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NOTICE

Read these instructions carefully and look at the equipment to become familiar with the device
before trying to install, operate, or maintain it. The following special messages may appear
throughout this manual to warn of potential hazards and to call attention to additional informatien
which clarifies or simplifies a procedure.

WARNING! Used where there is a hazard of bodily injury or death. Failure to follow a

“WARNING” instruction may result in bodily injury or death.

CAUTION: Used where there is a hazard of equipment damage®Failure to follow a
“CAUTION” instruction may result in damage to equipment.

NOTE: Provides additional information to clarify or simplify a procedure.

Work on this equipment must be performed by qualified personnel who have training in the
operation and maintenance of electrical power systems¥Work,on these devices requires training
and experience with high capacity circuits and equipment®and an understanding of the hazards
involved.
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TYPE FG2 SFg CIRCUIT BREAKER INSTRUCTION

1.0 INTRODUCTION

This manual covers the operation and maintenance
of the Merlin Gerin Type FG2 three—phase high
voltage circuit breakers for applications at 5kV
through 15 kv, 60 Htz.

Designed for low maintenance requirements, the type
FG2 circuit breaker uses three sealed interrupters.
These interrupters are filled with sulfur hexafluoride
(SFy) gas at the factory and sealed for life. Field
charging of the interrupters is not required.

Standard equipment on the breaker includes an
electric charging motor, close and trip solenoids, an
anti-pump relay, and 11 auxiliary contacts for
customer use.

The breaker is designed to be operated at ambient
temperatures from -30°C to +40°C. It should be used
within the ratings stamped on the nameplate.

Read these instructions carefully and look at the
circuit breaker to become familiar with its compo-
nents before installing or operating it.

WARNING: Hazard of electrical shock
or burn. Work on these circuit breakers
must be performed by qualified personnel with

training in the operation and maintenance of
electrical power systems. Prior to doing any work
on these devices, read and understand this
instruction manual.

2.0

1.

MANUAL 0492FG2

HANDLING, RECEIVING, AND STORAGE

Avoid impacts to the breaker. Interruptersjare
pressurized from 22 to 37 psig with SF gas.

Make sure all ratings on the packing slip
correspond with those on your purchase order
before taking receipt.

Inspect the packing crate for'danmage before
accepting delivery. Notify the shipper, Merlin
Gerin, immediately in the fase%of damage or
if there are missing paxts.

The breaker weighs‘approximately 440 lbs. to
770 lbs. dependingten rating. See figure 1 for
lifting points.

Store the breakemin a dry, well-ventilated
indoortarea until it is put into service. Cover
the crate with heavy plastic or other suitable
eOveringito protect against water or chemical
splashings, dust, dirt, plaster, etc.

Thetgircuit breaker is shipped in the open
position with the mechanism discharged.

Figure 1: Breaker Lifting

Merlin Gerin
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3.0 OPERATING MECHANISM

The stored-energy mechanism consists of high
energy closing springs and a ratcheting system for
charging these springs (figure 2). The breaker cannot
be closed until the springs are fully compressed.
Opening and closing speeds are independent of the
method by which the springs are charged (manual or
electrical).

The springs are charged one of two ways:

¢ electrically by the gear motor immediately after
the breaker closes.

* manually with the manual charging handle.

. Closing Springs

. Mechanism Charged Indicator
. Charging Motor

. Close Solenoid

. Trip Solenoid

. Close Button

. Open Button

. Manual Charging'kever

ONOOHWN =

Figure2: Operating Mechanism Description

TYPE FG2 SF; CIRCUIT BREAKER

4.0 INTERRUPTERS

Type FG2 interrupters are “sealed for life,” and do not
require any gas servicing. The interrupters aresfilled at
the factory with sulfur hexaflouride gas (SF) from 22
to 37 psig, dependent on MVA rating measured at
20°C.

Measurement of arcing@entact wear (see section 9.3)
is the only interrupter maintenance required.

Each interrupter has a'pressute switch which
operates at low preSsure‘im‘the unlikely event of a gas
leak. The interrupters can interrupt the nominal
rating plus some pereentage of the short circuit rating
at least once at 0 psig pressure. The pressure
switches mustibe wired into the controls by the
customer

FG2 Interfupter Gas Pressures are as follows:

BREAKER/ BREAKER RATED SWITCH OPERATE
JYPE PRESSURE (20°C) PRESSURE (+0.1 BAR)
FG2/ 15 BAR (22 PSI) 0.5 BAR (7.25 PSI)
FG2/11 Hl 2.5 BAR (37 PSI) 1.5 BAR (22 PSI)
FG2/IV 2.5 BAR (37 PSI) 1.5 BAR (22 PSI)
FG2/v 2.0 BAR (29 PSI) 1.5 BAR (22 PSI)

BREAKER TYPE INDEX

FG2/1 — 15 KV 500 MVA
FG2/I1 I — 5KV 250 MVA
15 KV 750 MVA

FG2/IV— 72KV 500 MVA

FG2/V — 5KV 350 MVA
15 KV 1000 MVA

Merlin Gerin



TYPE FG2 SFg CIRC

5.0 BREAKER CONTROLS SCHEMATIC

Refer to the control schematic supplied with the
breaker if it is available. It may vary slightly from the
one shown below.

The breaker control schematic in figure 3 shows
standard FG2 breaker control wiring. The breaker
controls consist of the breaker charging motor, close
and trip solenoids, anti-pump relay, and the auxil-
iary switches.

Control contacts are shown for the FG2 with main
contacts open and all operating springs discharged.

As shown, the breaker operating springs start to
charge as soon as control voltage is applied. When
the springs are fully charged, contact M2 opens,
shutting off the charging motor. The auxiliary

INSTRUCTION
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UIT BREAKER

contacts QF open and close in synchronism with the
main contacts. When the main contacts are open,
type “a” contacts are open and type “b” contacts‘are
closed.
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Figure 3: Standard Breaker Controls Schematic
3 Merlin Gerin
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6.0 OPERATION

To manually operate the breaker, manually charge
the operator springs, then press the close and open
buttons to close and open the breaker (see figure 4).

The breaker may be closed and opened electrically by
means of the close and open solenoids. See figure 3
for the standard controls schematic.

The status of the breaker is given by indicators on the
front of the breaker (figure 4). Each close-open cycle
advances the operations counter by one. The counter
advances on the close stroke.

—_

. Circuit Breaker Contacts Indicator
» Green: circuit breaker open L 4
* Red: circuit breaker closed
. Operations Counter
. Breaker Rating Nameplate
. Control Nameplate
Close Button
. Manual Charging Handle
. Open Button

. Mechanism Charged Indicatol

Figure er Controls

TYPE FG2 SFs CIRCUIT BREAKER

7.0 SAFETY PRECAUTIONS

WARNING: Hazard of bodily injury or

equipment damage.

All maintenance must be per
personnel in accordance with |
ordinances, and under

med by qualified
codes and
ing conditions:

e The breaker must belremoved from its cell and
isolated from the hig & age.

* Control voltage;mustibe removed from the
controls.

* The break ustbe in the open position.

rings must be discharged.

Merlin Gerin



TYPE FG2 SF¢ CIRCUIT BREAKER

8.0 PRE-SERVICE CHECKOUT
Prior to placing the breaker in service:

1. Inspect for any shipping damage such as
broken parts or loose hardware.

2. Wipe off any dust or grime from the inter-
rupters with a dry cloth. For more extensive
cleaning, use a non-flammable solvent.

3. To check the mechanical operation of the
breaker, manually charge the closing springs.
Next, manually close and trip the breaker.

4. Test the electrical operation of the breaker by
applying control power. Next, open and close
the breaker electrically.

5. Conduct high—pot tests to test insulation. With
the breaker open, high—pot test each terminal
to the breaker frame and across the terminals
on each pole at 60 kV (AC or DC) for one
minute. The breaker frame and all terminals
(except the one being tested) are to be
grounded during these tests.

If everything is found to be satisfactory, place the
breaker in service.

INSTRUCTION
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9.0 MAINTENANCE

The suggested maintenance interval of the breaker is
every 3000 operations or three years, whichever
comes first. Adverse environmental conditions or
interruption of high fault currents may make more
frequent maintenance necessary.

Maintenance falls into three basic categ6ries:
* inspection, cleaning, and Jubrication
¢ contact wear measurement
* sequence of operation

Metric hardware is used, on'E@G?2 breakers. If required,
torque non-lubricated boltgper table 1.

Table 1
Torque Specifications (Metric Class 5.8)
Bolt Size Foot-Pounds
M8e=— 1225 14
M10— 1.50 22
Mit2/— 1.75 40
M14 — 2.00 70

9.9"Cleaning and Lubrication Materials

WARNING: Hazard of bodily injury
or property damage. Follow the safety

precautions described in section 7 before cleaning
and lubricating the breaker.

Use the materials shown in table 2 to clean
and lubricate the breaker. Disassembly is not
normally required.

Table 2
Cleaning And Lubrication Materials

Applications Materials

Non—flammable solvent
SAE 10W40 motor oil

Cleaning

Lubricating pivot
points and bearings
Lubricating spring
guides and gears

Automotive ball joint grease
(molybdenum disulfide type)

CAUTION: Hazard of equipment
damage. Never spray the breaker with
a high pressure cleaning solution, as this may
damage the “sealed—for—life” bearings and cause
the bearings to seize.

Merlin Gerin
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MANUAL 0492FG2
8.2 Lubrication Points StepZ.  Lubricate the opening and closing
guides (fAgure 7) with molybdeffum
Lubrication paints are identified in figures 5, 6, disulfide grease

7.8, and 9, Wipe off grime and dirt before
adding new odl and grease

8.2.1 Lubrication — Interrupter Linkage

Ofl the interrupter linkage joints as shown in
figure 5. Bearings on interrupter shafts are
greased for life and do not need lubrication

3. Lubricate the close and trip latch surfaces
ifigure 8) and mechanism charging gears
{figure 9) using molybdenum disulfide
grease

8.2.2 Lubrication— Mechanism @

Step 1. Locate all mechanical MeaciMasughces
such as rotary shalts w \Wrmga or
parts sliding againgt ¢ other. Apply a
sufficient .JmuuntN rade oul
directly to the su ) e lubricated
Operate the mw@ a few times and
relubricate. Vg Y y excess lubricant

carefully so ol forced into lubri-
cabed a

! o |

Figure 8: Lubrication — Close and Trip Latches

Figure & Lubrication — Charging Cam

Merlin Gerin 6
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Figure %: Lubrication — Motor Gears

93 Arcing Contact Wear Measurement

Figure 10: Slow Closing the Breaker

I Observe the closing springs (figure 11). Stop
Required parts A .
o two3/16" diameter pins or bolts charging just before a pin can be placed
(approximately 3/4" - 17 long) \ thraegh the second hale in the spring guide.
5. While continuing to put slight peessvre on
Required tools: @ . B lo put sight pee:
‘ ) . " the charging handie, insert a 3/16
: :f:\:'lft‘;": f’;‘fl’:.’::"“’ oG Sl diamater pin or boll in the hole (figure 11,
*  5/16" wryench or 9/16" socket a Do this on bath closing springs.
To measure araing contact wear, t aprings
must be removed and the breaker & (figure

10) until the arcing contacts “ma
wear an the opening spring gui

miust be replaced when the 3
out
nk

Follow these steps |

tacts arg Worn

intact wear

ker manually

Merlin Genn
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6. Relcase the charging handle. The force of the 9. Attach a test ight or ohmmeler ¢
springs should now be held on the inserted betwenn the terminals of each iffie er o
pins er bolts. indicate the contact “make” pao

If the spning force is not held bry the pins,
remave the pins and finish charging the
springs. Then close and open the breaker
{as in step 1) and repeal steps 3-6. When
performed corrextly, the springs will be
stack on the mechanism and can be safely
removed (figure 12).

Figure 13: Monitoring Interrupter for Contact Closure

13. Push in and hold the close button Begin slow
closing the braaker with the charging handle.

11. Continue slow closing the breaker. Stop as
vledt and right 800N as the arcing contacts just "make.” as
indicated by the light or chmeeter.

toward the fixed
(Agure 12). Re
closing springs. ¢ position of washers
and bushin ey can be placed in the

SAME O T ithy whett reassembled. ]2‘ Use the mulidal ¢ |\.1l'];ing handie 1o b-’\ft’l)‘
\ hold the arang comacts closed (the mamen
|l. L ]

the light comes onl. Observe the red wear

A. Wi 3 spnags temoved, showly
ch e gRchanisin manually antil it dot on the opening spring guide (figure 143,
clicks ng larch sets). For a pew inferrupter, dimension “H”

measures 41 inches (10.5 mmb

* While making the wear measurement, DO
NOT close the ancing contacts to the point
where they remain closed (as indicated by
the light slaying on) when pressure is
removed trum the charging handle. This will
give a false wear indicatian.

Maerlin Genn 8



13.

14.

15.

16.

TYPE FG2 SFs CIRCUIT BREAKER

If the bottom edge of the red dot (marked
“F” in figure 14) is at or below the top of the
frame (marked “G”), the arcing contacts are
worn out. All three interrupters should be
replaced as a set (no adjustment exists).

Figure 14: Measuring Contact Wear

After completing the wear measurement on
the first interrupter, continue slow closing
the breaker until it is completely closed.
Then trip the breaker.

Repeat steps 8—13 for the other two peles.

After reinstalling the springs; manuatly
charge the mechanism until'the pifs
(inserted in step 5) can be temovyed.
Remove the pins.

Fully charge the méghanismmn manually and
then close and trip thelbreaker to ensure
proper mechanical operation. Replace the
breaker covers:{Ehesbreaker is now ready to
be re-energized.

INSTRUCTION
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10.0 AUXILIARY CONTACT CONVERSION
AND ADJUSTMENT

New parts required: none

Required tools:
¢ 8 mm open-end wrench
e 13 mm wrench
e thin bladed screwdriver

FG2 breakers are shipped with elewemauxiliary
contacts for customer use—fige “a’ and six “b”
contacts. These contacts may belfield converted from
a tob, or vice versa.

To convert, loosen thélecknut on the end of the
auxiliary switch (figtie 15a) and use a thin bladed
screwdriver to pry the ¢ontact cam (figure 15b) away
from the plastiadrivers

Rotate the'eam to,the desired position. Slide the
contactstackyback into place and tighten the locknut.
Auxiliaryteontact cams can be adjusted in 9° incre-
ments;

Figure 15b:
Auxiliary Switch Adjustwent—Prylng Contact Cam

Merlin Gerin
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11.0 BREAKER LIFE EXPECTANCY

The life of the breaker is 10,000 close-open cycles at
the current rating of the breaker. The life of the
breaker may be reduced from 10,000 operations,
depending on the number and level of interruptions
made. Figure 16 shows the breaker life as a function
of the current switched. The life remaining may be
determined by measuring arcing contact wear per
section 9.3. The curve shown below applies to all
voltage ratings.

10,000 _- ey ey

2 1000 .
) 4
Z

[any

w

o

o

= o

o

[any

w

m

3

2 10

¢

—
‘ |
\ |
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1 2 34 5 0 0 304050
CURRENT INTERRURTE SYMMETRICAL)

10

Figure 16: Life Expectaney Curve — All FG2 Ratings

Q>®
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120 GAS SERVICING O

Gas servicing of the FG2 interrupters is@uired.
Figure 17 shows one of three pressure switches
which monitor the SF gas pressure in each
interrupter. In the unlikely event therefs gas leakage,

the interrupter can be repla The interrupter can
not be serviced or repaiged.

B

Figure 17: Pressure Swilch

Merlin Gerin
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Table 3

TROUBLESHOOTING GUIDE

These instructions allow shutdown periods to be kept to a minimum.
If the suggested remedies fail to solve the problem, consult the factory.

PROBLEM

POSSIBLE CAUSE

Mechanism does not charge
automatically

Electrical charging motor

4
PROBABLE REA@MEDV

Voltage across (o)
* Correct the vol
* Replace the 0

als too low

ecessary

End of charging switch

Wiring

Breaker will not close (indicator remains
green)

Closing solenoid

End of charging switch
N

» Check f switch
. Rep@h if necessary
. connections of auxiliary circuits

nection
ck circuit

fective solenoid
* Replace the solenoid

» Check condition of switch
* Replace the switch if necessary

Close Interlock out of position
+ Clean and oil Interlock Hinge Shaft

Chargin (¢

Mechanism is not getting charged
» Change the mechanism

Breaker closes and opens immediately
and remains open on subsequent

attempts to close L 4

h
Conti@ signal applied

Fault in the HV main circuit or
protective relays adjusted incorrectly
+ Eliminate the fault

+ Adjust protective relay

* Replace the relay

Breaker opens and closes alternatel%%ﬁ—pump relay

Breaker cannot be opened eIectric@

Aucxiliary switch

« Check circuit

Trip solenoid

Trip control power connections
+ Check the circuit

Defective solenoid
* Replace the solenoid
+ Check protective circuit

<<>®

Merlin Gerin
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Table 4 O;
PART NUMBERS AND DATA
Device Voltage Part No. Rating ¢
Spring Charging Motor 24 VDC 886657 12Am
48 VvDC 886658 6
125 VDC 886661
250 vDC 886662 2
120 VAC 886661
240 VAC 886662 Qmp
Closing Solenoid 24 VDC 887 191AM 11.6 OHMS +10% FOR ALL
48 VvDC 887 191AJ 445 OHMS
125 VDC 887 191A 298 OHMS
250 vDC 887 A191A 1100 OHMS
120 VAC 11.6 OHMS
240 VAC 445 OHMS
Trip Solenoid 24VDC 8 7.4 OHMS +10% FOR ALL
(All ratings except 350 MVA and 48 VDC BK 26 OHMS
1000 MVA) 125 VvDC 887 191BE 281 OHMS
250 vDC 7 191BB 1100 OHMS
120 VAC 87 191BJ 445 OHMS
240 VAC 887 191BF 184 OHMS
Trip Solenoid 24V 887 191BL 176 OHMS +10% FOR ALL
(350 MVA and 1000 MVA) 48 VDC 887 191BM 11.6 OHMS
887 191BG 115 OHMS
887 191BD 480 OHMS
887 191BJ 445 OHMS
887 191BF 184 OHMS
Anti—Pump Relay 759971AB
\ 759971AD
125 vDC 759971AG
250 vDC 759971AH
120 VAC 759971AT
240 VAC 759971AQ
25710904
8876008
5 Auxiliary Contact Block 877942K
877942C

9 Auxiliary Contact Block

*Ap e maximum current draw

Merlin Gerin
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REPLACEMENT PARTS

Closing Solenold

End of Charging Switch

Teip Solenoi&\ Interrupter

Anti-Pump Relay

nmw\g
u"’°

jary Switch Latch Mechanism

Merlin Gerin

ES Figure 18: Replacement Parts
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