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SECTION I
GENERAL INFORMATION

1-1  DESCRIPTION

1-2  This power supply, Figure I~1, isa completely
transistorized, weli-regulated, Congtant Voltage/
Constant Current supply that will furnish full rated
output voitage at the maximum rated output current
or can be continuously adjusted throughout the out-
put range. The front panel CURRENT controls can
be used to establish the output current limit (over-
load or short circuit) when the supply is used as a
constant voltage source and the VOLTAGE conftrols
can be used to establish the voltage limit {ceiling}
when the supply is used as a ¢onstant current
source.

1-3 Two meters measure locad current and load
voltage at the output terminals of the supply. Pro-
tection circuits incorporated in this supply are de-
signed to protect the unit against overload condi-
tions generated by the lcad device and failures in
the input power line, while protection against failures
inthe internal main power mesh is accoemplished by
means of the three phase circuit breaker onthe front
"panel. The breakeralso serves as the on-off switch
for the supply.

l-4 Input power is connected by means of a four-
prong lock type connector at the rear of the unit.
QOutput power connections and programming connec-
tions for the varioué modes of operation are also
made at rear of the unit. The ocutput terminals con-
sist of heavy bus bar connected directly to the out~
put capacitors for improved_high frequency perfor~
mance,

i-5 The programming terminals located at the rear
of the unit allow ease in adapiing to the many op-~

erational capabilities of the power supply. A brief
description of these capabilities is given below:

a. Remote Programming. The power supply
may be programmed from & remote location by means
of an external voltage source or resistance.

b. Remote Bensing. The degradation in reg-
ulation which would occur at the load because of
the voltage drop in the load leads can be reduced
by using the power supply in the remote sensing
mode of operation.

c. BSerles and Auto-Series QOperation. Power
supplies may be uged in series when a higher out-
put voltage is required in the veltage mode of oper—
ation or when greater voltage compliance is reguir-
ed in the constant current mode of operation. Auto-

Series operation permits one knob control of the to-
tal cutput voltage from & "master" supply.

d. Parallel and Auto-Parallel Operation. The
power supply may be operated in paralle!l with a
similar unit when greater output current capability
is required. Auto-Parallel operationspermits one
knob contrel of the total output current from a
"master” supply.

e. Auto-Tracking. The power supply may be
used as a "master" supply, having control over one
{or more) "slave" supplies that furnish various volt-
ages for a system.

1-6 COOLING EQUIPMENT

1-7 The operation of this unit Under high load con-
ditions requires that air be circulated through a
compartment containing the heat-producing eiements
in the circuit. This circulation is by means of fans
iocated in the compartment with afr flowing from cne
side of the unit to the other, Maintenance proce-
dures concerning this ¢ooling system will be found
in the maintenance section.

1-8 Detailed Specifications for the power supply
are given in Table 1-1.

1-9  INSTRUMENT IDENTIFICATION

1-10 Hewlett-Packard power supplies are identified
by a three-part serial number tag. The first part is
the power supply model number. The second part is
the serial number prefix, which consists of a num-
ber-letter combination that denotes the date of a
slgnificant design change. The number designates
the year, and the letter A through L designates the
month, january through December respectively. Thse
third part is the power supply serial number.

1-11 If the serial number prefix on your power sup-
ply does not agree with the prefix on the title page
of this manual, change sheets are included to up-~
date the manuil. Where applicable, backdating in-
formation is given in an appendix at the rear of the
manual.

1-12 ORDERING ADDITIONAL MANUALS

1-13 One manual is shipped with each power sup-
ply. Additional manuals may be purchased from your
iocal Hewlett~Packard field office {see list at rear
of this manual for addresses). Specify the mode}
number, serial number prefix, and & stock number
provided on the title page.



Table 1~1.

Speciflcations

INPUT:

208/230/460Vac 10%, 60Hz, three phase. (In-
structions are included for wiring for 230 or Z08Vac,
or unit may be ordered in original purcha se coniract
to be wired for 460Vac.)

OUTPUT: 0-36Vdc, 0-100Adc.

COMBINED LINE AND LOAD REGULATION:

Conistant Voltage = Less than 0.2% plus 10mV for
a full load to no load change in output current com-
bined with a £10% change in line voltage.

Constant Current - Less than 1% or 1 amp which~
ever ig greater for a full change in output volitage
combined with a £10% change in line voltage.

RIPPLE AND NOISE:

Less than 3% rms of maximum output voltage for
any combination of line voltage, output voltage,
and load current.

TRANSIENT RECOVERY TIME:

Less than 50 milliseconds is required for output
voltage recovery to within 300 miilivelts of the no-
minal output voltage following a load change from
full load to half load or half load to full load.

OPERATING TEMPERATURE RANGE: © to 50°C.

TEMPERATURE COEFFICIENT:
Qutput voltage change per degree Centlgrade is
less than 0.05% plus 2 millivolts.

STABILITY:

AB a constant voltage source the total drift for 8
hours (after 30 minutes warm-up) at a constant am-
bient is less than 0.25% plus 10 millivolts.

QOVERLOAD PROTECTION:

The supply is:protected for all overload conditions,
including a short ¢ircuit at the output terminals.
This protection is inherent in the constant voltage/
constant current automatic crossover operation.

The current control acts as a continuously acting
limit in' constant veltage operation and the voltage
control acts as a voltage iimit in constant current
opetration.

AC LINE DROPCUT PROTECTION:

Protection is provided against an input ac line
phase dropout. The supply senses the reduction of
input voltage turns off the ractifiers, and opens a

power relay which isclates the output power bus.
When the input returns to normal, output power is
automatically reapplied to the load.

CONTROLS:

A single contro! makes possiblé continuous adjust~
ment of the output voltage over the entire range from
0 to 32 volts. The current control knob permits ad-
justment for maximum ouiput current to the optimum
value for protectionof theloaddevice: Inaddition,
this latter control serves as the output control for
constant current operation. The three phage circuit
breaker serves as the ON~OFF control and as sec~
ondary protection to the instrument.

METERS:

A 0-40V voltmeter and 0-100A ammeter are provid-
ed on the front panel. Infernal meter calibration
potentiometers are provided. -

TERMINALS:

Output power connections are made on two tapped
rectangular bug bars located at the rear of the sup-
ply. Both power supply output terminals are isola-
ted .from the chassis and either the positive or neg-
ative terminal may be connected to chassis gréund.
The upper bus bar is positive.

ERRCOR SENSING:
Remota error sensing ¢an be accomplished from
the rear programming strip.

REMOTE PROGRAMMING:

Remote programming terminals make possible ex-
ternal control of the cutput voltage or cwrent by
resistance programming or veitage programming.
Resistance programming in constant veltage is ap-
proximately 200 ohms per volt, Resistance program=-
ming in constant current is approximately two ohms
per ampere. .

COCLING:
Internal fans provide forced air cooling of heat

- producing components.

SIZE:
14" H x 183" D x 19" W {(standard relay rack
mounting).

WEIGHT: 238.1bs. net, 275 lbs. shipping.

FINISH: Light gray front panel with dérk gray case.

1-2



SECTION [1
INSTALLATION

Zz-1 INITIAL INSPECTION

2-2 Inspect the instrument for signs of damage
incurred in shipment. This instrument should be
tested as soon as it is recelved. If it fails to oper-
ate properly or is damaged in any way, a claim
should be filed with the carrier. A full report of the
damage should be obtained by the claim agent and
this report should be forwarded to your local &
Sales Cffice (refer to list at rear of manual). The
sales office will then advise you of the disposition
to be made of the equipment and arrange for repair
or repiacement. Include model number and serial
number when referring to this instrument.

2-3 Hewlett~Packard warrants each instrument to
be free from defects in material and workmanship.
Our liability under this warranty is limited to ser~
vicing and adjusting any instrument returned to the
factory for that purpese and to replacing any defec-
tive parts thereof. Any damage to the instrument
upon receipt is due to the carrier. File a claim with
the carrier as instructed in the preceding paragraph.

2 INCOMING INSPECTION AND PERFORMANCE

-4
EST

2-5 This instrument should be checked as soon as
it is received to determine that its electrical char-

" acteristics have not been damaged in shipment. Re-

fer to Section V for the performance test.

2-6 LOCATION

2-7 'The SCR~3 Series should be mounted securely
in a rack. In environments of vibration the rear of
the chassis should also be fastened securely. There
should be sufficient space along the sides of the
instrument to permit free flow of cooling air. This
instrument will fit any standard 19 inch rack. If the
rack is not accessible from the rear, plug the power
cable into the input power receptacle, connect the
load leads to the cutput terminals, and make any
changes in the programming terminal strip that may

" be necessary before sliding the instrument {ntc the
rack. (If the rack is accessible from the rear, these
connections may be made at any time.) Secure the
instrument to the rack with screws and cup washers.
Connect the power cable to the power source,

i

2-8  LINE POWER

2-5 Because of the variety of line power connec-
tors for three phase power sources, a power cord is
not supplied but a twist lock type of connector that
mates to the input power receptacle on the unit will
be shipped with each new unit. The bpower cord and
the plug for connection to the power scurce will be
supplied by the buyer. Input line current is 15A
maximum for a 208Vac line, dictating each conduc-
tor be at least number }4 gauge wire.

2~-10 The ac power source to this supply may be
either delia of wye with isclated neuiral.

2-11 The SCR-3 Series as shipped, are wired for
230 volts ac £10%, three phase, 60Hz. 208Vac
+10%, three phase, 60Hz may be accommodated by
changing the strapping configuration on the input
transformer. Refer to Section V for details on this
change. The unit can be wired by the factory for
208Vac, or 460Vac +£10% 60Hz, when specifically
requested by the buyer in his original purchase con-
tract.

2-12 REPACKAGING FOR SHIPMENT

2-13 The best method of packing the instrument is
in the original shipping carton with the original fil-
lers packed in the same manner as received fromthe
factory. Therefore, when unpacking note carefully
the method of packing and save the original packing
material for pogsible future reuse.

2-14 If the original packing material is not avail-
able and it is desired to pack the instrument for
storage or shipment, first wrap the instrument in
heavy kraft paper to avoid scratching the paint, then
pack the instrument in a cardboard carton with a
bursting strength of &t least 150 pounds per square
inch. Pad the instrument on ali sides with at least
two inches of rubberized hair, Enclose the card-
board carton in a floating base type wooden carton
and strap the carton securely to the base. Provide
at least twe inches of rubberized hair around the
four sides of the box and between the box and the
top of the crate.

2-15 STORAGE

2-16 No special precautions are necessary in sto-
rage of this unit excep! the usual protection against
mechanical damage, salt air, stc,




SECTION III
OPERATING INSTRUCTIONS

3-1 PRELIMINARY CONSIDERATIONS

3=-2 Check the strapping pattern on the rear termi~
nals for the proper connection of the rear. Make
sure that all binding head machine screws on the
rear barrier sirip are tight., Many troubles can arise
if these straps are not making connection, Deter-
mine the type of oparation as shown in Figures 3~1
through 3~12 and make certain that the rear barrier
strip straps are connacted for the operationdesired.
The power supply as furnished from the faciory has
a strapping arrangement as shown in Figure 3-1.

RlRlelPlRllelalplelplale]
Figure 3-1. Normal Strapping Pattern

3«3 CONNECTIONS TO LOAD

3-4 Lecad is applied to rectangular bus bars at the
rear, The upper bus is positive.

3~5 Sensing is accomplished at rear terminals of
the power supply as shipped from the factory. The
user should be cognizant of the voltage drop which
will occur in load leads, and minimize the drop by
using large size cable and minimizing the lead
length o the load. Regulation at the load can be
maintained within the specifications of the power
supply by using remote sensing as described in this
section of the manual.

3-6 CONSTANT CURRENT

3«7 The constant current circult in the SCR~3
series serves two purposes. It protects the power .
supply and.load, and it allows the supply to act as
a constant current power source. If only a coarse
current limit is required, the current control knob
can be set somewhat above the point at which the
supply will switch into constant current operation
and be controlied by the current knob. In instances
where the current limit need be set more precisely,
the following procedure should be followed:

a. Turn the VOLTAGE and CURRENT conirols
full counterclockwisa.

b. Plage a short circuit across the output
terminals of the supply.

3-1

c. Slowly rotate the VOLTAGE conirol clock-
wige about one~half turn.

d. Bring up the CURRENT control until the
output current as read on the front panel meter
reads the desired value of current.

.e. Rotate the VOLTAGE control counterclock-
wise, remove the short circuit, reapply the normal
lead, and adjust the output veltage to the desired
setting.

3-8 When operating in the constant currént mode,
the voltage contrel can be adjusted for overvoltage
protectmn

3-89 REMOTE SENSING {See Figure 3-2)

At A2 A3 +8 4+ -~ =8 A4 AR AB A7 A8 AB AIQ

lzlele]e]e]z]o|alolepl0le]

| ~output ]
LOAD
+ 0UTPUT

Figure 3-2. Remote Sensing

3-10- In cases where the load device is remote from
the power supply, resulting in poor ioad regulation
at the load terminals, remote gsensing can be used.
As shipped, the power supply senses the output
voltage at the output terminals of the supply and
any IR drop in the leads between the power supply
and the load causes a consequentdegradation of the
regulation at the load terminals. By sensing the
output voltage at the load device terminals, these
IR drops are effectively eliminated. The procedure
for sensing the load at a remote location is as fol-
lows: ‘

a. Turn off the front panel c¢ircuit breaker and
remove the power cord from the power source.

b. On the barrier terminal strip on the rear
of the unit remove jumpers (+8 to +} and (-8 to -).

c. Connect a pair of leads {($20 gauge wire)
betwesen +8 and, the positive terminal of the remote
ioad and between the -8 terminal of the supply and
the negative terminal of the remote load.

d. Reconnect the ac power and turn on the
power supply.



NOTE
The maximum IR drop that can be con-

tained in the negative bus by means of
remote sensing is one volit.

3-11 Although the use of remote sensing improves
the dc¢ load requlation at the load, it is important
to note that the ac impedance at the load terminals
is no better than it was with local sensing. In or-
der to bring about an improvement in the ac imped-
ance, it is advisable to place a large electrolytic
capacitor across the terminals of the remote load.

3-12 REMOTE PROGRAMMING-CONSTANT VOLTAGE

3-13 The power supply may be programmed from a
remote location by means of an external resistance
or an external voltage. It is necessary to change
the strapping pattern on the barrier strip at the rear.

3-14 Resistance Programming {See Figure 3-3).

a. A stable, low noise, low temperature co-
efficient programming resistor ig recommended.

b. The programming resistor takes the place
of the front panel potentiometer.

Ai A2 A3 S8 + — -S A4 A5 A6 AT AB AG AID

lglelglplelelelqipiz]213I)

PROGRAMING
RESISTOR

Remote Resistance Programming
{Constant Voltage}

Figure 3-3.

c¢. The output voitage will vary at a rate de-
termined by the programming coefficient - 200 chms
per volt {i.e., the output voltage will vary 1 volt for
each 200 ohms connected acrcss the programming
terminals). The programming coefficient is deter-
mined by the programming current. The current is
adjusted to within 0.5% of 5.0 milliamperes at the
factory. If greater programming accuracy isrequired,
it may be achieved by changing the shunt resistor,
R8.

3~15 Voltage Programming {See Figure 3-4}.

&. A stable, low noise, low temperature co-
efficient programming resistor is recommended.
_ b. Rp= 1.2ZK. Resistor Rp need not be used
if the front panel C.V. potentiometer is left conneg-
ted and set as follows:
Model 64504 6453A 64568 64594
Rp . 1.6K 3K 6.8K 1.2K

¢. The output veoltage will vary linearly as

3-2

Al A2 A3 +5 4+ — —5 A4 A% A6 AT AB A9 A

!@1@|®i@|@l@i@l@l@l@l@e!@i@i@l

MODEL
MODEL
MODEL
MODEL

64508, Bp = 1.6K
84534, Rp = XK

64568, Rp = 6.8K
8459h, Rp = 20K

riiry
REFERENCE
VOLTAGE .

Figure 3-4. Remote Voltage Programming
. {Constant Voltage)

the reference voltage is changed.

d. The reference voliage in golng from zero
to -6 volts will change the supply output voltage
from zero to the maximum rated output voltage. The
maximum load on the reference voltage will be Sma.

3«16 REMOTE PROGRAMMING~CONSTANT CURRENT

3-17 The power supply mav be programmed from a
remote location by means of an external resistance
or an external voltage. It is necessary to change
the strapping pattern on the barrier strip at the rear.

Al A2 A3 +S + — -5 A4 A5 AB.AT

@

A8 A9 A0

PROGRAMING
RESISTOR

Remote Resistance Programming
{Constant Current}

Figure 3-5.

3~-18 Resistance Programming (See Figure 3~5).

a., A stable, low noise, low temperature co-
efficient programming resistor is recommended.

b, The programming resistor takes the place
of the front panel potentiometer.

c. The output current will vary at a rate de-
termined by the programming coefficient-approxi-
mately two chms per ampere (i.e., the output current
will vary one amp for each two ohms connected a=~
cross the programming terminals}. The programming
coefficient is determined by the programming cur—
rent. As a protection feature, the actual ‘program-
ming current has bean sat by the*factory by turning
the front panel current control potentiometer {250a)
full cw and adjusting shunt R22 for 2 maximum cur-
rent limit of 10% over the maximum rated output cur-
rent. Thisratio, taking into account the offset volt—
age of the constant current differential amplifier,
sets the coefficient at approximately two ohms per
amp. If greater programming accuracy is required,
it may be achieved by reshunting R22 terminals.




Al AR A3 +5 4+ — -5 A4 AB AB AV A8 A9 A

Rp=20000 oecrpence
VOLTAGE

Remote Voltage Programming

Figure 3-6.
" (Constant Current)

3~19  Voltage Programming (See Figure 3-6}.

a. A stable, low noise, low temperature.
coefficient programming resistor is recommended.

b. Rp= 200 ohms or this register need not
be used if the front panel current potentiometer is
left connected and set maximum cw. '

¢. The output current wiil vary linearly as
the Teference voltage is changed.

d. For Rp= 200 ohms; the reference voltage
in going from zero io +6 volts will change the sup-~
ply output cwrent from zero to the maximum rated
output current. The maximum load on the reference
voltage will be 1.8 milliamperes.

3-20 AUTO~SERIES

3-21 For higher voltages, two or more SCR-3's
may be stacked with the positive bus of one tied to
the negative bus of the next. Control of all supplies
by & single voltage control is enabled by the addi-
tion of one control lead, as shown in Figure 3-7.

- - = = — — = —
REFERENCE VOLTAGE
i MASTER SuPPLY ‘- |
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l |
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| VOLTAGE I i
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O A e R
I |
| SLAVE SUPPLY - G
P b
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I I
! |+
: o
b e e S e e e e o et ,,j

Figure 3-7. Auto-Series Schematic Diagram

With this connection, the "master" supply becomes
tive reference voltage for the others, which have had
their internal volitage references disconnected {a
new fixed resistor is added). The slave supplies.
set individuaily to any voltage, will track the mas-
ter voltage proportionally.

Al AZ A3 15 4 A% A8 AT AB AS AID
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SUPPLY
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. LOAD
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Al AZ) A3 45 + s; A4 A5 AG A7 AB A9 AID
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1 +0OUTPUT o

SLAVE
SUPPLY

[ —outAuT o4

MODEL 64504 Rp'=1.6K
MODEL 64534 Ry =3K
MODEL 64568 Ry =6.8K
MODEL 64584 Ry 220K

Figure 3-8. Auto-Series Connection Diagram

3-~22 Wiring instructions for the connection of two
supplies areillustratedinFigure 3-8, The VOLTAGE
control of the slave must bé.set off zeroatall times.

3-23 Wheré one load is connected across the out
put of series connected units (either end of the en-
semble grounded), the current limit of the master
should be used to control the current limit point of
the ensemble. With the configuration providing
dual voltages to independent lcads, each unit has
its own current limit point as programmed at the
front panel CURRENT control but the cutput voltage
of the slave will be proportional to the master out-
put voltage. )

3~24 The load regulation and line regulation char-
acteristics of two or more supplies connected in
series will be approximately the sum of the figures
for each unit in the ensemble. Trangient response
should be approximately that of w single unit {50

mitliseconds for a change in load from one half to

full load}.

3-25 AUTO-PARALLEL

3-26 Two or more power supplies may be connected
in parallel for higher load current requirements with
control of the output voltage and current retained in
one of the units {master). In this configuration the
maximum current capabilities of the ensemble is
within 10% of the sum of the maximum current cap-
abilities of the units so connected. The constant
current differential amplifiers of the slave supplies
are disconnected from their own references and re-
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Figure 3-9. Auto-Parallel Schematic Diagram

connected as shown in Figure 3-89, Each slave dif-
ferential amplifier adjusts its current output so the
voltage drop across its current monitoring resistor
matches that across the current monitering resistor
of thé master supply., Wiring instructions for the
connection of two suppifes are {llustrated in
Figure 3-10.

Al A2 A3 +S + -~ -5 A4 A5 A6 A7 AB A AID
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NOTES:

L KEEP WIRE LENGTH FROM EACH SUPPLY
TO LOAD OF EQUAL LENGTH AND SIZE.
THE VOLTAGE DROP IN THE CUTPUT LEADS
BETWEEN THE QUTPUT TERMINALS AND THE
SENSING POINT MUST BE LESS THAN 1§ VOLTS.

2.

Figure 3~10. Auto-Parallel Connection Diagram

3-27 BATTERY CHARGING

3~28 The {automatic transition between constant
voltage and constant current displayed by thé'SCR»3
Series makes it an ideal supply for battery charging

applications. Using this feature, a battery may be
charged at & constant current until the makimum
charge voltage is reachad at which point the supply
will revert to constant voltage and continue to sup-
ply a trickie charge current sufficient to maintain
full charge {see Figure 3-11). Thus, the charging
cperation can be unattended after properly setting
the charging rate and the maximum charge voltage
and connecting the battery to the output terminals
of the supply.

Em
POWER SUPPLY

+

i
i

? &
Ry

£

T i,
+ BATTERY FULL CHARGE VOLTAGE
CONSTANT CHARGE CURRENT

E; + BATTERY VOLTAGE AT WHICH
+ CHARGE RATE WILL BEGIN TO
BATTERY TAPER (WITH INSERTION OF Ry

R . Em -~ Et
T

Figure 3-11, Battery Charging Connections

3-29 The procedure for setting the charging rate
and full charge voltage on the SCR-3 Series is as
follows:

a. Turn both the VOLTAGE and CURRENT con-
trols fully counterclockwise,

b. FPlace a short circuit across the output
terminals and rotate the VOLTAGE control one half
turn clockwise.

¢. Rotate the CURRENT control to the desired
charging rate as read on the front panel ammeter.

d. Rotate the VOLTAGE contreol fully counter—
clockwise and remove the short circuit.

e. Rotate the VOLTAGE control to the desired
full charge voltage as read on either the front panel
voltmeier or a more precigse voltage standard. The

" unit may then be connected to the battery terminals,

3-4

positive to positive and negative to negative.

3~30 By inserting a small resistance in series with
one of the load leads from the supply to the battery,
it is possible to alter the normally rectangular ’
charging piot (Figure 3-12) in sSuch a manner as to
provide a taper charge for the last portion of the
charge cycle. The value of this resistance is the
difference between the full charge voltage and the
voltage at which the tapering is to -start, divided by
the maximum charging current.

3-31 A large battery connected across the supply,
presents a very large capacitance at the ocutput.
This can cause oscillation in the feedback loop;
particularly if remote sensing is employed. To sta-
bilize the feedback loop, adjust potentiometer R1{




so as to increase its resistance. If this does not
suffice, a resistance must be inserted in series
with R10. Further details concerning battery charg-
ing applications can be obtained by contacting the
factory. '

3-32 BATTERY DISCHARGING

3-33 Automatic constant current, unattended dis~
charging of & battery using the SCR-3 Series re~
quires certain changes in the strapping configuration
on the rear barrier strip as illustrated in Figure 3-12.

POWER SUPPLY

REMOVE JUMPERS Al TOAZ, AZ TO A3
tg = DISCHARGE CURRENT

- Ep < gk
R = —BUT RIz = X
+ iId Iy B 8
10K R

- MODEL B

54504 ' BY

64534 15V

- gy t 64568 32V

BATTERY 64594 64V
Figure 3-12. Battery Discharging Connections

Thiese changes are the removal of the jumpers from
Al to AZ and from A2 to A3 and the connection of A2
to the negative terminal of the battery through a 10X
resistor. Make sure that the interconnecting leads
between supply and battery are secure and cannot
become opened.

3-34 The supply initially operates in constant cur-
rent mode at the value set by the current control.
‘When the battery voltage is high the supply output ~
voltage will be low, and as the battery discharges
the supply output voltage increases. A constant
voltage is maintained across R {constant current
through R). This condition will prevail until the
battery voltage drops to zero. At this point, the
supply will switch off and no more current will flow
through R.

3-35 The procedure for the connection of the com=
ponents in this configuration is as follows:

a. De=-energize the power supply and rotate
the current control fully counterclockwise., {(The
voltage control will be disconnected by step b.)-

b. Remove the designated jumpers (Al to AZ,
AZ to A3} and connect A2 io the negative terminal of
the battery. .

c. Connect the negative terminal of the sup-
ply 1o the positive terminal of the batiery.

d. Insert R between the positive terminal of
the supply and the negative terminal of the battery,

3-5

energize the supply and rotate the current control
tc the desired discharge current as read on the front
panel meter.

3-36 MULTIPLE LOADING OF A POWER SUPPLY

3-37 Itis imperative that each load have two sep-
arate leads brought directly back to the power sup-
ply terminal when connecting several pieces of
equipment or subassemblies to the same power sup-
ply if full advantage is to be taken of the low im-
pedance of the supply and mutual coupling effects
between the equipment being powered are to be
avoided.

3-38 AUTOMATIC CROSSCVER

3~39 There will be a time during which both the
constant veltage input transistor and the constant
current input transistor will be conducting, This
will occur when the power supply has been opera-
ting in the constant voltage mode of operation and
is overloaded or when the power supply has been
operating in the constant current mode and the load
is changed so that the output voltage reaches the
voltage ceiling threshold. When operating in this
crossover region, the regulation of the principal
mode can be degraded. To prevent this, the con-
trol should be set to provide a margin of operation.

3-44¢ The current threshold should be greater than
the maximum load current when operating in the
constant voltage mode of operation as follows:
Model 6450A 64534 64568 64534
Amperes 25 15 10 5

3-41 The voltage threshold {open circuit voliage)

should be greater than the maximum operating out—
put voltage when operating in the constant current
mode of operation as follows:

Model 645CA 64534 6456B 6459A
Volts g.5 1 2 4

3-42 MEASURING THE PERFORMANCE OF THE
- POWER SUPPLY

' 3-43 The measuring device (differential voltmeter,

digital voltmeter, or oscilloscope) must be connec—
ted to the output terminals as ¢lose as possible fo
the supply when measuring the output impedance,
transient response, regulation, or ripple of the
powear supply in order to achieve valid measure~
ments. It is important that none of the output cur-
rent flows through the lead lengths in series with
the monitoring device since such lead lengths can
easily have an impedance of the game order of mag~
nitude as the supply impedance and thus effective-

" ly invalidate the measurement,



3-44 Connect either the positive or negative termi- to be doubly certain that the scope is not exhibiting

nal of the supply to the chassis ground and the a ripple or transient spike that is not coming from
scope case to the same point, making certain that the power supply.

the scope case is not also grounded by some other

means such as the power cord when measuring the 3-45 It is recommended that a four~terminal resis-
power supply ripple. Connect both scope leads si~ tor be used to make constant current measurements.

multaneously to the power supply ground terminal

3-6



SECTION IV
PRINCIPLES OF OPERATION
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Figure 4-1, Overall Block Diagram
4-1  BLOCK DIAGRAM 4.4 The “"OR" gate implements the constant volt-
age/constant current crossover operation of the
4-2  The block diagram, Figure 4~1, shows the supply. It allows one or the other amplifier signal

basic parts of the power supply. The line voltage
is transformed by the three phase power transformer
to the bridge rectifier circuit containing both fixed
rectifiers and silicon-controlled rectifiers.
turn~-on firings are controlled in such a manner as
to supply the desired output voltage and current.
Separate windings on the power transformer furnish
three phase voltage to the auxiliary rectifier for the
bias supply and furnish three phase voltage for the
three firing circuits to operate on.

4-3 The dec current passes through the current
sensing resistor connected in the negative bus.
The voltage developed across the sensing resistor

The SCR

is the input to the current input amplifier. The out~

put voltage of the power supply is monitored by the
voltage input amplifier through the sensing termi-
nals (+8 and ~8). Any changes in output voltage/
current are detected in the constant voltage/current
input amptifier, passed through the "OR" gate, and
applied to the firing circuits. The firing circuits
control the SCR firing to counteract the change.

to pass and control the loop but not both at once.
The more restrictive signal, demanding less power
output, is the coniroliing signal.

4-5 SIMPLIFIED SCHEMATIC

4-6 _ The simpiiiied schematic, Figﬁre 4-2, shows
the various voltages used throughout the supply.

" The ammeter location, across the current sensing

resistor R96, and the voltmeter location, across the
output terminals of the power supply are shown.
C12~Cl7, across the output, are the filter capaci-
tors and, together with choke L1, form the power
filter. CR10 is a (F. W.D.) free wheeling diode
acting in conjunction with the choke. Also, it pro=-
tects the power supply if a reverse voltage is ap~
plied across the output terminals.

4-7 R97, R98, and CR61 function as a voltage
ceiling circuit. When the output voltage at the

' posit'ive terminal reaches the ceiling level, CR61L

4-1

turns on, intreducing a positive hold signal to the



+6.4V

$ b
E Ccrzo ETCRIS CECRIB
b ¢ 3 ®C ooy Ri2
3 A
+ VOLTAGE
czi 3ty REFERENCE | —€.2V
- cKYE.
_s CURRENT
Fonzs  Hcrez KRz T ‘g,‘:gf
| A
l m§
-32v CRS|
L]
_____ PHASE CURRENT
- PROTECTION ADJ. CURRENT
! SENSING )
i RESISTOR ~OUT
, AR
1@4 JQE’ Jc\mz ! -5
- i )
| ¥ CRIC L i
- | Rag L =
L4 ¥ ¥ I j‘"@"‘
cri?l | Jeriel | lemis) KL L+ ) +0uT
OO »
- s
9
m%
;.4 R77 RS
36 cza Tz »
T T on
. p—it GATE
— L ¥
als
RS
el VOLTAGE
] ADJUST
& CRST - cnss
-4y

CONTROL. SIGNAL

Figure 4-2.

current input ampiifier. Another protection feature
is the phase protection circuit which stops opera-
tion if an inpyt ac line phase opens or the line volt-
age drops below normal. The circuit samples the
three input phases (from three diodes not shown in
the simplified schematic) and in the event of failure
turns off the control signal to the firing circuits and
then opens power relay Kl. When the input returns
toe normal, the relay is closed and firing pulses re-
sume.

4-8 The function of the constant voltage input dif-
ferential amplifier is to compare the reference volt-
age with the output voliage and to generate a cor=-
rection signal if the output deviates from its pre-
scribed-value. One input to the amplifier is ground-
ed to the negative output terminal -8 while the other
input is the summing point of output voltage and the
-6.2Vde reference voltage. . When no error exists
serp volts: is maintained between the amplifier in-
put terminals. Any change in output voltage,
whether it is due to a change in the setting of the
front panel potentiometer or perhaps duetoa change

Simplified Schematic

in load current tends to produce a voltage other
than zero at this second input terminal. Feedback
loop action thereafter is such as to feduce this er-
ror O zero.

4-9 The action of the constant current input am-
plifier is similar to the constant voltage.ampiifiér.
The current sensing resistor, which monitors the
output current, is a sirip resistor located in the air
blast alongside the main heat sink. Fow terminal
connections are made to it, dne sensing terminal
constituting the reference for the constant current
loop, the other the signal terminal going to the
amplifier.

4-10 The three firing circuits receive the output of
the CR-gate amplifier, mix this with an ac bias
provided by the bias transformer windings, (this
allows instantaneous correction for changes in line
voltage) and generate firing pulses that turn on the
silicon~controlled rectifiers in their respective
phases at the precise time necessary to fulfill the
feedback loop requirements. A$ can be seen in

4-2



Figure 4-2, everything is done in triplicate. For
each phase there is a transistor blocking oscillator
with the third winding of the blocking oscillator
transformer providing the gate pulse to the SCR
gate leads. The three bias transformer windings
are delta connected and the leads brought cut to
diocdes CR35, CR46, and CR57. These dicdes per—
form half wave rectification of the ac voliage.
Thus, the voltage waveforms o input resistors R61,
R69, and R77 are the same phase and shape as the
waveforms across the SCR's in the main rectifying
bridge.

4-11 MAIN RECTIFYING AND FILTERING CIRCUITS
{See schematic at rear of manual)

4-12 Three phage 230Vac, 60Hz line volitage is
connected to the primary of transformer Tl through
2 three phase common trip type citcuit breaker
which serves the dual function of ON/OEF control
and protection against failure in the main power
mesh. The wiring on the primary of the transformer
may be changsd 1o accommodate three phasge 208Vac,
or 460Vac as outlined in the maintenance section.
The primary is Wye connected with isolated neutral.
The 208Vac taps to neutral are used to power the
fang and the front panel power indicator light. The
three main secondary windings are delta connectad
to a three phase fullwave bridge consisting of three
SCR's (CR12,13,14) and three fixed rectifiers {CR1S,
16,17). The positive dc output side is the rectifier
heat sink. The heat sink is cabled to the relay,
then choke, and then to the filter capacitor bank +
{C12-C17). The negative d¢ output side is the SCR
heat sink. The sensing resistor is located on the
heat sink as its output terminal, and from it cabiing
connacts to ~(C12~17). The firing angle of each
SCR is controlled in such a manner as to fulfill the
load conditions on the cutput terminals of the sup-
ply dictated by the output voltage/current setting
and the load resistor. Resistor R60 provides a
bieed path for the discharge of the filter capacitors
at no load.

4-13 CRI10 is the free wheeling diode (F. W. D.}
rectifier. It has a reverse polarity rectifier case
and is located in the SCR heat gink s0 its cathode
can be connected after the relay on the positive
output. - '
WARNING
Make sure replacement for CR10 is
a reverse polarlity rectifier.

4-14 The F.W.D. conducts, carrying the choke
current, for the parts of each cycle when no SCR'is
conducting, and therefore conducts under every
condition except full power cutput. Due to the ac-
tion of choke and F. W. D. , the SCR conduction
angle, at short circuit full current output, is small
and the input acrms line current is approximately

| 4-18 R48, two 6.2 volt zerier diodes VR1 and

one half that at full power. Also, CR1gy
cutput capacitors In case a reverse volts,
plied on the output terminals. (Such 5, ca
occur in auto-series operation when theig)
is de-energized while the master unjt ig

4-15 REFERENCE CIRCUIT (See schemati.
of manual}

4-16 Three phase fullwave bridge windj g
transformer T1 provide power for the auxilis
reference voltages. Diodes CR18 throug
capacitor C21 provide an unreguiated -32g
point 20). All voltages are measured with
to -8. The positive side of this unregulate
lary voltage is returned to +6.4Vdc.

4-17 Resistors R49, R50, R51, Zener diode
transistor Q14 form a shunt regulator whose
is a ~14Vde (T. P. 12). In this configuratios

R49 provides a constant bias current for VR3
volt zener diode). Any voltage variation acr
shunt regulator is transmitted via the low im
ance of VR3 to the base of the transistor! QI
changes its collecior current which is refle

a voltage change across R51, reducing the va
R50 reduces the power dissipation of QT4
duces ripple and causes a slow buildup of th
volts at turn-on. The line regulation &f this
voli source is approximately 2100 millivolts
input line change of £10%. '

and Q13 are connected in series from -14Vg
+6.4Vde. VR and VR2 produce the two refere
voltages +6.2Vdc and -6.2Vdc. Any changes
~14Vde source are attenuated by the ratio-of R4
the forward impedance of the two diodes in's
Q13 acts as a shunt regulator for VRI, the ba
emitter voltage and R47 determing the zens
current. There is a large variation in the curr
returning through +6.4Vdc to -8 from 'other part
the circuit and this bypasses VR1 through Q13

4~1% CONSTANT VOLTAGE INPUT AMPLIFIE%_
schematic at rear of manual} '

4-20 Transistors Ql and Q2 form adifferentid]
amplifier for the purpose of error detecticn and
amplification in the voltage mode. The input
this amplifier are the bases of the two transi
The output is the collector of Q1. The base
is considered the reference base and is conn
to -3 through RS to achieve good thermal comp
sation. RS&, from the base to the -6.2Vdc refar:
voltage, provides a slight negative bias vo
the base to insure that the output of the power
ply is adjustable to zero volts. The base of Q
connected to summing point A2, which is the
tion of current pullout resistor Rl and the &



smeter RO The control action contin-
stg the outpul voltage on the positive
ime voltage at A2 to the -§ potential.
4t the -8 bus yoltage, the voltage drop
{5 the same as the reference voltage,
.ge dropremains constant during oper—
urrent through R1, and thus through

{5 held constant so that the IR voltage
RO is determined solely by the resis-
~fRO. Thus, the power supply output
irear function of the resistance of RS,

ne base lead of Q1 limits the current
Yogramming resistance {pot) under con-
%pid voltage turndown, and also isolates
<o for stabilizing the feedback loop.
“id CR2 imit voltage excursions on the
Capacitor Cl1 bypasses the pot making
guency gain of the input ¢ircuit insensi-
atting.  Capacitor C2 and adjustment
ocated around the amplifier for ioop

stors Q4 and Q5 form a differential

or the purpose of error detection and am-
4 the current mode. The basic operation
4s the constant voltage input amplifier,
it the current case reference is with re-
gsensing terminal A7 of the sensing re-
R20 at the base of Q5 is normally con-
s reference. The resistor R96 requires
als to keep the voltage drop along the
nnections of the power supply from the
sigtor to (=) from contributing to the in-
“The fsilowing components of the con-
rent input amplifier have functions as dé-
or the voltage input amplifier

sitive offset bias to base of Q5.
Projection diodes.

rient Limiting.

iiity.

?;a'bizity' adiustment.

roht panel current conirol pot.

i ent pullout resistor; sets programming

ants R1Z; used for frimming adjustment.

ditional components are C4, CR4, and R14,
 associated with Q6. C4 reduces ripple
ntering the amplifier. CR4 and R14 come
‘Phase Protection Cutoff Circuit. Normally,
g of CR4 is +5.5Vde 50 the diode is cut

n.& phase failure, however, the voltage
approximately -28Vdc at R14, CR4 turns
CR& is clamped on by the 1mA current.
gative signal shunts the supply off via the
current loop. Q6 supplies 1mA bias coi-

4-4

lector current to Q5 without shunting down the 47K
load resistor R18. In this way, the dc gain of the
constant current loop is increased. The bias cur-
rent is fixed by the ratic of the forward voltage
drop of CRY and R17. '

4-25 "OR" GATE AMPLIFIER (See schematic at rear

of manual)

4~26 The OR gate receives slgnals from the two in-
put amplifiers at the bases of Q8 and Q9. The most
negaiive base signal tends to turn its transistor on
harder. At the same time, the negative voltage is
transmitted to the emitter and s0 ¢ the emitter of
the other trangistor, turning it off. When the sig-
nal to either input amplifier increases above the
ievel set by the control pot, the amplifier output
moves negatively.. This switches the OR gate and
that amplifier controls the loop at its voltage/cur-
rent setting.

4-27 The output of Q8/Q%9 is amplified by Q10 to a
suitable voltage level for controlling the firing cir-
cuits (T. P. 15): '

Power supply OFF signal; QIO saturated, -13Vdc

Power supply iust ON: -~10Vdc

Maximum power: +2Vdc

4-28 Diode CRY at the emitter of Q10 provides
0.7Vde bias voltage for the stage. Ql1 is an emitter
foliower which transforms impedance so the firing
circuit is driven from a voltage source.

4-29 An auxiliary feedback signal is connected
from the input side of choke L1 (T.P. 14) tc the base
of 10 via R28 and CB. Capacitor C§, to reference
A7, performs three functions:

1. 9 raduces ripple appearing from the in-
put Li; . .
2. €9 provides a frequency cutoff slope:

3. 9 causes a slow turn-on signal buildup
to the firing circuits.

4-30 SILICON-~-CONTROLLED RECTIFIER FIRING
CIRCUITS (See schematic at rear of manual)

4-31 GENERAL

4-32 The SCR is a solid state device which dis-
plays high impedance characterigtics with either
positive or negative voliage on its anode but which
may be switched into a high conductance state when
positive voltage is supplied to the anode simul-
tangously with a gate signal application between
its gate lead and its cathode. The gate signal that
ig used to turn on the device in the SCR-3 Series is
a positive going pulse of about 50usec duration and
whose amplitude is approximately 3.5 volts, this
being the output of the blocking oscillator.



