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-~ SECTION I : :
G:NERAL SNFORMATION_,

supply, Flgure 1- 1 is comp%b &-

“eration. Itis'a well-requlated, Constant Voltage/-

“Constant Current supply that will furnish full rated |-

' “output voltage at the maximum rated output current |
" or canbe continuously adjusted throughout thd out-
put range.,...
be used to establish the cutput current limit {over-
~load or short circuit) when the supply is used as a
constant voltage socurce and the VOLTAGE control
canbe used to establish the voltage limit when the
supply is used as a constant current source, The
: . supply will avtomatically crossover from constant
- -voltage to constant current operationand vice- :
“.versa if the output current or voliage exceeds tnn
: hmlts estabhshed by the se controls
m

142 DC Power. Supply; Model 64485 .

“ly transzstonzed and suitable for bench or rack op- .

The front panel CURRENT controls can-—

“1-6 Remote Programming.

AT

1-5 Termmals at the rear of tha unit zllow ac~
‘cess to various contrcl points within the unit to

"'expand the operating capabilities of the instrument,

- A brief descr‘ption of these capabilities is given
below.

_ . The power supply may
be programmed (controiled) froma remote location
by means of an externsal voltage source or re-=1st~-
;nce

1-7 Remote Sensiim The degradation in regula~
tion which would cccur at the 1cad~because of the
volt_igg drma in the. lgad 1eacs can be raduced by

-.‘*1-3 Output vo_ltage and current can be con;in-u?
-ously monitored on the two front panel meters.

i The power. supply has both front and rear output—-o ~zomer

. terminals, '.Either the positive or negative output
“ “terminal may be grounded or the power supply can "

L
g

using the power supply in the ramote sensmc ’
mode of operation, -

e e P i

1-8 Auto-Parallel Operation. .The power supply

' 'may be operated in Auto~Parallel with a similar




umt when areater output curent capabulty is re- -

guired, Auto~?ara}.le1 operation permzts one knob.
control of the total’ output current fro'n 2 "*naster"
supply, ; e s

18 Auto-Tracking, The power Supply ‘may be

-used as & "master” supply, having control over

one {or more} "slave® suppla.es that furnish van-

1-10 SPECIF!CATIONS

1-11 Detazled specifications for the power sup-
ply are gwen in Tabie 1-1,

142 OPTIONS |

1-13 Opiions are factory modxﬁcatzons of a stand-

ard instrument that are requested by the cusiomer,

The following options are available for the instru- )

ment covered by t'ms manual, Where necessary.
detailed coverage 6f the opuons is mcludec
t'hroughout the manual g B .

Ooption No,

- 05 - 50Hz Regulator Realignment. Stand-
ard instruments will operate satisfac-
" torily at both 60 and 503z without
adjustment. . However, Option 05 fac~
“tory realignment results in more effi-
“eient operation at 50Hz, and is recom-

15 mtenc:ed

“i9 Cnasszs Slmes
’ o acc:es= to power . suppiy interior for
mamtenance purposes, :

tached at the factory

7 208Vsc 210%," Single Phase Input.
L Factory modification includes the in-

g PN

5 OUS voltages for & system e R e

-~ mended-for all applications when con=
inuous operatlon from a 501—’:«: ac mput

Enables ccnvement :

. stallation of 208 Volt inpﬁﬁlpower'
= transiormer, bias transformer, and

B SCR's 1o replace the standard 115 or
L 230 Volt components

ig 230Vac £10%, Single Phase Input.

' Factory modification includes the in-
stallation of a 230 Volt input power

~transformer, bias transformer, and

.~ SCR's to replace the standard 1i5 or
. 230 Volt components,

1-14 -"INSTRUMENTJMANUAL IDENTIFICATION

e 1=15 Hew lett—Packard pawer supphes are 1dent1——
- fied by a three ~part serial number tag,

The first
part is the power supply modei number, The sec~
ond part is the serial number prefix, which con-
sists of a number-letter combination that denotes
the date of a mgmficanz design change, The num-
ber designates the year, and the letter A through M

cze51gnates the month, }anuary through December,
S respectweiy, with "I omitted, The third part is
T S o7 s the power supply serial number;.a different’ sequen-
~ Description: " .

tial num_ber is asswned to each power auppxy.

1-16 If the senal number o your ingtrument does
not agree with those on the title page of the man-
uai, Change Sheets supplied with the manual or -
Manual Backdating Changes in Appendix A define
the differences between your mstrumem =nd the
iqstrument descnbﬁd by t}ns manual P

; 1 17 OREERING ADD!TFGNAL MANUALS

1= 18 One mcnual 1s =h1pped wnn each power
supply, Additional manuals may be purchased from
vour locai Hewlezt- Packard sales ofhce (sze list

:at rear-of- ‘this: -qanual “for addresses} “ Spemfy the
modei nu*nber, senal rimber Drenx, and @ part

number nrovmed on ‘the tltle page

INPUT:
115Vac.%10%, 57-63Hz, smgle pnase. 16 Am—
_peres, 1200 Watts max1mum i

QUTPUT:
" 0=-600 Voits @ 0~1, 53 Amperes

" LINE REGUILATION: =0 mwos Tid

Constant VoITE®E - less than S'OOmV “for a.

load to no lead;- PR

' Constant Current - Less than EamA for a cnang@
in line voltage from 103, 5 to. 126 (or 126

103.5). s

B

-LOAD R"GUI.ATION

Constant Voltage - IESS than GGQmV for a change
_fn output current fmm no: load to full lcad or fuli

Constant Current - Lass man lSmAior a chame -

“change in line voltage from 1035 to 126 5. ,(or'

126 5 t0 103. 5). "

.- in cutput voitage Irorr: no load 10 full load or full

load 1o no load..

12




o Table 1-1,

' Specifi_ca-tiori?s_ {Confinued}

) RIPPLE AND NOISE:

& dadvi

 STABILITY:

ﬁ. METERS: '
LA ;ront panel voltmeter ({}—7 OOV) and ammﬂter

"(9 1 BA) are Wed

Lecs ﬂ'lan SOOnVrms/ZV p' -5 (ac o ZGMHZB

LOAD TRANSI‘-"NT RECOVERY: :
Less than 200msec is required for output vcitage

recovery o within 3000mV of the nominal output.
voltacze fOllOWlng a. load change from full load to
‘half load or hali load to full load,
_initial narrow spike of approximately 100usec
.. duration: (sigmﬁcant only with load rise times:

Excluding the

faster than 0. lA/g.zsec), the transient amplitude

-will be lees than 20 Volts/Amp for any load
o change between 20% and 100% of rated ouzput cur~
,,.'_rent - o

"LINE TRANSIENT RECOVERY: . - -

Less than 20{3msec is required for output vclt-

age ‘recovery to within 30 Volts of the nominal

cutput voltage following a change in the nominal

" line vol_tage from 16_3, 5-10-126, 5Vac,

TRTN S

TRATURE RANwES’
Operatmg* 20C 1o sSOC Storac:e

TJ..MPT‘"RAEDRB COEPFICIEN‘I
~ Constant Voltage - less than (0. 03%+ 100mV)

‘cutput change per degree centigrade c'hancze in
., ambient following. 30 minutes warm-upy o

7. Constant Current - less than SmaA output. crance .
'per dbgree centlgrace change in ambient zollow-
__,j"}g 3 minutes warm-—up. -

Constant: Vcltace Less,‘ than {) l

Constant Current - Less than 15mA total drift for

8 hwours fellowing. 30 mmutes Warm-up. under con-
“stant ambient, _constant line voltace. .and_constant
. 'f'load :

ENTERNAL IMPBDANCB AS A CONSTANT VOL"‘AGL

 SQURCE:

. less than 0.5 ohms from DC to 0, 5Hz,
less than 5, 0 ohms from 0. 3Hz to 100Hz,
‘fess than 3.5 ohms from 100Hz to 1kHz,

. Less than 5.0 onms from 1kHz to womz

Mezers *ave 2% accuracy'

" 4000‘{0 +750C,

-LBOOmV total :

| crift for 8 hours folicwmg 38 mmutes warm=up-
under constant*an‘biénf'; constant’ line voitage, and *
““constant load,

- OU'Z‘PUT CONTROLS:

"10-Turn veoltage and smgle-—turn current ¢ontrols

’ located on the front panel permit continuous ad-
. jusiment of the output voitage and current from

zero 1o the maximum output ratmg of the supply.

OUTPUT TERMINALS
- A output barrier strip located on the rear of the

rchassm includes de output terminals as well as

~remote programming, Auto-Parallel, ete. -

all necessary terminals for remote error sensing,
Either

-'the pesitive or negative terminal’ may be connected

-to the chassis via a separate grouhd terminal or

'--‘the supply may ba operated floating at up 1o 600

Veolts off.ground. .

Front panel terminais may be
vsed for monitoring purpo ses or for loads up to
3 Amperes,

ERRCR SENSING:
» Xrror sensing ig normally accompllshed at'the

front terminais if the load is attached to the front

_.the rear terminals;

or.at the rear terminalsg if the icad is attached to

Also, provision is included
on the rear terminal strip for remote sensing,

nESOLUTION .
- Constant Voltage -~ 60m\1 mmzmum output change

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

put control . . G
“Constant Cx.rrﬂnt - O.J:m‘\f mmzmum output -
c‘nange that can be accomﬂh«hed by the zrom

= panel cutput contwol, T einnEl AT T

HR.,N'OTB PROGRAMMI‘\IG B

: COOLING-" o

Constant voitage remote programrning 1s apprcx-
vnateiy 390 obms per Volt with an accurucy of- 2%,
In constant current mode of operation, the current
can be remotely programmed at approximately &G0
chms per Amp with 6% accuracy;:- ~ Remote program=-
'mng control 1s accomplished ezther with mput ‘
. re s:sta'lce or, ;nyﬁ voltage T, X

The unit is cooled by forcec alr fron &n 1mema1
fan, e . .

SIZE:
5-1/4" Hx 16- 3/4" Dxlg" w The unit can
be mounted m a standard 19" rack panel, '

WEEG:—IT 61 Ibs, net. 70 lbs, smppmg

- e .

........

FINISHY ugnt gray front panel with dark araycase




,,,...,.f.»....m« e s

i instrument 1o 8 sour"e of power and 1t_ris "eady__'

1 INITIAL INSPECTION

.
'

_ 2 2 . Before shipment, this instrument was in- .
- spected and found 1o be: free of mechanical and

electrzcai defects., As soon as. the instrument is
unpacked, inspect for any damage that may have
Joccurred in transit,-. Save all packing materials
until the inspection is completed. 1f damage is
found, proceed as described in the Claim for Dam-
age in Shipment secticn of the warranty puge at
the rear of this manual. .

2-3  MECEANICAL CHECEK
2-4 - .This check should confirm that there are no

broken knobs or connectors, that the cabinet and -
.-panel surfaces are free of dents and scraiches,

~and that tne meters . are not scratcned or cracked o

w Sk PR

ge5 FLECTRICAL CHECK
‘= 2=6- ..The instrument should be cnecked against j'
- 318 e‘ec:rlcal specifications;” “ Sectien v includes
a&n "in-cabinet” performance c‘ﬂeck o verzfy
" proper. instrument’ cperaticn

2.7 'irééTALLAmN:nATA '.

2=8 - The instrument is- s‘*mpﬂd ready fcr bench
- operation,’, It'is neceseary only 10 connect the

for operation
2 LOCA ION

2 18 '3."‘115 inst“u'nent is cooled by forced air from
the cocling fan., It should not be used in an area
where the ambient temperature may exc:eed SSOC

Z-11 RACK MCUNTING

2~12 This msmeent is full rack size and can be
easily rack moun zed ina corventmnal 19 inch
rack oaﬂei using standard mountmg screws,

. 2-13 iNPUT POWER _.REQUIREMENTS

2-14 This power supply may be operated from a - o
208V, or 230 Volt, 57-63Hz power. ...

. nominal 113V,
source, The unit, as snipped from the factory, is

-~ -‘1L.h‘>gws-~(‘ﬁ'l’ gl

. SECTION Il
" INSTALLATION -

_wired for-115 Volt oseration,’’

2 17 “OHZ O?ERATION

" the materials,
address ‘of the nearest ser\nce office to whxcn the

Th@ mput power re-

“gquired when operated from &° HSVac, S{JHz power

source is 1200 Watts,_ lo Amps :

2—15 NODK?ICATIO!\TS ?OR 2{)8 OR 230VAG OPERA~
TION '

2-1% The supply is normally shipped with a 115Vac
input. For Option 17 or 18, 208 or 230Vac input,
transformers Tl and T2, SCRs CR17 and CR18, and
resistors R21 and R58 should be’ replaced . Part
information zs given in Table 6~ 4 under Optzons 17
and 18 :

2-18 To permit optimum operatisn at 50Hz, the
- output ripple imbalance must be realigned as é@-»
gscribed in Paragraph 5w 78

(218 POWBR CABLE : PRt

Z- 20 o protﬂct ope*anng nnrsonnek the I\‘atlonal

" Electrical Manufacturers Assoczanon (NEMA} rec-

ommends ‘that the instrument’ panei and’ cabmet be

- grounoed -This instrument is nquzpped with a three

conductor power®cable,. The third conductor is the

‘ ground conductor and when the cable ig plu cged
“into an appropriate receptacle,-'the mstrument is

2 23 To’ presewe':'t‘ns nrotectzon feature when opn

eratmg the” mstrz,ment from a- two—contact ‘cutlet,
seva three-prong 10 twWo = ProTig aeapter_ ‘and co*‘z-

7 nect _the_gre_en _lead_on_t_he ada_pter 1o ground,
* 222" REPACKAGING' FOR" SHIPMENT

2-23 To insure safe shipment of the instriment, it

is recommended that the package designed for the
instrument be uSed The original oackaqing mate~
rial is reusablel’ If it is not available, contact .

- your local Hewlett~Packard field office to obtain
This office will also furnish the

“instniment can be shipped. . Be sure 1o attach a
tag to the insfrumentwhich’ spacifies the owner,

-—.model number,.{ull serial number,.and service re-
quired, or a brief description of the trouble,



: SECTION 1k
OPERAT!NG msmucnaws

3-2  The following checkout procedure describes
- the use of the front panel controls and indicaters '«
and ensures that the supply is operatlonal g
~'Set LINE breaker (1} to ON‘ piiot lamp (2).:.

s‘aould light,

% P Aa:uét VOLTAGE controls (3} untzi cesn'ed: Tint

output vsitage is indicated on voltmeter (4},

..To ensure that constant current circuit is

operational turn off supply and short-circuit rear
cutput terminals.

d. Tum on supply and adjust CURRENT con-

trols. (5) until desired output current is indicated
" on ammeter (6},

- -~ e, ‘Remove short and connect and to output

ter"mmals - o

33 OPERATING Monss :
3 .4\ The power supply is oes:gned s0- that its
mode of .operation can- be selectad by -making
strappmg comecnons between particular’ termmais

k‘tz.;af .

‘on the terminal strip at the reas of the power sup-
“ply. -The terminal designations are stenciled in
“white on the power supply above their respective
- ferminals,
ted i this section show the positive terminal
.grounded;’ the operator can ground either buss or

Although the strapping patterns illustra-~

operate the power supply up to' 600Vde off ground
{floating). The follewing paragraphs describe the

. procedures for utilizing the various eperational

capabilities of the power supply. A more theorei-

- ical description concerning the operational fea-

twres of this supply is contained in Application
Note 90, Power Supply Handbook; available at no
charge from your local Hewlett-Packard sales of-
fice, Sales office adaresses appear &t the rear of
the manual,- : :

. 35 NORMAL:'OPERIATING MODE ;_ T

3 6 The power supply is normally smpped with
.- its-rear terminal strapping connections arranged
. - for Constant Voltage/Constant Current, local

s sensing,. local programming, single unit mode of




A G = A1 K2 AD AL AR AG AT

GG R

Figure 3-2,

Norma!l Strapping Pattern

This strappmg pattern is 1'ilustrated in
The operator selecis either a constart

o operation;'
" . Figure 3-2,
voltage or a constant current cutput using the front
panel controls {local programming, no strappmg

changes are nece<sary)

37 C O'\.‘STAN'I’ VOL’IAGE

=8 To select a constant voitage output, pro-
ceed as follows: - .~ °
&, - Turm-on power supply and adjust VOL‘I‘- "
AGE control for desired ouLput voltage (output ter-—
" minals cpen) - jj_'.,«
b, . Short output termmals and ac;ast ‘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 uutomancaliy Cross=

over to constant current output at the préset current’

-1limit 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-
T 'wanted cross-over, (Reier o Paragraph 3~41)

3 10 To se}nct a ccnsgaﬁt current cntnuz, proceed
'j as follows' ' '

LY
ENT ¢

trol for. desired output current,

(voltage izmlt} -as:determined by. load conditions.

mede .- the power. supply: will automa
age, limit-and.the cutput current will drop propor-

+ tionately,  In setting the voltage limit, allowance"

- .must be-made _for kigh peak veltages which can
cause unwaz\ted crossover {Refer tc F’aragraph 3-41, )

3 13. CO’\”\JECTING LOAD ”:;

3 12 Each load shouid be connected to the power SR

supply output terminals using’ separzte pairs of ‘
connecting wirssoi This will miffiimize fnutaal cou- _
“pling effects between loads and will retain full
- advantage of the low output impedance of the power
v supply. v Each pair of connecting wires should be,

_as.short'as possible’and twisted or shielded to re- -
duce neise Hzc?'&p ST

(I.L s‘"neid isused c:onnect oné-

.7 the follﬂwmg proceaure
Short ca.tput terminais and. ad;us_t CUR-» L S i

b...Open output.terminals and adjust VOLT- e
AGE contro%s for maximum output voltage allowable =70

» If.a.load change causes; the voltage: limit to ba ex=-
tically cross~ .
“‘over 1o, cons;ant voltage output at the preset volt--.

end to power suppiy grouqd termznal and Ieave tne
other end unconnected ) :

3-13 1§ load conmderanons requxre that the output
‘power cistribution terminais be remotely located
from the power supply, then the power supply cut-
put terminals should be connected to the remote
dlstriouncn terminais via a pair of twisted or
““shielded wires and each load separately connected
to the remote distribution terminals., TFor this case,
remote sensing should be used (Paragraph 3-»29 }

3 14 O“ERA’IION O" sU PPLY BBYOND RA'IED OUJ. PUT

3= 15 The shaded a*ea on the front panel meter face

_ mdzc:atﬁs the amount of output voltage or current
that is available in excess of the normal rated out-
put. Although the supp%y can be operated in this
shaded region without being damaged, it cannot be
guaranteed to meet gll of its performance specifica~ -
tions.  However, if the line voltage is maintained
“above 115Vae, the suppiy will probably operate

i “within its speczflcanons

.18
Ll 3]

.QPT!QNA OPERAT!N" MGD
3 17 REMOTB "ROCRAMMING CONSTANT VOLTAGE

3-18 Thes constant voliage cutput of the power Sup=-
ply can be programmed (controlled) from a remote

location if required, Either a resistance or voliage
source can be used for the programming device, The

. .. wires connecting the programming terminals of the s

- supply to the remote programming device should be
“twisted or'shielfied to reduce noise pickup, - The
VOLTAGE control on the fromt panel is msa‘*led by
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~Figure 3-3. Remote Resistance Programming

3-19 R’=515tance Proc:rammmg {?ml_re 3- 3} In this
mode, the output voltage will vary at a rate deter~

' . mined by the programming coefficient {300 ohms

per Volt}, The output voltage will increase 1 Volt
" for each 300 ohms added i series with the pro-

- gramming terminals, ~ The programming coeff1c1==nt _
wig aﬂtrrmmed by the’ prograrnmmg current,” This




LR

S in Paragraph 5‘%70 ‘

current is factory»ad}usted o w1thin 2% ci 3. 3mA.
VI greater programmmg accuracy is required, it may

be acmeved by [=}

ngmg resistor R39 as5. dzscuseed'

e _J3 20 T’ m ntatn the stabxhty and temperature
L :.coefnmeut of the pcwer supply. use programming

_ grace) characteristics,

3= 21"'\:6;; tzge Procramminc (Figurs 3-4)
““the =trappmg pattern showrron.Figure 3-4 for volt-
- age urogrammmg.

re smtors that Kave stable, low noxse, and low

‘ '.'_{iess than SGppm per aegree Centi~

A cwttch can.be used in
ccnjunctxon wzt'rz vanous re mstance values inorder
to obtain discrete output voltages The switch
should have make«-befcre-»break contacts to avoid
momentarz%y openmg the programming termmais
during t‘ne sw1tcnmg mterval
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Remote Vo‘itac:e Programmmc
(Constant Voltac:e)

: .u'nploy .

In this mode, the output volt-.

© age will varyinalte U ratio with the programming
o voltage: {referenca voltage) and the load on the

. programmmg . ol
' mzcroamperes

3= 22 An impedance matchmg tes:stor of appmx1-

' “tablht

mately 10004 shouid be connected in series with
the voltage source to maintain the temperature and
pecmc tmns of the po wer sup _1y,

alza Methods cf voltaga programmmg w1th gain

-

are discussed in Application Note 90, Power Sup-
ply Handbock; available at no charge from your
local & Sales Office,

3-24 REMOTE PROGRAMMING, CONSTANT CURRENT

. 3-25 Either s re=1stance or a voltaae source can
© 7 be- ved to contrel the'con stant cx.rreut output of

. the supply,

cedures

326 ‘Resistance Procramming (Fidire o-a)

The CURRENT controis on the front
panel are dlﬁb’?@c ac ¢ dlng to Lhe followmc pro~

I_n
r1s mods, the output current varies a2t a rate de~

“ termined by the proczra“nmmg coefficient (600 ohms/
“Amcerﬂ)

!he programmzng ccefficmm is acrusted

-

ource will'not ekceed 20 ..

. 3~ 27 Use stable, low n01=e

- RESISTOR -

Remcte Resistance Programmmg

- Flgure:3-5, :
el D (Constant Current)

for an accuracy of €% at the factory. If greater
_Programming accuracy is required, it may be a-

chieved by changmg resistor R41 as cutimed in
Paragraph 5=72., :

low temperature CO-
efficient (iess than 30ppm/°(3) programming resis~
1ors 16 maintain the power supply temperature co-
etf1c1ent and stability specifications, A switeh
may be used to set discrete values of output cur-
rent, A make-before- ~break type of switch should
be used-since the output current will exceed the
maximum ratmg of the power supply if the switch
contacts open durmg the swncha.nc interval,

"‘AUT!ON

If the programmmg te.rmmats (AZ and
.. A4 shct.ld .Open.at any. time during - -
_,ﬁ,._tms moce. the, output current.will rise-
toa value that may damage the power:
supply and/or the load. To avoid this -
possibility, connect a 200 ohm resis-
tor across the programming terminals,

sze the programmmg re51stor. th1s

3-28. I\ﬂethods used to vcltaae prcgram a power
supply with gain are discussed in Application Note
80, Power Suppiy Handbook; avaﬂable at no ¢! harge
from your. ioca‘a Ui Sales Ozfzce

3-29 REMOTE SENSING (See Fzgure 3 6)

3-30 Remote sensing is used to mamtam good
regulation at the load and recuce the oegr.adanon
of regulation which would cccur due to the voltage

- drop in the leads between the power suppiy and-

the load. Remote sensmg is accomplished by uti-
.121'1g the Strapping pattern shown in Figure 3-6,
he- power t~‘uppl§.r shcx.id be zumed off Before .
changmg strappmg patterns ’rhe ieads from the
+5 ter"’unais to the load wz%i carry much iess cur-
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o Fleul_z"é““”'s-s. " Remote Sensing "

.. rent than the load leads and it is not reglired that
these leads be as heavy as the load lzads, How~
ever, they must be twisted or shielded to minimize
noise pickup.

-3-31 Note that it is desirable to minimize the
-voltage drop in the load leads and it is recomménd-
ed that the drop not exceed 1 Volt per lead if the
power supply is to meet its dec specifications. If
-a larger drop must be toierated please consult a
G sales engmeer SRR

Ia¥

o Note

“ Due to the voltage drop in the'load
leads,” it may be necegsary to read- -
just thé current 11m1t in the remote
censing mode. .

note that itiis pocsxble to operate & power suppiy

" simultatieously in the remote sensing and Constant
Voltage/Constant Current reﬂ'xote programmmc
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" Figure 3-7. ‘Nérrr_;al parallel Connections

3 33 PARALLEL OPERATIO’@

3- 34 Normel Parallel Connections (Ficure 3-7).

© . Two or more power supplies ¢an be cornécted in

_liel to obtam a totcl omm.t current greater '

than that available fror
total output current is-the sum of the' output cur-
rents’ of the individual pcwer supphes The output

CURRENT controls of each power suppiy &&n be

‘éne’ powe: supply. . The

' separately set, . The output voltage controls of
onhe-power prp}.y s%ould be set to the desired out=
‘put’ vol‘cage- the other power supply should be set
for & slight'iy larger output Vo ltage ne, st
get 1o the iower output voltage wili act as a con=-
4 ostant veltage source, tne eupply set to’ the ’nigher
‘output will act as a constant current source drop-
" ping its output voltge unnl 1’: equals that of the
" other supply The constant veltage source will
" deliver only that Iractxon of its totai rated output
currant which is faecessary to fulfill the twctal cur-
rent demand,
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' Figuré 3 8 Auto Paranei, Two and Th se Urwts

3=-3% Auto- Perelle% '“'he strappmg patterns for
Auto- ~Paraliel operation of three power supplies
' “are showh in Figure 3-8, 'Auto-Parallel cperation
" 'permits’ eedal current sharing under all ’ioad con=-
“ditions, and allows complete control of the optput
Upurrenht-from one master.power supply. 1‘3e Sutput
current of each zlave will be approximately squal
to the masier's regardless of the load conditions,
' Becausg the outpit curfent controls of sach siave
L are opﬂruuve, ‘they. snoz.id be set to maximum 1o

',:.,voxci ‘-mvmq ﬂxe slave revert 10 coqstant currnnt

i 3_4
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pagg:tidn; this, would oceur if t‘ae ma ster ox.tput
settmg es_ceeded the slave 5.

(IS U R BE AT AL D

- 3=~36 Addxnonal slave supphes may be added in
: parallel to the Master/Slave combination. All the

:. connections between the Master and Slave 21 are
_cuplzcated between Slave #1 and the added Slave
supply. In addition; the. strapping pattern of the
added Slave shouid be the same as Slave #1, &%
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Figure 3-8, Auto Tracking, Twe and Three Units -

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

3-38 The Auto-Tracking configuration is used
when it is necessary that several different volt-
aoes referred to a common buss, vary in proportion
to the setting of a particular instrument {the con-
trol or masterhvesd fraction of the master's output
voliace is fed to th‘é"’éonipa':"isb’n amplifizr of the
slave supply, thus controlling the slave's output,
The master must have the largest output voltage
ot any power, supply in the group {must be the

o most nﬂgatwe Ruppw 1n t‘"e evam l _}‘rown on
"-fixc\:re J"J) G

“mihed by-the voltage divider

" minals,

%;'3 39 'I’he output voitage oz’ the ‘slave 1's'a per».,emw

~age of the master's output voltage, _and is deter- - -
'nsisnng of Rx and
-.the voltage control of the slave ‘supply, Rp,” where
Es = EM{Rp/RY + Rp). Turn-on and ‘turn-off of the
power supplies are controlled by the master, Remote
sensing and programming can be used; although the

“\: strapping patterns for these modes show enly local -
;' sensing and programming. -

In'order to maintain the
temperature coefficient and stability specifications

-of the power supply, the external resistors should

- be stable, low noise, low temperature coef icient

(1e=s than 30ppm per®C) re*lstors

3-40 SPECIAL OPERATING CUNSEDERATiONS

3-41 PULSE LOADING

3~42 The power supply will automatically cross
over from constant voliage to consiant current op-
eration, or the reverse, inresponse to an increase
{over the preset limit) in the cutput current or volt-
- age, respectively, Although the preset limit may
be set higher than the average ouiput current or
voltage, high peak currents or voltages {as oceur
in pulse loading) may excesed the preset limit and
cause crosscver o occur., If this crossover limit-
ing is not desired, set the preset limit for the
peak requiremenz and not the average,

3-43 owm CAPACITANCE

E "3-44 Internal capacitors (C15 and C18) cornected
: across the output terminals of the power supply,

help 1o supply hish-current pulses of shert dura-
tlon durmg constant voliage cperatz.on Any capac~-
-itance added externally will improve the pulse cur-

- rent capability, but will decrease the saiety pro=-
- “wided by the constant current circuit.
-rent pulse may damage load components befeore the ..

A high=cur=

average output current is large enough to cause the' :
constant cunent circuit to operate,

3 4:: The effecrs of the output capacztor durmg

" constant current operation are as followsg:”

- a. The output impedance of the power sup=
ply decreases with increasing frequency,
b, The recovery time of the output voltzge
is longer for load resistance changes,
¢. A large surge current causing a high
power dissipation in the load occurs when the load
resistance is reduced rapidly.

3-46 REVERSE VOLTAGE LOADING.

-

3-47 Diodes are connected across the output ter~
Under normal operating conditions, the
dicdes are reverse biased {anode connected to
negstive terminal), If a reverse voltage is applied

to the output terminals (positive’ voltage applied to
nmgatwe terminal}, the dwdes wlli condnct, shunt-



-'ng current acros= tha output termmals and hmmng ;gupply,_dur_ing & pertion of its operating cycle, An
“the voizugc. 1o 1h-° zorward voltage drop eithe . . external source.cannot be allowed to pump current
iode.” e T t the, series. transxstors into the supply without lossof reguiation and POS~
"ahc t"ae output electrolytxc capacnor 5 »: 8ible damage to.the output capacitor, To aveid
.these effects; it.is necessary to preload the sup-
. ply with & dummy load resistor so that the power
-7 supply delivers current through the enure opera-
- tion cyc ie of the load devwe

'<-48 Hmmss CUR%NT LOADING

e
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41 OVERALL DESCRIPTION (See Figure 41)

4=2 ' The main power transformer T1 isolates the

ac input from the power supply and increases it to
the voltage level required, Rectification éns fil-

tering prodices a smoothed de output across -

- &nd + terminals, A large capacitor is connn:-c:red
across the ~ and + ze'minals for low ac cutput im-
pedance and m{n supply largsr nulse ‘Lurrenis,

o SCR rsgu%ators control the ac input to provid iz cood

regu‘iauon of the dc outpu;._ Transformer T2 cowers
the SCR reguiatcr control c1rcz,1t and the ma< ang

."‘mferﬁnce CI"Cd_lt w}uch nrocuces dc s:as c:ﬂ" refer-
' ﬂnce voltacns '

r the power Supolv

GATING .,

Overail Block Disgram .

‘operate in & similar manner.,.

4-3 The SCR regulators are controlled by the SCR

regulator control gircuit which operates in response
to signals developed by the voltage or current com—
parison circult, A gating circuit assures that only

cne input circuit is used at a time,

Tbe voitaae and current com"arzscn c1rr.:u1ts
Each circuit has an
amplifier that amphﬁes an errg _voltage that is

4-4

~ proportional.to. the difference between the actual

output and the programmed output, .The programe-
med cutput is determined by the resistance of.the

~;rogra“wmrzg res;stors (vcltace and current con-

trols), - Zach programmmg re clstor has a constant
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_or decreasing the ac input current-io the ma

_current throuo.n e wmc.}' is, mamta*ned bv the mas
a reference cwcmt oL D e
5 Tr= valtace cornaarlsc:»n arnnllﬁer Ql detects
ne error voltage that is
etweesn the vol»a\.e acress its programming
is A2 and +0.7 VYoits on the emitter, The error
voltage is emplified and passed through the gating .
circuit to the SCR regulator control which triggers’
the SCR regulator. The SCR regulator increases or
decrezses the ac input voltage to the main power
ransiormer &s reguired to meintain a constent load
voltage that is equal to the. procramn‘-ed vaive. In.
T constant voliage. opercuon the gating circuit is, .
biased to inhibit the input from the current compari-
son circuit. :

P
1]
(5

4=-6 The current comparison amplifier detects the
arror voltage that is proportionsl to the difference -
between the voltaqe across its programming resis-..
tor R9'and the voltage across current monitoring
resistor R33,  The voltage across R53 is propor-
tional to the load current.
sponds to the amplified error voltage by increasin_g_'

*ransfor'ners as reguired t¢ maintain a constant-
ioad current. In constant current operation the
gating circuit is biased to inhibit the mpu* from: the
vohaac m,,ut cirguit,

-1-7 TWo lnpdt af':phf;e*s are mcluued ina CV/CG
supply, o*ae for controlling cutput voltage;: the e
“'other for controllmc outplt Eurrent,

Since the con- °,

-

sroportional t8 the differs < ..

The SCR regulator re="""""

inpower

stant voltad amnhﬁer tends to achieve zero ocutput’™ ™

- impedance and alters the output current t whenever

the load recastmce ¢changes, while the constant
current cc-vpanson amplifier causes the output im-
mmcance o be infinite and chanc:es the, output voit-

zge in response i¢ any load résistance’ chang Tt

is obvious that the twe comparison amplifiers can-

not operate simuitaneously. For any given value
of load resistance, the power supply must act

'either as & 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 raiio of the
output-veitage control settmg 0 t‘ae ou ;put curz’ent
control Ezfting, S

4=-8 Tigure 4- 2 thows the ou mit characteristic
& CV/CC power supply. With no lead attached
-rr; = 0, and ZpyT = Eg. the front '
controi"settin’g.’ When a load re-

cf Y
{Ri= ==}

R

ar;:;g_@_d to the outpul’ trrmmais of. 1‘1=
EEY :he—ee{;a—t—e&.trem—m i
: g remains cons%an :\oim' thus
c:l constan Joltace operating
reasec m ioac. 'eswt'mca are

T gyt

Ucurrent operating point..

“tion i in
Current dasign principie since no load condition

"‘A._':T o

the Iro‘u panel \rolzu_g

CONSTANT VOLTAGE
OPERATING REGION

COUSTANT CURRENT
OFERATING REGICN

‘/"‘SHORT CIPCUIT LOAD

o}

» Eg = FRONT PANEL ¥OLIAGE Cd?ﬁ‘ﬂ@l. SETTING .
ig # FRONT PANIL CURRENT CONTROL S"‘I‘TNG

 Rg= o5 » "CRITICAL® CR *CROSSOVER
i, VALUE O 1045 nzszsmﬂz

-—igure 4- 2 Operalmg Locus o‘ a C:V/CC

‘e : i . "boweq S nﬂ\piy

current control setting. At this point the suonly

“automatically changes its mode of operstion and

becomes a constant current source; still further

‘decreases in the value of load resistance zre ac~

companied by & aron in the supply output voltage

-with no. accorﬂpanymg change in the output current

value. Thus, point B represents a typical constent
Still further decresses in
the load resistence result in output veoltage de-
creases with n no, change in output current, until
finally, wnh a short circuit ac:rcss the output load
temmals, IoUT = I and LQUT

4‘ —-Gh ky%graduaﬁl_x {:uangmg the load resistance-

“from 8 short ¢ czrcm? 10 an open circuit the operating .

locus of Figure 4~ will be traversed in the cpposite
- du‘ec*tio'z R
4—-98 Tull protection against any overload condi-

herent in the Constant Voltage/Constant

can cause an output which lies cutside the oper-
ating locus of Figure 4-2.° “Whether one is prima-
rily concarned with constant voltace or constant
current ﬂ'}ﬂratzon, the prooer choice of Eg and Ig
ins ur~s O"‘tl"‘le protection for the load device as

‘weh as full orotecnm for tha&> power cupyly itself,

Tha ling cc“nscang th omgi _iw‘ihﬂ.nv ODET
atmr ,,omt of the locus of Figure 4=2 has a glope

13

Crc can dennc a_ "gritical” or ! cros '=ow=r
value o load fesistance R = ES/IQ, ad;us: ient of
and, L,urrent controlq armits
AE e any
_ean.r than

this "crosgover! _'—‘>=1crarﬂcs~ R 10 be
desired value from 010 w, I Rp is

T ' Ww—m—tﬁe—ﬁfwﬁ&oawaﬁctwwmw
"3“0'3 connected to the cutput uﬁrmmais of the. Sup=
nlv,

oo
S



RC, tHe supply is in constant voltage operatmn,

: whle:u Ry is less than Rey the supply 1s m conw.

stant cu*ent oneranon o L
._‘}'u‘ - A-.r“"‘" ’ " .n -

‘-!-11: The Shc_:rt—Czrcuit Protecticn circiuit, Gz,
monitors the positive {+) output of the supply and .

prevents any damage to the supply when the cutput '

‘ terminals are sherted,’ The Over"voitage Protection
circiity QB momtcrs ‘the posmve {+) cutput of the
‘power s'..:plv Its output is fed to the SCR Regu~-
lator Centrel circuit 1o establish an output voltage
cezlma that will not be exceeded, even if the
VOLTAGE control becomes “pen-circuited,

412 DETAILED CtRCUiT ANALYSIS (Refer to Figure
7-3, Schematic D:agram)

4-13 AC EN?U’I

4-14 The stendard ac inputveltageis 115Vac £10%,
57-63Hz;-208 and 230Va<: input ere optional as dis-
cussed in Section I. The standsrd input frequency
is 57-63¥z; 50Hz input is ontional and requires
circuit adjustments as described in Section V. The

s8¢ input is cnplleci to transformer T2 and 1o the

" series combination of !:'ansfcmer 71 and SCFR's

CR17 and CR18 which are in parallel oppesition.

- The S3CR's are used to regulate the dc cutput by

ccvﬁtrolaing the average value of the ac input to
trensformer T1. LC netwerk 12, C8 Cl10 and C11 is

an :\?1 filter that inhibits noise smkes generated by
1the SCR's from the ac maut“lme . Capacitors C7
+&nd ClZ smooth transients to prevent the SCR's

w from be ing triggered by & rapidiy changing voliage .

".:from encde 1o cathode. Resistor RZ1 damps oscil-
w:lations that may occur due to resonance of Cl2and

- the lzakage inductance of Ti. The ‘eakace mduc*-

‘ance of ;1 l’wts the aeak mnut current.

4-16 The output of the secendary: of transformer T1
" is fuli-wave rectified by CR20 and CR21 and filter~
= ed by pi-section filter C13, Cl4, L1, C15; and C10’
nd R28. :The de output is regulated to-a constant
Uvalue by the.SCR's CR17 and CR18: Capacitors.Ci5

‘znd C17-are the output capacitors. Diodes CRZY
and CR22 are connecied across the filtered de out-
put 1o protect the power supply from reverse volt-
&ge applied to the output terminals. Resistor R53 is
the current monitoring resistor; thefull load current
flows through it, Potentiometers R25 and R27 are

_ used 1o calibrzte the voitmeter and ammeter, re-

spectively. » .. oiiewon v SRS
4 17 ‘FEEDBAC& LOOP

4- 18 The voltage and current feec’back loocs 01.

; nrcgrammmg resmtor R2

8¢ signal.

) .Lrol circuit through an OR gate,

n adjusted sc hat :
Ttre supply is y1eidmg the desu'ed output voltage
?Lrther essume that the output voltage instantane- .
ouslv ries {goes Dosmlve} due to 8 vanatmn in the
gxternsl ioad cireuit. . :

4-19 Note ‘chat the change may be in tl’\e form of a
slow rise’ in the output Voltage or & posnwe oomg
An ac signal is coupled to Q1 thrm.ah

tapacitor, Cl and & dc voizage is- coupled to Ql
- through R2. . ) Z

4-26 The rise in outplt voltaae causes the. voltage
at the base of Ql to increase {co positive).

‘now decreases its conduction and its collector
voltage rises nec:anvely The negative momg -nr'*cr
voltage {s amplified and mverted by @4 and fed to
the' SCR Regulator Control circuit, which decreases
- the conduction of SCR regulatars CRri7 und CRES
“This lowers the AC voitage to transzormer T1,. ce-
creasmg the rectified output voltage a sx.ffu:zﬂnt
amount to offset the BITOT,

o 4m 21 If the externa% ioad res1stance is aecreaﬁed

1o a certain crossover point as discussed in Para-
graph 4-8 the output current increases until.tran-~
sistor Q8 beging to conduct., During this time,

" the output voltage has also decreased to a level sc

that the base of Q1 is at a negative potential,

A= 22 VOLTAGE COMPARESON AN PLIFIER-

4 23 ’Ths cm:un con51sts of progravnming resusLor .
- R2 and amplifier stage Q1, and assoczatea com-
ponents The voltage comparzson amp11f1er con-—
nuously compares a .mec reference voltage wit h
& portion of the ou;put ‘voliagé and, if a dsze'e“ce‘
L EXists, produces an error ‘voltage whose ampntude

i qnd phase’is preportional to' the difference, " The

error cutput is fed baek t6 the SCR Regulator Con=-

The error voltace
changes t‘ne conduction cf the SCR regulators ’

.which, in turn, alter the output vol age so that

‘the difference between the two input voltages cpn'
phed to the comparisen amph.fzer is reduced to -

zero, The above action mamtams the output vo itw
_age constant

"4-24 The emitter of Ql is connocted to & stable
+0.7V. The base of Ql is connected to a2 summing
‘point at the junction of the programming resistor
R2 and R42. Instantaneous changes in cutput
voltage result inan increase or dacrease in the
*summing point potential.” Q1 is then made to con~
duct more or less in accordance with the summing
“point veltage change. The resultant cutput error -
voltage is {ed back to the series regqlatcr,\ ia OR-

cate diode CR7 and the remaining components of

St

04, Q7, OBand CR17 and: 18 function continuousiy
--to keep the output voltage constant during constant
“voltege operation,” and.the output current constant

‘during’ constant c:urrent oneranon... For purposes of

" F this discussmn ‘gssume that theunit is in constant

«laage_.optexa_r;_on and, that the:YOLTAGE centrol <

the feedback loop. Resistor Rl in series with the
“base of Q1, limits the curren: through the program-
. ming resistor during rapid veltage turn down, -
‘Diode CRI1 is a limiter that prevents excessive
voltage excursions from over-driving stage QL.

= Capaciter- C1 shunting the programming resistor R2




‘-‘_’_Fncreanng the Mgn frequency gain of the amphﬁer

e nﬂtwor\' C4 R13 and R}q miroauce neg- -
'anve feecmack m Ql 6 eizmmate osci’&atlon. et
% TR13 48 selected to ahmmate rmgmg and, mn’umzze

E overswot;or load transient recovery tlme, dl‘j‘_::

'chsse ' in Paragrepn 5-73,

-',E;;,ﬁ-zo '.‘CURR:.NT com PARISON AMPLIFIER

Tean T

G 26 Th1<= czrcuit is samiiar in appearance and
operatwn 10 the voltage comparison amphﬁer It
consists basically of current programming resistor
*'Rg, current sampling res_;.stox_'_RS.’S, and stage Q8,

=27 The& current "co'mparis'.o'n' amplifier continu=~
usly monitors the voltage drop across current
. 'sampl ng résistor R33. When a preset voitage is
’exceeded, the amphfler procuces an error voltage
which forward biases CRE,  The remammg stages
in the faef*back Loop ﬁmct;on o mamtam the drop
across the current samplmg re=1stor and, conse-
guently, the cutput current at a constant va}ue
RC network R47 and C23 provide necative feedback
1o stabilize the current companson amohfzer and
the fnecnack Eooo : ; :

L= 28 CATI'\}G CIRCUIT

LR 29 'Ir='1=15tor Q3 draws current frorn the bCR
rec\zmtcr crmml circuit (capacitor CZa) The mage
; mtu:c of t‘ns currem ig’ dete‘rmmed by either the
voltage or current comparison cmphflnr ‘For cqn-
~gtant voltage opEratzon. “diode CR7 1s forward :
‘blased to oerm;t the voltaoe cirouit, to dnve Qé-
‘diode CRB is reverse bzased to inhmit the mput
“from the current input circuzt ror constant current
"ooeratmr" tH revea se ocdurs!

) re 1 ] Zput wnen
the power st.pzaly 1s mrnedwon, f_he turn»o*‘a cf Q4
is deiayec by capac1tor 024 ch charges throug‘n
R57 and CR15. When, €24 charges Vsufﬁczently to
‘reverse ! bias CRla, all thg cun‘.,nt tnroug"z R57 . ..
flows to the Gollector of Q4 to turn it on.’ uase
current is controlled by the voltage or durrént ‘cir=
cuits via.CR7 or CR8,  respectively: - For example,
‘during constant voltage coperation the collector .
voltage of 01 [voitage input) forward biases CR17
(CRB rsverse biased by QB), the current through
CR7 will vary as Q1 collector voltage varigs and
thus vary Q4 base current; therefore, the ccllector
current of G4 is controllad by the voltage input, .

In a similar manner,” the current input circuit con= -

trols the collector current of 04 durmg constant
current opnrctxon & o TR e e

€25 RAMP VOLTAGE =+
(TP29 70 TF33) _

o7 COLLECTOR |
(TP3 TOTPIR . - -

.. GRIT GATE PULSE. )
ATPASTOACEY. . .+ ~°

N WLTAGE ACROSS CR-?&;S
{TPAS TO ACC)

iming Disgram

‘SCR He'gu}atqr.Conu*c_l,...T

hlt.,hWnen transistor Q7 conduc:gs, the phlsm

developed it winding 1-2 of transformar T3 is -~
- coupled to the bate 0f O7F {positive feedback) and
and 1o the  SCR regulator (CRI7 and CR18).
- itor: C27 chargés in opposition to the feedback -

‘Capac~"

voltage and cuts off Q7.. The charge time of C27

- determines. the pulse durstion in the collector of

Q7 (approximately 20 microseconds), The 32Vdc
bias suppliss current through R52, CR46, and CR44

i} dlscharge CZ? after Q? stops conducnng.

4 33 Gute Inout Throug’:out the ooerataon of the
bloc}\mg oscillator, capacitor C25 supplies most

_of the collector current for. Q4 in the.gating circuit

{refer 1o Paragraph 4~30), The amount of qurrent
oull ﬁd fram. o8 hv Q4 i da?@rm%naﬁ by the insut

43} S RECU? TJEOR CONTQOL (nefar to Figure
4~3, S Comro: Tlmmg D1acram 3 '

4m 32 m-e.s R regu iator contro} i§ bc,saca‘%y a

blocking oscillater (O7 and T3).that appiies. ppl_se's:“

et

~Afrom. *h@ voltage or current comparison circiit) to

ihe gating circuit; " As arésult of this current flow

-from:C2547 thel voltage across C25 iricreases neg-
'?'atweiv with respect fo the +0. 7V bias and has a

“waveshap$g that anpmmmates a linear ramp.
- that '-Eot:e of thl': mrns is Getermmed by the: \roif—

“Thus,




. a,rectzfler CR3%8 through CR43, .

age of current comparison: circuit: - Due: to the, .
time celay in the feedback loopyithe. slopelof the’
ramp is consiant for a half cycle of the ac input.,”
The voltage on C25 is the émitter bias (forward.
" bias whenynegative) for Q7.and therefore helps

-~

detgrming the: point at wmch Q? conducts'-'”

a4 _34 A Ennut
epped-down and fuli~wave.rectified by bridge
_The output of the
bridge rectifier is a negative~-going: pulsatmg de
(120Hz), Voltage divider R5G-R51 supplies a por-
. .tion of this pulsating dc through C27 to the base
__Vox Q? tnus. ‘the base is reverse biased,

35 rz_rmg

the base and the forward bias (capacitor C25) on

_ the emitter of (7 are equal, and therefore Q7 has
zero bias, 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 Velts, Q7 conducts,
The firing point of Q7 is therefore determined by
both the dc cutput error and the line voitage . _
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 {dztermined by £27 andg

RE1). - The conduction of Q7 charges C25 in the -

= positive direction. (clamped by CR48). When Q?

" gtops concucting, the ramp across C25 begwns )

s-Bgain uov.re'»mr, Q7 15 helc cut-oif by tne cnarge
_on CZ? :

"1"'4-‘—:m' Reset." At the beginning of eachcycla of
~ the 120Hz pulsating dc, certain initial conditions -
" must be established on capacitors C25 and C27,
‘When the necative~going pilsating dc¢ is at the
- end of its cycle, at its most positive voltage,
" CR44 and CR45 become forward biased 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 C2I5 to approx-

imately -0. 7 Volts (clamped by CR49), This dis=-

. charge and charge cccurs rapicdly, so that it is
completed before the next cvcle begins and Q7 can
conduct again,  Diode CR47 provides another path
for the current through CR44 so that the voliage 1o
which C27 discharges remains predictable, As the
negative~going pulsating dc increases in the next

‘cycle, CR44"arid CR45 pecome reverse biased, - -

4-37 Bridoc R®yifier, At the 2Ero cross-over

fmately 0; 7:Volts at'the! Fectified’ output
‘rent for CR41 i¢ supplied throuigh CR46.

“volt aae BCrOSs the seconcary winding moves away
I from the Zerg” cmss-—over reglon, CR41 become=
; . reverse : .
_ The ac. mput to t"ansformer TZ is .

© .. igdecoupled by R53 and C26:
A momt is reached durmg each cycle - iure semsitive switch mounted on the heat sink for

-OI the 1204z pulsatmg dc when the reverse bias on -

....4-41 Csting.
~weither CR17 or CR1E is forward biased,”. The pulse

~wirinduced in secondary windings 56 and 7-8 of T3
by the SCR control;. turns on the SCR.that is for-

ward biased when the pulse occeours.’

4.

" reverse biased,
.cycle of the ac input, unless the output is open.
-The timing of the gate pulss with respect o the ac
. input is determined by the errorin the dc output
~ via the ioop acucn

. leakage inductance of T1,

g rect ed‘ outputrand the begmnmg..
of the. next cycie, dzode CR4I ; provmes approxz—

Tbe Q-
" K5 the

1ased

Decounhnc and Protec:txon '

-Transxents in"the’ pulsating ‘dc are reduced ny R56
iand C28F

- The baseof Q7'is decoupled by C3.

The voltage spike in the collector of Q7, indured
by secondary winding 1-2 of transformer T3 when
Q7 cuts-off, is clamped by CR48 The collector

T8 iz a tempera-»

CR17 and CR1B.: If the heat sink becomes toe hot,

.+ because the fan is not operating, TS1 opens, Q7
_shuts off,  and the output voitage dreps 1o zero.

4~ 39 SGR REGULATCR .
4~40 The SCR regulator {CR17 and CR18) controls
the ac input voltage and current to main power
transformer T1 in response to the voltage and cur—
rent error signals, In constant voltage operation,
the ac input voitage to T1 is adjusted so that the
output veltage remains constant with chinging
loads, In constant current cperation, the ac input

[PRER TS 4SSN

-current 10 T] 48 adjusted so that the cutput current
~remaing consiant with changing loads and the ocut-
Zput voltage is allowed to vary,

..Pach half cycle of thé_'ac input,

The other
SCR is not affected by the gate pulse because it is
A gate pulse occurs each half

4-42 AC Input Contrel. When an SCR is gated on,
it conducts until i1s anode~to~cathode voltage
goes to approximately zero. Thus, the earlier an
SCR is gated on, the greater the porticn of the ac
input that will be applied t¢ T1. BRecause of the
the conduction of an
SCR may extend into the next half cycle., Ths
conduction period may be shortened at high output
by the voltage across capacitor C13 through C1§
being reflected back into the primary. Bvy'cen-

region Of the voltage Wavelcrm On S8Condary wind=
ing 3-4 of transformer T2, the voltage is insuffi-
cient to forward bias the rectifiers in the bridge.
" In order to maintain definition between the end of

trolling the ac input to T1 sach half cvcle, the
averace value of the voliace or current at the out-
put of rectifier CR1¢ and CR20 is adjusted so that

dc output voltace or current is maintained constant.




' ?xut”Cthu.'? Dzooes CRSO and CRS}. prevent -33\{ B8CIOSS CZD prow.des tha unreoula_ted mput o .
de mouced reverse gate currents from being. - g rthe regulator. i
back tc. the control clreuit;- Resistors RSé and oo < T A o '
55, hmit current m the SCR gates Sr e . 4-47 Por tne SOVdc. transistor QlD is the error

X ST w1, detector/amplifier. Zener diode VR and diode
‘__S ANID R...FERENC IROUI’I o CR6 provide a'reference voltage at the emitter of
S sy . Q10, Voltage divider R35~R36 supphes &n error
4m45 'Ihe blas and reference cxrcuzt supphes four - ~Iwvoltage tothe base of QlG which’ ampizﬁes and
voltaoes (+33,. +0. 7, =10 and -30V) for internal - . - applies it toithe base 0f series regulator Q11, The
.. power supply operation, and maintains.the pro- .. base drive of O11 adjusts the voltage across Q11

as required to compensate for the error in the -30V,
- Resistor R37 'sets the optlmum current througn tem-
# perature~compensated zener diode VRI: , Resistor

grammmo currents constant,-The -28 and -10V
. outputs are regu}atec. . : o

4 46 ’i'he output of secondary winding 5-6 of R33 reduces power dissipation’in Q11 and capacitor
transformer T2 is full=wave rectified by CR3{ and C22 stabilizes the loop. The -30V is divided down
CR31 - Capacitors C20 and C2Z} each charge to “ 10 =10V by stage Q5. Thé conduction of Q5 iz

the peak rectified voltage {voitage doubling). The - held constant by VR on the base and R39 is se-

0. 7Vde (wm'a respect to -S) is maintained by dicde . ieoted to provide exactly E{JV output

CRM. Ioe +33Vde is the voltage across C21, The:

A Siz
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5-2

(Paragraph 5~30),

Upon receipt of the power supply, the per-
~formance check (Paragraph 5-5) should be made;
‘This check is suitable for incoming ihspection, If
& fault is detected in the power supply while mak~
ing the performance check or during fiormal opera~
. tion, proceed to. the troublesheoting procedures

After troubleshooting angd repair

{Paragraph 5-39), perform any necessary adiust-

ments and calibrations (Paragraph 5-61});

Before

returning the power supplv 1o nor"nal opmrauon,

~: Table 5-1.

SECTION Vo

Test Equipment Required = |

e AR i 3 e 1 A e

R g b %t AT S G I 4t b

repeat the" performance check to ensure t‘nat the
fanlt has been properly corrected and that ne other
favits exist, Before perfor*mnc any maintenance

‘checks, tum-—on power supply and ailow & hali-
hour warm-—up. o

53 TEST EQUIPMENT REQUiRED

-4 Table -1 1vsts the test equipment required

to periorm the vamous procedures described in
this section. . :

e

=10 megohms (min:).

N REQUIRED S  RECOMMENDED
PR . .CHARACTERISTICS o USE srmes © . MODEL
. Differential  |: Sensitivity: 1mV full scale - Measure DC Voltages; % 3420 {See Note)
Voltmeter ... | (min.). Input impedance: M

calibration procedures

Transiormer .

““Range: QGG—ZBGVac/’-‘*G 1°{3Vac;
L2quipped with. voltmef@r- :
accurat= within 1 Voit..

Vary ACiimput .~ o

AC V'o'l'.n ‘rr-z-e ter

ﬂAccuracy 2%.,.‘ bﬁns’*lmxy
1mV full scaim gdefl ection
calmin yere v

;*Me:sure AC voltages and
ripple ' :

: O%c_:,illos'cozvef

Sensutlvlty IDO}LV/C"{
leferentzal mput 25

~Display transient re spcnse
T waveforms :

#1404 plus

e 1400A plug in. )

14024, p‘mg-m fcr
spike measure~ ;

" ments only, s

' DC Voltmeter

Ac';cﬁ'ra::ivj: 1%. Input resist-
ance: 26, 000 ohms/Volt

Measer DO voltegen ] @A

Resxstor

{min, ).
' Repetitive Rate. 60 - 40an,_2psec - Measure transient response See Figure 5-6,
load Switch rise and fall time, .
Remsnve Carbon Cor‘mosnlon Res;skor Power siipply load resistor -
I.oad : ;:“""r‘-SOOA, iS aé,_ 880 Wa*ts . el L *
Current 1, 12 5 Watt JZO;;bm.'_u}_'ire‘- Messure current, cahbrate R53; see
uampimg wound . _meter -

Parts Tabie.




et

) Tanle 3= 1

Test eauxpmen* Raqus.red (Contmuea :_

. Fopg AL RoniRED*- e use | RECOMMENDED
*T% 01 CHARACTERISTICS ¢ U US: MODEL
Resistive -.‘8001\.: 25 G Wattt I.oaﬁ resistors. for trans1=nt ——

load ‘ _recovery time
* Resistor * 180K £0. 1%, 4 Watt, Calibrate Constant Voltage _—
e : ‘ : N Programming.Current . .- | L st ey
Decade Range: 0-500K.  ~ debSt programming currents,. ——
Resistance- Accuracy: 0, 1% plus 1 ohm, "lpple 1mba‘iance, and over- - |
Box .Make-~before~break contacts. voltage Mmit o~ » . o &

CNoTE

A satisfactory substitute for a giffer-
ential voltmeter is {o arrange a refer-
ence voltage source and nuil detector-
&s shown in Figure 5-1, The reference
) voltage source is ac:msrea so that the
voltage czﬁerence petween the supply
bemg measured and the reference . | .
voltage will have the required resolu-
" tion for the measurement being made,
The voitage difference will be & func-.
_ tion of the null detector that is used,
e Exanples of satisfactory null detec--
tors arey’ § 419A nuil detector, a DC.°
. _coz.,,leq‘occxllcscope utilizing ciffer-
ential input, or a 50mV meter move-

the latter,’a i mV change in.voltage . -
- will resultin a meter caxlecnon o:
Hour mwsmns. R

S POWER SUPPLY | 'REgEﬁggggE
uN TEST vOLTS
[UNDER TEST, . SOURCE "

. Q CcQ
l .
NiL, .
DETECTCR .
-+
e L322 -

v TH@NT-With 2-100 division scaley~ For-- = -~-=

e CAUTION

55 _PERFORMANCE. TEST ... .

Care must be exercised when using an
electronic null detector in which cne
‘input'terminal is grounded to avoid
aground loops and circulating curren:s, .

B A P T

5-8 .- The following test can be used as an incom-
ing inspection-check and approprizie bortions of
the test can be repeated either to check the oper-

~ation of the instrument-after repairs or for periodic
Thaintenénce tests.

" The tests are performed using
. a nominal 115Vac, 60z single-phase input power
for the unit, If the correct result is not obtained

«for-a pa*ucular check,~do not adjust any controls;

mroceﬂd to trcuoleshootmg (Paragranh L 50)

ERE B

CONSTANT VO'LTAGE T" STS

PP S R gy

5—8, -The measx.rmg device' must be connected
across the rear sensing terminals (5) and (-8)'or

.as close to the front output terminals as possible

. when measuring the output impedance, transient

response, regulation, or rirple of the power sup-

~ ply in'order to achieve valid measuréments, . 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 éreater than th'é‘:f;uppl"y imped~
ance, thus mvahdatmg the measurement '

" 5=8 ° Thg’ momtormg cev1ce shm.id Be” connected

tothe +8 and -—S terminals (Figure 3-2) or as shown
- in Fxcure 5~2," The performance’ characteristics

(St

ritial VYoltmeter Substitute

B S BIUD e o e e s

(%1

" shouid never be measured at the front terminals if

the locad is connectad across the rear tCrminals,
Neote that the monitoring leads are connected at A,
not B, as shown in Figure 3-2,° Failure’to connact

o the-measuring device at A will result in-a-measure-




" Tigure 523

ment that-includes tne rﬂszstance of the leads be=

tween the cutput terminals and the poznt of connec~ .

non -
Sm 10 When measurmg the constant voltag& per—
fcrmance specifications, the current controls
HOuld be set well above the maximum output cur-
..rent which the supply will dl’ch, since the onset
of constant current action will cause & drop in out-
put voltage, mcreased ripple, and other perform-

~ance changes not properly ascribed to the consiant ¢

vo}tace operanon cf the supply. .-

'_ 5- 11 Oumut '\r’oltage and Voltmeter Accuracv
Proceed asg follows;
e Bu.—.CoOnnect load resisiance across raar out-
- put-terminals of supply,

of, loac res1=tor usm tnroughout the perfcrmance~ TS

b Connect cszerenti'al voltmeter acro'=s -!-S

~-and -§ terminals of °uppiy observing correct polar—J

iy

: Lrols unni iront panel volt'neter indicates exactly

the maximumn rated output voltage. :
i g lererentlal voltmeter chcu%ci read. 600

ﬁl‘z}ldc’.;‘..:.m.a L .

'.,5 12 loag R@culat:on P 3

., Definition:. The chance AEOUT in the

static value of DC output voitage re-;

sulting from a change in load resist= I

ance from open circuit to a value

. which yvields maximum rated output
ourrﬂnt {or vice versa).

5= 13 To check the Constant—Voltage load reguia»
N tzon, proceec as follows:
S Connect test setup as s‘nown in E‘lgure
. 5-‘;3.7_5_}'
T b y _Tum CURRENT controls fully cioc}fwzse
’I‘um supply and

" Front Panel Terminal Connsctions -

{Figure 5- 3 chows values

Turn on.. supply and aa)ust VOLTAGE con- o

- input, - R

2Tust VOLTAGE con-

! POWER. SUPPLY
“LUNDERTEST: .

- DIFFERENTIAL
VOLTMETER:

S e

Figurg 5-3,

Constant Voltage Test Setup

ferent1a1 vohmeter

Dlscc:'mect and resistors,
: f- - Reading on differential voltmeter should
not. vary from reading recorded in step d by more
than 600mV. SRR L .

5‘:.’;-": Luu:

fstatic value,ox,:DC. output _voltage re=~ .

sulting from a change in AC-input volt~-

sage over the specified rance:from:low -

~ line, 10% 1&ss thah nominal to high: lme
{0%:more.than: nommal or. from mgb 1mm

o low" line, - o E e

",';" s

To test the Constant Voltage 1me regulatlon.

prbceed as follows:y;y o e

S0 ot A Connect vanable auto tra*xsformer be-
tween input. power. source andg- powar suppiy power

A._,b.\ -Tum CURRE‘.NT contro%s fully clockw;se
¢. Connect test setup shown in Figure 5-3
d. ~"Adjust variable auto transformer for low

" line (103.5Vac).

e.- Turn on 'éupply and adjust VOL’E‘AGE con-

. trols until front panel voltmeter indicates exactly

the maximum rated output voltage, ..
i, Read and record veltage indicated on
.Qifferential voltmeter, '
. g Ad}ust vana’bin auto transformer for high
lme (126 5Vac). ‘ e -
h. Reading on mfferentiai vo Etmater shouid

= tfbis until front panel voIimetsr mdzcates exacgly
the maximum rated output veoliace,

d,.. Read and record voltage indicsted on dif-

not vary from reading recorded in. s;ep g by more
t’*an cO{lm\J .




pas—

T valeel

: 1?1::»"‘1'3 and Noise.

»Definition: The residual AC voltaqe

5 K-__'Iwm\.h is superimposad on the DX out-
put of a reguiated power supply.
Ripple &nd noise may be specifisd and
measured in terms of-i1s RMS or (pre-
ferably) peak-~ic-pezk va‘iue ;

Rxpp‘;e znd neise measurement c:an be made at any

input AC line voltage’ comomed with any DC out-
put voltage and 1oad curren; Within rating,

| 3-17 The amount of ripple and noise that is present

on the power supply output is measured either in
terms of the RMS or (preferably) peak-to-peak
-The peak-~to-peak measurement is parficu-
larly important for applications where noise spikas
could be detrimental to a sensitive load, such as
logic” circuitry, %, The RMS measurement is not an
ideal representation of the noise, since fairly high

output noise spikes of chort duration could be
present in the ripple and not apprmc1ably increase
the RMS value.

5-18 T?w techniaue used to measure high frequency
noise or "soikes” on the output of & power supply
is more critical than the low freguency ripple and

< noise measurement-technigue; therefore the former

'wu‘

‘9,

_c1rculating in "t‘ns 1oop as é result &f the Gifference.

“frequency fundamental,

is discussed separately in Faragraph 5-26.

$-19. Ripple_and Noise Measurements, Figure 5-43
shows an_incorrect method cf measuring p=p ripple,

_Nete ithat a continuous: arounu logp exists irom the

third wire of .the: ifiput- power “cord of the supply 1o
the-third wire of the input power cord of the oscil-’
1osconc viarthe grounded power supply case, the
petween: the negative output’ terminal of the

power supply and the vertical input of’ the scope,
and.the: _grounced scope case,  Any ground_ currant

in potential Lg ‘berwean the two ground poinis.

input.w, This IR drop, normally having'a 80z line
plns any p 1ckna on the un~
shielded: leads mterconnec ting the power supoly
and scope, eppears on ihe fsce of the CRT.

The .

“'magnitude of this'resuiting roise signal can easily

be much greater than the true ripple developed be-
tween the plus and minus outout terminals of the
nower supply, anc can completely mvahdate the
'qeasure'nzm.
5= 2G
cAn éxist z

,he same ground curs e*n and pickup pro'“lems
an RMS3 woltmeter is substatutad in

causes,; an IR drop which.is inseriés with the scope

7. osenioSCoPE case .

. o . AL

oL ACC

) GND
sz?TrcALL—* i
oy w»u': |
"
1
]

A, IRCORRECT METHOD~ GROUND CURRENT lg PRCDUCES ED

- LYCLE GROPIN NEGATIVE LEAD WHICH ADDS. T THE POWER
SUSPLY RiPPLE B!SPL&\YES N SCQPE :

POWIR SUPPLY CASE

| m:m%}
s?,a*[_,-—s

- OSCILLOSCOPE CASE

7T

-

Aé»srw

pn |THISTED PR

USE 3-T0-2 Ll VERTICAL
. ABAPYERYO- M. T - INPUY
snsmsnom*x e

B & CURRECT METHOD USING A SINGLﬁ ENDED ‘COPE
3-T0-2 ADAPTER BREAKS GROUND CURRENT LOOP TWiS?ED
PAIR RtDUCE:S S‘I’RAY P!CKUP Oh SCDPﬁ LEADS

~Oventical =
O INPUT

ac
ACC
ENDr

SmELDED
TwO =wiRE

S ] - §‘f
e i

C. A CORREGT METHDD . USING A DIFFERENTIAL. SCOPE- WITH
FLOLTING INPUT GROUND CURRENT PATH 1S BROKEN, COMMON
. MDDE REJECTION OF DIFFERENTIAL INPUT SCOPE IGMJRES
DIFFERENCE IN GROUND PUTENTIAL OF POWER SUPPLY 8
CBCOPE, SMIELGED TwO WIRE FUﬁTRER REQUCE,S. STRAY
PICK - SP One SCQFE LEAD.

'-

Fall-wave rec%ucation), an oscillo-
rlay showing & 120Hz fundaménial com-
is indicative of a c*ean" "ﬂeaauremem

scope Zisp
pone

setun, wmle the prnseﬂce of & oOHz fundamental
usually 'neans that” mn imp roved’ ce*up will resuit
ina HOFE &"‘ urate

na Iower} vaiue OT measured

ripple.
5-21 Figure 5-4B shows a corract ‘method of
uring the ocutput’ rlpple— of a constant voitag\. cower
suppiy uging a single~ended scope. The ground
loop path is broken with a 3 to 2 adapter in series
with the power suppiv's AC line plug, Notice
howaver, that the power supply case is still con-
rected to ground via the power supply output ter-

meES~

;:mce of the o.sg.‘.‘josccpe in Plgure 5=4, However, - minals, the leads connecring these terminals to
i e uau}l;u:’*Cp- Gi:;".i:'j' unlike ’..!"‘ T.;".,‘. RS . tha SCons ?ﬁrr“lnnlc ihs qr‘r‘ma fodz -2} '\ﬂﬂ e thips
metef reading, tells the obsarver immediately wirg -o: tho ucwer -uon c‘JrH
whether the fundamental period of the ¢ignal dis- _ i
played is £, 3 millisecondz {1/120Hz) or 16,7 milm 3-22 Either a twistaed pairor {preférably) a snield-
liseconds {(1/86Hz). Since ihe fuqcbmmrta}_ ringle g two=wire caple zhould he used to connect the
ff@qua-r»r«’ crasant on the ocutpit of an hp 5;;;,;,;«_, is sutpurl tarminals of the nower supply to the verti-




.

S et

—ed two-wire, ii is essentisl Ior the shield 1o be

- ground current will flow th ugh this shield, thus = = &

{-power supply case and scope case. Deiore using «.:

is a straight line,: the scope. is properly m’zormc

~strument of sufficient bandwiGth musi’ e 13”5;;}3- an

w3 =20

input terminals of the scope' When usmg ar
visted pair, care -nust be taken atone of the osc;’zloscope with 2" bandwidth of ZOM iz or more is
tWwo wires is connected beth o tHe“grounded ter~' . T a_dequate. Measuring noisé with an’ msm.mem that
tinal of the power supply and the grounded input . has insufficient bandwidth may conceal high fre-
farm‘,nal of the oscilloscope -~ WheTn using shisld- . guency spikes detrimental to the load,

connected 16 ground at one end cnly so that no

mducwg a noise sn;nai in the shxelced leads o EORIAE ram?fa?‘m :
i ”WE“SSUPPU ; 'r-connzc'roa m Oﬁctl.cliggcopc
5 23 1o verify that tha'osciuoscope is not dis— N oot L A -
_,Jnlaymg ripple that is induced in the lzads or pick- B i € H P Tvermieas
< “ed up from the grounds, the () scope lead should g wRT
) 5_ue shorted to the =) scope lead at the power sup~ ' - : _
;niv terminals, The ripple value obtained when the " tae o gﬁ;c
ieaos are chorted shouild be subtracted from the ncﬂj N ;] : E ND
actuai tippie measurement, = : ] N T Tverriear
) . L . . HRYT
~24 In most cases, the single-ended scope : AR
method of Figure 5-4B will be adeguate 1o eliminate . e e T-cONNECTOR m SR
: pon-real components of ripple and noise so thate. .. R e R -,gm?,?f-}m e

satisfactory measurement may be obtained, How- -
avar, in more stubborn cases, or in measurement T R S RRRIPE I e SR
situations where it is essentisl that both the power: .~ . Figure §=-5,- CV Noisze Spike, Test Setup
-zupply case and the oscilloscope case be connect- ) ) Cu . : ST

ed to cround (e.g. if both are rack-mounted}, it S e P
may be necessary to use a differential scope with.. 5 27 'I‘he test Semys 1liustratec in Pigures 5-4A

- fioating input as shown in Figure 5~4C. If desired, and 5~3B are generally not accepiabie for measur-
two tingle conductor shielded cables may be sub=- g spikeg; & differential oscilloscope is neces-
stituted in tlasce of the shielded two-wire capie __sary. Furthermore, the mezsurement concept of

wwith equal success, - Because of its.common mede . . . Figure 3-4C musi be modified if accurate spike

reiecrion,  a differential oscilloscope cisplays n_measuremcnt is to be achieved; - -

‘only the difference in signal between itsitwo <1, As:shown in.Figure 5=5," W' coax .
vartical-input terminals, thus ignoring the effects cables, must pD sub¢t1tuted zor the- st hislded two=
of any common moda., signal intreduced because of .Wil‘e cable. ., = : Co

+he difference in the AC potential between the

P2 Imoedance mctcnmg res;stors must ne
mclua==d to eizmmate ctancmg waves and cabie

a differential input scope in this manner, nowéver.«.q‘ rmgmg, and the. CEPBC1’$0TS ‘musi be connecied 10

4t e mperativethat:the: commen mode rejection’ - o " block the DC current path, -

| capability of the scope be verified by shorting ' 3. The length of the tect 1eac= Out"ld" the

. together its two input leads at the power supc*y ... coax is critical and must be kept as short as Tog~
and observing the trace on the CRT. - If this tra : " sible: the blocking capacitor and the mpecsnce

.matching resistor should be. connected directly

any common mode 539n51 present..-1f this trace ;5 ;rom +he inner concuctor ‘of the cable fo the power

not a straight line,: then the scope is not re3ch- - SBI-"P ¥ tprmmals e
_ing the ground signal and must be realigned in ag~ . 4. Notzce tHaz the s‘nielcs of the aower sup-
cordance with the manufacturer's instructions until sly end of the two cozx cables are not connected
proper common mode re;ectson is attained. - 1o the power supply gz‘ound, since such a connec~
tion would give rise 0 a grounc cutrent path
5-25 To chsck the np-ole and noise ontnu DG - through the coax smekd, :‘Psuhmg in an srrongous
ceed as follows: . measuremem . _ _
a, -Connect the oscﬂlos\.ope or Rvis vo it 5. °mc= the 1mpecance s..atc*'ing 'resi‘:tora
meler 2% ‘shown in Figures 5-4B or 5-4C.. ... constituiz a Z-to-1 zitenuator, - the noisge spikes
- 5. Adjust VOLTAGB control unt‘i iront panel . ebserved on the oscilloscope :hould be less than
_meter indicaT®s maximum rated outcm voltage, S Woep-p 11151?3{.9{?? PP L.

¢, Tna observed ripple and noLse sould e
legs than H00mVrms cmc 2V p-p.

revit of Figure §-5 can also be used

: . » . . nal 'ﬁc_asu-‘emnnt of low frequency ripple
2§ Noise Spike Neééurémi?ﬁ? “\Whahn x high ire~ Zimply remave the four terminating re-
ency spme measurement is bemg TT‘uO\.., a1 in-- .- sistors and the blocking capacitors and substimte

S
qu




o }ngher cam vez‘tical nlug-m m plac:e of the wiae-

Ban" z::lug-—m_reqz.i“ed for. Spﬂ-.e measurements
Stice 3t thh these changes. Fagure 5~5 be~

3w 2° Z,oad Transz=nt Recoverv Tlme
Definition: The time "X" for output
voltacze recovery to within "Y" volts
‘of the nominal output voltage follow-
~inga "Z% amp step change in load
current: where' "Y' is"specified as
.10 millivolis, = The nominal output
voltage is defzned as the DC level
half way between the static output
. voltage before and after the imposed
load cnange, and "Z" is the spec1~
-fled load curren* chaﬂge, whzch is 3
”'Amperes T e

S 30 A mercury-wetted relay, &s connected in the
load switching circuit of Figure 5-6 should be used
for loading and unloading the. supply. When thig -
icad switch is connected to a 60Hz AC input, the
mercury-wetted relay will open and close 60 times
per second., Adjustment of the 23K control permits
adjustment of the duty cycle of the load current

switching and reductzon i Jztter of ti}e osc1llosccpei* 8 Tl ‘ : :
L not only the reccvery waveshape but aiso as much

daspiay‘ e

-5~ 31 'I‘he maximum. load ratmgs hsted in Figure

= 5=5 must be chserved in oranr 16 preserve the mer=- . .-

cury-wetted relay contactsy Switching of ‘larger

- _-.xoad currents can'be accomplished with mercury

“poolrelays; thh this technigue { ast rise times can
still be'obtained, but the large inertia of mercury
- pool reiays izmxts the maxxmum repetition rate of
load swztcmng ‘and makes the clear d1sp1ay of the ©

ransient recovery chavact istxc on an oscaiioscope

. more 4dif ficult,

ia

T 3Lz To check the transzent recovery tzme, pro-
ceed as follows .~ e
: Connect test’ setup shown in Figure 5-6,
 bY Turn CURRENT céntrols Tuily clockwise.
_ "¢, Turn en supn%y and ad;ust voltage con~
trols until front panel ammetmr mdlcczes exactly
1.8 Amperes o
. Close the line swnch on the repemwe
ioad =w1tcn satup, '

e. et the oscilloscope for mternal sync
and lock on either the po sztzve or negative load
transwm smke.

R A Sﬂt the vez'ncal mput of the oscilloscope
for ac f-ouplmg 50 that smail dc level changes in
the output voltzeeeof the power supply-will not

Curement,

POWER. SUPPLY:
. UNDERTEST

OSCiLLOSCoPE
i @ 3o

HIS DRAWING SHDWS ﬂ
BUGSESTED METHGD OF .
"BUILDING ‘A -L.DAD SWITCH,

.HOWEVER OTHER METHODS . ..

L2 MSE MEHCURY RELM’
SCLARE TYRE MGRIDOZ.
DR W E: TYPE. 2788,

3. USE; WIREWOUND. ﬂEs:s‘rbR

- nspnmvz
LOAD SWITCH {NOTELD

¥

- Figure 5-6, Transient Recbvery:Time,- Test Setup

as posszble of the rise nme of the transzent is
~displaved; : )

ST W Starnng from the major gratlcuie division
representative of time zero, count to the right 200
‘msec and verncally 3V, " Recovery: should be
‘within these telerances. as 111ustrated in Figure
5-7, "If recovery.is not correct, admst R13 as de-
ES scnbed int Paragraph S 73

- 5-.;3 Outmut Imoedance :
:Definitions Atranyigiven frequency of
load change,” AEouT/ AloyT.: Stm\.tly
“speaking the definition- apphes only-for
~a’sinusoidaliload: distrurbance,: unless,
of course;:the measurement iz made at
zero frequency. (DC),+ .The cuiput im-
«* pedance of ‘an ideal constant: veltage
- power supply would be zero st all fre~
guencies, while the’ output impedance
“for an ideal constant current power
suop%y would be mfmne at al! frequenw
- cles, :
The output 1mpedance of a power Suppiv is normal-
ly not measured, sincé thé measuremant of tran=-
sient reécovery time reveals both the static and
'dynarmc output charactensncs with just ope meas-
The' outr.mt impedance of & power supply

cat.sa zhe display 1o ehift,
¢ Adjust the '=ync cowtrols =eparatr=iv for

=

. the nositive &nd “_ganve comg t*ansients =o that

Sy

is commonly measured only in those cases where
the exact valué at a particular :recuency is of
engmﬂermg 1mportance




'fOHow

.5 ohm‘s;'

.biess 'd‘an Q 5 ohm. -
g, Using formula of step ', calculatf- onmut :

.?"

Eiiom —
O™ UNLOADING TRANSIENT: . LOADING TRANSIENT
~ Figurs 5-7. Transient Recovery, Time, Waveforms

5-34" To checx the output 1mpecan\,e, proceed as

‘&, Connect teést setup shown in Figure 5-8.

" ~b. Turn on supply and adjust VOLTAGE con~
trols until front pane! meter reads 20 Volts,

Lm Gy Set AMPLITUDE control on Oscillator to
10 Volts {Ein}, and FREQUENCY control 1o 0. SHz,

- ¢. Record voltage across cutput terminals of
the power supply. (Eq} &s indicated on AC voltmeter,

e, Calculate the ouiput impedance by the
zoliowmg formula: 5 oR
. .._bp

Zout— =

EO = rms: voltacﬁ BTrots ncwer sunply
sterminals.. ‘

FRET1000 . e
UE; ;=10 Volts s

impedance at frequencies of IGOHz,
100kHz, Values should be le:

.LK:”:Z, and
€S uha*z 5 3 5 ang

5 35 “remperature Coeff 1c:‘é‘ei‘it T e
Deflmtlon' The, change in cz..tput
‘voltage per degree Centrigrade
change in the ambient temperature
under conditions of constant in-
" put AC line voltage, output voit- .
. .age settmg. an_d load resistance,
5 36 The temperature coeificient cf a power sup-
ply is measured sy placmg the power supniv in an
,oven and’ vam m over any te-mberature span

: accuracy _'- : o

" tion

-§ POWER SUPPLY -
ANDER TEST.

. OSCILLATOR
hp200 CD

) !DOGH‘H :

Figure 5-8. Output Impedance, Test Setud

537 'Ihn temperature coefﬁcxent specmed :Lq the

©omaximum temperature- dependent output voltace
~-change which will result over any EOOC interval.

The differential voltmeter or digital veltmeter usad
to measure the output voltage cnange cf the sup-
ply should be placed outside the oven and should
have a long term siability aaequate o msure that
its drift WJ.ll not aﬁect the overall measurement

e

5 38 ’I’o check the temperature coefﬁcznnt, pro-
' ceed as follows: et Al

; a7 Connect 188t setup shown: in Figurg 5-3..
bt Turn CRIRRENT controls fully clockwise

.- and adjust front panel VOLTAGE con_trols:'untiL'- the
" front panel voltmeter indicates 600Vdce,

- . ¢..  Insert the power supply intc the temper-
ature — controlied oven {differential volimeter and
load resistance remain outside oven). Set the
temperature to 30°C’and ailow 30 minutes warm-up,

.- Record the’ cszerentiai volmeter mdma-—

—ae s = et How i

. Raxse the temperawre 1o ‘-:GOC and allow
30 minutes warm-up, — o

£, The diffsrential voltmeter indication
should change by less than 2. 8V from indication
recordbd in step d.

5«39 Qutput Stabiiitv.
Definition: The change in output
voltage for the first eight hours
jollowing & 30 minute warm-up
-period.. During the intervalof .
measurement all parameters ex~

Wlmm frsrating uvwm $2 pOWer auyy;.‘c-— EFE
ated for op@ranon from COC 1o 339C.) The power
supoiy must be aixowed to thnmelly SLabllaZQ for
.3 suzfzc1-=nt perloc of tzma t each temperamre of
measurement ‘ ;

TEEpUEmDETU T mpeTaTUrE =rE
held constant, - Ambient temper-
- -ature is permitted 10 vary over &,
<. span of 3°C. =




x

m‘-lO “This measurement is made by monitcnng the
output'" f he power gugply on & differential volt-
meter o dagnal voltmeter over the stated measure-
ment mtervai & strzp chart recorder can be used
.10 provide a permanent record. A thermometer
shouif* be placed ngar the, sz.pply to verify that the
embient temperature remains constant during the

_.,erzod of measurement, The supply should be put

=in-a-location’ immune from’ stray air currents (open

doors or. windows, air ccndltlonmg vents); if jelek-T8
sible, the supply should be placed in an oven
which-is held at a constant. temperature Care
must be taken that the measurmg instrument has a
stabllity cver the ‘eight hour interval which is at
least an order of magnitude better than the stabil-
ity specthancn of the power suppiy being meas-
ured. * Typically, a supply may drift less over the

" elght hour measurement interval than dunng the
1/2 nour Wa!""l"'up period, . DU

5-~41 The stability measurement can be made
whlle the supply is remotely programmed with &
“fixed wa.re-»woz,nd resistor, thug avoiding acciden-
tal ckances in the front panel setting due to me-
cnanical vzbranon or "knoo-—twmdhng F :

542 To check the oumut stamlzty. proceed as
) -ollows. : - .
‘ ‘a. Co*mect test setup shown in Plgure 52,
"b. Turn CURRENT controls fully clockwise
&nd acmsz VOLTAGE controis for 600Vde output,
-Allow 30.minutes warm~up then’ record

- _ihme dlfferantlal voltmeter indicationy < o -

~div After 8~hours, dz‘ferannal voltmeter

i should change. by, iess than OOOmV from mdlcatzon ‘

. recorded in =tr=p ol

RENT snMPL!NG
..-_TERMINALS

© TO UNGROUNDED ™ *
TERMINAL OF -
. POWER suppLy

o/ SAMPLING |
" _RESISTOR.
L LOAD
TERMINALS

Figure 5-9';‘-(f)uzpu_t Current Measurement Technique

5-43 CO‘\ISTA\’T CURRENT TPSTS
5-44 For output current measurements. the current
samplirig recistoweriust be’ tr=ateci-as a four termi-

anv cun’ent samplmg resxstor should be cf the low

\'_f‘f;nmse. low temperatuie coefficient {less than

5-10.

-

30ppm/OC) type and should be used at no more
than 5% of its rated power so that its temperature
rise will be minimized, The latter, redutes re-

- sistance changes due to thermal fluctuations, It
-is recommended that the user obtain 2 duplicate of

the samp§1ng resistance (R53)} that is used in this
unit for his™ constant current checks (see Table 6~ -4}

POWER SUPPLY |
- UNDER TEST =

O LOAR e T DIFFERENTIAL
RESISTOR ;
400n0,950W - | ?"DE-T',"ETER
g 9L
RESISTOR

-Figuré 5.7'10.?'- Ouﬁput'Cuxrent,-- Test Setup

5-45 Currem Ontput and Ammeter Acm.racv

Prow-
ceed as follows:. -
. a, Connect test setup shown in Figure 5-10
ieawng switch 81 open throughout check, )

.. Turn VOLTAGE controls fully clocszse

c. Turn-on -supply and adjust CURRHNT con-
trels until fronf panel ammeter indicates exactly
the maxunum rated ou;put current.

- Definition:' The change, AIOU’I‘» {n the
- static value of DC cutput current rei™
sulung from a change in load resisiance
from short circust to a value Which gives
maxlmum rated ourput vcltage lor vice
versa) o '

To check zhe constant current load reguia~
roceed as follows: o
a.- Connect test setup as shown in Figure

Bud7
tion,

b "“um VOLTAGE" controls fully ciocszse
"¢ Turnon supply and ad}ust CURRVNZ‘ con-
trols until’ frcmt panel ammeter reads e\cactlv the

o
-1

.
"
nal-g

AP

vicer—irthe-mannerof aTEter snunr, 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-
.. Generally, .

ance portion itseif {see Figure 5-9).

mammum rated output current,

d. Read and record voitaqe mdzcated on aif-

. ferential vol'meter

e Short cut load resictor (RL} by closing
wnch S} .




i Readmg on dxfferennal voitmﬂter “"IOU
_.hot vary, from re.aamg recomec m step o by more
" than 15mV. S

el

Y e s grEe—
o AT S s i

Lme Recru’;ano*a : ]

Definiticn: The change, AlgyuT: in the ™

static value of DC cutpur current re-
" sulting from'a change in AC input voit-

age over the specified range from low o
“ line (10% below nominal) to hs.gia"‘li‘n"é”f"’f

{(10% above nommal} or irom hlgh ane

1o low hne

5-48

5-49 To test the ‘constant current line reculation

proceed ag foliows: R
a, tilize test setup shown in Flgure 5-~10,

leaving switch $1 open throughout test, _

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

put, 7 i
© ¢ Turn VOLTAGE controls fully cxcc}cwz_-.' '

2,

Adjiist é'uid_ transiormer for 103, SVac in-

Turn on_supply and adjust C URRENT con-_.. ..

5-52%A good inderstanding of the principles of

Sairae 0‘06?&1:10!1’15 ‘& helpfdl aid in “i{réubléshooting, znd

it is recommended t‘hat the feader review Section

e V- Q- ‘the-manual bafore arerapiing to troubleshoot

the uni it in detail, Once the principles of opgra=-
“tion are understood, Tefér to the cverall troubie=-
=hcotmg procedures in Paragraph 5-55 to locarz

ne symptom and probable cause, '

BNV PR SRR b s G i AR i T

:a3 The scﬁemanc maqram o tne rear of t e
manual (Figure 7= 3) contains normal voltage
xngs_taken at various points within the c1rca.1ﬂ:s.
These voltages are positioned adjacent to the ap-
plicable test points (identified by encircled nume-

-« ‘bers). -Component and test point designations are
marked directly on the printed wiring board,

3-54 If a defective component is located, replace
it and re~conduct the performance test, When a
component is replaced, refer t© the repair and re-
placement and adjustment and calibration para-
graphs in this sectxon

‘--SS OVERALL 'I‘ROUBLESHOOTING PROCEDURE

trols until front panel mster reads exactly the max- .

imum rated output currem, .
{, head and record vohage mdlcatea on d
ferential voltmeter, ... ..

g. Adjust variable auto transformer for RS
126, 5Vac input.

= h. . Reading on dgifferential voltmetsr. shculd

\

motvary xror__n readmg recormec in-step f by mo‘e
’z'ﬂan 15mv, - T

o,

~-:sl h Before attemptmg 0 trcu:ulesho t ti’*is ineo
. .:trumem, ensure that the faaat is w:.tﬂ 'He "C*m-

"""" g.per-
tms

he- in

_formance test {Par=graph -8y enables o)
determined without having to reﬂov

ment from the cabmﬂt

g s s s

he
r

T
S

S

Table 5-2. .

S :36 To locate the cause of trouble follow ==ps
1, 2. .and 3 in seguence,
~{1)- Check for obvious trcubles suck as cpen
fuse, defective power cerd, input power failure, or
defective voltagé or current meter, Next rem ove
~ __the top and bottom covers {each held by four re-
tammg ‘screws) and inspect for open connections
= charred components, ate, - Ii the wrouble source
" canuot be uetected :ay visual inspection, yroceed
' w1th step 2. . . :
'_ ~{2) - Imalmost all cases,’ ha trouble can be
causao by improper DC bias or reference volia
thus; it is a good practice to check volisges in
Table 5-2, kefore proceeding with step 3.
’ (3) Disconnect the load and examine T
5-3 to determine your symptom and probable ¢

i

e A o ot i S

uu‘

Table
BuS

a
=

Reference and Bias Voitages (Refer 10 Schematic for Test Point Locations) |

- " METER | METER 1" NORMAL ' NORMAL PROBABLE
STE! COMMON POSITIVE * |} vDC RIPPIE (P-P) CAUSE
T . . .
1 51 -$* ! 30mv 20mV Q11, CR30, C20
2 20 -s% 110 fmv Q3. R39, RIB
. B e B ] B S =P APTrY
; 4 -8 : 15mv <21, CR3I
5 o1 lmv . CR6, VRI
o S - {04 Emitter) : ‘

wer suppliv..




.= Table 5-3,

"O;ﬁ{éxjali_ Tr"gubl{e shooting.

. PROBABLE CAUSE

a, Fro.;t panei meter dezectwe"

b. ;_Serzes regulator loop deiec ve
- graph 5257, then Table 5-4,

Do High outplt voltage ™~

a. . Front panel metéz_‘_”é‘e_fuéttive._‘. PR

b. Series regulator feedback loop
defective, Refer to Paragraph 5

-57, then =
Table: 5-5,

ngn ribple‘

a, . Check operatmg setuo for ground loops

b.  Check reference and blas voltages (Table 5 2} fcr
excessme rippie, S L.

¢. Supply crossing over to constant current operg~
“tion under loaded conditions, “Check current
" limit seftmg or ccnstant current comparator c:zr-
cun k

Poor line r ng?atlcn

a. ‘Improper measurement technique ':_(Pérég;‘_‘aph' 5-8).

b. .. Check reference, voltages (Tabie;s.-z}..;.. '

Poor loaa regu lation.
(Constanz Vo 1tage)

3. Measurement technique (Paragraph 5 8)
b, Check rmerence voitac:es (TaDIe B 2)

c. Chack the reguiatlon charac:xerlstics of zener

' diode VR1 as follows:
o Connect differential voltmater across VRI
{2} Connect appropriste load re sistor” (RL) gwan
'in Figure 5=3,# “across {+) and (-} output terminals,
{3y pe rfez'm stevs b through f of Paragranh 5—13
{4)-1f the Gifferential’ volmeter readmg var:es by

' 'more than IO’qV, replace VRI ; :

4. 'E’.nsure that cupnly is not'current;hmztmg

Check
: constant current comparator circuit, T

. Poor‘load regulation’
-, (Constant Current). . _ ... ..

e s . Db i e i e e

a, -Check refererice voltages (Ta”\ie 5- 2) '

‘c15, C16, cazz CR22 ieakv

c. Ensure that suonlv is not ‘Jol'cage %nnzgmg

Check
constant voltage comparatcr circuit, e

o Osczliates (Constant
' Voi'ca ge/ Constant Current}

- P

T T T U

a. Selection of R13 (Paragraph 5-73).
b. . Check C4 and R14,

c. Opensensinglead (+8), =

' Instaiaﬂity {Constant e _..

" U¥oltage /@6'ﬁ_5‘:fé'h't"“(3ﬁ'??é':ﬁ't}' S

CEE D

el Rl “RS, R4Z, R4D, Ral, CI noisy or drifting,

' 2. Reférence circ:uit (Table 5-2),

.b. Noisy voltage or current controis (RZ or R9)

o c “tage Oi or Qa efectwe

CRl loa}'y

vE

s



st ciigns in ’I‘anlos 5 g cr 5.s, ré'speFti\}e 17,
3 Although a-logical first choice might be " start
refarence and bias circuits as a source;of trouble} near the loop’ ‘mid-poift; and then perform suﬂcec-
: he"ma functmn :.s caused by;the voltage. regulut— e S0 "‘subdxvxdxng festy~ it-is more useful t‘b“zrac:e the
g 1o p. I anvy component m & feedback locp it iOO"‘ irom, the series rcgulatcr ﬁacwvcrcs stage ai
deiective, measuremants made anywhere inthe' ‘- g'time, since 10op fa:lures occur "IOI‘E often at the

. 5-57 Rebuiating Loop:Troubles: - If the voltdgesttic
in Table 5~2 have been checxed.ic eliminate. the:

g

Loon may appear abnormal, Under these carcur*--"i S mgher power levels _

stances it is very difficult to ‘separate cause irom. . = -

_effect. w1th the loop- closed, | As described in -+ * 5 59 REPAIR ANEB REPL{\CEMENT i

'Iables 5-4 and 5-3, the loop is effectively cpened o 3TT { SN

by checking the conduction and’ cutou capamlnv of . 5_-60 Before servicing a or imed wiring board, re=-

each stage as follows: ;

1. ZShorting the emitter to collector of a
tran51stor smm‘..iates saturation, or the ml‘z ON con=
- ditien,: o -~ BgY: ADJUSTMENT AND CALIBRATIDN

2.‘ Sworting the emztter t0 base or o“emng ’ :
the collector lead of a transistor cuts it oif, and
simulates an open circuit between emzt..er and col-

for to Figure 5-11, Section VI of th g manuai con
tams a st ol replaceanle parts...

E-62 Adjus»mém and calib*ation may be raquired
after periormance testmg, troubleshooting, or re-

lector, pair and replacement. Pﬂr;orm only those adjust-
s e e ++1-F £ 4 that afiect the operauon of the ;aulty cirm
-a8 For Eow or high output voltage perfo-—m he in- cuit and no others,
e o M’Iable 5=4, low, Output Voltage Troubleshooting ... e e
ol STERLL e ACTION. e e frnen RESPONSE- -~ - - | - » -~ PROBABLE CAUSE" ™~

s

Turn front panel VOLT-
AGE and CURRENT con~ o ; .
trols fuily clockwise -_ S .

To eummate tne cu"rem V@ Output increases

comparison circuit a5 a. ' Cod

_ |9 cause of the malfunction,
ol o Liremove CRE cathode or
P ~ i} - anode lead '

= CRE.or current comparison
seireuit uefecmve

{ecomieé{ CRa cnd po
.c:eed to Step 3 '_ ‘ '

‘C“héck_rripple waveform -
“between CR20 anode and
‘CR18 cathode

.. a5 CR17 or CR18 is open or:
-.the applicable gating cir-
_cuit is open. To check

the gate cz*cwt, remove

L gate leads from Cnl? anc

= CR1®, and check the™ ™

Tripple waveform is resistance of the leads to

o ‘hali-wave (18msec) © " test'points 45 and ACC.

- I S . © 7w If the resisiance is great-

b - . T T er than 125 ohms, the

gate circuit is defsctive.
referio Piglre 7-1 for
location of test points,

s s P R v M T i s e

: Ne rinple waveiorm B{1)CR17 and CR1S8 defeétive.
_ ' ' ()T defective,

. SRR S A UL I - +{3¥8CR Regulator Control™

ety e B e e C e DR M " Circuit defective. « Fro~

“CesEIE Sten 4T ‘




- Table 5-4.

Low Output Voltage Troubleshooung {Contmued}w, R

AGE control to mid-
position and CURRENT
control fully cleckwise

¢ ACTION .+ 5 o, '1='-fﬁgib§As;.5"c§Ai;s'E
L3 Ghec}\ the operauon of a, Oumug voitage re-- " SCR Regulator Control
’ the SCR Rega atOI‘ Gon- mains low - Cireuit Q7 or associated
trol by rcmovmc the col- components defectwe
- lector: leaa of Q4. x Tum= < Refer to waveforms on
the supply on and off z a Plgure 7 2
-ora ).dl D e S '
. PR b, Output voltagé in- b, Proceed to Step 5
creases _ o
5 .. Check the turn-off cap-». a. Output vdlta:c,ie re- “a. Q4 or associated COmpO-
abzhty of Q4 by *emovmg main_s low : - nients defective
the collector lead of Q1. .
Turn the suoolv on and b. Output vo_haa_e m- o Q1 orassociated COMpPo~-
" off rapidiy Creases : - nents defective
Table 5-5, High Qutput Voltage Troubtlg s_hooting
STEP - ACTION - - RESPONSE- ~ = v o o —= PROBABLE CAUSE
1| Tum front pamel VoL

Using the AC _veltmeter,
?check the voltage be-
L. tween AC\J and 45

'b.

LgE Less than IVac

More than ch_C

- CRI?TO_I: CR18 shorted.

Jeb. . Proceed to Step 3.

heck the ooaranon of
e SC» Regulator.Con~-"
rol Circuit by” shorting
4 emz ier to coilector~

b. Output decreases -

Qutput remains high = - -

a. SCR Reguiator Control.

Circuit Q7 &r de8ociated
.components defective,
Re*er to waveforms on
“"Pigure 7 2,

b, ‘-Prqz_:eec to Step 4,

4. .lﬁ._Cﬁéékrihé}:ﬁbﬁducticn a.. Output remains high & . D4 or associated compo-

o o] mcapability of G4 by o o nents defective,
'Sbcf;tmg QF emiiter 1o b. Output decreases b. Ql or associated compo-
.co ector_ ' nenents defective,

-3 -MEITER ZERO up. o normal operating temperamre (abcut 2(} Thine

5-64.-The mnter poimnr must rest on the zero cali~
bration mark OReidpiz meter scale when the instru-

ment is at nermal Cperating temperatore,”

118 noermal operati
is turned off,
focllows:

R, < hm

2 T

3 S
I On Ingtrume

ng.position, and the instrument
T¢C zero-s2t the meter procaed as

nt and allow it t6 come

utes),
b,

festing in” -~ pletely,

“face,

Turn the mstrument off, Wait one min~
ute for power suppiy caoacztors to d1=c}~arge COMm=

. . €. .Insert sharo pointed object {pen point or
awl) into the small identation near top of round
black plastic disc 1ocated directly below meter

Rt
oyt



= -Excessgive: hea; of pressure’ can lift the copper strip from the board. . Avoxd da.mage by usmg 2

Icw power solderingiron (50 watts ma.mmum) and following these instructions. Copper that lifts

i the board should be cemented in place w;th a qmch rymg acetate base cement havmg good
elecrncal msuzatmv properties,’ . ' ’

) _.A break m t.ne copper should be repawea by smdermg a short length of tinned couper w1re
he break . - .

Use cmly hlgh” qualxty rosin core solder when repazrmg etched cz:rch;u-t‘:boards NEVER U::E

S PASTE: PLUX. - After soldermg, clean off any. excess flt,.x anu coat the repalred area witha

mgh gualit ¥ elec!.mcal w.rmsn or lacquer.

When reps.acmg componemswzth muhzmﬂ mountmrr pms such as tube sockets eiectrolvnc capa-
citorg, and polentiometers, it will be necessary to lnt eacn pm shght.ty, workmg around the
comeonents several t1m°s until it is free. P

WARNING If the specific instructions cutlinedin the steps helow regardmg etched czrcmtbaarc:s
without eyelets are not followed, extensive damage to the etched circuit board w;ll *esuit

‘ }. I ;ﬁmplv heat sparingly to lead of compméh"t' o 2"' Reheat solder in vacant é&':eiét and quickly
.tobe replaced; Iflead of component passes insert a small awlto clean inside of hole.
throuch an eyelet by "I hole does” . )

CO!\-‘C}UCTOR
SiDE -

-in the circuit =
- boara, appiy H__\ o
oo {o. heat on com= <&
ponent. side " -~
of board, If | &~
© - lead of com- T LTl ductor side’
ponent does Y of board
not pass through an™ "= 7 oo T T TR
evelet apnlv heat to cor\ductor s1de of uoavc

‘“not have an
~ Tosier, i
‘sertawlor
a #57 drill.
from con-

: - send éleaﬁ tmned lead on new p :s.nd '. _
o carefully msert*-- E T
~-through eyelets or "

' nent leads’ bn correct {
holes in board, "7 -

side of board
a8 explained *
n cvke_p l

'In'the eventthat either the czrcuxt board haa been caﬂvnmged orthe e ntmnal m=th dis 1mprac-
ncai use metbod snown beiow. Thisis eﬁpec.aiiy app;.n..aolefor cxrcmt bo.a‘ds w1thous eyexets

1 Cl;p xead as shown beiow. IR SIAE 2 Eand protrudmfr leads upward Bnnd iead
. ' S of new " - APPLY
/ . 7 CLiF Cgmponent SOLDER _ A
INE! : SERE around pro- B "
; © truding lead. ! IR };9"
" . ey Apply solder = ___ = ‘ W o
- ] ;{ o

‘ using a pair S
B “of long nose plaers as a heat smk

" This pro'@eaure is used if’ the ﬁeld oniy as an a‘ternate mn:ms of repalr. It i not used mtmn
) the iac;ory o e e e




. - d. Rotate ptast;c dxsc clockwise (cw} unttl ear it tor set 10 90}( ohms inits olace
I meter reacs zZero,. then rotate cow slightly in order

to Iree ucjustment screw fro meter $urspen51on

PR S S

‘-.'-ca VOLTI\/’ETER ADIUSTMBNT"

S -56- 'Eo cahbrate the, voltmeter. proceed as fob—

lows o
e A, Connect dxfferennal voltmeter across
< supp}y, 'cbserving correct polamty i T
hoH S b fumon supply and adjust VOLTAGE con-—'
trois until differential voltmeter reads exactly the
max.tmum rated output voltage, - e T

c, Adjust R2Z5 unril frcnt panei voltmeter _

N also indicates maximum rated output voitage,

5 67 AMMETER AD]’USTMENT

a~68 To calmrate ammeter proceed as follows:

&, fConnect 1est setup shcwn m ?19ure5 1{3 .

leavmg switch' 51 open.
g b, Tum VOLTAGE controis fuily ciocszse
€. Tum on supply and adjust current cone-

' trqls unti} differential voltmeter reads Y; svde,

d. Adjust R27 until front panel ammeter in- ;
S ,cemposnmn. }/2 Watt resmtor

dicates exactly 1 S Amperes

5-69 VOLTAGB PROGRAMMIT\TG ACCURACY

570" 'Io cahcrate the co‘tstant voltage procram—
ming currem, proceed as follows: - .
;Turn power supply off,
b - Remove Jumoer connectmg A'i o A6 cn
 *rear barrier’ strip, e
‘ e, ,,Ccnnect }80}{
s*s’ror be‘ween AG anu —S termmals on. tne rear
barrmr strip. ~ "
.4, Connect, dszerential vcltmeter between
+S and -8 termmal*

e, Remove R39 a'nd connect a decade re51st-— -

ance m 1ts rlace,

O

. ‘exactly 600vde,”
o 9. " Replace decads reszstance w1th resisior
of appmprzate wait.e m R39 position,.

S -71 CURRLNT PROGRAMMING ACCURACY

5 72 Tc caltbrate rhe constant current programming
current, proceed as follows:

{-).

- Turn off supply ang short the'catput {4} 10

b, Turn.;ga,VOL’IAGE and.CURRBNT controls
fully ciockw:,sef -
c. Remcve R4l and connect a decade resis-

FE—

) 'ss.stance in its place. -
" until the load fransient is wzthm specification as
cescribed an Paragraph 5 32 o

. set the output ripple tmbalance to an accectable ’::‘i""";_’“
* level, proceed as follows: '

4W G l% precrszon re-‘ a

Turn on the supply and: adjust the decace;: s
re51=tance L."'J'Cll t"'le dlf;erpn‘tal voltmeter 1nd£ca|.es

¢. Turn on the supply and ad;ust the decade
re msta*xce until t‘ne front panel meter mdlcates
1 Amps “ :

g 73 TRANSIENT RECOVERY TIME

-5 74 To' mimmtze the transrent resultmg from a

- load change, proceed as follows: *=

- @, .Periorm the procedure in Paragraph 5~32,
b. Remove R13 and connect 5 decade re-
Vary the decade re sigstance

S 75 OVERVOLTAG” PROTECTION ADJ’USTMENT

5= 76 To aci;ust t’ne cvcrvcltage.protecticn circuit
Q3, proceed as iollows- |
2. .Remove R17 and connect a decade resist~ -

- ance set to 90K in it§ place, -

o h... Remove the jumper connectmg Ab to A7
on ‘the rear barrigr Stripey.  non
‘¢, Turn on the supply and admst the decade
‘resistance unti] the voltmeter indicates 675Vde,
C . d. . Substitate the nearest. value carbcn

S 77 RIPPLE IMBALANCE ADIUSTN"’"N;

S 78 Thzs admstment should be performed when
_the supply is being operated from: -a SGHz input to

» Connact.the oscrlloscope to +S and -8

‘ terminals on the rear of the supply;

bl Connect ar 40084;7 906 Watt load resiszor

: acrots the outpur termmals

* Set'the output voitage ta SGOVdc
: d ‘Remove R13 and | connect a decade res:.st*
ance, set to 90K, in its place, -
e, Adjust the decade resistance fcr a rlpple
imbalance (EE/EZ) of iess than 0 a as shown in
"“igure 5=12, s i :
f. Res:s*ance value cf R13 must per?nlt

s

Flgurs 5-12. Ripple Imbaiance Weveform

. R M i AR S b e e il o e
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?' é-irﬂ-':NTéoauc'TioN y

This section contams mformatlonfor orcerm"'

‘-rw).w-n-»—‘qwug—!-» B i

sncuo'n w |
EPLACEABLEPARTS "

repi acement pa"ts. oy
Tabie 6-4 lists parisin alnna mmencal oraer

of the reference deszgnators and nrov1des the foi—

low mg mformancn.

Qeference Deszmctors Por anbrev;auons. .

refer tc; Table 6
Desc mt;on R@fe' 1o 'Ian‘e 6-2 for abbre-
vietions. B ‘ o
g, Totzl Quantity (TQ) uced in the ingtru-
Aty czven only flrst tlme t%e part number is |
sted M :
B PR Iaz*mactuer‘s oart numner.

d L
e, Manuiacturerg co e number. Referto ..
Teble 6-~3 for rany fac Lrers ﬁame and acmress
RN U Part'Number,

. Recommended spare parts o ‘éntitv (RS)'
- for com pleLe maintenance of one instrument during
one veer of igoiated service.

PSSR n. .
:ator are listed st the end of Table ‘€-4 under Mis=-
ceiiaﬁ‘écue ST L e T s

s

‘8 4 ORDERING iNFORMATiON

6-5' To créer a rep aceme

“{see lists atrear of thls men ual for‘addresses).:""-‘:

v

Snecx‘y ;he foilowmg mformanon for ezc

A T ?v'ociel and complete senal number of
‘ns;rument ‘ ) :
“b. Hewlett- Pacxard part number. )

 Circuit reference designator.
Description, AR

LT

d.

§-7 To order a part not listed in Table §-4, give
& complete description of the part and include its
function and location. R

Tabie 6-1. Reference Designators

T - .
i = zssembly CR = disde”
B = motor DS = davice,
T = capacitor signaling {amp)

Farts not-identified by a rererence amsig—"

nt part, adcre=s order or”
“Uinguiry to vour loceal new;ett-—?agka_rgl sales office.

o e mbsipgies &b <M A A M - 343 A

I R

able 6o1

-E. = misc. electmmc RT. = tnermistor
Copart: enioode -0 8 ="gswitch

I = fuse ‘ T - = transformer

T = jack . V.~ = vacuoum fube,
K = relay.. . neon bulb,
L = inductor . . photoeel], et
. M = meter X = socket

P = plug.; - XF = fusehoider

Q = trensistor ¥DS = lampholder

R = resistor. ... :Z. .= netwerk .

. Tsble 6-2._ Descr;pticn_}x,bbréviaticné_

peras | T obd =

a’’’ . = am crder by descrip~
¢ =carbon . .tionm
der’ = ceramic’ " p & peak
Tcoef "= coefficient  pc = printed circuit
com = common . .. " board |
comp .= composition  pf = picofarads =
coni = connection - 10-12 farads
crt cathode-—ray ' = peak-to-peak
" tube” T ="parts per million
dep’” = deposited position{s)
elect = nlectrq‘iy‘lc “polystyrene
‘encap = encapsulated 7 pot’" = potentiometer
F¥ 2 farads prv: = peak reverse
fxd' = fixed T veltage
GE 7'z germanium” t = rectifier
grd = groum{ed) ' é_"rcta':‘y'
#4572 henries s root-mean-square
= mercury - “sslow-blow
":* meregnated = secnon(s)
Ts msulat:on(nd = sﬂzcon :
= Kil6'2°1000- = silver®
= linear taper ) = slide
= 1ggarithmic =~ ‘= time delay
taper . = titanium dioxide
mA- = millie 1679 = 1oggle -
M = megohms = tolerance
‘ma = milliamperes * " = trimmer
W 2 micro = 1070 = traveling wave
mfr. = maénuiacturer _ tube -
mtg = tmounting T - var = variable
my.o.= mylar. oo ow/ s owithe
NC = n-orma--l—-ly- W o e WLRTES -
closed w/0 = without
Ne = neon cme = cabinet mount
NO . = normally cpen only




‘Tsble 6-3. Code List éf'hfanufaétu'rers o

“fcope |

U. 5. Semcor Div..

Phonmx,, Ar1zona

N'o.' Mm'UFAC'I R:.R e .. ADDRESS| . NO. | MANUFACTURER , ADDRESS
00629 {EBY Sales Co. _~ New York, NoYI "% 106812 | Torrington Mig. Co., West Div.
00656 | Aerovox Corp. - New Bedford, Mass. | I Van Nuys, Galif
00853 {Sangamo Eleciric Company, . 07137 ;ransxstor Electronics Corp.
Ordill’ Divigion (Capacuors} Marion, 111, o e2% . - Minneapolis, Minn,
01121 Allen Bradiey Caoj-- Mﬂwaukee ch. 07138 Westzng‘:ouse Electrac Corp, -
01255 Littén Inciustnes Inc R T ..Electronic Tube Div, = Bimira, NV,
: Ay Beverly Hills, Calif.{’ 07263 Falrchxid Semzconductor Div, of .
01281 TRW Semzconouctors, Inc. Pazrchzld Camera and Enstrument Corp.
= © Lawndale, Calif, ] .. Mountain View, Calif,
01293 Texas Instruments, Ine. Semicondu"tor- 07387 Bmcher Corp . The - Los Angeles Calif,
Lo Components Division - Dallas, Texas 07387 | Sylvania Electric Products Inc.
01686 |RCL Electronics, Inc. Manchester. N. H. Mountain View Operations of
01830 {Amerock Corp. “ Rockford, N}~ Sylvania Electronic Systems
02114 ?erroxcube Corp, of Amerlca —_— . Mountain View, Calif,
ST Saggertles, N. Y. 07716 Internanonal Remstarzce Co.
02806 Fenwal Laboratories Moz‘ton Grove, 1li. w1 : Burlington, lowa
02660 | Ampheno]~ Borg Eiectromcs Corp. 079190 Connnenta% Devzce Corp, Bawthorne, Calif,
Broadview, Il1, 07933 Raytheon Mfg Co., Semiconducior Div.
02735 Radio Corp. of Amonca Commerczai _ ) - Mountain View, Calif,
Rece:vmg Tube and Semlconducwr Div., 08530 | Reliznce Mlcﬁ Cerp.... . Brooklyn, N.Y.
. Somerville, N.I. 08717 | Sloan Co'ﬂpany .-, .5un Valley, Calif,
03508 G E. Semlconductor Products Dept, 08730 | vemaline Products Co Franklin Lekes, N.J.
: o f_ Syracuse, N,V, . 108883 _Nylomauc Corp e Morrisvitle, Pa,
037971 Eluema Corp Compton, Calif.) = | 09182 Hewlett- Psckard Co., Harrison Division
02877 Iransuron Flectronzc Corp SR ...~ Berkeley Heights, N. 7.
NI . Waketield, Mass, , 08333 | C &K COmmonents sra. . Newton, Mass.
03888 Pyrofﬂm Resistor Co. Cedar Knolls, N.IJ. 7 111238 CTS of Berne, Inc, . . Berne, Ind.
04008 Arro_mf Hart and Hegeman Electric Co, 11237 Chzcagc Telephone of Calzfomza Inc. _
U - .. Hartford, Conn.j = ‘ : So. ‘Pasadena, Calif.
' 04_0_?2 ADC Electromcs, Inc . Harpor City, Catif.] {11711 General Instrument Corp v Semicenductor
04213 'Caddeil Bums Mig.. Co Inc. .. .| - Prod. Group, Rectifier Div. Newark, N.J.
A ’\/Izneola, N. Y. 12136 Pmladelphia :—Iandle Co , Inc.
'0'4404 Dymec . Division of o S R - Camoen, N.I.
... {., Hewlett-Packard Co. . Palo AltO, Calif, ol 12697 Clarostat Mfg CQ % . Dover, N.H.
104713 ;Mo orola, Inc., Semmonductor S h '14493 Hewlett~Packard Co .
i~ |- Products Division. A Phoonix Arizona wmeeleovo-r pe-Loveland Division., e Loveland Colo.
O"SA;?_"?? _We*stmghouse Electric Corp, . © 114655 Cornell ~Dubilier Elec. Corp, Newark, N.J,
e | L Semi- -Conductor Dept.,.  Youngwood, Pa. = |:14838] General Instrument, Corp; , Semiconcuctor
05347 hUltronix, ince, Grand Tunction, Gclo. T Prod. Grcmp, gefmcvncucuor Div,

06486 North Amerzcan Eiectromcs, Inc. e | cid g, Hicksville, NLY.
R o Ly’nq, Mass,| 13809 ?)avem Niv.. of Thos Edison Industries, _
06540 Amathom Electromc Hardware Ceo., Inc, : McGraw Edlson Co.. - Livingston, N.J.

R | New Rochelle, N.Y. 16289 | Corning Glass Works. '
06555 Beede Electncal Instrument Co., Ing. ..o 1 Electronic Components Div.
Penacook, N. H. . . . Rateigh, N.C.
6666 Genéral Devices Co, , Inc 16738 Deico Radm Dzv - of Generai Motors Corp,
Indianapolis, Ind. Kokome, Ind.
06751 Nuciear Corp of Arnerzca Inc.,

Atlantic Semicondu ctoi's, Inc.

. Asbury Park, N.J,

T

o -2
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Code List of .‘\uum.facture"s {Cowtmued} e i i

e A e A ¥

{cope

Db e 3 D G 00 O UF

'71706
71744

71785
71924
72619
72699

72765
77982

] Gnneral Electric Ce., Lamp Division .
; Nels Park, Cleveland, Ohio}

"P,R.
"QOhmite Manufacturing Co,

‘Polaroid Corpora tion

Simpson Electric Co.

=Superior-

L g

“Dialight Corporation

Teterboro, N.J.| = 1o e
173293

"ieCfra fog. Co. _ lndepenaence, :\an
Fanstee! Metallurcical Corp, Lo
i No. C‘ucaco. Iii
Union Carbide Corp., linde Div,,
"~ Kemet Dept. . Mountzain View.
ITT Semiconductors, A Division of -
mtnrnanonai Telephone & Telegraph
Corp. © Palo Alts, Calif,
General Electiric Co. * Schenectady, N.Y,

Calif

Gcneral Radio Co.

Hewlett-Packard Co.

Heyman Mig. Co.

G, I, Tube Depr "~

Lectrohm, Inc. -
Mallory&Cc ,mc

Muter Co.” :

‘West Concord, Mass.

Chicago, 111,
Indianapolis. Ind.
Skokie,
Raytheon Mig, Ceo., Microwsve and

Power Tube Div, "7

Spragus. Electric Co.
ior-Electric Co, -
Union Carbide Corpl

Chicago, L]
nu|c
.Cambridge, Ma_ss.

“Waltham, Mass.
" Chicago, Iu.

: T\Tofth Adams, Mass| "
“Bristol; Connlf
New York, N,/¥v.['"
Ward-Leonard Electric C_o Mt Vernon, - No Y.

‘Amperite Co.., Inc Union Cl‘,, T

" Palo Alto, Calif]
Kenilworth, N.1.|
Owensboro. Kvi

Belc;en }vhg Co. Chxcago, L
Bud Radio, Ingc, Wi’alo{:ghb'v, "Dhicj =
Buss nann Mig, Div, of | ... lee -
“McGraw-Edison Co., St. Louxu, Mo
C S Corporation

L. T.T. Cannon Electric Inc,

Milwaukee, Wis,

The Cornish Wire Co. New York, N.Y.
Chicago Miniature Lamp Works

Chicacge, I

Chicago, I

Midland, u’hcu.

Brooklvn. N.Y,

Cinch Mfg, Co.
Dow Corning Corp.

General Instrument C:or_p. » :
Capacitor Div, Newark, N, 1.
Drake Mig, Co. Chicago, Il

_ :.lman,.lnf‘

. Los Angeles, Calif ]~
-Cﬂn*rolab Dw of- Gloue Union; Inc.

Erie chnnologxcal Progucts, Inc, Irie, Pa.
m .

-~

w1
[FA)

S
-
o

73508

73555

73734

74193

74545

74868

75382

75515
76483
76854
77068 |

99231

77764
78189

78488
78526

| International Resistance Co.

4..' . "P}“zlaaelnma Steel and Wire Corp.

M_A.E\TUI’AC:TURER e sk NO s .MANUFACT ER - ., ‘,@AD‘DRESS
The Be ncn\c uorp R _Ec‘li;}_se __Pioneér;Div.i 73138 Hehpm Div, “of Beckman Instruments, Inc,

Fulierton, Calif,
hughes Compcnems Division of Hughes
.- Bircraft Co,- . -~ Newport Beach, Calii,

' Amperex B‘seczronic Co,, Div. of North

_American P‘nihps Co,, Inc

. ?—hcksvzlle,
Bradley Semzccnductor Corp

o : New Haven, Co"m.
Carling Electric, Inc,- Hartford, Conn.
Federal Screw Froducts, Inc, Chl{:ago. 111,
Hardwick Hindle Co.,

- Memcor Components Div, I
Heinemann Electric Co, ~ Trenton, N.j
Earvey Hubbel Inc, . Brlqcepgﬁ: CO"IT‘
FXR Div,. of Amphenoi -Borg :
Electromcs Corp..

N.Y.

untmgton, Ind.

Danbury, Corm

R e vl P‘nﬂadnlphxa, Pa.
now::m B ]mes Div. ' of Cinch Mig. Co‘,:

{Use 717835} . ‘New York,: N.Y.
_quka Elgcric Corp. Mt. Vernon,, N.Y,
Littiefuse, Inc. Des Plaines, Iil.
7. W, Miller Co._ Los Angeles, Calif.
Oak Manufscturing Co.. Crystal Lake, IiL
Eencxx Corp . Bend‘x Pacific Div. ;
' . No. Hollywood, Calif,
‘Phaostron Iﬁstrument and “1ectrcmc Co.

o Soutn r:saa-‘-*na, Celu

ﬁmlqaeipma, Pa,

43 American Machme &nd Foundry,

Potter and Brumnelc Div, P"m\.étoh,? Ing.

o THW Electromcs, ‘Components Div,

: Ca-nden. N.T.
Reésistance 9rbdu<j§s"uo ' 'nﬂrnsbu.g, Pa.
Shakeproof Div: of Iltincis Tool Wérks

. Ligin, 1ii.
S‘tackpole Carbon Co. . 8t. Marys, Pa.
Stanwyck Winding Co., Inc.
' Newpurgh, N.Y.
Tinnerman Products, Inc. Cleveland, Chio
Whitehead Metal Products Co.., inc.
New York. N.Y.

Continental-Wirt Electronics Corp.

®hiladelphia, Pa.

Mepco Div. of Szesiens Clock Co.
Norristown, N.J.
‘Rourns, Riverside, Calii.

Inc.




i Table 6-3. Code Lirs.t_01"'7I}gé;'ﬁuf_a;turérs__'.(_c;ohtinﬁed}_  o

N LT S 2% D m S arert

Vector Electronic Cc. ' Giendzle, Calif.
Carr Fastener Co, ' Cambmdge, Mass,
V;c*ory Engineermg Corp. Springfield, N. I.

Herman H. Smith}’ inel Brooklyn, N.Y.
Central Screw Cop., *7 - Chicago, 1l).
Gavitt Wire and Cable Co Div. of

- Amerace Corp. - - Brookneld Mass
Grant Puliey and Hardwcre Co. . :
e " West Nyack, N.Y
Burroughs Corp ., Electromc
Components Div. =~ = Plamfield, N.T.
Eardejybcmoratoﬁes, mc' New York, N.Y.

'52 4 Capacmor Div, . . -Ogallala, Neb.

Componems & Devaces Div, ;
rlarnson, N. I

34 K_Marco Incustnes Co. Anzheim, Calif,

_Pm;coCom (LansaaieDm) Lansczaie Pa

25 ] Stockweil Rubber Co.,w Inc..

thlaéeiphla, Pa.

528 “B: M "Il’om_ger Co., Inc.  Bridgeport, Conn.j

Spencer Products- - Attléboro,; Mass,
Research Products Corp. - Madison, Wis,
Rotron Mfg. Co., Inc.  Woodstock, N.v.|

Bendix Corp., Red Bank Div Eatontow_n, N.7J.

Arco Electronics,; " Inc. " Great Neck, N.Y.

'Ra 10 Comorat.\on o: Amenca, Llectronzc

123332

195263

‘“Cﬁﬁ?g MANUFACTURER | o _f~;;;ADDRESS - ,ﬁg?ﬁ 'MANU?ACTURER i_41@;~ww; ADDRESS
~81042 | Howsrd Industries - ine, . o Racme Wls T 8e140 &,utler-Hammer, I*:c -l Lineoln, 11,
- 81483 _Internatzonal Rectifier Corp. 89473 | General Clectric sttnbutmg Corp.

e ] £l Segunao, Cah‘ | :Schenectady, N.v.
- B1751 Columbus EiectrcmcsCorp Yonkers, N.vY "91345 :M.\ller D:Lal and Nameplete Co. .

82089 'Goodyear Sundnes & Mechanical Co., Inc o Ei Monte, Calif.
e it New York, N.Y 81637 | Dale B}ectronics, ingc. . T Columbus, Neb.
82218 Sylvama Eiectrlc Products, Inc., | . 91662 | Elco Corp. s Wuiow Grove, Pa,
ER Electronic Tube Dzvzslon Emporium, Pa 91829 Honeywell,. Inc., Mlcro Switch Div,

B238% | Switcheraft, Inc. -4+ Chicago, I11. ; Gl Freeporr, Iil.
82647 | Metals and Controls Inc., . Sylvanis Electric F}rod . Inc Semicon-

83410
94144

94154.
94310

95354
95291

98293
98976

99534,

- ductor Prod. Div. = .. - Woburn, Msss,
S‘teyensr Mig. Co., Inc. Mansfield, Ohio
Raytheon Co., Components Div., Industrial

.Components Cperation - Quincy, Mass.
Tung~Sol Electric,-Inc.. - L Newark. N.T.
Tru~Ohm Products, Memcor'

Comoonents Div. . Huntmgton, ind.
Leecraft Mfg Co.; Ing:
Long Tsland Caty, N.Y.
Nethode Mfc: Co - w7’ Chicago, Iil.
Amphenol.Controls Div.- of Amphenol~
. Borg Electrcmcs Corp . Janesville, Wis.
Seaiectro Corp. Mamarone"k NUY.
international x.lectromc Rascarch Corp.
FICEE - Burbafhk, Calif,
Renbrand_t, Inc.-; e :.f.:Bostoh, Masgs.

TH:. POLLOWING H-D \/ENDORS HAVE NO NUM-
BERS ASSIGNIR IN THE LATEST SUPPLEMENT TO
THE  FEDERAL SUPPLY com FOR MANUFAC-
TURERS HANDBOOK :

0”000
Qo008

Plastic Ware Co,-e - " 'Brooklyn, N.Y.

v g

Cooitron -

"Oakland, | Calif.
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e Table 6 4. Replaceabie Part
o Wap Jubag e e e e e ,u-m-e“we""*"""" N : o . MFR. @ :1“ = -
Dfscmp'riow "‘,;jo_; u.«MFR PART NO.: copt | parT no. (| RS
.| ixd, paper , 15pf 1000\@5 _ _1,;_ 150?154910 o0 1056289 | 0160-2482 1f 1
o ixd,eleet’luf 35VEeT Y 4 1503105}{9035A2 ] 56288 § 0180-0291 ] 1
(0] fxd, film . 00225f 200yde” L1..].1e2P22282... - 56289 | 0160-0154:| 1
- fxd, elect, 47uf 35Vde * S1 1501347-;}{9035A2 ~| 36288 | 0180-0378 | 1
. C3, 5,17 19 :NOT ASSIGNED R -0 N - -
.C7-30- . | fxd, paper ,047.f 600Vde s4 ..\,'160?47396 - 56289 | 06160-0005 1
- Cl1: - fxd, paper. 47pf 500Vde .1 ]7161P47406 .- . | 562891 0160-2464 1
clz fxd, paper 0, 1uf 400Vdc “1 | 160P10484, - .. .| 36289 | 0160-0013 1
C13-1% fxd, elect 1000uf 400Vdc 4 38D1C2F400CEZA . | 56289 | 0180-1842 1
© C20,23 -#xd, elect 200gf 65Vde | 2 5, D70896 . .-} 56289 ! 0180-1884 | 1
C22,23 fxd, elect luf 35Vde . " 150D105X9035A2 . | 56289 1 0180-0201
S C24 fxd, elect 20pf 50Vde - ‘1 |'30D206G0S0DC4- | 56289 | 01B0-004% 1
C25 | fxd, elect 1pf 35Vde . 150D105X9035A2. .| 56289 | 0180-0291
Cz6,27 £x¢, film , 082¢f 200Vde 27 |.192P82392. ‘56288 | 0160-0167
.28 Cfxd, fitm, 22uf BOVdc ' 1° “192?2249R8 : 56285 | 0160-2453
L CBRY i T Clrcun Breaker ZOA éSD\Jac Max 1. ;AM'=3 Curve 4 obd 74193 | 2110-0212
"L CRL E , Rect st 200mA 1:>prv : 10, ‘1‘_13\2_48418 - ' 03508 § 1901-0461
101216, 1 o e S N PR
o 24_27r 29. u i .o R “ -:7 , o1 " -
i 32-38° 1 | NOT ASSIGNED - -~ : - |- - - i
.iCRE. . ‘Rect’_'sl 200mA 15prv : l‘\MBZB 03508 | 1501-0461
2ICR729;13 -}iRect, si,»Z00mA 200prv ° -} 13 1% 1N4BSB - 63332 1901-0033
-1 L=CRY4, 157 :|:Rect. s, 200mA 15prv " s o1N4B28 T | 03308 (. 1801-0461
OCR17,18 0 |USCR25A 200prv LT T T b2 1M CB0B T ) 03508 (1884-0017 | -2
(14:CR19, 20 = |4 Rect. 81, 3A 200prvis .. - 2 . |"MRLO38B, -} 04713} .1901-0482 2
<. CR21,22 %+ .'Recz..t'sir.,m s00prve. R B S 03508 [ 18010328
CR23:3% .0 LiReet, siy Z00mA iSprv. ¢ F 03508 | 19010461
S CR28.7 - | ] "Rect, si, 200mA 200prv ! ST INesSE T 93332 | 1801-0033
CR30, 31 . .| Rect, si, 500mA 200prv ° : 2° {/1N3253_° 027235 § 1901-0389
+ CR39-45 | ‘Rect; si. 200mA 200prv - b TR INGSSR 83332} 1901-0033
CR46, 47 " Rect, si. 200mA1Sprvi ¢ : - {T1weg2g 03508 | 1901-0461
<CR487:7 ' .Recti si, 200mA-200prv © 1N485B §3332 ) 1901-0033 |
* CR4S-51 ¢ b Recz‘ si, zoom lSprV e L 1N4B28" U308 | 1901-0461 |
i Indmator me— Neon 599-124" o1 72765 | 1450-0048
" Choke, Filter . 1 | obd- 081821 9100-1870
Inductor, Filter = - : 1 | obd” 051821 9100~-2189 1
Q.- SS PNP si. 4 2N2907A" 03508 ] 1853-0099 4
Q2 - SS NPN si, 2 ZN3381 03508 ] 1854~0371 2
Q3 SS PNP si 2N2807A 03508 | 1853-008%
Q4 . 85 NPN si, 2N3391 03508} 1854-0373
05 .. 8§ NPN si. : 1 ] 2N3390° 03508 ¢ 1854-0202 |.1
-st le NOT ASSIGNED - - N - E B
Q7 i 88 NPN si. 1 | N34T 03508 ] 1854-0087 | 1
G8, 10 S$ PNP si, 2NZ307A 035087 1853-0098
-Qn 58 NPN si. 1 ZN2193 - 03508 1854-0244 1
Pl fxd, met. film 182Kn £1% ~N 2 Type CEC T~O'obd{ 07716 | 0757-0311"| 1
R2 var, ww 200K« 10Turn 1 Maodel 3400 obd 80294 | 2100-2000 | )
L 64488




o DRE‘ZE&;_, DESCRIP’I‘ION CTQU MFR/ _ziggrw z_\gp RS
REw 27 1} ixd, met, mm moxn ¢1°/ 1/sw 2 Type CEA T-O obd 757-0465 1
LRevsiz0, o | B Rl ~
Iy a§ NOT ASDIGNED - - s fe Le -
# RE .ok Cpixd, met. film 182Ka :l:l%% Type cscw Q obd | .07716 | 0757-0311
R7: £%d,] comp 100K, £5% IwW. 1 EB=1045 - v . | 01121 | 0686-1045 1
“R8 .. fxd,’ met. ox 300Kn &5% aw * 8 Type G428 ond 16299 | 0698-3667 2
RS var, ww 1Kn " - 1 obd : 09182717 2100-1647 1
R10 Cfxd, met, ox 300Ka £5% 2w Type C428 ood 16299 | 0698-3657
“R11- xd, met, film 15K~ +1% 1/8W 3 Type CEA T-O obd 07716 | 0757-0443 1
‘R12-. fxd, met, film 61, 9K~ £1% 1/8W Z | Type CEAT-C 0bd | 07716 | 0757-0460 1
‘R13. ixd, comp Selected =5% 3w - 4 Type EBobd - .... | 01121 | . - 1
TRI4v 4 - Ixd, comp 30Kn #5% Iw ; 1. | EB~3035 01121 | 0686-23033 1
CR1B S fxd, comp } MEG #5% 1w 1 EB=1035 01121 | 0686-1055 1
‘R16 . - - ixd, met, film 27, 4K, 21% 1/8W 1 Type CEA T-O obd 67716 | 0757-0452 1
.R17 ixd, comp Selected 25% W ‘ Type EB obd .. . 01121 .
.R18 - ixd, met. film 23Ky 1% 1/8W 1 Type CEA T~O obd | 07716 | 0698-3269 1
‘R1g- 0 fxd, met, film 61, 9K, ¢1% I/BW Type CEAT-O obd | C7716 0757-0460
R21- Ixd, ww 10a 23%1W - | 1 GB~1065 01121 { 0889-1005 1
R23 fxd, ww 1, 20, 5% 8W 1. Iype T-7h obd: - . 01636 | 0811-2133 1
R24-%. 0 Ixd, met: film 19, 1K, %1% 1/8W 1 Type CEA T-O obd 07716 | 0698-4484 1
R25 var, ww 5Ka (Modify) 1 Type 110-F4 obd |- 11236 | 2100-1824 1
R2E~ 7 fxd, met. film 1, 33K, +1% 1w 2. | Type CEBT~OC obd | 07716 | 0698-3124 1
R27 var, ww 1K, (Modify}) 1. | Type 110-F4 obd 11238 | 2100~0391 1
R28 fxd, met. ox 300K, 5% ZW Type C42S obd 16299 | " 0698-3667
R28 Ixd, comp 100 #5% W . 1 GB-1015 ~-. . ° 1 01121 ] 0688-1015 | 1
fxd, ww 20K £5% 40W CT 1 2BR-37/5800 Short | 63743 | 0811-2134 1
- ixd, met. ox 300K, £5% 2w Iype C428 obd 2. ]:16299 |2 0658-3667
“fxd, comp 2Ka 5% iW 1 EB-2025 .. - 0l121 4 0686-2025. 1 |
:  £xd, comp 10Ka £5% AW 3 | ZB<1035 101121 ) 0686-1035 1 T
v fxd, met. film 2Kn 1% 1/8W *1 Iype CEAT~O obd | 07716 |. 0757-0283 1
) CIxd, met, film 3Ka #1% 1/8W° 1 Type CZA T~O obd | 07716 | 0735721083 | 1
fxd, met, film 1.33Ka #1% 3W | Tvpe CEB T-O obd | 07716 | 069823134
T ixd, met, film 301K, 21% 1w 1 Type CEB T-O obd | 07716 | o757~03ﬁ9 N
ixd, comp Selectad 5% 1W Type EB obd - .. 4.~ 0lizl :
_fxd; met, film 15K, 1% 1/sw Type CEA T-O obd | 07716 | 0757 o 149
Ixd, comp Selected 5% -;,-W Type EB.. o b0r12y ‘
£xd, ww 3Kn £5% 5W. 1 243.»,3025 56289 40812 0050 1
" | fxd, domp 470. x5% J~w : 1 EB~4715 - ¢ }01121 | 0686-4715 1
| B met. Blm 15K0 £1% 178w Type CEA T—-O obd 07716 | 0757-0449
s | xd, met. film 100Ka 21% 1, BW Iype CEA T-O'obd: | 07716 | 0757-0465 |
R47777 i ikd, comp 10K =59 W EB-1035 01121 | D686~1035 °
R48, 49 fxd, met. ox 300K~ 25% 2w lybe C425 obg T 18288 | 0698-3687
. REQ " fxd, comp 3Ka £5% iw 1 B-3023 01121 | 0686~302% |. 1
R51 fxd, comp 180A 5% 4W 1 EE—»lBlS 01121 ] 0686-1315 1
'R52 Ixd, met, ox 3Ka x5% 2W 1 Type C428 obd 16299 | 0698-3642 1
R53 ixd, comp 10Kn 5% 1w EB-1035 {01121 | 0686-1035
R54, 55  ixd, comp 47n 3% W 2 EB-4705 01121 | 0686-4705 1
R56 - fxd, comp 39, #5% W - 2 EB~3505 101121 | 0686-3905 1
R57 -fxd, comp 20K =5% 1W 1 EB-2035 01121 | 0686-2035 1
RSB ) £%d, comp 33K ¢5% iw 1 E5-3335 01121 | 0686-3333 1
R3S, feeiids cOmp 39n £5% IW . EE-39058 ~ ~01121 | 0586-3505
Transformer, Power -- 1 okd 09182 | 9100-1869 | .1
Transformer, Bias 1 ' 09182 { 9100-1875 1
-Transformer,  Pulse - | 1 obd 881821 9100-187% 1
=
win. 64488
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S . REF, . i DESCRI”TIO} PowE i TO M?' D {‘ MFR. e
: " DESIG. | o “m;,"“ NS Sy Q1.3 IR, .PART NO. ... “CODE, | PART RO RE
‘ . . ; I :
TSL ... “ermal Switch- A
SRR ‘Open to Rise 167°F -L“D?‘ ] Daw
. Close on Fall 1"?°F...__;_O°_F 1 obé - 09182‘ 0440-0042 | 1
Zener 9. 4V 5% 500mwW. - 1o |rIN21638 0 e 96751- 1902 0763 |. 1
Main Chassis Assembly 1 obd 09182 5060-6114
.Rear Chassis Assembly 1 .} obd 06182 | D6448-60001
.Front Panel Assem‘ﬁy 1. obd “ 08182 | 0644860002
Rear Chassis ) 1 obd 09182 | 06448-60001
‘Cover (Top or Bottom) - 4 2. | obd . 09182 | 06448-50003
"P.'C. Board Assembly (Lm:ced} 1 ckd’ 09182 | 06448-60020
Printed Circuit Board (Elank) 1 obd: 0elgz | 0644820020
Arigle Bracket, P.C. Beard~ 1 obd 081821 5000-6012
U Bracket, P, C. Beard H ok 0s182 5000-6014
‘Heat Sink {For CR17 and Cnls) 1 obd 09182 5020-5301
Capacitor Clamp, Aluminum - b -
(For C13,14,15,15) ' 3 ckd 09182 5000~-6017
Cover, Angle {For 7- te.mnal ) .
barrier strip) 1 obd 0sigz | 5020-5718
Cover: (For S-terminal barrier etrm} 1 obd 02182 | 06448-20003
Cover (For 3-terminal barrier $trip) 1 obd <. 109182 5020-5513
;—Iandle al" : 3 2 cbhd ;- R -1 08182 5020-5512
Shatt, Insulated 2-3/8" lopg T | S
(Por VOL'T‘AGE contrel R2) 1 obd 08182 §06448-20001
Shaft, Insulated 1-3,/8" long R . o
' “(For _CURRE\%'I‘ control RE) - 1 | obd 08182 | 0644820004
N Bracket,” Mounting o , C o :
B {For poténtiometer RY) o obd 09182 | 06448~00003
P ‘Washer, shoulder o
©(for heat sink siandoif) 2 obd - De182 2190*0 401
§ | Barrier Strip, 5 terminal 1+ }602-Y-5 75382 | 0360-1259 | :1
! Barrier Sirip, 3 terminal 1 6023 75382 | 0360~1213 1
: Barrier, Strip, 7 terminal 1 obd 09182 | 0360-1237 1
Jumper (For 5 terminal barrier smp) -2 | oe02-1 75382 | 0360~1280 1
; Jumper (For 7 terminal barrier strzo) ‘5 ] 422-13-11- 013 71785 0360-1143 1-
' " Veltmeter,. 0-700 Voits 41 ohd 08182 { 1120-124C 1
Ammeter, 0-1.8 Amps 1 obd 09182 {, 1120-1245 1
Sezel, -Meter B 2 lobd psi82 | 4040-0286 1
‘1 Spring, Meter. 8 chd = . . o] 09182 | 1460-0286 2
Fastener, D81 1 Cl17373- 012-’743 C 89022 | 0510-0123 1
HP LOGO, Front Panel ' i obd 0g182 7120-1254 1
5 Wav Binding FPcst, ?ront Panel, cbd .
: Maroon 1 DFZ21Mn 0glgz 1510~0040 1
i[ 5 Way. Binding Post, Frcnt Panel, cbd
| Black - 2 DF218C 58474 | 1519-0039 1
E ‘iubber Bumper’ Rmar ?anel 4 !pe ZGQ—VJ ODd 87585 O“@U?"’"OGSQ 3-
; %nob, CURRENT Control 1 obd (GGl182 | 0270~-0084 1
Knok, VOLTAGE Control , 41 obd 091821 0370-0137 1
g niversal (bupuﬂg,\h,l rage ant_rol 2 #39002 75487 | 1500-0067 1
Mator, Fzn i 11 obd 09182 | 3140-0010 1
Casting, Fan ‘ 1 obd 09182 | 5243A-20A 1
2lade, Fan 1 4LHB1E23B -0%8182 3160-0034 1
Bushing, Front Panel \,omroi 2 “.-.‘119 83330 .1410-0758 1
Insulator, Heat Sink - oo 4l jobd 09182 §.0340-0172 14
Stanaoﬁ E'asu{ator For (312 anc R21 1 TAl-46 92825 | -0360~1449 1




RERRS R f‘“ - MFR, D@
DESQR%P TioN NS B B CODE {- PART NO, .| R®
""s;:acer, ng,_e 32 % 3/4"_. R E S ] -
(For rear barrier strip) - ; 1. {ebd 0glez | 0380-0091 1
;| Spacet, HEX, 8-32 x 3/8" . . e LT " I '
. |35 {For rear barrier strip) - g 4 | oba" 09182 | 0380-0738 1
Spacer, #8 x 5/8 LG N U e el
sz (Por 3-termina1 barrier strip) 2 obg tvTi TSl 09182 | o0380-0723 1 1
: Spacer, Alum, Tubular : Lo
- }s (Mounted on heat sink} " B £ :
112 3/8 Diam x 5/8 Long 1 9323-A 194 G ] 06540 | 0380-0396 1
: 'Washer, Nylon, Snouider, CRlB 1 obd - ‘ 1 08277 | 2i90-089s 1
. Grommet, 5/8" 6 1661 73734 | 0400-0062 1
. Rubber Bumper, Black, Rear Panel 4 3066 - 87585 0403-0085 1
Wafer, Metal Mountmg CR18 11 H4021 61637 0340~0175 1
Cable Clamp { 1. D., For C11 1 T4-4 78307 1 1400-0330 1
Washer, Insulated, Front Pqnel _jobd T '
Controls 4 #2668 83330 | 2190-04g7 1
OPTEON 17 anq/or 18 o
: CRI?,“ZB.‘:.. g SCR 35A 400prv 2 38639 - 02735 | 1884-0058 2
R2L.- e (L Ixdycomp 224 5% 1W i 1 GB-2205 01121 | 0689-220% 11
=R58 - |- fxd, met, ox 75K, £5% 2w 1 Type Cazs obd 16288 | 0754-0027 1
:TLn i 1 Transformer, Power 1 obd - . 09182 | 06448~ 80093 I
T2 Transformer, Bias 1 obd - 08182 [ 9100-2185 1
—p. el
<. 64488
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CIRCUIT DIAGRAMS

¥ \"z e e

hze Sectidn Gontatre the =c"xemauc'diagram {? ,ure N 1y ior the umt ‘Component and test point reference
esignations shown on the schematic are marked dzrectly on the main srmted wiring board, Voltages are
given en the schematic adjacent to the applicable test points; identified by encircled numbers on both the
schematic and printed wiring board, Inclucad on the schemanc apron, are the waveiorms associated with
“the SCR ccntrol CN'CUH pomon of the u'ut : I : .
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e ... APPENDIX A
.. MANUAL BACKDATING CHANGES

Manual ba'ckdatin'g é:hange_é describe changes necessary to adapt this manual o

CHANGE 1:

CHANGE 2:

CHANGE 3:

QL. 3, 8, 10 to 2N3906, Motorola 04713, & Part No. 1853-00386,

dapt earlier instruments, To

--. adapt the manual to serial numbers prior to 61.0182_{: make the following changés,' o

B e S o

; “These traﬁéis.tors should
be replaced by 1853~0065 as shown in Table 6-4 under Ql, 3, 8, 10.

R24 10 33K 21%, 1/8W, & Part No. 0698-5089. This resistor should be replaced by
0698-4484 as shown in Tabie 6«4 under R24,. '

R25 10 10K, Type 110, @_ Part No. 2100-0396. This potentiometer should be replaced by
2100-1824 as shown in Table 6~4 under R25. ' :
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Figure 7-1. Heat Sink Component Location
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1l RESET A

T é [

@ v 1 ! RELET
.1 | | { TP3S TO TP2Y)
I .

| l i

1 i 1

1 | H

== |RESEY | L2s cnjmsms ]

: 9 )

C25 RAMP VOLTAGE
(TP28 TO TP 33}

T -G7 COLLECTOR
C{TP 3 TO TP23)

3 L Fr#mﬁ_

b

i ;

| . _GATE PULSE

e

H - CRi7 SATE PULSE
d - (TR4A3TO ALC) .
| . . )

I

®
_.;Ib

VOLTAGE ACROSE CRITGIS
iTP4E TU ALL)

AL BPUT
(A8 TO ACCY

CR17 GATE PULSE
(TP&3 TO ALC )

VOLTAGE ACROSS TRIT 8718
(TPAS TQ ALCY -

AT INPUT .
(AC TO ACC}

o

WOTE: - L
WAVEFORMS WERE TAXKEN WITH THME DUTPUT SET AT &00voc
AND N0 LOAD CONWECTED.

‘Figuré 7-2. Timing Wa veform Diagram
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