Vol. 14 JUNE, 1949

CORNELL-DUBILIER ELECTRIC CORP.
Hamilton Boulevard, South Plainfield, N. ].
POSTMASTER: If undeliverable for any reason.

notify stating reason, on Form 3547 postegga tor
which is guaranteed. ]

W

R MARSHALL
; '\é R 1 BOX 257
FORTVILLE 1ND

COLE

Sec. 562, P.L.&R.
U. S. POSTAGE
PAID
So. Phinfield, N. J.
Permit No. 1



Here's the answer fo your
D.C. conversion problems

i3

CONVERTER

.. Wwith Autostart
' ‘Remote Confrol

ts

INPUT YOLTAGE: 110 V.D.C.
OUTPUT VOLTAGE: 110 V.A.C.
WATTS: (CONT.) 150 W.
WATTS: (INT.) 250 W.

353

® ellmmates wiring and installation costs

® jnstantaneous starting action e complete line for radio comhmatlons P.A. systems;
small motor driven equipment, etc.

" DC areas no longer need stymie your servicing operations. Now you

. can plug in 2 C-D power converter . . . takes just 10 seconds to install

. and get the same efficiency from your TV and phono-receiver

combinations that you derive from standard AC lines. Newest engi-

neering design assures peak performance anywhere, at lowest cost. See

your local C-D jobber, listed in the Classified Telephone Directory,
or write direct,

CORNELL-DUBILIER ELECTRIC CORP,

““B“.\ER | SOUTH PLAINFIELD, NEW JERSEY

‘adurer of other plants in:
New Bedford, Worcester, and
Brookline, Mass.;

Indianapolis, Ind, and )
Providence, R. I. S’

ﬂﬂu
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VOLTAGE -REGULATED POWER SUPPLIES

Stabilized operation and constant

. calibration of all types of electronic

equipment require that fluctuations in
the operating voltages and currents
supplied to such equipment be held to
a minimum. The frequency of a self-
excited oscillator, for example, will
shift quite a few hundred parts per
million, depending upon. frequency,
when the plate voltage of the oscilla-
tor tube is changed slightly. Output
power and impedance of an amplifer
likewise follow changes in plate volt-
age.

Voltage-regulated power supplies
have been developed to deliver a prac-
tically constant output voltage al-
though the 1nput voltage to the unit
or the output current drawn from the
unit fluctuate considerably. Current
regulators also are available for those
applications in which current values
must be held constant although the
load voltage fluctuates.

This article describes circuits and
devices for voltage and current regu-
lation. It has been our aim to include
enough practical data in this discus-
sion to enable the reader to construct
automatically-regulated power supplies
either for external use or to be built
into other clectronic equipment.

. Gaseous-Tube Voltage Regulators

The simplest voltage regulating de-
vice lending itself to inclusion readily
into any d. ¢. power supply is the
gaseous regulator tube, also knewn as
a glow tube. These tubes currently
are manufactured in the following
types: OA2, OA3/VR75, OC3/VR105,
OD3/VR150, and 874. Also obtain-
able is the VR90-30 (also called OB3)
which still is on the market but has
been dropped from some manufactur-
er's lists. The OA3 supplies 75 volts

of regulated d. ¢.; the VR90 and 874,
90 volts; OC3, 105 volts; and the
OA2 and OD3, 150 volts, Used in-
telligently, these tubes (or combina-
tions of them) afford a simple means
of obtaining reasonably constant d. c.
potentials from conventional rectifier-
hlter systems.

The gaseous regulator tube operates
on the principle that a constant volt-
age drop appears across the tube re-
gardless of the current flowing through
it, once the ignition potential of the
gas has been reached. The maximum
current which may be passed through
each of the regulator tubes except
types 874 and OA2 is 40 milliamperes.
Maximum current rating of the 874 is
50 ma., and for the OA2, 30 ma. At
all times, the current from the flter
output of the power supply is divided
between the regulator tube and the
output (load) circuit. As more cur-
rent is drawn by the load, less current
flows through the tube. A minimum
current of 5 ma. must low through the
tube at all times (10 ma. for the 874),
otherwise the gas discharge will be
extinguished and regulation will be
lost.

All gaseous regulator tubes will
hold the d. ¢. output voltage constant
within a few volts. The following
control figures are given by the tube
manufacturers: OA2, 2 wvolts; OA3,
S volts; OC3, 2 volts; OD3, 4 volts;
VR90, 8 volts; and 874, 7 valts. This
means that the output with type OD3
will be 150 volts within 2 volts, the
OA3 75 volts within 2 volts, etc., etc.
When closer regulation than these
values is required, some system of
automatic voltage regulation other
than gaseous tubes should be used.

Figures 1 and 2 show typical gas-
eous-tube voltage regulator circuits.
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Figure 1 is the basic arrangement.
R is a series resistor used to limit the
current through the tube. The size of

0.04 ampere. From Equation (1), R
= (200 — 150)/0.04 = 50/0.04 =
1250 ohms. The power which the re-

maximum current rating of the regu-
lator tubé, and the expected maximum
load current. The simplest way to de-
termine its value in cases where the
input voltage does not fluctuate greatly
is by means of the following equation:

Ei -E.
I

(1) R=

Where R is the required resistance, in
ohms

E; is the d. c¢. input voltage
from the power supply filter

E. is the voltage rating of the
gaseous regulator tube

I is the maximum current rat-
ing of the tube in amperes.

Consider a typical illustrative case in
which 150 volts d. ¢. output regulated
within 2 volts must be obtained from
d 200-volt unregulated power supply.
A type OD3 tube is selected, since the
output voltage of this tube is 150 volts
and its regulation control figure is 2
volts. The voltage rating (E:) of this
tube is 150; the maximum current rat-
ing of the tube is 40 milliamperes, or

this resistor is very important to  sistor must dissipate is equal to I'R =
operation of the circuit. The ohmic  0.04°(1250) = 000016(1250) = 2
‘value of R depends upon the maximum  watts. For good safety factor, we
R
;_,—'\/\/\/\N\/\NV‘ |_:
Series resistor
to fimit current T
through tube
FROM FILTER GASEOQUS REGULATED
OF UNREGULATED REGULATGR D.C.
D.C. POWER SUPPLY A TUBE VOLTAGE
) Cathode -~
Fig. 1. Basic connection of gaseous regulator tube.
value of the d. c¢. input voltage, the would choose a S-watt resistor. So R

would be 1250 ohms, 5 watts.

When input-voltage fluctuations are
large, it may be mecessary to alter the
resistance of R as determined by means
of Equation (1), or it will be neces-
sary to reduce the output load current.
This is necessary because the voltage
drop across a certain series resistor
may be great enough to cause the tube
to become extinguished when the in-
put voltage falls to its minimum value.
For instance, the starting voltage of
the OD3 is 160 volts. A resistor which
might satisfy the maximum input volt-
age conditions (that is, when the input
voltage fluctuates to its highest value)
will allow the glow to extinguish if
the input voltage falls to 140. Thus,
it is seen that the highest output cur-
rent drains are possible only when
fluctuations of the d. ¢. input voltage
to the regulator tube are relatively
small.

When higher output voltages than
can be supplied by one gaseous regu-
lator tube are required, several such
tubes may be connected in series, as
shown in Figure 2(A). Thus, two
type OC3 tubes will regulate 210 volts
(2 times 105 v.) and three type OB3's
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will regulate 270 volts (3 times 90 v.),
etc,, etc. The current through the
series string will be the same number
of milliamperes as stated for one tube.
However, when tubes having different
current ratings (such as 30 ma. for
one and 40 ma. for the other) are
series-connected, the maximunt current
through the series string " must not
exceed that specified for the lowest-
current tube. Taps may be taken be-
tween any two tubes (See Figure 2-A)
in order to obtain intermediate volt-
ages.

When higher output currents are
required than one gaseous regulator
tube can supply, several such tubes
may be connected in parallel, as shown
in Figure 2(B). However, a 100-ohm
resistor (R. and R in Figure 2-B) must
be connected in series with each tube
in order to divide the current equally
between the tubes. Higher resistances
must not be used, since even the rela-
tively low 100-ohm value reduces the
regulation efficiency somewhat.

present in the powered circuit directly
across the regulated d. ¢. output, their
total capacitance must not exceed 0.1
microfarad, otherwise oscillation will
take place. The reason for this oscil-
lation is clear from an examination of
Figure L. If a capacitor is placed
across the regulated-d. c. ouiput termi-
nals, a conventional relaxation-type os-
cillator circuit is formed by the tube,
the capacitor, and resistor R.

4-Tube Regulated D. C. Power Supply

Figure 3 shows the circuit diagram
of a voltage-regulated d. c. power sup-
ply which delivers an output voltage
stabilized within 1 volt. This degree
of stabilization holds for input voltage
variations or output current (load)
variations up to about 30 per cent of
the initial values. A wunit of this type
should be used whenever the severity
of requirements precludes use of sim-
ple gascous regulator tubes.

In this circuit, the 6B4-G tube acts
as a variable resistor in the 4. c. out-

R
aw +
 — L
INPUT OUTRUT
>~ +
Tap

B

—

(A)

SERIES CONNECTION
FOR HIGHER VOLTAGES

+ o+
L
INPUT CUTPUT

(B)

PARALLEL CONNECTION
FOR HIGHER CURRENTS

Fig. 2.

Oscillation is a common trouble ex-
perienced by many builders of gaseous-
tube voltage regulators. This is caused
by one or more capacitors in the load
(output) circuit which the regulator
supplies. When such capacitors are

put circuit of the filter. In this re-
spect, it is an electronic rheostat. The
plate resistance of the 6B4-G is con-
trolled by the grid bias voltage of this
tube which in turn is delivered by the
6S8)7 d. c¢. amplifier tube. If the d. c.
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output of the entire system tends to
fall in value, the bias on the 6B4-G
will be decreased automatically. The
plate resistance of the 6B4-G accord-
ingly will decrease, permitting the out-
put voltage to rise. Thus, any output
voltage change bucks itself out.

The regulated output voltige may
be set at any value between about 175
and 300 volts by means of the output-
control potentiometer, Rs. At 300
volts, the current which may be taken
from the output terminals with good
regulation is approximately 50 milli-
amperes; at 175 volts, it is 110 ma.

Regulated power supplies having
larger voltage and current output capa-
bilities may be constructed along the
same lines by employing a heavier-
current rectifier tube than the 574 and
a larger control tube than the 6B4-G.

A. C. Voltage Regulation

Electronic circuits may be stabilized
also by regulating the a. c. voltage
input. In precision laboratory equip-
ment where the highest order of sta-
bility is required, a. c¢. stabilization
often is employed in addition to d. c.
voltage regulation.

Perhaps the most satisfactory meth-
od of regulating a. ¢. voltage is to use
one of the so-called regulator trans-
formers. These units utilize the prin-
ciple of core saturation and provide
close regulation either of power-line
voltage or of filament (hcater) volt-
age. Regulator transformers are sim-
ple to use and may be built into the
equipment which they supply. They
are furnished for a wide variety of
volt-ampere drain requirements, Al-
thought voltage regulator transformers
normally are rather high-priced, sev-
eral useful models of various volt-
ampere capacities are obtainable cur-
rently at reasonable prices in the sur-
plus market.

Two other methods for a. ¢. voltage
regulation are shown in Figure 4.

The frst scheme (See Figure 4-A)
employs two- gaseous regulator tubes
connected in parallel back-to-back be-
tween the a. ¢. power line and the
primary winding of the tramsformer to
be regulated. The resistance of R is

Power transfarmer
to be regulcfed

OC3/VR105 Regu!o‘red

A.C. Output

45 V. (a)
RESISTIVE R loted
REGULATOR  Jesoted,
u l A
g
i
Power 1'ron;for'mer
+o be regulated
115 V.
A.C. (B}
Fig. 4. Simple a.c. voltage regulators.

selected to have such a value as to
limit the maximum current through
both tubes to 80 miiliamperes, while
at the same time not being so high as
to allow the tubes to detcnize when
the line voltage fluctuates to its mini-
mum value.

The regulated voltage delivered to
the primary of the transformer will,
of course, be somewhat lower than the
line voltage (being equal ro the line
voltage less the drop in resistance R).
The transformer secondary turns must
be increased therefore to give the same
output as obtainable without the regu-
lator, or the circuit it supplies must
be modified to opecrate at a lower
voltage.
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This regulator can supply only a
limited output current and accordingly
is satisfactory only for light-drain in-
struments such as simple oscillators,
v. t. voltmeters, etc.

The second type of a. c. voltage
regulator, shown in Figure 4(B), uti-

nected into the power supply circuit,
as an electronic series resistor, may be
employed as a current regulator. Such
anAarrangement is shown in Figure
S(A).

The screen voltage and control grid
(bias) voltage of the tube are propor-

lizes a special resistance unit which tioned so that the tube is operated
SCREEN VOLTAGE SUPPLY
SCREEN I]E] -
VOLTAGE --~ T
CONTROL GRID
A BIAS =
CONTROL w
/ e
FLUCTUATING 17 3+ 2
VOLTAGE 2 -
INPUT CONSTANT- &
(0.c.) CURRENT 3
= D.C. B Yl
> ] OUTPUT

GRID BIAS SUPPLY

(A)

TUBE-TYPE CURRENT REGULATOR

PLATE ¥OLTAGE —>

(B)
CURVE SHOWING OPERATING
POINTS OF CONTROL TUBE,

Fig.

tends to iron-out voltage variations by
maintaining a constant current through
itself. These resistance units are known
by various trade names, such as voltage
regulators, voltage controls, and line
ballasts. They are supplied in a vari-
ety of types to suit a wide range of
power-drain requirements, and are ob-
tainable as tube-type glass bulbs as
manufactured by the Amperite Co. and
as ventilated-metal-encased units as
manufactured by the Clarostat, Wirt,
Continental, Jackson, and other com-
panies.

Simple Current Reguldtion

In some applications, d. c. voltage
excursions can be tolerated but cur-
rent must be held to a constant value.
A pentode or beam tetrode tube, con-

along the nearly straight, horizontal
portton of its Ey-I, characteristic curve
(this is the region between points A
and B on the sample curve in Figure
5-B. From the curve, it will be noted
that the current changes only slightly
as the voltage fluctuates between the
wide limits set by points A and B.

A type GLG tube connected in the
circuit shown in Figure 5(A) and
operated at 50 screen volts and 0 con-
trol grid volts shows virtually no car-
rent variation between 200 and 500
volts.

‘While batteries are shown in Figure
5(A), the grid and screen voltages can
be obtained from separate a. c.-oper-
ated power supplies or from taps on
a suitable voltage divider in the power
supply which is being regulated.
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