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I
I SPECIFICATIONS (SEE SCHEMATIC DIAGRAM WD-238)1.0

Input & Output Data1.1
I
I
I

1.2 Input Wire Size

I
I Output Wire Size1.3

various lengths of
I

TABLE NO. 1

2/0 Vo Vo M3/0 300 mcmWire Ga. 2 01

I 30' 38'20' 23' LlO '13' 70'31'
(Loop length is sum of lengths of positive and nega­
tive charging leads.)

l.U Input Voltage Adjustments

I TABLE NO. 2
12 CELLS11 CELLSINPUT CONNECTIONS

I 211-231 223-268

199-236 213-238

I 200--238187-223

173-209 187-228

I
Form 1|1|6

I

Input Lines on No. 1 Terminals
Neutral Jumpers on No. 3 Terminals

Recommended minimum wire size for 
d-c output leads.

Loop 
Length

INSTRUCTIONS FOR 
THREE-PHASE FLOTROL

MODEL U2300A

2 Terminals
Li. Terminals

OUTPUT
23 Volts d-c Adjustable 
For 11 or 12 Cell 
Batteries, 100 Amperes

Input Lines on No. 
Neutral Jumpers on No.

INPUT
220 Volt 3 Phase
60 Cycles
12,3 Ampere

Shipping Weight: 600 lbs. 
Size: 32" X 19" X 60"

s 3.3 KW

Input Lines on No. 2 Terminals
Neutral Jumpers on No. 3 Terminals

12 gauge wire recommended power service. 20 ampere 
fuses recommended for branch circuit fusing.

Input Lines on No. 1 Terminals 
Neutral Jumpers on No.U Terminals
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1.5 Special Features

I NOTES:

I 101

I 102

To operate remote control relay supply 25 volts d-c.103
10U Filter condenser fused with a 10 amp. fusetron.

I io5

I 106

I
!•

I

I
I
I
I
I
I Form I4J4.6

i

I

Resistance of reference leads should not exceed 0.2 
ohms.

Overload heaters calibrated to trip at approximately 
20 amperes.

This FLOTROL is equipped with a paralleling circuit 
(8 volts developed at full load).
Unless otherwise specified by the customer, the charg­
er is adjusted at the factory to operate on 213-258 
volts and to float a 12 cell battery.



V
Pace 3I

I
2.0 GENERAL

I 2.1 Purpose

I
I

1,

I 2.

I
3.I in spite of a load variat.i on of from 2$ co

100^ of the FLOTROL ratine and in spite of an input
voltage variation of plus or minus .

I 4.

I
I

5.
I
I

2.2 Control Features
I 1.

I 2.

I
Form 426

The output voltage of the FLOTROL is adjustable in 
fine steps and can be set at the voltage best suited 
for the battery.

INSTRUCTIONS FOR
THREE-PHASE FLOTROLS

Maintain batteries at full charge under loads up to 
HOP of its rating, so 'chat rhe battery is at all 
times ready to take over the load in case of power 
failure.

Charge the batteries, should they become discharged 
through overload or power failure. The FLOTROL will 
start automatically on resumption of power and charge 
the batteries as speedily as possible with safety.
When the batteries are fully charged the FLOTROL will 
automatically resume its floating operation.

Supply all the power needed to operate the exchange 
(within its rating) and not allow the battery to con­
tribute any power, thus lengthening the life of the 
battery.
Maintain a constant exchange voltage within plus or 
minus 1> in spite of a load variat.i on of from 2$ to

.Protect itself against overloads. This means that 
should the exchange demand loads exceeding the rating 
of the FLOTROL, the FLOTROL will not blow a fuse or 
trip a circuit breaker nor will it damage itself 
trying to meet the overload demand. Instead it will 
continue to supply just the power of which it is cap­
able and will allow the battery to furnish the rest.

Input taps are provided to adjust the FLOTROL to oper­
ate on the prevailing line voltage range.

FLOTROLS when properly installed and adjusted will give 
years of trouble-free automatic service with the minimum 
of maintenance and further adjustment. All FLOTROLS oper­
ate without moving parts and maintain their voltage regu­
lation without the necessity of periodic adjustment. Au­
tomatically a FLOTROL will:
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I 3.

I 4.

I 5.

I
6.

I
7.I

I

8.I
I 9.

I
I 3.0 INSTALLATION

3-1 Location

I
I
I
I Form 426

I

Provision is -.a de for connecting an equalizing lead 
so that two or more FLOTROLS operating in parallel 
will divide the load in proportion to their rating.

A switch is provided to turn the FLOTROL off and on. 
A battery operated remote control relay is also a- 
vailable; it is standard equipment on all 24 and 50 
volt chargers.

A switch is provided to change the output of the 
FLOTROL from floating voltage to equalizing voltage. 
A choice of equalizing voltage is available.
On 23 cell FLOTROLS, provision is made for end cell 
charging.

A generator paralleling resistor (furnished as an 
accessory) will not only enable the FLOTROL to pro­
portionally divide the load with a diverter-pole or 
other compound-wound generator but will also hold 
the generator output voltage to the close regulation 
tolerance of the FLOTROL.

For example, a U5KB FLOTROL (100 amperes full load) 
and a U1OKB FLOTROL (200 amperes full load) operating 
in parallel and with an equalizing connection will 
divide a 150 ampere load so that the U10KB supplies 
100 amperes (1/2 its rating) and the U5KB supplies 
50 amperes (again 1/2 its rating).

The FLOTROL will operate best In a well ventilated loca­
tion where the temperature normally remains within the 
limits of 60° to 90° F. It should be located reasonably 
close to the batteries to minimize the voltage drop in 
the charging leads. The FLOTROL is provided with air 
inlets at the bottom and an air outlet at the top. DO 
NOT OBSTRUCT EITHER OF THESE OPENINGS. It is recommended 
that there should be at least two feet of head room above 
the top of the cabinet and the charger should be mounted 
at least 10 inches away from the wall. Room may be 
allowed in the rear of the FLOTROLS to remove rectifier 
stacks should replacement become necessary, in cases 
where it is not considered desirable to move the FLOTROL

Provision is made to operate an alarm when the FLOTROL 
is inoperative. Other alarms are available on some 
models.

A no-charge alarm relay (furnished as an accessory) 
operates an alarm whenever the FLOTROL is not charg­
ing the battery.
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for this operation.

I 3.2 Meters

I
I
I
I
I
I

I
I
I
I
I

Form 426

I
I

The connections to the voltmeter should be checked to 
see that they are terminated on the. connections pre­
ferred .

Optional voltmeter connections are provided on a terminal, 
strip mounted near the voltmeter.

FLOTROLS may be mounted side by 
side without space between them if both front and back 
ventilating openings are clear of obstruction.

Y wiring - When the voltmeter is connected to the Y ter­
minals of the voltmeter terminal strip, the voltmeter 
will read the voltage at the FLOTROL output terminals, 
and will read zero when the FLOTROL is shut off. Thus 
connected, the voltmeter reading will differ from the 
voltage at the point of regulation by the voltage drop 
in the charging leads. This connection is preferable 
when charging end cells by Method 2 described in para­
graph 5-3, as the voltmeter reading will then include 
the end cell voltage.

X wiring - When the voltmeter is connected to the X ter­
minals on the voltmeter terminal strip, the voltmeter 
will read the voltage at the point where the output is 
being regulated. This connection is preferable for 
accurate adjustment of the resistor (R-4). If the ref­
erence leads have been extended to the battery or power 
panel (see paragraph 3-51 on reference connections) the 
voltmeter will continue to read battery voltage when the 
FLOTROL has been turned off. In cases where the refer­
ence voltage is maintained at normal cell voltage when 
switching the FLOTROL output to include end cells, 
(method 2, paragraph 5.3) the X-connected voltmeter will 
continue to read normal cell voltage.

The output voltmeter and ammeter are packed separately 
and must be put in place by the installer. They are 
mounted on the front of the cabinet in the tagged holes 
provided, with the voltmeter on the left and the ammeter 
on the right. Consult the color coding on the wiring 
diagram for connecting the meters in the proper polarity.. 
The voltmeter is provided with a protective fuse on the 
negative terminal, the negative lead connects to the 
terminal provided on the fuse holder. Some FLOTROL 
models fuse both positive and negative voltmeter leads.
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I
I
I

I 3.4 A-c Input Connections

I
I
I
I
I 3.5 Control Wiring

I
3.51. Reference LeadsI

I
Form- 426

See paragraph 1.2 for recommended wire size and branch 
circuit fusing. The approximate current at which the 
input overload relay or circuit breaker will trip is 
listed in note 101 of paragraph 1.5.

1 ireo different tynes of entry into the cabinet are pro­
vided for d-c wiring. Some floor mounted models are pro­
vided with conduit inside of the cabinet, so wiring 
brought up through the floor into the bottom cabinet 
ooening, may be carried through the conduit to the d-c 
contactor terminals. Most models are provided with an 
opening on either side or ton of the cabinet for en­
trance of the d-c wiring. Standard model 20KB and cer­
tain other special models are provided with bus bar con­
nections at the toy of the FLOTROL cabinet.

The incoming three-phase power line is to be connected 
directly to the top three terminals of the a-c magnetic 
contactor (or circuit breakers in models having circuit 
breakers). The access to these terminals may be bad by 
removing the top grill of the FLOTROL. Entry into the 
cabinet for the a-c wires may be had by openings in the 
side or top of the cabinet. Some floor-mo'anted FLOTROLS 
also have conduit inside the cabinet through which in­
put wiring can be brought up through the floor.

A control terminal strip is mounted near the top of the 
cabinet between the input and output contactors. The 
following control wiring is terminated on this strip,.

Terminals 1 and 2. The reference source is a 
small regulator mounted on a separate removable

The wire size of the charging leads depends on the out­
put current, output voltage and loop length of leads. 
Consult table Ko. 1, paragraph 1.3 to determine the pro­
per wire size for the installation. Shorter or heavier 
leads than those shown c,.n be used if preferred.

The negative d-c charging load is connected directly to 
the top terminal of the d-c contactor. The positive 
charging lead is connected to the positive side of the 
d-c contactor or to the marked terminal provided. Access 
to these connect!.-as may be had by removing the top 
grill of the cabinet.
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I

I
I

I
I

I
Paralleling Lead3.52

I

I
I

I Form 1^26

I

Chargers run in parallel should be adjusted as near­
ly as possible to the same output voltage.
When a three-phase FLOTROL is to be operated in 
parallel with a single-phase FLOTROL or any three- 
phase FLOTROL which does not have a paralleling 
rectifier, no paralleling connection is used. In 
this case separate charging leads of the recom­
mended size should., preferably be used for each

Terminal No. 3 of the control terminal strip (orange 
wire). This terminal should be jumpered to the 
corresponding terminals in each three-phase FLOTROL 
operating in parallel to enable the FLOTROLS to 
divide the load in proportion to their ratings. 
The wiring used for making this connection should 
have no more than 0.2 ohms resistance.

In FLOTROL units having both output circuit breakers 
and extended reference lead circuit breakers, it is 
necessary that the output circuit breaker be closed 
before closing the extended reference breakers. 
Failure to do so will cause reference circuit breaker 
to trip.

panel containing the voltage adjustment controls. 
It furnishes a constant DC output voltage which 
serves as a comparison standard for controlling 
the output voltage of the FLOTROL. The output 
leads of the reference source are terminated on 
terminals 1 and 2 of the control terminal strip. 
Terminal No. 1 is positive (a red-green wire) and 
terminal No. 2 is negative (a black-white wire). 
The FLOTROL will not regulate properly until these 
terminals are connected to the corresponding bat­
tery leads. The standard FLOTROL leaves the fact­
ory with short wires connecting these terminals to 
the FLOTROL output. In order to take full advant­
age of the close regulation of the FLOTROL, these 
leads should be removed and new leads run, connect­
ing control terminals 1 and 2 to the load point at 
which constant voltage is required (either the 
power board or the battery itself), thus compen­
sating; for the voltage drop in the charging leads. 
(Seo paragraph 5.3 for end cell charging). These 
reference leads should be of sufficient size to 
minimize their voltage drop. See note 102 of para­
graph 1.5 for recommended wire size. Care must be 
taken to preserve the power polarity when connect­
ing these leads,



I Page -8-

I
I
I
I

3.53 Alarm Circuit

I
I

I

3.54 Remote Control

I
I

3.6 Special Alarm Provisions in Special FLOTROLSI 3.61 Reference Fuse Alarms

I
I Form 426

I

Alarm type reference fuses are provided only on 
Model 20KB and on special models with a K prefix 
in the model number. Terminals 9 and 10 on the 
control terminal strip are provided to control

Standard 24 volt and 50 volt FLOTROLS are equipped 
with a remote control relay. To energize the re­
mote control circuit, supply power to terminals 7 
and 8 of the control terminal strip. Terminal 7 
should be positive and terminal 8 should be nega­
tive. When the remote control is not used, battery 
can be supplied to terminals 7 and 8 by jumpering 
terminals 1 to 7 and 2 to 8 on the control termi­
nal strip. (See note 103, paragraph 1.5 for bat­
tery voltage).

charger. Wien thus connected, and when the fine 
voltage adjustments are properly set, the load 
will be shared by the chargers in parallel, al­
though not always in proportion to their ratings. 
Each FLOTROL will maintain its terminal voltage 
within 1/j of the set value regardless of the cur­
rent consumed, so that the battery is always held 
at floating voltage. There is no danger of damage 
to any FLOTROL since they are all self-protected 
against overloads.

Terminals Ko. 4, 5 and 6 of the control terminal 
strip give an indication when the FLOTROL is not 
operating. For a normally energized alarm circuit, 
feed the alarm device through terminals 5 and 6 of 
the control terminal strip. A normally de-energized 
alarm device should be fed through terminals 4 and 
5 of the control terminal strip. In either cir­
cuit an alarm will not be given when the FLOTROL is 
turned off by the switch on the front of the cabinet.
If it is required that an alai’m be given when the 
FLOTROL is manually turned off with the switch on 
the front of the cabinet, this can be accomplished 
by disconnecting the 0-BK wire from the normally 
open auxiliary switch on the d-c contactor (this 
wire is already disconnected in FLOTROLS when so 
specified) and jumner terminals 4 and 6 on control 
terminal strip.
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I
I
I

3.62 26 Cell Switch Alarm

I
I

3.63 Equalizing Switch AlarmI
I
I 3.64 No Charge Alarm Relay

I

I
I

inI
I
I
I Form 426

I

are being used, 
amp.

The relay will hold until charging rate falls be­
low 3% of FLOTROL rating and will operate on less 
than 4% of FLOTROL full load rating.
When the alarm relay is used to operate another 
relay or to handle loads greater than 0.25 ampere, 
use contact protection consisting of 0.5 mfd. 
series with 100 ohms 5 watts, across contacts that

The maximum contact rating is 1

FLOTROLS with a K prefix in the model number are 
arranged to operate an alrm when the 26 cell switch 
is thrown. Connect terminal No. 11 of the control 
terminal strip through an alarm device to negative 
battery.

FLOTROL models with a K prefix in the model number 
are arranged to operate an alarm when the equalize 
switch is thrown. Connect terminal No. 12 on the 
control terminal strip through an alarm device to 
negative battery.

The no-charge alarm relay is mounted inside the 
FLOTROL when specified or may be purchased sepa­
rately as an accessory for mounting inside the 
FLOTROL. This relay contains a 6 terminal strip. 
For a normally closed alarm, connect battery in 
series with the alarm device to either terminals 
2 and 3 or terminals 5 and 6. For a normally open 
alarm connect battery in series with the alarm de­
vice to either terminals 1 and 2 or terminals 4 and 
5-

fuse alarm circuits on these models. Connect 
positive battery through an alarm device to termi­
nal No. 9 This alarm will operate when the nega­
tive reference alarm fuse blows. Connect negative 
battery through an alarm device to terminal No. 10. 
This alarm will operate when the positive reference 
alarm fuse blows.

When no-charge alarm relays are used in FLOTROLS 
with automatic remote control, the alarm circuit 
can be prevented from operating when the FLOTROL 
is automatically turned off, by wiring the alarm 
circuit through the remote control switch as shown below.
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Bat

Bat.I

I

I
o-

I

I
I 3.7 Generator Paralleling

I
I
I
I
I Form 426

o
I.

Alarm 
Device

To —
Contactor

Control Ter­
minal StripB-.- Charge 

Alarm Relay

1o

o0 r! I

2 3 4 5 6 \7 !8 o o o o o o o

•O-—t

-H
T« _---- J
I'o Charge Alarm 
Rectifier

j
■ 1 h o o

When a three-phase FLOTROL is operated in -parallel with 
a diverter-pole generator or a flat-compounded, generator, 
proportional division of load can be maintained and the 
FLOTROL can be used to actually control the output volt­
age of the generator within the 1% tolerance of the FLOTROL.

Remote
Con tetsL^Df: vic e

o__ I

+ Bat.1

For this type of operation auxiliary equipment must be 
provided in the FLOTROL or installed later as an acces­
sory. The additional equipment Includes a resistor R 
and a paralleling-contactor C. (In some FLOTROL models,

3 4 5 6 o o o o

Off-On
I Switch

The above circuit is intended for use when a sepa­
rate alarm signal is used for each FLOTROL. If 
only one signal is used for two FL0TR0L3, an ad­
ditional double wound relay is required to pre­
vent false operation of control relays.
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I To Battery

I +-p-
p Series FieldQ-I 6

I

I o

R

FLOTROLTo FilterI To Battery

Series FieldPI H R1
AI

I
I o

RI
I To ilter Form 1;26

0

Paralleling 
Resistor

Ammeter
Shunt

Pos itive 
Lead Not 
Broken . 
in Some 
Models

Paralleling 
Bus

Paralleling 
Bus

Connections for Parallel­
ing FLOTROL with Generator
(Showing spare contacts 
on a-c contactor used 
for paralleling.)

Shunt
Field

Shunt
Field

Gen­
erator

Gen­
erator

Positive 
Lead Not 
Broken in 
S ome 
FLOTROLS

Ammeter 
Shunt 
Here in 
Most 
FLOTROLS

D-c
Contactor

I o

I
I
I 
1

D-c 
contactor

H o

T o
o
p o

TTTT
A-c Contactor

I 1 I
I I Paralleling-1| 

Resistor !

HF
HF
—IF

Paralleling
I Contactor C
II
| Connections for Parallel-
I ing FLOTROL with Generator
! (Showing separate parallel-
| ing contactor in FLOTROL)
II

1

spare contacts on the a-c contactor are used for the con­
tactor c.) See diagrams below for circuits.
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I
I

table below.

I
I
I
I
I

The dia-

I

I
I
I
I
I Form 426

U125OA 
U125OB 
U25OOA 
U2HOOB 
U25O1B 
U375OB 
U5KB 
U7.5KB 
U1OKB 
2OKB

*012 
.04 .006 
*02 
.02 
.013 ;oi 
i006 
.005 
*0025

,012 
.04 
.006 
.02 
.02 
.013 
.01 
.006 
.005 
.0025

To connect the FLOTROL in parallel with a diverter-pole 
generator, run” a paralleling wire from the point P in

The resist-

MAX. RESISTANCE 
IN PARALLELlW LEAD

APPROX, RESISTANCE 
IN R

the FLOTROL to the point P in the generator, 
ance of this wire should not exceed the value of the 
paralleling resistor R as shown in the

When a FLOTROL order includes a generator paralleling 
resistor the FLOTROL,is wired for operation in parallel 
with-a gencraTor haying its series field 'in' the positTve 
lead , unless otherwise specITied, The resistor is set 
at the factory for a 1 volt drop at rated load for 50 
volt chargers and a 0.6 volt drop for 25 volt chargers. 
This normal setting matches the normal drop in the series 
field of a diverter-pole generator at full load.

An ammeter may be temporarily installed in this lead to 
check the adjustment of R as described below, 
gram shows three contactors (or a three-pole contactor) 
in the output of the d-c generator. Any one of these con­
tactors can be omitted from the circuit without affect­
ing the operation.
To check the adjustment of R, operate the FLOTROL and 
the generator on a total load equal to about 80$ of their 
combined rating. Be sure the generator is thoroughly 
warmed up before making any adjustments. Adjust the-gen- 
erator field rheostat (R-l) until the ammeter reads zero. 
Under this condition the division of load between the 
chargers should be in proportion to their ratings. If 
the FLOTROL is carrying too much load, it indicates that 
R is too small; if the generator is carrying too much 
load, it indicates that R is too great. In adjusting R, 
in those cases where multiple paths occur, care should be 
used to move both sliders approximately the same amount 
to keep one section from overheating. After the adjust­
ments are once properly made it will not be necessary to 
readjust R and it should not be necessary to readjust the 
field rheostat (R-l); the ammeter A can then be removed 
from the.circuit. Because of its overload capacity, the
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I
I

I U.o FLOTROL ADJUSTMENT

U.1 Input Voltage Adjustment

I
I
I
I

I U.2 Output Voltage Adjustment

I
I

I
I
I

Form lj.26-

I
I

Several d-c generators can be operated in parallel with 
a single FLOTROL if the field rheostat of each one is 
adjusted by the method outlined above and if each gener­
ator has a paralleling contactor to connect it to the 
paralleling bus.

Turn Off the FLOTROL While Making Voltage Adjustments.
Each charger is provided with a voltage adjustment panel 
consisting of coarse and fine voltage taps by which the 
charger voltage may be accurately adjusted to the desired 
level.

FLOTROL can be expected to carry somewhat more than its 
rated proportion of the total load, and the circuit can 
be adjusted with this in mind.

It is essential that all three input leads be on termi­
nals bearing the same number in order to balance the 
voltage.

These taps adjust the reference voltage standard which 
controls the charger. The adjusting links are moved 
upward to increase the voltage, downward to reduce volt­
age . ~ ""
On floor-mounted models this voltage adjustment panel is 
located behind the small doors in the front cover. On re­
lay rack mounted models the voltage adjustment panel is 
located behind the front.cover, access is obtained by re­
moving the front cover.

The primary windings of the power transformer (T-l) are 
provided with taps for operation on various input voltage 
ranges. Access to the taps is obtained by removing the 
front panel of the charger. The taps to be used depend 
on the number’ of cells in the battery beinr floated a- 
cross the charger. See table No. 2, paragraph l.l|. to 
find the 'input voltage range over which the charger will 
operate satisfactorily for the various taps provided. 
Choose the taps best suited to the line voltage varia­
tion.
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I U.3 Equalizing 7oltage Adjustment

I
I

5.o FLOTROL OPERATION
5.1 Floating Voltage!•

I
I
I
I Precautions to Follow in Adjusting Floating Voltage.

I 1.

I
Form lj.26

I
I

If the charger has been factory adjusted for a given 
cell setting, do not change adjustment for the first 
month, the factory setting is probably correct.

The equalizing voltage can be adjusted independently of 
the floating voltage. The equalizing voltage is adjusted 
by an equalizing voltage adjustment potentiometer located 
near the aging potentiometer on the voltage adjustment 
panel. Turning the potentiometer to the right increases 
the equalizing voltage. The range of equalizing voltages 
is from O' to 0.18 volts per cell above float voltage.

The rheostat (R-U) is used to adjust the full load out­
put of the FLOTROL to the same voltage as that delivered 
at 10$ load. If the full load voltage is less than the 
voltage at 10$, turn the serdw-driver slotted shaft of 
R-).}. clockwise. Do not over correct this condition or the 
FLOTROL output will not properly follow the load. Read­
justment of R-Lf. may be required if the coarse voltage tap 
is changed or after aging of rectifier No. 2 is experi­
enced. Aging of the power rectifier stack is automatic­
ally compensated and. requires no manual aging adjustment.

The floating voltage for the lead-acid type storage bat­
tery is generally considered to be between 2.15 and 2.17 
volts per cell. Variation in floating voltage may exist 
between batteries even of the same make. In order to de­
termine the correct floating voltage for a given battery, 
it is recommended to check the specific gravity and water 
consumption of the batteries over a period of a month. 
If the gravity readings are gradually falling, the float­
ing voltage should be increased until the gravity ceases 
falling for a period of one month. If the batteries re­
quire the addition of water more than once in every three 
months, the floating voltage is too high and should be reduced.
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I 5.2 Equalizing
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I

5.3 End-Cell Charging

I
I
I
I
I
I Form I4.26

I
I

' The battery should be filled with water and equal­
ized before beginning of test period.

In order to maintain equal voltages on all cells and to 
fully charge the weakest cells, it is customary to perio­
dically supply a higher voltage to the battery for a 
short time in accordance with the instructions of the 
battery manufacturer. When the equalizing switch on the 
FLOTROL is operated, the FLOTROL delivers its maximum 
charging current until the battery reaches the equaliz­
ing voltage. The FLOTROL then automatically holds the 
battery at the equalizing voltage until the switch is 
manually returned to its normal position. The battery 
should not be charged any longer than necessary at the 
equalizing voltage because continued charging at this 
voltage may decrease the life of the battery. The charger 
does not have to be turned off to operate the equalizing 
switch.

In case of a power failure, or if the FLOTROL has 
been turned off long enough for the gravity of the 
batteries to fall, equalize the battery and start 
the test overt

If a change in floating voltage is required, change 
only in the smallest steps. The voltage is critical 
and probably should never exceed 2.17 volts per cell.

Two methods of end-cell charging are in common use:
Method 1: FLOTROLS containing 23-26 cell switches. In 
this method the reference leads from the FLOTROL are to 
be connected to the common point of the main switch which 
switches the FLOTROL output from 23 to 26 cells so that 
the reference is also switched at the same time. In this 
case the end cell switch on the charger must be thrown 
to the 26 cell position whenever the FLOTROL output in­
cludes 26 cells.
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I
I 23 Cells

I
[ Reference LeadsI A 21

I 1 2*

METHOD 1

I
I

I
A

I Reference Leads 1

I 21

I
I
I Form 426

I

24E 
FLOTROL

24E 
FLOTROL

3-Phase
FLOTROL

3-Phase
FLOTROL

—<1'1'1—3 End-Cells
2?---

--- W\—Exchange Load

—AAA---Exchange Load

-<|i|'l---3 End-Cells

Method 2: FLOTROLS without 23-26 cell switch, or, if pro­
vided is not to be used. In this method the reference 
leads from the FLOTROL are connected permanently to the 
23 cell battery. In this case the FLOTROL will auto­
matically increase its outnut to include 26 cell voltage 
whenever the outnut of the FLOTROL includes 26 cells, 
The 23-26 cell switch on the FLOTROL, if nrovided, must 
not be thrown.
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I
I 54 Standby Capacity of Battery

I
I
I 5.5 Emergency or Initial "harrinp- Voltage

I
CAUTION:

I
I
I
I Form I4.26

Once a year, the standby capacity of battery should be 
tested. This can be done by allowing the battery to be­
come fully charged and then turning off the FLOTROL. By 
watching the rate at which the battery voltage falls and 
comparing it with the charts supplied by the battery manu­
facturer an indication of the condition of the battery 
will be obtained. This test will also indicate the length 
of time the batteries could operate the exchange in case 
of a power failure.

In order to charge batteries that have become sulphated 
or to initially charge batteries received in a discharged 
state, FLOTROLS with end-cell switches will deliver out­
put voltages up to 2.5 volts per cell for a maximum of 
26 cells. To obtain these higher voltages, the equalize 
and end-cell switches can be operated and the coarse and 
fine voltage adjustment links set to obtain the required 
voltage (when 23 cells are thus charged and normal equal­
ize switch should be kept in the normal position).

Since the selenium rectifier cells in the FLOTROL 
will be operating at a voltage in excess of their 
normal rating whenever the output voltage of the 
FLOTROL is above 58 volts, some precautions are 
necessary. If the FLOTROL is more than one year 
old, the rectifiers may have lost some of their 
ability to stand high voltage, and the following 
procedure is recommended:
With the FLOTROL disconnected from the battery, 
operate 15 minutes at the highest voltage which 
will be used. During this period, check the 
rectifier cells to see that none exceed a safe 
operating temperature (160°F). If any of the

In either method the end cells can be recharged afi^er 
they have been partially discharged by returning the 
load to 23 cells and leaving the FLOTROL on 26 cells, 
(Fig. 7, Bulletin 161A) thus allowing the load current 
to charge the end cells. Care should be taken not to 
allow the load current to flow too long a time through 
the end cells and overcharge them. An ammeter in series 
with the 23 cell battery will indicate by the falling 
off of current, when the batteries are approaching full 
charge.
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I
I
I
I
I
I

I

I

I

I
I

Form 426

The temperature of the battery electrolyte should 
also be watched and. not allowed to exceed 110°p, 
If the temperature should exceed this value, dis­
continue charging until the temperature has fallen 
to ri safe level.

LORAIN PRODUCTS CORPORATION 
LORAIN, OHIO
OCTOBER 20, 1958

cells become overheated, turn the charger off 
long enough for them to cool and repeat the cycle 
until they will operate. 15 minutes continuously 
without overheating. Thon connect to the battery 
again checking the rectifier cells to see that 
none become overheated. Turn the charger off and 
allow the rectifiers to cool if any of its cells 
become overheated. When the rectifiers have cooled, 
the FLOTROL may again be turned on and operated on 
an intermittent basis, turning it off whenever any 
of the rectifier cells become overheated.



TROUBLE CHARTS FOR THREE-PHASE FLOTROLS

FORM! OF TROUBLE PROBABLE CAUSES TESTS FOR EACH CAUSE DEMEDY
Al. POWER FAILUREA. Al .

A5. REPLACE COIL

AU. REPLACE SWITCH

A5. as indicated

B. BI. BURNED OUT COIL BI. SAME AS A3. Bl. SAME AS A3.

B2. AS INDICATED

FORM IO|

AC CONTACTOR 
OPERATES BUT DC 
CONTACTOR DOES NOT

NEITHER CONTACTOR 
OPERATES

b5. & bU
DO NOT APPLY TO 
I250A & B OR 2500B 
WHICH HAVE AC OPERATED 
COILS

A5. MECHANICAL FAIL- 
URE OF AC CONTACTOR

A3. BURNED OUT CO IL 
IN AC CONTACTOR

A5. CHECK MECHANICAL OPERATION 
OF CONTACTOR BY HAND WITH 
POWER OFF.

82. OPEN CIRCUIT
FEEDING COIL

AU. FAILURE OF ON-OFF 
TOGGLE SWITCH

B2. TRACE CIRCUIT WITH TEST LAMP 
OR VOLTMETER TO LOCATE TROUBLE.

A3. VISUAL INSPECTION OR CON­
TINUITY TEST OF CO IL.

aU. USE TEST LAMP ACROSS CON­
TACTS OF ON-OFF SWITCH.

Al. USE TEST LAMP ON EACH 
PHASE OF INCOMING POWER.

A2. USE TEST LAMP ACROSS CON­
TACTS OF OVERLOAD RELAYS.

A2. ALLOW RELAYS TO 
COOL AND PUSH 
RESET BUTTON

A2. TRIPPED OVER­
LOAD RELAY
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bU. REPLACE rectifiers

C2. REPLACE

REPLACE

FORM 101

C. NO CHARGING CURRENTCI. 
although both con­
tactors OPERATE

INCORRECT OUT­
PUT VOLTAGE 
ADJUSTMENT

B5. FAILURE OF NOR­
MALLY CLOSED AUX-

I LI ARY SWITCH ON 
CONTACTOR

cU. FAILURE OF C-5 
CONDENSER

C2. BLOWN AC OR DC
FUSES ON REFERENCE 
PANEL, OR BAD CON­
NECTION IN ONE OF 
THE FUSEHOLDERS

bU. FA I LURE OF RECTI­
FIER WHICH OPERATES 
CONTACTOR

Cl. OPERATE EQUALIZE SWITCH 
AMD/OR END CELL SWITCH 
RATED CURRENT WILL BE OB­
TAINED IF TROUBLE IS MERELY 
WRONG VOLTAGE ADJUSTMENT

C2. CHECK FUSES AND CLEAN 
CONTACTS

bU. MEASURE AC VOLTS INPUT AND 
DC VOLTS OUTPUT ON RECTIFIER 
WHICH ENERGIZES CONTACTOR. 
DC VOLTS MUST BE AT LEAST 
2/5 OF AC VOLTS, ABOUT 56 
VOLTS DC

CI. READJUST COARSE 
AND FINE TAPS

C5. USE TAPS RECOM­
MENDED IN INSTRUC­
TIONS

C5. INCORRECT TAPS ON
T-l

B5. replace auxiliary 
SWITCH. (MOUNTED 
ON TOP OF DC CON­
TACTOR ). TEST 
OPERATION OF NEW 
SWITCH BEFORE 
TURNING POWER ON

B5. IN THIS CASE THE CONTACTOR 
WILL HOLD IF OPERATED WITH 
POWER ON, AMD WILL OPERATE 
IF THE CONTACTS OF THE NC 
AUXILIARY SWITCH ARE MOMEN­
TARILY SHORTED

C5. MEASURE AC LINE VOLTAGE, 
ALL THREE-PHASES AND CHECK 
INSTRUCTIONS FOR RECOMMEND­
ED TAPS ON T-l

CU. SHORTING WIRE LOAD ACROSS TERM- cU.
INALS OF C-5 SHOULD PRODUCE 
GOOD SPARK, IF NOT TEST C-5 
FOR SHORT
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C7. REPLACE RECTIFIER

C6. USING OHMMETERS AND 
SCHEMATIC DIAGRAM CHECK ALL 
WINDINGS FOR CONTINUITY

C5. OPEN CIRCUIT ON 
VOLTAGE ADJUST­
ING PANEL

C8. IF TEST C? SHOWS RECT. NO. 2 
OK PUT INSUFFICIENT AC VOLTAGE 
IS APPLIED TO IT, CHECK REFER­
ENCE CIRCUIT CAREFULLY FOR BAD 
CONNECTIONS, SHORTED TERM INALS 
AND DEFECTIVE SWITCHES.

C5. LOCATE DEFECTIVE
JUNCTION AND REPAIR

C8. IF TROUBLE CAN NOT 
BE LOCATED IN TEST 
C8, REPLACE ENTIRE 
REFERENCE PANEL

C7, FAILURE OF RECT.
NO. 2

C8. OTHER FAILURE IN 
REFERENCE VOLTAGE 
UN IT

C6. OBTAIN COMPLETE
NEW REFERENCE
PANEL FROM FACTORY

C7. OPEN CIRCUIT RED WIRE FROM 
POSITIVE SIDE OF RECT. NO. 2 
MEASURE DC VOLTAGE ACROSS, 
RECT. NO. 2. IT SHOULD EQUAL 
REQUIRED OUTPUT VOLTAGE. IF 
IT DOES NOT, MEASURE THE AG 
VOLTAGES ON AC TERMINALS OF 
RECTIFIER. THEY SHOULD NOT BE 
EQUAL, BUT NONE SHOULD BE 
ZERO AND ONE SHOULD EXCEED THE 
REQUIRED DC OUTPUT VOLTAGE. IF 
DC OUTPUT OF .RECT. NO. 2 IS 
LESS THAN 2/3 OF HIGHEST AC 
VOLTAGE, RECTIFIER IS DEFECTIVE.

C6. OPEN CIRCUIT IN
WINDINGS OF T-2

C5. OPEN "FINE" TAP WILL GIVE NO 
VOLTAGE ACROSS C-3 IN TEST 
ABOVE. OPEN "COARSE" TAP WILL 
GIVE NO VOLTAGE ACROSS ONE 
SET OF AC TERMINALS ON 
RECT IF I ER NO. 2



C9. AS INDICATED

CIO. CIO.

D2.

. NECTIONS ARE PROBABLY AT FAULT.

C9. OPEN CIRCUIT 
BETWEEN RECT. 
NO. 2 AND 
BATTERY

OR UNBALANCED 
AC INPUT VOL­
TAGES

IF INPUT VOLTAGES MEASURED IN 
DI ARE BALANCED BUT RECTIFIER 
VOLTAGES MEASURED AS IN TEST 
CIO ARE UNBALANCED. UNEQUAL 
AGING OR HIGH RESISTANCE CON-

IF RECTIFIERS ARE 
LESS THAN TWO YEARS 
OLD AND ONE STACK 
BURNED OUT SPOTS, 
THIS ONE STACK 
MAY BE REPLACED. 
FOR OTHER TYPES 
OF FAILURE OR OLDER 
STACKS REPLACE EN­
TIRE ASSEMBLY

C. REPEATED BLOWING OF DI . ABNORMALLY HIGH 
FUSES WHICH PROTECT 
FILTER CONDENSERS. 
FUSES BLOWING WHEN 
LOAD CURRENT IS 
HEAVY

D2. UNEQUAL AGING OF 
POWER RECTIFIERS 02. CLEAN OR TIGHTEN 

LOOSE CONNECTIONS. 
REPLACE RECTIFIERS 
IF NECESSARY

IF INPUT VOLTAGES 
DIFFER BY MORE 
THAN 3 VOLTS, 
NEXT SIZE LARGER 
FUSE MUST BE 
USED

CIO. FAILURE OF 
POWER RECTI­
FIERS

C9. REMOVE AC FUSE FROM REFERENCE 
VOLTAGE PANEL WITH CHARGER IN 
OPERATION. MEASURE DC VOLT­
AGE ACROSS DC TERMINALS OF 
RECT. NO. 2 BATTERY VOLTAGE 
SHOULD APPEAR. IF THERE IS NO 
VOLTAGE, CIRCUIT IS OPEN: 
TRACE CIRCUIT WITH VOLTMETER 
TO LOCATE OPEN.

DI. MEASURE ALL THREE-PHASES OF THE DI.
INPUT VOLTAGE, MAKE SURE T-I 
TAPS ARE CORRECTLY POSITIONED 
ACCORDING TO INSTRUCTIONS.

PAGE -U

INSPECT STACKS FOR SIGNS OF < 
ARCING OR BURNING. MEASURE 
AC VOLTAGE BETWEEN #8 TER­
MINALS OF L-I, L-2 L-3. 
LIKEWISE BETWEEN #5 TERMINALS 
OF L- I, L-2, L-3. IF THIS 
VOLTAGE IS EQUAL TO OR 
GREATER THAN BATTERY VOLTAGE, 
RECTIFIERS SHOULD BE DELIVER­
ING FULL LOAD CURRENT. FAILURE 
TO DO SO INDICATES DEFECTIVE 
RECTIFIERS ON AN OPEN CIRCUIT 
BETWEEN RECTIFIERS AND BATTERY
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E. El. REPLACE

F. CHECK Fl . CHANGE TAPS

INSPECT F2. REPLACE

FORM IOL

OUTPUT VOLTAGE 
FALLS OFF RAPIDLY 
AT VALUE OF LOAD 
CURRENT LESS THAN 
RATED LOAD.

BLOWING OF FUSES 
WHICH PROTECT 
FILTER CONDENSERS. 
FUSES BLOWING EVEN 
AT LIGHT LOAD OR 
NO LOAD.

Fl. LOW INPUT
VOLTAGE

f3. high resistance 
CONNECTIONS IN 
CHARGER

Fl. MEASURE INPUT VOLTAGE, 
TAPS ON T-I.

F2. AGING OF POWER 
RECTIFIERS

El. DEFECTIVE
CONDENSER

El. DISCONNECT CONDENSERS ONE AT A 
TIME UNTIL DEFECTIVE UNIT IS 
LOCATED.

F3. CLEAN AMD 
TIGHTEN 
CONNECTIONS. 
BURNISH 
CONTACTS.

MEASURE AC VOLTAGES AS IM TEST 
CIO WITH RECTIFIER OPERATING 
AT OR NEAR FULL LOAD. IF AC 
VOLTAGE IS GREATER THAN DC 
VOLTAGE, RECTIFIERS SHOULD BE 
REPLACED. CHECK RECTIFIER 
PLATE TEMPERATURE WILE EQUA­
LIZING BATTERIES, WARMEST 
PLATE SHOULD NOT BURN FINGERS: 
NO PLATES SHOULD FEEL COLD.

FJ. MEASURE DC OUTPUT VOLTAGE AT 
TERMINALS OF POWER RECTIFIER 
AT FULL LOAD. IT SHOULD NOT 
EXCEED THE OUTPUT VOLTAGE OF 
THE CHARGER BY MORE THAN' I/2 
VOLT. IF IT DOES CHECK ALL

F2. TEST AS IN CIO AND D2.
RECTIFIERS FOR SIGNS OF OVER­
HEATING-DISCOLORED PAINT. LUMPS 
OF MOLTEN METAL AT BOTTOMS OF 
DISCS OR BURNED SPOTS, ALL 
INDICATING RECTIFIER FAILURE.
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FU.

L-IO,

Gl .

10% LOAD
G2.

G. OUTPUT VOLTAGE 
FALLS GRADUALLY 
AS LOAD CURRENT 
INCREASES

WIRING FOR HIGH RESISTANCE 
JOINTS, CHECK CONTACTOR FOR 
VOLTAGE DROP IN CONTACTS

IF EXTENDED REFERENCE VOLTAGE 
LEADS ARE USED, CHECK WIRING 
CAREFULLY

REPAIR OR RE­
PLACE DEFECTIVE 
ELEMENT

HI. HIGH INPUT VOL­
TAGE

G2. OPEN CIRCUIT OR
BLOWN FUSE IN 
EXTENDED REFERENCE 
LEADS

H. SHARP RISE IN OUT­
PUT VOLTAGE WHEN 
LOAD CURRENT IS 
LESS THAN 10% 
RATED LOAD, OR UN­
STABLE AND ABNORMAL­
LY HIGH OUTPUT VOL­
TAGE GENERALLY

INCORRECT AD­
JUSTMENT OF R4.

Gl. ADJUST RU UNTIL VOLTAGE AT 
FLOTROL TERMINALS (OR AT THE 
POINT TO WHICH THE REFERENCE 
VOLTAGE LEADS ARE EXTENDED) 
IS THE SAME AT FULL LOAD AS
IT IS AT 10% LOAD

fU. SHORT CIRCUIT THE 5 AC TERM­
INALS OF RECTIFIER #1 (DO 
NOT CONTACT THE DC TERMINALS) 
IF CHARGER DELIVERS FULL 
LOAD WITH THESE TERMINALS 
SHORTED LOOK FOR OPEN CIRCUIT 
IN CONDENSER C IRCU IT OF 

CURRENT TRANSFORMER L-9, 1 
L-I I (L-I I IS LARGER SIZE 
FLOTROL ONLY)

HI. MEASURE AC INPUT VOLTAGE, CHECK HI. READJUST TAPS 
TAPS ON T-I
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l

KI .

K2.. CONSULT POWER COMPANY

K. OUTPUT VOLTAGE 
REQUIRES REPEATED 
READJUSTMENT TO 
MAINTAIN CORRECT 
VALUE

J. AC OVERLOAD RELAY, 
TRIPS WHEN EQUAL­
IZING BATTERY OR 
CHARGING DEAD 
BATTERY. (CHARGER ’ 
DELIVERS MORE THAN 
I 55% RATED CURRENT ).

KI. AGING OF RECT I -
Fl ER NO. 2

K2. WRITE FACTORY 
FOR INFORMATION 
ON FREQUENCY 
COMPENSATOR

H2. HIGH LEAKAGE 
IN RECTIFIER 
NO. I

K2-. LINE FREQUENCY 
CHANGING

J2. REPLACE DEF­
ECT IVE PART

J I. REPLACE 
RECTIFIER NO.

H2. replace recti­
fier no. I

JI. HIGH LEAKAGE IN 
RECTIFIER NO. I

J2. SHORT CIRCUIT
IN L-9, L- IO OR 
L- I F OR IN THEIR 
CONDENSERS

J2. VOLTAGES ACROSS THE THREE (or two) current transformers 
SHOULD BE FAIRLY WELL BAL­
ANCED. IF ONE HAS EXCEPTION­
ALLY LOW VOLTAGES, LOCK FOR 
SHORT IN ITS CIRCUIT

JI. MEASURE AC VOLTAGE ACROSS AC 
TERMINALS OF RECTIFIER I, THEN 
MEASURE AC VOLTAGE ACROSS THESE 
SAME WIRES WHEN THEY ARE DIS­
CONNECTED FROM THE RECTIFIER, 
MAKE ALL MEASUREMENTS WITH 
CHARGER DELIVERING FULL LOAD. 
AC VOLTAGE SHOULD BE ABOUT 70% 
OF BATTERY VOLTAGE IN BOTH 
TESTS. IF CONNECTING RECTIFIER 
DROPS VOLTAGE CONSIDERABLY 
REST IFIER IS BAD

H2. DISCONNECT ONE DC WIRE FROM 
RECTIFIER NO. I IF OPERATION 
OF CHARGER RETURNS TO NORMAL, 
FAILURE OF RECTIFIER NO. I 
IS INDICATED

IF OUTPUT VOLTAGE SHOW CONT IN- KI. REPLACE 
UAL DRIFT UPWARD, RECTIFIER 
NO. 2 IS DETERIORATING
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L2. CHECK FUSES L2. REPLACE

LU.

M. M I .

M2.

NI. SAME AS HINl . UNUSUALLY HIGH MI. SAME AS HI

FORM 101

LI . HIGH RESISTANCE 
BATTERY CONNECTIONS

IF NOISE GRADUALLY INCREASES 
AS CHARGER GETS OLDER, CONDEN­
SERS MAY BE AT FAULT. FIRST 
CHECK LI & L5

INSTALL HEAVIER 
WIRING WHERE 
NEEDED

L5. CLEAN CONNECTIONS USE heavier wire

LI. CLEAN AND 
TIGHTEN

N. FREQUENT BLOWING 
OF AC FUSE WHICH 
PROTECTS REFERENCE 
SOURCE

L. NOISE IN BATTERY 
CIRCUITS COMING 
FROM CHARGER

UNSTEADY CHARGING I 
CURRENT, RISING AND 
FALLING WHEN EX­
CHANGE LOAD IS 
STEADY

lU. DRIED OUT 
CONDENSERS

K5. ROOM TEMPERATURE 
CHANGING

L5. COMMON CHARGE 
AND DISCHARGE 
LEADS

L2. BLOWN FUSES IN 
FILTER CONDENSER 
CIRCUIT

LI. CHECK ALL BATTERY CONNECTIONS 
WITH TELEPHONE RECEIVER FOR 
NOISE

M2. CLEAN AND TIGHTEN 
OR RESOLDER DEF­
ECTIVE CONNECTIONS

K5. ADJUST FOR 
AVERAGE 
TEMPERATURE

L5. RESISTANCE COMMON TO CHARGE 
AND D ISCHARGE LEADS SHOULD 
BE KEPT LOW, TEST AS IN LI

Ml. PULSATING AC LINE Ml. CHECK LINE VOLTAGE WITH METER
1 VOLTAGE HAVING LITTLE DAMPING. FLOTROL

CANNOT CORRECT FOR SUDDEN 
CHANGES IM LINE VOLTAGE, BUT 
WILL ALWAYS DELIVER CORRECT 
VOLTAGES ON THE AVERAGE

LOOSE CONNECTIONS M2. CHECK POWER WIRING FOR HOT
IN FLOTROL JUNCTIONS. OTHER WIRING CAN

BE CHECKED WITH OHMMETER OR
BY INSPECTION

K5. CHARGER VOLTAGE SHOULD DROP 
\% FOR 25°F. TEMPERATURE 
DROP
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START ING MAY'BLOW FUSE

01 . RECTIFIER FAILURE 0 I.

PI. CORRODED CONTACTS PI. CONTINUITY TEST PI. CLEAN CONTACTS

P2. BURRS ON CONTACTS P2. VISUAL INSPECTION P2. FILE BURRS

0. CHARGER GIVES
OFF ODOR OF 
SELENIUM

01. REPLACE ANY STACKS 
WHICH SHOW DEFINITE 
SIGNS OF BURNING

N5. FAILURE IN REF­
ERENCE TRANS­
FORMER

N5. INSPECT TRANSFORMER T-2 FOR 
SIGNS OF OVERHEATING IF FUSE 
BLOWS DURING NORMAL OPERATION

n5. replace entire 
REFERENCE PANEL

INSPECT ALL RECTIFIER STACKS 
FOR BURNED SPOTS. SPOTS LESS 
THAN 1/8" DIAMETER ARE GEN­
ERALLY NOT SERIOUS UNLESS 
MORE THAN ONE APPEARS ON ONE 
PLATE. CHECK RECTIFIERS AS 
IN F2.

P. AC OVERLOAD RELAYS 
FAILS TO TRIP FOR 
LOADS GREATER THAN 
155%

LORAIN PRODUCTS CORPORATION 
LORAIN, OHIO
JUNE I, 1955

N2. FREQUENT STARTING N2. TRANSIENTS FROM REPEATED 
AND STOPPING OF 
CHARGER

.N2. USE HEAVIER FUSE 
OR FUSETRON IF 
NECESSARY
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ITHE AUTOMATIC CONSTANT VOLTAGE BATTERY CHARGERFL°TROL
| THREE PHASE V I
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page 6)

2

PRINCIPLE OF OPERATION

PC

STANDARD SIZES

Block Diagram of Three-Phase Flotrol

FIGURE 1

Each unit is equipped with a Weston voltmeter and 
ammeter. A simple switch changes the normal output 
voltage from 2.15 volts per cell to equalizing voltage 
of 2.33 volts per cell, adjustable to 2.27 volts per cell 
where required.
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The block diagram (Fig. 1) illustrates the operating 
principle of the three-phase FLOTROL, showing a power 
rectifier energized from an insulating power transformer 
through saturable control reactors. The output of the 
power rectifier is filtered and supplied to the battery.

The output of the reference voltage source is con­
nected in parallel with the output of the charger 
through windings on the control reactors. When the 
output voltage of the FLOTROL drops below the refer­
ence voltage, current flows through the control reactor 
windings in the direction indicated by the arrow and 
restores the output voltage to normal. If the output 
voltage rises above normal, the current decreases and 
causes the reactors to insert more voltage drop be­
tween the power transformer and the rectifiers thereby 
dropping the output voltage of the charger back to 
normal.
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Because of the compact self-contained design of 
FLOTROL, the necessity of installing separate starter 
and control panel and the interconnection of power 
and control circuits is eliminated. Terminals are pro­
vided for controlling the FLOTROL from a remote point. 
Each unit is also equipped with alarm contacts to con­
nect with the standard no-charge alarm circuits.

The three-phase FLOTROL automatic constant voltage 
battery charger is a completely self-contained unit. 
With the exception of the starting contactor and bat­
tery disconnect contactor, the FLOTROL does not con­
tain any moving parts. All components are in one cabi­
net. There are no separate units to install. No special 
foundations are necessary. The compact design re­
duces installation costs to a minimum.

Specifically, the three-phase FLOTROL operates from 
either 208 or 230 volt, 60 cycle supply and delivers 
DC voltage regulated within the limits of ±1 % to float 
charge the battery. The conversion of AC into DC is 
accomplished by means of long life selenium rectifiers. 
Regulation of the DC output voltage is controlled entire­
ly by saturable magnetic reactors. The entire FLOTROL 
functions without marginal relays, reference batteries, 
cooling fans, tubes or other expendable parts.

Single-phase FLOTROL chargers are available in a 
complete range of sizes for charging capacities less 
than 25 amperes. These are described in a separate 
bulletin.

/'Explained on

The three-phase FLOTROL employs a circuit which is 
fundamentally different from that of the single-phase 
FLOTROL. However, a single-phase FLOTROL is used as 
a source of reference voltage in the three-phase unit 
and it, together with saturable reactors, regulates the 
output voltage, holding it constant with variation in 
input voltage and variation in load. The single-phase 
FLOTROL is of a small size, and delivers generally less 
than 1 % of the total output of the three-phase 
FLOTROL.

Charging capacity can be increased by the operation 
of two or more FLOTROLS in parallel. Where rotating 
equipment is used in an existing plant, FLOTROL can 
be operated in parallel with existing equipment. When 
the DC generator is equipped with a compound field 
it is possible to control the output voltage of the gen­
erator by using the FLOTROL as the master or control­
ling charger.* In the combined operation of the FLO­
TROL with rotary equipment, savings in power costs 
result from the high efficiency of the FLOTROL. Also by 
shutting down the rotary equipment at night, wear and 
tear on this equipment can be considerably reduced.

This action automatically compensates for 
changes in input voltage, changes in load current, and 

rectifier resistance. Voltage regulation 
typical three-phase FLOTROL are shown

provided with a cur­
rent limiting feature which protects the charger against 
overloads, and in case the charger is connected to a 
dead battery, the battery is recharged at the maximum 
safe rate without danger of damage to the FLOTROL 
and without danger of tripping the overload relays in 
the FLOTROL. This feature is also illustrated in the 
block diagram, Figure 1. The insulating power trans­
former is fed through current transformers which are 
loaded with capacitors. The voltage drop inserted be­
tween the power line and the insulating transformer by 
these current transformers is very small. The secondary

The three-phase FLOTROLS are made for plants re­
quiring 25 amps or more charging capacity. Capacities 
of 50, 100 and 200 amperes are standard for 24 volt 
charging. For 48 volt charging, FLOTROLS rated at 25, 
50, 75, 100, 150, 200 and 400 amperes are standard 
units.
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voltage of the current transformer is directly propor­
tional to the load current. A rectifier connected to the 
secondary of the current transformers develops voltage 
directly proportional to the load current and serves as 
the overload protection rectifier. The output of this 
rectifier is also connected in parallel with the output of 
the charger, through control windings.

All three-phase FLOTROLS are provided with a heavy 
duty filter choke which, together with the filtering ac­
tion of the battery, eliminates the noise from the bat­
tery and talking circuit. The FLOTROLS are also pro­
vided with electrolytic condensers which are connected 
to the rectifiers and further reduce the noise to 
low level. These condensers are actually the only 
ponents of the FLOTROL which should be considered 
as expendable. However, their action is only one of 
filtering, and they can even be removed from the cir­
cuit completely without affecting the regulation of the 
FLOTROL. Furthermore, in most installations where 
automatic switches are operated from the battery, the 
noise produced by the charger without the condensers 
is of a lower level than the switching noise across the 
battery and even in case of a complete failure of the 
condensers the operation of the exchange will be un­
disturbed. The condensers are of highest quality to 
provide long life, and are provided with protective 
fuses, so that in case of trouble the fuses will blow 
and remove the condensers from the circuit.

Both the insulating power transformer and the refer­
ence voltage source are provided with taps so that the 
output voltage of the FLOTROL can be adjusted accord­
ing to the number of cells in the battery. The B model 
FLOTROLS are adjustable for operation on 23, 24 or 25 
cell batteries and the A model FLOTROLS for operation 
on either 11 or 12 cell batteries. On all connections, 
the operation of an equalizing switch readily changes 
the output voltage to a higher level for equalizing the 
battery. In the three-phase FLOTROLS, the equalizing 
switch simply changes the output voltage of the refer­
ence source and thereby causes the FLOTROL to regu­
late at a higher level.

As long as the current delivered by the charger is 
less than a predetermined overload current, the voltage 
developed by the overload protection rectifier is less 
than the output voltage of the charger and no current 
flows through the rectifier circuit, which includes wind­
ings on the reference voltage source and windings on 
the saturable control reactors. As soon as the prede­
termined overload current is reached, however, the volt­
age developed by the overload protection rectifier be­
gins to exceed the output voltage of the charger and 
current flows through the control windings which are 
in the circuit of the overload protection rectifier. The 
action of this current on the reference voltage source 
is to drop its voltage and thereby drop the output volt­
age. The same current flowing through the overload 
windings on the saturable control reactors acts to un­
saturate the reactors, increasing their impedance and 
further dropping the voltage to the power rectifier. 
The action of the overload protection circuit is to limit 
the current of the charger to a safe value and to hold 
the current relatively constant at this value through a 
considerable range of load voltage.

The limit of output current is set 15% to 35% above 
the rating of the charger, so that whenever the charger 
is connected to a dead battery, the FLOTROL will de­
liver from 115% to 135% of its rated output current 
until the battery reaches its normal floating voltage. 
The conservative design of the FLOTROL permits these 
overload currents to be carried for considerable periods 
of time without danger of damage to any of the com­
ponents. This overload characteristic is shown on the 
typical regulation curves shown in Figure 2. It can be 
seen that the normal floating voltage is maintained 
out to approximately 120% of rated load and the 
maximum current is limited to about 130% of rated 
load.

Because the output voltage of the three-phase 
FLOTROLS is determined by the reference voltage 
source, aging of the power rectifier or changes of tem­
perature of the saturable control reactors do not affect 
the output voltage of the FLOTROL. Either of these con­
ditions, occurring singly or in combination with changes 
of load or of input voltage, are automatically compen­
sated by changes in the output current of the reference 
voltage source. It is therefore not necessary to provide 
aging adjustments for the power rectifiers in the three- 
phase FLOTROLS, as the aging compensation occurs 
automatically in the FLOTROL. It is possible for changes 
in the characteristics of the reference rectifiers to change 
the output voltage of the FLOTROL slightly, but these 
rectifiers are oversized and operated at much less than 
rated current. The reference voltage circuit is therefore 
insensitive to changes in the rectifier characteristics. The 
FLOTROL is provided with an adjustment in the refer- 

volfage source to compensate for aging of the 
reference rectifiers in case it becomes appreciable. The 
reference voltage source is also provided with < 
and fine voltage adjustment taps as previously 
tioned.

All three-phase FLOTROLS are provided with DC 
contactors so that whenever the power is off, the cir­
cuit to the battery is opened. They also have mag­
netic contactors on the AC input side so that the FLO­
TROL can be operated by remote control. A DC op­
erated control relay can also be supplied on order.



ITHE AUTOMATIC CONSTANT VOLTACE BATTERY CHARGERFLOTROL
| THREE PHASE V

I
I
I
IEE

FIGURE 2 FIGURE 3

I
I

I
I

I

4

/OOfMOO'EL 25OOB\ FLOTROL |

240

230 V AC INPUJ

^EQUALlZfHG
POWER FACTOR ZJO VOLTS /Ap-jfr

40

30

20

MODEL

°0 200 20 RO MO

4-10-30

EFFICIENCY

VOLTAGE REGULATION

POWER FACTOR

I
] 4-10-30

EFFic/SRcr------------------
80 ~

FLOATING VOL 'AGE

LORAIN PRODUCTS CORP
LORAIN. OHIO_______

When the batteries require overcharging or equal­
izing, the equalizing switch on the FLOTROL may be 
operated, raising the voltage delivered by the charger 
to the recommended equalizing voltage. Three-phase 
FLOTROLS are provided with an adjustment whereby 
this voltage may be set at 2.33 volts per cell, or 2.27 
volts per cell, at the option of the user. The regula­
tion curves shown in figure 2 show the operation of 
the FLOTROL when the high equalizing voltage is used. 
Under normal input voltage, the equalizing voltage de­
livered by the FLOTROL is held constant for all values 
of load current and the battery is recharged at the 
maximum safe rate without danger of overcharging or 
excessive gassing.

too
LOAD

40 60 80
PERCENT OF RA TED

The curves in figure 2 show how accurately the 
floating voltage is maintained throughout the range 
of input voltage as well as over the entire load current 
range. Although the output voltage of the FLOTROL 
is guaranteed to be within plus of minus 1 % of the 
mean value to which it is adjusted, the typical three- 
phase FLOTROL regulates within approximately % % 
maximum variation as shown by the regulation curves 
in figure 2. Furthermore, this regulation is generally 
maintained, even when no current is drawn from the 
FLOTROL.

70r 

u

These curves show the average power factor and efficiency of a 
typical FLOTROL charger. Note particularly the high efficiency for 
loads above 20% of its rating.

One of the outstanding features of the three-phase 
FLOTROL is its unusually high efficiency, which 
especially notable because it is maintained 
extremely light loads. The efficiency curve shown in 
figure 3 is typical of all of the three-phase FLOTROLS. 
The efficiency shown by this curve is that obtained with 
aged rectifiers in the FLOTROLS. A new FLOTROL has 
a higher efficiency at full load than shown by the 
graph. Note that the efficiency reaches 50% even at 
10% of rated load, and reaches 75% at 40% rated 
load. This unusually high efficiency, not obtainable 
with other types of charging equipment, results in con­
tinuous power savings to the FLOTROL user.

I

These curves show the voltage regulation of a typical FLOTROL 
charger. Note the accuracy of regulation even when the supply 
voltage varies from 190 volts Io 230 volts and the load varies 
from less than 10% to well over 100% of rated value. Note also 
how the FLOTROL protects itself on heavy overloads by changing 
to a constant-current type charger.

is
even at

The three-phase FLOTROL makes use of a series 
saturable reactor voltage control circuit, and as a re­
sult, the input power factor of the FLOTROL is lagging. 
The power factor becomes lower at higher input volt­
age, because the additional input voltage is absorbed 
in the reactors. Although the power factor of the 
three-phase FLOTROL is appreciably lower than that 
of the single-phase FLOTROL, it is still unusually high 
compared to other regulated battery charging equip­
ment of comparable capacity. When the AC line volt­
age is fairly constant, the higher value of power factor 
can be maintained by proper selection of the input 
voltage taps.
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CONSTRUCTION

REFERENCE VOLTAGE PANEL

VOLTAGE ADJUSTMENTS

voltage" is in the "high” position or 2.27 volts per 
cell in the "low" position.

FIGURE 4

Voltage Adjustment Panel
The FLOTROL in figure 5 is a Model 2500B but the 

construction is typical of the floor-mounted FLOTROLS.

panel is hinged so it can 
terminal block, switches, 
the regulating transformer.

Operation of the left hand toggle switch increases 
the FLOTROL voltage for charging end cells.

The screwdriver operated aging adjustment can be 
used to compensate for aging of the reference voltage 
rectifier or to compensate for the additional resistance 
of extended reference voltage leads when these leads 
are extended to the battery or load center.

The two small doors on the front of the cabinet se­
cured by a spring catch, provide access to the voltage 
adjustment panel shown in figure 4. The voltage ad­
justing links on the panel provide coarse and fine steps 
for adjusting the output voltage. Operation of the 
right hand toggle switch increases the FLOTROL output 
to 2.33 volts per cell when the link marked "equalizing

Figure 5 shows how the complete reference voltage 
panel can be lifted out of the FLOTROL for service or 
replacement, should this become necessary. The re­
moval of this panel also provides ready access to the 
units mounted behind it on the back panel.

The cabinets have been designed to provide the 
maximum convenience for use and for servicing.

Connections for the incoming AC and outgoing DC 
wiring are easily reached through the top of the floor 
mounted cabinet by removing the top grille. Conduit 
openings are provided on both sides of the cabinet 
for overhead wiring. For wiring up through the floor, 
the floor mounted cabinets have open type bases and, 
where necessary, short pieces of conduit are built in­
side the cabinet for bringing the wiring up from the 
floor conduits to the terminals at the top of the cabinet.

The Model 1 250A and 1250B FLOTROLS are housed 
in sheet steel cabinets designed for mounting in a 
standard 23-inch relay rack. The larger FLOTROLS 
are housed in floor mounted cabinets of sheet steel 
construction with a welded angle iron framework.

The construction is compact to conserve valuable 
floor space but the arrangement of parts is such that 
exceptionally good ventilation is achieved, especially 
for the power rectifier stacks. Because of the efficient 
natural draft ventilation and the highly conservative 
rating of the rectifiers, the ultimate in rectifier life is 
achieved.

The filter condenser protective fuses and other aux­
iliary fuses are mounted on the voltage adjustment 
panel where they can easily be checked or replaced.

The reference voltage panel is a complete sub­
assembly including the regulating transformer, rectifier, 
voltage adjustment panel and associated parts. The 

be tilted out for reaching the 
or the factory adjustments on
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PARALLEL OPERATION

PARALLEL OPERATION WITH

MOTOR GENERATOR SET "

CONTROL OF GENERATOR BY FLOTROL

Block Diagram of Three-Phase FLOTROL in 
Parallel With Generator

series field is adjusted to provide substantially flat com­
pounding, and the shunt field rheostat is adjusted to 
minimize the reading on the ammeter A, the output 
voltage of the generator will be regulated by the 
FLOTROL.

r
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A three-phase FLOTROL without any special auxiliary 
equipment can be operated in parallel with a DC gen­
erator across a battery. Within its capacity, the FLO­
TROL will maintain the battery voltage constant as de­
termined by the FLOTROL characteristic. Naturally, if 
the DC generator is delivering too high an output volt­
age, the FLOTROL will not deliver current until the bat­
tery voltage falls to the correct floating level. Con­
versely, if the DC generator has too low a terminal 
voltage, it will not deliver current until the FLOTROL 
has reached the constant-current part of its character­
istic. This type of operation is most satisfactory when 
the DC generator is adjusted to have a drooping volt­
age characteristic and when it has a current rating not 
greater than that of the FLOTROL. When thus adjusted, 
the DC generator can be used as a constant current 
source and turned on by automatic switching equip­
ment whenever the current requirements of the ex­
change exceed the capacity of the FLOTROL. The auto­
matic switching can be arranged to turn off the genera­
tor when the current requirements fall below the cur­
rent delivered by the direct current generator alone.

By the addition of a small amount of auxiliary 
equipment, a FLOTROL can be used to regulate the 
output voltage of a DC generator to the same degree 
of accuracy as that normally maintained by the FLO­
TROL alone. A block diagram of the circuit arrange­
ment for this type of operation is shown in figure 6. 
The only additional equipment required is the resistor 
R installed in the FLOTROL, an additional contact on 
the DC contactor in the FLOTROL, an additional relay 
in some cases, the equalizing lead itself, and if desired, 
the DC ammeter A. The resistor R is adjusted so that 
the voltage drop through if at full load of the FLOTROL 
is equal to the voltage drop through the series field 
of the generator at generator full load. When the

k

Three-phase FLOTROLS in present production are 
equipped with paralleling rectifiers operated from the 
current transformers. By balancing the voltage of the 
paralleling rectifier in one FLOTROL against that in an­
other FLOTROL through a portion of their control cir­
cuits, proportional division of load current between the 
two FLOTROLS is maintained even though the FLO­
TROLS may not be of the same size. Two or more 
FLOTROLS of this type are synchronized simply by in­
stalling a light gauge equalizing wire between them 
as explained in the instructions.

If the FLOTROLS are not both equipped with paral­
leling rectifiers, satisfactory division of load current can 
be maintained by the use of separate charging leads 
for each FLOTROL.

Because the resistor R in the FLOTROL is inserted 
ahead of the point at which the reference voltage is 
connected, the voltage drop through this resistor does 
not affect the output voltage of the FLOTROL, and the 
terminal voltage of the FLOTROL is regulated to the 
same degree of accuracy as without the resistor R. The 
control of the DC generator is on a current basis, that 
is to say, the generator is forced to assume its propor­
tional share of the total load current required by the 
exchange. In case the generator fails to deliver its 
share of the current, the voltage drop through the series 
field will be less than through the resistor R, and a 
circulating current will flow in the direction to increase 
the current through the series field. This increase in 
curient through the series field automatically increases 
the voltage of the generator sufficiently to cause it to 
assume its share of the load current. In case the gen­
erator delivers too much current, the reverse action 
occurs, weakening the series field of the generator 
and reducing its voltage. The amount of current flow­
ing through the ammeter A will in general be a very 
small percentage of the output rating of the generator, 
and it is therefore possible to control a DC generator 
with a FLOTROL having a rating much smaller than the 
rating of the generator.

The advantages obtainable from this type of instal­
lation are tremendous. For example, a telephone ex­
change already provided with DC generators for 
charging the batteries and requiring additional charg­
ing capacity can add one or more FLOTROLS and im­
mediately obtain the precise voltage regulation char­
acteristics of the FLOTROL for the entire exchange. In 
addition, the high efficiency of the FLOTROL will great­
ly reduce the power consumption during the hours of 
the day when the FLOTROL alone is sufficient to carry 
the entire load. Furthermore, the generators can be 
shut off during these hours, thereby reducing the wear
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Method of Charging End Cells
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Three-phase FLOTROLS are all provided with con­
venient remote control terminals whereby the magnetic 
contactors may be operated from a remote location or 
may be controlled automatically by standard control 
arrangements. For DC operated remote control, FLO- 

an internally mounted DC

To insure fully charged batteries the normal-equalize 
switch on both the three-phase and the 24E FLOTROL 
should be moved to equalize position and the equalize 
charge continued until the batteries are fully charged. 
After full charge is restored both charger switches are 
returned to normal position for full floating operation.

When the AC power is restored following the power 
failure, the FLOTROL will automatically recharge the 
26 cells at the maximum safe rate. As soon as the 23 
cells are charged to a voltage sufficiently high to carry 
the exchange, Switch B is restored to position 1. The 
three-phase FLOTROL continues to charge the 26 cells 
until ammeter A "indicates that no charging current is 
flowing into the 23 cells at which time the "End Cell 
Charge" switch is returned to normal and switch A re­
turned to position I.

Three-phase FLOTROLS are provided with an end 
cell voltage adjustment which consists of a toggle 
switch "End Cell Charge" by which the output voltage 
of the FLOTROL can be increased by approximately 
6.5 volts in order to permit charging of end cells. The 
circuit arrangement shown in figure 7 can be con­
veniently used when the installation includes end cells. 
Externally mounted switches (A & B) must be used for 
making the transfer of charger and load.

and tear on the rotating equipment and appreciably 
extending its life. Furthermore, by the installation of 
sufficient FLOTROL capacity, rotating equipment which 
is already well worn can be saved for standby service 
and its life thereby continued indefinitely. The 24 hour 
per day operation of the FLOTROL will not necessarily 
shorten its life, but may actually prove advantageous 
through the elimination of repeated heating and cool­
ing of the components.

The switches A and B are normally both in position 
1, placing the three-phase FLOTROL directly across 
the 23 cells of the battery and across the load. Under 
this condition the battery is floated at all times and the 
load is maintained at the floating voltage. The three 
end cells may be automatically floated by the Model 
24E FLOTROL made for this purpose.

In the case of a power failure when the exchange 
voltage falls sufficiently to require end cells, switches 
A & B are transferred to position 2 and the "End Cell 
Charge Switch” (located in the three-phase FLOTROL) 
is operated.

The output circuit of the FLOTROL is equipped with 
a DC disconnect contactor. This contactor is not a re­
verse current relay, neither does it have any other 
marginal features. It is simply a heavy duty DC con­
tactor operated from the AC power supply with suf­
ficient time delay to insure that the circuit will not be 
opened while current is passing through the contacts. 
It will be recognized that even if the DC circuit were 
not opened by the contactor, the reverse current 
through the FLOTROL would be blocked by the back 
resistance of the rectifiers. Nevertheless, in order to 
completely eliminate the possibility of leakage current, 
and at the same time to provide interlocking overload 
protection between the AC and the DC circuits of the 
charger, the DC contactor is provided. When the AC 
power fails or is disconnected, the delay of the DC 
contactor is sufficient to permit the direct current 
through the output circuit of the FLOTROL to fall to 
zero before the circuit is opened. With this arrange­
ment, there is no sparking whatsoever at the contacts 
of the DC contactor and no maintenance is required to 
keep the voltage drop through these contacts to a 
negligible quantity.
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AUTOMATIC COMPENSATION FOR AGING j

COMMON QUESTIONS ABOUT FLOTROLS
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As mentioned before, the output voltage of the 
FLOTROL is compensated for input voltage variations 
of plus or minus 8%. Abnormally high voltages out­
side this range have little effect on the output voltage 
of the FLOTROL except at load current less than 10 or 
15% of the rated output of the FLOTROL. At light 
loads, the output voltage of the FLOTROL will increase 
when the input voltage is abnormally high. Prolonged 
application of abnormally high input voltage may re­
sult in overheating of the reference transformer, the 
power transformer or the magnetic contactors and this 
shorten the normal life of these units. Excessively high 
input voltages may blow the AC fuse on the reference 
voltage panel.

The output voltage of the three-phase FLOTROL is 
automatically regulated by the source of reference 
voltage, and in case the power rectifiers age or change 
in temperature, the source of reference voltage auto­
matically changes the saturation of the control reactors 
sufficiently to return the output voltage to the correct 
value. The aging adjustments which are usually re­
quired with rectifier type of apparatus are thereby elim­
inated. As previously mentioned, aging of the refer­
ence rectifier can cause a slight change in the output 
voltage of the FLOTROL. Because this rectifier is over­
size and lightly loaded, it experiences very little aging. 
However, an aging adjustment is provided to take 
care of this possibility.

All of the component parts of the FLOTROL are of 
highest quality, carefully designed and manufactured 
to provide the utmost in trouble-free operation and 
long life. The only item in the FLOTROL which can be 
considered as expendable, is the electrolytic condenser 
bank, which has an anticipated life of approximately 
7 years. The selenium rectifiers are of highest quality 
and by ultra-conservative design, the probability of 
early failures has been reduced to a negligible factor. 
Barring accidental and mechanical damage or other 
injury, a rectifier life well in excess of 15 years can 
be anticipated.

The DC contactor is provided with an auxiliary switch 
which closes the alarm circuit and may be used to oper­
ate a no-charge alarm. The alarm circuit is wired 
through contacts on the on-off switch, so that when the 
charger is manually turned off there is no alarm.

The output voltage of the FLOTROL is completely 
compensated for input voltage variations of plus or 
minus 8% about the normal value. However, the input 
voltage can usually drop as far as 20% below the 
normal voltage without causing a complete failure of 
charging current. The output voltage will still be regu­
lated to a fair degree of accuracy, but with such an 
abnormally low input voltage, the maximum current 
available from the FLOTROL will be considerably less 
than the rated current. Still further reductions in the 
input voltage may result in chattering or unsatisfactory 
operation of the magnetic contactors in the FLOTROL.

When the AC power input to the FLOTROL fails, the 
charger is automatically disconnected from the battery 
and there is no possibility of leakage current through 
the charger draining the power from the battery. When 
the power returns, the FLOTROL automatically resumes 
its charging function. Even if the battery has been 
completely discharged, the output current of the FLO­
TROL will not become excessive but is limited by the 
overload protection feature of the FLOTROL. Although 
it may take as long as twelve to twenty-four hours 
for the FLOTROL to bring up the discharged battery 
to its fully charged condition, the conservative design 
of the rectifiers and power elements in the FLOTROL 
prevents damage under this condition. Furthermore, 
the overload protective devices will not trip and dis­
connect the charger under this condition. As soon as 
the battery reaches its normal voltage, the FLOTROL 
will automatically resume its floating operation.

The application of single-phase voltage to a three- 
phase FLOTROL as a result of partial failure of the in­
coming power cannot damage the rectifiers or trans­
formers in the FLOTROL. Depending on which phase 
fails, the result is either a complete or a partial loss of 
output from the FLOTROL. In same cases, the fuses 
which protect the filter condensers may blow, protect­
ing these condensers against excessive ripple current 
resulting from unbalanced input voltages.
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The dynamic response of the three-phase FLOTROL 
is exceptionally good compared with ordinary satur­
able reactor devices. Tests on a 50 ampere FLOTROL 
operating in a telephone exchange 
FLOTROL responds faster than the 
exchange voltage generally swings 
even with artifical keyed loads approaching the rating 
of the FLOTROL.

Because the FLOTROL battery charger does not make 
use of moving or expendable parts, it does not require 
periodic attention and maintenance. Once the FLOTROL 
has been installed and properly adjusted, it requires 
no further attention. The FLOTROL installation there­
fore represents a tremendous saving in maintenance as 
compared with a motor generator installation. The 
annual savings in maintenance costs obtainable with 
a FLOTROL installation are roughly equal to the savings 
in power costs listed above.

Noticeable line frequency variations are rarely en­
countered in the U. S., but when they do occur, their 
effect is to change the FLOTROL voltage about 1.8% 
for each 1 % change in frequency. Where frequency 
variation is a problem, a FLOTROL frequency compen­
sation unit can be added (mounted externally) to cor­
rect for frequency variations up to — 2 cycles.

indicate that the 
battery, and the 
less than ± 1 %

Battery manufacturers are definite in their agree­
ment that maximum battery life can be expected only 
if the floating voltage is accurately maintained, and 
furthermore, the more accurate the regulation the 
longer the life which can be expected from the battery. 
In a normal installation, the day by day variations in 
voltage from the FLOTROL are so small that they can­
not be detected without the use of special instruments. 
The FLOTROL therefore maintains the battery in a fully

The three-phase FLOTROL has an exceptionally high 
efficiency which is maintained at all operating values 
of load current, so that power savings are substantial 
throughout the day, regardless of whether the charg­
ing current is heavy or light. A comparison between 
the power requirements of a 50 ampere 50 volt FLO­
TROL and a comparable battery charging motor gener­
ator is given in figure 8.

The curves in the chart show that the power savings 
are nearly the same regardless of the amount of load 
delivered by the charging equipment. This is equally 
true whether a single charger carries the entire load 
or whether several chargers are automatically connect­
ed according to varying load demand.

The dollar value of these power savings figured at 
average power rates is sufficient to pay the entire pur­
chase price of the FLOTROL in less than its anticipated 
life. These figures are based on the efficiency of a 
FLOTROL with aged rectifier stacks and are therefore 
conservative and do not include the higher savings re­
alized during the first few years of the FLOTROL life.

Where power rates are based on power factor or 
maximum KVA demand, even greater savings may be 
obtained, because the maximum KVA demand of the 
rotary generator is roughly 70% greater than that of 
the FLOTROL (name plate ratings).
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EASE OF INSTALLATION .

OVERLOAD PROTECTION

FREEDOM FROM NOISE AND VIBRATION

REMOTE POINT REGULATION

Because there are no moving parts in the FLOTROL, 
vibration is eliminated and noise is reduced to a mini­
mum, comparable with that present in any stationary 
transformer. This means that the FLOTROL can be in­
stalled in any building or any type of floor without 
the provision of a special mounting pier or other means 
for absorbing vibration or deadening noise.

Along with the elimination of vibration, which makes 
possible the installation of the FLOTROL in numerous 
locations which would otherwise be unacceptable, there 
is also the complete absence of dirt and oil which 
might also be objectionable in such locations. The 
FLOTROL enclosure prevents accidental contact with 
live or moving parts and at the same time minimizes 
the possibility of damage due to accidents.

much input current as 
a result,

In case replacement of the power rectifier stacks 
should become necessary, the entire rectifier assembly 
is easily removed from the rear of the cabinet. (On 
the relay rack models it can be removed from either 
the front or the rear of the cabinet).

Where the remote control and alarm features are to 
be utilized, the small gauge wiring for these connec­
tions is readily connected to the terminal strips avail­
able in the top of the FLOTROL cabinet.

I11

charged condition at all times, while at the same time 
preventing harmful overcharging of the battery. It is 
especially noteworthy that the FLOTROL voltage for a 
given load current is essentially the same for increasing 
load current as it is for decreasing load current. In 
other words the battery is not subjected to a cyclic 
change in voltage as a result of changes in load cur­
rent, as experienced with other types of battery charg­
ing equipment.

The output voltage of the three-phase FLOTROL is 
regulated and held constant at the output terminals 
of the FLOTROL. In case the charger must be located 
a considerable distance from the battery, making it 
impractical to use charging leads of sufficient size to 
keep the voltage drop between charger and battery 
to a negligible level, the reference voltage leads may 
be extended to the battery. With this arrangement, 
the voltage at the battery terminals may be held con­
stant regardless of the voltage drop in the charging 
leads. Instructions for this type of operation are fur­
nished with the FLOTROL.

The floor space for mounting the FLOTROL is ap­
proximately the same as that required for mounting a 
bare motor generator set, so that a saving in space is 
achieved by the FLOTROL equal to the space required 
by the controls and auxiliary equipment associated with 
the motor generator set.

The electrical equipment in the floor-mounted FLO- 
TROLS is 1 0 to 12 inches above the floor level, provid­
ing protection against accidental flooding or damage 
from spillage of liquids on the floor upon which the 
FLOTROL is mounted.

11

As previously explained, the FLOTROL is provided 
with an automatic current limiting feature which 
changes the FLOTROL from a constant voltage device 
to a constant current device whenever overload con­
ditions are experienced. This feature provides further 
assurance of the elimination of maintenance connected 
with the FLOTROL installation. In case a heavy over­
load is placed on the FLOTROL, as a result of the fail­
ure of some of the other charging equipment or other 
emergency conditions, there is no danger of damage 
to the FLOTROL; neither is there any likelihood that 
the overload protective devices in the FLOTROL will 
operate to turn off the charger. The output current of 
the FLOTROL is limited to a value which will not dam­
age either the battery or the FLOTROL itself. In addi­
tion, the overload protection feature assures that the 
AC current drawn from the incoming power supply will 
not exceed the value for which it was designed, there­
by protecting the incoming power supply and prevent­
ing the blowing of power line fuses which would pos­
sibly affect other equipment in the exchange. Further­
more, there is no possibility of the FLOTROL operating 
in reverse, and discharging the battery while pumping 
power back into the AC supply.

The FLOTROL battery charger is simple to install. 
All that is necessary is to move the cabinet into the 
desired position, connect the three AC power leads to 
the conveniently located terminals inside the FLOTROL, 
connect the two DC charging leads to the equally con­
venient DC terminals in the FLOTROL, and turn on the 
switch. The wiring of the meters, contactors, and con­
trol circuit, is all contained inside the FLOTROL cabinet 
and is completed at the factory. When the order for 
the FLOTROL specifies the normal range of AC input 
voltage experienced, and specifies the number of cells 
in the battery, the correct input taps on the power 
transformer are connected at the factory, and the 
proper DC output voltage is also factory adjusted.

A considerable factor in the economy and the ease 
of installation of the FLOTROL results from the excep­
tionally small input current required by the FLOTROL. 
In some cases the FLOTROL requires only slightly more 
than half as much input current as the comparable 
motor generator equipment. As a result, a much lighter 
gauge input wire and smaller conduit can be used and 
considerable time and expense saved in making the 
installation.
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THREE PHASE FLOTROLS

24 VOLT FLOTROLS
RECOMMENDED POWER SERVICE

INPUT OUTPUTMODEL MOUNTS
VOLTS CELLSAMPS AMPS

*U-1250A 1 1-12 1 RR 400 C 14 GA230 8 50. 1 5 Amp

3 Floor 80012.5 100 11-12 C 1 2 GAU-2500A 230 20 Amp

Floor 1380230 24 200 1 1-12 4 C 8 GAU-5KA 35 Amp I
48 VOLT FLOTROLS IWith end cell adjuster?*

*U-1250B 23-24-25230 6.7 25 1 RR 450 14 GA 1 5 Amp

*2501B 230 12.5 50 23-24-25 1 RR 525 1 2 GA I20 Amp

75 23-24-25 3 FloorU-3750B 230 18 1 0 GA 30 Amp

100 23-24-25 4 Floor CU-5KB 230 23 8 GA 35 Amp

150 23-24-25 Floor 6 GAU-7.5KB 230 35 4 1550 C 55 Amp

200 23-24-25 1900 CU-10KB 230 48 5 Floor 70 Amp

I200 23-24-2510KB-4 460 24 5 Floor 2200 8 GA 35 Amp

I400 23-24-25 620KB 230 90 Floor 2200 00 GA 1 50 Amp

All above models equipped with d-c remote control relay for operating input contactor.

•I
130 VOLT FLOTROLS

I21 OOH 230 9.0 15 57-60-63 2 Floor 650 B 14 GA 1 5 Amp

3300H 230 16 25 57-60-63 3 Floor 30 Amp860 B 10 GA

4600H 230 21 35 57-60-63 3 Floor 1060 35 AmpB 8 GA

6.5KH 230 30 50 57-60-63 4 Floor 6 GA 50 Amp1335 B

6.5KH-4 460 15 50 57-60-63 4 Floor 1335 10 GA 30 AmpB

I
260 VOLT FLOTROLS

I6.5KLN4 460 15 25 120 4 Floor 1335 30 Amp10 GAB

13KLN4 460 27 50 120 5 Floor 50 Amp1850 6 GAB

IAll models equipped with Voltmeter and Ammeter.

IOutput voltage regulation — 1% from 2% load to full load, with input voltage variation of — 8%.

Charge failure alarm relays are available for all models and can be built in at the factory when specified.

PROTECTION:

Printed in U.S.A.3/56 3M—LP Co.

^Distributed by

PRO­

TECTION

B Circuit breakers in a-c input and d-c output.
C Magnetic contactors in a-c input and d-c output, overload relays on a-c contactor.

INPUT WIRE 
SIZE

BRANCH CIRCUIT 
FUSES

SHIP. 
WT. 

(lbs.)

SIZE
See

Page 11 
Figure

I

1000------
1 380 1

*Mounts on any standard 23" relay rack or floor mounts on No. 119-E relay rack.

4 GA

■ c 

j__ L_1

230 volt models are tapped for operation on 208 or 230 volt 60 cycle input, 460 volt models are tapped for opera­
tion on 420 or 460 volt 60 cycle input.

] c_ [
C ~ J 1 2 <

I C
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mounted. Remove screws to inspect or exchange.

38555-992

SIZES “0" and "1"
MAGNETIC STARTERS and CONTACTORS

I
I

INDUSTRIAL CONTROL DIVISION

THE ARROW-HART & HEGEMAN ELECTRIC COMPANY, HARTFORD, CONNECTICUT, U. S. A.

MODEL
55

OVERLOAD RELAYS
(Starters only) Relays M are two-screw-

ADDITIONAL
AUXILIARY SWITCHES

Switches N are one-screw-mounted to 
bracket P which is mounted to side of frame. If 
desired these may be mounted directly to frame 
without bracket. There are provisions for two 
auxiliary switches (one on each side) which 
may be N.O., N.C. or both.

HEATERS
(Starters only) All heaters, Q, are front 

mounted in overload relay.

E- 
b

ARROW 

iah): 
HART

CONTACTS
To inspect contacts: remove hood A, lift 

washer B and spring C. Movable contact D will 
now lift off. Stationary contacts E are retained 
by one screw. To inspect auxiliary contact set, 
follow this same procedure.

COIL
To exchange coil: disconnect coil leads. 

Snap off pins F, slide out rod G, stationary mag­
net assembly will now slide out. Remove pin J, 
slide out coil guides K (2). Coil L will now 
lift out.


