DC POWER SUPPLY
MPB-5 SERIES, MODEL 6286A

SERIAL NUMBER PREFIX 6E

Printed: Decsmber, 196¢
# Stock Number: 06286-90001
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MANUAL CHANGES
Model 62864 DC Power Supply
Manual HP Part No, 06286-90001

Make all corrections in the manual according to errata below, then check the following table for yvour power supply serial
number and enter any listed change(s) in the manual.

SERIAL

MAKE
Pretix Number CHANGES
8E 06251 00280 1
6E 0028100310 1,2
BA 0031100401 1,23
BA 00402-00536 1,234
8A Q0537-00621 1thru &
an 00622-00796 1thru 6
8A 0G797-01086 1thry 7
11414 408701261 tthru 8
1141A 0126201431 1thro g
11414 0143202341 1 thru 10
11414 02342-02366 1 thry 11
18434 02367- 02801 1o 12
18124 0250303101 1thre 13
17264 03102-03401 1 thru 14
17448 D34052-03551 1 thru 15
17444 03562-03801 1 thru 16
18354 03997 -4551 1 thre 17
1917 A 04557 04791 1thry 18
TO2TA 0479706291 1 thru 10
20038 5292-60%1 1 thru 20
21094 609726221 1 thru 21
2118A 6222-up 1 thru 22

CHANGE 1:

In the repiaceable parts table, make the following changes:

R706: Change to 4.7¢2, 2W, BWH, IRC Type.

RB70: Change 1o bk, pot, HP Part No. 2100-1824.

T801" Change to HP Part No. 9100-2184.
On the schematic, the primary of bias transformer T80
should he connectad as shown in the sketch below for 115
Vac operation. For 230Vac operation the jumpers between
lugs 1 and 3, and 2 and 4 must be removed and lugs 2 and
3 connected together, in

‘ordance with Option 18,

.
-
D3
iz
CHANGE 2:

In the replaceable parts table, make the following changes:
CR603: Add new diode, CRE03, 1N4BLE, HP Part

ition, & new power franstormer,

No. 1901-0033.
R213: Change to 1k, 5%, 1/2W, HP Part No. 0686-1025.
RG601: Change to 4228, 1/4W, HP Part No. 0698-4590.
RE71: Change to 7508, +1%, 1/8W, HP Part No. 0757-
0420,
R877: Deilete RE7Z.
VRSOGO Add new zener diode, VRBOO, 4 22V, HP Part
No. 1902-3070.
On the schematic, connect diode CRB0O3 across VRG00 in
the reference circuit. Anode to +5 and cathode 1o +8.4V.
Also, delete RB72 in the meter circuit and connect VRB00
in its place. Anode of VRSO0 to base of 0850 and cathode
to +15.4V.

CHANGE 3:

The serial number orefix of the instrument has been changed
from "8E" to "8A".
In the replaceable parts table, delete 51 (switch/indicator,
ON/off) and replace with separate toggle switch and pilot
light as follows:

S1: Togale switch, Carling, 2F AB3-73-5K1, HP Part No.

3101-0984.

DS1: Pilot Light, Neon, Sloan, HP Part No. 1450-06048.
Schematic connections to the new switch and pilet light
remain the same except that the two are physically separate.

CHANGE 4:
In the repiaceable parts table, make the following changes:
RE26: Change to 3.9k8), 5%, 1/2W, HP Part No. 0686-
0716.
Spacer, Insulated, R309: Add two {2) spacers, HP Part
Mo, 0380-0715,

CHANGE 5:
In the repiaceable parts table, make the following change:
R712: Change to 15k{2, £5%, 1/2W, A B., HP Part No,
0686-1535.

CHANGE 6:
In the replaceable parts list and on the schematic, make the
following changes:
R5601, 502 Change to 2280, £5%, 1/2W, HP Part No.
0B8RG-2205.
Option 11 only:
in Appendix A in the replaceable parts table and on
the schematic, make the following changes:
C?2, CRbL, RH: Delete
Add: Transistor Q3, HP Part No. 1853-6099.
Resistor R13, 200k{2, 1/2W, HP Part No. 0686-
2045,
(3 and R13 are connected as follows:
Q3 emitter connected to top of RE, collector
connected to TPES of power supply, base connected
te one end of R13.
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R13: eonnected in series with the base of O3 and the
juncticn of CRE, CR7, R8.

ERRATA:

In the replaceable parts table, make the following changes:
(702, 800, 850, 862, 853: Change to 2N2907A,
Sorague, 56289, HP Part No. 1853-0089,

Cable Clamp, 3/8": Delete, HP Part No. 1400-0332,
gquantity 2.

In the Specifications Table on Page 1-3, change the specifi-

cation of Internal Impedance as a Constant Voltage

Source to read:

1 millichm in series with 1 microhenry.

On Page 3-2, Figure 3-4, disconnect strap between terminals

Ad and AB and connect Ab to 8. On Page 3-3, Figure 3-6,

disconnect strap between terminals A7 and A8 and connect

A8 to +5.

Add Appendix A, Option 11 Overvoltage Protection

"Crowbar’’ to manual,

CHANGE 7:
In the replacesbls parts table, make the foliowing changes:
Terminat Strip: Add, HP Part No. 0360-0417.
Meter Bezel 1/4 mod: Change to HP Part No. 4040-0297.

CHANGE 8:
in the replaceable parts table and on the schematic diagram,
make the following changes:
R702: Change 1.5k, 3W, ww, HP Part No. 0811-1805,
R709: Change 1o 1.6k, 1/2W, HP Part No. 0686-1625.
R712: Change to 12k, 1/2W, HP Part No. 0686-1235.

CHANGE 9:
In the replaceable parts table, make the following changes:
CR502, CRE04: Change CR502 and CR504 to HP Part
No. 1884-0223.

CHANGE 10:
In the replaceable parts table and on the schematic:

Change R304 from 75 ohms, HP Part No. 0686-7505;
to 120 ohms, 0686-1215.

In the replaceable parts table:
Change the HP Part No. of CR50% and CR503 from
1901-0323 10 19010315,

ERRATA:

In the parts list on page 6-5, change the HP Part No. of CR501
and CRL03 1o 1901-0317. In the parts list and on the
schematic, change R103 to 430 ohms 5%, 1/2W, HP Part

No. 0686-4315.

The standard colors for this instrument are now mint gray
{for front panei} and olive gray {for ail other external
surfaces). Option X95 designates use of the former color
scheme of light gray and blue gray. Option ABB designates
use of a light gray front panel with olive gray used for all
other external surfaces, New part numbers are shown below.

CHANGE 11:

All primary ac connections have been removed from the
circuit board and are now made directly to the transformer
primaries. Pilot light resistor R903 has been removed from
the PC board and is now on a new terminal strip (0360-
1686) mounted on the SCR heatsink assembly. These
changes do not affect the circuit schematic.

CHANGE 12:

In this supply, main power transformer T800 has been
replaced by a new transformer with a dualwinding primary
for 115/230Vac operation. The new transformer (HP Part
No. 06286-80091) replaces both T800 transformers presently
listed in the parts list on Page 6-7. Since it is no longer
necessary to replace T800 to convert the suppiy from 116V
to 230V operaticn, or vice varsa, option 018 {which equipped
the supply for 230V operation only) has been discontinued
to be replaced by a new option 028, Option 028 modifies the
standard 115V unit to a 230V unit as described below.
To convert the supply for 230V operation:
a. Remove the iumpers from between terminals

HP PART NO.
DESCRIPTION
STANDARD OPTION ABB OPTION X85
Front Panel, lettered 06286 - 60004 06286 - 60001 B
Heat Sink, Assembly BOG0 - 7968 o 5060 - 6131
Rear Chassis BOOO - 94856 s 5600 - 6103
Cover, Top 5000 - 9431 e 5000 - 6104
Chassis, Right Side 500 - 9406 - 5000 - 6098
Chassis, Left Side 8000 - 9407 B 5000 - 6099
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CHANGE 12 {continued)

1 and 3, and 2 and 4 of T800.

b Install a jurmper between terminals 2 and 3 on T800.

¢ Replace F1 with a 3A 250V fuse, 21106-0003.
Note: Due to the civcuit changes shown below, 1t i no
fonger necessary 1o change any jumper connection at T801.
The dual primary windings of T801 are now permanently
wired in paraliel across winding 3-4 of TB0O. The pilot
light, in series with R903, s also connected across this
winding.

The revised primary circuit schematic is shown below.

T8CO
ACC
CONNECTED
FOR 11BVAC
AS SHOWN
Fi 54
A S\ e O .
DSl
m l!a
X . 7 -
<5
R903
33K : T8O
s‘.
2
[ S
L

ERRATA:

In replaceable parts list, change HP Part No. of pilot lamp
D31 to 1450-0566,

CHANGE 13:
This change improves the Transient Response. In the

replaceable parts Hist and on the schematic, change C301
1o .0047uF, 200V, HP Part No. 0160-0157.

ERRATA;

Effective January 1st, 1977, Options 007 {(10-turn voltage
control} and 008 {10-turn current control) are no longer
avaitable individua!ly, but they are still available combined
as Option 008. Likewise, Options 013 {10-turn voltage
controt with decadial) and 014 {10-turn current controt
with decadial} are no longer available individually, but they
are available combined into a single mew option designated
Option 015, Make these changes wherever Cption 007,
008, 013, or 014 is menticned in the manual.

The front panel binding posts have been changed to & type
with better designed insulation. Delete the two types of
posts listed on page 6-8 of the parts Hist and add: black
binding post, HP Part No, 1510-0114 (gty. 2); and red
binding post, HP Part No. 1510-0115 (gty. 1).

Indicate on the schematic with a dagger {1} to show that 1k
is the nominal value for R313. The value for R313 is factory
selected to optimize the range of transient adiust pot R307.

CHANGE 14:
Transient adjust R307 in the driver and error amp circuit
has been changed to 10k, 10%, HP Part No. 2100-3216.
Correct the schematic and the parts fist.

ERRATA:

On page 5-6, paragraph 5-22, change steps a and { as follows:
a. Connect test setup shown in figure 54 with switch

51 closed.
f. Insert toad resistor {Ry) by opening switch 51,

NOTE:

The short circuit protection circuit in this supply will be
activated if switch 51 is closed instead of opened during
this test.

On page 4-7, paragraph 4-41, and page 3-2, paragraph 3-18,
add the following note:

NOTE:

A protection circuit, which protects the series reguiator from
overload damage, is activated whenever: {1} a short is

placed across the supply, or {2} the output is rapidly down
programmed by an increment of more than 4 1o 10 volts.
When activated, the protection circuit limits the supply’s
output current to about 10% of rating for a period of

from .5 to 10 seconds depending on the model number and
the load conditions.

On page 6-7 in the parts list, add insulator (CRB02, 504)
HP Part No. 6020-5595.
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CHANGE 15:

Add capacitor C901, B.1uF, 250V, HP Part No. 0160-4065
ro parts hist and on schematic as shown below.

AHCC

—

D5t

fpeles]

R9C3

CHANGE 16:

Acicd RO04 in series with the negative tead of CBG1. RO is
1082 5% 1/2W, HP Part No. 0686-1006.

CHANGE 17:

It the replaceabie parts parts table and on the

schemnatic diagram, indicate that 12K £ 5%, 1/2W,

HP Part No. 0686-1238 is the nominal value for

R712. The value for B712 s factory selected o

optimize the range of ramp potentiometer R711. The
procedure for selecting R712 is identical 1o the procedure
given for B0Hz operation in paragraph 5-55, steps g through
i, except that the resistance value should be selected to
provide a 3V 1 0.2V drop across the series regulater. {For
HOHz operation the voltage drop across the series requlator
remains 3.8V.) Set R711 to the center of its range before
using the resistance box to determine the value for R712.

Change zener diode VRB00 to 9V, HP Part No. 1802-0785.
Change resistor R606 to 9K, HP Part No. 0698 5454, Change
resistor RE11 to 49082, 3W, HP Part No. 0811-13801.

ERRATA:

For ail instruments deliversd on or atter July 1,
1978, change the HP Part No. for fuseholder from
4000084 to Tuseholder body 2170-0564 and fuse-
holder carrier 2110-0885. Change the HP Part No,
for fuseholder nut from 2950-0038 to 2110-0560.
it old fuseholder musi be replaced tor any reasan,
replace complete fusehoider and nut with new
fusehotder parts. Do not replace new parts with

old parts.

CHANGE 18
b the replacesble parts list on page A-2, delete
R1 and VR1; add U1, voltage reguiator, HP Part
No. 1826-0276 and C1, fixed elect. capacitor, 1uF,
50V, HP Part No. 0180-0230; change RY to 1K HP.
Part No. 0757-0280. In Figure A-1, delete R1 and
VRT and add U1 and C2 as shown below,

i
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CHANGE 1%

In the parts list, change the HP Part No. for the
hinding posts and asscclated
harcware to the following:

Red binding post, qty 2 1510-0091
Terminal lug, qty 2 : 0360-0042
Lockwasher, gty 2 2180-0078

Nut, gty 2 : 25000001

Black binding post, gty 1 1 1510-0107
Terminal lug, gty 1 : 0360-1190

Nut, gty 3 2950-0144

CHANGE 20: _
In the Option 011 Appendix, change R8 to 1358, B%,
3W, 0812-0112. On the main board, change potentiometer
R&BE to bODLL, 2100-0328,
B CHANGE 21:

In the replaceable parts list, page 6-5 change Q400 and
Q401 to HP Part No. 1854-0245,

B CHANGE 22:

In the replaceable parts list, page 6-7 change ST HP Part No.

3101-0984 (changed in Change 3) to 1 HP Part No. 3101-2456,

3/10/81
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Figure 1-1. DC Power Supply, Model 6286A
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SECTION I
GENERAL INFORMATION

I-1  DESCRIPTION

1-2  This power supply, Figure 1-1, is complete-
ly transistorized and suitable for either bench or
relay rack operation. It is a compact, well-regu~
lated, Constant Voltage / Constant Current supply
that will furnish full rated cutput voltage at the
maximum rated output current or can be continuous-
ly adjusted throughout the cutput range. The front
panel CURRENT controls can be used {o establish
the output current limit {overload or short circuit)
when the supply is used as a constant voliage
scurce and the VOLTAGE control can be used to
estab, 'sh the voltage timit {ceiling) when the sup~
ply is used as a constant current source. The
supply will automatically crossover from constant
voltage to ¢onstant current operation and vice
versa if the output current or voltage exceeds these
preset limits.

1-3 The power supply has both front and rear
terminals. Either the positive or negative output
terminal may be grounded or the power supply can
be operated floating at up to a maximum of 300
volts off ground.

1-4 A single meter is used to measure either out-
put voltage or output current in one of two ranges.
The voltage or gurrent ranges are selected by a
METER switch on the front panel.

1-5 Barrier strip terminals located at the rear of
the unit allow ease in adapting to the many oper~
ational capabilities of the power supply. A brief
description of these capabilities is given below:

a. Remote Programming

The power supply may be programmed
from a remote location by means of an external
veoltage source or resistance.

b. Remote Sensing

The degradation in reguiation which
would occur at the load because of the voltage
drop in theload leads can be reduced by using the
power supply in the remote sensing mode of cper-
ation.

1~

. Beries and Auto-Series Operation

Power supplies may be used in series
when a higher output voltage is required in the
voltage mode of operation or when greater voltage

compliance is required in the constant current
mode of operation. Auto-Series operation permits

one knob control of the total output voltage from a
"master" supply.

d. Paraliel and Auto-Parallel Operation

The power supply may be operated in
parallel with a similar unit when greater output
current capability is required. Auto-Parallel op-
eration permits one knob control of the total out-
put current from & "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
voltages for a system.

1-6 SPECIFICATIONS

1-7 Detailed specifications for the power supply
are given in Table 1-1.

1-8 QOPTIONS

1-9 Options are factory modifications of a
standard instrument that are requested by the
customer. The following options are available

for the instrument covered by this manual.

Where necessary, detailed coverage of the cptions
is included throughout the manual.

Option No. Description
05 50 Hz Regulator Realignment:

Standard instruments will operate
satisfactorily at both 60 and 50 Hz
without adjustment. However Op-
tion §5 factory realignment results

in more efficient operation at 50 Hz,
and is recommended for all applica-
tions when continuous operation from
a 50 Hz ac input is intended.
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Option No, Descripticn

07 Voltage 10-Turn Conirol: A singie
control that replaces both coarse and
fine voltage controls and improves
output settability,

08 Current 10-Turn Control: A single
conirol that replaces both coarse and
fine current controls and improves
cutput settability,

43e] Voltage and Current 10-Turn Con-
trols: Options 07 and 08 on same
instrument,

11 Internal Overvoliage Protection
"Crowbar". Operating and Service
information is included in Appendix A
ai the rear of the manual,

13 Three Digit Graduated Decadial
Voltage Control: Conirol that re-
places l0~turn voltage control per-
mitting accurate resettability,

14 Three Digit Graduated Decadial
Current Control: Control that re-
places cearse and fine current con-

trols permitting accurate resettability,

18 230V AC, Single Phase, Input: Sup-
ply is shipped for 115V ac operation.
Option 18 consists of modifying the

supply for 230Vac operation,

1-10 ACCESIORIES

1-11 The accessories listed in the following
chart may he ordered with the power supply or
separately from vour local Hewlett~Packard fieid
sales office {refer to list at rear of manual for ad-

dresses).

@ Part No.

Description

145153 Rack Kit for mounting cne 5§"
high supply. (Refer to Section II
for details,)

145254 Rack Kit for mounting two 53"

high supplies. (Refer to Section i

for details,)

1-12 INSTRUMENT IDENTIFICATION

tw13 Hewlett-Packard power supplies are identi-
fied by a three-part serial number tag. The first
part is the power supply medel number, The sec~
ond part is the serial number prefix, which con-
sists of a number~letter combination that denotes
the date of a significant design change. The num-
per designates the year, and the letter A through M
designates the month, January through December
respectively, The third part is the power supply
serial number,

1-14 If the serial number prefix on your power
supply does not agree with the prefix on the title
page of this manual, change sheets are included
1o update the manual. Where applicable, back-
dating information is given in an appendix at the
rear of the manual,

1-15 ORDERING ADDITIONAL MANUALS

1~16 One manual is shipped with each power
supply. Additional manuals may be purchased
from vour local Hewlett-Packard field office (see
list at rear of this manual for addresses). Specify
the model number, serial number prefix, and &
stock number provided on the title page.
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Table 1-1. Speciifications
INPUT: including a direct short placed across the termi-
105~125 VAC, single phase, 50-60Hz, nals in constant voltage operation, The constant
5.5A, 320W. voltage circuit iimits the output voltage in the
constant current mode of operation,
QUTPUT:

0-20 volts @ 0-10 amps,

LOAD REGULATION:

Constant Voltage -~ Less than 0. 01% plus
1mV for a full load to no lead change in output
current,

Constant Current ~- Less than 0, 05% plus
ImA for a zero to maximum change in output
voltage,

LINE REGULATION:

Constant Voltage -~ Less than 0. 01% plus
1mV for any line voltage change within the input
rating,

Constant Current -- Less than 0, 05% plus
1mA for any line volitage change within the input
rating.

RIPPFLE AND NOISE:
Constant Voltage -- Less than 500uV rms,
Consgtant Current -- Less than 5mA rms,

OPERATING TEMPERATURE RANGES:
Operating: 0 to 500C,

TEMPERATURE COETTICIENT:

Constant Voltage ~- Less than 0, 02% plus
500V per degree Centlgrade,

Constant Current -- Less than 0. 02% plus
S5mA per degree Centigrade.

STABILITY:

Constant Voltage -- Less than 0. 10% plus
2, 5mV total drift for 8 hours after an initial warm-
up time of 30 minutes at constant ambient, con-
stant line voltage, and constant load,

Constant Current -~ Less than G, 10% plus
25mA total drift for 8 hours after an initial warm-
up time of 30 minutes at constant ambient, con-
stant line voltage, and constant load,

INTERNAL IMPEDANCE AS A CONSTANT VOLTAGE
SOURCE:
Less than 0, 001 ohm from DC to 100Hz,
Less than 0, 0} ohm from 100Hz to 1kHz,
Less than 0, 2 ohm from 1kHz to 100kHz,
Less than 2. 0 ohms from 100 kHz to 1 MHz,

TRANSIENT RECOVERY TIME:

Less than bOpsec for output recovery to with-
in 15 mv following a current change in the output
equal to the current rating of the supply or 5
amperes, whichever is smaller.

OVERLOAIDD PROTECTION:
A continuously acting constant current cir-
cuit protects the power supply for all overloads

Storage: -20 to +859C,

METER:

The front panel meter can be used as either
a 0-24 or 0~2. 4 volt voltmeter or as a 0-12 or
0~1, 2 amp ammeter,

a

OUTPUT CONTROLS:

Coarse and fine voltage controls and ceoarse
and fine current controls provide continuous ad-
justment over the entire cutput span.

CUTPUT TERMINALS:

Three "five-way" output posis are provided
on the front panel and an output terminal strip is
located on the rear of the chassis, All power
supply output terminals are isolated from the
chassis and either the positive or negative termi=-
nal may be connected to the chassis through a
separate ground terminal., If the front panel ter-
minals are used, the load regulation will be 0,5mV
per ampere greater, due to the front terminal re-
sistance.

ERROR SENSING:

Error sensing is normally accomplished at
the front terminals if the load is attached to the
front or at the rear terminals if the load is attach-
ed to the rear terminals. Also, provision is in-
cluded on the rear terminal stirip for remocte sens-
ing.

REMOTE PROGRAMMING:

Remote programming of the supply cutput at
approximately 200 ohms per volt in constant volt-
age is made available at the rear terminals, In
constant current mode of operation, the current
can be remotely programmed at approximately
160 chms per ampere,

COOLING:
Convection cooling is emplovyed.
ply has no moving parts.

The sup-

SIZE:

52" Hx 16" D x 85" W. Two of the units
can be mounted side by side in a standard 19"
relay rack.

WEIGHT:
30 lbs. net, 40 ibs. shipping.
FINISH:
Light gray front panel with dark grav case,

POWER CORD:
A three~wire, five-foot power cord is pro-
vided with each unit,
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SECTION 11
INSTALLATION

2-1 INITIAL INSPECTION

2-2 Before shipment, this instrument wag inspected
and found to be free of mechanical and electrical
defects. As scon as the instrument is unpacked, in-
spect for any damage that may have occurred in
transit. Save all packing materials until the inspec~-
tion is completed. If damage is found, procead as
described in the Claim for Damage in Shipment sec-
tion of the warranty page at the rear of this manual.

2-3 MECHANICAL CHECK

2-4 This check should coniirm that there are no
broken knobs or connectors, that the cabinet and
panel surfaces are free of dents and scratches, and
that the meter is not scratched or cracked.

2-5 ELECTRICAL CHECK

2«6 Theinstrument should be checked against its
electrical specifications. SectionV includes an "in-
cabinet" performance check toverify proper instrument
operation.

2-7 INSTALLATICN DATA
2-8 The instrument is shipped ready for bench
operation. It is necessary only to ¢onnect the in-

strument to a source of power and it is ready for
operation.

2-9  LOCATICN

2-10 This instrument is air cooled. Sufficient space
should be allotted so that a free fiow of cooling air
can reach the sides and rear of the instrument when
itis inoperation. It shouldbe usedin an area where
the ambient temperature does not exceed 53°C.

2-11 RACK MOUNTING

7-12 This instrument may be rack mounted in a
astandard 19 inch rack panel either alongside a sim~
itar unit or by itself. Figures 2-1 and 2-2 show how
both types of installations are accomplished.

2-13 To mouni two units side-by~side, proceed as
follows:

z. Remove the four screws from the front
panels of both units.

b. 8lide rack mounting ears between the
front panel and case of each unit.

c. 8lide combining strip between the front
panels and cases of the two units.

d. After fastening rear portiong of units to-
gether using the bolt, nut, and spacer, replace pan-
al screws.,
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Figure Z2~1. Rack Mounting, Two Units
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Figure 2-2.

Z=14 To mount a single unit in the rack panel,
proceed as follows:

a. Bolt rack mounting ears, combining
straps, and angle brackets to each side of center
spacing panels., Angle brackets are placed be~
hind combining straps as shown in Figure 2-~2,

b. Remove four screws from front panel of
unit,

¢, Slide combining strips betwesan front
panel and case of unit,

d. Bolt angle brackets to front sides of
case and replace front panel screws.

2«15 INPUT POWER REQUIREMENTS

2-16 This power supply may be operated from
either a nominal 115 volt or 230 volt 50-60 cycle
power source. The unit, as shipped from the fac-
tory, is wired for 115 volt operation only. A
factory modification {Option 18) must be made 1o
permit operation from a 230 volt line, The input
powear required when operated from a 115 volt, 60
cyele power source at full load is given in the
specification table in Section I,

2-17 50 Hz OPERATION

2~18 Theunit as normally shipped from the factory
can be operated from either a 50 or 60 Hz source.
However, with a 50 Hz input, the operation of the
unit may become somewhat degraded when the
temperature exceads 350 Centigrade {instead of the

normal 50° Centigrade capability with a 60 Hz input).

To permit optimum operation at 50 Hz, the unit must

Rack Mounting, One Unit

be realigned. This realignment procedure is de-
scribed in Paragraph 5-54 at the rear of the manual.

Z2-19 POWER CABLE

2-20 To protect operating personnel, the National
Electrical Manufacturers' Association (NEMA}
recommends that the instrument panel and cabinet
be grounded, This instrument is egquipped with a
three conductor power cable, The third conducior
is the ground ceonductor and when the cable is
plugged into an appropriate receptacle, the in-
girument is grounded, The ofiset pin on the power
cable three-prong connector is the ground connec-
tion,

Z2-21 To preserve the protection feature when op-
erating the instrument from a wo-=contact outlet,
use a three-prong to two-prong adapter and con-
nect the green lead on the adapter to ground,

2-22 REPACKAGING FOR SHIPMENT

2-23 To insure safe shipment of the instrument,
it is recommended that the package designed for
the instrument be used. The original packaging
material is reusable, If it is not available, con-
tact vour local Hewlett-Packard field office to
obtain the materials. This office will also furnish
the address of the nearest service office to which
the instrument can be shipped. Be sure to attach
a tag to the instrument which specifies the ocwn-
er, model number, full serial number, and service
required, or a brief description of the trouble.
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SECTION III
OPERATING INSTRUCTIONS

3~1 OPERATING CONTROLS AND INDICATORS

3~2 The front panel controls and indicators. to-
gether with the normal turm-on seqguence, are
shown in Figure 3-1.

&
METEF
Pu snfors veLTiE CUREIHT
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@

Figure 3-1. [Pront Panel Controls and Indicators

3-3 OPLRATING MODLS

3=-4 The power supply is designed so that its
mode of operation can be selected by making
strapping connections between particular terminals
on the terminal strip at the rear of the power sup-
ply, The terminal designations are stenciled in
white on the power supply above their respective
terminais. Although the strapping patterns illus-
trated in this section show the positive terminal
grounded, the operator can ground etither terminal
or operate the power supply up to 300 vde off
ground (floating). The following paragraphs de-
scribe the procedures for utilizing the various
operational capabilities of the power supply., A
more theoretical description concerning the oper-
ational features of this supply is contained in a
power supply Application Manual and in various
Tech, Letters published by the Harriscn Division,
Copies of these can be obtained from vour local
Hewleit-Packard field office.

3-1

3~5 NORMAL OPERATING MODE

3-6 The power supply is normally shipped with
its rear terminal strapping connections arranged
for Constant Voltage/Constant Current, local
sensing, local programming, single unit mode of
operation. This strapping pattern is illustrated in
Figure 3-2. The operator selects either a constant
voltage or a constant current output using the front
panel controls {local programming, no strapping
changes are necessary}.

-5 A3 A4 A AG AT

__ MONITORING
FOINTS

o B o

Figure 3-2. Normal Strapping Pattern

3-7 CONSTANT VOLTAGE
3-8 To select a constant volitage ouiput, proceed
as follows:

a, Turn-on power supply and adjust
VOLTAGE controls for desired output voltage (out-
put terminals open).

b, Short output terminals and adjust CUR=
RENT conirols for maximum output current allow-
able (current limit), as determined by load condi-
tions, I a load change causes the current limit to
be exceaded, the power supply will automatically
cressover to constant current output at the preset
current limit and the output voltage will drop pro-
portionately, In setting the current limit, allow-
ance must be made for high peak current which can
cause unwanted cross-over., {Refer to Paragraph
3-46),
3-89  CONSTANT CURRENT
3-10 To select a constani current output, pro-
ceed as follows:

a. Short cutput terminals and adjust CUR~
RENT controls for desired output current,
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b. Open ouiput terminals and adjust
VOLTAGE controls for maximum output voltage al-
lowable (voltage limit), as determined by load
conditions, If a load change causes the voliage
limit to be exceeded, the power supply will auto-
matically crossover to constant voltage output at
the preset voltage limit and the ouiput current will
drop proportionately. In setting the voltage limit,
allowance must be made for high peak voltages
which can cause unwanted crossover. {Refer to
Paragraph 3-46},

NOTE

When Model 82914 is operated continucusly in the
crossover region, between Constant Voltage/Con—
stant Current, the feedback loop may break intoc og-~
¢illation; particularly in the 0, 5A to 1. 5A ouiput
current range, Although the crossover region is not
usually an area of continuous operation, this prob-
lem can be eliminated, if necessary, by connegting
the emitter of Q300 to +5 (instead of to the emitter
of @301} and readjusting R307, Note that when this
is$ done, the transient recovery time of Model 6291A
must be derated to "50usec for recovery to within
25mV" (instead of 15mV).

3-11 CONNECTING LOAD

3~12 Each load should be connected to the power
supply output terminals using separate pairs of
conneciing wires., This will minimize mutual cou-
pling effects between lovads and will retain fuil
advantage of the low ouiput impedance of the
power supply, EDach pair of connecting wires
should be as short as possible and twisted or
shielded to reduce noise pickup. (If shield is
used, connect one end to power supply ground
terminal and leave the other end unconnected, }

3-13 If load considerations require that the out~
put power distribution terminals be remotely
located from the power supply, then the power
supply output terminals should be connected to
the remote distribution terminals via a pair of
twisted or shielded wires and each load separate-—
ly connecied to the remote distribution terminals,
For this case, remote sensing should be used
{Paragraph 3-30).

3-14 OPLRATION OF SUPPLY BEYOND RATED
OUTPUT
3-15 The shaded area on the front panel meter

face indicates the amount of output veltage or
current that is available in excess of the normal
output, Aithough the supply can be operated in
this shaded region without being damaged, it can-
not be guaraniteed to meet all of its performance
specifications, However, if the line voltage is
maintained above 115 Vac, the supply will proba~-
bly operate within its specifications,

3-16 QPTIONAL GPERATING MODES
3-17  REMOTE PROGRAMMING, CONSTANT VOLT-
AGE

3~18 The constant voltage output of the power
supply can be programmed {controlled) from a
remote location if required. EBither a resistance or
voltage source can he used for the programming
device, The wires connecting the programming '
terminals of the supply 1o the remote programming
device should be twisted or shielded to reduce
noise pick-up, The VOLTACE controis on the

front panel are disabled according to the following
procadures,

-5 AF A1 AT BB AT 4B

Figure 3-3. Remote Resistance Programming
{Constant Veoltage)

3-18 Resistance Programming (Figure 3-3), In
this mode, the output voltage will vary at a rate
determined by the programming coefficient, 200
ohme per volt {300 ohms per volt for Model 62964},
The output voltage will increase 1 volt [or each
200 ohms (or 300 ohms) added in series with the
programming terminals, The programming coeffi-
cient is determined by the programming current.
This current is factory adjusted to within 2% of
5 ma (2% of 3.3 ma for Model 62964), If greater
programming accuracy is required, it may be
achieved by changing resistor R805,

3-20 The output voltage of the power supplly‘ '
should bhe zero voltg +£20 millivolts when zero
ohms is connected across the programming termi-
nals., :

3-21 To maintain the stability and temperature
coefficient of the power supply, use programming
resistors that have stable, low noise, and low
temperature (less than 30 ppm per degree Centi~
grade) characteristics, A switch can be used in
conjunction with various resistance values in order
to obtain discrete output voltages, The switch
should have make-before-break contacts to avoid
momentarily opening the programming terminals
during the switching interval,

3~22 Veltage Programming (Figure 3-4), Employ
the strapping pattern shown on Figure 3-4 for
voltage programming, In this mode, the output
voitage will vary in a 1 to 1 ratio with the pro-
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gramming voltage (reference voltage) and the load
on the programming voltage source will not exceed
25 microamperes,

-5 A3 A4 A3 AE RT7  AE

[9lelolel2lle]
] [ W W
l'—'j\%\z--l iﬁf\”ﬂ@
YOLTRGE
SOURCE
Figure 3-4. Remote Voltage Programming

{Constant Voltage)

3-23 The impedance matching resistors {Ry) for
the programming voltage source should be approx-
imately 1000 ohms 1o maintain the temperature and
stability specifications of the power supply.

3~24 REMOTE PROGRAMMING, CONSTANT CUR-
RENT

3-25 Either a resistance or a voltage source can
be used to control the constant current output of
the supply. The CURRENT conirols on the front
panel are disabled acceording to the following pro-
cedures,

~5 A3 A4 A5 Ab AT AB

PROGRAMMING
RESIRTOR

Remote Resistance Programming
{Constant Current}

Figure 3-5.

3-26 Resistance Programming (Figure 3-5), In
this mode, the output current varies at a rate
determined by the programming coefficient == 100
ohms per ampere for Models 6282A and 6286A, 200
ohms per ampere for Models 6285A and 62%14, and
500 ohms per ampere for Models 6290A and 6296A.
The programming coefficient is determined by the
Constant Current programming current 1 mA for
Models 6282A, 6285A, 6286A, and $291A or 0. 66
mA for Models 6290A and 62964, This current ig
adjusted to within 10% at the factory. If greater
programming accuracy is required, it may be
achieved by changing resistor R808 as outlined in
Section V.,

3-27 Use stable, low noise, low temperature co-
efficient (less than 30 pom/0C) programming re-
gigtors tc-maintain the power supply femperature

3-3

coefficient and siability specificationsg. A switch
may be used to set discrete values of cutput cur-
rent, A make-before-break tvpe of switch should
be used since the output current will exceed the
maximum rating of the power supply if the switch
contacis open during the switching interval,

CAUTION

If the programming terminals {Al and A7) should
open at any time during this mode, the cutput cur-
rent will rise to a value that may damage the power
supply and/or the ioad. To avoid this possibility,
connect a 1K resistor {. 5K for Models 6290A and
£296A) across the programming terminals, Like the
programming resistor, this resistor should be of the
low noise, low temperature coefficient type,

3-28 Voltage Programming (Figure 3-6}. In this
mode, the output current will vary linearly with
changes in the programming voltage, The pro-
gramming voltage should not exceed 1.5 volts,
Voltage in excess of 1.5 volts will result in ex~
cessive power dissipation in the instrument and
possible damage,

A fSIAZ + + = - =5 A B4 NS RS AT AR
&
piolzlalelplelelo]alglplo]e]7]
(o “ L
==} A
VOLTAGE Ry
SOURCE
Figure 3-6. Remote Voltage Programming

{Constant Current)

3-29 Ths output current will be the programming
voltage divided by the internal current sampling
resistance R800, The current required from the
voltage source will be less than 10 microamperes,
The impedance matching resistor (Rx) should be
approximately 1000 ohms if the temperature coeffi-
cient and stability specifications of the power
supply are to be maintained,

3-30 REMOTE SENSING {See Figure 3-7)

3-31 Remote sensing is used to maintain good
regulation at the load and reduce the degradation
of regulation which would occur due to the voltage
drop in the leads between the power supply and
the load. Remote sensing is agcomplished by
utilizing the strapping pattern shown in Figure
3-7, The power supply should be turned off before
changing strapping patterns, It is not required
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that these leads be as heavy as the load leads,
However, they must be twisted or shielded to
minimize noise pick-up.

AL 45 A2 5 G

BE

-8

@

A3 A4 A5 AB AT AW

Ry

L

AN

Figure 3-7. Remote Sensing

CAUTION

Observe polarity when connecting
the sensing leads to the load.

3-32 Note that it is desirable to minimize the
drop in the load leads and it is recommended that
the drop not exceed 1 volt per lead if the power
supply is 10 mesat its DC specifications. If a
larger drop must be tolerated, please consult a
Hewlett-Packard field representative,

NOTE

Due to the voltage drop in the load
leads, it may be necessary 1o re-
adjust the current limit in the remote
sensing mode,

3=33 The procedure just described will result in a
low DC output impedance at the load. If a low AC
impedance is required, it is recommended that the
following precautions be taken:

a. Disconnect output capacitor C803 by
disconnecting the strap between A2 and +8.

b. Connect a capacitor having similar char~
acteristics {approximately same capacitance, same
voltage rating or greater, and having good high
frequency characteristics) across the load using
short leads.,

3~34 Although the strapping patterns shown in
Figures 3~3 through 3-6 employ local sensing,
note that it is possible to operate a power supply
simultaneously in the remote sensing and Constant
Voltage/Constant Current remote programming
modes.,

3~35 SERIES OPERATION

3-36 Normal Series Connections {Figure 3-8).

Two or more power supplies can be operated in
series to obtain a higher voltage than that avail-
able from a single supply. When this connection

-5 A3 Ad A5

AG A7

0|d] 2
Al +§5 Az o+ + G - — =8 A3 A4 AL RE AT AM
Figure 3-8. Normal Series Connections
is used, the output voltage is the sum of the

voltages of the individual supplies. Tach of the
individual supplies must be adjusted in order to
obtaln the total cutput voltage. The power supply
contains a protective diode connected internally
across the output which protects the supply if one
power supply is turned off while its series part-
ner{s} is on,

3-37 Auto-Series Connections (Figure 3-9). The
Auto-8eries configuration is used when it is de-
sirable to have the output voltage of each of the
series connected supplies vary in accordance with
the setting of a contrel unit, The control unit is
called the master; the controlled units are called
slaves, Af maximum output voltage, the voliage
of the slaves ig determined by the seiting of the
front panel VCLTAGE contrel on the master, The
master supply must be the most positive supply of
the serics. The output CURRIENT controls of ail
series units are operative and the current limit is
equal to the lowest control setting, If any output
CURRENT controls are set too low, automatic
crossover to constant current operation will occur
and the ouiput voltage will drop. Remote sensing
and programming can used; however, the strapping
arrangements shown in the applicable figures show
local sensing and programming,

G - - -5 A3 A4 A5 A6 A7 AR

MASTER

é)[&é]b!@[éri\%Tb é}é[p|é|&é]b

-3 A3 A4 fA5 A AT AB

12|q

] +5\AZ =

SLAVE

Figure 3-9. Auto-Series, Two Units
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3-38 In order to maintain the temperature coeffi-
cient and stabkility specifications of the power
supply. the external resistor {(Rx} shown in Figure
3-9 should be stable, low noise, low temperature
coefficient (less than 30 ppm per degres Centi-
grade) resistors, The value of this resistor is
dependant on the maximum voliage rating of the
"master” supplyv. The value of Rx is this voltage
divided by the voltage programming current of the
slave supply (1/Kp where Kp is the voltage pro-
gramming coefficient). The voltage contribution of
the slave is determined by its voltage control set-
ting.
3-39 PARALLEL OPERATION

3-40 Normal Paraliel Connections (Figure 3-10).
Two or more power supplies can be connected in
paraliel to obtain & fotal oufput current greater
than that available from one power supply, The
total output current is the sum of the output cur-
rants of the individual power supplies. The output
CURRENT conirols of each power supply can be
separately set, The output voltage controls of one
power supply should be set to the desired output
voltage; the other power supply should be set for
a slightly larger output voltage. The supply set to
the lower output voltage will act as a constant
voltage source; the supply set to the higher output
will act as a constant current source, dropping its
output voltage until it equals that of the other
supply. The constant voltage source will deliver
only that fraction of its total rated output current
which is necessary to fulfill the total current
demand,

AG A7 AR

~ -8 A3 A4 AL

5 ORI+ 4 G =~ = -5 A3 A4 AR AB AT A8

Figure 3-10. Normal Parallel Connections

3~41 Auto-Parallel., The strapping patterns for
Auto-parallel operation of two power supplies are
shown in Figure 3-11, Auio-Parallel operation
permits equal current sharing under all load con~
ditions, and allows complete control of output
current from one master power supply. The output
current of each slave will be approximately equal

3-5

-5 A3 A4 KRS BB A7

[olelglolelgle)] v

EEERREER

B Al/ﬁn AB T RTTRY

Figure 3~11. Auto-Parallel, Two Units

to the master's regardless of the load conditions.
Because the output current controls of each siave
are operative, they should be set to maximum to
avoid having the slave revert to constant current
operation; this would occur if the master cutput
current setting exceeded the slave's.

3-42 AUTO-TRACKING OPERATION (See Figure
3-12)

-8 A3 A4 RS AG& AT 23
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*MASTER MUST BE MOST FUSITIVE SUPPLY

Figure 3~12. Auto-Tracking. Two Units

3-43 The Auto-Tracking configuration is used
when it s necesgary that several different volt-
ages referred to a common bus, vary in proportion
to the setting of a particular instrument (the con-
trol or master). A fraction of the master's output

voltage is fed to the comparison amplifier of the
slave supply, thusg controlling the slave's output.

The master must have the largest output voliage of
any power supply in the group {must be the most
pesitive supply in the example shown on Figure
3-123,
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3-44 The output voltage of the slave is a percent-
age of the master's output voitage, and is deter-
mined by the voltage divider consisting of Rx and
the voltage contrel of the slave supply, Rp, where:
Eg=Rp/Ry + Rp. Turn-on and turmn-off the power
supplies is controlled by the master., Ramote
sensing and programming can be used; although the
sirapping patterns {or these modes show only local
sensing and programming. In order to maintain the
temperature coefficient and stability specifications
of the power supply, the external resistors should
be stable, low noise, low temperature (less than
30 ppm per PC) resistors,

3-45 SPECIAL OPERATING CONSIDERATIONS

3-46 PULSE LOADING

3-47 The power supply will automatically cross
over from constant voltage to constant current op-
eration, or the reverse, in response 1o an increase
{over the preset limit) in the output current or volt-
age, respectively., Although the preset limit may
be set higher than the average output current or
voltage, high peak currents or voltages (as occur
in pulse leading) may exceed the preset limit and
cause crossover to occur, If this crossover limit~
ing is not desired, set the preset limit for the
peak requirement and not the average,

3-48 OQUTPUT CAPACITANCE

3-49 An internal capacitor, connected across the
output terminals of the power supply, helps to sup-
ply high-current pulses of short duration during
constant voltage operation, Any capacitance added
externally will improve the pulse current capability,
but will decrease the salety provided by the con-
stant current circuit, A high-current pulse may
damage load components before the average output

3-6

current i large enough to cause the constant cur—
rent circuit to operate.

3-50 The effects of the cutput capacitor during
constant current operaticn are as follows:

a. The output impedance of the power supply
dacreases with increasing frequency,

b, The recovery time of the output voltage is
ionger for load resistance changes.

¢. A large surge current causing a high pow-
er dissipation in the load occurs when the load re-
sistance is reduced rapidly.

3-31 REVERSE VOLTAGE LOADING

3-52 A dicde is connecied across the output ter—
minals, Under normal operating conditions, the
diode is reverse biased {anode connected to neg=-
ative terminat}, If a reverse voltage is applied to
the output terminals (positive voltage applied to
negative terminal), the diode will conduct, shunt-
ing cwrrent across the output ferminals and limit-
ing the voltage to the forward voltage drop of the
diode, This diode protects the series transistors
and the output electrolytic capacitor.

3-53 REVERSE CURRENT LOADING

3-54 Active loads connected to the power supply
may aciually deliver a reverse current to the power
supply during a portion of its operating cvcle, An
external source cannot be allowed to pump current
into the supply without loss of regulation and pos-
sible damage to the output capacitor. To avoid
these effects, it is necessary o preload the sup-
ply with a dummy load resistor so that the power
supply delivers current through the entire operat-
ing cvcle of the ioad device,
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SECTION IV
PRINCIPLES OF OPERATION
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Pigure 4-1.

4~1  OVYERALL BLOCK DIAGRAM DISCUSSION

4-2  The power supply., as shown on the overall
block diagram on Figure 4-1, consists of a power
transformer, a rectifier-preregulator-filter, pre-
regulator (SCR) control circuit, series regulator,
error amplifiers, gating circult, a constant volt-
age input circuit, a constant current input circulit,
a fault input circuit, a reference c¢ircuit, bias
supply, and a meter circuit,

4-3  The input line voltage is reduced to the
proper level by the power fransformer and coupled
to a rectifier bridge consisting of two rectifier
dicdes and two SCR's. The bridge simultanecusly
performs the necessary rectifying and preregulat-
ing functions, The SCR's, operating in conjunc-
tion with a control circuit, minimize the power
digsipated by the series regulator by keeping the
voltage drop across the regulator at a low and
constant levael, The SCR control circuit accom=

lation demands.

Overall Block Diagram

plishes this by issuing a firing pulse to one of the
SCR's once during each half cycle of the input ac.
The control circuit continuously samples the out~
put voltage, the input line voltage, and the volt-
age across the series regulator and, on the basis
of these inputs, determines at what time during
each half cycle that the firing pulse will be gen~
erated,

4-4  The series regulator, part of another feed-
back loop, is made to alter its conduction to main-
tain a constant output veltage or current. Its con-
duction varies in accordance with feedback control
signals obtained from the error amplifier, It
should be noted that the series regulator provides
fine and "fast” reguiation of the output, while the
preregulator handles large relatively "slow" regu=-
The dc current from the series
regulator passges through a current sampling re-
sistor before reaching the positive cutput terminal,
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4-5 The feedback signals that control the con-
duction of the series regulator are originated with-
in the constant voltage input circuit or the con-
stant current input circuit. The output voliage of
the power supply is sampled by the constant volt-
age input circuit by means of the sensing termi-
nals (&3}, The voltage developed across the cur-
rent sampling resistor is the input to the constant
current input circuit, This voltage drop varies in
direct proporiion to the output current. Any
changes in output voltage/current are deteciad in
the constant valtage/constant current input cir-
cuit, amplified by the gating and error amplifiers,
and applied to the series regulator in the correct
phase and amplitude to counteract the changes.

4-6 The fault input circuii detects the presence
of overvoltage or overcurrent conditions and gen-
erates the necessary turn-down signals to the
SCR control circuit or the series regulator circuit,
In the case of an overvoliage condition, a turn-
down signal is applied to the SCR control circuit,
The series regulator receives a turn-down signal
via the gating circuit if an overcurrent condition
is detected,

4-7 The reference circuit provides stable refer-
ence voltages which are used by the constant
voltage/current input circuits for comparison pur=-
poses. The bias supply furnishes voltages which
are used throughout the instrument for biasing
purposes. The meter circuit provides an indica-
tion of output voltage or current in one of two
ranges.

4-8 SIMPLIFIED SCHEMATIC

4~9 A simplified schematic of the power supply
is shown in Figure 4-2, If shows the operating
controls; the ON-off pushbutton, the volitage pro-
gramming conirols (R813 and R814) and the current
programming controls (R809 and R818}, The
METER switch, included in the meter circuit block
on Figure 4-2, allows the meter to read output
voltage or current in one of two ranges, Figure
4-2 also shows the internal sources of bias and
reference voltages and their nominal magnitudes
with an input of 115Vac and no lead connected.
Diode CR80Y, connacted across the output termi-
nals of the power supply, is a protective device
which prevents intermal damage that might occur if
a reverse voltage were applied across the output
terminals, Cutput capacitor, C809 stabilizes the
feedback loop when the normal strapping pattern
shown in Figure 4-2 is emploved, Note that this
capacitor can be removed if an increase in the
programming speed is desired. Under these con-
ditions, capacitor C802 serves to insure loop
stability., Resistors R811 and R812 limit the oui-
put of the supply if the straps between the output
and sensing terminals are inadwvertently opened,

4-10 DETAILED CIRCUIT ANALYSIS
4-11 PREREGULATOR AND CONTROL CIRCUIT
4-12 The preregulator minimizes changes in the

power dissipated by the series regulator due to
output voltage or input line voltage changes.
Preregulation is accomplished by means of a phase
contrel circult utilizing SCR's CR504 and CR502 as
the switching elements., The appropriate SCR is
fired once during each half-cycle (8.33 millisec-
onds} of the rectified ac (see Figure 4-3). Notice
that when the SCR is fired at an early point during
the half-cycle, the dc level applied to the series
regulator is fairly high, When the SCR is fired
later during the cycle, the dc level ig relatively
low,

50Hz A INPUT

LARGE DO
LEVEL

i

i i
. | Ranny
' | FIRING
! | POINT
E H
!

SMALL DC
LEVEL

LATER
FIRING
POINT

Pigure 4-3. SCR Phase Control of DC Input Level

4~13 The SCR conirol circuit {See Pigure 4-4)
sampies the input line voltage, the output voliage,
and the veoltage across the series transistor, It
generates a {iring pulse, at the time required, to
fire the SCR so that the voltage across input
capacitor C500 will be maintained at the desired
level,

4~14 The inputs to the control circuit are algebra-
ically summed across capacitor C700. All inputs
contribute to the time required to charge C700,

The input line voltage is rectified by CR704 through
CR707, attenuated by voltage divider R7G0 and
R701, and applied to the summing point at TP 59
via capacitor C700, Capacitor C761 is used for
smoothing purposes,

415 Transistor Q702, connacted in a common
base configuration, provides a charging current
for the summing capacitor which varies in accord~
ance with the input signals applied to its emitter,
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Resistor R713, connected between the negative RESEE
output line and the emitter of Q782, furnishes a

signal which is proportional to the ocutput voltage,

Resistors R708 and R707 sample the voliage B— -
across, and the current through, the series regu- SUMMING POTNT
iator, Capacitor C702 and resistor R709 stabi=~
lize the control circuit feedback loop, Resistors
R711 and R712 are the source of a constant offset

current which sustains a net negative charging ' .
current to the summing point, ensuring that the %LETE’P%??@?

SCR's will fire at low output voltages.

4-18 The summation of the input signals resulis cret
in the generation of a voltage waveform at TP 59 FIRING FULSE
similar to that shown on Figure 4-%, When the {EXPANDED)
linear ramp portion of the waveform reaches a

certain negative threshold voltage, dicdes CR711 R”Si
and CR710 become forward biased, The negative

voltage then is coupled o the base of transistor

Q701. Transistors Q701 and Q700 form a sguaring NOTES:

circuit resembling & Schmitt trigger configuration. 1. ALL WAVEFORMS REFERENCID 10
THBOARD SIDZ OF CURRLNT SAM-

Q701 15Ac‘ondu.ctmg, prior to flr.zng time, due to PLISG RESISTOR RASD EXORPT
the positive bias connected to its base through FIRING PULSE WHICH I8 REFER-
s . . . EXNCED TO 7. B, 45,
R705, Transistor Q700 is cutoffat this time be- * ' é°_
. ; ) 2. TOR CLARITY WAVEPORMS ARE NOT
cause its base is connected directly to the collec- DRAWN TO SCELE.
tor of conducting transistor G701, When the neg- 3 AMPLITUDE OF TIL3 WAVEFOSM 13

APPROXIMATE AND VARIES SLIGHTLY
FROM MCDEL 0O MODEL IN AC
WEITH THE POSITIVE
BlAS OBTAINED FROM

ative threshold voltage is reached, transistor
Q701 is turned off which turns Q700 on, The
condugtion of Q700 allows capacitor C703 to dis-
charge rapidly through pulse transformer T700
resulting in the SCR firing pulse shown on the | Figure 4-5. SCR Control Circuit Waveiorms
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diagram. The firing pulse is relatively narrow be-
cause Q700 saturates rapidly causing the magnetic
field surrounding T700 to collapse. Diode CR500
damps out the negative overshoot,

4~17 Reset of the control circuit occurs once
every B,33 milliseconds when the rectified ac
voltage at test point 52 recedes to a level at
which diode CR709 becomes forward biased.
Summing capacitor C700 is then aliowed to dis-
charge through CR709, Diodes CR711 and CR710
hecome reverse blased at reset and transistor
Q701 reverts to its "on" state. Consequently,
Q700 is turned off and capacitor C743 charges up
through R703 at a comparatively slow rate until the
collector voltage of Q700 reaches approximately
+17 volis, The above action causes the small
negative spike that appears across the winding of
pulse transformer T700 at reset time,

4-18 Capacitor C900, diode CR808, and resistor
R90G form a long time constant network which
achieves a slow turn-on characteristic, When the
unit is first turned on, C900 provides a positive
voltage 1o the cathode of CR711 to ensure that it
is initially reverse biased. After C900 becomes
fully charged. the control circuit is permitted to
fire the SCR's. Diode CRS02 provides a discharge
path for C%00 when the unit is turned off,

4-19 SERIES REGULATOR

420 The series regulator {transistor Q400 or
Q400 and Q401, see schematic at rear of manual)

serves as the series, or "pass", element which
provides precise and rapid control of the output.
The conduction of the series transistor(s) is con-
trolled by the feedback signals obtained from
driver 303, Diode CR400, connected across the
regulator circuit, protectis the series element(s)
from reverse voltages that could develop across
them during parallel operation if one supply is
turned on before the other.

4-21 CONSTANT VOLTAGE INPUT CIRCUIT {Sce
Figure 4-6)

4-22 The circuit consists of the programming re-
sistors (R813 and R814} and a differential amplifier
stage (Q1l00 and associated components), Tran-
gistor Q100 consists of two silicon iransistors
housed in a single package., The transistors have
matched characteristics minimizing differential
voltages due to mismaiched stages., Moreover,
drift due to thermal differentials is minimized,
since both transistors operate at essentially the
same temperature,

4-23 The constant voltage input circuit continu-
ously compares a fixed reference voltage with a
portion of the output voltage and, if a difference
exists, produces an error voliage whose amplitude
and phase is proportional to the difference. The
arror output is fed hack to the series regulator,
through the gating and error amplifiers, The error
voltage changes the conduction of the series
regulator which, in turn, alters the output voliage
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Figure 4-6. Constant Voltage Input Circuit, Simplified Schematic
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so that the difference between the two input voli~-
ages applied to the differential amplifier is re-
duced to zere., This action maintains the output
voltage constant,

4~24  Stage Ql00A of the differential amplifier is
connected to a commoen {+8) potential through im-
pedance equalizing resistor R106. Resistors R102
and R108 are used to zero bias the input stage,
off setiing minor base to emitter voltage differ~
ences in Q100. The base of Q1060B is connected
toc a summing point (A4) at the junction of the pro-
gramming resistors and the current pullout resis-

tor R8G5, Instantaneous changes in the cutput
(due to load variations) or changes due to the

manipulation of R813, result in an increase or
decrease in the summing point potential. QI00B
is then made to conduct more or less, in accord-
ance with summing point voitage change, The
change in Ql00B's conduction alse varies the
conduction of QL00A due to the coupling effects of
the common emitter resistor, R105. The “error"
veltage is taken from the collector of Q100A and
ultimately varies the conduction of the series
regulator,

4-~25 Resistor R104, in series with the base of
Q1008B, limits the current through the programming
resistors during rapid voltage turn~down, Diodes
CR100 and CR101 form a limiting network which
prevents excessive voltage excursions from over
driving stage QLOOB, Capacitor £801, shunting

the programming resistors, increase the high
frequency gain of the input amplifier., Resistor
R806, shunting the pullout resistor, serves as a
trimming adjustment for the programming current.
Diode CR102Z establishes the proper collector bias
for Q100A while R103 and C100 provide low fre-
guency equalization for the feedback loop.

4-26 CONSTANT CURRENT INPUT CIRCUIT (See
Pigure 4-7)

4-27 This circuit is similar in appearance and
operation to the constant voltage input cireuit, It
consists of the coarse and fine current program-
ming resistors (R809 and R810), and a differential
amplifier stage (Q200 and associated components),
Like transistor Q100 in the voltage input circuit,
Q200 consists of two transistors, having matched
characteristice, that are housed in a single pack-
age,

4-28 The constant current input circuit continu-
ously compares a fixed reference voltage with the
voltage drop across the current sampling resistor,
if a difference exists, the differential amplifier
produces an "error” voltage which is proporiional
to this difference. The remaining components in
the feedback loop (amplifiers and series regulator}
function to maintain the drop across the current
sampling resistor, and consequently the output
current, at a constant value.
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Figure 4-7. Constant Current Input Circuit, Simplified Schematic
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429 Stage Qul0A is connected to +5 through im-
pedance equalizing resistor R203, Instantaneous
changes in output current on the positive line are
feit at the current summing point (terminal A7) and,
hence, the base of QZ008B, Stage Q200B varies its
conduction in accordance with the polarity of the
change at the summing point., The error voltage is
taken from the collector Q2008 and uliimately
varies the conduction of the series regulator,

4-30 Resistor R304, in conjunction with C300,
helps stabilize the feedback loop, Resistor R80E,
shunting the pullout resistor, serves as a trimming
adjustment for the programming current fiowing
through R809 and R810,

4-31 GATING CIRCUIT

4-32 The gating circuit {see schematic) consists
of gating amplifiers Q301 and Q300 and associated
OR~gate diodes, CR300 and CR303%, The gating
circuit provides sharp crossover between constant
voltage and constant current operation. During
steady state conditions, one transistor is saturai-
ad while the other is conducting in its linear
region, The cathodes of the OR~gate diodes are
alwavs at a more positive potential than the satu-~
ation potential of Q300 or G301, Thus, the diode
associated with the saturated transistor is reverse
biased while the diode associated with the other
transistor is forward biased. In the constant velt-
age mode Q301 is operating in its linear region
and G300 is saturated due to the positive collector
voltage of Q200B, OR-gate diode CR301 is there-
fore reverse biased while OR~gate dicode CR300 is
forward biased, coupling the constant voltage
feedback signal to the error amplifier., Opposite
conditions prevail during constant current opera-
ticn,

4-33 Capacitor £302 is a commutating capacitor
which improves the transient responge of the unit,
Registor R300 is the biasing resistor for the OR-
gate diodes.

4-34 ERROR AMPLIFIERS

4-35 The error ampiifiers ©302 and Q303, ampli-
fy the feedback signal from the constant voltage

or constant current input circuit to a level suffi-
cient to drive the series regulator transistor.
Transistor Q303 serves as the driver and Q302 the
predriver, {or the series regulator. The RC net~
work, composed of C301 and R307, is an egualiz-
ing network which provides for high frequency roll-
off in the loop gain response in order to stabilize
the feedback loop.

4-36 Capacitor €900, diode CR901, and resistor
RY02 form a long time constant network which
achieves a slow tum-on characteristic., When the
unit is first turned on, €900 provides a positive
voltage to the base of Q302 keeping the series
regulator from conducting initially, As C900
charges up, the restrictive bias becomes less
positive enabling the reguiator to conduct. Diode
CRS02 provides a low resistance discharge path
for C960 when the unit is turned off,

4-37  FAULY INPUT CIRCUIT

4-38 The fault input circuit {see schematic at
rear) protects the power supply against overvolt-
age and overcurrent conditions, Transistor Q880,
and associated components, comprise the over-
voltage detector. With normal ouiput voltages
Q800 is cut offdue to the +15.4V reference voltage
connected to the top of voltage divider R823 and
R821. If the output voltage exceeds a certain
limit {about 20% ahove the maximum rated output
voltage) transistor Q800G is driven into coaduction.

Current is then conducied away from the summing
point and in opposition to the charge path of C700

in the SCR control circuit., As a result, the SCR's
are fired at a later time, reducing the series reg-
ulator input voltage o a safe value,

4-39 A full wave rectified voltage, obtained from
the SCR control circuit, excercises a stabilizing
influence on transistor Q880. This signal tends
toe synchronize the conduction of Q800 at a 120 Hz
rate preventing random firing of the SCR's,

440 Transistors Q801 and Q802 provide overcur=
reni and shori circuit protection for the unit.
Overcurrent protection is accomptiished by Q802
which is activated only if the constant current
input circuit should fail. Q802 monitors the volt~
age drop across the current sampling resistor and
conducts if this drop exceeds a certain level,

The output of Q802 is fed to gating amplifier Q301
via RB15 and ultimately reduces the conduction of
the series regulator,

4~41 Short circuit protection is provided by tran-
sistors Q801 and Q802. Transistor G801, normal-
1y biased below cutoff, monitors the voltage drop
acrogs the series regulator, Under short circuit
conditions, the increased voltage across the reg-
ulator drives QBU1 into saturation. The positive
going emitter voltage of Q801 also drives (802
into conduction. The output of Q802 timits the
current flow through the series regulator i a pre-
scribed level,
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4-42 REFERENCE CIRCUIT (See Schematic at Rear)

4~43 The reference circuit is a feedback power
supply similar to the main supply., It provides
stable reference voltages which are used through-
out the unit, The reference voltages are all
derived from smoothed de¢ obtained from the full
wave rectifier {CR600 and CR601) and filter capac~
itor C600G, The 49.4 and -6.2 voltages are deval-
oped across temperature compensated Zener diodes
VRE00 and VR601., Resistor RE11 limits the current
through the Zensar diodes 1o establish an optimum
bias level.

4-44 The regulating circuit consists of series
regulating transistor Q850, error ammplifier Q601,
and differential amplifier Q602 and Q603. The
voltage across the Zener referonce diode VRG00
and the voltage at the junction of divider R605 and
R606 are compared, and any differences are de~-
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tected by Q602 and Q603, The error voltage is
amplified and inverted by Q601 and applied fo
series regulator Q600 in the correct phase and
amplitude to maintain the +15.4 volt output con-
stant,

4-45 Zener diode VRE01 provides an additional
bias voliage of ~6.2 volits., Resistor Re01, con~
nected across Q600, minimizes power dissipation
in the series element. Ou_tput capacitor C602
stabilizes the reference regulator loop.

4-46  METER CIRCUIT

4-47 The meter circuit (see FPigure 4-8) provides
continuous indications of cutput voliage or cur-
rent on a single multiple range meter. The meter
can be used either as a voltmeter or an ammeter
depending upon the position of METER switch 52
on the front panel of the supply. This switch
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also selects one of two meter ranges on each
scale. The metering circuit consigts basically of
a selaction circuit (switch 82 and associated
voltage dividers), a stable differential amplifier
stage (Q851A and Q851B), two meter amplifiers
{0852 and Q853), and the meter movement.

4-48 The selection circuit determines which
voltage divider is connected to the differential
amplifier input. When S2 is in one of the voltage
positions, the voltage across divider R850, R851,
and R852 (connected across the output of the sup-
ply} is the input to the differential amplifier,
When 52 is in one of the current positions, the
voltage across divider R853, R854, and R855 (con-
nected across the sampling resistor) is the input
to the differential amplifier. With 82 in the higher
voliage range (position 2) the voltage drop across
R852 is applied to stage Q851A while stage

QB851B is grounded tothe +8 terminal. For iow out-
put voltages, S2 can be set to posgition (1) result-
ing in the application of a larger percentage of the
output voltage (drop across R85! and R852) to
stage Q851A, With 82 in the higher current posi-
tion (3} the voltage drop across R853 is applied

to stage Q8518 while stage Q851A is grounded to
the +8 terminal. In the low current range, the
voltage drop across R853 and R854 is applied 1o
QB8518.

4-49  Differential amplifier stage Q851 is a
stable device having a fixed gain of ten. To
minimize temperature effects, the two stages are
housed in a single package that is similar to
those used in the constant voliage and current in-
put circuits. The outputs of the differential am-
plifier drive meter amplifiers Q852 and Q853
which, in turn, deflect the meter. Transistor
Q850 provides a constant bias current to the emit-
ters of Q852 and Q853, Potentiometer RE70 per-
mits electrical zercing of the meter,

4-50 The meter ¢ircuit contains an inherent cur-
rent limiting feature which protects the meter
movemeant against overloads, For example, if
METER switch 52 is placed in the low current
range when the power supply is actually deliver—
ing a higher ampere output, the differential am-
plifiers are quickly driven into saturation, limit-
ing the current through the meter to a safe value,
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SECTION V
MAINTENANCE

5-1 INTRODUCTION

5~-2 Upon recelipt of the power supply, the per-
formance check {Paragraph 5-18} should be made,
This check is suitable for incoming inspection. If
afauit is detected inthe power supply while making
the performance check or during normal operation,
proceed to the troubleshooting procedures {Para-
graph 5-41), After troubleshooting and repair {Para-
graph 5-48}, perform any necessary adjustments
and calibrations {Paragraph 5-48}, Before returning
the power supply to normal operation, repeat the
performance check to ensure that the fault has been
properly corrected and that no other faults exist,
Before doing any maintenance checks, turn on pow-
er supply, allow a hali-hourwarm-up, and read the
general information regarding measurement tech-
nigques (Paragraph 5~3}.

5-3 GENERAL MEASUREMENT TECHNIQUES

5-4 The measuring device must be connected
across the sensing teads of the supply or as close
to the outpuiterminals as possible when measuring
the output impedance, transient response, regula-
tion, or ripple of the power supply in order o
achieve valid measurements, A measurement made
across the load includes the impedance of the leads
to the load and such lead lengths can easlly have
an impedance several orders of magnitude greater
than the supply impedance, thus invalidating the
measurement,

5-5 The monitoring device should be connecied
to the +S and -8 terminals {see Figure 3-2) or as
shown in Figure 5=1. The performance characteris=-
tics should never be measured on the front terminals
if the load is connected across the rear terminals.
Note that when measurements are made at the front
terminals, the monitoring leads are connected at A,
not B, as shown in Figure 5-1, Tailure to connect
the measuring device atA willresultin a measure-
ment that includes the resistance of the leads be-
tween the output terminals andthe point of connec-
tion,

5~6 For output current measurements, the current
sampling resistor should be a four-terminal resis—

w

QUTPUT TERMINAL-—

LOAD LEAD—/

MONITOR HERE—m

Figure 5~1. Tront Panel Terminal Connections

tor. The four terminals are connected as shown in
Figure 5-2, In addition, the resistor should be of
the low noise, low temperature coefficient {less
than 30ppm/YC) type and should be used at no
more than 5% of its rated power sothal {is temper~
ature rise will be minimized.

CURRENT SAMPLING
TERMINALS

EXTERNAL

LOAD

TGO UNGROUNDED
TERMINAL OF

POWER SUPPLY

TO GROUNDED
TERMINAL OF

SAMPLING POWER SUPPLY
RESISTOR

LOAD
TERMINALS

Figure 5-2. Qutput Current Measurement Technique

5-7 When using an oscilloscope, ground one ter~
minal of the power supply and then ground the case
of the oscilloscope to this same point, Make cer~
tain that the case is not alsc grounded by some
other means (Power line)., Connect both oscillo-
scope input leads tothe power supply ground termi-
nal and check that the oscilloscope is not exhibi-
ting aripple ortransient due to ground loops, pick-
up, or other means,

5-8 TEST EQUIPMENT REQUIRED

5~9 Table 5] iists the test equipment required {¢
perform the various procedures described in this
Section.
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Table 5~1. Test Equipment Required
T Required U Recommended
ype Characteristics e Model
Differential Sensitivity: 1 mv full scale Measure DC voliages; & 3420 (See Note)
Voltmeter {min,}. Input impedance: calibration procedures
10 megohms (min.}.
Variable Range: 90~130 volts. Vary AC input | mmmmmmmm e
Voltage Equipped with volimeter
Transformer accurate within 1 volt,

AC Volimeter Accuracy: 2%, Sensitivity: Measure AC voltages and @ 403 B
1 mv full scale deflection ripple
(min.}.
Oscilloscope Sensitivity: 100 uv/cm, Display transient response @ 140 A'pius
Differential input, waveforms 1400A pluyg in.
Oscillator Range: 5Hz to 1 MHz. Impedance checks @ 200 CD
Accuracy: 2%.
DC Voltmeter Accuracy: 1%. Input Measure DC voltages G 412°A
resistance: 20,000 ohms/volt
{min.).
Repetitive Rate: 60 — 400 Hz, Zusec Measure transient response See Figure 5-7
Load Switch rise and fail time,
Resistive Value: See Paragraph 5-14. Power supply load resistors | eemceeamm
Loads and Flgure 5~4. #%5% 250 watts.
Current Value: See Figure 5-4, Measwe current; calibrate | —ecesemscmmscsoow
Sampling 1%, 280 watts, 20ppm, meter
Resistor 4-Terminal,
Resistor 1Ka %1%, 2 wait non~inductive | Measure impedance 0| m=meemeecacceos.e
Resistor 100 ohms, +5%, 10 watt Measure impedance =0 0| ——mmmmm—e——mwmee
Resistor Value: See Paragraph 5-45. Calibrate programming current | ==—--remeaaa

+0, 1%, 20 watt.



https://www.manualsplus.com/

Type

Reguired

Characteristics Use

Recommended
Model

Resistor

Value:

See Paragraph 5-47. Caltbrate programming current
+0, 1%, 1/2 watt.

Capacitor

500uf, 50 wvdce Measure impedance,

Decade

Resistance

Box

Range;
Accuracy: 0.1% plus 1 ohm coefficients,
Make-before-break contacts.

0-500K. Measure programming

POWER

SUPPLY

UNDER TEST

-, i

_/

A

NQOTE

A satisfactory substitute for a differential voltmeter
is to arrange a reference voltage source and nuil
detactor as shown in Figure 5-3. The reference
voltage source is adjusted so that the voltage differ-
ence between the supply being measured and the
reference voltage will have the required resolution
for the measurement being made, The voltage differ-
ence will be a function of the null detector that is
used. Examples of satisfactory null detectors are:
@ 419 A null detector, a DC coupled oscilloscope
utilizing differential input, or a 50 mv meter move-
ment with a 100 division scale, For the latter, a

2 mv change in voltage will result in a meter deflec-
tion of four divisions.

CAUTION

Care must be exercised when using an electronic
rull detector in which one input terminal is grounded
to avoid ground loops and circulating currents,

REFERENCE
VOLTAGE

SOURCE 5«10 PERPORMANCE TEST

e 4

5-28).

MLOAD
NULL DETECTOR
- +
Ly ¢
Figure 5-3, Differential Voltmeter Substitute,

Test Setup

o9 5-11 The following test can be used as an in-
coming inspection check and appropriate porticns
of the test can be repeaied either to check the
operation of the instrument after repairs or for
periodic maintenance tests.
formed using & 115~-VAC 60 cps., single phase in-
put power source. If the correct result is not ob-
tained for a particular check, do not adjust any
controls; proceed to troubleshooting (Paragraph

The tests are per
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5-12 CONSTANT VOLTAGE TESTS

5-13 Rated Cutput and Meter Accuracy.

5-14 Voltage. Proceed as follows:

a. Connect foad resistor across rear output
terminals of supply. Resistorvaluetobeas follows:
Model 62B2A 6285A 6£286A 6290A 6291A 6296A
Res. LT 2o 13n 8n. 20a

b, Connect differential voltmeter across +8
and -8 terminals of supply observing correct polar-
ity,

In

¢. Set METER switch to highest voltage range
and turn on supply.

d. Adjust VOLTAGE controls until front panel
meter indicates exactly the maximum rated output
voliage.

e, Differential voltmeter should indicate
maximum rated output voliage within £2%.

5-15 Current. Proceed as follows:

a. Connect test setup shown in Figure 5-4,
leaving switch S1 open.

b. Turn CURRENT controls fully clockwise.

¢. Set METER switchtohighest current range
and turn on supply.

d. Adjust VOLTAGE conirols until front panel
meter indicates exacily the maximum rated cutput
current.

e.
0. 02 Vdo.

Differential voltmeter should read 1.0 %

MOTEL NO,

.20

UNDER
-+ — By
GO &Jv'w\.
TGAD
RESTSTOR
Iy
o
¢ R
Figure 5-4. Output Current Test Setup

5-16 Load Regulation. To check constant voltage
ioad regulation, proceed as follows:

a. Connecttestsetupas showninFigure 5-5.
b. Turn CURRENT controls fully clockwise.
¢. Set METER switch to highest current

range and turn on supply.

POAWER SUPPLY
UNDER TEST

ot

A\

IDIFFERENTIAL
YOUIMETER

Figure 5~5. Load Regulation, Constant Voltage

d. Adjust VOLTAGE controls until front panel'
meter indicates exactly the maximum rated output
voltage.

e. Read and record voltage indicated on

differential voltmeter.

f. Disconnect load resistors.

g. Reading on differential voltmeter should
not vary from reading recorded in step e by more
than the following {variations expressed in mVdc):

Model 6282A B2B5A 0286A ©6290A GZY1A 5288A
Variation  #2 +3 +3 +5 B +7
NOTE

If measurements are made at the front
terminais, readings will be 0.5mV per
amp greater due to front terminal re-
sistance.

5-17 Line Regulation. To check the line regula-
tion, proceed as follows:

a. Connect variable aufo transformer between
input power source and power supply power input.
b. Turn CURRENT controls fully clockwise.

¢. Connect iest setup shown in Figure 5-5.

d. Adjust variable auto transformer for 105
VAC input. ’

e. Set METER switch to highest voliage

range and turn on supply.

f. Adjust VOLTAGE controls until front panel
meter indicates exactlv the maximum rated output
voliage..

g. Read and record voltage indicated on gif-
ferential voltmeter.

h. Adjust variable auto transformer for 125
VAC input.
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i, Reading on differential voltmeter shouid
not vary from reading recorded in step g by more
than the following (variations expressed in mVdce):
Model 0282A G2ZB5A 6286A 5290A 6291A 62964
Variation &2 +3 +3 +5 45 +7

5-18 Ripple and Noise. To check the ripple and
noise, proceed as follows:

a. Retain test setup used for previous line
regul ation test except connect AC voltmeter across
output terminals as shown in Figure 5-6.

b. Adjust variable auto transformer for 125
VAC input.

c. Set METER switchto highest currentrange.

d. Turn CURRENT controls fully clockwise
and adjust VOLTAGE controls until front panel meter

indicates exactly the maximum rated output voltage.

e. AC voltmeter should read less than
G. 50mVrms.

PR STTFRLY /
UNDER TEET

AC VOITMETER

Pigure 5~6. Ripple and Nolse, Constant Voltage

5-19 Transient Recovery Time. To check the
transient recovery time proceed as follows:

a. Connect test setup shown in Figure 5-7.

b. Turn CURRENT controls fully clockwise.

c. Set METER switch to highest current
range and turn on supply.

d. Adjust VOLTAGE controls until front panel
meter indicates exactly the maximum rated output
current or 5 amperes, whichever is smaller.

e. Close line switch on repetitive load
switch setup.

5-5

Figure 3-7.

Transient Response, Test Setup

f. Adjust 25K potentiometer until a stable
display is obiained on oscilloscope. Waveform
should be within the tolerances shown in Figure 5-8
{cutput should return to within 15 mV of original
value in less than 50 microseconds).

el — (i} R C—— —n—‘ _{ _
o /"“N\Lh 15Ny
OV )

f

ii?{;‘!
A
; ¥
E!" -BOETC e
UNLOMNNG TRA LOATIING TRANSIENT

Figure 5-8. Transient Response Waveforms

5-20 Qutput Impedance. To check the output im~
pedance, proceed as follows:

a. Connect test setup shown in Figure 5-9.
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N DECATES £

Py &' o

{ 1% 507 MED !
AN Sies

Figure 5~9. Output Impedance, Test Seiup

b. Set METER swiich to highest voltagerange
turn CURRENT controls fully clockwise, and turn on
supply.

¢. Adjust VOLTAGE controls until front panel
meter reads 10 volts.

d. Set AMPLITUDE control on Oscillator to
10 volts (Ejp), and FREQUENCY control to 100Hz.

e. Record veoltage across output terminals of
the power supply {Eq} as indicated on AC voltmeter.

f. Calgulate the output impedance by the
following formula:

E4R
Zout = Ein - Bo

Es =1rms voltage across power supply ouiput

terminals.

R =1008

Ein= 10 volis

g. The output impedance (Z,,+) should be
less than G.00]1 ohm.

h., Using formula of step {, calculate output
impedance at frequencies of 1KHz, 100KH=z, and
IMHz. Values should be less than 0.01 ohm, 0.2
chm, and 2 ohms, respectively.

5~21 CONSTANT CURRENT TESTS

5-22 Load Regulation. To check the constant cur-
rent load regulation, proceed as follows:

a. Connect test setup shown in Figure 5~4.

b, Turn VOLTAGE conftrols fully clockwise.

c. Set METER switch to highest current
range and turn on supply.

d. Adjust CURRENT controls until front panel
meter reads exactly the maximum rated output cur—
rent.

e. Read and record voltage indicated on dif~
ferential voltmeter.

5-%

f. Bhort out load resistor (Ry) by closing
switch S1.

g. Reading on differential voltmeter should
not vary from reading recorded in step e by more
than the foliowing {variations expressed in mVdc}:
Model 6282A 6285A B286A 6250A 6291A G296A
Variation 0,60 22.20 +0.60 20,830 +0.70 +0.830

5-23 Line Regulation. To check the line regulas-
tion, proceed as follows:

a. Utilize test setup shown in Figure 5-4
leaving switch 51 open throughout tast.

b. Connect variable auto fransformer between
input power source and power supply power input.

c. Adjust auto transformer for 1¢5VAC input.

d.  Turn VOLTAGE controls fully clockwise.

e. Bet METER switchto highest currentrange
and turn on supply.

fo  Adjust CURRENT controls until front panel
meter reads exactly the maximum rated ouiput cur-
rent.

g. Read and record voltage indicated on dif-
ferential voltmeter.

h. Adjust variable auto transformer for 125
YAC input.

i. Reading on differential voltmeter should
not vary from reading recorded in step g by more
than the following (variations expressed in mVdc):
Model _ 6282A 6285A B6286A 6290A 6291A 62964
Variation +0.60 £2.2¢ £0.60 +0.830 070 0,830

5-24 Ripple and Noise, To check the rippis and
noise, procead as follows:

a. Use test setup shown in Figure 5-4, ex-
cept connect AC voltmeter across sampling resistor
instead of differential voltmeter.

b. Rotate VOLTAGE controls fully clockwise.

c. Bet METER switch to highest current range
and turn on supply.

d. Adjust CURRENT conirols until front panel
meter indicates exactly the maximum rated ouiput
current.

&, Turn range switch on AC voltmeter to ImV
position.

f. The AC voltmeter should read as follows:
(Readings are expressed in mVac)

Model =~ 6282A GZBSA 6286A 6290A 6291A 6298A

Reading 0.50 0¢.60 0.50 1.0 0.6 1.0

5-25 TROUBLESHQOTING

5-26 Components within Hewlett-Packard power
supplies are conservatively operated to provide
maximum reliakility. In spite of this, parts with-
in a supply may faill. Usually the instrument must
be immediately repaired with a minimum of "down
time" and a systemaiic approach as outlined in
succeeding paragraphs can greatly simplify and
speed up the repair.
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5-27 TROUBLE ANALYSIS

5-28 General. Before attempting to trouble shoot
this instrument, ensure that the fault is with the
instrument and not with an associated clircuit,

The performance test (Paragraph 5-10) enables this
to be determined without having to remove the in-
strument from the cabinet.

5-2G Once it is determined that the power supply
is at fault, check for obvious troubles such as
open fuse, a defective power cable, or an input
power fatlure. Next, remove the top and bottom
covers (each held by four retaining screws) and
inspect for open connections. charred components,
etc. If the trouble source cannot be defected by
visual inspection, follow the detailed procedwe
cutlined in succeeding paragraphs. Once the de-
fective component has been tocated {by means of
visual inspection or troubie analysis) correct it
and re-conduct the performance test. If a compo~
nent is replaced, refer io the repair and replace-
ment and adjustment and calibration paragraphs in
this section.

5-30 A good understanding of the principles of
operation is @& helpful aid in troubleshooting, and
it is recommended that the reader review Section IV
of the manual before attempting to troubleshoot the
unit in detail. Once the principles of operation are
understood, logical application of this knowledge
used in conjunction withthe normal voltage readings
and wavefarms shown on the schematic and the ad-
ditional procedures given in the following para-
graphs should suffice o isolate a fault to a compo~
nent or gmall group of components. The component
location diagram at the rear of the manual can be
consulted to determine the location of components
and test points. The normal veltages shown on the
schematic are positioned adjacent to the applicable
test points {identified by encircled numbers on the
schematic and component location diagram). Addi-
tional fest procedures that will aid in isclating
troubles are as foliows!

a. Reference circuit check (Paragraph 5-31).
Thig circuit provides critical operating voltages for
the supply and faults in the circuit could afiect the
overall operation in many ways. This circuit should
be checked first, before proceeding to cother areas
of the unit.

b. Seriesregulatar and preregulator fsedback
loop checks (Paragraph 5-32).

¢. Procedures for dealing with common
roubles {Paragraph 5-33}.

5-31 Reference Circuit,

a. Make an ohmmeter check ic be certain
that neither the positive nor negative output termi-
nal is grounded.

b, Turn front-panel VOLTAGE and CURRENT
controls fully clockwise {maximum).

c. Turnon power supply (no load connected).

d. Proceed as instructed in Table 5-2.

5-32 Series Regulator and Proregulator Feedback
Circuits. Generally, malfunctionof these two feed-
back circuits is indicated by high or low (or no}
output voltage. If one of these situations occur,
disconnect the load and proceed as instructed in
Table 5-3 or 5-4., Prersgulator waveforms are in-
cluded on the schematic at the rear of the manual.

5-33 Commoen Troubles. Table 5«6 lists the
symptoms, checks, and probable causes for com-
mon troubles.

5-34 REPAIR AND REPLACEMENT

5-35 Before servicing a prinied wiring board, refer
to Figure 5~10. Section VI of this manusl containg
a list of replaceable parts. Before replacing a
semiconducior device, refer to Table 5-7 which
lists the special characterigtics of selected semi-
conductors. If the device to be replaced is not
iisted in Table 5~7, the standard manufacturers
part number listed in Section VI is applicable.
After replacing a semiconductor device, refer to
Table 5-8 for checks and adjustments that may be
necessary.

Table 5~2. Reference Circuit Troubleshooting
Meter Metar Normal . ) )
Step Common Sositive Indication if Indication Abnormal, Take This Action
1 +5 29 S, 4 0, 4Vde Check 15. 4 volt biag or VR600
2 28 +5 6.2 +0, 3vVde Check diode VRE01 =
3 5 30 15, 4 40, 5Vde Check RE05, Q600 through Q803, €600, CRB0O0,
and CRE01,

57
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Table 5-3.

High Qutput Voltage Troublashooting

Step Measure Responsge Probable Cause
1 Voltage between TP26 and TP30 a. 0OV or negative Q400 {Q401) shorted
CR400 shorted
b, More positive than 0303 open or R309 shorted
ov Proceed to Step 2
2 Voltage between +5 and A4 a, OV io+0.8V Open strap A3—A4
R813 or RB14 open
R8G5 or RB06 shorted
b. More negative than Proceed to Step 3
oy
3 Volitage between +5 and 11 a. More positive than Q100R shorted
+1, 5V Q100A open
b, +0.9 to £1,5V Proceed to Step 4
4 Voltage between +5 and 21 a, More negative than Q302 open
oV Q30! open
R305, R300 shorted
Table 5-4, Low Qutput Voltage Troubleshooting
Step Measure Response Probable Cause
1 Voltage between TP26 and TPSO a. More positive than Proceed to Step 2
ov
b, 0OV or negaiive Proceed to Step 3
2 Voltage between TP90 and TPZ7 a. Less positive than Check fuse F1, If blown
+4V check CR502 or CR504 for
short. If not blown, pro-
ceed to Table 5-5.
b, More positive than 0400 (Q401) open
+5V Proceed to Step 3
3 Disable Q200 by disconnect- a, Normal output Coenstant Current circuit
ing CR200 voltage faultyv; check Q2008,
RE10, RBOY, for short,
b, Low output veoltage If supply is furnishing cur-
rent without lead, check
CRE09, CBO2Z, or CBO3 for
short. If it is not, proceed
to Step 3
4 Voltage between +8 and A4 a, More negative Open sirap A4—AL

than 0OV

R813, k814, C80L
Proceed to Step 5
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Table 5-4. Low Output Veltage Troubleshooting (Continued)}

Step Measure Response Probable Cause
5 Voltage between +S and 11 a, Less positive than QI100B open
+3, 9V Q10604 shorted
QB8G2 or Q801 shorted
b, +0.9V 1o +1.5V Proceed to Step 6
& Voltage between +5 and 21 a. 0OV or positive Q303 shorted
Q302 shorted
R310 shorted
Table 5-5, Preregulator/Control Circuit Troubleshooting
Step Measure Response Probable Cause
1 Waveform between 4 and 3 of a, Normal firing pulse a., CR502-CR504 defective
T700 R501-R502 cpen
CR501, CR503, 71800
defective
b, No or abnormal fir- b, T700 open
ing pulse CR500 shorted
Proceed to Step 2
2 Waveform between 90 and 47 a. Zero or small posi- a, Q700 shorted
tive voltage C703 shorted
Q701 open
R703, primary T700 open
Proceed to Step 3
b, +16 to +20 Vol level b, Q700 open
R703 shorted
Q701 shorted
Proceed to Step 3
o, Waveiorm distorted c. Proceed to Step 3
3 Waveform between 90 and 59 a. Amplitude incorrect a, Q702 defective
R707,R708,R713 incor-
ract value or open
C700,CR710,C711 defec—
tive
b, Period incorrect b. CR709 defective
Proceed to Step 4
4 Waveform between 90 and 52 a. Amplitude incorrect a, CR708,CR709,R702 de~
factive
h. Period incorrect b, CR700 through CR703
defective
5 Waveform between 90 and 54 a., Amplitude incorrect a, R700,R701,C701 defec~
tive
b, Period incorrect b, CR704 through CR707 de-

fective
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Table 5-6. Common Troubles

Symptom Checks and Probable Causes

a. Check operating setup for ground loops.

b. If output floating, connect 1pf capacitor between output and ground

¢, Ensure that supply 1s not crossing over to constant current mode

High ripple under loaded conditions,

d. Check for low voltage across C500 or ©400,

e, Check for excessive ripple on reference voltages, Peak-to-peak
ripple should be less than 2mV for +9. 4V and -6, 2V and less than
4mV for +15, 4V,

Poor line regulation a, Check reference circuit {Paragraph 5«531).
a, Measurement technique, {Paragraph 5~16.}
Poor load regulation b, Check reference circuit (Paragraph 5-31).
(Constant Voltage) c. Ensure that supply is not going into current limit, Check constant
current input circuit,
a. Check reference circuit (Paragraph 5-31),
Poor load reguiation b, C802, C803, and CR80Y leaky.
(Constant Current) c. Ensure that supply is noti crossing over to constant voltage opera-
fion, Check constant voltage input circuit,
Oscillates {Constant
Voltage / C{Onstant &, Check C301 for open, adjustment of R307 {Paragraph 5-50),
Current) b, Check R103, C100 or R304, C300,
a, Check reference voltages {Paragraph 5-31).
. k., Noisy programming resistors R813, R814.
fgg;fttaa:tﬂ‘}i‘{ta o ¢. CR100, CRIOL leaky.
9 d. Check R104, R805, RR06, CHOL for noise or drift,
e, Stage Q100 defective,
a. Check reference voltages (Paragraph 5-31).
. b, Noisy programming resistors R809, R810.
?gz;sfabtﬂéty ant) c, CR808, C803, €802 leaky.
stant Lurt d. Check R807, R808, R200, R800, for noise or drift.
e, Stage Q200 defective,
Table 5~7, Selected Semiconductor Characteristics
Reference o ) Suggested
Designator Characteristics @ Stock No. Replacement
Matched differential ampli-
100 00 fier. NPN §i Planar. 70 {min.)
" leg 0.0 pa @ Veopg = SV.
303, Q400 NPN power. hpp = 35 (min);
(Q401) @1, = 48, Vep = 4V. 1854-0225 2N3055 R.C.A,
h‘ Iy . < s x "
Q851 li\éggcsfd differential amplifier. 1854-0221 2N4045 Union Carbide
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Table 5-7. Selected Semiconductor Characteristics (Continued)
CR100~CR102Z,
CR200, CR300, CR301,| 8i diodg, 200 mA, 200 prv 1941-0033 1N4858 Svylvania
CR500, CR700, CR701
CR402, CRB02Z, . .
CREO3-CRAOE Si Stabistor, 200 mA, 15 prv 1901-0461 1N4828 G.E.
Zener diode, 4, 22V, £5%
VR300 400 mw 1902-3070 1N749 Motorola
Table 5~8. Checks and Adjusiments After Replacemant of Semiconductor Devices
Reference Function Check Adjust
) . N Constant voltage (CV)
Q100 Consiant voltage differential amplifier line and load regulation.
. , - Constant currant (CC)
Q200 Constant current differential amplifier line and load requlation,
Q300 Constant Current gating amplifier CC load regulation,
Q301 Constant Voltage gating amplifier CV load regulation,
. CV/CC load regulation
Q302, Q303 Error amplifiers Transient response R307
Q400 {Q401) Serizs Regulator CV/CC load regulation
Q600, Q601, Reference voltages.
Q602, Q603 Reference regulator Overvoltage trip point, R604
Q740, Q701 . Voltage across R711
Q7072 SCR contro series regulator
Q851, ©852, . Meter zero. Volimeter/ R870, R865,
Q853 Meter amplifiers Ammeter tracking RE55
Short output, ensure
that output goes to
Q801, Q802 Overcurrent detectors

zero without damage
to series regulator.

CR100, CRIOL

Limiting diodes

CV load regulation

CR403, CR404

Forward bias regulator

Voltage across each
diode 0, 6 10 8. & volts,

CR700-CR703

Rectifier bridge

Waveform between 52
and 90

CR704~CR707

Rectifier bridge

Waveform betwean 54
and 90
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Excessive heat or pressure can 1ift the copper strip irom the board. Avoid damage by using a
low power solderingiron (50 watts maximum) and following these instructions. Copper thatlifts
off the board should be cemented in place with a quick drying acetate base cement having good
electrical insulating properties.

A break in the copper should be repaired by soldering a short length of tinned copper wire
across the break,

Use only high quality rosin core solder when repairing etched circuit boards. NEVER USE
PASTE FLUX. After soldering, clean off any excess flux and coat the repaired area witha
high quality elecirical varnish or lacquer.

When replacing components with multiple mounting pins suchastube sockets, electrolytic capa-
citors, and potentiometers, it will be necessary to lift each pin slightly, working around the
components several times until it is free,.

WARNING: ¥ the specific instroctions outlinedinthe steps below regarding etched circuitboards
without eyelets are not followed, extensive damage to the etched circuit board will result.

1. Apply heat sparingly to lead of component 2. Reheat solder invacant eyeletand quickly
tobe replaced, Hleadofcomponentpasses insert a small awlto cleaninside of hole,

through an eyelet I hele does
in the circuit not have an CONDUCTOR
board, apply - eyelet, in- SIDE

sert awl or
a #57 drill

heat on com-
ponent side

of board, L from con~
lead of com~ * ductor side
ponent does of board.

not pass through an '
eyelet, apply Heat to conductor side of board.

4. Hold partagainst board (avoid overheating)

3. Bend clean tinned lead on new part and and solder leads.
carefully insert Apply heat to compo-
through eyelets or S nent leads on correct
holes in board, side of board
as explained

fusemcs in step 1.

In the eventthat either the circuit boardhas been damaged or the conventional method is imprac-
tical, use method shown below. Thisis especially applicablefor circuit boards without eyelets,

1. Clip lead as shown below, 2. Bend protruding leads upward. Bend lead
of new APPLY -
cLip component SOLDER
HERE around pro-

truding lead.
Apply solder
uging a pair
of long nose pliers as a heat sink,

RErITITTN llltl'l‘lllllllll'!l‘. o

This procedure is used in the field only as an aliernate means of repair. It is not used within
the factory,

Figure 5~10. Servicing Printed Wiring Boards
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Table 5-8.

Checks and Adjustments After Replacement of Semiconductor Devices {Continued)

CR6G0, CRB01,
CR800, CREO1,
CR501~CR504

Ractifier dicdes

Voliage across appro-
priate filter capacitor

VREGO, VRE01 Reference voltages

Check +8, 4V and -6, 2V
reference voltages

Table 5-9, Calibration Adjustment Summary

Adjustment or Calibration Paragraph Control Device
Meter Zero 5-38 Pointer
Volimeter Tracking 5-40 R870 and RBEGS
Ammeter Tracking 5-42 R855
"Yoltage" Programming Current 5-44 R80S6
"Current” Programming Current 5-46 R8G8
Overvoltage Trip 5-48 R6C4
Transient Response 5-50 R307
Preregulator Tracking 5-52 R711

5-36 ADJUSTMENT AND CALIBRATION

5-37 Adjustment and calibration may be required
after performance testing, troubleshooting, or repair
and replacement. Perform only those adjustments
that affect the operation of the faulty circuit and no
others. Table 5-9 summarizes the adjustments and
calibrations contained in the following paragraphs.

5-38 METER ZERO
5-3% Proceed as foliows to zero meter:

a. Turn off instrument (after it has reached
normal operating temperature) and allow 30 seconds
for all capacitors to discharge.

b. Insert sharp pointed object (pen point or
awl) into the small indentation near top of round

black plastic disc located directly below meter face.

c. Rotate plastic disc clockwise (cw) until
meter reads zero, then rotate cow slightly in order
to free adiustment screw from meter suspension. If
pointer moves, repeat steps b and ¢.

5-40 VOLTMETER TRACKING

5~41 To calibrate velimeter tracking. proceed as
follows:

5-13

a. To electrically zero meter, set METER
switch to highest current position and, with supply
off and no ioad ¢onnected, adjust REB70 until front
panel meter reads zero.,

b. Connect differential voltmeter across sup-
ply, observing correct polarity.

c. Set METER switch to highest voltage range
and turn on supply. Adjust VOLTAGE control until
differential voltmeter reads exactly the maximum
rated output voltage.

d. Adjust R865 until front panel meter also
indicates maximum rated output voliage.

5-42 AMMETER TRACKING

5-43 To calibrate ammeter tracking, proceed as
follows:

a. Zero meier as described in step a of 5~41.
Connect test setup shown on Figure 5~4 leaving
swiich 81 open.

b, Turn VOLTAGE control fully clockwise and
set METER switch to highest current range.

¢. Turn on supply and adjust CURRENT con-
trols until differential voltmeter reads 1. 0Vdc.

d. Adjust R855 until front panel meter indi-
cates exactly the maximum rated output current,
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5-44 CONBSTANT VOLTAGE PROGRAMMING CURRENT

5-45 To calibrate the constant voltage programming
current, proceed as follows:

a. Connect a 0.1%, 20 watt resistor between
terminals -8 and A4 on rear barrier sirip. Resistor
value to be as feilows:

Model 6282A 6285A 6286A 6290A 629IA 620964
Res. 2K 4K 4K 8K 8K 18K

b. Disconnect jumper between A3 and A4 on
rear terminal barrier strip.

c. Connect a decade resistance in place of
RBO6,

d. Connect a differential voltmeter between
+8 and -8 and turn on supply.

e. Adjust decade resistance box so that dif-
ferential voltmeter indicates maximum rated output
voltage within the following tolerances:

Model 6282A B285A 6286A 62907 62914 52964
Tol.(Vde} 40.2 0.4 0.4 0.8 0.8 #1.2

f. Replace decade resistance with resistor

cf appropriate value in R806 position.

5-46 CONSTANT CURRENT PROGRAMMING
CURRENT

5~47 To calibrate the constiant current programming
- current, proceed as follows:

a. Connect powear supply as shownin Fig, 5-4.

b. Remove strap between A6 and A7 {leaving
A7 and A8 jumpered).

c. Connecta 0.1%, 1/2 watt resistor be~
tween Al and A7. Resistor value is 1Kn (1. 5K~ for
Models 6290A and 62964),

d. Connect decade resistance box in place
of RBC8.

e, Set METER switch to highest current
range and turn on supply.

f. Adjust the decade resistance so that the
differential voltmeter indicates 1.0 £ 0.02Vde.

g. Replace decade resistance with appro-
priate value resistor in R808 position.

5-48 OVERVOLTAGE TRIP

5-49 To adiust the overvoltage trip point, proceed
as follows:
a. Connect differential voltmeter across +8§
and -8 terminals of supply.
b. Rotate VOLTAGE controls fully clockwise.
c. Turn on unit. Differential voltmeter
should read 20% above maximum rated output volt-
age within £5%.
d. If it does not, turn off supply and connect
decade resistance agross R605 in place of R604,
e. Adjust decaderesistance until differential
voltmeter reads that indicated in step c.
NOTE
The +15.4V reference voltage must
be kept within £0.5Vde when ad-
justing the decade resistance box.

5-14

f, Replace decade resistance with resistor
of appropriate value in R604 position.

5-50 TRANSIENT RECOVERY TIME

5-51 To adjust the transient response, proceed as
follows:

a. Connect test setup as shown inFigure 5-7.

b. Repeat steps a through e as outlined in
Paragraph 5-19.

c. Adjust R307 so that the transient response
is as shown in Figure 5-8.

5-52 PREREGULATOR TRACKING (6GHz OPERATION)

5-53 To adiust the preregulator control circuit with
a &0Hz ac input, proceed as foliows:

a, Connect proper load resistor acrogs out—
put terminals of supply. Resistance value to be as
foilows:

Model 6282A 6285A B286A 6280A 6291A 62964
Res. In A 20 13 8n 20n

b. Connect DC volimeter between TP2Y and
TP (across series regulator}.

c. Turn on supply and adjust VOLTAGE con-
trols for maximum rated output voltage.

d. Adjust R711 so that DC voltmeter reads
3+ 0.2Vdc.
5-0¢ PREREGULATOR TRACKING (50Hz OPERATION}
5~-55 To adjust the prereguiator control circuit when
the ac input is from a 50Hz source, proceed as
follows:

a. Connect load resistor across rear output
terminal of supply. Resisior value to be as follows:
Model 6282A 6285A 6IB6A 62%0A 62914 B296A
Res. la 4n 2n 13 8n 20n

b. Connect oscilloscopé (dc coupled) across
series regulator, T.P. 27 to T.P. 90.

c. Disconhect R709 in the SCR control circuit,
and connect decade resistance box in its place.

.d. Rotate CURRENT controls fully clockwise
and turn on supply.

e. Decrease resistance of decade resistance
irom normal value of R709 unti] sawtooth waveform
on oscilloscope is symmetrical (amplitude of 50Hz
sawtooth waves are egqual).

f. Replace decade resistance box with ap~
propriate value resistor in R709 position.

g, Adjust ramp potentiometer R711 for 3.5Vdc
drop across series regulator.

ho If 3.5 volts cannot be obtained, remove
R712 {in series with R711) and connect the decade
regigtance box in its place.

i. Increase value of decade resistance box
from normal value of R712 until 3.5Vdc¢ drop is ob~
tained across series regulator.

j. Remove decade resistance and connect
new resistance value in R712 position.
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SECTION Vi
REPLACEABLE PARTS

6-1 INTRODUCTION

6-2 This section contains information for ordering
replacemeant parts, Table 6-4 lists parts in alpha-
numeric order by reference designators and provides
the following information:

a. Reference Designators. Refer to Table o-1,

b, Description, Refer to Table 6-2 for ab-
breviations.

¢, Total Quantity {TQ). Given only the first
time the part number is listed except in instruments
containing many sub-modular assemblies, in which
case the TQ appears the first time the part number
is listed in cach assembly.

d, Manufacturer's Part Number or Type.,

e, Manufacturer’s Tederal Supply Code Num~-
ber. Refer to Table 6-3 for manufacturer's name and
address.

f. Hewlett-Packard Part Number,

g, Recommended Spare Parts Quantity (RS}
for complate maintenance of one instrument during
one vear of isclated service,

h, Partg not identified by a reference desig-
nator are listed at the end of Table 6~4 under Me~-
chanical and/or Miscellaneous, The former consisis
of parts belonging to and grouped by individual as-
semblies: the latter consists of all parts not im-
mediately associated with an assembly,

6-3 ORDERING INFORMATION

6-4 To order a replacement part, address order or
inguiry to vour local Hewlett~Packard sales oifice
(see lists at rear of this manual for addresses),
Specify the following information for each part:
Model, complete serial number, and any Option or
special modification () numbers of the instrument;
Hewlett-Packard part number; circuit reference des-
fgnator; and description. To order a part not listed
in Table 6-4, give a complete description of the
part, its function, and its location,

Table 6-1. Reference Deslignators
A = assembly E =z miscellaneous
B = blower (fan) electronic part
C = capacitor F = fuse
CB = ¢ircuit breaker |7 = jack, jumper
CR = diode K = relay
s = device, signal- | L =z inductor

ing (lamp) M = meter

Table 6-1. Reference Designators {Continued)
P = plug W = vacuum tube,
Q = fransistor neon bulb,

R = resistor photocell, etc,

) = gwitch VR = zener diode

T = transformer X = socket

B = terminal biock 4 = integrated cir-

TS = thermal switch cuit or network
Table 6~2, Descripiion Abbreviations

A = ampere mfr = manufacturer

ac = alternating mod, = modular or

current modified

assy, = assembly mig = mounting

bd = board n = nano = 1079
bkt = bracket NC = normally closed
e = degree NO = normally open

Centigrade NP = nickel-plated
cd = card n = ohm
coel = coefficient obd = order by
comp = composition description

CRT = cathode-ray OD = outside

tube diameier

CcT = center-tapped el = pico = 10712
de = direct current P.C. = printed circuit
DPDT = double pole, pot. = potentiometer

double throw p-p = peak-to-peak

DPST = double pole, ppm = parts per

single throw million

elect = electrolytic pvr = peak reverse
encap= encapsulated voliage
F = farad rect = rectifier
or = degree rms = rogt mean

Farenheit sguare

fxd = fixed Si = gilicon
Ge = germanium SPDT = single pole,

H = Henry double throw
Hz = Hertz $PST = single pole,
iC = integrated single throw

circuit 58 = smail signal
1D = inside diameter{ T = slow-blow
incnd = incandescent tan, = tantulum

k = kilo = 109 Ti = titanium
m = milli = 10-3 V = volt
M = mega = 106 var = variable
i = micro = 1078 ww = wirewound
met, = metal wW = Watt

6-1
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Table 6-3,

CODE
NO, MANUFACTURER ADDRESS
30629 | EBY Sales Co., Inc. Tamaica, N.Y.
00656 | Aeroveox Corp. New Bedford, Mass,
00853 | Sangamo Electric Co,
. Carcolina Div, Pickens, 8,C,
01121 JAlen Bradley Co, Milwaukee, Wis.
01255 | Litton Industries, Inc,
Beverly Hills, Calif.
01281 | TRW Semiconductors, Inc.
Lawndale, Calif,
01295 | Texas Instruments, Inc,
Semiconductor-Components Div,
Dallas, Texas
01686 | RCL Llectronics, Tne. Manchester, N, H,
G1930 {Amerock Corp, Rockiord, TIL.
02107 | Sparta Mfg, Co, Dover, Qhio
02114 }Ferroxcube Corp, Saugertissg, N,Y.
02606 | Fenwal Laboratories Morton Grove, [,
02660 |Amphenol Corp, Broadview, 111,
32735 {Radio Corp, of America, Solid State
and Recelving Tube Div, Somerville, N.T,
03508 |G.E. Semiconductor Products Dept,
Svyracuse, N,Y,
03797 [Eldema Corp. Compton, Calif,
03877 | Transitron Electronic Corp,
Wakefield, Mass,
(03888 | Pyrofilm Resistor Co. Inc,
Cedar Knolls, N.J.
04009 (Arrow, Hart and Hegeman Electric Co,
Hartford, Conn.
04072 |ADC Electrenics, Inc, Harbor City, Calif,
042313 [Caddell & Burns Mig, Co, Inc.
Mineola, N.Y,
04404 | *Hewlett~Packard Co, Palo Alto Div,
Palo Alto, Calif,
04713 | Motorola Semiconductor Prod. Inc,
Phoenix, Arizona
05277 | Westinghouse Blectric Corp,
Semiconductor Dept. Youngwood, Pa,
35347 [Ulironix, Inc. Crand Junction, Colo,
05820 |Wakefield Engr. Inc. Wakefield, Mass,
06001 |General Elect, Co, Electronic
Capacitor & Battery Dept. Irmo, S.C,
06004 [Bassik Div, Stewart-Warner Corp,
Bridgeport, Conn.
06486 |IRC Div, of TRW Inc.
Semiconductor Flant Lynn, Mass,
06540 {Amatom Flectronic Hardware Co. Inc.
New Rochelle, N.Y.
06555 |Beede Electrical Instrument Co.
Penacook, N, H.
06666 [General Devices Co. Inc.
Indianapolis, Ind,
06751 {Sewmcor Div., Components, Inc.
Phoenix, Arizeona
06776 |Robinson Nugent, Inc. New Aibany, Ind.
06812 |Terrington Mfg, Co,, West Div.
Van Nuvys, Calif,
07137 {Transistor Electronics Corp.

Minneapolis, Minn,

Code List of

Manufacturers
CQODE
NG, MANUFACTIIRER ADIDRESS
07138 | Westinghouse Llectric Corp,
Elecironic Tube Div, Elmira, N, VY.
07263 | Pairchild Camera and Instrument
Corp, Semiconductor Div,
Mountain View, Calif,
07387 | Birtcher Corp., The Los Angsles, Calif.
07397 | Sylvania Blectric Prod, Inc.
Sylvania Flectronic Svstems
Western Div, Mountain View, Calif,
07716 } IRC Div. of TRW Inc. Burlington Plant
Burlington, Iowa
07910 | Continental Device Corp,
Hawthorne, Calif.
37933 | Ravtheon Co, Components Div,
Semiconductor Qperation
Mountain View, Calif,
08484 | Breeze Corporations, Inc, Union, N,T,
08530 | Reliance Mica Corp. Brooklyn, N. Y,
08717 | Sloan Company, The Sun Valley, Calif,
08730 | Vemaline Products Co. Tnc. Wyckoff, N, T,
08806 | General Plect. Co., Minia~-
ture Lamp Dept, Cleveiand, Chio
08863 | Nvlomatic Corp. Naorrisville, Pa,
3891% | RCH Supply Co, Vernon, Calif,
08021 |Airco Speer Electronic Components
Bradford, Pa,
09182 | *Hewlett~Packard Co, New Jersey Div,
Rockaway, N.]J.
(09213 | General Elect. Co, Semiconductor
Prod, Dept, Buffalo, N,V
09214 | General Elect, Co, Semiconducter
Prod, Dept, Auburn, N.Y,
09353 {C & K Components Inc, Newton, Mass,
09822 1 Burndy Corp. Norwalk, Conn,
11115 | Wagner Electric Corp,
Tung-Sol Div, Bloomfield, N.IJ.
11238 {CTS of Berme, Inc. Berne, Ind,
11237 |Chicago Telephone of Cal., Inc,
S0, Pasadena, Calif,
11502 JIRC Div, of TRW Inc, Boone Plant
Boone, N.C.
11711 | General Instrument Corp
Rectifier Div, Newark, N.T.
12136 | Philadelphia Handle Co, Inc.
Camden, N.7.
12615 |U. 8. Terminals, Inc, Cincinnati, Ohio
12617 | Hamlin Inc, Lake Mills, Wisconsin
12697 |Clarostat Mig., Co. Inc. Dover, N, H,
13103 {Thermalloy Co. Dallas, Texas
14493 | *Hewlett-Packard Co. loveland Div,
Loveland, Colo,
14655 {Cornell~Dubilier Clectronics Div,
Federal Pacific Electric Co.
Newark, N.7J.
14936 lGeneral Instrument Corp, Semicon—
ductor Prod. Group Hicksville, N.Y.
15801 |Tenwal Blect, Framingham, Mass,
16299 jCorning Glasg Works, Blectronic

Components Div, Raleigh, N.C,.

*Use Code 28480 assigned to Hewlett~Packard Co,, Palo Alto, California

6-2
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Table 6-3,
CODE
NO. MANUFACTURER ADDRESS
16758 | Delco Radio Div, of General Motors Corp.
Kokomo, Ind,
17545 | Atlantic Semiceonductors, Inc.
Asbury Park, N.I.
17803 | Fairchild Camera and Instrument Corp
Semicenductor Div., Transducer Plant
Mountain View, Calif,
17870 | Daven Div. Thomas A. Edison Industries
McGraw-Edison Co, Qrange, N.T.
18324 | Signetics Corp. Sunnyvale, Calif.
19315 | Bendix Corp. The Navigation and
Control Div, Teterboro, N.T.
19701 | Dlectra/Midland Corp.
Mineral Wells, Texas
21520 | Fansieel Metallurgical Corp.,
No. Chicago, 11,
22229 | Union Carbide Corp. Elecironics Div,
Mountain View, Calif,
22753 | UID tlectronics Corp, Hollywood, Fla,
23836 | Pamotor, Inc, Pampa, Texas
24446 | General Electric Co. Schenectady, N,Y.
24455 | General Blectric Co. Lamp Div, of Con~
sumer Prod, Group
Nela Park, Cleveland, Ohio
24655 | General Radio Co, West Concord, Mass,
24681 | LIV Dlectrosystems Ing Memcor/Com-
ponenis Operations Huntington, Ind.
26982 { Dvnacool Mfg, Co., Inc, Saugerties, NV,
27014 { National Semiconductor Corp.
' Santa Clara, Calil,
28480 | Hewlett-Packard Co. Pale Alto, Calif,
28520 | Heyman Mig., Co. Renilworth, N.7.
28875 | IMC Magnetics Corp.
New Hampshire Div, Rochester, N. H.
31514 | SAE Advance Packaging, Inc,
Santa Ana, Calif,
31827 | Budwig Mig, Co, Ramona, Catlif,
33173 |G.L. Co. Tube Dept, Owensboro, Ky,
35434 | Lectrohm, Inc, Chicago, IIL,
37942 [P, R. Mallory & Co. Inc,
Indianapolis, Ind,
42190 | Muter Co, Chicago, iil,
43334 {New Departure~Hvatt Bearings Div,
General Motors Corp. Sandusky, Ohic
44655 | Ohmite Manufacturing Co, Skeokie, Iil,
46384 | Penn Engr. and Mig, Corp,
Dovylestown, Pa,
47804 i Polaroid Corp. Cambpridge, Mass,
48956 }Raytheon Co, Lexington, Mass,
55026 {Simpson Electric Co, Div, of American
Gage and Machine Co. Chicago, Il
56289 [Spragus Electric Co. North Adams, Mass,
58474 |Superior BElectric Co, Bristol, Conn,
58849 | Syntron Div, of FMC Corp,
Homer City, Pa,
58730 | Thomas and Betts Co, Philadelphia, Pa,
61637 |} Union Carbide Corp, New York, N.Y,
63743 [Ward leonard Eleciric Co,
] Mt, Vernon, N, Y.

*Use Code 71785 assigned to Cinch Mig, Co., Chicago, IlL

G2

Code List of Manufacturers (Continued)

CODE
NO. MANUFACTUREIR ADDRESS
70563 | Amperite Co, Inc. Unton City, N.J.
70901 | Beemer Engrg, Co. Fort Washington, Pa,
70903 | Belden Corp, Chicago, IlI,
71218 | Bud Radio, Inc, Willoughby, Ohic
71279 | Cambridge Thermionic Corp. )
Cambridge, Mass,
71400 | Bussmann Mfg, Div, of McGraw &
Edigson Co, St. Louis, Mo,
71450 § CT8 Corp. Blkhart, Ind,
71468 1 1. T. T. Cannon BElectric Inc,
Los Angeles, Calif,
71590 | Globe-Union Inc,
Centralab Div, Milwaukee, Wisg,
71700 | General Cable Corp, Cornish
Wire Co, Diwv, Williamstown, Mass,
71707 | Coto Coil Co, Inc, Providence, R, I,
71744 | Chicago Miniature Lamp Works
Chicago, IlI,
71785 | Cinch Mig, Co, and Howard
B, Jones Div, Chicago, ill,
71484 | Dow Commning Corp, Midland, Mich,
72136 | Eleciro Motive Mig, Co, Inc,
Willimantic, Conn,
72619 } Dialight Corp, Brooklivn, N,Y,
72699 | General Instrument Corp, Newark, N.J.
72765 | Drake Mifg, Co. Harwood Heights, I,
72862 | Elastic Stop Nut Div, of
Amerace Esna Corp. Union, N,T.
72982 | Erie Technological Preducts Ine, Erie, Pa,
73096 | Hart Mig, Co. Hartford, Conn,
73138 } Beckman Instruments Inc.
Helipot Div, Fullerton, Calif,
73168 | Fenwal, Inc, Ashland, Mass.
73293 | Hughes Aircraft Co. Lleciron
Dynamics Div, Torrance, Calif,
73445 | Amperex Blectronic Corp,
Hicksville, N.Y.
73506 { Bradley Semiconductor Corp,
New Haven, Conn,
73559 { Carling Electric, Inc, Hartford, Conn.
73734 | Tederal Screw Products, Inc.
Chicago, 111,
74193 | Heinemann Electric Co. Trenton, N.J.
74545 § Hubbell Harvey Inc, Bridgeport, Conn,
74868 { Amphenol Corp. Amphenol RF Div,
Danbury, Conn.
74970 | E, ¥, Johnson Co, Waseca, Minn,
75042 | IRC Div, of TRW, Inc, Philadelphia, Pa.
75183 | *Howard B, Jenes Piv, of Cinch
Mfg, Corp. New York, N,Y.
75376 | Kurz and Kasch, Inc. Davyton, Ohio
75382 | Kilka Electric Corp. M1t, Vernon, N,Y,
753915 | Littlefuse, Inc, Des Plaines, Il
76381 | Minnesota Mining and Mfg., Co,
St. Paul, Minn.
76385 | Minor Rubber Co, Inc. Bloomfield, N.T.
76487 |Tames Millen Mifg, Co. Inc,
Malden, Mass.
76493 |7.W, Miiler Co, Compton, Calilf,
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Table 6-3,
CCDe
NO. MANUFACTURER ADDRESS
76530 | Cinch City of Indusiry, Calif,
768541 Oak Mig. Co, Div. of Qak
Electro/Netics Corp.,  Crystal Lake, 115
77068 1 Bendix Corp., Electrodynamics Div,
No., Hollywood, Calif,
77142 { Palnut Co, Mountainside, N, 7.
77147 § Patton-MacGuyer Co. Providence, R, L
77221 | Phaostron Instrument and Electronic Co,
South Pasadena, Calif,
77257 | Philadelphia Steel and Wire Corp.
Philadelphia, Pa,
77342 | American Machine and Foundry Co.
Potter and Brumfield Iiv, Princeton, Ind,
77630 | TRW Electronic Components Div,
Camden, N.T.
77764 ] Resistance Products Co, Harrigburg, Pa.
78189 | Illincis Tool Works Inc. Shakeproof Div,
Elgin, Il
784521 Everlock Chicago, Inc. Chicago, Il
78488 Stackpole Carbon Co. St. Marvs, Pa,
78526 Stanwyck Winding Div, San Fernande
Electric Mig, Co. Inc. Newburgh, N.Y.
78553 Tinnerman Products, Inc. Cleveland, Ohio
783841 Stewart Stamping Corp, Yonkers, N, Y.
791361 Waldes Kohinocor, Inc. L.IL.C., N.Y.
79307 | Whitehead Metals Inc. New York, N.Y.
789727 | Continental-Wirt Electronics Corp,
Philadeiphia, Pa,
78963} Zierick Miqg, Co, Mt, Kisco, N.Y,
80031 | Mepco Div, of Sesstons Clock Co,
Morristown, N, 7,
80294 | Bourns, Inc, Riverside, Calif,
81042 ] Howard Industries Div. of Ms! Ind. Inc,
Racine, Wisc,
81073} Gravhill, Inc, La Grange, Il
814831 International Rectifier Corp.
El Segunde, Calif,
817511 Columbuys Electronics Corp, Yonkers, N. Y.
82099 | Goodyear Sundries & Mechanical Co, Inc,
New York, N,Y,
821421 Airco Speer Plectronic Components
. Du Bois, Pa.
82219| Svivania Blectric Producis Inc.
Electronic Tube Div, Receiving
Tube Operations Emporium, Pa.
823891 Swiitcheraft, Inc. Chicago, I1L
826471 Metals and Controls Inc. Control
Products Group Attleboro, Mass.,
82866 Research Products Corp. Madiseon, Wis.
82877 | Rotron Inc. Woodstock, N.Y,
82893 | Vector Electronic Co, Glendale, Calif,
83058} Carr Fastener Co, Cambridge, Mass,
831861 Victory Engineering Corp,
Soringfield, N,T.
832981 Bendix Corp. Eleciric Power Div,
Eatontow:n, N.J,
83330 Herman H, Smith, Inc, Brooklyrn, N,Y.
83385] Central Screw Co, Chicago, I,
835011 Gavitt Wire and Cable Div, of

Amerace Lgna Corp. Brookfield, Mass.,

Code Lisit of Manufacturers {Continued)

CODE
NO, MANUFACTURER ADIDRESS
835081 Grant Pulley and Hardware Co.
West Nyack, N, Y.
83594 | Burroughs Corp, Electronic
Components Div, Plainfield, N,7.
83835 U. 8. Radium Corp, Morristown, N.7.
83877 | Yardenv Laboratories, Inc.
New York, N, Y.
84171} Arco Electronics, Inc, Great Neck, N.Y,
844111 TRW Capacitor Div, Cgaliala, Neb,
86684} RCA Corp, Electronic Components
Harrison, N.J.
868381 Rummel Fibre Co. Newark, N,T.
87034 Marco & Cak Industries a Div, of Oak
Electro/netics Corp. Anaheim, Calif,
87216 | Philco Corp, Lansdale Div. Lansdale, Pa.
87585 | Stockwell Rubber Co, Inc.
Philadelphia, Pa,
87528 Tower-Olschan Corp. Bridgeport, Conn,
881401 Cutler~-Hammer Inc, Power Distribution
and Contrel Div, Lincoln Plant
Lincoin, I,
88245 Litton Precision Products Inc, USECO
Div., Litton Industries Van Nuys, Calif,
306341 Gulton Industries Inc, Metuchen, N.T.
407631 United-Car Inc. Chicago, Iil.
813451 Miller Dial and Nameplate Co,
Bl Monte, Calif,
§1418| Radio Materials Co, Chicago, Il
91506 | Augat, Inc, Attleboro, Mass,
51637 | Dale Electronics, Inc, Columbus, Neb,
416621 Elco Corp. Willow Grove, Pa,
91929 ¢ Honeywell Inc. Div., Micro Switch
Freeport, 111,
92825 Whitso, Inc, Schiller Pk, ., Ili,
93332 Sylvania Blectric Prod. Inc, Semi-
conductor Prod, DHv.  Wobum, Mass.
93410 | Essex Wire Corp., Stemco
Controls Div, Mansfiald, Chio
941444 Ravtheon Co, Components Div,
Ind, Components Oper, Cuincy, Mass,
$4154§ Wagner Eleciric Corp.
Tung-Scl Div, Livingston, N.J.
842221 Southco Inc, tester, Pa,
952631 Leecraft Mfg, Co. Inc. L.ILLC,, N.Y,
85354 Methode Mig, Co. Rolling Meadows, Il
95712 Bendix Corp, Microwave
Devices Div., Franklin, Ind.
95987 ] Weckesser Co, Inc, Chicago, Ti.
86791 ] Amphenol Corp. Amphanol
Controls Div, JTanesville, Wis,
87464 Industrial Retaining Ring Co,
Irvington, N,7.
977021 IMC Magnetics Corp, Fastermn Div,
Westbury, N,Y,
98291} Sealectro Corp. Mamaroneck, N, Y.
98410 | ETC Inc, Cleveland, Ohio
98878 | International Electronic Research Corp,
Burbank, Calif,
99934 | Renbrandt, Inc. fSoston, Mass.,
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Reference Mfr, Part # Mfr, &,
Designator Description Quantity or Tvpe Mir, Code Stock Ne, RS
100 fxd, film G,082uf 200V 1 192P82392 Sprague 56289 0160-0167 1
C200 fxd, film 0.0047pf 200V 1 192P47282 Sprague 56289 0160~0157 1
300 fxd, film 0.22pf 80V 1 192P2249R8 Sprague 56289 0160~-2453 1
301 fxd, film 0.00Llpf 2060V 1 192P1G292 Sprague 56289 0160-0153 1
302, 303 fxd, film 0,0022uf 200V 2 192P22292 Sprague 56289 0160-0154 1
Cs500 fxd, elect 34, 000pf 30V 1 D40§73 HLAB 09182 §180-1930 1
C501 fxd, paper 0,1pf 406GV 1 160P10494 Sprague 56289 0160-0013 1
C600 ixd, elect 325upf 35V H 34656 HLAB 0gig2 0180-0332 1
Ce01, 602,702,

201 fxd, elect Hpf 65V 4 D33689 HLAR 9182 0180-31836 1
<700 fud, elect ipf 35V 1 150D105X8035A2 Sprague 56289 0180~0291 1
C701 fxd, elect 1uf 50V 1 30D105G050BA4 Sprague 56289 0180-0108 1
C703 fxd, film 0.1pf 200V 1 192P10492 Sprague 56289 0160-0168 1
<800 fxd, elect 1500uf 40V 1 D3g733 HLAB 069182 0180-1894 1
Ccg02 fxd, elect 40uf 50V 1 027406 HLAB 09182 0180-1849 1
803 fxd, elect 5000pf 45V 1 38008 HLAB 09182 0180-1819 1
Cgi4 NOT ASSIGNED - - - - - -
805 fxd, elect 4,7uf 35V 1 150D475X903582 Sprague 56289 0180-0100 1
C900” fxd, elect 20uf 50V 1 30DZ206G050DC 4 Sprague 56289 0180-0049 1
CR100-102, 260,

300, 301, 500,

700-711, 802,

807,808, 900,

901 51, diode 200ma Z08prv 24 HILAB 08182 1901-G033 ¢
CR40%, 809 Si, rect 12A@1500C 100prv 2 IN1200A R.C.A 02735 1501-0002 2
CR40Y, 403, 404,

600, 601, 800,

801, 902 Si. rect 500ma 200prv ] 1N3253 R, C.A, 02735 1801~0389 6
CRrR402, 602,

803-806 Si diode 200ma 15prv 6 HLAB 03182 1501-0461 6
CR501,503 8i. rect 208 @110°C 50prv 2 A40F G, E. (3508 1901-0323 2
CR502,504 SCR 20amp 50prv 2 MCR-649P=2 Meotorola 04713 1884~0005 2
Ds1 Lamp, neon part of si. ass'y Ref HLAB 09182 2140-0244 2
Fi Fuse cartridge &4 1 312006 Littlefuse 75915 2110-0056 5
Q100,200 Si, NPN diff amp 2 HLAB 08182 1854-0229 2
300, 301, 601,

602,603 Si, NPN 5 47X16A1014 G.E. 43508 1854-0071 5
Q302,700, 701,

801, 802 Si, NBPN 5 2N3417 G.E 03508 1854-0087 5
303,400,401 Si, NPN POWERpB = 35@

4 ADC 3 HLAB 09182 1854~0225 3
Q6400 Si. PNP 1 40362 R.C.A 02735 1853-0041 1
Q702, 800, 850,

B52Z, 853 5i, PNP 5 2N2907A Sprague 56289 1853-00¢9 5
Q851 Si. NPN diff amp 1 HLAB 09182 1854-0221 1
Q854 NOT ASSIGNED ~ E - - - -
R1G0O, 202,819  fxd, met. film 160K~ %1% 1/8w 3 Type CEA T-O L R.C. 07716 0598~5092 1
R101, 201,820  fxd, met, film 61.9Kn %1% /8w 3 Type CEA T-O L R.C. 07716 07570460 1
R102,108, 204 fxd, meti, film 432Kn*1% Vew 3 Type CEA T-O LR.C. 87716 $6757-0480 1
R103, 306,815 fxd, comp 1K £5% +w 3 ER-1025 A.B. 01121 0686-1025 1
RiC4 fxd, ww 490~ 5% 3w 1 242E-4915 Sprague 56289 08311-1801 1
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Reference Mfr, Part # Mfr, &
Designator Description Quantity or Type Mir Code Stock No, RS
R105, 206 fxd, met, film 33,0, %1% 1/8w 2 Type CEAT-O L R.C, 07716 0698-5089 1
R106, 200, 203 fxd, met. film 1.5Kn 1% /8w 2 Type CEA T-O I, R.C. 07716 0757-0427 1
R107, 205 ixd, met, film 47 5K, %1% /8w 2 Type CEAT-O I.R.C. 07716 0757-0457 1
R300 fxd, comp 330K~ 5% Lw 1 nB-3345 A B. 01121 06863345 1
R301 fxd, comp 39, £5% Ew 1 EB-3905 A_B. 01121 0686-3905 1
R302, 303 Ixd, comp 36Ka #5% tw 2 EB-3635 A B, 01121 0686-3635 1
R304 fxd, comp 75~ £5% fw 1 EB-7505 A B, 01121 0686-7505 1
R305 fxd, comp 6,2Kn 5% Sw 1 EB-6225 A B, 01121 0686-6225 1
R307 var, ww 10Kn 1 Series 70 C. 1.8, 71450 2100-0082 1
R308 fxd, comp 1,2Kn 5% -Igw 1 ER-1225 A. B, 01121 0686-1225 1
R309 fxd, ww 165 £5% 40w 1 405/817 MTG W, L. 63743 0g11-1962 1
R310 fxd, comp 47Kn £5% tw 1 EB-4735 A, B. 01121 06864735 1
R311 fxd, ww ln 5% i Type BWII LRC 07716 0811-1666 1
R312,811,812 fxd, ww 100 £5% %_"w 3 EB-1015 A.B, 01121 0666-1015 1
R313 ixd, ww 10Ka £5% 2w H EB~-1035 A, B, 01123 0686-1035 1
R400, 401 fxd, ww 0,125~ 5% 5w 2 Type 5XM W, L, 63743 0811-1846 1
R500 fxd, ww 3004£5% 10w H Type 10¥XM W, L, 63743 0818-0054 1
R501,502 ixd, comp 47 £5% 3w 2 ER-4705 A, B, 01121 06864705 1
R503 ixd, comp 240~ £5% 4w 1 EB-2415 A, B, 01121 0686-2415 1
RE0D fxd, comp 100K~ 5% Lw 1 EB=~1045 A B, 01121 0686-1045 1
R601 fxd, met. film 1Kn 1% 3w 1 Type CEB T-O I.R.C. 07716 0757-0338 1
R602, 871 fxd, met. film 1,33Kn 1% w2 Type CEB T~0O 1.R.C. 07716 0698~3134 1
R603 fid, met. film 2Ka £1% 3w 1 Type CEBT-C I R.C. 07716 0757-0739 1
R604,806,808 fxd, comp SELECTIVE #5% 3w 3 Tyvpe EB ALB, 0riz: 1
R&05, 608, 609,

610 fxd, met, film 6,2Kar 1% tw 4 Type CTB T-C I.R.C. 07716 0698-5149 1
R&06 fud, met, film 9.31Kn £1% 4w 1 Typa CEB T-C L R.C. 07716 0698-3283 1
R607 fxd, met. film 560n £1% 3w 1 Type CEB T-O 1. R.C. 07716 0688-5146 1
R&6i1 fxd, ww 390, £5% 3w 1 242E-3915 Sprague 56289 0811-1789 1
R700 fxd, met, ox 270~ £5% 2w 1 Type C423 Corning 16249 3698~3629 1
R701 fxd, comp 24n 5% 3w 1 ER-2405 A B 01121 0686-2405 1
R702 fxd, ww 2.4Kn £5% 3w 1 2428-2425 Sprague 56289 0811-1807 1
R703 fxd, comp 3,9Kn 5% iw 1 EB-3925 A, B. 01121 0686-3925 1
R7G4 ixd, comp 9.1¥~ 5% +w 1 EB-9125 A, B, 01121 06886-9125 1
R705 ixd, comp 110K~ 5% fw 1 EB-1145 ALB, 01121 0686-1145 1
R706 ixd, comp 4.7~ £5% 1w 1 GB~(475 A, B. 01121 06838~-0475 1
R707 fxd, comp 4.7Kn £5% 1w 1 EB-4725 AL B, 01121 0686-4725 1
R708 fxd, comp 5.6Ka £5% 4w i EB-5625 AL B, 01121 0686-5625 1
R708 fxd, comp 8,2Ka #5% tw 1 EB-8225 A, B, 01121 0686-8225 1
R710 fxd, comp 430K, £5% 3w H ER-4345 A, B, 01121 0686~4345 1
R711 var, ww 5Kn 1 Type 110-F4 C.T.8 11236 2100-1824 1
R712 fxd, comp 12Kn 25% $w 1 EB-1235 A, B. gr12i 0686-1235 1
R713 fxd, comp 91K~ #5% 3w 1 EB-8135 ALB, 01121 0686-9135 1
RBO0OA, 800B fzd, ww 0.2n £5% 40w 2 HLAB 08182 0818-0058 1
R8G5 fxd, ww 2Kn £5% 3w 1 242E-2025 Sprague 562889 0811-1806 1
RBO7 fxd, ww 7.5Ka £5% 3w 1 242E-7525 Sprague 5628¢ 0811-1815 1
RB80Y, 810 var, ww 1,2Ks =~ 20n

DUAL POT 2 HLAB 09182 2100~1803 1
R813,814 var, ww 5Ka =~ 50, DUALPOT 2 HLAB 09182 21000996 1
R816 fxd, comp 43Kn £5% 1w 1 EB-4335 A B, 01121 0686-4335 1
R817 fxd, comp 62n 5% 4w 1 EB-6205 A.B, 01121 0686-6205 1
R818 ixd, comp 27Ka 5% Lw 1 EB-2735 A, B. 01121 0686-2735 1
RE821 fxd, met, film 20K~+1% /8w 1 Type CEA T~-0O I, R.C. 07716 0757-3449 1
RB22 fxd, comp B2Kn 5% tw 1 EB~§235 A, B, 01121 0686-8235 1
RB23 Ixd, met, film 12K~ £1% /8w 1 Type CEA 7-0 I,R,C, 07716 0698-5088 1
R824 fxd, comp 15Ka £5% +w i EB~1535 A, B. 01121 0686-1535 1
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Reference Mir, Part # Mfr, )
Pesignator Description Quantity or Type Mir, Code Stock No. RS
R825 fxd, met ox 1000 £5% 2w 1 Type C428 Corning 16289 0698-3620 1
R826 fxd, comp 3.3Ke £5% Fw 1 EB-3325 A B, 01121 0686-3325 1
R827 fxd, ww , 3~ £5% 3w 20ppm 1 242E3R05 Sprague 56289 0811-1224 1
R828 fxd, comp 750Ka 5% %w 1 ER-7545 A, B, 01121 0686-7545 1
RB50 fsd, met, film 23K~ £1% /8w 1 Type CEA T-O I.R.C, 07716 0698-3269 1
R851, 854, 856,

859 fxd, met, film 900, 1% 1/Bw 4 Type CEA T-0O I.R.C. 07716 0757-1099 1
RB52,853 fxd, met. film 100~ £1% /8w 2 Type CEA T-C I.R.C. 07716 0757~0401 1
R855, 865 var, ww 250n 2 Type 110-T4 C,T. 8, 11236 2100-0439 1
RB57 fxd, met, film 5.2 Ka #1% 3w 1 Type CEB T-C LR, C. 07716 0698-5148 1
RB858 fxd, met. film 9,31X~21% 2w 1 Type CEB T-O L R.C. 07716 0698-3283 1
RB60, 863 fxd, met, film 365~ 1% 3w 2 Type CEB T-O IL.R.C. 67716 0757~0723 1
RB864, 867, 861,

862 fxd, met. film 3.40K. #1% 3w 4 Type CEB T-O 1.R.C. 07716 0698-4642 1
RBE6 fxd, met. film 7504 £1% 1/8w 1 Type CEA T-O I.LR.C. 07716 07570420 1
RB6B, 869 fxd, met, film 36,5Kn 1% 1w 2 Type CEB T-O 1L.R.C. 07716 0757-0765 1
RB70 var, ww 10Kn 1 Type 110-F4 C.T.8. 11236 2100-0396 1
R872 fxd, met, film 2Ka 21% /8w 1 Type CEA T-0 I.R.C. 07716 0757-0283 1
RS0C fud, comp 39Ka £5% tw 1 EB-3635 A, B, 01121 0686-3935 1
R901 fud, comp 180K~ £5% +w 1 EB-1845 A.B. 01121 0686-1845 1
RS02 fxd, comp 3Ka £5% 2w 1 EB~-3025 A.B. 01121 0686-3025 1
ROO3 fxd, comp 33K 5% iw i EB-3335 A, B, 01121 0686-33335 1
31 Switch P, L. Lt lred) ON/OFF 1 54-61681 - 26 A1HOak 87034 3101-0100 1
52 Switch Rotary {meter}

3 pole 4 posgition i HLAB 0gigz 3100-1810 1
T700 Pulse Transformer 1 HTAB 00182 9100~1824 1
T800 Power Transformer 115V 1 HIAB £9182 9100-1843 1
T8GO Power Transformer 2230V
(special for 230V opera-
tion only) HiAB 09182 9100-2153
T80l Bias Transformer 1 HLAB 09182 9100-1832 1
VR300 Diode, zener 4,22V £5%
400MW 1 HIAB 09182 1902-3070 1
VRG600 Diode, zener 9.4V 5% ]
S00MW 1 IN2183 U. 8. Semcor 06751 1902-0762 1
VRG6G1 Diode, zener 6,2V 5% H 1NB821 N.A, Elect. 06486 1902-0761 1
Side Chassis ~ right 1 HLAB (09182 50006098
8ide Chassis - left 1 HLAB 49182 5000-609%
Panel - front 1 HLAB 49182 5000-6100
Chassis - rear 1 HLAR 09182 5000-63103
Heat sink - dicde 1 HLAB 09182 5000~-6101
Heat sink - scr 1 HIiAR 09182 5000-8102
Cover 2 H1ABR 09182 5000-6104
CGuard - angle 1 HLAB 09182 5020-~5540
Meter 31" DUAL SCALE .
0-24V 0-12A 1 HLAR 08182 1120-1136 1
Meter bezel 3 mod 1 HLAB 09182 4040-0294 1
Meter spring 4 HLAB 09182 1460-0258 1
Fuseholder 1 342014 Littlefuse 75915 1400-0084 1
Lockwasher 1 1224-08 Shakeproci 78189 2190-0037 1
Nut 1 903-12 Littlefuse 75915 2950~-0038 1
Washer ~ nasoprene i 901i~2 Littlefuse 75915 1400~-009G 1


https://www.manualsplus.com/

Reference Mfr. Part # Mir,
Designator Description Quantity or Type Mir. Code Stock No. RS
Binding post {maroon} 1 DF21 Mn HLAR 04182 1510~0040 1
Binding post {black) 2 DF21 BC Superior 58474 1516-0039 1
Rubber feet 4 MB~50 Stockwell 87575 0403-0088 1
Knob 5/8 dia. black 1 HLAB 09182 0370-0084 1
Knob pointer 5/8 dia. 2 HLAB 09182 0370-0101 1
Knob % dia. red 2 HLAB 09182 0376-0179 1
Barrier strip 1 HLAB 09182 0360-1234 1
Line cord 7¢' pm 151 1 KH~4096 Beldon 70803 8120-0050 1
Strain relief 1 SR-5P-1 Hevyco 28520 0400-0013 1}
Mica washer 2 734 Reliance 28530 0340-0174 1
Mica washer 1" dia.
L255 1D, L 005 THK 4 Reliance 08530 2190-0710 1
Capacitor clamp 3" dia. 1 4586-2A Sprague 56289 G180~1973 1
Mica washer 5/8 dia. 2 Reliance 08530 2190-0708 1
Cabte clamp ¥8 1. D. 2 T4-6 Whitehead 79307 1400-0332 1
Cable clamp § 1. D. 1 T4-4 Whitehead 79307 1400-0330 1
Delrin bushing 6 HIAB 0g182 0340-0169 2
Delrin bushing 2 HLAB 08182 0340-017: 1
Standoff L long 2 #6-32 lHex HLAR 09182 0380-0083 1
Tumper - barrier strip 9 422-13-11013 Cinch 71785 0366~1143 2
Handle 8" black
{color no., Y-12561) H 7835 HLAB 09182 1440-0042 1
Pem nuts 8 CLA 632-2 HLAB 09182 0590-0393 2
CPTION 07:
Valtage 10-Turn Potentiometer 1 Series B4U0 I.R.C 07716 2100-1865 1
CPTION 08:
Current 10-Turn Potentiometer 1 Series 8400 I.R.C 07716 2100-1664 1
QPTICN 08:
Voltage/Current 10-Turn Pot. 1 {Includes)
Current 1G-Turn Potentiometer 1 Series 8400 I.R.C. 07718 2100~1864 1
Voltage 10-Turn Potentiometer 1 Series 8400 I.R.C. 87716 2100~1865 1
OPTION 13:
Voltage Decadial Control 1 {Includes)
Voltage 10-Turn Potentiometer 1 Series 8400 I.R.C a7716 2100-1865 1
Decadial Control 1 RD-411 1.R. C. 07716 11490-0020 1
QPTION 14:
Current Decadial Control 1 (Includes)
Current 10-Turn Potentiometer 1 Series 8400 I.R.C. 07716 2100~1864 1
Decadisl Control 1 RD-411 I.R.C. 07716 1140-0020 1
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APPENDIX A
Option 11, Overvoltage Protection "Crowbar"

DESCRIPTION:

This option is installed in DC Power Supplies, 6282A, 6285A, 62864, 6290A, 5291A, and 6296A,
and tested at the factory., It consists of a printed circuit board, screwdriver-type front panel
potentiometer, and six wires that are soldered to the main power supply board.

The crowbar monitors the output voltage of the power supply and fires an SCR that effectively
shorts the output when it exceeds the preset trip veltage. The irip voltage is determined by the
setfing of the CROWBAR ADJUST control on the front panel, The trip voliage range is as follows:

Model 6282ZA 6285A 62864 62904 6291A G296A

Trip Voltage Range 1-13V 222V 2-22V 5-42V 5-42V 6-66V

To prevent transients from falsely tripping the crowbar, the trip voltage must be set higher than
the power supply output voltage by the following margin: 7% of the output voltage +1V., The
margin represents the minimum crowbar trip setting for a given cutput voltage; the irip voltage
can always be set higher than this margin,

OPERATION:

1. Turn the CROWBAR ADJUST fully clockwise to set the trip voltage to maximum,

2, Set the power supply VOLTAGE control for the desired crowbar trip voltage., To prevent false
crowbar tripping, the trip voltage should exceed the desired output voltage by the following
amount: 7% of the output voltage +1V,

Slowly turn the CROWEBAR ADJUST cew until the crowbar trips, output goes to 0V or a small
positive voltage.

4, The crowbar will remain activated and the cuiput shorted until the supply is turned off,

To
reset the crowbar, turn the supply off, then on.

MPB-5
A~1
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Table A~1.

Replaceable Parts

REF, MFR, HP
DESIC, DESCRIPTION TG MFR, PART NO, CODE PART NO, RS
Ci fxd, film ,1pF 200vVdce 1 192P10492 56289 01i60-0168 1
CR1~4 Diode, Si. 200mA 200prv 4 1N485B 09182 1901-0033 4
CRE Rect, Si, 12A 100prv 1 IN1200A 02735 1901-0002 1
CR7 SCR 8A 200prv H 2ZN3669 02735 1884-0019 1
Q1 S8 NPN S8i, 1 2N2714 83508 1854-0027 1
Q2 58 NPN 5i. 1 2N3417 03508 1854-0087 1
Q3 S8 PNP 8i, 1 TZ173 56289 1853-009% 1
R1 Ixd, comp 750~ 5% W 1 EB-7515 01121 0&6B6-7515 1
R2 fxd, comp 200%A £5% W 1 | EB~2045 01121 | 0686-2045 i
R3 fxd, comp 10K~ £5% W 1 EB-1035 01121 | 0686-1035 1
R4 fxd, comp 3,9Kn £5% ;W 1 EB-3925 01121 G686-3925 1
RS fxd, comp 4.7~ 5% 1w 1 | EB~47G5 01121 | 0698-000] 1
R7 fxd, comp 47 +5% -2W 1 425 1629849 G698-362¢6 1
R8 fxd, met. ox, 180n £5% 2W 1 Type C428 16289 0698-3626 1
RS fxd, met, film 1,21K~ 1% :/0W 1 Type CEA T-C 07716 0757-0274 H
R10 fxd, comp 390A £5% 3W 1 242E 3815 5628¢ 0811-1799 H
R11 var, ww SKa 5% 2W 1 09182 2100-1853 1
R12 Ixd, ww 0,125 %5% 5W 1 0gl8z 08111846 1
R13 txd, comp 200K~ 5% +'W 1 EB-2045 01121 0686-2045 i
T1 Puise Transformer 1 09182 9100-1824 1
VR1 Dicde, zener 5,62V 5% 1 1N3512 07716 1902~3104 1
MISCELIANEQUS
Bushing, Potentiometer 1 9182 1400-0052
Nut, Hex 1 09182 2950-0034
Printed Circuit Board Assembly,
Includes Components 1 09182 {06286~60021
Printed Circuit Roard, Bracket i 09182 5000-6225
Modified Front Panel,
Includes Components 1 09182 | 06286~60003
6286A

A-2
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OC POWER SUPFLY
MODEL 6286A

FROM TP59
FROM TP30 B +15.4Y
FROM TP44 {415V %
11/7 RIZ o
FROM TP9O S 0.25 R8
< k5% EW < 270
5% 2W
+OUT / ¥ CRS Ri3
% 200K
+3 ) +15.4v

VRI

Lo g5

¥ CR7

L R9
L2IK
1%, 1/ 8W

L

CRI

RIO .
290 CRZ
5%, 3W

OVERVOLTAGE
ADJ.

NOTES:
| ALL RESISTORS ARE IN ORMS, I/2W, 5%
UNLESS OTHERWISE NOTED,

2. ALL CAPACITCRS ARE IN MICROFARADS
UNLESS OTHERWISE NOTED.

CIRCUIT PATENTS APPLIED FOR LICENSE TOUSE
MUSYT BE OBTAINED IN WRITING FROM HEWLETT-
PACKARD CO. HARRISON DIVISION,

Figure A~1,

Model 62886A Overvoliage Protection Crowbar
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A. T

- RESET

\*.

EST POINT 53 B, TEST POINT 54 C. TEST PCINT 5%

— . B

)L:-—s.aams*l l-n—e.aazv;s‘nJ o

i
L&-8.33MS——¢-{

D. TEST PQINT 56

£. TEST POINT 47 F. TEST POINTS 46 - 4%

G.

8. 33MS"I

TEST POINT 352

NOTES: 1.

Z.
3

%,

ALL WAVEFORME TAXEN WITH 115VAC, 60Bz, SINGLE-PHASE INPUT AT MAXTMUM BATED OUTPUT VOLTASE AND NO LOAD
CONNECTED. AMPLITUDES ARE TYPIGAL ]

OECHLOSCOPE DO COUPLED AND REFERENCED T T. P. 90 UNLESS OTHERWIST INDICATED,
WAVEPORME ARE NOT DRAWN TO SCALE.

AMPLITIUDE OF WAVEFORM AT T, . 47 VARIES WITH DIFTERENT MODELS AS FOLLOWS;
MODEL NO. GIREA £28%A Bz
VOLTAGE $35V +17Y

A E250A 0 67914 £
+IEV 20 +17V $28
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