BELL SYSTEM PRACTICES
Plant Series

AC LINE VOLTAGE REGULATOR

SECTION 024-465-301
Issue 2, April, 1954

AT&TCo Standard
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OPERATING METHODS

1. GENERAL

1.01 This section covers the operation of
ac line voltage regulator KS-5650.

This rng‘:1ﬂfnr was designed for use with

signed with
testing equipment where a stable ac supply
is essential. It is rated at 1l15-volt,
250-volt-ampere ac output and 105-to 19‘:_
volt 50- to 60-cycle *2 per cent ac 1nput
and nas output voltage regulation of 0,75
per cent with either a2 fixed load and vary-
ing ac input within rated limits or with
fixed input and varying load from no load
to rated full load. Under favorable con-
ditions of load, it is also satisfactery at
lower input voitages, example, 90-volit, 60-
cycle input with 113-volt output and wifh
not over 250 volt-amperes of re51stance
load or over 200 volt-amperes of load at
0.9 power factor. A voltmeter and key are
provided for checklng input and output
voltages. The regulator is suitable for
use in room temperatures from 32F to 10LF.

Caution: Voltages inside the regula-
tor case are over 150 volts to ground
and between terminals. Avoid all con-

tact witn terminais. Do not aliow a
test pick to )_touch two metaI parts at

erous short circuits may occur, DiS-
connect_ac supply before working on

regulator except as necessary to make

tests.
1.02 The section is reissued to add point-
to-point voltages and to make minor
changes.
1.03 Instructions are based on drawing
SD-80999-01, ac line voltage regu-
lator circuit. For detailed description
of the operation, see the corresponding
circuit description.

e chec s ma
period when they will
the least service reactions.

1.05 Information in this section is ar-
ranged under the following headings:

l. GENERAL

2., OPERATION
2.01 How the Regulator Works
2.02 Preparing to Start
2,03 Initial Adjustments
2.04 Routine AdJjustments

3. ROUTINE CHECKS

1%
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4. TROUBLES
5. POINT-TO-POINT VOLTAGES

1.06 List of Tools, Gauges, and Materials
(Equivalents may be substituted if
desired)

Screwdriver, cabinet, 3 inch
Test set, 35 type

Vc]f-nhm‘mi'l 14 eter

Da a.a.gunuuc ) &

2. OPERATION

How the Regulator Works (See Fig. 1 Func-
tional Schematic)

2,01 Regulation of the ac output voltage
is obtained by varying the saturation

of a reactor Ll in series with the ac sup=-

ply. The loss of voltage in the reactor is

overcome by a step-up in transformer Tl.
The reactor has both ac and de w'lr;d{npe

Lilipe
the impedance of the ac windings being de-
pendent on the degree of saturation pro-
duced by the dc windings. The impedance
decreases as the saturation increases and

conversely. The saturating current is from
taps 15, 16 and 17 of transformer Tl

through grid-controlled rectifier tubes V2
and V3. The control for the grids of V2
and V3 is obtained from the n1nto current
of ampllfier tube V1, the grid bias of V1
being the difference between the voltage
across thermistor RV1 lnrarfinallv constant
due to inherent characterlstics) and the
voltage from terminal 3 of Tl to terminal 2
of potentiometer Pl (proportional to input
voltage of Tl) less the voltage induced in
winding 3-i4 of transformer T3 (proportional
to output current or load). For example,
if the supply voltage decreases, the drof
from terminal 3 of Il to terminal 2 of Pl
will decrease, while the voltage across RV1
remams constant, This makes the grid bias
of V1 less negative thus increasing the
plate current during the conducting half
cycle. Increased plate current increases
the QI‘OP across I‘GSLS‘BdnCB 50 t.nereoy rée-
ducing the grid bias on tube V2 (voltage

7- 8 of Tl minus drop over Ré). This re-
duced grid bias causes an increase in V2
plate current during the conducting half
cycle of V1. During that half cycle, ca=-
pacitor C2 charges, the voltage being the
difference between the voltage across R6
and the voltage from terminal 7 to 8 of
Tl. During the other half cycle, the volt-
age across C2 provides the grid bias for
tube V3 and the plate current of V3 tends
UU LUL.LUW UHC uuupub O.l. V(o Llle ln(-l eaaeu
plate currents of V2 and V3 mean an increased
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saturation in L1 (a reduced impedance in
L1) and an increased voltage applied to
the primary of Tl thus corrpctinv for the
drop in supply voltage and holding the out-
put voltage practically constant. If the
load increases, the action and correction
are the same as above, since increased load
increases the voltage across terminals 3-4
of T3, which being oPposed to the voltage
from terminal 3 of Tl to terminal 2 of PJ.,
reduces the grid bias on V1. Increased
supply volt;g_ or reduced load, of course,
produces the opposite reactions to again
correct the output voltage. The regulated
output voltage is adjusted by means of
ADJ VOLTS potentiometer Pl, turning it
clockwise to raise the voltage. Tap ad-
justment for capacitor Cl is pfovided1and
oo tha walisa A N and alaa

L§ UEPULIUUILD U.ll uuc Vada4u®T VUil vd aillu alov

the frequency of the power service.

2.02 When putting the regulator into serv-
+ial

ice ini Ix with tho nawar aoff
i1¢e 1nitially, wiiln i1nge power oii,

check the equipment against the circuit
drawing to see that:

(a) Correct tubes are in the sockets.

(h) Pranar viea B i e nrAaviAdad

\w ) ALUHC& AAWT A A F S~ y&uv;ucu.

(¢} If power service is grounded, ground
side is connected to terminal 2 of

TSl or TS2.

P Ay m__._+__1 ~AL£ man Ase MQA 2 o oea A3

\Q) iermnair 4 01 1ol O 10< 18 grounaea
only when power service is un-

grounded.

{ \' ATMT ITTNATMO el m e mde ode 2 o mome ol e o Ve

\€/) AUJ VULIO I'TI€0OSLdlL 1S CLonmplevely
counterclockwise.

(£) Capacitor Cl is connected to the
_____ L | ~aft MCDY Sana &l
pLUPUL UEIIIIJ.HGL vl 1w) 4015 wne

power service frequency ds shown on the

SD circuit drawing.

Twmiedal AR Sus o
Llijivial AU JUDL

2.03 Connect power to the regulator,
measure input voltage by putting

matam baw 4o TTNE aaai+i an aaa Y N1\
viue vel l\c’ Pt H.LHLJ PUD.L\J.LUAI \oCccT .L.\J.LI'

key in 115V position, and turn ADJ
TS rheostat until indicated output
t

(¢}
u
VO
o

<'" <

o wal+ o Mha oad diintmant

ge is .L.L5 voaiisS. ineé aajusiment
change somewhat as the regulator warms
and should be checked after a half hour's
L 3 -

v

Fam avand wealeia

add
dAdULLUIl 1UL TAQUL VdlUuT,

<3

1t
t
L
1
may

Routine Adjustments

2.04 For routine starting and stopping, it

e Anly manacgary +A $uivn AR AT A
1.3 Vildy uHTLVTOOaly YU vuda il v v Vaiaa

the ac supply. Whenever the load is shifted
from one voltage to the other, the output

valtaoa ehniild ha shankad and wreaddunatad
viivdge Siiluad Ut ClICLASU aiilu i Tayujusveu

necessary.

»
B

[o)

Fig. 3 - Regulator - Rear View
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SECTION 024-465-301

3., ROUTINE CHECKS
3

:01 Routine checks of the elactron tubes
can be made with an electron tube
tester to indicate when a tube is poor and

needs to be replaced.

develop, it is suggested that the
possible causes be checked in the order
listed.

Trouble Possible Cause
Nm Assde st weanld oma Na Smmuestd wanldama
ne v upu VU-LUGEG ny .Lupuu VU-L\:dsU
Blown F1l fuse

out of adjustment
Defective V1, V2, or

U2 +viha
vy Lvucde

Regulator overloaded

Low input voltage

UAaltama Awarn Af +han

vuiavagec uil U{ v viicais =
o

mistor RV1 low (see
10'005)

ADJ VOLTS rheostat
out of adjustment
Cap off V1 tube

Capacitor C2 short-

circuited or open
RV2 varietar short-

VL VaALdaovUL cuvavT

circuited or high

resistance due to
aging

Vgigage drop of ther-
mistor RV1 high (see

High output voltage

4.05)
4,32 If the trouble is not found, look for
open connections.
4.03 Some troubles may be best located by
checking point-to-point voltages or
resistances (see Part 5).
4.0L Whenever any tube is replaced, the
initial adjustments should be checked.
L.05 In case the regulator does not func-
tion properly and the possible causes
of troubles listed above have been checked,

should be determined. Since the current in
Ri, and RV1 is the same, this can be done by
measuring the voltage dron across RL.
Measure the resistance of resistor Rh. Mul-
tiply this by the allowable current, taking
separately the maximum (0.0255 amoere) and
minimum (O. 0245 ampere) current, "This will
give the maximum and minimum voltage drops
across resistor RL. With the output volt-
age adjusted to 115 volts as indicated on
the voltmeter with the key in the 115V po-
sition, adjust the tap connection to R5

resistor to give a voltage drop across R4
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-

within the calculated maximum and minimum
drops. When adjusting, the circuit should
be allowed to stabilize after it has been

opened to change connections.

4L.06 If Cl capacitor has to be replaced,
make connections between Tl trans-
former and TS3 terminal strip in accord-
ance with capacity marked on the capacitor
and the instructions in the note on the

circuit drawing.

4L.07 A strap connection on TS3 terminal
strip is provided between terminals 6
and 7. The strap may be removed and milli-
ammeter connected in place of the strap to
measure the saturating current. At high
power service voltage (125 volts) with no-
load output, the saturating current should

ha in tha A-an' of 5 to A amd 3 e
VT L1l wiIT viucTi Jd VWU U Illd, [-S LV Uy A viie

line voltage is low (100 volts) with full=-
load output (250 volt-amperes), the satu-
ration current may be in the order of 35

milliamperes. Be sure to replace the strap
when measurements are completed.

4,08 If short life of tubes is experienced
and power service voltage usually is
near the maximum: 14) volts or the minimum
105 volts, some improvement can be secured
by readjusting the T2 filament transformer
i marer Ffam Anmmantrdan +ta ahbadn hantamw
PL .Lllldl] UGP LCULIIITLLVLAV VW Vuvaldll ucavocl

voltages nearest to 10 volts measured at
the tube sockets at the time of average

1ine valtaca snnditiane
+1in€ VOaivage TONnaividlns.

4,09 ADJ VOLTS rheostat is totally en-
closed and should be replaced if it
becomes defectiv any respect.

Caution When using any Eortabie in-
=trument, the leads should be connected

at the instrument before making contact

with an energized clrcumt. The leads
ahnnld Ee disconnected from the ener-

SiaOwill SLUiaaTL VO iV Viao TaiTa

gized circuit before removing them from

the Instrument, The door switch, when
open, disconnects onlv one side of the

VpPTil, WNLolLLEISL VO Vil y LGS LS UL ile

power supply so that some term.nals may

be at voltage-to-ground. The door
switch 18 for the protection of person-

nel and should not - be_made inogeratlve.

re shown on th

s a shown on t
and may be checke
ohmmeter.

e
d

5.02 The thermistor RV1 is made in two
If one hecomes short-

circuited, the voltage across the termi-
nals will be about half the value stamped
on the unit. If the thermistor becomes
open, the full transformer voltage across
terminals 4 to 12 (about 340 voits) will
be on the thermistor terminals.



5.03 The volt-ohm-milliammeter is provided

with both test clip leads and test
pick leads. Wherever possible, the test
clip leads should be used in making con-
nections to leave the maintenance man free
to observe the meter and operate the door
switch, When it is necessary to use a test
pick lead, the door switch should be oper-
ated with some insulating material to avoid
grounding one hand. This insulating ma-
terial may be a stick 5 or 6 inches long
with a depression in one end into which the
switch plunger fits., The depression is to
prevent the stick from accidentally slipping
off the switch plunger.

5.04L Point-to-point voltages are not oper-
atlng requirements but are prov1ded
to Ile.l.p .Locét,e EI‘OUDJ.G 1“ a uexecclve regu-
later. As the voltages in a defective
regulator _may be higher than those shown
in the uaxu.e it is suggesteu that a high
voltmeter range be used when first measur-
ing. Avoid contact w1th terminals or ex-
posed metal parts as high voltages are
present. Voltages shown in the following
table are approximate and typical for a

< Y LR X oy
regulator in good working condition at

full load.

-
|

RV2
V1l Plate

Y2 Plata
ve riace

V3 Plate

feasurements Made
From (+] To (-] Voltage
Kpp Term. ZXpp Term. Reading
TL 1 Tl 2 LLAC
Tl 1 Tl 3 92AC
T1 &4 Tl 5 61AC
Tl &4 TL 6 81AC
T1 & Tl 7 122AC
T1T 4 Ti 12 360AC
Tl 15 Tl 16 3624C
T1 16 T1 17 362AC
Tz 1 T2 3 102AC
T2 5 T2 6 10AC
T2 7 T2 8 10AC
L1l 3 L1 g 40AC
Ll 2 L1 9 21AC
Tl I T1 3 60AC
TSl 1 TS1 2 118AC
TS1 & TSl 5 60AC
TS1 &4 TSl 6 120AC
il 5 L1 6 76DC
TPS C2 Rear 26DC
TPS TPL4 37DC
C2 Rear C2 Front 8DC
TPL TP3 18DC
vi 2 Vi 6 22DC
v2 6 V2 2 86DC
v 6 V3 2 88DC
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