

1200A and 2000A

4.16-150

1200A and 2000A

4.16-250



- their particular application.
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PARTS RECOMMENDED FOR MAINTENANCE

In the tabulafions that follow are listed the parts which are recommended for normal

maintenance,

The first group of parts are those recommended for non-repetitive applications
where breakers are receiving less than 2000 operations per year.

For repetitive duty applications, where breakers are receiving more than 2000
operations per year, both the first and second groups of parts are recommended.
Customers, through their own experience, should develop a stock of parts suited to

MAINTENANCE PARTS FOR NON-REPETITIVE APPLICATIONS

7. & Ref. No.
umbers Amps Type Catalogue Number Per Description
Bkr.
- 72 All All 0197A1564 G-001 3 Throat Barrier Assembly
- 114 All All 0136B8912 G-001 3 Right Hand Throat Piece Assembly
- 115 All All 0136B8912 G-002 3 Left Hand Throat Piece Assembly
- 124 All All 0168B2465 P-001 3 Arc Shield
- 128 All All 0197A1532 P-001 6 Lower Mycalex
-9 All All 0197A1132 P-001 1 Prop Spring
- 25 All All 25782-7 1* Trip Coil 24V DC
All All 25782-5 1* Trip Coil 48V DC
Al All 25782-4 1* Trip Coil 110V DC -125V DC
All All 25782-3 1* Trip Coil 250V DC
All All 25782-5 1* Trip Coil 230V AC
- 101 All All 0132B3131 G-002 5 Switch Normally Open
- 105 All All 0132B3131 G-001 1 Switch Normally Closed
- 107 All All 0105C9393 P-001 1% Motor 48V DC
All All 0105C9393 P-002 1* Motor 110V DC and 125V .DC, 115V AC
All All 010656C9393 P-003 1* Motor 220V DC and 250V DC, 230V AC
- 109 All All 0169B4663 G-001 1* Relay and Support 48V DC
All All 0169B4663 G-002 1% Relay and Support 110-125V DC
All All 0169B4663 G-003 1% Relay and Support 220-250V DC
All All 0169B4663 G-004 1* Relay and Support 230V AC
All All 0169B4663 G-005 1* Relay and Support 115V AC
- 130 All All 25782-5 1% Spring Release Coil 48V DC
All All 25782-4 1* Spring Release Coil 110-125V DC
All All 25782-3 1* Spring Release Coil 250V DC
All All 25782-5 1* Spring Release Coil 230V AC

Check breaker nameplate for proper voltage rating.
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"ADDITIONAL MAINTENANCE PARTS FOR REPETITIVE APPLICATIONS
Fig. & Ref. No.
Numbers Amps Type Catalogue Number Per Description
’ ' Bkr.
23 - 30 All All 0197A1576 G-001 3 Booster Cylinder
25 - 64 1200 & 2000 H&C 0338V0270 P-001 18 Primary Contact Finger Spring
1200 & 2000 HB & CB 0338V0270 P-001 24 Primary Contact Finger Spring
- 2500 H&C 0188A9257 P-001 24 Primary Contact Finger Spring
95 - 617 1200 & 2000 H&C - 0197A1557 P-001 18 Primary Contact Finger
1200 & 2000 HB & CB 0197A1557 P-001 24 Primary Contact Finger
2500 H&C 0534A0851 P-001 24 Primary Contact Finger
25 - 81 “Al All 0238A1220 G-001 3 Stationary Arcing Contact
Assembly
26 - 108 All All 0216A6098 P-001 6 Insulation Cap
26 - 131 All All 0197A1545 P-001 6 Lower Barrier
27 - 171 - Al All 0169B4560 G-002 3 Movable Arcing Contact
27 - 173 1200 & 2000 H&C 0197A1560 P-001 6 Movable Primary Contact
27 - 174 1200 & 2000 HB & CB 0534A0850 P-001 6 Movable Primary Contact
1200 & 2000 HB & CB 0534A0850 P-002 6 Movable Primary Contact
2500 H&C 0534A0850 P-001 6 Movable Primary Contact
2500 H&C 0534A0850 P-002 6 Movable Primary Contact
27 - 178 All All 0168B2466 G-003 3 Puffer Tube and Piston Assembly
27 - 185 All All 0136B8986 G-002 3 Operating Rod
31 - 102 All All 0237A3420 G-001 1 "Auxiliary Switch (Type SB1)
31 - 102 All All 0192A3614 G-004 1 Auxiliary Switch (Type SBM)
31 - 116 All All 013688505 P-001 1 Outside Latching Pawl
31 - 117 All All 0136B8505 P-002 1 Inside Latching Pawl
32 - 118 All - All 0136B8504 P-001 1 Driving Pawl
31 - 120 All All 0216A6203 P-001 1 Ratchet Wheel
31 - 147 All All 25782-5 Hk Trip Coil 48V DC
All All 25782-4 ok Trip Coil 110-125V DC
All All 25782-3 Hk Trip Coil 250V DC
All All 25782-5 ok Trip Coil 230V AC

ek

requirements.

(1) required for spring release possibly (1) for tripping too, may be same voltage - Check naméplate for

35
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R
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.3,4———/13

14

L /4

|

15,16,17
S~ 8

19

20

21,22

\23,24
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32 31,3229 28 30

Breaker Side Section

27 {363HA423-12)

1]

32 "/

20,12,

3

10

(363HA423-13)

Booster Cylinder Support

Figure 23 Cross Section

@ _

()]

LS



Bkr.

23 -
23 -

All 0137C3120 G-001
1200 0197A1585 P-001
2000 & 2500 0197A1585 P-002
All : 0115V0938 P-001

All 0188A9769 P-001

All 0188A9769 P-002

Box Barrier Assembly
Upper Horizontal Barrier
Upper Horizontal Barrier
Ground Connection

Nylon Nut (1/4 - 20)
Nylon Screw (RD. HD. 1/4-20 x

1/2)

Top Plate

Bushing Plug

Sec. Disc. Shim

Pipe Spacer (1/8" pipe, 1.881g.)
Sec. Disc. Support

Pin
Washer

Aligning Pin

Nut Plate

Vertical Barrier Ph. 3, R.H.
Vertical Barrier Ph. 2, Ctr.
Vertical Barrier Ph.1, L.H.
Lower Horizontal Barrier -
Lower Horizontal Barrier
Lower Horizontal Barrier
Lower Horizontal Barrier

b —

.23 -
23 -
23 -

Ol W
LW oo

23 -
23 -
23 -
23 -
23 -
23 -
23 -
23 -
23 -
23 -
23 -
23 -
23 -

2000 & 2500 0216A6030 P-001
1200 : 0216A6196 P-001
All 0216A6376 P-001
All A184858 P-316
Al 0136B8976 G-001
All K8585051 P-031
All K8584554 P-034
All 0191A7397 P-001
All 0188A9773 G-001
All 013688945 G-001
All 0136B8945 G-002
All 0136B8945 G-003 .
1200
1200

e e e el i e
OO Uk WNHOOW~I®

0136B8963 P-001
013688963 P-003
013688963 P-002
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Tig. & Ref. No.
Numbers Amps Type. Catalogue Number Per _ Description
0136B8963 P-004 /

PR
Qoo
os]

BB

2000 & 2500 -

HEAENWWWWANNPWWWHIWHARWWWWWHERHMHWNDWHWHN O

23 - 19 All- - 0197A1591 P-001 Connecting Bar

23 - 20 Al 0197A1572 P-001 Support

23 - 21 All & 0197A1577 G-001 Support :

23 - 22 All - 0188A9761 P-011 Plug Nut (1/2-13 x 0.123)
23 - 23 All 0188A9753 P-004 Spacer

23 - 24 ALl : 0188A9739 P-001 Locknut (3/8-16 ESNA)
23 - 25 Al e 0197A1582 P-001 Block

23 - 26 - All 0335V0449 P-002 Front Wheel Shim

23 - 27 ALl - 0188A9105 P-004 Front Wheel

23 - 28 Al 1 0216A6016 P-001 Box Barrier Support

23 - 29 Al 0188A9777 G-001 Box Barrier Support Angle
23 - 30 ‘All . 0197A1576 G-001 Booster Cylinder

23 - 31 All 7 0197A1571 P-001 Support

23 - 32 All : 0137C3152 G-001 Interrupter Clamp

23 - 33 All . 0188A9105 P-005 Rear Wheel ‘

23 - 34 All ‘ 0335V0448 P-002 Rear Wheel Shim

23 - 35 All 7 0137C3737 P-004 Stop Buffer Bar

.31
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1200 AMP 2000 AMP
(363HA423-7)

Figure 24 Hinge Cross Section

J7913 -

74,76 E
75,77
- o
85

81, 82, 83 ;
]
| 84 !
72 ]

1200 Amp 2500 Amp g

Figure 25 Rear Bushing Assembly
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Numbers
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ent

No.
Amps Type Catalogue Number Per Descriptiggso
Bkr.
24 - 40 All All 0338V0272 P-001 6 Hinge Washer
24 - 41 1200 K8517002 P-041 3 - Washer
24 - 42 1200 0335V0121 P-001 3 Bearing
24 - 43 1200 0108V0217 P-001 3 Spring
24 - 44 1200 0169A1504 P-001 3 Bolt :
24 - 45 1200 0216A6370 P-001 3 Slotted Nut
2000 & 2500 0216A6370 P-001 6 Slotted Nut
24 - 46 2000 & 2500 0108V0120 P-001 3 Washer
24 - 48 2000 0108V0117 P-001 6 Spacer
24 - 48 2500 0238A1280 P-001 6 Spacer 2.00 Dia.
24 - 49 2000 & 2500 0238A1471 P-001 3 Bearing-
24 - 50 2000 & 2500 0108V0219 P-001 3 Spring
- 24 - b1 2000 & 2500 0108V0162 P-001 3 - Stud
25 1200 H&C 04731.0125 G-002 3 Rear Bushing Assembly Complete
1200 HB & CB 0473L0125 G-007 3 Rear Bushing Assembly Complete
2000 H&C 0473L.0125 G-003 3 Rear Bushing Assembly Complete
2000 HB & CB 047310125 G-008 3 Rear Bushing Assembly Complete
- 2500 H&C 0473L0125 G-009 3 Rear Bushing Assembly Complete
25.- 60 1200 . All 0169B4587 G-001 3 Rear Bushing-
2000 & 2500 All 0136B8960 G-001 3 Rear Bushing
25 - 61 1200 & 2000 H&C 0136B8938 P-001 3 . Contact Support 6 Wide
1200 & 2000 HB & CB 0168B2928 P-001 3 Contact Support 8 Wide
2500 H&C 0169B4555 P-001 3 Contact Support 8 Wide with
' Jumpers
25 - 62 1200 & 2000 H&C 0136B8939 G-001 3 Spring Retainer 6 Wide
All HB & CB . 0101A1230 G-001 3 Spring Retainer 8 Wide
2500 H&C 0101A1230 G-001 3 Spring Retainer 8 Wide
25 - 63 All All 0149A8908 P-001 _ 6 Eye Bolt
25 - 64 1200 & 2000 H&C 0338V0270 P-001 18 Contact Spring
All HB & CB 0338V0270 P-001 24 Contact Spring
2500 H&C 0188A9257 P-001 24 Contact Spring
25 - 65 1200 & 2000 H&C 0108V0172 P-001 18 Spring Guide
All HB & CB 0108V0172 P-001 24 Spring Guide
2500 H&C 0238A1283 P-001 24 Spring Guide
25 - 66 1200 & 2000 H&C A 184858 P-005 18 Spring Spacer
All HB & CB A 184858 P-005 24 Spring Spacer
2500 H&C A 184858 P-005 24 Spring Spacer
25 - 67 1200 & 2000 - H&C 0197A1557 P-001 18 Primary Contact Finger
All HB & CB 0197A1557 P-001 24 Primary Contact Finger
2500 H&C 0534A0851 P-001 24 Primary Contact Finger
25 - 68 All All 0216A6124 P-001 6 Contact Finger Retainer
25 - 69 All All 0241V0980 P-001 24 Self Tapping Screw (10-32 x 3/8)
25 - 170 All All 0243V0466 P-001 6 Buffer Clamp
26 - 71 All All 0243V0468 P-001 3 Buffer
25 - 172 All All 0197A1564 G-001 3 Barrier Assembly
256 - 73 1200. All 0216A6095 P-017 3 Arc Chute Support
2000 All 0216A6095 P-007 3 Arc Chute Support
2500 H&C 0169B2928 P-001 3 Arc Chute Support
25 - 14 2500 H&C 0238A1285 P-001 3 Jumper
25 - 175 2500 H&C 0238A1285 P-002 .3 Jumper
25 - 76 2500 H&C 0238A1285 P-003 3 Jumper
26 - 77 2500 H&C 0238A1285 P-004 3 Jumper
25 - 18 All All 0136B8936 G-001 3 Stud and Support
25 - 19 All All 0197A1567 G-001 6 Flexible Connection
25 - 80 All All 0108V0979 P-001 6 Locking Plate
25 - 81 All All 0136B8933 G-001 3 Finger Cage
25 - 82 All All 0108V0218 P-001 6 Outer Finger Spring
25 - 83 All All 0108V0328 P-001 6 Inner Finger Spring
25 - 84 All All 0101A1253 G-001 6 Arcing Contact Finger
25 - 85 All All 0238A1220 G-001 3 Arcing Contact Assembly
25 - 86 2500 H&C 0238A1285 G-001 3 Jumper

39
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H60T1

Arc Chute, Side Removed Arc Chute, Front View

Figure 26 (1 of 2) Arc Chute
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Arc Chute, Bottom View

Lower Runner Assembly

Figure 26 (2 of 2) Arc Chute
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123
/

Upper Runner Assembly

H6080 i
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tig. & Ref. No. PUB-I;E-064, Att
Numbers Amps Catalogue Number Per Description Page
Bkr.

26 - 100 1200 & 2000 047310124 G-001 3 Arc Chute Complete

26 - 100 2500 - 0473L0124 G-004 3 Arc Chute Complete

26 - 101 All 04731.0124 G-002 3 Upper Arc Runner Assembly

26 - 102 All 0473L.0124 G-003 ° 3 Lower Arc Runner Assembly.

26 - 103 All 0264B0100 G-003 3 Arc Chute Core Assembly

26 - 104 All 0136B8525 G-001 3 Upper Pole Piece Left Hand

26 - 104A All 0136B8525 G-002 3 Upper Pole Piece Right Hand

26 - 105 All 0136B8525 G-003 3 Lower Pole Piece Left Hand

26 - 105A All 0136B8525 G-004 3 Lower Pole Piece Right Hand

26 - 106 All 0197A1531 P-001 6 Brace

26 - 107 All 0197A1540 P-001 6 Lower Support

26 - 108 All 0216A6098 P-001 6 Insulation Cap

26 - 109 All CV167814 P-001 6 Threaded Washer

26 - 110 All 0197A1547 P-001 6 Shield ’

26 - 111 All 0216A6097 P-001 6 Insulating Bushing

26 - 112 All 0197A1536 P-002 3 Upper Core

26 -»113 All 0197A1537 P-002 3 Upper Core Insulation

26 -+114 All 0136B8912 G-001 3 Right Hand Throat Piece Assembly

26 - 115 All 0136B8912 G-002 3 Left Hand Throat Piece Assembly

26 - 116 All 0197A1537 P-001 3 Lower Core Insulation

26 - 117 All 0197A1536 P-001 3 Lower Core

26 - 118 All 0188A9753 P-002 3 Core Spacer

26 - 119 All K8517002 P-028 6 Core Spacer Shim

26 - 120 All 0197A1541 P-001 6 Core Shim (part not shown. Locatlon
only if required).

26 - 121 All 0136C8524 P-001 6 Upper Coil Support

26 - 122 All 0197A1548 P-001 3 Upper Runner Spacer

22 - 123 2500 0137C3583 P-004 3 Upper Support -

26 - 123 1200 & 2000 0137C3583 P-001 3 Upper Support

26 - 124 All 0168B2465 P-001 3 Arc Shield

26 - 125 All 0136B8915 G-001 3 Upper Blowout Coil

26 - 126 All 0137C3104 G-001 3 Upper Arc Runner

26 - 127 All 0197A1548 P-002 3 Upper Coil Protector

26 - 128 All 0197A1532 P-001 6 Lower Mycalex

26 - 129 Al 0127C3806 P-001 3 Lower Arc Runner

26 - 130 All 0197A1548 P-003 3 Lower Coil Protector

26 - 131 All 0197A1545 P-001 ] - Lower Barrier

26 - 132 All 0136B8917 G-001 3 Lower Blowout Coil

26 - 133 All 0197A1538 P-001 3 Runner Spacer

26 - 134 All '0127C3806 P-002 3 Coil Connection

26 - 135 All 0168B2948 G-001 3 Lower Support

26 - 136 All 0197A1497 P-001 9 Fibre Spacer

26 - 137 All 0137C3542 P-002 3 Lower Coil Support Right Hand

26 - 138 All 0137C3542 P-001 3 . Lower Coil Support Left Hand

26 - 139 All 0197A1544 P-001 3 Lower Runner Spacer

26 - 140 All 0197A1546 P-001 3 Mycalex Insulation Seal

26 - 141 All 0197A1542 P-001 3 Lower Runner Spacer

26 - 142 All A184858 P-078 6 Steel Spacer (.44 long)

26 - 143 All 0199A0791 P-023 12 Steel Spacer (.88 long)

26 - 144 All 0197A1535 P-001 3 Upper Coil Connection

26 - 145 All 0197A1540 P-001 6 Lower Support

26 - 146 All A184858 P-071 ] Steel Spacer (.22 long)

26 - 147 All K8583644 P-053 '8 Spacer Washer (.12 thick)

26 - 148 All 0197A1544 P-002 3 Spacer Block

26 - 149 All 0136B8893 P-001 6 Upper Insulation

26 - 150 All 0216A6096 P-001 6 Cup Washer (Notshown - Location
only)

26 - 151 All 0197A1548 P-001 3 Gasket Seal (Not shown - Location

only)
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176 184 173

1200 Amp. Types H and C

2000 Amp. Types H and C

188 187 186 189

176
177 184 174 175 174 175

1200 and 2000 Amp. Types
185 183 HB and CB

171 2500 Amp Types
H&C

H6505 | 180178
188 187 186 189 181

Figure 27 Movable Contact Arm Assembly
43
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. & Ref. No.
umbers Amps Type Catalogue Number Per Description
: Bkr.
- 170 1200 H&C 047310126 G-005 3 Bushing & Contact Arm
Assembly*
2000 H&C 047310126 G-006 3 Bushing & Contact Arm
Assembly®*
1200 HB & CB 047310126 G-013 3 Bushing & Contact Arm
) ' Assembly*
- 2000 HB & CB 0473L0126 G-014 3 Bushing & Contact Arm
. Assembly*
2500 H&C 04731.0126 G-016 3 Bushing & Contact Arm
: Assembly*
- 171 All All 0169B4560 G-002 3 Movable Arcing Contact
- 172 All All 0197A1566 P-001 12 Contact Spacer
- 173 1200 & 2000 H&C 0197A1560 P-001 6 Movable Primary Contact
- 174 1200 & 2000 HB & CB - 0534A0850 P-001 6 Movable Primary Contact
- 175 1200 & 2000 HB & CB 0534A0850 P-002 6 Movable Primary Contact
- 174 2500 H&C 0534A0850 P-001 6 Movable Primary Contact
- 175 2500 H&C 0534A0850 P-002 6 Movable Primary Contact
- 176 All All 0154B0159 P-001 6 Contact Arm Long
- 177 2000 & 2500 All 0154B0158 P-001 6 Contact Arm Short
- 178 All All 0168B2466 G-003 3 Puffer Tube Assembly Complete
- 179 All All 0136B8931 G-001 3 Puffer Tube and Piston
- 180 All All 0101A1769 P-001 3 Piston Ring
/- 181 All All 0188A9738 P-001 3 Piston Ring Equalizer Smooth
7 - 182 All All 0188A9740 P-001 3 Piston Ring Expander Corrugated
/- 183 All All 0188A9739 P-001 6 Lock Nut 3/8-16
/- 184 All All 0188A9739 P-002 12 Lock Nut 1/2-13
/ - 185 All All 0136B8986 G-002 3 Operating Rod -
/| - 186 All All 0105V0745 P-001 3 Yoke
] - 187 All All K8585051 P-031 3 Pin
7 - 188 All All K8584554 P-034 6 Washer
7 - 189 All All 3 Knurl Adjusting Nut

0105V0995

Complete with Bushing, Contact Arm Assembly and Operating Rod.
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RENEWAL PARTS
OF

ML-13 STORED ENERGY MECHANISM
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pa— % /200 -

/201
L1

e

S |
1 _ —= ==
\

(363HA423-16)

Side View
20~_|
202
201~ o
1o
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== R : |
: | | 203 & 3
! I i
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| 205 ][ i
r \-— /ZM :
3l
TP i
AN |
| b =
L
‘ (363HA423-15) ;
206 —J L §
Front View i
i
Figure 28 Plunger Interlock For ML~13 Mechanism @ ;
Fig. & Ref. No.
Numbers Catalogue Number Per Description
Bkr.
28 - 200 0216A6027 P-001 1 Plunger
28 - 201 0136B8989 G-001 1 Rod
28 - 202 0136B8988 G-001 1 Shield
28 - 2083 0216A6420 P-002 1 Guide Plate
28 - 204 0216A7438AD P-004 1 Textolite Bushing
28 - 205 0197A1208 P-004 2 Washer
28 - 206 A184858 P-135 2 Steel Spacer (.22 long)
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Figure 29 Spring Release For ML-13 Mechanism

Fig. & Ref. No. :

Numbers Catalogue Number Per Description
Bkr.

29 - 240 047310111 G-021 1 Spring Discharge Assembly

29 --241 0136B8543 G-003 1 Crank :

29 - 242 0197A1211 P-003 1 Link

29 - 243 ~ 0136B8589 P-002 1 Crank

29 - 244 0197A1401 P-003 1 Pin

29 - 245 0136B8541 P-007 1 Crank

29 - 246 0136B8541 G-002 1 Clevis

29 - 247 0197A1205 P-001 1 Rod

29 - 248 0136B8541 G-001 1 Clevis

29 - 249 0136B8541 P-009 1 Crank

29 - 250 0197A1136 P-001 1 Spring

29 - 251 0197A1211 P-001 1 Support

29 - 2562 0136B8541 P-005 1 Pivot Pin

29 - 253 0197A1186 P-004 1 Shaft
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Fig. & Ref. : No.
Numbers Type Catalogue Number Per Description
Bkr.
30 - 1 All 0136B8500 P-001 4 Crank
30 - 2 All 0136B8497 P-001 2 Crank
30 - 3 All 0136B8488 G-001 1 Link
30 - 4 All 0197A1155 P-001 2 Link
30 - 5 All 0136B8496 G-001 1 Link With Rivet
30 - 6 All 0169B4557 G-001 1 Prop
30 - 7 All 0216A6216 P-001 1 Cam
30 - 8 All 0197A1165 P-001 1 Cam Shaft
30 -9 All 0197A1132 P-001 1 Prop Spring Lower (Single)
A0 -9 HB & CB 0238A1314 P-001 1 Prop Spring Upper (Double)
80 - 10 All 0197A1163 P-001 1 Shaft
30 - 11 All 0136B8551 P-006 1 Pole Piece
30 - 12 All 0136B8552 G-001 1 - Coil Support (Tripping)
30 - 13 All 0136B8552 P-010 1 Coil Support (Tripping)
30 - 14 # 013688499 P-001 2 Crank
1200A H& C 0136B8499 P-001 1 Crank
30 - 15 All 0136B8551 P-004 1 Armature
30 - 16 All 0136B8537 G-001 1 Crank
30 - 17 All 0127C3622 P-007 1 Paddle
30 - 18 All 0136B8589 P-001 1 Crank
30 - 19 Al 0197A1401 P-002 1 Pin
30 - 20 All 0136B8528 P-001 1 Trip Shaft
30 - 21 All . N3401 P-808 3 Key - Woodruff Alloy Steel
30 - 22 All 0197A1161 P-001 1 Mech.Frame Cover
30 - 23 H&C 0197A1187 P-001 1 Support Single Prop Spring
30 - 23 HB & CB 0169B4603 G-001 1 Support Double Prop Spring
30 - 24 All 0197A1183 P-001 1 Pin
30 - 25 Al 25782-5 *k 48V DC Trip Coil
All 25782-4 *k Trip Coil 110V DC - 125V DC
All 25781-3 ik Trip Coil 2560V DC
All 25782-5 ok Trip Coil 230V AC
30 - 26 All K8581723 P-036 4 Washer Press Board 1/8 thk,
30 - 27 All K8581723 P-035 10 Washer Press Board 1/32 thk.
30-- 28 All 0127C3622 P-011 1 Link :
30 - 29 All 0197A1186 P-001 1 Stop Pin
30 - 30 All 0197A1182 P-001 1 Pin
30 - 31 All 0136B8516 P-001 1 Latch
H&C 0136B8516 P-003 2 Trip Latch Roller Bearing
HB & CB 0197A1417 P-001 2 Trip Latch Roller
HB & CB 0238A1496 P-001 1 Trip Latch Roller Shaft
30 - 32 All 0197A1182 P-002 1 Pin ‘
30 - 33 All 0197A1131 P-001 1 Latch Spring
30 - 34 All 0197A1130 P-001 1 Reset Spring
30 - 36 All A184858 P-180 2 Spacer
30 - 37 All 0191A7372 P-005 2 Bearing Assembly
30 - 38 H&C 0216A7438 AD P-004 4 Bushing Textolite
30 - 38 HB & HC 0238A1383 P-001 4 Bushing Bronze
30 - 39 H&C 0216AT7438AC P-004 2 Bushing Textolite
30 - 39 HB & HC 0238A1383 P-002 2 Bushing Bronze
ﬁ) - 40 All 0238A1383 P-002 2 Bushing Bronze
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Fig. & Ref. No.

Numbers Type Catalogue Number ]]39123 Description
30 - 41 All 0216A7438AH P-004 2 Bushing
30 - 42 All 0197A1312 P-005 1 Bearing
30 - 43 All 0197A1312 P-006 1 Bearing Inner Race
30 - 44 All 0197A1312 P-003 2 Bearing
30 - 45 All 0197A1312 P-004 2 Bearing Inner Race
30 - 46 All 0169B1830 P-007 1 Bearing - Roller
30 - 47 All 0197A1199 P-001 1 Key - Square
30 - 49 All A184858 P-157 1 Spacer
30 - 50 All 0197A1160 P-001 1 Link Open Close Indicator
38 - 51 All 0197A1533 G-001 1 Bracket and Handle Assembly
30 - 52 All 0191A7386 P-001 A Pin
30 - 53 All 0191A7384 P-001 A Plate
30-- 54 All 0191A7383 P-001 A Clevis
30 - 55 All 0191A7362 P-005 VAN Rod
30 - 56 All 0108V0262 P-001 2A Buffer”
30 - 87 All 0136B8502 G-001 A Yoke
30 - b8 All 0191A7384 P-002 A Retaining Plate
30 - 60 All 0136B8405 P-002 A Spring Guide
30 - 61 All 0592B0636AS P-426 A Pin
30 - 62 # 0191A7365 P-001 2 Outer Spring

1200A H&C 0191A7365 P-001 1 Quter Spring
30 - 63 1200A H&C 0191A7366 P-001 1 Inner Spring A
30 - 64 All 0197A1157 P-002 1 Square Shaft O

*%(1) Required for tripping possible (1) for spring release too may be different voltages. Check nameplates for

requirements.

A (1) For 1200 Amp Type H&C
(2) For 2000 Amp Type H&C and All Type HB&CB
(2) For 2500 Amp Type HEC

# 2000 & 2500 Amp Type H&C and All Type HB&CB.
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Figure 31 ML-13 Stored Energy Mechanism
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Fig. & Ref. No.
Numbers KV Type Catalogue Number Per Description
Bkr.
31 - 101 All All 0132B3131 G-002 5 Switch (N.O.)
31 - 102 All All 0192A3614 G-004 1 Auxiliary Switch Type SBM
All All 0237A3420 G-001 1 Auxiliary Switch Type SB1
31 - 103 All All 0197A1157 P-002 1 Square Shaft
31 - 104 All All 0216A6217 P-001 1 Switch Cam
31 - 105 All All 0132B3131 G-001 1 Switch (N.C.)
31 - 106 All All 0197A1201 G-001 1 Manual Close Rod
31 - 107 All All 0105C9393 P-001 1 Motor 48V DC
All All 0105C9393 P-002 1 Motor 110V DC - 125V DC
All All 0105C9393 P-003 1 Motor 220V DC - 250V DC
All All 0105C9393 P-003 1 Motor 230V AC
31 - 108 All H&C 047310113 G-001 2 Closing Spring Asm.
All HB &CB 047310113 G-008 2 Closing Spring Asm.
31 - 109 All All 0169B4663 G-001 1 Relay 48V DC
All All 0169B4663 G-002 1 Relay 110V DC - 1256V DC
All All 0169B4663 G-003 1 Relay 220V DC - 250V DC
: All All 0169B4663 G-004 1 Relay 230V AC
31 - 110 All All 0354B0451 G-002 1 Secondary Coupler (Block & Contacts)
31 - 111 All All 0197A1231 G-001 1 Operation Counter
31 - 112 All All 0168B2829 G-001 1. Indicator
31 - 113 All Al K4424901 P-001 1 Nameplate (Interchange)
31 - 114 All All V4412491 P-001 1 Contact Plug
31 - 115 All All 0102A9445 P-001 1 Socket
31 - 116 All All 0136B8505 P-001 1 Latching Pawl] (Outside)
31 - 117 All CAl 0136B8505 P-002 1 Latching Pawl (Inside)
All All 0216A7438AB P-005 2 Latching Pawl Bushing
- 31 -118 All All 0136B8504 P-001 1 Drivng Pawl
All All 0216A7438AC P-006 1 Driving Pawl Bushing
31 - 119 All All 0136B8520 G-001 . 1 Bearing Block
31 - 120 All All 0473L0111 G-016 1 Ratchet Wheel & Stop
31 - 121 All All 0197A1365 G-001 1 Crank Assembly
31 - 122 All All 0197A1198 G-001 1 Link
31 - 123 All All 0136B8481 P-001 1 Eccentric
31 - 124 All All 0136B8535 G-001 1 Striker
31 - 125 All All 0127C3622 P-003 1 Link
31 - 126 All All 0216A6185 G-001 1 Close Latch
31 - 127 All All 0191A7372 P-004 2 Close Latch Shaft Bearing
All All 0197A1189 P-001 1 Close Latch Shaft
31 - 128 All All 0136B8552 G-002 1 Close Coil Support
31 - 129 All All 0197A1128 P-001 1 Close Latch Spring
31 - 130 All All 25782-5 1% Spring Release Coil 48V DC
‘ All All 25782-4 1% Spring Release Coil 110 - 125V DC
All All 25782-3 1% Spring Release Coil 220 - 250V DC
All All 0197A1442 G-001 1% Spring Release Coil 230V AC
31 - 131 All All 0136B8551 G-001 1 Armature (Closing)
31 - 132 All All 0191A7372 P-006 1 Cam Follower
31 - 133 All All 0136B8481 P-002 1 Hex. Charging Stud
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Fig. & Ref. No.
Numbers Amps Type Catalogue Number Per Description
Bkr.
31 - 134 All All 0136B8970 G-001 1 Positive Interlock Bracket
31 - 135 All All 0197A1203 P-002 1 Positive Interlock Shaft
31 - 136 All All 0115V0877 P-001 1 Positive Interlock Crank
31 - 137 All All 0216A6226 G-001 1 Positive Interlock Arm and Roller
31 - 138 All All 0216A6400 G-001 1 Positive Interlock Link
31 - 139 All All 0238A1351 P-001 1 Striker
431 All All 0238A1350 P-001 1 Spring
31 - 140 All All 0168B2844 G-001 1 Open-Close Indicator
31 - 141 All All 0127C3578 P-003 1 Spring Support
31 - 142 All All 0197A1129 P-001 2 Latching Pawl Spring
31 - 143 All All 0197A1138 P-001 1 Driving Pawl Spring
31 - 144 All C 0177A1379 P-007- 1 Fuse Cutout 30° - 250V
31 - 145 All C 25-30 : 2 Fuse 30 amp. for 48V Control
All C 25-15 2 Fuse 15 amp. for 125V Control
All C 25-10 2 Fuse 10 amp. for 230 and 250V Control
31 - 146 All All 0136B8551 P-006 1 Pole Piece
31 - 147 All All 25782-5 w4k Trip Coil 48V DC
All All 25782-4 ik Trip Coil 110-125V DC
All All 25782-3 ok Trip Coil 250V DC
All All 25782-5 wF Trip Coil 230V AC

*#(1) required for spring release possibly (1) for tripping too, may be same voltage - Check nameplate for
requirements.
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I INSTALLATION
L
1. Remove the bOA barriers and mechanism 2. Charge the breaker closing springs man-
. cover and make a visual inspection to ually using a 5/8" ratchet wrench to turn
; ascertain that the breaker and mechanism the driving eccentric (4) Figure 1. Turning
j] is in satisfactory condition. Check all the eccentric counter clockwise will ad-
bearing surfaces of the mechanism for vance the ratchet wheel and compress
lubricatiom—Tafaria cantian an luhrication the springs.
. page 16 T
J :8034807)
» SWETCHGEAR PRODUCTS DEPAHTMENT '
These instructi posslble
-J, contingency to b i desired
‘ or should particu r should.
be referred to th ;
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VMAGNE-BLAST CIRCUIT BREAKER " '®

AMi=13.8-500-7 (A)

A Letter Designation B, C, H, K, N used immediately following the model number

indicates basic design features.

The Magneblast breaker is the removable and
interchangeable interrupting elementused in metal-
clad switchgear to provide reliable control and pro-
tection of electrical apparatus and power systems.

The AM-13.8-500 Magneblast Breaker is avail-

“able with continuous current ratings of 1200

amperes and 2000 amperes in accordance with
applicable industry standards. Refer tothe breaker
nameplate for complete rating information of any
particular breaker, The nameplate also describes
the control power requirements for that breaker,
The application of a breaker must be such that its

DoucTIO

Y

voltage, current, and interrupting ratings arenever
exceeded. Since this book is written to include
all ratings of the breaker as well as several design
variations, the instructions will be of a general
character and all illustrations will be typical
unless otherwise specified. '

PROPER INSTALLATION AND MAINTENANCE
ARE NECESSARY TO INSURE CONTINUED SAf-
ISFACTORY OPERATION OF THE BREAKER.
The following instructions will provide complete
information for placing magne-blast breakers in
service and for maintaining satisfactory operation. .

RECEIVING, HANDLING AND STORAGE

Receiving and Handling

Each breaker is carefully inspected and packed
for shipment. Immediately upon receipt of the
circuit breaker, an examination should be made
for any damage sustained in transit. If injury or
rough handling is evident, a damage claim should
be filed immediately with the transportation com-
pany and the nearest General Electric Sales Office
should be notified.

It is expected that due care will be exercised
during the unpacking and installation of the breaker
so that no damsge will occur from careless or
rough handling, or from exposure to moisture or
dirt. Check all parts against the packing list to
be sure that no parts have been overlooked,

Storage

It is recommended that the breaker be put
into service immediately in its permanentlocation.
I this is not possible, the following precautions
must be taken to insure the proper storage of
the breaker:

1. The breaker should be carefully protected

against condensation, preferably by stor-
ing It in a warm dry room, since water
absorption has an adverse effect on the
insulation parts. Circuit breakers for
outdoor metal-clad switchgear should be
stored in the equipment only when power
is available and the heaters are in oper-
ation to prevent condensation.

2, The breaker should be stored in a clean
location, free from corrosive gases or
fumes; particular care should be taken
to protect the equipment from moisture
and cement dust, as this combination has
a very corrosive effect on many parts.

3. Unfinished surfaces of rollers, latches,
etc., of the operating mechanism should
be coated with grease to prevent rusting,

If the breaker is stored for any lengthof time,
it should be inspected periodically to see that
rusting has not started and to insure good mech-
anical condition. -Should the breaker be stored
under unfavorable atmospheric conditions, it should
be cleaned and dried out before being placed in
service,

IRNSTALLATION

1. Remove the box barriers and mechanism
cover and make a visual inspection to
ascertain that the breaker and mechanism
is in satisfactory condition. -Check all
bearing surfaces of the mechanism for
lubrication. Referto sectiononlubrication
page 16 and Figure 17,

2. Charge the breaker closing springs man-~
ually using a 5/8" ratchet wrench to turn
the driving eccentric (4) Figure 1. Turning
the eccentric counter clockwise will ad-
vance the ratchet wheel and compress
the springs.

(Cover photo 8034807)

be referred to the General Electric Company.

These instructions do nof purport to cover all details or variations in equipment nor o provide for every possible
contingency to be met in connection with installation, operation or mainfenance. Should further information be desired
or should particular problems arise which are not covered sufficiently for the purchaser’s purposes, the matter should




When the springs have reached the fully
charged position the indicator (1) will
read "CHARGED", and the driving pawl
will be raised from the ratchet wheel
teeth. Additional turning of the eccentric
will not advance the ratchet wheel.

Insert the spring blocking device (8) and

manually discharge the springs againstthe .

pins by pushing the manual release button
(3). The springs are nowblocked and slow
closing of the breaker contacts can be
accomplished by again turning the driving
eccentric with a 5/8" ratchet wrench.

During the slow closing operation checkto
insure that the mechanism does not stick
or bind during the entire stroke, that it
latches securely in the closed position,
and that it trips freely when the manual
trip lever is operated. At this time; also
check the following adjustments:

a. Arcing contact wipe (Refertopage 10)
b. Primary contactwipe (Refer topage 10)
¢. Primarycontact gap (Refertopage 11)

DO NOT WORK ON EITHER THE BREAK-
ER OR MECHANISM UNLESS THE CLOS-
ING SPRINGS ARE BLOCKED AND THE
OPENING SPRINGS HAVE BEEN TRIP-
PED OPEN ORMECHANICALLY BLOCK-
ED. THIS PRECAUTION IS REQUIRED
TO PREVENT ACCIDENTAL CLOSING
OR TRIPPING.

The closing springs should now be un-
blocked. Rotate the driving eccentric

DESCRIPTION

The Magneblast Breaker has two principal
components; the breaker elementand the operating
mechanism: .

The breaker element is three similar pole
units, each of which includes the current carrying
parts, main and arcing contacts, interrupter, and
an enclosing barrier system that provides insulation
between poles, or phases and to ground. The
primary connections to the associated metal-clad
switchgear are made through the ball contacts at
the top of the breaker bushings.

The operating mechanism type ML-13 is of
the stored energy type designed to give high speed
closing and opening. The mechanism will operate
on a-c or d-c voltage as indicated on the breaker
nameplate. Closing and opening operations are
controlled either electrically from the metal-clad
unit and remote location, or mechanically by the
manual close and irip levers on the breaker. All
secondary connections from the breaker to the
metal-clad unit are made through the coupler (1)
Figure 2.

A spring release interlock, Figure 3, is provided

e
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until the indicator reads E’%?fﬂﬂ%tGED" and U
the ratchet wheel does not advance, The.
spring blocking device can now be re.,
moved.

3. Connect the test coupler to the circ
breaker and operate it electrically several”
times. Check the control voltage as
described under ""CONTROL POWER
CHECK" (Page 14). . .

’

5. If the breaker has been stored for along
period of time, it is recommendedthat th{ [
insulation be checked with a standard 6(*:~

4, Disconnect the test coupler and replace
box barrier.

hertz high potential test. Refer toInsula-
tion Test (Page 186 ).

NOTE: If the breaker secondary wiring
is to be given a hi-potential test at 1500

volts, remove both the motor leads from

the terminal connection, Failure to dis,

!

connect the motor from the circuit ma% :

cause damage to the winding insulation.

6. Lubricate the silver portion of the ball
contact at the top of the breaker bushing
and the rear portion of the ground shoe,
by applying a thin film of contact lubricant
D50H47.

7. Refer to metal-cladinstruction book GEH-£!
1802 for instructions on inserting the
breaker into the metal-clad unit. .

QF OPERAT!IQN

to discharge both the closing and opening springs
when the breaker is withdrawn from or inserted
into the metal-clad unit.

A positive interlock (3) Figure 4 and interlock {
switch (2) Figure 2, are provided between the

breaker and metal-clad unit to prevent raising
or lowering of the breaker in the unit while in a

closed position and to prevent a closing operation

when the breaker is not in either the fully raised
or lowered position. To insure that this interlock -.7

will function during manual, as well as during
electrical operation of the equipment, both mech-
anical and electrical blocking is provided. If-
for any reason the closing springs should be
discharged against the positive interlock the mech~
anism will be jammed and be inoperable. The
mechanism can be released and returned to the
reset position by pushing in on the trip lever (8)
Figure 5. It may require more than normal force
to release the interlock.

A plunger interlock, Figure 14 canbeprovided ¢

when required to operate a stationary auxiliary
switch and/or a rod interlock mounted in the
metal-clad unit, '
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Figure 1. (8040935) Spring Blocking Device

Charge - Discharge Indicator
Driving Pawl

Manual Close Button
Eccentric

Manual Charging Wrench
Spring Blocking Device

DU WD =
.

——

Figure 2. (8040932) Left Side View ML-13
Operating Mechanism

Secondary Coupler
Interlock Switches
Auxiliary Switch
Latch Checking Switch
Switch Cam '
Closing Roller

Power Switches
Closing Latch

Closing Springs

Motor

onh WM

Figure 3. (8038805) Spring Discharge Linkage

1. Link

2. Adjusting Boilt

3. Trip Latch Crank
%. Discharge Crank
6
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. Adjusting Clevis
. Spring Release Crank
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When the breaker is used interchangeably
1 type MS-13 solenoid operated breakers in
16 metal-clad units, fuses are mounted on
breaker for protection of the motor and
sing circuit,. These breakers are identified
'C' or "K" suffix in the breaker nomenclature.

In cases where breakers with type ML-13
chanisms must match and line up with breakers
ing type ML-11 mechanisms the spring charging
zuit for both mechanisms should be fused with
js Company Fusetrons as follows:
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Spring Charging

Cont. Volt, Fuse Size Cat. No.
48v d-c 10A FRN 10
110v d-c 4A FRN 4
125v d-¢ 4A FRN 4
115v a-c 4A FRN 4
220v d-c 2.5A FRN 2.5
250v d-c 2.5A FRN 2.5
230v a-c 2.5A FRN 2.5

-t
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rure 4. (8038804) Right Side View ML-13
Operating Mechanism

Upper Spring Pin
Latching Pawls
Positive Interlock Roller
Opening Spring
Cam Shaft

Ratchet Wheel
Bearing Block
Driving Pawl
Lower Spring Pin
Driving Pawl Lever
Eccentric

12. Closing Spring
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The mechanism has a high speed gear motor

(10) Figure 5, that compresses a set of closing

springs through the action of an eccentric, ratchet,
and pawl assembly. The rotary action of the
motor is converted to a straight stroke through
the eccentric (11) Figure 4, and a lever that
carries a spring loaded driving pawl (2) Figure 1.

The pawl advances the ratchet wheel (6)
Figure 4 a few degrees each stroke where it is
held in position by the latching pawls (2). When
the ratchet wheel has been rotated approximately
180 degrees the closing spring (12) will be fully
compressed. As the ratchet wheel continues to
rotate, the spring load will shift over center and
attempt to discharge. After a few degrees of

rotation, the closing roller-(6) Figure 2, will
engage the closing latch (8) and the compressed
springs will be held by the latch until a closing
operation is required. During the last fewdegrees
of the ratchet wheel rotation the power switches (7)

Figure 5. (8038803) Front View ML-13
Operating Mechanism

Auxiliary Switch

Open - Close Indicator

Trip Coil

Prop Spring

Operation Counter

Trip Latch
Charge-Discharge Indicator
Manual Trip Lever

Manval Close Button

Motor

—_ B
QOO NP WM
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are opened and the driving pawl is raised from
the ratchet wheel surface. This allows the motor

-and driving mechanism to coast to a natural stop

expending all residual energy.

During the time the springs are being com-
pressed a relay (17) Figure 6, is energized to
hold the closing circuit open. The relay remains
energized until the springs are fully charged and
the control switch contacts are re-set.

The closing springs may be charged manually
if control voltage is lost. A 5/8" ratchet wrench
can be used to rotate the eccentric in a counter
clockwise direction until the indicator reads
"Charged" and the driving pawl is raised from the
ratchet wheel. The use of the ratchet wrench
provides for maximum safety in the event that
control power is suddenly restored without warning.
In this event, the motor drive will override the
ratchet wrench and continues to charge the springs.
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Closing Operation

The breaker can be closed electrically by
energizing the closing solenoid (15) Figure 6, or
manually by pushing the close button (9) Figure 5.
In either method the closing latch is rotated from
under the closing roller to release the closing
springs (9) Figure 2. The energy in the springs
is used to rotate a cam (16) Figure 7 and close
the breaker through the operating mechanism
linkage. During the closing operation the mech-
anism is trip-free at all times. The breaker is
held closed by the closing prop (14) moving into
position under the prop pin (13). During the closing
operation the opening springs (4) Figure 4, are
compressed und held ready for an opening operation
with the trip latch (8) Figure 7 bearing against
the trip latch roller (9).

When the closing operation of the breaker is
completed and the closing latch is fully reset,

/s

— .,
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Figure 6. (8040933) Control Mechanism ]
1. Latch Checking Switch 7. Power Switches 13. Latch Monitoring Switch
2, Switch Cam 8. Closing Latch 14, Switch Mountm‘.g:::1 Bracket
3. Switch Striker 9. Closing Latch Shaft  15. Closing Solﬁﬂsol ort
4, Switch Support Bolts 10. Latch Adjusting Screw 16. Closing gom upp
5. Switch Support 11. Closing Coil Bolts 17. Control Relay
6. Closing Latch Spring

Closing Latch Roller 12.




2 contacts of the latch monitoring switch closes
permit the spring charging motorto be energized
d rechdrge the closing springs.

yening Oneration

The breaker can be opened either electrically
energizing the trip coil (3) Figure 5, or
anually by pushing the trip lever (8). In each
ethod the trip latch is rotated off the trip latch
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roller, permitting the operating mechar?ism linkage
to collapse. The energy stored in the opening
springs is released to provide the required opening
speed for successful interruption of the circuit,

As the breaker opens to interrupt a current
the arc first starts at the arcing contacts (5 & 203
Figure 8, transfers to the arc runner (3 & 8) and
energizes the blow-out coils (2 & 7). This action
introduces a magnetic field between the polepieces

Figure 7. (0114C5320) Sectional Side View of Mechanism

1. Handle 10. Trip Latch Roller Support 19. Spring Rod

2. Trip Coil Support 11. Crank Shaft , 20. Spring

3. Trip Coil 12. Cranks 21. Spring

4, Trip Armature 13. Prop Pin 22. Spring Guide

5. Prop Reset Spring 14, Prop 23. Stop Pin

6. Cam Follower Roller 15. Drive Shaft 24. Main Shaft Bearing
7. Trip Shaft 16, Cam 25. Cam Shaft Bearing
8. Trip Latch 17. Check Nut

9. Trip Latch Roller 18. Stop Plate
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(4 & 9) of the interrupter that forces the arc
deeper into the arc chute (6). At the time the
arcing contacts part a discharge of air is expelled
through the booster tube (21) across the arc. This
air flow assists the arc transfer and interruption
by blowing the arc away from the contacts and into
the arc chute. As the magnetic field forces the
arc deeper into the interrupter along the diverging
arc runners, the field is progressively increased
by the insertion of each additional blow-out coil
into the circuit. )

PUB-NP-064, Attachment E

The arc chute has a se};?.%e; gf interleaving
ceramic fins, Figure 19. As the arc is forced
into the interrupter it is lengthenedin the gradually
deepening serpentine path between the fins so
that the electrical resistance of the arc is rapidly
increased and its heat is absorbed by the ceramic
material. The increased resistance reduces the
magnitude and phase angle of the current and at
an early current zero the arc cannot re-establish
itself and interruption occurs,
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Figure 8. (0152C5915) Cross Section of Breaker Pole Unit

1. Box Barrier 9. Lower Pole Pieces 17, Movable Primary Contac
2. Upper Blow-Out Coil 10. Front Bushing 18, Hinge Cup Bearing

3. Upper Arc Runner 11, Rear Bushing 19. Contact Arm Assembly
4. Upper Pole Pieces 12, Main Operating Crank 20. Movable Arcing Contact
5. Stationary Arcing Contact 13. Spring Retainer 21. Booster Tube and Piston
6. Arc Chute Side 14, Horizontal Barrier 22. Connection Bar

7. Lower Blow-Out Coil 15. Operating Rod 23. Booster Cylinder

8. Lower Arc Runner 16, Stationary Primary Contact

e‘wy



rip Free Operation

If the trip coil circuit is energized while
e breaker is closing, the trip armature will
rce the trip latch (83 Figure 7 away from the

PUB-NP-064, Attachmen
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trip roller (9) causing the mechanism linkage
to collapse and the breaker to re-open. The
closing cam (16) will complete its closing stroke
and the springs will re-charge as in a normal
closing operation.

ADJUSTVIENTS

All adjustments should be checked during
eriodic inspections and whenever it becomes
ecessary to repair or replace parts that have
ecome worn or defective while in service. The
yllowing adjustments are listed in the order in
hich they are to be checked after removing the
0X barriers and front cover from the breaker.

DO NOT WORK ON EITHER THE BREAKER
'R MECHANISM UNLESS THE CLOSING SPRINGS
RE BLOCKED AND THE OPENING SPRINGS
[AVE BEEN TRIPPED OPENOR MECHANICALLY
JLOCKED. . THIS MEASURE IS REQUIRED TO
'REVENT ACCIDENTAL CLOSING OR TRIPPING.

\rcing Contact Wipe

Refer to Figure 9. Close the breaker until
he arcing contacts just touch., This can be
jetermined with the use of a circuit continuity
ester such as a light indicator or bell set. In
his position, the gap between the stationary
yrimary contacts (1) and the movable primary
ontact (2) should be 5/16" or greater. This
setting has been made in the factory and no

Primary Contact Wipe

adjustment is provided. A wipe of less than
5/16" is an indication that the arcing contacts
need to be replaced. When making this check,
see that there is clearance between the areci

contact (5) and the slot in the throat baffle (7
during entire stroke of the moving contact assembly,

Primary Contact Wipe

Refer to Figure 9, when the breaker is closed
the stationary primary contacts (1) should rise
from 1/4" to 5/16". Before checking this dimen-
sion be sure the mechanism is re-set so that the
prop pin (13) Figure 7 is resting on the prop,
To obtain the proper contact adjustment, open

the breaker and, referring to Figure 10, loosen

the check nut (4) and turn the adjusting nut (3).
Screwing up on the adjusting nut will decrease
the primary contact wipe, down will increase it.
Tighten the check nut, close the breaker and
recheck the wipe. With the primary contact wipe
correctly adjusted, the clearance hetween the
contact arm %6) Figure 9 and the buffer block (3)
should be 1/16" or greater when the breaker is
fully closed.

Arcing Contact Wipe

Figure 9. (0132C2709) Contact Adjustments

Movable Primary Contacts
Buffer Block
Stationary Arcing Contacts

o> CO DI =
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Stationary Primary Contacts

5. Movable Arcing Contacts
6. Contact Arm
7. Throat Baffle
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Primary Contact Gap

Refer to Figure 10. With the breaker closed,
press the manual- trip button allowing the breaker
to trip open normally. Do not force the contacts
open wider by hand. The gap between the sta-
tionary primary contacts (5) and the movable
primary contact (8) measured between the closest
points, should be 5-1/8" to 5-9/16". To change
this gap, loosen the check nut (17) Figure 7, and
turn the adjusting nut (18) on stud (19). Screwing
the adjusting nut down will decrease the primary
contact gap. Tighten the check nut and re-
measure the contact gap (close and trip the
breaker before checking the measurement).

WHEN WORKING ON THE MECHANISM IN
THE CLOSED POSITION, KEEP FINGERSCLEAR
OF THE LINKAGE, AS ACCIDENTAL TRIPPING
CAN CAUSE SEVERE INJURY. :

Trip Latch Wipe

Refer to Figure 7. The wipe of the trip
latch (8) on the trip roller (9) should be from
3/16" to 1/4". This can be measured by putting

Figure 10. (8038802) Adjustable Coupling For
Making Primary Contact
Wipe Adjustments.

Operating Rod

Operating Rod Pin

Adjusting Nut

Check Nut

Stationary Primary Contacts
Yoke

Contact Arm

Movable Primary Contacts
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a film of grease on the laich, closing the breaker
part way, and tripping. The mechanism has the
proper trip latch wipe when the latch rests against
the stop pin (23). No adjustment is provided and
a visual inspection is usually all that is required.
If this setting is not correct, look for insufficient
travel of the trip shaft (7).

Trip Armature Travel

Refer to Figure 7. The trip armature (4)
should have 7/32" to 9/32" travel before the trip
latch (8) starts to move. This can be adjusted
by moving the trip coil support (2) and/or by
adjusting the trip arm screw (10) Figure 11. A
locking screw located behind the trip arm screw
must first be loosened. Retighten locking screw
after making adjustment.

Closing Latch Wipe

Refer to Figure 6. The wipe between the
closing latch (8) and roller (6) should be 3/16"
to 1/4"., If re-setting is required, loosep, set,
and retighten adjustment nut and screw (10).

Closing Latch Monitoring Switch

Refer to Figure 6. The closing latch must
be fully re-set and the latch monitoring switch
(13) operated before the motor will start. When
the latch is fully reset the clearance between the

- switch striker arm and the switch mounting bracket

(14) is 1/32" or less, this can be adjusted by
bending the striker arm.

Motor and Relay Switches

Refer to Figure 6, With the closing springs
blocked rotate the switch cam (2) until the switch
striker (3) has traveled the maximum amount
(about 180 degrees rotation of cam). At this
point the clearance between the striker and the
switch support (5) should be 1/32" or less. This
can be adjusted by loosening the switch support
mounting bolts (4) and rotating the support.

Interlock Switch Wipe

Refer to Figure 12. With the positive inter-
lock in the reset, or normal position the clearance
between the interlock switch arm (2)and the switch
mounting plate (3) should be 1/32" or less. This
can be adjusted by bending the switch arm.

Driving Pawl Adjustment

Refer to Figure 4. The driving pawl (8)
must advance the ratchet wheel (6) sufficiently
on each stroke to allow the latching pawls (2)
to fall into the ratchet teeth. This should be
checked with the closing spring load against the
driving members., With the mechanism unblocked,
hand charge the closing springs with the manuai

11
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1arging wrench until they are slightly more than
uf charged. Slowly rotate the charging wrench
itil the driving pawl has traveled through its
sturn stroke and check the maximum clearance
stween the pawl and the ratchet tooth. Rotate
le charging wrench until the driving pawl has
jvanced the ratchet tooth to its maximum travel.
ow check the clearance between the ratchet tooth
nd the latching pawl. The clearance should be
pproximately equal for both the driving and
itching pawls and not less than .015" in either
ase,

If adjustment is required for either pawl the
prings must first be fully charged and blocked.
,00sen seven motor support bolts (1) Figure 15,
nd move entire motor assembly to the rear if
ae clearance is under the minimum at the latching

awls, and to the front if the clearance is under -

he minimum at the driving pawl. Move the motor
ssembly approximately twice the dimensional
ncrease required at the pawl., Be certain the
notor assembly is moved straight forward or
‘earward and tighten the one bolt on the right
iide of the mounting frame first to assure proper
dignment. After tightening the remaining bolts
he springs should be released and the clearance
igain checked as described above.

igure 11. (8040934) Auxiliary Switch and Trip Coil

1. Trip Latch Spring
2. Switch Arm
3. Spring Discharge Crank
4, Cotter Pin
5. Trip Coil Support
6., Trip Coil
7. Mounting Bolts
8. Latch Set Screws
9. Trip Latch
10. Trip Arm Screw
11. Manual Trip Lever
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AUXILIARY DEVICES

Latch Checking Switch

Refer to Figure 13. Charge the closing springs ,
sufficiently to reset the mechanism linkage. Ro- ¥

tate the trip latch (4) by pressing manual trip
lever to open the latch checking switch (2). Allow
the trip latch to reset slowly and determine the
point at which the contacts are made by using
a circuit continuity tester (light indicator, bell
set, etc). The contacts of the latch checking
switch should just make when the gafn between the
trip latch (4) and the stop pin (5) Jocated on the
lateh roller link (7) is 1/16".
a minimum of 1/64' between the switch arm (3)
and the switch support (1). To obtain adjustment
of the latch checking switch, bend the latch checking
switch arm (3). .

Auxiliary Fuses

On breakers with "C" and "K" suffix, a set
of protecting fuses is mounted on the front of the
breaker.

devices for the closing control circuit on those
breakers that are used in metal-clad units de-
signed for solenoid operated breakers.

|

1
2
3
A.

o

Figure 12, (8040933) Positive Interlock Switch

1. Positive Interlock Shaft
2. Switch Arm

3. Switch Support

4. Interlock Switch

5. Latch Checking Switch
6. Switch Arm

7. Trip Shaft

There shquld be f

These fuses are the primary protective {
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Inspection and Test

'-{‘ e'

f.

1. For ease in reviewing the adjustments, the
following are recapitulated:

Primary contact wipe: 1/4" to 5/16".

Arcing contact wipe: 5/16" or greater
gap at primary contacts. -

Primary contact gap: 5-1/8" to 5-9/16".

Trip latch wipe: 3/16" to 1/4" with trip
latch resting against stop pin.

Trip armature travel 7/32" to 9/32".
Closing latch wipe: 3/16" to 1/4",

Closing flatch monitoring switch: Max-
imum clearance 1/32".

Figure 13. (0114C5320) Latch Checking Switch

1.

T

Switch Support

Latch Checking Switch
Switch Arm

Trip Latch

Reset Pin Stop

Latch Roller

Latch Roller Link
Latch Roller Pin

Figure 14.

1'
2-
3.
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(8034464)

Plunger Bolt
Washer
Breaker Lifting Rail

Plunger Interlock

Figure 15.

1.
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(8040931) Driving Elements

Mounting Bolts
Manual Close Button
Motor

Retaining Ring
Eccentric

Retaining Ring

Hex Charging Stud
Driving Link

Motor Support

13
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h. Motor and relay switch: maximum clear-
- ance 1/32".

i. Ix}t;;lock switch: maximum clearance
1/32".

jo Driving and Latching Pawl: minimum
clearance to ratchet teeth .015".

k. Latch checking switch contacts make when
the gap between the trip latch and the stop
pin is 1/16",

. Check all nuts, washers, bolts, cotter pins,
and terminal connections for tightness.

}. Inspect all wiring to make sure thatno damage
has resulted during installation, and test for
possible grounds or short circuits.

4, See that all bearing surfaces of the mechanism
have been lubricated. Refer to the section on
LUBRICATION. (Page 16 and Figure 17).

5. Operate the breaker slowly with the manual
charging wrench and note that there is no
excessive binding or friction and that the
breaker can be moved to the fully opened and
fully closed positions.

6. See that any place where the surface of the
paint has been damaged is repainted immed-
iately.

7. Check the trip coil plunger and the closing
coil plunger to see that they move freely.

Opening and Closing Speeds

The closing speed of the arcing contact of the
breaker should be a minimum of 11 feetper second.
This represents the average speed of the movable
arcing contact from a point 3" before the tip is
tangent to the lower surface of the probes on the
upper arc runner to the tangent position.

The opening speed of the arcing contact should
be a minimum of 15 feet per second. This repre-
sents the average speed over 3" from the point
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when the tip on:the movable arcing contact is
tangent to the lower surface of the probes on the
upper runner, Praper servicing and lubrication
of the breaker and its operating mechanism should

maintain these speeds and no adjustment is pro- €

vided.

Control Power Check

After the breaker has been operated several
times with the manual charging wrench and the
mechanism adjustments are checked as described,
the operating voltages should be checked at the
closing coil, trip coil, and motor terminals, Con-
trol Power for electrical operation of the breaker
may be from either an alternating or direct
current source. The operating ranges for the
closing and tripping voltages as given on the
breaker nameplate, are as follows:

Nominal Closing Tripping
Voltage Range Range
24v d-c - - 14 - 30v d-c
48v d-c 34 - 50v d-c 28 - 60v d-c
110v d-c 80 - 115v d-c 60 - 125v d-c
125v d-c | 90 - 130v d-c 70 - 140v d-c
220v d-c | 160 - 230v d-c | 120 - 250v d-c
250v d-c | 180 - 260v d-c | 140 - 280v d-c
}115v a-c 95 - 125v a-c 95 - 125v a-c
230v a~c { 190 - 250v a-c 190 - 250v a-c

If the closed circuit voltage at the terminals
of the coil or motor does not fall in the specified
range, check the voltage at the source of power
and line drop between the power source and
breaker.

When two or more breakers operating from the

same control power source are required to close.

simultaneously, the closed circuit voltage at the
closing coil or motor of each breaker must fall
within the specified limits.

Electrical closing or opening is accomplished
by energizing the closing or trip coil circuit.
Control switches are provided for this purpose
on the metal-clad unit. It is also possible to
trip or close the breaker manually by pressing
the manual trip lever (8) F1gure 5 or the manual
close button (9).

GENERAL MAINTENANCE

GENERAL

Safe and dependable service from electrical
apparatus and power systems is‘contingent upon
reliable performance of power circuit breakers.
To obtain maximum reliability the breaker should
be inspected and maintained on a regular schedule,
The breakers are designed in accordance with
applicable standards which require that they be
capable of performing up to 5000 operations for
1200 ampere breakers and 3000 operations for
2000 ampere breakers switching rated continuous

14

current before any replacement of parts should
be necessary. This requirement is based on the
breakers being serviced, or maintained, at least
every 2000 operations, or once per year, which-
ever comes first. If the breaker is also required
to interrupt fault currents during this period of
time additional maintenance and replacement of
parts may be necessary.

BEFORE ANY MAINTENANCE WORKIS PER-
FORMED, MAKE CERTAIN THAL ALL CONTROL
CIRCUITS ARE DE-ENERGIZED AND THAT THE

owm wm
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BREAKER IS REMOVED FROM THE METAL-
CLAD UNIT. DO NOT WORK ON THE BREAKER
~ OR MECHANISM WHILE IN THE CLOSED POSI-
~ TION UNLESS THE PROP AND TRIP LATCHHAVE
" BEEN SECURELY WIRED OR BLOCKED TO PRE-
VENT ACCIDENTAL TRIPPING. DO NOT WORK
ON THE BREAKER OR MECHANISM WHILE THE
SPRINGS ARE CHARGED UNLESS THEY ARE
SECURED IN THAT POSITION BY THE MAIN-
TENANCE SPRING BLOCKING DEVICE.,

PERIODIC INSPECTION

The frequency of the inspection and main-
tenance operations required should be determined
by each operating company and will depend on
the application of the breakers and the operating
conditions. Factors which should be considered
are: Importance of the breaker to overall plant
or system operation; number of operations and
magnitude of currents switched by breaker; fre-
quency of fault interruptions; and the atmospheric
conditions in which the breaker normally operates.
Extreme conditions of dust, moisture, corrosive
gases etc., can indicate that inspection and main-
tenance will be required more frequently than
every 2000 operations. Very clean dry operating
conditions with low current switching duty can
justify a longer period of time betweeninspections.
Any time a breaker is known to have interrupted
a fault at or near its rating it is recommended
that the breaker be inspected and necessary
maintenance be performed as soon after the
interruption as is practical. It is also recom-
mended that an initial inspection be made of new
breakers after the first 500 operations or six
months after being put in service, whichever
comes first.

The following instructions give the items
that should be included in an inspection and
general recommendations on the maintenance of
breakers.

Interrupters

Since there are no moving parts, the inter-
rupters of a magneblast breaker wiil normally
require little or no inspection unless there is
evidence of damage to the arc chutes sides or
contamination in the throat area. If eitherof these
conditions are present the interrupters should
be removed from the breaker and the following
points noted:

1. The throat area of the interrupter should
be cleaned with sandpaper (Do Not Use
emery cloth or other metallic abrasives).
All flat areas on either side of the
movable arcing contact travel should be
sanded. Do not sand or otherwise attempt
to clean the ceramic fins of the arc
chute sides or throat pieces. Heavily
contaminated parts should be replaced.

2. Cracks which have formed in the fins of
the arc chute are to be expected in
ceramic materials of this type when
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subjected to the severe heat of an are,
These cracks do not interfere with the
operation of the device in any way and
should be disregarded.

3. If the arc chute has suffered any mechan-
ical injury due to drogping or accidental
striking, resulting in the actual breaking
off of fins, replacement will be necessary.
Small broken corners on the exhaust end
of -the arc.chute sides will not interfere
with its performance and can be dis-
regarded.

Figure 16. (8034809) Interrupter Partially Removed
Showing Accessibility of Arcing Contacts.

1. Handle

2. Rear Bushing

3. Trolley

4, Arc Chute Lifter

5. Arc Chute Lifter Bolt

6. Grappling Hooks

7. (Not used in this model)

8. Upper Interrupter Support
9. Lifting Bolt

10. Lower Horizontal Barriers
11. Supporting Bolt

12. Stationary Arcing Contacts
13. Mounting Bolts

14, Movable Arcing Contacts
15. Arc Chute Brace

16. Lower Supporting Bolt

17. Support Bracket

18. Lower Interrupter Support
19, Interrupter

15
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t. -~ The plastisol flexible coveringfor the pole
pieces (3 & 8) Figure 18 and the upper
‘mounting support (12) should be inspected
for breaks in the insulation. If there are

- holes or breaks in the insulation they
- should be repaired or the part replaced.

rupter Removal And Replacement

Refer to Figure 16. An arc chute lifter is
1ally furnished with the metal-clad switchgear
.Se in removing and replacing the interrupters
ie AM-13.8-500 breakers. When the lifter is
available an overhead crane or portable hoist
be used. The arc chute lifter is assembled
1e top plate of the breaker as shown in the
rence figure using the bolt (5) located between
front and rear bushings. Before assembling
ifter on the breaker it is necessary to remove
box barrier.

Lower the grappling hooks (6) by turning
handle (1) until they can be placed over the
ng bolts (9) on the interrupter. Turn the
fle to raise the hooks until they begin to
the interrupter.

To remove the interrupter, loosen the two
3ir supporting bolts (11) and the one lower
sort bolt (16) using a standard 3/4" wrench.
se the assembly approximately 3/8" and continue
raise the interrupter and gently move it from
> to side until both upper and lower supports
disconnected. Move the trolley (3) of the
chute lifter towards the rear of the breaker
lower the interrupter to a resting position
the floor. Support the interrupter from falling
r and remove the grappling hooks.

To reassemble the interrupter to the breaker,
t the lower interrupter support (18) on the
port bracket (17). Slide the arc chute forward
ng it slightly to engage the supporting bolts (1 15
the slots of the upper interrupter support.
ck to assure that the upper insulation (16) Figure
is properly positioned within the throatbarrier
Figure 23.

Tighten the supporting bolts (11) and (16)
ure 16. These bolts serve as both the elec-
dl and mechanical connections between the
hings and the arc runners within the interrupter.
ck thai_the movable arcing contact (14) passes
ween the probes on the upper arc runner(4)
ure 20 without touching.

aker Contacts

By removing the box barrier the movable and
'ionary primary contacts and the movable arc-
contacts can be inspected. The stationary
ing contacts can be inspected only after re-
ving the interrupter. If the contacts are burned
vitted, they can be made smooth witha fine file,

After completing inspection of the contacts,
ck the contact adjustments as specified under
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ADJUSTMENTS.

Mechanism

A careful inspection should be made to check
for loose nuts, bolts, and loose or damaged set
screws or other locking devices. All cam, roller,
and latch surfaces snould be inspected for any
evidence of damage or excessive wear. Lubri-
cate the mechanism as outlined below, then, using
the manual charging wrench, cpen and close the
breaker several times to make certain that the
mechanism operates freely throughout its entire
stroke. Check the mechanism adjustments as
specified under ADJUSTMENTS. Checkthe control
wiring for tightness of connections and damaged
insulation.

Bushings and Insulation

The surface of the bushings should be kept
clean and unmarredto prevent moisture absorption.
If the insulation surface should become damaged,
it should be sanded and cleaned, and should be
refinished with either clear varnish or clear resin.
Allow to dry smooth and hard.

All other insulation parts onthebreaker should
be kept clean and dry. Smoke or dust collected
between inspection periods should be wiped off,
and if dampness is apparent, heaters should be
installed in the metal-clad switchgear to insure
dryness.

Insulation Test

When insulation has been repaired or re-
placed, or when breaker has been operating in
adverse moisture conditions, it is recommended
that the insulation be checked before the breaker
is placed back in service. A standard 60 hertz
high potential test at 27,000 volts RMS for one
minute will normally indicate whether the breaker
is satisfactory for service. With the breaker
contacts in the fully opened position, apply the
test potential to each terminal of the breaker
individually with all other terminals and the
breaker frame grounded. After high potential
tests are made on organic insulating materials,
these materials should be inspected for visible
leakage current paths, and necessary action must
be taken to repair or replace insulation that
may have been affected by moisture absorption.

If the breaker secondary wiring is to be
given a hi-potential test at 1500 volts, remove
both of the motor leads from the terminal board.
Failure to disconnect the motor from the circuit
may cause damage to the winding insulation.

Lubrication

In order to maintain reliable operation, it
is important that all circuit breakers be properly
lubricated at all times. Some of the bearings
and rolling surfaces utilize a new type of dry
lubrication that will require no maintenance and




will last the life of the equipment. The remaining
bearings and surfaces require lubrication aslisted
in the lubrication chart, Figure 17. These have
been properly lubricated during assembly at the
factory, using the finest grades of lubricants
available, However, even the finest oils and
greases have a tendency to oxidize with age, as
evidence by hardening and darkening in color.
Elimination of the hardened lubricant is essential
for the proper. operation of circuit breakers.
Also frequent operation of the breaker causes
the lubricant to be forced out from between the
bearing surfaces. A simple lubrication will often
clear up minor disturbances which might be
mistaken for more serious trouble.

A definite lubrication schedule should be
set up taking into consideration the frequency of
operation of the breaker and local conditions.

It is recommended that lubrication of the
breaker and its operating mechanism be a part
of theperiodic inspection and maintenance program,
with not more than a two year period between
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circuit breakers be operated at regular intervals,
at least once a year, to insure the lubrication
is in good condition and the breaker is operable.

The lubrication chart, Figure 17, is divided
into two methods of lubrication. The first method
outlines the maintenance lubrication which should
be performed at the time of periodic mainte-
nance, and requires no disassembly. The second
method outlines a lubrication procedure similar
to that performed on the breaker at the factory,
and should be used when a general overhaul of
the breaker is necessary.

General Electric Lubricants DS50H15 and
D50H47 are available in 1/41b. collapsible tubes.
It is so packaged to insure cleanliness and to
prevent oxidation. »

METHOD OF CLEANING
BEARINGS

Whenever cleaning of bearings is réquired,
as indicafed in the lubrication chart, the following

lubrications. It is also recommended that all procedures are recommended.
' LUBRICATION AT ALTERNATE LUBRICATION
PARTS (REQUIRES DISASSEMBLY)

MAINTENANCE PERIOD

Prop & Trip Shaft Bearings
(Teflon coated bearings)

No lubrication required

No lubrication required

Sleeve Bearings - main crank shaft,
mechanism pawls, spring charging
and operating linkages, etc. (Bronze)

Light application of machine | Remove bearings or links,
oil SAE 20 or SAE 30.

clean per instructions and
apply D50H15 lubricantliberally,

Contact Arm Hinge Assembly
Cup Bearing

Loose rings between bushing and
contact arm

No lubrication required

Wipe clean and apply D50H47.

Roller and Needle Bearings

Light application of machine | Clean ger instructions and repack
0il SAE 20 or SAE 30.

with D50H15 lubricant.

Ground surfaces such as cams, ratchet
teeth, etc. (Surfaces coated with MoSy)

No lubrication required

No lubricatiqn required

Ground surfaces such as latches,
rollers, prop, etc.

Wipe clean and ag:ply
D50H15 lubrican

Wipe clean and apply
D50815 lubricant.

Silver plated contacts and primary
disconnect studs

Wipe clean and apply
D50H47 lubricant

Wipe clean and apply
D50H47 lubricant.

Booster Cylinder

Do not lubricate

Do not Iubricate

Arcing Contacts

Do not lubricate

{1Do not lubricate

Figure 17 Lubrication Chart

17
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seve Bearings

The sleeve bearings used in the prop (14;
gure 7 and the bearings for the trip shaft (7
lize Teflon surfaces and do not require lu-
ication. After a number of operations, the
rface will acquire a thin black film. Do not
move this film unless there is evidence of
t-side contaminates, such as dry or hardened
ease. I contaminants are present they should

removed by immersing the prop and bearing
clean petroleum solvent, or similar cleaner,
d using a stiff brush. Donot remove the bearings
om the prop or frame. DO NOT USE CARBON
iTRACHLORIDE.

The remaining sleeve bearings located in the
iving element and the mechanism linkage and
ame should be cleaned and relubricated with
-E D50H15 lubricant at general overhaul periods.
iis includes the bearings in the driving link (8)
gure 15, driving pawl lever (10) Figure 4,
iving pawl (8), latching pawls (2), trip latch
ller support (10) Figure 7, cranks (12), and the
iarings in the mechanism frame and intercon-
icting links. Bearings that are pressed into the
ame or other mechanism members should not
y removed.

The hinge of the primary contact arm (19)
igure 8, should be disassembled, cleaned, and
bricated with G-E D50H47 lubricant at general
rerhaul periods.

The main shaft bearings (24) Figure 7 should
» removed, cleaned, and lubricated with G-E
50H15 lubricant at general overhaul periods.

.
oller and Needle Bearings

Refer to Figure 7. Bearings in the cam
llower (6), latch roller (9), and cam shaft bearings
5) should be removed from the mechanism and
e inner race disassembled. They should then be
aced in a container of clean petroleum solvent
~ similar cleaner. DO NOT USE CARBON
ETROCHLORIDE, If the grease in the bearings
.S become badly oxidized, it may be necessary
- use alcohol (type used for thinning shellac)
- remove it. Ordinarily, by agitating the bearings
. the cleaning solution, and using a stiff brush
» remove the solid particles, the bearings can
y  satisfactorily cleaned. Do not handle the
arings with bare hands as deposits from the
din onto the bearings are inductive to corrosion.

the bearings are touched, the contamination
11 be removed by washing in alcohol. After the
arings have been thoroughly cleaned, spin them
. clean new light machine oil until the cleaner
* solvent is entirely removed. Allow this oil
drain off and then repack them immediately
ith G-E lubricant D50H15 being sure all metal
irts are greased. The inner races should be
3sembled.

NOTE: If it becomes necessary to clean
e bearings in alcohol (shellac thinner), be sure
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the alcohol is perfectly clean, and do not allow
the bearings to remain in the alecohol more than
a few hours. I itisdesirableto leave the bearings
in the alcohol for a longer time, an inhibited

alcohol such as is used for anti-freeze should be g ‘

used. Even then the bearings should be removed
from the alcohol within twenty-four hours. Pre-
cautions against the toxic effects of the alcohol
must be exercised by wearing rubber gloves and
by using the alcohol in a well ventilated room;
excessive exposure to the fumes is sometimes
unpleasant to personnel. Washing the bearings in
the light oil, draining and repacking with lubricant
D50H15 should follow immediately.

‘Bearings that are pressed in to the frame or
other members such as the motor support (9)
Figure 15, should not be removed. After removing
the shaft and inner race the bedring canbe cleaned
satisfactorily with petroleum solvent or a similar
cleaner and a stiff brush. Follow the procedure
outlined above using a light machine o0il and G-E
lubricant D50H15 before reassembling the inner
race and shaft.

Rolling Surfaces

A number of rolling and rubbing surfaces in
the mechanism have been lubricated with a baked-
on dry, molybdenum disulfide coating. This
lubrication, which can be recognized by its dark
almost black color (e.g. Face of switch cam (53
Figure 2) requires no maintenance and should
last the life of the breaker.

Other rolling or rubbing surfaces that are not
Iubricated with molybdenum disulfide should have
the dried, dirty grease removed and a thin film
of fresh lubricant D50H15 applied.

MAINTENANCE

Magne-Blast breakers used for switching arc
furnaces or capacitors will require more frequent
and more detailed inspection and maintenance
because of the repetitive nature of the applications.
The following schedule is recommended for such
breakers:

A, Every 500 Operations:
1. Remove the box barriers.

2. Wipe all insulating parts clean of
smoke deposit and dust with a clean
dry cloth, including the bushings, and
the inside of the box barriers.

3. Al flat parts in the throat area of
the interrupters should be thoroughly
cleaned by using sandpaper. This
cleaning should be performed any
time the interrupter is removed. The
arc chute sides and throat coolerfins
should not be cleaned. Whenever the
interrupter is removed, loose dustand
dirt should be blown out before re-




Every 2000 Operations,

placing arc chutes. Throat' coolers
which are heavily contaminated should
be replaced.

Check the breaker and mechanism
adjustments as summarized under
INSPECTION AND TEST. Theneces-
sary readjustments should be made
as described under ADJUSTMENTS.

or Every Six

Months Whichever Comes First:

1.

In addition to the servicing done each
500 operations, the following inspec-
tion should be made and work done
when required.

Primary Contacts (3 and 10 Figure
23). Inspect the condition of the
stationary contact fingers and mova-
ble contact blocks. Badly pitted or
burned contacts should be replaced.
(Note: Burned primary contacts in-
dicate the probable need for arcing
contact replacement.) If the contact
surfaces are only roughenedorgalled,
they should be smoothed with crocus
cloth or draw- filed. After contact
dressing the primary contacts should

~ be greased lightly with D50H47.

Arcing Contacts (5 and 20 Figure 8).
When the arcing contact wipe is less
than the minimum specified under
ADJUSTMENTS, the contacts should
be replaced. The contacts should be
inspected for uneven wear and/or
damage using a mirror to inspect
the stationary contacts. Normally
it will not be necessary to remove
the interrupters for this 2000 opera-
tion servicing unless inadequate wipe
or contact condition indicate a need
for replacement. If the interrupters
are removed, the contact braids, and
other parts subject to arcing should
be checked for possible cleaning or
replacement. Do not grease the

arcing contacts under any circum-

stances,

The breaker and operating mechanism
should be carefully inspectedfor loose
nuts, bolts, and loose or damaged set
screws or other locking devices. All
cam, latch and roller surfaces should
be inspected for damage or excessive
wear, The buffer blocks and their
retainers on the bottom of the sta-
tionary contact support should be
inspected for possible need of re-
placement.

The contacts of the control relay (17)
Figure 6, shouldbe inspectedfor wear
and cleaned if necessary.

C.
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6.

Lubricate the breaker operating mech-
anism in accordance with instructions

under LUBRICATION, page 16 and

the lubrication chart Figure 17.

Inspect all wiring for tightness of
connections and possible damage of
insulation.

After the breaker has been serviced,
it should be operated manually to be
sure there is no binding or friction
and that the breaker contacts can
move to the fully opened and fully
closed positions. Its electrical oper-
ation should then be checked using
either the test cabinet or the test
couplers.

After Every 10,000 Operations:

1.

In addition to the servicing done each
2000 operations, the interrupters
should be removed from the breaker -
and disassembled to permita detailed
inspection of insulation, blow- out
coils, arc runners and assemblies
which can become contaminated by
arc products.

The blow-out coils should be care-
fully examined and if the insulation
has been cracked, shrunk or eroded
from arc action and heat so that the
turns of the coils are not fully in-
sulated from each other, the coils
should be replaced. All connections
should be checked for tightness.

The arc runners should be inspected
and replaced when the arc resistant
coating on the runner surface hasbeen
penetrated as a result of arc erosion.

Check the stationary arc contacts to
assure that the arcing contacts arein
good condition and that their con-
nections are tight.

Insulating material that is carbonized
and cannot be satisfactorily cleaned
should be replaced.

Any parts damagedor severely burned
and/or eroded from arc action should
be replaced.

NOTE: Fine cracks may develop in
the fins of the arc chute sides. This
is to be expected with ceramic mate-
rials when subjected to the high heat
of an arc and may be disregarded
unless they are long and present a
possibility of fin sections breaking
completely off. Small broken corners
on the exhaust end of the arc chute
will notinterfere withitsperformance
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and can also be disregarded.

7. The cup bearing and the contact ring
at the hinge point of the contact blade
should be disassembled, inspected,
cleaned, and relubricated with G-E
contact lubricant D50H47. The contact
ring should be inspected for wear and
replaced when reduced in thickness to
less than 1/32". When reassembling
the cup bearing, be sure the cotter
pin is properly assembled in the castle
nut on the hinge pin (7) Figure 23.
This assures proper contactpressure
at the hinge.

D. Every 20,0000perations or Approximately
Every Five Years - Whichever Comes
First:

1. The breaker should begivenageneral
inspection and overhaul as required.
All excessively worn parts in both
the mechanism and breaker shouldbe
replaced. Such wear will usually be
indicated when the breaker cannot be
adjusted to indicated tolerances. This
overhaul and inspection is more de-
tailed and will require disassembly of
mechanism and breaker operating
parts.

2. All roller and needle bearings in the
operating mechanism should be dis-
assembled, cleaned, and repacked
with G-E lubricant D50H15 as de=-
scribed under LUBRICATION.,

3. The stationary primary contact fin-
gers (3) Figure 23, should be dis-
assembled and the silver-platedpivot
area of the contactand contact support
cleaned and lubricated with G-E lu-
bricant D50H47,

4, 'The breaker andoperating mechanism
should be serviced as described for
every 2,000 operations and properly
adjusted before being put back into
Service.

REPAIR AND REPLACEMENT

This section covers the proper method of
removing and replacing those parts of the breaker
subject to damage and wear that may require
repair or replacement at the installation. IM-
PORTANT: UPON COMPLETIONOF ANY REPAIR
WORK, ALL BREAKER AND MECHANISM AD-
JUSTMENTS MUST BE CHECKED, Refer to the
section on INSTALLATION, paying particular
attention to ADJUSTMENTS and FINAL INSPEC-
TION.

ARC CHUTE (To inspect or replace blow-out

coils and arc runners):

With the breaker open and the closing springs
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in the blocked position, remove the box barriers
(1) Figure 8. The arc chute lifter can now be
assembled to the breaker and the interrupter
removed as described under INTERRUPTER RE-
MOVAL AND REPLACEMENT page 16.

To disassemble the arc chute after it has
been removed from the breaker, proceed as
follows:

NOTE: When disassembling the arc chute
and its components some small washers, spacers,
etc., will be found that cannot be identified in
these instructions. Care should be taken to
collect and identify these items so they car be
reassembled correctly.

1. Remove the assembly bolts (2, 6, 9, 11,
15, 17 and 19), Figure 18.

2. Remove the side brace (7) and upper
brace (5), the upper pole pieces (3), the
lower pole pieces (8).

3. To remove the upper supports (12), and
upper interrupter support (14) remove
the assembly bolts (1 and 13), and the
bolted connection between the upper in-
terrupter support and the blow-out coil.

4, Remove the assembly bolt (22) to remove
the lower brace (10).

5. Remove the lower interrupter support
(20) by removing the assembly bolts (21)
Figure 18 and the connection nut (8)
Figure 20.

6. At this point, the side shields (5) Figure
20 and the upper arc runner assembly
%2) can be removed. The throat coolers
7) Figure 19 are permanently affixed
to the side shields.

7. Further disassembly of both the upper
and lower arc runner assemblies can be
done by removing the various screws
and assembly bolts (not illustrated) as
shown in Figure 19.

8. The arc chute sides (6) Figure 19, can
also be separated for inspection.

Reassemble the interrupter in the reverse
order. The following items should be noted during
reassembly:

1. The fins of the arc chute sides should be
equally spaced and aligned before bolting
together. The front edge (along the
runner) of the two arc chute sides should
be parallel and in line.

2. The gap between the fins at the rear of
the arc chute sides measured at least
1" in from the back end of the arc chute
(See Figure 21) shouldbe 1/16" maximumn.

"_
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x,
- l. Assembly Bolts
2. Assembly Bolt
. 3. Upper Pole Pieces
4. Arc Chute Side
5. Upper Brace
6. Assembly Bolt
7. Side Brace
8. Lower Pole Pieces
9. Assembly Bolt
v 10. Lower Brace )
b 11. Assembly Bolts
12. Upper Support
13. Assembly Boit
14. Upper Interrupter Support

15. Assembly Bolts

16. Upper Insulation

17. Assembly Bolts

18. Side Shield

19, Assembly Bolts- ,

20. Lower Interrupter Support
21, Assembly Bolts

22, Assembly Bolt

3
4
)
5
é
3
UU L.J_L L JJ@\
Figure 19. (8041415) Interrupter Assembly With Side Removed
1. Upper Arc Runner 6. Arc Chute Side 11. ‘1&0;’9; é’i;'c Runner
2. Upper Arc Runner Assembly 7. Throat Cooler Assembly sse R S
| 3. Blow-out Coil 8. Lower Runner Barrier 12. Lower Arc unsnrtiair1 pacers
4. Blow-out Core 9. Lower Coil Connection 13. Lower Runner Shield -
5. Upper Arc Runner Spacers 10. Lower Arc Runner :
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LENGTH OVER MOUNTING SUPPORTS

A,
"igure 20. (8041413) Interrupter Assembly
1. Upper Support
2. Upper Arc Runner Assembly
3. Insulation
4. Upper Arc Runner
5. Side Shield
6. Lower Arc Runner Assembly
7. Lower Coil Connection
8., Connection Nut
Bl

Figure 21 (8029373) Arc Chute Fin Spacing
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Check to insure that electrical connections
to the blow-out coils are tight.

When reassembling the arc runner as-

semblies, check that the spacers (5 and ¢

12) Figure 19 are correctly installed.

Before . bolting the upper  supports in
place, make certain that the upper arc
runner assembly is tight against the arc
chute side so that the gap between the
upper insulation and the arc chute sides
6) is a minimum. The throat coolers
7) should also be assembled tightly against
the arc chute sides.

Make certain that the electrical con-
nections are tight.

Reassemble the interrupter on the breaker as
described under INTERRUPTER REMOVAL AND
REPLACEMENT, page 16.

CONTACTS
Open the breaker and remove the boxbarriers

and interrupters as previously described. To
remove the contacts, proceed as follows:

Stationary Arcing Contacts (10) Figure 22,

1. Disconnect the contact braids (7)
from the contact fingers by removing
two bolts and locking plates (8).

2. Grasp the lower end of the contact
fingers with pliers and pull contact
assembly downward to remove from
stud assembly.

3. To disassemble braids from stud
plate remove one bolt (5).

4, To disassemble stud plate from con-
tact support, remove two bolts (6).

5. Reassemble in the reverse order,
make sure locking plates are properly
reassembled with bolts (8).

Movable Arcing Contact (14) Figure 23.

1. Remove the assembly bolts (12) mak-
ing note of quantity and location of
shims and spacers used between con-
tacts and contact arms.

2. Reassemble in reverse order, re-
using the shims and spacers.

3. Close the breaker slowly to check
that the movable arcing contact is
approximately centered on the sta-
tionary .arcing contact and that it
does not rub on either side of the
throat barrier (9).

NOTE: Whenever it is found nec-
essary to replace arcing contacts on

i
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Figure 22, (8039586) Rear Bushing Assembly

1. Rear Bushing

2, Guide and Support for Interrupter

3. Bolts for Contact Support

4, Contact Support

5. Bolt for Flexible Braid

6. Mounting Bolt

7. Flexible Braid

8. Connection Bolt

9. Stud for Mounting Arcing Fingers
10. Stationary Arcing Contact Assembly
11. Throat Barrier

any pole of a breaker it is recom-
mended that both the stationari( and
movable contacts on that pole be
replaced at the same time.

C. Stationary Primary Contacts (9) Figure 24,

1. Compress the contact spring (6) by
use of the spring compressor,

2. Remove spring and spring guide (1).

Figure 23. (8038805)
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Contact Assembly

1. Front Bushing

2. Contact Springs

3. Stationary Primary Contacts
4. Operating Rod Pin

5. Buffer
6. Cup Bearing
7. Hinge Pin

8. Contact Arm

9. Throat Barrier
10. Movable Primary Contacts
11. Assembly Bolts
12. Assembly Bolts
13. Piston Assembly ,
14. Movable Arcing Contact
15. Connection Bar

3. Raise the contact finger to clear the
primary contact stop plate (8) and
lift the finger out of contact support
(7). Remove one contact finger at
a time.

To replace the Stationary Primary Contacts:
1. Apply a thin coating of D50H47 grease

on the hinged edge of the finger (9)
then place it on the contact support
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(7) so that it is retained by stop
plate (8).

2. Open spring compressor (3) and as-
semble spring guide, spring and
spring compressor (Figure 24A).

3. Turn nut (2) in clockwise direction to
compress contact spring (Figure 24B).
Hold spring firmly in yoke on spring
compressor to prevent spring from
slipping out of the compressor.

4. Place washer (not shown) on guide on
top of spring, place top of guide into
hole in spring retainer (4) and the
round end of spring ide in cut-
out in primary finger (Figure 24C).

5. Hold spring assembly firmly in place
‘ and remove spring compressor.

Movable Primary Contacts (10) Figure 23.

To replace the movable primary contacts
on a 1200 ampere breaker proceed as
follows:

1. Disassemble  nuts from assembly
bolts (11) and remove the movable
primary contacts (10).

2. Reassemble in reverse order.

To replace the movable primary contacts
on a 2000 ampere breaker it is first
necessary to disassemble the movable
arcing contacts, then proceed as follows:

1. Disassemble operating rod pin (4),
first noting quantity and location of
washers in the assembly.

2. Pry contact arms (8) apart enough
to disengage pivot pins of piston
assembly (13) allowing piston to drop
down into its booster cylinder.

3. Rotate the two parts of the contact

. arm assembly away from each other
so assembly bolts (11) are accessible
and movable primary contacts (10)
can be removed.

4. Reassemble in reverse order.

Contact. Arm Assembly (8, 10, 13, 14)
Figure 23.

1. Remove connection bar (15).

2. Disassemble hinge pin (7), cup bearing
(6) and operating rod pin (4) noting
quantity and location of any washers
and spacers used in assemblies.

3. The contact arm assembly including
the piston assembly (13) can now be
removed.
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"4, When reassembling, firs¥idgert pis.
ton tube assembly (13) into the booster
cylinder andreassemble the cup bear-
ing, making sure the silvered contact
washers between the bushing and
contact arms (both sides) are in
place.

5. Reassemble operating rod pin (4) and
connection bar (15).

F. After disassembly and reassembly of any
contacts, check all contact adjustmentsag
described under ADJUSTMENTS.

BUSHINGS

IMPORTANT: DO NOT REMOVE ALL SIX
BUSHINGS AT ONCE. The bushings have been
carefully aligned with the breaker frame, during
assembly at the factory, and it is important that
this alignment be maintained to insure inter-
changeability of the breakers in the metal-clad
units., It is, therefore, recommended that-the

bushings be removed and reassembled one at a
Also, before removing any one bushing, .
measure the distance from that particular bushing

time.

to adjacent bushings in both directions, so that
it may be reinstalled in the same location.

However, it is possible to remove and re-
assemble three bushings at one time. If this is
preferred, alignment of the bushings may be
accomplished by placing the breaker in a de-

energized spare metal-clad unit before tightening e

the bushing mounting bolts. This must be done
before the interrupters are reinstalled.

To replace the bushing, proceed as follows:
Rear Bushing

1. Open the breaker and remove the box
barriers and interrupters as already de-
scribed,

2. Remove the horizontal barrier (14) Fig-
ure 8.

3. Remove the four bolts at the mounting
flange of the rear bushing being removed
and lower the bushing assembly.

NOTE: Shims may be found between the
breaker mounting plate and the bushing
mounting flange on some, or all bolts.
These shims are for squaring up the
bushing and may be required when new
bushings are assembled.

4, Referring to Figure 24, disassemble the
primary contact springs (6) as previously
described.

5. Disassemble the spring retainer (4) by
removing mounting bolts (5).

6. Referring to Figure 22, disassemble the
contact support (4) and interrupter mount-
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Figure 24C (8034469) Figure 24D (8034468)

Figure 24. Method of Installing Primary Contact Springs Using a
Spring Compressor

. 1. Spring Guide 6. Spring
) 2. Compressor Nut 7. Contact Support
3. Spring Compressor 8. Stop Plate )
4, Spring Retainer 9. Stationary Primary Finger
5. Assembly Bolts
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ing bracket (2) removing two bolts (3).

7. Reassemble in the reverse order. The
interrupter mounting bracket (2) is not
symmetrical and must be assembled cor-
rectly to orient the interrupter properly
on the breaker. The longest projection
of the bracket should be toward the lower
end of the bushing.

ront Bushing

1. Open the breaker and remove the box
barriers and interrupters as already de-
scribed.

2. Remove the horizontal barrier (14) Fig-
ure 8.

3. Remove the comnection bar (15) Figure
23, cup bearing (6) and hinge pin (7).

4, Remove the four bolts at the mounting
flange of the front bushing being removed,
and lower the bushing. (See note under
rear bushings concerning use of shims).

5. When reassembling, first mount the bush-
ing and assemble the cup bearing (6),
contact arm (8), and replace pin (7) being
sure the silvered contact washersbetween
the bushing and contact arms are inplace.
The contact surfaces at the hinge point
of the contact blade and bushing should
have a thin coating of D50H47 grease.

6. Check all contact adjustments as outline
under ADJUSTMENTS. '

NTERLOCK SWITCH

To remove the interlock switch (4) Figure 12,
emove the two mounting screws and disconnect
he lead wires. Reassemble in the reverse order
nd check the switch adjustments as explained
nder ADJUSTMENTS.

ATCH CHECKING SWITCH

To remove the latch checking switch (5)
"igure 12, (when furnished), remove the two
nounting screws and disconnect the lead wires.
teassemble in the reverse ‘order and check the
;wEitch adjustments as explained under ADJUST-
IENTS.

IOTOR, RELAY AND LIGHT SWITCHES

Two or three switches (7) Figure 6, are
nounted in tandem as required by the application.

1. Remove the opening spring per instruc-
tions below.

2. Remove two mounting bolts (4) from
switch bracket (5).
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3. Remove the two mounting screws of the
lower switch.

4., Remove the two mounting screws of {he
center switch.

5. Remove the two mounting screws of the
upper switch.

6. Disconnect the lead wires of switch to
be replaced.

7. Reassemble inthe reverse order and check
switch adjustment as explained under
ADJUSTMENTS.

TRIP SHAFT AND LATCH (See Figure 11)

1. Remove spring discharge crank (3), man-
ual trip lever (11) and if furnished, the
latch checking switch operating arm (2)
from the trip shaft.

2. Disengage trip .latch spring (1).

3. Remove three (3) cotter pins from trip
shaft.

4, Remove trip arm screw (10) and trip
latch set screw (8).

5. Place a block between the trip latch (9)
and the left side of the mechanism frame,
Drive the trip shaft to the left until the
latch is free of the key, then remove
the key.

6. Check for and remove any burrs raised
around the keyway on the shaft to avoid
damaging the trip shaft bearings.

7. Shaft, latch, ete., may now be removed by
driving it to the left. Note quantity and
location of washers used as spacers in
the assembly.

8. Reassemble parts in reverse order. Be
sure trip latch is aligned in center of trip
latch roller and that the latch spring is
properly installed. Checklatch adjustment
as described under ADJUSTMENTS.

TRIP LATCH ROLLER BEARING

1. Remove two cotter pins at ends of trip
latch roller shaft (8) Figure 13.

2. Partially remove shaft out right side of
frame until latch roller (6) is free.

3. Reassemble in reverse order with proper
spacing of washers. Be sure latch roller
rotates freely.




CLOSING LATCH

1.

6.

Remove cotter pins at both ends of clos~
ing latch shaft (9) Figure 6.

Remove spring and paddle (12).
Remove set screws from latch (8).

Move shaft (9) to left (away from frame)
by tapping lightly on the inside end of
shaft, Rotate shaft and continue tapping
until shaft is free. Shaft will push out-
side needle bearing from housing. -

Reassemble in reverse order putting bear-
ing into frame last. Use a small piece
of tubing or pipe when inserting bearing
to assure proper alignment.

Check closing latch adjustments as de-
scribed under ADJUSTMENTS.

| MOTOR SUPPORT

1.

CAM
1.

To remove motor support (9) Figure 15
first remove the closing latch spring (12;
Figure 6.

Remove the retaining ring (6) Figure 15,
and driving link (8).

Remove motor leads from the terminal
board.

Remove six 3/8" bolts (1) Figure 15,
on bottom and one 3/8" bolt on the right
side (not shown).

Remove four mounting bolts from motor
(not shown).

Remove the retaining ring (4) from the

"eccentric (5).

Reassemble all parts of the motor support
in the reverse order and re-align it
properly as described under DRIVING
PAWL ADJUSTMENTS.

Remove two set screws from ratchet
wheel (6) Figure 4 and remove wheel
from main shaft (5).

Remove two set screws from switch cam
(5) Figure 2.

Remove prop reset spring (4) Figure 5.

Remove two set screws from cam (16)
Figure 7, and move cam to the right on
the shaft as far as it will go. Slide the
shaft to the left until key is fully exposed.
Remove key and check shaft for burrs.
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Remove shaft out left side of frame.

~ Reassemble in reverse order using the
.correct number of washers and spacers

to properly locate the parts.

Rotate the mechanism through a closing
operation using the manual charging
wrench. Check the location of the cam
follower (6) Figure 7, on the cam (16).
If necessary, move the cam to correct
the alignment. Complete the closing
operation and check the location of the
prop pin (13) on the prop (14). It should
be approximately centered.

TRIP COIL

To replace the potential trip coil (6) Figure
11, proceed as follows:

1.

6.

With the breaker in the open position,
remove the two mounting bolts (7).

Remove trip coil support (5) and spacers.

Cut wires at the butt connectors and
remove coil,

When replacing the coil be sure to as-
semble the correct fiber spacers at the
ends before bolting support (5).

Adjust coil location to allow approxi-
mately 1/4" of armature travel before
latch starts to move.

Butt connect wires and check operation
of solenoid electrically and mechanically.

CLOSING COIL

To remove the closing coil (15) Figure 6,
proceed as follows:

1.

2-

Block the closing springs as described
in INSTALLATION.

Remove the left hand closing spring as
described in CLOSING SPRINGS below.

Remove two mountihg bolts (11), coil
support (16), and spacers.

Cut wires at the butt connectors. and
remove coil.

Replace the coil and the correct number
of fiber spacers before bolting support.

Butt connect wires and check that the

armature is not binding. Check coil
for electrical operation.
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LOSING SPRINGS

The closing springs (12) Figure 4, can be
emoved as follows:

1. Charge the springs withthe manual charg-
ing wrench and apply the spring blocking
.device as described in INSTALLATION.

2. Discharge springs by pushing. manual
) close button (9) Figure 5.

3. Rotate cam shaft (5) Figure 4, by using
the manual charging wrench until the gap
between the spring (12) and the bearing
block (7) is 2 inches or more.

4, Lift both springs until they clear the
lower Ssupports, then pull forward and
down until the top supports are free.

5. Either discharge the opening springs by

RENEWAL

It is recommended that sufficient renewal
jarts be carried in stock to enable the prompt
replacement of any worn, broken, or damaged
jarts. A stock of such parts minimize service
nterruptions caused by breakdowns, and saves
ime and expense, When continuous operation is
1 primary consideration, more renewal parts
should be carried, the amount depending upon the
severity of the service and the time required
fo secure replacements,

Renewal parts which are furnished may not
pe identical to the original parts since improve-
ments are made from time to time. The parts
which are furnished, however will beinterchange-
ablie.

NOTE: The listed terms "Right" and '"Left"
apply when facing the mechanism end of the
preaker.
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 pushing the manual trip lever or block
the opening springs with a suitable blocking
device.

OPENING SPRINGS

To remove .the opening springs (4) F1gure
4, proceed as follows:

1. Charge and block the closing springs as
described under INSTALLATION,

2. Push manual trip lever (8) Figure 5, to
be sure the opening springs are fully
discharged. . ,

3. Remove upper pin (1) Figure 4, and lower
pin (9).

4, After reassembling springs checkthe open
gap at the primary contacts as described
under PRIMARY CONTACT GAP.

PARTS

ORDERING INSTRUCTIONS

1. Always specify the complete nameplate
data of both the breaker and the mech-
anism.

2. Specify the quantity, catalog number (if
listed), reference number (if listed), and
description of each part ordered, and
this bulletin number.

3. Standard hardware, such as screws, bolts,
nuts, washers, etc., are not listed and
should be purchased locally.

4, For prices, refer to the nearest office
of the General Electric Company.

PARTS RECOMMENDED FOR NORMAL MAINTENANCE

In the following tabulations are listed those parts of the breaker and operating
mechanism which are usually recommended for stock for normal maintenance.
Other parts can be obtained by contacting the nearest office of the General

Electric Company.
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RECOMMENDED RENEWAL PARTS FOR
TYPE ML-13 STORED ENERGY MECHANISM
USED FOR AM-13.8-500-7 (¥), 1200 & 2000 AMPERE
(*) SUFFIX LETTERS - H, C, N, K, B, R
ig. | Ref. .
Fl\}lg_ N%f_ RIe:Ic?'d Description Catalog No.
5 10 1 Spring Charging Motor - **
48 V-.DC 0105C9393P001
110 & 125 V-DC & 115 V-AC, 60 Hz 0105CS8393P002
220 & 250 V-DC & 230 V-AC, 60 Hz 0105C9393P003 |
6 17 1 Relay - **, #
48 V-DC 0137A7575P004
110 & 125 V-DC 0137A7575P001
220 & 250 V-DC 0108B5565G004
115V-AC, 60 Hz 0137A7575P005
230V-AC, 60 Hz 0137A7575P002
5 3 1 Potential Trip Coil - **
110 & 125 V-DC 006174582G001
220 v-BC 006174582G015
250 v-DC 006174582G002
115 V-AC, 60 Hz 006174582G013
230 V-AC, 60 Hz 006174582G032
24 v-DC 006275070G001
48 V-DC 006275070G002
6 15 1 Closing Coil - **
110 & 125 V-DC 006174582G001
220 V-LC 006174582G015
250 V-DC 006174582G002
115 V-AC, 60 Hz 006174582G010
230 V-AC, 60 Hz 006174582G014
48 V-AC 006275070G002
6 7 5 Switch, Normally Open 0456A0866P005
6 7 1 Switch, Normally Closed 0456A0866P006
5 1 1 Auxiliary Switch 0137A9192G011
6 12 1 Closing Latch Spring 0161A4231P001
5 4 1 Prop Spring 0137A9252P001
4 8 1 Driving Pawl Spring 0161A4241P001
4 2 2 Latching Pawl Spring - ¢ 0161A5909P001
** Refer to breaker nameplate or sumrmary for proper voltage rating.
# Quantity two (2) relays required on special control circuits. Check
breaker and connection diagram.
g Furnish 0161A4241P001 for breakers without closing spring

discharge mechanism.
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RECOMMENDED RENEWAL PARTS FOR MAGNE BLAST BREAKERS
TYPE AM-13.8-500-7 (*) 1200 & 2000 AMPERE

( * SUFFIX LETTERS H, C, N, X, B, R)

Fig. Ref. |Ampers No. s
No.| No.|Rating | TIP€ Catalog To- | Req'd Description
8 15 Al H,C 0165B7903 G001 3 Operating Rod Assembly
All N, K 0165B7903 G005 3 Operating Rod Assembly
8 23 All All 0263B0292 P002 3 Booster Cylinder
22 7 Al All 0236C0791 G001 3 Flexible Connector éRight)
All All 0236C0791 G004 3 Flexible Connector (Left)
22 | 10 Al All 0236C0790 G009 3 Arcing Contact Assembly
23 2 1200 A 0414A0180 P0O1 12 Primary Contact Finger Spring
1200 B - 0121A5964 P0OO1 18 Primary Contact Finger Spring
20001 Al 0121A5964 P01 18 Primary Contact Finger Spring
23 3 1200 A 0114C5382 P002 12 Primary Contact Finger
1200 B 0114C5382 P002 18 Primary Contact Finger
2000 { All 0114C5382 P002 18 Primary Contact Finger
23 9 All All 0195A7388 G002 3 Throat Barrier Assembly
23 10 1200 A 0137A9164 P0O03 3 Movable Primary Contact
1200 A 0137A9164 PO04 3 Movable Primary Contact
1200 B 0114C5382 P004 6 Movable Primary Contact
2000 | All 0114C5382 P04 6 Movable Primary Contact
23 14 All All 0108B5543 G001 3 Movable Arcing Contact
23 13 1200 | ALl 0213X0343 G092 3 Tube & Piston Assembly
. 2000 | ALl . 0213X0343 G094 3 Tube & Piston Assembly
19 7 All All 0132C2737 G009 3 Throat Cooler Assembly éRight)
All All 0132C2737 G010 3 Throat Cooler Assembly (Left)
19 8 All All 0132C2735 P007 ] Lower Runner Barrier
20 3 | An | Al 0108B5520 P012 3 Insulating Plate
19 13 All | Al 0134C3547 016 3 Lower Runner Shield iRight)
All All 0134C3547 PO17 3 Lower Runner Shield {Left)
* All All 0265C0163 P0O09 6 Upper Runner Insulation
* All All 0802B0735 P001 5 Lower Runner Insulation
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OR -~~~ ————————
i
AL
T cs cS
A
i)
Jc582 i I A
= 1l
52y
£ - 52 SPARE CONTACTS
F=52Y ——s52Y AUX Sw Y
=, 52 592 AUX. SW
42 52
E AFEDE AUX.SW
&—
e 52
7 aux.sw 52
TC
Z 52x %-REQUIRED FOR 220 & 250V~de
R OPERATION ONLY.
h : A CONTACTS FURNISHED
‘e 1oyt AS REQUIRED.
~ 51
52
SM/LS 7 N
Y Y
1 1
— | {
OR —— = — e e ——— Lo
FIG, NO. REF, NO. DESCRIPTION
52 -
AUXSW 2 3 AUXILIARY SWITCH
52X 8 15 CLOSING COIL (SPRG. REL. SOL'D)
52Y B 17 CONTROL RELAY
52
™ 5 3 TRIP COIL
52
= 2 2 INTERLOCK SWITCHES
52
TOTME 8 13 CLOSING LATCHE MONITORING
SWITCH
52
5 6 7 POWER SWITCHES
52
™ 8 1 LATCH CHECKING SWITCH
52 RGING MOTOR
WOTOR 2 11 SPRING CHA ‘
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OIL-BLAST
CIRCUIT BREAKERS

TYPE FKP WITH ML 14 MECHANISM

(H4476)

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 notcovered sufficiently for the purchaser's purposes the matter should
be referred to the nearest offxce of Canadian General Electric Company lelted
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OIL-BLAST CIRCUIT BREAKERS

TYPE FKP WITH ML

14 MECHANISM

INTRODUCTION

The type FKP oil-blast breakers have beendesigned
especially for applications on transmission lines
where high speed reclosing performance is required,
High speed interruption of faults is obtained by the
use of contacts employing the oil-blast principle of
circuit interruption. High speed reclosing is obtained
by the use of a simple rugged linkage which operates
on low-friction bearings, and by employing arc
resistant materials for the interrupting contacts.

To facilitate installation, the breaker has skids
mounted on the front and rear of the frame. The
operating mechanism is installed in a weatherproof
housing which is mounted on the front end of the
breaker framework. The three phases are mechan-
ically connected so as to operate simultaneously.

The FKP breaker is available in anumber of current -

and voltage ratings. For the.complete rating in-
formation of any particular breaker, refer to the
breaker nameplate.

The short circuit conditions to be imposed on the
breaker must not exceed its rating, nor should it be
called upon to operate at voltages or currents greater
than those given on the nameplate. These breakers
may be used at any altitude up to 3300 feet. Use at
higher altitudes requires selection of special bush-
ings.

NOTE
Proper installation and maintenance
are necessary to insure continued sat-
isfactory operation of the breaker.

The following instructions will provide information
for placing the oil-blast breaker in service and for
maintaining successful operation. It should be kept
in mind that the illustrations shown in this instruction
book are for illustrative purposes and may not always
be an actual picture ofthe equipment being furnished.
For final information always refer to the drawings
which are furnished separately with the equipment.
For additional instructions concerning the operating
mechanism and auxiliary equipment, refer to the
individual instruction books for these devices.

RECEIVING, HANDLING AND STORAGE

All breakers are assembled andtested at the factory.
Normally, they are shipped completely assembled;
that is, with the bushings, bushing current trans-
formers, interrupters, moving contact members, and
breaker linkage in place. The operating mechanism
and its housing are shipped assembled on the front
end of the framework.

Immediately upon receipt of this equipment examine
it for any damage that might have been sustained in
transit. If injury or rough handling is evident, a
damage claim should be filed with the transportation
company and the nearest Canadian General Electric
Company Limited Apparatus Sales Office should be
notified promptly.

UNPACKING AND HANDLING

Crating or boxing must be removed carefully. Use a
nail puller to open the crates and donot allow either
the crate or the bushing to be struck by tools while
handling. The porcelains of the bushings and other
parts are sometimes broken by carelessly driving

. a wrecking bar into the crates or boxes. If any parts

made of insulating material are shipped separately,
they should be protected from moisture, dirt, and
damage due to rough handling. Check all parts against
the packing list to make certain that no parts have
been overlooked while unpacking. Always search the
packing material for hardware which may have
loosened in transit. All tags should be left on the
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parts until they are ready for installation. Cables
used to lift the breaker should be as long as possible
to prevent damage to the bushing.

STORAGE

When the breaker can be set up immediately in its
permanent location and filled with oil, it is advisable
to do so, eventhough it will not be placed in service
for some time. The oil tanks should be cleaned and
dried before they are filled with oil. The crating, if
used, should not be taken from the bushings until
after the breaker has reached its permanent location
and all overhead work has been completed.

If stored outdoors, the breaker tank should be filled
with oil to protect the insulating parts. The space
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heater in the operating mechanism housing should be
energized as soon as possible in order to prevent
moisture condensation inside the housing.

If the interrupters are stored separately, they should
be kept in a dry room. If they must be left outdoors
for a short time, they should be thoroughly covered
to protect them from the weather, Under extreme
conditions of humidity, or if the only storage space
is damp, they should be kept in suitable containers
filled with GE #10-C oil.

Replacement parts, especially lift rods, guides and
other parts made of insulating material, should be
stored in a dry room. It may also be advisable to
hang the lift rods and guides in a vertical position
to minimize the possibility of warpage, if a level
storage surface is not available.

DESCRIPTION

BREAKER

Each circuit breaker is composed of an operating
mechanism and a breaker assembly mounted on a
common framework, as shown in figure 2. The
breaker assembly consists of an oil tank, which
contains the interrupters and contacts, and a top
frame, which houses the breaker linkage and bushing
current transformers and supports the bushings and
contacts.

The breaker linkage, which is assembled in the top
frame, is designed to give straight line motionto the
moving contacts and to convert the motion of the
operating mechanism to the proper breaker stroke.
The breaker linkage is connected to the operating
mechanism by an adjustable connecting rod.

A gas and oil seal is provided around the horizontal
connecting rod to form aseparation between the front
crank box and the oil tank. An adjustable opening
spring, located on the end of the operating rod, in-
sures positive opening action and determines contact
speed and parting time.

Bushing

Closing Buffer

Top Frame

Bushing Current Transformer
Opening Dashpot
Framework

Interrupter

Contact Rod

Crossarm

10. Lift Rod

11. Moving Contact Assembly
12. Mechanism

13. Ground Pad

14, Mechanism House

©® N0 o

(H4478)

Figure 2 Type FKP Breaker - Major Assembly Units



A closing buffer and an oil filled opening dashpot are
loedted in each phase. The closing buffer is used to
prevent excessive overtravel of the moving contacts
on closing and the opening dashpot is used to absorb
the energy:' of the moving parts at the end of the
opening stroke. The dashpots use the same kind of oil
as used in the breaker tank. They are self-contained
and will operate properly whether the oil tanks are
filled or not. Since very little oil is lost during
breaker operation, they will require only periodic
inspection.

A 'breather' {2, figure 1) is mounted on the center
phase buffer (14, figure 6) to vent any oil vapor
caused by circuit interruption.

An oil gauge (25, figure 5) installed near the top of
the tank, indicatesthe oil level directly. The correct
0il level at normal temperature {209C) is indicated
on the breaker outline drawing and by a painted line
on the gauge glass. The minimum oil level is the
bottom of the visible portion of the gauge glass.
This corresponds to the portion of the bushing which
must always be immersed in oil.

The oil tank (13, figure 1) is suspended in place
against the tank dome (10) by eight bolts which com-
press a gasket. The bolts must be tight to prevent
oil leakage by the tank gasket during circuit inter-
ruption. This arrangement permits easy remowval of
the tanks for inspection and maintenance of the
contacts and interrupters. A drain valve (20) is
attached to a drain pipe at the bottom of the tank so
that the tank can be completely emptied. The valve
should be capped or plugged to prevent any possible
leakage. )

Each interrupter is mounted on the lower end of a
bushing (3) by means of an adapter, which is also used
to permit alignment of the interrupter,

Refer tofigure 3. The interrupter consists essentially
of a fiberglas tube enclosing a set of six primary
contact fingers, two of which have arcing tips, and a
baffle stack. The body tube has two port openings
which allow the proper flowof oil acrossthe contacts
and through the baffles during interruption.

For a detailed explanation of the operation of the
breaker refer to the section OPERATION, For com-
plete information on the operating mechanism, see
the mechanism instruction book PGEI 1315,

BUSHINGS

The bushings are installed in the top frame from
above. Weathertight gaskets are inserted betweenthe
support flange and the top frame. Each bushing has
provisions for two current transformers and the
bushings can be installed and removed from the
breaker without disturbing the bushing currenttrans-
former.
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BUSHING CURRENT TRANSFORMER

Bushing current transformers, Type BR are usedon

these breakers to provide a source of current supply .

for operating breaker trip coils and protective relays.
Relaying transformers are of the multi-ratio type
having leads which provide a wide range of ratios.
Ratio and accuracy classification for standardtrans-
formers are in accordance with NEMA SG-4 speci-
fications.

High accuracy single tap meteringtype current trans-
formers can also be furnished. These have compen-
sation applied for specified loadings and cannot be
used on other loadings without affecting their ac-~
curacy. Ratio and accuracy classification for stand-
ard transformers of this type are alsoinaccordance
with NEMA SG-4 specifications,

Performance data in the form of ratio curves are
available for standard transformers of standard
ratios. These are supplied with the order or can be
secured from the Power Delivery Department
by giving the proper references.

P



Bushing current transformers are mounted inside the
top frame. They are installed from underneath the
top frame and they can be slipped over the lower end
of the bushing, although the interrupters must be
removed first. A supporting ring bolted to the top
frame holds the transformer in place. Insulation
washers above and below the transformer protect it
from injury. It must be properly centered in the
housing to prevent damage when the bushing is
installed.

Leads from each transformer are carried on the
inside of the top frame to the operating mechanism
housing. These pass through a hole in the back plate
of the housing and through an oil seal inside the
housing.

Transformers should be connected in accordance
with instruction 296 to ensure proper polarity and
correct connections.

OIL

The specified high-speed performance ofthe modern
oil-blast breaker is dependent upon the use in the
breaker of oil having the proper characteristics. It is
recommended that GE #10-C oil be used in these
breakers since its characteristics, particularly at
low temperatures, make it especially suited for use
in oil-blast breakers.

Before final adjustments are made, the oil tank should
be filled with GE #10-C o0il. Precautions must be
taken to be sure of absolute dryness and cleanliness
of the apparatus before filling and to prevent the
entrance of water and dirt during the transfer of oil
to the apparatus. For more detailed information on
equipment and procedure for filtering GE #10-C-oil,
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obtain Bulletin GEA-4937 from the nearest Canadian
General Electric Sales Ofifice.

FILLING THE TANK

Before filling with oil, all accessories, such as the
drain valve and oil gauge, must be oiltight. The
threads should be filled with*Glyptal or equivalent.
A plug is furnished for the outlet side of the drain
valve and should be usedto prevent any leakage if the
valve seat becomes damaged from use.

In filling, care must be taken so that moisture will not
be absorbed by the o0il during the filling process.
When cold drums of oil are brought into a warm place,
they should be allowed to stand before opening until
there is no condensation on the outside and until they
are thoroughly dry. The preparation and filling should
be done on a clear, dry day or adequate protection
of some kind provided against moisture being
absorbed. Metal or oil-proof rubber hose must be
used, as oil dissolves the sulphur inordinary rubber
hose. This may cause trouble, as sulphur attacks
copper.

TESTING THE OIL )

All new o0il should be tested before beingplaced in the
breaker. The dielectric strength of the oil when
shipped is at least 30,000 volts when tested in a
standard gap with one inch disk terminals 0.1 inch
apart. New o0il of less than standard dielectric
strength (30,000 volts) should not be placed in the
breaker oil tanks until its.insulating value has been
brought up to the above standard (by filtering, drying,
ete.).

TANK HEATERS

Tank heaters are provided for areas of low ambient
temperature. Heaters should be energized when the
ambient temperature falls below 0 F.

INSTALLATION

The installation of the breaker will be facilitated by
a study of those approved drawings which supplement
these instructions. The approved drawings, which
include an outline of thé breaker and connection
diagrams, provide information necessary for the
proper installation of the breaker.

Before any work is done, these drawings and all
related instruction books should be consulted.

LOCATION

The breaker should be located so that it will be
readily accessible for cleaning and inspection. Suf-
ficient space must be provided for operation of the
tanklifter and for easy removal of the oil tank. The
breaker should be mounted high enough sothatit can
be operated with the oil tank lowered without the
moving contacts splashing in the oil. Where flood
conditions exist, the mechanism housing should be
above high water level.

* Reg. trade-mark of General Electric Co.

MOUNTING

The total weight of the breaker with oil is given on
the outline drawing and on the nameplate. This
information will serve as a guide to the strength of
the lifting means required for handling the breaker.
It may be lifted by hooking intothe framework. When
using cable slings, do not allow the slings to strike
the bushings, as any strain on these may cause them
to crack or break.

As the breakers are shipped assembled on their
frameworks, it is only necessary to correctly locate
and fasten the frame inposition on its foundation. The
foundation bolts should be left loose to permit the
frame to be properly plumbed and leveled by inserting
shims under the feet of the frame where necessary.
After this has been done, the foundation bolts shoulc
be tightened and the frame fastened securely to its
foundation.

e



CONNECTIONS

After the breaker has been located, electrical con-
nections can be made.

WARNING

BEFORE MAKING THESE, ENSURE
THAT ALL LEADS TO BE CON-
NECTED TO THE BREAKER ARE
DE-ENERGIZED,

PRIMARY CONNECTIONS

Leads should be brought down from above if possible,
Ample electrical clearance mustbe provided between
these leads and parbts of the station, such as walls,
channels, and framework. Leads should be properly
supported so that the breaker bushings are not sub-
jected to unnecessary strains. The bushings should
not carry cable or bus bar strains. To avoid over-
heating, the connecting leads must be of a current-
carrying capacity at least equal to the maximum
operating current of the circuit, which should not
exceed the breaker rating.

Connections to the breaker are made by bolted
connectors fastened to the ends of the bushings. The
bolts on the terminal connectors must be securely
tightened to obtain good contact. All joints must be
clean, bright and free from dents or burrs.

CONTROL AND SECONDARY WIRING-

-All control wires should be run in conduit insofar as
it is practicable. Control wires must be run sep-
arately and remote from high tension leads and must
not be run in the same duct or parallel to the high
tension leads unless the distance separating the two
sets of wiring is sufficient to prevent possible com-
munication between them as a result of short circuits.
Control wiring of adequate size should be used so
that with full operating current flowing to the oper-
ating mechanism, the voltage across the terminals
of the mechanism will be within the limits specified
as standard for the range of control voltage. It is
recommended that all conduits entering the mechan-
ism housing. be sealed off at their entrances to the
housing.

Control and bushing current transformer connections
are made inside the operating mechanism housing
where suitable terminal boards are provided. Con-
nection diagrams are supplied for each breaker
showing the proper connections for the operating
mechanism and the bushing current transformers.
Remove the shorting wires from the BCT terminal
boards only after the BCT circuitry is completely
wired.

GROUND CONNECTIONS

The framework of each breaker should be perman-
ently grounded. The usual practice is to connect a
heavy cable to the framework and to the ground. A
grounding pad is provided on a leg of the framework
to which a terminal can be attached. The grounding

6
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cable should be of sufficient size to carry 25 percent
of the current rating of the breaker but not smaller
thah #4/0.

A good permanent low resistance ground is essential
for adequate protection.

WARNING

A POOR GROUND MAY BE WORSE
THAN NO GROUND AT ALL, SINCE
IT GIVES A FALSE FEELING OF
SAFETY TO THOSE WORKING A~
ROUND THE EQUIPMENT AND MAY
RESULT IN ULTIMATE DANGER TO
BOTH EQUIPMENT AND PERSONNEL,

TANKLIFTER

The hand operated tanklifter for these breakers
consists of two portable hoists of either the chain or
cable type. They are hooked into slots in opposite
sides of the breaker frame. The operation of the
tanklifters is shown in figure 4. The hoists being
light and portable are easily carried by the main-
tenance crew.

PRECAUTIONS
1. Before removing the tank or doing any work on
the breaker, make certain that the primary

circuits are open and effectively grounded.

N (13384)

Figure 4 Tank Lifter
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o Figure 5 Breaker Linkage

2. Make certain that all control circuits are de-
energized until electrical operation is to be
performed.

ADJUSTMENTS

Although the breaker has been completely set up,
adjusted and tested at the factory, it is recom-
mended that all adjustments be reviewed to make
certain that no change has occurred during shipment
and installation. The breaker should be closed slowly
by hand, using the maintenance closing device, to
see that it is smooth throughout closing, that no
binding occurs, and that no excessive play is not-
iceable between parts. Electrical operation should
only be attempted after it is certain all adjustments
are correct. Details of the breaker adjustments are
contained in the following paragraphs.

3. Exercise extreme care when working on the
operating mechanism. See the mechanism in-
struction book for additional precautions and
instructions.

4. Operation of the breaker in air is not recom-
mended, although a few air operations are
permitted to check the stop clearance.

5. For manual operation refer to the mechanism
. instruction book.



Complete instructions for checking the operating
mechanism adjustments will be found in the operating
mechanism instruction bdok,

Using the tanklifter, as shown in figure 4, the tank
can be lowered, leaving the contacts and pole unit
mechanisms accessible for inspection, The trip latch
of the operating mechanism is wired in place during
shipment and this wire must be removed before the
adjustments can be checked. All blocks and wire
used to hold parts in place during shipment must be
removed before the breaker is tripped open.

LINKAGE POSITION ADJUSTMENT

The position adjustment is the means of determining
the correct breaker linkage position whenthe breaker
is closed.

Using the maintenance closing device, slowly close
the breaker until the prop latch of the operating
mechanism just falls into place toholdthe mechanism
in the closed position. To prevent accidental opening,
insert the Dblocking devices per the mechanism
instruction book. Measure the lift rod setting on the
center phase as shown infigure 5. This measurement
is 7.26 inches plus or minus 0.12 inch.

The first and third phase lift rodéettings are plus or
minus 0.12 inch from the setting obtained on the
center phase. :

Measure the external toggle setting. This is 0.88

inch plus or minus 0.04 inch.

Measure the lift rod to the lever pin (20, figure 5)
clearance with the breaker closed. This should be a
minimum of 2.94 inches. It is sufficient to measure
this on phase 3 only. See 'L’ figure 17.

If these adjustments must be changed, the following
procedure should be followed, either completely or
in part, in order to obtain the settings within the
- specified limits.

The breaker connecting rod (8, figure 5), .as well as
the wvertical operating rod (2), have right- and
left-hand threads. Shortening of these rods will
reduce these settings. Adjustment of the toggle is
attained by loosening the locking bolt in the front
coupling (3} and the similar locking bolt (not shown)
on the mechanism end of the operating rod. Turn
this rod clockwise from the top to cause shortening
of the rod and closing of the toggle. Lengthening the
rod would open up the toggle. This procedure will
change the position setting of the breaker linkage of
all three phases atthe sametime. Tightenthe locking
bolts and recheck the toggle setting and the lift rod
setting.

In asimilar manner, the lift rod setting of the breaker
linkage is adjusted by changing the length of the
breaker connecting rod (8, figure 5). Altering the
position setting may affect the closing buffer adjust-
ment. Final measurement should be made after
closing the breaker electrically withthe breaker oil
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tanks in the down position and the contacts in air.
Readjust as necessary to above values.

When adjustment is completed, be sure all hardware,
locking bolts and plates are tight.

CLOSING BUFFER ADJUSTMENT

The closing buffer is set at the factory and should
not require further adjustment. These units are set
in conjunction with the Iift rod setting and external
toggle, and a change in either may require adjust-
ment of the other. With referenceto figure 6, and the
breaker in the closed position, the adjusting disk (9)
is turned down. As a starting point in making this
setting, the top of the adjusting disk may be preset
initially to approximately 1.05 inches below the top
of the buffer housing (8).

When installing the cover bolt (4), insert a steel or
brass rod through the pipe plug (6) hole in the cover
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Figure 6 Closing Buffer
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(5) and into one of the holes in the adjusting disk (9)
to prevent the adjusting disk from fturning while
tightening the cover bolt. Remove the rod after the
cover bolt is tight and insert the pipe plug {6) and
the locking wire (2).

INTERRUPTER ADJUSTMENT

After the breaker linkage is adjusted, the contacts
should be checked. Refer to figure 8. The interrupters
(8) which are fastened to the lower ends of the bush-
ings (4) must be aligned to a vertical position, with
the two exhaust ports of each interrupter facing the
tank as shown. Visualize a straight line through the
center phase lift rod and through the center of each
interrupter in turn. This line should pass exactly
between the two exhaust ports of each interrupter
when the ports face towards the breaker tank. The
use of a spirit level will assist inaligning the inter-
rupter. Loosening the adapter clamp (6) allows the
interrupter to be moved in any direction about the
vertical. Additional lateral adjustment is possible by
loosening the bushing mounting bolts and changing
the seating of the bushing. The contact rods'move up
through the throat of the chamber and, therefore, the
centerline of the interrupter should coincide withthe
centerline of the contact rod (10). The crossbar (11
and 12) is slotted so that by loosening the locknuts
the contact rods can be moved in or out to obtain
alignment with the throat. The contact block can be
turned end for end to obtain additional adjustment,

CONTACT WIPE ADJUSTMENT
1. With the breaker closed, measure distance 'a'
(figure 7T) for each interrupter.

2. Add 'a'plus 9.74* equals 'b' for each interrupter.

*
Dimension derived from glass tube length (nom-
inal) less casting projection {nominal) and less
0.82 inch for clearance.

je. 13.56 - 3.00 - 0.82 = 9.74

[

3. Adjust the candle length above the block to 'b".

4. Check the contact touch for all interrupters
with six - lights. Screw only the candles down
(max. 0.12) to bring all touches simultaneously
within 0.12 of 1ift rod travel.

NOTE
The arcing tips may cause early touch
- and confuse the check.

5. Contact touch, as checked by lights, may be
plotted as a touch line on the travel analyzer
chart. The distance between this touch line and
the fully closed line represents contact wipe and
should be between 0.62 and 0.74 inch.

The electrical wipe of each phase of the breaker
should now be recorded as an indication of the setting
of the contacts. This will afford a quick check of the
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Figure 7 Glass Tube Interrupter

adjustment of the contacts without the necessity of
dropping the tank at a future date. The bellset wipe
is not an indication of the condition of the contacts,
The bellset wipe does not equal the contact rod
insertion into the contact fingers due to the curved
portion of the contact rod and the curved portion of
the contact fingers breaking contact while the contact
rod is still inserted in the finger cluster.

To change the contact insertion, loosen the locknuts
and rotate the contactrod (10, figure 8) in the approp-
riate direction. At the same time there should be at
least 0.5 inch clearance between the bottom of the
interrupter and the crossarm (11 or 12) with the

-breaker closed,” so that overtravel will not damage

the interrupter or contacts. Tighten the locknuts
and recheck all the contact adjustments and align-
ment. With the breaker properly adjusted, the
contacts of the three phases should make and break
at approximately the same time, or within 0.26 inch
of each other.

If ductor readings are to be made on the breaker,
they should be checked before oil is placed in the
tanks. A 100 ampere ductor should be usedto measure
the resistance of the contacts. Checkingthis way will
eliminate the necessity of draining the oil should a
high reading be found. A complete pole unit (bushing
terminal to bushing terminal) should measure 400
microhms or less when new. The reading should not
exceed 700 microhms after the breaker has been in
service.

It is a good practice to check the bushing current
transformers before placing oil in the tanks. If any
damage has occurred in transit or installation it can
be corrected with a minimum of lost time. This
procedure also insures the removal of any grounding
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Figure 8 Breaker Unit

or shorting connections which may have been lcft on
the BCT leads after the completion of factory tests
and installation of the customer’s permanent BCT
circuitry.

STROKE

After the closed position adjustments of the breaker
have been completed, it will be necessary to check
the breaker in the open position.

The opening dashpots (11, figure 9) should be checked
for proper oil level, and filled with GE #10-C oil if
necessary. This check should be made with the piston
up; that is, with the breaker in the partially closed
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position sothatthe lever (2) is nét touching the piston.
A small pipe plug is located at the oil level line. If
the oil level is even with the bottom of this hole, the
oil level is satisfactory and the breaker can be
opened.

The stroke of the breaker, which is the total move-
ment of the lift rod (10) from the fully closed to the
fully open position, should measure 12 inches plus
or minus 0.26 inches as specified on the outline
drawing. The minimum stroke of the lift rod from
the fully closed position during a reclose operation

must not be less than 10 inches with the breaker

contacts in GE #10-C oil. The dashpot should be the
final stop of the breaker in the open position. The
dashpots are threaded to permit adjustment for this
purpose. Raising the dashpots shortens the stroke
and lowering them lengthens it. When making adjust-
ments, all dashpots should be made to operate at
approximately the same time.

The normal oil level at 20 C is indicated on the ouf-
line drawing. A float type oil gauge is supplied. The
range between minimum and maximum is represented
by the visible portion of the gauge glass and covers
a temperature range from plus 40 C to minus 30 C.
The o1l level at any intermediate temperature is
represented by a proportionate part of the gauge
range. It is important that the oil level never falls
below the minimum level. This is selected so that
the lower porcelain of the bushing will always be
immersed and prevent corona discharge from the
ground sleeve.

(H7284A)

1. Connecting Link 7. Closing Buffer
2. Lever 8. Beam
3. Lift Rod Coupling 9. Support for
4. Upper Adapter Opening Dashpot

and Clamp & Lift Rod Guide
5. Interrupter 10. Lift Rod
6. Ground Sleeve 11. Opening Dashpot

of Bushing 12. Lift Rod Guide

Figure 9 Breaker Linkage
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The breaker should not be energized for at least
twelve hours after filling to permit air bubbles to
escape from the oil due to the possibility of de-
creasing the dielectric strength of the oil.

OPERATING MECHANISM CHECK

Visual inspection of the mechanism should be made
to see that all cotter pins are in place, all nuts and
terminal connections tight, no binding present, and
that the mechanism is properly lubricated in accord-
ance with the mechanism instruction book.

SPEED ADJUSTMENT
After completing the preceding installation adjust-
ments and inspection, and after filling the tank with
oil, the breaker may be operated electricallyto check
the speed adjustment.

A travel analyzer should be attached to the breaker
to obtain an accurate travel record of breaker per-
formance. A #10-24 tapped hole is located in the top
of the lift rod coupling, as indicated in figure 5, to
accommodate the rod used with the travel analyzer.
Access to this tapped hole is by removal of the
breather (13, figure 5) which is screwed into the
closing buffer assembly. The travel analyzer (2,
figure 10) is readily mounted on brackets.

The opening speedis determined by drawing a straight
line through two points on the travel curve (see
figures 11 and 12). One point is to be located on the
opening curve 1,12 inches from the fully closed
position. This is the point at whichthe contacts part.
The second point isto be located onthe opening curve
6.12 inches (measured vertically) from the fully
closed position. The slope of this line is an indication
of the opening speed.

If it is found necessary to readjustthe opening speed
of the breaker, change the setting on the opening
spring (22, figure 5). By setting this spring to have
less compression in the closed position, the opening
speed will be reduced. It also follows that by setting
the spring to have more compression in the closed
position, the opening speed will be increased. Any
adjustment of the opening spring will change the ad-
justment of the contact stop clearance. After adjust-
ing the opening spring, check the contact clearance.
Readjust as necessary. :

The average closing speed can be determined in a
similar manner by drawing a straight line through
two points located 1.12 inches and 2.12 inches from
the fully closed position. The closing speed is con-
trolled by the operating mechanism. There is no
adjustment for the closing speed. For additional
information, consult the mechanism instruction book
paying particular attention to the section on INSTAL-
LATION ADJUSTMENTS.

The overtravel of the lift rod must not exceed 0.26
inches. The best way to accurately measure thisis to
place some putty about 0.50 inches above the pencil
head on the analyzer, with the breaker in the closed
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1. Analyzer Support Brackets
2. Straight Line Travel Analyzer

Figure 10 Installation of Travel Analyzer

position. Tripandclosethe breaker. If the pencil head
does not touch the putty, move the putty down, and
repeat this operationuntil the pencilhead just touches
the putty during the closing operation. If the over-
travel is found to exceed 0.26 inches, check the
buffer setting.

When opening in oil, the breaker should openthe full
stroke. The travel curve will be acceptable if the
indicated rebound is less than 0.62 inches. A slight
variation between the three phases within the above
tolerance is permissible.

SUMMARY OF ADJUSTMENTS AND CHECKS
Refer to figure 17 for physical location.

With the tank off:

A. The overtravel stop setting, which is used asan
indication of the internal lift rod setting, should
be 0.26 inches plus 0.015 inches minus 0 with
the breaker in the closed position.

B. The toggle position, which is an indication of the
toggle linkage, should be 0.88 inches plus or
minus 0.04 inches inthe breaker closed position.

C. Phase 1 and phase 3 lift rod settings are
compared with the lift rod setting of phase 2 and
must be within plus or minus 0.12 inches of the
phase 2 lift rod setting in the breaker closed
position.

D. Phase 2 lift rod setting should be 7.26 inches

11
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For Future reference, the initial adjustments and checks of the breaker at the time
of installation should be written in the appropriate columns of the chart below.

14

Phase 1|Phase 2| Phase 3
External Overtravel Stop Setting 0.26 inches + 0,015 inches ~0
Breaker Stroke 12 inches + 0,26 inches
Lift Rod Setting (Phase 2) 7.26 inches + 0.12 inches
Lift Rod Setting (Phase 1 and 3) Phase 2 setting dimension
+ 0.12 inches
Lift Rod to Lever Pin Clearance (Minimum) 2.94 inches
External Toggle Setting 0.88 inches = 0.04 inches
Preliminary Closing Buffer Setting 1.05 inches + 0,04 inches
Contact Penetration 1.12 inches + 0.06 inches
Contact Wipe (Electrical) 0. 62 inches + 0.12 inches
Contact Stop Clearance 0.88 inches + 0.06 inches
w
Contact Resistance - (Using 100 Ampere Ductor)
(A1l parts cold - 20°C)
New Contacts - Microhms 250
Used Contacts - Microhms (Maximum) 450
Part Contacts in Any One Phase Within 0.04 inch of each other
Part Contacts Between Phases Within 0.26 inch of each other
Crosshar to Interrupter Minimum Clearance 0.5 inches
Crosshar to Interrupter Nominal Clearance 0.94 inches
Opening Spring Compressed Length -
Not Less Than 6.62 inches
Opening Spring Nominal Compressed Length 7.50 inches
N
v aw)
74 ¢
//
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TABLE OF ADJUSTMENTS (Continued)

Phase 1|Phase 2| Phase 3

Tripping Time (Maximum-Normal Voltage)
Opening Speed from fully closed

(1-1/8 inches to 6-1/8 inches)

(14 .4 through 46 KV Breakers)
Opening Speed from fully closed

(1-1/8 inches to 6-1/8 inches)

(69 KV Breakers)
Closing Speed from fully closed

(1-1/8 inches to 2-1/8 inches)

(14.4 through 69 KV Breakers)
Overtravel (Maximum) On Closing
Rebound (Maximum) On Opening
Rebound (Maximum) On Closing
Closing Time (Maximum)
Closing Time (Nominal)
Reclosing Time (Maximum)
Minimum Dropout on Reclosing (in Oil)

Nominal Dropout on Reclosing (in Oil)

Lift Rod Clearance in guide block

3.0 cycles

10.5 to 12.0 feet per second

10.5 to 12.0 feet per second

8 to 14 feet

0.26 inches
0.62 inches
0.38 inches

20 cycles

10 to 15 cycles

20 cycles
10 inches
11 inches

0.015 inche

per second

S

Note: The opening spring cover (24, figure 5) must be in place before operating the breaker.

plus or minus 0.12 inches, in the breaker closed
position.

The nominal opening spring compression is
T inch for 14.4 through 34.5 KV breakers and
1.5 inches for 46 and 69 KV breakers. The
compressed length of the opening spring should
not be less than 6.62 inches.

The contact wipe, which is the insertion of the
contact rod into the contact segments, is 1.12
inches plus or minus 0.06 inches.
The contact stop clearance should measure 0.88
inches plus or minus 0.06 inches.

The minimum clearance between the crossbar
and the interrupter is 0.5 inches. The nominal
clearance is 0.94 inches. This is measured in
the brealker closed position.

The breaker stroke should be 12 inches plus or
minus 0.26 inches.

The liff rod should hang in an approximately
vertical position with a clearance of approxi-
mately 0.015 inches minimum between the guide
block and the side of the rod in both directions.

The lift rod to lever pin clearance should be a
minimum of 2.94 inches withthe breaker closed.
Measure on phase 3 only.

With the tank in place and filled with oil:

Contact opening speed, 8.5 to 9.5 feet per second
for 14.4 through 46 KV breakers and 10.5 to 12
feet per second for 69 KV breakers.

15



B. Overtravel, 0.26 inches maximum.
Rebound, not more than 0.62 inches.

D. Contact closing speed, 8 to 14 feet per second
for 14.4 through 69 KV breakers.

FINAL INSPECTION
1. See that the breaker is properly set up and
leveled on its foundation.

2. See that all nuts, washers, bolts, cotfer pins,
lock rings, and terminal connections are inplace
and tightened. The gland nuts on all valves and
o0il gauges should be checked to see that they
are sufficiently tight to prevent leakage. In
tightening gland nuts, precautions should be
taken to prevent damaging the packing through
excessive pressure.

3. Inspect all insulated wiringto see thatno damage
has resulted during installation, and test for
possible grounds or short circuits.

4. See that all bearing surfaces of the operating
mechanism and breaker linkage have been
lubricated.

5. Make certain that the dashpots are filled to the
proper level.

6. Make certain that the tank is filledtothe proper
level.

T. Make certain that the installation adjustments
and operating adjustments have been thoroughly
checked.

8. See that all covers and bolted connections are
securely tightened and that all pipe plugs for
inspection openings are properly installed and
tightened to prevent the entrance of moisture.

9. Seethat any point where the surface of the paint
has beendamaged during installation is repainted
immediately.
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(H4476)

Breaker Oil Tank

Breaker Framework

Tank Lug

Opening Spring Cover

Closing Buffer

Tank Lifter Support Bracket

Tank Lifter

Vertical Operating Rod and
BCT Lead Cover Box

Operating Mechanism House

i alaf A

[I=]

Figure 13 Type FKP Breaker - Tank in Place

OPERATION

The mechanical operating mechanism provides the
energy for all operations of the breaker. Control
voltage and pressure ranges where applicable for
proper operation are given on the operating mech-
anism nameplate.

These mechanisms are designed for rapid closing,
opening, and trip-free operations and (when re-
quested) reclosing operation. During the closing
operation, the operating mechanism moves the
vertical operating rod (2, figure 5) in a downward
direction. This motion is transmitted through the
breaker linkage to the vertical lift rods (16), closing
the breaker.

16

The opening operation is the reverse of the closing
operation.

When the breaker opens under load, the contacts
part, drawing arcs between the tips of the contact
rods and the arcing tips of the stationary contacts.
The pressure generated by the arcs forces fresh oil
past the arcing area, at the same time forcing the
arcs between the baffles in the direction of the port
openings, as shown in figure 3, carrying the arc
products away from the contacts and out of the
interrupter. Thus, rapidly lengthening and cooling
the arc, its resistance is increased and at an early
current zero the arc cannot re-establish itself, and
interruption occurs.

Vi
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MAINTENANCE

To maintain dependable service and safety of power
equipment, it isrecommended that a definite schedule
be set up and followed, as serious shutdowns can be
avoided by locating potential sources of troubleinan
early stage. A periodic lubrication of parts subject
to wear is also vitally important for the successful
operation of the breaker and operating mechanism.

WARNING

BEFORE ANY MAINTENANCE WORK
IS PERFORMED, MAKE CERTAIN
THAT ALL CONTROL CIRCUITS ARE
DE-ENERGIZED AND THAT THE
BREAKER PRIMARY CIRCUITS ARE
OPEN AND EFFECTIVELY GROUND-
ED. DO NOT WORK ONTHE BREAKER
OR MECHANISM WHILE IN THE
CLOSED POSITION UNLESS THE
PROP AND TRIP LATCH HAVE BEEN
SECURELY WIRED OR BLOCKED TO
PREVENT ACCIDENTAL TRIPPING.

PRECAUTIONS

1. Be sure the breaker is disconnected from all
electric power, both high voltage and operating,
before inspecting or repairing.

2. After the breaker has been disconnected from
the power lines, grounding leads should be prop-
erly attached before coming in contact with any
of the breaker parts.

3. Be sure the breaker tanks and frame are well
grounded.

4, Use the maintenance closing device to assist in
making adjustments. This is the primary purpose
of the device because it permits slow closing.

5. After making any adjustments, operate the appa-
ratus manually before attempting electrical
operation.

PERIODIC INSPECTION

The frequency of periodic inspection should be
determined by each operating company on the basis
of the number of operations (including switching),
the magnitude of currents interrupted, and any
unusual operations which occasionally occur. Oper-
ating experience will soon establish a maintenance
schedule which will give assurance of proper breaker
condition., On installations where a combination of
fault duty and repetitive operation is encountered, an
inspection is recommended after any severe fault
operation.

The contacts and baffles must be replaced after the
breaker has interrupted a total of five times the
rated interrupting current of the breaker, This is
known as ‘‘integrated amperes’ and is the sum of
all currents, normal switching current as well as
full rated fault current, interrupted by the breaker
contacts.

1. The condition of the contacts should be checked.
See that they are aligned, and that the contact
surfaces bear with firm, uniform pressure.

2. The quality of the oil should be checked. Oil in
service should be tested at frequent intervals;
three month periods are recommended.

If the dielectric strength of the oil tests less
than 22,000 volts, it should be filtered.

When sampling oil, the sample container should
be a large-mouthed glass bottle. The bottle
should be cleaned and dried with benzine and
free from moisture before it is used. A dry
cork stopper should be used. The sample of the
oil should be at least one pint. Test samples
should be taken only after the oil has settled
for some time.

Samples should be taken from the valve at the
bottom of the tank and sufficient oil should first
be drawn off to make surethe sample represents
oil from the tank proper and not that stored in
the drain pipe. A glass receptacle is desirable
so that if water is present it may be readily
observed. If water is found, an investigation of
the cause should be made and a remedy applied.
Excessive water is indicative of leakage some-
where in the breaker structure.

3. All insulation parts should be thoroughly cleaned
to remove all traces of carbon which may
remain after the oil has been drained from the
tank. It is recommended that the oil be removed
and the tank cleaned at regular intervals because
filtering the oil alone does not remove the carbon
which adheres to the inside of the tank.

4., The breaker linkage lubrication should be
thoroughly checked. All bearing surfaces should
be lubricated with BEACON 325.

5. The opening dashpot oil level should be checked.
The opening dashpot level is correct when the
0il will just run out of the hole left by removing
the small pipe plug in the side of the cylinder.
With the dashpot plunger in the up position, oil
may be added at this point. The dashpots use
GE #10-C breaker oil. The dashpots should be
examined to see.that the piston works freely
and that there is no sludge present.
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Upper Adapter and Clamp
Lower Adapter

Stationary Contact Fingers
Interrupter Unit

Contact Rod

g

Figure 14 Lowering the Interrupter for Inspection
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All bolts, nuts, washers, cotter pins, lockrings,
and terminal connections should be in place and
properly tightened. The gland nuts on the valve
should be checkedto seethatthey are sufficiently
tight to prevent leakage. In tightening a gland
nut, precautions should be taken to prevent
damaging the packing through excessive pres-
sure,

Inspeet the bushing supports, as the vibration
due to the operation of the breaker may cause
the bushings to move slightly and result in
misalignment of the contacts.

Clean the bushing porcelains at regular inter-
vals, especially where abnormal conditions
prevail, such as salt deposits, cement dust, or
acid fumes, to avoid flashover as a result of
accumulation of foreign substances on their
surfaces.

If a water solution under pressure is used to
clean the bushing porcelains, care must be taken
that the stream of solution is not directed at the
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breather (1, figure 6) located ontop of the buffer
housing. An excessive stream of solution di-
rected up at the breather might permit some of
the solution to enter the breather and damage
the insulation. The breather may be removed and
a pipe plug installed properly during a washing
operation of this type. Make certainthe breather
is installed properly after the washing operation.

9. Check all adjustments of the breaker linkage and
contacts as explained in the section INSTAL-
LATION ADJUSTMENTS.

10, Consult the operating mechanism instruction
book for maintenance recommendations on the
operating mechanism.

11. See that the oil is atthe proper level in the tank.

12. Check the electrical operation and speed adjust-

ments as explained under INSTALLATION
ADJUSTMENTS.

REPAIR AND REPLACEMENT

INTERRUPTER AND CONTACTS

With the oil tank removed, and the breaker in the
open position, the interrupters can be lowered for
inspection or repair by removing the six assembly
nuts (6, figure 15) on the studs which pass through
the lower adapter into the interrupter tube.

The contact finger assembly is now accessible and
can be examined for excessive burning, pitting or
wear, Since the adapter  (7) has not been disturbed,
the reassembly will not require a realignment of the
interrupter. If it is necessary to change any contact
fingers (16), first mark the position of the finger
containing the extended arcing tip (17) on the contact
stop (12). Remove the flexible connectors (11) from
the fingers. This permit? removal of the contact
finger assembly.

Before contact fingers can be changed, the spring
retaining ring (6, figure 18), which is mounted around
them, must be removed. This ring canbe pried loose
with a screwdriver after removing the cotter pins.
To change the arcing fingers andthe currenttransfer
fingers, special tools are used to compress all the
contact springs at the same time. See figure 18 and
proceed as follows using tool 216A7445G1.

1. Set the contact fingers (3 and 8)inthe alignment
block (4) with the contact ends down. The arcing
contact fingers (3), having the Elkonite extension,
will fit into the slot of the alignment block.

2. Place the spring guide (5) in position and insert
the springs (7) through the holes in the guide
into the retaining holes in the contactfingers.

3. Place the brass retaining rings (2and6) into the
untapered end of the cylinder (1), These are
identical rings, one being used as a spacer tool
and the other as a part of the contact finger
assembly.

TN
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Upper Adapter

Adapter Locking Bolt
Locking Nut

Locating Pin

Insulating Shim
Assembly Nut

Lower Adapter

Set Screw

Contact Assembly Support
10. Upper Insulating Spacer
11. Flexible Connector

12. Contact Stop

13. Spring Retainer

14, Contact Spring

15. Spring Cage

16. Contact Finger

17. Arcing Tip

18. Exhaust Port Opening
19. Contact Rod

20. Baffle Stack

21. Interrupter Tube

22. Lower Insulating Spacer

* Torque to 200 to 250 in.-1b.

S i s

Figure 15 Standard Interrupter - Cross Section View

4, Place the cylinder, tapered end down, over the
clustered fingers.

5. Turn the entire assembly upside down and press
the entire length of the cylinder downward, as
shown in figure 18.

6. Remove the cylinder, alignment block, and one
retaining ring.

7. The assembly is now drilled and fastened with
three cotter pins, spaced midway between fingers
on the horizontal centerline of the retaining ring.

The contact assembly is now ready for installation
in the interrupter. Using the alignment block (4) to
insure equal pressure on all fingers, push the finger
cluster onto the- end of the mounting stud in the

interrupter being certain the location of the arcing
contact finger lines up with the mark which was put
on the adapter.

If this tool is not available, alarge hose clamp which
utilizes the screw or worm type of tightener can be
used to compress the spring a sufficient amount to
force the spring (14, figure 15) into the spring re-
tainer (13) by using a small screwdriver as a lever.
The spring retainer must be clamped by the hose
clamp at the same time as the springs are clamped
by having the edge of the spring retainer just against
the springs.

If further disassembly of the interrupter is required,
the upper spacer (10), the baffle stack (20) and lower
spacer (22) can be lifted out. When reassembling,
make certain that the exhaust slots inthe baffles (20)
face the exhaust ports (18) of the body tube.

19
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Figure 16 Capacitor Switching Interrupter - Cross Section View

When reassembling the interrupter, care must be
taken that locating pins in the insulating spacersand
baffles are properly installed in their respective
locating holes. This will insure that the exhaustport
of the baffle stack is located at the exhaust port
opening of the interrupter tube.

The upper insulating spacer (10) should extend 0.015
inches to 0.06 inches above the interrupter tube (21).
This protrusion makes certain that the baffle stack
(20) and spacers {10 and 22) are heldin place tightly
when the interrupter is completely assembled. The
0.015 inch to 0.06 inch dimension is adjusted by the
insulating shims (5). When the items which go into the
interrupter tube are installed, put the interrupter in
place on the lower adapter (7), making certain the
arcing tip (17) lines up with the slotin the baffle.

20

After assembly, check to see if the baffle stack
exhaust ports can be seen while looking into the
interrupter through the exhaust port opening in the
interrupter. If it can not be seen the 1nterrupter is
incorrectly assembled.

When remounting the interrupter and adapter to the
bushing, a spirit level should be used to insure
vertical alignment. Furthermore, upon completion of
maintenance work it will be necessary to review all
contact adjustments as explained in the section on
INSTALLATION ADJUSTMENTS,

BUSHINGS

Little or no maintenance is required of the bushings
other than a periodic cleaning of the porcelains. In
locations where abnormal conditions prevail, such as

SN
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SECTION Y-Y

R, Y—

SEE VIEW X[ |

VIEW X

(912D282)

Figure 17 Breaker Adjustments and Check Points
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Figure 18 Assembling Contact Fingers
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salt deposits, cement dust, etc., it should be recog-
nized that a special hazard exists and the bushings
should be cleaned regularly to avoid accumulations
on the external surfacesthat might cause aflashover.

If removal of a bushing is required, it will first be
necessary to remove the interrupter. The bushing
can be removed and installed from the top of the
breaker. When reinstalling the bushing, make certain
that the gasket between the top frame and the mounting
flange of the bushing is in good condition. The
mounting bolts should be tightened gradually and
evenly, and all interrupter adjustments should be
checked.

BUSHING CURRENT TRANSFORMERS

Transformers should be connected in accordance with
instructions 296 to be sure of proper polarity and
correct connections. If it should be necessary to

PUB-NP-064, Attachment E
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replace a transformer, care must be taken to see
that the end of the transformer carrying a white
mark is placed upwards.

Bushing current transformers are mounted in the
top frame, as shown in figure 2. To remove the
bushing current transformer, first disconnect the
transformer lead wires. Loosen the adapter clamp
(6, figure 8) and remove the interrupter unit. Remove
the three assembly nuts (8, figure 1) permitting the
supporting plate (7) and the current transformer (4)
to be lowered.

Bushing currentiransformers may be installed either
before or after the bushings are in place. Insulation
washers above and below the transformer protect it
from injury. It must be properly centered toprevent
it from becoming damaged when the bushing is in-
stalled.

RENEWAL PARTS

It is recommended that sufficient renewal parts
be carried in stock to enable prompt replacement
of worn, damaged or broken parts. A stock of
such parts minimizes the service interruptions
caused by breakdowns, and saves time and expense.
When continuocus operation is a primary consider-
ation, more renewal parts should be carried, the
amount depending upon the severity of the service

. and the time required to secure replacements.

Renewal parts may not always be identical to the
original parts, since improvements are made from
time to time. The parts which are furnished,

however, will be interchangeable.

When ordering renewal parts, address the nearest
Sales Office of Canadian General Electric Company
Limited giving the complete data shown on the
breaker nameplate, such as the serial number,
type and rating of the breaker. The breaker name-
plate is mounted on the outside of the front door
of the operating mechanism compartment. Also
furnish a complete description of each part, the
quantity required, and, if possible, the number
of the requisition on which the breaker was orig-
inally furnished.
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INTRODUCTION

The type FKP-15.5 oil-blast circuit breaker is a triple pole outdoor breaker designed
for service at anormal circuit voltage of 14,400 volts, in current ratings of 600 or 1200
amperes and with interrupting ratings up to 18,000 amperes, as indicated on the breaker
nameplate., The FKP-25.8 oil-blast circuit breaker is a similar type designed for
service at a normal circuit voltage of 23,000 volts, in current ratings of 600 or 1200
amperes and with interrupting ratings up to 11,000 amperes, as indicated on its
nameplate,

These breakers are of the most modern design, incorporating the oil-blast principle of
arc interruption. The fast breaker interrupting time means less system disturbance
because of quicker clearing of the fault, The short arc lengths mean lower maintenance
because of reduced contact burning and deterioration.

An oil circuit breaker is a very important unit in the modern transmission system,
being depended upon for protection and flexibility of control. It should not be installed
in places where it will be called upon to operate at voltages or currents greater than
those given on the nameplate. The short circuit conditions to be imposed on the breaker
must not exceed the breaker rating.

Proper installation and maintenance are necessary to insure continued satisfactory
operation of the breaker. USA Standard C37.010 and the NEMA Switchgear Standards
SG-4 published by the National Electrical Manufacturer’s Association, in addition to
these instructions, are recommended for reference on the installation and care of oil
circuit breakers. )
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PART 1
HANDLING AND STORAGE

RECEIVING INSPECTION

Each shipment should be visually inspected upon
arrival. Any evidence of damage should be reported
promptly to*the carrier and to the nearest office of
Canadian General Electric Company Limited.

STORAGE

All breakers are assembled and tested at the
factory. They are shipped assembled in as complete
a fashion as handling and transportation facilities
will permit. Each breaker is carefully inspected and
packed by workmen experienced in the proper han-
dling and packing of electrical equipment. Immedi-
ately upon receipt of a breaker, an examination
should be made for any damage sustained during
shipment, If injury or rough handling is evident, a
damage claim should be filed at once with the
transportation company, and the nearest Canadian
General Electric Sales Office notified promptly.

Use a nail puller to open crates. Exercise caution
when unpacking to ensure that neither crates nor
bushings are struck by tools.

Check all parts against the packing list as they are
unpacked and identified. The crate in which the
packing list is enclosed is noted onthe memorandum
of shipping. When unpacking, check the packing
material for loose hardware. Parts which have been
removed from the breaker for shipment are identified
with the serial number of the breaker and must be
installed on the correct breaker.

All breakers are assembled and tested at the
factory. In most cases, bushings, interrupters,
current transformers, breaker mechanisms and
moving contact members are shipped in place.

The total weight of the breaker with oil is given
on the outline drawing and on the nameplate. This
information will serve as a guide to the strength
of the lifting means required for handling the

breaker. It may be lifted by hooking into the frame-
work., When cable slings are used, the slings must
not strike the bushings, as any undue strain may
cause them to crack or break. For detailed infor-
mation on the handling of bushings, refer to GGEI 769,
obtainable from any sales office of Canadian General
Electric Company Limited.

UNPACKING AND HANDLING

When the breaker can be set up immediately in its
permanent location and filled with oil, itis advisable
to do so, even if it will not be placed in service for
some time, The oil tank should be cleaned and dried
before it is filled with oil, If the tank must be stored
in some location other than the permanent one, the
tank should be filled with oil to protect the lift rods
and guides.

The interrupters, if removed, should be stored in a
dry room. If they must be left outdoors for a short
time, they should be thoroughly covered to protect
them from the weather. Under extreme conditions
of humidity, or if the only indoor storage space is
damp, they should be kept in containers filled with
GE No. 10C oil. '

Renewal parts, especially lift rods, guides, and
other parts made of insulating material, which may
accompany the breaker shipment, should be stored
in a dry room.

The space heater inthe operating mechanism housing
should be energized as soon as possible in order to
prevent corrosion due to moisture condensation
inside the housing.

Ry
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Do not energize the tank heaters until
the tanks have been filled with oil.

For instruction oh bushing- storage see Instruction
Book GGEI 769.
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PART 2
DESCRIPTION

GENERAL

The FKP oil blast circuit breaker is shown on the
front cover and consists of a three pole breaker unit
and an operating mechanism. The three pole breaker
unit (see figure 1) consists of three single pole units
mounted in a common dome and connectedthrough an
operating linkage to the mechanism,

0il blast interrupters are mounted on the lower ends
of the oil-filled bushings and contain the stationary
contacts. The breaker linkage carries insulated oper-
ating rods which carry the moving contacts. The
contacts meet inside the interrupting chamber. The
contacts open and close (essentially) simultaneously.
When the contacts open inside the interrupters, which
are under oil, circuit interruption occurs.

The trip-free operating mechanism is a motor- -

charged, spring-operated device. The action of a
closing cam driven by atorsion spring causes closing
of the breaker contacts. In closing, energy is stored
in compression springs. Release of this energy by
operation of the mechanism trip latch causes opening
of the breaker contacts.

A float type oil gauge is installed in the top of the
dome. This indicates the oil level indirectly through
the action of a float, the position of which corresponds
to the true oil level. The float is fastened to a red
pointer rod which is visible in a tube on the top of
the breaker. The correct oil level atnormaltemper-
ature (20 C)}, as indicated on the breaker outline
drawing, is 1-3/16 inches above the bottom of the
visible portion of the gauge glass. This corresponds
to the amount of oil necessary to keep the portion of
the bushing below the ground sleeve immersedinoil.

The tank is held by eight studs againstthe top frame
and a rubber gasket located in a groove on the under-
side of the top frame. The bolts must be tight to
prevent oil leakage around the tank gasket during
circuit interruption. This arrangement permits easy
removal of the tank for maintenance of the contacts.
A drain valve is attached to the drain pipe at the
bottom of the tank so that all the oil may be drained.
The valve should be plugged when not in use to
prevent any possible leakage.

BUSHINGS

The bushings (see figure 2) are of the oil-filled,
center clamped design. The bushing is made with
*Herkolite insulation around the bushing core. The

ground sleeve and flange are pressed on to the
*Herkolite. The bushings are completely sealed with
gaskets under pressure of a spring washer at the
top of the porcelain. This construction lends itself
to easy assembly and disassembly. The porcelain at
the top of the bushing is under an axial compressive
load which is sufficient to allow some cantilever
loading of the bushing. The construction of the bushing
flange provides a swivel joint to aid in alignment. A
rubber ‘‘O’’ ring seal is provided between the bushing
mounting flange and the dome.

BUSHING CURRENT TRANSFORMERS

Bushing current transformers, Type BR are usedon
these breakers to provide a source of current supply
for operating breaker trip coils and protective relays.
Relaying transformers are of the multi-ratio type
having leads which provide a wide range of ratios.
Ratio and accuracy classification for standard trans-
formers are in accordance with NEMA SG-4 speci-
fications.

High accuracy single tap metering type current trans-
formers can also be furnished. These have compen-
sation applied for specified loadings and cannot be
used on other loadings without affecting their ac-
curacy, Ratio and accuracy classification for stand-
ard transformers of this type are alsoinaccordance
with NEMA SG-4 specifications.

Performance datainthe form of ratio curves is avail-
able for standard transformers of standard ratios.
These are supplied with the order or canbe secured
from the Industrial Apparatus Department by giving
the proper references.

Bushing current transformers are mounted inside the
top frame. They are installed from underneath the
top frame and they can be slipped over the lower end
of the bushing, although the interrupters must be
removed first. A supporting ring bolted to the top
frame holds the transformer in place. Insulation
washers above and below the transformer protect it
from injury. It must be properly centered in the
housing to prevent damage when the bushing is
installed.

Leads from each transformer are carried on the
inside of the top frame to the operating mechanism
housing. These pass through a hol2 in the back plate
of the housing and through an oil seal inside the
housing.

*Registered Trade Mark of General Electric Company
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Figure 2 Oil Filled Bushing
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Figure 3 Tank Lifter

TANKLIFTER

The hand operated tanklifter for these breakers con-
sists of two portable hoists of either the chain or
cable type. They are hooked into slots in opposite
sides of the breaker frame. The operation of the
tanklifters is shown in figure 3. The hoists being
light and portable are easily carried by the main-
tenance crew,

SPECIAL TOOLS

A maintenance closing bolt which may be inserted in
the front of the mechanism coupling, through the
small access hole in the front sheet of the mechan-
ism housing, is available.

A “*T” wrench which may be used to manually wind
the main spring is available.

These tools are normally furnished on the basis of
one set for each breaker. The tools, when furnished,
can be stored in the bottom of the mechanism house.
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PART 3
INSTALLATION

GENERAL

The installation of the breaker will be facilitated by
a study of these instructions and a review of the
approved drawings which supplement these instruc-
tions. The drawings show the general arrangement,
dimensions, location of foundation bolts, provisions
for conduit connections, electrical connections and
other information necessary for the proper instal-
lation of the breaker. The approved drawings include
the requisition summary, outline of the breaker with
its operating mechanism and housing, and the con-
nection diagrams. The breakers are shipped in the
closed position. The manual trip linkage and the
manual closing release handle are wired to prevent
accidental operation. These wires must be removed
before operating the breaker.

This mechanism is designed only for electrical
operation. Mechanical interlocks prevent closingthe
breaker if there is too little spring force available
- or inserting the maintenance bolt without tripping
the latch.

R g b o g

} CAUTION 1

At et

Never attempt to close the breaker
under load withthe maintenance closing
bolt. Under emergency conditions the
breaker may be closed against load by
manually operating the closing release
device after the spring has been charg-
-ed.

LOCATION

The breaker should be located so that it will be
readily accessible for cleaning and inspection. Suf-
ficient space must be provided for the operation of
the maintenance closing device and tanklifter and for
easy removal of the oil tank. Where flood conditions
exist, the mechanism housing should be above high
water level.

MOUNTING

The total weight of the breaker with oil is given on
the outline drawing and on the nameplate. This in-
formation will serve as a guide tothe strength of the
lifting means required for handling the breaker. It
may be lifted by hooking into the holes in the ears
at the top of the breaker framework. Do not allow
cable slings to stroke the bushings as any strain
may cause them to crack or break.

As the breakers are shipped assembled on their
frameworks, it is only necessary to correctly locate
and fasten the frame in position on its foundation
(after attaching the framework extension, if used).
Bolts of 3/4 inch diameter are recommended for
foundation bolts, The foundation bolts should be left
loose to permit the frame to be properly plumbed
and leveled by inserting shims under the feet of the
frame where necessary. After this has been done,
the foundation bolts should be tightened andthe frame
fastened securely to its foundation.

CONNECTIONS

After the breaker has been located, electrical con-
nections can be made. Before making these, every
precaution must be taken to see that all leads to be
connected to the breaker are not energized.

PRIMARY CONNECTIONS

Leads should be brought down from above if possible,.
Ample electrical clearance must be provided between
these leads and parts of the station, such as walls,
channels and framework. Leads should be properly
supported so that the breaker bushings are not sub-
jected to unnecessary strains. To avoidoverheating,
the connecting leads must be of a current-carrying
capacity at least equal to the maximum operating
current of the circuit which should not exceed the
breaker rating.

Connections to the breaker are made by bolted con-
nectors fastened tothe ends of the bushings. The bolts
on the terminal connectors must be securely tightened
to obtain good contact. All joints must be clean, bright
and free from dents or burrs.

CONTROL AND SECONDARY WIRING

All control wires should be run in conduitinsofar as
it is practicable. Control wires must be run separ-
ately and remote from high tension leads. Control
wiring of adequate size should be used so that with
full operating current flowing to the operating mech-
anism, the voltage across the terminals of the mech-
anism will be within the limits specified as standard
for the range of control voltage. It is recommended
that all conduits entering the mechanism housing be
sealed off at their entrance to the housing.

Control and bushing currenttransformer connections’
are made inside the operating mechanism housing
where suitable terminal boards are provided, Con-
nection diagrams are supplied for each breaker
showing the proper connections for the operating

5



mechanism and the bushing current transformers.
All bushing current transformer terminal boards are
shipped shorted and grounded. These connections
should be changed upon setting the bushing current
transformer ratio.

GROUND CONNECTIONS

The framework of each breaker should be perma-
nently grounded. The usual practice is to connect a
heavy cable between the framework and the station
ground, A bolted connector is provided on a leg of
the framework to which this cable can be attached.
The cable should be able to carry 25 per cent of the
current rating of the breaker but should not be
smaller than #4/0,

WARNING

A GOOD, PERMANENT, LOW RESIS-
TANCE GROUND IS ESSENTIAL FOR
ADEQUATE PROTECTION. A POOR
GROUND MAY BE WORSE THAN NO
GROUND AT ALL, SINCE IT GIVES A
FALSE FEELING OF SAFETY TO
THOSE WORKING AROUND THE E-
QUIPMENT AND MAY RESULT IN
ULTIMATE LOSS OF LIFE OR DAM-
AGE TO THE APPARATUS,

: ADJUSTMENTS
BREAKER
Although the breaker has been set up, adjusted and
tested at the factory, it is advisable to review all
adjustinents to see thatno change has occurredduring
shipment and installation. Manual operation should
be used for all preliminary inspections. The breaker
should be slowly operated by hand (maintenance bolt)
to see that it moves smoothly throughout the closing
and opening of the breaker, that no binding occurs,
and thatno excessive play isnoticeable between parts.
The opening dashpot in the mechanism is self-
contained so that the breaker may be operated elec-
trically in air. Electrical operation should only be
attempted after it is certain that all adjustmentsare
made correctly. Details of these adjustments are
given in the following paragraphs.

The breaker is shipped inthe closed position with the
main spring partly discharged. Any maintenance
closing may be done with the maintenance closing bolt
which is described below.

Slow Closing

The breaker may be closed slowly by means of the
maintenance device. This is a jacking bolt which
screws into the front of the breaker operating rod
coupling (3, figure 4) and pulls the operating rod
forward toward the closed position. The bolt should
" be well greased to reduce its resistance to turning.
Since the bolt pulls directly on the operating rod, the
trip latch is ineffective to trip the breaker.
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In jacking from the open to the closed position, the
cam follower roller {14, figure 4) must pass around
the nose to the top of the cam. Normally, this action
is blocked by the trip latch, however, introduction of
the maintenance bolt with the breaker open causes
rotation of the trip latch during most of the closing
stroke. Near the closed position, the trip latch is
released by the interlock, but held by the mechanism
linkage until the closed position is reached. The
breaker may be left in the closed position and the
maintenance bolt withdrawn and, conversely, the
maintenance bolt may be inserted with the breaker
in the closed position without tripping the breaker.
The breaker may be opened slowly by operating the
manual trip and then unscrewingthe maintenance bolt.

The closed position is established by proceeding
forward until the trip latch drops in place and then
backing off until the load of the interrupters is taken
by the mechanism linkage. The maintenance bolt has
a 3/4-10thread. The torque requiredto raise the con-
tacts to the point of meeting’is small, but the torque
required to complete closing is about 50 ft-l1bs.

The breaker may be checked for correct adjustment
by first establishing that the linkage is inthe correct
relation to the other parts. The linkage reference
dimension {breaker closed) is 3-5/16 inches plus or
minus 1/8 inch, measured from the top of the coupling
in the center phase to the top ofthe lip of the boss in
the center of the dome. This measurement is not of
a critical dimension.

The stroke of the breaker contacts is b inches plus or
minus 1/8 inch no load. The open position is deter-
mined by equalling the weight of the contacts and the
force of the slightly compressed opening springs with
a relatively high gradient balancing spring (15, figure
4) located around the breaker operating rod in the
mechanism. In the openposition, the balancing spring
is compressed approximately 1/4 inch and the open-
ing springs are compressed to 5-1/4 inches. This
corresponds to 1-1/8 inches from the outside of the
spring washer to the end of the housing. Adjustment
of either the balancing spring or the opening spring
will affect the stroke and the other spring, the
balancing spring moving about onethird of the change
of the opening spring.

Alignment

The alignment of the interrupters and contact rods is
made by rocking the bushings and interrupter about
the ball joint under the bushing flange. The contact
rod should enter the interrupter centrally and should
not bind throughout its stroke. Be sure that the
bushing flange nuts are equallytight after adjustment
has been made.

A slight horizontal adjustment has been provided at
the lower end of the contact rod by using a larger
hole in the rod at the point where it attaches to the
crossarm,
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Contact Wipe

The wipe of the contacts is 3/8 inch plus 0, minus
1/16 inch. This may be adjusted by raising or lower-
ing the contact rods with respect to the -crossarm.
The lower part of the contact rod and the inner sur-
face of the end of the crossarm is serrated hori-
zontally., This allows vertical adjustment in 1/16
inch steps.

The six contact rods may be adjusted to produce the
same contact wipe. In addition to this, they should
touch the contact fingers at the same time. Practi-
cally, some differences will exist between phases,
but it should be possible to adjust them to touch
within 1/8 inch of each other.

MECHANISM

Cam Prop And Buffer

The cam prop (23, figure 4) is supportedby a spring
buffer. The, buffer consists of forty spring washers
inside the* ‘U’ bracket and sixteen Belleville washers
outside the ‘U’ bracket. The forty washers are ar-
ranged in four stacks. Each stack contains five series
sets of two washers inparallel, The individual washer
is saddle shaped and, when it is properly paired to
obtain minimum height, the distance between the inner
surfaces at the hole is 3/32 inch. The normal stack

- height under compression is 15/16 inch.

The Belleville washers outside the *‘U’’ bracket are
stacked as saucers .are stacked and thus are in

-parallel The castellated nuts are adjusted so that

the cam prop roller (21, figure 4) bears on the cam
prop (23) with .central bearing (front view) and with
a wipe on the centerline of the prop of plus or minus
1/16 inch (side view). A smallhole inthe side mech-
anism frame perthits a view of the prop wipe. The
castellated nuts are wired in pairs to prevent
loosening during operation. The buffer adjustmentis
made at the factory andnormally need not be changed.

The bolts holding the buffer bracket tothe mechanism
frame are equipped with locking plates and the bolt
threads are coated with #1201 red *Glyptal.

Cam Prop Interlock

The cam prop interlock (51} whlch is actuated by the
output crank (17) locks the cam prop {23) in position.
The clearance betweenthe camprop andthe cam prop
interlock should be 1/32 inch plus 1/32 inch minus 0.

Trip Latch

The wipe of the trip latch (7, figure 4) is adjustable
by moving the position of the latch plate (9). The wipe
should be 1/4 inch plus or minus 1/16 inch,

The trip latch clearance should be 0.008 inchto 0,020
inch in 'the open position. This is adjustable by a

- bracket (60).
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change in the shims which held the yoke in turn hold-
ing the trip latch. After adjustment of the latch
clearance, the latch wipe should be rechecked.

There should be about 1/16 inch clearance between
the trip latch plunger extension pin and the face of the
latch arm with the trip coil de-energized.

Latch Checking Switch

The latch checking switch should operate when the
latch resets in order to indicate latch position. The
checking switch should have 1/16 inch to 1/8 inch
wipe when the latch is reset.

CHARGING AND DISCHARGING THE SPRING )
The ‘*‘T’’ wrench may be usedto charge and discharge
the closing spring. It is stored in the bottom of the
mechanism house.

The torsion closing spring is suspended between two
plates. On the mechanism frame end of the spring,
the spring plate (27) supports it and on the motor
support end it is supported by the sprocket wheel, The
spring is fastened to the two plates as shown in
figure 6. The sprocket wheel also acts as a ratchet
wheel through the action of its ratchet. The **T”’
wrench fits the square end of the motor shaft which
is accessible through a hole in the motor support
Clockwise rotation of the wrench
charges the spring. Overwinding of the spring is®
prevented by a stoppin (41) which extends through the
sprocket wheel and engages a bolt extension of the
motor support bracket. This stop pin is driven by
the differential indicator device (31, 32, 32, figure 4)
which acts as a jacking screw to extend the stop pin
a distance proportional to the number of turns of the

P
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Figure 5 Closing Spring from Motor Support
Bracket End - Spring Completely Discharged
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spring. With the spring slightly past the fully wound
position, the stop pin should interfere axially approx-
imately 1/4 inch with the stop bolt. The fully wound
position is indicated by a stop clearance of 3/4 inch
plus 1/4 inch manually. Electrically, the motor drift
will close the stop clearanceto about 1/2inch plus or
minus 1/4 inch.

In order to discharge the spring from any wound
position, it is necessary to gradually relieve the
force of the spring. Turn the ‘T’ wrench slightly
clockwise and raise the ratchet (42) by depressing
the small handle. Allow the spring to unwind gradually
until its force is completely relieved.

iR

e e A

Be sure that the motor circuit is de-
energized before attempting manual
winding.

Do not allow the spring to reverse wind
without restraining its motion with the
““T* wrench since damage to the dif-
ferential indicator (31, 32 and 33, figure
4) may result,

The motor governor switch (37), the spring cut-out
switch (36) andthelatch for the manual spring cut-out
¢switch (38) are attached to a bracket mounted on the
motor support bracket (60). They are all actuated by
the differential indicator (parts 31 and 33) through the
plunger and paddle. The motion of the plunger is
parallel and equal to that of the stop pin advancmg to
the right with rising spring pressure.

The motor governor switch which isnormally closed
and the spring cut-out switch which isnormally open
are individually adjustable by means ofthe small jam
nuts holding them inplace. The motor governor switch
should be adjusted to open its contacts on rising
spring pressure when the main torsion spring is
wound 2.07 turns or 747 degrees,.

j SPRING IS GUIDED BY Tﬂs BOSS
- 35—3—\1%

Y

ZB—W

\lﬁzs 7

I( 1 1
l !
i SPRING 15 ‘\\\\
| . HOOKED TO
7/ /B THIS BOSS \

SPRING 1S GUIDED BY THIS BOSS SPRING 15 HOOKED TO THIS BOSS

Figure 6 Fastening of Closing Spring
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The position as given above is indicated by a stop
clearance of 3/4 inch plus or minus 1/4 inch manu-
ally. For convenience, the line painted on the spring
is parallel to the axis of the spring when the spring is
fully wound to the 2.07 turns. This spring, when it is
completely discharged as it would be laying on a
bench, would have the ends opposite each other (see
figure 5). When it is put in the mechanism with the
cam rollers (21) onthe prop (23}, and still completely
discharged, it will continue to look like figure 5 with
the ends in line and 30 degrees belowthe horizontal,
When the spring is fully charged for the first time,
the sprocket wheel (35) will turn two complete revo-
lutions plus approximately 4 teeth. Since there are
54 teeth in the sprocket wheel, the spring will have
turned T47 degrees (approximately) and will stop in
position (A) as shown in figure 7.

When the springis discharged, the spring plate (27) at
the mechanism endrotates 360 degrees and returns to
position B as shown in figure 7. From now on, when
the spring is charged, it will rotate only 360 degrees
on the sprocket wheel (35) end and always stop in
position A (figure 7). In other words, the spring dis-
charges one turn on the spring plate (27) end and
charges one turn on the sprocket wheel (35) end each
time the breaker is closed.

Control Switches .
The settings of the various control switches are all
referenced on the closing spring (28). Figure 8 shows
the sequence in which they operate during a 360
degree charging operatlon First, the stop pin (41)
shown in position D is withdrawn Whenthe breaker is
closed to set up the mechanism for the spring-
charging operation. The spring is charged by turning
the sprocket wheel one turn clocMwise, starting at
point A, When the end of the spring reaches point F

p
-
\& |

Figure 7 Closing Spring - Fully Charged Position
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SPROCKET WHEEL END
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the manual spring cutout interlock (45) engages, and
when it reaches point E, the contacts (36) make.
When the spring end reaches point C, the power supply
to the motor is disconnected by the motor governor
switch (37) andthe mechanism drifts about 18 degrees
to stop at point A, havingtraveled 360 degrees. If the
sprocket whee! should travel beyond this point for any
reason, it would be stopped after moving about 20
degrees by the stop pin (41) at point D.

The closing release coil auxiliary contact switch
(CCX) is located on the motor support bracket. This
switch should be set to open its contacts when the
gap between the closing release coil armature and
its pole piece is 0.075 inch for DC and 0.100 for AC,

Auxiliary Switch

The auxiliary switch mounted onthe mechanism panel
provides non-overlapping ‘‘a’’ and’ ‘b’’ switches. The
trip circuit contains two ‘‘a’’ switches which break
the trip coil current (refer to the wiring diagram
furnished with the instruction book). For electrical
trip-free operation, these switches should make
before the main breaker contacts make and are set
to close their contacts approximately one inch before
the fully closed position.

Opening Dashpot :
The opening dashpot located in the rear of the mech-

: A anism house is filled with D50H2T oil (Univis #J-43).
" The fill plugislocated inthe right side of the dashpot,
" being exposed by a hole inthe right side of the mech-

anism frame when facing the mechanism. The proper
oil level is even with the bottom of the fill hole with
the breaker in the closed position.

/o

/
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It is most important that the dashpot be filled with
the breaker in the closed position, i.e. with the dash-
pot stem withdrawn, In this position, the oil level
should be even with the lower edge ofthe tapped hole
for the fill plug on the accessible side of the dashpot,
The best way to check this is to start to open the
contacts with the maintenance bolt and to observe
whether the inserted portion of the stem causes the
0il level to rise immediately above the lower edge,
causing overflow of the oil. The dashpot can be
assumed to be properly filled if this overflow occurs
within the first 1/4 inch of downward travel of the
stem (the 1/4 inchtravel is equivalenttotwo complete
turns of the maintenance bolt). If it has been deter-
mined that the dashpot is properly filled, the stem
should again be withdrawn to the fully closed position
and the ‘“‘lost’’ oil refilled through the oil fill hole
before the plug is replaced and tightened.

If, however, the dashpot is found to be low on oil, oil
should be added with an oil can until it starts over-
flowing. After approximately 20 to 30 seconds, more
oil should be added into the dashpot and this procedure
must be repeated until the dashpot willnotaccept any
more oil. Sufficient time must be allowed between
refills to permitthe oil to pass through the restrictive
orifices, If the oil level was very low, this procedure ~
might be lengthy and require some patience.

An adjusting coupling is provided at the top of the
dashpot rod. The dashpot is adjusted at the factory
for proper operation and shouldnot normally require
field adjustment. Changing the engagement of the

&

\F _ MANUAL 5CO. #45 INTERLOCK ENGAGES

25° —|APPROX 4 TEETH ON SPROCKET WHEEL)
E  5CO. #36 SWITCH MAKES CONTACT

TO CHARGE
( !
\
\
|

~
~
~—_ | \

—{APPROX 8 TEETH ON SPROCKET WHEEL|
SPRING PLATE {27} END OF SPRING (28}

MOTOR GOV. SWITCH #37 OPENS

"N {DRIFT)

A ™ SPRING INFULLY CHAR%ED POSITION OR
DISCHARGED WITH A 387 INITIAL CHARGE

)
MECH STOP PIN {41} WILL NOT POERMITOSPRING
TO BE WOUND BEYOND 747°+ 20° ~ 767

“.' ) Figure 8 Closing Spring - Sequence of Switch Operation
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dashpot rod in the adjusting coupling will change the
point on the opening curve at which the dashpotting
is effective,

OIlL

The specified high-speed performance ofthe modern
oil blast breaker is dependent upon the use in the
breaker of oil having the proper characteristics. It is
recommended that GE #10-C oil be used in these
breakers since its characteristics, particularly at
low temperatures, make it especially suited for use
in oil blast breakers.

Before final adjustments are made, the oil tank should
be filled with GE #10-C oil. Precautions must be
taken to be sure of absolute dryness and cleanliness
of the apparatus before filling and to prevent the
entrance of water and dirt during the transfer of oil
to the apparatus. For more detailed information on
equipment and procedure for filtering GE #10-C oil,
obtain Bulletin GEA-4937 from the nearest Canadian
General Electric Sales Office.

FILLING THE TANK

Before filling with oil, all accessories, such as the
drain valve and oil gauge, must be oiltight. The
threads should be filled with *Glyptal or equivalent.
A plug is furnished for the outlet side of the drain
valve and should be usedtoprevent any leakage if the
valve seat becomes damaged from use.

The tank should be filled while inthe lowered position
and should be filled to a point 2-1/2 inches from the
top rim (see figure 9).

The top of the gauge rod for normal oil level at 20 C
is 1-3/16 inches above the lowest portion of the oil
gauge glass. The range between minimum and maxi~
mum is represented by the visible portion of the
gauge glass and covers a temperature range of 70 C
or from plus 40 C (+104 F) to minus 30 C (-22 F).
The oil level at any intermediate temperature is
represented by a proportionate part of the gauge
range. It is important that the oil level never falls
below the minimum level so that the lower end of the
bushing is always immersed in oil above the end of
the ground sleeve.

In filling, care mustbe taken so that moisture will not
be absorbed by the oil during the filling process. When
cold drums of oil are brought into a warm place, they
should be allowed to stand before opening until there
is no condensation on the outside and until they are
thoroughly dry. The preparation and filling should be
done on a clear, dry day or adequate protection of
some kind provided against moisture being absorbed.
Metal or oil-proof rubber hose must be used, as oil
dissolves the sulphur in ordinary rubber hose. This
may cause trouble, as sulphur attacks copper.

TESTING THE OIL
All new oil should be tested before being placed in the
breaker. The dielectric strength of the oil when

. ~ shipped is at least 30,000 volts when tested in a
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standard gap with one inch disk terminals 0.1 inch
apart, New oil of less than standard dielectric
strength (30,000 volts) should not be placed in the
breaker oil tanks until its insulating value has been
brought up to the above standard (by filtering, drying,
etc.). :

TANK HEATERS

Tank heaters are provided for areas of low ambient
temperature. Heaters should be energized when the
ambient temperature falls below 0 F,

SUMMARY OF ADJUSTMENTS

The following summary of adjustments is listed
against breaker position and spring positionas an aid
to checking (refer to figure 9).

Breaker open, spring any position, no control power,

BKR. - Mark the breaker open position.

MECH, - The trip latch clearance should be
0.008 inch to 0.020 inch. The trip
latch wipe should be 3/16 inch to
5/16 inch.

MECH. - The latch checking switch should

have 1/16 inch to 1/8 inch wipe with
latch reset. '

Breaker closing (using maintenance closing bolt),
Spring any position, no control power.

BKR. - The breaker should operate smooth-
ly throughout its stroke.

BKR. - Mark the contact make point.

BXR. - The lift rods should hang in a ver-
tical position with approximately
0.005 to 0.015 inch clearance be-
tween the guide and the rod.

BKR. - The contacts should be centrally
aligned with the interrupter.

MECH., - Thetripcircuit‘‘a’’ auxiliary switch

contacts should make approximately
1 inch from fully closed position.

Breaker closed, spring: any position, no control
power.

BKR. -~ The linkage reference dimension
should be 3-5/16 inches plus or
minus 1/8 inch.

BKR. - Mark the closed position. From
above, the stroke should be 5inches
plus or minus 1/8 inch and the wipe

should be 3/8 inch plus 0, minus 1/16

11



MECH. -

Rising spring pressure, spring partially discharged,
no control power.
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inch. (Note that the latch is holding make its contact eight teeth before
the force of the breaker parts, not the motor governor switch opens.
the maintenance bolt.) 4
MEGH. - The motor governor switch should
The dashpot oil level should be even open its contacts when the stop
with the bottom of the fill hole. clearance is 3/4 inch plus or minus

1/4 inch between the stoppin andthe
manual stop located on the motor
support brackets,

Additional adjustments not dependent on breaker or

MECH. - The manual spring interlock latch spring position.
should engage 12 teeth before the
motor governor switch opens. Latch MECH. - The CCX switch should have 1/16
clearance 0.002 inch to 0.015 inch. inch to 1/8 inch wipe with closing

release coil armature against the

MECH, - The spring cut-out switch should pole piece.
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MECH. - The maintenance bolt interlock
should clear the trip latch in its
normal position,

MECH, - Thetrip coil plunger should clearthe

trip latch by 1/32 inch minimum with

the latch reset.

The cam prop rollers should have
central bearing and rest on the
centerline of the cam prop with plus
or minus 1/16 inch tolerance.

MECH. -

MECH. - The cam prop interlockshouldclear
the cam prop by 1/32 inch plus 1/32
inch minus 0.
Operation Adjustments. (Discussed under OPER-
ATION, Part 4).
a) The no-load opening speed should be 5.5 feet to
7.5 feet per second in oil.

b} The closing time should be a maximum of fifteen
cycles,

c) The reclosing time should be approximately 16
to 20 cycles.

d) The contact parting time should be less than 2,5
cycles except where currenttripping devices are
used. In this case, the contact parting time will
be delayed by the time required by the operation
of the current tripping device.

BUSHINGS

The bushings are installed from abovethe top frame.
The gasket is installed between the support flange
and the top frame. The interrupters are aligned by
adjustment of the bushing on a spherical seat. After
this adjustment has been made, be sure that the
bushing nuts are tightened evenly,

A bushing can be removed without disturbing the
bushing current transformer. To remove the bushing,
first remove the four bolts holding the lift rod guide
and drop the guide down on top ofthe crossarm. The
interrupter can now be removgd by loosening the
clamping bolt and unscrewing it from the bushing.
Remove the three bushing nuts and the bushing will
be free to be removed., .

' EUSﬁING CURRENT TRANSFORMERS

The bushing current transformers are mounted on
the inside of the top frame and are installed from
underneath the top frame. The bushing current trans-
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former leads are brought through an oil sealinto the
mechanism house. In order to remove a bushing
current transformer, it is necessary to remove the
interrupter from the bushing. With the leads dis~
connected and the interrupter removed, the bushing
current transformer support plate can be removed
and the transformer slipped down over €he lower end
of the bushing.

FINAL INSPECTION
After the breaker has been installed with all mech-
anical and electrical connections completed, the
following inspections and tests should be made:

1. See that the breaker is properly set up and
leveled on its foundation.

2. See that all nuts, washers, bolts, cotter pins and
terminal connections are in place andtightened.
The gland nuts on all valves and oil gauges should
be checked to see that they are sufficiently tight
to prevent leakage. In tightening the gland nuts,
precautions should be tdken to prevent damaging
the packing through exeessive pressure.

3. Inspect all insulated wiring to see that it has
sustained no damage during installation andtest
it for possible grounds or short circuits.

4, See that all bearing surfaces of the operating
and breaker mechanisms have been lubricated.

5. See that the tank is filled with oil to the proper
level,

6. Make certain that the dashpot is filled to the'
proper level,

7. Make certain that the installation adjustments
and operating adjustments have been thoroughly
checked.

8. See that all covers and bolted connections are
securely tightened and that all pipe plugs are
properly installed and tightened to prevent the
entrance of moisture.

9. Operate the breaker manually to check for
binding, excessive play, etc. and electrically
for performance.

10. Recheck that dielectric strength of the oil after
no-load operations are complete.

11. See that all points where the surface of the paint

has been damaged during installation are re-
painted immediately,

13
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PART 4
- OPERATION

SPRING OPERATED MECHANISM

CLOSING
Consider the mechanism with the main spring fully
wound and the control power available (see figure 4).

When the closing release coil (48) is energized
through the closing control switch, the closing release
armature and plunger (46 and 49) push the closing
release pawl (57) against a roller extension on the
cam prop lever (59). The pawl escapes beyond the
cam prop lever after giving it a small angular dis-
placement.

The main torsion spring (28) is retained at the right
end by the sprocket wheel (35) and at the left end by
the spring plate (27). The spring plate is coupled
directly to the cam (20) so thatthe force of the spring
is taken by the cam prop rollers on the cam prop.
The cam prop is supported by a spring buffer (55).

The cam prop lever is coupled to the cam prop (23)
through a universal type coupling. As the cam prop
lever (59), and hence the cam prop, receives the
momentary angular displacement, the cam prop
rollers (21) escape from the cam prop (23) under
force of the torsion spring (28}, rotate with the cam
(20} and return to their normal position on top of
the cam prop, which has returned to its normal
vertical position through the action of the cam prop
return spring. The rotation of the main cam is 360
degrees. During this rotation, theé cam follower roller
is lifted away from the cam center and forces the
bottom of the output crank (17) backward, since the
trip latch roller (11} is held in position by the trip
lateh (7). When the bottom of the output crank is
forced baclkward, it pulls forward on the coupling
which attaches to the breaker operating rod. This
motion is transmitted through the breaker linkage
to close the contacts inside the interrupters. The
pin attaching the output crank (17) to the coupling
{3) carries. the levers to operate the SB-1 auxiliary
switch, the position indicator and the operation
counter. Another pin in the output crank operates
the cam prop interlock (51) which prevents the cam
prop (23) from moving unless the breaker is in the
open position.

The closed position of the breaker is reached when
the cam prop rollers restontopofthe cam prop. The
additional energy supplied by the spring over and
above that required by the breaker is absorbed by
the spring buffer. No overtravel of the breaker
contacts is required by the mechanism to close

14

since the cam in the closed position serves as a
prop.

RECHARGING THE SPRING

Inside the spring (28) is a differential indicating
device which relates the angular relation of the main
torsion spring. The spring is wound 2.07 turns or
747 degrees when fully wound. In closing, the spring
discharges 360 degrees down to 387 degrees or 1,07
turns. This is the precharged position. The action
of the differential indicator device and the motor
governor switch is to restore the spring to its fully
wound position. In this fully wound position, the
mechanical stop (41) projects through the sprocket
wheel (35} and prevents overwinding of the main
torsion springs.

In parallel with the stop pin (41), the control plunger
(34) extends through the sprocket shaft and actuates
the motor governor switch (37) and the spring cutout
switch (36). When the main cam rotates to close the
breaker, the coupling (31) turns with it, withdrawing
the jack screw (33) which withdraws the stop pin and
allows the control plunger to be withdrawn through
the action of the intermediate lever return spring.
When the control plunger (34) is withdrawn, the motor
switch contacts close and the motor winds the
sprocket {and spring) in the same direction in which
the cam turned. As the sprocket turns, the coupling
is held and the jack screw extends itself until the
control plunger actuates the motor governor switch,
at which point the spring is again fully wound.

This control feature allows the spring to be fully
wound from its completely discharged position by
applying the proper motor voltage. ’

TRIPPING

The energy stored in the contact finger springs and
the opening springs during each closing operation is
used to accelerate the parts on opening. When the
trip coil is energized through a protective device,
the trip latch rotates counterclockwise and allows the
linkage to collapse. The cam follower roller slips
around the front of the cam and the holding force on
the breaker operating rod is released. This allows

movement toward the open position and tripping is
accomplished.

TRIP-FREE OPERATION

The spring-charged mechanism linkage is both mech-
anically and electrically trip-free.



RECLOSING

A breaker isnormally operatedinthe closed position.
From this position, one high speed reclosing oper-
ation is possible since the spring contains sufficient
energy for one closing operation. Subsequent re-
closing operations depend upon the spring winding
time, which is 3 to 5 seconds depending upon the
available control voltage at the time. Following
tripping, the latch checking switch indicates that the
linkage is recoupled and thus controls the release
of the closing mechanism., Normal high speed re-
closing time is 15 to 20 cycles.

ANTI-PUMP
This mechanism is provided with anti-pump protec-
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resistor is inserted by the operation of the closing
release coll switch (CCX) which will remain in the
operative position as long as an operator holds the
control switch., Under this condition the closing
release coil cannot be de-energized and, therefore,
cannot be re-energized to cause pumping.

N o

"CAUTION

POW WO

The seal-in circuit is not designed for
continuous service. Operation of the
seal-in circuit for periods in excessof
five minutes may result in damage to
the closing release coil and the seal-in

tion by the use of a seal-in resistor. The seal-in resistor,
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Figure 10 Linkage and Contacts.
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BREAKER LINKAGE AND INTERRUPTERS

CLOSING

The breaker contacts consist of a set of stationary
fingers and a moving contact. The breaker linkage
raises and lowers the moving contacts in a straight
(vertical) line. The moving contacts are raisedtothe
closed position by the operating mechanism andheld
there by the prop and latches in the mechanism.
When the latch is released in the mechanism, the
contact finger springs accelerate the moving contact
downward toward the open position. The amount of
travel, 5 inches plus or minus 1/8 inch, is known as
the stroke,

The motion of the parts is as follows (refer to figure
10). To close the breaker, the operating rodis pulled
to the left. This rotates the breaker linkage and lifts
the operating rods. The insulated rod carries the
crossarm which carries the moving contact rods. The
moving contacts enter the interrupter chamber (the
chamber is oriented with the vertical centerline of
the breaker and the contacts are adjustedfor central
entry) and raise the contact fingers 3/8 inch, stopping
in this position, which is referred to as the closed
position. In raising the contact fingers the 3/8 inch
(wipe), the contact finger springs are compressed.
These springs decelerate the moving contacts at the
end of the closing stroke. ’

TRIPPING

When the breaker opens under load, the contacts
part, drawing arcs between the tip of the contact
fingers and the moving contact. The pressure gen-
erated by the arc forcesoilthroughthe port openings
in the baffle stack. The flow of oil, coupled with the
configuration of the baffle stack, produces inter-
ruption. The opening dashpot in the operating mech-
anism limits the opening speed of the breaker contacts
and absorbs the energy at the end of the breaker
stroke.
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The opening dashpot is so designed that additional
opening distance is available to decelerate the higher
speeds associated with interrupting high currents.
This travel will be in excess of the 5 inches set
dimension but the final open position should be 5
inches. No-load operation will not produce more than
1/4 inch overtravel on opening,.

SPEED MEASUREMENT

After completing the preceding installation, adjust-
ments and inspection, the breaker may be operated
electrically to check the no-load performance. A
travel analyzer may be used to obtain this inform-
ation, A #10-32 tapped hole.is located in the center
of the block on top of the lift rod of phase No. 2,
Access to the tapped hole is through the hole in the
center of the dome,

The opening speed is determined by drawing a straight
line through two points on the travel curve (see fig-
ure 12), One point is located onthe opening curve 3/8
inch from fully closed. This is the point at which the
contacts part. The second point is located on the
opening curve 2-3/8 inch from the fully closed
position (measured vertically). The slope of the line
is an indication of the opening speed, which should be
6 to 8 feet per second in air. If curves are taken in
oil, speeds should be 5.5 to 7.5 feet per second.

If it 1s foungi ttlat the opening speed is not within the
spemfled- limits, recheck the contact wipe. The
contact finger springs accelerate the contact rods

on opening and a variation in the amount of wipe
would affect the no-load speed.

The closing speed is determined by the mechanism
and is not adjustable,

PART 5
MAINTENANCE

GENERAL

The safe and successful functioning of connected
apparatus depends uponproper and reliable operation
of the oil circuit breaker. For greater reliability,
the oil circuit breaker must have regular systematic
inspections during which every part is inspected

16

carefully. The frequency of the inspections should be
determined by each operating company on the basis of
the number of operations (including switching), the
magnitude of the current interrupted and any unusual
operations which might occur. Operating experience
will establish a maintenance schedule which will give
an assurance of proper breaker condition. The



following paragraphs list the main points to be in-
cluded in an inspection and a number of general
recommendations.

PRECAUTIONS

1. Be sure the breaker and its mechanism are

disconnected from all electric power, both high
voltage and operating, before inspecting or
repairing. After the breaker has been discon-
nected from power lines, grounding leads should
be properly attached before coming in contact
with any of the breaker parts,

Be sure the breaker framework is well grounded.

Use the maintenance closing device to assist in
making adjustments, This isthe primary purpose
of the device because it permits slow closing and
opening. It must not be used for closing the
breaker on load.

PERIODIC INSPECTION

The contacts should be checked, See that they
are aligned and that contact surfaces bear with
firm uniform pressure. Replace badly pitted or
burned contacts before they are turned away
sufficiently to cause damage to other parts of
the apparatus. Ifthe silver alloy contact surfaces
are only roughened, they may be smoothed down
with a fine file.

The oil should be checked. Oil in service should
be tested at frequent intervals, Three month
periods are recommended. If the dielectric
'strength of the oil tests less than 16,500 volts it
should be filtered.

When sampling oil, the sample container should
be a large-mouthed glass bottle. The bottle
should be cleaned and dried with benzine and
should be free from moisture before it is used.
The sample of oil should be at least one pint,
Test samples should be taken only after the oil
has settled for some time. Samples should be
taken from the valves at the bottom of the tank
and sufficient oil should be drawn off to make
sure the sample represents oil from the tank
proper and not that stored in the drain pipe. A
glass receptacle is desirable so that if water is
present it may be readily observed. If water
is found, an investigation of the cause should be
made and a remedy applied. Excessive water is
indicative of leakage somewhere in the breaker
structure,

All insulating parts should be thoroughly cleaned
to remove all traces of carbon which may remain
after the oil has been drained from the tank. It
is recommended that the oil be removed andthe
tank cleaned at regular intervals because filter-
ing of the oil does not remove the carbon which
adheres to the sides of the tank.

10.

11.

12.

13.

14,
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The operating and breaker mechanisms should
be thoroughly checked. All bearing surfaces
should be lubricated. ‘

The dashpot piston should be examined to see
that it works freely so that the dashpot functions
properly.

All bolts, nuts, washers, cotter pins andterminal
connections should be in place and properly
tightened. The gland nuts on all valves and oil
gauges should be checked to see that they are
sufficiently tight to prevent leakage, Intightening
the gland nuts, precautions should be taken to
prevent damaging the packing through excessive
pressure.

Operate the breaker slowly by hand {maintenance
device) and check the points listed under SUM-
MARY OF ADJUSTMENTS,

Operate the breaker electrically and check the
points listed under SUMMARY OF ADJUST-
MENTS,

. Inspect the bushing supports, as the vibration

due to the operation of the breaker. may cause
the bushing to move slightly and result in mis-
alignment of contacts.

Clean the bushings at regular intervals where
abnormal conditions prevail such as salt de-
posits, cement dust or acid fumes, to avoid
flashover as a result of accumulation of foreign
substances on their surfaces.

The oil in the bushings may be checked for level,
Remove the plug inthe oil fill hole on the bushing
cap and stick a ‘‘dip stick’’ in the hole until it
bottoms. It should now show approximately 3/8
inch of oil when the bushing is in a vertical
position.

See that the oil is atthe proper level in the tank.

After making any adjustments, operate the ap-
paratus by hand before attempting electrical
operation,

Installation and maintenance will generally re-
sult in damage to the surface of the paint and
corrosion will result at these points. All such
places should be repainted immediately.

CURRENT TRANSFORMERS

If it should be necessary to replace a bushing current
transformer, care must be taken to see that the end
of the transformer carrying a white polarity markis
placed upwards. Performance data in the form of
excitation and ratio curves are available for all

transformers on the standard ratios.

These are

supplied with the order or can be secured by giving
the proper references. For more detailed information
refer to instruction book 296,

17
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SECTION A-A
~1. Adapter 8. Contact Finger 14. Hinge Pin
2. Insulation Braid 15, Arcing Plate
3. Guide Block 9. Yoke 16. Baffle Stack
4, Screw 10. Stop Pin 17. Port Baffles
5. Spring 11. Sleeve 18. Insulated Stud
6. Spring Guide 12. Contact Finger 19. Insulated Nut
7. Vent Hole 13. Set Screw 20. Contact Rod
Figure 11 Oil Blast Interrupter
INTERRUPTERS To disassemble the fingers:

The surfaces of the moving contacts are plainly
visible with the breaker open and the tank lowered.
The condition of the moving contacts is a good
indication of the condition of the contact fingers.
Refer to figure 11. By removing the four insulated
bolts and lowering the baffle stack, the contact
fingers may be seen. Each baffle stack is marked
by a painted °'V’’ so that proper relation of the
baffles may be maintained during assembly,

If it is found by inspection that the fingers are badly
eroded, they should be replaced.

18

1. Remove the baffle stack (see figure 14).

2. Remove the two 3/8 inch bolts in the ends of the

adapter (attached to the bushing) (seefigure 15).

Remove one No. 8 set screw from below each
hinge pin.

Remove the hinge pin. The finger assembly is
free to be removed (see figure 16).

remove the fingers from the finger assembly:
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Figure 12 Representative Travel Curves.
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Compress the fingers slightly in a vise and
remove the 3/16 inch diameter stop pin.

6. Release the vise.

7. Snap out the springs and spring guide from the
fingers.

8. Remove the sleeve. Note that the 1/8 inch
washers are between the fingers and the 3/32
inch washers are beside the fingers (see figures
17 and 18).

9. Unscrew the fingers and replace. Be sure the
braid is pulled down so that the screw is in the
center of the eye.

10. Reassemble in the reverse order. Make sure the
fingers work freely.

Tightening

Torque

8-12 ft-1bs,

(a)

11.

12.
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A torque of from 8 to 12 {t-1bs should be applied
to the insulating bolts to prevent cracking at
assembly.

In replacing the two 3/8 inch bolts in the adapter,
tighten slightly more than snug. Avoid over-
tightening.

In addition to the fingers, each interrupter employs
an arcing plate which aids in transferring the arc to
the port opening. These arcing plates may be used
until the arc resistant material is eroded about 75
per cent. When replacing the arcing plate, be sure to
prick punch the material at the slot of the counter-
sunk screw to prevent loosening.

GASKETS
Prepare gaskets and gasket surfaces (for cork,
vellumoid and similar material) as follows:

(b)

Figure 14 Removal of Baffle Stack
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SECOND REMOVE
THE 3/8 SCREWS

ARCING CONTACT
197A4105 GR 1

PRICK PUNCH SCREW
TO LOCK

FIRST REMOVE THE SET SCREWS
NOTE THAT THESE ARE PRICK
PUNCHED TO LOCK IN PLACE.

Figure 15 Contact Replacement

ConTAcT AsBLY.
 OIu¢BI433 G.2

Figure 17 Identification Part Numbers - Contact Assembly

22
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Barrie  Assensiy s

0!2Dhoeg G2

Figure 18 Identification Part Numbers - Baffle Assembly

All gasket surfaces shall be thoroughly cleaned to
remove all oil, grease, or foreign material which
will prevent proper adhesion of the gaskets, or
sealing of the joints. They shall be allowed to be-
come thoroughly dry before proceeding with treat-
ment, :

All surfaces to which gaskets are to be permanently
assembled shall be given a full unbroken coat of GE
#1201 compound. All gaskets {except rubber gaskets)
for such joints. shall be given a similar coat. This
shall be done at such time in the assembly cycle
that the compound will be allowed to dry at least one

half hour before final assembly. A longer time, up
to 24 hours, is not detrimental. In making up perm-
anent joints, both tne gaskets and gasket surfaces
are again coated with GE #1201 compound and the
parts bolted before the compound sets.

For joints such as covers, manholes, or places where
the joint has to be opened, do not coat the gasket
surface of the removable part or install this part
until the compound on the gasket is perfectly dry,
The side of the gasket to be assembled against the
uncoated surfaces can be greasedto prevent sticking.

PART 6

RENEWAL PARTS

It is recommended that sufficient renewal parts be
carried in stock to enable prompt replacement of
worn, damaged or broken parts. A stock of such
parts minimizes the service interruptions causedby
breakdowns, and saves time and expense. When
continuous operation is a primary consideration,
more renewal parts should be carried, the amount
depending upon the severity of the service and the
time required to secure replacements.

Renewal parts may not always be identical to the
original parts, since improvements are made from

time to time. The parts which are furnished, however,
will be interchangeable.

When ordering renewal parts, address the nearesf
Sales Office of Canadian General Electric Companjy
Limited giving the complete data shown on the
breaker nameplate, such as the serial number, type
and rating of the breaker. The breaker nameplate
is mounted on the inside of the front door of the
operating mechanism compartment. Also furnish :
complete description of each part, the quantit;
required, and, if possible, the number of the requi-
sition on which the breaker was originally furnished
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ONE - 5 KV INDOOR METALCLAD SWITCHGEAR
PETTY HAREBOUR PLANT .

NEWFOQUNDLAND LIGHT & POWER (O, LTD,
P.O. #66768

FEDERAL PIONEER LIMITED #61-00-55947

L -
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1. #200 Station Operation

2. #201 Control Equipment Material List
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3. #202 Power Equipment Material List
SECTION 300: INSTALLATYON MAINTENANCE INSTRUCTIONS
1. C-3-620 Installation and Operation - Switchgear
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DST - 2 Magnetic Aiy Circuit Breakers
Type AEMG Stored Energy Mechanism
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o IR AT FEDERAL PIONEER LYMITED
FIONEER '

101 ROCKMAN STWINNIPES  MANITOBA- R3T OLT»PHONE (204) 452-7446
TELEX O7-57739

SECTION 200: #200

Newfoundland Light & Power Company Limited
P.0. #66768
Federal Pioneer Limited #61-00-55947

One - Indoor Metalclad Switchgear 3KV 250 MVA. e S

This equipment is located at PETTY HARBOUR, NE{FOUNDLAND.
The equipment has the following cell arrangement:

TOTAL, OF 6 CELLS | .

(W)
;

Generator Breaker Cells,

1 - Feéder Breaker (Cell.

[
1

Auxiliary cell containing Station Service Transformer,
Bus P.T.'s, and Surge Protection.

1 - Auxiliary cell containing Field Discharge, Breakers and
Associated Devices.
The Circuit Breaker Control involves auxiliary supplies as follows:
125 ¥ DC For Closing

125 ¥ DC For Tripping
125 ¥ DC For Spring Charging Motor
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SECTION =200: #<02

POWER EQUIRMENT MATERTAT LIST

Newfoundland Light & Power Company Iimited

P.0. #66768

Federal PIoneer Limited #61-00-55947

BILL OF MATERTAL:

A
.

REF. QTY.  DESCRIPTION
1 . C/B - DST<-5KV/25(MVA/ 20004 _
2 F.P.E. ~ P/T Cradle |
3 8 F.P.E. — P/T 2400-120Y '
4 12, CeGuE. — EJ1-B Fuse L.8KV 2E
5 1 F.P.E. — Fuse Cradle
b 3 CoG.E. ~ EJ1-D Fuse <.AKV A0
7 3 Whse, ~ Lightning Arrester CPL 3KV
8 1 Whse, — Surge Capacitor 3th.
9 2 Hammond Transformeér 1 Ph. 37.5 KVA
10 H F.P.E, o—.NEJ - 3 Pole X00A MCCB
11 .3 C.0.B. Bushing R.S. 20004 8.7 KV
12 9 Burndy — Cable Lug— NA39-2N
13 3 Stud Connector Type FD68T12-3-3
s 6

CIRCULIT EREAKER:

Cable Commector T&B Cat. #10L69

Spring Charging Motor -~ 125V DC
Spring Release Coil -~ 125V IC

Shunt Trip Ceil

- 125 Vv IC
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FEDERAL PIOMNEER LIMITED Page 2

ADDITIONAL EQUTIFMENT:

Racking Handle -

Winding Handle - £
S1ow Close Lever = 1
F.P.E. -— C/T 1800-54 10L<00 Shipped Loose — 9

ESTIMATED WEIGHTS:

Cell #1 o .. 1,000 1lbs.
Cell #2, 4 & 5 without C/B @1,700 lbs. ea. 5,100 1bs.
Cell #3 without C/B €1,500 1lbs. ea. 1,500 1bs.,
Cell #6 1,850 1bs,
Bus Duct _ 950 lbs.
TOTAL 10,400 1bs.
PATHT:
Interior - ASA 61 Crey
Exterior -~  ASA 61 Grey

CURRENT TRANSFORMERS:

Cell #2, 4 & 5: Position nAw
Ratic 600-ZA
Accuracy <.5L200
Primary 4" x 13" Cu. Bar
Quantity 9

Cell #3:- Position #An
Ratio 1800-54
Accuracy 2.5L200
Primary 25" x & Cu.Bar
Quantity 3

Cell #<2, L & 5: Position wpt
: Ratio 600-54
Accuracy 2.5L200
Frimary " x 14" Cu. Bar
Quantity 3



FEDERAL PIONEER LIMITED

NOTES:

1.

Main Bus Epoxy insulated: 4" x 4" Cu. Bar — 2000 Amp.

2. Risers Epoxy insulated: 2 - 3/8" x 3" Cu. Bars — 2000 Amp.

3. Ground Bus " x 2" Cu. Bar, bolted to Bosses, welded to Frame
Switchgear,

4, Insulated Barriers between cubicles made of Cast Epoxy.

5. Unit will be numbered from left to right.

6. Unit will be extendable at both ends.,

CONSTRUCTION

1. All Panels, Covers & Doors to be 11 GA. M.S. .

2, Switchgear is built to Metalclad design as per C.E.M.A. Spec.

3¢, ALl Cable Terminations to be taped on site. Material supplied

by Federal Pioneer Limited.
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FEDERAL
FP1ONEER

F?E/

INSTRUCTIONS

C-3-620

June 1, 1976

INSTALLATION AND OPERATION —~ SWITCHGEAR

SHIPMENT

The switchgear is assembled, wired, adjusted and
given ccmplete tests at the factory, after which it is
inspected and packed for shipment. The air circuit
breakers are not shipped in the switchgear com-
partments, but are packed in separate crates. Each
crate is identified, and a complete list of its contents
is included in the shipping papers. All instruments
and relays are suitably blocked to prevent damage
to bearings and movements.

REMOVAL FROM CARRIER AND INSPECTION
FOR DAMAGE

Immediately upon receipt of the shipment, identify
all component parts and check them against the
shipping fist. Make a thorough examination fo de-
tect any damage which may have been incurred dur-
ing transit. If any damage is discovered, file a claim
- immediately with the carrier, and send notice of the
extent of the damage to the Federal Pioneer Limited
plant from which shipment was made, giving com-
plete identification, carrier’s name and railroad car
number if the shipment was made by rail. The in-
formation will enable the company to supply neces-
sary information in support of ¢claim.

MOVING AND LIFTING SWITCHGEAR

1. The importance cannot be overstressed regard-
ing the care in handling, rigging, hoisting, rol-
ting or moving assembled switchgear into place.
Metal-clad switchgear is designed to be handled
only in an upright position and should never be
handled in any other way withcut first consult-
ing with switchgear headquarters design sec-
tion.

2. Each shipping section of indoor switchgear is
bolted to shipping channels which should re-
main with the gear when it is moved into final
location. Each section of outdoor gear is sup-
plied with heavy lifting lugs bolted to switchgear
base.

3. When lifting shipping units with a crane, it is
preferable to use two hooks simultanecusly, one
on each end. Each pair of lifting hooks should
be equipped with a spanner bar to prevent ex-
cessive distortion. |f only a single hook crane is
available, arrange spanner to lifting rig as
shown on typical switchgear drawing, in the
instructions.

FEDERAL
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4. ‘When cranes are not available, equipment can
be rolled into place on shipping charnnels pro-
vided with each shipping section. Pushing or
pulling forces should be applied to the skid
and not the switchgear.

3. Switchgear is split either longitudinally or la-
terally, and all parts will be marked for easy

reassembly. :

n

STORAGE BEFORE INSTALLATION

Protection against loss of equipment is an important
precaution. Trouble and delay will be avoided by
having good storage facilities arranged so that the
Gpparatus will be accessible only to authorized per-
sons and so that it can be quickly lacated when re-
quired in the erection program.

Switchgear equipment, regardless of whether it is to
be installed immediately oy stored for a while before
being erected, should be Kept in a dry, clean place.
Conditions such as dampness caused by rain or
change in temperature, cement dust, etc., should be
carefully guarded agginst. Covering the equipment
with a temporary shelter or tarpaulin is frequently
necessary both during storage and erection. The
longer the period of storage, the greater must be
the care taken for protection of the equipment. It is
advisable to place electric strip heaters or lamps
within enclosures to raise temperature approximate-
fy 10 degrees above outside temperature at all
fimes. '

Crated apparatus which is not to be erected im-
mediately will store much better if left crated. It
sh