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Figure 1-1,

1- l DESCRIPTION

DC Power Supply. Model 6448B o

1 2 This pow:-:r supply. Flgure 1-1, is complete— R

ly translstorized and suitable for bench or rack op~
eration, Itisa well-regulated, Constart Voltage/
Constant Current supply that will furnish full rated
output voltage at the maximum rated output current

or canbe continuously adjusted throughout the out-"

put range.
be used to establish the output current limit (over—
load or, short circuit) when the supply is used.as a
constant voltage. source and'the VOLTAGE control

The front panel CURRENT controls can

canbe "1sed to establish the voltage limit when the ‘

supply'is used as a constant current source, The
supply will automat!cally crossover from constant
voltage to constant current operationand vice~
versa if the output current or voltage exceeds the
limits established by these controls,

"1-3  OQutput voltatj'e and current can be continu-
ously monitored on the two front panel meters
_The power supply has both front and rear output
termlnals. Either the positive or negative output
terminal may be grounded or the power supply can,

U = -8 Aato-Parallel Operatton.
'mey be operated in Auto-Parallel with a similar

be operated floatlng at up to a maximum of 300

* Volts off ground. X

1-4: OPERATING CAPABILITIES

1w5 Termlnals at the rear of the unit allow ace
cess o various control points within the unit to '
cxpand the operating capabtlities of the instrument,
A brief description of these copabtlities is given
below. S ‘ _ .

1-6 Remote Programming. The power supply may
be programmed {controlled) froma remote Iocation ’
by means of an external voltege source or resist-
ance, :

1

The degradation’in regula-

-7 - Remote Sensing.

" tion which would occur at the load because of the

voltage drop in the load leads can be /reduced by
using the power supply in the remote sensing
mode of operation ' ' _

v e )

The power supply . .

o -.JJ "‘.} ,
L}

y !




' 1-8  Auto-Tracking,

.ment covered by this manual,

!‘J._ o

unit when greater output current capability is re—

" quired, Auto-Parallel operation permits one  knob

control of the total output current: from a "master
supply.” , .
The power supply. may be
used as a "master" supply, having control over
one {or more) "slave" supplies that i'umish varl-"
ous voltages for a system.

1- 10 SPEGIFIDATIONS

1- 11 Detailed specit‘ications for the power sup»
ply are given in Table 1 1, ‘ .

'
t

12 omous T
‘1=13 Options are factory modifications of a stand-—
ard instrument that are requested by the customer.
The following options are available for the instru-
Where necessary,
‘detalled coverage of the options is included
throughout the manual ) , ;
Option No, - ,'l- Description | '

05 50Hz Requlator Realignment,
ard instruments will operate, satisfac-
torily at both 60 and 50Hz without
adjustment,

., tory realignment results. in more effi-

clent operation at 50Hz, and is recom-

Y - mended for all applications when con-

tinuous operation from a 50HzZ ac input

S is intended ‘ ‘ . ; .
U ghiss_iside_s_. Enables convenientf‘_

| access to power supply interior for |
" . main‘enance purposes, Slides are at-~
tached at the factory. /' , :

17 " 208Vac £10%, Single phase Input,

Stand-.lj

However. Option 05 fac- '

L stallation of 208 Volt input power ..

transformer. .blas transformer. and '
SCR's to replace the standard 115 or ;
L 2,30 \’olt components. L :

: '230Vac :i:lﬂ%, Single Phase Input,
i Factory modification includes the in-
stallatton of a 230 Volt input power :
' transformer, blas transfdrmer. and '
‘ . SCR's to replace the standard 115 or
230 Volt components. ‘\,. o :

(IS

fied by a. three-part serial number tag. The. first

part 1s the power' supply model number. The sec-
ond part Is the serial number prefix.\which con+ ' |

. sistsof a numoer-letter combination that denotes
the date of a significant design change.
. ber designates the year, and the letter A through M
designates the month, January through December, \
respectively, with "I" omitted, The third part is! |

. the power: supply serlal number; a different sequen- '

|

o tial number is asslgned to each power supply.

1-16 If the serial number on your instrument does
- not agree with those on the title page of the man- \
. uai. Change Shaets supplied with the manual or
Manual Backdating Changes in Appendlx A define
the differences between your {nstrument and the
instrument described by this manual, -

1-17 ORDERING ADDITIONAL MANUAI.S

+

‘1-18 One manual is shipped With each power

;' 'your local Hewlett-Packard sales office (see list -
_at rear of this manual for addresses) Specify the,
model number, serial number prefix, ‘and @ part

1-14 INSTRUMENTI MANUAL IDENTIFICA{IOH ,
. -
‘7 1-15 Hewlett-Packard power supplies are identi- .\

The num- :

sapply, ‘Additional manuals may } ‘:e purchased from :

t\!l

3 "~ Factory modiiicationincludes the in- : ‘i number provided on the title page.
/: . . - i
4 . Table lei,' Specif{l'cations ' - !
. . | !\n | -l . ‘ -’I — . "
INPUT: ' Constant Gurrent - Less than 15mA for a change! '

‘115Vac £10%, 57-63Hz, single phase, 16 Am-‘
peres, 1200 Watts maximum,

n)l
'

 QUTPUT:

O 600 Vo.ts @ D 1.5 Amperes.
LINE' REGULATION: o
Constant Voltage - Less than 600mV for a

change in-line voltage from 303.5 to 126 5 (or

126, 5 to 103. 2L '

-in'line voltage from 103.5 to 126.5 (or 126 5to-
10‘1 5.

‘ LOAD REGULATION:

Costant Voltage - 'Less than 600mV for achange
in ou'put current from no load to full load or full
load to no load. - ’ *

Constant Current - Less than 15mA for a change
in output voitage from no load to full load or, fuli
load to no Ioad ' :

L f Jl! AN i Lot [ |f"l'

! fon L . . I b
S e i ' sy et I

.4-;

;:.';‘ S ‘Table‘lrl

Spccifications (Continuedl Y

mppm AND NOISE: = ' ’
Less than GOUmVrms/ZV p-p (dc to ZOMHz)

LOAD TRANSIBNT RECOVERY:

Less than 200msec is, required for output voltage
recovery to within 3000mV of the nominal output .
voltage following a loz2- .change from full load to
. half load or half load to full Joad, Excluding the

"inltial narrow spike 'of approxirrately 100usec
v duration (significant only with inad rise times
faster than 0, 1A/usec), the tran lsient amplitude.
- will be less than '20 Volts/Amp for any load .
K change, hetween 20% and 100% of rated output cur—-
: rent= ‘

' l
I'LINF TRANSIENT RECOVERY-
Less than 200msec is required for output volt- |
' age reccvery to within 30 Volts of the nominal
“output voltage following a crange In the nominal
line voltage from 103 5 to 126, SVac, i N

b

"

'IEMPERATURE RANGES' v o

C‘perating. 0°C to 5500, Storage: -400C to +750C,
! R T
TBMPERATURE COBFFIGIBNT- '

- Constant Voltage - Less than (0 03% + loﬁm\')
output change per degree centigrade change in
ambient t'ollowing 30 minutes warm-up.

) Constant Current - Less than 5mA output change
per degree centlgrade change in ambient foilo\.y- o
ing 30 minutes warm-up,

4
'

s'rAam'rY-- ' y

Constant. Voltag - Less: than 0 1% +300mV total
drift for 8 hours following 30 minutes warm~up
under tonstant amblent, constant line voltage, and ‘
" ‘constant load.

Constant-Current ~ Less than 15mA total drift for"
. 8 hours following 30 minutes warm-up under con-
stant ambient, constant line voltage. and constant

1oad "

INTERNAL IMPEDANCB AS A CONSTANT VOLTAGE J
SOURCE: : l

- Less than 0,5 ohms from DC to 0.5Hz,

- less than 5,0 ohms from 0, 5Hz to 100Hz, -
'Less than'3, 5 ohms from 100Hz to 1kHz, '
Less than 5..0 ohms from 1kHz to 100kHz,

METERS: K

A'front panel voltmeter -700V) and ammeter

. (0-1, BA) are provided. Meters have 2% accuracy: |

T

: T —
OUTPUT CONTROLS' ‘ :
+ 10%Turn voltage and ‘single-t itn current controls
lofx?ted on the front panel permit continuous ad-
ent of the .output voltage and current from
zem‘ to the' maximum output rating of the supply.

OUTPU'I‘ TERMINALS* l ' :
_An.output barrier strip located on the rear of the
shassis includes dc output terminals'as well as
call necessary terminals for remote error sensing.
remote programming, Auto-Parallel, etc,. Either
the positive or negative terminal may be connected
to the chasslis via a separate ground terminal or
_the supply may be operated floating at up to 600"
" Volts off ground. Front panel terminals may be’
used for monitoring purposes cr for loads up to
3 Amperes o '

ERROR SENSING
Error sensing is normally accomplished at the

front terminals if the load is attached to the front

- or at the rear terrninals if the load is attached to -
" the rear terminals,. . Also, provision Is included

on the rear terminal strip for remote sensing,

RESOLUTION' ' C !

» Constant Voltage - 60mV minimum output change

that can be accomplished by the front panel out- .,

; ...,put control, )

Constant Current = 0, 75mV minirn_um output
_change that can be accomplished by the front
panel output control L T

' REMO'IB PROGRAMMING*

.. Constant voltage remote programming is approx—

- imately 300 ohms per Volt. with an accuracy of 2%,

* In constant current mode of operation, the current
can be remotely programmed at approximately 600
chms per Amp with 6% accuracy. Remote program~
.ming control is a"complished either with input

~resistance or input voItage

J

COOLING: _—
The unit is cooled by forced air from an internal.

fan, ‘ '

SIZE: . - B
§~1/4" Hx 16-3/4" D x.19" W The urnit can
be mounted in a standard 19" rack panel,
WEIGHT: 61 lbs, net, 70 lbs, shipping.

FINISH: Light gray front panel with dark graycase,

" all units have meter caltbrating potentiometers,

.
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2-1
22 Before shipment. this instrument was in-
spected and found to be free of mechanlcal and
, “electrical defects. As soon as the instriment is
unpacked. inspect for any damane that may have
occurred in transit, Save all packing materials
until the inspection is completed. If damage is.

found, proceed as described. in the Claim for Darn-'

" age in ‘Shipment section of the warranty page at
tl';e rear of this manual ‘
MECHANICAL GHBCK LA
2-4 This check slould confirm that there are no
broken ‘knobs or connectors. that the cablnet and -
panel surfaces are free of dents and scretches,
and that the meters are not scratched or cracked
2-5. ELECTRIGAL cm:cx o
2-6 " The instmment shobld be checked egalnst. ;
its electrical’ speclflcatlons bectlon v includeb B
an "in-cablnet” performance check to verify
proper lnstgument operation. - "

27 INSTALLATION DATA, ... -

2-8 ;. The lnstru:"ent is shlpped ready for bench
operation, It is necessary only to connect.the

_" instrument to a source of powar and it ls ready
' for operatlon. P o

Ty,
) . i
f

2-9: * LOCATION

2-10 This instrument is cooled by forced alr t’rom
' the cooling fan, It should not be used in an area ’

+ where the amblent temperature may exceed 55°C,

: 2—11 RAGK‘MOUNTING

2~12 This lnstru‘ment is full rack size and can be
- easily rack mounted in a conventional 19 lnch
rac:c paael using standard mountlng screws, '

2-13 ANPUT POWER REQUIREMENTS

,‘ 2~14 This power supply may be operated from a

néminal 115V, 208V, or 230 Volt, 57-63Hz power

"» source, The unlt. as shipped from the factory, is"

lmrml'n'sprcﬂnri SRR

O /msmmnou. o e

"o [ . ' i 1

wired for 115 Volt!/ operation. The:input power re-

"1 quired when operated from a 115Vac, 60Hz power
source ls 1200 Watt{s. 16 Arnps. ' ' .
2-—15 MODIFICATIONS POR 208 OR ZSOW\C OPBRA-

TION "+ L 4 ;\

2-16 The supply is norrnally shipped wlth a 115Vac ¥
input For Option 17 o 18. 208 or 230Vac’ input. ,
*“transformers Tl and T2, SCRs CR17 and CR18, and

. resistors R2l, and RSB should be replaced Part
informatlon i’s given in Table n-4 under Optlons 17

‘ and lB 1,-? . o ,j“'-“‘/ .

1.2-17 SDHZ OPBRATION S

2- IB To permlt optlmum operatlon at SUHz, the .
output 'ripple imbalance must be realigned as de-
sl:rlbed ln Paragraplys ~78. '

2-19 POWERCABLB' . o
ot 2-20 To. protect operatlng personnel the Natlonal
Blectrlcal’Manufacturers Assoclation' (NEMA) | ret.-

‘ommends that, the instrument penel and cabinet be

grounded Tnls lnstrurnent is equtpped with a three "

conductor power cable. The third conductor is the
ground conductor and when the cable is plugged:
into an appropriate receptacle. the 11stmment’ls

. grounded, The offset pln on the pow:er cable |
three-pmng connector 15 the ground connection,

2 21 Ta preserve the protection feature when op~

erating the Instrument from a two-contact’ outlet,
' use a three-»prong to two-prong adaptes and con-:

nect the green Iead on the adapter to ground

2.22 nsmcnsms ron SHIPMENT

2-23 To lnsure‘safe shipment of the instrument, It
is recommended that the package designed for the
instrument be used, The original packaging mate-
rial is reusable If it {5 not available, contact
your local Hewlett-Packard field office to obtaln
‘ the materials, This offlce will also furnish the
address of the nearest .service office to which the
instrument can be shipped, Be sure'to attach'a
" tag to the Instrument which specifies the owner,
" model number, full serial number, and service re~

quired, or a brief description of the trouble.

. .
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‘' Figure 3-1.
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3-! TURN ON CHECKOUT PROCEDURE

3-2 The following checkout pmcedure descrlbes
the use of the front panel controls and indlcators
and ensures that the supply s operational ‘
;a, Set LINE breaker (1) to ON; pilot lamp (2)
should ticht, |
‘ b, Adjust ‘VOLTAGE contmls (3} until desired’
output voltage is indicated on voltmeter (4).
i c. 'To ensure that constant current clrocuit is
‘operationaly turn off supply and short-clrcult rear
output terminals,
d. ‘Turn on supply and adjust GUPP.BNT con-
tmls (5) until desired output current is lndicated
_on ammete' {6}.
‘@. Remove short and connect Ioad to output.
terrnlnals. o

33 OPERATING MCDES .
3-4 The power supply is designed so that its
mode of operation can be selected by making
strapping conr:ecti_ons'betweén particular terminals

Front Pc.ﬂel Controls and Indlcators

on the terminal strfp at the rear of the power-shb-‘l
‘ply. The terminal designations are stenciled in

" white in .the powar supply above their respective

[

terminals, Although the strapping patterns illustra-

ted in this section show the po sitive terminal
grounded. the operator can ground elther buss or -
operate the power supply up to '600Vdc ofil qround '
(floating), The following paragraphs describe the
pmcedures for utilizing the various operationai

", capabilities of the power supply. A more theoret-
ical description concerning the operational fea~
tures of this supply is contalned in Application
Note 90, Power Supply Handbook; available at no
charge from your local, Hew lett-Packard sales of-
fice. Sales office addresaes appear at the rear of
the manual,

3-5 NORMAL OPERATING MODE

: 3 6 The power supply is normally shipped with

.its roar terminal strapping connections arranged -
for Constant Voltage/Constant Current, Iocal
senslng. local programmlng. slngle unif mode of




1

!

‘ duce nolse plckup.

- Pll'gure 3-2, 1!I\l't'n"rnal‘Strapping Pattern
F : mal St ern

!

operatlon. This strapping pattern is illustrated in
Figure!3 ~2. The operator selects either a constant
voltage or a constant current outplt uslng the front
panel controls {local programmlng. no strapping
changes are necessary).

37 'CONSTANT VOLTAGE : SRS

, _ R
3-8" To selecta constant voltage output. Fro=""
ceed as follows: Y
a. Turn-on power sup,.ly and adjust VOLT- \
AGE control for deslred output voltage (output ter-
minals open) ,
b, Short output, terminals and adjust CUR~-
RENT control for maximum output current allowable
{current limit), as determined by load conditions,
'If a load change causes the current limit to be ex—
ceeded, the power supply will automatlcally Cross-
over to constant current output at the preset’'current
limit and the output voltage will drop proportion-
ately, In setting the current limit, allowance must
“be made for high peak current which can cause un~
wanted Cross~over. . (Refer to Paragraph 3-41,)
3—9 : CONSTANT GURRENT
'3-10 To select a constant current output. proceed .
as follows-
' Short output terrnlnals and adjust CUR-
RENT control for desired output current, '
' ‘b, Open output'termirals and adjust YOLT-
AGE controls for maximum output voltage allowable
(voltage limit), as determined by load conditions,
If a load change causes the voltage limit to be ex-
ceeded, the power supply will automatically cross-
cver to constant voltage output at the preset volt-
age limit and the output current will drop propor-
tionately. In setting the voltage limit, allowance
must be' made for high peak voltages which can

cause unwanted crossover, (Refer to Paragraph 3-41,)

'3-11 CONNECTING LOAD

3-12" Each load should be connected to the power
supply output terminals using separate .pairs of
connecting wires, This will minimize mutual cou-
pling effects between loads and will retatn full
advantage of the low output impedance of the power
- supply.  Each pair of connecting wires should be
as- short as possible and twisted or shielded to re-
(If shield’ ls used. connect one

! )
o

s , !\..

3-2

g

end to power supply ground termlnal and leave the:
other end unconnected, ) ' ]

3- 13 If load coneiderations require that the output
power distribution terminals be remotely located -
from the power supply, then the power supply out-~
put terminals 'should be connected to the remote
distribution terminals via a pair of twisted or
shielded wires and- each load separately connected
to the remote distribution terminals, . For this case,
remote sensing should be used (Paragraph 3-29,)
$-14 OPERATION OF SUPPLY BEYONDRATED QUTPUT
3-15 ,The shaded area on the front panel meter face
indicates the amount of output voltage or current
tht.t is avallable in excess of the normal rated out~
,put Althouqh tha supply can be operated in this

. shaded region without being damaged, it cannot be
guaranteed to meet all of its performance specifica-
- tions, However, if the line voltage'is maintained

. above' 115Vac. the supply will probably operate

within its speciﬁcations ‘ _
316 OPTIONAL DPERATING MODES o ,

3=-17 RBMOTE PROGRAMMING CONSTANT VOLTAGE

. 3-18 ‘The constant voltage output of the power sup-

., ply can be programmed (controlled) from a remote
location if required, Elthér’'a resistance or voltage
source can be used for the programming device, The
wires connecting the programming terminals of the
supply to the reinote programming device should be
twisted or shielded to reduce noise plckup. The

. VOLTAGE control on the front panel is dlsabled by

. the ,following procedures,

2

, Figure 3-3, Remote Resistance Programming

3-19 'Resistance Programming (Figure 3-3}. In thid
mode, the output voltage will vary at a rate deter-

. mined by the programming coeffictent (300 ohms

per Volt), The output voltage will increase 1 Volt
for each 300 ohms added in series with the pro-

gramming terminals, The programming coefficient
is determined by the programming current. This .



R o i '
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current {5 factory adjusted to within 2% of 3 3mA.
If greater programming accuracy s required. it'may,
be achieved by changing reslstor R39 as dlscussed
in Paragraph 5-70. :

3-20 To maintain the stability and temperature
coefficient of the power supply, use programming
resistors that have stable; low noise, and low
temperature (less than 30ppm per degree Centl—— vy
grade) characteristics, A switch can be|u= "y ,in' \.,i
conjunction with various resistance valu!es ‘ﬂorin( T
to obtain discrete output voltages. The swltch w
should have make-before-break contacts 'to avold
momentartly opening the pmgremmlng terminals
during the ‘switching tnterval

IR T
i ::.J_.-

'Ftlgure 3-4, _‘ Remote Voltage Programming
"{Constant Voltage)

3-21 Voltage Programming (Figure 3-4), Employ
the strapplng pattern shown on Figure 3- 4 for volt-
age pmgrammtng, In this mode, the output volt-
age will vary in & 1 to 1 ratio with the programming
voltage (reference voltage) and the load on the
arogramming voltage source will not exceed 20
mtcroamperes. . _ ‘ B

3-22 An impedance matching resistor of approxi-
mately 1000, should be connected in series with
the voltage source to maintain the temperature and .
stability specifications of the power supply.

3-23 Methods of voltage programming with gain i
are discussed in Application Note 80, Power Sup-
ply Handbook; available at no charge from your '
local ¢ Sales Office, = g

3-24 R‘EMOTE PROGRAMMING..CONSTANT CURRENT

b

3- 25 Either a resistance or a voltage source can
be used to control the constant current output of
the supply. , The CURRENT contrels on the front
panel are disabled according to the followlng pro->
cedures ' . _ .

3-26 Resistance Pregramming {Fiqure 3-5), In
this mode, the output current varies at a rate de-
termined by the programming coefficient (600 ochms/
Ampere), , The programming coeffictent is adjusted

3-3

ﬁemote Resistance Programmlng

| Figure 3{-5
! ] (Constant Current)
: i - ;

. f

for an hccuracy of 6% at the factory. If greater
=1:m:.|gramrrm'tg accuracy is required, it may be a~

~ chieved by ghanging resistor R41 as outlined in
' Paragraph 5~72, '

I

) ' 3 ' i

$-27 aUse stable, low noise, low temperature co- :

efﬂctent {less than 30ppm/°C) ‘programming resis-
tors to matntain the power supply temperature co~‘
efficient and ‘stability specifications A switch |
;nay ‘e used to set discrete values of output cur-
rent. ‘A make-before—break type of switch should

. be used since the output current wiil exceed the

maximum rating qf the power supply if the swltch
contacts open durtng the switching interva¥l N
j A ,,
o
.

i

| g : :.
i . o
; SAU_T!ON -
‘ S

\ . Ifthe programming terminals (A2 and !
. A4) should open at any time during !
this mode, the putput current will rise’
to a value that may damage the power
supply and/or the load, To avoid this'
possibility, connect a 200 ohm resis- '
© tor across the pmgrammlng termlnals
. Like the programming resistor, this
resistor should be of the low nolse,
low temperature coefficient type,
. T vy ;‘

[ . . .|=‘ 3 j,_ ) . -
3-28 Methods used to voltage program a power
supply with gain are discussed in Application Note
90, Power Supply Handbook: avatlable at no charge

" from your local ¢ Sales Ofﬂce jio

! . o
3-29 RBMOTB SENSING (See r—'igu’te 3-6)

3-30 Remote senslng is used to maintain good .

- requlation at the load and reduce the degradatton

of regulation which would occur due to the voliage

- drop in the leads between the power supply and

the load. Remote sensing is accompltshed by uti-
lzing the strapping pattern shown in.Figure 3-6.
The power. supply should be turned off before
changing strapping patterns, The leads from the '

+5 terminals to the load will carry much less cur- .

N

J




by

Pigure 3-6.. Remote Sensing

1) \‘
rent than the load leads and'it is not required that
these leads be as’ ‘heavy as the load leads: , ; How=

ever, they must be twisted or shielded to mlnimlze

bl

noise pickLp. ‘ . R

3-31. Note that it is desirable to mfnin‘lze the

voltage dmp in the load leads and it is recommend- |

'ed that'the drop not exceed 1 Volt per lead if the
power supply is to meet its dc speclficatlons If
a larger drop must be tolerated, please consult a

& sales engineer, . )

NOTE ",

: - Due to the voltage drop in the load:
‘ leads. it may be necessary to read—
just the current limit in the remote
" sensing mode,

e

3-32 Although the strapping ﬁatterno shown in '
Figures 3-3 through 3-5 employ local sensing,
note that it is possible to operate a power supply
simultaneously in the remote sensing and Constant
Voltage/Constant Current remote programming '

Figure 3-7,

‘Normal Parallel Connections

i-33, PARALIEL OPERATION, . ,

3-34 Normal Parallel Connections (Figure 3-7),
Two or more pywer supplies can be connected in
parallel to obtain a total output current greater.

than that availablle from one power supply. The
_total 'output current is the sum of the output cur~ -

rents of the individual power supplies, The output

CURRENT controls of each power supply can be
. separately set, The output voltage controls of
-+ one power supply should be set to the desired out-

put voltage; the other power supply should be set’ o

for a slightly larger output’ voltage. . The supply

" set'to the lower output voltage will act as a con-

. stant. voltage source; the supply set to the higher

" gutput will act as a constant current source, drop-
'ping its output voltge until it equals that of the
other supply. The constant.oltage source will

" deliver only that fraction of its-total rated output..
current which is necessary to fulfill the totat cur--
rent demand, , .

3[oTeb)

- )
3

Figure 3-8, Auto Parallel, Two and Three Units
|' " .

- 3-35 Auto-Parallel, The strapping patterns for
Auto-Parallel operation of three power supplies
are shown in Figure 3-8, Auto-Parallel operation
permits. equal current sharing under all load con-
ditions,” and allows complete control of the output
current from one master power supply, The output
current of each slave will be approximately equal
to the master's regardless of the load conditions,
Because the output current controls of each slave

.- are operative, they should be set to maximum to

'+ avoid having the slave revert to constant current

v




1 ) " [
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Vo

o

operation; his would occur if, the master output
current setting exceeded the slave's, ,,

3-36 Addltional slave supplies may be; added in
parallel to the Master/Slave combination. All the.
connections betwean the Master and Slave #1 are

.duplicated between Slave #1 and the added Slave’

supply.  In addition. the strapping pattern of the

' added Slave should be the same as Slave #1,

Figure 3-9,. Auto T;acklng; Two and Three Units
' o

3-37 AUTO-TRACKING OPERATION (See Figure 3-9)

" 3-38 The Auto-Tracking configuration is used
 when it i5 necessary that several different volt—‘
' ages referred to a common buss, vary in pioportion

to the setting of a particular instrument (the con-
trol or ma%‘-ter) A fragtion of the master's output
voltage is fed to the comparison amplifier of the
slave supply, thus controlling the slave's output,
“The master must have the largest output voltage

"of any power supply in the group (must be the

most negative supply in the example shown on
Figure 3-9), )

.
]

3-39 The otttput voltage of the slave.is a‘percent-
age of the master's output voltage, and is deter=-
mined by the voltage, divider consisting of Ry and

. the voltage control of the slave supply, Rp, where
- 'Eg = EM(Rp/Rx + Rp). Turn-on and turmn-off of the
: power supplies are controlled by the master. Remote

" sensing and programming can be used; although the
strapplng patterns for these modes show only local -
sensing and programming. In order to maintain the
temperature coefficlent and stability specifications
of the power supply, the external resistors should
he stable. low noise, low temperature coefficient

{less than 30ppm per®C) reslstors.

'3-40 SPECIAL OPERATING CONS!D.ERAT!ON.S
3-41 PULSE LOADING 7

i '3 42 The power supply will automatically cross

over from constant voltage to constant current op—-
eration, or the reverse, in response to an increase
(over the preset limit) in the output’current or volt=
age, respectively, Although the preset limit may
be set higher than the average output current or
voltage, high peak currents or voltiges (as ocecur
in pulse loading) may exceed the preset limit and
cause crossover to occur. ' If this crossover limit-
ing is not desired, set the preset limit for the

- peak requirement and not the average,

-43 OUTPUT CAPACITANCE .

'3~44' Intemal capacttors {Cl5 and Clﬁ) connected
across the output terminals of the power supply,
help to supply high-current pulses of short dura-,
tion during constant voltage operation, Any capac-
itance added externally will improve the pulse cur-
rent capability, but will decrease the safety pro=
vided by the constant current clrcuit, A high-cur-
rent pulse may damage load components before the
average output current is large enough to cause the
constant current circuit to operate,

3-45 The effects of the putput capacitor during
constant current operation are as follows: \
_' a, The output impedance of the power sup~ .
: ply decreases with Increasing frequency, :
b. The recovery time of the output voltage
i5 longer for load resistance changes. ‘
c. A large surge current causing a high .
power dissipation in the load occurs whan the load
resistance is reduced rapidly.

3-46 RBVERSB VOLTAGB LOADING

3 47 Diodes are connected across the output ter-
minals, Under normal operating conditions, the
‘diodes are reverse biased {anode connected to
negative terminal), If a reverse voltage is applied
to the output terminals {positive voltage'app!ied to
negative terminal). the diodes will conduct, shunt-

'




ing current across the output terminals and limiting
the voltage to the forward voltage drop of the | o
diode,  The diodes protect the serles transistors,

and the output electmlytic capacitor,

3-48 REVERSE GURRENT LOADING  + L

3-49 Active loads conriebtécl to the power supply
may actually deliver a reverse current to the power

N . ' ' N

. supply during a portion of its operating cycle. An
external source cannot be allowed to pump current

" into the supply without lossof regulation and pos-.
sible damage to the output capacitor, To avoid '
these effects, it is necessary to preload the sup-
ply with a dummy, load resistor so that the power?

. supply delivers ‘current through the entire opera-
tion cycle of the load device,

B
ot
’ ,‘




: © " SECTIONW T
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41 OVERALL DESCRIPTION (See Figure 4-1)

4-2 The maln power transformer T1 isolates the
ac input from the power supply and increases it to’
"the voltage level required. Rectiﬁcatlon and fll-
tering produces a smoothed -dc outputJ across the
- and + terminals, A large capaci;or {5 connected -
across the ~and + terminals for low ac output fm-
pedance and to help supply large pulse ‘currents,
SCR regulators control the ac lnput to provide gcod '
rcgulatlon of the dc output
the SCR regulator, control circult and the’ bias and
. reference circuit whlch produces dc bias and refer

"

. ence voltages for the power_supply.i : " N

Figtx;re.4fl._ Overall Block Diagram ,

}
Transformer T2 powers '

.'|4'.~3

' )

The SCR regulators are con'troiled by the SCR

regu‘Iatof control circult which operates in response

‘to signals developed by the voltage or current com~.

parison circuit. A gating circuit assures that only
one input circuit is used at a time, - Lo

4=-4 The voltage and current comparlson circuits

. operate in a similar manner, . Each circuit has an .

amplifier that amplifies an error voltage that is
proportlonal to the difference between the actual
output and the programmed output, The program-‘
med output is determined by the resistance of the '
programming resistors (voltage and current con~
trals), Each programming reslstor has a constant

'
1




: and reference circuit.’

" constant voltage bperation, the gating circult is

46

- . panel voltage control setting,

current through it which is maintained by the bies

) '.
I ’,. : . ’1

. -4-5 The voltage comperison ompllfier Q1 detects
1 the error voltage that is proportional to the differ-

ence: between the voltage across its programming

reslstor RZ and+0.7 Volts’on. the' emitter. The error a

- voltage s arnplified and’ passed through the gating
. elreuit to the SCR regulator control which triggers

the SCR requlator. The SCR regulator increases or

. decreases the ac input voltage to the main power
/transformer as required to maintain g constant !oad

voltage that is. equal to the: programmed value. In

blased to inhibit the input from the current compari-
son circuit.

error voltage that is proportional to the difference’

P

The current comparison amplifier detects the .

'
3

between the voltage across its programming resis~ "

tor R9 and the voltage across current’ monitoring

* resistor R53, ' The voltage across R53 is propor-
_ tional to the load current,

or decreasing the ac input current to the main power
transformers as required to maintain 2 constant
load current, In constant current operation, the

‘ . gating circuit is biased to inhibit the tnput irom the
voltage input circuit. 5

4-7  Two input amplifiers are" included in a-GV/CC
supply, ‘one for controlling output voltage, the
other for controlling output current,
stant voltage ampliifier tends to achleve zero ocutput .
impedance and alters the output current whenever
the load resistance changes, . while the, constant

current comparison amplifier causes the output im-".

pedance io be infinite and changes the output volt-
age in response to any load resistance change, it

15 obvious that the two comparlson’ampliiiers can-

not operate simultaneously, For any given value

, of load resistance. the power supply must act

either as a constant voltage source or as a con-
stant current source—it cannot be both; transfer |

' between these two modes is accomplished at a

value of load resistance equal to the ratio of the '
output voltage control setting to the output current
control setting,

4-8 Figure 4-2 shows the output characterlstic
of a CV/CC power supply. With no load attached
(R1=w). Iouyrt = 0, and Equrt = Es, the front
When a load re-
sistance 1is applied to the output terminals of the
power supply, the output current increases, wbile
the output voltage remains constant; point D thus

‘represents a typical constant voltage operating .

point, Further decreases in load resistance are

‘accompanled by further increases in IgyT with no

change in the output voltage until the cutput cur~

- rent reaches Ig, a value equal to the front panel

Since the con-

The SCR regulator re-
sponds to ‘the amplified error voltage by ihcreasing 1

et pmcmoun-mm cons-mrvomon '; L
o opm-nuo REGION . ¢ .
CONSTANT CURRENT ~ © -
OPERATING REGION . " -

RS & SHORT CIRCUIT LOAD  ~
. :l.‘_l .'.I_..:, -: ..i

i kg FRONT PANEL VOLTAGE CONTAOL BETTING S
™" 1g = FRONT PANEL CURRENT.CONTROL BETTING ., /'
=nc-_§§. “CRITICAL® GR "CROSSOVER™ . . | .1
47, 8 vanue ormnrsmmcr. DTN
Tatet et ' 4 PR

Figure 4=2. Operating Locus of o cv/cc
P Power Supply

[ R +
! ! B . o

current control setting. At this point the supply
automatically changes its mode of operation and
becomes.a constant current source; still further ..
decreases in the value of load resistance are ac-

_ companied by a drop in/ the supply output voltage

with no accomnpanying char'ge in the output current |
value, Thus, point B represents a typical constant
current operating point. Still further decreases in
the load resistance result in output voltage de-
creases with no .change in outnut current, until
finally, with a short circuit across the output load
terminals. Iout = Is and Egyr = 0.

4-9!\ By gradually changing the load resistance

- from 8 short circuit to an open circuit the operating

locus of Figure 4-2 will be traversed in the opposite

directlon. ‘ '

4-98 Full protection against any overload condi-

- 'tlon ix inheternt in the Constant VoItage/Constam

Current design principle since no'lotd condition
fan cause an output which lies outside the oper-
ating locus of Figure 4-2. Whether one.is prima- -
rily concerned with constant voltage or constant
current operation, the proper choice of Eg and Ib
insures optimum protection for the load device as
well as full protection for the power supply itself,

5~10 The line connecting the origin with any oper-—
ating point of the locus of Figure 4~2 has a slope
which is proportional to the value of load resist-
ance connected to the output. terminals of the Sup—
ply. One can define a "critical® or "crossover"
value of load resistance Rg = Eg/lg; adjustment of

" the front panel voltage and current controls permits

this "crossover” resistance Rg to he set to any
desired value from 0 to w, If RL is greater than’




» the supply is in constant voltage operation,
while if RL i5 less than RG» the supply is 1n con-
stant current operation. ‘ '
4-11 The Short-Circuit Protection circult. Q2,
monltors the positive (+) output of the supply and
prevents any damage to the supply when the output
terminals are shorted, The Overvoltage Protection

circult, Q3, monitors the positive' {+) output of the ..

power supply. Its output is fed to the SCR Regu-
lator Control circuit to establish an output voltage
ceiling that will not be exceeded, even if the
VOLTAGE control becomes open~circuited.

4-12 DETAILED CIRCUIT ANALYSIS (Refer to Figure
- 7-3, Schemalic Diagram.)

4~ 13 AC INPUT

4 14 The standard ac input voltage is 115Vac +10%,
57-63Hz; 208 and 230Vac input are optional as dis-
cussed in Sectlon 1. The standard input frequency
is 57-63Hz; 50Hz input is optional and requires
circult adjustments as described In Section' V. The
ac input is applied to transformer T2 and to the
‘series combinpation of transformer T! and SCR's
‘CR17 and CR18 which are in paraliel opposition.
The SCR's are used to regulate the dc output by
controlling the average value 'of the ac input to
transformer T1. LC network-L2, CS, C10, and Cl1 is
an RFI filter that inhibits nolse spikes generated by
the SCR's from the ac input line. Capacitors C7 '
and C12 smooth transients to prevent the SCR's
from being triggered by a rapidly changing voltage
from anode to cathode, Resistor R21 damps oscil-
lations that may occur due to resonance 'of C12 apnd
the leakage inductance of T!. The leakage induct-
“ance of T1 limits the peak input current.

4-15 DG OUTPUT , |

4-16 The output of the secondary of tronsformer T1
is full-wave rectified by CR20 and CR21} and fliter-
ed by pi-section fliter C13, C14, L1, C15, and C10
and'R29. The dc output is regulated to 2 constant.
'value by the SCR's CR17 and CRI1B. Capacitors C15
and C17 are the output capacitors. Diodes CR21
and CR22Z are connected across the filtered dc out-'
put to protect the power supply from reverse volt-

)

)

age applied to the output terminals. Resistor R53is
the current monlitoring resistor; the full load current

fiows through it. Potentiometers R25 and R27 are
used to calibrate the ‘voltmeter and ammeter, re-
spectively.’ ‘ .

4-17 FEEDBACK LOOP

4-18 The voltage and current feedback loops Q1,
Q4, Q7, Q8and CR17 and 18 function continuously
‘to keep the output voltage constant during constant '
voltage operation, and the output current constant
‘during constant current operation. For purpases of
this discussion, assume that theunit is In constant
voltage operation and that the VOLTAGE control

4-3

programming resistor R2 has been adjusted so that

. the supply i5 yielding the desiréd output voltage.

Further assume:that the output voltage instantane-:
ously rises (goes positive) due to a varlation in the

v extemal load circult.

4-19 Note that the change may be in the form.of a
slow rise in the ‘butput voltage or & positive 'going -
ac signal. An ac signal is coupled to Q1 through
capacitor C1 and a dc voltage is coupled to Q1
through R2. .

- 4-20 The rise in output voitage causes the voltage

at the base of QL w increase (go positive). Q1
now decreases its conJuction and its collector
voltage rises negatively, The negative going error
voltage is amplified and inverted by Q4 and fed to
the .SCR Regulator Control circult, which decreases
the conduction of SCR regulators CR17 and CRIB.
This lowers the AG voltage to transformer Tl, de-
creasing the rectified output voltage a'sufficient -

amount to offset the error, :

4-21 If the external load resistance is decreased
to a certain crossover point as discussed in Para-
graph 4~-8 the output currant increases until tran- ‘
sistor QB begins to conduct., During this time,

the output voltage has also decreased to a level so

. that the base ofQl isata negattve potentlal

4-22 VOLTAGB COMPARISON AMPLIFIER

4-23 This circuit consists of programming resistor
R2 and amplifier stage Q1, and assoclated com~-
ponents, The voltage comparison ampiifier con-
tinuously compares a fixed reference voltage with .
a portion of the output voltage and, if a difference
exists, produces an error voltage whose amplitude
and phase is proportional to the difference. - The

. error output is fed back to'the SCR Regulator Con-

trol circuit through an OR gate, 'The error voltage

changes the conducticn of ‘the SCR regulators
which, in tum, alter ‘the output: -voltage so that
the difference between the two input voltages ap-
plied to the comparison amplifier is reduced to
zero, The above action malintains the output volt-
age constant. ' :

4-24 The emitter of Q1 is connected to a stable

~+0.7V. The base of Ql is connected to a summing

point at the junction of the programming resistor
RZ and R42., Instantaneous changes in output
voltage result in an increase or decrease In the
summing point potential. Q1 is then made to con-
duct more or less in accordance with the summing-
point voltage change. The resultant output error.
voltage is fed back to the series regulator via OR-
gate diode CR7 and the remaining components of
the feedback loop. Restistor Rl In series with the
base of Q1, limits the current through the program-
ming resistor during rapid voltage turn down,
Dipde CR1 is a limiter that prevents excessive

' voltage excursions from over-driving stage Ql.

Capacitor C1 shunting the programrning resistor R2,




1ncreasing the high frequency gain of the ampltifier
Q1. RC network C4,RI13, and.R14 introduce neg-

 ntive feedbacn in Q1 to eliminate 'oscillation,

R13 is selected to elimlnate ringing and minimize . °
overshout for load transient recovery time, dis~
cusser} in Paragraph 5-73, .,

4- 25 CURRENT COMPARISON AMPLIFIER

4 26 Thls clrcuu is similar in appearance and

operation to the voltage comparison amplifier, It

‘consists basically of current programming resistor

.R9, current sampling resistor R53, and stage QB,
. B . 0 oy ’

‘which forwari biases CR8.

4-27 The current comparison amplifier continu-
ously monitors the voltage drop across current
sampling resistor R53, When a preset voltage is
exceeded, the amplifier produces an error voltage,
The remaining stages !~
in the ferdback loop function to maintain the drop .

" across “he current sampling resistor and, \conse-

_operation, the reverse occurs,

'voltage or current comparison amplifier,

quent.y, the output current at a constant value,

RC network R47 'and C23 provlde negative feedback
to stabtlize the current comparison ampllf!er and
the feedback loop.

1

4-28 GATING cmcun' : L o

4- 29 Transistor Q3 draws current from the SCR
regulator control circuit (capacitor C25), The mag-
nitude of this current’ ts determined by either the
For con-
stant voltage operation, dlode CR7 is forward
biased to permit the voltage clrcult to drive Q4; -

diode CRB is reverse hiased to inhibit the input

from the current Input circuit, For constant current

. N ' .
4-30 To prevent transients in the dc output when
the power supply is turned-on, the turn-on of Q4

i
i

is delayed by capacltor C24 which charges through
. R57 and CR15, When C24 charges sufficiently to

reverse bias CR15, all the current through R57
flows to the collector of Q4 to turn it on. Base
current is controlled by the voltage or current cir-
cuits via CR7 or CRB, respectively. For example,
during ‘sonstant voltage operation the collector
voltage of Q1 (voltage input) forward blases CR7
{CR8 reverse biased by Q8), the current through

. CR7 will vary as Q1 collector voltage varies and

thus vary Q4 base current; therefore, the-collector
current of Q4 is controlled by the voltage.input,

' In a similar manner, the current input circult con-

trols the collector current of Q4 during constam

- current operatlon.

" 4-31 SCR REGUIATOR CONTROL (Refer to Flgure

4-3, SCR Control Timing Diagram, )

. 4-32 The SCR regufator control is basically a

blocking oscillator (Q7 and T3} that applies pulses’

i '

4-4

. and to the SCR requlator (CR17 and CR18),

_ Flgu}re 4'-‘_'3.- SCR Regu'lator Control, Timing Diagram '

]
f ]

to the SCR regulator in response to error signals
detected by the voltage or current comparison clr-
cult. When transistor Q7 conducts, {he pulse -
developed in winding 1-2 of transformer T3 ts - .
coupled to the base of Q7 (positive feedback) and .
Capac~
itor C27 charges in opposition to the feedback
voltage and cuts off Q7. ' The charge time of C27
determines the pulse duration in the collector of ,
Q7 (approximately 20 microseconds),. The 32Vdc
bias supplies current’ through R52, CR46, and CR44
to discharge 027 after Q7 stops conducting.

4-33 Gate Input, Throughout the operation of the
blecking oscillator, capacitor C25 supplies most
of the collector current for Q4 in the gating circuit
{refer to Paragraph 4~30), .The amount of current
pulled from C25 by, Q4 is determined by the input
{from the voltage or current comparison circuit) to
the gating circult. As a result of this current flow
from'C25, the voltage across C25 increases neg-
atively with respect to the +0.7V bias and has a
waveshape that approximates a linear ramp. Thus,
the slope of this ramp is determined by the volt-

-




age or current comparison circuit, Due to the

time delay in the feedback loop, the slope of the =

ramp s constant:for a half cycle of the ac ‘input.
The voltage on CZS is the emitter bias {«.:ward
bias when negati ve) for Q7 and therefore heips:
determine the point ‘at which Q7 conducts,

4-34 AC Input, The ac input to transformer T2 is
stepped~down and fuli-wave rectified by bridge
rectifier CR39 thmugh CR43. The output of the
bridge rectifter is a negative-going pulsating dc
(120Hz).  Voltage-divider R50-R51 supplies a por-
tion of this pulsating dc through C27 to the base
of Q? thus, the base is reverse blased

4—35 Firing.

the base and the forward bias (capacitor C25) on
the emitter of Q7 are equal, and therefore Q7 has
zero blas, As the ramp voltage across C25 goes
more negative than the base voltage, ‘the base~
emitter junction of Q7 begins to become forward
biased, When the emitter is more negative than

the base by approximately 0,5 Volts, Q7 conducts f

The firing point of Q7 is therefore determined by
both the dc output error and the line voltage
change. Because Q7 saturates when it conducts,
the collector voltage approximates a rectangular
wave with a negative going pulse width of approx-
imately 20 microseconds (determined by C27 and
R51). "The conducnon of Q7 charges CAS in the
positive direction (clamped by CR49). When Q7
stops conducting, the ramp across €25 begins

again, However, Q7 is held cut-off by the charge
on 027 ‘ ' : :
4-36 Reset, . At the beginning of each ciycie of

the 120Hz pulsating dc, certain tnitial conditions
must be established on capacitors C25 and C27,
When the negauve-golng pulsating dc is at the
end of its cycle, at its most positive voltage,
CR44 and CR45 become forward blased and current
flows-from the 32Vdc bias through R52, CR46, and

CR44 to discharge C27 to approximately zero Volts |
and through R52 and CR45 to charge C25 to approx-

imately =0, 7 Volts {clamped by CR49). This dis-
charge end charge occurs rapidiy, so that it is
completad before the next cycle begins and Q7 can
conduct again,
for the current through CR44 so that the voltage to
which ‘C27 discharges remains predictable, As the
negative-going pulsating dc increases’in the next
cycle, CR44 and CR45 become reverse biased,

4-37 Bridge Rectifier.’ At tl';a zero cross-over

region of the voltage waveforr on secondary wind-,

ing 3-4 of transformer Tz,'-'the_ voltage is insuffif
cient to forward bias the rectifiers in the bridge.
In order to maintain definition between the end of

"+ and G28,

‘A point is reached durlng each cycIe
of the 120Hz pulsating dc when the reverse bias on

Diode CR47 provides another path

. one cvcle of the rectified output and tha beginning

. of the next cyzle, diode CR41 provldes approxi-
mately 0, 7 Volts at the rectified output, The cur-
rent for CR41 is supplied through CR46, As the
~"yoltage across the 'secondary winding moves away
“ from the zero cross—over region, CR41 becomes
reverse biased,

4-38 Translents. Decoupling and Protécﬂori
Transients in the pulsating dc are reduced by R56
The base of Q7 is decoupled by'C3,

The voltage splke in' the collector of Q7, induced
by secondary winding 1~ ~2 of transformer T3 when
- Q7 cuts~off, is clamped by CR48, The collector
is decoupled by R53 and C26, TS1 is a tempera-
ture sensitive switch mounted on the heat sink for
CRY7 and CRI18, If the heat sink becomes tdo hot,
because the fan is not operating, TS1 opens, Q7
shuts off. and the output voltage dreps to zero,

4 39 SCR REGUIATOR

4-40 The SCR regulator (CR17 and CRIB) controls
the ac input voltage and current to main power ‘
‘ transformer T1 In response to the voltage and cur~
rent error signais, In constant voltage operation,
the ac input voltage to T1 is adfusted so that the
output voltage remains constant with changing
Toads, In constant current operation, the ac Input
current to T1 is adjusted so that the output cumrent

~ remains constant with changing loads and the out-

put voltage i5 allowed to vary.

4-41 aaling Each half cycle of the ac input. :

either CR17 or'GR18 is forward biased, The pulse

induced in secondary windings 5-6 and 7-8 of T3

" by the SCR co;‘trol turns.on the SCR that is for—

ward blased when the pulse occurs, The other

SCR is not affected by the gate pulse because it is

reverse b!ased A gate pulse occurs each half

cycle of the ac iyjput. unless the output is open,

The timing of the gate pulse with respect to the ac

input Is determined by the error in the dc output

via the loop action, . *

4=-42 'AC Input CLntml When an SCR is gated on,
it conducts until/its anode-to-cathode voltage
goes to approximately zero, Thus, the earlier an
SCR is gated on} the greater the portion of the ac
input that will t?e applied to T1, Because of the
leakage inductance of T1, the cor:ductlon of an

~ 8CR may extend into the next half cycle. The
conduction period may be shortened at high output

. by the voltage across capacltor C13 through C16

being reflected back into the primary, By con-

" trolling the ac input to T1 each half cycle, the

average value of the voltage or cumrent at the out~

. put of rectifier CR19 and CR20 is adjusted so that

dec output voltage or current is maintained constant,



1~-43 Protection. Diodes CR50 and CR51 prevent

anode induced reverse gate currents from being

fr.‘d back to the control circuit,
5 limit current in the SCR gates .i '

Al
1

4-44 BIAS AND REFERENCB'CIRCUIT. >’

4-45 The blas and reference circuit supplies four
voltages (+33, +0.7, =10 and -30V) for internal
power supply operation, and maintains the pro-
gramming currents constant, The =28 and -10V

outputs are regulated, ' < ;

4-46 The output of secondary winding 5-6 of -
transformer T2 is full-wave rectified by CR30 and
CR31, Capacitors C20 and G21 each charge to
the' peak rectified voltage (voltage doubling),
0. 7Vdc (with respect to -5) ts maintained by diode

CR14. The +33Vdc is the voltage across C21. The

FECR

Resistors RS54 and N

) b ' .
. P

. R
-33V across 020 pmvides the unregulated lnput lo Y \
the regulator. ‘ o : _

; 4-47 For the »30Vdc. transistor Q10 is the error
detector/amplifler. Zener ‘diode Y1 and diode .

"as required to compensate for the error in'the ~30V, ;

~ peraturs-compensated zener diode VRI,

The. -

, 4-6

GRé6 provide a reference voltage at the emitter of . '
Q10. Voltage divider R35-R36 supplles an error .
voltage to the base of Q10 which amplifies and o
applies it to the base of series regulator Q11, The ; .
base drive of Q11 'adjusts the voltage acro.s Qil -

Resistor R37.sets the optimum current through tem- .
Resistor |

R33 reduces power dissipation in Q11 and capacitor

C22 stabilizes the loop. The -30V/is divided down '
to ~10V by stage Q5. The conductionof Q515 .
held constant by VR1 on the base and R39 is se-, |
lected to provide exactly,~10V output,” Cor

v . : .
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A SEGTION V

Lo

INTRODUCTION

5= 2 Upon receipt of the power supply, the per-

o ‘formance check (Paragraph 5-5) should be made.
' This check is suitable for lncomlng inspection. If

a fault is detected in the power supply while mak-
.ing the performance check or during normal opera=
tion, proceed to the troubleshooting ‘procedures’

{Paragraph 5~50).

After troubleshooting and repair

(Paragraph 5-59), perform any negessary adjust-

ments and calibrations (Paragrapli 5-61).

Before

returning the power supply to normal operauon.

i

o
1

Table 5-1,

'MAINTENANGE

\ ;l .
i \r :",j:'l;
' .-’.

o)

repeat tl}e performence check to ensure that the

‘fault has been properly corrected and that no other
. Before performing any maintenance’
.checks, tum—on power suppIy and allow a half- '

faults exlst

" hour warm-up,’

53 TEST EQUIPMENT REQUIRED

5-4 'I'able 5= 1 lists the test equipment required

i
i

i to perform the various procedures described in

this section,

!

Transformer

'

Test Equlb:ment Required
' ' REQUIRED ! « " - RECOMMENDED
TYPE: . CHARACTERISTICS | , - USE "MODEL
. Diiferenfial Sensitivity: 1mV full scale - Measure DC Voltages; @3420 (See Note}
Voltmeter {min,). Input impedance: - { calibration procedures ' ., : '
.| 10 megohms {min,). o 1 ' X
Variable Range: 2'00-260Vac/90 -130vac, '.\Iary AC Input —_—
. Voltage Equipped with voltmeter , ' . :
accurate within 1 VoIt. '

AC Vo Lfmeter

Accuracy: 2%. Sensitivity:
" 1mV full scale deflection B
(min. )

' Measure AC voltages and
: rlpple '

¢ 4038

Oscilloscope
’ t

Lt

Sensitivity: 100pv/cm,
., Differential input.

}

. waveforms

!

Display transient response

140 A plus

1400A plug in.
14027 plug~-in for
spike measure-

ments only,

DC Voltmeter

Accuracy: 1%. fnput resist-
ance: 20,000 ohms/\lolt

Measure DC voltages

¢ 412

. Reslistor

. {min, ). l , ’ r '
Repetitive ~’ Rate: 60 — 400Hz, 2nsec Measure transient responee . See Figure 5-6.
. Load Switch rise and fall time. | o ' s ,
Resistive Carbon Comhosltfon Resistor Power supply load resistor ' -
Load ;, 900,'-., £5%, 900 Watts, ‘ : .
-Current'; T 1n, 12,5 Watts :hZOppm, wire- |} Measure current; calibrate R53; see
Sampling wound meter . g Parts Table:

o
s
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iy I p Y . . ) ’
LIRS L Table 5-1. Test equipment Required (Continued . ’ -
ML Y y ' : ; o . :
i B v 7 1 o K -
L TYPE REQUIRED"-- v . b RECOMMENDED
CUTER /1 CHARACTERISTICS . USE o . MODEL
A A AT S
o RESisti\;?’i.‘ JS'OU_-‘. fiS‘O,Wa'xtt.s ' ' Load resistors for transient Lo
'] Load )" o, oo -"\ .1' wo! recovery time
» RESiEBtOf : ";‘;':; Valpg' ‘180K :tO 1%, 4 Watt " - Calibrate Constant Voiltagé*_ ~ R
- T, ‘5’,"’ ‘ s . ‘ programming current
}.'Jec:adeJ R ¢ Range* 0-—5001( ‘ ! Adjust programming currents, | . — .
: /f 'Rasistance . ) J/Accuracy: 0, 1% plus 1 ohm._ ripple imbalance, and over- o y
Box ! ‘,.' '} Make-before-break contacts, voltage limlt _ B L \
N TR | , : o
’i : r’! _J“H::“E: R ‘ ‘ ‘ . | . '
' v " NOTE K o

UK v}

Lo i" o N
A satlsfactory substltute for a differ- -

'_entlal voltmeter'is to arrange a refer-,

. ence voltage source and null detector
‘as shown in Figure 5-1, 'The reference
voltage source is adjusted so that the’
voltage difference between the supply

- being measured and the reference o

voltage will have the regquired resolu-
tion for the measurement being made,
“The voltage difference will be a func-"_
tion of the null detector that is used,
. Examples of satitfactory null detec-
. . tors are: & 419A null detector, a DG
©  coupled oscilloscope utilizing differ-
‘ential input, or a 50mV meter move-
', ment with a 110 divisi* scale. ‘For © -
. the- latter, a 2mV change in voltage
: wlll result'in a meter deflection of
fous divisions

Differential Volt,mete'r Substitute
" Test Setup

. \ X
. . .
1 ! ' . K

Figure 5-1,

t

-CAUTION

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

5-5 PERFORMANBE TEST o '

5 6 , The following test can 'be used as an incom-
ing inspectlon check and approprlate portions of
the test can be repeated either to check the, oper- .
ation of the instrument after repairs or for periodic
maintenance tests, The tests are performed using
a nominal 115Vac,’ 60Hz single-phase Input power
for the unit, If the correct result is not obtained
for a particilar check, do not adjust any controls;
proceed to troubleshooting (Paragraph 5-50).

5-7 ‘C;ONSTANT VOLTAGE TESTS ' ‘
5-8 The measuring device must be connected
across the rear sensing terminals (+8) and (-5} or
+ as close to the front output termilnals as possible
when measuring the output impedance, transient
- response, regulation, or ripple of the power sup-
ply in order to achieve valid measurements, A
measurement made across the load includes the
impedance of the leads to the load and such lead
' lengths can easily have an impedance several
orders of magnitude greater than the supply imped-
“ance, thus lnvalidating the measurement..
b N
5-8 The monltoring devff:e should be ‘co'nnecté'd &
. tothe +S and -S terminals (Figure 3-2) or-as shown
" in Figure 5-2, The performance characteristics
should never be measured at the front terminals if
the load fs connected across the rear terminals.
Note that the rnonltoring leads are connected ath, .
not B, as shown in Figure 5-2, Failure to connect,
the measuring device at A will result in a measure-

' by




\\A

Plgure 5-2, Front Panel Terminal C'innections

T
1

ment that includes the resistance uf the leads be-

tween the output terminals and the point of connec«

tton

5-1C When measuring the constant voltage per= -
formance specifications, the current controls
should be 'set well above the maximum output cur-.
rent which the supply will draw, since the: onset

' of constant current action will cause a drop Iln' out-

put '.roltage. increased ripple, and other perform-
ance changes not properly. ascribtd to the constant
_voltage operation of the supply. .

5-11 Qutput Voltage and Voltmeter Accurecy.
Proceed as follows:’

a. Comnect load resistance across rear out-

Flgure' 5-3.

_Constant Voltege Test Setup -
; !

. ferential voItrneter.

put, terminals of 5upp‘y. (Figure 5~3 shows values

of load resistor used throughout: the performence '
tests,) "
B, Connect differential voltmeter across +S
~and -S termlnals of supply observing correct polar-
Jdty. o ,
: e ’ Turn on supply and adjust VOLTAGE con-
trols until front panel voltmeter indlcates exactly
' the maximum rated output voltage,
Lod Dl!ferentlal voltmeter should read 600
&l 2Vde.,

rl

B 12 Ioad Regulation.‘
' Definition: The change AEQyT in the

. static value of DC output voltage re-
- sulting from a change in load resist-
ance from open circuit to a value:

" which yields maximum rated output
current. (or vlce versa). ' ‘ o

5-13 To check the Constant-Voltage load regula~
tton, proceed as follows:
; - Connect test setup as shown in Figure
5-3. . .
b, Tum CURRENT controls fully clockwise,
c. Turn-on supply and adjust VOLTAGE con-
' trols until front panel voltmeter indicates exactly
. the maximum rated output voltage,

d. Read and record voltage tndlcated on dif»'

a“‘.

e. Disconnect load resistors,

f. 'Reading on differential voltmeter should
aot vary from reading recorded in step d by more
than EOOmV . o

1 e
WY
[ ‘.

5~14 Line Regulatlon
Definition: The change, AEOUT in the

static value of DC output. voltage re-
. sulting from a change in AC tnput volt=-
age over the' specifled rang from low
. line 10% less than nominal to high line
10% more than nominal or t’rom high- llne
" to low line. .
-15 To test the Constant Voltage llne requlation,
proceed as follows:
! a, Connect variable auto transformer. be-
tween input power source and power, supply power
input.
" b, 'Turn CURRENT. controls fully clockwise
C. Connect test setup shown in Figure 5-3,
d. Adjust variable auto transformer for low
line (103. ‘SVac).

e, Turn on'supply and adjust VOLTAGE con-
trols until front panel voltmeter lnd‘lcates exactly
the maximum rated output voltage.

f. Read and record ‘voltage 1ndicated on
differential voltmeter,

g. Adjust variable auto transformer for high
line- (126 5Vac)., .

. h.' Reading on differential voitmeter should
not vary from reading recorded in step g by more
than BOOmV

1




5 16 nggle and Noise. ' :
', Definition: The resldual AC voltage

v - which is superimposed on the DC out- '

‘ ' . put of a regulated power supply. o

! _Ripple and noise may be specified and

measured in terms of its RMS or (pre-

t’erably) peak-to-peak value,
Ripple ané noise’/measurement’ can be made at any
lnput AC line voltage cnmblned wi h any DC out-
I pdt voltage and load current within rattng.

5= 17 .The amount of ripple and nolée that is present
on the power supply output ts measured elther in
. terms of the RMS or (preferably) peak~to~-peak
r, ' walen, The peak- to-peak measurement is particu-
T plarly important for applicatlons where noise spikes
" couldibe cetrimental to a sensitive lgad, such as
’lcglc circuitry, The RMS measurement is not an
ideal representatlon of the noise, since fairly high
) outpht’ noise. spikes’ of short duration gould be
, present in the rlpple and not oppreclably {ncrease
the RMS value, i
f 1 L tuy
‘5-18 The technique used to measure hlgh fréquency
noise or >"qplkes" on the output of a pomfer supply
is more critical than the low l'requency rtpple and
noise measurement technique; therefore the former
is discussed separately in Paragraph 5~26.

- l

I

i

5-19 Ripple and Noise Measurements, Figure 5-4A
o shows anlncprrect method of measutlng'p -p ripple.
. Note that.a continuous ground loop exists from the
.- third wire of the input power cord of the supply to
, the third wive of the input power cord of! thn oscil-
R loscope via the grounded power supply case, the
L wire between the negative output:terminal of the
tpower supply and the’ vertlcal Jjnput of lhe bcopé
and the grounded scope cade. Aily ground current
clirculating in this loopasa result of the difference
in pbtential Eg between the two ground points.
causes an IR drop whlch is in series with the scope
, 1+ 'input. This IR drop, nurmally hevlng a'60Hz line
: frequency fundamental, plus any pickup on the un-
shielded leads interconnecting the power supply
anc' scope, appears on the face pf the CRT, The
' magnitude 'of this resulting noise signal can easily
" . .be much greater than the true ripple developed be-
tween the plus and minus output terminals of the
power supply, and can completely invalldate the .
measurement. ' '

. 5-20 The same ground current and pickup problems .
can exist if an RMS voltmeter is substituted in
-place of the oscilloscope, in Figure 5-4. However,
the oscli'loscope display, unlike the true RMS
meter reading, tells the observer 1mmedlately
whether the fundamental period of the signal dis- -
played is 8. 3 milliseconds (1/120Hz) or 16,7 mil-
liseconds (1/60Hz). Since the fundamental ripple
frequency present on the output of an # supply is

] R
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IN GROUND POTENTIAL OF POWER SUPPLY & '
5COPE, SHIELDED WO WIRE FURTHER REDUCES STRAY '
PICK-UP ON BCOPE LEADS. . W
«‘ ' ‘
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] : ' o
. Figure 5-4, GV Ripple and Noise, Test Setup
) I 1
L '

. 120Hz (due to full-wave rectification), ‘a'n oscillo-

scope display showing a 120Hz fundamental com-
ponent is indicative of a "clean”" measurement
setup,’ while the presence of a 60Hz fundamental
usually means that an improved setup will result
in a more accurate (and lower) value of measurod
ripple, '

_5421 Figure 5-4B shows a correct method of mea-

. suring the output ripple of u constant voltage pow~

er supply using a stngle—enned scope, - The ground
loop path is broken by floating the supply output,
_Note that to ensure that no potential difference
exists between the supply and the oscilloscope, it
is recommended that whenever possible they both
be plugged into the same AC power buss, " If the .

- same buss cannot be used, both AC groum.s must

be et carth ground poteatial,

5-22 'LCither a twisted pair or (preferably) a shield-
ed two-wire cable should be used to connect the
- output terminals of the power supply to'the verti=-

!

b




cal input terminals of the scope. When using a
twisted pair, 'care must be taken that ane of the'
two wires is connected to the grounged input ter-
minal of the oscilloscope, ‘When using shietded
'wo-wire, it is’ essential for the shield to be con-
nected to- ground at one end only 50 that no ground
current will flow throug!: this shield, thus induc-
1ng ‘a noise signal in the shielded leads.

'5-23 To verify that the 05cilloscope is not dis-
playing ripple that. is, induced in the leads or pick-
ed up from the grounds, the (+) scope lead should
be shorted to the (-) scope lead at the power sup-
ply terminals. The ripple valué obtained when the
Ieads are shorted should be subtracted from the
actual ripple measurcmpm

5-24 In most cases, the single-ended scope
method of Figure 5-4B will be adequate to elimi-

" nate non-real componenls of rlpple and noise so
that a satisfactory ‘measuremeént may be obtained,
However, in more stubborn cases it'may be nec-
essary to use a ‘differential scope with floating

“input as shown in Figure 5-4C, If desired, two-
single conductor shielded cables may be substi- .

tuted.in place of the shielded two-wire cable with . |

_equal success, Because of its common mode re-
.jection, a differcntial oscilloscope displays only
the difference in signal between its two vertical
input terminals, thus ignoring the effects of any

~ common mode signal introduced because of the

" difference in the AC potential between the power
supply case and scope case. Before using a dif-
ferential input scope in this manner, however, it
is imperative that the common mode rejection ca-
pability of the scope be, verifted by shonlng to-
gether its two inpul leads at the power supply and -
observing the trace on the CRT. If this trace Is a
straight line, the scope is properly ignoring any
common mode signal presenl. If this trace is not
a stralght line, then the scope is not re)ectlng
the ground signal and must be realigned in ac
cordance with the manufacturer's instructions un~
til praper common mode rejection is attained., = ¢

5-25 To check the ripple and noise output, pro-
ceed as follows:
a, Connect the oscilloscope or RMS volt-
meter as shown in Pigures 5-4B or 5-4C, '
b, Adju'st VOLTAGE control until front panel
meter indicates maximum rated output voltage.
_c. The obscrved ripple and noisc should be
less than 600mVrms and 2V p-p. '

' 5-26 Noise Spike Mensurcment.

strument of sufficient bandwidth must be used; an
oscilloscope with a bandwidth of 20MHz or more is

_sary.

When a high' fre- !'
quency spike measurement is being made, an in- "

adequate, Mgasuring nolse with an instrument that
has insufficient bandwidth may conceal high fre-
quency spikes detrimental to the load.
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" Figure §-5. CV Noise Spike, Test Setup

5~27 The test setups illustrated In Figuros 5-4A
and 5-3B are generally not acceptable for measur-
ing spikes; a differential oscilloscope is neces-
Furthermore, the measurement concept of
Figure 5~4C must be modified if accurate splke
measurement is to be achieved- '

1. As shown in Figure 5-5, two coax
cables, must be substituted for the shic!ded two-

_ ‘wire cable,

2. Impedance matching resistors must be
included to eliminate standing waves and cable
ringing, and.the capacitors must be connected to
block the DC current path.

' 3. The length of the test lcads outslde thc

" coax is critical and must be kept as short as pos-

sible; the blocking capacitor and the impedance
matching resister should be connected directly
from the tnner conductor of the cab!c to the power
supply terminals.

4, Notice that the shields of the power sup-
ply end of the two coax cables are not connected

_ to the power supply ground ‘stnce such a connec-
" tion would give rise to a ground current path’

through the coax shield, resultlng in an crroncous .
measurcement,

5. Since the impcdancc matching resistors
constitute a 2-to-1 attenuator, — the noise spikes
observed on the oscilloscope should be less than

1V p-p instead of 2V p-p, '

5-28 The circult of Figure 55 can also be used
for the normal measurement of low frequency ripple
and notse; simply remove the four terminating re-

", sistors and the blocking capacitors and. substitute




a2 higher gain vertical plug-in in place of the wide-
band plug-in required for spike measurements,
Notice that with these changes, Figure 5-5 be-"
comes a two-cable version of Figure 5- 43. '

5-29 load Transient Recovery Time.,
Definitlon: The time "X" for output
voltage recovery to within "Y" volts )
of the nominal output voltage follow=

. ing a "2" amp step change in load o
current — where: "Y" is specified as ‘
10 millivolts, The nominal output
voltage is deﬂned as-the DC level
half way between the static output’
voltage before and after the imposed
' load change, and "Z" is the specl~
fied load currer.t change, which is 5
Amperes,

5-30 A 'ner-ury-wette .relay, as commected in the
load switchirg circuit’of Figure 5-6 should be used
for loading and unloading the supply. When this
Ioad switch is connected to a 60Hz AC input, the
mercury-wetted relay wlll open and close 60 times
per second. Adjustment of the 25K control permits
adjustment of the duty cycle of the load current

switching and reduction in jitter of the oscilloscope

display, ’ _ i
5-31 'The maximum load ratings listed In'Figure -
5-5 must be observed in order to preserve the mer-
cury-wetted relay contacts, Switching of larger
load currents can be accomplished with mercury

pool relays; with this technique fast rise times c-:-_m'

still be obtained, but the large inertia of mercury-
pool relays limits the maximum repetition rate of
load switching and makes the clear display of the

transient recovery characterlstlc an an oscilloscope

more dlfflcult
5-32 To check the transtent i recovery time, pro-
ceed as follows:

“Connect test setup shown in Figure 5- 6

b 'I’um CURRENT controls fully clockwise,

c. . Turn on supply and adjust voltage con-
trols until front panel ammeter tndicates exactly
1.5 Amperes

d. Close the line swllch on the repetitive -
load swltch setup,

' e, Setthe oscilloscope for intemal sync
and lock on either the positive or negative load
transient spike.

f. Set the vertical input of the oscllloscope
for ac coupling so.that small dc level changes in
the output voltage of the power supply will not
cause the display to shift.

. @ Adjust the sync controls separately for
the positive and negative going transients so that

| O5C)LLOSCOPE

1454 mepemiTive
l_ow SWiTCH lnor:

) i

Figure 5-&, Translent Récovepr Time, Test Setup

'
)
' t

not only the.recovery waveshape but also as much
as'possible of the rise t'.ae of the transient Is.
displayed, , '
! h, Starting from the major graticule division
representative of time zero, count to the right 200
msec and vertlcally 3V.  Recovery should be
within these tolerances as illustrated in Figure
5-7. If recovery is not correct, adjust R13 as de-
scribed in Paragraph 5-73,

5 33 Qutput Impedance,
Definition: At any given frequency of

“load.change, AEqyT/AloyT. Strictly
speaking the definition applies only for
a sinusoidal load distrurbance, unless,
of course, the measurement is made at
. zero frequency ({DC). The output im-
pedance of an ideal constant voltage
‘power supply would be zero at all fre- )
quencies, while the output impedance
for an ideal constant current power
supply would be lnflnite at all frequen~
cies,
The output impedance of a power supply {5 normal-
ly not measured, since the measurement of tran-
sient recoyery time reveals both the static and .
dynamic output characteristics with just one meas-
urement, The output impedance of a power supply
is commonly measured only in those cases where
the exact.value at a particular frequency is of
engineering importance.
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Figure 5-7, -Transient Recovery Time, Waveforms
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5= 34 To check the output impedance, proceed as .
follows'
a, Connect test setup -:hown in Figure 5-8.
~h, Turnon supply and adjust VOLTAGE con-
trols until front panel meter reads 20 Volts, :
c. Set AMPLITUDE control on Osctllator to
10 Volts (Em), and FREQUENCY control to 0,5Hz,
d, Record voltage across output terminals of
the power supply (Eg) as indicated on AC voltmeter.
e, Cealculate the output impedance by the
followirg formula:
EoR
Zout = — ‘ :
. El - Bol

'

Eg = rms voltage across power suerly
termtnals ‘
= 1000

Bin =.10 Volts

1

£ The output impedance (Zout) should be
less than 0.5 ohm,

: g. Using formula of step f, calculate output
impedance at frequencies of 100Hz, lkHz, and ‘
100kHz, Values should be less than 5, 3,5 and
5 ohms. '

5-35 TemEerature Coefficient, oL :
" Definition: - The change in output

voltage per degrea Centrigrade
change'in the ambient temperature
under conditions of constant in-
put AC line voltage, output volt—
age setting, and load resistance.

5-36 The temperztusc woeificient of a power sup-
ply is measured by placing the power supply in an. ’
oven and varying it over any temperature span
within its rating, (Most 68 power supplies are
rated for operation from 09C to 559G, } The power
supply must be allowed to thermally stabilize for

a sufficient period of time at each temperature of
measurement .

load resistance rematin outside oven).
temperature to 309C, and allow 30 mlnutes warm-up. .

Figure'SfB. Qutput Impedaritce, Test Setup

l‘. "
H . o i ' '

5-37 The temperature coefficient specified is the

' maxtmum temperature-dependent output voltage

charige which will result over any 109C interval,
The dlfferential voltmeter or digital voltmeter used
to measure the output voltage change of the 'sup-
ply should be: placed outside the oven and should
have a’long term ‘5tability adequate to Insure that
its drift will not atfect the overall measurement

¥

BCCU!’BCY. . : !

5-38 To check the temperature coefﬁcient. pro—

ceed as follows:

-2, Connect test setup shown in Figure 5 3.
b, Turnh CURRENT controis fully clockwise
and adjust front panel VOLTAGE controls until the

‘front panel voltmeter indicates 600Vdc.

l c. Insert the power supply into the temper-
ature — controlled oven (differential voltmeter and
_Set the

- d, Record the dlfferentlal voltme[ter lndica-
tion,
e, Ralse the temperature to 40°P and allow
30 minutes warm-up. :
f. The differential voltmeter indication
should change by less shap 2, BV from indication’
recorded in stepd, o

5 39. Output Stablllty : )
Definition: The change in output

. voltage for the first eight hours
following a 30 minute warm-up
' period. ' During the interval of

measurement all parameters ex- ' .

cept ambient temperature are

held constant. Amblent temper-
~ ature is permitted to vary over a
., spanof 3°C,




i

5-40 This measurement is made by monitoring the .
- output of the power supply on a differential volt=
meter or dlgital voltmeter over the stated measure-
.ment intervaly a strip chart recorder can be used
‘to provide a permanent record. ‘A thermometer- | '
should be piaced near the supply to verify that the
ambient temperature reTains constant during the'
period of measurement.’ The supply should be put
in a location immune fiom stray air currents {open
doors'or windows, alr conditioning vents); if pos—,
stble, the supply should be placed In an oven
which s held at a constant temperature, ' Care °
must be taken that the measuring instrument has a

. stability over the eight hour interval which is at

least an order of magnitude better than the stabil-
ity specification of the power supply being meas-
ured, . Typically, a'supply may drift less over the
eight hour measurement interval than durlng the
1/2 hour warm-up period,

'5-41 The stability measurement can be made
while the supply is remotely programmed with a »
fixed wire-wound resistor, thus avoiding acciden-+
tal changes in the front panel setting due to me-
chanical vibration or "knob~-twiddling, "
5= 42 To check the output stabillty. proceed as’

- follows: oo
a, Connect test setup showu in Figure 5-2,
b, Turn CURRENT controls fully clockwise .
and adjust VOLTAGE controls for 600Vdc output,
c. Allow 30 minutes warm-up then record
the differential voltmeter indication. .
d. After B-hours, differential voltmeter
should change by less than QOOmV from indication
recorded in.step c,

TO GROUN

. DED. ;¢
TERMINAL OF :
PO'ER SU’PL\"

Figure 5-9.' Ou’tput Current Measurement Techniqﬁe.
] H )

5-43 CONSTANT GURRENT TESTS

5-44 For output current measurements, the current
sampling resistor must be treated as a four termi~-.
nal device. In the manner of a meter shunt, the
load current is fed to the extremes of the wire
leading to the resistor while the sampling termi-
nals are located as close as possible to the resist~
ance portion itself (see Figure 5-9), ' Generally,

:

any current sampling resistor should be of the low
noise, low temperature coefficient {less than
30ppm/2C) type and should be used at no more

‘than 5% of its rated power so that its temperature

rise will be minimized. The latter, reduces re-~
sistance changes due to thermal fluctuations, It

i5 recommended that the user obtain a duplicate of
the sampling resistarice {R53) that is used In this

‘unit for his constant current checks {see ';‘able 6-4).

DIFFERENTIAL:
. VOLTMETER,

' Figure 5-10, Output Current, Test Setup’
5-45 Current Output and Ammeter Accuracy., Pro-
ceed as follows:

.2, Connect test setup shown ln Figure 5-10
leaving switch 51 open throughout check,

b, Turn VOLTAGE controls fully clockwise, *'
c. Turn-on supply and adjust GURRENT con-

_trols until front panel ammeter indicates exactly

the maximum rated output current. . ‘
d. Differenttal voltmeter should read 1 SVdc
+30mV. ‘ .

5-46 load Regulation,
Definition: The change, AlpyT: in the

static value of DC output current re-

sulting from a change in load resistance

from short circuit to a value whichgives

maximum rated output voltage (or vice
versa}, '

5-47 To check the constant current load requla~-

tion, proceed as follows: . ‘ .

' a, Connect test setup as shown in Figure
5-10, : ‘ ' = -
b. Tumn VOLTAGE controls fully clockwise,
c. Turn on'supply and adjust GURRENT con-
trols until front panel ammeter reads exactly the
maximum rated output current, !

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

- e. Short out load resistor (RI) by closlng-
switch Sl

v




f. ' Reading on differential volitmeter should
'not vary from reading recorded in step d by more
than ISmV

B

5=~ 48 Line Reggletion
Definition: The change, AlgyT, in the
: static value of DC output current re- .
a0 !sulting from a change in AC input volt-
age over the specified range from low
line {10% below nominal) to high line
{10% above nomtnal) or from high line
" to 1ow line,
5-49 To test the constant current line regulation
procesed as follows:

a, Utilize test setup shown in Figure 5-10,
leaving switch Sl open throughout test. ‘

b. Connect variable auto transformer be-
tween Input power source and power supply power
input ! i

c. Adjust auto transformer for 103, SVac ln-
put,

' d. Tum VOLTAGE controls fully clockwlse

'@, Turn on supply and adjust CURRENT con-’
trols until front panel meter reads exactly the max-
imum rated output current, .

f. " Read and record voltage' indicated on dlf—
ferential voltmeter, .

T g, Adjust varlable’ auto transformer for -
126, 5Vac input. ¢

h. Reading on dlfferentlal voltmeter should
'not vary from readlng recorded in step f by more
‘than 15mV v y

5-50 TROUBLESHODTIHG

5-51 Before attempting to troubleshoot this n
strument. ensure that the fault is with the Instru-
ment and net with an assoclated circuit, The per-
formance test (Paragraph 5-5) enables this to be
determined without having to remove the lnstru-
" ment from the cabinet '

5-52 A good understanding of the principles of

. 'operation is a helpful aid in troubleshooting, and

it Is recommended that the reader review Section
IV of the manual before attempting to troubleshoot
the unit in detail. Once the principles of opera-
tion are understood, refer to the overall trouble~
shooting procedures in Paragraph 5-55 to locate -
the symptcm and probable cause. o '

5-53 The schematic diagram at the rear of .the

" manual {Figure 7-3) contains normal voltage read-

ings taken at various points within the circuits,

These voltages are positioned adjacent to-the ap~

pllcalble test points '(identlfied'by encircled num=-
bers), Component and test point designations are
marked directly on the printed wiring board.

5-54 If a defective component.ls located, replace
it and re-conduct the performance test, When a
component is replaced, refer to the repalr and re~ .

- placement and adjustment and callbration para~
graphs in thls section, | :

L)

- 5-55 OVERALL TROUBLESHOOTIN(: PROCEDURE

5-56 'I'o locate the cause of trouble follow steps
1,2, and 3 In sequence,
(1) Check for obvious truubles such as open

defective voltage or oumrent meter, Next remove

“the top and bottom covers {each held by four re- .

taining screws) and inspect for open connections,
charred components, etc, If the trouble source

_cannot be detected by visual lnSpection, proceed

with step 2.
{2) In almost all cases, the trouble can be

caused by improper DC hias or reference voltages; -

thus, it is a good practice to check voltages in

'I'able 5-2, before proceeding with step 3, P

(3) 'Disconnect the load and examine Table
5-3 to determine your symptom and probable cause,

Table 5-2. Reference end Blae Voltages (R'efer" to Schematic for Test Point Locations)
srep | . METER. METER NORMAL NORMAL |,  -PROBABLE
AP COMMON POSITIVE VDG RIPPLE (P-P) CAUSE

S 51 s ' 30mv 20mV Q11, CR3D, G20
2 20 Cose 10 8mV Q5, R39, R38
3 -5* 3 0.7V v CR14, R59
4 -5 - 40(C214) 33V 15mv . | ©C21, CR31
5 1 ' -5* 25V 1mV . GR6, VR1
“  {Q4 Emitter)

» ' ' A

* S terminal is located onirear ol’ power supply

5-9

b

_fuse, defective power cord, input power fallure, or .




I
' L

Table 5-3, Overall Troubleshooting .- . )

: © SYMPTOM

PROBABLE CAUSE

Low or no output vcltace

a.,  Front panel meter defectlve,

b, ‘Sertes regulator locc c‘iefective.l'; Refer to Para- -

' graph 5-~57, then Table 5-4, .

High output voltage

a. _Front panel meter d'efective.

b. Series requlator feedback loop - T
: defective ‘Refer to Paragraph 5-57, then
Table 5-5 :

Htgh ripple

a. Check operating setup for g-'ound loops

b, Check reference and bias voltages ('I‘able 5 2) for ‘
excessive rtpple .

c. Supply cmsslng over to constant current opera-
tion under loaded conditions. Check current
limit setting or constant current comparator ctr—
cuit,

1

Paor line regulatlc}: :

. a.' Improper measurement technlque (Paragraph 5- B)

b.' Check refzrence voltages (Table 5-2)

Poor load regulation
(Constant Voltage)

" a, Measurement technique (Paragraph 5-B).

b, - bheck reference voltages (Table 5- 2).

c. Check the requlation characteristics of zener

* 'diode VRI as follows:
(1) Connect differential voltmeter across VRl
{2) Connect appropriate load resistor (Rp), given
“'in Pigure 5-3, across (+) and (~) output terminals.
(3) Perform steps b through f of Paragraph 5-13,
(4) If the differential voltmeter reading varles by
more than 10mV, replace VRl

d. Ensure that supply is not current limiting. Check'

constant current comparator circuit,

Poor load regulatich
(Constant Current)

8, 'Check reference voltages {Table 5-2). "

b. C15, C16, CR21, CRZZ leaky.

c:'. Ensure that supply is not voltage limiting,
constant voitage comparator circuit,

Check

Oscillates (Ccnstant
\(oltage/Constant Current}

a, Selection of R13 (Paragraph 5-73).

b, Check C4 and R14,
e.. Open sensing lead (+8).

“Instability (Constant
Voltage/Constant Current)

a, Reference circuit (Table 5-2),

b, Noisy voltage or current controls, (R2 or R9). ',
. c. Stage Ql or QB'defectii:e. _ ' v

d. CRI1 leaky. - )
e, Rl, R5, R42, R40, RA41, Cl nofsy or drifting,

5-10




-57 gglatlng Ioop Tmubles If the voltages
in Table 5-2 have been checked to eliminate the

reference and bias circuits as a source of trouble;
the malfunction is caused by the voltage regulat-
ing loop. If any component in a feedback loop is
defective, measurements made anywhere in the
loop may appear abrnormal, Under these circum-
stances it'is very difficult to separate cause from
effect with the’ loop closed, As described in
Tables 5-4 and 5-5, the loop is effectlvely opened
by checklng the conduction and cutoff capability of
each stage as follows: \
Shorting the emitter to collector of a
translstor simulates saturation, or the full ON con~
dition, ‘
L 2. Shorting the emitter to base or opening
the collector lead of a transistor cuts it off, and
simulates an open clrcult between emitter and col-
lector.

1

5-58 For low or high output voltage perform the in-

i
{

, structions in Tables 5-4, or 5-5;, respectively ,

Although a logical first cholce mlght be to start
near the loop mid-point, aud then perform succes~
sive subdividing test, it is more useful to trace the
Ioop from the series regulator backwards a stage at
a tlme. since loop fatlures occur more often at the
higher power levels, :

559 REPAIR AND REPLAGEMENT

5-60, Before serviclng a prlnted wirlng beard, ré -
fer to Figure 5-11. Saction VIof ‘thls manual con-
talns a llst of replaceable parts.

5—51 ADJUSTMENT AND DAI.IBRATIOH

' -62 Adjustment and callbration may be required .

Table 5-4. Low Output Voltage Troubleshooting

after performance testing, troubleshooting, or rg-
pair and replacement, Perform only those adjust-
ments that affect the operation of the faulty cir- -
cuit and no others, -

. N
v

between CR20 anode and
CR19 cathode ‘ ‘

a.
]

L ;
K . . 1

b,

Ripple waveform is
half-wave {L6msec)

A

No ripple waveform

s;np ©ACTION ' . RESPONSE PROBABLE CAUSE
1 Turn front pane! VOLT- , ' ’
.AGE and CURRENT con~ . '
trols fully clockwise | ; '
_‘2 ‘ “, To eliminate the currerit a. Output increases ' a, OCRB or current comparison
i comparison circuit as a - : ‘ circult defective’

' cause'of the malfunction, b, . ‘ :
remove CRB cathode or . Outqu remains low = b. Reconnect CRB and pro-
anode lead ; ‘ ‘_ ceed to Step 3 :

: _3",j | Check ripple waveform |l 8 mSEC — a. CR17 or CRIB is openor

the applicable gating cir-
cuit is open, To check
the gate circuit, remove
gate leads from CR17 and
CR18, and check the
resistance oi the leads to
test points 453 and ACC.
If the resistance is great-
.er than 125 ohms, the
gate circuit is defective,
Refer to Figure 7-1 for
location of test points,

" b{1)CR17 and CR18 defective.
(2)T1 defective,
{3)SCR Regulator Control
Circuit defective, Pro-
ceed to Step 4,

o6V
T

5~11.

)




Table 5=4.

Iow Qutput Voltage Troubléshooting (Continued) -

' 1

STEP ACTION RESPONSE PROBABLE CAUSE
4 Check 'the operation of a. - Qutput voltace re= ’ " a, SCR Regulator Control
' the SCR Regulator Con- mains low Circuit Q7 or assoclated
“trol by removing the col- | .+ components defective, -
lector lead of Q4. Turn Refer to waveforms on
the supply on and off ; Figure 7-2 S
ll'apid!ly ' b, Output *oltage in- b, Proceed to Step 5
N ' creases ‘ - ‘ '
5 ‘ _Check the turn-off cap- a, Output mltage re- é.‘ Q4 or assoclated cdmpo-
n abllity of Q4 by removing mains Iow ' nents defective
' the collector lead of'Ql1, ‘| . ' :
. Turn the supply on and b, Output voltage in- b, Qlor 3s?oc1ated compo-
off rapidly creases nents defectlve
' l ‘ ' . ) |
. Table 5-5, - High Qutput Voltage Troubleshooting .
STEP ; 'ACTION L R;SPO}WSB . PROBABLE CAUSE
ok [ , ' i
L1 Turn front panel VOL'I‘- o
AGE control to mid~ '
posit]lon and CURRENT ! -
control fully clockwlse ' ‘
2 ' Using the AC voltmeter, ,-"‘ . -less than 1Vac a. GR17 or CR18 shorted.
‘ check the voltage be-., : ' .
wween ACC and %5 B . Mon? than 1Vac ‘b, Proceed to Step 3
3 Check the operation of a. Output remains high a, 'SCR Regulator Control
~ the SCR Regulator Con- " Circult Q7 or assoctated
trol Circuit by shorting components defective,
Q4 emitter to collector 'Refer to waveforms on
: : ; Figure 7-2.
. . ! - R
v b. OCutput decreases b, . Proceed to Step 4.
4 Check the copduct!on N a, Qutput remains high - a. Q4 'or }assoclated compo-
capability of Q4 by ‘ . nents defective,
shorting Q1 emitter to b, OQutput decreasés b. Q1 or assoclated compo-
collector oo \
- _ ‘ ‘ . nenents defective,

up to normal operaung temperature (about 20 mln-
utes), g

5-64 The méter pointer must rest on the zero call- b, Tum the instrument off. Wait one min-.
‘bration mark on the meter scale when the instru~ ute for power supply capacltors to discharge com- °
ment is at normal operating temperature, resting in pIetely. '
its normal operating position, and the instrument c. Insert sharp pointed object (pen point or
, Is tumed_ off, To zero-set the meter proceed as awl) into the small identatlon near top of round

follows: . v . ' black plastic disc located directly below meter
-a,  Tum on instrument and allow It to come | face, , *

Y

5-63 METER ZERO

5-12
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. Excessive heat or pressure can lift the copper strip {from the board. .Avoid damage by using a
low power Bolderingiron (50 watts maximus) andfollowing these instructions. Copper thatlifts
off the board should be cemented in place witha quick drying acetate base cemint having good
electrical insulating properties . )

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

; Use only high quality rostn core solder when repairing etched circuit boards NEVER USE |

" PASTE FLUX. /After soldering, cléan off any excess ilux ,and coat the repaired area with a
high quality electrical varnish or lacquer :

When replacing componentswith muitiple mounting pins suchas tube sockets, electrolytic capa-
citors, and potentiometers, it will be necessary to lift each pin slightly, working around the
components several times until it is free. . '

WARNmG'Iithe specific instructions outlinedin the steps below regardingetched circuit boards _
- without eyelets are not followed, extensive damage to the' etched circuit board will result ,

1
i -

, 1, Apply heat sparingly to lead of component ‘I 2 Reheat solder in vacant eyeletand quickly .

tobe replaced I lead o[component passes ‘ ‘insert a small awlto clean inside of hole,

through an'eyelet ‘ . Ifhole does ' '

in the circuit . NS (g C not have an —CONDUCTOR

‘board, ‘apply v—u. ‘eyelet, in- SIOE - .
~ heatoncom- « 7).  gertawlor - '
~ potient side a #57 drill

.o{.board. i N - from con~

" lead of com=- "~ B ©+ . ductor side

‘ponent does R b, . of board,

‘not pass through, an, L ‘ L

eyelet apply Heat to conductor side of board

. 4 Holdpartagainstboard (avoid overheating)
3. Bend clean tinned lead on new part and © and solder leads, .y o
' carefully insert — - Apply heat to compo-
through eyelets or . -+ nent leads on correct’
holes in .board. ~ - side of board

. . L ‘ S as explained- . rrr T T L T ...-- -,
czzmn Gz i_“ step 1, . - ‘

In the eventthat eitherthe circuit board has been dam'tged orthe conventional methodisimprac-
'tical, use method shown below. Thisis especially applicable for circuit boards without evelets.

2. Bend protruding leads upward Bend lead

S i . of new  APPLY ,
CUP  , component SOLDER
HERE around pro-

' truding lead.
Apply solder
using a’ pair’
- 'of long nose pliers asa heat sink.

1. Clip lead as shown below. :

Torgdsd. FASELSOPSENISIISRRE  SEPEESE
4

This procedure is used in the field only as an alternate means of repair. It is not used within
" the’ Iactory. 4 : ) o Ty . o

Figure 5-11, Servicing Printed Wiring Boards a




d, Rotate plastic disc clockwise (cw) until
meter reads zero, then'rotate ccw slightly in order,
to free adjustment screw from meter suspension,

If pointer moves, repeat steps c and d. .

5-65 VOL’I’METER ADIUSTMBNT .
5-66 To callbrate the voltmeter. proceed as fol-
lows: .
a. Connect differential voltmeter BCross
supply. observing correct polarity, .
b. Turn on supply and adjust VOLTAGE con—
trols until differential voltmeter reads exactly the
maximum rated output voltage,
-Adjust R25 until front panel voltmeter
also indicates maximum rated output voltage.

5-67. AMMETER ADJUSTMENT "

5-68 To calibrate ammeter proceed as follows:

&, Connect test setup shown in Figure 5-10
leavlng switch 51 open, '

b. Tum VOLTAGE controls fully clockwise

¢, - Tum on.:supply and adjust current con-
trols untll differential voltmeter reads 1. 5Vdc,

. d. Adjust R27 until front panel ammeter in-

dicates exactiy 1.5 Amperes '

.
|

5-69 VOLTAGE PROGRAMMIN"‘ ACCURACY -

5~70 To calibrate the constant voltage prograrn—
ming current, proceed as follows: '
. a, Turn power supply off,
' b. Remove jumper connecting A7 to A6.on'
rear barrier strip,
' . €. - Connect 180K, 4W. 0 1% precision re-
sistor between A6 and +S terminals on the rear
barrier strip, L ‘
d, Connect differentlal voltmeter between
+5 and —S terminals, :
:Remove R39 and conneot a decade resist-
ance in its place,
f. Turn on the supply and adjust the decade

resistance until the differential voltmeter indicates

exactly 600Vdc,
g. Replace decade resistance with reststor -
of appropriate value fn R39 position,

5-71 CURRENT PROGRAMMING ACCURACY

5~72 To callbrate the constant current programming' '

current, proceed as follows:
).

fully clockwise
Remove R41 and connect a decade resis-

. a, Turn off supply and short the output (+) to

"

b Turn the VOLTAGE and CURRENT controls _

tor set'to 50K ohms in its place. |
' d. Turn on the supply and adjust the decade
" resistance until the front panel meter indlcatcs
1.8 Amps

.
1 . o It

. 5=73 TRANSIBNT PECOVERY ’I‘IME

5-74 To minimize the transient resulting from a
load change, proceed as follows: .

' a, Perform the procedure fn Paragraph 5-32,

b. Remove R13 and connect'a decade re-

" sistance in its place, - Vary.the decade resistance
until the load transient is within specification as'
described in Paragraph 5-32

5-75 OVBRVOLTAGE PROTBCTIDN ADIUSTMENT
5-76 To adjust the overvoltage protection circuit
Q3, proceed as follows:

‘a. Remove R17 and connect a decade resist-
‘ance set to 90K in its place, . |
"+ b,  Remove the jumper connecting AB to A7

on the rear barrier strip, ‘
. €,. Turn on the supply and adjust the decade
resistance until the voltmeter {ndicates.675Vdc.
. d. Substitute the nearest value, carbon
composition, 1/2 Watt'resistor ‘ C

£

5-77 RIPPLE IMBALANCB ADIU’STMENT

5-78 This adjustment should be performed when Sh
- the supply 1s being operated from a 50Hz input to
‘set the output ripple imbalance to an acceptable ) :
. level, proceed as follows: :
. a, Connect the oscilloscope to +§ and -8
terminals i on the rear of the supply,
b, Connect a 400,, 500 Watt load resistor
‘across the output terminals,
€. Set the output voltage to 600Vdc,
d. Remove R13 and connect a decade resist»
ance, setto 50K, in its place,’
e. Adjust the decade resistance for a ripple
. imbalance (E1/E2) of less than 0.5 as shown in
Figure §-12. A o
. £, Resistance value of R13 must permit
transient recovery time to be met as specified In’
Paragraph 5-73 S .

Figure 5-12." Lipple Imbalance Waveform ‘ v

i
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Reference Designators (Continued)

T W . L '
VRS \ Lot REPLACEABLE PARTS | ‘
T ) : ,Il ¢ b . y N ‘\. -

i o T " . ,
“f~‘| ‘ ) Vo ‘l'| .‘ . 1 , ) ‘ | ‘ ". |' . : .‘ 3
6-1 mrnonucnou L "f,.'Tabl'e‘B-l
b~ 2 'I‘his section contains lnformatlon for ordering i - plug ‘
replacement parts,. 'I'able 6-4 lists perts in alpha- oo transistor

numeric order by reference designators and provldes L
the followmg information: . .
Reference Designators. Refer to Table 6 1
b Descrlption.. .Refer to 'I'able 6-2 for ab~. .f;
brev!ations. S I

Total Quentlty (TQ) Given only the first

resistor

2 swltcht g

5 transformer

, = terminal block

thermal sw!tch .

v

VR

nouoa

.= vacuum tube,

‘neon bulb,

I B
1
i

photocell, etc, ’

zener diode
socket

Integrated cir-,

‘cuit or network;

time the part'number is llsted except in’ ‘nstruments SRt

containing many sub-'nodular assemblies. in whlch -
case the 'IQ appeers the first time the' part number R

is llsted in each ass mbty..;;- o S
d : Manuf cturer's Part Number or, Type. .

i Manufacturer 5 Federal Supply Code Num-=.
ber, Refer tc Table 6-13 [or;manufacturer's name and
address, .’ - o o i AN
£, Heﬂlett-Packard Part b\umber ) : ‘.l\ '.
g. Ret.ommendednSpare Parts Quantity\ (RS)
for' complete {maintenu'\ce of one lnstrument during ‘ “[‘.

one year of: lsolated service. o i

" h. Parts not ldenttﬂed by a ré(erence deglg- ‘__!ir \

nator are llsted at'the end of Table’ 64 under Me-
chanical end/or Mﬁscellan‘eous.' ‘The iormer cor;sists
of parts.belonging to and '}Jrouped by indlvidual as-
semblies; the latter consistk of all parts not tm- §’
mediately esmciated withian assembly. '

n »‘ i__"- D

63 onnsmﬁe mronmﬂoql

E 4 'I‘o order a replacement part. address order or '.
inquiry to your local Hewlett-Par‘:kerd sales-office -
{see lists al rear of this manual fqr addresses)
Specify the followlng lnformation for-each pert-
Model, complete serial number, and any Option or
special modification (T} numbers of the instrument; .
Hewlett-—Packard partnumber; circuit reference. des-
ignator; and description, To order a part not llsted
in Table 6-4," give a cUmplete descript!,on of the '

1)

part, lts function,. and its 1ocntion‘ -
[ o
N EENI b

Table 6-1, Reference De'ls‘_l.gn%stor's"
L , . AT | , !
A = assembly E rgiscellaneous i B
B - = blower {fan) electronic part |
C: = capacitor F = fuse "\ ,
CB = circult breaker |] = jack. jumpera
CR = diode K =relay %
DS = device, signal- | L = inductor .-
“ing (lamp) M . =meter " |
i L i o

o, Syt
AT voat

’ rgbté.‘é:—ﬂz.‘

St
vy A
. '

[N

Description Abbreviatlons "

't

.
A Y = ampere . mir. = manufacturer -
ac,. ' = altematlng . | mod, '= modular or .

v cimrents |0 modified ;
assy.*: essembly }mtg = mounting
bd. . 'z board:’ Tn  =nano=10"9 '{
. _bkt = bracket ‘NG ='normally closed '
'} oc -f ‘degree . ',f. - I NO = normally open
Centigrede ., {NP . = ‘nickel-plated
cd -‘card o ‘f' “1a " =ohm o
; .coef = coefﬁoient | obd " = order by S
comp = cemposition L e description E
GRT = cathode-ray ;| OD " = outside
. tubg’ ; ‘ diameter
CT“"‘ center-tepped 'p . = pico=10"12.
de ' " = direct’ current 'P.C. = printed circuit
'DPDT'= doublepole, - | pot. = potentiometer
S .‘doubIe throw | p~p = peak-to~peak
DPST. ‘-1 double pole, | ppm, = parts per
'single throw v ‘million
etect‘ = electrolytic® pvr . = peak reverse
-encap = encapsulated”, I uvoltage T
F . .= farad . %) reet = rectifier
op ', = degree * . |rms. =rootmean -
LR Farenheit . - square.
fxd | = Eixed RN - S sllicon ,
Ge = german!um SPDT = single po}e,
H. .= Henry Y v % double-throw
Hz" . '-.. Hertz . SPST ' singleipole;
IC " = integrated " % isingle throw",
' clrcuit SS, -, = small signal I
ID = inside dlameter T = siow-blow, '
inend = £ncande5cent. “f tan,", = tantulum '
k  =kilo=103  fTL Cstitantum v
m = m}.lli = 10'3 XA ‘=.\\rolt
M. = mega =100 var variablel o
b =micro= 10'5" ww' ~',wirqwound

et. = metal‘ oo ' : '

= Watt's --;-,"5:-‘




Table 6-3,

Code List of Manufacturers ‘ S

CODE
NO.

MANUFACTURER ADDRESS

GODE

NO, -

MANUFACTURER

ADDRESS

00629
00656
00853

01121
01255

01281

01295

01686

01530

02107
02114
02606
02660
02735
03508
03797
03877
03888
04009,

04072
04213

04404
‘ 04713
05277
05347
05820
06001
06004
06486
06540
0555
06666
06751
06776
06812

07137

EBY Sales Co., Inc, Iamaica. N Y.
Aerovox Corp,
Sangamo Electric Co. .
8. Carolina Div, -Plckens._s;'a
Allen Bradley Co, Mllwaukee', Wis.

Litton Industries, Inc, !

Beverly Hllls. Calif,’

TRW Semiconductors. lnc.
Lawndale. Calif
Texas Instruments. Inc,
Semiconductor-Componems Div,
Dallas, Texas
Manchester, N, H.
Rockford, Il

RCL Eleé:tronlcs. Inc'.
Amerock Corp,

Sparta Mfg. Co.
Ferroxcube Corp.
Fenwal Laboratories Morton Grove, I,
Amphenol Corp, - Broadvicw, Ill,
Radlo Corp. of America, Solid State

and Recelving Tube Div, Somerville. MN.J..

G,.FE. Semlconductor Products Dept.

: Syracuse, N.Y,
Eldema Corp, - Compton, Callf
Transitron Electronic Corp, = !

Pyro[llm Resistor Co, .Inc,

Cedar Knolls. N.I.

Arrow. Hart and Hegeman Electric Co,

Hartford, Conn.

ADC Electronics, Inc, Harbor City, Calif,
Caddell & Burns Mig. Co. Inc.

. Mineola, N.Y..

*Hewielt Packnrd Co. Palo Alto Div,
Palo Alto, Calif,
Motorola Semiconductor Prod, Inc,
Phoenlx. Arizona
Westinghouse Llectric Corp,
-Semiconductor Dept,
Ultronix, Inc. Grand Junction, Colo,
Wakefield Engr. Inc, - Wakefleld, Mass,
General Elect, Co, Electronic ]
Capacitor & Batterv Dept, Irmo, 5.C,
Bassik Div, Stewart-Warner Corp.
Co Bridgeport, Conn.
IRC Div, of TRW Inc, ' . .
Semiconductor Plant Lynn,» Mass,
Amatom Electronic Hardware Co. Inc,
i New Rochelle, N.Y.
Beede Electrical Instrument Co. i
Penacook, N, H,
General Devlces Co, Inc,.
Indmnapolls. Ind
Semcor Div. Components, Inc,
Phoenix, Arizona
Robinson Nugent, Inc,  New Albany, Ind,
Torrington Mig. Co., West Div.,

’I‘:‘anslstf.}l5 Blectronlcs Corp
Mlnneapolis. Minn,

New Bedford, Mass.

Dover, Chio:
Saugerties, N.Y.

Wakefield, Mass.l

Youngwood, Pa. '

Van Nuys, Calif,

07138
07263
07387
07397

07716
07910

07933

08484

08530

08717
08730

08806

08863
08919
09021

09182

09213

09214
09353
09922
11115

11236
11237

11502
11711
12136
12615
12617
12697
13103
14493

14655

14836

| 15801
16299

. Western Div,

Westinghouse Electric Corp. ' - :
Electronic Tube Div, Elmira, N.Y, [
Fairchild Camera and Instrument '
Corp. Semiconductor Div,
‘ Mountatn View, Calif,
Birtcher Corp-, The Los Angeles, Calif,
Sylvania Electric Prod, Inc, '
Sylvania Electronic Systems
Mountain View, Caltf,
IRC Div, of TRW Inc, Burlington Plant
) ‘ Burlington. lIowa
Contlnental Device Corp,
) Hawthorne, Cnllf
Raytheon Co, Components Div,
Semlconductor Operation '
Mountatn View. Ca!if
Breeze Corporations,. Inc, Union, N.T.
Reltance Mica Corp. Brookliyn, N.Y..
Sloan Company, The Sun Valley, Catlif,
Vemaline Products Co, Inc, Wyckoff, N. J
General Elect, Co.’ Minia-
ture Lamp Dept, Cleveland, Ohio
Nylomatic Corp. Norrisville, . Pa,
RCH Supply Co, Vernon, Calif,
Alrco Speer Electronic Components k
« Bradford, Ta.
*Hewlett-Packard Co 'New Jersey Div,
! Rockaway, N. I
General Elect. Co. Semiconductor
" Prod, Dept, Buffalto, N.Y.
General Elect, Co. Semlr’:onducmr '
Prod, Dept, . Auburn, N.Y.
C & K Components Inc. ~  Newton, Mass,
Burndy Corp. Norwalk, Conn,
Wagner Eleciric Corp, ‘ '
Tung-5ol Div,
C1TS of Berne, Inc,
Chicago Telephone of Cal,. Inc,
So, Pasadena, Calif
IRC Dw. of TRW Inc. Boone Plant
. Boone, N:C.
General Instrument Corp
' Rectifier Div. Newark, N, ]
Phlladelphla Handle Co, Inc, ‘
Camden, N, ]
U.S. Termlnals, Inc. Cinclnnati, Ohib
Hamlin Inc, Lake Mills, Wisconsin
Clarostat Mfg, Co. Inc, Dover, N, H,
Thermalloy Co, Dallas, Texas
*Hewlett~Packard Co, Loveland Div,
Loveland, Colo.
Gornell- Dublllnr Electronlcs Div,
Federal Pacific Electric "o,
Newark, N.J.
General Instrumenl Gorp. Scm:con-
ductor Prod. Group Hicksville, N.Y.
Fenwal Elect, ‘Framingham, Mass.
Corning Glass Works, Elcctronlc ‘

Blodmneld. N.J,
' Berne, Ind ,

t1

Components Div. Raléigh, N.C.

*Use Code‘28_480 as‘signed_ to Hewlett-f’ﬂekard_Co. »: Palo Alto, California ' \




Table 6~13,

Code List of Manufacturers {Continued)

CODE
NO.

MANUFACTURER .

ADDRESS |-

CODE
NQ,

MANUFACTURER

ADDRESS

16758

17803

18324

21520
22229

22753

| 23836
24446

24455
24655
24681

126982

27014
28480
28520
28875

‘f31514

31827
33173
35434

37942

42190
43334

| 44655
46384

55026

56289
58474

58849

59730
61637

17545
17870

19315

19701

47904
49856 .

63743

Delco Radio Div, of General Motors Corp.
Kokomo. Ind,

Atlantlc Semlconductors, Inc,’

Asbury Park, N.J.

Fairchild Camera and Instrument Corp
Semiconductor Div. Transducer Plant

: " Mountain View, Calif,

Davan Div, Thomas A.' Edison Industries
McGraw-Edison Co.

Signetics Corp. Sunnyvale, Calif,

Bendix Corp. The. Navigation and: -,

* Control Div. Teterboro. N.1.
B!ectra/Mldland Corp. |
‘ Mlneral Wells. Texas
Pansteel Metallurgical Corm,

No, Chlcago. BitR

Unlon Carblde Corp, Electronics Div,.

: " Mountain View, Calif,

UID Electronics Corp. Hollywoed, Fla,

Pamotor, Inc. Pampa, Texas

General Electric Co,’ Schencctady, N, Y.

Gene'ral Electric Co. Lamp Div., of Con-
sumer Prod, Group

o Nela Park, Clevcland, Ohio

General Radic Ca. West Concord, Mass.

L1V, Electrosystems Inc Memcor/Com-
ponents QOperations

Dynacool Mfg, Co. Inc. Saugerties, N, Y.

National Semiconductor Corp.

o L . Santa Clara, Calif.

Hewlett-Packard Co,

Heyman Mig. Co,

IMC Magnetics Corp. ‘
New Hompshire Div,  Rochester, N, H.

SAE Advance Packaging, Inc. .

Santa Ana, Calif,
Ramona, Calif,
Owensboro, Ky.
' Chicago, m

Kenilworth, N.J.

Budwig Mfg, Co. ‘
G.E. Co, Tube Dept,
Lactrohm, Inc.
P, R, Mallory & Co. Inc.’
Indlanapolls. Ind,

Muter Co, . "Chicago, Il
New Departure-Hyatt Bearings Div,

General Motors Corp, Sandusky, Ohio
Chimite Manufacturing Co., Skokle', I,
Penn Engr. and Mfig, Corp.

Doylestown, Pa.

Polaroid Corp. Cambridge, Mass,
Raytheon Co, lexington,' Mass,
Simpson Electric Go. Div, of American ‘

Gage and Machine Co.’ Chicago, IlI.
Sprague Electric Co. - North Adams, Mass,
Superlor Electric Co, Bristol, Conn.
Syntron Div, of FMGC Corp.

. Homer City, Pa,
Thomas and Betts Co. Philadelphia, Pa.
Union C;urblde Corp. New York, N.Y.
Ward Leonard Electric Co.” |~ !

Mt, Vemnon, N,Y,

‘Orange, N.J.'

. Huntington, Ind.

Palo Alto, Calf.

70563
70901
70803
71218
71279
71400
71450
71468
71590
71700

71707
71744

71785

71984
72136
72619
72699
72765
72962
72082
73096
73138

73168
73253

73445
73506

73559

73734

74193
74545
74668

-} 74970

75042
75183

75376
75382
75915
76381

76385
76467

76493

' Globe-_Unlon Inc,

,Federall Screw Products, Inc,

Union City, N.J.
Fort Washington, Pa.
Belden Corp, Chicago, Iil,
Bud Radie, Inc, Willoughby, Ohio
Cambridge. Thermionic Corp.

' Cambridge, Mass.
Bussmann Mfg, Div, of McGraw &

Edison Co. = - 8t, Louis, Mq.
CTS Corp. ) Elkhart, Ind.
L. T.T. Cannon Electric Inc,

Los Angeles, Calil,

]

Amperite Co, Inc,
Beemer Engrg.\ Co.

Centralpb Div, Milwaukee. Wis,
General Cable Corp, Cornish
Wire Co. Div. ' Williamstown, Mass.
Coto Coil Co, Inc.. Providence, R.L
Chicago Miniature Tamp Works
Cblcago, Ill
Cinch Mig. Co. and Howard
B, Jones Div, . Chicago, I,
Dow Corning Corp. Midland, Mich.
Electro Motive Mfg. Co, Inc,
' Willimantic, Conn.
Dialight Corp. Brooklyn, N.Y.
General Instrument Corp, Newark, N.J.
Drake Mfg. Co. ' Harwood Helghts, Il
Elastic Stop Nut Div, of - . .
Amerace Esna Corp. Union, N.J.
Erie Technological Products .Inc, Erle, Pa,
Hart Mfg,. Co. Hartford, Conn.
Beckman Instruments Inc. :
Helipot Div. Fullerton, Calif,
Fenwal, “Inc, Ashland, Mass,
Hughes Aircraft Ga, Electron '
Dynamics Div, Torrance, Calif,
Amperex Electronic Corp, .
Hicksville, N. Y.
Bradley Semlconductor Corp. !

. ' New Haven, Conn.
Carling Eloctrlc, Inc, Hartford, Conn.
. Chicago, Ill.
Heinemann Electric Co. "~ "Trenton, N,J.
Hubbell Harvey-Inc, Bridgeport, Conn.
Amphenol Corp. Amphenol RF Div, '

¥ ' Danbury, Conn,
E. F, Johnson Co,. Waseca, Minn,
IRC Div, of TRW, Inc. Philadelphia, Pa.
*Howard B, Jones Div, of Cinch
Mfg. Corp, "New York, 'N.Y.
Kurz and Kasch, Inc. '- - Dayton, Chio
Kilka Electric Corp. Mt, Vernon, N.Y.
Littlefuse, Inc. " Des Plaines, m.

Minnesota Minlng and Mfg. Co.

. Paul, Minn.
Minor Rubber Co, Inc, . Bloomf!eld.. N.J. -
Iames Millen Mig. Co. Inc.
Malden, Mass,

LW, ‘Miiier\ Co. Compton, Calif,

*Use Gode 71785 assigned to Clnch Mfg, Co., Chicago, Iil.

!




2 : Table 6~3,

CODE

" NO,'

* ADDRESS

MANUFAGTURER

76530

76854

77068

771,22

77147

| 77221

77252

77342

77630

77764
78189

78452

78488
78526

78553
78584

179136

79307
79727

176963

80031

80294,

81042

81073

81483

' 81751

82095
?
82142

82219

82389

- B2647,

828566
82877
82893
B3u58

83186

83298

83330

83385

83501

Cinch City of Industry, Callf

Qak Mfg, Co. Div of Qak . k
Electro/Netics Corp. :Crystal Lake, IIl;

Bendix Corp,, Electrodynamics Div,

. No. Hollywood, Callf
Palnut Co, ’ Mountainslde. N.T.
Patton-MacGuyer Co, Providence, R.I,
Phoostron Instrument and Electronic Co,

South Pasadena, Callf
Phlladelphla Steel and Wire Corp.
' Phlladelphla. Pa,
American Machlne and, E‘oundry Co,
Fotter and Brumﬂo Id Dtv. Princeton, Ind,
ITRW Electronic Components Div,’
W -; Camden, N.7J.

'

\,.

Pesistance. Products Co.

V' Elgin, III,
Everlock Chlcago. lnc. Chlcago. I,
Stackpole Cprbon Go. st.
‘Stanwyck Winding Div,. San Fernando’

Electric Mig.’Co, Inc. ‘ Newburgh. N.Y.
Tinnerm;m Prooucts,. Inc Cleveland, Ohio
Stewart/ Stamping 'Corp. Yonkers. N. Y.
Waldes Kohmoor.,lnc. “LLC,y N.Y.
Whltr-head“Metals Inc. . New York, -N.Y.
Cphtlneptal-ert Electronics Corp,

/i _Philadelphia, Pa,
Zierick Mfg. Co. ' Mt Kisco, N.Y.

lMepm Div. of Sesslon's Clock Co.
Boums. Inc. t . Rlverside, Galif,
Howard Industrlos Dlv. of Msl Ind. Inc,”

U A Racine, Wisc.
Groyhill. Inc. La\Grange. I,
[ntemational Rectlﬂer Gorp.

' Lo El Segurndo, Calif
Columbus Electronics Corp.,Yonkers. N, Y,
Goodyear Sundries & Mechanical 'Co, Inc,
o New York, N. Y.
Airco Speer Electronlc Components
7 Du Bols, Pa,
Syivanla Eleclric Prodﬂcts Inc.

Electronic Tube Dlv. Receiving
’Tube Operations ,n’ Emporium, Pa.
'Switcheraft, Inc, Chidago, .
Metals and Comrols Inc. Control .

Products Group'
Research Products Corp.
Rotron Inc, * Woodstock, N, Y
Vector Electronic. Co, - Glendale, - Calit’
Carr Fastener Co, Gombrldge. qus
Victory Bngincerlng Corp.

Springfi?ld N.I

Bendix Corp, Electric Power Div, /0"

‘ Eatontown., N I

Herman H, Smith, Inc. . Brooklyn. N.Y.

Central Screw Co, . Chioago, IH
‘Gavitt Wire and Coble Div, .of

Ameraoe Esna Corp; Brookfleld Mass.

. Harrisburg. Pa, |
‘-.Illinois Tool \!Ybrks Inc. Shokepropf Div,

Morrtstown, N.J.|

Attleboro. Mass. N
Madison.,Wis. A

Marys," Pa.

6-4

"Code List of Manufacturers (Continued) : o PR

CODE
'NO.

L

MANUFACTURER

' ADDRESS{

83508

1.83594

83835
83877

B4171
84411
asséa

88838

187034

"] '87216

87585

87929

88140

/

90534
90763

91345

91418
91506

91637.
91662
| 91928

92825
/93332

93410

94144

éélsq

/

94227
95253
95354
95712

| 95987

96791
97464
97702
98291
98410

98978

99934

#8245

. Augat, Inc. "

-,‘ Wagner Electric Corp, |

Grant Pulley and Hardware Co,
West Nyock. N.Y.
Burroughs Corp. Electronic
Components Div, ' Plainfield, N.7J.
'U. 8. Radium Corp, Maorrlstown, N.J.
Yardeny Laboratories, Inc, ‘
S New York, Nf .
Arco Electronics, Inc.  Great Neck,"N, Y,
TRW Capacitor, Div. QOgallala, Neb,
RCA Corp. Eloctronlo Components’

Harrison, N. I '

'Rummol Flbre Co, ’ Nevsark, N,T.
Marco & Oak Industrles a Div, of Uok |
Electro/nétics Corp. 'Anaheim, Ca if,
Philco Corp. Lansdale Div. Lonsdale. P.z
Stockwell Rubber Co, Inc, . ;
. NE o Phlladelph!a. Po.
Towgr—Olsohon Corp,
Cutler-Hampier Inc. Power Distribution .
and Control Div, Llncoln Plant .
I ;o v Lincolr, HI‘
Litton Precision Products Inc, 'USECO -
Div, ,thton Industrles ‘Von Nuys, Callf
Gulton Industries Inc. “ Metuchen, N, I
Un!ted Car Inc, /' : Chicago, [ll
Mlller Dial and Noméplate Co,
! El Meonte, Coll,f
Radlo Materials Co, = ' Chicago, 11,
/ Attleboro, Mass,
Columbus. Neb,
Elco Corp, v - /) Willow Grove, Pa,
Honey'well Tnc. Div.- Micro Switch
W o J Freeport. Ill.
Whltso. "Ine, ol Schiller Pk., I,
Sylvania Electric Prod, . Inc, Semi~ '
conducror Prod, 'Div, v Woburn, Mass,
Essq.\r Wire Corp, Stgmco
‘ Controls Div, )
Raytheon Co. Components Dlv.
"Ind, Components Oper, - ulncy, Mass,

)

‘PDale Blpctronlcs. Inc.f.

Livingstonl' 'N.J.
Lester, Pa,

Tung-Sol Div,
Southco Inc. .
Leecraft Mfg, Co, Inc, - L,1,C., N.Y.
Methode 'Mfg, Co, . Rolling Meadows, 1,
Bendix Corp. Microwave

Devices Div, . .
Weckesser Co. Inc.
Amphcnol Corp. Amphenol

Controls Div, Ianesvi!le, Wls.
Industrial Reta.nlng Ring Co.

- + Trvington, N.J.

IMC Magnetios Corp. Eastern Div,
Westbury, N Y.
Mamaroneck, N.Y.

Chlcogo. m.

Sealectro Corp.
ETC Inc.
Intemationul Electronlo Research Corp.
/ . Burbank, Calif.
Ronbrandt. Inc. ‘ Boston, Mass,

2 ;

Bridgeport, Conn. .

"Mansfleld Ohlo :

E‘ro'nklin,‘ Ind,

Cleveland, Ohio

/1 .“"‘“
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l Table 6-4. Replaceable Parts 0
REF, DESGRIPTION - 10 | Mrr, ParTNO. | MER. & RS
~ DESIG, ' - » | CODE} PARTNO. |°*
T : . vy 1 . '
cl fxd, paper . 15pf 1000Vde ‘1 | 360P154910 56289 | 0160-2482 ] 1
c2 fxd, elect 1pf 35Vdc 4 150D105X3035A2 | 56285 | 0180-0291 1
G3 . fxd, film . 0022pf 200Vdc 1 192p22292 56289 | 0160-0154 | 1
c4 - fxd, elect , 47uf 35Vdc’ 1 | 150D474x9035A2 | 56289 ] 0180-0376 | 1
C5,6,17-19 | NOT ASSIGNED o -t- - - -
c7-10 fxd, paper ;047uf 600VAG. 4 160P47396 - .| 56289 { 0160~0005 1
cl1 fxd, paper , 47uf 600Vdc - 1 161P47406 56289 | 0160-2464 1
cl2 fxd, paper 0, 1pf 400Vde 1 160P10494 56289 | 0160-0013 | 1
Cl3-16. fxd, elect 1000uf 400Vdc 4 36D102F400CE2A | 56289 | 0180-1842 ] I
c20, 21 fxd, elect 200pf 65Vdc .2 | D70996 56289 | 0180-1884 | 1
c22,23 fxd, elect 1pf 35Vdc . “ | 150D105%9035A2 | 56289 ] 0180-0291,
cza fxd, elect 20pf 50Vde 1.} 30D206G0S0DCA 56289 | 0180-0049 | 1
C25 ‘fxd, elect 1pf 35Vde | | 150D105X9035A2 56289'| 0180-0291 .
©26,27 fxd, film , 082pf 200Vee 2 | 192P82392 | sez89 ] o0160-0167 | 1
cze fxd, film ,22pf 80Vde 1 | 192p22495R8 ' | 56289} 0160-2453,] 1
CBl ‘Circuit Breaker 20A 250Vac' Max . | 1 'AM33 Curve 4obd | 74193} 2110-0212 1
om Rect, si. 200mA 15prv 10 1N4828 03508 ! 1901-0461 6
"CR2-5, . v S : S :
*10-12,16, .
24-27,29, | .
fi 32438 +NOT ASSIGNED, . . : -1- > - - ' -
CRS "Rect, 51, 1200mA 15prv ' | 1N4B28 - 03518 1901-0461
- CR7-8,13 Rect. sf, 200mA 200prv 13 | 1N485B - - 02332 | 1901-0033 | 7
| CR14, 15 ‘Rect, si, 200mA 15prv, { 1N4B2B 03508 | 1901-0461
], CR17,18 SCR 254 200prv 2 c30B 03508 | 1884-0017 } 2
CRL{y, 20 Rect, si. 3A 200prv - 2 | MR1038B 04713] 1901-0492 | 2
'CR21,22 | Rect, sl, 1A%400prv 2 | 1ns060 03508 { 1301-0328 | 2
| crz3 i Rect. si, 200mA 15prv i 1N4BZB_ 03503y 1501-0461 |
'+ CR28 %' | Rect, si. 200mA 200prv 1N4B5B 93332 | - 1501-0033
CR30 31" . | Rect. si, 500mA 2nopru§ 2 | 1N3253 02735} 1901-0389 | 2
CR39-45 4471 Rect,,si;* 200mA 200prv ' 1N4858 93332 | 1901-0033:
cnas 47 » I Rect. si.’ 200mA 15prv 1N4828 03508 | 1901-0461
crma Rect. si, 200mA 200prv 1N4858, 93332 | 1901-0033 -
cR49 -51 - Rect. sh QGOmA lSprv 1N4828 03508} 1901-0461
r)31 Indicator ,nght Neon 1 599-124 72765 1450-0048' 1
,-;*Ll choka. Filter” 1 ohd 09182| 9100~ 1370 1
12 ' Inductor, Filter 1 obd 09122 9100-2169 1
) /83 PNP . 4 2N29{J7A 03508 |  1853-0099 4
Q2 , 7| 55 NPN s, 2 ZN3391 03508 | 1854-0071 2
Q3 0% | S5 PNP sf, - 2N2907A 035084 1853-0099 | -
04 ',‘:;,;*.,faf" SS NPN'EL. _ 2N 3391 03508 | 1854-0071
Q5 i ] SS'NPN si. i -1 |’ 2nN3390 03508 1854-0202 |
Qe;8" /NOT ASSIGNED 4" -] - . - - -
Q7’ ' S5 NPN si, o 1 | 2n3417 . 03508 ) 1i854~0087,| 1
Q8,10 SS PNP si. 2ZN2907A 03508 ] 1853~0099
Q1Y §5 NPN sl 1 | 2n2193 03508 | 1854-0244 | '1
Rl T fxd,, met, film 182Ka +1% W 2 Type CEC T-O obd| 07716 0757-0311 | 1
R2 _var. ww 200Ka 20Tum : 1 | Model 3400 obd 80294 ] 2100-2000 | 1°

i
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REF, N MFR. o ‘
. DESIG. DESCRIPTION TQ | MFR. PART NO, CODE | PART NO, RS
R3 . fxd, met, film 100Kn 1% 1/8W 2 { Type CEAT-Oobd | 07716 | 0757-04465 1
R4, 6, 20, L | g ‘
22,31,43 | NOT ASSIGNED ‘_ - - - - -
R5 : fxd, met, film 182K, £1% iW Type CEC T-O obd | 07716 | 0757-0311
R7 fxd, comp 100KA 25% W, 1 EB-1045 ' 01121 | 0686-1045 | ‘1
R8 fxd, met, ox 300Kq 5% 2W 6 - | Type C425 obd 16299 | 0698-3667 | 2
RS | var, ww IR ' N 1 | obd 09182 | 2100-1847 | 1
R1O " | £xd, met, ox 300Kax5% 2W . ' ' Type G425 obd 16259 | 0698-3667 |
R11 | fxd, met. film 15K, +1%'1/8W" 3 Tyre CEA T-O obd | 07716 | 0757-0449 1
R12 fxd, met, film 61, 9Kn £1% 1/8W 2 Type CEA T-O obd | 07716 | 0757-0460 1
- R13 fxd, comp Selected #5% W 4 . | Type EB obd " 01121 : Sl
' Rl4 , fxd, comp 30K £5% W 1 | EB-3035° 01121 | 0686-3035 1
{ R15 fxd, comp 1 MEG #5% jW 1 . | EB~1055 01121 | 0686-1055 {. 1
R16 fxd, met. film 27, 4K, 1% 1/6W | 1 . | Type CEAT-Oobd | 07716 | 0757-0452 1
R17 fxd, comp Selected £5% 1W Type EBohd = 01121 ' o
R18 fxd, met, film 23Ka +1% 1/8W 1 Type CEA T-O obd .| 07716 | 0698-326% 1
RIS fxd, met, film 61, 9K 1% 1/BW ' Type CEA T-O obd |,07716 | 0757-0460
R21 fxd, ww 10 5% IW 1 GB-1005 ‘01121 | .0689-1005 1
R23 fxd, ww 1, %0, 5% 8W \ 1 Type T~7A obd | 01636 | 0B11-2133 1
R24 fxd, met, film.19, IKa £1% 1/8W 1 | Type CEA T-O obd ' 07716 0698-4484- | 1
v R25 var, Ww 5Kn (Modify) . 1 Type 110~F4 obd 11236 | 2100-1824 1
R26 fxd, met, fllm 1, 33Ka 21% W 2 Type CEB T-O obd | 07716 | 0698-3134 | 1
R27 var, ww 1K (Modify) ‘ 1 Type 110-F4 obd 11236 | 2100-0391 1
R28 fxd, met. ox 300K £5% 2W Type C425 obd , 16299 | 0698-3667
R2% fxd, comp 100, £5% 1W 1 GB-1015 .| o1121| oes9-1015 | 1
‘R30 fxd, ww 20K 5% 40W CT 1 2BR-37/5800 Short | 63743 | 081i-2134 1
R32  fxd, met. ox 300K. £5% 2w - { Type G428 obd 16299 | 0698-3667
R33 fxd, comp 2Kn £5% IW . 1 EB-2025 01121 | 0686-2025 1
R34 fxd, comp 10Kn 25% IW 3., | EB-1035 _ 01121 | 0686-1035 1
R35 fxd, met, film 2K 21% 1/8W 1 Type CEAT-O obd | 07716 | 0757-0283 1
R36 fxd, met, film 3K, 1% 1/8W 11 Type CEA T-Oobd | 07716 { 0757-1093 1
R37 fxd, met, film 1,33K, 21% W - | Type GEB T-Q obd |. 07716 | 0698~3134
R38 fxd, met, film 3,01K, 1% W | 1 Type CER T-O obd | 07716 | 0757-0339 1
R39 fxa, comp Selected 5% IW ' Type EB ohd 01121 |
" R40 fxd, met, film 15K, 21% 1/8W Type CEAT-O obd | 07716 | 0757-0449
R41 : fxd, comp Selected £5% 1W .| Type EB - oz | - \ ‘
R42 ' fxd, ww 3Kn £5% 5W 1 243E3025 56289 | 0812-0050 } 1
_R44 fxd, comp 470, £5% iW N T EB-4715 | 01121 | 0686-4715 1
R45 fxd, met, fllm 15Ka £1% 1/8W - Type GEA T-O obd | 07716 } 0757-0449
R46 fxd, met, film 10uKn +1% 1/8W : Type CEAT-Oobd | 07716 | 0757-0465
R47 fxd, comp 10Ka #5% W . . EB~1035 01121 | 0686-1035
" R48, 48 fxd, met,, ox 300Kn £5% 2W - Type G428 obd 16299 | 0698-3667
RSO . fxd, comp 3Ka £5% W 1 EB-3025 01121 | 0686-3025 1
RS51 fxd, comp 180, 5% W * 1 | EB-1815 01121 | 0686-1815 1
R52 fxd, met. ox 3Kn 5% ZW 1 Type C428 obd © 16299 | 0698-3642 3
RS3 fxd, comp 10K 5% {W . EB-1035. 01121 | 0686-1035 |
RS4,55 . fxd, comp 474 £5% iW 2 EB~4705 ' 01121 | 0686-4705 | 1
- RS6 fxd, comp 39a £5% iW 2 EB~3905 "| oxiz1| oe686-33505 1
RS7 fxd, comp 20K 5% W .} 1 | EB-2035 ] o1121| 0686-2035 | 1
RSB fxd, comp 35%n 5% 4% "} 1. | EB-3335 01121 | 0686-3335 1
RS9 fxd, comp 39a +5% 4W EB-3905 » | 01121 | 0686-3905"
Tl Transformer, Power 1 obd 0918Z , 9100-186% 1
T2 Transformer, Bias’ 1} 09182 { 9100-1876 1
T3 “Transformer, Pulse 1 ohd - "} os1ez| 9100-1875 1
' ) i} !
: . .
1 | i
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'e=7

REF. v | 'MER. &
DESIG. DESGRIPTION TQ | MFR. PART'NO.' | oopk | earTmo. | S
51 Thermal Switch v ) '
Open to Rise 167°F #59F - . ’ ‘
Close.on Pall 137°F £10°F . . 1 obd 09182 | 0440-0042 1
VR1 Zener 9. 4V &5% 500mwW . A 1 IN2163A 06751 | 1902-0763 1
! Main Chassis Assembly 1 | obd, 09182 | 5060-6114 |
Rear Chasslis Assembly 1. obd 09182 | 06448-60001
Front Panel Assembly 1 obd 03182 }06448-60002
Rear Chassis ’ ‘ 1 obd - 09182 | 06448-60001
Cover (Top or Bottom) ’ 2 | obd 05182 |06448-60003,
P, C. Board Assembly {Loaded) 1 obd 09182 |06448~-60020
Printed Circuit Board (Blank) 1 obd 09182 |06448-20020
Angle Bracket, P.C. 'Board 1 obd ' 09182 | s000-6012
. U-Bracket, P.C. Board 1 Jobd 09182 | 5000-6014 | .
' Heat Sink (For CR17 and CR18) 1 ,obd ‘ ,09182 | 5020-5501
Capacitor Clamp, Aluminum =~ ; R - ‘
{For C13,14,15,16) ’ 3 obd 09182 | 5000-6017
Cover, Angle (For 7-termlnal k : - -
barrier strip) R ! obd - .. 09182 | 5020-5718
Cover {For 5-terminal barrter strip) | 1 obd . 09182 |06448-20003 |
, Cover (For 3-terminal barrier strlp) | obd - 09182 | 5020-5513
Handle 5}" ) 2, lobd 09182 | 5020-5512
Shaft, Insulated 2-3/8" long g ’ o !
(For VOLTAGE control R2) 1 | obd 09182 | 06448-20001
Shaft, Insulated 1-3/8" long \ : By
. (For CURRENT control R9) - 1" | obd 09182 | 06448-20004
Bracket, Mounting . )
(For potentlometer R3} - 1 {obd 09182 | 06448-00003
Washer, . shoulder ' I E
- {For heat sink standoff) 2 obd 09182 | 2190-~0491 .
Barrier Strip, 5 terminal 1 602-Y-5 75382 ] 0360-1259 1l
Barrier Strip, 3 terminal | 1 6502~3 ' 75382 | 0360-1213 1
‘ Barrier Strip, .7 terminal 1 |obd . 09182.} 0360-1237 1
Jumper (For 5 terminal barrler strip) | 2 602-71 75382 | 0360-1280 1
‘Jumper (For 7 terminal barrier strip) | 5. 422-13- 11-013 71785 | 0360-1143 1
Voltmeter, 0-700 Volts '1 obd 09182 | 1120-1240 1
Ammeter, 0-1,8 Amps 1 obd 09182 | -1120-1245, 1
Bezel, Meter 2 .| obd 09182 | 4040-0296 | 1
Spring, ‘Meter ‘ 8 - | obd’ 09182 | 1460-0256 { 2
Fastener, DS1 , 1 017373-012-243 ‘89032 | 0510-0123 |' 1°
HP LOGO, Front Panel 1 ohd 09182 | 7120-1254 1
5 Way Binding Post. Front Panel, : ' : ‘ i
Marcon 1 DF21Mn 09182 | 1510~-0040 1
5 Way Binding Post, Front Panel, , '
Blhck : 12 DF21BC - ‘ 58474 1510-0039 1
Rubber Bumper, Rear Panel 4 Type 2097W obd 87585 | 0403-0089 ‘1
Knob, GURRENT Control 1 obd | 09182 ( 0370-0084 1
Knob, VOLTAGE Control 1 obd 09182 | 0370-0137 1
Universal Coupling.Voltage Control] 2 #39002 76487 | 1500-0067 ' 1
Motor, Fan = 1 obd 09182 3140-0010 1
Casting, Fan 1 ohd 09182 | 5243A-20A | I’
‘Blade, Fan ‘ 1 4LHB182B 09182 | 3160-0034 1
Bushing, Front Panel Control 2 #119- 83330 } 1410-0758 1
Insulator, Heai Sink 4 obd 09182 | 0340-0172 1
Standoff, Insulator. For CIZ and R21 1 ‘TAL-AG . 92825 § 0360-1449 1
64488 |




REF, ‘ ‘ . MFR,
Spacer, HEX, 6-32 x 3/4" ' . ' ‘ : -
o (For rear barrler strip) 1 obd {09182 | 0380-0091 1
' Spacer,: HEX, B-32 x 3/8" o : ‘ : ’
{For rear barrier strip} 4. obd 09182 | 0380-0718 1
Spacer, #8 x 5/8 LG - :
{For 3-terminal barrler strip). 2. | obd 08182 | 0380-0723 1
Spacer, Alum, Tubuiar : ' . ‘
- -{Mounted on heat sink) = o C
3/8 Diam x 5/8 long ' ' 1 9323~-A~194~0 06540 | 0380-0396 ‘ 1
Washer, Nylon, Shoulder, CR18 ‘1 | obd - : 05277 | 2190-0898 | 1
Grommet, 5/8" -~ . 6 1661 73734 | 0400-0062 1
Rubber Bumper, Black, Rear Panel 4 3066 87585 | 0403-0085 1
Wafer, Metal Mounting CR18 h 1. | H4021 , 616371 0340-0175 1
Gable Glamp } 1. D., For G11 1 |.Ta-4 79307 | 1400-0330 | 1
! Washer, Insulated, Front Panel : obd ' _
Controls , 4 $#2658 > 83330'] 2150-0497' 1
v |) ' , ' ) .
f OPTION 17 and/or 18 o
"' CR17, 18 -SCR 35A 400prv 2 38639 02735 | 1884-0058 2
R2l © fxd, comp 224 £5% 1W . . | GB~2205 . 01121 | 0&B9-2205 1
.R58 fxd, met, ox'75Ka £5% 2W- ' ‘1 Type C42S obd 16299 | 0764-0027 1
T Transformer, Power 1 obd 09182 f06448-80081 | 1
T2 Transformer, Bias . 1 obd ‘09182 | 9100~-2195 |
1 s ' : v
i Yo
)

64488
6-8 '







L. SECTION VI ' "'
B 1. CIRCUIT DIAC'AMS
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This section contains tae ‘schématic'diagljérﬁ (Figure 7=1}) for'.the uritt, Cb}itpdnent and test point féferénce

designations shown on the schematic are marked directly on the main'printed wiring board, Voltages are .
given on the schematic adjacent to the applicable test points; identified by encircled numbers on both the
schematic and printed wiring board, | Includgd on the sthematic apron,. are th

the SCR control circult portion of the unit, . . - ‘
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o APPENDIX A
: _ - MANUAL BACKDATING CHANGES

Manual backdating changes describe changes necessary to adapt this manual to- earlier instruments.. To
adapt the manual to serial numbers prior to 6L0182, make the following changes. '

CHANGE 1: Ql, 3, 8, 10 to 2N3306, Motorola 04713, & Part No, 1853-0036, These transistors should
be replaced by 1853-0065 as shown in Table 6~ 4 under Q1, 3, B, 10 L i

CHANGE 2: R24 to 33K 1%, 1/8W. ¢ Part Np. 0698-5089. This rqsistor should be replaced by
0698-448B4 as sh_own in Table 6~4 under R24, : ' , o

. " o ‘
CHANGE3: R25to 101{. Type 110. & Part ‘No. 2100 0396. This 'potentiolmete; snoulld be replaced by
' 2100 1824 as shown in 'I'able 6-4 under R25. ‘ X : .

'
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MANUAL 'CHANGES® ' .

R 'DCPOWER SUPPLY. .. .0+
ot ’ - Model 644BB . . o .
o - Manual HP Part No, 06448-30000 ., .. -

I
v ‘o

Make all correctlons in the manual accordlnq to errata below. 'then check the followlng table i’or your power ' ‘

.

SERIAL -MAKE ;

Prefix Number ' CHANGES .
AN ' = " Ensta

G8E - , DA02.0561 N

YE 0562-.0641' 1.2

OH ", 0642.0670, Y123

OH. 0571-0751 Ythiu g

OH ' 0752.0791 1thru §

CH 0792.0811 1.2,34.6

11394 08121741 1t B

16238 1742-1816 - y 1ths9

. 1684A "1B17- 1864 1thru '3

1712A 1865-2116 1thne 11 .
18254 - ) 2092.2166 - 1 thru 12 .
1836A - |l 2167.2216 Nhru 13
C1B33A. ) T r2217-2801 i 14
"2038A-. 2802-2951 . lihls,
21074 il 2952.4p I thre 16

‘ ERRATA

On Figure 3 -8, rémove. the strap‘between =) end t
(-SJ on all SLAVE supplies, "Add a strap between
(As) and (-S} on all SLAVE supplies .

On page 4-4, paragraph 4-30, change Lhe lourth

“septence to read as follows:

(-

For example, during constant voltage operatlon
the collector voltage of Q1 (voltage input) for-

E ward biases CR7 (CRB reversed blased by Q8),.

“the current through GR7 will vary as Q1 colléc-
tor voltage vartes and thus vary Q4 base cur-

_rent; therefore, the collector current of Q4 is
controlled byllhe voltage input,

On page 2-1, delete paregraphs 2- 19. 220 and
2-—21 since they are not applicable to this supply.

In spectfications table and all other places where

output {5 mentloned, change it to read: '
-600 Volts _ a0

Add the following note to the specification table .

{1-1) and Paragraph 2-14: "The minimum ac power

line protection capacity required for SCR firing

. surges is 20 amperes when operated from & 115 volt

line, and 10 amperes when opermed from a 230 volt .

line,” . . S

* On the schematic, change the: reference deslgnator

and value of the current sampllng resistor from R53
2 R23, la, BW " . o

Jn the n-plm.eable per!s table, ndd' .
Lockwasher, Intemal tooth, 29/64 ID x 27/32 oo

%, 062 thick, Shakeproof 14')2 -00 (for R2). C o

L supply serlal number and enter any llsted chnngels) ln the manual

On thé schematic diagram, reverse the polarity of
diodes CR39 and CR43, Change the voltage at
Test Point 51 from =30V to ~25.6V, In addition,

: e\.rerywhere else in the schematic where "-30\!"

, veppears. change it to "-25 GV "

a CH.ANGE- 1 : : -
In replaceable parts table make the followlng
changes:
.CR17,18B: Change to 38639. & Part No. 1884~
0058, ' : ‘
R21: Change to 100A £5% 2W, A.B.,
0696-36240,
~ Motor, Fan: Change to# Part No, 3140-0052.

CHANGE 2: !

In the replaceable parts table and on the schematic
dlagrorn. 'make the fo'lowing changes:
'R17: Change from selected value to 200k, eS %,
W, HP Part Ne. 06B86-2045,
Handles: Change HP Part No, to 5020- 5;15. '
qty. 2.
Machine Scirew, handles' Add. HP Part \'o.
2680-0173: qw 3, o

"\ CHANGE 3

.The senal number prefix of the instrument has beer
changed from “SC" 1o "OH," Vo

In the replaceabie parts table, mnlce the following
‘change;
12, Line Choke: Change the BP Part No. to,
5080-7151.‘ Yo
o CHANGE 4:
In the replaceable parns rable, make the !nllowmg
changes: "
R44: Change tc "Selected for optimum pericrm-
. ance,* nominal value s 300n. 5%, 4w,
- OPTION 17/18: o ' f
R21: Change to ZZUn.‘S.J. 2W, HP Part \O‘.
0698-3628. n
Cl2: Add C12, 0 047u1‘. 600V, HP Parl. .\o
DIGD 0005

'

Pa'rt No, o

'
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CHANGL 5.

This change applles to the schemattc dlagram only
It applies only to units bearing serial numbers bew .
tween OH0752: and 0H0791 '

Vo

On the schematic dtagram {Figure 7- 3). make the
following changes:
. Clz: Change to 0, lp.F. 400v, HP Part No. ‘
¢+ -0160~-0013. T
C26: Change to'0, OBZpF. 200V, HP Part No.
... 0160-0167.
C28: Change to 0. 22uF, 80V, HP Part No.
- 0160-2453, '
13: Delete (short-out) L3. connected between
TP38 and rectifier brldge (anodes CR41, CR42,
. CR43. ]
Rll: Change to 15k..¢1%. HP Part No. 0757-
0446,
R21: Change to IUOA, &5%. HBP Part No. 0698-
agz2o, . -
R56: Add RS56, (39;,.. iw) 'between junction of
CR44 (anode), CR46 (cathode), RS0, and C2B,
Tl: Change to F15Vac transformer. HP Part Neo.
9100-1B6&39, .
T2 Change 10 IISVac transformer, HP Pa:t No.
. 9100-1B76,
"1'3' Change. to HP Part No. 9100 1875,

v CHANGE 6:

In the replaceable pnns table make the following

changes: :

clz: Change 87 0 047;:[‘. BDOV. HP Part’ No.

0160-0005. " |, :

C26: Change to 0,22uF, BDV. HP Part No. )
..0160-2453, }

CZB' Ghange to IpF, 200\!. HP Part No.
0160-2465,"

Add L3: HP Part No. 5080-7121,

" " Rll: Chenge to 12k, 1%, BP Part No. 0698-5088
R21:
R56:
Th:

Delete R56.
Change to HP Part No. 06448~ 30092
T2: Change to HP Part No, 9100-2185, "
T3: Change to HP Part No. 5080~ =7178.

In Chopter 2, delete paragraph 2-16 and substitute

the following: .
2-16. CONNECTIONS FOR 208/230 VOLT QPER-
ATION (Option 27 and 28 respecnvely) !

Tl is rewired os follows:

Tk

X GR32 is connected between base {ancde) and "

ter~inal as applicable, The fan and.pilot light re-.
mai: connected to the 115V terminal, -

. ERRATA:

Page 5-12. Table 5-5, change "actlon" column in
- Step 3 to read:

*Check operatlon of SCR reguletcr control circuit
by dlsconnectlng collecto- lead of Q4.”

- cwmcu-' o

. In the replacenble parts list and on the schematlc
dlagram, add three ne; diodes; CR32 (1901—0050).
CR33 (1901-0330) ar “CR34 (1301-0033), .

’
¢

emitter (cathode) of QB,. GR33 is connected
between collector of Q8 {anode) and R46 (cathode).

. CR34 1s connected between base (cathode) and
- emitter (an;odel of Q4.

Change to 330n, 2W, H? Part. No, 0698-3633.

Gonnection between terminais 1 and 3 is removed :

. Connection bet.ween terminals 2 and 5 is rernovcd
Tennlnal 2 is connected 10 terminal 3, '

‘For 208Y (Option 27) only, the ACC input connection.

to terrrinal 5 of Tl is removed and connected to ter
minal 4, .

e rcwlrnr‘- 1
The AC input connection to the " 115y" !crminal is
rernoved and ccnnected t-:n the " 208\!" or "230\!"

(,

!

T ERraTA:

On Page 1-2, in Table 1-1, Speclficauons and in
the Constant ‘Joltage and Constant Current Load
. Regulation Performance Tests in Secuon v, make
the followtng changes:
Constant Voltage Load Regulation is less than IV
Constant Current I.oad Regulauon ts less than
40mA. . L

The following replaces Paragraphs 5 30 through
5-32,
Translent recovery tlme shoulc" be checked with
a manually-operated switch' {a Rex Rheostat can
be used) in place of the repetitive load’ switch
'shown in Figure 5-6, The. manual switch {5 con«
" nected in place of the contact protection network
50 as to place Rpz in paralle! with RL1 when
closed and to remove RL2 from the circult when
© . opened, Further, stnce transient recovery time
is less than 200msec, the oscilloscope should
be dc coupled in 'which case a 600V supply '
~.should be connected betweer. the + output termi-
nal and the oscilloscope in series-opposing
configuration, - After the above test set-up-has
been established,’ the transient recovery time.
waveforms (Figure 5-7) will be observed \-.hen
the switch ts opened and closed,

The constant current remote programmlng sperlfica-'

, ‘tion is now 600chms/amp $20%. Make the follow-

ing changes in the manual: ‘ '
Teble 1-1: Under REMOTE PROGRAMMING. chonge’
the remote programiming current acecuracy to 20%..
Page 3~3, Paragraph 3-26, top line in right column
now reads: "for an sccuraiy of "0% at the factory.
“1f greater...' -

The standard colors for this mstmmcnt are now mint
groy {for. front and rear panels) and ollve gray (for |
all top, bottom, side, and other externol surfaces),

. Option X95 designates use'of the former tolor scheme

~of light gray and blue gray. Option ABS designates use
of 5 ught gray front panel with olive gruy 1sed for all

'
i

[

)

other external surfaccs. New part numners are zhown |

Bt holtorn.

v P
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CL o 'HP,PART NO.
" DESCRIPTION L R J
. | STANDARD OTPION A85 | - OPTION X35
' | Front Penel, Lettered 06448-60005 | '06448-60002" | e
A Cover ' 5000-9304, N P, 5000-6009 R
7 | rear Chassis Ass'y 05439-50005 «———— | 06439-50001 |
| Welding Assembly, - L ! I P ”
* Chassls . R : 5050-7970 ¢——— | s060-6114
) :_ . ' L _‘a. .J. .
_'._..\a_.; T cmrﬁcaa» [ F_..A...f:'_ .-;,'. “ . . ERRATA: ... .. ..
e v e p—— w e e v ) KN ) _-a'. .

_Inthe replaceable parts table, change tha HP Part .

No., of Circult Breaker CBI to 3105-0035,

e T

.

f e . S e, e

——— s

- _.When operatlng two or more suppltes in
iv... parallel (elther normal or Auto-Parallel),

- .. ERRATA: '

Add :he Ionowing nore after paragraph 3- 33- ‘

WARNING

-I
K

they can'be damaged hy being down-pro-
grammed too rapidly. Never reduce the '
output abruptly by shorting the program-

. ming input terminals.. (‘rne maximum rate

. 8t which the voltage can be pregrammed
lower depends on the load resistance. )

w‘d the fol!owlng note’ after paragraph 3-34;

- WAR'\!ING
When dperattng a master supply in Auto-
Parallel with one or more slave supplies, -
the master supply must be the first to be '
energl..ad and the !ast to be deenerglzed

ERRATA: . f

in 'I'able I-1 and 5-3 3, .change the INTLRNAL
IMPEDANCE AS A CONSTANT VCLTAGE SOURCE
1 {Qutput lmpedance) speciltcatlon to read as .
follows:
OUTPUT IMPEDANCB {TYPICAL)
“bya 0.5 ahm reslstance in serles with a lo—
micrahenry lnducta nce o

Approximatcd )

In the th].rd sentpnce of paragraph -4, change the
.word "positive” to “negatlve *o . o

Add the following nmlca to paragraph 1-18:
"Effective Decamber 1,. 1375, extra manuals may "

. be obtatned by crdering QOption 310 when ordering

your instrument. The nun.ter of extra manuals
depends on the number of *.ntlon 910s ordered.”
. 1 . .

'In the parts list, change the HP Part No. of pilot

lamp DS! to 1450-0566. The'new pilot lamp is
more reliable because its leads are crimped insteac
of being spot welded, ... . - '

CHA\'GE 1

. _Make the follawtng changes to the parts list:
. Delete capacitors C7 thru Ct1,'. Add C10} and -

C102, 0.015.F, 250Vac, HP Part No, D160~-3969.
Add C103, o, 22:F, 250Vac, HP Pert No. 0160~
4259. . Add Cl04, 0,022.F, 250Vac, HP Fart No.

0160-4048 Add G105 and C106, 0. 0047.F, 4kV,

- HP fart No, .0160-0543, Add resistor R60, 1M

5%, ‘1/2W, HP Part No. 0686~1055, C101, cC102,
C103.. and R&0 are physically located on the RFI
filter assembly. C104 Is mounted .on power trans-
former T!, and C105 and C106 are mounted on the
output barrjer strip. Electrically, these added
components are connecte. &s shown in the revised
partial schematic shown below, This schematic
alsa shows the transformer connections giscussed

- in Change 6, Make all of these changes to the
_schematlc in the manual.

The purposes of the |
changed cepacltors sre to reduce the line lea!.aga !

“current for better safety and to 1mprove the RFI

fllterlng. e
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CHANGE 10‘ ; ERRATA:

Three of the capot. 'tors and one of the reslstors
{cio1, G102, G103, and R60) in the revised RFI '
‘ filter circult shown in Change 9 have been re-
lacated to & new REY Assemblv clreult board. The
new circult board assembly'replace's the clrouit

* board that was fcsmerly part of the lnductor*ftlter .

assembl‘,r The ac input wiring schE(natlc mcram-

1

The front panel binding posts !nve been changed to

& tyre With better designed insulation. 'Delete the
two types ‘of 'posts 1isted on page 6-7 and add: .

black binding post, HP bart No 1510-0107, (qty. 1);

nd red blndlnq post, HP' Part N-. 1510- OOBL (qty 2).

In the parts \istend on the schematic, change Ci2 in

the. SCR snubber circuit to' 0. 047:F, 250Vac, HP. Part

No. 01160-4323. Also chenge the part number »f the
ClZ/RZl lnsvlr.ted standoff to 0380-0849% {qty 2),

CI{ANGB 11:

This chunge rep!aces S'"R s CR17 and CRIB wlth a
new type, HP Part.No * 1884.0218 . and addsa v
MOV varistor deslgnated RVY qcmss the Toad slde
‘of the llne switch. The part number nf the varlstor
ls '0837- 07 ; ‘ \

P

: ERRATA )

Add three 1/8-32 Aylon hex nuts, - HP Part No 2950-
. ‘0144, to the parts {ist. These hex nuts mount, the
new binding posts ‘added by Change 10

[T TR TR LR RS
s \

! ] . i
On page 2~1. delete paragraph 2-20 and 2-21, and

add the following Tote: :

NOTE

I?‘ No lne cord Is provided wlth:lthlé prwer supply

v
» CHANGE '12:

In the replaceable parts 1ist and on the s:hena:ic,

_ replace CR17, CR1B, R55, CR5), and  C7 with triac

" CR5Z, HP Part No. 1884-0218; ‘change €12 to £33, WP
Psrt No. 0160-4323; change RZ! to RGY, 3502, 0.5W, HP .
Part No, 0686-3915; change 751 to HP Purt No. uhho-
0079; change T3 to HP Part'No, 5080-1914, Repla:e
the section of schematic!shown'below on left with
-the drawing en right. ‘ +

- .

¢y s e
-V

g

i
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" Change resister R37 to 1.BK-, 1%, HP part No.

Page —5— , o
PR ' CHANGE 13

" Delete cover barrler strip, Hp'Port No. 5020~

5513, Add strain rellef, HP Part No. 5060-275l. '
. Change zener dlcde VRI to 8V, HP

 pest No.'1902-0785.

b

' 069B-3640. Change resistor R35 to 1. BK, 1%,

. pdd one plastic Ynsert, HP Pait No.' 06448-

Hp part No, 0757-0330. Change resistar R36
to 2.87K-, 1%, HP part No. 0638-315L.

' CHANGE M:
80002, to the parts 1'st. .Ths pani 's installed
on the shaft of potentiometer RZ, - - ", o
. : J o i '
CHANGE 16:
Replace Fan Motaor, Castin
wbe axial, HP Part No. 3160-0056.,

P CHANGE 16- '

~ In-the Replaceable parts 1ist page 6-5, -

- add the followiny parts €34 .22uF 250V
HP .P/N 0160-4259, CR53 HP P/H‘IBDI-;OOSD}
page 6-6 add RE2 1.6k hw HP P/N 06B6-1625,
_page 6-7 add VR 400mw 23.7 V HP P/N

- 1902-3256. : o

‘On. the schematic €34 is to be placed on the
inboard ‘side of the circuit breaker from AC tO

" MCC. : , J

on the schematic inqtill R62, 53 and VR2 as

., shown below:

o, ez |
. \ . ; ' W

'PIp the replaceable parts 1ist page 6-10 under
chassis Electrical, change . fan B, {previously
. added in change 15} to ball bearing fan WP Part
No. 3160-0369. ' S

10-31-01 T o SN

‘and Blade with Fan, © 1+




