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Figure 1-1. DC Power Supply




SECTION |
GENERAL INFORMATION

i-1 DESCRIPTION

1-2  This power supply, Figure 1-1, is comple
rans

taly
storized and suitable for sither bench or relay
rack operation. It is & compact, regulated, Con-
stant Voltage /Current Limiting supply. The output
voltage can be continuously adjusted throughout the
output voltage rangse. The power supply is fullv pro-
tected from overloads by a {ixed current limit which
iz set by means of an internal adjustment. The cur-
rent Himit circwdt permits series and parallel connec-
tion of fwo or mote supplies when greater voltage
current is desired.

1-3  Either the positive or negative ouipui terminal
may be greunded or the power supply can be apera-
ted floating at up to a maximum of 300 volts off
ground.

1~d4 A single meter is used to measure either out-

put veltage or outpui current in volis and milliamps,
respectively. The voltage or current range is selec-
ted by the MEITER switch on the front panel.

1-5 SPECIFICATIONS

i-6  Detailad specific
are glven in Table 1-1,

ions ior the power supply

1-1 OPTIONS

1~8 Options are faciory modifications of & stand-
ard instrument that are reguested by the cusiomer.
The following options are available for the instru~
ment covered by this manual. Where necessary, de-
tailed coverage of the options is inciuded through-
out the manual.

Option No,

28 230Vac, 50-400:x, Single-Phasge
Cutput; Factory modification consists
of reconnecting the input transformer
for 230Vac operation. Refer to Section
11 for further details,

1-¢ ACCESSORIES

1-10 @ accessories listed in the following chart
may be ordered with the power supply or separately
from vour locsl Hewlett-Packard fisld sales office

{refer to list at rear of manual for addresses).

7" High Rack Kit for mounting up o
sist B unplies. {Refer to Sec-
tion 11 for details )

11 INSTRUMENT/MANUAL IDENTIFICATION

1-12 Hewleti-Packard power supplie
by a three-part serizl number tag.
the power supply model number. The second part is
the serial number prefix, which consisis of a num~
ber-letter combination that denctes the date of a
slgnificant design change., The number designates
the year, and the letter A through L designates the
month. January through December respectively. The
thirgd part is the power supply serial number.

are identificd
The first part is

1-13 I the serial number prefix on vour power sup-~
ply does not agree with the prefix on the title page
of this manual, change zheets are included to up-
date the manual, Where applicable, backdating
information i given in an appendix at the rear of
the manual.

1-14 QRDERING ADDITIONAL MANUALS

1-15 One manual is shipped with each power sup-
ply. Additional manuals may be purchased from
vour local Hewleti-Packard fleld office (see list at
rear of this manual for addresses), Specify the
model number, serial number prefix, and # stock
number provided on the title page.




Table 1-1.

Specifications

INPUT:
105-125Vac. single phase, 50-400Hz=,

QUTPUT:
(-50Vde, 0-Z00mA.

LOAD REGULATION:
Less then 4mV for a full load to no lead changs
in output current,

LINE REGULATION;
Less than 4mV for any line voltage change within
the input rating,

RIPPLE AND NOISE;
Less than 2000V rms/1mV p-p {d¢ to 20MHz).

TEMPERATURE RANGES:

Operating: 0 to 55°C. Storage: -40 to +850C.
TEMPERATURE COEFFICIENT:

Less than 0.02% plus ImV per degree Centigrade.

STABILITY:

Less than 0.10% plus 5mV total drift for & hours
after an initial warm~up time of 30 minutes &t con-
siant ambient, constant line voltage, and constant
load.

INTERNAL IMPEDANCE AS A CONSTANT VOLTAGE
SCURCE:

Less than .03 ohms from de to 1KHz.

Less than 0.5 ohms from 1KHz to 100KH=,

Lesse than 3.0 ohms from 100KHz to 1MHz.

TRANSIENT RECOVERY TIME:

Less than B0usec for output recovery to within
10mV following a full load current change in the
output,

OVERLOAD PROTECTION:

A fixed current limiting circuit protecis the power
supply for all overicads including a direct short
placed across the output terminals in constant volt-
age operation.

METER:
The front panel meter can be vsed as either a
0-60V volimeter or as & 0-250mhA ammeter.

QUTPUT CONTROLS:
Coarse and fine voltage controls set desired out-
put voltage., Meter switeh selecis voltage or current,

QUTPUT TERMINALS!:

Three "five—way" output posts are provided on the
front panel. &1 power supply output terminals are
isolated from the chassis and either the positive or
negative terminal may be connected to the chassis
through a sepurate ground tenminal located on the
output terminal strip.

COQOLING:
Convection cooling is empioyved. The supply has
o moving parts.

8IZE:

52'/13.34em W x 3%"/8,26&11 Hox 717, 78cm D.
Using a Rack Mounting Xit, three units can be
mounted side by side in a standard 19" relay rack.

WEIGHT:
5.25 1bs./2,38 kg net; 71bs./3,17 kg shipping.
FINISH: Dark Gray.

FOWER CORD:
A three-wire, flve-~fool power cord is provided
with each unit.




SECTION i
INSTALLATION

el surfaces are fr

2-5  ELECTRICAL CHECK

> The instrument should ¥
alecirical spec
“in-cabinet" ¢
strument op

checked against its
cattons,  Section Voincludes an
formance check to verify proper in-
wrioT,

2

2-T INSTALLATION DATA

_{ Z-8  The instrument is shipped ready for bench
ol ks operation. It is neco v only 1o gconnect the in-
Sibe REAR strument 0 a source of nower and it ig ready {or
operation.
Figure 2-1, Qutline Diagram 2-%  LOCATION

2-10 This instrument is air cooled. Suificient
2-1  INITIAL INSPECTION space should be allotted so that a free flow of
cooling air can reach the rear of the instrument
2-2  Before shipment. this instrument was inspec- when it is in operation. It should be used in an
ted and found to be free of mechanical and electri- wwhere the ambient temperature does not ex-
cil defects. As soon as the instrument le unpacked, ] 550,
ingpect for any damage that may have occurred in
transit. Save all packing materials until the in- 2-11 OUTLINE DIAGRAM
spection is completad, If age is found, file
claim with careler immediately. Hewlett-Packard 2-12 Figure 2-1 illustrates the outline shape and
Sales and Service office should be notified dimensions of Models 62134 through 52184,
soon as possible,

AT

2-13 BACK MOUNTING
2-3  MECHANICAL CHECK
2-14 This instrumeni may be rack mounted sepa-

2-4  This check should confinn that there are no rately or with a maximum of two other BENCH
broken knobsg or ¢onnectors. that the cabinet and Series supplies as shown in Figure 2-2, The

Flgure 2-2. Rack Kit with Three BENCH Sapplies




units are place
Fack Mounting Frame ig then f o the rack

frame,

2-13  INPUT POWER REQUIREMENTS

=10 This power supply n yaparated conting-

ously from either a nomis Yolt or 20
50-400 2 pow i

the factory tton, The

Gl
PRA and 6217

2160 and 62104

2-17 CONNECTIONS FOR 230 VOLT OPERATION
{Figure 2-3)

2~18 Normally, the two primary windings of the
input transformer are connected in parallel for op-
eration from 11% Yolt source.  To conve
stpply to operation from a 230 Volt sou
power translormer windings &
ol iow

&, Unplug the line cord and remove the top
cover as scribed in Paragraph 5-3,

B, Remove the jumpers betwean taps 4-2 and
3=-1. Solder a jumper hetween taps 3-2 on the input
power transformer T1, e Figure 2-3,

¢. Replace existing fuse with a 0.3 Ampere,
230 Volt fuse.

d, Replace existing line cord plug with a
standard 230 Volt plug,

tothe oower
the
series

2-19 POWER CABLE

2-20 To protect operating personnel, the National
Dlectrical Manufacturers Agsociation (NEMA} recom-
mends that the instrument panel and cabinet be
grounded, This instruoment is equipped with & three
conductor powsar ¢able, The third conductor is the
ground conductor and when the cable is plugged

into an .

opriats o the instrument is
Grotnd The of noon the power cable three-—
prong connactor is tha ground connection,

[l

2=-21 To pr
ating ¢

rve the protection feature when oper—
rument from a two-coniact outlet, use
and connact the

the o

a threa=-prong 10 two-prong adaptar
gracn lead on the adapier 10 ground,

2-22 REPACKAGING FOR SHIPMENT

2-23 To insure sé
is recomme
umant |

mipment of the instrument, it
levd that the packags signed for the

> usad, The original packaging maie-
If it is not available. contact
your loo viett-Packard field office to obtain
the materials, This office will also furnish the ad-
dress of the nearest service office to which the in-
strument can be shipped. Be sure to attach a tag
to the Instrument which specifies the own model
number, full serial number, and service required, aor
a brief description of the troubis.

at




SECTION i
OPERATING INSTRUCTIONS

31 TURN-ON CHECKOUT PROCEDURE

3-2  The following checkout procedure desc
the use of the front panel controls and indicators
and ansures that the supply is operational:

a. Set AC toggle switch (1) upward to on
position; indicator

Figure 3-1. Front Panel Controls and Indicators

b, Set METER SELECTION switch {4) to
VOLTS position,

c. Turn COARSE {8} and FINE (5) VOLTAGE
controls fully cow to ensure that outpul decreases
to 0V, then twrn the VOLTACE controls fully cw to
ensure that output voltage increases to the maxi-—
mum rated outpul voltage,

¢, Connsct a milliammater across the out-
put of the supply (3} to check that the current
limit circuit within the supply is limiting the ocut-
pUt current to:

Model Current Limit
6213A 1300 £50mA
G215A 475 £10mA
62178 250 #+10mA

e. Remove milliammeter and connect lead
o output terminals,
3-3 OPERATION
3-4  The power supply can be operated as a
single unit (normal operation}, in parallet, or in
series, The cutput of the supply can be floated
up to 380 volts off ground,

3-5%  CONSTANT VOLTAGE

3-6  To select a constant voltage ouiput turn on
the supply and, with no load connected. adiust
the VOLTAGE controls for the d 2 output volt-
aga, To chack the current limit, connec
terpal ammeter across the output of the supply,
turn the VOLTAGE controls fully clockwise, anc
observe the reading, The current limit is factory
adjustad in excess of the current rating of the
supply. If the existing current is not compatible
with the anticipated load requirements, the limit
can be changed as outlined in the following para-
graphs.

3-7  CHANCING CURRENT LIMIT

3-8 The curreat limit can be varied by adjusting
resistor R30, located on the printed wiring board,
This adjustment procedure is described in Para-
graph 5~63, The range of the cuarrent limit coniral
RS54 is as follows:

Model Current Limit Range
62134 800 - 1700mA
GZL5A 300 - 540maA
G2IT7A 180 - 300ma

The current limit is normally adjusted to a
value far in excess of the current rating of the
supply 10 prevent the deterioration of line and
load regulation, Therefore, if for any reason the
current limit is adjusted so that the ouiput current
is close to this value, the performance will not
maet the published specificaiions,

3-9  CONNECTING LOAD

3-10 Each load should be connected to the power
supply output terminals using soparate pairs of
connecting wires, This will minimize mutual coup-
ling effects between loads and will retain full ad-
varntage of the low cutput impedance of the power
supply. Fach pair of connecting wires should be
as short as possible and twisted or shielded to re~
duce noise pickup. {If shield is used, connec:
one end to power supply ground terminal and leave
tha other and unconnected. }

3~11 I load considerations reguire that the output
power distribution terminals be remotely located
from the power supply, then the power supply out-
put terminals should be connoected to the remote
distribution terminals via a pair of twisted or
shielded wires and each load separately connected




to the remote distribution terminals,

3~12 OPERATION OF SUPPLY BEYOND RATED
OUTPUT

3-13
face indicats
that
ratad output.

The shaded area on the front panel meter
the amount of output voltage or
avallable in oxcess of the normal
Although the supply can be operated
:eyion without being damaged, it
teed to meet all of its parformance
Ho sar, U the line voltage is

rvE

S :
maintained abow
ate within its specifications,

3-14  OPTIONAL OPERATING MODES

3-15 SERIES OPERATION
3-16 Normal Serics Connections, Two or more

power supplies can be operated in series to obiain
a higher voltage than that available from a single

supply. Wh this connection 18 used, the output
voltage 18 the sum of the voltages of the individual

supplics. Each of the individual supplies must be
adjusted In order to obrain the total cutput voltage.
The power supply contains a protective diode con-
nected internally across the output which protects
the =upply if one power supply is lurned off while
irs series partner(s)

3-17 PARALLEL OPERATION

ratlel Connections., Two or more

> connected in parallel to ob-
tain o total cutput current greater than that avail-
able from one power supply, The total output cur—
rent ig the sum of the output currents of the indi-

» output CURRENT con-
irols of each powar supply can be separately set,
The output voltage controls of one power supply
should be set o the desired output voltage; the
other power supply should be set for a slightly
larger output voltage, The supply set to the lower
output veltage will act as a constant voltage
sources; the supply set to the higher output will act
asacurrent limit source, dropping its output
voltage until it equals that of the other supply.
The constant.voltage source will deliver only that
fraction of its total ratad ouiput current which is
naecessary to fulfill the total current demand.

3-18 Normal Ps
power supplies can kb

3-19 SPECIAL OPERATING CONSIDERATIONS
3-20 PULSE LOADING

3-21 The power supply will avtomatically cross

W0, the supply will probably

3-2

ovaer [rom constant voliage to current limit
operation in respomse to an incrsass (over tha
presel Himit) in the output current,  Althouch the
preset dmit may b >t higher than the ¢ age
ouiput current high psak currents {as occur in
pulse loading) may excead the preset current

limit and cause crossover to ooour, If this cross—
over limiting is not desired, sot the preset limit
for the peak requirement and not the average,

3=22 OUTPUT CAPACIYTANCE

3=23 An lnternal capacitor, across the output
terminals of the power supply, 10 supply
kigh~current pulses of
stant veltage operation,  Anv capncitance added
extemally will improve the :
ity, but will decrease 1h
current limiting circuit,
dama load components b
current is large enough to cause the cu
ing circuii o oparate,

Iy
short duration during con-

age output
it limit—

3-24 REVERSE CURRENT LOADING

3-25 Active loads connected ¢ the power supply
may actually deliver a reverse current to the power
supply during a portion of its operating cvcle., An
external source cannot be allowad to pump current
into the supply without loss of reculation and pog—
sible damage to 1 output capacitor. To avoid
these effects, it is necessary to preload the sup-
ply with a dummy load registor so that the nower
supply dellvers current through the entire operating
cyele of the load device.

£

3-26 Reverse Voltage Protection. A diode is con-
nected across the output terminals with reverse
polarity, - This diode protects the output electro--
Iytic capacitors and the series regulator transistors
from the effecis of a reverse voltage applied across
the output terminals. For example, in 'ies oper-
ation of two supplies, if the AC is removed from
one supply, the diode prevents damage to the un-
energized supply which would otherwise result from
a reverse polarity voltage.

Since series regulalor transistors or driver
transistors cannot withstand reverse voliage,
another diode is connected across the series tran-
sigtor., This diods protects the series transistors
in parallel or Auto-Parallel operation if one supply
of the parallel combination ig turned on before the
other,




SECTION IV
PRINCIPLES OF OPERATION
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4-1

42

SIMPLIFIED DISCUSSION

Figure 4-1,

The power supply, as shown on the simplified

schematic diagram of Figure 4-1, consists of a

power
lator,

wransformer, rectifier and filter,
arror amplifier and driver, constant voltage

series regil-

input circuit, current limiting circuit, reference
regulator circuiil, and a metering circutt,

4-3

The input line voltage nasses through the
power transformer to the rectifier and filter,

The

rectifier-filter converis the ac input to raw do
which is fed o the positive terminal via the regu-~
lator and current sampling resistor network, The

sl

Simplified Schematic

regulator, part of the fe sdback ioop, is made to
alter its conduction to waintain a constant output
voltage, The voltage developed across the current
sampling resisior is the input to the current limit-
ing circuit.  If the output current that passes
through the sampling resistor exvceads a certain
predetermined level, the current limiting circuit
applies & feedback signal to the series regulator
which alters the regulator's conduction so that the
cuiput current does not exceed the current limis,
The constant voltage input circutt obtains its input
by sampling the output veltage of the supply. Any
changes in output voltage are detected in the con-
stant voltage input circult, amplified by the error




amplifier and driver, and applied to the series
requlator inthe correct phase and amplitude to
counteract the change in output voltage, The ref-
eronce requlator cirguit provides stable reference
voltages which are used by the constant voltage
input circuit {or comparison purposes, The matsr
circuit providas indications of output voltage or
current in eithar operating moda,

4—-4  Diode CR14, connecied across tha output
terminals of the power supply, is a protective de-
vice which prevents internal damage that might
occur if a reverse voltage ware applied acrogs the
output rerminals,

4-5 DETAILED CIRCUIT ANALYSIS (Refer to overail
schematic diagram at rear of manual)

4-t  PLLDBACK LOQOP
4-7  The fesedback loop functions continugusly to

keep the output voltage constant, during constant
voltage oparation, and the ocutput current at a safe
limit during current limit operation. For purposes
of this discussion, assume that the unit is in con=~
stant voliage operation and that the programming
resistors R16 and RL1 have been adiucsted =0 that
the supply is vielding the desired ouiput vollage,
Further assume that the output voliage Instantane-—
ously rigses {gogs positive) due to a variation in
the external load circult,

4-8  Neote that the change may be in the form of a
slow rise in the output voltage or a positive going
AC signal, An AC signal lg coupnled to the voliage
input circuit through capacitor C1 and a DC volt-

age is coupled througn R10 and R,

4-~%  The rise in outpul voltage causes the voliage
at the base of Q1 to decrease (go negative), Q1
now decreases its conduction and iis collector
voltage rises. The positive going error voltage is

amplificd and inverted by Q4 and fed to the base
of serles transistor Q7 via emitier follower Q5,
The negative going inpuf causes Q7 to decrease

s

its condugtion so that it drops more of the lins
voltage, and reduces the cuiput voltage to its
original level,

4-10 When the exiernal load resistance decreases,
tha output current increases until the current limit
is reached. The positive voltage developed at the
wiper of R50 causes O3 to conduct. CR4 bhecomes
forward biased and controls the conduction of Q8
and Q7. Any further decreases in load resistance
increase the negative voltage on the bage of OF
which decreases the conduction of 07, Thus,
through feedback action the ouipul current is limi-
ted to the value at which CR4 conducts.

4=-11 SERIES REGULATOR

4-12 The sorise regulator consists of transistor
stage Q7 {see schematic at rear of manuall, T

regulator serves as a series control element by

@

altering its conduction s that the osuiput voltage
is bt constant and the current limit ts neve
o . The conduction of Q% is controils

dback voltaoe obtained
CR7, connec
tecis the series iransistor ag 5
that could develop across it during paraliel or auto-
parallel operation if ona supply is turned on beiore
tha other,

Dio
2 acress the regulator elrouit, pro-

from driver O4,

ainst reverse voltag

4-13 CONSTANT VOLTAGE INPUT CIRCUTT {Refer
t Oy ematic at rear of manual)

arall

4-14

The circuit consists of the coarsa and fing

enttal amplifior stage (Q1, Q2. and azsociated
components). Drift due 1o thermal differential :
minimized, since both trans

stors operale at es

santinliy the same temperature,

portion of the output voltage and, € a differencs
exists, oroduces an error voltage whose amplitude
and phase is proportional to the di

through the error and driver amplifi
voliage changes the conduction of the
ulator which, in turn, alters the outout voltage =0
tha > differen between the two input voltages
applied to the differantial amplifier is reducad to
zero, The akove action maintains 2 ouiput volt-
age constant.

SOTIES P

4-16 Stage Q2 of the differential amplificr is con-
nected to a common {+5) potential through impead=-
ance equalizing resistor RE, Resistors RS and R7
are usad to zere bias the input stage, offsetting
minor bage-to-emitier voliage diffsrences in Q1
and Q2, The base of Q1 is connected to a sum-
ming point at the junction of the programming
resistors and the current pullout resigtor, R1Z2,
Instantaneous changes in ouiput veltage result in
an increase or decrease in the summing point
potential, O is then made to conduct more or
less, in accordance with the summing point volt-
age change, The resuliant output error voltage is
fed back to the series regulaior via the remaining
components of the feedback loop, Resistor RI, in
saeries with the base Q1, limits the currant through
the programming resistors during rapid voltage
turn-down, Diodes CRl and CR2 form a limiting
network which prevents excessive voliage excur—
sions from over driving stage Q1. Capacitor Cl,




shunting the programming resisiors, increases the
put amplifier,

nigh frequency gain of the &

4-17 DRIVER AND ERROE AMPLIFIER (Refer to over-
all schematic at rear of manual)

r amplifiers ampliify the
nt voltage input clreuit
series regulator
Diriver (35 also recesives a current

t, the current limiting diode,

4-18 The error and dri
arror signal from the cor
toa i
transisior,
limiting input if CR
becom=s forward b

o

4«19 Stage 04 cont feedback eguallzer net-
work, 3 and R17, which provides for high fre-
guency roll off in the loop gain in ordar to stabi~
lize the feedback loon.

420 CURRENT LIMITING CIRCUIT

4-21 Current limiting occurs when trangistor Q3
conducts., T is determined by the voltage drop
across current sampling resistor R33 and the adjusi~
ment of current limit potentiometer R0, When the
outpui current reaches the limit value, the positive
voltage (with respect to +8) on the wiper arm of R530
causes 03 to conduct., Diode CR4 becomes forward
biased clamping the base of 05 to & potential which
decreases the conduction of the series regulater,
thus limiting the outnut current. Potentiometer R50
permits the bass potential of Q3 to be varied and
thus changes the current limiting threshold.

[ R}

4-72 REFERENCE CIRCUIT (Refer to schematic at
rear of manual)

4-23 The refersnce circuit 1s a separate power

supply similar to the main supply,
stable reference voltages which are
out tha unit, The relerence
rived from smoocthed de obtained from t ull wave
rectifier {CRI0 and CR11) and {ilter capacitor C5,
The -6, 2V reference voliage is derived from VR
which is a second de source regulating at 6. Zvde,
Current for VR1 ig suppliad by the (=) side of C3
and flows through VR, the base-smitier junction
of 07, R20 and hack to the positive side of GF,

It provides
i through-
a1t de-

a3 e

4w74 The base-emitier junction of Q11 is haoid
constant by 6. 2V zenaer diode VR7 which regulates
line voliage changes thit alter the volta
G, Thus Q11 is a constant current source feeding
12, 4V zener diode VR4 and 6, 2V temperature-com-—

pensated zener diode VRS,

4-25 Resistors R27 and R30 form a woltage divider
across the stable ¢, 2 volts developed by VR1, The
bage-emitter junciion of Q9 is therefore held con~
stant by the voltage developed across RZ7. Thus
G9 provides a constani current to zaner diode VR3E,
which regulates the -6, 2V source,

4-26 METER CIRCUIT

4£-27 This circuit provides indications of output
voltage or output current. With METER SELECTION
switch 32 set to VOLTIS position the meter, in
series with R38, is connected directly across the
output of the supply., With S2 set to the MA posi-
tion the meter, in series with R37 and R47, is

5

R33, Potentiometer R47 adjusts the electrical
meter zero in the MA positicn.




SECTION V
MAINTENANCE

51 INTRODUCTION

5-2 Upon receipt of the power supply, the per-
formance check (Paragraph 5-13) should be made,
This check is suitable for incoming ingspection, If
a fault is d ied in the power supply while
making the performance check or during normal op-
eration, proceed to tha troubleshooting procedures
{(Faragraph 5-46). After trovblaeshooting and repair
(Paragraph 5-53), perform anv necessary adjust-
ments and calibrations (Paragraph 5351, Refore
returning the power supply to normal operation,
repeat the pertormance check to ensure that the
fault has heen property correctsd and that no other
faulis exist. Before dolng any maintenance checgks,
turn-on power supply, allow a hali-hour warm-up,
and read the general information regarding measure-
ment techniques {Paragraph 5-6),

5~3 COVER REMOVAL AND REPLACEMEINT

5-4  To rsmove the top and pbottom covers, pro=-
cead as follows:

a, Insert a small screwdriver in each of the
four notches at the front of the unit at the top and
bottom. Push the screwdriver under the front panel
and gently prv toward the front ¢f the unit to re-
lease the holding mechanism.

. Pull the front panel forward until it clears
the top and bottom covers,

¢. Remove the rear cover by repeating step a,

d, Pull the rear cover until it clears the top
and bottom covers, Then 1ift off the top cover and
lift the unit out of the bottom cover,

5«5  To replace the top and bhottom covers, pro-
cead as follows:

a. Place the unit into the bottom cover
{identified by the four protruding feet) and align
the heat sink into the frack in the bottom cover,

b, Place the top cover over the unit and
align the track over the heat sink.

¢. While holding the covers together at the
rear of the unit, carefully push on the rear panel,

d, Position the front panel so that the two
slotted ears at the bottom of the panel align with
the prinied wiring boards,

@, Carefully push on the froni panel.

5.6 GENERAL MEASUREMENT TECHNIGUES

5-7 The measuring device must be connected as
close to the output terminals as possible when

measuring the output impedance,
sponse, regulation, or ripple of the

urement mads acro
ance of the leads iot
i1y have an impadanos
iitude greater than the sups
invalidating the measuremesnt,

» load and angths
© of

=, thus

Can e SR

maLg

5-8  The monitoring device should be connected
as shown in Figure 5-1, Note that when measure-
ments are made at the front terminals, the monitor-
ing leads are connecied at A, not B, a oW i
Figure 5«1, Failure to connsct the measuring de~
vice at A will result in a measuremeni that includes
the resistance of the leads betwean the output
terminals and the point of connaction,

LOAD LEAD- -/

MONITOR HERE -

Figure 5-1. Front Panel Terminal Connections

5~9  For ocutput current measurements, the current
sampling resistor should be a four-terminal resis-
tor, The four terminals are connected shown in
Figure 5~2, In addition, the resistor sh
the low noise, low temperature coeificient (less
than 30 ppm/CC) type and should bhe used at no
more than 5% of its rated power so that its temper-
ature rise will be minimized,

CURRENT SAMPLING
TERMINALS

EATERNAL
LOAD

TO GROUNDED
TERMINAL OF
POWER SUPPLY

TO UNGROUNDED
TERMINAL OF
POWER SUPPLY

»
SAMPLING
RES15TOR

LoAD
TERMINALS

Figure 5~2. Qutput Current Mesasurement Technique

5-10 When using an oscilloscopes, ground one ter-
minal of the power supply and then ground the case




of the oscilloscope tothis same point.
that the case is nof also grounded by sor
means {(power Iine).

Maks certain
other

Connect both oscilloscope in~

pui leads to the power supply ground terminal and
check that the oscilloscope is not exhibiting a rip-
ple or transient due to ground loops, pick-up, or

other means.

Table b-1,

5-11

512

TEST EQUIPMENT REGUIRED

Takle 5-1 lists the test eguipment required to

perform the various procedures described in this

Section.

Test Fguipment Required

REQUIRED

RECCOMMENTIND

TY PE . e ar

rree CHARACTERISTICS sk MODLL
Differential Sensitivity: ImV full scale {min.}. Measure DC voltages; & 3420 (See Note)
Voltmeter Input impedance: 10 megohms {min. Wl calibration procedures
Vartable Range: 80-130volts, Equipped withf Vary AC input 1 ——eeen
Voltage volimeter accurate within 1 volt.

AC Voltmeter

Acouracy: 2%. Sensitivity: 1mV
full scale deflection {min.}.

Measzure AC voltages and
ripple

%y 4038

2%. Qutput: 10Vrms.

Oscilloscope Sensitivity: 100uV/cm. Differ— Display transient response "\@l 400 plus 14004
“ential input. waveforms plug-in. 140ZA
plug-in for sptke
mesguremants only.
Oscillator Range: SHe to 600KHz. Accuracy: Impedance checks fw) 200CD

DC Veoltmeter

Accuracy: 1%, Input resistance:
20.000 ohms/volt (min.).

Measure DO voltages

& 412A

Repetitive
Load Switch

Rate: 60-400Hz, Zusec rise and
fall time.

Measure transiont responsge

See Figure 5-9.

Resistive
Loads

Values: See Paragraph 5-16.

Power supply load resistors

Current Sam-
pling Resgistor

See R33 in Parts List{Section VI).

Meagure current; calibrate
meter

Resistor 1Ka 1%, ¥ watt non-inductive. Measure impedance ] 0 eesaew
Resistor 100 ohms, 5%, 10 watt. Measure impedance | —e-ee-
Capacitor 500pi, 50WVdc. Measure impedance ] eeesew

NOTE

A gatisfactory substitute for a differen-
tial volimeter is to arrange & reference
voltage source and null detector as
shown in Figure 5-3. The reference
voltage source is adjusted so that the
voltage difference between the supply
being measured and the reference volt-
age will have the required resolution

5-2

for the measurement being made,
voltage differ
the aull detector that is used.

The

ence will be a function of

Examples

of satisfactory null detectors are: (g418A
null detector, a dg coupled oscilloscope
utilizing differential input, or a 50mv
meter movement with & 100 division

scale,

For the latter, a 2rav change in

voltage will result in a meter deflection
of four divigions.



POWER SUPPLY Q A REFERENCE
UNDER TEST N VOLTAGE
A | SOURCE
— + R
LOAD
NULL
DETECTOR
-+
RE @

MODE L NG Ry
S2I3A/62344 | 106, IOW, 15%
POWER SUPPLY 62158/6216A | 850, IOW, +5%
UNDER TEST 6RITA/G2IBA | 25001, IOW, 5%

Ry

-
o0 o
LOAD DIFFERENTIAL
RESISTOR VOLTMETER
CURRENT 5 +e
SAMPLING
RESISTOR

% REFER TO R33 IN PARTS L{ST (SECTION VI}

Figure 5-3. Differential Voltmeter
Substitute Test Setup

CAUTION

Care must be exercised when using an
electronic null detector in which one
input terminal is grounded to avoid
ground loons and circulating currents.

5-13 PERFORMANCE TEST

5-14 The following test can be used as an incom=
ing inspection check and appropriate poriions of
the test can be repeated either o check the oper-
ation of the instrument after repairs or for periodic
maintenance tests, The tests are performed using
a 115-YAC 60 Hz, single phase input power source,
If the correct result is not obtalned for a particular
check, do not adjust any ¢onirols; proceed to
troubleshooting (Paragraph 5-~48),

5-15 RATED OUTPUT AND METER ACCURACY

5-16 VYoltage., To check the output voltage, pro-
cead as follows:

a, Connect load resistor (Ry) indicated in
Figure 5-4 across the ouiput ferminals of supply.

b. Connect differential voltmeter across {+]
and (-} terminals of supply observing correct po-
larity,

¢. Set METER SELECTION switch to VOLTS
and turn on supply.

d. Adjust VOLTAGE controls until front panel
meter indicates exactly the maximum rated cutput
voltage.

e, Differential voltmeter should indicate
maximum raied outpui voltage within =2%,

5-17 Current. To check the outpul current, pro-
ceed as follows:
a, Connect test setup shown in Figure 5~4,

(93]

Figure 5~4. Output Current, Test Setup

b, et METER SELECTION switch to MA
position,

¢, Turn on supply and adjust VOLTAGE con-
trols until front panel meter indicates maximum
rated output current,

d, Differential voltmeter should read as

follows: Model No. Reading (Vdc)
62134 140, 03V
621354 1,2 +0, 036V
6217A 1.2 %0, 036V

5-18 LOAD REGULATION
Definition: The change AEQUT in the
static value of DC cutput voltage re-
sulting from a change in load resist~
ance from open circuii to a value
which vields maximum rated ouiput
current {or vige versa},

5-19 7o check the consiant voltage load regula-
tion, proceed as follows:

a, Connect test setup as shown in Figurs
5m5,

b, Set METER SELECTION switch to MA
position,

¢, Turn on supply and adjust VOLTAGE
controls until front panel meter indicates maximum
rated output current,

d. Read and record voltage indicated on
differential voltmeter,

¢, Disconnect load resistor,

i. Reading on differential voltmeter should
not vary from reading recorded in step d by more
than 4mV,

5~20 LINE REGULATION
Definition: The change. AEqyuT, in the
static value of DC output voltags result-
ing from a change in AC input voliage
over the specifiad range from low line
{usually 105 volts) to high line {usually
125 volts), or from high line to low line,




POWER SUPPLY
UNDER TEST

+o;§/

Ry MODEL NO. Ry
62IBA/E2I44A 106, 10w, 5%
62I5A/6216A | 650, IOW,15%
G2ITA/62I8A | 25001, iOW, 5%

DIFFERENTIAL
VOLTMETER
+\; 5
Figure 5-5. Load Regulation, Test Setup

5«21 To test the line regulation, proceed as fol-
lows:
Connect variable auto transformer bew

a,
twean inpul power source and power supply power
input,

b, Connect test setup shown in Figure 5-5

c, Adjust varlable auto transformer for 105
VAC input,

d, Set METER SELECTION switch to VOLTS
position,

e, Turn on supply and adjust VOLTAGE

controls until front panel meter indicates exactly
the maximum rated output voltage.

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

g. djust variable auto trensformer for 125V
ac input. .
k. Reading on differential voltmeter should

not vary from reading recorded in step { by more
than 4mv.

5-27 Ripple and Noise.

Definition: The residusal ac voltage

which is superimposed on the do out-

put of a regulated power supply.

Ripple and noise may be specified and
measured in terms of its RMS or {pre~
ferably) peak-to-peak value,

Ripple and noise menssurement can be made at any
input a¢ line voltage combined with any de sutput
voltage and load cwrent within rating.

5-23
on the power supply output is measured either in

The amount of ripple and noise that is present

terms of the RMS or (preferably) peak-to-poak
value, The peak~to-peak measurement ia particu-
larly important for applications where noise spikes
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 short duration could
be present in the rippie and not appreciably in-
crease the RMS value.

5-24 The technigue used to measure high frequency
noise or “spikes" on the output of a power supply
is more critical than the low fraquency ripple and
noise measurement technique; therefore the former
is discussed separately in Paragraph 5-37.

=25 Ripple and Noise Measurements, Figure
5-6A shows an incorrect method of measuring n-p
ripple, Note that a continuous ground loop exists
from the third wire of the input power cord of the
supply to the third wire of the input power cord of
the oscilloscope via the grounded power supply
case, the wire between the negative output termi-
nal of the power supply and the vertical input of
the scope, and the grounded scope case, Any
ground current circulating in this loop as a result
of the difference in potential E¢ betwesn the twa
ground points causes an IR drop which is in series
with the scope input, This IR drop, normally
having a 60 Hz line frequency {undamental, plus
any pickup on the unshizlded leads interconnect-
ing the power supply and scope, appears on the
face of the CRT, The magnitude of this resulting
noise signal can easily be much greater than the
true ripple developed bhetween the plus and minus
output terminals of the power supoly, and can
completely invalidate the measurement,

5=26 The same ground curreat and pickup problems
can exist if an RMS voltmeter is substituted in
place of the oscilloscope in Pigure Sw6. However,
the oscillescope display, unlike the true RME
meter reading, tells the chserver immediately
whether the fundamental pericd of the signal dis-
played is 8. 3 milliseconds {1/120 Bz) or 16, 7
mitlizeconds (1/60 Hz), Siace the fundamential
ripple frequency present on the output of an oy
supply 15 120 Hz {due to {full-wave rectification),
an oscilloscope display showing a 120 Hz funda-
mental component is indicative of a “"clean”
measuremant setup, while the presence of a 60 Hz
fundamental vsually means that an improved satup
will result in a more accurate {and lower) value of
measured ripple,

5~27 Figure 5-68 shows a correct method of meas-
uring the output ripple of a constant voltage power
supply using a single-endad scope., The ground
loop path is broksn with a 3 to ? adapter in series
with the power supply's AC ilne slug., Notice,
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SUPPLY RIPPLE DISPLAYED ON SCOPE

POWER SUPPLY CASE QSCILLOSCOPE CASE

AC "] ; ——7/ AL
ACC ]»4— - E‘J—‘ﬁr—‘ ACC
- ‘ % e b GND
GND - :| TWISTED PAIR L
RS

+ A RVT=
USE 3-T0-2 _(i/><:><: -)V‘Ti;ijCTAL

ADAFTER TO ;

BREAK GND PAT + :E =

B, A CORRECT MET=OD USING A SINGLE -ENDED SCOPE.
3-~TO-2 ADAPTER BREAKS GROUND CURRENT LOGP, TWISTED
PatR REDUCES STRAY PICKUP ON SCOPE LEADS

POWER SUPPLY CASE
AC '\——

% - ACC
ACC SHIELOED g l
GND ] TWG - WIRE [: GND

O 1 JVERTICAL

!% ‘"Lu-stw_{f) U_L NPUT

C. A CORRECT METHOD U%ING 4 DIFFERENTIAL SCOPE WITH
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OSCILLOSCOPE CASE

AC

Figure 5-6, Ripple and Noige, Test Sctup

howaver, that the power supply case ig still con-
nected to ground via the power supply output ter—
minals, the leads connecting these terminals to
the scope terminals, the scope case and the third
wire of the power supply cord,

5-28 Either a twisted pair or {preferably) a shield-
ed two-wire cable should be used to connect the
output terminals of the power supply to the verti-
cal inpul terminals of the scope. When using a
twisted palr, care must be taken that one of the
two wires is connected both to the grounded ter-
minal ¢of the power supply and the grounded input
terminal of the oscillescope, When using shigld-
ed twe-wire, it is essential for the shield to be
connected 1o ground at one end only so that no
ground current will flow through this shield, thus
irducing a noise signal in the shielded leads,

5-29 To verify that the oscilloscope is not dig-
playing ripple that ig induced in the leads or pick-

ed up from the grounds, the {+) scope lead should
Le shorted to the {~} scope lead at the power sup-—
ply terminals. The ripple value obtained when the
ieads are shorted should be subtracted from the
actual ripple measurament,

5-30 In most cases, the single-ended scope
method of Figure 5-6B will be adequate to eliminate
non-real components of ripple and noise so that a
satisfactory measurement may be obtained, How-
aver, in more stubborn cases, or in measurcment
cituations where it is essential that both the power
supply case and the cscilloscope case be connegt—
ed to ground {e, g. if both are rack-mounted), it
may be necessary to use a differential scope with
floating input as shown in Figure 5-6C. If desired,
two single conductor shielded cables mav beo sub-
stituted in place of the shislded two-wire cable
with egual success, Becausa of its common mode
rajection, a differential oscilloscope displays
only the difference in signal between its two
vertical input terminals, thus ignoring the effects
of anyv common mode signal introduced because of
the difference in the AC potential between the
power supply case and scope case, Before using

a differential input scope in this manner, however,
it is imperative that the common mode rejection
capability of the scope be verified bv shorting
together its two input leads at the power supply
and observing the trace on the CRT, If this trace
ig a straight line, the scope is properly ignoring
any common mode signal present., If this trace is
not a straight line, then the scops is not refect-
ing the ground signal and must be realigned in ac—
cordance with the manufacturer's instructions uniil
proper common mode rejaction is attained.

5-31 To check the ripple and noise output, pro-
ceed as follows:

z. Connect the ogcilloscope or RMS voit-
meter as shown in Plgures 5-68 or 5-6C.

b, Adjust VOLTAGE control until front panel
meter indicates maximum rated output voltage.

c. The observed ripple and noise should be
lesg than 200wWrms and 1mV p-p.

5-3Z Neise Spike Measurement, When a high fre-
quency spike measurement s being made, an in-
strument of sufficient bandwidth must be used; an
oscilloscope with @ bandwlidth of 20 MHz or more
is adequate., Measuring noise with an instrument
that has insufficient bandwidth may conceal high
freguency spikes deirimental to the load,

5-33 The test setups illustrated in Tigures 5-5A
and 5~6B are generally not acceptable for measurm
ing spikes; a differential oscilloscope is neces-
sary, Furthermore, the measurement concept of
Figure 5-6C must be modified if accurate spike
measurement is to be achieved:

1. As shown in Flgure 5-7, two coaw
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Flgwe 5-7. Neoise Spike Test Solup

cablas, must be
wire cabile,
2.

A

2 shielded two~

Impedance matohi must be
atiminate standing waves and cable
ringing, and the capacitors must be connected o
block the DC current path,

3. The lencth of the test lzads outside the
coax iz critical and must be kapt as short as pos—
sible; the blocking capacitor and the {impedance
matching re directly
from the inner conductor of the cable to the power
supply tarminals.

4. Netice that the
ply end of the two coax ¢
te the power supply ground, since such a connec-—
tion would give rise to a ground current path
through the coax shield, resulting in an orronecus
measurement,

3, The measured noise spike values must
be doubled, since the lmpedance matching resis~
tute 2 Z-io-1 attenuator,

The noisze spikes observed on the oscil=
loscope should be less than 0. SmV p-p.

shields of i
bles are not connocted

5-34 The circult of Figure 5-7 can also be used
for the normal measurement of low frequency ripple
and neise; simply remove the four terminating re-
sistors and the blocking capacitors and substitute
# higher gain vertical plug~in in place of the wide~
band plug~in required for spike measurements,
Notice that with these changes, Tigure 57 be-
comes a two-cable version of Figure 5-6C,

5-35 OUTPUT IMPEDANCE
Definition: At any given frequency of
load change, AEAy/ aloyr.  Strictly
speaking the definition applies only for
a sinusoidal load disturbance, unless,
of course, the measurement is made at
zero frequency (DC). The output im-
pedance of an ideal constant voltags

e pOWSer Sup-

Juencies
The output imps

v aot me

lent recovery tims ron o tatic and
dynamic sutput charactieristios with just one
urement.  The outpot wmpedance of a power s
is commonly measurad only in
the rticular
enginearing importances,

meas-

5-3& To check the output impedance,
follows:
a,

procesd as

Connect te setup shown in Flgure 5-8.

VOLTMETER VGLTMETER
fip 4038 hpaQss
INDICATES Eq INCHCATES £ip
"N 5 G O
POWER SUFPLY OSCILLATCR
UNDER TEST hp2CO CO
+ 5 - N\ G
e )
l 1K 300 MFD
P S
00 CHM

Pigure 5-8. Output Impedance, Test Setup

b, Set METER SELECTION switch to VOLTS
position,
c, Turn on supply and adjust VOLTAGE con-

trols until front panel meter reads 20 volts,
d, Set AMPLITUDE control on Oscillator to
10 veolts (Ein), and FREQUENCY control to 100 Hz.
e, Record voltage across output terminals of
the power supply (Eg) as indicated on AC voltmeter.
f.  Calculate the output impedance by the
following formula:

Eg = rms voltage across power supply output
terminals,

R= 1000

fijp = 10 volts

g. The output impedance (Zg,¢) should he
less than 0. 030 ohms,




h, Using formula of step i, calculate ontput
impedance at frequencies of 50 kHz and 500 kHe,
Values should ke less than 0.5 ohm and 3. 0 ohms,

respectively,
537 Ouiput Inductance., To check the output in-
ductance, repeat steps a through £ at frequencies
of 10kHz, 50kHz and 1080 xHz, Calculate the out-
put inductance (L} using the following formula:

L= AL — {See Note)

T i

The osciltator frequency is aquivalent to { in the
eguation. The output industance should be less
than 20 microhenries,

NOTE

The equation assumes that Xp is much
greater than Ryye and therefore XL =Zout.

5-38 CURRENT LIMIT
5-3% To check the current limiting characteristics
of the supply, proceed as follows:

a. Attach the multimeter or a milliameter to
the cuiput terminals of the supply. Betf the meter
for approximately 600 mA, The internal resistance
of the meter is low enough 10 overload the supply
0 that the output will current limit,

b. Adjust the VOLTAGE contrels fully
clockwise.

¢. The meter should read as follows:

Model 62134 1300 £50mA
6215A 475 + 10mA
6217A 250 & 10mA

TRANSIENT RECOVERY TIME
Definition: The time "X" for output
voltage recovery to within "Y"
millivolts of the nominal cutput
voltage following a "2% amp step
change in lcad current — whera:
"Y' is specified separately for
each model but s generally of the
same order as the load regulation
specification. The nominal output
voltage i3 defined as the DG level
half way between the static output
voltage bafore and after the imposed
load change, and

"Z" is the specified load current
change, normally sgual to the full
load current rating of the supply.

5-41 Transient recovery time may be measured at
any input line voltage combined with any output
voltage and load current within rating.

5-42 Reasonable care must be taken in switching
the load regs A hand-operatad
switch in serics with the load is not adequate.
since the resulting one-shot displavs are difficalt
to obhserve on most oscilloscopes, and the arc
anergy occurring during switching action complete-
v ma the display with a noise burst, Transis
tor load switching devi are expensive if reason-
id load current changes are to be achieved,

istance on and off,

5-43 A mercurv-wetted relay, as connectad in the
load switching circuit of Figure 3-8 should be
vsed for loading and unloading the supply. When
this toad switch is connected to a 50 Hz AC input,
the mercury-wetted relay will open and closa 60
times per second. Adjustment of the 25K conirol
permits adiustment of the duty cvelse of the load
current switching and reduction in jitter of the og-
citloscope display.

5-44 The maximum load ratings listed in Flgure 5-9
must be observed in order 1o preserve the mercury -
welted relay contacts, Switching of larger losd cur-
rants can boe accomplished with mercury pool relayvs;
with this technigue fastrise times can stiil be oh-
tained. but the large inertia of mercury pool relays
limits the maximum repetition rate of load switching
and makes the clear display of the transient recovery
characteristic oo an oscilloscope more difficalt.
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L THIS DRAWING SHOWS A
SUGGESTED METHOD OF
BUILDING A LOAD SWITCH
HOWEVER OTHER METHODS
COULD BE USED! SUCH A4S
A TRANSISTOR SWITCHING
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RATINGS OF LOAD SWiTCH
ARE: & AMPS. 500V, 250W
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G2I5ASE2IBA £501, IOW, 5%
B2I7TA/621BA | 25001, |OW,25%

Figure 5-9. Transient Recovery Time, Test Setup




5-45 To check the transient recovery time, procead
ag follows:

a. Connect test setup shown in Figure 5-9.
b, Set METER SELECTION switch to ma.
¢. Turn on supply and adjust voltage controls

until front panel meter indicates exactly the maxi-
mum rated output current.

d. Close the line switch on the repetitive
1oad switch setup.

o. Set the oscilloscope for internal sync and
lock on either the positive or negative ioad ran—
siant spike.

. Set thea vertical input of the cscilloscope
for ac coupling so that small-dc level changes in
the output voltage of the power supply will not
cause the display 1o shifi,

g. Adjust the vertical centering on the scope
so that the tail ends of the no load and full load
waveforms are symmetrically digplaced about the
horizontal center line of the oscilloscope. Thig
center line now represents the nominal output volt-
age defined in the specification.

h. Adjust the horizontal positioning control
so that the trace starts at a point coincident with a
major graticule division. This point is then repre-
sentative of time zero.

i. Increase the sweep rate so that a single
transient spike can be examined in detail.

j.  Adjust the sync controls separately for
the positive and negative going transients 8o that
net only the recovery waveshape but also as much
as possible of the rise time of the transient is

displaved,
150V
N 4 50u
SECONDS
- 50u
r SECONDS

IS MY

UNLOADING TRANSIENT LOADING TRANSIENT

Figure 5-10. Transient Recovery Time, Waveiorms

k. Starting from the major graticule division
representative of time zero, count to the right
50 psec and vertically 10 mV, Recovery should be
within these tolerances as lllustrated in Figure 5-1

G

5-8

5-48 TROUBLESHOOTING

5~47 Components within Hewlett~Packard power
supplies are conservatively operated to provide
maximum reliability, In spite of this, parts within
supply may fail, Usually the instrument must be
immediately repaired with a minimum of "down
time" and a svstematic approach as outlined in
succeeding paragraphs can greatly simplify and
speed up the repalr.

a

5-48 TROUBLE ANALYSIS

5-4% ‘Genaral. Before attempting to troubleshoot
this instrument, ensure that the fault is with the
instrument and not with an associated circuit. The
performance test (Paragraph 5-13} anables this o
bhe determined withouti having to remove the instru-—
ment from the cabinet.

COnee it is determined that the power supply
- fault, check for cbvicus troubles such as open
a defective power cable, or an input power
Next, remove the top and bottom covers as
described in Paragraph 5-3 and insoect for open
connections, charred components, etc, [f the trouble
source cannot he detected by visual inspection,
foliow the detailed procedure cutlined in succeed-
ing paragraphs. Once the defective component has
heen located (by means of visual inspection or
trouble analygis) correct it end re~conduct the per-
formance test. If a component is replaced, refer to
the repair and replacement and adjustment and cal-
ibration paragraphs in this section.

5-51 A good understanding of the principles of op-
erstion is a helpful aid in troubleshooting, and it
is recommended that the reader review Section [V
of the manual before attempting to troubleshoot the
unit in detail. Once the principles of operation are
understood, logical application of this knowledge
used in conjunction withthe normal voltage readings
shown on the schematic and the additional proce-
dures given in the following parsgraphs should suf-
fice to isolate a fault to a component or small group
of components. The normat voltages shown on the
schematic are positioned adjacent to the applicable
test points {identified by encircled numbers on the
schematic and printed wiring boards).

5-52 Table 5~2 includes the symptoms and probable
causes of many possible troubles. If either high or
iow output voltage is a symptom, there are two me-
thods of isolating the fault. The first is a simpli-
fied procedure that involves only measuring voli-
ages; the second is a more thorough approach re-
quiring that trangistor stages be opened or shorted.
Both methods are described as follows:




1. First, the refe
do voltages

anca, bias, and filiered feedback loop is not alwavs conclusiva: &
as given in Table 5-3 should be cheok-~ method is d
ed. Then the voltage levels at critical points 2.
(case and collector) in the feedback loop should filtered de voltac

baiter

cribed in (2).
irst, measure the reforence, bias, and
as given in Table 5-3, Then,

be measured and compared o the normal voltages drive each stage in the feedback loop into conduc-
given on the overall schematic diagram at tha rear tion or cutoff by either shorting or op anivig the pre-
of the manual, This method of troubleshooting a vious stage as indicated in Tables 5 - 5,

Table 5-2. Common Troubles

SYMPTOM

ABLL CAUSE

Low output or no output voltage

Refer to Table 5-3, then 5-4,

High ouiput voltage

Refer to Table 5-3, then 5~5.

High ripnle a, Check vperating setup for ground, refer to Paragraph 5-2%.
b, If output floating, connect luf capacitor between output and
grourd.
c. Check for excessive internal ripple; refer to Table 5-3.
¢. Ensure that supply is not in current limit operation under
Ioaded conditions. To prevent this condition, increase load
résistance so that output current does not exceed maximum
rated output.
e, Check for low voltage across O5 or C9.
Poor line regulation a. Impreper measuring technique; refer to Paragraph 5-6,
b. Check reference circuit voltages, Table 5~3.
Poor 1oad regulation a. Improper measuring technigue; refer to Paragraph 5-5,
Constant Voltac . 5 - . .
( * voltage) o, Check reference circult voltages (Table 5-3),
¢. Ensure that supply is not in current limit operationunder loaded
conditions. To prevent this condition, ensure thet output cur-
rent does not exceed maximum rated output.
Oscillates a. Check 3 and R17.
Poor stability a. Check +6.2Vdo reference voltage (Table 5-3).
Constant Voltage - . .
( age) b. Noisy programming resistor R10 or R11.
c. CRI, CRZ leaky.
d. Check R1, R12, and €] for noise or drift.
e, Stage O1/Q2 defective.
Poor transient recovery a. Check R17 and C3.




Table 5~3. Reference, Bias, and Filtered DC Troubleshooting
METER METER NORMAL NORMATL PROBABLE
COMMON POSITIVE VDO RIPPLE (P-P) CAUSE
C5i-) C3(+) +48 " 4.8V 2y T1,C10,CRI0O,CR1L,CS
+ 5 7 +12.4 + 0,6V 0. 5mV VR4, (311.VR7
+5 3 +6.2 % 0.3V 0.2mv VRE, R25
9 +53 + 6.2 & 0.3V 0. 1imV VR3, 09, R34, VRS -
11 +3 +12.4 & 0.6V 4. 5mV VR1,R27,R30
-0OUT 3 27 &£ 2.2V (B2134) 3V CR15,CR16,C%,R32,T1
44 + 4,5V (621548) 400mV
78 + 7.8V (B217A) 500mV
Table 5-4, Low Qutput Voltage Troubleshooting
STEP BCTION RESPONSE PROBABLE CAUSE
1 Turn the VOLTAGE control fully
clockwise and disconnect the
load
2 To eliminate the current limit Output increases CR4 or Q3F defective
?imwft @f & cause of the mal- b. Output remains b. Reconnect CR4 and proceed
function, remove CR4 cathode or i
low 1o Step 3
anode lead
3 Check conduction of Q7 by con- a. Output remains a. Q7,CR7, or associated parts
neciing a jumper between Q5 low defectiva
emitter and base b, CQutpuf increases . Remove jumper and proceed
to Step 4
4 Check turnoff of Q5 by shorting a. Quiput remains a. OF,RI%,R20 defective
Q4 emitter to collector iow
b. Qutput increases b. Remove jumper and proceed
to Step 5
5 Check conduction of Q4 by a. OQOutput remains a. Stage O4 defective
shorting Q1 emitter to collector low
b. Qutput increases b, Stage Q1/Q2 defective.
Check R10,R11,C) for short
and R12 for open.




Table 5~-5. High Output Voltage Troubleshooting

STEP ACTION REBPONSE PROBARLE CAUSE

1 Turn the VOLTAGE control to ap=
proximately mid-range and dis-
connect the load. If the output
voltage should rise to an exces-
sive value during the following
procedures, the VOLTAGE conirol
could be damaged if it is turned
fully CCwW.

2 Check turnoff of Q7 by shorting a. Output remains high a. Q7,CR7,R20 defective.
5 emit to collect
Q5 emitter to collector b. Output decreases . Remove short across
Q5 and proceed to
Step 3.
Chack conduction of Q% by a. Quiput remains high a. Btage Qb5 defective.
in 4 ie Z
removing Q4 collector lead b. Qutput decreases I, Replace Q4 collector
lead and proceed to
Step 4.
4 Check turnoff of Q4 by shorting a, {Cutput remains high a. Stage Q4 defective
Q1 emitier to collect \ .
mitter to collector b. Output decreases b. Stage Ql/02 defactive.
Check R10,R1] for open
and E1Z for short.
5-53 REPAIR AND REPLACEMENT Takle 5-8 which lists the special characteristics
of salected semiconductors, If the device to be
5-54 Before servicing a printed wiring board, rafer replaced is not listed in Tablz 3-8, the standard
to Figure 5-11, Section VI of this manual contains manufaciurers part number listed in Section VI is
a tapular list of the instruments replaceable parts, applicable.

Before replacing a semiconductor device, refer to

Table 5-6. Selected Semiconductor Characteristics

REFERENCE | . e . SUGGESTED '
< ACTERISTI # PART NO. . o
DESIGNATOR ~HARACIERISTICS ® PART NO- b prplacoMENT
o7 Power NPN Silicon hfg = 35 min. @ I = 4 Ampere 1854-0225 IN3055 R.C.A.
VCR = 4 Volts.




Excessive heat or pressure can lift the copper strip [rom the board. Avoid damage by using a
Iow power solderingiron {50 watts maximum) and following these instructions. Copper thatlifts
oif the board should be cemented in place with a quick drying acetate base cement having good
electrical insulating properties,

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

Use only high quality rosin core solder when repairing etched circuit boards. NEVER USE
PASTE FLUX. After soldering, clean off any excess fiux and coat the repaired area with a
high quality electrical varnish or lacquer.

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

WARNING: If the specific instructions outlined inthe steps below regarding etched circuitboards
without eyelets are not followed, extensive damage to the eiched circuit board will result,

1. Apply heat sparingly to lead of component 2, Reheat solder invacant eyeletand quickly
tobe replaced, If lead of component passes insert a small awlto cleaninside of hole.

through an eyelet H hole does

in the circuit not have an CONDUCTOR

SiDE

board, apply eyelet, in-
heat on com- sert awl or
ponent side a #57 drill
of board., ¥ from con-

lead of com- & ductor side
ponent does of board,

not pass through an
eyelet, apply Heat to conductor side of board,

4. Hold partagainst board {avoid overheating)

3. Bend clean tinned lead on new part and and solder leads.
carefully insert - Apply heat to compo-
through eyelets or nent leads on correct
holes in board. side of board

as explained
ez in step 1,

In the eventthat either the circuit boardhas been damaged or the conventional msthod is imprac-
tical, use method shown below. Thisis especially applicablefor circuit boards without eyelets.

1. Clip lead as shown below. 2. Bend protruding leads upward. Bend lead
of new APPLY

7 CLiP component SOLDER

: HERE around pro-
truding lead.

Apply solder

using a pair

of long nose pliers as a heat sink.

AT

SIEARERS  SINCERNSIRGIASRFITER. . IOERNOE,

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

-

Figure 5-11. Servicing Printed Wiring Boards

12
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Table 5«7,

Calibration Adjustment Summary

Adjusimant or Calibration Paragraph Control Device
Meter Zero Sm57 Pointer
Anmmeter Tracking 5-59 R47
"FZere" Volt Output 5-61 R5
Current Limit 566 REG

5-35 ADJUSTMENT AND CALIBRATION

5-56 Adjustment and calibration may be required
after performance testing, troubleshooting, or re-
pair ahd replacement. Perform only those adjust-
ments that affect the operation of the fauliy clircuit
and no others, Table 5-7 summarizes the adjustw
ments and calibrations contained in the following
paragraphs,

5-57 METER MECHANICAL ZERO

5-58 Proceed as follows to zero mater:

a, Turn off instrument {after it has reached
normal operating temperature} and allow 30 sec-
onds for all capacitors to discharge,

b, Insert sharp pointed object {pen point or
awl} into the small hole at top of round black
plastic disc located directly below meter face,

c. Roitate plastic disc clockwise {ow) until
meter reads zero, then rotate cow slightly in order
to free adjustment screw from meter suspension,
If pointer moves, repeat steps b and ¢,

5-59 METER CALIBRATION

5~60 To calibrate the ammeter, proceed as follows:

a, Connecttestsetupas shown on Figure 5-4,

b, Set METER SELECTION switch to mA
position,

¢, Turn on supply and adjust VOLTAGE con-
trols so that differential voltmeter indicates exactly
b.Z2 volts for 6215A and 62174, and 1 Volt for 62134,

d,  Adjust R47 until front panel ammeter in-

dicates: 52134 1A
652158 400mA
6217h 200mA

5-61 ZLERO VOLTS OUTPUT ADJUSTMENT

5~62 To calibrate the output voltage so that there
is zero volis output when the VOLTAGE controls are
fully cow, proceed as follows:

a, Connect differential voltmeter between
(+) and {-) output terminals,

b, Short out voltage controls by connecting
jumper across R10 and R11,

c. Turn on supply and cbhsarve rsading on
differential voltmeter,

d, Shunt resistor R3 with a decade resist—
ance box.

a. Adjust decade resistance until differen-
tial voltmeter reads zero, then shunt RS with re-
sistance value equal to that of the decade resist-
ance.

5~63 OUTPUT CURRENT LIMIT ADIUSTMENT

5~64 To adjust the limiting level of the output
currant. proceed as follows:

a, Attach the multimeter or a milliammeter
to the output terminals of the supply. Set the
meter for approximataly 600 mA, The internal
resistance of the meter 1s low gnough to overload
the supply so that the ocutput will current limit,

. Adjust the VOLTAGE controls fully clock-
wise.

¢. Adjust current limit control R30 for the
following indications on the multimeter:

Model Current Limit
62134 L300mA
G215A 475mh
6217A 250mA




SECTION VI
REPLACEABLE PARTS

61 INTRODUCTION

6-2 This section contains information for crdering
replacement parts.

6~3 Table 6-4 lists parts in alpha-numerical order
of the reference designators and provides the fol-
lowing information:

a. Reference Designators. Tor abbreviations,
refer ¥to Table 6~1,

. Description.
viations.

¢. Total Quantity (TQ) used in the instru-
ment; given only first time the part number is
listed.

d. Manufacturer's part number.

e. Manufacturer's code number. Refer to
Table 6~3 for manufacturer's name and address.

£. @@ Part Number,

g. Recommended spare parts quantity (RS)
for complete maintenance of one instrument during
one year of isolated service.

h. Parts not identified by 5 reference desig-
nator are listed at the end of Table §-4 under Mis~-
cellaneous.

Refer to Table 6~2 for abbre~

64 ORDERING INFORMAYION

6-5 To order a replacement part, address order or
inquiry to your local Hewlett-Packard sales office
(see lists at rear of this manual for addresses),

6-6
part:

Specify the following information for each

a. Model and complete serial number of
instrument.

b. Hewlett-Packard part number.

c. Circuit reference designator.

d. Description.

6~7 To order a part not listed in Table 6-4, give
a complete description of the part and include its
function and locastion.

Table 6-1. Reference Designators
A = assembly CR = dicde
B = motor DS = device,
C = capacitor signaling {lamp)

Table 6-1. Reference Designators (Continued)

E = misc. electronic RT = thermistor
part S = switch

F = fuse T = fransformer

T = jack vV = yacuum tube,

K = relay neon hulb,

L = inductor photocell, eta

M = meter X = socket

P = plug XF = fuseholder

Q = iransistor XDS = lampholder

R = resistor Z = network

Table 6-2, Description Abbreviations

a = amperes obd = order by descrip-
c = carbon tion

cer = ceramic P = peak

coef = coefficient pec = printed circuit
com = common board

comp = composition pf = picofarads =

conn = connection 10-12 farads

cri = cathode-ray pp = peak-to-peak
tube ppm = parts per million

dep = deposited pos = posgition(s)

elect = electrolytic poly = polystyrene

encap = encapsulated pot = potentiometer

f = farads prv = peak reverse

fxd = fixed . voltage

GE = germanium rect = rectifier

grd = groundl(ed) rot = rotary

h = henries rms = roof~mean-sqguara

Hg = Mercury s-b = slow-blow

impg = impregnated sect = section(s)

ins = insulationfed) Si = silicon

K = kilo = 1000 sil = silver

lin = linear taper si = glide

log = logarithmic td = time delay
taper TiO2 = titanium dioxids

mA = milli = 1073 tog = toggle

M = megohms tol = tolerance

ma = milliamperes trim = trimmer

e = micro = 106 wit = traveling wave

mfr = manufacturer tube

mtg = mounting var = variable

my = mylar w/ = with

NC = normally W = Watts
closed w/o = without

Ne = neon cmo = cabinet mount

NO = normally open only




Table 63, Code List of Manufaciurers
CI\?(?E MANUFACTURER ADDRESS (ﬁg‘E MANUFACTURER ADDRESS
00629 | EBY Sates Co, New York, N.Y. 06812 | Torrington Mfg, Co., West Div.
00656 | Aerovox Corp, New Bedford, Mass, Van Nuys, Calif,
00853 {Sangamo Electuic Company, 07137 } Transistor Electronics Corp,
Ordill Diviston (Capacitors) Marion, I1i, Minneapclis, Minn,
(31121 ]Allen Bradley Co. Milwaukee, Wis, 07138 | Westinghouse Electric Corp,
(31255 | Litton Industries, Inc, . Electronic Tube Div, Elmira, N.Y.
Beverly Hills, Calif, 07263 | Fairchild Semiconductor Div, of
01281 | TRW Semiconductors, Inc, - Fairchild Camera and Instrument Corp,.
Lawndale, Calif. Mountain View, Calif,
(01295 | Texas Instruments, Inc. Semiconductor- 07387 | Birtcher Corp, ., The Los Angeles, Calif,
Components Division Dallas, Texas 07397 | Sylvania Electric Products Inc.
01686 | RCL Electronics, Inc. Manchester, N. H, Mountain Yiew Operations of
01930 {Amerock Corp. Rockford, Il Sylvania Electronic Systems
02114]}Ferroxcube Corp. of America Mountain View, Calif,
Saugerties, N.Y. 07716 { International Resistance Co,
02606} Fenwal Laboratories Morton Grove, Iil. Burlington, Iowa
02660 ] Amphenol-Borg Electronics Corp, 07510 | Continental Device Corp. Hawthorne, Calif.
Broadview, Iii, 07933 | Raytheon Mfg. Ceo., Semiconductor Div,
02735 { Radio Corp. of America, Commercial Mountain View, Calif,
Receliving Tube and Semicenductor Div, 08530 | Reliance Mica Corp. Brooklyn, N.Y.
Somerville, N.JT. 08717 | Sican Company Sun Valley, Calif,
03508| G, E, Semiconductor Producis Dept, 08730 | Vemaline Products Co, Franklin Lakes, N.J.
Syracuse, N.Y, 08863 | Nylomatic Corp. Morrisville, Pa.
(03797 | Eldema Corp, Compton, Calif, 09182 | Hewlett-Packard Co., Harrison Division
03877 | Transitron Electronic Corp. Berkeley Heights, N. 7.
Wakefield, Mass, 08353} C & K Components Newton, Mass.
(33888 | Pyrofilm Resistor Co, Cedar Knolls, N.J. 11236} CTS of Barne, Inc, Berne, Ind.
¢4009| Arrow, Hart and Hegeman Electric Co, 11237} Chicago Telephone of California, Inc.
Hartford, Conn.] S0, Pasadena, Calif,
04072 ADC Electronics, Inc. Harbor City, Calif, 11711} General Instrument Corp., Semiconductor
04213 Caddell-Burns Mig, Co, Inc, Prod, Group, Rectifier Div, Newark, N.I.
Mineoia, N.Y, 121361 Philadelphia Handle Co., Inc.
04404} Dymec Division of Camden, N.T,
Hewlett-Packard Co, Palo Alto, Callf. 12697 [ Clarostat Mfg, To, Dover, N.H.
04713| Motorola, Inc.,, Semiconductor 14493 | Hewlett-Packard Co. ,
Products Division Phoenix, Arizona Loveland Division Loveland, Colo.
052771 Westinghouse Eleciric Corp. 14655 Cornell-Dubilier Elec, Corp, Newark, N.J.
Semi=Conductor Dept. Youngwood, Pa, 14836| General Instrument Corp. , Semiconductor
05347 | Ultronix, Inc. Grand Junction, Colo. Prod, Group, Semiconductor Div,
06486 North American Electronics, Inc, Hicksville, N.Y.
Lynn, Mass, 15809 | Daven Div. of Thos. Edison Industries,
065401 Amathom Electronic Hardware Co. , Inc, MeGraw Edison Co. Livingston, N.JI.
New Rochelle, N.Y. 16299 { Corning Glass Works,
06555 |Beede Electrical Instrument Co,, Inc. Eiectronic Components Div.
Penacocok, N, H, Raleigh, N.C.
06666 |General Devices Co,, Ingo, 16758 | Delco Radio Div. of General Motors Corp.
Indianapoliis, Ind, : Kokomo, Ind.
06751 |Nuclear Corp, of America, Inc., 17545 | Atlantic Semiconductors, Inc. )
U, 8, Semcor Div, Phoenix, Arizona Asbury Park, N.J.




18701
21520

22229

22767

24446
24455

24655
28480
28520
33173
35434
37942
42190
44655
47904
49956

55026
56289
58474
61637
63743
70563
76503
731218
71400

71450
71468

71590

71700
71744

71785
71584
72619
72699

72765
72982

Teterboro, N, T.
Electra Mig, Co. Independence., Kan,
Fansteel Metallurgical Corp,
No. Chicago, Ili,
Union Carbide Corp,, Linde Biv.,
Kemet Dept. Mountain View, Calif,
ITT Semiconductors, A Division of
International Teiephone & Telegraph
Corp. Palo Alto, Calif,
General Electric Co, Schenectady, N.Y.
General Electric Co,, Lamp Division
Nela Park, Cleveland, Ohio
General Radio Co.  West Concord, Mass,
Hewlett-Packard Co. Palo Alto, Calif,
Heyman Mig, Co, Kenilworth, N, .
G, E,, Tube Dept, Owensbore, Ky,
Lectrchm, Inc. Chicago, Il1,
P.R. Mallory & Co., Inc. Indianapoiis, Ind,
Muter Co, Chicago, 1.
OChmite Manufacturing Co. Skokie, Il
Polarcid Corporation Cambridge, Mass,
Raytheon Mfg. Co., Microwave and
Power Tube Div, Waltham, Mass,
Simpson Electric Co, Chicago, Il1,
Sprague Electric Co. North Adams, Mass,
Superior Electric Co. Bristol, Conn.
Union Carbide Corp. New York, N.Y.
Ward-Leonard Electric Co, Mt. Vernon, N, Y,
Amperite Co, , Inc. Union City, N,T.
Belden Mig, Co. Chicago, 111,
Bud Radio, Inc, Willoughby, Ohig
Bussmann Mfg, Div, of
McGraw-Edison Co.
CT8 Corporation
1.T.7T. Cannon Eleciric Inc.
Los Angeles, Calif
Centralab Div. of Globe Union, Inc.
Milwaukee, Wis,
The Cornish Wire Co, New York, N.Y.
Chicago Miniature Lamp Works
Chicago, Ili.
Chicago, Ili,
Midiand, Mich,
Brooklyn, N.Y.

St, Louis, Mo,
Eikhart, Ind.

Cinch Mig. Co.

Dow Corning Corp.

Dialight Corporation

General Instrument Corp, .
Capacitor Div, Newark, N.7.

Drake Mig, Co, Chicago, Il
Erie Technolegical Products, Inc. Erie, Pa.

73283

73445

73506
73559
73734
73978
74193
74545
74868
75042
751863
75382
75915
76493
76854
77068
77221
77252
77342
77630

77764
78188

78488
78526

78553
739307

79727
80031

80294

Tabkle 6-3. Code List of Manufacturers (Continued)
@ . CODE .
(J}L\?é)} MANUFACTURER ADDRESS NO MANUFACTURER ADIDRESS
18315 | The Bendix Corp.. Eclipse Pioneer Div. 73138 |Helipot Div. of Beckman Instruments, Inc,

Fullerton, Calif.
Hughes Components Division of Hughes

Aircrait Co, Newport Beach, Calif,
Amperex Electronic Co, , Div, of North

American Phillips Co, , Inc,

Hicksviile, NY,
Bradley Semiconductor Corp,
New Haven, Conn,
Carling Electric, Inc. Hartford, Conn,
Federal Screw Products, Inc, Chicago, Il
Hardwick Hindle Co, ,

Memcor Components Div, Huntington, Ind.
Heinemann Blectric Co. Trenton, N.T,
Barvey Hubbel, Inc. Bridgeport, Conn,
FXR Div, of Amphenol-Borg

Elacironics Corp. Danbury, Conn,
International Resistance Co,

Philadelphia, Pa,
Howard B, Jenes Div, , of Cinch Mig, Corp.

{Use 71783) New York, N.Y.
Kulka Electric Corp. Mt. Veraon, N.Y,
Littlefuse, Inc. Des Plaines, Il
1. W. Miller Co. lLos Angeles, Calif,
Qak Manufacturing Co, Crystal Lake, 111,
Bendix Corp, , Bendix~Pacific Div.

No., Hollywood, Calif.
Phaostron Instrument and Electronic Co,
South Pasadena, Calif,
Philadelphia Steel and Wire Corp,
Philadelphia, Pa,
American Machine and Foundry,
Potter and Brumfield Div, Princeton, Ind.
TRW Electronics, Components Div,
Camden, N.T.
Resistance Products Co. Harrisburg, Pa,.
Shakeproof Div. of Illinois Tool Works
Elgin, Iil.
Stackpole Carbon Co. St. Marys, Pa.
Stanwyck Winding Co., Inc.
Newburgh, N.Y.
Tinnerman Products, Inc. Cleveland, Ohio
Whitehead Metal Products Co., Inc.
New York, N.Y.
Continental-Wirt Electronics Corp.
Philadelphia, Pa.
Mepco Div. of Sessions Clock Co.
Morristown, N.7T.

Bourns, Inc. Riverside, Calif.

6-3




Table 6-3. Code List of Manufacturers (Continued)

CODE

ngE MANUFACTURER ADDRESS oo | MANUFACTURER ADDRESS
81042 | Howsard Industries, Inc. Racine, Wis. 88140 Cutler-Hammer, Inc. Lincoln, Il
81483 | International Rectifier Corp. 89473 § General Flectric Distributing Corp.
El Segundo, Calif. 3chenectady, N.Y.
81751 | Columbus Electronics Corp. Yonkers, N.Y. 91345 | Miller Dial and Nameplate Co.
82099 | Goodyear Sundries & Mechanical Co., Inc. El Monte, Calif.
New York, N.Y. 81637 | Dale Electronics, Inc. Columbus, Neb.
8221981 Sylvania Electric Products, Inc., 91662 | Eico Corp. Willow Grove, Pa,
Electronic Tube Division Emporium, Pa. 9187238 | Honeywell, Inc., Micro Switch Div.
82389 ¢ Switchoraft, Inc. Chicago, 1li. freeport, Ili.
82647 1 Metals and Contrels, Inc., 93332 Sylvania Electric Prod., Inc., Semicon-
Spencer Products Attleboro, Mass. ductor Prod. Div. Woburn, Mass.
82866 | Research Products Corp. Madison, Wis. 93410 | Stevens Mifg. Co., Inc. Mansfield, Ohio
82877 { Rotron Mig. Co., Inc. Woodstock, NMY. 94144 | Raytheon Ca., Components Div., Industrial
82893 | Vector Electronic Co, Glendale, Calif. Components Operation Quincy, Mass.
#3058 | Carr fastener Co. Cambridge, Mass. 34154 | Tung~Sol Electric, Inc. Newark, N.J.
£3186 { Victory Engineering Corp. Springfield, N.I. 943140 | Tru-Ohm Products, Memcor
83298 | Bendix Corp., Red Bank Div. Latontown, N.J. Components Div. Huntington, Ind.
83330 | Herman H. Smith, Inc. Brocklyn, N.Y. 895263 | Leecraft Mig., Co., Inc.
83385 | Ceniral Screw Co. Chicago, IHl. Long Island City, N.Y.
83501 § Gavitt Wire and Cable Co., Div. of 35354 | Methode Mfg. Co. Chicago, IlI.
Amerace Corp. Brookfield, Mass. 56791 | Amphenol Controls Div. of Amphenol-
83508 | Grant Pulley and Hardware Co. Borg Electronics Corp. Janesville, Wis.
West Nyack, N.Y. 98281 | Sealectro Corp. Mamaroneck, N.Y.
83594 | Burroughs Corp., Electronic 98978 | International Electronic Research Corp.
Components Div. Plainfield, N.J. Burbank, Calif.
83877 | Yardeny Laboratories, Inc. New York, N.Y. 99934 | Renbrandt, Inc. Boston, Mass.
84171 | Arco Electronics, Inc. Great Neck, N.Y.
64411 [ TRW Capacitor Div. Ogallala, Neb.
86684 | Radio Corporation of America, blectronic THE FOLLOWING H-P VENDORS HAVE NO NUM-

87034
87216
87585

879289

Components & Devices Div,

Harrison, N.J.
Marco Industries Co. Anaheim, Calif.
Philco Corp. (Lansdale Div.) Lansdale, Pa.

Stockwell Rubber Co., Inc.

Philadelphia, Pa.
B. M. Tower Co., Inc. Bridgeport, Conn.

BERS ASSIGNED IN THE LATEST SUPPLEMENT 10O
THE FEDERAL SUPPLY CODRE FOR MANUFAC-
TURERS HANDBCOK.

0000 {Cooltron QOakland, Calif.
30000 {Plastic Ware Co. Brooklyn, N.,Y.




Table 6-4,

Replaceable Parts

REF. - DESCRIPTION TQ MTR., PART NO MER. b RS

DESIG, TR ) : ' CODE PART NO,

1 fxd, elect 5uf £5Vde 1 39182 0180~1836 1
CZ2,4,6-8,

12,13 NOT ASSIGNED - - - - -
3 fxd, film ,0022uf 200Vdce 1 192p22292 56289 (0160-0154 1
[oF:} fxd, elect 100uf 50Vde 1 0glez G180~1852 i
c9 fxd, elect 490uf 100Vde 1 0g1gz 3180~1887 1
C10,11A fxd, ceramic |, 0Z2uf 600Vde 2 Z25U-2032 72982 01500024 1
Cl4 fxd, elect 100uf 65Vde 1 09182 0180~1853 1
CR1,2 Rect, Si, Z50mA 200prv 3 09182 1901-0033 3
CR3,5,6,

8,9,12 NOT ASSIGNED - - - - -
CR4 Rect, 8i, 250mad 200prv 09182 1901-0033
CR7,10,11 Rect, Si, 500mA 200prv 8 IN3253 02735 18010389 8
CR13 Stablstor 2, 4V @ 100mA 3 1N4830 03508 1901-0460 1
CR14-18 Rect, Si. 500mA 200prv IN3253 02735 1901-038¢
DSl Lamp-neon, glow i1 ALC 03508 2140-0047 1
Fi Fuse Cartridge C, 5A 250V 3AG 1 312, 005 75815 2110-0012 4
Q1-3 385 NPN Sti, 3 J9182 18540071 3
G4 85 PNP 8i. 2 MPSE5L7 (4713 18530099 z
Q5 35 PNP 54, 1 38640 02735 1853-0041 1
Q6,8,10 NOT ASSIGNED - - - - -
Q7 Power NPN Si, 1 09182 1854-0239 1
Q9 85 NPN Si, 1 2N34L7 03508 18540087 I
QL S5 PNP Si. MPS6517 04713 1853-0090
Rl fxcd, ww 1Ka £5% 3W 1 24281025 56289 0813-0001 1
RZ frxd, met, film 6, 2K~ 1% 1/8W 1 Type CEA T-0O 077186 0698-5087 1
R3, 4 ixd, met, film 208, £1% 1/8W 2 Type CEA T=0 07716 0757-0444 1
RS fxd, comp 130K £5% 1w i EB-1545 01121 0686~1545 1
R6 ixd, met, film 1.5K~ 1% 1/8W 1 Type CEA T-O 07716 0757-0427 1
R7-9,13-15, '

22,23,

29, 34,

39, 41-4¢,

43, 49 NOT ASSIGNED - - - - -
R1O var, ww 100, £5% i 06182 Z100-1887 1
R1l1l var, ww 10En +5% 1 J9182 2100-1854 1
R12 fxdd, ww 1, 2Ka £5% 3W 1 242E1225 56286 N8ll-1208 1
R16 ixd, comp 2, 2K £5% W 1 EB~2225 01121 0686=-2225 1
R17 fxd, comp 4, 78~ £5% 3 W 1 EB-4725 01121 J666-4725 i
R1E fxd, comp 6. 2K~ £5% 4 W 1 EB~62725 01121 0GE6=-6225 i
R1g Exd, comp 1Ka £5% W 1 EB-1023 nliz2i De86-1028 1
R20 fxd, met, film 2K, £5% 2W 1 Type C425 16299 0764-0025 A
R21 fxd, comp 2404 £5% LW 1 Ep-2415% Gliz1 0686-24185 1
Rz4 fxd, comp 3, 6Kn £3% 1W 1 GRB-3625 Glizi JE59-3625 1
RZ5 frd, comp 510n #5% I W 1 EB-5115 01121 QE66-5115 1
RZ6 fxed, comp 180 £5% W 1 EB~-181% 01121 0636-1815 1
R27 fxd, comp B20n £5% LW 1 EB-8215 01121 0686-8215 1
RZ8 fxxd, comp 680~ £5% 3'W 1 EB~6B15 011721 0686-6815 1
R30 fsrd, comp 1, B8Ka £5% £W 1 EB-1825 61121 0686-1825 1
R31 fxd, comp 750n +5% 1W 1 EB-7515 01rai 0686-7515 i1
R372 ixd, met, oxide 6, 5Kn £5% 3W 1 Z242E6525 56289 0811~1814 1




. N . MIR. by .
DESCRIPTION TO MFR, PART NO. CODE PART NG, RS
R33 fxdd, ww 6, 20, 5% 3W 10ppm 1 | Type T-3 01686 0811-2499 1
R35 fxd, met, film 1, 3K, £0,3% W 1 Type CEB T-0 077146 0757-0735 1
R34 fxcl, comp 56a 5% W 1 EB-5605 g1121 0686-5605 1
R37 fxd, comp 12Ka £5% $W 1 ER~1235 41121 0686-1235% 1
R34 fxd, mat, film 60, 4K~ 1% 1/8W i Type CLA T-0 07716 0698-3572 1
R4( fxd, comp 47Ka £5% W i ER-4735 Glizy 06EB6~-4735 1
RA7 var, ww 250. £20% i1 Type 110-F4 11236 2100-0438 1
R50 ar, ww 100, £20% 1 Type 110-F4 11236 2100-0281 1
31 Switch, Toggle~Power 1 7101 (09353 3101-0163 1
52 Slide switch, DPDT, solder
terminals, 3" knob 1 KA=70420 82389 3101-1364 1
Tl Power Transicormer 1 0s182 $100-2182 i
VR1 Zenor, 12, 4V £5% 400mW 2 49182 1902-3185 2
VRZ Zener, 4, 22V +5% 400mW 1 nglaz 1602-3070 1
VR3 Zener, 6,19V £5% 400mwW 2z 39182 1902-0049 2
VR4 Zener, 12,4V 5% 400mwW 09182 1602-3185
VRS NOT ASSIGNED - - - - -
VRS Zener, b, 2V £5% 1 1NB21 06486 1902-07¢61 1
VRY Zenoer, 6,19V £5% 400mw (45182 1902~0049
MISCELIANEQUS
Printed Circult Board Assambly
(includes Componenis) 1 09182 | 0E217~600721
P, ¢ Beoard (Blank) 1 09182 S000-5722
Front Panel Printed Clrcuit Board
(Includes Components) 1 09182 | 06217-6002%
Front Panel P, C, Board (Biank} i 09182 5020-5723
Rear Panel Assembly 1 09182 40640-0052
Heat Sink i 09182z S060-6141
Front Panel Assembly 1 09182 | 06217-60002
Bottom Cover 1 08182 4040-0051
Top Cover i 09182 4040-0050
5 Wavy Rinding Post {maroon) i 091872 1510-0040 i
5 Wavy Rinding Post {(black) 2 Drzic 58474 1510-0039 1
Meter 24" Dual Scale 0-50V,
0-300mA 1 49162 1120-1142 1
Bazel, Meter 1 04182 4040-0295 1
Spring, Mater 4 0818¢ 1460-0256 1
Line Cord 1 KrH-4096 70903 8120-0050 i
Strain Relief Bushing 1 SR-3P-1 28520 G400~0013 i
FPuseholder Assembly 1 342014 Th915 1406-0084 1
Mica Insulator 1 734 (385320 0340-0174 1
Insulator 2 091z 0340-01¢6 2
Insulator 2 09182 0340~0168 2
Knob + Insert Pointer 2 06182 | 0370-0084 1
Fastener 1 C17373-012-248B 89032 0510-0123 1
Lens (DS1) 1 091482 1450-0358 1
62174

o6



SECTION Vi
CIRCUIT DIAGRAMS

This section ¢contains the circuit diagrams neces-
sary for the operation and maintenance of this
power supply, Included are:

a. Component Location Diagram, Figure
7-1, which shows the physical location and refer-
ence designator of parts mounted on the printed

wiring koard,

Iy,  Schematic Diagram, Figure 7-2, which
illustrates the circuitry for the entire power supply,
Voltages are given adiacent to test points, identi-
fied by encirgled numbers on the schematic and
printad wiring board,







Model 6217A
Component Location Diagram

Figure 7-1,




APPENDIX A

MANUAL BACKDATING CHANGES

Manual backdating changes describe changes necessary to adapt this manual to earlier instraments. To
adapt the manual to serial numbers prior to 8G2551, inspect the tollowing table for vour serial number and
then make the appropriate changes. For serial numbers 8G2550 and up check for inclusion of change sheet.

SERIAL

MABKT,
Prefix Number CHANGES
8G 1201 ~ 2400 1
8B 1401 - 1800 1,2
7H 0701 ~ 1400 1,2,3
7H 0561 ~ 0700 1,2,3,4
7D G100 - 0500 1,2,3.4,5

CHANGE 1: In the replaceable parts list, Table 6-4, and on the schematic, make the following changes:
R40 Change to frd, comp B8Ka +5% 4 W EB-6835 01121 0686-6835
DSl Change to Lamp, Neon, Clear §141-008-603 72765 1450-6361

CHANGE Z: In the replaceshle parts list, Table 6-4, make the following changes:

REF. . R MFR. &y
BESIG, DESCRIPTION MFR. PART NO. CODE PART NO.
Q11 Change to 5SS PNP 38640 02735 1853-004]
R3,4 Cheange to fxd, met. fHim 23K~ +1% 1/8W Type CEA T-0O 07716 0698-3269
R5 Change to fxd, comp 150Kn 5% =W EB-1545 01121 0686-1545
R7 Add fxd, comp 560K~ 5% 3+ W EB~5645 01121 0686-5645
Ri4d Add Ixd, comp 24 +5% W EB-2405 01121 0686~2405
R16 Change to fxd, comp 2.2Kn 5% ¢ W EB-2225 01121 0686-2225
R17 Change to fxd, comp 6.2Kn £5% 3 W EB~6225 01121 0686~-6225
R18 Change to fxd, comp 12Ka #5% + W EB=-1235 01121 0686-1235
R28 Delete - - - -

32 Change to Slide Switch DPDT,
Solder Terminals 1" knob 1141138 82389 3101~1172
Change to P.(l, Board Assembly 09182 06217-60020
Chanye o P.C. Board Blank 0S182 5620~5597
Delete P.C. Board, Front Panel - - -

On the schematic, make the following changes:

Delete R28 {open).
Add R7 from base of Q2 to reference voltage -6.2V, Test Point 9.

Add R14 from the junction of R12 and R11 to the ~QUT line.
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CHANGE 3: Use the Component Location Diagram below:

®
@ o e

af:}s RICTe ] -
o{g &8 —
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------ L sETHg ] S— -5 43
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R35 ]e

0{“ R38

Figure &-1. Model £2174, Component Location Diagram

Change CR13 to Rect. 250mA 200prv, 1N485B, 93332, ¢ Part No. 1901-0033.
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CHANGE 4: In the replaceable parts list, Table 6-4, make the following change:

Pl

Fuse Cartridge 18 230V 3AG 312.001 75915 2110-8001

Use the Component Location Diagram below:

%)

@Rl O @ R ®
Q'L R244°°‘ 4&09

BiRinO G
59;@5’??.9:{.

Figure A~2. Model 62173, Component Location Diagram

CHANGE 5:

Page 3~1,
62154
62174

Page 3-1,
52154
62174

Page 4-1,

Page 4-2,

Paragraph 3-2d. Cheange current limit as foilows:
550 % 10mA
310 = 10mA

Paragraph 3~8. Change current limit as follows;
300 - 630ma
200 - 350mA

Tigure 4-1. Delete samplifier Q3.
Paragraph 4-10. Change to:

4-10 When the external load resistance decreasesg, the culput current increases until the current limit
ig reached. The negative voltage developad across R33 and R50 forward biases CR4 controlling the con-

duction

basge of

limited
Page 4~3,

of 5 and Q7. Any further decreases in load resistance increase the negative voltage on the
Q5 which decreases the conduction of Q7. Thus, through feedback action the output current is
to the value at which CR4 conducts.

Paragraph 4-21. Change 0!

4-21 Current limiting occurs when diode CR4 becomes forward biased. Ifs anode potential is determined
by the voltage at the base of Q5. The cathode potential of CR4 is determined by the voltage drop across

current

limit potentiometer R50 which, in turn is connected across the current sampling resistor, The

cathode potential of CR4 is a function of the output current. As this current increages, the drop across



the sempling network increases, and CR4 will start to conduct. Conduction of this dicde clamps the

base of Q5 to a potential which decreases the conduction of the series regulator, thusg limiting the out-

put current. Potentiometer R30 permits the cathode potential of CR4 to be varied and thus changes the

current limiting threshold.

Page 5~7, Paragraph 5-3%c. Chenge:
475 4+ 10ma& fo 550 & 10mA
250 % 10md to 250 4 10mA

Page 6-5 and overall schematic at rear of manual. Change to:

Ci0-12 fxd, ceramic .0Zpf 600Vdc 3 Type ED.0O2
R15,17 fxd, comp 6.2Kn £5% 4 W 2  EB-6225%
S2 Slide Switch, 3PDT, 3" knob, Solder Term. 1 1154-1138
Delete: CR13, @3, R14, R36, R37, and VR2

Add: CR3 Rect, Si. 400mW 10prv 1

On overall schematic at rear of manual, make the following changes:
Delete: O3 and connect wiper of R50 to cathode of CR4.

72982
01121
82389

09182

0150~0024
0686-6225
3181-1172

1901~0460
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Make all corrections in the manual according 1o errata below, then check the follo 3
supply serial number and enter any listed change(s) in the manual,

MANUAL CHANGES

Model 6217A DC Power Supply
Manual Serial Number Prefix 8G

SERIAL MAKE
Prefix Number CHANGES
ALL - Errata
8G 2851 - up 1

ERRATA:

In Paragraph 3-18, delete the entire third sentence
stating that "the output current controis of each
power supply can be separately set, ™

CHANGE 1:

i the replaceable parts table. change R28 1o 820.,

Lw, # Part No, D686-8215,

b-24-68
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