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SECTION I - GENERAL DESCRIPTION
1. PURPOSE OF CIRCULT

1.01 Thip circuit is designed to provide

dc power for automatlcally charging
storage batteries from an ac supply and to
regulate the battery voltage.

1. INSULATION OF DC FROM AC

1.01 The secondaries of Tl and T2 trans-

formers supply 8ll of the ac power re-
quired. Bince they are glectrically in-
sulated from thelr primary windings, ex~
traneous currents are prevented from passing
through the ac service ground to the central
of fice ground.

2s  RECTIFYING AND FILTERING

-2.01  The main rectifying circuit consists

of Tl plate transformer and either
two 3~element grid controlled tubes
{Fig. 10} or two solid state thyratron
plug-in units (Flg. 11) arranged for full
wave operaticn.  When Fig. 10 is used the
filaments of the V1 snd V2 electron tubes
are supplled from T2 transformer per "Zo"
option. "H" and "M" options are provided
to sapily the correct filament voltages to
the 354A and 334A electron tubes respective~
1y of Fig. 10. When Fig. 11 is used, wind-
ing {11-13) of T2 transformer is deleted
from the circuit since no connection is
made to terminals 11 and 13. A 10-ampere
A ammeter is furnished to show the rectl-

- filer output current. A L1 Inductor is

connected to the nggati?s lead for filter-
ing the output. "2" option,I8 and L9 in-
fductors, and C1 cepacitor provide a TIF
filter for the ac input at 60 cycles. The
L2 and L3 inductors, E and F capacitors,
gnd the electrostatic shields in 71 and T2
‘transformers serve to eliminate radio in-
terference generated in the V1 and V2 grid
controlled tubes or solid state thyratrons.
X" and "Y" wiring is provided to permit
the rectifier to be used with either the
positive or negative ocuiput leads grounded,
as described in note <108, It should be
noted that when starting with room tempera-
ture between 14® and 50 F the tubes of

Fig. 10 probably will not deliver output
current after TD relay operates until the
tubes are warmed by theilr filements from

2 to 20 minutes.
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2,02 On rectifiers equipped with Flg. 11,
CR1l diode provides an easy path for the
load current to flow under the influence of
the L1 inductor when neither golid state thy«
ratron is conducting. When the voliags ao-
cross the conducting thyratron is reduced to
zaroc, the load current swltches from this
thyratron to CR1 diode until +he other thy-
ratron is fired. This reduces the current
through and the voltage across the plug-in
units. The C1L Capacitor snd Bl resistor
reduce the magnitude of the voltage tran-

slents created during the switching interval »

to a8 safe valuse,

3. CATHODE PROTECTING TIME DELAY

2.01 The V1 and V2 power tubesg of Fig. 10
have coated cathodes which must be pros=
tected from bowbardment while they are heat-
ing. This heating periocd is provided by 8
nominally 45 second delay between the time
the sc power 1is connected and the time the
tubee are permitted to pass plate current.
When the ac is first applied winding (3-5) of
T2 transformer energlizes the heater of TDh
time delay relay. In about 45 seconds the
heater warms the elements of bhis relay
sufficiently to cause its contacts to make
and operate OR relay, which gets its do
Bupply from W varistor. The heater winding
of the TD relay is disconnected aftsr the GR
relay operates by upper contacts{3-4) and the
OR relay locks up over its upper contacts
{Enégi The GR Relay, being unoperated dur-
ing the delay interval, opens the resistance
leg of the phase shift circuit and kesps the
V1 and V2 thyratrons from firing, as des-
eribed in 5.01. This is done by the OB re-
lay bottom contacts (1-2). When the relay
operates at the end of the delay these cone
tacts complete the cirecult for operation asg
described in paragraphs 5, 6, and 7,

3.02 The TD time delay relay is left in the
_ cireult when solid state thyratrons

per Flg. 11 are used in place of Fig. 10 in
order tc provide & warm up pericd for ths
auxiliary control tubes and gimplify the
cireult changss required o convert the
early model Fig. 10 rectifiers to Flg, 11
operation.

L. REGULATOR TRANSFER

4,01 In a voltage regulsted recbifisr, tha
rectifier output current Follows vari-
ations in the load current on the batiery
with the addition of the trickle charpe
current, If the load current exceeds the
full load rating of the rectifier, the regu-
lator might foree the rectifier to deliver
an output in excess of its safe carrying
tapacliy. To prevent this, the T resisfor
is connected in series with the negative
charge lead of the rectifler, snd in con-
Junction with the & and B rheostats and the
OL and TR relays, converts the rectifier
from a voltage regulstor to a current regU-

lator when a certain pradetermined load
current 1is resched.
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4.02 The OL relay requires for operation
approximately 0.6 volt, which is
provided by the T resistance and the A
rheostat through the Fl and F2 fuses when
"P" option is specified, Sufficient margin
is provided to permit the relay to be ad-
justed by means of the A& rheostat to opers-
ate for rectifier output currents from *
approximately 7 to 12 amperes., When the
current reaches a predetermined value of
output current, the OL relay operates and i
in turn operates the TR relay which locks
up over its bottom contects (1-2). The
TR relsmy transfers the regulator circuit
from the arrangement described in paragraph
6 for voltage regulation to the current
regulation, Oround from the external alarm
eguipment 1s on terminal ¢ st &1l times ex=
cept when it is removed by the connecting
circult to restore voltage regulation,

4,03 The § resistance is for limiting the
current in the winding of the TR

relay.

L.oh The top contacts 4, 5, and 6 on TR
relay and contact 2 on OL relay are

provided for control when two op mOYe yag-

tifiers are operating in parallel,

4.05 "8" option provides an RA relay which

provides rectifier fellure indication

to the plant.

5. OUTPUT CONTROL - MANUAL OPERATION

5.01 The outpub current of the rectifier

is controlled by means of the phase
relstion of the ac control voltage applied
to the grids of the tubes or gates of the
V1 and V2 thyratrong with respect to their
anode voltages. When the ac control volt-
ages are in phase with the snode voliages,
the output of the rectifier is maximun,
and when 180 degress out of phase, the oute
put 1s zero. To approach the 180 degree
phase angle, 1t 18 necessary %o open the
resistante arm of the phase shift cilrcuit.
The phase shifting circult consists of
windings (8-10) of T2 transformer, ¢ capa-
cltor and a variable resistance srm. In
the manugl mode of operation, the variable
resletance arm consists of R rheosiat. In
the zutomatic mode of operation, the plate
to cathode clrecult of V3 is substituted as
the varisble resistor. Sinde the V3 tube
can not conduct bilaterally, its resistance
is not the same in the forward snd reverse
directions., This unbalance, unless correch-
ed,will distort the control voltage and
catse one of the thyratrons to conduct more
than the other, In rectifiers egulpped with
Fig. 10 and "zZ" option, the A capacitor is
connected across V3 to provide & path for the
current to flow in both directions. In
rectifiers equipped with Fig. 2, B capacitor
is connected across the primary of T3 trans-
former to improve the symmetry of the firing
voltage. 1In rectifiers equipped with Fig.ll,
a CR2 fullwave bridge 1s used so that
elther polarity control current flows in
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the ‘same direction through the V3 tube. Ale
though the CR2 bridge is needed only in the
automatic mode of operation 1% is 8o cone
nected that it remains active in the manual
mode as well. This was done Lo facllitate
the wiring changes required for converting
Fig. K10 rectifiers to Fig. 11 operation.

5.028 The R rheostat has a single pole
double throw switch mounted on i%.
The first 15 degrees of rotation snaps the
switch from the AUTO position %o the MANUAL
position which connects the rhevstat for
manupal control. Further rotetion decreases
the resistance to raise the output current.
The resistance varies from approximately 1000
ohms for in-phase operation to approximately
12,000 ohms for out-of-phase aparstion,  The
aibput. o ahisreing rete of Lhe reotifier osn
be varled from minimum to maximum under cone
trol of R rheostat with any line voltage or
battery voltage within the specified limits,
The T3 transformer connects the phase-shift-
ing circult to the grids of the power tubes
or gates of the V1 and V2 thyratrons. The
E and F reslstors of Fig. 2 serve to limit
the control current to s small value.

6. _OUTPUT CONTROL - AUTOMATIC VOLTAGE REGU-

LATION

6.01 For automatic constant voltags reguld~
tlon the plate-cathode circult of V3
is substituted as the resistance arm of the
phase shifting circuit as described in 5.01.
This substitution 1s mede by switching R
rheostat to the AUTO position. The value of
tha pliatescathode resistance 10 chanpod by
1tp grld vollage.  The grid voltage for V3 is
the output of VA amplifier which is connected
to the battery to bes regulsted by means of
the L, CR if equipped with Fig. B, K, FLOAT
REG, J, OVERCHG, and H potentiomefer re-
slstors. This potentiometsr is connected
across the battery and the drop over the
resistance between "R" and "' leads provides
the screen voltage for VA, With Fig. 8
rectifiers, this voltage can be adjusted to
compensate manufacturing teolerances in the .
24A tubes. The drop over the total resis-
tance between "R" and ™" leads provides a
voltage positive with respect to the cathode
of Vi of spproximately B8 volts, This volte
age 18 connected to the grid of V4 through
the 90-volt grid battery connected with
opposing polarity to provide -a net negative
voltage of approximately -2 volts on the
grid of V4. The drop over the total
resistance between "R" and "U" leads pro-
vides a positive voltage for the plaste of Vi.
The VU electron tube acts as a de amplifier
to amplify changes in the regulated battery
voltage in the order of 0.1 volt to several
volts which are applied to the grid of V3 as
the voltage drop over the resistance of the
RV voltmeter. Thus the grid voltage of V3
is at all times indicated by the RV volt-
meter, s relationship which is useful in
maintenance. . :

6.02 When & load 15 applled to the battery

its voltage decreases slightly which
decreases the positive voltage drop over the
total resistance between "R" and "T" leads;
therefore since the grid battery voltage 18
congtant, the negative blas on Vi increasss.
Thls Inerease in grid voltage decresses its
plate current and the voltage drop over the
RV voltmeter. The decrease in voltage drop
over the voltmeler decreases the grid volt-
age of V3 causing its plate-~cathode resist-
ance to decresse which decreases the phase
angle of the grid voltage appliied to VI and
V2 tubes to incresse the ocutput of the
rectiflier and return the battery voltage to
the floating value. With a decreass in load
the battery voltage incresses slightly and
1&s eifect is reflected through the regu~
lating eircult with an opposlte effoct as
deseribed shove,

The D capaclitor of Pig. 4, S or 9 and

N rheostat of Flg. 9 or N resistor of
Fig. U serve as an electrical fly-wheel on
the regulating clrcult to control the speed
of response of the rectifier to load changes
and to fllter the voltage applied to the

grid of V3 or V4 tubes when Fig. 5 1is used. :
This feature adapts each rectifier for the |
particular batbery conditicns it encounters.’

6,03

6,04 The G capacitor serves to drain off

voliage surges on the regulating leads
connected to terminals RG+ and G to prevent
them from affecting the operation of the
regulating clreult.

6,05 The Ul resistor is provided to allow

bhe rectifier to operate on 132, 1h2,
or 152 volts, The FLOAT REG rheostat pro-
vides a fine sdjustment of the regulated
voltage and compensates for aging of the
90~-volt grid batbery.

6.06 The OVER CHG rheostat is provided to
sllow the regulated voltage to be
ralsed for overcharging without disturbing
the setting of the REG rheostst. It can
raise the regulated voltage as much as 15
volts and is normally at zero resistance for
fiosting, :

7. OUTPUT CONTROL - AUTOMATIC CURRENT REQU-
LATION

7:01  When the rectifier transfers from

voltage regulstion to current regula-
tion, the TH relay transfers the grid-
cathode circuit of V4 from the voltage po-
tentiometer and 90-volt grid battery to a
current potentliometer consisting of B rhe-
ostat and the 3-volt grid batiery. The regu-
lator then operates to maintain a constant
voltage drop over B rheostat which is
accompllished by maintaining & constant
current through 1t.  After a power fallurse,
the rectifier staris up with constant volt-
age operatlion but immediately overloads to
gparate the 0L relay converting ths

Page 3
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rectifier to current regulation. The rec-
tifier continues on current regulation until
the battery voltage is charged to a valus
selected for the high voltage alsrm. When
the alarm cperates, ground is removed from
lead connected to punching "C" which re-
leases the TR relay and the rectifisr goes
back to voltage regulstion,

SECTION IXI - REPERENCE DATA

B e e - R ol comcefonoore it Bt b e

l. WORKING LIMITS

1.01 AC Input ’
190 to 250 volts 50 $0 60 cycles ac,
1.02 Do &ﬁtgﬁte

8 amperes at 132, 142, or 152 volts
with Plg. 10. 9 amperes st 132, 142, or
152 volts with Fig. 11, Room Temperatures
of 14° to 104 F,

2. FUNCTIONS

2.01  To provide & means of rectifyving ac

power to a filtered de supply to charge

storage batteries. The charging rate of the
rectiflier may be adjusted manusily by means
of & rheostat on the rectifier or aufo-

matically controlled to regulate the voltage .

of the battery at the floating value. The
regulator will compensate for changes in
line voltage of 10 percent and with s con-
stant load holds the voltage varlation %o
less than 20,05 percent. With & constant
line voltage at variable load from no losad
to full leoad, the regulator will hold the
voltage variation to £0.25 percent. Means
are provided to prevent the rectifier from
overloading by converting the rectifisr from
voltage regulation to current regulation.
The regulated current can be set between 7
and 12 amperes,

3.  CONNECTING CIRCUITS
3.01 Power Hervice Cilrouit

3.02 Charge and Discharge Cliveult
4. ADJUSTMENTS

k.01 Adjustment of the Output Voltage:
Start the rectifier wifh R rheostat

~snapped to the manusl operation and minimum
After the rectifier starts,

output position.
increase the ocubput by R rheostal until the
rectifier is charging at the desired ratbe.
When the battery is charged to its flosting
value and the OVER CHG rheostat in the
normal positlon (max counterclockwise posi-
tion), adjust the FLOAT REG rheostat until
the voltage on the BV wolimelber reads 20 %o
30 volts. Bnap the R rheostat to the auto-
matic poslition snd then make & final sdjust-
ment of the regulated voltage with the
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FLOAT REG rheostat. The voltage on the RV
voltmeter is normally between 5 and 20 volts
depending on the 1o6ad and line voltage.
Hever snap the R rheostat to the auto posi-
tion if the RV voltmeter reads less than 10
volts ss this indicates that the battery
voltage 1s low and the rectifier might over=
doad 1f the overload circult has not been,
adjusted,

4,02 Adjustment of the Output Current -

2. 0 or i 10 8djust the 1load #
current vaiue at which the transfer from
voltage to current regulation is desired,
rotate A rheostat for the 0L relay to opers
ate at the desired value. The output
current of the rectiflier may be used for
this adjustment by operating the rectifier
under menual control. After the OL relay
has been adjusted to the proper operate
current, then adjust the B rheostat for the
deslred output current to be vegulated., The
R rheostat must be in the asutomatic position
for this adjugtment. The 0L relay must al-
ways be adjusted first as a change in the
edjustment of the A rheostat will change
the current regulated value, but s change
of the setting on the B rheostat does not
change the operate polnt of the OL relay.

4.03 adjustment of the Output Current -

Fig. BY 70 adjust the regulated cur=-
rent, rotate the slider on the B rheostat
to its maximumm left position with the CR
rheostat in 1ts maximum countercliockwise
iﬁsiﬁiéﬁ, set the regulated voltage as in
b«Ol. Convert the rectifier to current
regulation (TR relay operated) by turning
the rectifier off for a few minutes by
meang of the R rheostat and switch.  Adjust
the output current by means of the CR rhe-
ostat. This will change the screen voltage
slightly and make 1t necessery to resdjust
the regulsted voltage,

4,04 When the voltage and current regula-

tion of the rectifier is in adjust-
ment, 1t 1s only necessary to turn on the
ac to start the reotifier.

4,05 e overcharge the battery turn the
OVER CHG rheostat in s clockvwise
direction until the output current is near
but less than the current required to oper-
ate the OL relay., It might requireé one or
two adjustments to get the voltage up to
the desired overcharge value. 'To bturn to
Tloating operation 1t 1s only necessary to
turn the rheostat back to the normal maixi-
mum counterclockwise position. The output
current will fall to nesr zero bui will in-
coegpe attomatically to the desirved value
for floating when the voltage decreases to
the floating value. If the voltage is
raised too rapldly the OL relay will opers
ate and the OVER CHCG rheostat will have no
further control untll the high voltage
alarm unlocks the TR relay. If this occurs,

i
i
il
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e taken that the QVER CHO rhe-
left in a position representing
cove the value at which the high
contact of the voltage relay in the connect=
ing circuit is made, or else the rectifier
will overload when the TR relay releases.

7u.08

The FLOAT REG rheostat should not be
changed when the rectifier is operat-
ing &s a current regulator and the B rhe-

ating as a voltege regulator.

L.07 Tne resistance of FLOAT REG rheostat is
selected to compensate the aging of the
90-volt grid battery. When 1t is new, the
rheostat will be near its maximum counter-
clockwise position. As the grid battery
ages the rheostat is moved ¢lockwise. When
it is in its maximum clockwise position an
the float voltage cannot be obtained, the
grid battery should be renewed.

4.08 With Fig. 6 or 7, the B rheostat also
is moved clockwise as tHe 3-valt mrid

bah ages but not over its aﬁt§?§“§§§§§“
as the rhedSTat must also cover s range re-
guired by the manufacturing variations of
‘the V4 tubes which is about three tires as

~large as the aging range of the grid battery.
It is suggested that the 3-volt grid battery
be renewed when the 90-volt grid battery is
renewed. ’

4,09 If the V4 amplifier tube or grid
batteries ars changed, 1t is necessary
to readjust the FLOAT REG and R rheostats as
described above. Ko adjustments are re-
gquired when V1, V2, and V3 are changed.,

{i§;g§§§The N rheostat should be adjusted with

the rectifier opersting as & currens
regulator (TR relay operated. ) Beginning
with the N rheostat maximum clockwise, turn
it counterclockwise until 1% beging to
affect the RV voltage then turn it ¢lockwise
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BECTION' IV - REASONE FOR REISSUR

CHANGES

B. Chenges in Apparatus

B.1 Renoved Replaced By
V1 and V2 Vi and v2
Thyratrons Thyratrons;
X5-15958 11, X5-155968 L1 (Mfd by
Fig. 11 G.E. only), Fig. 11
gL Capacitor Cl Capacitor,
E35AR, Fig. 11 KS5-14580 120,
Fig. 11
B.2 Added

CRZ Rectifier Stack, KS-19741 Ik,

Fig. 11

D. Description of Changes

D.1 Titles of Pig. 10 and Fig. 11 were
expanded to show the associsted

ratings.

.2 Added Cireuit Note 133 %o remove Gﬁl%

the V1 and V2 thyratrons per K$-1596
L1l which are not manufactured by General
Electric Company.

D.3 Added Circult Note 134 to facilitate

the conversion of rectifiers from
operation with elsctron tube thyratrons
to solid state thyratrons.

D.4 Added Information Note 301.
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