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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at time of shipment from the factory.
Hewlett-Packard further certifies that its calibration measurements are traceable to the United States National Buresu of
Standards, to the extent alfowed by the Buresu’s calibration facility, and to the calibration facilities of other International
Standards Organization members.

WARRANTY

This Hewlett-Packard hardware product is warranted against defects in material and workmanship for a period of one year
from date of delivery. HP software and firmware products, which are designated by HP for use with a hardware product
and when properly installed on that hardware product, are warranted not to fail to execute their programming instructions
due to defects in material and workmanship for a period of 90 days from date of delivery. During the warranty period
Hewlett-Packard Company will, at its option, either repair or replace products which prove to be defective. HP does not
warrant that the operation for the softwars firmware, or herdwate shall be uninterrupted ot error free.

For warranty service, with the exception of warranty options, this product must be returned to a service facility designated
by HP. Customer shall prepay shipping charges by {and shalil pay all duty and taxes) for products returned to HP for warranty
service. Except for products returned to Customer from another country, HP shall pay for return of products 1o Customer.

Warranty services outside the country of initial purchase are included in HP's product price only if Customer pays HP interna-
tional prices {defined as destination local currency price, or U.S. or Geneva Export pricel.

it HP is unable, within a reasonable time, 1o repair or replace any product to a condition as warranted, the Customer shall
be entitied to a refund of the purchase price upon return of the product to HP.

LIMITATION OF WARRANTY

The foregoing warranty shali not apply to defects resulting from improper or inadequate maintenance by the Customer,
Customer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental
specifications for the product, or improper site preparation and maintenance. NO OTHER WARRANTY IS EXPRESSED OR
IMPLIED. KP SPECIFCALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPQSE,

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE THE CUSTOMER'S SOLE AND EXLCUSIVE REMEDIES. HP SHALL NOT BE
LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED
ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY,

ASSISTANCE
The above statements apply only to the standard product warranty. Warranty options, extended support contracts, product
maintenance agreements and customer assistance agreements are aiso available. Contact your nesrest Hewlett-Packard Sales
and Service office for further information on HF’s full line of Support Programs.




MANUAL CHANGCES
Model 6024A DC Power Supply
Manual HP P/N 06024-90001
8/29/90

Make all corrections in the manual according to errata below,

then check the following

table for your power supply serial number and enter any listed changes(s) in the manual.

- - me e W e e e AN U e B M

I SERIAL | MARE |
| R e | CHANGES |
El’refix |  Number | }
.......... ]............-....----l..-...............
§ a1l ] ——— | Errata |
| 2126A | 00611-00660 | 1 !
| 21294 | 00661-01390 | 1,2 !
| 22204 } 01391-02260 | 1,2,3 |
| 23322 | 02291-02990 {1,2,3.4 |
} 2h30a | 029091-03865 | 1-5 !
{ 2526A | 03866-05035 | 1-6 |
| 27014 | 05036-06315 | 1-7 |
| 29054 | 06316-06k475 | 1-8 |
| 2018a | 06LT6-06495 | 1-9 !
i 29184 | 06496-06515 | 1-8 !
| 29184 | 06516-06635 | 1-9 [
i 2926A | 06636-07175 | 1-10 |
{ 30314 | OT176-up jo1-112 |

e e e Dk e e e A S L N S o

In Table 1-1, wunder REMOTE FPROGRAMMING,
Accuracy specifications should be:
Resistence Programming -

CV; 0.8% + 12 mV CC; 2.5% + 2mA

Voltage Programming

CV; 0.2% +2 mV CC; 1.0% +2mA

Current Programming

CV; 0.2% +0.36 V + accuracy of resistor CC;
1.0% + 0.15 A + accuracy of resistor

On Pigure 5-3 and 5-4, the power supply -
and -5 terminals should be connected to the
power supply frame ground terminal.

Paragraph 5-ih step (a.) should be: Connect
test setup shown in Figure 5-7. Set RL te¢
minimum resistance initially. Paragraph 5-Lk
step (f.) should begin: Increase resistance
of RL until DVM reads exactly 20 V (maximum
rated power ocutput Ensure that power supply
vemaing in constant-current mode.

Paragraph 5-81 step (c.) should be: Adjust
APR6% leas than +/-2mV on DVM. Paragraph
5-87 step {d.} should be: Adjust AZR91 for
less than +/-0.2 mV on DVM (less than 2 mi
through shunt). Paragraph 5-89 step e
should be: Adjust AZR92 for 0.1 V +/-0.2 mv
on DVM {10 A +/-20 mA output).

In Table A-1, under REMOTE PROGRAMMING,
Accuracy specifications should be: CV; 0.8%
+ 30mV CC; 2.5% + 10ma.

In the replaceable parts list for A2 Control
Board Assembly, add: €22, HP P/N 01k0-0203,
30pF 5% 500 V MICA; R63, BP P/N 0683-1065,
10 M 5% .25 W F; R6kL, HP P/N 0698-5004, 5.1
M&5% .25 WF.

CHANGE 1:
In the replaceable parts 1list, page 6-8
Delete Support Spacers HP P/N 1390-0481 and
Add NUT EXPANSION HP P/N 0590-1h422.

CHANGE 2:
In the replaceable parts list, page 6-5
change €23 to 2.2 uF Polyester, HP P/N
0160-5377 and €28 to Fixed electrolytic 390
uF, 20 Vdc HP P/N 0180-3056.

CHANGE 3
On page 6-3 change Q1,2 to HP P/N 5080-2017.

Delete inductors L4%,5 HP PB/N 9140-0179 from

the replaceable parte list and the schematic

diagram. Replace L4,5 with R67, R6B, 62 ohm,

1/8 W, HP P/N 0698-4132. R6T7,68 should have
asterisks marked next to them when added to

the parts list.

On page 6-4% change T3,4 to HP P/N 5080-2018.
Also, T3, 4 should have asterisks marked
next to them.

On page 6-4 add Ul2, IC. driver, HP P/N
1820-1050, gty 1. and also add R163, 263
Fixed comp., 2.7 ohm +/-5%, 1/ W, HP P/N
0683-0275, qty 2. When adding these com-
ponents to the parts list, mark an asterisk
next to them.
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U124 and U12B, R163, R263 should be added to
schematic 7-6 in parallel with U2A as shown

B © below:

TURN=--0ON
SIGNAL
™ T3 FROM XA2-B
A RE3 UZA
2.7
R163 U12A
2.7 —
R263 Uize
2.7

1

On page 6-5 in the replaceable parts list
change R32,33 to 24.3 k ohm +/-1%, 1/8 W HP
P/N 0757-0451, qty 2.

ERRAT

For units with serial numbers up *to
2120A-1390, if any parts in service kit have
4o be replaced, unit must be modified with
Service Kit 5080-2021 according to instruc-
tions in HP Service Note 602k-1. Make note
of units modification so that subsequent
repair of AIQl, AlQ2 and associated com-
ponents can be done with HP Service Kit
5080-1953.

CHANGE 4:
In the replaceable parts list page 6-6 and
on the schematic figure 7-6 change R63 to
5.1M ohms, .25W, qty.l., HP P/¥ 0698-5094
and R6L to 2.7TM ohms, .25W, gty.1., EP P/N
0683-2755.

ERRATA
On page 1-2, under ACCESSORIES delete
Support shelf HP P/N 5061-0097 and Slide kit
HP P/N 1Lg4-0015. Add to the Options list on
page 1-2 option #907, Front Handle Kit
5061-0089, and option #9008, Rack Mtg. Flange
Kit HP P/N 5061-0057.

ERRATA:
On page 1-2 change Accessory HP P/N
5061-0071 to HP P/N 5061-0058. On the same
page,in the Description for Accessory HP P/N
5061-202%5, delete the last part of the sen-

tence, '"extender card for servicing control
board". On page 2-2, paragraph 2-21, the
first sentence should read; "To protect

operating personnel, the National Electrical
Manufactures Association {(NEMA)
recommends..." .

On page 5-15, figure 5-1k, change the deci-
sion box reading: "'Voltage Across AlC35 ap-
prox. 6.5V 7" to "Voltage Across AIC32 eap-
prox. 6.5V 7. On page 3-1, paragraph 3-k,
step d., change the last word of the sen-
tence to "Voltmeter".

On page 3-11, paragraph 3-75, add before the
first sentence, the following paragraph
title; "Auto Series with Remote Programming"
On page 6-8, under Chassis Mechanical,
change Jumper, Terminal Block {IBl) to HP
P/N 0360-1935, gty. 6. On page 1-1, under
OPTIONS add option 800, Dual Rack Mount Kit.
This option provides hardware to rack mount
the supply.

CHANGE 5
In the replaceable parts
change CHASSIS MECHANICAL, change CHASSIS
ASSY, FRONT to 06024-60027. Under METER
BOARD ASSEMBLY, change VOLTMETER to HP P/N
1120-1904 and AMMETER to HP P/N 1120-1903.
On page 6-T7, under Chassis-Mech., change
Chassis Assy, Front to HP P/N 0602L4-00016.

list, page 6-7,

In Appendix B Option 100, page B-4, change
in paragraph B-50 Voltmeter to HP P/N
1120-1906 and Ammeter to HP P/N 1120-1905.

CHANGE 6:
In the replaceable parts list, page 6-7 and
6-8, under CHASSIS MECHANICAL, change
Chassis Assy, Rear Panel to HP P/N
06024-00017, Chassis Assy, Left Side to HP
P/N 0602L4-00018 and Chassis Assy, Right Side
to HP P/N 0602L4-00019.

On page 1-2 under paragraph 1-16 Accessories
change Rack Mounting Adapter for 5 1/4 inch
high cabinets to HP P/N 5061-9657, Front
Handle Kit to HBP P/N 5061- 9689, Bail Handle
Kit to HP P/N 5061-9702, Rack Flange Kit to
BP P/N 5061-9677, Rack Flange and Front
Handle to HP P/N 5061-9683, Lock-together
kit, to HP P/N 5061-9694, Rack Mounting
Adapter Kit for Center Mounting to HPF P/R
5061-9671, Support Shelf to HP P/N 5061-9697
and Slide Kit to HP P/N 1LoL-0065.

In Section V under paragraph 5-6U4 Repair and
Replacement add the following CAUTION; Most
of the attaching hardware in this unit is
English (inch). The only metric fittings are
1isted below. Be careful when both types of
screws are removed not to get them mixed up.
a.) side chassis, rack mounting

threaded inserts (3 per side).
b.) rear panel, lock link threaded

inserts (U per panel).
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CHANGE 7: _

In the replaceable parts list, page 6-7 and
6-8, under CHASSIS MECHANICAL, change
Chassis Assy, Rear Panel to HP 06024-00003,
Chassis Assy, Left Side +to- HP P/N
06024-0000L and Chassis Assy, Right Side to
HP P/NO 06024-00005. Delete +the CAUTION
that was added in Change 6 from the manual.

CEANGE 8:
In the replaceable parts list, change the
part number for L10 from HP P/NG1T70-1134
(gqty 1) to HP P/NQ1T70-1466 (qty 2).

CHANGE 9:
In the replaceable parts list and on the
schematic, change R28 and R29 from 0.4 ohms,.
5%, 20W, Center Tapped HP P/N 0811-1817 to
0.1 ohm, 5%, 20w, HP P/N 0811-3823 (qty 2)

CHANGE 10:

In the replaceable parts list, change the
part number for the following parts:

Degcription From Teo Qty
Front Panel 0602%-00001 0602L4-00024 1
Cover Top 06024-00008 06024-00020 1
Chaszis Right 0602400005 0602L-00021 1
Chassis Left 0602L-00004 DE024-00022 1
Feet 501«&0‘?201 5041-B801 k
Trim Sides 5001-0439 5001-05%39 2
Front Bezel 06024-00002 06024-00023 1
Front Pan. Let. 06024-00015 06024-00025 1

Also change the rack kit part numbers from
HP P/N 5061-9677 to HP P/N 5062-3977 {(qty
1}).

Also change the rack kit part number for
Option 908 from HP P/N 5061- 965'{ to HP P/N
5062-3957 (qty 1).

_CHANGE 11:

In the parts list on page 6-7, make the fol-
lowing changes under Chassis-Electrical:
Change FL1 from HP P/N 9135-0124 to HP P/N
9135-0425, Also add: Cable Assembly, 2-wire
(fan) HP P/N B8120-3468 (qty 1). On page
6-8, change the rear panel assembly from HP
P/N 06024-00003 to HP P/N 06024-00026.






SAFETY SUMMARY

Thg following general safety precautions must be observed during afl phases of operation, service, and repair of this instrurnent.
Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety standards of design,
manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no liability for the customer's failure to

comply with these requirements.

BEFORE APPLYING POWER

Verity that the product is set to match the available line voltage.

GROUND THE INSTRUMENT

This product is a Safety Class 1 instrument (provided with a
protective earth terrninal). To rninimize shock hazard, the
instrument chassis and cabinet must be connected to an
electrical ground. The instrument must be connected to the ac
power supply mains through a three-conductor power cable,
with the third wire firmly connected to an electrical ground
{safety ground) at the power outlet. Any interruption of the
protective {grounding) conductor or disconnection of the
protective earth terminal will cause a potential shock hazard
that could result in personal injury, if the instrument is to be
engrgized via an external autotransformer for voltage reduction,
be certain that the autotransformer common terminai is
connected to the neutral (earthed pole) of the ac power lines
{supply mains). This instrument is equipped with a line filter
to reduce electromagnetic intarference (EMI), and must be
connected to a properly grounded raceptacle to minimize EMI,

FUSES

Fuses are contained inside the unit, and are not user-
replaceable, Only trained service personnel should replace blown
fuses, and only after identifying and correcting the problem
which caused the fusels) to blow.

DO NOT OPERATE IN AN EXPLOSIVE
ATMOSPHERE

Do not operate the instrument in the presence of flammable
gases or furmnes,

KEEP AWAY FROM LIVE CIRCUITS

Operating personnal must not remove ingtrument covers.
Component replacement and internal adjustments must be
made by qualified service personnal. Do not repiace components
with the power cable connected. Under certain conditions,
dangerous voltages may exist even with the power cable
removed. To avoid injuries, ahways disconnect power, discharge
circuits and remove external voltage sources before touching
components.

DO NOT SERVICE OR ADJUST ALONE
Do not attempt internal service or adjustment unless another
person, capable of rendering first aid and resuscitation, is
present.

DO NOT EXCEED INPUT RATINGS

Operation at line voitages or frequencies in excess of those
stated on the data plate may cause leakage currents in excess of
3.5 mA peak.

SAFETY SYMBOLS

Instruction manuat symbol: the product wili

A be marked with this symbol when it is
necessary for the user to refer 10 the
instruction manual {refer to Table of
Contents).

s

Indicates hazardous voitages.

@ or abm Indicate earth {ground) terminal.
The WARNING sign denotes a hazard. It
calls attention to a procedure, practice, or

— the like, which, if not correctly performed
or or adhered to, could result in persona!
Warning injury. Do not proceed beyond a

WARNING sign until the ingicated
conditions are fully understood and met.

The CAUTION sign denotes & hazard, It
CAUT;ON. calls attention to an operating procedure,
or or the like, which, if not correctly

. performed or adhered to, could result in
Caution  damage to or destruction of part or all of
‘ the product. Do not proceed beyond a

fo

CAUTION sign until the indicated
conditions are fully understood and met.

DO NOT CIRCUMVENT SAFETY DEVICES

AC mains power exists on expesad terminals in various iocations
in the mainframe and on the load modules. To protect the user
against the danger of electric shock, the unit is equipped with
a safety interiock that removes ac mains power when the top
cover is removad. Do not attempt to defeat the function of the
safety interlock.

DO NOT SUBSTITUTE PARTS OR MODIFY
INSTRUMENT ,

Because of the danger of intreducing additional hazards, do not
install substitute parts or perform any unauthorized moditication
to the instrument, Return the instrument to @ Hewlett-Packard
Sales and Service Office for service and repair to ensure that
safety features are maintained.

Instruments which appear damaged or defective should be made inoperative and sacured against unintended operation until they

can be repaired by quslified service personnel,




ACOUSTIC NOISE INFORMATION

HP Model 6024A has been tested in accordance with German acoustic noise specification

3.GSGV. The results of these tests are listed below.

ACOUSTIC NOISE EMISSION
LpA < 70dB

operator position

normal operation

per 15O 7779

GERAeUSCHEMISSION
LpA < 70 dB

am Arbeitsplatz
normaler Betrieb

nach DIN 45635 T. 19




SECTION |
GENERAL INFORMATION

11 DESCRIPTION

1.2 The Modet 8024 A is an autoranging 200-watt
power supply providing laboratory-grade performance
with the high efficiency of switching regulation
techniques. Autoranging allows the supply to furnish
2 0 watts output power over a wide range of output
voltage and current combinations without the user
having to select the proper output range. The output
is adjustable through the entire operating range of

0 to 80 volts and C to 10 amperses by 10-turn front-panel
controls.

$-3 The supply is of the Constant Voltage/Constant
Current (CV/CC} type with front-pane! LEDs to indicate
whether the unit is operating in CV or CC mode. Qut-
put voltage and current are continuousty indicated on
individual front-pane! meters. A red LED indicates an
overvoltage condition. The overvoltage protection (QVFP}
circuit protects the user ’s load by quickly and automati-
catly interrupting energy transfer if a preset trip voitage
is exceeded. A screwdriver control on the front panel
sets the overvoltage trip point between 2V and 64V.

1-4 Connections to the putput are made either to
front-pane! binding posts or rear-panel screw-on terminals.
Either the positive or negative output terminal may be
grounded, or the output may be floated at up to 240
volts DC from ground.

1-B Remote programming, remote sensing, and
several methods of operating multiple supply combina-
tions are possible by making connections to rear-panet
terminals. These capabilities are more fully described
in Section 1.

1-6 The unit is fan cooled and is packaged in an
Hewlett-Packard Systern {l-compatible modular enclosure,
which is sturdy, attractive, and provides easy access for
servicing.
1.7 SAFETY CONSIDERATIONS

1-8 This product is a Safety Class | instrument
{provided with a protective earth terminai). The
instrument and this manual should be reviewed for safety
markings and instructions before operation.

11

1-9 SPECIFICATIONS

1-10 Detailed specifications for the power supply are
given in Table 1-1, ’

1-11 INSTRUMENT AND MANUAL
IDENTIFICATION
112 Hewlett-Packard power supplies are identified

by a two-part serial number. The first part is the serial
number prefix, a number-letter combination that denotes
the date of a significant design change and the country

of manufacture. The first two digits of the prefix indicate
the year (19 = 1879, 20 = 1980, etc}, the second two
digits indicate the week, and the letter A’ designates
the USA as the country of manufacture. The second

part of the serial number is a different sequential

number assigned to each power supply, starting with
00101,

1-13 if the serial number on your instrument does
not agree with those on the title page of this manual, a
vellow Manual Changes sheet supplied with the manual
4efines the difference between your instrument and the
instrument described by this manual.

1-14 OPTIONS

1-15  Options are standard factory modifications that
are requested by the customer. The following options are
available with this instrument. Option 002 is described in
Appendix A,

OPTION NO. DESCRIPTION
002

Systems Option: allows the supply to
operate automatically in system appli-
cations. Provides resistance, voltage,
and current programming of voltage
and current; six isolated status lines;
three isolated control lines; +5V and

+ 15V bias voltages. This option is
mounted on a single additional printed-
circuit board, which includes a rear-
panel connector.



OPTION NO. DESCRIPTION 5061-0057 Rack mounting adapter kit for 5-1/4
inch high cabinets, includes one rack

220 input Power: 191 to 233Vac, 48 to flange and one half-module width exten-
63 Hz, single phase. sion adapter.
240 Input Power: 208 to 250Vac, 48 10 B061-0071 Rack mounting adapter kit for center
63 Hz, single phase. mounting one 5-1/4 inch high cabinet,
includes one rack flange and one quarter-
910 One additional operating and service modute width extension adapter; two
manual shipped with the power supply. kits required.
1-16 ACCESSORIES : 5061-0097 Support shelf for mounting 5-1/4 inch

high cabinets of different depths.
1-17 The Systemn [1 cabinet accessories listed below

may be ordered with the power supply or separately 1494-0015 Slide kit for support shelf.
from your loca!l Hewlett-Packard Sales and Service office
(see list of addresses at the rear of this manual). 5061-2025 Front filler panel; 5-1/4 inch high, half-
module width extender card for servicing
HP Part No. Description control board.
5080-1053 FET Service Kit; includes components
5061-0089 Front handle kit for B-1/4 inch high that shouid be replaced when FETs are
cabinets. replaced.
06024-60024  Control Board Extender.
5061-2002 Bail handle kit for 5-1/4 inch high,
- Contral Board Test Connector.
half-module width cabinets. 1251-6016 ontrol Board es
14601345  Tilt stand snaps into standard foo1 1-18 ORDERING ADDITIONAL MANUALS

supplied with unit, must be used in pairs.
i-1@ One manual is shipped with each power supply.

5061-0077 Rack fiange kit for 5-1/4 inch high Additional manuals may be purchased directly from your
cabinets {must be used with another local Hewlett-Packard Sales office. Specify the model
half-module width instrument of same number, instrument serial number prefix, and the manual
depth and with lock-together kit part number provided on the title page. (When ordered
£5061-0094). at the same time a5 the power supply, additional manuals

may be purchased by adding Option 910 to the order

5061-0083 Rack flange and front handle comination and specifying the number of additional manuals
kit for B-1/4 inch high cabinets {(must be desired.)

used with another hatf-module width
instrument of same depth and with
lock-together kit #5061-0094).

HP Part No. Description

5061-0094 Lock-together kit for cabinets of equal
depth, enough links for three side-by-side
joints {over-under connections are not
possible).

1-2



Fable 1-1. Specifications, Mode! 6024A

All performance specifications are at rear terminals with a
resistive load.

INPUT POWER:

Two internal switches and one internal jumper permit
operation from 120, 220, or 240Vac (—13%, +8%);
48.63Hz; 320W maximum. Maximum input current is
5.3A rms for 120Vac, 2.9A rms for 220Vac, and 2.7A rms
for 240Vac. A three-wire detachabie line cord is supplied.

tNPUT PROTECTION:
The ac input is protected by a rear-panel mounted fuse;
6A for 120Vac, 4A for 220Vac and 240V ac.

PEAK INRUSH CURRENT:
{typical values)
@25°C ambient, 25A
30 seconds after turn-off, 30A
@65°C ambient, 50A
30 seconds after turn-off, 60A
DC OUTPUT:

Adjustable from 0 to 60V and 0 to 10A. Maximum
output power is 200W at extremes of voltage and current,
increases to approximately 230W at mid-range. (This
power is available at load with up to 0.5V drop in each
toad lead.) See graph:
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QUTPUT CURRENT

LOAD EFFECT {LOAD REGULATION):

Constant Voltage - Less than 0.01% of output voltage
plus 3mV for a load change equal to the maximum avail-
able current rating of the supply at the set voitage.

Constant Current - Less than 0.01% of output current
plus 3mA for a load change equal to the maximum avaii-
abie voltage rating of the supply at the set current.

SOURCE EFFECT {LINE REGULATION):
Constant Voltage - Less than 0.01% of output voltage
plus 2mV for any line voitage change within rating.
Constant Current - Less than 0.01% of cutput current
plus 2ZmA for any line voltage change within rating.

PARD {Ripple and Noise}, 20Hz to 20MHz:
Constant Voltage - Less than 3mV rms and I0mV p-p.
Constant Current - Less than BmA rms.

TEMPERATURE COEFFICIENT:

Constant Voltage - Less than 0.01% plus ImV change
in output per degree Celsius change in ambient after 30-
minute warmup.

Constant Current - Less than 0.03% plus 1mA change in
output per degree Celsius change in ambient after 30-
minute warmup.

DRIFT (Stability}:
{Change in output over an B-hour interval under con-
stant line, load, and ambient temperature after 30-minute

warmup}.
Constant Voltage - Less than 0.03% of output plus 3mV.
Constant Current - Less than 0.03% of output pius 3mA,

LOAD TRANSIENT RECOVERY TIME:

Less than 1ms is required for output voltage recovery
{in constant voltage operation} to within 75mV of the
nominal output following a change in output current
from 90% to 100% or 100% to 80% of maximum current
rating.

RESOLUTION:
{Minimum output voltage or current change that can be
obtained using the 10-turn front-panel controis)

Constant Voltage - 20mV

Constant Current - GmA

13




Table 1-1. Specifications, Model 6024 A (continued)

. QUTPUT IMPEDANCE {Typical}:

A\

:

L
7

ol 0C

OUTPUT IMPENDANCE {mfl}

L0 0G0 100000 000000
FREQUENCY (Hz}

DC OUTPUT ISOLATION:
Either output terminal may be floated up to $240Vdc
{inciuding output voltage} from earth ground.

OVERVOLTAGE PROTECTION:
Trip voltage adjustable from 2V to 64V. Minimum set-
ting above output voltage to avoid faise tripping is 1.5V.

REVERSE VOLTAGE PROTECTION:
{Maximum permissibie reverse current caused by reverse

voltage impressed across output terminals) 10A continuous.

REMOTE SENSING:
Maintains nominal voltage at toad by correcting for
load-lead voltage drop of up to 0.5V per lead.

REMOTE PROGRAMMING:
Resistance Programming - 0 to 2.5K provides zero to
maximum rated voitage or current output.
Accuracy: CV; 0B% + 2mV CC; Z25% + 1mA
Voltage Programming - 0 to 5V provides zero to max-
imum rated voltage or current output.
Accuracy: CV; 0.2% + 2mV CC; 1.0%+ 2mA
Current Programming - 2mA to OmA current sink pro-
vides zero to maximum rated voltage or current outpul
{with user-provided 2.5k resistor).
Accuracy: CV; 0.2% + 0.36Y + accuracy of resistor
CC: 1.0% + 0.15A + accuracy of resistor

PROGRAMMING RESPONSE TIME:

Maximum time for output voltage to change from GV to
B0V or 0V to 2V and settie within 60mV band {0.1% of
maximum rated output).

Up: Full Load {1862) 200mS
No Load 200mS
Down: Fuli Load {189Q) 300mS
No {oad 600mS

Typical response time, for excursions other than full-
scale

Down: On graph, read difference in time between
initia! output voltage and final output voltage; add
settling time
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CURRENT MONITORING QUTPUT:

0 to 5V output from rear-panel terminal indicates zero
1o maximurn rated current output; accuracy, 0.9% + 7mV
output impedance, 10k -
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Table 1-1, Specifications, Model 6024A [continued)

METERS AND INDICATORS:

Voltmeter - Continuously reading 70V scale with
secondary scale indicating amperes availabie; accuracy, 3%
of full scale.

Ammeter - Continuously reading 12A scale with sec-
ondary scale indicating volts available; accuracy, £3% of
full scale

VOLTAGE Indicator - Green LED indicates Constant
Voltage operation.

CURRENT Indicator - Green LED indicates Constant
Current operation.

QUTPLUT UNREGULATED indicator - Red LED
indicates that output is unregulated because of any of the
following conditians: overrange operation, overvoltage,
over temperature, or fow-input-power shutdown.

OVP Indicator - Red LED indicates shutdown caused by
voltage at output terminals exceeding preset limit.

MULTIPLE UNIT OPERATION:

Auto-Paraltel - Up to eight units may be connected
in paraile! to increase total output current capability
while maintaining control from a single unit,

Auto-Series - Up to four units (eight if center-tapped
to ground) may be connected in series to increase total
output voltage to 240Vdc (480Vde if center-tapped to
ground} while maintaining control from a single unit.

Auto-Tracking - Any number of units may have either
one of their output terminals connected to a commaon bus so
that alf outputs track, at some fraction, the output of a
single, controlled, unit,

TEMPERATURE RATINGS:
Operating: 0 to +55°C  Storage: ~40 to0 +75°C

Unit is fan coaled. A termostat turns off unit if

temperature rises above a critical level; resets automaticatly.

OPTIONS:
Option 002 {System Interface} specifications are
listed in Appendix A.

CERTIFICATION:
Unit complies with these requirements:
{EC 348 - Safety Requirements for Electronic Measuring
Apparatus,
CSA Etectrical Bulletin 5568 - Electronic Instruments and
Scientific Apparatus for Special Use and Applications.

VDE 0871/6.78 Level A - RFI Suppression of Radio
Freguency Equipment for Industrial, Scientific, and
Medical {ISM} and Similar Purposes.

VDE 0411 - Electronic Measuring Instruments and Automatic
Contrals.

DIMENSIONS:
See Figure 2-1.

WEIGHT:

Net: 5.4kg (12 Ib) Shipping: 7.3kg {16 1b}







SECTION H
INSTALLATION

2-1 INITIAL INSPECTION

22 Before shipment, this instrument was inspected
and found to be free of mechanicaf and electrical defects,
As soon as the instrument is unpacked, inspect for any
damage that may have occurred in transit. Save ail
packing materials until the inspection is completed.

it damage is found, file claim with carrier immediately.
The Hawlett-Packard Sales and Service office should

be notified as soon as possibla,

23 Mechanical Check

24 This check should confirm that there are no
broken knobs or connectors, that the cabinet and panel
surfaces are free of dents and scratches, and that the
meters are not scratched or ¢cracked,

2.5 Electrical Check

26 Section V of this manual contains complete
verification procedures for this instrument. Section i1
contains an abbreviated check which can be used
quickly to place the unit into operation. Refer to the
inside front cover of the manual for the Certification
and Warranty statements,

2.7 REPACKAGING FOR SHIPMENT

2-8 To insure safe shipment of the instrument, it

is recommended that the package designed for the
instrument be used. The original packaging material

is reusable. 1f it is not available, contact your {ocal
Hewiatt-Packard Sales and Service 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
specifying the owner, model number, full serial number,
and service required, or a brief description of the trouble.

29 INSTALLATION DATA
210 The instrument is shipped ready for
bench operation. Before applying power to the

instrument, read paragraph 2-18.

211 Location and Cooling

2-12 This instrument is fan cooled and must be
installed with sufficient space for cooling air fiow
between the sides and rear of the unit. [t should be
used in an area where the ambient terperature doss
not exceed +55°C,

2-13  Outline Diagram

2-14 Figure 2-1 illustrates the outline shape and
dimensions of the cabinet.

g QIRIOE
ety WINE _uTAr
borioid firiterin s 18]
Lo AROSRAMM: ]
CRATTETPR: S0 PN S - i)
-:.:::-r‘--r.s:g- (LR -
MR MG MR b - !
TERMH, $700% SR 43 MY, ON 0 MCTRY [ b
IAsAL_ STRP D TAL )
W 1) " 18 40 L
@R b} ! I (3 2o} T (1% iy
L=
i i
54 : . 3.7
[E HERRT ¥
g = —— kT
I_L_um cw__J
xa LT Sx 113 Fum
ok N

Figure 2-1. Outline Diagram

2-15  Rack Mounting

216 This supply can be rack mounted in a standard 19-inch
rack panel either by itself or alongside another half {or quarter)
width medule. All rack mounting accessories for this unit are
listed in paragraph 1-16. Complete installation instructions are
included with each rack mounting kit.

2-17  Input Power Requirements

218 This supply may be operated from a nominat
120V, 226V or 240V singie-phase ac power source
{48-63Hz}, The input voitage range and input

current required for each of the nominal inputs are
Histed below. The maximum input power {at high fine,
full load} required for any input is 320 watts. A label
on the rear panel indicates the nominal line voltage for
which the instrument was set at the factory. [f
necessary, the user can convert the instrument from one
{ine voltage option to another by following the
instructions in paragraph 2-23.



Nomina Line Voltage Maximum
Voltage Range Input Current
120V 104-127 5,3A rms
220V 191-233 2.9A rms
240V 208-250 2.7A s
2-19 Power Cable

2-20 Model 8024 A is shipped from the factory with
a power-cord plug appropriate for the user’s location,

Figure 2.2 illustrates the standard configuration of power-

cord plugs used by Hewlett-Packard. Below each draw-
ing is the HP Part Number for a reptacement power cord
equipped with a piug of that configuration. If a differ-
ent power cord is required, contact the nearest
Hewlett-Packard Sales and Service office.

DRTES

8120 - 1348 Bi20 - 358 1251 -3498
STANDARD PLUG OMLY
NN -1369 81201689 B120-2i04

Figure 2-2. Power-Cord Plug Configurations

2-21 To protect operating personnel, the National
Manufacturers Association (NEMA) recommends that

the instrument panel and cabinet be grounded. This
instrument is equipped with a three-conductor power
cable; the third conductor is the ground conductor. When
the cable is plugged into an appropriate receptacle the
instrument is grounded. 1n no event shall this

instrument be operated without an adequate cabinel
ground connection.

222 The offset pin on the standard power cable
three-prong connector is the ground connection. To
preserve the protection feature when operating the

22

instrument from a two-contact outlet, use a parailel-
ground adapter {if permitted by local regulations) and
connect the green lead on the adapter to ground.

2-23 LINE VOLTAGE OPTION CONVERSION
2-24 Line voltage conversion is accomplished by
adjusting three components; the two-section line select
switch $2, line-voltage jumper W1, and rear-panel line

fuse Fi. To convert the supply from one line voltage
option to another, proceed as follows:

a. Disconnect line cord from power source.

b. Remove top cover from instrument by
removing four screws from cover {two on each side)
and sliding cover to the rear.

¢. The line voltage select switch is located
on left side of main board {as viewed from front} near
front of instrument {see Figure 2-3). Use a small-blade
screwdriver to set the two switch sections to match the
pattern silkscreened on main board as shown in Figure
2-3. Forexample, 1o set switches for 120V operation
{as tlustrated), move forward switch section so
that its white slot is toward front of instrument and
move rearward switch section so its white siot is
toward rear of instrument.

d. The line voitage jumper W1 is located on
main board near center rear {see Figure 2-4). (A dashed
line is sitkscreened on main board from vicinity of
$2 to W1). Jumper must be soldered in place for
120V operation, and must be removed for 220V
or 240V operation.

e. Check rating of fuse F1 installed in rear-
panel fuseholder and replace with correct value if
necessary. Do not use stow-blow fuses. For
120V operation, use BA fuse, HP Part Number
2110-0056. For 220V or 240V operation, use 4A
fuse, HP Part Number 2110-0065. Fuse F2 on main
board should be 0.5A, HP Part Number 2110-0202,
for atl input voltages.

f. Replace covers and mark the supply clearly
with a tag or label indicating correct iine voltage to be
used.
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SECTION 1l
OPERATING INSTRUCTIONS

3-1 INTRODUCTION

3-2 ‘This section describes the operating controls
and indicators, turn-on check-out procedures, and operat-
ing procedures and considerations for the Model 6024A.

Before the instrument is switched on, all
protective earth terminals, extension cords,
auto-transformers and devices connected
to it should be connected to a protective
earth grounded socket. Any interruption
of the protective earth grounding will
cause a potential shock hazard that could
result in personal injury.

Only fuses with the required current rating
and specified type should be used. Do not
use repaired fuses or short circuited
fuseholders. To do so could cause a shock
or fire hazard.

34  TURN-ON CHECKOUT PROCEDURE

35 The following checkout procedure describes the
use of the front panel controls and indicators {see Figure
3-1} and ensures that the supply is operational. This
check should be performed when the unit is first
received. }f the supply fails to perform properly, proceed
to the troubleshooting procedures in Section V.

a. Ensure that rear terminal board straps

are connected as shown in Figure 3-2, but do not connect
load. Check that rear-pane! 1abel indicates unit is set for

fine voltage to be used. 1f it is not, refer to paragraph
2-23. I unit is equipped with Systerm Option 002 ensure
that option cable is disconnected from rear panel option
connector before proceeding.

b. Ensure that CURRENT control @is rotated
clockwise at least two turns and OVP ADJUST potentio-
meteris fully clockwise.

¢. Press pushbutton LINE switch @to ON
{pushbutton in} and observe that reflective indicator
shows in the LINE switch and that fan operates.

d. Turn VOLTAGE controt@through output
voltage range of unit as indicated on votmeter@.

VOLTAGE 3ight®should be lit across entire range
indicating that supply is in constant voitage mode.

e. Check out overvoltage circuit by turning
OVP ADJUST contrei {screwdriver adjust) counter-
clockwise until unit shuts down. Output voltage should

drop to ~0.6 to 0 volts and OVP(8)and UNREGULATED

indicators should light.

. Reset overvoltage circuit by returning OVP
contro! to maximum clockwise position and turning
supply off for at least one second and then back on.
Qutput voltage should return to value set in step d.

g. To check constant current circuit, turn off
supply and connect short {AWG 218 or larger} across +
and — output terminals ( @ and @ on front panel or
+ and — on rear panel). Ensure that VOLTAGE control
is rotated at least two turns ciockwise.

h. Turn supply back on and rotate CURRENT
control@through output current range of unit as
indicated on ammeter@. CURRENT Eight@shauld
be on across entire range indicating that supply is in
constant current mode.

. Turn off supply, remove short from output,
and read remainder of operating instructions before
connecting actual load to supply.
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Figure 3-1. Front Panel Controls and Indicators




36 OPERATING MODES

3-7 This power supply is designed so that its mode
of operation can be selected by making strapping
connections on its rear panel. Normal operating mode
for this power supply uses local proegramming of the
output voltage and current via the front panel VOLTAGE
and CURRENT controls, and locat sensing of the output
voltage. Alternate operating modes allow use of remote
programming, remote sensing, and multiple power supply
combinations.

3-8 The foliowing paragraphs first describe operat-
ing considerations with the normal operating mode, using
the strapping pattern as it is connected at the factory.
Later paragraphs cover alternate operating modes, The
operating considerations described with normal mode,
such as constant voltage/constant current crossover,
overrange, constant voitage and constant current
operation, overvoltage protection, protective circuits,
and load connections, apply to the alternate modes as
well as 1o normai mode. More theoretical descriptions
regarding the operational features of power supplies

in general are given in the DC Power Supply Handbook,
Application Note 0B (available at no charge from your
local Hewlett-Packard Sales Office}.

3.9 NORMAL OPERATING MODE

310 The power supply was shipped with the proper
rear panel strapping connections made for constant
voltage/constant current operation with local sensing
and local programming. This strapping pattern is
itlustrated in Figure 3-2. By means of the front panel
voltage and current controls, the operator selects either
a constant voltage or a constant current output as
described in paragraphs 3-17 or 3-19. Whether the supply
functions in the constant voltage or constant current
mode depends on the settings of the VOLTAGE and
CURRENT controls and on the value of the joad
resistance.

eyt 240 VOC WAX
AT M 48 + - 8§

AOAZ A3 A4 AD AS

Figure 3-2. Normal Strapping

3.2

3-11 Figure 3-3 shows the overall gutput range of the
supply, with three sample operating loci. Locus 1is
established with a VOLTAGE setting of 20V and a
CURRENT setting of 3A. For any values of load
resistance greater than the crossover value of 6.7 ohms,
the supply operates in constant voltage mode, For
values of load resistance less than the crossover value,
the supply operates in constant current mode. The
transition occurs smoothly and automatically; no
switches need be operated or connections changed. The
front panel VOLTAGE and CURRENT lights indicate
which mode is operating.
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Figure 3-3. Overall Output Range with Three Sample
Operating Loci
3.12  Locus 2 is established with a VOLTAGE setting of
35V and a CURRENT setting of 8.5A. !is crossover load
resistance is 5.4 ohms, and lies on the rated-output-power
boundary.

3-13 A rectangular operating locus will be established
for all voltage and current settings within the rated-output-

power boundary. However, if the VOLTAGE and CURRENT

controls are set so that the boundary can be exceeded, as in
locus 3, the supply will go into overrange if the load resis-
tance falls within a critical band {refer to next paragraph).




3-14 Overrange. The supply will be driven into
overrange {shaded area of Figure 3-3} if the VOLTAGE
and CURRENT controls are set above the output power

" rating and the load resistance falls within a critical band.

For example, assume that the operator sets the VOLTAGE
control at S5OV and the CURRENT contro! at B.5A, as
in locus 3 on Figure 3-3. For alf load resistances above
11.9 ohms (which is the critical vatue} the supply would
operate normatly in the constant voltage mode. if the
load resistance were to fall much befow 11.9 ohms,
however, the supply would be forced into overrange.

If the load resistance continued to decrease to a 2.9
ohm value, the supply would automaticatly come out
of overrange and into the constant current mode at

the 8.5A, 26V point. {The supply will probably go out
of regulation while operating in the overrange region,
refer to paragraph 3-16.}

3-16 Anytime the supply operates in overrange, the
VOLTAGE and CURRENT indicators turn off and the
UNREGULATED indicator lights. The VOLTS and AM-
PERES meters indicate the voltage and current being
supplied to the output. (The product of the two readings

will exceed 200 watts.} Paragraph 3-30 identifies
conditions other than overrange which cause the
UNREGULATED indicator to light.

316 The supply can operate in the overrange region
{beyond the rated-output-power boundary) for sustained
periods without being damaged. However, the supply is
not guaranteed to meet specifications in overrange,
Output ripple increases substantially and regulation is
seriously degraded. As an operator aid, the maximum
avaitable foad current for each constant voltage setting

is indicated on a secondary scale of the voltmeter.
Similarly, the maximum available load voltage for each
current setting is indicated on the ammeter.

NOTE

{/nder certain conditions of line and load,

it is possible for the supply to provide more
than rated output power and still maintain
regulation. If this occurs, the unit will
operate normally and the UNREGULATED
indicator will be off. However, the slightest
change in either line or foad may cause the
unit to go out of regulation. Qperation of
the unit beyond the rated-output-power
boundary is not recommended under any
circumstances.

317 Constant Voitage Operation

33

3-18  To adjust the supply for constant voltage
ocperation:

a. Turn on supply and, with output terminals
open, adjust the VOLTAGE control for the desired
output voltage. Then turn power off.

b. Connect ashort across the front or rear
panel + and — output terminals, restore power, and
adjust the CURRENT control for the desired maximum
output current. Then turn power off and remove the
short. If a load change causes this current limit to be
exceeded, the supply automatically crosses over to
constant current operation at this preset current limit
and the output voltage drops proportionately. In
setting the current limit, make an adequate allowance for
high peak currents that could cause unwanted crossover.

3-19 Constant Current Operation

320  To adjust the supply for constant current opera-
tion, with supply turned off:

a. Connect a short across the front or rear
panel + and — output terminals, turn the power on,
and adjust the CURRENT controi for the desired
output current.

b, Open the output terminals and adjust the
VOLTAGE control for the desired maximum output
voltage. If a load change causes this voltage limit to
be exceeded, the supply automatically crosses over to
constant voltage pperation at ‘this preset voltage limit
and the output current drops proportionately. In
setting the voltage limit, make an adequate allowance for
high peak voltages that could cause unwanted crossover.
3-21 OQvervoltage Protection
3.22  Adjustment. The overvoltage trip point is
adjusted with the OVP ADJUST screwdriver control
on the front panel. The approximate trip voltage range
for this unit is from two volts to 64V, When the
overvoitage protection (OVP) circuit trips, the supply is
inhibited and delivers no output power; the OVP and
UNREGULATED indicators on the front panel light.
Rotating the control clockwise sets the trip voltage
higher. (11 is set to maximum at the factory.)

3-23  When adjusting the OVP trip point, the possibility
of false tripping must be considered. 1f the trip voltage

is set too close to the supply’s operating voltage, a

transient in the output would falsely trip the QVP.

For this reason it is recommended that the OVP trip
voltage be set higher than the output voltage by at



least 1.5 volts. To adjust the OVP trip voitage, proceed
as follows:

a. With OVP ADJUST potentiometer fully
CW, no load connected; turn on supply.

b. Set output VOLTAGE control to desired
trip voltage.

c. Turn OVP ADJUST pot CCW untit OVP
circuit fires; red OVP indicator lights and output voltage
talls to zero.

d. Turn off supply and turn down output
voltage.

e. Turn supply back on and set desired output
voiiage,

324 Resetting the OVP Circuit, I the QVP circuit
trips during normal operation, the ac LINE switch must
be twrned off for at least one second and then back on

to reset the circuit. 1f the OVP circuit trips continuously
check the load and/or the trip point setting. 1f the
supply does not operate properly after the OVP

circuit is reset, proceed to troubleshooting in Section V.,

3-25 CONNECTING THE LOAD

3-26 To satisfy the requirements of safety, the wires
to the load should be at /east heavy enough not to over-
heat while carrying the power supply current that would
fiow if the load were shorted. Stranded AWG#16 wire

is rated for 12.7A at 105° C conductor temperature {45°C
rise above 60°C ambient temperature). Stranded AWG
#14 wire is rated for 14.8A at 80°C conductor temperature
{20°C rise above B0°C ambient temperature). These
ratings are based on use of a twisted pair to connect the
ioad to the supply. Generally, heavier wire is required

to obtain good regulation at the load. H the load
regulationis critical, use remote voltage sensing. {Refer

to paragraph 3-34).

327 If muitiple loads are connected to one supply,
each load should be connected to the supply's output
terminals using separate pairs of connecting wires. This
minimizes mutual coupling effects between loads and
takes full advantage of the supply’s fow output impedance.
Each pair of connecting wires should be as short as
possible and twisted or shielded to reduce noise pickup,

328 it load considerations require the use of cutput
distribution terminals that are located remotely from

the supply, then the power supply output terminals
should be connected to the remote distribution terminals
by a pair of twisted or shielded wires and each load
should be separately connected to the remote distribution
terminals. Remote voltage sensing is required under
these circumstances {paragraph 3-34).

3-29 Either positive or negative voltages can be
obtained from this supplty by grounding one of the
output terminals or ong end of the load. Always use

34

two wires to connect the load to the supply regardiess
of where or how the system is grounded. Never
.ground the system at more than one point. This
supply can be operated with either output terminal
up to £240 volts de from ground.

3-30 PROTECTIVE CIRCUITS

3-31 Protective circuits within the instrument may
limit or turn off the output in case of abnormal conditions.
The cause for the protective action can be determined by
observing the front panel indicators {lights and meters).

An overrange condition is indicated by the UNREGULATE
indicator on, the VOLTS and AMPERES meters reading
relatively high, and the VOLTAGE, CURRENT, and OVP
indicators off. An overvoliage condition is indicated by
both the OVP and UNREGULATED indicators on, the
meters reading near zero, and the VOLTAGE and
CURRENT indicators off. An overtemperature condition
is indicated by the UNREGULATED indicator on, the
VOLTAGE, CURRENT, and OVP indicators off, and

the meters dropping toward zero from the readings that
existed when the overtemperature condition occurred.

1f the primary power voltage drops below approximately
70% of nominal, the level detector will shut down the
instrument. In this case, the UNREGULATED indicator

is on, the VOLTAGE, CURRENT, and OVP indicators

are off, and the meters read zero immediately.

3-32 ALTERNATE OPERATING MODES

3-33 The alternate operating modes discussed in the
following paragraphs include: remote voltage sensing,
remote programming, auto-paralle! operation, auto-series
operation, and auto-tracking operation. By changing

the rear panel strapping pattern according to the
instructions which foliow, the supply can be operated

in any of the modes listed above.

I WARNING l

Disconnect input ac power before changing
any rear pane! connections and make certain
all wires and straps are properly connected

and terminal strip screws are securely tightened
before reapplying power.

3-34 Remote Voltage Sensing

336 Because of the unavoidable voltage drop developed
in the load leads, the normal strapping pattern shown in
Figure 3-2 will not provide the best possible voltage
requlation at the load. The remote sensing connegtions
shown in Figure 3-4 improve the voltage requlation

at the load by monitoring the voltage there instead of



at the supply’s output terminals, (The advantages of
remote sensing apply only during constant voltage opera-
tion.) When using remote sensing, turn off the power
supply before changing the rear panel straps, sense

leads, or load leads. The following paragraphs discuss
some precautions that should be observed when making
a remote sensing instaflation.
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oz
Al A2 K3 M AS A6 AT AR 45 + - 5§

Figure 3-4, Remote Sensing

336 The load leads should be of the heaviest
practicable wire gauge, at feast heavy enough to limit
the voitage drop in each lead to 0.5 volts. The power
supply has been designed to minimize the effects of
long load lead inductance, but best resuits will be
obtained by using the shortest load eads practical.

NOTE

Because the OVP circuit monitors voltage

at the rear terminals and there is an unavoidable
voltage drop in the load leads, it may

be necessary to readjust the QVP trip

point in remote sensing mode,

3-37 Since the sensing leads carry only a few
milliamperes, the wires used for sensing can be much
lighter than the load leads (AWG#22is generally
adeguate), but they should be a shielded, twisted pair

to minimize the pickup of external noise. Any noise
picked up on the sensing leads will appear at the supply’s
output, and CV load regulation may be adversely affected.
The shield should be grounded at one end only and should
not be used as one of the sensing conductors. The

sensing leads should be connected as close to the load

as possible.

338 The sensing leads are part of the supply’s
programming circuit, so they should be connected in
such a way as 1o make it uniikely that they might
inadvertently become open circuited. tis recommended
that no switch, relay, or connector contacts be included
in the remots sensing path.

NOTE

If the + output lead opens, the lead voltage
{+ sense to — output) will remain regulated
at the set value, but the output voltage of

the supply will rise to some high value
dependent on the control settings and the
load. If this voltage exceeds the OVP voltage,
the OVP trips and down-programs the

output voltage to zero volts. Whether or

not the OVP trips, neither the supply nor the
foad will be damaged by excessive voltage.

1f the — output lead opens, the load voltage
(+ output to — sense) will drop to some low
value and the output voltage of the supply
operates at some value between zero and
seven volts, both depending on the control
settings and the load.
3-39 Remote Programming
340  The output voitage and/or current of the power
supply can be remotely controlied by external resistance,
voltage, or current sink. Programming can be accomplishe
via the standard rear-panel screw-on terminals or via the
option connector on units equipped with System Option
002, Standard programming is described in this section;
programming with System Option 002 is described in
Appendix A,

341 For resistance programming, a variable resistor
can contro! the putput over its entire range. Or, 2
variable resistor connected in series and/or parallel

with a fixed resistor can have its control restricted to

a fimited portion of the output range. Alternately, a
switch can be used to select fixed values of programming
resistance to obtain a set of discrete voitages or currents.
{The switching configuration used may require rmake-
before-break contacts to avoid producing the output
voltage transients caused by momentarily opening

the programming terminals.) To maintain the temperature
and stability specifications of the supply, any resistors
used for programming must be stable, low-noise

resistars with a temperature coefficient of less than
25ppm per °C and a power rating at least 30 times

what they will actually dissipate.

342 Both voltage and current outputs can also
be controlied by a voltage source. A voltage source of ¢
to § volts programs the output from zero to full scale.



Voltage sources of more than 5 volts can be scated down
to the proper range.

343 Current programming of both voltage and current
outputs is possible also. With current programming, the
supply’s own constant current sources are used to

provide current through an external resistance. A
controilable current sink, such as 3 DAC, in parallel

with the external resistor sinks a controllable percentage
of the current around the resistance. The remaining
current flows through the external resistance and develops
a voltage that programs the power supply.

344 Connecting a supply for remote voltage or
current programming disables the corresponding front-
panel controis.

3-45 The following paragraphs discuss in greater
detail the methods of remotely programming the output
voltage or current using either a resistance, voltage, or
current input, Whichever method is used, the wires
connecting the programming terminals of the supply to
the remote programming device must be shielded to
reduce noise pickup, The outer shield of the cable should
not be used as a conductor, and should be connected to
ground at one end only,

3-46 Although the following connection drawings
{Figures 3-5 through 3-12) show the supply strapped
for local sensing, remote programming and remote
voltage sensing do not interact and may be used
simuitaneously.

347 Constant Voltage Output, Resistance Control.
The rear panel connections shown in Figure 3-5 allow
the output voltage to be varied by using an external
resistor to program the supply, A programming resistor
variable from 0 to 2500 ohrms produces a proportionat
output voltage from zero to full scale. Note that fixed
resistors may be connected in series and/or in parailel
with the variabie programming resistor to set lower
and/or upper output voltage limits. The resultant
programming resistance is the sum of the series/paraliel
resistor combination, and must be between 0 and 2500
ohms. For example, a 1250 ohm resistor connected

in series with the variable programming resistor will

set the lower limit for output voltage at one-hatf full
scale, i.e., 30 volts.

NOTE

If the programming terminals (A2 to —SJ
become open circuited during resistance
programming, the output voltage will tend
to rise above rating. The supply will not
be damaged if this occurs, but the over-
voltage trip point should be properly
adjusted to protect the user’s load.
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Figure 3-5. Resistance Programming of Qutput Voltage

3-48 Constant Voltage Output, Voltage Controf.
The rear panel connections shown in Figure 3-6 allow
the output voltage to be varied by using an external
voltage source to program the supply. A voltage

source variable from 0 to +5 volts produces a proportion-
al output voltage from zero to full scale. The load

on the programming voltage source is less than BuA,

2t
LOAD
I'\ra
elelejee@lolel@] 7
AR AL M A5 A AT AB 45 4~

Figure 3-6. Voltage Programming of Qutput Voltage

349 Constant Voltage Gutput, Scaled Voltage
Control. The rear panet connections shown in Figure
3-7 allow the output voltage to be varied by using an
external voltage source of more than & volts to
program the supply. The ratio of the resistance values
in the voitage divider must be selected so that the
voltage at the center tap of the divider, A2, varies from
0 to b volts as the programming voltage source varies
from zero to maximum.

VOLTAGE
SOURCE
+>5V

et

I VOLTAGE DIVIDER
Vi

bt ——— (3= S
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@l¢]eeel?] @]
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Figure 3-7. Scaled Voltage Programming of Output Vo!tagf



3-80  The total resistance of the volitage divider should
be as smali as practical without excessively loading the
external voltage source, This minimizes degrading the
‘programming speed, offset, and drift specifications. For
awamnle a tatal resictance of 7.5K will annmx;mateiv

BRBITHHE, @ 10LG TUSioianot U+ SiRIF0
double the up-programming time. A total resistance of less
than 5K will make the degradation unnoticeable in most
applications.

351 Constant Voltage Qutput, Current Control.
The rear panel connections shown in Figure 3-8 allow

the output voltage to be varied by using an external
current sink to program the supply. In this configuration
the supply’s own constant current source is used to
develop a voltage across a resistor. A current sink, such
as a DAL, connected in paralflel with the resistor sinks
part or all of the current, and thereby determines the
voltage developed across the resistor. A current sink
variable from 2 mA to 0 mA produces an inversely
proportional output voitage from zero 10 full scale,

Many DACs include a sign-change bit, so that a zero
digital input to the DAC will produce a 0 volt output
from the power supply, and a maximurn digital input

1o the DAC will produce a full scale output from the
power supply. Note that the VOLTAGE control
potentiometer can be used in place of the external resis-
tor by connecting A1 to A2 in addition to the connections
shown in Figure 3-8.

CAUTION

If the DAC is turned off or the program
leads open, the output voltage will tend
to rise above rating. The supply will not
be damaged if this occurs, but the over-
voltage trip point should be properly ad-
justed to protect the user’s load.

3-52 Constant Current Qutput, Resistance Control.
The rear panel connections shown in Figure 3-9 allow
the output current to be varied by using an external
resistor to program the supply. The discussion in
paragraph 3-47 for constant voltage operation also
applies for constant current operation,

CAUTION

if the programming terminals (A7 to
A5} become open circuited during
resistance programming, the output
current will tend to rise above rating.
The supply will not be damaged if
this occurs, but the user’s load may
be damaged. If there is a possibility
that the programming leads may be
opened, it is suggested that the
optional resistor be connected directly
across terminals A% and A7, as shown
in Figure 3-8. The value of this
resistor should be selected to limit
the output current to the maximum
that the load can handie without
darnage. For example, if the load
can handle 5 amperes (one-half of
full scale}, a 1250 ohm resistor
should be connected from Ab to

A7 Of course, if this resistor is used,
the resistance value actually programming
the supply is the parallel combination
of the programminy resistor and the
optional resistor.

353 Constant Current Qutput, Voltage Control.

The rear panel connections shown in Figure 3-10 allow

the output current to be varied by using an external voltage
source to program the supply. The discussion in para-
graph 3-48 for constant voltage operation aiso applies

for constant current operation.
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Figure 3-8. Current Programming of Guiput Voltage
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Figure 3-9. Resistance Programming of Output Current
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Figure 3-10.  Voltage Programming of Cutput Current
3-54 Constant Current Qutput, Scaled Voltage Control.
The rear panel connections shown in Figure 3-11 allow

the output current to be varied by using an external
voltage source of more than 5 volts to program the

supply. The discussion in paragraphs 3-49 and 3-50

for constant voltage operation also applies for constant
current operation.

VOLTAGE
SOURCE

Qe

e X240 VOO MK
A AZ AL M OAS AG AT AR 45 4+ -~ -5 b

Figure 3-11. Scaled Voltage Programming of Output Current

355  Constant Current Output, Current Control.
The rear pane! connections shown in Figure 3-12 allow
the output current to be varied by using an external
current sink to program the suppiy. The discussion

in paragraph 3-51 for constant voltage operation aiso
applies for constant current operation, except that the
CURRENT control can be used in place of the externat
resistor by connecting A6 to A7 in addition to the
connections shown in Figure 3-12,

i CAUTION ;

if the DAC is turned off or the program

leads open, the output current will tend

to rise above rating. The supply will not

be damaged if this occurs, but the VOLTAGE
controf should be adiusted such that the
supply will switch to CV mode once the
output current reaches the highest level

the load can absorb and/or the OVP
ADJIST should be set to shut down the

supply.

CURRENT SINK
O=2mab

40 VoC ¥ax
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——rt
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Figure 3-12. Current Programming of Qutput Current

3.56 Auto-Parallel Cperation

3-67 Figure 3-13 shows the rear panel interconnectior
required to auto-paralliel two or more units. This mode
of operation provides a greater current capability than
can be obtained from a single supply, while ensuring
that each supply will share the load proportionatly to
its own total power capability under all load conditions.
For example, if a 200W supply and a2 1000W supply
were auto-paralieled, the 200W supply would provide
1/6 the total current and the 1000W supply would
provide 5/6 the total current. The 6024 can be
auto-paratieied only with other autoranging units,

or with units that have current-moenitoring output
signals that are internally referenced to the —output
and equal to 5V at maximum rated current output.

Up to eight supplies may be connected in auto-paraliel.

NOTE

Use wires of equal length and gauge to
connect each auto-paralieled supply to
the load. Load sharing will not be equal
unless the leads connecting each supply
to the load are equal in resistance. 1f it
s impractical to run leads from each supply
to the load because of distance between
the supplies and the load, leads of equal
length should be run from each supply
to comenon distribution terminals, with
a single pair of leads run from the
distribution terminals to the load.
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Figure 3-13.  Auto-Parafiel Operation

3.58 Setting the Voltage and Current Controls.

The auto-paraliel combination of supplies behaves as

if it were a single constant voltage/constant current
supply controlled by the veltage and current controls

of the master supply. The current controls of the slaves
are disabled. The voitage controls of the staves should
be set above the desired output voltage to aveid interfer-
ence with the master.

NOTE

The voltage controls of the slave supplies
can be disabled by disconnecting the straps
between the A1 and A2 terminals and
connecting a resistor between A2 and —S
on each slave. The resistor value should

be chosen to program a voltage higher

than the desired output voltage. {(See
paragraph 3-47.)

3-59 Overvoltage Protection in Auto-Parallel.
Adjust the OVP trip point at the master supply. The
stave supply OVP control{s} may be set to the same
tevel or to maximum {fully clockwise) to disable them,
1f the master supply OVP trips, the master wili program
the slaves to zero output. if a slave OVP trips, it

shuts down only that stave; the other units supply more
current until the master switches to CC mode.

3-60 Auto-Paraltel with Remote Sensing.
To combine auto-paraliet operation with remote sensing,

connect the supplies as described above but remove
the +5 and —S jumpers from the master supply and
connect the +5 and —$ terminals directly to the + and
- ands of the iopad. Observe the precautions outlined
under paragraph 3-34,

361 Auto-Paralle! with Remote Programming.

The output voltage and/or current of an auto-paralle!
combination can be remoteiy programmed. Remote
programming connections are made to the master
supply. Observe all precautions outlined in the remote
programming paragraphs. Simultaneous use of remote
sensing and remote programming is also possible during
auto-paratle! operation.

NOTE

Because only the master can down-program
the output of an auto-parallel combination,
down-programming speed will be reduced
under no-foad conditions.

3.62 Auto-Series Operation
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Figure 3-14.  Auto-Series Operation

3-63 Figures 3-14 and 3-15 show the rear-panet
interconnections reqguired to operate two or more
supplies in auto-series. Thismode of operation provides
a greater voltage capability than can be obtained from
asingle supply. As many as four supplies can be




connected in auto-series in the configuration shown

in Figure 3-14, and as many as eight supplies can be
connected if the power supply combination and load
are center-tapped as in Figure 3-15 (with no more than
four supplies on each side of the center tap). Either
configuration allows all the suppties to be programmed
simultaneously by the voltage and current controls of
the master supply. The master supply must always be
the one at the positive end of the series combination
Any point of the output can be grounded if desired,

as long as no other point in the output is more than
240 volts from ground.
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Figure 3.15.  Auto-Series Operation, Pesitive and
Negative Outputs

364 The output voltage of each slave supply varies
in direct proportion to that of the master, The ratio of
each stave’s output voitage to the master’s is established

by the ratio of the resistors in the voltage divider connect-

ed between the + Sense of the master and the —Sense
of the slave.

3-65 Any power supply capable of auto-series
operation can be used in the auto-series combination.
The supply with the lowest current rating limits the
maximum output current of the combination. Any
well-regulated, variable-output suppty can be used

as the master.

366 In applications in which coordinated positive
and negative voltages are required, center tapping

the supply combination and load as shown in Figure 3-15
allows simultaneous proportional control of hoth supply
voltages.

3-10

CAUTION

If more than four supplies are connected
together in an auto-series combination, be
certain that neither the more positive end nor
the mare negative end of the auto-series
corbination is more than 240 volts from
ground.

3-67 Setting the Voltage and Current Controls.

The auto-series combination of supplies behaves as if

it were a single constant voltage/constant current supply
controlied by the voltage and current cantrols of the
master supply. The voltage controls of the slaves are
disabled. The current controls of the slaves should be
set above the desired output current to avoid having a
slave switch to CC moade.

NOTE

The current controls of the slave supplies

can be disabled by disconnecting the straps
between the AG and A7 terminals and connect-
ing a resistor between A7 and A5 on each
slave. The resistor value should be chosen

to program a current greater than the

desired output current. {See paragraph

3-52}

3-68 Resistor Values. As shown, each slave has

an external voltage divider, HX and Ry, that determines
its programming voltage. The ratio of Ry to Ry
determines the ratio of the slave output voltage to the

master output voitage. To determine the values of
RY and Rx, first choose the ratio of the slave output

voltage to the master ocutput voltage ( ). select a
value for Ry, and then determine the vaiue for Rx by
solving this equation: Ry = 12 (Ry) (1 +¥L) — R,
For exampie, assume a two-supply combination that
is to provide 90 volts, 50 volts from the master and
40 voits from the slave, If we select a vaiue of 1k

for Ry, the equation becomes:

Ry = 12(1000) (1+ 3% — 1000
Ry =12,000 {2.25) - 1000
Ry = 26,000

3-69 Note that the slave output voltage may be
tower than, equal to, or higher than the master cutput
voltage.



3.70 Two factors must be considered when selecting
the resistance value of RY: the effect on programming
specifications, particularly speed, and the power that
the resistor will have to dissipate. in the previous
example, with 3 totsl
output of 80 volts, RX will have to dissipate 290
mitliwatts and RY will have to dissipate slightly more
than 11 milliwatts. Lower resistance vaiues of Ry and
Ry will increase programming speed while increasing
the amount of power that RX and RY will have to
dissipate.

resistance of 27L& across an
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371 To maintain the temperature coefficient

and stability specifications of the supplies, Rx and

RY must be stabie, low-noise resistors with temperature
coefficients of iess than 25 ppm per “C and power
ratings of at least 30 times what they will actually
dissipate.

3.72 The front-panel VOLTAGE control of the
slave can be used in piace of Ry by connecting a strap
from A2 of the slave to A1 of the slave. This enables
the user to vary the percentage of the total voltage
contributed by the slave. For calculation purposes,
use 2 resistance value of 2.7k for the VOLTAGE
control when it is set to maximum.

3-73 Overvoitage Protection in Auto-Series. Set
the OVP in each supply so that it trips at a levei higher
than the voltage that supply will contribute. f the
master supply QVP trips, the master will program the
staves to zero output. Mt aslave OVP trips, that siave
and al! slaves between it and the negative end of the
series will go 1o zero output; all units more positive
than the tripped stave {which inctudes the master) will
continue to supply their set output voltage. Therefore,
the total output voltage of the auto-series combination
will be the sum of the outputs from the master plus
any slaves between the master and the tripped slave.
For maximum protection against overvoltage, set each
unit's OVP slightly higher {=1.5 volts} than the voltage
it will contribute. For maximum protection against
false tripping, set the slave OVPs to maximum and adjust
OVP at the master.

3.74 Auto-Series with Remote Sensing. To combine
auto-series operation with remote sensing, connect the
supplies as described above but remove the +S jumper
from the master supply and the -5 jumper from the
most negative supply, and connect the +§ and the —§
terminals directly to the + and — ends of the load.

375 The output voltage and/or current of an auto-
series combination can be remoteiy programmed. Remote
programming connections arz made to the master supply.
The percentage of the total voitage contributed by a
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siave can also be remotely programmed by connecting
a variable resistor to the slave in place of Ry Observe
all precautions outlined in the remote programming
paragraphs, Simultaneous use of remote sensing and
remote programrming i+ ¢is0 possible during auto-series
operation,

3.76 Auto-Tracking Operation

377 Figure 3-16 shows the interconnections required
to operate two Or more units in auto-tracking mode, This
mode of operation allows multiple supplies that share a
common negative {or positive) output bus to power
separate loads and have their output voltages simul-
taneousty programmed by the voltage and current controls
of the master supply. The ocutput voltage of each slave
supply varies in direct proportion to that of the master.
The ratio of each slave’s output voltage to the master’s

is estabiished by the ratio of the resistors in the voitage
divider connected between the +5 of the master and the
—§ of the slave.
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Figure 3-16, Auto-Tracking Operation

378 Figure 3-17 shows the interconnections required
to provide both positive and negative outputs from an
auto-tracking combination. As can be seen, the only
difference from standard auto-tracking cperation is

that the + Dut terminal of siave =2 instead of the — Out
terminal is connected to the common bus. There is no
himit to the number of supplies that can be operated in
either auto-tracking configuration.
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Figure 3-17. Auto-Tracking Operation, Positive and

Negative Outputs

379 Resistor Vatues. The method for determining
the values of Ry and Ry in Figure 3-16 is similar to that
given in paragraph 3-68 for auto-series mode. First choose
the ratic of the slave output volitage to the master output
voltage, select 2 value for Ry. and then determine the
value for Ry, by solving the equation:

Ry=Ry (112 Y -1}

3-80 For example, assume a two-supply configuration
in which the slave ocutput is to vary from 0 to 50 volts
while the master output varies from 0 to 30 volts. {f

we select a value of 1k for Ry, the equation becomes:

Ry = 1000 [ (12 33 ~1]
Ry = 1000 7.2 1]
Ry = 6200

33 The same factors that govern the choice of
RY in auto-series mode apply in auto-tracking mode.

3-82 Repeat the process for each stave, with each
stave referenced to the same {master) supply {unlike
auto-series mode). Note that the slave output voltage
may be lower than, equa! to , or higher than the master
output voltage.

3-83 For auto-tracking operation with both positive
and negative outputs, as shown in Figure 3-17, the equation
in Paragraph 3-79 is used to determine the values of Ry

312

and RY far the slaves providing positive outputs, and the
equation in Paragraph 3-68 is used to determine the valu
of Ry and Ry for the slaves providing negative outputs.

3-84 To maintain the temperature coefficient and
stability specifications of the supplies, RX and RY

must be stable, low-noise resistors with temperature
coefficients of iess than 25 ppm per °C and power
ratings at least 30 times what they will actually dissipate

3-85 The front panel VOLTAGE contro! of the slave
can be used in place of RY by connecting a strap from
AZ of the siave to A1 of the slave. This enables the user
to vary the ratic of the siave output voltage to the maste
output voitage. For calculation purposes, use a resistanc
value of 2.7k for the VOLTAGE control when it is set
to maximum.

3-86 Setting the Current Controls. The current
eontrols of afl supplies in an auto-tracking combination
are independently operative and can be used to set
current limits for each individual load. if the master
supply goes into the constant current mode, the output
voltages of the slaves continue to track that of the
master. If a stave supply goes into constant current
mode, however, no other supply is affected.

3-87  Overvoltage Protection in Auto-Tracking

Set the OVP of each supply as appropriate for the load
connected to that supply. If the master supply OVP
trips, the master will program the slaves to zero output’
1f a slave OVP trips, only that slave and its load will
be affected.

388 Auto-Tracking with Remote Sensing. To
combine auto-tracking operation with remote sensing,
connect the suppties as described above but remove
the +$ and —9 jumpers from each supply and connect
the +5 and —$ terminals directly to the + and — ends
of its load.

3-89 Auto-Tracking with Remote Programming.
The output voitages of an auto-tracking combination
can be remotely programmed by programming connecti
made to the master supply. In addition, the ratio of
each slave’s output to the master's output can be
remotely programmed by connecting a variable resistor
to the slave in place of Ry, The output currents of
the individual supplies can also be remotely programme
Observe all precautions outlined in the remote
programming paragraphs. Simultaneous use of remote
sensing and remote programming is atso possible during
auto-tracking operation.



390 (-MONITOR QUTPUT SIGNAL

3-81 . An amplified and buffered output signal from
“the current-monitoring resistance {(Rppd is available
between terminals A4 and AS on the rear panel. This
signal can be connected to a remote voltmeter to

indicate the amount of output current, The signal
varies from 0 to 5 volts to indicate a zero 1o full scale
{10A) current output. The - terminal of the voitmeter
should be connected to terminatl AS. Qutput impedance
at terminal A4 is 10k; a load of 1 megohmm will maintain
1% reading accuracy.
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