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Pigure 1-1. Typical DPFR Series DC Power Supply
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SECTION 1
GENERAL INFORMATION

i-1  DESCRIPTION

1-2  This power supply, Figure 1-1, is completely
transistorized and suitable for either rack or bench
operation. It is a dual supply consisting of two in-
dependently controlled sections; both identical to
each other. Each sectilon is a well-regulated, Con~-
stant Voltage/Constant Current scurce that will
furnish full rated output voltage at the maximum
rated outputcurrent or can be continuously adiustaed
throughout either output rangs. The front panel
CURRENT controls can be usedto establigh the out-
put current limit {overload or short circuit} when the
supply is used as a constant voltage source andthe
VOLTAGE conirol(s) can be used to establish the
voitage limit {ceiling) when the supply is used as

a constant current source, Each section will ayuto-
matically crossover from constant voltage te con-
stant current operation and vice Versa if the output
current or voltage exceeds these preset limits,

1-3  Each supply has bothfront and rear terminals,
Either the positive or negative output terminal may
be grounded or the power supply can be operated

floating atup to a maximum of 300 volts off ground,

i-4 Fach section has its own {ront panel meter

and operating controls., The meters are of the mul-
tiple range type and can measure output voltage or
current. The voltage or currentranges are selected
by the applicable METER switch on the front panel,

1-5 Two sets of programming terminals located at
the rear of the unit allow easge in adapting to the
many operational 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
voltage source or resistance. '
b, Remote Sensing
The degradation in regulation which

would occurat the load because of the voltage drop
inthe ioad leads can be reduced by using the power

11

supply in the remote sensing mode of operation,
<. Series and Auto-Series Operation

Power supplies may be used in seriss
when a higher output voltage is required in the
veltage mode of operation or when greater voltage
compliance is required inthe constant current mode
of operation. Auic-Series operation permits one
knob contrel of the total output voltage from a
"master” supply.

d. Parallel and Auto-Parallel Operation

The power supply may be operated in
parallelwith a similar unit when greater output cur-
rent capability is reguired, Auto~Paraileloperation
permits one knob controlof the total output current
from a "master” supply.

e, Auto-Tracking
The power supply may be used as a
"master" supply, having controlover one (or more)

"slave" supplies that furnish various voltages for
a system,

1-6  SPECIFICATIONS

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

NOTE
Since both seactions of this supply
are identical, only one section will
be discussed throughout the remain-
ing portions of this manual., All
descriptions, illustrations, tests,
and adjustments apply equally to
both sections of the supply.

1-8 OPTIONS

1=-9  Options are factory modifications ¢fa stand-
ard instrument that are requested by the customer.
The following options are available for the instru-
ment coverad by this manual. Where necessary,
detailed coverage of the options is inciuded through-
ouf the manual,
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Voltage 10-Turn Pot: A single con-

trol that replaces both coarse and fine

voltage controls and improves output
Standard item on Model
6258A power supplies,

Current 10~-Turn Pot: A single con-

trol that replaces both coarse and fine

current controls and improves output

Voltage and Current 10-Twrn Pot:
Consists of Options 07 and 08 on the

Enables convenient
access to power supply interior for
maintanance purposes.

Internal Overveltage Protection

Option No. Description
a7
setiability.
(8
settablliity.
09
same ingirument.
i0 Chassis Slides:
11

"Crowbars': This option includes
two crowbar circuits, one for each
power supply within the 6253A or

or 6255A, Bach crowbar prolects
delicate loads by monitoring the out-
put voltage and firing an SCR that
shorts the output when the preset
trip voltage is exceeded. The circuit
boards are factory insitalled within
the supply., The "Crowbar Adjust”
contrgls are mounted on the front
panel to permit convenient adjusi-
ment,

Trip Volitage Range:

6253A
2.5 to 23V

62554
2,5 to 44V

Trip Voltage Margin: The minimum
crowbar trip setting above the desired
operating ouiput voltage to prevent
false crowbar tripping is 4% of the
ouipul voltage setting +2V.

Refer to Appendix A for complete
details,

Option No.

Description

13 Three Diglt Graduated Decadial Volt-
age Control: Control that replaces
coarse and fine voltage controls per-
mitting accurate resettability.

14 Three Digit Graduated Decadial Cur~
rent Control: Control that replaces
coarse and fine current controls poer-
mitting accurate resettability.

28 Rewire for 230V AC Input: Supply as
normally shipped is wired for 115VAC
input. Option 28 consists of recon-

necting the input transiormer for 230V

AC operation.

1-10 INSTRUMENT IDENTIFICATION

1~11 Hewlett-Packard powsar supplies are identified
by a three-part serial number tag. The first part is
the power supply model number. The second part is
the gerial number prefix, which consists of a num=~
ber-letter combination that denotes the date of a
significant design change. The number designates
the vear, and the letter A through L designates the
month, January through December, respectively. The
third part is the power supply serial number.

1~12 1If the serial number prefix on your power sup=~
ply does not agree with the prefix on the title page
of this manual, change sheets are included to up~
date the manual. Where applicable, backdating
information ig given in an appendix at the rear of
the manual.

1-13 ORDERING ADDITIONAL MANUALS

1-14 One manual is shipped with each power sup-
ply. Additicnal manuals may be purchased from
your 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 titie page. )


https://www.manualsplus.com/

Table 1-1.

Specifications

INPUT:
105-125/210~250 VAC, single phase,
50~400 cps.

QUTPUT:
Two independent outputs each of which can
be set at 0-40 volts @ 0-1.5 amps,

LOAD REGULATION:

Constant Voltage ~~ Less than 0, C1% plus
2mv for a full load to no load change in output
current.

Constant Current -— Less than 0. 01% plus
250pa for a zero to maximum change in output
voltage,

LINE REGULATION:

Constant Voltage —- Less than 0, 01% plus
2mv for any line voltage change within the input
rating,

Constant Current —— Less than 0, 01% plus
250pa for any ling voliage change within the in-
put rating.

RIPPLE AND NOISE:
Constant Voltage -~ Less than 200uv rms.
Constant Current -~ Less than 500pa rms,

TEMPERATURE RANGES:
Cperating: 010 509C, Storage: ~20to +85°C,

TEMPERATURE COEFFICIENT:

Constant Voltage —-- Less than 0, 02% plus
500uv per degree Centigrade,

Constant Current -~ Less than 0, 02% plus
0. 8ma per degres 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 0, 10% plus
4ma total drift for 8 hours after an initial warm-up
time of 30 minutes at constant ambient, consgtant
line voltage, and constant load,

INTERNAL IMPEDANCE AS A CONSTANT VOLTAGE
SOURCE: ‘
Less than 0, 001 ohw from DC to 100 Hz,
Less than 0, 01 ohm from 100 Hz to 1kHz,
Less than 0. 2 ohm from 1 kHz to 100 kHz,
Less than 2. 0 ohms from 100kHz to 1 MHz,

TRANSIENT RECOVERY TIME:

Less than 50usec for output recovery to within
15 mv following a full load current change in the
ouiput,

OVERLOAD PROTECTION:

A continucusly acting constant current circutt
protects the power supply for all overloads in-
cluding a direct short placed across the termi-
nals in constant voltage operation. The congtant
voltage circuit limits the output voltage in the
constant current mode of operation,

METERS:

Fach front panel meter can he used as either a
0-50V or 0=5 volt volimeter or as a 0~1, 84 or
0-0, 18 amp ammeter.

QUTPUT CONTROLS:

Coarse and f{ine voltage controls and coarse
and fine current controls set desired output volt-
age or current,

QUTPUT TERMINALS:

Six "five-way" output posts (three per section)
are provided on the front panel and output terminal
strips are located on the rear of the chassis, All
power supply output terminals are isolated from
the chassis and either the positive or negative
terminals may be connected to the chassis
through a separate ground terminal located on the
output terminal strip,

ERROR SENSING:

Error sensing 1¢ normally accomplished at the
front terminals if the lead is attached 1o the front
or at the rear terminals if the load is attached to
the rear terminals, Also, provision is included
on the rear terminal strip for remote sensing.

REMCTE PROGRAMMING:

Remote programming of the supply output at ap~
proximately 200 ohms per volt in constant voltage
is made available at the rear terminals., In ¢con-
stant current mode of operation, the current can
be remoiely programmed at approximately 500 ohms
per ampere,

COOLING:
Convection cooling ig employed. The supply
has no moving paris,

SIZE:
3-1/2" Hx 14-1/2" D x 18" W.
mounted in a standard 19" relay rack,

Easily rack

WEIGHT: .
28 1bs. net, 35 lbs. shipping.

FINISH: .
Light gray front panel with dark gray case,

POWER CORID:
A thres-wire, five-foot power cord is provided
with sach unit,

1-3
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SECTION 11
INSTALLATICN

2-1 INITIAL INSPECTION

2=2
ted and found to be free of mechanical and electri-
cal defects. As soon as the instrument is un-
packed, inspect for any damage that may have oc~
curred in transit. Save all packing materials until
the inspection 1s completed. 1f damage is found,
procaed as described in the Claim for Damage in
Shipment section of the warranty page at the rear
of this manual.

2-3 MECHANICAL CHECK

2-4  This check should confirm that there are no
broken knobs or connectors, that the cabinet and
panel surfaces are free of denis and scratches,
and that the meter is not scratched or cragked.
Z2~5 ELECTRICAL CHECK

Z2-6 The instrument should be checked against its
electrical specifications. Section V includes an
"in-cabinet" performance check to verify proper
instrument operation.

< Z2=7  INSTALIATION DATA
2-8 The instrument is shipped ready for bench
operation. It is necessary only to connect the

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

2-9  LOCATION

2-10 This instrument is air cooled. Sufficient
space should be allotted so that a free flow of
cooling air can reach the sides and rear of the
instrument when it is in operation. It should be
used in anh area where the ambient temperature does
not exceed 50°C.

2-11 RACK MOUNTING
2-12 This instrument ig full rack size and can be
easily rack mounted in a conventional 19 inch rack

panel using standard mounting screws.

2-13 INPUT POWER REQUIREMENTS

2-14 This power supply may be operated from

Before shipment, this instrument was inspec-

either a nominal 115 volt or 230 volt 50-400 cvycle
power source. The unit, as shipped from the fac-
tory. is wired for 115 volt operation. The input
power required when operated from a 115 volt 60
cycle power source at full load is 2335 watts and
2.6 amperes.

2=15 CONNECTIONS FOR 230 VOLT OPERATION
{Figure 2-1)

-
®

si [
FU?‘ESV ;
" &)
TRANSFORMER PRIMARY
CONNECTED FOR
11BVOLT OPERATION
|| NoTe: conmecTions BETWEEN
&) 50 B8, 548 55, ARE MADE
WITH COPPER ON THE PRINTED
| CiRcuiT soamp. THESE
o SONNECTIONS MUST BE
11l REMovEn FoR 230V
OPERATION. THE CONNECTIONS
[l on THe FRiNTED CircUrT
BOARD MUST BE BROKEN AND
[l A sEPARATE EXTERNAL
FUSE ||| SIMNECTION MADE BETwEEN
0 D) i PoinTs 50 a'ss.

TRANSFORMER PRIMARY
CONNECTED FOR
230 VOLT OPERATION

Figure Z-~1. Primary Connections

2~16 Normally, the two primary windings of the in-

.put transformer are connected in parallel for opera-

tion from 113 volt source. To convert the power
supply to operation from a 230 volt source, the
powear transformer windings are connected in series
as follows:
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a. Unplug the line cord and remove the
unit covers,

k. Break the copper between 54 and 55 and
also between 30 and 51 on the printed circuit
board. Thesge are shown in Figure 2-1, and are
labeled on copper side of printed circuit board.

¢. Add strap between 50 and 55.

d. Replace existing fuse with 2 ampere,
230 volt fuse. Return unit to case and operaie
normally.

2-17 POWER CABLE

218 To protect operating perseonngl, the National
Electrical Manufacturers Assoclation (NEMA) rec-
ommends that the instrument panel and cabinst be
grounded, This instrument is equipped with a
three conductor power cable, The third conductor
is the ground conductor and when the cable is
plugged into an appropriate receptacle, the inw
atrument is grounded. The offset pin on the power

cable three-prong connector is the ground connec-—
tion.

2-19 7To preserve the protection feature when
operating the instrument from a two-contact cutiet,
use a three~prong 1o two-prong adapter and con-
nect the green lead on the adapter 1o ground.

2-20 REPACKAGING FOR SHIPMENT

Z2-21 To insure saie shipment of the ingtrument.
it ig 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 owner,
model number, full gerial number, and service re-
guired, or a brief description of the trouble.
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BECTION III
OPERATING INSTRUCTICNS

3-1  OPERATING CONTROLS AND INDICATORS

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

HARRISON DL POWER SyPPLY
HE W ETTPACKARD

2 o @
Sake B
o, I,
LIME METLAR

PUSH ONOEE VOLTAGE CURRENT At (/

P Qo886 P Qo
o ® &

TURN-ON SEQUENCE

i. PUSH ON/OTF BUTTON AND BUTTON SHOULD LIGHT,
2, BET METER SWITCH TO DESIRED VOLTAGE RANGE,

3. ADTUST VOLTAGE CONTROL UNTIL DESIREL QUTPUT VOLIAGE
18 INDICATED ON METER,

4. BET METER SWITCH DESIRED CURRENT RANGE AND SHORT Cik-
GUIT OYTPUT TERMINALS,

5. ADJUST CURRENT GONTROLS FOR DESIRED OUTPUT CURRENY.

6, REMOVE SHORT AND CONNECT LOAD TO OUTPUT TERMINALS (FRONT
OR REAR).

Figure 3+~1. Front Panel Controls and Indicators

3-3  OPERATING MODES

3-4  The power supply is designed so that its mods
of operation can be selected by making strapping
connections between particular terminals on the
terminal strip at the rear of the power supply. The
terminal designations are stenciled in white on the
power supply above their respective terminals., Al-
though the strapping patterns illustrated in this
section show the positive terminal grounded, the
operator can ground either terminal or operate the
power supply up to 300Vde off ground (floating).
The following paragraphs describe the procedures
for utilizing the various operational capabilities of
the power supply. A more theoretical description
concerning the operational features of this supply
is contained in Application Note 80, DC Power Sup-
ply Handbook.which may be obtained from vour
local Hewleti~Packard field sales office.

3-1

3-5  NORMAL QPERATING 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 con-
trols {local programming, no strapping changes are
necessary).

Al _AZ A3 A4 AL AB A7 A8 AD -5 — GND 4+ +5 A0

lelolqiglelelzlpiglplplclelzle]

LT L AW |

Ry

MONiTORING
POINTS

Figure 3-2. Normal Strapping Pattern

3-7 CONSTANT VOLTAGE

3-8 To select a constant voliage output, proceed
as follows:

a. Turn-on power supply and adjust VOLTAGE
controls for desired cutput voltage {output terminals
open).

b. Short output terminals and adjust CUR-
RENT controls for maximum output current allowable
{current limit), as determined by load conditions.

If a load change causes the current limit to be ex-
ceeded, the power supply will automatically cross—
over to constant current output at the preset current
limit and the output voltage will drop proportionate~
ly.  In setting the current limit, allowance must be
made for high peak current which can cause un-
wanted cross—over. (Refer to Paragraph 3-46.)

3~9  CONSTANT CURRENT

3-10 To select a constant current output, proceed
as follows:

a, Short ocutput terminals and adjust CUR=-
RENT controls for desired output current.

L. Open outpul terminals and adjust VOLTAGE
controls for maximum output voliage allowable {volt—
age limit), as determined by load conditions. If a
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load change causes the voltage limit to be exceeded,
the power suppiy will automatically crosscover to
consiant voltage output at the preset voltage limit
and the output 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.}

3-11 CONNECTING LOAD

3-12 Each load should be connected to the power
supply outputterminals using separate pairs ofcon-
naecting wires. This will minimize mutual coupling
effects betwesen lcads and willretain full advantage
of the low output impedance of the power supply,
Each pair of conneciing wires should be as shortas
possible and twisted or shielded 1o reduce noise
pickup. (If shieid is used, connect one end to
power supply ground terminal and leave the other
end unconnected, )

3-13 If load considerations reguire that the output
power distribution terminals be remotely located
from the power supply, then the power supply out-
put terminals should be connected to the remote
distribution terminals via a pair of twisted or
shielded wires and eachload separatelyconnected
10 the remote distribution terminals, For this case,
remote sensing should be used {Paragraph 3-20},

3~14 OPERATION OF SUPPLY BEYOND RATED OUTPUT

3~15 The shaded area on the front panel meter face
indicates the amount of output voltage or current
thatis available in excess of the normal rated out-
put, Although the supply can be operated in this
shaded region without being damaged, it cannot ks
guaranieed to meet all of itg performance specif-
ications.. However, if the line voltage is main~
tained above 115 Vac, the supply will probably op-
erate within its specifications,

3-16 OPTIONAL OPERATING MODES

3~17 REMOTE PROGRAMMING, CONSTANTVOLTAGE

31-18 The constantvoltage outputof the power sup-
ply can be programmed (controlied) from a remote
location if required, Either a resistance or voltage
source can be used for the programming device,
The wires connecting the programming terminals of
the supplytothe remote programming device should
be twisted or shielded to reduce noise pick-up.
The VOLTAGE controls on the front panel are dis-
abled according to the following procedures,

3-19 Resistance Programming (Figure 3-3}. In this
mode, the output voltage will vary at a rate deter-
mined by the programming coefficient (200 ohms per
Volt for Models 62534, 62554, 62814, 6284A, and
52894 or 300 ohms per Veolt for Models 62844 and

$2994). The ocutput voltage will increase 1 Volt for
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 5mA for
Models 6253A, 62554, 6281A, 62844, and 62894 or
2% of 3.3mA for Models 62944 and 6298A. If greater
programming accuracy isrequired, itmay be achieved
by changing resistor R13.

[elelelglelalglelalg[a 4 [RIR7)

PROGRAMM ING R
RESISTOR

Remote Resistance Programming
(Constant Voltage)

Figure 3~3.

3-20 The output voltage of the power supply should
be zero Volts 20 millivolts when zero ohms is con-
nected across the programming terminals. If a zero
ohm voltage closer than this is required, it may be
achieved by changing resistor R6 or R8 as described
in Paragraph 5-58.

3-21 To maintainthe stability andtemperature co-
efficient 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 cutputveltages, The switch
should have make-before-break contacts to avoid
momentarily opening the programming terminals
during the switching interval.

3-22 Voltage Programming (Figure 3-4), Employ
the strapping pattern shown on Figure 3-4 for

Al AZ A3 A4 AS AB AT A8 A% -5 -~ GND + +3 41D

i@@@wlw{w@uuf

VOLTAGE _-[

Figure 3-~4., Remote Voltage ?_rogramming
{Constant Voltage}
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voltage programming. In this mode, the output volt-
age will vary in a 1 to 1 ratic with the programming
voltage {reference voltage) and the load on the pro-
gramming voltage source will not exceed 25mA,

3-23 The impedance matching resistor (Ry) for the
programming voltage source should be approximately
500 ohms to malntain the temperature and stability
specifications of the power supply.

3~24 REMOTE PROGRAMMING, CONSTANT
CURRENT

3-25 Either s resistance or a voltage source can be
used to control the consiant current output of the
supply., The CURRENT controls on the front panel
are disabled according (o the following procedures.

3-26 Resistance Programming {Figure 3-5). In this
mode, the outpul current varies at a rate determined
by the programming coefficient — 200 ohms per Amp
for Model 62814, 500 chms per Ampere for Models
62531, B255A, 62844, and 62894, and 1000 ohms per
Ampere for Models 62344 and 6298%A. The program-
ming coefficient is determined by the Constant Cur-
rent programming current {(2ma for Models 62534,
6255A, 62844, and 62894, 5mld for Model 62814, 1lmA
for Model 62944 and 1.33md for Model 6239A), This
current is adjusted to within 10% at the factory. If
greater programming accuracy is required, it may be
achieved by changing resistor R19 as outlined in
Section V.

Al A2 A3 A4 AS A6 AT AB A9 ~% - GND + 45 AID

9lelelglelziglollzlelplzz]p!

N WA

PROGRAMMING Ry
RESISTOR
Figure 3-5. Remote Resistance Programming

{Constant Current)

3-27 Use stable, low noise, low temperature coef-
ficient {less than 20ppm/CC) programming resistors
{0 maintain the power supply temperature coefficient
and stability specifications. A switch may be used
to set discrete values of output current. A make-
before-break type of switch should be used since
the cutput current will exceed the maximum rating
of the power supply if the switch contacts open
during the switching interval.

3-3

CAUTION

If the programming terminals (Al and A5}
should open at anv time during this
mode, the output current will rise 1o a
value that may damage the power sup-
ply and/or the load. To avoid this
possibility, connect & resistor across
the programming terminals having the
value listed below. Like the program-
ming resistor, this resistor should be
of the low noise, low temperature coef~
ficient type.

Model 6253A,6284A 6525352, 6289A,6259A
Resistance 1. 5Kn 750

Meodel 6281A, 62944
Resistance 1Kn

3-28 Voltage Programming Figure 3-6). In this
mode, the output current will vary linearly with
changes in the programming voltage. The program-
ming voltage should not exceed 1.2 Volts, Voltage in
excess of 1.2 Volts will result in excessive power
digsipation in the instrument and possible damage.

Al AZ A3 A4 A5 A8 AT AR A9 -5 -~ GND 4+ 5 AID
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Figure 3-6. Remote Voltage Programming

{Constant Current)

3-29 The output current will be the programming
voltage divided by 1 ohm. The current required

from the voltage source will be tess than 25 micro-
amperes. The impedance matching resistor (Ry)
should be approximately 500 chms if the temperature
coefficient 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 regu-~
lation at the load and reduce the degradation of reg-
ulation which would occur due to the voltage drop

in the leads between the powsr suppiy and the load,
Remote sensing is accomplished by utilizing the
strapping pattern shown in Figure 3-7. The power
supply should be turned off before changing strap~
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ping patterns. The leads from the +8 terminals to
the load will carry less than 10mA of current, and
it is not required that these leads be as heavy as
the load leads. However, they must be twisted or
shielded to minimize noise pick-up.

CAUTION

Observe polarity when connecting the
sensing leads to the load.

or more power supplies can be operated in series to
obtain a higher voltage than that available from a
single supply. When this connection is used, the
output voltage is the sum of the voltages of the in-
dividual supplies. Each of the individual supplies
must be adiusted in order to obtain the total output
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 partner(s) is on.

Ab AZ A3 A4 AS A8 AT A8 AR -5 -~ GND 4+ 45 AD

elellalpl]l @i@t@el@t@t@\w{@i
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Figure 3~7. Remote Sensing

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 to meet its do specifications. If a larger drop
must be tolerated, please consult 3 Hewlett~Packard
field representative.

NOTE

Due to the voltage drop in the load
leads, it may be necessary to readjust
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 cutput capacitor CZ20 by dig-
connecting the strap between A9 and -S.

b. Connect a capacitor having similar char-
acteristics (approximately same capacitance, same
voltage rating or greater and having gooed high fre-
quency characteristics) across the load using short
leads.

3-34 Although the strapping patterns shown in Fig-
ures 3-3 through 3-6 employ local sensing, note
that it is possible to operate & power supply simul-
taneocusly in the remoete sensing and Constant Volt-
age/Constant Current remote programming modes.

3-35 SERIES OPERATION

3~36 Normal Series Connections (Figure 3-8}. Two

Al A2 A3 A4 AS AB A7 A8 A9 -5

2l

- GND + + S A0

LOAD

BRI R IRE

Al AZ A3 A& A5 AB A7 AB A9 ~S

- GND + +35 A0

Figure 3-8, Normal Series Connections

3-37 Auto-Series Connections {Figure 3-9). The

Auto-Series configuration is used when it is desir-

able to have the output voltage of each of the series
connected supplies vary in accordance with the
setting of a control unit. The control unit is called
the masier; the controlled units are called slaves.

At maximum output voltage, the voltage of the

slaves is determined by the setting of the front
panel VOLTAGE control on the master. The master
supply must be the most positive supply of the
series. The cutput CURRENT controls of all series
units are operative and the current limit is equal to

the lowest confrol setting. If any output CURRENT
controls are sei too low, automatic crossover {0

constant current operation will cceour and the out-
put voltage will drop. Remote sensing and pro-

gramming can be used; however, the strapping ar-
rangements shown in the applicable figures show
local sensing and programming.

3-38 In order 1o maintain the temperature coeffic-
ient and stability specifications of the power supply,
the external resistors {kx) shown in Figure 3~
should be stable, low nolse, low temperature co=-
efficient {less than 30 ppm per degres Centigrade)
resistors. The value of each resistor is dependant
on the maximum voliage rating of the "master” sup-
ply. The value of Rx is this voltage divided by the
voltage programming current of the slave supply
(1/Ep where Kp is the voltage programming coel-
ficient). The voltage contribution of the slave is
determined by its voltage control setting.
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Auto~Series, Two and Three Units

Figure 3-9.

3-39 PARALLEL OPERATION

8-40 Normal Paraliel Connections {Figure 3-1G).
Two or more power supplies can be connected in
parallel 10 obtain a total output current greater than
that available from one power supply. The total
output current is the sum of the output currents of
the individual power supplies. The output CURRENT
controls of each power supply can be separately
set. The output voltage controls of one pOWer sup-—
ply should be set to the desired output voltags:

the other power supply should be set for & slightly
larger output voltage, The supply set to the lower
cutput voltage will act as a constant voltage
source; the supply set to the higher output will act
as a constant current source, dropping its outpui

Al AZ A3 A4 A5 AE AT A8 A8 -5 =~ GND + +5 AIC

eelelzlelalglelelalelelzlzlo]

Ry
kA

EEE RS

Al AZ A3 A4 AD A6 AT A8 A9 -5 — GND + +8§ AID

Figure 3-10. Normal Paralle! Connections

voltage until it equals that of the other supply. The
constant voltage source will deliver only that frac-

tion of its total rated output cwrent which is neces-
sary to fulfill the total current demand.
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Figure 3-11. Autc-Parallel, Two and Three Units

3-41 Auto-Paraliel. The strapping patterns for
Auto-Parallel operation of two power supplies are
ghown in Figure 3-11. Auto-Parallel operation
permits equal current sharing under all load con-

35
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ditions, and allows complete control of cutput cur-
rent from one master power supply. The output cur-
rant of each slave will be approximately equal to
the master's regardless of the load conditicns.
Because the output current controls of each slave
are operative, they should be set to maximum to
avoid having the slave revert to constant current
cperation; this would cccur if the master output
current setting exceeded the slave's.

Al A2 A3 A4 A5 AB A7 AB A9 -5 - GND 4+ +5 A0

elole 1% 12[2lglelqlglg
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SLAVE NOG.2

Figure 3-12. Auto-Tracking, Two and Three Units

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

3-43 The Auto-Tracking configuration is used when
it is necessary that several different voltages re-
ferred to a common bus, vary in proportion to the
setting of a particular instrument (the control or

master), A fraction of the master's ocutput voltage
is fed to the comparison amplifier of the slave sup-
ply, thus controlling the siave's output. The master
must have the largest output voltage of any power
supply in the group (must be the most positive sup-
piy in the exampis shown on Figure 3-12).

3-44 The output voitage of the slave is a percent-
age of the master's ouiput voltage, and is deter—
mined by the voltage divider consisting of Ry (or Ry
and Ry} and the voltage control of the slave supply,
Rp. where: Eg= EpRp/Rx+Rp. Turn-on and turn-off
of the power supplies is conirolled by the master.
Remote sensing and programming can be used; al-
though the sirapping patterns for these modes show
only local sensing and programming. In order to
maintain the temperature coefficient and stability
specifications of the power supply, the external re~
sistors should be stable, low noise, low temperature
(less than 30ppm per °C) resistors.

3-45 SPECIAL OPERATING CONSIDERATIONS

3-46 PULSE LOADING

3-47 The power supply will sutomatically cross-—
over from constant voltage to constant current oper-
ation, or the reverse, in response to an increase
{over the preset limit) in the output current or voit~
age, respectively. Blthough the preset limit may be -
set higher than the average cutput current or voltage;
high peak currents or voliages {as occur in pulse -
loading) may exceed the preset limit and cause
crossover to oocur. If this crossover limiting is not
desired, set the preset limit for the peak require-
ment and not the average,.

3-48 OUTPUT CAFACITANCE

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
tonstant voltage operation. Any capacitance added
externally will improve the pulse current capability,
but will decrease the safety provided by the con-
stant current circuit., A high-current pulse may dam-
age load components before the average output cur-
rent is large enough to cause the constant current
circuit to operate.

3-50 The effects of the output capacitor during
constant current operation are as follows:

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

b. The recovery time of the output veltage is
longer for load resistance changes.

c¢. A ltarge surge current causing & high pow-
er dissipation in the load ocours when the load re-
sistance is reduced rapidly.
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3-51 RIVERSE VOLTAGE LOADING

3-52 A diode is connected across the output termi-
nals., Under normal operating conditions, the diode
is reverse biased {ancde connected to negative ter-
minal). If a reverse voltage is applied to the output
terminals (positive voltage applied to negative ter-
minal), the diode will conduct, shunting current
across the output terminals and limiting the voltage
to the forward voliage drop of the diode. This diode
protects the series transistors and the output elec-
trolvtic capacitor.

[#¥]

=i

3-53 REVERSE CURRENT LOADING

3-54 Active loads connected to the power supply
may actually deliver a reverse current to the power
supply during a portion of its operating cycle. An
external source cannot be allowed to pump current
into the supply without loss of regulatior and pos-
sible damage to the outpui capacitor. To aveid
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 operating
cycle of the load device.


https://www.manualsplus.com/

SECTION 1v
PRINCIPLES OF OPERATION
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Figure 4-1,

4-1  OVERALL BLOCK DIAGRAM DISCUSSION

4-2  The power supply, as shown on the overall
block diagram on Figure £-1, consists of a power
transformer. a rectifier and filter, a series regu-
lator, the mixer and error amplifiers, an "OR"
gate, a constant voltage input circult, a constant
current input circuit, a reference regulator circuit,
a bias supply, and a metering circuit.

4-3  The input line voltage passes through the
power transformer to the rectifier and {ilter.

The rectifier~{ilter converts the AC input to raw
DC which is fed to the positive terminal via the
ragulator and current sampling resisior network,
The regulator, part of the feedback loop, is made
to alter its conduction to maintain a constant out-
put voltage or current, The voltage developed

4-1

Overall Block Diagram

across the current sampling resistor network is the
input to the constant.current input circuit, The
constant voltage input circult obtains its input by
sampling the ocutput voltage of the supply.

4-4  Anvy changes in output veltage/current are
detected in the constant voliage/constant current
input circuit, amplified by the mixer and error am=-
plifiers, and applied to the series regulator in the
corract phase and amplitude 1o counteract the
change in output veltage/outputcurrent, The refer-
ence circuit provides stable reference voltages
which are used by the constant voltage/current in-
put circuite for comparison purposes. The bias
supply furnishes voltages which are used through~
out the instrumentior biasing purposes. The meter
circuit provides an indication of output voltage or
current for both operating modes. '


https://www.manualsplus.com/

I
4‘
J
3
2
15V
RBO
o5l
¥ Fi
S
ON-OFF
SWITCH

5 CR22 ‘ -6.2v
4 RIG
. +6.2V CONSTANT
gt T | REFERENCE ‘;S’E’igﬂ@
i 23,5V REGULATOR T RESISTOR
CR23 Q8,Q9
13 < A4
I e X 1"
CURRENT
INPUT
CIRCUIT
g2
1 RIGA
I jcR24 E”S} COARSE
- “d ciz C%%?;%Ng
o= L
¥ VR4 ¥ RIGS
FINE
Al
R 4.4V 8]
;IB 3;5 RIS
AN
R4S
p R55
56V )
CRZE SERIES i RS54 2
6 it REGULATOR Sbbawn:
as.7 SMPLING iz s
AMPL +
. CONSTANT
RESISTOR vOLTAgE
ERROR — PULLOUT
. AMPLIFIER RESISTOR
g | crer Q4,5 + METER
ot CIRCUIT AlD
Gl Qlz, Qi “@
MIXER - Ql5,82
AMPLIFIER
Q3,018
"
=020
OR GATE A7
CR3,CR4 VOLTAGE
. INPUT
CIRCUIT AB
Qt
a8
. RIOA ]
§R4g =ci4 COARSE 4
VOLTAGE cio ER
r——j\ CONTROLS - 34
RIOB
FINE '
-5
O
-0
'}

4-5

4-8

SIMPLIFIED SCHEMATIC

Figure 4~2.

A simplified schematic of the power supply
it shows the operating

is shown in Figure 4-2,
controls; the ON-off switch, the voltage and cur-

rent programming conirols R10 and R18,

Figure

4-2 also shows the internal sources of bias and
reference voltages and their nominal magnitudes
with an input of 115 VAC,

4-7

Diode CR34, connected across the sutput

Simplified Schematic

terminals of the power supply, is a protective de-
vice which prevents internal damage that might
oceur if a reverse voltage were applied across the

output terminals,

Output capacitor, C20, is also

connected across the output terminals when the
normal strapping pattern shown on Figure 4-2 is

employed,

Note that this capacitor can be removed
if an increase in the programming speed is desired.
Under these conditions, capacitor C19 serves to

insure loop stability.
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4-8 DETAILED CIRCTUIT ANALYSIS {Refer to over-
all schematic diagram at rear of manual)

4-9  FEEDBACK LOOP

4-10 The feedback loop functions continuously fo
keep the output volitage constant, during constant
voltage operation, and the output current constant,
during constant current operation, TFor purposes of
this discussion, assume that the unit is in con-
stant voltage operation and that the programming
resistors R10 A and B have been adjusted so that
the supply is yielding the desired output voltage,
Further assume that the output voliage instanta-
neously rises (goes positive) due to a variation in
the external load circuil.

4-11 Note that the change may be in the form of a
slow rise in the output voltage or a positive going
AC signal. An AC signal is coupled to summing
point A6 through capacitor C1 and a DC voltage is
coupled to AS through R10,

4-12 The rise in output voltage causes the voliage
at A6 and thus the base of QlA to decrease (go
negative), Q1A now decreases its conduction and
its collector voltage rises. The positive going er-
ror voitage is amplified and inverted by Q3 and fed
to the bases of series transistors Q6 and Q7 via
emitter followers Q5 and Q4. The nagative going
inpui causes Q6 and Q7 to decrease their conduc-
tion so that they drop more of the line voltage, and
reduce the output voltage to its original level,

4«13 If the external load resistance is decreased
to a certain crogsover point, the cutput current in-
creases until transistor Q2A begins to conduct,
During this time, the cuiput voltage has also de-
creased to a level so that the base of QlA is at a
high positive potential, With Q1A in full conduc~
tion, its collector voltage decreases by the amount
necessary to back bias OR gate diode CR3 and the
supply is now in the constant current mode of op-
ration. The crossover point at which constant
current operation commences is detsermined by the
setting of CURRENT contrel R16, The operation of
the feedback loop during the constant current op~
erating mode is similar to that occuring during
constant voltage operation except that the input to
the differential amplifier comparison circuit is ob-
tained from the current sampling resistor network,

4-14 GQERIES REGULATOR

4-15 The series requlator consists of trangistor
stages Q6 and O7 (see schematic atrear of manual),
Transistor Q6 is the series slement, or pass transis-
tor, which controls the output, Transistor Q7. to-
gether with shunt resistors R81, R82, and RB3, are
connected in & manner which minimizes the power

4-3

dissipated in series transistor @6, The bias voitage
for Q7 is developed across zener diode VRS, The
The conduction of Q7 will decrzase as the collector—
to~emitter voltage of Q8 approaches the voltage
developed across the biasing diodes. At low out-
put voltages Q7 is completely cutoff and ail of the
load current flows through the shunt resistors. The
voltage that is dropped across Q7 and the shunt
resistors reduces the voltage dropped across Q6.
thus diminishing its power digsipation, The reli-
apbility of the regulator is further increased by
mounting the shunt resistors outside the rear of

the cabinet so that the internal components are
operated under lower temperature conditions,

Diode CR11, connected across Q6, protects itirom
reverse voltages that could develop across it dur-
ing parallel or auto-parailel operation if one sup-
ply is turned on bafore the other, Diodes CRIE
and CR19 perform a gimilar function for Q7.

4-16 CONSTANT VOLTAGE INPUT CIRCUIT

4~17 The circuit consists of programming resistor
R10A and B, and a differential amplifier stage (Q1
and associated components)., Transistor Ql con-
sists of two transistors housed in a2 single package,
The transistors have matched characteristics min-
imizing differential voltages due to mismatched
stages, Moreover, drift due to thermal differen-
tials is minimized, since both transistors operate
at essentially the same temperature,

4-18 The constant voltage input circuit continu-
cusly comparas a fixed reference voltage with a
portion of the cutput veltage and, if a difference
exists, produces an error voltage whose amplitude
and phase is proportional 1o the difference. The
error output is fad back to the series regulator,
through an OR gate andthe mixer/error amplifiers,
The. error voltage changes the conduction of the
series regulator which, in turn, alters the cutput
voltage o thatthe difference betweenthe two in-
put voltages applisdtothe differential amplifier is
reduced to zero, The above action maintains the
output voltage constant,

4-19 Stage Q1B of the differential amplifier is
connected to a common (+8) potential through im-
pedance equalizing resistor RS, Resistors R6 and
R8 arc used to zero blas the input stage, offsetting
minor base-to-emitier voltage differences in Q1.
The base of QlAis connectedto a summing point at
the junction of the programming resistor and the
current pullout resistor, R12, Instantaneocus
changes in outpuf voltage result in an increase or
decrease in the summing point potential, QIA is
then made to conduct more or less, in accordance
with the summing point voltage change. The re-
sultant output error voltage is fed back to the
series regulator via OR-gate diode CR3 and the
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remaining components of the fesdback loop. Re-
sistor R1, in series with the base of QlA, limits
the current through the programming resistor during
rapid voltage turmn~down, Dicdes CR1 and CR2
form a limiting network which prevent excessive
voltage excursions from over driving stage QILA,
Capacitors Cl and C2, shunting the programming
registors, increase the high frequency gain of the
input amplifier. Resistor R13, shunting pullout
resistor R12Z, serves as a trimming adjustment for
the programming current.

4-20 CONSTANT CURRENT INPUT CIRCUIT

4.21 This circult is similar in appearance and op~-
eration to the constant voltage input circuit, It
consists basically of the current programming re-
sistors R16A and B, and a differential amplifier
stage {Q2 and associated components), Like
transistor Q1 in the voltage input circuit, Q2 con-
sists of two transistors, having maiched charac-
teristics, that are housed in a single package.

4-22 The constant current input circult continu-
ously compares a fixed reference voltage with the
voltage drop across the current sampling resistors
R54 and R55, If a difference exists, the differen-
tial amptifier produces an error voltage which is

. proportional to this difference., The remaining
components in the feedback loop (amplifiers and
series regulator} function fo maintain the drop
across the current sampling resistors, and conse-
guently the output current, at a constant value,

4-23 Stage Q2B is connected to a common 8) po-
tential through impedance egqualizing resistor R26,
Resistors R25 and R28 are used to zero bias the in-
put stage, offsetting minor base-to-emitter voltage
differences in Q2. Instantaneous changes in out-
put current on the positive line are felt at the cur~
rent summing peint and, hence, . the base of Q2ZA,
Stage Q2A varies its conduction in accordance
with the polarity of the change at the summing
point, The change in Q2A's conduction also varies
the conduction of Q2B due to the coupling effects
of the common emitter resistor, R22. The error
voltage is taken from the collector of Q2B and fed
back to the serieg regulator through CR-gate diode
CR4 and the remaining components of the feedback
loop, The error voltage then varies the conduction
of the regulator so that the output current is main-
tained at the proper level,

4=-24 Resgistor R20, in conjunction with R21and C3
helps stabilize the feedback loop., Diode CRS lm-
its voltage excursions on the base of Q2ZA, Resis-—
tor R19, shunting the pullout resistor, serves as a
trimming adjustment for the programming current
flowing through R16.

gd

4-25 VOLTAGE CLAMP CIRCUIT

4~26 During constant current operation the con—
stant voliage programming resistors are a shunt
load across the outputterminals of the power sup-
ply. If the output voltage changed, the current
through these resisiors would tend to change re-
sulting in an output current change,  The clamp
circuit is a return path for the voltage programming
current, the current thatnormallyflows through the
programming resistors, The circuif maintaing the
current into the constant voltage summing point
(46) constant, thus eliminating the error due to
shunting effects of the constant voltage program-
ming resistors.

4=27 The voltage divider, RE1l, R852Z, and VR3,
back biases CR30 and Q10 during constant voltage
operation, When the power supply goes into con~
stant current operation, CR30 becomes forward
biased by the collector voltage of QlA, This re-
sults in conduction of Q10 andthe clamping of the
summing point at a potential only slightly more
negative than the normal constant voltage poitential.
Clamping this voltage at approximately the same
potential that exists in constant voltage operation,
results in a constant voltage across, and conse-
quently a constant current through the pullout re-
sigtor (R12).

4-28 MIXER AND ERROR AMPLIFIERS

4-29 The mixer and error amplifiers amplify the
error signal from the constant voltage or constant
current input circuit to a level sufficient to drive
the series regulator transistors., The emitier bias
potential for mixer amplifier Q3 is established by
the emitter follower. Transistor Q3 receives the
error voltage input from either the constant voltage
or constant current circuit via the OR-gate diode
{CR3 or CR4) that is conducting at that time.
Diode CR3 is forward blased, and CR4 reversed
bilased, during constant voltage operation, The
revarse is true durlng constant current operation.

4«30 The RC network, composed of C5 and R39, is
an equalizing network which provides for high fre-
gquency roll off inthe loop gain response in order to
stabilize the feedback loop., Emitter follower tran-
sistors Q4 and Q3 are the error amplifiers serving
as the driver and predriver elements, respectively,
for the series regulator., Transistor Q4, together
with dicde CR17, provides a low resistance dig=
charge path for the ocutput capacitance of the power
supply during rapid down programming,

4-3% REFERENCE CIRCUIT

4-32 The reference circuit is a feedback power
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supply similar to the main supply. It provides
stable reference voltages which are used through-
out the unit. The reference voltages are all de-
rived from smoothed DC obtained from the full
wave rectifier {CR22 and CR23) andfilter capacitor
C10, The +6.2 and -6.2 voltages, which are used
in the constani voltage and current input circuits
for comparison purposes, are developed across
temperature compensated Zener diodes VR1 and
VRZ2. Resistor R43 limits the current through the
Zener diodes to establish an optimum bias level,

4-33 The regulating circuit consists of series reg-
ulating trangistor Q% and error amplifier Q8. Cut-
put voitage changes are detected by Q8 whose bass
is connected to the junction of a voltage divider
{R41, R42) connected directlv across the supply. Any
error signals are amplified and inverted by Q8 and
applied to the base of series transistor Q9. The
series element then alters its conduction in the
direction and by the amount necessary to maintain
the voltage across VR1 and VR2 constant. Resistor
R46, the emitter resistor for Q8. is connected in a
manner which minimizes changes in the reference
veltage caused by variations in the input line,
Cutput capacitor C9 stablilizes the regulator loop.

4-34 METER CIRCUIT

4-35 The meter circuit provides continuous indica-
tions of output voltage or current on a single multi-
pie range meter. The meter can be used either as a
voltmeter or sn ammeter depending upon the position
of the METER switch 32 on the front panel of the
suppiy. This switch also selects one of two meter
ranges on each scale. The meter circuit consists
basically of a selection circuit {switch 52 and asso-
ciated voltage dividers), stable differential amplifier
stages {Ql1, 012, and Q14), and the meter move-
ment,

4-36 The selection circuit determines which volt-
age divider is connected to the differential ampli-
fier input. When the METER section of 82 i{s in
one of the voltage positions, the voltage across
divider R59, R60, and R61 (connected across the
output of the supply) is the input to the differen-
tial amplifier,

4-37 When 82 is in one of the current positions
the voltage across divider R56, R57, and R58 is
the input to the differential amplifier. Note that
this divider is connected across the sampling re-
sistor network, The amplified output of the differ-
ential amplifier is used to deflect the meter,

4-38 The differential amplifier is a stable device
having a fixed gain of ten, Stage Q1B of the am-
plifier receives a negative voltage from the appli-

cable voltage divider when 82 is in one of the
voltage posiiions while stage Ql1A is connecied
to the +8 {common) terminal, With 52 in a current
position, stage QLlIA receives a positive voliage
from the applicable voltage divider while stage
Q11R is connected 1o the +8 terminal, The differ-
ential output of the amplifier is taken from the
coliectors of Q12 and Q14. Transistor Ql5 is a
constant current source which sets up the proper
bias current for the amplifier. Potentiometer RE63
permits zeroing of the meter, )

4-39 The meter amplifier contains an inherent
current limiting feature which protects the meter
movement against overloads, TFor example, if
METER switch 82 is placed in the low current
range when the power supply is actuaily deliver-
ing a higher ampere output, the differential ampli-
fiers are quickly driven into saturation limiting the
current through the meter to a safe value.

+35
O
R59§
-5 Rel |
Oy NV
RGO .

Figure 4-3. Voltmeter Connections,
Simplified Schematic

RS7

R56

CURRENT ]
RES 15 TOR( +0
SERIES "RES} )

ANy

REG, O
£e R54

Figure 4-4. Ammeter Connections,
Simplified Schematic

4-40 Figures 4~3 and 4-4 show the meter connec-
tions when the METER section of 52 is in the
higher voltage and current range positions, respec-
tively, For the sake of simplicity, some of the
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actual cireuit components are not shown on these
drawings, With the METER switch in the higher
voltage range, position 2, the voltage drop across
RS9 is the input to the meter amplifier and the
meter indicates the cutput voltage across the +8
and -8 terminals. TFor low output voltages, 52 can
- be switched to the low voltage position (I} resuli-
ing in the application of a larger percentage of the
output voltage {drop across R59 and R60) to the
meter amplifier,

4-8

4-41 As illustrated in Figure 4-4 with the METER
switch in the high current posizion {3) the voltage
drop across R58 is applied to the meter amplifier
and the meter indicates the cutput current which
flows through the sampling resistor network, Tor
low values of output current, the METER switch
can be setto position 4 andthe voliage drop across
R57 and R58 is applisd 10 the meier amplifier,
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SECTION V
MAINTENANCE

5-1 INTRODUCTION

5~2  Upon receipt of the power supply, the per=
formance check {Paragraph 5-10) should be made.
This check is sultable for incoming inspection, If
afault is detected inthe power supply while making
the performance check or during normal operation,
procead to the troubleshocting procedures (Para-
graph 5-41), After troubleshooting and repair (Para-
graph 5-46), perform any necessary adjustments
and calibrations (Paragraph 5-48), Before returning
the power supply to normal operation, repeat the
performance checkto ensure thatthe fault has been
properly corrected and that no other faults exist,
Before doing any maintenance checks, turn on pow-
er supply, allow a half~hourwarm-up, and read the
general information regarding measurement tech-
niques (Paragraph 5-3}.

5-3 GENERAL MEASUREMENT TECHNICUES

5~4 The measuring devicae must ba connectad
across the sensingleads of the supply or as close
to the outputterminals as possible when measuring
the output impedance, transient response, regula-
tion, or ripple of the power supply in order to
achieve valid measurements, A measurement made
across the load includes the impedance of the leads
to the load and such lead lengths can easily have
an impedance several orders of magnitude greater
than the supply impedance, thus invalidating the
measuremeant,

5«5 The monitoring device should be connected
to the +8 and -8 terminals (see Figure 3-2) or as
shownin 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 ieads are connected at A,
not B, as shown in Figure 5-1. Failure to connect
the measuring device atA willresuliin & measure~
ment that includes the resistance of the leads be-
tween the outputterminals andthe point of connec—
tion.

3-6 For output current measurements, the current
sampling resistor should be a four-terminal resis-

OUTPUT TERMINAL-

LCAD LEAD

MONITOR HERE

Figure 5-~1. Front 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/CC} type and should be used at no
more than 5% of its rated power sothat iis temper~
aturet rise will be minimized.

CURRENT SAMPLING
TERMINALS

EXTERNAL

LGAD

TO UNGROUNDED
TERMINAL OF

POWER SUPPLY

TQ GROUNDED
TERMINAL OF

W
SAMPLING POWER SUPPLY
RESISTOR

LOAD
TERMINALS

Figure 5-2. Cutput Current Measurement Technigue

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). Conngct both oscillo-
scope input leads to the power supply ground termi-
nal and check that the oscilloscope is not exhibi-
ting aripple oriransient due to ground loops, pick=~
up, or other means,

5-8 TEST EQUIPMENT REQUIRED

5«9  Table 5-1 lists the test equipment required to
perform the various procedures described in this
Section,
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Table 5-1.

Test Equipment Required

REQUIRED var RECOMMENDED
TYPE CHARACTERISTICS : MODEL
Differential Sensitivity: 1mV full scale {(min, ). Measure DC voltages; # 3420 (See Note)
Voltmeter Input impedance: 10 megohms (min, ).} calibration procedures
Variable Range: 90=~130 volts. Equipped with Vary AC input ———
Voltage voltmeter accurate within 1 volt,
Transformer

AC Voltmeter

Oscilloscope

Cscillator

DC Voltmeier

Repetitive
Load Switeh

Resistive
Loads

Current
Sampling
Resistor
Resistor
Resistor

Resistor

Resistor

Capacitor

Decade
Resistance
Box

Accuracy: 2%, Sensitivity: 1wV full
scale deflection {(min. ).

Sensitivity: 100V /cm. Differential
input,

Range: § Mz to 600 kHz., Accuracy:
2%. Qutput: 10Vrms,

Accuracy: 1%. Input resistance:

20, 000 ohms/volt {min, ).

Rate: 60-400 Hz, 2psec rigse and
fall time,

Values:
Figure 5-4,

See Paragraph 5-14 and
+5%, 75 waits.

5253A, 6284A: 0, 33n

GZ55A, 62894 0,664

628 1A 0. 2a

6294A; in

i¥n %1%, 2 watt non-inductive.
100 ohms, 5%, 10 watt,

Valua: See Paragraph 5-59. #0.1%,
1/2 watt,

Value: See Paragraph 5—6'2. +0.1%
1/2 watt,

500pf, 50 wVdc,

Range: 0-500K. Accuracy: 0.1%
pius 1 ohm, Make-before-break
contacts,

Measure AC voltages and
rippie

Display transient response

waveforms

Impedance checks

Measure DC voltages

Measure transient
response

Power supply load resis-
tors

Measure current; calibrate
meter; cc ripple and noilse

Measure impedance
Measure impedance

Calibrate programming
current

Calibrate programming
current

Measure impedance

Measure programming
coefficients

¢ 403B

@ 140A plus 14004
plug-in. 1402A
plug~in for spike
measurements onty,

@ 200 CD

& 412A

See Figure 5-8,

See Parts Ligt
R54 (R55)

NOTE

A satisfactory substitute for a differential voltmeter is to arrange a reference voltage
The reference voltage source is ad-
justed so that the voltage difference between the supply being measured and the refer-
ence voltage will have the required resolution for the measurement baing madsa, The
voltage difference will be & function of the null detector that ig used. Examples of sat-
isfactory null detectors are: @ 4194 null detector, a dc coupled oscilloscope utilizing
differential input, or a -50mV meter movement with & 100 division scale. For the latter,
& 2mV¥Y change in voltage will result in a meter deflsction of four divisions.

source and null detector as shown in Figure 5-3.

52
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s B U T O N

Care must be exercised when using an
electronic null detector in which one
input terminal is grounded o avoeid
ground loops and circulating currents.

POWER SUPPLY REFERENCE
LINDER TESTY VOLTAGE
SQURCE
- 4 W
o J Q00
_/ \ l
LOAD
NULL
DETECTCR
-+
Qe 9
Figure 5~3. Differential Voltmeter Substitute,

Test Setup

5-10 PERFORMANCE TEST

5-11 The folloewing test can be used as an incom-
ing inspectioncheck and appropriate portions of the
testcan be repeated either to check the operationof
the instrument after repairs orfor pericdic mainte~
nance tests. The testsare performedusinga 115Vac
60Hz, single phase inputpower source, If the cor-
rect rasult 1s not obtained for a particular check,
do not adjust any controls; proceed to trouble-
shooting (Paragraph 5-41),

5-12 CONSTANT VOLTAGE TESTS

5-13 Rated Output and Meter Accuracy.

5-14 Voltage., Proceed as follows:
a, Connect load resistor across rear output
terminals of supply. Resistor value to be as iol-

lows:
Model 62524 6255A 62814 6284A 6283A 6294A
Resistance 6n 26~ 1.5a  6a 260 60a

b. Connectdifferential voltmeter across +5
and -Sterminals of supply observing correct poiar-
ity.

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

d, Adjust VOLTAGE control(s) until front
panel meter indicates exactly the maximum rated
cutput voltage, ’

@, Differential voltmeter should indicate
maximum rated output voltage within £2%,

5-3

5-15 Current, Proceed as follows:

a, Connect test setup as shown in Figure
5-4 leaving switch 31 open,

b, Turn CURRENT controls fully clockwise,

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

d. Adjust VOLTAGE control{s}) until front
panel meter indicates exactly the maximum rated
output current,

a, Differential voltmeter should read 1.0 %
0,02 Vde.

POWER SUPPLY
UNDER TEST Slo .
+ = RYO—l
Q¢ O
LOAD DIFFERENT
RESISTOR voai?MEsTsL?L
CURRENT 588
SAMPLING g
RESISTOR
Ry %
MODEL NO. RESISTANCE (OHMS)
Rx Ry
62534, 62844 | 0,33 3
62554,62894 | 0.66 26
6281A, 0.2 L3
62944 L0 59

Tigure 5-4. Cutput Current Test Setup

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

a, ConnecttestseiupasshowninFigure 5-5,

b. Turn CURRENT controls fully clockwise,

. Set METER swiitch to highest current
range and turn on supply.

d, Adjust VOLTAGE conirol(s) until front
panel meter indicates exactly the maximum rated
output voltage. .

e. Read and record voitage indicated on dif- -
ferential volimeter,

. Disconnect load resistors,

g. Reading orn differential voltmeter should
not vary from rgading recorded in stepe by more
than the following:

Model No, 62534, 6284A 62554, 62894

Variation (mvde) =5 +6
Model No. 62814 6294A
Variation {mVde) &5 e

5-17 Line Regulation: To check the line regulation,
procead as follows:
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POWER SUBPLY
UNBER TEST
4+
}? o]
MODEL NO. RES|STANCE(OHMS}
R RX RY
X 62534, 62844 | 0.33 c
G255A,628%A | 0.66 26
62814 o2 L3
Ry 52944 o o

LOAD RESISTORS

DIFFERENT AL
VOLYMETER

RES

/

5. Load Regulation, Constant Voltage

Test Setup

Figure 5-

a,
input power source and power supply power input.

b, ‘Turn CURRENT controls fully clockwise,
¢, Connect test setup shown in Figure 5«5,
d. Adijustvariable auto transformer for 105Vac

input,

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

f. Adjust VOLTAGE control{s) until front
panel meter indicates exactly the maximum rated
ouiput voliage,

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

h, Adjustvariable autotransformerfor 125Vac
input,

i, Reading on differential volimeter should
not vary from reading recorded in step g by more
than the following:

Medel No, 62534, 62844 62554, 6289A
Variation (mvdc) +4 +6
Model No, 6281A 62944
Variation {mVde) *2, 75 +8

5-18 Ripple and Noise. Ripple andnolise measure-
ment can be made at any input AC line voltage
combinedwithany DC output voltage and loadcurrent
within rating, '

519 The amountofripple and noise thatispresent
on the power supply output is measured either in
terms of the RMS or {preferably} peak-to-peak value.
The peak-io-peak measursment ig particularly im-
portant for applications where noise spikes could
be detrimental to & sensitive load, such as logic
circuitry, The RMS msasurement is not an ideal

representation of the noise, since fairly high out=
put noise spikes of short duration could be present
in the rippie and not appreciably increase the RMS
value,

5-20 The technigue used o measure highfrequency
noise or “spikes® on the output of a power supply
is more critical than the low freguency ripple and
noise measurement technigue; therefore the former
is discussed separately in Paragraph 5-28,

Connect variable auto transformer between

POWER SUPPLY CASE

AC
R
ACC L
GND ] (/
! + O+
5 - - VERTICAL
| L L INPUT

A. INCORRECT METHOD-GROUND CURRENT Ig PRODUCES 60
CYCLE DROP IN NEGATIVE LEAD WHICH ADDS TOQ THE POWER
SUPPLY RIPPLE DISPLAYED ON SCOPE.

OSCILLOSCOPE CASE

Y i

POWER SUPPLY CASE QSCILLOSCOPE CASE

AC 8 AT
ace F acc
GND BND
-, . C
BT TP, VERTICAL
e B __BREAK - WPUT
GND
PATH

B. A CORRECT METHOD USING A SINGLE - ENDED SCOPE,
OUTRUT FLOATED TO BREAK GROUND CURRENT LCOR TWISTED
PAIR REDUCES STRAY PiCKUP ON SCOPE LEADS.

OSCILLOSCOPE CASE

POWER $UPPLY CASE

AC o
ACT Ry AGC
aND- 3 E—-—-&J GND

+ i [

- o L _ VERTICAL

= & INPUT

p=-C

C. A CORRECT METHOD USING A DIFFERENTIAL SCOPE WITH
FLOATING INPUT SROUND CURRENT PATH 1§ BROKEN, COMMON
MODE REJECTION OF DIFFERENTIAL INPUT SCOPE IGNORES
DIFFERENCE  IN GROUND POTENTIAL OF POWER SUPPLY &
SCOPE; SMIELDED TWO WIRE FURTHER REDUCES STRAY
PICK-UP ON SCOPE LEADS.

Figure 5-6. OV Ripple and Noise Test Setup

5=-21 Ripple and Noise Measurementis, Figure 5-6A
shows an incorrect method of measuring p-p rippie.
Note that a continuous ground loop exisis from the
third wire of the input power cord of the supply to
the third wire of the input power cord of the oscil~
loscope via the grounded power supply case, the
wire between the negative output terminal of the
power supply and the vertical input of the scope,
and the grounded scope case. Any ground current
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-circulating inthis lcop as a result of the difference
in potential Eg between the two ground points
causes anlIR drop which is in series withthe scope
input, This IR drop, normally having a 60Hz line
frequency fundamental, plus any pickup on the un-
shielded leads interconnecting the power supply and
scope, appears onthe face of the CRT. The magni-
tude of this resulting neise signal can sasily be
much greater than the true ripple developed between
the plus and minus output terminals of the power
supply, and can completelyinvalidate the measure-
ment,

5=22 The same ground currentand pickup problems
can exist if an RMS voltmeter is substituted in
place of the oscilloscope in Figure 5~6. However,
the oscilloscope display, unlike the true RMS
meter reading, tells the observer immediately
whether the fundamental period of the signal dis-
played is 8. 3 milliseconds (1/120Hz) or 16.7
milliseconds {(1/60 Hz). Since the fundamentalrip-
ple frequency present on the ouiput of an @ supply
is 120 Hz (due to full-wave rectification), an os-
cilioscope display showing a.120 Hz fundamental
cgomponent is indicative of a "clean" measurement
setup, while the presence of a 60 Hz fundamental
usually means that an improved setup will result
in a more accurate (and lower} value of measured
ripple,

5«23 Figure 5-G6B shows a correct method of mea-
suring the output ripple of a constant voltage pow-
er supply using a single~ended scope. The ground
loop path is broken by floating the supply output,
Note that to ensure that no potential difference
exists bastween the supply and the oscilloscope, it
is recommended that whenever possible they both
be plugged into the same AC power buss. If the
same buss cannot be used, both AC grounds must
be at earth ground potential.-

5-24 FEither a twisted pair or {preferably) a shield-
ed two-wire cable should be used to connect the
output terminals of the power supply to the vertical
input terminals of the scope, When using a twist-
ed pair, care must be taken that one of the two
wires is connected o the grounded input terminal
of the oscilloscope. When using shiglded two-
wire, it is essential for the shield to be connected
to ground at one end only so that no ground current
will flow through this shield, thus inducing a
noise signal in the shielded leads,

5-25 To verify that the oscilloscope is not dis-
playing ripple that is induced in the leads or picked
up from the grounds, the (+) scope lead should be
shorted to the () scope lead at the power supply
terminals, The ripple value obtained when the
leads are shorted should be subtracted from the
actual ripple measurement,

5-26 In most cases, the single-ended scope
method of Figure 5~6B will be adequate to elimi-
nate non-real components of ripple and noise so
that a satisfactory measurement may be obtained.
However, in more stubborn cases it may be nec-
essary to use a differential scope with floating in-
put as shown in Figure 5-6C. If desired, two
single conductor shieided cables may be subsgti-
tuted in place of the shielded two-wire cable with
egual success, Becausge of its common mode re-
jection, a differential oscilioscope displavs only
the difference in signal between its two vertical
input terminals, thus ignoring the effects of any
common mode signal introduced because of the
difference in the AC potential between the power
supply case and scope case. Before using a dif-
ferential input scope in this manner, however, it
is imperative that the common mode rejection ca-
pability of the scope be verified by shorting to-
gether its two input leads at the power supply and
observing the trace on the CRT, If this trace iz a
straight line, the scope is properly lgnoring any
common mode signal present, If this trace is not
a straight line, then the scope is not rejecting the
ground signal and must be realigned in accordance
with the manufacturer's instructions until proper
common mede rejection is attained,

5-27 To check the ripple and noise output, pro-
ceed as follows:

a. Connect the oscilloscope or RMS volt-
meter as shown in Figures 5-6B or 5~6C,

b, Turn the CURRENT control fully clockwise
and adjust VOLTAGE control until front panel meter
indicates maximum rated output voltage,

o. The observed ripple and noise should be
less than 200pV RMS and 1mV p-p.

5-28 Noise Spike Measurement. When a high fre-
quency spike measurement is being made, an in-
strument of sufficient bandwidth must be used: an
escilloscope with a bandwidth of 20 MHz ormore is
adequate. Measuring noise with an instrument that
has insufficient bandwidth may conceal high fre-
quency spikes detrimental to the load,

5-29 The test setups illustrated in Figures 5-64A
and 5-6B are generally notacceptable for measur-
ing spikes; & differential oscilloscope is necessary,
Furthermore, the measurement concept of Figure
5-6C mustbe modifiedif accurate spike measure-
ment is tc be achieved:

l. As shown in Figure 5~7, two coax cables,
mustbe substituted for the shielded two-wire cable,

2. Impadance maiching resistors must be
included to eliminate standing waves and cable
ringing, and the capacitors must be connected o
biock the DC current path,
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POWER SUPPLY - TOR QSCHLLOSCOPE
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T-CONNECTOR m

3041
TERMINATION

Figure 5-7. CV Noise Spike Test Setup

3. The length of the test leads outside the
coaxiscritical and mustbe keptas shortas possi~-
ble: the blogking capacitor and the impedance
matchingresistor should be connected directly from
the inner conductor of the cable tothe power supply
terminals. _

4, Notice that the shislde of the power sup-
ply end of the two coax cables are notconnected to
the power supply ground, since such a connection
would giveriseto-a ground current path through the
coax shield, resulting in an erroneous measurement.

5. The measured noise spike values must be
doubled, since the impedance matching resistors
constitute a 2-to—-1 attenuator,

6. Thenoise spikes observed onthe oscillo-
scope should be less than 0. 5mV p-p.

5-30 The circuitofFigure 5~7 can also be used for
the normal measuremant of low frequencyripple and
noise; simply remove the four terminating resistors
andthe blocking capacitors and substitute a higher
gain vertical plug~inin place of the wide-band piug-
in reguired for spike measurements. Notice that
with these changes, Figure 5~7 becomes a two-
cable version of Figure 5-6C,

5-31 Transient Recovery Time, To check the
transient recovery time proceed as follows:

a, Connect test setup shown in Figure 5-8.
b, Turn CURRENT controls fully clockwise,
¢, Set METER switch to highest current

range and turn on supply.

d. Adjust VOLTAGE control(s) until front
panel meter indicates exactly the maximum rated
output voltage,

e, Close line swiitch on repetitive load
switch setup.

f,  Adjust 25K potentiometer until a stable
display is obrained on oscilloscope, Waveform
should be within the tolerances shown in Figure
5-9 {output should return to within 15mV of original
value in less than 50 microssconds),

POWER SUPPLY OSCILLOSCOPE
UNDER TEST he 1404
o5 Y &
0 ? QLo
|
CONTACT PROTECTION
NE TWORK Ry
dufF 511 5W
490V (NOTE3) Rx
1 VY NOTES:
L e e Lo 1 THIS DRAWING SHOWS A
[ . SUGGESTED METHOD OF
oYX BUILDING A LOAD SWITCH,
| | HOWE VER, OTHER METHODS
| ' COULD BE USED; SUCH AS
; A TRANSISTOR SWITCHING
sy | 25K 153 i NETWORK. MAXIMUM LOAD

RATINGS OF LOAD SWITCH
ARE; 5AMPS, 500V,
250W (NOY 2500W)

2. USE MERCURY RELAY)
CLARE TYPE HGP 1002
OR W.E. TYPE 2768,

3. USE WIRE WOUND RESISTOR,

|
| NOTE2
[

REPETITIVE .
LOAD SWITCH [NOTE 1} |
RESISTANCE {DHMS)
MCDEL NO. T Ry
§281A G.267 7] 1.3
5253A,62844 | 0.33 | &
6255462894 | 0.86 | 28
62944 1.0 | 59
62994 .33 | 132

5-6

Figure 5-8. Transient Response. Test Setup

50u
SECONDS

-

50u
SECONDS

1MV
E
¥

UNLOADING TRANSIENT

LOADING TRANSIENT

Tigure 3-9. Transient Response, Waveforms

5=32 Programming Speed, This measurement is
made by monitoring the output voltage with an os-
cilloscope while rapidiy changing the remote pro-
gramming resistance, For up-programming, the re-
mote resistance is varied from zero chms to the val-
ue that will produce maximum output voltage; and
for down-programming, the remote resistanceis var—
ied from the value that will produce maximum output
voltage to zero ohms. To check the up-programming
speed, make the connections indicated in Figure
5-10: for down-programming, simply remove Ri.



https://www.manualsplus.com/

Al A3 A4 AS AB AT AB -S — GND + +S AID

eiqlalelgleleiglele]gole]

Rp Ry

o O
o—r-i VERTICAL
L INPUT

b
t
¢ E
QSCHLOSCOPE
5V, 60 HZ
MERCURY
WETTED
RELAY

MODEL | 6253A| 6255A |628IA | 62844 | 62894 | 62944
R 6N | 260 | .50 &R | 260 | 8OO
Figure 5~10. Constant Voltage Programming Speed,

Test Setup

The load.resistance is inciuded for up-programming
and removed for down~programming to present the
worst possible conditions for the supply to reach
the programmed voltage. Refer to Application Note
90, Power Supply Handbook for further details on
remote programming speed. To check the program=~
ming speed, proceed as foliows:

1, Restraptherear barrier strip as indicated
in Figure 5-10. Note that the jumper between +3
and AlQ is removed, This disconnects the output
capacitor C20 1o increase the programming speed,
A minimum amount of output capacitance (C19} is
permanently wired to the output and should not be
removed, because the supply could oscillate under
certain load conditions, The programming speed in-
creases by afactor of from 10 to 100 when the out-
put capacgitor C20 is removad.

Z. Connecttherelay, oscilloscope, and pro-
gramming resistor Rpas illustrated inTigure 5-10,
Select the value of the programming resistor that
will produce maximum output voltage of the supply,
This value is obigined by multiplying the program-
ming coefficient (200 ohms/vol:, 300 ohms/volt
for Model 62%4A) by the maximum rated output
voitage of the supply.

3, A mercury-wetted relay is employed to
rapidly switch the programming resistance from zero
to maximum at a 60 Hz rate,” Other automatic
switching devices can be used; however, a hand-
operated switch connected across the programming
resistor is notadequate, because the resulting one-
shot displays are difficult to observe on most os-
cilloscopes,

4. The time (T} required for the output volt-
age to change from zerc volts to maximum rated out-
pul or from maximum rated cutput to zero should be
less than 10 milliseconds,

5-33 Output Impedance. To check the output im-
pedance, proceed as follows:
a. Connect test sefupas showninFigure 5-11.

VOLTMETER VOLTMETER
hpaoab hp 4038
INDICATES Eq INDICATES Ein
000 060
POWER SUPPLY OSCH.LATOR
UNDER TEST hp 200 CD

%D% ’_3\3:__5%

1K 500“MFD
AR b

Figure 5~11.

Cutput Impedance, Test Setup

b, Set MITER switch to highest voltage range
and turn CURRENT controls fully clockwise, and tum
on supply.

¢, Adjust VOLTAGE control(s) until front
panel meter reads 20 volis,

d. Bet AMPLITUDE control an Cscillator to
10 volts (Bj,}, and FREQUENCY control to 1 kHz,

e. Record voltage across ocutput terminals of
the power supply {Eg) as indicated on AC voltmeter,

i, Calculate the output impedance by the
Tollowing formula: Zegt = EgR)/(Ein — Eo)

En = rms voltage across power supply output
terminals,

1000,

10 volts,

g. The output impedance Zoyil should be
less than 0, 01 ohm,

h. Using formula of stepf, calculate output
impedance at frequencies of 10kHz, 100kHz, and
1MHz, Values should be less than 0, 05 ohm,

6.5 ohm, and 5 ohms, respectively,

R
E

#

in

5-34 CONSTANT CURRENT TESTS

5=35 Load Regulation. To check the constant cur—
rent load regulation, proceed as follows:
a. Connecttestseiupas shown in Figure 5-4,
b. Turn VOLTAGE control(s) fully clockwise,
¢. Set METER switchto highestcurrent range
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and turn on supply.

d. Adiust CURRENT control until front panel
meter reads exactly the maximum rated output cur-
rent,

. Read and record veliage indicated on:
differential voltmeter,

f. Short 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 following:

Madel No, 62534, 6284A 6255A, 628%A
Variation (mVdc} +0, 183 +0, 265
Model No, 52814 62944
YVariation (mvdc) 0,5 +0, 35

5-36 Line Regulation. To check the line regulation
procead as {ollows:

a., Utilize test setup shown in Flgure 5-4
leaving switch 81 open throughout test.

b. Connect variable auto transformer be-
tween input power source and power supply power
input,

c. Adjust auto transformer for 105Vac input.

d, Turm VOLTAGE control{g} fully clockwise,

e, Set METER switchto highestcurrent range
and turn on supply.

£,  Adjust CURRENT controls until front panel
meter reads exactly the maximum rated output cur-
rent,

g. Read and record veltage indicated on dif-
ferential voltmeter,

n, Adjust variable auto transformer for 125
Vac input,

i, Reading on differential voltmeter should
not vary from reading recorded in step g by more
than the following:

Model No. 62534, 6284A 625547, 6289A
Variation {mVdc) +0, 183 +0, 263
Model No, G2BIA 6294A
Variation {mVde) +0, 15 =0, 35

5-37 Ripple and Noige. Most of the instructions
pertaining to the ground loop and pickup problems
aszsociated with constant voltage ripple and noise
measurement also applyiothe measurement of con~
gstant current ripple and nolse, Figure 5-12 illus~
trates the most important precautions to be observed
when measuring the ripple and noise of a constant
current supply. The presence of a 120 cycle wave~
form on the oscilloscope is normally indicative of a
correct measurement method., A waveshape having
60 Hz as its fundamental component is typically as=
sociated with an incorrect measurement setup.

5-38 Ripple and Noise Measurement, To check the
ripple and noise, procsed as follows:
a, Connect the oscilloscope or RMS voli-

meter as shown in Figures 5-12B or 5~1%C.

POWER SUPPLY CASE

s 1

0SCILLOSCOPE CASE

RL

] + Ot Ry O+ :

LA

' - {

| 1s |
—

Eg
Rg
L._ ANA—

4. INCORRECT METHOD — GROUND CURRENT TIgPROGUCES 60
CYCLE DROP IN NEGATIVE LEAD WHICH ADDS TO THE POWER
SUPPLY RIPPLE DISPLAYED ON SCOPE,

POWER SUPPLY CASE

AC
sec %
GND
1= o
W__m__‘% %ﬂ
- +
o 11 \ -
*
TWISTED PAIR

# LENGTH OF LEAD BETWEEN Rp AND OUTPUT

TERMINAL OF POWER SUPPLY MUST BE HELD TO ABSOLUTE

MINIMUM,
8. A CORRECT METHOD USING A SINGLE - ENDED SCOPE,
QUTPUT FLOATED TO BREAK GROUND CURRENT LOOP, TWISTED
PAIR HEDUCES STRAY PICKUP ON SLOPE LEADS.

QSCILOSCOPE CASE

ﬁﬁ%ﬁz

+

.

Rz

POWER SUPPLY CASE QSCILLOSCOPE CASE

ACE R, ﬁnc
ace ————] g +o-td g é ACC
GND - 1
:] ,.,_LME G E GND
e
SHIEL/:)ED s
* TWG -WIRE

¥* LENGTH OF LEAD BETWEZEN Ry AND GROUNDED QUTPUY

TERMINAL OF POWER SUPPLY MUST BE HELD TO ABSQLUTE
MINIMUM.

C. A CORRECT METHOD USING A DIFFERENTIAL SCOPE
FLOATING INPUT. GROUND CURRENT PATH IS BROKEN,
COMMON MOUDE REJECTION OF DIFFERENTIAL INPUT SCOPE
IGNORES ODIFFERENCE N GROUND POTENTIAL OF POWER
SUPPLY B SCOPE, SHIELDED TWO- WIRE FURTHER REDUCES
STRAY PICKUP ON 3COPE LEAD.

WITH

MODEL 6253A| 62554 | 628lA | G2B4A | €288A | B284A
Ry {OHMS) | 0.33 ¢.66 0.20 | 0.33 C.66 Lo
R (OHMS) 6 26 [R¢} 8 26 59

Figure 5-12. CC Ripple and Noise Test Setup

b. Rotate the VOLTAGE control fully ow,

¢. 8et METER switch to highest current range
and turn on supply.

d. Adjust CURRENT control until front panel
meter reads exactly the maximum rated output current.

e. The ripple and noise indication should be
less than the following:
Model 6253A,6284A 6255A,6283%A 628lA G294A
mh rms 2 0.5 4 0.5
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. 5-39 TROUBLESHOOTING

5-40 Components within Hewlett~Packard power
supplies are conservatively operated to provide
maximum reliability, In spite of this, parts within
a supply may fail, Usually the instrument must be
immediately repairedwith a minimum of "down time"
and a systematic approach as outlined in succeeding
paragraphs can greatly simplify and speed up the
rapair,

5-41 TROUBLE ANALYSIS

5-42 (General. Before attempting to troubleshoot
this instrument:, ensure that the fault is with the
instrument and notwith an assoclated circuit, The
performance test (Paragraph 5-10) enables this tobe
determined without having to remove the instrument
from the cabinet.

5-43 Once it is determinedthat the power suppiyis
at fault, check for obvious troubles such as open
fuse, a defective power cable, or an input power
faliure. WNext, remove the top and holtom covers
(each held by fourretaining screws) and inspect for
open connections, charred components, ete, 1If the
rrouble source cannotbe detected by visual inspec-
tion, follow the detailed procedure outiined in suc~
ceeding paragraphs, Once the defective component
has been located (by means of visual inspection or
irouble analysis) correct it and re—conduct the par-
formance test. If a component is replaced, refer to

the repair and replacementand adjustment and cali-

bration paragraphs in this section,

5-44 B good understanding of the principles of op~
eration is a helpful aid in troubleshooting, and it

Table 5-2,

is recommended that the reader review Ssction IV of
the manual before attempting to trouble shoot the
unit in detail. Once the principles of operation are
understood, logical application of this knowledge
used in conjunction with the normal voltage read-
ings shown on the schematic and the additional
procedure s given in the following paragraphs should
suffice to isolate a fault to a component or small
group 'of components, The normal voltages shown
on the schematic are positioned adjacent to the
applicable test points {identified by encircled num-
here on the schematic and printed wirlng boards}.

545 Table 5-2 includes the symptoms and prob-
able causes of many possible troubles, If either
high or low outputvoltage is a symptom, there are
two mathods of isolating the fault, The lirst is a
simplified - procedure that involves only measuring
voltages; the second is a more thorough approach
requiring that transistor stages be opened or shor-
ted, Both methods are described ag follows:

1. First, the reference, bias, and filtered dc
voltages as given in Table 5-3 should be checked,
Then the voliage levels at critical points (base and
coliector) in the feedback loop should be measured
and compared to the normal voltages given on the
overall schematic diagram atthe rear of the manual.
This method of troubleshooting a feedback loop is
notalways conclusive; abetter method is described
in (2).

2. First, measure the reference, bias. and
filtered do voltages as given in Table 5-3. Then,
drive each stage in the feedback loop into conduc
tion or cutoff by either shorting or opening ihe pre-
vious stage as indicated in Tables 5-4 or 5-3,

Common Troubles

Symptom

Probable Cause

Low output or no ouiput voltage
High output voltage

High ripple

kefer to Table 5-3, then 5-4,
Refer to Table 5-3, then 5-5.
Check operating setup for ground-refer to Paragraph 5-18.

1f putput floating, connect luf capacitor betwsen output
and ground,

Check for excessive internal ripple; refer to Table 5-3.

Ensure that supply is not in constant-current operation
under loaded conditions.
CURRENT control fully clockwise,

Check for low voltage across C14,Ci2, or C10.

To prevent this condition turn
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Tabie 5-2. -Common Troubles (Continued)

Symptom

Probable Cause

Poor line regulation

Improper measuring technique; refer to Paragraph 5-3.
Check reference circuit voltages, Table 5-3.

Check reference circuit adjustment, Paragraph 5-62.

Poor load regulation
(Constant Voltage)

Improper measuring technigue; refer to Paragraph 5-3.

Check the regulation characteristics of Zener diode VRI as

follows:

(1) Connect differential voltmeter across VR1

{2) Connect appropriate load resistor (Ry), given in Flgure 5-4,
across (+) and (-} output terminals

(3) Perform steps b through f of Paragraph 5-16

{4} If the differential voltmeter reading varies by more than
0.5mV, replace VR1.

Ensure that supply is not in constant-current operation under
ioaded conditions. To prevent this condition turn CURRENT
contreol fully clockwise.

Poor load regulation
(Constant Current}

Improper measuring technique: refer to Paragraph 3-3.

Check the regulation characteristics of Zener diode VRZ as

follows:

{1} Connect differential voltmeter across VRZ

(2) Connect appropriate load resistor (Ry), given in Figure 5-4,
across (+) and (-} output terminals

(3} Perform steps b through f of Paragraph 5-35

{4) If the differential voltmeter reading varies by more than
0.5mV, replace VRZ.

C1%, €20, and CR34 leaky.
Check clamp circuit, Q10, CR30, VR3I, and CR32.

Ensure that supply is not crossing over into constant voltage
operation. To prevent this condition, load the supply and
turn the VOLTAGE control fully clockwise,

Oscillates

o

Check C5 open. Adjustmem'of R30; refer to Paragraph 5-64.

Check R21 and C3 in currgnt Input circuit.

Poor stability (Constant Voltage)

0 0 oo

@

Check +6.2Vdc reference voltage (Table 5-3),
Noisy programming resistor R10.

CR1, CRZ leaky.

Check R1, R12Z, R13, and C2 for noise or drift.
Stage Q1 defective.

Poor stability {Constant Current)

o a0 oo

Check ~§.2Vde reference voltage {Table 5-3).

Noisy programming resistor R16,

(CR5, CR34, C18, C3 leaky.

Check R18, R19, R20, RZ1, RS54, and RS55 for noise or drift,
Stage Q2 defective.

Poor transient recovery

Check R30 and C5. Refer to adjustment procedure
Paragraph 5-64.
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Table 5-3. Reference, Bias, and filtered DC Troubleshooting
Meter Metar Normal Normal Probable
Common Pogitive Vde Ripple (P-P} Cause
31 +3 6,2 0, 5mV VR2
+3 33 6,2 0,5mV VRI1
+5 37 12.4 5mV 08, Q%
34 37 24 1.4V C10,CR22Z,
Crz3,T1
41 23 4,4 20mv VR4
41 38 28V{(62534) 3V C12, GR24,
53V{62554) 1V CR25,T1
12V{62814) 2V
28V(62844) v
53V(6289A) v
BOV(6294A) 1v
- Qut 27 38V(62534) 0, 4V Cl4,Clé6,
62V{6255A) 0.6V CR26, CR27,
21V{6281A) 0, 2v R4%,T1
38V (6284A) 0,4y
62V (62894} 0,5v
90V{6294A) 0, 8v
Table 5-4. Low Qutput Voltage Troubleshooting
Step Action Response Probable Cause
1 Turn the VOLTAGE control fully
clockwise and disconnect the
load
2 To eliminate the constant cur— a, Output increases a. Stage Q2 defective
rant ¢ircult as a cause of the , .
malfunction, remove CR4 cath- b, Output remains low b, Reconneoct CR4 and proceed
to step 3
ode or ancde lead
3 Check conduction of Q6 and a, Qutput remains low a, Q6,Q7,CR11 or associated
Q7 by connecting a jumper be- parts defective
tween Q4 emitter (22) and ) . R
pase (18) b, Qutput increases b. Remove jumper and proceesd
to step 4
4 Check turnoff of Q4 by short- a, Output remains low a. Q4,CR17,R38 defective
ing Q5 emitter to base ) )
b, Output increases b, Remove jumper and procesad
to step 5
5 Check turneff of Q5 by short- a, Output remains low a, Q5,R3} or associated com~

ing Q3 emitter tc collector

o

Cutput increases b.

ponents defective

Remove short across Q3

and proceed to step ©
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Table 5-4, Low Qutput Voltage Troubleshooting {Continued}
Step Action Response Probable Cause
6 Check conduction of Q3 by a. QOutput remains low a, Stage Q3 or Qlg defective
ghorting QLA emitter tO col=
lector b. Output increases b, Remove short and proceed
to step 7
7 Remove CR32 anode or cath- a, Qutput increases a., Voliage clamp c¢ircuit is de-
ode lead fective
b, Output remains low b. Reconnect GRéZ, Stage
Q1 defective, Check R10,
C1 for short and R1Z,R13
for opsen,
Table 5-5, High Output Voltage Troubleshooting
Step Action Response Probable Cause
1 Turn the VOLTAGE control to
approximately mid-range and
disconnect the load, If the
output voltage should rise to
an excessive value with the
VOLTAGE control turned ccw,
the control could be damaged.
2 Check turncff of Q6 and Q7 a. Output remains high{ a. Q6,Q7,CRI1,R23,R27,R34
by shorting collector of Q5 defective
1o emitt Q4 .
eroi @ p, Output decreases b. Remove short across Q4
and proceed 1o step 3
3 Check conduction of Q4 by a, Output remains high § a. Q4,CR17,R38 defective
shorting Q5 emitter to col- ;
lectror g b, OCutput decreases I, Remove short across Q5 and
proceed to step 4
4 Open Q3 collector lead a, Output remains high{ a. Q5,R31 or associated com-
Check conduction of QS by ponents defective
shorting R33 .
ing b, Qutput decreasas b, Remove ghort and procead
to step S
5 Check turnoff of Q3 by a, Output remains high Stage Q3 or Q17 defective
shortin 3 base to emitier
g b, Cutput decreases b. Remowve short and procead
to step 6
6 Remove CR3Z anode or cathode - a, Output decreases a. Veltage clamp circult is de-
fective
h,  Output remains high h. Reconnect CR3IZ and pro-
ceed 1o siep 7
7 On rear terminal board, short a, Output remaing highi a. Stage Ql defective
A6 to (-
- b, Quiput decreases b, Remove short across termi-
nals A6 and {-). Check
R10 for open and R1Z,R13
for short,
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Excessive heat or pressure can lift the copper strip from 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 fiux and coat the repaired area with a
high quality electrical varaish or lacquer,

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

WARNING: If the specific instructions outlined inthe steps below regarding eiched circuit boards
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. If lead of componeni passes insert a small awlto cleaninside of hole,

through an eyelet If hole does
in the circuit not have an CONDUCTOCR
board, apply eyelet, in- SIDE

heat on com~ sert awl or
ponent side a #57 drill
of board, I (\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 : nent leads on correct
holes in board, side of board
as explained
in step 1,

In the eventthat either the circuit board has been damaged or the conventional method isimprac-
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
using a pair
of long nose pliers as a heat sink,

AT

vrvadas.

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

Figure 5-13. Servicing Printed Wiring Boards

5-13
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5-46 REPAIR AND REPLACEMENT

5-47 Before servicing a printed wiring board, refer
to Figure 5-13. Section VI of this manual contalns
a list of replaceable parts. Before replacing a semi-
conductor device, refer to Table 5-6 which lists the

special characteristics of selected semiconductors,
If the device to be replaced is not listed in Table
5=6, the standard manufacturers part number listed
in Section VI is applicable. Alter replacing a semi~
cenductor devige, refer to Table 5~7 for checks and
adjustments that may be necessary.

Table 3~6, Selected Semiconductor Charagteristics

Reference ted

Dzsi;nator Characteristics @ stock No, Ri;?:::mznt
Matched differential ampli-
fier, NPN 3i Planar,

01,2, 11 7¢ {min, } hpp ic = 1 ma, 1854-0229 2N2917 GLUE.
VCE = 5V, 100 O, Gl‘ua @
Vebo = 5V.
NPN Power, hrg = 35 {min,} -

,7{16 - 2N305 . CLA,
06, 7(16) @ Ic = 4A, VCE = 4V. 18540228 5 RC
CR1-3, 19, 81, rectifier, 200ma, 200prv 1901-0033 1N4858 Sylvania

20, 30, 32
VR3 Dicde, zener, 4, 22V, 400mwW 1902-3070 IN749 Motorola
VR4, 5 Diode, zener, 4.3V, IW 1902-G797 1N3824 Motorola

Table 5~7. Checks and Adiustmenis After Replacement of Semiconductor Devices

Reference Function Adjust
Constant voltage (CV)
ol Constant voltage differential amplifier line and load regulation,
Zerc volt output, R6 or R8
Constant current {CC)
Q2 Constant current differential amplifier line and load regulation,
Zerg current output, RZ5 or R28
. Mi L CV/CC load regulation,
Q3. Q16 1XeTr ampiilier CV transient response, R30,
04, Q5 Error amplifiers and driver CV/CC lcad regulation.
06, Q7 Series regulator CV/CC load regulation.
Reference ¢ircuit line
08,09 Reierence regulator regulation. R46
010 Clamp circult CC load regulation,
L Meter zero, Voltmeter/ R63,R72
QIL-Q15 Meter circuit ammeter tracking, R56
CRl, CRZ Limiting dicdes CV load regulation,
CR3,CR4, CRS OR-gate diodes and limiting diode CV/CC load regulation.

5-14
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Table 5-7. Checks and Adjustments After Replacement of Semiconductor Devices {Continued}
Reference Function Check Adjust
Voltage across each
— 144
CRE-CR10O Porward Lias regulator diode 0. € to 0, 9 volis.
CR22-CR27 Rectifier diodes Voltage across appro-
priate filter capacitor,
CR34 Protection diode Outiput voltage
Positive reference
fad £
VR1 Positive reference voltage voltage {+6. 2V).
. ) . Negative reference
VRZ Negative reference voltage voltage (=6, 2V).
VR4 Bias voltage 4, 4V
Table 5-8, Calibration and Adjustment Summary
Ad]u§tmer}t or Paragraph Cont‘rol Adjustment or Paragraph Control
Calibration Device Calibration Device
Meter Zero 5-50 Pointer "Current" Program-
_ ming Current 5-61 R1¢
Voltmeter Tracking 5-52 RE3 and R72
) Reference Circuil
Ammeter Tracking 5«54 R536 Line Voltage Ad-
"Zero" Volt Output 5-57 R& or RE justment 5~63 R46
"Voltage" Program- Negative Reference
ming Current 5-58 R13 Load Adjustment 5-64 Replace VR2Z
"Zero" Current Positive Reference
Quiput 5-60 R25 or R28 Load Adjustment 565 Replace VRI
Transient Response 5~66 - R30

5-48 ADJUSTMENT AND CALIBRATION

5-49 Adjustment and calibration may be reguired

after performance testing, troubieshooting, orrepalr
and replacement, Perform only those adjusiments
that affect the operation of the fauliy circult and no
others,
callbrations contained in the following paragraphs.

5~50 METER ZERO

5-51 The meter pointer mustrest onthe zero cali-
bration mark onthe meter scale whenthe instrument
is at normal operating temperature, resting in its
normal operating position, and the instrument is
turned off. To zero-set the meter proceed as fol-
iows:

a, Turn on instrument and aliow it to come
up to normal operating temperature {about 20

Table 5-8 summarizes the adjusiments and

5-1%

minutes).

b. Turn the instrument off, Waittwo minutes
for power supply capacitors to discharge completety.

<. Rotate adjustment screw on front of meter
clockwise until the meter pointer is to the left of
zero and further clockwise rotation will move the
pointer upscale towards zero.

d. Turn the adjustment screw clockwise un-
til the pointer is exactly over the zero mark on the
scale., If the screw is turned ioo far, repeat steps
c and d.

e, Turn meter adiuvstment screw counier-
clockwise about 15 degrees to break contact be-
rween adjustment screw and pointer mounting yoke,
but not far enough to move the pointer back down-
scale, If screw is turned ioo far, as shown by the
needle moving, repeat the procedure. The meter Is
now zero-set for best accuracy and mechanical
stability,
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5-52 VOLTMETER TRACKING

5-53 To calibrate veoltmeter tracking, proceed as
follows:

a. To electrically zero meter, set METER
switch to highe st current position and, with supply
on and no load connected, adjust R63 until front
panel meter reads zero,

bh. Connectdifferentialvoltmeter across sup-
oly, observing correct polarity,

c. Set METER swiich to highest voltage
range and turn on supply. Adjust VOLTAGE control
until differential voltmeter reads exactly the max-
imum rated output voltage,

d. Adjust R72 until front panel meter also in-
dicates maximum rated output voltage.

5-54 AMMETER TRACKING

5~55 To calibrate ammefer tracking proceed as
follows:

a. Connect test setup shown on Figure 5-4
leaving switch 31 open,

b, Tum YOLTAGE control fully clockwise and
set METER switch to highest current range.

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

4. Adjust R56 until front panel meter indi-
cates exactly the maximum rated output current.
5-55 CONSTANTVOLTAGE PROGRAMMING CURRENT
557 To calibrate the zero volt programming accu=
racy, proceed as follows:

a. Connect differential voltmeter between 45
and -8 terminals.

b, Short out voltage controls by connecting
jumper between terminals A6 and -8,

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

4. Observe reading on differentiat voltmeter,

e. TIf it is more positive than 0 volts, shunt
rasistor RS with decade resistance box.

£, Adjustdecade resistance until differential
volimeter reads zero, then shunt R6 with resistance
value egqual to that of the decade resistance.

3. If reading of step d1is more negative than
0 volts, shunt resistor R8 with the decade resist-
ance box,

h., Adjust decade resistance until differen~
tial voltmeter reads zero then shunt R8 with resis~
tance value sgual to that of the decade box.

5-58 To calibrate the constant voltage programming
current; proceed as follows:

‘a. Connect a 0. 1%, + watt resistor between
terminals =3 and A6 on rear barrier strip., Resistor
value to be as follows:

Meodel B253A,6284A 62554,6289A 628lA 623944
Resgistance 4K, 8Kn 1.5K~ 18K

5-1%

b. Disconnect jumper between A6 and AB
{leaving A6 and A7 jumpered) on rear terminal bar-
rier strip.

¢. Connect a decade resistance in place of
R13,

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

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

Model No. 62534, 62844 G255A, 62894
Tolerance {Vdc) +0, 4 +0. 8
Model No. B281A 62944A
Tolerance (Vdc) &0, 15 +1, 2

f. Replace decade resistance with resistor
of appropriate value in R13 position,

5-55 CONSTANT CURRENT PROGRAMMING CURRENT

5-60 To calibrate the zero current programming ac-
curacy, proceed as follows:

a. Connect differential voltmeter between +3
and -8 terminals,

b, Short out current controls by connecting
jumper between terminals Al and AS.

¢, Rotate VOLTAGE control{s) fully clockwise
and turn on supply,

d. Observe reading on differential volimeter.

a. Tf it is more positive than § velts, shunt
resistor R25 with a decade resistance box.,

f. Adjust decade resistance until differen-
tial volimeter reads zero, then shunt R25 with re-
sistance value egual to that of decade resistance,

g. If reading of step 4 is more negative than
0 volts, shunt resistor R28 with decade resistance.

h, Adiust decade resistance until differential
volimeter reads zero, then shunt R2Z8 with resistance
value equal 1o that of decade box.

5-61 To calibrate the constant current programming
current, proceed as follows:

a, Connect powear supply as shown in Figure
5-4,

. Remove strap between A3 and A4 (leaving
A4 and A5 jumperad).

c. Connecta 0, 1%, iwatt resistor between

Al and AS5. Resistor value to be as follows:
Model No, 62534, 62844 62554, 628%A
Resistance 1, 5K~ 750n
Model No, 6281A 62944
Resistance 1¥a 1¥n

d. Comnect decade resistance box in place
of R19,

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

£, Adjust the decade resistance so that the
differential voltmeter indicates 1.0 + 8. 01 Vde,

g. Replace decade resistance with appro-
priate value resistor in R19 position.
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5-62 REFERENCE CIRCUIT ADJUSTMINTS

5-63 Line Regulation, To adjust the line regula-
tion capabllities of the instrument proceed as fol-
lows:

a. Connect the differential voltmeter be-
ween +5 {common} and 33 {positive).

b. Connect variable voltage transformer be-
ween supply and input power source,

¢, Adjust line to 105 Vacg,

d. Connect decade registance in place of R46,°

e, Turn on supply and adjust VOLTAGE con-
trol(s) for maximum rated outpui voltage.

£, Adjust decade resistance so that voltage
indicated by differential volimeter does not change
more than the following as input line voltage is
varied from 105 to 125Vac:

Model No, 62534, 6284A 62554, 6288A
Variation {mVdc) 0. 95 0.81
Model No, £281A 629440
Variation {mVdc) 1.24 0.75

g. Réplace decade resistance with appro-
priaie value resistor in R46 position,

5-54 CONSTANT VOLTAGE TRANSIENT RESPONSE

5-635 To adjust the fransient response, proceed
as follows:

a, Connect test setup as shown in Figure
5-8, .

b, Repeat steps a through ¢ as outlined in
Paragraph 5~31,

¢. Adjust R30 so that the transient response
is as shown in Figure 5-9.
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SECTION VI
REPLACEABLE PARTS

6-1 INTRODUCTION

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

a. Reference Designators, Refer to Table 6-1,

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

¢, Total Quantity (TQ). Given only the first
time the part number iz listed except in instruments
containing many sub-modular assemblies, in which
case the TQ appears the first time the part number
ig lisied in =ach assembly.

d. Manufacturer's Part Number or Type.

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

f. Hewlett~Packard Part Number,

g.. Recommended Spare Partz Quantity (RS}
for complete maintenance of one instrument during
cne yvear of isolated service,

.  Parts not identified by a reference desig-
nator are listed at the end of Table 6-4 under Me~
chanical and/or Miscellanecus, The former consists
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

-4 To order a replacement part, address order or
inquiry to vour local Hewlett-Packard sales office
{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 (J} numbers of the instrument;
Hewlett—Packard part number; circuit reference des-
ignator; 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 Designators
A = aggembly E = miscellaneous
B = blower {fan} electronic part
C = capaciltor F = fuse
cB = circuif breaker {7 = jack, jumper
CR = diode K = relay
DS = device, signal-|{ L = inductor

ing (lamp) M = meter

Table 6-1, Reference Designators {Continued)
F = plug \ = vacuum tube,
Q = transistor neon bulb,

R = resistor pheotocell, etc,
8 = swiich YR = zener diode

T = transformer X = socket

B = terminal block Z = integrated cir-
TS = tharmal switch cult or network

Table 62, Description Abbreviations
A = ampere mir = manufacturer
ac = alternating mod, = modular or
current modified
assy, = assembly mtg = mounting
bd = board n = nano = 10-%
bkt = bracket NC = normally closed
oC = degree NG = normally open
Centigrade NP = nickel-plated
ad = card . = ohm
coef = coefficient obd = order by
comp = composition description
CRT = cathode~ray QD = outside
tube diameter
CT = center-tapped B = pico = 10712
dc = direct current P, C., = printed circuit
DPDT = double pole, poi. = potentiomeier
double throw p~p = peak-to~peak
DPST = double pole, ppm = parts per
single throw million
clect = electrolytic pvr = peakx reverse
encap = encapsulated voltage
F = farad rect = rectifier
of = degree rms = root mean
Farenheit square
fxd = fixed Si = gilicon
Ge = germanium SPDT = single pole,
H = Henry double throw
Hz = Hertz SP53T = single pole,
IC = integrated single throw
circuit S8 = small signal
ID = inside diameter| T = slow-blow
incnd = incandescent tan, = tantulum
k = kilp = 103 Ti = titanium
m = milli = 1073 v = volt
M = mega = 106 var = variable
e = micro = 1076 ww = wirewound
met, = metal W = Watt
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Table 6-3, Code List of Manufacturers

CCDE
NO, MANUFACTURER ADDRESS
00629 | EBY Sales Co,, Inc, JTamaica, N. Y.
00856 | Aerovos Corp, New Redford, Mass,
00853 { Sangamo Electric Co.
5. Carclina Div, Pickens, S,C.
01121 |Allen Bradley Co. Milwaukee, Wis,
01255 | Litton Industries, Inc.
RBeverly Hills, Calif,
01281 | TRW Semiconductors, Inc,
Lawndale, Calll,
01295 | Texas Instruments, Inc,
Semiconducior-Components Div,
Dallas, Texas
01686 | RCL Electronics, Inc, Manchegter, N, H,
01930 { Amerock Corp, Rockford, 11l
02107 |S8parta Mig, Co, Dover, Ohio
02114 | Ferroxcube Corp, Saugerties, N.Y.
02606 |Fenwal Laboratories Morton Grove, Il1,
02660 | Amphenol Corp, Broadview, Iii,
02735 {Radio Corp. of America, Solid Siate
and Recelving Tube Div. Somearvilie, N.T.
03508 | G.E. Sewmiconductor Products Dept.
Syracuse, N.,Y.
03797 {Tidemsa Corp. Compton, Calif,
03877 |Transitron Electronic Corp,
Wakefield, Mass,
03888 | Pyrofilm Resistor Co, Inc.
Cedar Knolls, N.]I.
04009 Arrow, Hart and Hegeman Flectric Co,
Hartford, Conn,
04072 [ADC Electronics, Inc, Harbor City, Calif,
04213 [Caddell & Burns Mig, Co. Inc,
Minecla, N.Y¥.
04404 | *Hewlstt~Packard Co. Palo Altc Div.
Palc Alto, Calif,
04713 | Motorola Semiconductor Prod, Inc,
Phoenix, Arizona
G5277 | Westinghouss Electric Corp.
Semiconductor Dept, Youngwood, Pa,
05347 | Ultronix, Inc. Grand Junction, Colo,
05820 [Wakefield Engr, Inc. Wakefield, Mass,
06001 iGeneral Elect, Co, Dlectronic
Capacitor & BRatfery Dept, Irmo, 5, C.
36004 {Bassik Div, Stewart-Warmner Corp.
Bridgeport, Conn,
06486 JIRC Div., of TRW Inc.
Semiconductor Plant Lynn, Mass.
06540 {Amatom Electronic Hardware Co, Inc,
New Rochelle, N.Y.
065355 jBeede Electrical Instrument Co,
Penacook, N, H,
G6666 jCeneral Devices Co. Inc.
Indianapolis, Ind,
06751 j%emcor Div, Components, Inc.
Phoenix, Arizona
06776 jRobinson Nugent, Inc, New Albany, Ind.
06812 (Torrington Mig, Co., West Div,
Van Nuys, Calif.
07137 |Transistor Electronics Corp.

Minneapolis, Minn,

CQDE
NG, MANUFACTURER ADDRESS
07138 { Westinghouse Electric Corp,
Blectronic Tube Div, Bimira, N.Y.
07263 | Fairchild Camera and Instrument
Corp, Semiconductor Div,
Mountain View, Calif,
(07387 { Birtcher Corp.., The Los Angeles, Calif,
07397 | Sylvania Electric Prod, Inc,
Svlvania Elecironic Systems
Wesiern Div, Mountain View, Calif,
07716 1 IRC Div. of TRW Inc. Burlington Plant
Buriington, Iowa
07810 1 Continental Device Cormp.
Hawthorne, Calif,
07933 | Raytheon Co, Components Div.
Semiconducior Operation
Mountain View, Calif,
08484 | Breeze Corporations, Inc, Union, N,T.
08530 | Reliance Mica Corp. Brooklyn, N,Y.
08717 | Sloan Company, The Sun Valley, Califl
08730 | Vemaline Products Co, Inc. Wyckoff, N.J.
08806 | General Blect, Co. Minia-
ture Lamp Dept. Cleveland, Chio
(8863 | Nvlomatic Corp. Norrisville, Pa,
08919 | RCH Supply Co, Vernon, Calif,
09021 }Airco Speer Electronic Components
Bradiord, Pa.
09182 | *Hewlett-Packard Co. New jersey Div,
Rockaway, N.T.
08213 | General Elect, Co. Semiconductor
Prod, Dept, Buffalo, N, Y.
09214 } General Elect, Co, Semiconductor
Prod, Dept. Auburn, N.Y,
08353 | C & K Components Inc, Newton, Mass,
(39922 | Burndy Corp. Norwalk, Conn,.
11115 F'Wagner Eleciric Corp.
Tung-Sol Div, Bloomfield, MN.7.
11236 :CTS of Berne, Inc, Berne, Ind,
11237 | Chicago Telephone of Cal, Inc.
S¢. Pasadena, Calif,
11502 JIRC Div, of TRW Inc, Boone Plant
Boone, N, C,
11711 } General Instrument Corp
Rectifier Div. Newark, N.JT.
12136 | Philadelphia Handle Co. Inc.
Camden, N,J.
12615 U, 5, Terminals, Inc, Cincinnati, Chio
12617 {Hamlin Inc, Lake Mills, Wisconsin
12697 |Clarostat Mfg, Co. Inc. Dover, N, H,
13103 |Thermalioy Co. Dallas, Texas
14493 [ *Hewleti-Packard Co. Loveland Div,
Loveland, Colo,
14655 (Cornell~Dubilier Electronics Div,
Pederal Pacific Electric Co.
Newark, N.JT.
14936 (General Instrument Corp, Semicon-
ductor Prod. Group Hicksville, N, Y.
15801 (Fenwal Blect, Framingham, Mass.
16299 [Corning Glass Works, Electronic

Components Div, Raleigh, N, C.

*Uge Code 28480 assigned to Hewleti-Packard Co,

Palo Alto, California
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Table 6-3,

CODE
NO. MANUFPACTURER ADDRESS
16758 | Delco Radio Div, of General Motors Corp,
¥okomo, Ind,
17545 | Atlantic Semiconductors, Inoc.
Asbury Park, N.7J,
17863 | Fairchild Camera and Ingtrument Corp
Semiconductor Div, Transducer Plant
Mountain View, Calif,
17870 | Daven Div, Thomas A, Edison Indusiries
. MoGraw-Edison Co. Orange, N.I.
18324 | Signetics Corp, Sunnyvale, Calif,
19313 | Bendix Corp. The Navigation and
Control Div, Teterboro, N.J.
19701 | Blectra/Midland Corp,
Mineral Wells, Texas
21520 | Fansteel Metallurgical Corp.
No. Chicago, Il
22228 | Union Carbide Corp, IDlectronics Div,
Mountain View, Calif,
22753 | UID Electronics Corp. Hollywood, Fla,
23836 | Pamotor, Inc., Pampa, Texas
24446 | General Electric Co. Schenectady, N.Y,
24455 | General Electric Co. Lamp Div, of Con=-
sumer Prod. Group
_ 1 Nela Park, Cleveland, Ohio
24655 | General Radio Co, West Concord, Mass.
24681 | LTV Electrosystems Inc Memecor/Com-
ponents Operations Huntington, Ind,
26982 | Dynacool Mig., Co, Inc, GSaugerties, N,Y,
27014 | Naticonal Semiconductor Corp.
Santa Clara, Calif,
28480 | Hewlett-Packard Co, Palo Alto, Calif,
28520 { Hevman Mig, Co. Kenilworth, N.T.
28875 | IMC Magnetics Corp.
New Hampshire Div, Rochester, N. H,
31514 | SAE Advance Packaging, Inc,
Santa Ana, Calif,
31827 | Budwig Mig, Co. Ramona, Calif,
33173 1G. B, Co, Tube Dept, Owensboro, Ky.
35434 | Lectrohm, Inc. Chicago, Iil.
37942 | P, R. Mallory & Co. Inc,
Indianapolis, Ind,
42190 | Muter Co. Chicago, Il
43334 | New Departure~Hyatt Bearings Div,
General Motors Corp. Sandusky, ORio
44655 { Ohmite Manufacturing Co. Skoklie, Ili,
463384 i Penn Bngr, and Mifg, Corp.
Doviestown, Pa.
47904 | Polaroid Corp, Cambridge, Mass.
46856 |Raytheon Co. Lexington, Mass,
55026 {Simpson Electric Co. Div, of American
Gage and Machine Co, Chicago, I1l,
56289 |Sprague Tlectric Co, North Adams, Mass,
58474 |Superior Eleciric Co, Bristol, Conn,
58849 |Svyntron Div. of FMC Corp.
Homer City, Pa,
58730 |Thomas and Betts Co, Philadeliphia, Pa,
£1637 |Unicon Carbide Corp, New York, N.Y,
63743 |Ward Leonard Electric Co.

Mt, Vernon, N, Y.

*Use Code 71785 assigned to Cinch Mfg, Co., Chicago, Il

5

-3

Code List of Manufacturers (Continued)

CODE
NO. MANUFACTURER ADDRESS
70563 | Amperiie Co, Inc, Union City, N.T.
70901 | Beemer Engrg, Co. Fort Washingten, Pa,
70903 ;| Belden Corp, Chicago, Il1,
71218 | Bud Radio, Inc. Willpughby, Ohio
71279 | Cambridge Thermionic Corp,

Cambridge, Mass,
71400 | Bussmann Mfg, Div, of McGraw &

Edison Co. 3t. Louis, Mo.
7145C 1 CTS Corp. Elkhart, Ind,
71468 | I T.T. Carnnon Electric Inc.

Los Angeles, Calif.
71580 { Globe-Union Inc,

Centralab Div, Milwaukee, Wis,
71700 | General Cable Corp, Cornish

Wire Co, Diwv, Williamstown, Mass,
71707 | Coto Ceil Co. Inc, Providence, R.1,
71744 | Chicago Minlature Lamp Works

Chicago, Il
71785 | Cinch Mfg, Co, and Howard

B, Jones Div, Chicago, I,
71984 | Dow Corning Corm. Midland, Mich,-
72136 | Electro Motive Mfg. Co. Inc.

Willimantic, Conn,
72619 { Dialight Corp, Brooklyn, N,Y,
72699 { General Instrument Corp. Newark, N.7T.
72765 { Drake Mig., Co. Harwood Heights, I,
72962 1 BElastic Stop Nut Div, of

Amerace Lsna Corp. Union, N.71.
72982 | Erie Technological Products Inc. Erie, Pa,
73096 | Hart Mig, Co. Hartford, Conn,
73138 | Beckman Instruments Inc,

Helipot Div, Fullerton, Calif,
73168 | Fenwal, Inc. Ashland, Mass,
73293 | Hughes Alrcrait Co, Electron

Dynamics Div, Torrance, Calif,
73445 } Amperex Electronic Corp.

Hicksville, N, Y,
73506 § Bradley Semiconductor Corp,
New Haven, Conn,
735538 | Carling Electric, Inc, Hartford, Conn,
73734 § Federal Screw Products, Inc,
Chicago, I,
74193 | Heinemann Electric Co. Trenton, N.,T.
74545 | Hubbell Harvey Inc, Bridgeport, Conn,
74868 | Amphenol Corp. Amphenol RF Div, :
Danbury, Conn,
74970 | E. F, Johnson Co, Waseca, Minn,
75042 | IRC Div, of TRW, Inc. Philadelphia, Pa,
75183 | *Howard B. jones Div. of Cinch

Mig., Corp, New York, N.Y,
75376 | Kurz and Kasch, Inc. Davyton, Ohio
75382 | Kilka Electric Corp. Mt Vernon, N.Y.
75915 | Littlefuse, Inc, Des Plaines, IlL
76381 | Minnesota Mining and Mfg, Co.

St, Paul, Mian,
76385 { Minor Rubber Co. Inc, Bloomfield, N.T.
76487 {James Millen Mig, Ceo. Inc.

Malden, Mass,
76493 7. W, Mitier Co. Compton, Calif,
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Table 63,

CoDE
NOL MANUFACTURLR ADDRESS
76530 | Cinch City of Industry, Calif,
76854 | Oak Mfg. Co. Div, of Gak
Electro/Netics Corp. Crystal Lake, 711l
77068 | Bendix Corp., Blectrodynamics Div,
] No. Hollywood, Calif,
77122 | Palnut Co, Mountainside, N, 7,
77147 | Patton-MacGuyer Co. Providence, R, L
77221 | Phaostron Instrument and Electronic Co,
South Pasadena, Calif.
772521 Philadelphia Steel and Wire Corp.
Philadelphia, Pa.
77342 | American Machine and Foundry Co,
Potter and Brumfield Div, Princeton, Ind.
77630 | TRW Electronic Components Div,
Camden, N.L
77764 | Resistance Products Co, Harrisburg, Pa,
7818% | Illinois Tool Works Inc. Shakeproof Div,
' Elgin, I1L
78452 | Everlock Chicago, Inc. Chicago, I11,
78488 1 Stackpole Carbon Co. S5t. Marys, Pa,
78526 | Stanwyck Winding Div, San Fernando
Electric Mfg, Co, Inc. Newburgh, N.Y.
78553 ] Tinnerman Products, Inc. Cleveland, Ohio
785841 Stewart Stamping Corp. Yonkers, N,Y,
76136 | Waldes Kohinoor, Inc. LLC.,, NY
79307 | Whitehead Metals Inc, New York, N.Y,
78727y Continental-Wirt Dlectronics Corp.
Philadelphia, Pa,
79863 | Zierick Mig, Co, Mt. Kisco, N.Y.
86031 | Mepco Div, of Sessions Clock Co.
Morristown, N, .
802941 Bourns, Inc, Riversids, Calif,
81042 | Howard Industries Div, of Msl Ind, Inc.
Racine, Wisc,
81073} Gravhiil, Inc, La Grange, Ill,
81483 | Internaticnal Rectifier Corp,
£l Segundo, Calif.
817511 Columbus Electronics Corp. Yonkers, N.Y.
82099 Goodyear Sundries & Mechanical Co. Inc.
New York, N.Y.
82142 | Airce 8peer Blectronic Components
. Du Bois, Pa,
82219 Svivania Electric Products Inc.
Electronic Tube Div. Receiving
Tube Operations Emporium, Pa,
823891 Switcheraft, Inc, Chicago, il
82647 ] Metals and Controls Inc, Control
Products Group Attlebore, Mass,
82866 | Research Products Corp, Madison, Wis,
828771 Rotren Inc, Woodstock, NV,
82893 | Vector Electronic Co. Glendale, Calif,
83058 Carr Fastener Co. Cambridge, Mass,
83186} Victory Engineering Corp.
Springfield, N.J.
83298 Bendix Gorp, Eleciric Power Div,
Eatontown, N, 7,
833304 Herman M, Smith, Inc. Brooklyn, N.Y,
833851 Central Screw Co. Chicago, 111,
835011 Gavitt Wire and Cable Div, of

Amerace Esna Corp. Brookfield, Mass,

Code List of Manufacturers (Continued)

CODE
NO. MANUFACTURER ADDRISS
83508 | Grant Pulley and Hardware Co.
West Nvack, N,Y,
83594 | Burroughs Corp. Plecironic
Components Div, Plainfield, N.T.
83835} U.S, Radium Corp. Morristown, N.J,
83877 | Yardeny Laboratories, Inc.
WNew York, N.Y,
84171 | Arco Electronics, inc. Great Neck, N.,Y,
844111 TRW Capacitor Div, QOgallala, Neb,
866841 RCA Corp, Electronic Components
Harrison, N,7.
868381 Rummel Fibre Co. Newark, N,J.
87034} Marco & Qak Industries a Div. of Qak
Electro/netics Corp, Anaheim, Calif,
87216 | Philco Corp. Lansdale Div, Lansdale, Pa.
875851 Stockweall Rubber Co. Inc.

87929
88140

88245

30634
90763
91345

91418
915086
91637
81662
91829

92825
93332

93410

94144

94154
94222
95263
85354
95712

95887
96791

897464
87702
98291
98410
58978

968934

Philadelphia, Pa.
Tower-Qlschan Corp, Bridgeport, Conn,
Cutler~Hammer Inc, Power Distribution
and Contrel Div, Lincoln Plant
Lincoln, I,
Litton Precision Products Inc, UBECO
Div. Litton Industries Van Nuys, Calif.
Gulton Industries Inc, Metuchen, N.I,
United-Car Inc. Chicago, IiL
Miller Dial and Nameplate Co. )
El Monte, Califl,

Radio Materials Co, Chicago, Il

Augat, Inc, Attleboro, Mass,
Dale Electronics, Inc. Columbus, Neb,
Elco Corp. Willow Grove, Pa,
Honeywell Inc, Div. Micro Switch

Freeport, Iii,
Whitse, Inc, - - 8chiller Pk, , TIL
Svlvania Eleciric Prod. Inc. Semi-
conductor Prod, Div, Woburn, Mass,
Essex Wire Corp, Stemco
Controls Div, Mansfield, Chic
Raytheon Co. Components Div,
Ind. Components Oper. Quincy, Mass.
Wagner Lleciric Corp,
Tung-Sel Div, Livingston, N,7J.
Southco Inc, lester, Pa.
Leecraft Mfg., Co. Inc, LILC.,, N.Y
Methode Mig, Co. Rolling Meadows, Iil,
Bendix Corp, Microwave
Devices Div,
Weckesser Co. Inc.
Amphenol Corp., Amphenol
Controls Div, Janesville, Wis,
Industrial Retaining Ring Co.
Irvington, N.J,
IMC Magnetics Corp, Dastern Div,
Westbury, N.Y.
Sealectro Corp. Mamaroneck, N,Y,
ETC Inc. Cleveiand, Chioc
International Electronic Research Corp,
Burbank, Calif,
Boston, Mass,

Franklin, Ind,
Chicago, IiL

Renbrandt, Inc.
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Refsrence
Designator

Description

Quantity

Mfr, Part #
or Tvpe

Mifr.

Mir,
Code

&

Sﬁoc% No.

RS

NOTE: ALL ELECTRICAL COMPONENTS HAVE DUPLICATED QUANTITIES EXCEPT THOSE MARKED WITH AN *

C1 fxd, elect 4, 7uf 50vde 2 150D475X9050B2 Sprague 56289 0180-1731 1
C2.18 fxd, film . 0lpf 200vde 4 192P10392 Sprague 56289 0160-0161 1
C3 fxd, fiim 0, Ipf 200vde 2 192P103492 Sprague 56289 0160-0168 1
Cc4,7,8,11, :

13,15,17 NOT ASSIGNED - - - - - -
C5 fxd, film . 001uf 200vde 2 192P10292 Sprague 56289 016C6-0153 1
C6 fxd, elect 20uf l5vde 2 30D208G015884 Sprague 56289 0180-0300 1
C9 fxd, elect 4, 7uf 35vde 2 HLAB 09182 0180-0100 1
Cl0 fxd, elect 100uf 50vde 2 HLAB 09182 0180-1852 1
C12,20 fxd, siect 490uf 75vdc 4 D38618 HLAB 09182 0180-1888 1
Ci4 fxd, elect 1600pf 70vdc 2 HLARB 08182 0180~1895 1
1i6 fxd, ceramic , 05pf 500vde 2 33C174A Sprague 56289 0150-0052 1
C1i9 fxd, elect 1Suf 50vde 2 150D156%X0050R2 Sprague 56289 0180~1834 1
CRrR1-5,19,

20, 30,32 Rect.si, 200ma 200prv 250mw 18 HIAB 09182 19010033 g
CRE-10,

12-16, 21,

28,289, 31,

33 NOT ASSIGNED - - - - - -
CR11,18,34 Rect. si. 3A 200prv ) MR 10328 Motorola 04713 1801-0G416 6
OR17; 22-27-Rect, si; 900ma- 200prv 14 IN5059 G E. 03508 1801-0327 7
Dsl Lamp, neonpartof si.ass’y. Ref HLAB ngia2 2140-0244 1
Fl *Fuse Cartridge 4A@ 250V 3AG 1 312002 Littlefuse 75915 2110-00355 5
01,2,11 38 NPN diff, amp. si. 6 HILAB 09182 1854-022% )
03,5,8,10,

12,14,15 S8 PNP si. 14 ZNZ907A Sprague 56289 185300699 7
Q4 Power PNP si, 2 MJ 2268 Motorola 04713 1853-0063 2
Q6,7 Powar NPN gi. 4 HIAB 69182 1854-0225 4
Q9,18 83 NPN sti, 4 4TK16A1014 G.E. 03508 1854-0071 4
Q13 NOT ASSIGNED - - - - - -
Rl fxd, ww 1K~ £5% 3w 2 242E1025 Sprague 56489 08123-0001 1
R2,22,23.

86 fxd, met. film 6, 2K~ 1% V8w 8 Type CEA T=O I.R.C. 07716 0698~5087 2
R3 ixd, met, film 158, +1% /8w 2 Type CEA T-0 LR.C. 07716 0757-0446 1
R4, 64, 65 fxd, met, film 20K, +1% /8w & Type CTA T-0O LR C, 07716 07570449 2
R5, 26,29,

76,77 fxd, met, fiim 1.5Ka 1% /8w 10 Type CEA T-O I.R.C. 07716 0757-0427 2
RE, 25 fxd, comp 360K~ £5% %w 4 EB-3645 A B, 01121 0686-3645 1
R7 fxa, met, film 61,9K~£1% /8w 2 Type CEA T-0O I.LR.C 07716 07570460 1
RE, 28 fxd, comp 560K~ £5% %W 4 ER-5645 A.B. oriz1 0686=5645 1
R9, 11,17,

27,32,37,

48,55,78 NOT ASSIGNED - - - - - -
R10 var, ww DUAL 10K~100. 2 HLAB 0s1g2 21000997 1
R12Z fxd, ww 1. 3K £5% 3w 7 242E1325 Sprague 56289 08111803 1
R13,19 fxd, comp SLECTED %5% 4 Type EB AB, 01121 1
R1l4 fxd, comp 3. 3n 25% 3w 2 EB-0335 A B. 01121 0686-0335 1
R15 fxd, comp 330K~ £5% %W 2 EB-3345 A B, 01121 3686~3345 1
R16 var, ww DUAL 900, 104 2 HLAB 09182 2100-0994 1

62554

5-5
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Reference Mfr. Part # Mir, &
Designator  Description Quantity or Type Mir Code Stock No, RS
R18 fxd, ww 5K 25% 3w 2 242E5025 Sprague 56289 08112138 1
R20 fxd, met, film 1K, 1% %W 2 Type CEB T-O I.R.C. 07716 0757-0338 1
R21 fxd, comp 39, 5% %W 2 EB~3905 ALB, 01121 0686~3305 1
R24 fxd, met, film 4, 75K~ £1% /8w 2 Type CEA T-0O LR C. 07716 0757-0437 1
R30 var, ww 5K~ (Modify) 2 Type 110-F4 C.T.8, 11236 2100~1824 1
R31 ixd, comp 1Ka £5% %W Z EB-1023 A B, 011zl 0686-1025 1
R33, 38 fxd, comp 10Ka £5% $w 4 EB-1035 AR, 01121 0686-1035 1
R34 fxd, comp 160~ £5% %‘-w 2 EB=1615 A, B, 01121 0686-1615 1
R35 fud, comp 200, £5% %W 2 EB~2015 ALB, 01121 06862015 1
R38 fxd, ww 500~ 5% 10w 2 HLAR 09182 0811-1909 1
R39 fxd, met, film 1.218~=%1% /8w 2 Type CEA T-O IR C. 07716 0757-0274 1
R40,57, 60,

62 fxd, met, film 900.=1% 1/8w. 8 Type CEA T-O LR.C. 07716 §G757-1099 2
R4l fxd, comp 12K~ 5% %w Y EB-1235 A, B. 01121 0686-1235 1
R42Z fxd, comp ©. BKn 5% %w 2 EB-6825 AB, 01121 0686-6825 1
R43 fxd, met, film 422~ +1% ;f;w 2 Type CEB T-O LRC, 07716 4698~4590 1
R44 fxd, comp 47Kn £5% -é:w 2 EB-4735 A, B, 01121 06864735 1
R45 ixd, comp 5. 1Kn &5% %w 2 EB-5123 A.B. 01121 0686-51125 1
R46 fxd, comp 100K £5% %W 2 EB~1045 A B, 01121 0686-1045 1
R47 fxd, comp 470~ £5% %W 2 ER-4715 A.B. 01121 0686-4715 1
R4%9 fxd, ww 800, £5% 15w 2 HLAR 09182 0811~-0957 i1
R50 fxd, comp 10n 5% 3w 2 EB-1005 AL B, 0l:121 0686-1005 1
R51 fud, comp 30GKa %5% 2 EB-3035 AL B. 01121 0686-3035 1
RS2 fxd, comp 22Kn #5% 4W 2 EB-2235 A.B. ar121 0686-2235 1
R53 fxd, comp 3Ka £5% 3w A EB-3025 A, B, 01121 0686-3025 1
R54 fxd, ww 0,66, C, T. £5% 20w 2 HLAR 0g1g2 0811-18138 1
R56 var., ww 1K~ (Modify) 2 Type 110-F4 C.7T,.8, 11236 2100-0391 1
R58,59 fwd, met, film 100n41% /8w 4 Type CEA T=0O "LRC. 07716 07570401 1
R61 fxd, met. film 47, 5Ka£1% /8w 2 Type CEA T-O I.R.C. 07716 07570457 1
RE6,67  fxd, met, film 3, 40K~ £1% 3w 4 Type CER T-O ILR.C. 07716 0688~4642 1
R68, 63 fxd, met. film 365 #1% %w 4 Type CEB T-0 LR C. 07716 07570723 1
R7G, 71,75,

85 txd, met, film 3K~ £1% /8w B Type CEA T-O LR C, 07716 0757-1093 2
R72 var, ww 250~ {Modify) 2 Type 110~F4 C.T. 8. 11236 2100-043% 1
R73 fxd, met, film 750,21% Veéw 2 Type CIA T-0O I.R.C. 07716 07570420 1

- R74 fxd, met. film 9.09Ka21% /8w 2 Type CEA T-O LR.C. 07716 0757-0288 1
R8O *fxd, comp 33Kn £5% 4w 1 EB-3335 A B, 01121 0686-3335 i
R81~B3 fud, ww 120n £5% 75w 6 Type 6BR=37 H.H 73978 0811-1971 2
Si *Switch-pilot lite (red)

ON/QOFF 3PDT 1 54-61681 26 Al Oak 87034 3101-0100 1
82 Switch, meter 2 HLAB 09182 3100-1%10C 1
T1 Power transformer 2 HLAB 09182 9100-1838 1
VRL, 2 Diode, zener 6, 2V 4 1NB21 N. A, Elect, 06486 1902-0761 4
VR3 Diode, zmener 4. 22V 4C0MW 2 HLAB 09182 1902-3070 2
VR4, 5 Diode, zener 4. 3V lw 4 HLAR 09182 1902-0797 4
Qutrigger chassis 1 C-1 HLAB 09182 5000-6090
P. C, Board bracket 1 Bl HLAR 09182 5000-6088
Transformer bracket - right 1 C-59850-5271~1  HILAB 09182 5G00~6087
Transformer bracket - left 1 C~5850-5271-1  HLAB © 05182 5000-6183
Front panel 1 HIAR 08182 . 06255-60001
Cover 2 D=1 HLAR 08182 50005088
Cutrigger cover 1 C~1 HLAB (09182 50006091
Angle guard 2 B~-5950~5221~1 HLAB 09182 5020-5540
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Reference Mfr, Part # Mfr, &
Designator Description Quantity or Tvpe Mir, Code Stock No, RS
P.C. Board assembly
(includes components} YA HLAB 09182 (6255-60021
Printed circuit board (blank) 2 HLAB 09182 5020-5598
Chasgsis assembly ~ right 1 D-5950~5249~1 HLAR 09182 5060-6129
Chasgis assembly ~ left 1 D~-5950-5249~1  HLAB 09182 5060-6130
Sink assembly - heat 1 A~5950~5233~1 HLAB 09182 5606-6128
5 Way binding post (maroon) 2 HIAB 09182 1516-0040 1
5 Way binding post (black} 4 DF21BC Superior 58474 15310-0039 1
Cable clamp 4 1. D. 4 T4=4 Whitehead 79307 1400-0330 1
Line cordplug PH151 7% f1. 1 KH~-40%6 Beldon 70803 8120-0050 1
Spacer - captive 4 HLAB (4g182 0380-0742 1
Strain relief bushing 1 SR-5P-1 Heyoo 28520 0400-0013 1
Knob 17/64 insert pointer 4 HLAR 08182 0370~0101 1
Xnob 3/16 insert 4 HIAB 39182 0370~0179 1
Xnob 4 insert pointer 2 HIAR 09182 03700084 1
Barrier strip 2 HILAB 09182 0360-1234 1
Tumper 16 422-13=-11-~013 Cinch 71788 0360-1143 4
Rubber bumper 4 MBS0 Stockwell 87575 0403-0088 1
Fuseholder assambly 1 342014 Littlefuse 75915 1400-0084 1
Mica insulator 4 734 Reliance 08530 0340-0174 4
Meter 23" size DUAL SCALE
0-50V 0-1, 8A 2 HLAB 09182 1120~1139 1
Bezel 1/6 MOD 2 HLAB 09182 4040~0295 1
Spring 4 HLAR 09182 1460-0720 2
Spacer 4 HEX brass NI, PL, 4 #6x 5 LG HLAB 09182 0380~0716 2
Fastener 11 CB8091-632-248 Tinnerman 838032 05100275 3
Captive nut 16 CLA §32-2 Pem.Eng. 46384 05806-0393 4
Captive nut 4 CLA 832-2 Pem, Eng, 46384 0530-0395 1
Insulator - transistor pin 8 HLAR golsz (3340~0186 6
Insulator 8 HLAB 09182 0340-0168 6
Rubber bumper 4 40-72 Stockwell B7575 0403-0086 1
Rubber bumper black
duro hard 55/60 2 3066 Stockwell 87575 0403-0085 1
QPTION G7:
10-~Turn Voltage Control
R10 var, ww 10Kn 5% 10-Turn A HLAR 0g182 2100-1866 1
Knob, R10, Black 2 HLAB 0s182 0370-0137 1
CPTION 08:
10-Turn Current Control
R16 var, ww 1K~ 5% 1G-Turn pA HLAB (49182 2100~1864 1
Knob, R16, Black 2 HLAR 09182 0370-0137 1
QPTION 03:
10~TFurn Voltage and Current
Controls
R10 var., ww 10K~ #5% 10-Turn 2 HIAB 09182 2100~18686 1
R16 var., ww 1Ka £5% 10-Turn 2 HIAB 09182 2100-1864 1
Knob, R10 & R16, Black 4 HILAR 09182 0370-0137 1
OPTION 10:
Chassis Slides
Siides 1 CTES5-120-E6 Gen. Devices 06666 1490-0870 i
Spacer 2 HLAB 09182 06253-00001 1
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Reference
Designator

Description Quantity

Mfr., Part #
or Type

Mir.
Mir, Code

Part No,

RS

OPTION 11:
Overveltage Protection
Crowbar

See Appendix B for Parts List

R1C

OPTION 13:
3-Digit Decadial Voltage
Control

var, ww 10K~ £5% 10-~Turn
Decadial

o

HLAB 08182
HLAB 05182

2100~1866
11401120

R1g

OPTION 14:
3-Digit Decadial Current
Control

var, ww 1K~ 5% 10-Turn
Decadial

HIAB 09182
HLAB 09182

2100-1864
1140-0020

¥l

OPTION 28:
230Vac £10% Input

Fuse 14 250V

312.001

Littlefugse 75915

2110-0001

10

62554
6-8
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APPENDIX A
Option 11, Overvoltage Protection "Crowbar”

DESCRIPTION:

This option is installed in DC Power Supplies, 6253A, 52554, 6281R, 6284A, 62304, 6294A, and
52994 and tested at the factory. It consists of a printed circuit board, screwdriver-type front panel
potentiometer, and six wires that are soldered o the main power supply board.

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

Model 625 3A 62554 6281A 6284 62894 62947 62994

Trip Volitage Rangg 2.5-23V 2,544V 2.5~10v 2.5~23V 2.5-44V 2.5-65V 30-106V

To prevent transienis from falsely iripping the crowbar, the trip voltage must be set higher than the
power supply output voltage by the following margin; 4% of the output veltage plus 2V, The margin
represents the minimum crowbar trip setting for a given output voliage; the trip voltage can always
be set higher than this margin,

OPERATION:
1. Turn the CROWBAR ADIUST fully clockwise to set the trip voltage to maximum,
2. Set the power supply VOLTAGE control for the desired crowbar trip voliage, To prevent false

crowbar tripping, the trip voltage should excsed the desired output voltage by the following
amount: 4% of the output voltage plus 2V.

3. Slowly turn the CROWBAR ADTUST ccw until the crowbar trips. output goes to 0V ¢r a small
positive voltage.

4, The crowbar will remain activated and the output shorted until the supply is turned off, To
reset the arowbar, turn the supply off, then on, i

5. If the CROWBAR must be completely disabled, remove the lead attached to the CROWBAR ADJUST
potentiometer RS,

DPR, MPB-3
A-1
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A-~1, Replaceable Parts

REF. MFR, HP
DESIG. DESCRIPTION TQ MFR. PART NO, CODE PART NO. RS
(OF1 fxd, elect 1pF 50Vdce 2 30D3105G0S0OBAZ 56289 0180-010G8 1
c2 fxd, mica 510u4F 500Vdc 2 RCMI15ES11T 04062 01400047 1
CR1-CR3 Dicde, 8i, 200mA 200prv 6 09182 1901-0033 6
CR4 SCR 7.4A 100prv 2 C2Z0A 03508 1884-0031 2
QL2 85 NPN 8&i, 4 AN3417 03508 1854-0087 4
Rl fxd, met, film 10, 21% 1/8W 2 Type CEA T-0O 07716 0757-0346 1
R2 fxd, comp 6.2Kn £5% IW 2 GB~6225 01121 068%~6225 1
R3 fxd, met, film 1.21Ka +1% 1/8W 2 Type CEA T-0C 07716 0757-0274 1
R4 fxd, met. film 7.5Ka 1% 1/8W 2 Tvpe CEA T-O 07716 0757-0440 1
RS var, ww 10K, £5% 2 04182 21006-1854 1
RE ixd, ww 1Kn £5% 3W 2 24211025 56289 0813-0001 1
R7 ixd, comp 2% #5% W 2 EB-2205 03121 0686~-2205 1
RB fxd, met., film 1964 %1% 1/8W 2 Type CEA T-0O 07716 0698~-3340 1
T1 Transformer, Pulse 2 081872 5080-7122 1
VR1 Dicde, zener 6,19V £5% 2 09182 190620049 2
VR2 Diode, zener 2,37V £5% 2 0g182 1902-3002 2
MISCEILLANEQUS
Heat Sink, CR4 2 08182 5000~6229%
Insuiator, CR4 2 08182 03400462 2
Mica Wasgher, CR4 2 09182 2190-070% 2z
Cable Clamp 2 Td~4 79307 1400-~0330
Bushing, Potentiometer, R5 2 08182 1410-0052
Nut, Hex, RS : 2 09182 2950~0034
Label, Information, (Crowbar Adi.) 2 09182 7124~-0389
Printed Circuit Board Assembly,
ncludes Components 2 Gg182 5G60-6176
Modified Front Panel, Includes AR B
Components 2 08182 0625560003
62554

A-Z
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DC POWER SUPPLY

¥ cR4
v

FROM INBOARD
SIDE OF RE4 /
BIAS VOLTAGE FROM
COLLECTOR OF Q7 Rz RS
62K 10K
fw ADJUST
+OUT R4
75K
+1% az
178 W .
] 220
£5%
! V2W \
i VR qr’
I sa2v Wy
FCR3
il Y R8
e iuf 960
50V 1%
1/8W
/3
L2k
%
178W
|
i
T
-0UT ‘

Pigure A-1.

CIRCUIT PATENTS APPLIED FOR LICENSE TO USE
MUST BE OBTAINED IN WRITING FROM HEWLETT-
PACKARD CO HARRISON DIVISION.

Model 5255A and 62894 Overvoltage Protection Crowbar
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Cable: TEYUREK ANKARA

UMITED ARAB EMIRATES
Emitae LAG.
E’ 0 an 1641

ah
T"\ 2 121
Teiex: 5136 ‘MﬁTAL 5H
Cale: EMITAGC SHARJAR
UNITED KINGDOR
Hewiet-Packard Lid
King Street Lane
GB-Winnersh, Wokingham
Berks. ARG 5AR

Tek {07343 78 47 74

Ganle: Hewpre Landon
Telex. 54717878
Hewien-Packard Lik
Tsataigar House
Navigation Roat
Adgrinctizm
Cnsstire WM# ANY

Tel: (051} 928 6472
Telex: 560068
Hiriett r’ackarﬁ Ltd.

Dwdley Road
Halesawen,

#nst Mmlanﬁs 862 850
Tel: EDZU uSB 813
Telgx: &

Hewlptt Pachrﬁ itd.
Wedge House

729, London Road
5B-Thornion Heath
Surey CR4 5L

Tel {81} 634 B103/8
Talex. 348825

Hew\eﬂ Pagkart .1

10, Wesley 51
Castigdord
Tarks WEi0 1AE

Toi: {0977} 550035
Tetax: 557385
Hewistt-Packisg Lid

1. Waktace Wav
3B-Hitehin
Heﬂfomsrw 5 4 OSE
Tek: 1462} Hi1

Talex: 82 59 E!‘
Hewler-Packard Lig

2¢, Avonbey Industrial Estate
Lung Mtle HAoad

Bubl!

Tel: [Bui:hn 5E4322/61422
Telex. J0438%

Hewleni-Packard
Reprasentalive Oftice USSR
Pokrovsky Doulavard 417w 12

Telox: 7825 hewpak su
YUGOSLAYIA
1skra-Standargfiewiett-Packart
gmx‘oslceva 38101

1000 Ljubiana
Ted: 31 5B 78132 16 7¢
Talex: 31583
SOCtALIST COUNYRIES

SHOWN PLEASE

CONTACT
Hewigt-Packas Ses.m. o.M
Handeiskai 52

A-1205 ¥ienna, Austria

Tel: (0227 36 16 211027

Capte’ HEWPAR Vienna

MEDITERAANEAN AND

MIDDLE EAST COUNTRIES

NOT SHOWN PLEASE CONTACT!

Hewlett-Packard

Mediterranean ang. Mrddte

East Opgrations

35, Kolokotroni Street

P\alxa Kefaiarice
Kefissia-Athens, Greste

Te' BORDI3T/I59/429

Cabie: REWPACKSA Athers

FOR GTHER AREAS

NOT LISTED CONTACT

Hewiatt-Packard S A

7. rue du Bels-du-Lan

PG, Box

CH-1217 Meyrin 7 - Geneva

Swilzarlatk

Tal: (022) 82 70 50

Cable: HEWPACKSA Geneva

UNITED STATES

ALABAMA

P2 Box 4207

8290 Wm{esm(q .

Humaviila 3

Tel: (205) 8814581

8433 E. Rosbusk Bive,

Blrmln ram 35206
g B36-220312

ARIZ

2338 € Ma ngdia Bt
Phosnix 85034

Tel: {6023 244-1581
7424 tast Azagon A

Tweson BITDG
Tel: {602) £69-4661
‘ARKANSAS
Madmaf .‘:e”vlca Cniy

Tet: (569} 376-1844

CALIFORNIA

+430) East drangaihorss Ave,
Fulterton 32631

Toi: (714} 870-1000
5039 Lankershim Boulevard
North Hollywood $1604
Tal: (213) 877-1282

TIHX 91{-449-2671

540D Wost Rosecrans Bie,
PO, fox 821
Worid Way Post& Center

Los A n? oias O

Tel; 1213} Q?&?F:DU
TW: 510-325-6608
‘Los Angelss

Tex {213) 77R-7508
30403 Scot Boulevard
Santa Ciars 95050
Tof (408) 2457000
TWX 91&33&05‘8
*Ridgec:

Tl {?H) 445-6165
546 W Herth Myrkel Bl
Sacramanio 95834
Toxi A546) §26-7222

9608 Aers Driva
P.0. Box 23333
San Diego 92123
"ﬂ| {?Hi 279-3200

Tﬂi: €2|3} T05-3344

COLORADQ
5600 DTG Parkway
Englawood 80‘1(]
Tak: 5353}7?’-3455

CONNECTICUT
12 Lunar Dﬂve

How Hav
TeE (203) 389—6551
X: F10-455-2028

FLOADA

P.0. Box 24210

2727 KW, S2nd Sires!
Ft. Lauderdala 33309
Tal: {305) 973-2500
4428 Emerson Slieat
Uit ¥

it 103
Jecksonvitie 32207
Teh (904} 725-8333
PO, Box 13010
§177 Lake Ellenor Dr.
Orimndo 32808

Teb. {305} 859-2900
P.Q. Box 12826
Suite 5, Bidg. t
Office Park North
Penisecola 22575
Tek (904} 476-5422

GECFIG%A

P 0. Box 105008

450 En!ersmln Neorth Parkway

Atlanta 3 543

ok (404} 355

TWX 810-766- 4330

Metical Service Galy

Auguste 30803

Tl ?ﬂﬁ-‘) 736-0382

P.0, Box 2103

mz N Davis Drive
ner Robins 31048

TBI {912 ) 922-5448

HAWAL

2875 Sq. King Strest
Hanoiudu $5826
Tei: {806} 955-4455

LLLINOES
5201 Tolviaw Dr.

MICHIGAN

23855 Research Drive
it Hitla 43024

Tai {313} 476-8400

T24 Wast Canlez Ava,

Kalemaroa 4302

Tei: {606} 323-8362

MINNESCTA

2408 K. Priet Ave.

St, Paui 55113
Tel: 612} 536-0700

Aolling
Tei: {312} 256-3900
THIC 910-587-2260

INOIARA

7301 North Shadsiand Ave.
Indianapoiiedise

Tok: [3!‘?5?!2-1000

T B10-250-1787
owa

2415 Heing Road

iowa City 52240

Tab (319) 328-9466
KENTUCKY

ma-c.-u 0 ty

350t

Suite 407 mkansun Square
Louisvilte 40218

Ted: (502) 4561573
rs%msuu.l

32293& Wltham& Boukevard

Yai iﬁﬂ%} 443~€2m

LAND
570? wtsi!estone Road
Baltimars $1207
ok £301) Gdd-5400
TWX: 715-B62-3157
2 Choke Cherry Road
Roekvilla 20850
Toi: {331) ARG
TWIC 710-528-9884

MASSACHUSETTS

322 N Mart Plana

Jackaon 39208

Tal: (801) 582-9363

MISSOUR}

11131 Dolorada Ave.

Kanass City 84137

e {316 T83-8000

TW: 910-771-2087

!(:24 Exem.rlwe Parkway
Louts 6314t

Tm 1314} 8780200

NERRASKA

Medical Ont

Ti Marcy Road

Omahs 68106

Tl {402) 3920843
NEVADA

“Lan Vagas

Tel {7025 736-6510
Nr-.w JEASEY

Thi (261 2855000
360-4851
Cwﬂal Bmak Protessionat
Buliding, Houts 3§
Eatoniown (7724
Tol:{201) 5421364

HEW MEXICO
P.0. Bou 11634

Station £
1300 Lomas Blvd., NE

Tai: (305) 292-1330
TWK: §10-983-1185

1‘6 Wyatt Drive
s Cruces 88601

281
TEW [5'[55 5282484
TV B10-9983-0680
NEW YORK
6 Autothation Lane
Computer Park

Nban( 13205

Teb (8 8&458-1 550

T 710-444-4967

aso ?ermlan Hxh Offics Park

Tal, rﬁ'?gl 223—9950
TWIC 510-253-0082

5258 East Motioy Road

Syracuns 1371t

Tal: {315} 455-2488

1 cmssways Park Wes:

Tel ESW&‘ 1~031}0
TWX B1(-221-21B3

NORTH CAROLINA

5605 Rosnne Way
Grmonabory 27405

Tel: {91 9} 852-1800

geulcsu(:ammar Only

ﬂ% 300

313 £, Kempar Rd.
Cincinnall 45428

Tel: {513} §71-7408
18509 Sprague Aot
Lleveland 4130

Tel: {216} 243-7300
TWX: §10-423-9450
330 Progress Rd.
Dayton 45449

Tai: (§13) 859-8202
1041 Kingsmii#l Parkway
Columbus 432

Tek (614} 436- 141
OKLAHOMA

£.0. Box 32008

5301 N. Maridan P
Oktahoma City 73112
Tel: (405 7210

4110 §. 100th £ Avenue
Grant Biog.

Tuigs 74145

OREGON
17890 SW Lower Boanes

Tuaiatin 37062
Teh (503} 620-3350
PENNSYLVANIA
111 Zata Qrive
Pittaburgh 15238

Tel (412} 752-0400
021 Bih Aveniue
Ki'va of Prussta fdusiiai Park

tng of Prussia 19406

Tui 1215) 285-700D
TWX: §HO-BE0-2670

PUERTO AICT
Hewiett-Packard IMar-Ameriess
Pugrte Rico Sranch Oftice
Calls 272,

Edif. 203 Ury. Country Ghad
Carolina 0924

Tal {309} ?62 105

Telax: 345 5014

EOéjTgﬁ CARUHNA
§841-0 K. Trenhcﬂm Aoad
Columbia 29280

Tek (803) 782-8493

TENNESSEE
894 Kingston Pika
Knoxvlile 37927
Tel: {B135) 523-6522

3027 Varguarg Dr.
Birector's Plata

Memg!:ht: 38131
Tal: (901) 346-837¢
“Nezhville

Madical Sarvice o0l
Tk (615} 244-5448
TEXAS

4174 Rorth Mesa
Suite G115

£l Paao 79962

Tel: {$15) 5330555
PO, Bex 1270

201 E. Arapake AL
Richerdton 75080
Toi- (214} 2318101

.0 Box 42816

10535 Harwin Dr

Houston 77036

Tel: {713; TH6-6400

‘Lubbeoi

Miadical Sarvice anly

Tul: {806} 763-2472

zUa Bty Mitchell Rasd
n Antonio 78228

Tel (512 ) d434-8241

UTA

2450 S‘,uu‘ 3270 Wasi Stresl
Salt Lake CRy B4t

Tair (801} G72-47H)

VIAGINA

£.0. Box 12778

Ho, 7 Keger Exes, Gontar
Sate 212

Rorfolk 23502

Tai (804} AB1-4025/6

£.0. dux 3552

2914 Hungaty Springs Read
Aighmond 13228

Yol: {B{4} 285-243%

WASHINGTON
Belistieid Dice P&,
EEE‘.G 14 Ase. S.E
pitavie G804
"Eel [20F) 454-3971
TWX: $10-443-2446

WEST VIRGINGA
MedicaitAnalytical Dnly
Charleston

Teb: 1304) J45- 1640
WSCONSIN

9004 West Lincolns Ave.
West Aliis 53227
Tel: {414 541-G550

FOR U.5. AREAS NOT LISTED:
Comtact te tegionst olfics

aearest you: Allanta. Gesegia.

Forth Holiywoord, Calfarnia,

Hochyile, Marylaﬂd Ruthng MpELIWS,
IHinois. Their comaiete

aridresses s listed above

‘Service Oniy arre


https://www.manualsplus.com/

