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A.

INTRODUCTION

The 2816 Power Supply (referred to as PS-1 in the
diagrams in the 2816 Service Manual) furnishes

4 DC voltages for operation of the Readers, Punches,
Input-Output Unit and the Control Unit, and also a
Flip-Flop Reset level for use in the Control Unit.
The Power Supply is mounted in the Control Unit ‘
console.

A Block Diagram of the Power Supply is shown in
Figure VII-l. = It consists of a Ferroresonant
Transformer, two Full Wave Center Tap Rectifier
c¢ircuits, a Voltage Doubler circuit, a Voltage
Divider and a 3 second Thermal Delay Relay. The
+244 volt Rectifier circuit, Voltage Doubler,
Voltage Divider and Thermal Relay are mounted on
a Printed Circuit Board.

The Ferroresonant Transformer is wired for use
with 115 VAC, 60 cycle line voltages. This
transformer provides good regulation against AC
line voltage changes and also load changes. The

. voltage on the secondary windings is held within

*.' 5,0.

The two Full Wave Rectifiers and the Voltage
Doubler are connected to the same secondary

windings of the Ferroresonant Trz sformer. The
Rectifiers furnish <24 VDC and: +24 VDC; a
Voltage Divider off the +24 VDC  ine furnishes
+5 VDC. The Voltage Doubler furaishes =40 VDC.
All voltages are referenced to a :;ommon ground.

The Thermal Delay Relay causes ali“the Flip-Flops
in the Control Unit to reset when the System is
turned on.

The Power Supply Printed Circuit Board layout,
Components Location, and the Schematic are at the
end of this section._

The connections from the secondary windings of
the Transformer are to terminals on Terminal
Board (TB) 2. This board is beneath the Chassis.
The connections to and from the circuits on the
P. C. Board are on the 10 connections on side

of this board. The outputs from +the P. C.
Board ars connected to terminals on TBl. The
outputs from this board are connected +to
printed circuits on the Master Board in the
Control Unit. .

(VIi-B)
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B.

FERRORESONANT TRANSFORMER OPERATION

A Ferroresonant Transformsr (also known as Magnetic
or Constant Voltage) is used as the Power Trans-
formar in the 2816 Power Supply. This Transformar
has all of the requirements of a conventional
transformer, plus good voltags regulating capa-
bilities. An irportant advantaga is that any input
AC line voltage fluctuations are dampened by about

a 10:1 ratio befors the AC is sent to the Rectifiers.,

Output load variations do not appreciably affect the
voltage regulation (unless a short circuit results).

The Ferroresonant Transformer consists of four main
parts. Thess parts are showvm in Figure VII-Z,
Detail A.  They are:

1. Inputlwinding
2, Output winding

‘3. A capacitor connscted across a third winding to

- form a Capacitive Resonant Circuit
4k, Magnetic Shunt Core ;

Below is a brief descriptibn of the four parts:

1-2. The input winding and output winding function
- the same as two similar windings in a con-
ventional transformer, so thsy will not be
explained. :

3. The Capacitive Resonant Circuit oscillates at
the line frequency; oscillation occurs at only
one frequency. ' This osclllation draws a cur-
rent which dsvelops a magnstizing force that
sets up a magnatic flux to saturate the Trans-
former cora.  The core is saturated each half

cycle, i.e., twice each AC cyclse. The shaded
area on the transformer dra%ing in Dastail A
represents the magnetic: flux field.

L, The Magnetic Shunt Core serves two purposes.
First, to isolate the output windingz from the
input winding so Ferroresonant action can :
procead indepsndently of the input. Second,
after Ferroresonancs has occurred, the Core
provides a path (refar to directional lines)
for changes in the input magnetic flux caussd

- by changes in the Input line voltage to be
shunted out of the path assoclatad with the
output winding. Thus, the output voltage
stays constant. :

Voltage regulation is achisved by the principls of
magnetic saturation. This function is showm by -

_the Hysteresis Curve in Figure ViI-2, Detail B.

The current (Ic - refer to Detail A) flow through
the Capacitive Resonant Circuit winding dsvelops a
magnetizing forcs (rspresented by H on curve) which
sets up the magnetic flux field (rspresented by B).
This field saturates the Transformer, This Hysteres

"curve shows that the flux density (B) stays rel-

atively constant bastwesn ths extremes of input line
voltages and output load changes. The flux density
daveloped by a high input AC lina voltags with no
output load is rapresented by 4Bl. The flux
density developed by a low input AC line voltage
with a full output load is represented by AB2, The
flux density change between these two extremas is
represented by AB. It is seen on the curve that
this change is very small. Thus, any incrsass in

(VII-5)
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'FERRORESQNANT TRANSFORMER OPERATION (Continued)

the 1line voltage will not cause ‘any appreciable
_increase in the saturated magnetic field, and
also any decrease in the line voltage will not

- cause any appreciable decrease in the saturated
magnetic field. Since the magnetic field stays
relatively constant, the output voltage stays
constant. ‘

The Stability Characteristics for the Transformer
are shown in Figure VII-2, Detail C. A stable
voltage out of the Transformer is developed from

a sinusoidal input voltage.  The magnetic satura-
‘tion causes the stable output. Twice each AC cycle
the Transformer is saturated in opposite directions.
The Stability Characteristics shows the Ampere-Turns
developed by current flow through the Capacitive
Resonant Circuit plotted against the Flux Density
produced by the current flow. The behavior of the
sine wave input upon the Capacitive Resonant Circuit
"1s shown by the Magnetization Curve. If the armpere
turns dvailable in the Capacitive Resonant Circuit
~are more than the ampere turns required to saturate
- the Transformer then there is a stable region of
operaticn. Regions I and III on the Curve are
stable. This is represented by the two flat por-
tions of the Transformer Output waveform. If the
ampere turns developed in the Capacitive Resonant
Circuit are not sufficient to saturate the Trans-

former then we have an unstable region of operation.

Region II is unstecble. This is often called the
"Jjump pnenomenen”, It represents the time between
‘half cycles when the capacitor in the Capacitive

Resonant Circuit is discharging ar{ then charging
to drive the cutput from one stablf state to the
other stzble state.

The Oulput Characteristies for the: Transformer are
shown in Figure VII-Z, Detail D. Any output load
changes in the 2816 circuits causes current flow
back into the output winding. Thls current
builds up a magnetic flux in the Transformer core
which opposes the existing flux fiald. During
normal lozd changes this opposing . flux field is
not strong enough to cancel the -existing flux
field. As shown in the Output Ciaracteristics
curve, a current change from no load to full load
(0 to 1004) causes very lititle cha.ge in the out-
put voltage (Epg). If a short eircuit occurs in
the output, then a large current is generated
which develops a large flux. This flux opposes
the existing flux field in the Transformer and
thus collapses the magnetic field generated by
the Capacitive Resonant Circuit. Now the trans-
former drops out of Ferroresonance and does not
furnish an output. It remains inoperative until
the short circuit condition is removed. A short
circuit current is limited to about 200%4 of the
rated current. This provides short circuit pro-
tection to the Transformer and its associated
components so they will not be damaged.

The voltage regulation out of the Transformer at

its worst case is + Sp. This regulation is sen-
sitive to frequency and temperature variations.

(Viz-7)
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¢. RECTIFICATION

Two Full Wave Center Tap Rectifier circuits are

connected to the secondary windings of the Trans-

former as shown in Figure VII-3. Two Silicon

" diodes, which are mounted on the base of the
‘Power Supply, are connected together to form a
Full Wave Rectifier which furnishes -24 VDC at a
maxirum of about Z amps. The anodes of the
dicdes are connected together to the -2i volt

. 1line. The cathcde of each diode is connected
through a secondary winding to a center tap
winding that goes to the common ground.

. DiodesDl and D2, which are on the P. C. Board, are
conrected together to form a Full Wave Rectifier
which furnishes +24 VDC. The cathodes of these
diodes are connected to the +24 volt line. The
anode of each diode is connected to the secondary
windings used by the Silicon diodes. The +24

- volt Rectifier circuit is protected by a 1 amp.
“fuse and a 1 ohm current limiting resistor.

An 820 ohm resistor and a 270 ohm resistor are
connected in series between +2L 'VDC and common
ground. This voltage divider furnishes +5 VDC.
These two series resistors also form a "bleeder”
for discharging Electrolytic Capicitor C4 when
the System is turned off.

Electrolytic Capaciters Cl, C2, C3 and Ch filter )
to ground any ripple on the output lines. Re-
sistor Rl is a "bleeder" resistor.

The 2.5 mf Capacitor (C5) is connected across

a secondary winding of the Transformer to form
the Capacitive Resonant Circuit. This Circuit

~is used to provide good output voltage regu-

lation. The previously explained principle of
"Ferroresonant Transformer Operation™ refers to
Capacitor C5 across the secondary winding.

(VII-9)
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0. VOLTAGE DOUBLER

The Voltage Doubler furnishes -40 VDC for the Punch
Strobe and T/W Decode Strobe circuits in the Control
Unit. '

The Voltage Doubler is shown in Figure VII-4. This
circuit consists of two Electrclytic Capacitors
(C6 and C7) and two diodes (D3 and D4). Voltege
doubler action is achieved by charging Electrolytic
Capacitor C6 to about -40 VDC. This charge is built
up pregressively (refer to waveform B) during the
negative half cycles of the first severzl cycles
after the System is turned on. In the waveform shcun,
(refer to waveform A) a cycle starts at 0 volts but’
actually the circuit operation could begin at any
point on the curve.

The two Electrolytic Capacitors are equal in capacity.
so when both are in a closed circuit each one will take
" 'half of any voltage change sent to the circuit, Thus,
 during the charge time of C6 the two capacitors are in
series and each one takes half of any voltage change.
During the positive slope of the positive half cycles

- (refer to waveform A between 0 and +24 volts) Capacitor

C7? charges to +24 volts. - Then during the following

negative slope this Capacitor acts as a battery and

" furnishes power for charging Capacitor C6. This action
allouws the 48 volt change between the two Capacitors.

- Diodes D3 and D4 control the charging of Capacitor C6.

The circuit operation will be explained by reference to
time changes (such as ty, ty, etc.) on the sine wave
from the Ferrorssonant Transformer. Capacitor C6 is

~ charged to -40 VDC as follows: The positive side of
Capacitor C7 is connected to a secondary winding of the
Ferrorcsonant Transformzr. Between tgy and ty, the
positive side of C7 charges to +24 volts. The negative

'slde tries to go positive but this forward biases

diode D4 which conducts to put groﬁﬁd at the negative
side of C7. Diode D3 is back biased so Capacitor C6
cannot charge. _ .

Between the time t; and t, there is.a 48 volt (+24 to
-24) change on the positive side of C7?. This negative
change is coupled across C7, back biasing diode D4 and
forward bizsing diode D3. Now Capacitors C6 and C7
are in series so each one takes one>half of the total
change. Capacitor C6 will charge to -24 volts, while
Capacitor C7 will discharge 4ts+24 volts. The charge
path for C6 is from ground through C6, 10 ohm resistor,
diode D3 and C7 to the Transformer. That is, the
negative side of C6 goes to -2 volts while the chargs
across C7 is 0 volts (-24 volis on both sides of C7).
Thus, C6 has taken one half of the change (it charged
from 0 to -24 volts), and C7 has taken the other half
of the change (it discharged from +24 to 0 volts).

- Between the time t, and t3 there is a 48 volt (-2& to

+2lt) change on the positive side of C?7, again charging
this Capacitor to +24 volts. The negative side tries
to go positive, but this forward biases diode D4 which
conducts to put ground at the negative side of C7.
Diode D3 is back biased (0 volts on cathode and -24
volts on anode), so C6 cannot charge.

Between the time t, and t&,there is again a negative
48 volt (+24 to -22) change on the positive side of
C7. This negative change is coupled across C7. The

" negative side of C7 goes from ground toward -U48 volts;

as it goes more negative than -24 volts then diode D3
is again forward biased. Now Capacitors C6 and C7 are
again In serles, so each one takes one-half of the re-
maining change (one-half of -24 volts = -12 volts).
Thus, C6 charges freum -24 to -36 volts.

(VIT-11)
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D.

VOLTAGE DOUBLER _(Continued)

Between time tj and t. there is again a 48 volt

(-24 to +24) change on the gositive side of C7,
again charging this Capacitor to +2U4 volts.

" Diode D4 is forward biased to put ground on the

negative side of (7. Diode D3 is back biased
(0 volts on cathode and -36 volts on anode), so
C6 cannot charge.

Between time tc and tg there is again a negative
48 volt (+24 to -24) change on the positive side
of C?. This negative change is coupled across C7.
The negative side of C7 goes from ground toward
-48 volts; as it goes more negative than -36 volts
then diode D3 is again forward blased. Now Capa-

citors C6 and C? are again in series, so each one
takes one half of the remaining change (one half
of =12 = -6 volts). Thus, C6é charges from -36
to -42 volts. '

This cycle repeats itself until Capacitor C6 is
fully charged. This charge is about -4O VDC,
instead of the theoretical ideal-of -48 VDC, due

to the partial discharge of G6 between  half
cycles. The discharge path is through the 1.5K
ohm resistor and also the external load. The 1.5K
ohm resistor is a "bleeder" for discharging C6
when the System is turned off. The 10 ohm re-
sistor is part of the filtering circuit.

(vii-13)
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- THERMAL DELAY RELAY

“A three second Thermal Delay Relay causes all
the Flip-Flops in the Control Unit to reset
when the System 1is turned on. The Flip-Flop
Resel line goes to the emitters of all the
set transistors in the Flip-Flops. The first
three seconds after the Systam 1is turned on
the Relay contacts are open so the emitters
of the set " Transistors are "floating". The
rezet Transisters conduact and thus reset the
¥lip-Flops.

The Thermal Delay Relay circuit is ghown in Figure
VII-5. When the System is turned oﬁ, current flows
from ground through the thermal winding to -24 VDC.
During the first three seconds the flelay contacts

are open. At the end of three secopds the Thermal
winding has heated sufficiently to Causa the bimestallie
strips to pull together, thus closing the contacts.

Now there is a complete path from ground through the
contacts to the emitters of all the set Transistors.
The Flip-Flops can now be set.

| (VII-15)
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