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BELL SYb~EM PRACTICES 
Central Office Maintenance 
Operating Methods 

SECTIOH A301~305 
Issue 2, ·3-7-f!S 
A.T&TCc Standi:t-rd 

REGULATED TUBE RECTIFIERS 

IBASE SHIFI' CONTROL 

J8620?C AND F 

1. GENERAL 

1.01 This section covers the operation of 
phase shift controlled, regulated 

tube rectifiers J8620?C and F. They are 
designed for battery charging. The C 
rectifier is rated at B amperes, 132 to 
152 or 130 volts d-c and is arranged to 
transfer to regulated current when its 
capacity at regulated voltage is reached. 
The F rectifier is rated at 2 amperes, 
142 volts d-c,and has a ballast lamp to 
protect it against overload. 

1.02 This section is reissued to make a 
number of minor changes, include 

information on cleaning tube, socket, and 
clip contacts, and to give a revised 
method of checking the grid battery condi­
tion. All changes are mrked by arrows. 

Caution: Avoid all contact with 
live terminals as high voltages 
are present. Do not allow a test 
pick to touch two metal 21:rts at 
the same time or destructive and 
dangerous short circuits may oc-
~ 

1.03 Before doing any work inside the 
rectifier case, disconnect both,the 

a-c by disconnecting the a-c plug,and the 
d-c by removing the charge fuse. For C 
rectifier, the ruse in the regulating lead 
should also be removed. \'/here switches 
are available in the a-c circuit, it is 
satisfactory to operate them instead of 
disconnecting or connecting the a-c plug 
as called for herein. 

l.04 All models of the F's rectifier have I 
door switches which open the a-c 

supply when the front cover is removed. 
Earlier models of the c rectifier had no 
door switches, since the a-c plug had to 
be removed to remove the cover. Later 
models have door switches which open the 
a-c contactor control circuit and thereby 
open the a-c supply. The rectifier output 
should be reduced to zero and the a-c in­
pit disconnected before opening the doors 
or removing the cover. · ..J 

1.05 Regulated tube rectifiers for float­
ing storage batteries operate at 

2.15 ±0.01 or 2.17 ±0.01 volts per cell 
as specified for the particular installatl.on, 

the voltage adjustment being set at the 
top of the voltage range, namely 2.16 or 
2.10 volts, to allow for the slow down­
ward drift with aging of the grid battery. 

1.06 Grid batteries used with these 
rectifiers have an initial peak 

voltage ·which decreases to a lower value 
in a few days or weeks. The voltage then 
remains almost constwit, dropping off 
gradually duriDg almost all of the life. 
To adjust for aging on the grid battery 
associated with the amplifying tube V4, 
the arm of the float regulating rheostat 
(FLOAT RID on C rectifier and REG on F 
rectifier) is arranged to turn through 
300 degrees. If, as is desirable, the 
battery has been installed within three 
months of the manufacture date stamped on 
it, the first 50 to 100 degrees are usual­
ly used up quickly as the battery ixlitial 
peak voltage decreases. Adjustments then 
become small and infrequent and remain so 
for almost the entire life of the grid 
battery. The end of grid battery life can 7 
usually be recognized by irregular opera­
tion of the rectifier, and the battery 
should be replaced if the voltage.as read 
with an ordillb.ry voltmeter,is less than 
85 per cent of the nominal value. It is 
recommended that the other grid battery, 
if there is one, be checked whenever the 
one associated with the V4 tube is 
checked. Latest models of these recti-
fiers have only one grid battery. .,J 

1.07 Grid emission sometimes occurs, due 
to cathode imterial which has been 

carried over to the grid. The effect of 
this is negligible until the temperature 
of the tube becomes high enough to cause 
this active material on the grid to give 
off electrons which causes the grid to 
lose control. This effect disappears as 
the tube cools, so that satisfactory 
operation may be possible at light loads 
,men it is not possible at full load. 

1.oa Voltmeter RV is used to indicate the 
internal voltage relationships in­

side the rectifier and readings on it are 
neither input or output voltages. When 
on manual control, at approximately t'loat 
voltage, voltmeter RV should read between 
10 and 25 :if the automtic equipment is 
ready to take over control. The combined 
rheostat and switch should be snapped from 
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DMtD.ual to autoID.1;1.tic only when voltmeter 
RV reads between 10 and 25. After switch­
ing to automatic control, voltmeter RV 

- should read between 5 and 50 if circuit 
is functioning properly depending on out­
put. 

r 1.09 Early models of the C rectifier 
were not equipped with TIF filter 

units to prevent radiation of noise on the 
a-c power lines. This type or filter was 
added only in those cases where trouble 
was experienced. Later models have the 
filter provided as part of the rectifier 

L equipment and mounted within the casing. 

2. OPERATION 

Preparing to Start 

2.01 Vlhen putting a rectifier into ser­
vice initially, check against the 

circuits to see that: 

ta) Tubes are in the correct sockets. 

(b) Relays are properly adjusted. 

( c) Correct tr·msformer taps are con­
nected. 

(d) Proper grid battery is in circuit. 

(e) On C rectifier, the resistance in 
series with the overcharge rheo­

stat is correctly connected or strappsi. 

2.02 The following procedure should be 
observed when first starting a recti­

fier, or when it is not known that regulatr­
ing and control circuits are in satisfac­
tory adjustment. 

(a) Turn OVER CHG rheostat and float 
regulating rheostat to their maxi­

mum counterclockwise positions. 

(b) Turn the combined rheostat and 
switch to maximum counterclockwise 

position and then in a clockwise di­
rection until a click indicates that 
it is just over on manual control. 
llaximum resistance of rheostat J is 
now in and rectifier output will.i. be 
minimum. ... 
(c) Plug in a-c cord or turn AC switch 

to ON and check that relay GR 
operates in desired time (45 ±10 se­
conds.) 

(d) If the battery is not at float 
value, charge it. 

(e) To charge a battery with an F 
rectifier not yet in adjustment, 

snap combined rheostat and switch to 
manual position. Turn rheostat R in 
clockwise direction until either its 
maximum clockwise position is reached 
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or the nominal charging rate of the 
battery is reached. Charge until 
battery voltage is at float value or 
slightly over. 

[➔ ( f) To charge a battery with a C recti-
fier not yet in adjustment., adjust 

as outlined in paragraphs 2.05 am 
2.06 and charge until battery voltage 
is at float value or slightly higher. 

(g) Adjust for regulated voltage 
operation per paragraphs 2.03 and 

L 2. 04. 

Adjustment for Regulated Voltage 

2.03 With battery charged to approximate-
ly float value ~nd held there under 

llJ!inual control of rheostat R, and with 
OVER CHG rheostat in maximum counterclock­
wise position, adjust voltage with the 
float regulating rheostat until voltage 
as read on voltmeter RV is from 10 to 25. 
Failure to obtain such voltage may indi­
cate a trouble condition or nay merely in­
dicate a depleted grid battery. 

2.04 With voltage on voltmeter RV reading 
from 10 to 25, snap the combined 

rheostat and switch to auto.-tic position 
and adjust for float voltage by slight 
changes in the position ot the float regu­
lating rheostat. Voltmeter RV should now 

- read from 5 to 20 under load and from 10 
- to 50 at no load. Check tfte output volt-

age at the end of ten minutes and reset, 
- if necessary. Final adjustment should be 
- made with the rectifier hbt. 

Adjustment of C Rectifier for current Re­
gulation 

2.05 Start adjustment of C rectifier for 
current regulation with 

- Rheostats A and B in maximum counter­
ciockWise position or with slides to 
extreme left. 

r 
L. 

Rheostat N, if any, in 1111xiID11m clock­
wise position. 

Rheostat CR it any, in maximum 
counterciocbise position. 

2.06 Adjust as follows: 

(a) Bring up current under manual con-
trol of rheostat Rand adjust with 

rheostat A, it necessary, so that re­
lays OL and .TR operate at desired 
value, (9 amperes, unless otherwise 
specified). Operation ot relays OL 
and TR should be indicated by light­
ing of lamp RC on more recent recti­
fiers. If rheostat R does not have 
sufficient control to provide the 
necessary current, disconnect the 
rectifier for a few minutes and allow 
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the battery to discharge slightly. It 
an artificial load is necessary to 
provide sufficient current, the approx­
imate resistance in ohms required will 
be the d-c voltage divided by current 
in amperes desired to supplement the 
regular load. 

(b) Adjust output current with rheo­
stat R to approximately a amperes. -

(c) It voltmeter RV reaas less than 10 
with relays OL and TR operated, 

bring it up to 10 by operation or the 
rheostat Band snap to automatic posi­
tion. 

(d) Turn rheostat N, it any, slowly in 
the counterclockwise direction 

until it begins to arrect voltmeter 
RV reading. Then turn rheostat N 
clockwise approximately one-eighthturn. 

(e) Adjust tor desired regulated cur-
rent value (B amperes unless other­

wise specified) using rheostat B. 
Final adjustment tor regulated current 
should be made with the battery volt­
age as close to float value as feasi­
ble. 

Note: On the few rectifiers having 
a rheostat CR, the adjustments 
specified herein tor rheostat B 
shall be made with rheostat CR, 
and rheostat B should remain in 
its extreme left-hand position. 

Battery Charge 

2.07 When the regulating equipment is in 
satisfactory adjustment, charging 

may be left to the automatic equipment. 
To go f'rom float on regulated YOltage to 
equalizing or boost voltage, turn the 
OVER CHG rheostat in a clockwise direction 
until the output current is near but less 
than the current required to operate re­
lay OL ot C rectifiers or until the cur­
rent is 1.8 amperes tor F rectifiers. The 
current falls orr between settings,and one 
or two adjustments or this rheostat may be 
necessary to get the voltage up to the 
charging value specified tor the office. 
To avoid exceeding discharge voltage 
limits, the charge-discharge portion or 
the F rectifier circuit adjusts itsel:r 
automatically tor ~barging as the over­
oharge rheostat ls manipulated. With 
charge-disoharg~ circuits of C rectifiers, 
it may be necessary to make this adjust­
ment manually, in which case, such charge­
discharge circuit should be restored t.o 
norm.al after the overcharge. P'or example, 
on charge-discharge circuit SD-80653-01, 
the change f'rom normal to charging is made 
with the switch associated with the volt­
age relay. On SD-80650-0l, the change la 
111&4• with the counter emf cell switch. 

+-
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2.oa It the current is raised too :rast on 
F rectifiers, the action or the bal­

last lamp may keep the OVER CHG rheostat 
changes from being quickly reflected in 
voltmeter readings which would be mislead­
ing. In the case or the C rectif'ier, 
relay OL might operate i:r voltage were 
raised too fast. The OVER CHG rheostat 
would then have no further control until 
the voltage relay in the charge-niQoharge 
circuit unlocked the transfer relay. U 
this occurs, care should be taken that the 
OVER CHG rheostat is not let't in a posi­
tion representing voltages above float 
value. 

2.09 To return to the floating operation, 
turn the OVER CHG rheostat back to 

its maximum counterclockWlse position. 
The output current will fall to near zero 
but will increase automatically to the 
desired value tor floating when the volt­
age decreases to the floating value. 

Routine Checks and Adjustments 

2.10 Voltmeter RV on autollllltic voltage 
regulation should read from 5 to 20 

under load and t'rom 10 to 50 at no load. +-

2.11 Grid emission or rectifying tubes I 
(see pe.ragraph 1.06) can be checked 

when the rectifier has been operating at 
or near full load. Turn combined rheo­
stat and switch to manual control. It 
current cannot be reduced to 10 per cent 
or rectifier rating, rectifier tube prob­
ably has grid emission and should be re-
placed. .J 

2.12 Routine checks ot regulated voltu!e 
and adjustment, if' requli-ed, shou a 

be made periodically and arter new tubes 
or grid batteries have been installed. 
The OVER CHG rheostat should be in the 
maximum counterclockwise position. Ad­
justments are ma.de by small changes in the 
setting or the f'loat regulating rheostat 
(FLOAT Rro on c and nm on F). Voltage 
adjustments should be made at less than 8 
aml)f:!res tor the C rectit'ier and less than 
1-1/2 amperes tor the F rectifier. 

caution: Settings o:r voltage regu­
lating rheostats should not be 
cha{'Bed while rectlfler ls on cur­
ren regulatlo~and sett!~ on 
current-res;;IaCng rheostas 
should not e changed whlle recti­
fier ls on voltage regulation 

2.13 Regulated current value or C recti­
fiers should be checked and reset,it 

necessary,as outlined in paragraph 2.06. 

(a) When rectifier is placed in ser­
vice • 
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( b) When it is thought the setting 
might be incorrect. 

(c) When amplifier tube V4 has been 
replaced. 

( d) Vihen grid battery has been changed. 

(e) When other thti.n small routine 
cllanges have been made in regulated 

voltage setting. 

2 0 14 Current at which OL relays or C 
rectifiers operate causing transfer 

to regulated current need be checked only 
when rectifier is placed in service and 
when it is thought the setting might be 
incorrect. 

2.15 After adjusting, routine starting 
and sto~ing is a matter of connect­

or disconnecting the a-c plug, of operat­
ing the a-c switch where such switch has 
been provided in the a-c supply circuit, 
or or operating the AC ON/OFF key in the 
later C rectifiers. 

3. GENZRAL TROUBLES 

r 3 0 01 Short life of rectifying tubes may 
be due in part to low filament 

emission, short time delay for heating of 
filament, and dirty corroded surface with 
insufficient spring tension in anode clip. 
The low filament emission may be due to 
dirty contacts in the tube socket. This 
can be corrected by burnishing the prongs 
on the tube base and the springs in the 
socket. For the latter, use abrasive 
cloth over a match or tooth pick to 
brighten the spring contact surfaces with­
in the socket. The time delay TD relay 
operating time, between the application 
of power and the operation of relay GR 
should be at least 35 seconds for each 
rectifier. The anode lead at the top of 
the tube is soldered to the cap and may be­
come unsoldered due to heating caused by 
dirty contact surfaces between the cap 
and the clip. Every three months and when­
ever tubes are replaced, the anode clip 
should be cleaned on the oontact surface 
with abrasive cloth and the clip adjusted 
by bending so that there is appreciable 
contact pressure and fit with the cap. If 
the clip cannot be so adjusted, it has lost r 
its spring tension due to heating and 
should be replaced. The tube caps should 
similarly be cleaned. Caps which become L. 
unsoldered can usually be resoldered ir 
the lead and cap surfaces can be cleaned. 
Only a very short amount of anode lead 
sticks through the depression in the cap -

L. and careful work will be required. -

30 02 If an! regulator trouble is being 
exper enced, throw the combined rheo­

stat and switch from automatic to manual 
control,and if the charging current can be 
controlled, the trouble is in the regulat111g 
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circuit. This may be confirmed by opera­
tioa of the float regulating rheostat with 
combined rheostat and switch still in the 
manual control position. If battery is 
at approximately float voltage, failure 
to affect voltmeter RV reading indicates 
trouble in the regulating circuit. 

3.03 In case of low voltage, it is sug­
gested that steps in determining 

cause be taken in the following order. 

(A) Look at Filaments of Tubes 

(1) If all are lighted, the a-c 
power is satisfactory. 

(2) If all tubes are out, see that 
rectifier a-c plug is in, that 

a-c fuses are satisfactory, and 
that the AC keY,where provided, is 
on. 
(3) If some tubes are lighted and 

some in the swne rectifier are 
out, replace tube whose filament is 
out. 

(B) Look at Ammeter 

(1) If rectifier ls charging, as in-
dicated by current of more than 

0.5 amperes for the C or 0.2 amperes 
for the F, the rectifier would seem 
to be in satisfactory operating con­
dition. The low voltage might have 
been due to a temporary overload or 
short power failure, or readjustment 
for voltage regulation or current 
regulation on the C may be in order. 

(2) If rectifier is not charging, 
snap combined rheostat and switch 

to manual position and increase 
charging current as much as possible 
but not to exceed rectifier rating. 

(al If charging current is now 
available, charge to floating 

voltage. 

(b) If charging current is not 
available, replace both recti­

fier tubes and repeat (A) and (B). 
When the trouble has qeen cleared, 
reinstall the old tubes one at a 
time to determine which are de­
fective. 

( C) Look at Voltmeter RV 

Ope rat 1ng with the combined rheo­
stat and switch in the llll:l.nual position, 
this check should be iwde when the bat­
tery voltage is at float value or 
slightly higher and., in the case of the 
C rectifier.with relay TR in the non­
operated position. With a majority of 
C rectifier applications, the most 
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convenient method of being sure relay 
TR is released, is to momentarily oper­
ate the high alarm (usually H) relay 
in the associated charge-discharge 
circuit. Later C rectifiers are -, 
equipped with an amber colored indica­
tor lamp RC ~nich is lighted when the 
rectifier is on current regulation and 
is out when operating on voltage re-
gulation. ..J 

(1) If voltmeter RV reads from 10 to 
25• snap the combined rheostat 

and switch to the autollll.tic position. 

(a) If the rectifier output goes to 
zero. replace the phase shift 

tube V3. 

(b) If the rectifier seems to be 
carrying &11 or an appreciable 

pi.rt of the load• adjust for regu­
lated voltage with the float regu­
lating rheostat. 

(2) If voltmeter RV reads less than 
10 1 ~wing the float regulating 

rheostat from one end to the other. 

(a) If voltmeter RV responds only 
slightly• make gain test per 

pi_ragraph 3.06. 

(b) If voltmeter RV makes no re-
sponse, read grid battery volt­

age with any available voltmeter • 
Discard grid battery if it reads 
less than 85 _per cent~of its nomi­
nal value. If grid battery is 
satisfactory and RV still makes 
no response, replace amplifier 
tube V4. 

(D) Check current re~ulation of C 
rectifier as fol ows: 

(1) Raise current under Ilti.nual con-
trol of rheostat Rand observe, 

on the rectifier ammeter, the current 
at which transfer occurs. (See para­
graph 2.06 it sufficient current can 
not be obtained.) 

(2) Reset transfer point, if re~1ired, 
to desired value (usually 9 

amperes) using rheostat A. 

(3) With rectifier transferred to 
current regulation relays{OL and 

TR operated) but still under DIIUlual 
control of rheostat R, set current to 
desired regulated value (usually 8 
amperes). 

(4) If voltmeter RV now reads less 
than 10, bring it up to 10 by 

changes in the rheostat B setting. 

(5) When voltmeter RV reads between 
10 and 25, snap to autollll:ltic and 
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make final adjustment of regulated 
current using rheostat B • 

Note: If there is a rheostat CR, 
it should be used instead of rheo­
stat B for all adjustments speci­
fied herein for the B,and the B 
should remain at all times in its 
extreme left-hand position. 

3.04 An output hi~h-voltage alarm that 
clears itsel may be disregarded. 

When high output voltage persists, the 
trouble is probably in the control relays. 
With the C rectit'ier, the relay TR and 
associated high-alarm relay (usually li) 
would be suspected. With the F rectifier, 
trouble might be with the relays control­
ling the counter emf cells or with other 
relays. Failure of the amplifier tube V4 
would also give this trouble. Check per 
paragraph 3.06. 

3.05 It is suggested that checks for 
troubles, other thlin high or low 

voltage, be JOO.de in the following order. 
Starting shall be on manual control in$teoo. 
of autollfl.tic when there is the least sus­
picion of trouble on the circuit. After 
bringing up to a positive reading of be­
tween 10 ~nd 25 volts on voltmeter RV, it 
is satisfactory to switch to automatic 
control without checking other adjustments. 

Trouble Possible Cause 

No current A-c supply interrupted (no 
voltage, blown a-c fuse, 
disconnected plug, or a-c 
key OFF). 

A-c input 
fuse blown 

Charge fuse 
blown 

Low Current 

Failure of rectifier ( thy­
ratron) tube Vl or V2 

Charge tuse blown. 

Failure of relay GR to 
operate. 

Failure of phase shift tube 
V3. 

Failure of rectifier (thy­
ratron) tube Vl or v2. 
Failure of amplifier tube 
V4. 

On C rectifier failure of 
overload relay OL to oper­
ate. 

Grid emission from rectifier 
tube Vl or v2 • 

Failure of one rectifying 
tube Vl or v2, no mercury 
glow • 
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Trouble 

Low current 
on regulated 
current satis­
ractory on re­
gulated volt­
age 

Failure or 
relay GR to 
operate 

Erratic opera­
tion or time 
delay relay 

Poor current 
regulation 

Possible Cause 

Grid emission in ampli­
fier tube V4. Ch&ck per 
paragraph 3.06. 

varistor failed or 
shorted. 

Failure of time delay 
relay TD to operate. 
Relay GR under control 
of the TD relay is ex­
pected to operate,in 45 
±10 seconds unless 
otherwise specified. 

Loose bimetallic strip 
assembly, making tighten­
ing of machin& screw 
necessary. 

Grid emission from ampli­
fier tube. Make gain 
test of paragraph 3.06. 

On C rectifiers having 
slide wire rheostat B, 
rheostat B more than 60 
per cent from left indi­
cates new amplifier tube 
V4 is needed •. , 
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Tr.ouble 

High current 

Possible Cause 

If current with manual 
control cannot be reduced 
to 10 per cent or recti­
fier rating, rectifier 
tube probably has grid 
emission and should be 
replaced. 

Note: Failure of a rheostat to per­
form its function, or erratic con­
trol by the rheostat, ma.y be due 
to dirt on rheostat contacts. 
Clean, as reasible, including rear 
contact, if any. Dirty rheostats, 
whose construction does not allow 
cleaning,should be replaced. 

3.06 To make gain test of amplifier tube, 
raise current ma.nually until float 

voltage is reached. Adjust with regulat­
ing rheostat until voltmeter RV reads 5 or 
6 volts. Increase rectifier output with 
the Illlnual rheostat R until battery or 
rectifier voltage is 2 volts above float 
voltage. Voltmeter RV should then read 20 
volts or more if amplifier tube is satis­
factory. Restore circuit to normal work­
ing conditions if tube tests are satisfac­
tory, otherwise replace tube and repeat 
test. 

r 3.07 Irregular output or "kicks" on the 
ammeter needle may be caused by a 

defective grid battery whose voltage is 
being sustained by the small grid current. 
Check the voltage of the battery with any 
available voltmeter,and replace the batte.?Y 
with a new one if the voltmeter indicateP 

L. less than 85 per cent of rated voltage. 
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