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SECTION
GENERAL INFORMATION

11 DESCRIPTION

1-2  This powser supply, Figure 1-1, is compietely transis
torized and is sultable for high power applications which re-
guire & de source with & moderate degree of regulation. The
supply is a constant voltage/constant current type that will

furnish full rated output voltage at the maximum rated cut-

put current or can be continuously adiusted throughout
most of the output range. The front pangl CURRENT non-
trols can be used to establish the output current limit (over-
load o short circuit) when the supply (5 used as a constant
voltage source and the VOLTAGE controls can be used to
establish the voltage limit {oeiling) when the supply i5 used
as a constant current source. The supply will automatiostly
cross over from constant voltage 10 constant current Qpers
tion and vice verse if the output current or voltage exceeds
these preset limits,

1-3  Many protection gircuits are included in the suppiy to
protect the regulator SCR's against excessive ourrent or
voltage and 10 protect the user’s load, The supply alse con-
tains the front panel trouble tamps associated with some of
the protection clrouits.

1-4  Output voltage and current are continuously monitor-
atd on two front panel meters. Input power is connedted o
a four pin connector on the rear of the unit. The output
terminals are heavy busbars also mounted at the rear of the
unit, Terminal strips at the rear of the unit allow ease in -
panding the cperatibnaE- cepmbitities of the instrument. A
brigf description of these capabiiities is given below:

a. Remote Programming. The power supply cutput
vaitage or oUrrent may be programmead {controlied} from g
remoie iocation by means of an exiernal voltage source or
resistance.

b. Remote Sensing. The degradation in reguiation
which ocours at the foad due 1o voltage drop in the load
ieads can be reduced by using the power supply in the re-
mote sensing mode of operation.

e. Auto-Seties Operation. Two power supplies may
he used in series when & higher cutput voltage s required '
in the constant voltage mode of cperation or when greater
voltage compliance is required in the constant current
muode of operation. Auto-Series operation permits one-knob
control of the total output voltage from & “master” supply.

d. Aurte-Parallel Cperation, The power supply may he
operatad in paratiel with another enit when greater output

1-1

Figure 1-1. Typical T0KW Power Supply, SCR~10 Serfes

eurrent capebility is reguired. Auto-Parsliel operation per-
mits one-knob control of the total output current from s

" rpaster™ supply.

8, Battery Charging or Discharging, The supply can be
used in automatic bettery charging or discharging spplica-
tions. The automatic crossover between constant voltage
and constant current permits the operation to be unattend-
e,

1-5  SPECIFICATIONS

1.4 Detailed specifications for the power supply are given
in Table 1-1 on Page 1-3.
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1-:7  OPTIONS

18 Options are customer-requested factory modifications
of a standard instrument. The following options are availa-
bie for the instrument covered by this manual. Where neces-
sary, detailed coverage of the options &5 Includad throughout
the manusal. Notice that the customer must specity one of
the five input power options svailable for this supply when
ordering 2 unit, These options (001, 002, 003, 431, and
(32}, together with the other avaliable options, are described
below.

Ciption No. Description

oo 208Vac £ 10%, 3-phase input, 57-63Hz.

Q02 230Vac = 10%, 3-phase input, B7-63Hz

003 460Vae & 10%, 3-phase input, 57—63Hz2.

Gos 50+z ac input, Standard instrument is wired for
maminal 60Hz ac input. Optidn 005 includes re-
alignment, and in some cases, internal rewiring.

Qo8 internal overvoltage protection crowbar fNot
applicable to 6464C) Protects delicate loads
against power supply failure or operator error,
Monitors the output voltage and places a virtual
short circult {conducting SCR) across load with-
in 10us after preset trip voltage is exceeded. For
complete specifications, refer {o Appendix A.

(23 Rack kit for mounting one supply in standard
19" rack, X

031 38GVac £ 10%, I-phase input, B7—83Hz.

032 400Vac : 10%, 3-phase input, 57—83Hz.

1-2

18 Accessories

1410 One socessory, HP Part No, 145454, is availeble with
this supply. tt consists of four stap-on casters amed can be
ordered with the power supply or separately from your
iocal Hewlatt-Packard sales office.

1-11 INSTRUMENT/MANUAL IDENTIFICATION

1-12 This power supply is identified by a three-part serial
numbar tag. The first part is the power supply model num-
ker. The second part is the serfal number prefix, which con-
sists of 2 numberdettar combination that denctes the date
of a significant design change. The number designates the
year, and the letter A through M designates the month, Jan-
uary through December, respectively, with 1" omitied. The
third part is the power supply serial number; a different se-
quential number is assigned 1o sach power supply.

1-13 H the sarial number on your instrument does not
agree with those on the title page of the manual, Change
Sheets suppiied with the manual or Manual Backdating
Changes define the differences between your instrument
arwd the instrument described by this manual.

1-14 DRGERING ADDITIONAL MANUALS

1+15 One manual is shipped with each power supply. Addi-
tional manuals may be purchased from vour lacal Mewleys-
Packard field office {see list at rear of thizs manual for address-
s}, Specify the model number, serfal number prefix, and MP
sart number shown on the title page.



-‘Tabie 1-1. Specifications

HNPUT: constent amnbient conditions.,
S8 /2 30/380/500/450Van = T0%, Three Phase, 87 w0 Constant Current ~ bess than 0.3% ptus 250mA total
g3z, BOA per phase @ 230Vac, drift for 8 hours following 30 minutes warm-up under
constant ambient conditions.
CUTPUT:
0220V @ 0—-B0A. (NOTES 1 and 2.} TRANSIENT RECOVERY TIME:
Less than 50ms/T100ms is required for output voltage
LOAD REGULATION: recovery {in constant voltage operation) to within BV/
Constant Voltage — Less than 0.05% plus 100mY tor 2 of the nominal vutput voliage following 2 foad
a foad current change equal to the current rating of the change from full foad to half load or vice versa INGTE 23,
supply.
Constant Current — Less than 0.1% plus 50mA for a METERS: “
ioad voltage change squal 1o the voltage rating of the A front panel voltmeter {0—260V) and ammetsr {0
supply. BOA} are provided. {Acturacy is 2% of full seate.)
LINE REGULATION: RESOLUTION:
Constant Voltage — Less than 0.06% plus 100mV for Constant Voltage - 44mV is the minimum output
any change within the input rating, voliage change that can be obtalned with the front panet
Constant Current — Less than 0.1% plus BOmA for controls,
any change within the input rating. Constant Current — 50mA is the minimum output
. current thange that can be obtzined using the frant
RIFPLE AND NGISE: panel controls.
Constant Voitage - Less than 330mVrms, 2V p-p {de
to 20MHzl. {NOTE 2.} BEMOTE HESISTANCE PROUGRAMMING:
Constant Voltage — 300 shmsfvelt {Accuracy: 2%,
TEMPERATURE RATINGE All programming terminals are on & rear barrier strip.
Operating: O to 500C. Storage: ~40 to +759C. Constant Current — 20 ohmsfampere [Accuracy: 2%).

. Al programming terminals arg on a rear harrier strip.
TEMPERATURE COEBFFICIENT: :

Constant Voitage — Less than 0.03% plus BV ¢hange COOLING:
in output per degree Centigrade change in ambient fol- Earced alr codling is employed by means of an inter-
lowing 30 minutes warm-ap, nal fan.

Constant Curremt — Lesz than 0.06% plus 6BmA
change in output per degree Centigrade change in arnbi- WEIGHT:

ent following 30 minutes warm-up. 00 (s, net. 555 ibs, shipping.
STABILITY: SEZE:
Constarit Voftage — Less than 0.15% plus 35mV total 16-3/4" W x 25-1/4" H x 26-1/8” D, The unit cart be
drift for 8 hours following 30 minuies warm-up under mounted in a standard 19° rack pa_metv
MNOTES:

1. Specitications apply only when {(a} supply is delivering more than 8% of maximum rated output voltage {QV operg-
tien) or 5% of maximum rated output eurrent {CC operation), and () load is drawing more than 100W, Restriction {by
is li4tad when supply is delivering more than 30% of maximum rated output voltage {CV operation) or 30% of maxirnum
rated output current {CC aperation). '

2. For cperation with & BOHz input (possible only with Option 05}, output current is lingarly derated fram 100% at
4000 to 80% at 300C. Other specifications {indicated in Table] must be incraased by B0% for 2 B0z input.
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POWER SUPPLIES
General Purpose: 300—11,000 W Cutput
fiodels 64348~8483C

» Outstanding value—low cost/wait
s Up to 75% efficiency at full outpul
« Constant voltage/constant current operation

HP 8434B—8483C

Description

This series of SCR-regulated power supplies is designed for medi-
um to high-power applications requiring & fixed or variable de source
with moderate reguiation and ripple. For supplies with betier regula-
tion, faster response” time, and lower ripple, see models HF
§350B—6274B on page 272 ¢

Operating Features

Al supplics in this series are of the constasnt volsage fconstant cur-
rent type. Large easy-to-read panel meters continuously monitor cut-
put voltage current.

Input and output power, remote sensing, remote programming, and

auto-series, -parallel, and -tracking connections are made to bus bars

and _tcrmina} blocks on the rear panel.

Protective Features

In zddition to the overlond protection inherent in constant voltage/
constant current operation, there are many other buili-in protective
fentures included in these supplies. The features vary within the three
model classifications as follows:
HE §434B~84468: (1) Reverse voitage protection, {2) Fused a¢ in-

put. :

HE G453A, 54568, 64584A: (1) AC line foss protection circuit
monitors 3-phase input and cuts off BCR's and opens output bus ifa
phase drops out; operation resumes when ac input refurns to normal.
{2) 3-phase inpat cireuit breaker. (3) Opticnal internal crowbar (Op-
tion 006) protects load from overvoliage condition.

HP 8484C--8483C: (1) High-temperature protection thermostat
opens input to power transformer and lights front panel indicator if
supply overheats. (2) Prolonged overload protection cireult is activated
and lights front panet indicator if output current exceeds approximate-
ty 115% of maximum rating. (3) Optional internaf crowbar (except on
HP 6464C) protects foad from overvoltage condition. {4) Turn-on cir-
cuit Yimits peak line current during start-up into low impedance loads,
{5} Phase-balance circuit pormits operation with Hne-to-line input velt-
age imbalance up to 8%. (§) Overcurrent and over-voltage circuits of
raster slave supplies nsed in auto-series, -paraliel, or -tracking opera-
tion can be intertocked,

Auto-Series, -Parallel, -Tracking Operation
Supplies may be conneeted in auto-series, or auto-tracking (except
1P £448B and 6483C, which cannot be connected in auto-geries).
Up to three Jower-power models (HP 64348—6448B) may be con-
nected in any of the above configurations. Higher-power madel (up
6453A/6483C) interconnection should ordinarily include ne more
than two supplies.

Remoie Programming _

The voltage and current outputs of the supplies can be programmed
by a remote resistance, of for-mast models, a remots voltape source.
Programming speeds and coefficients are detailed in the specifications
table.

AD Power Requirements

The ac power requircments vary with the three model classifica:
tions {see option listings). When powered from 2 50 Bz source {possi-
ble with option 003}, the rms ripple gnd trangient responst
specifications increase by 50%. The p-p ripple specification is un-
changed by line frequency,

Specificationst
RATINGS PERTORIANCE
BLo Load Effect Source Effest -
it - - PARD A Tamgarature
Rmperesd HP Model Yoltage Gurtent Yoltape Current msfpp Coatiitient it
T T O By ¥ 100, gk mv
6.2% + 10 et |13 or 2 AR 0%+ 0wV (1% or ZAT 0.05% 4 2 my 5.05% + 10 m¥
e G s D s O T e 0 I DR
20m+ 10wV |E%orl At o0+ 16V Fi%or L AN 180 mV s 0.08% + 2 m¥ 0.25% » {0mV
Pl e T D A L TN W RO # '**
200 mA 18 my 003% 4+ 5mV 0
N DT WA e SR

S4T30 (005% £ 100mV (DB OISA .3 180wV 0.03% + 4 my
Bt 6050 5 e bl 0 e 1y
120 mV 25 mh Sy 240 mil/400 mV
54790 |00B% + 100mY {01% ¢+ Hmhk BOSS+I00mY |01% +35mA 330 M7V
i TR D s s i i : e
14600 %'.": mh-lBA $4488 A0 m 0 ¥ 15 mA 00 /2 v

0.08% + i

#Hater 0 page 254 for complete spacification defititions.

+1Specitiad tor pombined dine and loed regutation.

& For eperation with & 50 Hz input {posstible only with Qptian BB}, the rms rippis end transient
response spiecifications are incressed by S0%.

© Tha £tpyt CULTER Taling Is givart I the same arder corresponding with th voitage rating.

§ tnder light loading conditions, powar supyty may niol mest s publshed spacilications. The
praph on the next page defines the permisgibia operating regions far ¥ end {0 modes ofoper
ailen.

For aperaticn with 5 50 Hz input iposaible only with Optlan 005}, outpat current i [irsaariy deiel
ad from 100% et 4050 to B0% st 50°C.




POWER SPRLY OUTPUT RESTRICTIONS AS A FUmiTION OF LDADRSG

"N v
m SPECIFICATIONS IN HOM- SHADED REGION

VNN -UNSPECIFIED RESION FOR CC OPERATION,
3 MEETS SPECIFICATIONS 1M €V OPERATION,

UNSPECIFIED REGIDN FQR BOTH.CC a%D

CY MODES OF DFERATY

UNSPECIFIED REGION fﬁﬁ emmm
i, HEETS SPZQA”’IIMQES M

% OF RATED GUTEUT VOLTAGE
g

et v s sttt . s . e e oo b

5 10 20 3
% OF RATED QUYPUT CURRENT

An ac input option must be specified when ordering.

Line Cords
Line cords are not supplied with models 6453A-6483C,

Size

Model 64498: 59 H x 483 Wx 445 mm D {3.5"x 19" 2 17.5"}.
Modeis 64348 &BAA8E: 133 H x 483 W5 432 mm D (5.257 x 19
x 177

Hodels 6453A B4568, & 6450A: 356 H x 483 W 2 500 mm D (14"
X197 x 19.7%),

Models 6484C, 64860, 64890, 84720, 6475C, 6477C, 6578C,
& B&B3C: 705 H x 483 W xT15mm D {27 7371 197 x 28,127},

Option Descriptions

HP 6434B-564488

8id: 115 V ac, % 10%, single phase, 57-63 Hz

G057 realignment for 50 Hz operation

018: chassis slides

$27: 208 V ac, = 10%, single phase, 57-63 Hz

028: 230°V ae, = 10%, single phase, 57-63 Hz

210: one extra operating and service manual shipped
with sach power supply

ﬁﬁeciﬂe&tiens, conlinued
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HP B4E3A, 64588, 64594

An ac input option must be specified when ordering.
AC input connections are by means of a 4-conductor
connestor at rear of wnit. A matching Hubbell No.
7413G plug (HP part nymber 1251-1570) is furnished,
001: 208 V ac, £10%, 3-phase, 15,5 A/phase,

57-63 Hz

802 230V ac, = 10%, 3-phase, 14 A /phase, 57-63 Hz
003 460 V ac, & 10%, 3-phase, 7 Agphase, 57-63 Hz
GO5: realignment for 50 Hz operation g

806 overvoltage protection crowbar

HP 64534, 645%A

HP 64568

0902 chassis slides

831 380 V ac, & 10%, 3-phase, 8.5 A/phase,

57-63 Hz

032: 400 V ac, = 10%, 3-phase- 8.0 A fphase,

57-63 Hz

9101 one extra operating and service manual shipped
with each power supply.

HP 6464C-6483C

An ac input option must be specified when ordermg
AC input connections are by means of enclosed d-wire
terminal block

001; 208 V ac, = 10%, 3-phase, 55 A/phase, 57-63 Hz
002: 230 V ac, & 10%, 3-phase, 50 A/phase, 57-63 Hz
003: 460 V ac, & lﬁ%, 3-phase, 25 A/phase, 57-63 Hz
005 realignment for 30 Hz operation

008: internal overvoliage protection crowbar

HP 6477C, 6478C, 6483C

HP 6466C

HP 6469C

HF 6472C, 6475C

023: rack mounting attachments for standard 19" rack
B3 1 380 V ac, = 10%, 3-phase, 30 A/phase, 57-63 Hx
032: 400 V ac, = 10%, 3-phase, 28.5 A /phase,

57-63 Hz

848: prepares power supply to be programmed with
resistance by an HP 69408 or 8942A.

§10: one exira aperating and service marmyal shipped
with each power supply,

Accessory

- 145454: casters for HP 6464C-0483C—set of four

REROTE CONTRCL

GEHERAL

Losd Translent Heslstance Coedficiont Yoltage Costfictent}

Up Down Het Weight

Recoverys

R

mm-m

mw

i

%;m

m msm* )

AFor apacstion with o 50 He input (possible only with Option G051, %he rens ripple and {randiant responsa specifications ars increased oy 0%,

**This fantura is not svalinble,
‘Amae inpu; option gt be spedified when ordering thess 3-phase modals.

T8pecial Option J30 must be orderad with models 54348-54458 and 8486554830 1o be progracmed witi: sn HP 585018 Power Supply Progeammer, Contact vour focal HR Fisld Engineor for ardering

instructions,







SECTION I
INSTALLATION

21 INITIAL INSPECTION

23 Hetors shipmen‘é, this instrurnent was inspected and
found 1o be free of mechanial and electricat defects. As
soon 35 the instrument s unpacked, inspact for any darnage
that may have occurred in transit. Save alt packing materials
untl the inspection is completed, 1f damage is found, fite a
claimn with the carrisr immediately. Mewlett-Packard Sales
and Service office should be notified.

2.3 Mechanical Chack

9.4 This check sheuld confirm that there arg no broken
knobs or connectors, that the cabinet and panel surfaces
ave free of dents and scratches, and that the meters are
not scratched or cracked,

2.5 FElectrical Check

2.5 The instrument should be checked ggainst its electri-
cal specifications. Section V includes an in-vabinet”

nerformance check to yerity éropef instrurment operation,
2.7 INSTALLATION DATA

28 The instrument is shipped yeady for operation, I3 is

necessary ordy t0 connect the instrument 10 8 SQUrce of pow-

er and it is ready for cperation.
2.4 Location

210 This instrurnent is fan cooled, Sutficient space shouid -
be atlotted so that a free ftow of cooling air can resch the
sidas of the instrument when itis in operation. o should be
used i an arga whare the ambilent temperature dosg NOL ax-
ceed BOOE.

2-11 Qutline Diagram

2.1 Figure 2-1 iljustrates the two basic outitne shapes for
powar supplies of the BOR-10 Series.
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2-13 Rack Mounting

Z2-14 To rack mount the unit, Option 023 is instalied at the
factory, The user receives the supply with rack sars attached
to the side-front of the unit. The supply can then be mount-
ed in a standard 19-inch rack using standard mounting
SCrews.

215 INPUT POWER REQUIREMENTS

2-18 The input power is specified by the buver in his ori-
gina! purchase contract using the appropriate option num-
ber, Five innut options are available; Option 001 {208Vac),
002 (230Vac), 003 (480Vac), 031 {380Vack and 032 {400V
ach All of the ontional fine voltages may vary within £10%.

2-17 Al ac input connections are made at the rear terminal
black {z power cord and connector are not supplied with
the unit). The user should ensure that the ag input wires are
of the proper gauge. For example, the line current iz 50
amperes {maximum} for 3 230Vae input, dictating that each
conductor be at l2ast number 8 gauge wire, The safety
ground wire should be the samae gauge as the ag input wires
to ensure that it does not open and create 5 safety hazard.

2-18 The av power source to this spoly may be sither
delta or wye with isolated neutral, The threg phase input
voitages must be balanced to within 8% of aach other for
the suppiy to operate, However, if the inpyt line voltages
are ynbalanced by more than 3%, the unis may not meet the
pubiished ripple and nose specification » although it will
meet all other spenifications. Moreover, if the user's line im-
balance exceeds 3%, it is advisable 10 check the input line
currents and adjust the current hatance circuft, i¥ necessary
{refer to Paragraph 5-951,

2-19 Any SCR reguated suppty, because of its inherent
characteristics, cannot tolerate 4 great degree of distortion In
the input fine voltage. The amount of distortion that can be
tolerated is not precisely defired, but the supply should
never be driven from the outpurt of an werter or a saturable-
reactor type of regulator whers the nominally sinusoidal
waveshape is flattened considerably, Anather cause of distor-
tion is high line impedance. The user should sontact the fac-
tory if trouble is exparienced in this area, :

220 208/230Vac Conversion

2-21 To convert the unit from a 208Vac (Option GOl to s
230Vac {Option 002} input, or vice versa, it is necessary on-
ly 10 restrap transformers T4, 75, and A3T1 , T2, ang T3,
Mo other changes are necesary hecsuss the componerits
used for Options 001 and 002 are identical. The schematic
diagram, Figure 7-7, shows the transformers noted above

-2

strapped for 230Vac operation. Hence, to tonvert the unit
from a 208Vac input to a 230Vac input, remove the 208y
at jumpers and conrect the transformers as shown on the
schesmatic. To convert the unit from a 230Vac input to =
208¥ac Input, simphy use the 208Y terminals as follows:

& With the unit off, remove jumper betwesn T5-3
and T5~6, Connect rew jumper between T5-2 and T5-5.
Disconnect wire from fuse R 10 T8-8 and connect it be-
tween FB and T5-5.

b. For transformer T4, remove three straps betwean
A1-230, B1-230, and ©1-230 and rconnect a strep between
A1-208, B1-208, and 1208,

¢. On tremsformers A3T1, A3T2, and AZTE, discon-
nect three jurhpers batwesn T1-0V and T2-230, T2-0V
ard T3-230, snd T3-0V and T1-230, Connect th}'efa jump-
ers as follows: T1-0V to T2-208, T2-0V to T3-208, ang
T3-0V te T1-208. :

222 380/400Vac Conversion

2-23 To convart the unit from 2 380Vac {Oprion 0311 to 2
400Vac (Option 032} inpust, or vige versa, it Is necessary on-
ly 1o restrap transformers T4, T5, and A3T , T2, and T3,
Ne other changss are necessary because the companents
used for Options 037 and 032 zre identical,

2-24 Transformer Connections for 380Vac Input, For a
380Vac input, the OV tap on the primary transformer TH is
connected to fuse F7 and the 380V tap is connected to fuse
FB. The 400V tap is open. The secondary windings are cone
nected as shown on the schematic, Figure 7.7.

228 Transforroer T4 is connected in the delta-star configu-
ration shown on Figure 7-7. For 380Vac ocperation, connect
tap A7 to tap 380 on the B section, tap 81 1o tap 380 of
the C section, and tap C1 to tap 380 of the A section. The
three 400V taps are opan.

2:26 Transformers A3T1, A3T2 and A3T2 dre conngcted
in the defta-delta configuration shown on Figure 7-7, For
3B0Vac operation, connect T1-0V to T2-380V, T2-0¥ 1o
T3-380 and T3-0V to T1-380V. The 460 taps on the three
transformers gre open, .

227 Transformer Connections for 408Vee Input. For a
400V ac input, the OV tap on the primary of TB must be
connected to fuse F7 and the 400V tap must be connected
to fuse FB. The 380V tap is left open. Secondary taps re-
main connected as shown on Figure 7-7,

2-28 For transfarmer T4 (delta-star configuration) tap A1
is connected 16 tap 400 on' the B section, tap B is connect-
ed to tap 400 on the C section, and tap G110 tap 400 on
the A section, The three 380V taps are left open,

i




2.9G Transformers A3TY, A3T2, and A3T3 are connacied
in an delta-delta configuration as follows: T1-0V 10 Ta-
406Y, T2-0V 1o T3-400V and TR-0V 10 T1-400V. The
386Y taps on the three transiormers are jaft open.

2.30 50Hz Ac lnput {Option 005)

131 For operation from a 50Hz source it is necessary only

1o readjust the output ripple as described in Paragraph 594,

I rere instances it may be necessary to readjust the trarisi-
ent recovery potentiometer {ATR48] if the supply shows
signs of vsciliating.

23

227 REPACKAGING FOR SHIPMENT

.23 To insure safe shipment of the instrument, it is recarm:
mended tha: the package designed for the instrument be
used. The original peckaging material is reusable, f itis not
ayailable, contact your locat Hewieti-Packard fletd oifice to
ohtain the materiats, This office witl also furnish the address
of the nearest service center to which the instrument can be
shipped, Besure to attach @ tag to the instrument specifying
the awner, mocel number, Tl seriat number, and service re-
quired, or a brief description of the froubis.







SECTION [H
OPERATING INSTRUCTIONS
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Figure 3-1. Front Panel Controfs and Indicators, Typical SCR~10 Supply

31 TURN-ON CHECKOUT PROCEDURE MNOTE
32 The following checkout procedure describes the use ' The supply output is held off for
of the front panel controls and indicators [Figure 3-1) and approximately 10 o 20 seconds
ensures that the supply Is operational. . after turn-on by an internal controf
a. Bet ~LINE ON switch @ to on and observe that eirouit,
pilot lamp @ Hghts. )
tr. After turn-on delay period {see NOTE], rotate &, To check out constant current cireult, first urn off
CURRBENT controls fully ciodowise and adjust VOLTAGE supply. Then, short circuit cutput bus bars and rotate VOLT-
controls @ to obitain desired output voltage on voltmeter AGE controls fulty clockwise, Turn-on supply,

d. After tlrn-on delay, adjust CURRENT controls @

B




until desired output current is indicated on ammeter @ .

a, If supply is equipped with an overvoltage crowbar
{Cption DDE}, front panel will contain CROWBAR ADJUST
pot and jamp . 1f Option 008 is not ordered this portion
of panel is blank. Refer to Appendix A for crowbar oper-
ating instructions.

f TEMPERATURE and OVERCURRENT PRO-
TECT lamps, and , are described in Paragraph 3-24.
Before connecting actual ioad to supply, resd the foliowing
paragraphs.

33 OPERATING MODES

3.4 The power supply is designed so that its mode of oper-
ation can be selected by making strapping connections be-
nween particular terminals on the terminal strips at the rear
of the power supply, The terminal designations are mlated on
the B.C. bioard below their respective terminais, The foliow-
ing paragraphs describe the procedurss for utitizing the vari-
bus opsrational capabilities of the power supply. A more
theoretical description concerning the operational features
of this supply is contained in Application Note 80A, Power
Supply Handbook {available at no charge from your locat
Howlett-Packard sales office}. Sales office addresses appear
at the rear of the manual,

35 NORMAL OPERATING MODE

3-8 The power supply is normally shipped with its rear
terminal strapping connections arranged for constant volt-
age/constant current, local sensing, tocal programiming,
single unit mode of operation, This strapping pattern i
shown in Figure 3-2. The operator sslects either a constant
voltage or a constant current output using the front panel
controts (neal programming; ne strapping changes are
necessaryh.

3.7 Constant Yoltage

3.8  To select a constant voltage output, progeed a5 fol-
{owvs:

a. Turn on power supply and adiust VOLTAGE con-
wols for desired cutput veltage with output terminals open.

. Shert circuit output terminals and adjust CUR-
RENT controls for maximum cutput current aliowable
{eurrent Hemit}, as determined Dy load conditions. if a loed
change causes the eurrent Hmit to be excesded, the power
supply will automatically cross over to constant current
output at the preset surrent limit and the output voliage
will drop proportionately. In setting the current lirnit, gk
lowance must be made for high peak currents which can
couse unwanted crossover, {Refer to Paragraph 3-68)
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Figure 3-2, Normal Strepping Pattern

35 Constant Current

310 To salect 2 constant current cutput, proceed as fol-

fows:
a. Short circuit cutput tarminals and adjust CUR-
BENT controls for desired output currant,

b, Open output terminals and adjust VOLTAGE con-
trols for maximum output voltage allowsble (voltage timit),
as determined by load conditions, If 2 load change causes
the voitage limit to be exceeded, the power supply will gutn-
maticatly cross over to constant voitage output at the presst
voitage limit and the cutput current witl drop proaportion.
ately, in setting the voltage limit, atiowance must be madle
for nigh pesk voltages which can cause unwanted crossover,
{Refer to Paragraph 3-83.

NOTE

Ag indicated on the Specification
Table (1-1] the supply may not mest
all specificatfons under “light load”
conditiops. These constraints are
due to minimuem operating thresh-
olds inherent in the SCR% in the
roguiator. Howéver, as shown on
Table 1-1, the supply wifl operate
savisfactorily if the supply delivers -
more than 30% of the rated outhut
voitage (Constant Voltege opera-
tionf or rated output current (Con-
stant Current operation). Only 5%
of rated output voltage or current fs
required provided that the supply is
defivaring more than 100 Watls to
the foad,




3-11 Mo Load Operation

32.12 When the supply is operated without & load, down-
prograrmming speed is considerably stower than in normet
ioaded operation. The actual time required for the output
voltage to decrease 1o & leval set by the front panet control
varies from approximately B seconds to about 200 seconds,
depending on the model number and the incremental
change.

312 Cutput Ranges — Models 6466C and 6483C
Cnly '

2.14 Modal B468C can be operated in one of two output
ranges while Modet 84830 has three output ranges {refer to
Specification Tabig, 1-1, for these units), No range switch-
ing is required but the cuwrent and voltage requirements of
the load should be predetermined to ensure that the ratings
for & particular range will not be exceeded. if a reting is ex-
ceaded, one of the supply’s internal protection circuits will
he activated. For examgpte, if the supply is operating in the
high voltage, fow current range and the putput current ex-
ceeds the rating for that range, the overcurrent circuit will
become activated and shut off the supply.

315 Connecting Load

315 Each load should be connected to the power supbly
output terminais using separate pairs of connecting wires,
This will minimize mutual coupling effects between joads
and will retsin full advantage of the low ouiput impedance
of the power supply. Each pair of connecting wires shouid
be as short 46 possible and wisted or shislded to reduce
nofse pickup, (1 & shislded pair is used, connect one endd of
the shietd te ground at the power supply and leave the
other end unconnected:}

217 I load considerations require that the output power
distribution terminals be remotely located from the power
supply, then the power supply cutput terminals should be
connected to the remote distribution termingls via a pair
of twisted, or shielded wires and each toad shouid be sepa-
rately connected to the remote distribution terminals. For
this case, remote sensing should be used, {Refer to Para-
graph 340.1

3-18 Grounding

3-19 Positive or negative output voltages can be obtained
from the supply by grounding either output bus. If the
output is floated {neither output bus grounded) it can be
operated up to 100Vde shove ground (300Vde above
ground for Modets B475C, 6477C, and 8479C),

33

320 When grouniding the outpu?, the customer's ground
must be used and connected to the desired ouwtput bus on
the supply. Do not ground the output at the supply's
chassis or at the ac ground terminal on the rear of the
supply. These points are at safety ground and are not the
neutrat of the power source (refer to Section 11}, By fol-
jowing these recormmendations and running & separate {pad
fromm each output bus to the load, the user will be doubly
certain that no load current wiil flow through the ac input
wires to the supply.

321 Operation Beyond Rated Output

2.9% The shaded area on the front pansl meter face indi-
cates the approximate amount of output voltage or current
that may be available in excess of the normal rated output.
Aithough the supply can be operated in this sheded region

without being damaged, it cannot be guaranteed to meet

all of its performance specifications,
3.23 Protection Circuits

124 This supply contains an internal overload protection
circuit which shuts off the supply in the event of a pro-
longed overcurrent or gvertemperstire condition {details
given in Section [V}, This circuit also iltumirates the appli-
eabile indicator tamp {OVERCURRENT PROTECT or
TEMPERATURE} on the front panel. f one of these
tamps should light, the operator should set the LINE
awitch to off and turn the VOLTAGE and CURRENT con-
trols to zero {ECW), Next, the unit should be turned back
on. If the overload lamp lights again, turn the unit off and
proceed to Section V, Troubleshooting. ¥ the lamp does
not Hght, the overtoad may have been caused by & ling
transient or an improper connection at the rear barrier

strip. Ensure that all screws on the rear barrier strip are

tight and that the strapping pattern sgrees with the desired
speration.

105 GPTIONAL OPERATING MODES
308 Remote Programiming, Constant Voltage

427 The constant voltage ocutput of the power supply
can be programmed {(controlled) from a remote location if
required. Either a resistance or voltage source can be used
as the programming deviee. The wires connegcting the pro-
gramming terminats of the supply 1o the remote program-
ming device should be twisted or shieided to reduce noise
pickup, The VOLTAGE controls an the front panel are
automatically disabled by the foliowing procedures,

3.28 Resistance Programming {Figure 3-31, In this mode,

Y




the cutput voltage will vary at a rate determined by the con-
stant voitege programming cosfficient (refer to Specifica-
tions Table, 1-1} The programming coefficient is determined
by the programming current. This current is factory adjusted
to within 1%. ¥ grester programming accuracy is required, it
may be achieved by adjusting ATRE as discussed in Para-
graph 5-78.
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Figure 3-3. Remote Resistance Programming,
Constant Yoltage

3-29 The output voltage of the supply should be 0 £ 10mVY
when zero ohms is connected across the programming termi
nais, If & zero ohm voltage closer 1o zerp than this is required,
it may be achieved by inserting snd sdjusting ATR 11 as dis-
cussed in Paragraph 675,

3-3¢ To maintain the stability and temperature coefficient
of the power supply, use programming resistors that have
stabie, low noisz, and low temperature coeffleiant {less than
30ppm per degree Centigrade) charasteristics. A switch can
be used in conjunction with various resistance values in or-
der 1o obtain discrete output voltages. The switch should
have make-before-break comiacts to avoid momentarily
opening the programming terminals during the switching
interval.
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331 Voltage Programming, Unity Qain (Figure 3-4). Em-
ploy the strapping pattern shown in Figure 3-4 for voltage
programaing with unity gain. In this mode, the output volt-
age witl vary i a 1 1o 1 ratio with the programming voltags
{reference voltage) and the load on the programming voltage
source will not exceed 20 microamperes,

332 To provent the Internal programming current from
flowing to terminal A2 and into the external voltage source,

& jumper strap on P.C. Board A1 must he removed {see Fig-

ure 7-1 for location of the umper). Be sure to reconnect
this jumper before converting the unit to a different oper-
ating mode,

3-33 The output voltage of this supply cannot be voltage
programmed with gain uniike some of the other HP supplies,

334 Remots Programming, Constant Current

335 Either a resistance or a voltage source can be used to
control the constant current output of the supply. The
CURRENT controls an the front penel are automatically
disabled by the following procedurss.

%35 HResistance Programming {(Figure 3-8l In this mode,
the output current varies at a rate determined by the con-
siant current programming coefficlent given in Specifica-
tions Table, 1-1. The programming cogfficient is determined
by the constant current programuning current which is ad-
justed to within 2% at the factory, If greater programming
accurany is required, it may be schieved by adjusting ATR25
as discussed in Paragraph B-83. The output current of the
supply when zerp ohms is placed across the programming
terminals may be set to exactly zero by adjusting A1R28 &
discussed in Paragraph 5-82,

337 Use stabie, low noise, low temperature coefficient
{less than 30ppm/OC) programming resistors to maintain
the power supply temperature coefficient and stabifizy
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Figurs 3-4. Remoie Resistance Programming,
Lonstant Voltage, Unity Gain

Figure 3-5. Remote Resistange Programming,
Constant Current




specifications. A switch may be used to set discrete values
of vutput current. A make-before-hreak type of switch
should be used since the output surrent will axgeed the
maxirmurm rating of the power supply if the switch coniects
onen during the switching interval,

CAUTION

} the programming terminals (A4 and A8)
should open at any Hme during the remots re-
sistance programming mode, the output current
will rise to a vaiue that may damage the foad. If,
in the partictisr programming configuration in
use, there s a chanve that the terminals right
bacome open, it is suggested that a 1kil resistor
he connected scross the programming terminals.
Like the programming resister, this resistor
should be & fow nofse, low temperature cogffi-
cient type. Note that when this resistor is usedd,
the resistance value actually programming the
suppiy is the paraflel combination af the remuote
programming resistence and the resistor across
the programming erminais,

3.38 \olage Programming With Gain {Figure 3-6}. The
power supply output current can be programmed using an
external voltage source with variable gain by utilizing the
strapping pattern shown in Figure 3-6. In this mode, the
sutput current will vary linearly from 0 to maximum rating
when the voltage source is pragrammed from 0 to 6.2 volis,
The value of the voltags source appdsring aCross termingis
AQ and A10 shoutd not exceed 7,4V dg if possible damage
1o the instrument is 10 be avoided,

7.90 External resisgtor Ro should have stable, low noise,
and tow temperature coefficient {less than 30ppm per de-
gree Centigrade} characteristics in order to maintain the

stability and temperature specifications of the power supply.
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Figure 3-6. Remote Voltage Programming,
Non-Unity Gain, Constant Current

Note that it is possible to use the front panel current con
srofs atready in the supply {R3 and R4) as the gain cortrol
{Ap) by simply removing the external Bp and strapping ter-
minals AB and AB together,

3.40 Remote Sensing (Figure 3-7)

3-41 Remate sensing i used to maintain good regulation
at the load and reduce the degradation of regulation which
would sccur due 1o the voltage drop in the leads between
the power supply and the Joed. Remote sensing is acgomp-
lished by utilizing the strapping pattern shown in Figure
3.7. The power supply should be turned off before chang-
ing strapping patterns. The leads from the sensing (51 ter-
minals to the lpad witl carry much less current than the
toad feads and i Is not required that these leads be as
heavy as the foad jeads. However, they must ba twisted or
shielded to minimize noise pickup.

242 For reasonable ioad lead lengths, remote sensing
greatly improves the performance of the supply. However,
if the load is located a considerable distance from the sup-
ply, added precautions must be observed to obtain satisfac-
tory operation, Notice that the voltage drop in the load
leads subtracts directly from the available output voltage
and also reduces the amplitude of the feedback errot sig-
nals that are develaped within the unit. Because of these
factors it is recommended that the drop in the negative
toad {ead not excesd 3 volts, If a larger drop must he toler-
ated, piease consult an HP Sales Engineer.

NOTE

Dus to the voltage drop in the load leads, it
may be necessary 10 readjust the current limft
in the remuote sensing mode.

2.43 Observance of the precautions in Paragraph 342 wilt
result in a jow do output impedance &t the load. However,
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Figure 3-7, Remote Sansing
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another Tactor that must be considered is the inductance of
long load leads, This causes & high ac impedanos and could
aftect the stability of the feedback loop seriousty enough to
cause oscillation. If this is the case, it s recommended that
the foHowing actions be taken: ‘

a. Adjust equalization control A1R48 to remove 0§
cillation, ot 1o achieve bast possible transient response for
giver long Inad lead configuration. Refer to Paragraph 5-88
for discussion of transient response measurament,

f. 1f performing adjustment in step {8} above does not
remove oscillation, connect & capacitor having similar char-
acteristics to those of the output capacitors {C1, £2, ete.)
used in the supply, directly- across toad using short leads,
Readiust equalization control R48 as in step {af sbove after
rmaking this change.

344 Although the strapping patierns shown in Figures 343
through 3-6 employ local sensing, i is possible to operate &
power supply simultanegusty n the remote sensing and re-
mate programming modss.,

345 Auto-Parallel Opearation (Figure 3-8)

248 Two (maximum) SCR-10 power supplies can be con-
nsuted in an Auto-Paratlel arcangement to abtaln an ocutput
current greater than that evatlable from one supply. Auto-
Farailel dperation permits equal current sharing under aff
lnad conditions, and aHows complete contral of the output
current frorm the master powsr supply. The output current
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Figure 3-8, Auto-Parzlie Gpetation
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of the slave will be approximately equal to the master's out-
put current regardless of the load conditions, Betause the
output current controls of the slave are operative, they
sheuld be set to maximum to prevent the slave reverting to
constant current operation; this would ocour if {he master
output current setling exceeded the slave's.

347 Remote sensing and programming can be usad, though
the strapping arrangements shown in Figure 3-8 show iocal
sgnsing arch programiming.

3-48 Auto-Series Operation {Figure 2-8)

3-48 Two tmaximuem) SCR-10 power supplies can be oper-
ated in Auto-Series 10 obtain a higher voltage than that
avaitable from a single supply. When this connection is used,
the putput voltage of the slave supply varies in accordance
with that of the master supply. At maximum output volt-
age, the voltage of the siave is determined by the setting of
the front panel VOLTAGE contrals on the master. The
master supply st be the most positive supply of the
serigs, The output CURRENT controls of the slave unit are
operative ard the current Hmit is equal to the lowest con-
trol setting, If any of the output CURRENT controfs are
gt txo low, automatic crossover to constant current opers.
tion will oocur and the cutput veltage will drop. Remote
sensing and programming can be used, though the strapping
arrangsments shown in Figure 3-9 show locs! sensing and
programming.

—CAUTION

Modse! 64830, of the SCR-T0 Seriss, cannpt be
operated in Aurc-Series because this supply can
not be floated at more than 100Vde off ground.
However, “Auto-Tracking” can be utilized to
abtain coordinated positive and negative volt-
ages it the center tap of the combination is
grounded {refer to Paragraph 3-52).

350 In order to maintain the temperature coeffistent and
stabifity specifications of the power supply, the external re-
sistors (Ry) shown in Figure 3-8 shoutd be stable, fow
noise, low temperature cosfficient {less then 30ppm per de-
gree Centigrade} resistors, The velue of each resistor is de-
pendent on the maximum voliags rating of the “master™
supply. The value of Ry is this vohage divided by the Con-
stant Voltage programming current of the slave supply
{1/Kp where Kp is the reslstance programming coetticient),
The voltage contribution of the slave 5 determined by its
voltage control setting.

351 Protection diodes {CRg), connasted across the output
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'nf sach supply, pravent internal damages that could ococur
from reverse voltages if one supply is turned on befere the
other, On six models in the SCR-10 Series, current limiting
resistors are ragquired. Vaiues and part numbers far the re-
sistors and cHodes gre given in the chart below,

Maodel CRE Commercial/HP Part No, Hg Value
84840 AZOREI1O01-0336 Not requirsd
B466C ABOF/1801-0338 Mot required
$4880C ASOA/1901-0338 0.0202
B472C 1N3289/1901-4307 0.03%2
8475C INTIB7A/ 18015320 0.088%
8477C 83270/1801-0328 4.2088
B6475C 83270/1801-0328 0.258
£483C S3270/19019326 0.7502

352 When the center tap of an Aute-Bevies combination is
grounded, coordinated positive and negative voltages result.
This technigue is commaonly referred to a3 “rubber-banding™
and an externsl reference scurce may be emiploved if de-
sired. Any chenge of the internal or external reference
source (e.q., drift, ripple] will cause an equal peroentage
change in the outputs of both the master and sleve supplies,
This feature can be of considerable use in analog computer
and other applications, where the losd requires a positive
and a negative power suppty and is less susceptibie 1o an
cutput voltage change ccourring simultaneously in both sup-
plies than 16 a change in either supply alone,
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3563 Battery Charging

354 The automatic crossover hetween cornstant voltage
and constant current displayed by the BCR-10 Series makes
it an ideal supply for battery charging applications. Using
this featurs, a hattery may be charged at 2 constant current
until the maximum charge voltage is reached at which point
the supply will revert to constant voltage and continue o
supply & trickle charge current sufficient to maintain full
charge {see Figure 3-10). Thus, the charging operation can
be unattended after property setiing the charging rate and
the maximum charge voitage and connecting the battery 1o
the output terminals of the supply.

3-8 The procedure for setting the charging rate and fuli
charge voltage on SCR-10 Series power supplies Is as fol-
jows:

~a, Turn both the VOLTAGE and CURRENT controls
fulty counterclockwise {CCW).

by, Place & short circuit across the putput tefminals
and rotate the VOLTAGE control fully clockwise (CWI.

¢. Rotate the CURRENT control to thedesired
charging rate as read on the front panel amrmeter.

d. Botate VOLTAGE control fully CCW and remove
the short circuit. '

. Rotaze the VOLTAGE control 1o the desired full
charge voltage as read on either the front panel voltmeter
(2% accuragy) or a more precise voltage standard. The unit
may then be connected 1o the battery terminals, positive to
positive and negative to negative.

388 Protection dicde CRp prevents s charged battery from
discharging into the supply if the supply is turned off,
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NOTE

A large battery, connected as & Joad, presents a
large capacitance acruss the outputl rerminais.
This capacitance could cause the supply to oscit-
iote; particularly i remote sensing is employed.
To stabifize the supply, potentiometer A1R4S
may be readfusted {increase resistarice/ as out-
lined in Parsgraph 5-88. If the maximum resist-
anee of A48 is noe sufficient, jumper (R58) can
be removed and an additional resistance sub-
stitured in serfes with the potentiometer.

357 Tapar Charge, For charging lead-acid cells, the charg
ing current should be reduced when the battery is nearing
completion of its charge. This &s accomplishad by inserting
& small resistance (AT} in seriss with one of the load leads
from the supply to the battery which altere the normaily
rectangular sharging plot in such 3 manner s to provide 2
taper charge for the last portion of the charge oycie. The
value of this resistance is the difference between the full
charge voitage and the voltage at which the tapering s to
start, divided by the maximum charging current.

358 Battery Discharging

354 Automatic constant current, unattended discharging
of a battery using the SCR-10 Series reguires certain
changes in the strapping configuration on the rear barrier
sirip as ustrated in Figure 3-11. Also, & jJumper strap on
P.C. Board A1 must be ramoved {see Figure 7-1 for loca-
tioni. Removal of this jumpsr ensures that the internal pro-
gramming current does not flow inte terminat A2, Before
operation, the user should make sure that the interconnect-

ing leads between supply and battery arg secure and cannot

hecome opaned,

360 The supply initially operates in constant surrent mode
#t the value set by the current control, When the battery
voltage is Bigh the supply cutput voltage will be low, and as
the battery discharges the supply output ¥oliage inCreases,
A constant voltage is maintained across Ry {constant cur
rent through Rk This condition will preveil until the bat-
tery voitage drops to zero. At this point, the supply will
switch off and no more current with flow through Ry. Dicde
CRp protects the supply against reverse voltages. As shown on
Figure 3-11, Ry must be selected so that its IR drop is less
than the maximum rated output of the supply vet greater
than tha battery voltage.
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Figure 3-11. Battery Discharging

361 The procedure Tor the connedtion of the components
in this configuration is as follows:

a, Turn off the powsr supply and rotate the cur-
rent control full counterclockwise, {The voltage contro!
will be disconnected by step b.) '

b, Remove the designated fumpers (A2 to A3 and
P.C, Board} and connect A2 to the negative terminsl of
the battery through 10k resistor,

¢, Connect the negative termins! of the supply to the
positive terminal of the battery.

d, Insert Ry between the positive terminat of the sup-
ply and the negative terminal of the battery, energize the
supply and rotats the current control to the desired dis-
charge current a8 read on the front pangl meter,

382 SPECIAL OPERATING CONSIDERATIONS
383 Pulse Loading

364 The power supply will automatically oross over from
constant voltage to constant current operation, or the re-
verse, In response to an increase {over the preset Hmit} in
the output surrent or voltage, respectively. Although the
preset Himit may be set higher than the average outpUt cur-
rent or valtage, high pesk currents or voltages {as oocur In
pulse loading! may exceed the preset limit and cause cross-
over to occur. H this crossover Hmiting is not desired, set
the preset Himit for the peak requirement and nnt the
average. ‘










