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Although all electrical load can be served with only
one power source, many modern installations have two
or more power sources feeding loads on a common bus
to provide improved reliability and continuity of ser-
vice. Means must be provided to switch additional
power sources in and out of the power system in re-
sponse to abnormal outages of the normal sources. Al-
ternate power sources are automatically turned on
while the normal power source may be returned either
automatically or manually when the source of trouble is
cleared.

Standard automatic throwover equipments in switch-
boards have the functions, features, and devices de-
scribed and listed here. There are several functions that
must be considered to completely specify equipment for
any particular application.

RADIAL SYSTEM

Figure 1 shows a normal source feeding a load
through circuit breaker 52-1. This source is generally
provided by the electric utility. The emergency source
feeds the load through 52-2, with 52-1 open when the
normal source is out of service. The emergency source
may be provided from another electric utility supply or
a local in-house emergency generator.
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SECONDARY S SYSTEM

Figure 2 shows sources feeding their re-
spective loads. Tie kerdp2-BT is normally open.
The tie breaker closes when either source 1 or 2 is
out of service. Thus, one source feeds its own load as
usual and feeds the gther load through the tie breaker
in the eventgof a po&er outage on that source.

Either po source, of course, must be of sufficient
magnitu ry the combined loads of 1 and 2.
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rcuit breaker switching during re-
ependent upon whether or not the
synchronism:

ronous sources come from different

oW stems or generators which are never in-
onnected. Control circuits must ensure that cir-

it®reakers do not overlap; one of the two must
ays be open.

ynchronous sources cannot be out of synchro-
nism. Sources come from the same distribution
system or generator. To provide uninterrupted
service on return, the control circuits should close
the normal circuit breaker before opening the
emergency circuit breaker.

[J Synchronous sources can be out of synchronism.
Sources come from two interconnected power sys-
tems or generators normally operated together but
may be out of synchronism if a tie is open. This is
similar to the previous case except that a synchro-
nism check device is required.

THROWOVER

Because the throwover sequence is automatically re-
sponsive to normal power status, throwover timing is an
important point. Instantaneous throwover is never rec-
ommended because transient voltage dips on the nor-
mal supply could begin the throwover sequence.
Delayed throwover allows a definite time interval to
pass after normal outage before the throwover se-
quence begins. A short delay of one to two seconds is
provided in most schemes to ride through voltage tran-
sients while providing relatively fast response to com-
plete outages. This is accomplished using a pneumatic
time-delay with instantaneous undervoltage relays. An
adjustable delay allows setting for longer time intervals
when needed.



AUTOMATIC RETURN

Instantaneous and Immediate. Fast return is gener-
ally not recommended because power system interrup-
tions on the normal source may be sporadic. This could
cause unnecessary cycling of the throwover equipment.
In addition, the loads are usually being supplied by an
adequate power source and there is little need to return
until the source of trouble on the normal supply has
been cleared.

Delayed—If automatic return is required, then it
generally should be delayed for a definite time after the
normal source has been re-energized for the reasons
last stated.

Manual Return—Frequently employed, it allows ver-
ification that trouble on the normal source has been
cleared before return to normal.

CONTROL CLOSE AND TRIP POWER

Either ac or dc control power may be used. Most au-
tomatic throwover schemes in switchboards are pro-
vided with ac close and trip control power.

VOLTAGE LOSS DETECTION

Single-phase voltage loss detection may be used if
there are no single-phase interrupters upstream, such
as fuses. Three-phase voltage loss indication is recom-
mended if power fuses are used in this upstream posj
tion. Three-phase voltage detection is provide
normal sources in most switchboards. Alterna
emergency sources are provided with single;
age sensing plus frequency-sensing. This en s

generator is up to rated speed and deliveringgratég volt-
age before a load is transferred to it. %
OVERCURRENT LOCK-O‘UT

Short circuits can cause a sustai m in voltage
which could initiate throwover. revént throwover
under these conditions, an ov “ﬁ lockout contact
is required in the throwover gigc n amber light in-
dicates that a breaker has t@on overcurrent.
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MANUAL-AUTOMATIC MODES

Even though the throwover equipment can he p

with manual-automatic modes is required.
equipment to be operated manually by o
automatic control circuits.
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by a pneumatic time dela | 0 gvoid unnecessary
startups every time there is a ntary outage. A de-
lay of two or three seco eRerally used.
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lowed to cool
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ERATION

he most common automatic throwover equipment
rnished in switchboards for a power bus arrangement
of the type shown in Figure 1 is termed a “two-breaker
automatic throwover.” It has non-synchronous sources,
delayed throwover, delayed automatic return, ac con-
trol power, three-phase voltage sensing on the normal
source, and single-phase voltage and frequency sensing
on the alternate, or emergency generator, source.

Assume that the load is normally connected to source
1, which means that 52-1 is closed and 52-2 is open.

Step 1. When source 1 fails, engine-start contacts sig-
nal the engine to start, and when the generator voltage
and frequency are up to 90 percent of rated values, 52-
1 is tripped by control power.

Step 2. Then 52-2 is closed by interlocking auxiliary
contacts. The load is connected to source 2.

Step 3. When source 1 returns, the delayed-return
timer starts timing and at the end of the preset delay
period, 52-2 is tripped.

Step 4. Then 52-1 is closed by interlocking auxiliary
contacts, and, following a five-minute engine cool-off
period, the engine is shut down.

Note that the load must be interrupted for a finite
time during retransfer because the sources are nonsyn-
chronous.

Sectionalized Bus: The automatic throwover control
for the double ended bus arrangement in switchboards
is termed a “three-breaker automatic throwover” Figure
2. In this case there are two loads, each connected to its
own normal source. Transfer is made by tripping the
breaker of the source that failed and then closing the
bus-tie breaker. The sequences are the same as for the
single bus except substitute 52BT wherever 52-2 ap-
pears, and omit references to engine-start and shut-
down. This scheme has three-phase voltage sensing on
both normal sources.



SOURCE PREFEREENCES

A two-breaker automatic throwover scheme may have
two normal utility sources, each with three-phase volt-
age sensing. A source preference switch is included by
which either source may be made the preferred source,
or these can be either fixed-preference or non-prefer-
ence. In the latter case, the sequence will stop after step
2. The load will remain connected to source 2 indefi-
nitely. However, if source 2 fails, the load will be trans-
ferred to source 1.

MANUAL RETURN

If the control is arranged for manual return only, the
sequence will go no further than step 2. After normal
power has been restored, the attendant must turn the
selector switch from AUTO to MAN and operate the
breakers by their control switches. It should be noted
that even though the control scheme includes auto-
matic retransfer, the attendant has the option of switch-
ing from AUTO to MAN any time after the transfer to
the alternate source.

INTERLOCKS TO PREVENT
PARALLELING SERVICES

In all of the throwover schemes, the closing circuits
of the electrically operated breakers are interlocked.
Additional interlocking to prevent manual closing is
also supplied.

Power Break® insulated case circuit breakers—a
manual hidden “ON” button is included on each cir
breaker.

AK/AKR low voltage power circuit breakers—t
electrical lockout device (under-voltage lockout) is s
plied, interlocked with auxiliary contacts of the 3
breaker, rendering the breaker mechanically tri:f;
when it should not be closed. %

Molded case circuit breakers—a mechanidal int@&lock
(walking-beam type) is supplied.

EQUIPMENT \s

The automatic throwover contrgftinj 5
Line® and Power Break® Switchb@ar
panel and a control panel as
the relays, timers, control fu control power
transformers are locate, y panel. A terminal
board is provided for, i onnecting wiring to
el is attached by brackets
4), and is located behind
e opening in the door ex-
poses the control panel, which contains all of the indi-
cating lights and selector switches. (See Figure 5).

For each bygaker tHfre is a control switch for manual
closing and_tripping. Above the switch are three lights,
losed, and tripped-on-overcurrent po-
, red, and amber, respectively.
are a test switch and a manual-auto-
selector switch. Above these switches are lo-
urce available lights (clear) and a manual
t (blue). The latter is a reminder that the sys-
NOT set on AUTO.
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Figure 3. The automatic
throwover control unit in
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Figure 4. The control panel is attached by brackets to
the relay panel.
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Figure 5. The control panel contains all of the indicating
lights and selector switches.



STANDARD FEATURES

Table 1 lists the standard features of the basic throw-
over system available with GE switchboards. Optional
features are available to meet requirements of other ap-
plications, such as dc control, load shedding of feeder
breakers, sequence-closing of feeders, and intentional
time delay between tripping and closing of the main
breakers.

OPERATING INSTRUCTIONS

An operating instruction label is located on the front
door just above the control panel. This provides the
user a permanent copy of this essential information, lo-
cated where it is needed, rather than only on the draw-
ings in the plant engineer’s files. (See Figure 5)

CIRCUIT BREAKERS

The automatic throwover unit is for use with e
cally-operated circuit breakers:

O Power Break Line—stationary or draw-

O Type AK/AKR—stationary or draw-o

(] Molded case with motor-operator—statio
(and 2-breaker throwover only)
—Hidden “ON” Button

4
Power Break® breakers %

—Electric lock-out (UV, -0W$)—AK breakers
—Mechanical interlock( g beam)—molded
case circuit break

only

Accessories required:
Breaker interlock

Shunt trip device
Bell alarm/overcurre
Auxiliary switch

-out device

ic Throwover
Standard Features
redker 3-Breaker
I. Three-phase voltage sensing on normal sources X X
2. Single-phase voltage and frequency sensing on generator X
3. Delayed throwover X X
4. Delayed engine—starting X
5. Delayed engine—shutdown (cool-otf) X
6. Delayed return, automatic X X
7. Manual—automatic mode selector switch X X
8. Test switch—simulates loss of normal X X
9. Breaker control switches for manual op®t; X X
10. Indicating lights
— Breakers open (green) orﬁ X X
—Breakers tripped by overcgr amber) X X
—Source power available r) X X
—Operating in manual de e) X X
11. Overcurrent trip lockou ctgical and mechanical X X
12. Breakers interlocked t paralleling the sources:
By closing circui jcally interlocked X X
Plus addidgnal ouls on:
Power Els '8 reakers— Hidden “ON” «
bu X
AK B elgetrially-operated Electric <
lock-0 evi X
Molded cas akers—mechanical-interlock X
13. Position switches in draw-out breaker housing provide bypass «
. . . < ’ X
and disconggect functions
14. rol power transformers included X X
ntrol power transfer relay included X X
Optional Features
. Plant exerciser time switch—once-a-week N
operation of automatic throwover or engine only

Table 1 Features of the basic throwover system available with General Electric switchboards



breakers is necessarily quite detailed and somewhat
complex. For simplicity, the circuits are shown in th
form of block diagrams in Figures 6 and 7.

BLOCK DIAGRAMS
The circuitry needed to perform the automatic
throwover function with electrically-operated circuit

ALTERNATE SOURC
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CONTROL POWER _ [CONTROL POWER] _ CONTROL POWER
TRANSFORMER TRANSFER TRANSFORMER
L 2
THREE-PHASE L PHAGE
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Figure 6 How the 2-breaker automatic throw, rcu provides service from one normal source and

one alternate source.
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CONTROL POWER CONTROL POWER CONTROL POWER
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THREE-PHASE THREE-PHASE
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Figure 7 How the 3-breaker automatic throwover circuitry provides service from two normal sources.
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re 9 Top view of a typical AV-Line
switchboard with automatic
throwover equipment
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Figure 8 Front view of a typical AV-
Line® switchboard automa
throwover equipment
\ FRONT COVER

TABLE II—DI@’ZBNS <_
RELAY
H PANEIL

—l |
~~fi—4 |

Automatic ' I
Type itchboard Throwover ' I

. e Width Equipment CONTROL
Switchboard nches) Unit Height PANEL l I I
(Inches) / l l
35 & UP® 28 @PT il | |
25-30 35 : : | | I
35 and UP 28 by 1 ! I l
rds require a minimum section width of 35" for I_
automatic thro' equipment. I
r's Figure 10 Side view of a typical AV-

Line switchboard with
automatic throwover
equipment




Guide Form Specifications

GENERAL

The automatic throwover equipment shall be so ar-
ranged that in the event of interruption of the normal
power source, an alternate power source shall be addi-
tionally connected to the load.

The automatic throwover equipment shall be sup-
plied with interlocking provisions that will prevent in-
terconnection of normal and alternate sources or any
two separate sources of power during any operation of
the automatic switching equipment.

The equipment shall be so connected that the load is
served by the normal source of power, except when the
normal source is interrupted. Controls and switching
equipment shall be so arranged that interruption of the
normal source automatically initiates the starting of an
alternate source generator (if required), automatically
disconnects the normal source of power, and connects
the alternate source of power all in proper sequence.

When the normal source of power is restored, the au-
tomatic throwover equipment shall disconnect the alter-
nate source and restore service connection to the
normal source of power. An adjustable time device shall
be provided delaying the return to the normal source
of power to allow stabilization of the normal source and
to minimize cycling between the two sources of power.

A “MANUAL-AUTO?” selector switch shall provide
choice of manual or automatic mode of operation. A
“TEST” switch shall be provided to initiate throwover
by simulating loss of the normal power source.

Individual control switches shall provide manua

L 4

Q
o
&

L 4

ing and tripping of each circuit breaker whe Q

tem is in manual mode.

Overcurrent trip lockout provisions shall p re-
closing and transfer when a breaker has tripped be-
cause of an overcurrent condition.

SPECIFIED:

Throwover Exercise—

1. On two-breaker throwov
engine-generator alterpate
switch shall be provide
of the complete thrdgove
only.

S
OPTIONAL FEATURES T%MAY BE

ipment with an

ce, an exercise time
BNce-a-week operation
quipment, or the engine.

Manual Return t or _
2. Instead of thgesta rd automatic return to normal
operation, iffa osing-only shall be provided.

Single-P
3. Instead

Sensing—
viding standard three-phase voltage
ormal sources, single-phase voltage
be provided.

it Interlocking Only—

f providing electric-lockout device (electri-

-operated mechanical-lockout) on AK/AKR cir-

reakers, to supplement the standard closing
cuit interlocking, the electric-lockout device may

e omitted.
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