MANUAL

OPERATING AND SERVICE

MODULAR POWER SUPPLIES
L AND M SERIES
MODELS 62605L, 62605M, AND 62615M

l

|
ull'

 PACKARD

HEWLETT |




=)

MODULAR POWER SUPPLIES
L AND M SERIES
MODELS 62605L, 62605M, AND 62615M

OPERATING AND SERVICE MANUAL FOR:
MODEL 62605L, SERIALS 1519A-00101 AND ABOVE
MODEL 62605M, SERIALS 1518A-00322 AND ABOVE

MODEL 62615M, SERIALS 1519A-00101 AND ABOVE

Hewlett-Packard
Printed: June, 1975

Manual Part No. 5950-1756
Microfiche Part No. 5950-1757



SECTION |
GENERAL INFORMATION

11 DESCRIPTION

1-2 These modular power supplies employ a switching-
regulator design for a high degree of efficiency and com-
pactness. All models are completely solid state, utilizing
high-reliability transistors and integrated circuits. The units
all feature constant voltage/current limit operation as well
as overvoltage protection. The output voltage can be adjust-
ed between £5% of nominal, while providing full rated out-
put current. Current limit activation is adjustable to any
load current from 75% to 107% of maximum rated output.
The overvoltage trip point is fixed at 120 £6% of the nom-
inal voltage rating.

1-3 Either the positive or negative output bus bar may
be grounded or the output may be floated off ground.

1-4 The power supplies are packaged in cases of uni-
form dimension and can be bench operated or rack-mount-
ed individually or side-by-side. These supplies are 1/2 rack
width units.

15 SCOPE

1-6 This manual provides installation procedures, op-
erating instructions, principles of operation, maintenance
data, and replaceable parts information for the Hewlett-
Packard modular power supplies listed in the adjacent
chart. Note that the last two digits in the model number
indicate the nominal output voltage of that supply.

1-7 SCHEMATIC

1-8 The modular power supplies covered in this manual
are of similar design differing mainly in component values
rather than in circuit operation. Hence, in general, the
information presented in this manual applies to all of the
power supply models with any significant differences among
the supplies described as applicable. The common schematic
diagram at the rear of this manual includes notes and tables
to identify the differences (mainly in component values)
among the supplies.

19 SPECIFICATIONS

1-10 Detailed specifications for the power supplies are
given in Table 1-1.

1-1

DC OUTPUT
MODEL NOMINAL VOLTAGE CURRENT
(Adj. Span) AT 40°C
62605M 5V (£0.25V) 100A
62615M 15V (£0.75V) 40A
62605L 5V (+0.25V) 60A
1-11 OPTIONS
1-12 Options are factory modifications of a standard

instrument that are requested by the customer. The
following option is available for the instruments covered by
this manual.

OPTION NO. DESCRIPTION

106 187-250Vac, 48—63Hz,
single phase input: factory
modification consists of
various component changes.
(Refer to Section Il for
details).

1-13 ACCESSORIES

1-14 The accessories listed below may be ordered with
the power supply or separately from your local Hewlett-
Packard field sales office (refer to list at rear of manual for
addresses).

HP Part No. Description

62410A Rack Mounting Tray for mounting any
combination of supplies. 19" wide,
5 1/4" high, and 17" deep. (Refer to
Section |l for details.)

62411A Rack Tray Blank Front Panel, 16 1/2"
wide, 5-3/16"" high, 1/8" thick.

62412A Rack Tray Blank Rear Panel, mounts
on rear of rack mounting tray and
allows installation of custom input/
output connectors or other hardware.

62414A Rack Tray Slides provide easy access

to rack mounting tray and its sup-
plies.



Table 1-1. Specifications

INPUT:
104-127Vac, single phase, 48-63Hz. See Option 106.

OUTPUT:
See chart, Page 1-1.

LOAD REGULATION:
Less than 0.05% for a load current change equal to
the current rating of the supply.

LINE REGULATION:
Less than 0.05% for any change within the specified
input voltage rating.

RIPPLE AND NOISE:

Models 62605L, 62605M: "Less than 15mVrms and
50mV p-p (20Hz to 20MHz).

Model 62615M: Less than 15mVrms and 65mVp-p
(20Hz to 20MHz).

TEMPERATURE RANGES:

Operating: 0 to 40°C ambient. Output current derated
linearly for temperatures greater than 40°C.

Storage: —55°C to +85°C.

Cooling: Built-in fan.

TEMPERATURE COEFFICIENT:

Less than 0.02% output voltage change per degree
Centigrade over the operating range from 0 to 40°C at
constant load and line voltage after 30 minutes warmup.

THERMAL PROTECTION:

Heat sink mounted thermostat shuts-off output if
supply overheats due to high ambient temperature.
Thermostat automatically opens when temperature cools
to safe operating level.

STABILITY:

Less than 0.1% total drift for 8 hours after an initial
warm-up time of 30 minutes at constant ambient, con-
stant line voltage, and constant load.

LOAD TRANSIENT RECOVERY:
Output voltage returns to within 1% of nominal in less
than 600usec (62605M) 500usec (62605L) or 300usec
(62615M), following a full to half load change.

CURRENT LIMIT PROTECTION:

Screwdriver adjustment, factory set to approximately
105% of rated current maximum. Current is cutback
to approxima;ely 70% under short circuit conditions.
Minimum adjustment range is approximately 75 to 107%
of rated output current.

OVERVOLTAGE PROTECTION:

Trip Level: The trip voltage is fixed at 120 6% of
nominal output voltage.

Trip Input: A contact closure between terminals A1
and +S can be used to remotely trip the overvoltage
circuit.

Trip Output: The potential across terminals A1 and
+S falls to approximately 0.8V when the overvoltage
circuit trips.

VOLTAGE CONTROL:
Screwdriver adjustment accessible through hole in
front panel. Minimum adjustment range is £5%.

REMOTE SENSING:

Separate remote sensing terminals are provided which
will correct for load lead voltage drops of up to 0.25V
total (Models 62605M, 62605L.) or 0.75V total (62615M).
Load is protected if sensing terminals are inadvertently
opened.

DIMENSIONS:
Refer to Figure 2-1.

WEIGHT (net/shipping):
14 lbs. (6.4kg)/18 lbs. (8.2kg)

1-15 INSTRUMENT/MANUAL
IDENTIFICATION
1-16 Hewlett-Packard power supplies are identified by

a two-part serial number. The first part is the serial number
prefix, a number-letter combination that denotes the date
of a significant design change and the country of manufac-
ture. The first two digits indicate the year (10 = 1970,

11 = 1971, etc.), the second two digits indicate the week,
and the letter A’ designates the U. S. A. as the country

of manufacture. The second part is the power supply serial
number; a different sequential number is assigned to each
power supply, starting with 00101.

1-2

1-17 If the serial number prefix on your instrument
does not agree with that on the title page of the manual,
change sheets supplied with the manual or Manual Back-
dating Changes define the differences between your instru-
ment and the instrument described by this manual.

1-18 ORDERING ADDITIONAL MANUALS

1-19 One manual is shipped with each power supply.
Additional manuals may be purchased from your local
Hewlett-Packard field office. Specify the mode! number,
serial number prefix, and HP Part Number provided on

- the title page.




SECTION I
INSTALLATION

2-1 INITIAL INSPECTION

2-2 Before shipment, this instrument was inspected
and found to be free of mechanical and electrical defects.
As soon as the instrument is unpacked, inspect for any
damage that may have occurred in transit. Save all packing
materials until the inspection is completed. If damage is
found, a claim should be filed with the carrier immediately.
Also, your Hewlett-Packard Sales and Service office should
be notified.

2-3 Mechanical Check

2-4 This check should confirm that there are no bro-
ken terminals and that the panel surfaces are free of dents
and scratches.

2-5 Electrical Check

2-6 The instrument can be checked against its elec-
trical specifications by using the comprehensive performance
tests of Section V. Section Il contains a quick check of
power supply operation which can be used in lieu of the

performance tests, if desired.

2-7 INSTALLATION DATA

2-8 The instrument is shipped ready for bench opera-
tion. It is necessary only to connect the instrument to a
source of power and it is ready for operation.

29 Location and Temperature

2-10 This unit is fan cooled. The space in front of the
air inlet must be clear of obstruction for at least 1-inch to
permit a free air flow. Although clearance along the side

or bottom surfaces is not critical, at least 3/4 inch clearance
above the unit is required to avoid derating.

2-11  Mounting Orientation

2-12 Figure 2-1 shows outline and dimension informa-
tion. As shown, four mounting holes are provided on the
bottom of the supply. The unit can be mounted in any
position except upside down.
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2-13 Rack Mounting

2-14 All modular power supplies can be readily mount-
ed in any combination in a standard 19 inch rack using the
Hewlett-Packard Rack Mounting Tray, Model 62410A. M
and L series supplies are attached to the tray using the four
10-32 threaded mounting holes located in the bottom of the
supply case. A maximum of two of these supplies can be
mounted in the tray.

2-15 INPUT POWER REQUIREMENTS

2-16 The standard supply (no options) is shipped from
the factory wired for 120Vac (nominal) operation and re-
quires the input current and power shown on the following
chart. Also included are the input current and power re-
quirements for option 106 units (refer to next paragraph).

AC INPUT
MODEL CURRENT (Max) POWER (Max)
127Vac 250Vac @ 127Vac
62605M 11.5A 6.3A 750W
62615M 12.6A  6.8A 840w
62605L 8A 4A 450W

22

WARNING

Ensure that the size of the ac ground wire
is at least equal to that of the other two ac
input wires. This minimizes the possibility
of an ungrounded chassis.
2-17 Option, 106, 187-250Vac Input
2-18 For these higher input voltages, Option 106 (a
factory modification) must be ordered with your supply.
This modification includes removal of rectifier jumper A2W1,
described in Note 4 of the schematic, and several parts
changes (fuse, transformer, cooling fan, etc.). All of the
parts changes are listed in Section VI of this manual. Aside
from the input rectifier configuration change associated
with jumper A2W1, circuit operation for an Option 106
unit is identical to that of a standard unit and no special
operating instructions are necessary.
2-19 REPACKAGING FOR SHIPMENT
2-20 To insure safe shipment of the instrument, it is
recommended that the package designed for the instrument
be used. The original packaging material is reusable. If it
is not available, contact your local Hewlett-Packard field
office to obtain the materials. Be sure to attach a tag to
the instrument which specifies the owner, model number,
full serial number, and service required, or a brief descrip-
tion of the trouble.



SECTION I11
OPERATING INSTRUCTIONS

31 TURN-ON CHECKOUT PROCEDURE
3-2 The following checkout procedures describes the
use of the voltage control and ensures that the supply is
operational.

a. Before connecting input power to unit,
connect external voltmeter across +S and —S terminals at
terminal board.

b. Connect unit to input power source using AC,
ACC, and ground terminals. (Use proper wire size in accor-
dance with the input AC current rating listed in Section Il).

c. Observe output voltage of supply on external
meter. Output is factory set to nominal voltage. If desired,
VOLTAGE ADJUST (screwdriver control, accessible through
cut out above terminal board) potentiometer can be used
to set output to any voltage within 5% adjustment span.

d. To verify operation of current limit circuit,
disconnect input power and remove voltmeter. Connect
low resistance current shunt (refer to Table 5-1) across out-
put bus bars. Connect voltmeter to sampling terminals of
shunt and reconnect input power. Observe that voltmeter
indicates voltage proportional to 70 £7% of the rated out-
put current.

e. Remove shunt and voltmeter. Before connect-
ing actual load to supply, read the following paragraphs.

33 OPERATION

34 The supply can be operated in one of two basic
operating modes; normal or remote sensing. Parallel and
series operation are also feasible with this supply. The
following paragraphs describe all of these operating modes
plus supplementary operating information. More theoretical
descriptions regarding the operational features of power
supplies in general are given in Application Note 90A, DC
Power Supply Handbook (available at no charge from your
local HP sales office).

35 Normal Operating Mode

3-6 The power supply is shipped with the rear terminals
connected for Constant Voltage/Current Limiting, local
sensing operation. This strapping pattern is illustrated in
Figure 3-1. Before connecting a load to the supply, check
the rear terminals to ensure that the connections are correct
and that the connecting straps are tightened securely.

3-1
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Figure 3-1. Normal Strapping

37 Current Limit

3-8 Figure 3-2 shows typical current limiting charac-
teristics for this supply. As indicated on the drawing, the
current limit point varies in accordance with the output
voltage. As received from the factory, the initial current
limit point is set to 105 £1% of the current rating with the
output voltage set at nominal value. As shown on Figure
3-2, the initial current limit point will be approximately
107% of current rating if the output voltage is set to 5%
above nominal. If the factory current limit setting is not
compatible with anticipated load requirements, the limit
can be adjusted by means of the CURRENT LIMIT control
(screwdriver adjust directly below terminal strip) as out-
lined in Section V. The minimum adjustment range of the
current limit potentiometer is approximately 75% to 107%
of the current rating. Of course, if the initial current limit
point is changed, the entire cutback line will shift accor-
dingly. For example, a current limit setting of 75% of
rating will result in a short circuit cutback point of
approximately 40%.

3-9 Before altering the current limit, ensure that the
new current limit point is at least 1 Ampere above the
expected operating current. Operating the supply too close
to the current limit crossover point may result in perfor-
mance degradation. In addition, it is not advisable to set
the current limit point above 107% of the rated output cur-
rent. Prolonged operation at these high currents could cause
excessive internal heating and possible damage to the supply.
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Figure 3-2. Typical Current Limiting Characteristics
3-10  Overvoltage Protection

3-11 This supply contains an overvoltage protection cir-
cuit which monitors the output voltage and turns off the
supply if a fixed trip voltage is exceeded. The trip voltage,
determined by fixed components in the overvoltage pro-
tection circuit, is 120 + 6% of the supply’s nominal voltage
rating. The circuit is activated within 30usec of the over-
voltage condition and reduces the output voltage to near

zero (less than 50mV).

3-12 Resetting. If the overvoltage circuit trips (output
voltage falls to near zero) during normal operation, the cir-
cuit latches and input power must be removed to reset the
supply. After removal of the ac power, disconnect any load
from the power supply. Re-appiy input power and determine
if the overvoltage circuit again trips. If it does, there is a
problem in the power supply. Refer to the troubleshooting
procedures to isolate the cause of the overvoltage condition.
If the supply does not trip when the load is removed, check
the load circuit.

3-13 External Overvoltage Connections. Terminals A1
and +S on the rear terminal strip provide a status output in-
dication if the overvoltage circuit trips or; conversely, can
receive an external input which can be used to turn off the

supply.

3-14 Output Status Signal. Terminal A1 is at approxi-
mately +15V with respect to +S under normal (no overvolt-
age) conditions. If an overvoltage occurs, terminal A1 falls
to approximately +0.8V. Terminal A1 sources about 0.1TmA
in the high (normal) state and can sink 1T0mA in the low
(overvoltage) state.

3-15 Input Trip Signal. A contact closure, or other low
resistance path, bewteen terminals A1 and +S will remotely
turn-off the output of the supply. Notice that the external

3-2

"trip’’ input does not actually trip the overvoltage circuit
and, therefore, the circuit does not latch. Thus, when the
contact closure across terminals A1 and +S is removed, the
output voltage returns to normal.

3-16 Connecting Load

3-17 Each load should be connected to the proper sup-
ply output buses using separate pairs of connecting wires.
This will minimize mutual coupling effects between loads
and will retain full advantage of the low output impedance
of the power supply. Each pair of connecting wires should
be as short as possible and twisted or shielded to reduce noise
pick-up. (If a shield is used, connect one end to power sup-
ply ground terminal and leave the other end unconnected.)

3-18 If load considerations require that the output power
distribution terminals be remotely located from the power
supply, then the power supply output buses should be
connected to the remote distribution terminals via a pair of
twisted or shielded wires and each load separately connected
to the remote distribution terminals. For this case, remote
sensing should be used (Paragraph 3-20).

——CAUTION ——

When connecting load lines to
output bus bars, use lockwashers
and tighten securely (to within 28
to 35 inch-pounds). A loose con-
nection will cause undue heating
at the bus bars.

3-19 Grounding. Positive or negative voltages can be
obtained from this supply by grounding either output line

at the load (see warning below). The ac ground terminal

on the supply can be used, if desired, provided it is run out
to the load. This supply can also be operated at up to 40Vdc
above ground, if neither output line is grounded. (Please
consult your local HP sales engineer if you have a special
application that requires floating the output at more than

40Vdc off ground.)
WARNING

Ground at the load only and always use

two wires to connect the load to the supply.
This eliminates the possibility of load cur-
rent return paths through the ac ground
line which could result in an ungrounded

chassis.
3-20 Remote Sensing (See Figure 3-3)
3-21 Remote sensing is used to maintain good regulation

at the load by reducing the degradation that would occur due



to the voltage drop in the leads between the power supply
and the load. Remote sensing is accomplished by utilizing
the strapping pattern shown in Figure 3-3. The power
supply should be turned off before changing strapping
patterns. The leads from the sensing terminals to the load
will carry much less current than the load leads and it is not
required that these leads be as heavy as the load leads. How-

ever, they-must be twisted or shielded to minimize noise
pick-up.
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Figure 3-3. Remote Sensing

3-22 For reasonable load lengths, remote sensing greatly
improves the performance of the supply. However if the load
is located a considerable distance from the supply, added
precautions must be observed to obtain satisfactory opera-
tion. Notice that the voltage drop in the load leads subtracts
directly from the available output voltage and also reduces
the amplitude of the feedback error signals that are develop-
ed within the unit. Because of these factors it is recom-
mended that the total drop in both load leads not exceed
0.25V (0.75V for Model 62615M). If a larger drop must

be tolerated, please consult your local HP sales engineer. In
planning your load hook-up ensure that the load wire size

is taken into account since the diameter of the load wires is
related to the IT drop.

NOTE

Due to the voltage drop in the load
leads, it may be necessary to readjust
the current limit. Refer to Paragraoh 3-7.

3-23  Parallel Operation (Figure 3-4)

3-24 Two supplies (Maximum) can be connected in
straight parallel to obtain a total output current greater than
that available from one power supply. The total output
current is the sum of the output currents of both supplies.
The output voltage of one power supply should be set to
the desired output voltage; the other power supply should
be set for a slightly larger output voltage. The supply set to

the higher output voltage will act as a current limited
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 rated output current which
is necessary to fulfill the total current demand.
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Figure 3-4. Straight Parallel Connections

3-25 The A1 Terminals on both units are connected
together to permit complete overvoltage protection for the
load. If an overvoltage condition occurs, the first supply
that trips will then turn off the other supply via terminal
A1 (Paragraph 3-15).

3-26 Two units can be connected in auto-parallel pro-
vided that certain internal circuit changes are made at the
factory on a special order basis. The advantages of auto-
parallel operation over straight parallel operation are equal
current sharing by both units and complete control of the
output current by one "master’’ supply.

3-27  Series Operation (Figure 3-5)

3-28 Two or more supj. .ies (up to 40Vdc above ground)
can be operated in straight series to obtain a higher voltage
than that available from a single supply. When this connec-
tion is used, the output voltage is the sum of the voltages

of the individual supplies. Auto-Series operation is not
feasible with this type of supply.

3-29 Notice that series operation creates the possibility
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of a reverse voltage being applied across the output terminals
of the supply. If this occurs, the resultant reverse current
flows through the output rectifiers (A4dCR1, CR2) and the
secondary of A4T1. If the unit is receiving input power,

the fan is operating and no damage will occur. However, if
the unit is off (no input power applied) a reverse current of
more than 25% of rating will damage A4CR1, CR2 if applied
for a sustained time period (approximately 25 seconds).
Thus, observe the following precaution when turning on
series connected units.

— CAUTION —™

When applying ac input power to
series connected units, ensure that

all units are turned on within 25
seconds. Reverse current flow for
more than 25 seconds will damage the
output rectifiers.

34

3-30 The A1 overvoltage terminals cannot be connected
together for series operation, as they are in parallel opera-
tion, because the common point for each overvoltage cir-
cuit is always its own + output bus. Thus, each overvoltage
circuit operates independently and the supply with the
lowest trip point in the series ensemble will be the first
(and possibly the only) supply to trip if an overvoltage
occurs.

3-31 SPECIAL OPERATING CONSIDERATIONS

3-32 Temperature

3-33 The normal operating temperature for this supply
is from O to 40°C, ambient. Beyond 40°C, the output cur-
rent is linearly derated to 60% at 70°C (derated to 50% at
70°C for Model 62605L). Additional information on
temperature is given in Section II.

3-34 Overtemperature protection is provided by tem-
perature switch (TS1) which is mounted on the tunnel
assembly heat sink. This switch closes if the heat sink
temperature exceeds a safe value, turning down the supply

to near OV in the same manner as the overvoltage protection
circuit (Paragraph 3-11). Reset of the supply is automatic
after the supply cools down so that the temperature switch
can reopen. Opening and closing temperatures for the switch
are given in the replaceable parts list (Section V!). The switch
requires approximately 3 minutes to reopen if the cooling fan
is on.
3-35 Regulator Overcurrent Protection

3-36 This supply contains a fast acting protection circuit
which monitors the current flowing through the regulator
switch transistors, A3Q5 and Q6. If the regulator current

rises to a level that could damage the switches, the circuit
becomes activated and either reduces or turns-off the output
of the supply. For short duration overloads, the output is
reduced; for long duration overloads, the output is turned
completely off. After the regulator current drops to a safe
value, the overcurrent protection circuit deactivates and allows
the output to rise to normal. Hence, if the overcurrent was

of a transient nature, the output will remain at normal. How-
ever, if the overcurrent condition is being caused by a faulty
component, the protection circuit will be reactivated and the
above process will be repeated causing the output of the sup-
ply to oscillate. If this condition occurs, proceed to Section
V, Table 5-2.



SECTION IV
PRINCIPLES OF OPERATION
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Figure 4-1. Typical Modular Switching Supply, Block Diagram
4-1 INTRODUCTION 4-5 Preregulator Loop
4-2 This section contains principles of operation for 4-6 The ac input voltage is first applied to the preregu-
g g

the modular switching supplies. Theory is presented on
both a block diagram and schematic circuit level.

4-3 BLOCK DIAGRAM THEORY

4-4 Figure 4-1 is a simplified block diagram showing the
major elements of the supply. For simplification, some of
‘the less important circuits have been omitted from the dia-
gram. Each supply is made up of seven major elements: a
preregulator triac, input rectifier-filter, a pair of push-pull
switching transistors, an isolation transformer, an output
rectifier-filter, a preregulator control circuit, and a pulse-
width modulated feedback network which controls the reg-
ulator switches. Three supplementary circuits; current limit,
overvoltage protection, and a reference voltage supply are
important parts of the supply and are also shown on Figure
4-1.

4-1

lator triac which operates in conjunction with a control cir-
cuit to form a feedback loop. The preregulator feedback
loop minimizes the power dissipated by the regulator switches
(Q5 and Q6) by keeping the input rectifier voltage at a rela-
tively low and constant level. To accomplish this, the con-
trol circuit issues a phase adjusted firing pulse to the triac
once during each half cycle of the input ac. The control
circuit continuously samples the voltage across the rectifier
(for load compensation) and the input line voltage (for line
voltage compensation). On the basis of these inputs, the cir-
cuit then determines at what time each firing pulse is gener-
ated.
4-7 Switching Regulator Loop

4-8 The phase adjusted output of the triac is rectified
and filtered and then applied to the switching regulator
transistors. These transistors, together with the switch



drivers, pulse width modulator, 40kHz oscillator, turn-on
comparator, and voltage comparator, form another feedback
loop which exercises a fine and “rapid”’ control of the out-
put. The preregulator loop of the previous paragraph han-
dles the large, relatively slow, regulation demands.

4-9 The feedback elements control the ON/OFF periods
of the switching transistors in order to adjust the duty cycle
of the rectangular waveform delivered to the output rectifier-
filter. For example, if the output voltage attempted to de-
crease, the feedback network would sense the change and
hold the switch transistors ON for longer periods of their
switching cycles. An attempted increase is corrected by
reducing the ON periods of the switching transistors. The
output rectifier-filter rectifies and averages the bi-polar switch
waveform to produce a dc output level which is proportional
to the duty cycle of the waveform.

4-10 The 40kHz oscitiator estabiishes the swiiching fre-
quency of the loop with the asymetrical waveform shown on
Figure 4-2. The 4usec positive portion of the clock signal
serves two purposes within the pulse width modulator. First,
it alternates routing of turn-on triggers to the switching tran-
sistors; and second, it establishes a 4usec ""safety band’’ which
clamps off both drive:signals, and thus insures that the switch-
ing transistors will not both turn on at the same time. Any
time during the 21usec “"operating frame'’ a drive signal can
be started by a turn-on trigger pulse, but it will always be ter-
minated at the next 4usec period. From the timing relation-
ships shown in Figure 4-2, it can be seen that the period of
the drive signals (and thus the ON times of the switching
transistors) depends on the position of the turn-on trigger
pulse in the 21usec frame; if it occurs early in the frame, the
drive pulses will be wide; if it occurs late in the frame, the
drive pulses will be narrow.

4-11 The turn-on trigger pulses are generated by a level
comparator in U6. This circuit compares the output voltage
at the + terminal (circuit common) with a summation of the
fast and slow sense signals. The fast sense signal has the
greatest effect on circuit operation and will be discussed
first. This signal, taken just after the first L-C filter, has a
triangular ripple component, sloping negatively when a
switching transistor is ON and positively when both trans-
sistors are OFF. When the sensed voltage reaches the + out-
put potential, (firing threshold) the comparator generates

a turn-on trigger pulse. Immediately, one of the switching
transistors turns ON and the output starts to slope nega-
tively again. |f the load demand:increases, the sensed voltage
will rise more rapidly, the trigger pulses will be generated
earlier, and the switching transistors will stay ON for longer
periods to supply the increased demand. Conversely, a re-
duced load will lengthen the positive slope, causing the turn-
on trigger to occur later, and the switching transistors will
conduct for shorter periods.
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Figure 4-2. Switching Regulator Loop Waveforms

4-12 The slow sense input improves the regulation of the
supply by including in the level comparison, the losses occur-
ing between the fast sense point and the final dc output.
This input is actually a slowly varying dc "bias’’ voltage
which provides a means of making a slight correction to the
fast sense waveform. A positive going slow sense voltage
moves the entire fast sense waveform closer to the + out
threshold resulting in the generation of an “earlier’” turn-on
trigger. A negative going slow sense input has the opposite
effect. The slow sense voltage is produced by voltage com-
parator, U1, which compares the output voltage with a Zener
reference voltage. Any difference between the two voltages
is amplified and slowly varies the slow sense input to the
level comparator.

4-13  Current Limiting Circuit

4-14 The current limit comparator monitors the output
current of the supply by sensing the IR drop across a low
value sampling resistor. If the load current exceeds a preset
limit, (established by the current limit adjust potentiometer
and the output voltage), the current limiting circuit becomes



energized and reduces the slow sense voltage applied to the
level comparator. This in turn cuts back the output current.

4-15 Overvoltage Protection Circuit

4-16 This circuit monitors the output voltage of the sup-
ply. If the output voltage exceeds a preset limit (120% of
the nominal rated output voltage) the overvoltage circuit

will activate, clamping off the drive pulses at the pulse width
modulator and turning down the slow sense voltage. This
reduces the output to approximately O-volts. Once tripped,
the overvoltage circuit latches and ac power must be removed
in order to reset the circuit.

4-17 SCHEMATIC THEORY

4-18 The following paragraphs contain a brief description
of all of the power supply circuits. Throughout this discus-
sion refer to the schematic diagram, Figure 7-8.

4-19  Preregulator Control

4-20 Preregulation is accomplished by means of a phase
control circuit utilizing triac CR1 as the switching element.
These circuits maintain a constant output voltage across
rectifier package U1 by controlling the firing time of the
triac.

4-21 To compute the triac firing time, the control cir-
cuit monitors two inputs; a rectified ac input ("'line com-
pensation’’ applied to the gate input of CR12) and the
rectifier output ("'E rectifier’” applied to pin 4 of differen-
tial amplifier U5). The ac input compensates for variations
in the ac line, while the rectifier input compensates for
variations in the rectifier load (regulator switches, etc.).

The rectifier input voltage is divided down and then com-
pared with +3.6V reference voltage at pin 2 of the differ-
ential amplifier. Error voltages at the collector (pin 1) are
used to control the conduction of current source Q8; which,
in turn, controls the charging rate of ramp capacitor, C14.
The positive end of C14 is connected to the anode (A) input
of a programmable unijunction transistor CR12. This device
is similar to a conventional unijunction transistor except
that its firing point can be more closely controlled.

4-22 When the ramp voltage at the anode of CR12
becomes more positive (about 0,5V) than the ac gate poten-
tial (see Figure 4-3), CR12 conducts. The conduction of
CR12 allows ramp capacitor C14 to discharge through pulse
transformer T2 resulting in the generation of a triac firing
pulse. Notice that C14 discharges rapidly, turning.off CR12
and returning the ramp voltage to its_starting point. At this
time, the ramp capacitor begins charging up again and the
previous cycle is repeated, ending with the generation of
another firing pulse of a smaller amplitude. Although two,
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Figure 4-3. Preregulator Waveforms

or even more, firing pulses can be generated during each
half cycle of the input ac, only the first firing pulse affects
the operation of the preregulator. Once the triac is fired,

it remains in conduction until that particular half cycle is
completed. At the end of the half cycle, the circuit is reset
(TP51) by the conduction of U5 (pins 13-and 14) which
discharges C14, ensuring that the ramp voltage always starts
at the same point near the beginning of each half cycle.

4-23 How the preregulator control circuit compensates
for load and line variations, can be seen by examining the
ramp and ac input voltages at TP12. Notice that the slope
of the ramp voltage affects the firing time of the triac. For
example, a steeper ramp will result in an earlier firing time
and momentary boost in the ac voltage applied to the rec-
tifier. The magnitude of the ac input voltage applied to the
gate input of CR12 also affects the triac firing time. At high
line, the gate input is of course, higher, and the anode volt-
age of CR12 takes a longer time to reach the gate voltage.
This results in a later triac firing time. The triac is fired
earlier during the half cycle, if the ac input is at low line.

In this manner, the preregulated ac voltage applied to the
rectifier is maintained constant despite line variations.

4-24 The preregulator control circuit has its own regu-
lated bias supply which develops the +12V and +3.6V ref-
erence voltages used by this circuit. The reference supply
consists of step-down transformer T1, bridge rectifier
(CR3-CR6), filter capacitor C16, series regulator Q4 and



error amplifier U5. The error amplifier senses a portion of
the +12V output at its emitter (pin 9) and compares it with
a +7.32V zener reference voltage connected to its emitter

(pin 10). Error signals are applied directly to series regulator
Q4.

4-25 Input Rectifier-Filter

4-26 The ac input to the supply is coupled through line
fuse F1, an RF1 filter, and triac CR1 to the input rectifier-
filter circuit. This circuit consists of bridge rectifier module
U1, filter capacitors A2C1 and C2, and equalization resistors
A2R1 and R2. Components A2L1, L2 and C5 provide ad-
ditional RFI filtering. When the supply is operated from a
120Vac source, jumper W1 is installed and the circuit func-
tions as a voltage doubler. With a 187 to 250Vac input, the
jumper wire is removed and the circuit becomes a full-wave
bridge rectifier and filter. In this way, the dc voltage sup-
plied to the switching transistors is the same (approximately
220Vdc) regardless of the ac input. (Other changes are re-
quired for a 187-250Vac input, refer to Section |1, Option
106.
4-27 Regulator Switches and Drivers

4-28 The regulator switches, part of the switching regu-
lator loop, were previously discussed in paragraph 4-7. All
of these components are located on Driver Board ABA3,
inside the tunnel assembly.

4-29 The driver circuit consists basically of predrivers

Q1 and Q2, drivers Q3 and Q4, and a center-tapped isolation
transformer, T1. As shown previously, on Figure 4-2, when
the “modulator drive 1" input switches low, switching tran-
sistor Q5 conducts. Diodes CR9 and CR17 prevent Q5 from
saturating too heavily by keeping the collector-emitter volt-
age at approximately 1.5V during conduction. The “mod-
ulator drive 2" input controls an identical switch circuit
composed of Q6 and associated components.

4-30 When the modulator drive 1 signal is low, predriver
Q2 is off and Q4 is on. Diode CR7 prevents Q4 from going
too far into saturation. During the safety band period, when
both modulator drive signals are high, driver Q4 is turned
off. Filter C7 and L1 and CR4, CR8 prevent transformer
overshoot from possibly turning on one of the switching
transistors during the safety period.

4-31  Output Rectifier-Filter

4-32 This circuit consists of a full-wave rectifier

4-4

(ABA4CR1, CR2) and a two section L-C filter ABA4L1,

C1 and L2, C2. The circuit receives a bi-directional pulse-
width modulated signal from the secondary of isolation
transformer A4T1 and provides the necessary rectification
and filtering to produce a smooth dc output voltage. Induc-
tor L3 helps to shape the fast sense signal applied to the
turn-on level comparator.

4-33  Pulse Width Modulation Circuits

4-34 This circuit generates pulse-width modulated drive
signals to control the swtiching transistors. :I'he frequency
of the drive pulses is fixed at 40kHz but their width varies
as a function of the position of turn-on trigger pulses re-
ceived from the turn-on level comparator circuit.

4-35 Idealized waveforms for this circuit, are shown on
Figure 4-4. The circuit consists of 40kHz oscillator, a buffer
stage (UB), two inverters (U3), two D-type, positive-edge
triggered flip-flops (U2), and two NAND gates (U3). F/F2
generates the modulated drive pulses and also controls
F/F1. Two signals, the turn-on trigger pulses from U3-3
and the CLK output from U6-13, control F/F2. The 40kHz
CLK signals are applied to the CLK input and each time
the pulse switches low it forces the Q-output low, initiating
a new 2busec frame. The Q-output remains low until the
CLK input of F/F2 is strobed by a positive turn-on trigger
occurring sometime during the 21usec ""window’’. From
the timing diagram of Figure 4-4 it can be seen that the
width of the drive pulses at the Q-output of F/F2 depends
on how soon a trigger pulse appears in the window. For
heavy power supply loads, the trigger will occur early and
widen the pulses; for light loads the trigger will occur later
and reduce the pulse width.

4-36  The Q-output of F/F2 controls F/F1. F/F1is
connected in a toggling configuration (Q connected back
to D) so that each time the Q-output of F/F2 switches high,
the Q and 5outputs reverse state. The Q and C_loutputs

of F/F1 are logically NANDed with the Q-output of F/F2
and the results of this operation become the modulated
drive signals for the switching transistors.

4-37 Notice that the CLK pulses from U3-11 are fed to
inverter U3 (pin 1) where they are ORed with the turn-on
triggers. These clock pulses provide the transitions neces-
sary to ensure that F/F2 will continue to switch during
periods when the supply is experiencing loading transients.
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Figure 4-4. Pulse Width Modulator Waveforms
4-38 Turn-On Trigger Generation Circuits

4-39 This circuit group consists of constant voltage com-
parison amplifier U1, turn-on level comparator U6, and
associated components. All circuits are located on card A1.

4-40 Voltage comparator U1 senses a portion of the out-
put voltage of the supply (at the junction of R2 and R3)
and compares it with a +3.6V reference voltage (junction

of R4, R5). The reference voltage is obtained from a Zener
diode inside the U1 package. Difference voltages are applied
to the level comparator via a non-inverting error amplifier;
also part of U1.

4-41 Turn-on comparator U6 performs a level compar-
ison between a +0.6Vdc potential (forward voltage drop
across CR16) at pin 7 and a voltage at pin 6 which consists

of the fast sense signal from the output filter, the slow sense
bias from U1, and a stabilizing signal from the equalization
circuit. These three inputs are summed across resistors R9,
R8, and R25 with the fast sense signal having the major
influence on circuit operation. As previously shown on Figure
4-2, a turn-on trigger is initiated when the fast sense voltage
rises above the +0.6V threshold potential. The trigger is
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terminated when the sense voltage falls below the threshold
point.

4-42 Equalization Circuit

4-43 A characteristic of switching loops such as this, is
that for duty cycles of less than 50% (where the OFF periods
of the switching transistors become greater than the ON
periods) the loop becomes unstable and will oscillate. This
condition is corrected by generating an equalization ramp
and summing it with the fast sense voltage to increase the
positive siope of the fast sense signal during short duty cycles.

4-44 The circuit consists of an integrating capacitor (C7)
and a “reset”” transistor (Q2). Two input signals control the
circuit; the CLK input from inverter U3 and the pulse-width
modulated output of F/F2 which serves as a reset signal. As
shown on Figure 4-5, when both inputs are low, Q2 is cut
off and C7 is allowed to charge through R24. When either
input goes high, Q2 conducts, discharging C7. The level to
which C7 can charge depends on when the reset input goes
high. For duty ¢ycles of 50% or greater, C7 has little time
to charge. For shorter duty cycles, C7 is allowed to charge
for a longer period and the stabilizing signal becomes more
positive.

4-45 Current Limiting Circuit

4-46 This circuit ensures that the output current of the
supply does not exceed the level set by the CURRENT
LIMIT adjust potentiometer, R15. During normal (constant
voltage) operation. Q10B is on holding Q1 and CR15 off.
Current limiting occurs if the output current becomes high
enough to turn on Q10A. Transistor Q1 is then allowed to
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conduct, forward biasing isolation diode CR15, and applying
a negative going signal to pin 13 of error amplifier U1. The
feedback network then causes the output voltage of the sup-
ply to decrease and thus limit the load current.

4-47 Transistor Q7 speeds-up the action of the current
limiting circuit during severe (short circuit) overload condi-
tions. This transistor conducts for a short period (due to the
heavy conduction of Q1) at the beginning of the overload,
discharging capacitors C12 and C5. After the capacitors
have been discharged, Q7 turns-off and remains off unless
the supply is again short circuited.

4-48 The current limiting circuit contains a current cut-
back feature which minimizes power dissipation in the
switching transistors. As the load resistance decreases, the
output current is cutback linearly to approximately 70% of
rated output current under short circuit conditions (see
Figure 3-2). Cutback is made possible by R11 and R12
which are connected across the output of the supply. Under
short circuit conditions, the current flow through R11, R12
decreases, driving the emitter of Q10A more negative. Q10A
and Q1 then conduct even harder, further increasing the OFF
periods of the switching transistors and thus cutting back

the output current.

4-49 Overvoltage Protection Circuit

4-50 This circuit consists of comparator A1U5 and driver
A1Q9. When the output voltage of the supply is below the
trip voltage (120% of nominal), Q9 is off and associated
isolation diodes CR27 and CR28 are reverse biased.

4-51 Comparator U5 continuously compares a portion
of the output voltage (pin 4) with a 3.1Vdc reference volt-
age at pin 5. If the output voltage exceeds the trip level
(established by voltage divider resistors R64-R67) the out-
put of U5 becomes sufficiently positive to turn-on Q9. With
Q9 on, its collector voltage drops to near OV. Diode CR19
couples this low level back to U5, pin 4, to latch the circuit
in the tripped state. With Q9 latched in the on state, diode
CR27 becomes forward biased holding F/F2 (in the pulse
width modulator) in the clear state. This removes the drive
pulses, cutting off the switch transistors and decreasing the
output voltage to approximately 0 volts. To avoid a recovery
overshoot when the unit is reset, a “turn-down”’ signal is also
sent to the slow sense circuitry via CR28, CR20, and R69.

4-52 External trip inputs are coupled to both the pulse
width modulator (CR21) and the slow sense circuits (CR20)
in the same manner as the internal trip signal. However,
isolation diode CR28 is reverse biased at this time and the
overvoltage circuit will not latch due to an external trip
input.
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4-53  Regulator Overcurrent Protection Circuit
4-54 This circuit ensures that the internal current flowing
through regulator switches ABA3Q5 and Q6 does not exceed
a level (approximately 130% of normal) which could damage
the switches. The circuit monitors the switch current by
means of input transformer AGAGT1. This transformer serves
as the secondary winding of the transformer, while the wire
that is in series with power transformer A4T1 serves as the
primary of the input transformer. The wire is run physically
through the center of the A6T1 core and, thus, induces the
current flowing along the wire into the secondary winding.
The rectangular input current is rectified by CR1-CR4 and

the magnitude of the resultant voltage across R3 is propor-
tional to the current through the regulator switches. During
normal operation, the voltage across R3 is not high enough to
break down Zener diode VR1 and transistor Q1 is therefore
held off. However, if the regulator current exceeds the 130%
threshold, VR1 breaks down allowing Q1 to conduct. The
output of Q1 is fed to both the pulse width modulator (via
diode A1CT21) and to the slow sense circuitry (via ATCR20)
turning off the supply in the same manner as the overvoltage
protection output (Paragraph 4-51), Once the regulator
current drops below the threshold, Q1 turns off and the sup-
ply resumes normal operation unless the overioad was caused
by a component failure.

4-55 Main Reference and Driver Bias Supplies

4-56 The main reference supply produces three operating
voltages (+15V, +6.2V, and +5V) for the other circuits of
the supply. It also provides a +14V start-up bias for the
driver circuits until the driver bias supply can begin to pro-
duce the +17V takeover bias. The main reference supply
has a turn-on delay of approximately one-second before it
begins to provide any of the above operating voltages. The
delay period permits‘the preregulator to stabilize before the
switching transistors and other control circuitry are allowed
to operate. The one-second delay is obtained by capacitor
C20 which controls the conduction of current source, Q6.
When power is first applied, C20 begins charging through
R72. Switch transistor Q13 is off at this time, holding off
differential error amplifier (Q3, Q12) and series regulator
Q5. As the charge on C20 increases, Q6 conducts more
heavily until Zener diode VR4 breaks-down and.- Q13 turns-
on. With the emitter path to Q3 and Q12 completed, Q5

is allowed to conduct and the reference supply begins to
product its output voltages. Transistor Q14, which acts as
a control switch, also conducts at this time. Diode CR22

is then forward biased providing a start-up voltage of ap-
proximately +14V to the switch driver circuits. As the
regulator switches begin to cycle, the driver bias supply be-
gins operating and quickly provides the +17V takeover bias
to the driver circuits. When this occurs, CR22 becomes



reverse biased and the start-up bias voltage is removed.
4.57 Additional Protection Features

4-58 Aside from the normal protection provided by the
current limit, overvoltage, and regulator overcurrent protec-
tion circuits, the supply also contains several special purpose
components which protect the supply in case of unusual
circumstances. One of these components is thermal switch
TS1 which closes if the heat sink temperature exceeds a safe
value (approximately 200°F). With TS1 closed, diode CR21
becomes forward biased shutting off the modulator drive
pulses in the same manner as the overvoltage and overcurrent
protection circuits, (Paragraphs 4-51 and 4-54). The switch
automatically opens after the supply has cooled sufficiently

4-7

(nominally 140°F) and normal operation resumes, unless
TS1 closed as a result of a failure.

4-59 Sensing protection resistors ATR73 and R74 pre-
vent the load from receiving a higher than normal voltage
if the connections between the output bus bars and the
sensing terminals (+S and —S) are removed inadvertently.

4-60 The output rectifier diodes, A4CR1-CR2, provide
a path for any reverse currents which could be injected into
the supply by an active load. The supply can sink up to
25% of rated output current under steady state conditions;
or 100% of rated output current for shorter time periods
(approximately 25 seconds).



SECTION V
MAINTENANCE

5-1 INTRODUCTION

b-2 Upon receipt of the power supply, the perform-
ance check of Paragraph 5-6 can be made. This check is
suitable for incoming inspection. Section |1l contains a
quick but less comprehensive checkout procedure which
can be used in lieu of the performance check, if desired.

5-3 If a fault is detected in the power supply while
making the performance check or during normal opera-
tion, proceed to the troubleshooting procedures (Para-

graph 5-33). After troubleshooting and repair (Paragraph
5-44) repeat the performance check to ensure that the
fault has been properly corrected and that no other faults
exist. Before performing any maintenance checks, turn
on the power supply and allow a half-hour warm-up.

5-4 TEST EQUIPMENT REQUIRED

5-5 Table 5-1 lists the test equipment required to
perform the various procedures described in this

section.

Table 5-1. Test Equipment Required

REQUIRED RECOMMENDED
TYPE CHARACTERISTICS USE MODEL
Digital Sensitivity: 100mV full scale Measure DC voltages: HP 3450A
Voltmeter (min.). Input impedance: calibration procesures
10 megohms (min.). and troubleshooting.
Variable Range: 90—130Vac (Higher Vary ac input for line —_—
Voltage for option 106). Equipped regulation test.
Transformer with voltmeter accurate

within 1 Volt.

Oscilloscope

Sensitivity: 10mV/cm.
Differential input.

Display waveforms for
testing and trouble-
shooting.

HP 1408 plus 1400B
plug-in. 1402A plug-in
for noise measurements.

Frequency
Counter

Freq: 100kHz
Accuracy: 0.01%
Input Imp: 1 Meg.

Adjust oscillator
frequency.

HP 5300A counter plus
5301A plug-in.

Resistive
Load

Value: See Paragraph 5-11
Tolerance: 5%

tor. (Fixed resistor or
Rheostat.)

Power supply load resis-

James G. Biddle Carbon
Pile Rheostat Number 10.

Current
Sampling
Resistor (Shunt)

Value: See Paragraph 5-13.
Accuracy: 1% (minimum).

Measure output current.

62605M: Simpson Shunt,
Model 06713, 5mV @ 100A.
62605L: Simpson Shunt,
Model 06711, 50mV @ 75A.
62615M: Simpson Shunt,
Model 06709, 50mV @ 50A.
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5-6 PERFORMANCE TEST

5-7 The following test can be used as an incoming in-
spection check and appropriate portions of the test can be
repeated to check the operation of the instrument after re-
pairs. The tests are performed using the specified nominal
input voltage for the unit. If the correct result is not ob-
tained for a particular check, proceed to troubleshooting
(Paragraph 5-33).

5-8 Measurement Techniques

5-9 Connecting Monitoring Device. For the following
Constant Voltage measurements, the measuring device
must be connected across the rear sensing terminals of the
supply in order to achieve valid indications. A measure-
ment made across the load includes the impedance of the
leads to the load and such lead lengths can easily have an
impedance that is greater than the supply impedance, thus
invalidating the measurement. To avoid mutual coupling
effects, each monitoring device must be connected directly
to the sensing terminals by separate pairs of leads.

5-10 Avoid Current Limiting. When measuring the con-
stant voltage performance specifications, the current limit
point should be set at least 1 Ampere above the maximum
output current which the supply will draw, since the onset
of current limiting action will cause a drop in output volt-
age, increased ripple, and other changes not properly
ascribed to the constant voltage operation of the supply.
The current limit potentiometer is factory set to 105£1%
of the rated output current.

5-11 Selecting A Load Resistor. Constant voltage speci-
fications are checked with varying amounts of load resistance
connected across the supply. Where a “"full’’ load resistance
is required, the value and wattage of the resistor must per-
mit operation of the supply at its rated (100%) output volt-
age and current. For example, a supply that is rated at b
volts at 100A (Model 62605M) would require a load resis-
tance of 0.05 ohm. The wattage rating of the 0.05 ohm
resistor would have to be 500 watts, minimum.

5-12 Either fixed or variable resistors (rheostat type)
can be used as load resistors. A rheostat is convenient when
changing load resistances and when measuring the output
current of the supply. A rheostat of the type recommended
in Table 5-1 is adequate for any supply covered by this man-
ual. This device is used in conjunction with a sampling re-
sistor and voltmeter to accurately set the output current
(refer to next paragraph). If fixed load resistors are used,
their tolerances must be accounted for in evaluating the

test results.

5-13 Output Current Measurements. For accurate out-

put current measurements a current sampling resistor should
be inserted between the load resistor(s) and the output of
the supply. An accurate voltmeter is then placed across the
sampling resistance and the output current at any time can
be calculated by dividing the voltage across the sampling re-
sistor by its ohmic value. The total resistance of the series
combination (sampling resistor and load resistor) should be
equal to the desired load resistance as outlined in the preced-
ing paragraphs. Of course, if the value of the sampling re-
sistance is very low when compared to the full load resis-
tance, the value of the sampling resistance may be ignored.
The meter shunt recommended in Table 5-1, for example,

is only 0.5 milliohm and can be neglected when calculating
the load resistance of the supply.

b-14 Figure 5-1 shows a four terminal meter shunt. The
load current is fed to the extremes of the wire leading to
the resistor while the sampling terminals are located as close
as possible to the resistance portion itself.

CURRENT SAMPLING
TERMINALS

EXTERNAL

LOAD

TO UNGROUNDED
TERMINAL OF

POWER SUPPLY

TO GROUNDED
TERMINAL OF

SAMPLING POWER SUPPLY
RESISTOR

LOAD
TERMINALS

Figure 5-1. Current Sampling Resistor Connections

5-15 Rated Output

5-16 Voltage. To ensure that the supply will furnish
rated output voltage, proceed as follows:

a. Connect digital voltmeter across +S and -S ter-
minals of supply observing correct polarity.

b. Apply input power to supply.

c. With no load connected, set output voltage of .
supply to any value desired within adjustment span. This
output voltage can be used for all remaining constant volt-
age tests.

d. With supply off, connect full load resistance
across + and - output terminals of supply (see Paragraph
5-11).

e. Reconnect input power to supply. Voltmeter
should read output voltage set in Step ¢ (within tolerances
of load resistor and meter).

5-17 Current. To ensure that the supply will furnish
the maximum rated output current, proceed as follows:

a. Connect test setup shown in Figure 5-2. Select
load and current sampling resistor values according to
Paragraphs 5-11 and 5-13.

b. Apply input power to supply and adjust RL
until digital voltmeter indicates a voltage drop which is



proportional to the maximum rated output current.

POWER SUPPLY
UNDER TEST
+ - R
o o i
DIGITAL
(RHEOSTAT) VOLTMETER
CURRENT -t
SAMPLING QP
RESISTOR

Figure 5-2. Output Current, Test Setup

5-18 Load Regulation
Definition: The change, A EOUT' in the
static value of dc output voltage resulting
from a load change from 0 to 100% (or
vice versa) of rated output current.
5-19 To check load regulation, proceed as follows:
a. Connect full load resistance across output bus
bars (Paragraph 5-11).

b. Connect digital voltmeter across £S terminals.

c. Apply input power and record output voltage
on voltmeter.

d. Disconnect load resistance.

e. Reading on voltmeter should not vary from
reading of step c by more than 0.05%.
5-20 Line Regulation
Definition: The change, A EOUT' in the
static value of dc output voltage resulting
from a change in ac input voltage over the
specified range from low line (usually 104
Volts) to high line (usually 127 Volts), or
from high line to low line.
5-21 To test the line regulation, proceed as follows:
a. Connect variable auto transformer between in-

put power source and power supply power input terminals.

b. Connect load resistance and digital voltmeter
across output of supply.

c. Adjust variable auto transformer for low line
input.

d. Turn on setup. Read and record output volt-
age on digital voltmeter.

e. Adjust variable auto transformer for high line
input.

f. Reading on digital voltmeter should not vary
from reading recorded in step d by more than 0.05%.
5-22 Ripple and Noise
Definition: The residual AC voltage which
is superimposed on the DC output of a reg-
ulated power supply. Ripple and noise may
be specified and measured in terms of its
RMS or (preferably) its peak-to-peak value.

5-23 Ripple and noise measurement can be made at any
input AC line voltage combined with any DC output voltage
and load current within rating.

5-24 Figure 5-3A shows an incorrect method of measur-
ing p-p ripple. Note that a continuous ground loop exists
from the third wire of the input power cord of the supply
to the third wire of the input power cord of the oscilloscope
via the grounded power supply case, the wire between the
negative output terminal of the power supply and the verti-
cal input of the scope, and the grounded scope case. Any
ground current circulating in this loop as a result of the dif-
ference in potential EG between the two ground points
causes an IR drop which is in series with the scope input.
This IR drop, normally having a 60Hz line frequency funda-
mental, plus any pickup on the unshielded leads intercon-
necting the power supply and scope, appears on the face of
the CRT. The magniture of this resulting signal can easily
be much greater than the true ripple developed between the
plus and minus output terminals of the power supply, and
can completely invalidate the measurement.

5-25 The same ground current and pickup problems can
exist if an RMS voltmeter is substituted in place of the oscil-
loscope in Figure 5-3. However, the oscilloscope display, un-
like the true RMS meter reading tells the observer immedi-
ately whether the fundamental period of the signal displayed
in 8.3 milliseconds or 16.7 milliseconds (10 or 20 milliseconds
for a 50Hz input). Since the fundamental ripple frequency
present on the output of an HP supply is 120Hz (due to full-
wave rectification), an oscilloscope display showing a 120Hz
fundamental component is indicative of a "clean’’ measure-
ment setup, while the presence of a 60Hz fundamental usu-
ally means that an improved setup will result in a more accu-
rate (and lower) value of measured ripple.(For a 560Hz power
input, the frequencies would be 100Hz or 50Hz.)

5-26 Figure 5-3B shows a correct method of measuring
the output ripple of a constant voltage power supply using
a single-ended scope. The ground loop path is broken by
floating the power supply output. Note that to ensure that
no potential difference exists between the supply and the



oscilloscope, it is recommended that whenever possible they
both be plugged into the same ac power bus. If the same bus
cannot be used, both ac grounds must be at earth ground
potential. The terminating resistor (RT) must be physically
connected as close as possible to the output terminals of

the supply and its value should match that of the coaxial
cable.

POWER SUPPLY 0SCILLOSCOPE

CASE CASE
AC — RL
VERTICAL
INPUT AC
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GND! GND
]
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A. INCORRECT METHOD- GROUND CURRENT Ig PRODUCES 60 CYCLE
DROP IN NEGATIVE LEAD WHICH ADDS TO THE POWER SUPPLY
RIPPLE DISPLAYED ON SCOPE.

POWER SUPPLY OSCILLOSCOPE
CASE CASE
AC —]
RL
VERTICAL
Ac COAX INPUT AC
e 508 ~ ACC
GND— ] TV IR —O+ O GND
508 ]
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B. CORRECT METHOD USING SINGLE - ENDED SCOPE. SUPPLY OUT-
PUT IS FLOATED TO BREAK GROUND CURRENT LOOP, TERM-
INATING RESISTOR (MATCHED TO IMPEDANCE OF COAXIAL CABLE)
REDUCES LINE REFLECTIONS.

Figure 5-3. Ripple and Noise, Test Setup

5-27 To verify that the oscilloscope is not displaying
ripple that is induced in the leads or picked up from the
grounds, the (+) scope lead should be shorted to the (—)
scope lead at the power supply terminals. The ripple value
obtained when the leads are shorted should be subtracted
from the actual ripple measurement.

5-28 Ripple and/or noise output measurement proce-
-dures are given in the following steps. If a high frequency
noise measurement is desired, an oscilloscope with suffic-
ient bandwidth (20MHz) must be used. To measure the

ripple/noise output, proceed as follows:

a. Connect oscilloscope or RMS voltmeter as
shown in Figure 5-3B.

b. Connect full load resistance across supply
(Paragraph 5-11).

c. Connect input power and observe ripple or

noise. It should be less than 15mV rms or 50mV p-p (65mV

p-p for Model 62615M).
5-29 Load Transient Recovery

Definition: The time "X’ for output volt
age recovery to within "Y' millivolts of the
nominal output voltage following a ""Z"’
amp step change in load current — where:
"X" = time given in Figure 5-5, "Y' = 1%,
and "’Z" is the specified load current change,
equal to half of the current rating of the
supply. The nominal output voltage is
defined as the DC level half way between
the static output voltage before and after
the imposed load change.

5-30 Transient recovery time may be measured at any
input line voltage combined with any output voltage and
load current within rating.

5-31 As shown in Figure 5-4, a hand-operated switch is
used to switch between half and full load operation. The
resultant one-shot displays are observed on an oscilloscope.
A storage type oscilloscope, such as the HP Model 181A, is
useful when attempting to observe the single shot events.
Each load resistor is twice the normal full load resistance
(Paragraph 5-11). The switch must be capable of handling
at least half of the supply’s output current and care should
be taken so that contact “bounce’’ does not mask the true
transient recovery waveform.

POWER SUPPLY
UNDER TEST

+s /+ —q:iy/

RTI

OSCILLOSCOPE
NOTES:

I. RT) AND RT2 ARE EACH

EQUAL TO TWICE THE NORMAL
FULL LOAD RESISTANCE
(2XRp ).

. SWITCH IS SPDT WITH
SUFFICIENT CAPACITY TO
WITHSTAND HALF THE DC
CURRENT RATING OF THE
SUPPLY.

THE HAND OPERATED SWITCH
IS SUGGESTED AS AN INEXPEN -
SIVE METHOD OF SWITCHING
THE LOAD. HOWEVER EASIER
MEASUREMENTS CAN BE MADE
USING OTHER METHODS; SUCH
AS AN ELECTRONIC LOAD DE-
VICE (T.D. 1.,MODEL DLP) ORA
TRANSISTOR SWITCHING NET-
WORK.

(NOTE 2)

Rt2
(NOTE 1)

Figure 5-4. Transient Recovery Time, Test Setup
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5-32 To check the load transient recovery, proceed as
follows:

a. Connect test setup shown in Figure 5-4.

b. Close then open switch and observe oscilloscope
display.

c. Recovery should be within the tolerances given
in Figure 5-5.

500 SEC-62605L
600 SEC-62605M
300. SEC-62615M

5004 SEC-62605L
6004 SEC-62605M
T_ 300U SEC-62615M

1%

ENom. ‘

~~—7

UNLOADING TRANSIENT LOADING TRANSIENT

Figure 5-5. Transient Recovery Waveforms
5-33 TROUBLESHOOTING

5-34  Before attempting to troubleshoot this instrument,
" ensure that the fault is with the instrument itself and not
with an associated circuit. The performance test enables
this to be determined without having to remove the covers
from the supply.

5-35 A good understanding of the principles of opera-
tion is a helpful aid in troubleshooting, and it is recommend-
ed that the reader review Section |V of the manual before
attempting to troubleshoot the unit in detail. Once the
principles of operation are understood, refer to the follow-
ing paragraphs in sequential order.

5-36 Initial Troubleshooting Procedures

5-37 If a malfunction occurs, proceed as follows:

(1) Note output condition of supply (0V output,
low output voltage, etc.); then disconnect input power and
remove all loads from unit.

(2) Reconnect input power and proceed to
appropriate troubleshooting procedure according to follow-
ing symptoms:

a. 0V output (most common failure sympton);
proceed to Figure 5-6.

b. Low output voltage (below minimum rating);
proceed to Figure 5-7.

c. Normal output voltage; unit was in over-

5-6

voltage or thermal protection mode. Allow unit to run for
about 30 minutes. If output falls to OV again, proceed to
Figure 5-6. If output remains normal, line or load transient
may have tripped overvoltage circuit. Connect load and
operate unit normally.

NOTE

If overvoltage circuit continually trips during
operation, check load circuit for. element causing
severe unloading transient, e.g., full load to no
load changes in output current.

d. High output voltage (above maximum rating);
this symptom is unlikely to occur because it requires a
failure both in the overvoltage protection circuit and one of
the regulation circuits. If this failure does occur, repair
inoperative overvoltage circuit (Q9 open, U6 faulty) first;
then proceed to Figure 5-6.

e. Excessive ripple; proceed to Table 5-3.

f. Poor load regulation; proceed to Paragraph 5-42.

WARNING

Various components on the chassis, A1 control
board, and tunnel assembly are operated at ac
line potential. The following paragraphs list
these components and describe a method of
removing the input ac before troubleshooting
the A1 board.

5-38 Avoiding Safety Hazards. The following compo-
nents (or circuits) are tied directly, or indirectly, to the ac
power line: A1L1, L2, A5B1, CR1, U1, A5A3Q5, Q6 and
all parts in the power leads on the primary side of isolation
transformer ABA3T1 (see schematic). Also tied to the
power line are the preregulator control and reference supply
circuits on the A1 control board.

5-39 When troubleshooting the preregulator feedback
loop, ac must be applied to the unit and the repairman must
exercise extreme caution when working in the areas desig-
nated above. However, if a trouble is isolated to the switch-
ing regulator loop, ac can be removed from the unit and the
switching regulator control circuitry can be powered with an
external dc source. The external source must be capable of
providing 20V at 2 Amperes and is connected as shown in
Figure 5-9. With this setup, all of the A1 control circuits
(pulse width modulator, 40KHz oscillator, etc.,) are opera-
tional and troubleshooting of these circuits can proceed
without ac hazards. Notice that the switching transistors
(ABA3Q5 Q6) are not operational with this setup (no input



from filter board A2). However, troubles isolated to this
area can be localized by means of the resistance checks
given in Table 5-2.

|CHECK FAN A5BI
(SEE NOTE )

REPLACE FUSE. IF
FUSE BLOWS AGAIN,
CHECK AITI AND
A3Q5 OR Q6 FOR
SHORT (TABLE 5-2)

[THERMAL SWITCH
TSI MAY HAVE CLOS-
ED (SEE NOTE)(SEE
SECTION T FOR
PROPER COOLING
CLEARANCES)

COOLING AR
RESTRICTED?

WITH AC CONNECT-
ED, CHECK +20V
ACROSS AlCH (TP20
+ AND COMMON /)
IN REF. SUPPLY. (SEE
WARNING NOTE, PARA|
5-37).

CHECK AICR8-CRII,
8 AIT! FOR OPEN

GO TO Al CONTROL
BD. TROUBLESHOOT-
ING. (FIG.5-7).

NOTE:
IF THERMAL SWITCH TSI CLOSES AND SHUTS OFF SUPPLY, IT
REQUIRES APPROXIMATELY 3MIN. (FAN ON) OR 30MIN. (FAN OFF)
BEFORE T REOPENS AND ALLOWS SUPPLY TO TURN- ON.

Figure 5-6. 0V Output Troubleshooting
5-40 Tunnel Assembly Troubleshooting

5-41 Component failures in tunnel assembly Ab can be
quickly found with ohmmeter checks at the semiconductor
junctions. Normal indications are either one silicon diode
forward drop or an open circuit as indicated in Table 5-2.

If a shorted junction is found, associated components should
also be checked in case of multiple failures.

Disconnect ac input power before perform-
ing the resistance checks of Table 5-2.

5-42 Poor Load Regulation Troubleshooti‘ng

5-43  Before troubleshooting the supply, recheck the load

5-6

regulation test setup as outlined in the performance measure-
ments portion of this section. Also, ensure that the supply
is not going into current limit under loaded conditions. The
current limiting point must be at least 1 Ampere above the
operating current. If the unit still does not regulate properly,
proceed as follows:

a. Ensure sense lead connections are snug.

b. Check for noisy voltage pot (A1R1) and drifting
components in the voltage comparison amplifier circuit.

c. Check A1U1.

d. Check main reference voltage circuit (+ 15V,
+6.2V and + 5V).

5-44 REPAIR AND REPLACEMENT

5-45 Cover Removal
5-46 To remove the top-end cover, proceed as follows:

a. Remove screw attaching plastic terminal strip
cover.

b. With unit off, remove sense leads (+S) from
output bus bars.

c. Remove three remaining screws at end corners
of unit and remove top-end cover.

5-47 A1 Board And Side Panel Removal
5-48 To remove the side panel and the A1 board from
the side panel, proceed as follows:

a. Remove top-end cover.

b. Remove two screws fastening left side panel to
chassis.

c. Rock left panel gently back and forth while
pulling away from A2 board. This disconnects A1 board
from A2 filter board connector and disengages chassis edge
from slot in side panel.

d. Toremove A1 board from panel, pull off red,
orange, and black wires from triac CR1.

e. Pull red, black, and tracer wires from rectifier
U1, by depressing clip spring through center terminal hole.

f. Unscrew two 6-32 screws near center of left
side panel.

g. Slide A1 board forward into keyhole slots and
lift out board for access to solder side.

5-49 Removal of ABA3, A5GA4 From Tunnel
5-50 To remove the driver board and output power
assembly from Tunnel assembly AB, proceed as follows:

a. Remove top-end cover.

b. Remove two fan wires from A2 board.

c. Remove two screws attaching right side panel

to chassis.

d. Gently rock side panel back and forth so that
A2 filter board disconnects from A5A3 board and slot in
panel disengages from chassis edge.



FOR SAFETY,REMOVE
AC POWER & CONNECT]
EXT. 20V SUPPLY
(PARA. 5-39).

l

CHECK MOD DRIVE
PULSES AT TP37
AND TP38 (FIG.7-7)

CHECK MAIN REF.

CHECK IF DRIVE PULSES
CAN BE TURNED OFF BY
DISCONNECTING +S &-S
LEADS FROM BUS BARS
AND APPLYING EXTERNAL|
VOLTAGE (NOMINAL
RATING ) ACROSS +S(+)
& —S. RECHECK DRIVE
PULSE AT TP37 OR
TP38

CHECK AIQ2 &
ASSOCIATED COM-
PONENTS

SWITCHING REG.

LOOP IS OK RE-

CONNECT SENSE

LEADS AND GO TO

PREREGULATOR

TROUBLESHOOTING REPLACE AlU6

(FIG. 5-8),

]

CHECK VOLTAGE BE-
TWEEN PINS 7 AND
6 OF AlU6(TP40-
TP39)

VOLTAGES (+15V,
+62V AND +5 TOW)

CHECK REF SUPPLY
VR2,VR5 & ClI)

AlQ3,05,06,012-Q14,

CHECK CLOCK

PULSES AT TP34
(FIG. 7-7).

CHECK CLOCK BUFF
& 0SC. (AlUG) &
ASSOCIATED
COMPONENTS

ICHECK VOLTAGE BE-
TWEEN AIUG PIN|
AND V7 (TP33 AND
+0UT)

CHECK PULSEWIDTH
MOD.CKTS. (AIU2,
AlU3 8 ASSOCIAT-
ED COMPONENTS)

CHECK VOLTAGE
ACROSS PIN 6 AND
TOF AlU6 (TP39-
TP40).

CHECK AlUl AND
DIVIDER RES ISTORS

(RI THRU R5)

CHECK OVERVOLT-
AGE CKT.(AIQ9

SHORTED, AlU6

DEFECTIVE)

CHECK CURRENT
LIMIT CKT. (AIQl,
Q7, OR QIO SHORT-
ED)

REPLACE AlUI

CHECK VOLTAGE AT
P23 (+) AND

— e
CHECK OVERVOLTAGE
CKT. (AIQ9 SHORT, |
AlUE 8 ASSOCIATED
COMPONENTS).

CHECK VOLTAGE BE-
TWEEN TERMINALS
Al(+) AND +S(-).

NO

YES

Figure 5-7. A1 Control Board Troubleshooting
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CONNECT Al BD. TO A2
BD., BUT DISCONNECT]
TUNNEL ASSEMBLY
FROM A2 BD. CON-
NECT INPUT AC TO
UNIT-0BSERVE
WARNING NOTE,
PARA. 5-37

|

CHECK PREREG. DC
OUTPUT VOLTAGE
ACROSS A2TP3(+)
8 A2TP4. RECORD
READING.

IS

VOLTAGE
2201 6VDC?

CHECK PREREG. REF
VOLTAGES (+12V 8
+3.6V,TP46 8 TP4O)

ARE
REF. VOLTAGE!
CORRECT?

CHECK VOLTAGE
ACROSS EACH CAP,
A2C3 8 A2C4.

NO

CHECK AiQ4,VR3,Cl6,
CR3 - CR6, US FOR
DEFECT.

PREREG.
OUTPUT VOLT.(TP3
8TP4)BELOW

CHECK A2(C3,CA,R3,
R4,C1,C2,R1 B R2

CHECK RAMP WAVE -
FORM ACROSS AICI4|

PREREG. CKT.1S OK
DISCONNECT INPUT
AC AND GO TO TUN-
NEL ASSEMBLY
TROUBLESHOOQTING

(TPI2 8 TP35)

FOR Hi DC VOLTAGE
LEVEL AT TPI2,
CHECK P.U.T.(CRI2)
AND RESET STAGES
(U5).

CHECK RAMP_ WAVE-
FORM ACROSS AICI4
(TPI2 8 TP35)

IF PREREG. QUTPUT
VOLTAGE WAS MORE
THAN 250V, USE
VARIAC 8 SET INPUT
AC TO 85 VAC (170
VAC FOR OPTION
106). THEN CHECK
FOR RAMP (TPI2

8 TP35).

(TABLES 5-2).
CHECK VOLTAGE
ACROSS PINS 4 (+)
83 OF Al U5 CHECK TRIAC CRI
FOR SHORT.
REPLACE AIU5 OR
e Sl R0
Q.6v?
YES
CHECK TRIAC CRI
OR PULSE XFMR
AIT2 FOR OPEN.
Figure 5-8. Preregulator Troubleshooting
Table 5-2. Tunnel Assembly Resistance Checks
Neg. Lead Pos. Lead Normal Indication Probable Cause
A3Q1 base (TP25) one drop A3Q1
A3Q2 base (TP27) one drop A3Q2
A3TP26 ( pin A3Q3 base (TP16) one drop A3Q3
M of connector) A3Q4 base (TP7) one drop A3Q4
A3Q3 coll. (TP18) > 100 2 (Note 1) A3Q3
A30Q4 coll. (TP8) > 100 £ (Note 1) A3Q4
A3TP18 (A3Q3 A3Q3 base (TP16) one drop A3Q3
collector) A30Q4 base (TP7) one drop A3Q4
A3TP13 (A30Q5 CR9 Cathode (TP9) one drop A3Q5 (Note 2)
emitter) CR17 Cathode (TP17) open A3Q5 or CR11
CR10 Cathode (TP10) one drop A306 (Note 2)
A3TP17 CR9 Cathode (TP9) one drop A305 (Note 2)

5-8




Table 5-2. Tunnel Assembly Resistance Checks (Continued)

A4CR1 and CR2 A4CR1, CR2 anodes

Cathodes

— Output Bus + Output Bus

Neg. Lead Pos. Lead Normal Indication Probable Cause
A3TP11 CR10 Cathode (TP10) one drop A306 (Note 2)
CR12 Cathode (TP13) open A3Q6 or CR12
A6Q1 - Emitter A6Q1 collector open A6Q1 or TS1

one drop (Note 3) A4CR1 or CR2

45Q A4R1, C2,C5 or

A4CR1, CR2, leaky

NOTES:
1. Readings apply only if ohmmeter open circuit voltage is less than 2 Volts.
2. 1f ABA3Q5 or Q6 are shorted, check ABA4CR1 and CR2 for short.
3. Shottky diodes forward drops are slightly less than those for silicon diodes.

e. To remove the A3 and A4 assemblies from the
tunnel, first remove two each 6-32 screws from top and
bottom of tunnel.

f. Carefully slide ABA3 and A4 out of the tunnel
by grasping black plastic bus bar shield with one hand and
holding tunnel assembly with the other.

O
EXTERNAL DC +
POWER SUPPLY
(HP MODEL
6284A OR —C-: 510
EQUIVALENT) VoW %

20VDC

Al MAIN CONTROL BD.

Tl
6

(NO AC
APPLIED)

Figure 5-9. Substitute Bias Source,
A1 Board Troubleshooting
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g. Access is now gained to switching and driver
transistors on the ABA3 board and components on the
ABA4 assembly.

h. To replace some components on A5A4 assembly,
A3 and A4 must be separated by removing screw in center
attaching board to threaded spacer. Then lift up ABA3
board (save fiber shield).

i. To remove tunnel assembly from right side panel,
push panel forward into keyhole slots and remove from
tunnel.
5-561 Switching Transistor Replacement
5-52 If one of the switching transistors (ABA30Q5 or
A5A3Q86) fails, it usually causes failure of the other transistor.
Therefore, check both transistors as outlined in Table 5-4,

before starting the following replacement procedures.

a. Clean heat sink and transistor mounting surfaces.
Clean mica insulator (not required on 62605L).

b. Apply thin coating of silicone compount (Dow
Corning 340 or HP 8500-0059) to all mating surfaces.

c. Insert mounting screws and lockwashers into
TO-3 mounting holes on transistor.

d. Position mica insulator (if used) and transistor
on heat sink.

e. Install TO-3 plastic insulators (insulators not
used on 62605L) into bottom of heat sink and onto pro-
truding mounting screws.
place.

g. Tighten four screws to 10 inch-pounds.



Table 5-3. Excessive Ripple or Noise Troubleshooting

Symptom

Probable Cause

Excessive 120Hz ripple

o

Excessive noise spikes

o oo o

Erratic output at no load

o

Check preregulator output voltage across A2C3, and C4 as shown
in Figure 5-8. If output is incorrect, check for open components
on A2 board before continuing with preregulator troubleshooting.

Excessive 40kHz ripple a. Check A4C1, C2 including tightness of mounting screws.
. Check A4L1, L2 for shorts or loose connections.

Recheck measurement technique.

. Ensure that A4T1 shield is connected properly.
Check A4C3 — C6, R3 & R4, open or short.

. Check A4C1, C2 mounting screw tightness.

Check equalization circuit, A1Q2.
b. Check A1U1 for defect.

5-563 ADJUSTMENTS
5-54 Current Limit

5-55 The current limit point is factory set to 105 £1% of
the currént rating with the output voltage set at nominal.
The current limit must be checked and adjusted if any one
of the following components are replaced: A4R2, A1VR1,
R12, R15, R16, or Q10. Before making the adjustment,
refer to Paragraphs 3-8 and 3-9 and then proceed as follows:

a. With power disconnected make setup shown in
Figure 5-10.

b. Connect ac input power and decrease R L (from
maximum) until current limit is reached (ripple observed on

scope increases substantially). Reading on voltmeter is
equivalent to current limit point.

c. To change current limit, first increase current
limit setting (below terminals on end panel). Decrease R
until voltmeter reads value equivalent to desired output at
current limit point.

d. Decrease current limit setting until current limit
is reached (ripple increases on scope).

5-56 40kHz Clock

5-57 The frequency of the 40kHz oscillator is factory
set to 40kHz +200Hz and does not require adjustment un-
less an oscillator component is replaced. To adjust frequency,

5-10

proceed as follows:

a. With input power disconnected, remove top-end
cover to gain access to A1 board.

b. To prevent possible damage to the regulator
switches, remove tunnel assembly Ab, as previously described.

c. Connect frequency counter between TP34
(U6-13) and +S.

d. Connect input power and adjust A1R31 for
40kHz £200Hz.

e. Remove input power and replace tunnel assembly.

OSCILLOSCOPE
?
POWER SUPPLY l
= x
—-S +S
DIGITAL
VOLTMETER
6 + —
o

(RHEOSTAT)

Figure 5-10. Current Limit Adjustment Setup



SECTION VI
REPLACEABLE PARTS

6-1 INTRODUCTION

6-2 This section contains information for ordering re-
placement parts. Table 6-4 lists parts in alpha-numeric order
by reference designators and provides the following informa-
tion:

a. Reference Designators. Refer to Table 6-1.

b. Description. Refer to Table 6-2 for abreviations.

c. Total Quantity (TQ). Given only the first time
the part number is listed except in instruments containing
many sub-modular assemblies, in which case the TQ appears
the first time the part number is listed in each assembly.

d. Manufacturer’s Part Number or Type.

e. Manufacturer’s Federal Supply Code Number.
Refer to Table 6-3 for manufacturer’s name and address.

f. Hewlett-Packard 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 a reference designator
are listed at the end of Table 6-4 under Mechanical and/or
Miscelianeous. The former consists of parts belonging to and
grouped by individual assemblies; the latter consists of all
parts not immediately associated with an assembly.

6-3 ORDERING INFORMATION

6-4 To order a replacement part, address order or in-
quiry to your local Hewlett-Packard sales office (see lists at
rear of this manual for addresses). Specify the following
information for each part: Model, complete serial number,
and any Option or special modification (J) numbers of the
instrument; Hewlett-Packard part number; circuit reference
designator; and description. To order a part not listed in
Table 6-4, give a complete description of the part, its func-
tion, and its location.

Table 6-1. Reference Designators

A = assembly E = miscellaneous

B = blower (fan) electronic part

C = capacitor F = fuse

CB =circuit breaker J = jack, jumper

CR =diode K = relay

DS = device, signaling L = inductor
(lamp) M = meter

Table 6-1. Reference Designators (Continued)

P = plug \% = vacuum tube,

Q = transistor neon bulb,

R = resistor photocell, etc.

S = switch VR = zener diode

T = transformer X = socket

TB = terminal block Z = integrated cir-

TS = thermal switch cuit or network
Table 6-2. Description Abbreviations

A = ampere mod. = modular or

ac = alternating current modified

assy. = assembly mtg = mounting

bd =board n =nano= 10

bkt = bracket NC = normally closed

OC = degree Centigrade NO = normally open

cd =card NP = nickel-plated

coef = coefficient Q  =ohm

comp = composition obd = order by

CRT = cathode-ray tube description

CT = center-tapped OD = outside diameter

dc = direct current p = pico = 10'12

DPDT= double pole, P.C. = printed circuit
double throw pot. = potentiometér

DPST = double pole, p-p = peak-to-peak

single throw
elect = electrolytic
encap= encapsulated

F = farad

OF = degree Farenheit
fxd = fixed

Ge = germanium

H = Henry

Hz = Hertz

IC = integrated circuit
ID = inside diameter
incnd = incandescent

k =kilo=103

m  =milli= 103

M  =mega= 109

M = micro = 10°
met. = metal

mfr = manufacturer

ppm = parts per million

pvr peak reverse
voltage

rect = rectifier

rms = root mean square

Si silicon

SPDT=single pole,
double throw

SPST =single pole,
single throw

]

SS  =small signal
T = slow-blow
tan. = tantulum
Ti = titanium
\Y, =volt

var = variable
ww = wirewound
W = Watt
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Table 6-3. Code List of Manufacturers

CODE MANUFACTURER ADDRESS CODE MANUFACTURER ADDRESS
00629 EBY Sales Co., Inc. Jamaica, N.Y. 07137 Transistor Electronics Corp.
00656 Aerovox Corp. New Bedford, Mass. Minneapolis, Minn.
00853 Sangamo Electric Co. 07138 Westinghouse Electric Corp. Elmira, N.Y.
S. Garolina Div. Pickens, S.C. 07263 Fairchild Camera and Instrument
01121 Allen Bradley Co. Milwaukee, Wis. Mountain View, Calif.
01255 Litton Ind. Beverly Hills, Calif. 07387 Birtcher Corp., The Los Angeles, Calif.
01281 TRW Semiconductors, Inc. 07397 Sylvania Electric Prod. Inc.
Lawndale, Calif. Mountainview, Calif.
01295 Texas Instruments, Inc. Dallas, Texas 07716 IRC Div. of TRW Inc.  Burlington, lowa
01686 RCL Electronics, Inc.  Manchester, N.H. 07910 Continental Device Corp.
01930 Amerock Corp. Rockford, Ill. Hawthorne, Calif.
02107 Sparta Mfg. Co. Dover, Ohio 07933 Raytheon Co. Components Div.
02114 Ferroxcube Corp. Saugerties, N.Y. Mountain View, Calif.
02606 Fenwal Laboratories Morton Grove, I, 08484 Breeze Corporations, Inc. Union, N.J.
02660 Amphenol Corp. Broadview, lil. 08530 Reliance Mica Corp. Brooklyn, N.Y.
02735 Radio Corp. of America, Solid State and 08717 Sloan Company, The  Sun Valley, Calif.
Receiving Tube Div. Somerville, N.J. 08730 Vemaline Products Co. Inc.
03508 G.E. Semiconductor Products Dept. Wyckoff, N.J.
Syracuse, N.Y. 08806 General Elect. Co. Minature
03797 Eldema Corp. Compton, Calif. Lamp Dept. Cleveland, Ohio
03877 Transitron Electronic Corp. 08863 Nylomatic Corp. Norrisville, Pa.
Wakefield, Mass. 08919 RCH Supply Co. Vernon, Calif.
03888 Pyrofilm Resistor Co., Inc. 09021 Airco Speer Electronic Components
Cedar Knolls, N.J. Bradford, Pa.
04009 Arrow, Hart and Hegeman Electric Co. 09182 *Hewlett-Packard Co. New Jersey Div.
Hartford, Conn. Rockaway, N.J.
04072 ADC Electronics, Inc. Harbor City, Calif. 09213 General Elect. Co. Semiconductor :
04213 Caddell & Burns Mfg. Co. Inc. Prod. Dept. Buffalo, N.Y.
Mineola, N.Y. 09214 General Elect. Co. Semiconductor
04404 *Hewlett-Packard Co. Palo Alto Div. Prod. Dept. Auburn, N.Y.
Palo Alto, Calif. 09353 C & K Components Inc.  Newton, Mass.
04713 Motorola Semiconductor Prod. Inc. 09922 Burndy Corp. Norwalk, Conn.
Phoenix, Arizona 11116 Wagner Electric Corp.
05277 Westinghouse Electric Corp. Tung-Sol Div. Bloomfield, N.J.
Semiconductor Dept. Youngwood, Pa. 11236 CTS of Berne, Inc. Berne, Ind.
05347 Ultronix, Inc. Grand Junction, Colo. 11237 Chicago Telephone of Cal. Inc.
05820 Wakefield Engr. Inc. Wakefield, Mass. So. Pasadena, Calif.
06001 General Elect. Co. Electronic 11502 IRC Div. of TRW Inc. Boone, N.C.
Capacitor & Battery Dept. Irmo, S.C. 11711 General Instrument Corp.  Newark, N.J.
06004 Bassik Div. Stewart-Warner Corp. 12136 Philadelphia Handle Co. ~ Camden, N.J.
Bridgeport, Conn. 12615 U.S. Terminals, Inc. Cincinnati, Ohio
06486 IRC Div. of TRW Inc. 12617 Hamlin Inc. Lake Mills, Wisconsin
Semiconductor Plant Lynn, Mass. 12697 Clarostat Mfg. Co. Inc. Dover, N.H.
06540 Amatom Electronic Hardware Co. Inc. 13103 Thermalloy Co. Dallas, Texas
New Rochelle, N.Y. 14493 *Hewlett-Packard Co. Loveland, Colo.
06555 Beede Electrical Instrument Co. 14655 Cornell-Dubilier Electronics Div.
Penacook, N.H. Federal Pacific Electric Co.
06666 General Devices Co. Indianapolis, Ind. Newark, N.J.
06751 Semoor Div. Componerits, Inc. 14936 General Instrument Corp. Semicon-
Phoenix, Arizona ductor Prod. Group  Hicksville, N.Y.
06776 Robinson Nugent, Inc.' New Albany, N.Y. 15801 Fenwal Elect. Framingham, Mass.
06812 Torrington Mfg. Co. Van Nuys, Calif. 16299 Corning Glass Works Raleigh, N.C.

*Use Code 28480 assigned to Hewlett-Packard Co., Palo Alto, California
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Table 6-3. Code List of Manufacturers

CODE | MANUFACTURER ADDRESS CODE MANUFACTURER ADDRESS
16758 Delco Radio Div. of General Motors 59730 Thomas and Betts Co.  Philadelphia, Pa. _
Corp. Kokomo, Ind. 61637 Union Carbide Corp. New York, N.Y.
17545 Atlantic Semiconductors, Inc. 63743 Ward Leonard Electric Co.
Asbury Park, N.J. Mt. Vernon, N.Y.
17803 Fairchild Camera and Instrument Corp. 70563 Amperite Co. Inc. Union City, N.J.
Mountain View, Calif. 70901 Beemer Engrg Co.
17870 Daven Div. Thomas A. Edison Industries Fort Washington, Pa.
McGraw-Edison Co. Orange, N.J. 70903 Belden Corp. Chicago, IlI.
18324 Signetics Corp. Sunnyvale, Calif. 71218 Bud Radio, Inc. Willoughby, Ohio
19315 Bendix Corp. The Navigation and 71279 Cambridge Thermionic Corp.
Control Div. Teterboro, N.J. Cambridge, Mass.
19701 Electra/Midland Corp. 71400 Bussmann Mfg. Div.of McGraw &
Mineral Wells, Texas Edison Co. St. Louis, Mo.
21520 Fansteel Metallurgical Corp. 71450 CTS Corp. Elkhart, Ind.
No. Chicago, Il 71468 L.T.T. Cannon Electric Inc.
22229 Union Carbide Corp. Electronics Div. Los Angeles, Calif.
Mountain View, Calif. 71590 Globe-Union Inc.
22753 UID Electronics Corp.  Hollywood, Fla. Milwaukee, Wis.
23936 Pamotor, Inc. Pampa, Texas 71700 General Cable Corp. Cornish
24446 General Electric Co.  Schenectady, N.Y. Wire Co. Div. Williamstown, Mass.
24455 General Electric Co. 71707 Coto Coil Co. Inc. Providence, R.I.
Nela Park, Cleveland, Ohio 71744 Chicago Miniature Lamp Works
24655 General Radio Co. West Concord, Mass. Chicago, llI.
24681 LTV Electrosystems Inc. Memcor/Com- 71785 Cinch Mfg. Co. and Howard
ponents Operations Huntington, Ind. B. Jones Div. Chicago, Il
26982 Dynacool Mfg. Co. Inc. Saugerties, N.Y. 71984 Dow Corning Corp. Midland, Mich.
27014 National Semiconductor Corp. 72136 Electro Motive Mfg. Co. Inc.
Santa Clara, Calif. Willimantic, Conn.
28480 Hewlett-Packard Co. Palo Alto, Calif. 72619 Dialight Corp. Brooklyn, N.Y.
28520 Heyman Mfg. Co. Kenilworth, N.J. 72699 General Instrument Corp.  Newark, N.J.
28875 IMC Magnetics Corp. Rochester, N.H. 72765 Drake Mfg. Co. Harwood Heights, I11.
31514 SAE Advance Packaging, Inc. 72962 Elastic Stop Nut Div. of
Santa Ana, Calif. Amerace Esna Corp. Union, N.J.
31827 Budwig Mfg. Co. Ramona, Calif. 72982 Erie Technological Products
33173 G.E. Co. Tube Dept. Owensboro, Ky. Erie, Pa.
35434 Lectrohm, Inc. Chicago, 1l 73096 Hart Mfg. Co. Hartford, Conn.
37942 P.R. Mallory & Co. Indianapolis, Ind. 73138 Beckman Instruments
42190 Muter Co. Chicago, lil. Fullerton, Calif.
43334 New Departure-Hyatt Bearings Div. 73168 Fenwal, Inc. Ashland, Mass.
General Motors Corp. 73293 Hughes Aircraft Co. Electron
Sandusky, Ohio Dynamics Div. Torrance, Calif.
44655 Ohmite Manufacturing Co. Skokie, 111. 73445 Amperex Electronic
46384 Penn Engr. and Mfg. Corp. Hicksville, N.Y.
Doylestown, Pa. 73506 Bradley Semiconductor Corp.
47904 Polaroid Corp. Cambridge, Mass. New Haven, Conn.
49956 Raytheon Co. Lexington, Mass. 73559 Carling Electric, Inc. Hartford, Conn.
55026 Simpson Electric Co. Div. of American 73734 Federal Screw Products, Inc.
Gage and Machine Co. Chicago, lII. Chicago, lil.
56289 Sprague Electric Co. 74193 Heinemann Electric Co. Trenton, N.J.
North Adams, Mass. 74545 Hubbell Harvey Inc. Bridgeport, Conn.
58474 Superior Electric Co. Bristol, Conn. 74868 Amphenol Corp. Amphenol RF Div.
58849 Syntron Div. of FMC Corp. Danbury, Conn.
Homer City, Pa. 74970 E.F. Johnson Co. Waseca, Minn.
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Table 6-4. Replaceable Parts

MFR.

REF. .
DESIG. DESCRIPTION TQ. | MFR. PART NO. CODE |HPPART NO. RS
A1 Main Control Board
C1
62605M, 05L | fxd, elect 1.8uF, 20V 1 0180-0405
62615M fxd, elect 1uF, 35V 2 56289 | 0180-0291 1
Cc2
62605M, 05L fxd, elect 10uF, 20V 2 150D 106X9020B2 56289 | 0180-0374 1
62615M fxd, elect 22uF, 15V 2 150D226X9015B2 56289 | 0180-0228 1
C3 fxd, mica 470pF, 300V 1 DM15F471J0300WV 1 72136 | 0140-0149 1
ca fxd, mica 820pF, 300V 1 DM15F821G0300WV1 | 72136 | 0140-0151 1
C5 fxd, elect 1uF, 35V 2 150D 105X9035A2-DYS| 56289 | 0180-0291 1
C6 fxd, cer .01uF, 100V 2 obd 91418 | 0150-0093 1
Cc7 fxd, mylar .047uF, 200V 1 Type 27 09134 | 0170-0040 1
C8,9 fxd, cer .001uF, 1KV 3 C067B102E102ZS26 56289 | 0150-0050 1
Cc10 fxd, cer .02uF, 100V 1 C023B101H203MS27 56289 | 0180-1943 1
C11 fxd, elect 1000uF, 25V 1 39D108G025GLU 56289 | 0180-1943 1
C12 fxd, elect .22uF, 35V 1 150D224X9035A2 56289 | 0180-1735 1
C13 fxd, elect 10uF, 20V 150D 106X9020B2 56289 | 0180-0374
Cc14 fxd, elect 1.8uF, 35V 1 150D 185X9035B2 56289 | 0180-0101 1
C15 fxd, cer .01uF, 100V obd 91418 | 0150-0093
C16 fxd, elect 47uF, 25V 1 476H025CC5B 56289 | 0180-0587 1
Cc17 fxd, cer .02uF, 2KV 2 41C321-CDH 56289 | 0160-2569 1
C18A, B fxd, cer 7200pF (dual), 250V 1 41C407-CDH 56289 | 0160-3611 1
Cc19 fxd, cer .02uF, 2KV 41C321-CDH 56289 | 0160-2569
C20 fxd, elect 22uF, 15V 150D226X9015B2 56289 | 0180-0228
c21 fxd, cer .1uF, 50V 2 5C50B1-CML 56289 | 0150-0121 1
C22 fxd, cer .47uF, 25V 1 316-000-R3A-211K 72982 | 0160-0174 1
C23 fxd, mica 220pF, 300V 1 obd 09023 | 0160-0134 1
c24 fxd, cer .001uF, 1KV C067B102E1022526 56289 | 0150-0050
C25, 26 Not Assigned
Cc27
62605M Not Used
62605L, 15M fxd, cer 0.1uF, 50V 5C50B1-CML 56289 | 0150-0121
Cc28
62605M Not Used
62605L, 15M fxd, cer .05uF, 400V 0150-0052 1
CR1-7 diode, switching 80V, 200mA 13 | 1N4148 07263 | 1901-0050 7
CR8-11 diode, rectifier 400V, 750mA 5 SR1358-9 04713 |1901-0028 5
CR12 Unijunction Transistor 1 2N6027 03508 | 1855-0314 1
CR13 diode, switching 80V, 200mA 1N4148 07263 | 1901-0050
CR14 diode, Schottky barrier 4 28480 | 1901-0518 4
CR15, 16 diode, switching 80V, 200mA 1N4148 07263 | 1901-0050
CR17 diode, stabistor 15V, 150mA 2 STB-523 03508 | 1901-0460 2
CR18 Not Assigned
CR19 diode, rectifier 200V, 1A 1 1N5059 03508 | 19010327
CR20 diode, switching 80V, 200mA 1N4148 07263 |1901-0050
CR21 diode, Schottky barrier 28480 |1901-0518
CR22 diode, rectifier 400V, 7560mA 5 SR1358-9 04713 }1901-0028
CR23 Not Assigned
CR24 diode, Schottky barrier 28480 |1901-0518
CR25 diode, switching 80V, 200mA 1N4148 07263 | 1901-0050
CR26 diode, stabistor 15V, 150mA STB-523 03508 |1901-0460
CR27 diode, Schottky barrier 28480 |1901-0518
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Table 6-4. Replaceable Parts

REF. MFR.

DESIG. DESCRIPTION TQ | MFR.PART NO. CODE |HP PART NO. | RS
CR28 diode, switching 80V, 200mA 1N4148 07263 |1901-0050
L1,2 fxd, inductor 20uH 2 28480 |5080-1786 1
L3 fxd, inductor 680uH 1 9100-0415 1
P1 Connector, PC edge 30-pin 1 252-15-30-340 71785 |1251-1886 1
Q14 S. S. NPN Si 8 2N3417 03508 |1854-0087 6
Q5 S. S. PNP Si 1 2N2904A 04713 }1853-0012 1
Q6 S. S. NPN Si 2N3417 03508 |1854-0087
Q7,8 S.S. PNP Si 3 T2173 56289 |1853-0099 3
Q9 S. S. NPN Si 2N3417 03508 |1854-0087
Q10 S. S. dual NPN Si 1 TD203 56289 |1854-0375 1
Q11 Not Assigned
Q12,13 S. S. NPN Si 2N3417 03508 |1854-0087
Q14 S.S. PNP Si TZ173 56289 |1853-0099
R1 Var. cer 2K, 10% 2 72X 73138 |2100-3273 1
R2 fxd, film 8.25K, 1%, 1/8W 3 MFA4C, T-0 19701 |0757-0441 1
R3
62605M, 05L fxd, film 3.92K, 0.5%, 1/8W 5 MF4C, T-0 19701 |0698-3327 1
62615M fxd, film 1.78K, 1%, 1/8W 1 MF4C, T-0 19701 |0757-0274 1
R4, 5 fxd, film 3.92K, 0.5%, 1/8W 4 MF4C, T-0 19701 |0698-3327
R6
62605M, O5L fxd, comp 100, 5%, 1/4W 1 CB-1015 01121 |0683-1015 1
62615M fxd, comp 390, 5%, 1/4W 3 CB-3915 01121 {0683-3915 1
R7 fxd, comp 1K, 5%, 1/4W 4 CB-1025 01121 |0683-1025 1
R8 fxd, comp 3.3K, 5%, 1/4W 1 CB-3325 01121 |0683-3325 1
R9
62605M, O5L fxd, comp 10K, 5%, 1/4W 6 CB-1035 01121 |0683-1035 1
62615M fxd, comp 30K, 5%, 1/4W 1 CB-3035 01121 |0683-3035 1
R10 fxd, comp 68K, 5%, 1/4W 1 CB-6835 01121 |0683-6835 1
R11
62605M, 05L fxd, film 1.62K, 1%, 1/8W 2 MF4C, T-0 19701 |0757-0428 1
62615M fxd, film 6.19K, 1%, 1/8W 1 MF4C, T-0 19701 [0757-0290 1
R12 fxd, film 10, 1%, 1/8W 1 CEA, T-0 07716 |0757-0346 1
R13
62605M, 05L fxd, comp 1K, 5%, 1/2W 1 EB-1025 01121 |0686-1025 1
62615M fxd, comp 1K, 5%, 1TW 1 GB-1025 01121 |0689-1025 1
R14 fxd, comp 2K, 5%, 1/4W 2 CB-2025 01121 |0683-2025 1
R15 var. cer 2K, 10% 72X 73138 |2100-3273
R16
62605M fxd, film 1.5K, 1%, 1/8W 1 MF4C, T-0 19701 {0757-0427 1
62605L, 15M fxd, film 1.62K, 1%, 1/8W MF4C, T-0 19701 |0757-0428
R17 fxd, comp 360, 5%, 1/4W 1 CB-3615 01121 |0683-3615 1
R18, 20 fxd, film 21.5K, 1%, 1/8W 3 MF4C, T-0 19701 |0757-0199 1
R19, 21 Not Assigned
R22 fxd, comp 5.1K, 5%, 1/4W 3 CB-5125 01121 j0683-5125 1
R23 fxd, comp 10K, 5%, 1/4W CB-1035 01121 |0683-1035
R24 fxd, comp 3.9K, 5%, 1/4W 1 CB-3925 01121 |0683-3925 1
R25 fxd, comp 10K, 5%, 1/4W CB-1035 01121 |0683-1035 1
R26
62605M, 05L fxd, comp 51, 5%, 1/4W 3 CB-5105 01121 |0683-5105 1
62615M fxd, comp 200, 5%, 1/4W 1 CB-2015 01121 ] 0683-2015 1
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Table 6-4. Replaceable Parts

REF. MFR.

DESIG. DESCRIPTION TQ MFR. PART NO. CODE | HP PART NO.| RS
R27 fxd, comp 10K, 5%, 1/4W CB-1035 01121 | 0683-1035
R28 fxd, film 5.6K, 2%, 1/8W 1 MF4C, T-0 19701 | 0757-0942 1
R29 fxd, film 2.15K, 1%, 1/8W 1 MFA4C, T-0 19701 | 0698-0084 1
R30 fxd, film 8.25K, 1%, 1/8W MF4C, T-0 19701 | 0757-0441
R31 var, trmr 5K, 10% 1 62-208-1 73138 | 2100-2216 1
R32 fxd, film 13.3K, 1%, 1/8W 1 CEAT-0 07716 | 0757-0289 1
R33 fxd, film 11.3K, 1%, 1/8W 1 CEAT-0 07716 | 0698-4121 1
R34 fxd, comp 5.1K, 5%, 1/4W CB-5125 01121 | 0683-5125
R35 fxd, comp 3.9K, 5%, 1/4W 01121 {0683-3925 1
R36 fxd, comp 2K, 5%, 1/4W CB-2025 01121 | 0683-2025
R37, 38 fxd, comp 68, 5%, 1/4W 2 CB-6805 01121 | 0683-6805 1
R39 fxd, comp 360, 5%, 1/2W 1 CB-3615 01121 | 0686-3615 1
R40 fxd, film 7.5K, 1%, 1/8W 1 MF4cC, T-0 19701 | 0757-0440 1
R41 fxd, film 464K, 1%, 1/8W 1 MF4C, T-0 19701 | 0698-3260 1
R42 fxd, comp 1.5K, 5%, 1/4W 1 CB-1525 01121 | 0683-1525 1
R43 fxd, comp 7.5K, 1%, 1/8W 2 0757-0440 1
R44 fxd, film 10K, 1%, 1/8W 2 MF4C, T-0 19701 | 0757-0442 1
R45 fxd, film 825, 1%, 1/8W 1 MF4C, T-0 19701 | 0757-0421 1
R46 fxd, film 4.64K, 1%, 1/8W 2 MF4C, T-0 19701 | 0698-31565 1
R47 fxd, comp 1K, 5%, 1/4W CB-1025 01121 | 0683-1025
R48 fxd, film 4.53K, 1%, 1/8W 0698-4443
R49 fxd, film 3.65K, 1%, 1/8W 1 MF4C, T-0 19701 | 0757-0434 1
R50 fxd, comp 20K, 5%, 1/4W 3 CB-2035 01121 | 0683-2035 1
R51 fxd, comp 15K, &%, 1/4W 1 CB-1535 01121 | 0683-1535 1
R52 fxd, comp 1K, 5%, 1/4W CB-1025 01121 | 0683-1025
R53 fxd, comp 20K, 1%, 1/8W 01121 | 0757-0449
R54 fxd, comp 10K, 1%, 1/8W 1 01121 | 0757-0442 1
R55 fxd, comp 10, 5%, 1/4W 1 CB-1005 01121 | 0683-1005 1
R56 fxd, comp 100, 5%, 1W 1 GB-1015 01121 | 0689-1015 1
R57 fxd, film 5.11K, 1%, 1/8W 3 MF4C, T-0 19701 | 0757-0438 1
R58 fxd, comp 680, 5%, 1/4W CB-6815 01121 | 0683-6815
R59 fxd, film 5.11K, 1%, 1/8W MF4C, T-0 19701 | 0757-0438
R60 fxd, film 21.5K, 1%, 1/8W MF4C, T-0 19701 | 0757-0199
R61 fxd, film 1.21K, 1%, 1/8W 1 MF4C, T-0 19701 [ 0757-0274 1
R62
62605M, 05L fxd, comp 27, 5%, 1/4W 1 CB-2705 01121 {0683-2705 1
62615M fxd, film 12.1, 1%, 1/8W 1 0757-0379 1
R63 fxd, comp 750, 5%, 1/4W 1 CB-7515 01121 | 0683-7515 1
R64 fxd, film 3.92K, 0.5%, 1/8W MF4C, T-0 19701 | 0698-3327
R65 fxd, film 8.25K, 1%, 1/8W MFA4C, T-0 19701 | 0757-0441
R66
62605M, 05L fxd, film 24.3K, 1%, 1/8W 1 MF4C, T-0 19701 | 0757-0451 1
62615M fxd, film 56.2K, 1%, 1/8W 1 MFA4C, T-0 19701 | 0757-0459 1
R67 fxd, film 3.92K, 0.5%, 1/8W MF4C, T-0 19701 | 0698-3327
R68 fxd, comp 20K, 5%, 1/4W CB-2035 01121 | 0683-2035
R69 fxd, comp 680, 5%, 1/4W CB-6815 01121 | 0683-6815
R70 fxd, film 5.11K, 1%, 1/8W MF4C, T-0 19701 | 0757-0438
R71 fxd, film 1K, 1%, 1/8W 1 CEATO 07716 |0757-0280 1
R72 fxd, film 118K, 1%, 1/8W 1 MF4C, T-0 19701 | 0698-3265 1
R73, 74 fxd, comp 51, 5%, 1/4W CB-51056 01121 }0683-5105
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Table 6-4. Replaceable Parts

REF. MFR.
DESIG. DESCRIPTION TQ | MFR. PART NO. CODE | HP PART NO.| RS
R75 fxd, comp 10K, 5%, 1/4W CB-1035 01121 | 0683-1035
R76 fxd, comp 4.3K, 5%, 1/4W 1 CB-4325 01121 | 0683-4325 1
R77 fxd, comp 680, 5%, 1/4W CB-6815 01121 | 0683-6815
R78 fxd, comp 5.1K, 5%, 1/4W CB-5125 01121 | 0683-5125
R79 fxd, comp 10, 1%, 1/8W CEAT-0 07716 | 0757-0346
R80, 81 Not Assigned
R82 fxd, comp 7.5K, 5%, 1/4W CB-7525 01121} 0683-7525
R83 Not Assigned
R84 fxd, comp 390, 5%, 1/4W CB-3915 01121 | 0683-3915 1
R85 fxd, film 23K, 1%, 1/8W 1 MF4cC, T-0 19701 | 0698-3269 1
R86 fxd, film 10K, 1%, 1/8W MF4C, T-0 19701 | 0757-0442
R87 fxd, comp 390, 5%, 1/4W CB-3915 01121 | 0683-3915
R88 fxd, 47, 5%, 1/4W 1 CB-4705 01121 | 0683-4705 1
R89 fxd, comp 90.9K, 1%, 1/8W 1 0757-0464
T Bias Transformer 1 28480 | 62605-80094 1
T2 Pulse Transformer 1 28480 | 5080-1785 1
U1 Linear voltage regulator IC 1 SL22310 07263 | 1826-0049 1
u2 Dual D flip-flop IC 1 DM74L74N 27014 | 1820-0596 1
u3 Quad 2-input NAND IC 1 SD12955 27014 | 1820-0583 1
U4 Not Assigned
Ub Transistor, Array IC 1 CA3046 02735 | 1821-0001 1
U6 quad. comparator 1 MC 3302P 04956 | 1826-0241 1
VR1 diode, zener 7.32V 2% 2 CD35668 15818 | 1902-0045 2
VR2 diode, zener 4.99V 2% 1 CD35620 15818 | 1902-3092 1
VR3 diode, zener 7.32V 2% CD35668 15818 | 1902-0045
VR4, 5 | diode, zener 6.19V 2% 2 04713 | 1902-3114 2
A2 Filter Board
C1,2
62605M, 15M | fxd, elect 3300uF, 125V 2 049518 56289 | 0180-0588 1
62605L fxd, elect 2000uF, 200V 2 0180-0653 1
C3,4
62605M, 15M | fxd, elect 320uF, 200V 2 601D632 56289 | 0180-0590 1
62605L fxd, elect 32uF, 200V 2 1
C5A, B fxd, cer 7200pF, (dual), 250V 1 41C407-CDH 56289 | 0160-3611 1
L1A, B inductor, 20uH 2 28480 | 5080-1787 1
R1-4 fxd, met oxide, 7.5K, 5%, 2W 4 RG42 11502 | 0764-0002 1
A5 Tunnel Assembly Includes
115V Cooling Fan, B1 28480 | 5060-2653 1
A5A3 Driver Board
C1 fxd, cer .01uF, 100V 5 91418 | 0150-0093 1
C2 fxd, elect 47uF, 25V 1 476H025CC5B 56289 | 0180-0587 1
C3 fxd, cer .01uF, 100V 91418 | 0150-0093
C4,5 fxd, cer .02uF, 100V 2 0160-0818 2
C6 fxd, cer .01uF, 100V 91418 | 0150-0093
Cc7 fxd, elect 4.7uF, 35V 1 150D475X9035B2 56289 | 0180-0100 1
C8, 9 fxd, cer 2.2uF, 25V 2 5C15C2-CML 56289 | 0160-0128 1
C10-12 fxd, cer .01uF, 1KV 4 C023A102J103MS38 56289 | 0150-0012 1
C13,14 fxd, cer 5000pF, 1KV 2 C023B102G5022S31 56289 | 0160-0899 1
C15, 16 fxd, cer 470pF, 1KV 2 DD-471 71590 | 0160-2496 1
C17,18 fxd, cer .22uF, 50V 2 5C52B-CML 56289 | 0160-0263 1




Table 6-4. Replaceable Parts

REF. MFR.

DESIG. DESCRIPTION TQ | MFR. PART NO. CODE | HP PART NO.| RS
Cc19 fxd, cer .01uF, 1KV 5C15C2-CML 56289 | 0150-0012
CR1 diode, stabistor 2 28480 | 1901-0701 2
CR2 Not Assigned
CR3 diode, switching 80V, 200mA 3 1N4148 07263 | 1901-0050 3
CR4 diode, rectifier 200V, 1A 4 1N5059 03508 | 1901-0327 2
CRb diode, stabistor 28480 | 1901-0701
CR6 Not Assigned
CR7 diode, switching 80V, 200mA 1N4148 07263 | 1901-0050
CR8 diode, rectifier 200V, 1A 1N5059 03508 | 1901-0327
CR9, 10
62605M, 15M | diode, rectifier 400V, 1.6A 2 SR1846-12 04713 |1901-0418 2
62605L diode, rectifier 200V, 1A 2 1N5059 03508 {1901-0327 2
CR11-14 diode, rectifier 400V, 1A 4 1N4936 04713 |1901-1065 2
CR15, 16 Not Assigned
CR17,18
62605M, 15M | diode, rectifier, 400V, 3A 2 MR854 28480 [1901-0719 2
62605L diode, rectifier, 400V, 1A 2 1N4936 28480 }1901-1065
L1 inductor, 2mH 1 28480 |5080-1788 1
L2 inductor, 15uH 1 28480 |62605-80099 1
P1 Connector, PC edge 30-pin 1 252-15-30-300 71785 |1251-2035 1
Q1, 2 S. S. NPN Si 2 2N3417 03508 |1854-0087 2
Q3,4
62605M, 15M | Power NPN Si 2 28480 |1854-0672 2
62605L Power NPN Si 2 MJE-182 04713 |1854-0585 2
Q5, 6
62605M, 16M | Power NPN Si 2 28480 |1854-0673 2
62605L 2
R1 fxd, comp 3K, 5%, 1/4W 2 CB-3025 01121 |0683-3025 1
R2, 3 fxd, comp 10K, 5%, 1/4W 2 CB-1035 01121 [0683-1035 1
R4 fxd, comp 10, 5%, 1/4W 4 CB-1005 01121 {0683-1005 1
R5 fxd, comp 3K, 5%, 1/4W CB-3025 01121 |0683-3025
R6, 7
62605M, 16M | fxd, ww 250, 5%, 5W 2 243E 56289 |0811-1856 1
62605L fxd, ww 300, 5%, 5BW 2 243E 56289 [0811-1215 1
R8 fxd, comp 10, 5%, 1/4W CB-1005 01121 |0683-1005
R9 fxd, comp 4.7, 5%, 1/4W 2 CB-0475 01121 |0683-0475 1
R10
62605M, 15M | fxd, 1.25, 1%, 4W 2 0811-2556 1
62605L fxd, 1.5, 5%, 3W 2 0811-1220 1
R11 fxd, comp 4.7, 5%, 1/4W CB-0475 01121 |0683-0475
R12
62605M, 15M | fxd, 1.25, 1%, 4W 0811-2556
62605L fxd, 1.5, 5%, 3W 0811-1220
R13 fxd, ww, 22, 5%, 2W 1 243E 56289 |0698-3609 1
R14, 15 fxd, comp 150, 5%, 1/4W 2 CB-1515 01121 |0683-1515 1
R16 Not Assigned
R17
62605M, 15M | fxd, ww, 25, 5%, 10W 1 247E 56289 |0698-3609 1
62605L Not Used
R18 Not Assigned
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Table 6-4. Replaceable Parts

REF. MFR.
DESIG. DESCRIPTION TQ MFR. PART NO. CODE| HP PART NO.| RS

R19
62605M, 15M | Not Used
62605L fxd,comp 3.3, 6%, 1/2W 1 0686-0335
T1 Driver Transformer 1 28480 | 5080-1789 1
TS1 Thermal Switch 1 430-1062 80089 | 3103-0038 1
62605M, 15M | (closes 200 6°F, Opens 140 +5°F)

A5A4 Output Power Assembly
C1,2
62605M fxd, elect 40,000uF, 7.5V 2 602D462 56289 | 0180-0589 1
62605L fxd, elect 21,000uF, 7.5V 2 1
62615M fxd, elect 15,000uF, 20V 2 1
C5 fxd, cer 2.2uF, 25V 1 56289 | 0160-0128 1
C6 fxd, cer .05uF, 400V 1 33C17A3-CDH 56289 | 0150-0052 1
CR1, 2
62605M Schottky, rectifier 30V, 556A 2 28480 | 1901-1082
62605L Schottky, rectifier 2
62615M Diode, rectifier 40A, 100V 2 5080-1844
L1
62605M inductor, 4uH 1 28480 | 62605-80097 1
62605L inductor, 8uH 1 28480 | 62605-80104 1
62615M inductor, 15uH 1 28480 | 62615-80095 1
L2
62605M, 05L | inductor, 2uH 1 28480 | 62605-80098 1
62615M inductor, 4uH 1 28480 | 5080-1840 1
L3
62605M, 05L inductor, 270uH 1 2500-00 99800 | 9100-1642 1
62615M inductor, 1000uH 1 9100-1798 1
R1
62605M, 05L fxd, ww, 5, 5%, 10W 1 247E 56289 | 0811-1893 1
62615M fxd, ww, 35, 5%, 10W 1 0811-1900 1
R2
62605M fxd, .00075 ohms 1 28480 | 62605-80002 1
626051, 156M fxd, .0017 ohms 1 28480 | 62605-80003 1
R3
62605M, 05L fxd, comp 43, 5%, 1/2W 1 EB-4305 01121 | 0686-4305 1
62615M fxd, comp 620, 5%, 1/2W 1 EB-6215 01121 | 0686-6215 1
T
62605M, 05L Power Transformer 1 28480 | 62605-80096 1
62615M Power Transformer 1 28480 | 62615-80094 1
TS1 Thermal Switch 1 430-1062 80089 | 3103-0038 1
(62605L) (closes 200 +6°F, Opens 140 +5°F)

AB5AG6 Regulator Overcurrent Board
C1,2
62605M, 05L fxd, cer 0.1uF, 50V 2 5C50B1-CML 56289 | 0150-0121 1
62615M fxd, cer .01uF, 1KV 2 0150-0012 1
C3 fxd, cer 5,000pF, 1KV 1 C023B102G5022S 56289 | 0160-08929 1
CR1- 4 diode, rectifier, 80V, 200mA 4 1N4148 07263 | 1901-0050 4
Q1 S.S. NPN Si 1 2N3417 03508 | 1854-0087 1
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Table 6-4. Replaceable Parts

REF. MFR.
DESIG. DESCRIPTION TQ | MFR. PART NO. CODE |HP PART NO. RS
R1,2 .
62605M, O5L | fxd, comp 1.8, 5%, 1/2W 2 CEAT-0 07716 | 0698-6254 1
62615M fxd, comp 13, 5%, 1/2W 2 EB-1305 01121 | 0686-1305 1
R3
62605M, 15M | fxd, film 100, 1%, 1/8W 1 CEA, T-0 07716 | 0757-0401 1
62605L fxd, film 162, 1%, 1/8W 1 0757-0405 1
R4 fxd, comp 200, 5%, 1/4W 1 CB-2015 01121 | 0683-2015 1
R5 fxd, comp 2.7K, 5%, 1/4W 1 CB-2725 01121 | 0683-2725 1
T Transformer, overcurrent 1 28480 | 5080-1805 1
VR1 diode, zener 6.19V 2% 1 04713 | 1902-3114 1
Chassis Electrical
CR1 triac, 15A 1 28480 | 1884-0243 1
F1
62605M, 15M | fuse, 15A, 250V 1 314015 75915 | 2110-0054 5
62605L fuse, 10A, 250V 1 2110-0051 5
L1
62605M, 15M | inductor, 1.75mH 1 28480 | 62605-80095 1
62605L inductor, 4mH 1 28480 | 62605-80106 1
U1 diode, assembly 1 SDA 10254-5 04713 | 1906-0018 1
A1 Mechanical
Terminal block 1 206206 0082M} 0360-0590
Heat Dissipator, TO5 (A1Q5) 1 207-CB 05820 | 1205-0206
A3 Mechanical
Transistor Heat Sink (Q5, 6)
62605M, 15M 1 28480 | 5020-2501
Transistor Pin Socket (Q5, 6) 4 28480 | 12561-2913
Transistor Insulator, plastic (Q5, 6) 2 28480 | 0340-0503
Mica Insulator (Qb, 6) 2 28480 | 0340-0174
Transistor Pin Insulator (CR9, 10) 2 28480 | 0340-0167
Transistor Heat Sink (Q5b, 6)
62605L 2 IERC LAT 03 B3CB 28480 | 1205-0267
Transistor Pin Socket (Q5b, 6) 4 28480 | 1251-2913
A4 Mechanical
Positive Output Bus (A4 Chassis) 1 28480 | 5000-3081
Bracket (rear C1 and C2) 1 28480 | 5000-3083
Mounting Strap (T1 and L1) 2 28480 | 5000-3082
Standoff 1.875 in. 1 28480 | 0380-0572
Standoff 1.000 in. 2 28480 | 0380-0173
Negative Output Bus 1 28480 | 5000-3080
Terminal Strip (3-lug) 2 332-14-03-010 71785 | 0360-0364
Lug Assembly (A4C6) 1 28480 | 5060-2641
Rectifier Heat Sink (S)
62605M, 15M 1 28480 | 5020-2293
62605L 1 28480 | 62605-20005
62605L 1 28480 | 62605-20006
Grommet .375 OD 1 SB-3754 28520 | 0400-0064




Table 6-4. Replaceable Parts

REF. MFR.
DESIG. DESCRIPTION TQ| MFR. PART NO. CODE | HPPART NO. | RS
Insulator (between output buses) 1 28480 | 5000-3095
Insulator {under A3) 1 28480 5000-3079
Shoulder Washer .375 OD .15 ID 3 28480| 2190-0490
Output Terminal Insulator (molded
plastic) 1 28480| 0340-0549
Miscellaneous
Chassis 1 28480| 5000-3074
Side 2 28480| 5020-2292
Cover 1 28480| 5000-3075
ID Plate Bracket 1 28480| 5000-3076
Capacitor Clamp (A2C1, C2) 1 28480| 5000-3077
Fuse Holder (F1) 1 342014 75915| 1400-0084
Terminal Block Cover, Plastic 1 28480| 0360-0551
Identification Label
62605M 1 28480| 7120-4232
62615M 7120-4903
62605L 7120-4893
Packing Carton 1 28480| 9211-0615
Floater Pad, Packing Carton 1 28480 9220-1409
Option 106 187-250Vac Input
F1
62605M, 15M fuse 8A, 250V 1 ABC-8 71400| 2110-0342 5
62605L fuse 6A, 250V 1 MTH-6 71400| 2110-0056 5
L1
62605M, 15M Inductor, 5.25mH 1 28480 62605-80100 1
62605L Inductor, 9.3mH 1 28480 | 62605-80108 1
A1T1 Bias Transformer 1 28480 | 5080-1803 1
A2W1 Remove jumper
A5 Tunnel Assy. 1 28480 | 5060-2662 1
(complete with 230V cooling fan)
Identification Label
62605M 1 28480 | 7120-4357
62615M 1 7120-4902
62605L 1 7120-4892
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SECTION VII
CIRCUIT DIAGRAMS AND COMPONENT LOCATION DIAGRAMS

This section contains the circuit diagrams necessary for the
operation and maintenance of this power supply. Included
are:

a. Component location diagrams (Figures 7-1
through 7-6), showing the physical location and reference
designators of parts mounted on the printed circuit boards
and chassis.

b. Circuit waveforms (Figure 7-7), showing the
waveforms found at key points in the circuits. These wave-
forms are used in conjunction with the troubleshooting
procedures of Section V.

c. Schematic diagram (Figure 7-8), illustrating
the circuitry for the entire power supply. Test points are
identified by encircled numbers.

Figure 7-1. Overall View, Subassembly Location
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% R55,R56 ARE LOCATED IN SLIGHTLY DIFFERENT POSITIONS ON 62605M
%% C27,C28,R88 ARE NOT USED ON 62605M

REF  GRID REF  GRID REF  GRID REF  GRID REF  GRID REF  GRID REF  GRID REF  GRID
DESIG LOC DESIG LOC DESIG LOC DESIG LOC DESIG LOC DESIG LOC DESIG LOC DESIG LOC
c1 H-2 c24 B-1 CR22 E3 R1 J1 R26 13 R49 D3 R72 F-2 VR1 J4
c2 13 C27  H2 CR24 H-2 R2 1-2 R27 G3 RS0 D4 R73 G2 VR2 G2
c3 F-3 c28 H-2 CR25 B-2 R3 H-2 R28 G2 R51  A-1 R74 I3 VR3 B4
ca H-3 CR1 F3 CR26 H-3 R4 H-2 R29 14 R52 D=2 R75 14 VR4  F-2
cs 1-4 CR2 C1 CR27 F-3 RS H-2 R30 H3 R53  B-1 R76 G4 VRS  F4
c6 G4 CR3 C1 CR28 F-3 R6 -4 R31 H-3 R54  B-1 R77 G4

c7 G-2 CR4 CA1 L1 1-3 R7 H-3 R32 H3 R556 A2 R78 G-2

cs E-3 CR5 C-1 L2 1-2 R8 H-3 R33 G2 R56 A2 R79 E4

c9 E-3 CR6  C-1 L3 E-4 R9 E-4 R34  F3 R57  F2 R82 C2

cio  G3 CR7 A2 P1 D-2 R10  H-3 R35 E-=2 R58  F-2 R84  G-2

c1 E-1 CR8 D-1 Q1 J3 R11 E-4 R36 F-3 R59  G-2 R85  F-2

c12 D3 CR9 D4 Q2 G3 R12 E4 R37 E3 R60  F-2 R86 G-2

c13 c3 CR10 D-1 a3 F-2 R13 13 R38 E3 R61 F2 R87 E-2

c14 B4 CR11 D1 Q4 D-4 R14  E3 R39 G3 R62 13 R88 A2

c15 Cc4 CR12 B-3 Qs F-2 R15  J4 R40 D3 R63  F4 R89 C3

c16 Cc4 CR13 H-=2 Q6 E-2 R16  J4 R41  C2 R64 E4 T B2

c17 A4 CR14 H-2 Q7 J-3 R17  H-2 R42 D3 R65 F4 T2 A-3

cis 11 CR15 H-3 [o] c4 R18 J4 R43 D3 R66 F4 TB1 K-2

c19 A3 CR16 G-=2 Q9 F4 R20 J4 R44 D4 R67 F4 u1 H-2

C20 E-2 CR17 D4 Q10 14 R22 E3 R45 D3 R68 F4 u2 F-2

c21 G-4 CR19 F-4 Q12 F2 R23 E3 R46 B4 R69  G-1 u3 F-3

C22 H4 CR20 G-1 Q13 G2 R24 F3 R47 D4 R70 F-2 us c4

c23 G4 CR21 F-3 Q14 E2 R25 G3 R48 D2 R71 G2 U6 G4

Figure 7-2. Main Control Board (A1), Component Location
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Figure 7-3. Filter Board (A2), Component Location




62605M, 626I5M

62605L

Figure 7-4. Driver Board (A5A3), Component Location
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Figure 7-5. Output Power Assy. (A5A4), Component Location



62605M, 62615M

62605L

Figure 7-6. Regulator Overcurrent Bd. (A5A6), Component Location

MEASUREMENT CONDITIONS

+3.6V— r—-

oV ——-

ov
2| uSEC 29,SEC
7P37,38 DRIVE PULSE

+4.8V—

apsec+| le——o}21usEC

TP34 CLOCK WAVEFORM

1. OSCILLOSCOPE DC COUPLED AND REFERENCED TO W UNLESS OTHER-
WISE INDICATED. AMPLITUDES ARE TYPICAL.

2. PREREGULATOR WAVEFORMS TAKEN WITH AC APPLIED AND NO LOAD
CONNECTED. OTHER Al BOARD WAVEFORMS (IN THE SWITCHING REG-
ULATOR LOOP) TAKEN WITH Al BOARD DISCONNECTED.

+0.52V—

ov—
|« 25,560+
TP24 EQUALIZATION RAMP (5V

ACROSS +S TERMS., SEE Al BD.
TROUBLESHOOTING |

+6.2V
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TPI2 TO TP35 PREREG. RAMP
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Figure 7-7. Circuit Waveforms

SCHEMATIC TABLE

SCHEMATIC COMPONENTS

Al A2 A3 ASA4 ASAG CHASSIS
OUTPUT | OUTPUT [
VOLTAGE | CURRENT il ct | 3| re|rio ¢l ci | R
MODEL | (VDo) | (ADC) | & |c2 |cer|ces | Rs | Re | Ro | Rin |Ri6 | Re6 | Re2 | Res [ c2 | & | rr |RI2 | R7 |Ri9| €2 [ U |L2| L3 | R | R [ R3[C2|R2|R3| F | v
NOT | NoT 15K 3300| 320250 |1:25 | & | o 0,000 100 | 154
i% 5% | % | 5% 4 075me 1% 1.75mH
62605 [5£025 | 100 | 15 | 10 |0 [ |3sx | 100 | 10k |12k |iz8w | 51 | o7 |2a3k |22V [2%V| 5w |iaw | 2w [USED| 7.5V |4k 5 43 | o118 |aw|2%V
0% | 5% | 5% | 1% o 3 | 2 [ 2uH [270uH | 5% 5% | oy | 5%
20V | 2sv 1/4W |1/aW | 1/8W 2000| 32 | 390 | L5 | oo | 33 | 21000 1ow 172w 172w | 82 | |08
vaw |vaw | 7w | 20001 82 | se | &% 5% | 75y | 8xH ’ 1% | 250v | 4mH
62605. | 5$0.25 | 60 ol | o5 1.62] SW | 3w [USED| /2w 17mQ vew
v |4 1%
50V |400v [ 1.78K| 30 | 30K |6 81K 200 | 121 |2k 250 | 125 | 35 620 13 [100
|2 % | 5% | 5% | 1% |/8W| Sop | 1% | 1% ;”235"8 Zggv 5% | 1% | 5% UNS%B |§gloo B [4uH [1000xH | 5% 5% il:\ll 5% | 1% 2’_,3;, 175mH
626i5M |15£0.75 | 40 | |5V 18w | vaw | 1/aw | 18w 1/aw | 1/8w | 178w sW [ 4w |12W 1ow 172W 172 |178W

SCHEMATIC NOTES

I. # DENOTES CHASSIS MOUNTED COMPONENTS.

2. ALL RESISTORS IN OHMS, £ 5%, I/4W UNLESS OTHERWISE INDICATED.

3. ALL CAPACITORS IN MICROFARADS, UNLESS OTHERWISE INDICATED.

4. JUMPER A2WIi IS CONNECTED WITH A I20VAC INPUT RECTIFIER-FILTER IS CONFIGURED AS A
VOLTAGE DOUBLER. WITH A 187- 2560VAC INPUT (OPTION 106 UNITS), A2WI IS REMOVED
RESULTING IN A CONVENTIONAL BRIDGE RECTIFIER CONFIGURATION. (ADDITIONAL CHANGES
ARE REQUIRED FOR OPTION 106 UNITS -REFER TO SECTION II).

TEST POINT VOLTAGES MEASURED UNDER THE FOLLOWING CONDITIONS:

A.HP 427A OR EQUIVALENT.

B. I20VAC INPUT.

C. VOLTAGES REFERENCED TO \j/ OR \§/, AS INDICATED.
D. READINGS ARE TYPICAL +10%.

E. ALL READINGS TAKEN IN CONSTANT VOLTAGE OPERATION.

PIN LOCATIONS FOR SEMICONDUCTORS ARE SHOWN BELOW:

o

o

PL-5 70-5 AICRI2 SIDE

T0-3,TO-66 (TOP VIEWS)

7. PIN LOCATIONS FOR INTEGRATED CIRCUITS ARE SHOWN BELOW:

(TOP VIEWS)

AlUI-AIU3, AIUS, AlUE

8. THE SQUARE PLATED PADS ON ALL P.C. BOARDS INDICATE ONE OF THE FOLLOWING:

A. PIN { OF AN I.C. OR TRANSFORMER.
B. POSITIVE END OF A POLARIZED CAPACITOR.
C. CATHODE OF A DIODE OR EMITTER OF A TRANSISTOR.
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MANUAL CHANGES
Models 62605L, 62605M, and 62615M
Modular Power Supplies
Manual HP Part No. 5950-1756

Make all corrections in the manual according to errata below, then check the following table for your power supply serial
number and enter any listed change(s) in the manual.

Serial Make Serial Make
Model Prefix Number Changes Model Prefix Number Changes
62605L | 1531A 00121-00140 1 62615M | 1528A 00121-00190 1
15641A 00141-00206 1,2 15643A 00191-00230 1,2,4
1633A 00207-00259 1,2,6 1544A 00231-00236 1,2,4,
1648A 00260-00563 1,2,6,8 1633A 00237-00244 1,2,4-6
1724A 00564-00877 1,2,6,8,10 1648A 00245-00252 1,2,46,8
1740A 00878-01094 1,2,6,8,10,11 1712A 00253-00326 1,2,46,8,9
174QA 01095-01329 1,2,6,8,10-12 1726 A 0032700365 1,2,4-6, 810
1811A 01330-01429 1,2,6,7,10-13 1742A 00366-00395 1,24,6,8-10-12
1821A 01430-01579 1.2,6,7,10-15 1808A 00396-00415 1,2,4,6 8,10-
1830A 01580-01879 11,72,6,7,10-15 1816A 00416-00430 1122126810
1841A 01880-01929 1,2,6,7,10-15 12,13,14
~ 17,19 1825A 00431-00460 1,2,46,8,
1845A 01930-02679 1,2,6,7,10-15 10-15,17
17-19 1836A 00461-00528 1,2,46,8,
1919A 02680-02874 1,2,6,7,10-15 929 10-15,17,18
17-2 1 B
1931A | 02875-03914 1,2,60,7,10-15 00529-00563 162_’145;?1’3'1 8,20
17-21 1938A | 00564-00613 1,2,4,6,8,10-15
2017A 03915-04094 1,127,62,2,12(:);-1 5, 17,18,20,21
. 04095.04300 19679015, 2025A | 00614-00628 :72;1862212(1)123
17-21, 23, 24 2029A 00629-up 124681015
2029A | 04310 up 1,2,6,9,10-15, 1718 20 21 23
17-21,23-25 25
ERRATA:
62605M | 1630A 00372-00471 1 Make the following changes to the parts list and to the Figure
1539A 00472-00521 1,2 7-8 schematic or the schematic table:
1543A 00522-00661 1,23 Change the part number of A1C10 to 0160-0818.
1550A 00662-00711 1-4 Add the following part numbers:
1604A 00712-01211 1-6 A2C3, C4 in the 62605L is 0180-2601.
1633A 01212-01513 1-6 ABA4C1, C2 in the 62605L is 0180-2600.
1639A 01514-01644 1-7 A5A4C1, C2 in the 62615M is 0180-2605.
1648A 01645-02438 1-8 For the Models 62605M and 62615M, change the part number
1724A 02439-03395 1-8, 10 of ABA3R17 to 0811-1899.
1746A 0339604095 1-8,10-12
1808A 0409694665 1-8,10,12,13 Under Miscellaneous on Page 6-12, change the chassis part
1828A 04766-04805 1-8,10-14,16 number to 5000-3111.
1828A 04806-054 55 1-8,10-14,16,
17 Add this note to the top of Table 5-2:
1840A 05456-06354 :;58-11180-14' NOTE: One silicon junction drop.equals about 0.7 volts ac.
1923A 06355-06824 1-8,10-14,
16-18,20 CHANGE 1:
1930A 0682507124 1-8,10-14, Add to the parts list under A1 Mechanical, IC socket 14-
16-18,20,21 .
1937A 07125-08474 1-8,10-14, contact, part number 1200-0508, quantity 5, (for U1, U2,
16-18,20,21 U3, U5, and U6).
2013A | 08475-09009 1-8,10-14,
16-18,20-22 Make the following schematic and parts list changes to the
2018A | 09010-09409 18, 100, Model 62605L only. On Driver Board Assembly ABA3:
2029A | 09410-09559 1-8,10-14, Change R19 to 4.7 ohms, 0698-0001. Change C7 to 0.47uF
16-18, 20-23,25 0180-0376. Change R6 and R7 to 250 ohms, 0811-1856.
2033A 09560-up 1-8, 10-14, 16-18
20-23, 25,26




Manual Changes/Models 62605L, 62605M, and 62615M
Manual HP Part No. 5950-1756
Page — 2 —

CHANGE 2:
The serial prefix of the Model 62615M has been changed to
1543A.

In the parts list and in the component table accompanying
the schematic, change A1R16 in the Model 62605L. to 1.5k{2
1%, 1/8W, HP Part No. 0757-0427.

In Table 1-1, change the load transient recovery specification
for the Mode! 62605M to 750usec.

CHANGE 3:
In Model 62605M, change capacitors A2C3 and A2C4 on the

P filter board to 45uF, 150V, HP Part No. 0180-2G27.

CHANGE 4:
In the parts list and on schematic, make the following changes:
Under A5A4 Output Power Assembly: Change L2 in the
Model 62605M to 1.1uH, HP Part No. 62605-80109.
Under A1 Main Control Board, for Models 62605L and
62605M: Change C2 to 22uF, 15V, HP Part No. 0180-0228.
Change R6 to 39082, 5%, 1/4W, HP Part No. 0683-3915.
Designate that R11, 1.6k, 1%, 1/8W, (HP Part No. 0757-
0428), is selected for optimum performance.
Change R26 to 20052, 5%, 1/4W, HP Part No. 0683-2015.
Change R62 to 12.182, 1%, 1/8W, HP Part No. 0757-0379.
Under A5A6 Regulator Overcurrent Board for Models
62605M and 62615M: Add capacitor C4, 220pF, 500V,
HP Part No. 0150-0111. Connect C4 from the collector to
the emitter of ABAGQ1.

CHANGE 5:
Change the serial prefix for Model 62605M to 1604A. In
Model 62615M, change capacitors A2C3 and A2C4 on the
filter board to 45uF, 200V, HP Part No. 0180-2627.

ERRATA:
In paragraphs 4-50 and 4-51, change the reference designator
of the comparator from "A1U5” to "A1U6"".

In parts list, under ABA4 Output Power Assembly, HP Part

No. of CR1 and CR2 in Model 62605L should read 1901-0748.

In Table 5-1, correct the description of the recommended
current sampling resistor for the Model 62605M to read
""Model 06713, 50mV @ 100A"".

Make this addition to note 3 following Table 5-2: “"These
Schottky diodes will normally exhibit a certain amount of
reverse leakage. This is not cause for replacement”’.

CHANGE 6:
On page 6-5 of the parts list and the Figure 7-8 schematic,
delete capacitors A1C8 and A1C9.

CHANGE 7:
Under A5A4 on page 6-10, change the HP Part No. of CR1
and CR2 for the Model 62605M to 1901-0727.

CHANGE 8:
The value of ABABR3 on the A5AB Regulator Overcurrent
Protection Board has been changed to improve operation of
the peak current limit circuit. In the Models 62605M and
62615M, ASABR3 is 90.9 ohms, 1%, 1/8W, HP Part No.
0757-0400. In the Model 62605L, ABAGR3 is 150 ohms,
1%, 1/8W, HP Part No. 0757-0284. In the Model 62605L
only, A3R19 has been changed back to its original value of
3.3 ohms, 5%, 1/2W, HP Part No. 0686-0335 to optimize
the range of CURRENT LIMIT control A1R15. Make these
changes to pages 6-11 and 6-10 of the parts list and to the
table accompanying the Figure 7-8 schematic diagram.

ERRATA:
Delete from the parts list the five 14-contact IC sockets
added to the A1 Board by Change 1.

Add this caution notice to the outline diagram on page 2-1:

CAUTION
The length of the 10-32 screws that mount these
supplies must not exceed the thickness of the
mounting surface by more than 3/8 of an inch.
Longer screws can short the supply internally.

CHANGE 9:
In the schematic table for Fig. 7-8 and on page 6-11 of the
parts list, change the value of snubber resistors AGA6R1 and
ABAGR?2 in the Model 62615M only to 3.9 ohms, 5%, 1/2W,
HP Part No. 0698-5139.

In Table 1-1, change the ripple and noise specification for_

the Model 62615M only to read: Less than 15mV rms and
85mV p-p (20Hz to 20MHz).

ERRATA:
On page 6-9, add the part number for transistors ABA3Q5
and Q6 in the Model 62605L, which is 1854-0710.

On page 6-12, change the part number of the packing carton
floater pad to 9220-1418 and the quantity to two.

CHANGE 10:
Make the following changes to pages 6-5 through 6-8 of the
parts list and to the Figure 7-8 schematic. Change 10 affects
the A1 board of all L- and M-Series models.

A1R73, 74: Change these sensing protection resistors
(near output terminals on schematic) to 51 ohms, 5%, 1/2W,
HP Part No. 0686-5105.

A1C25: Add C25 (0.01uF, 0150-0093) to the voltage
comparison amplifier circuit. This capacitor is connected
between pins 7 and 12 of U1.

A1P1: Change the part number to 1251-2035.
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L ___CHANGE 10. (Contlnued) _
____ A1R92: Add R92 (4.7 ohms, 5%, 1/4W, HP Part No. .. _

B -  0683-0475) to the voltage comparison amplifier circuit. R92

is connected in series with the negative terminal of A1C1.
A1C26: Add C26 (0.05uF, 400V, HP Part No. 0150- .
___0052) to the preregulator control circuit. C26 is connected
between TP5Z! (+ terminal) and preregulator common @
_ _._A1R55: Replace R55 in the preregulator control circuit
__.with a jumper.. '

A1R12: Change R12in the CL comparison amplifier to
12.7 ohms, 1%, 1/8W, HP Part No.0698-4356.
_ A1R93: Add R93 (21.5 ohms, 1%, 1/8W, HP Part No. _
0698-3430) to_the_CL_comparison amplifier as shown below.
___A1R94: R94 is.a_ 100-ohm trimmer, HP Part No. 2100- _
3349, and is a factory adjustment used to set the adjustment

range of CURRENT LIMIT adjust R15. Add it to the CL
comparison amplifier as shown below. '

A1R90: Add R90 (390 ohms, 5%, 1/4W, HP Part No.
0683-3915) to the overvpltage protection circuit as shown
_ below.

A1VR6: Add zener diode VR6 (20.5V, 5%, 400mW
HP Part No. 1902-0182) to the overvoltage protection circuit
~as shown below.

A1R69: Resistor-R69 is now connected to TP23 as

_shown below instead of to TP22.

" . In addition to the above circuit changes the A1 circuit ..’
board has been modified to allow automated component _ __
insertion. -

CHANGE 11:
The following changes have been made to the ASA3 Driver —
Board in the Model 62605L in order to allow the same blank-
ABA3 Board to be used in all three L- and M-Series models:
—iDelete the two heatsinks for ABA3Q5 and Q6 (two HP
Part _No: 1205-0267) and replace them with a single cast
"aluminum heatsink (5020-2501). -Add two transistor insula- -

.- tors (0340-0503) for Q5 and Q6, and relocate thermal switch

RI6

—— - — TS1 from the ABA4CR1 and CR2 heatsink to the new Q5/Q6
- — — heatsink. Also on the A5A3 Board in the 62605L, change
R . — the part number for CR9 and CR10 to 1901-0418, and )
. \]" CURRENT __change R19 to 4.7 ohms, 5%, 1/4W, HP Part No. 0683-0475.
1SENSE - )
R - ... In the ABA4 Output Power Assembly of the Model 62605L,
% S . delete the two heatsinks for ABA4CR1 and CR2 (62605-
:?21_2, L T 20005 and 62605-20006) and replace them with a single
|%.'|/sw . cee e — heatsink, HP Part No. 5020-2293.
"\ :
: *R93 - .. Add capacitor C4 to the A5A6 Regulator Overcurrent Board
*R94 - 21.5 .. % ADDED OR _ in the Model 62605L. A5A6C4 is a 220pF, 500V, disc . ...
100 1%,|/8W - ggaggﬁgms : capacitor, HP Part No. 0150-0111, and is connected between

Current Limiting Companson Amphfler Changes (Change 10)

the emitter and collector of ASARQ1.

- ~ . CHANGE 12: i

On page 6-11 of the parts list under Chassis Electrical, . _ ..
change the HP Part No. of triac CR1 to 1884-0269. _. _. .

+ ADDED

ov2 COMPONENT
- c28
CRIS (SEE )
ov3 o /@ TABLE)
| e
. CURRENT *
LIMIT RI7 ct Roz |
o % ADDED > R69
COMPONENTS - B
EXT TRIP
OR STATUS : - u-13 CR20 ;3 TURN-DOWN
' g p— FROM OV
- R69 WAS PROTECTION
CONNECTED CIRCUTT
Overvoltage Protection Circuit Changes (Change 10) HERE i - .



Manual Changes/Models 62605L, 62605M, and 62615M
__ Manual HP Part No. 5950-1756

_Page—-4-__ . . A e .. CHANGE 19:
S e CHANGE 13 ) .. Change the part number of Schottky diodes A4CR1 and
I —— ——— CR2 to 1901-0851. This new diode is completely inter-
_ Replace A2C1, C2 capacitor clamp, HP Part No 5000- . changeable with the 1901-0748 used formerly. -
___ 3077 with capacitor clamp HP Part No. 5000-3167. Add R B '
_ 8inch long polyurethane foam tape, HP Part No. 0460- = _ S I v
___0105, to underside of new capacitor. Solder lug, HP Part _ = .~ CHANGE 20

__ No. 0360-0007 is added to the minus.side of capacitor C2.
Dual capacitor C18A and B in the input RFI filter

w'on - o o . has been changed to two individual 4700pF 250 Vac

- . _ CHANGE14: _ _

e e capacitors designated C18A and C18B. Their HP part
_Change A1R32 to 16.2k, 1%, 1/8W HP Part No. 0757- _. __ no. is 0160-4439. Make this change to the F|g 7-8
_0447 —— — — — -schematic and on pageGSof the e parts list. _ .

5!"!;»‘:=‘§;,

._..Ch HP Part No. of A1US to 1826-0138. e
onee ) . 'CHANGE 21:.

_ERRATA: ’ Dual capacitor_ A2C5 has been rep!aced by two individual

o e capacn:ors designated C5 and CB. These are 0.01uF 250Vag .
_HP part no. 0160-4355. Also on the A2 bo=-d, R1 through -
_ R4 have been changed to 7.5kS2 3W, HP partno.

. Effective in all models: __._t__..,_ e
- Change bridge rectifier (U1 Chassis Electrlcal) to HP Part

No. 1906-0224. Add warning label, “"Warning for continued .0811-1815.
protection against fire hazard . .. ”, HP Part No. 71204627 “The capacitor clamp for A2C1 and C2 (changed by Change

e R 13) has been changed to HP part no. 5000-3174. The

Replace diode CR24 (p. 6-5) with HP Part No. 1901 0841 foam “tape used with this clamp has been changed to HP
part no. 0460-1027. i
‘CHANGE 22: -

This change does not require a change to the manual.

In model 62605M change Schottky rectnﬂer to HP Part .
-No.1901-0851. . . . . .

- CHANGE 15:{__ _ . g - CHANGE 23: e

'; M'ode:[s BiG?SL::;S ! sx _ T In Table 6-4 under Miscellaneous, add C.S.A. (Canadian
-Replace fuse holder art No. 1400-0084 and nut, ——  Standards Association) identification label, HP Part No.

"HP Part No. 2950-0038 with fuse holder body HP Part —— 7120-8627. The models 62605L, 62605M, and
No. 2110-0464 and fuse holder cap, HP Part No. 2110- -
0465. Add hex nut, HP Part No. 2110-0467. -

62615M are now C.S.A. certified for “component type
custom rectlflers -

In the Model 62615M only, diodes ABA4CR1 and ABA4CR2

CHANGE 16: = .. -+~ have been changed to HP Part No. 1901-0904. The new part
) - s mterchangeab!e with the old one.
In Models 62605M: .. == - CHANGE 24:
Delete fuseholder HP Part No. 1400-0084. Delete nut, .. ) )
HP Part No. 2950-0038. Add fuse holder body, HP o In the Model 62605L, A2 Filter Board capacitors
Part No. 2110-0464. Add fuse cap, HP Part No. . _ Cland C2 have been changed to HP Pat No.
2110-0465. Add nut (metallic) HP Part No. 2110-0467, . 0180-30%8. .
I S S A CHANGE 25. o o
CHANGE 17: - - Change capacitor ABA3C2 to 110uF 300V, HP
Part No. 0180-2771.

Delete diode CR16, HP Part No. 1901-0050. Add . — PCHANGE 26° e
resistor R95 in place of the deleted diode. This 'ThIS change adds a field-selectable choice of line voltage

resistor is fixed composition, 2.2k§2, 1/4W, HP Part _ranges to the Model 62605M. A front panel slide switch
No. 0683-2225. can select an input range of either 104 to 127Vac »
: : T ' B ’ or 187 to 250Vac. The supply is shipped with the switch
set to the 187 to 250Vac range. Most of Change 26 affects
" the A1 Main Control Board Assembly, for which a partial
CHANGE 18: _ schematic is provided. Correct the parts list and schematic

Add resistor R96 1o the A1 Control Bt‘);r‘c; ThlS 6.8MQ ~in the manual to refiect the following component and
wiring changes.

5% 1/4W resistor (HP Part No. 0683-6855) is connected fro;‘n - - STt

* pin 1topin 7 of turn-on level comparator U6. ... . ... . _ ] .
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Add line voltage selector switch A1S1 (HP Part No. 3101-
0419), and change bias transformer A1T1 to HP Part No.
5080-1908. The attached figure shows the associated

wiring changes. Notice that the terminals of A1T1 have
been renumbered and that the wiring to fan A5B1 has been
affected. Also shown in the figure are new component desig-
nations for the two capacitors formerly designated C18(A)
and C18(B). (These were a dual capacitor until Change 20).
A1C18(A) is now designated A1C30 and A1C18(B) is

now A1C31; both keep the former HP Part No. 0160-4439.

Other changes not shown in the figure include the following:
In the preregulator circuit delete A1C19 and change A1C17
to 0.01uF, HP Part No. 0160-4065. Also change A1R56 to
5182, 5% 1/2W, HP Part No. 0686-5105.

A1C16 in the preregulator reference supply has been changed
to 47uF 40V, HP Part No. 0180-2827.

Delete ID plate bracket 5000-3076, and add angle bracket
5000-3147. Also change the cover to HP Part No. 62605-
00008.

Due to the elimination of a need for Option 106 for the
Mode! 62605M, paragraphs 1-12 and 2-18, and the Option
106 p:rtion of the parts list no longer apply to this model.
The new dual-input-voltage Model 62605M uses the same
size fuse in both input ranges as was formerly used in the
104 to 127V range: an HP Part No. 2110-0054 rated at
15A and 250 volts.

Add the following caution notice to the beginning of
Section Il

$§ CAUTION ¢

Do not connect the ac input terminals
until you have checked that the line
voltage selector switch has been set to
the proper range.

RFI FILTER
I— |
| ALY | A1P{
A =l
B
AIC30
__E_.. | | ADDED e 10
Q I ] - AIP4 > R%%TIIDFSE R
,J7 : ' 120V WHT/RED/GiA [ 14 :T_(_(w‘\,_ vl
g1 ' i
| A2 | 0220v AITH U
| ! 2
L — — l WHT/GF\;J/GRA 4
|

e

S :JJﬁ

WHT/YEL /GRA C _8

A5B({

CHANGED

AICR14

N
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Mito Mitsui Building

105, 1-chome, San-no-maru

Mito, Ibaragi 310

Tel: 0292-25-7470

Yokogawa-Hewlett-Packard Ltd.

Inoue Building

1348-3, Asahi-cho, 1-chome
Atsu I Kanagawa 243

Tel: 0462-24-0452

Yokogawa-Hewlett-Packard Ltd.

Kumagaya Asahi

Hacm]um Building

3 4 Tsuknba
agaya, Saitama 360
hl 04 5-24-6563

KENYA
Technical Engineering
Services(E.A.)Ltd.
P.0. Box 18311
Nairobi
Tel: 55679/556680/557726
Telex: 22629
Cable: PROTON
Medical O {
lnlematmnz Aeradlo(E A.)Ltd.
P.0. Box
Nairobi Alwon
airobi
Tel: 336055/56
Telex: 22201/22301
Cable: INTAERIO Nairobi

KOREA
Samsung Electronics Co., Ltd.
|g(g Floor, Daeyongak Bldg .

gnaonq Moo-Ro, Chung-Ku,

Tel. (23) 68‘1 778-3401/2/3/4
Telex: 2
Cable: ELEKSTAR Seoul

MALAYSIA

Teknik Mutu Sdn. Bhd.
No. 2, Lorong 13/6A
Section 13

Petaling Jaya Sollngor
Tel: 54994)

Telex: MA 37605
Protel Engineering
P.0. Box 1917

Lot 259, Satok Road
Kucmn Snrawak

l: 5354
Cab!e PROTELENG

MOZAMBIQUE

AN. Goncalves, Ltd.

162, 1° Apt. 14 Av. D. Luis
Caixa Postal 107

NEW ZEALAND
Hewlett-Packard (N.Z.) Ltd.
4-12 Cruickshank Street
Kilbirnie, Wellington 3

P.0. Box 944

Courtney Place
Wellington

Tel: 877-199

Cable: HEWPACK Wellington
Hewlett-Packard (N.Z.) Ltd
Pakuranga Professional Centre
267 Pakuranga Highway
Box 51092

Pakuranga

The Eleclt-uamcs Instrumenta-

144 Ageae Motor Road, Mushin

Cabqe: THETEIL Lagos

PAKISTAN

Mushko & Company Ltd
Oosman Chambers
Abdullah Haroon Road
Karachi-3

Te! 511027 512927

Telex
Cable: COOPERATOR Karachi

Mushko & Company, Ltd.
388, Satellite Town

Tel: 569-651 Rawalpindi

Cable: HEWPACK Auckland Tel: 41924 .
Analytical/Medical Only Cable: FEMUS Rawalpindi
Medical Supplies N.Z." Ltd PHILIPPINES

Scientific Division The Online Advanced

79 Cariton Gore Road, Systems C

P.0. Box 1234 Rico House

Auckland Amorsolo cor. Herrera Str.

Tel: 75-289

Cable: DENTAL Auckland
Analytical/Medical Only
Medical Supuhes N.Z. Ltd.
Private B:

Norrie and Parumoana Streets
Porirua

Tel: 75-098

Telex: 3858
Analytical/Medical Only
Meuncal Supplles N.Z. Ltd.

239 Stanmore Road
Chrlllchurch

Tel: 892-(

Cable: OENTAL Christchurch
Analytical/Medical Only
Medical Supplies N.Z. Ltd.
303 Great King Street

; 88-
Cable: DENTAL Dunedin

NIGERIA

The Electronics
Instrumentations Ltd.

N6B/770 Oyo Road

Oluseun House

P.M.B. 5402

Legas&l) Vllla?e Makati

Metro Manil
Tel: 85-35- 81 85-34-91,85-32-21
Telex: 3274 ONLINE

RHODESIA

Field Technical Sales

45 Kelvin Road North

P.0. Box 3458

Salisbury

Tel: 705231 (5 lines)

Telex: RH 4122

SINGAPORE

Hewlett-Packard Singapore
Pte.) Ltd.

1150 Depot Road

Alexandra P.0. Box 58

Singa) oreA

Tel:

Telex: HPSG RS 21486

Cable: HEWPACK, Singapore

SOUTH AFRICA
Hewlett-| Packard South Africa

Private Ba Wendywood
Sandton, Transvaal, 2144
Hewiett-Packard Centre
Daphne Street, Wendywood,

Hewlett-Packard South Africa
(Pty.), Ltd.

P.0. Box 120

Howard Place, Cape Province, 7450
Pine Park Centre, Forest Drive,
Pinelands, Cape Province, 7405
Tel: 53-7955 thu 9

Telex: 57- 0006

TAIWAN

Hewlett-Packard Far East Ltd.
Taiwan Branch

39 Chung Hsiao West Road
Secuon 1, 7th Floor

TelE 3819160 4 3141010,3715121

Cable HEWPACK TAIPEI
Hewlett-Packard Far East Ltd.
Taiwan Branch

68-2, Chung Cheng 3rd. Road

Kaohsiun,
Tel: (07) 243318-Kaonsiunu
Analytical Only

San Kwang Instruments Co., Ltd.
%O IYunp Sui Ruad
J

aipel
Tel: 3715171-4 (5 lines)
Telex: 22894 SANKWANG
Cable: SANKWANG Taipei

TANZANIA
Medical O r
Lntemgtwna Aeradio (E.A.). Ltd.

Dar es Salaam
Tel: 21251 Ext. 265
Telex: 41030

THAILAND

UNIMESA Co.

Elcom Research Building
2538 Sukumvn Ave.

Tel: 3932387. 3980338
Cable: UNIMESA Bangkok

UGANDA
Medical Only
lnterna(ional Aeradio(E.A.L Ltd.
P.O Box 2577
p I
Cahle lNTAERIO Kampala

R.Jv Tllbury (Zambia) Ltd.
P.0. Box 2792

usa
Tel: 73793
Cable: ARJAYTEE, Lusaka

OTHER AREAS NOT LISTED, CONTACT:

Hewlett- Packard Interoontmenlal
3200 Hillview
Palo Alto, Callforma 94304

[:] Cochin 682 016 Kanagawa-ku Mapu lo Sandton, 2144 Tel: (415) 856-1501
Taomug)l(ns 96911 Tel: 32369,32161.32292 Yokohama, 221 Tel: 2709 114 Tel: 802-1040/8 TWX: 910-373-1267
Tel: 646- Telex: 0885-514 Tel: 045-312-1252 Telex: 6 203 NEGON Mo Telux 31231 TEIL Nigeria Telex: 8-4782 Cable: HEWPACK Palo Alto
Cable: EAF(MED Guam Cable: BLUESTAR Telex: 382-3204 YHP YOK Cable: NEGON Cable: THETEIL Ibadan Cable: HEWPACK Johannesburg Telex: 034-8300, 034-8493
ALBERTA ONTARIO
Hewlen Packard éCanada) Ltd. Hewlett-Packard (Canada) Ltd.
1620A - 168th Street 1020 Morrison
ton T5M 3T9 Ottawa K2H GK7
Tel (463& 452-3670 Tel: (613) 820-6483 QUEBEC
TWX: 610-831-2431 BRITISH COLUMBIA MANITOBA NOVA SCOTIA TWX: 610-563-1636

Hewlett-Packard (Canada) Ltd.
210,7220 Fisher St. S.E.
Calgai XT H 2H

Tel: ?40 ) 253-2713

Twx: 610-821-6141

Hewlett-Packard (Canada) Ltd.
10691 Shellbridge Way
Richmond VSX 2W
Tel: (604) 270-2277
TWX: 610-925-5059

Hewlett Packard (Canada) Ltd

786 6701
TWX 610-671-3531

Hewlett-Packard (Canada) Ltd.

Tel: (902) 469-7820
TWX: 610-271-4482 HFX

Hewlett-! Packard (canadab Ltd.
6877 Goreway Drive
Mlnlsnu a L4V 1M8

Te|
{ 6‘& 492 4246

Hewlett-| Packam (Canada) Ltd.
275 Hymus Bivd.
olmc Chlre HIR 167
TeI (514 697-4232
-422-3022
TLX 05—321521 HPCL

FOR CANADIAN AREAS NOT LISTED:

Contact Hewlett-Packard (Canada)
Ltd. in Mississauga.

CENTRAL AND SOUTH AMERICA

ARGENTINA
Hewlett-Packard Argentina

Av. Leandro N. Alem 822 - 12°
1001 Buenos Alres

Tel: 31-6063,4,

Telex: 122443 AR CIGY

Cable: HEWPACKARG

Biotron S.A.C.Ly M.

Bollvar 177

1066

Tel: 30 4846 34 9356 34-0460,

Telex: 175!

BOLIVIA

Casa Kavlin S.A.

Calle Potosi” 1130
0 B 500

Tel 41530 53221

Telex: CWC BX 5298,ITT 3560082
Cable: KAVLIN

BRAZIL

Hewlett-Packard do Brasil

1.e.C. Ltda.

Alameda Rio Negro, 750
Alphaville

of 400 Barueri SP

Tel: 429-3222
Cable: HEWPACK Sao Paulo

Hevelm-Packard do Brasil

Rua Padre Chagas, 32
90000-Pérto Alegre-RS
Tel: (0512) 22-2! 22-5621
Cable: HEWPACK Potto Alegre
revgett -Packard do Brasil

€.
Rua SuLue:ra Campos, 53

Rio de Janeiro-RJ
Tel: 257 80-94-DDD (021
Telex: 391-212-1905 HEWP-BR
Cable: HEWPACK
Rm de Janeiro

CHII

Cal Icaqm y Metcalfe Ltda
Alameda 580-0f. 807
Casilla 2118

Santiago, 1

Tel: 398613

Telex: 3520001 CALMET
Cable: CALMET Santiago

COLOMBIA

Instrumentacidn

Henrik A. Lanaobaak & Kier 5 A
Carrera 7 No. 48-75

Apartado Aéreo 6287

Bogotd, | D E.

Tel: 69-88- 77

Telex: 044-

Cable AAR!S Boaom
Instrumentacion

H.A. Langebaek & Kier S.A
Apartado Aereo 54098

Medellin

Tel: 304475

COSTA RICA

Cientifica Costarricense S A
Avenida 2, Calle 5

San Pedro de Montes de Oca
Apartado 10159

an Jose
Tel: 24-38-20, 24-08-19
Telex: 2367 GALGUR CR
Cable: GALGUR

ECUADOR
Compuladaras y Equipos
Eloctr
P.0. on 6423 ccl
Eloy Aifaro No. 1824,3°Piso
Quito
Tel: 453
Telex: 2548 CYEDE ED
Cable: Sagita-Quito
Medical Only
Hospitalar S.A.
Casilla 3590
Robles 625
Quito
Tel: 545-
Cable: Hosmtalar»Oulto
EL SALVADOR
Instrumentacion y Procesamiento
Electronico de el Salvador
Bulevar de los Heroes 11-48
San Salvador
Tel: 252787

GUATEMALA

IPESA

Avoniga Reforma 3-48,
Guatemala

Ci
Tel: 316627,314786,66471-5,ext.9
Telex: 4192 Teletro Gu

MEXICO
Hewlett-| Packard Mexicana,
S.A. de

Av. Perwénco Sur No. 6501
Tepepan, Xochumnlco
Mexico 23,

Tel: 905-676- 4600

Telex: 017-74-507

Hewlm Eackam Mexicana,
Ave Consmucwn No. 2184

y, N
Tel: 46-71-32, 48-71-84
Telex: 038-410
NICARAGUA
Roberto Terdn G.
Apartado Postai 689
Edificio Terdn
anagua
Tel: 25114, 23412,23454,22400
Cable: ROTERAN Managua

PANAMA

Electrdnico Balboa, S.A.
P.0. Box 4929

Calle Samuel Lewis
Cuidad de Panama
Tel: 64-2700

Telex: 8485126 Curundu,

Cable: ELECTRON Panama

PERU
Compaiila Electro Médica S.A.
Los Flamencos 145
San Isidro Casilla 1030
Im- 1
Tel: 4
Telex: Pub Booth 25424 SISIDRO
Cable: ELMED Lima

URUGUAY

Pablo Ferrando S.A.

Comercial e Industrial

Avenida Italia 2877

Casilla de Correo 370
Montevideo

Tel: 40-3102

Telex: 702 PUBLIC BOOTH PARA

BLO FERRANDO TELEFONO TW)( 91

4
Cable: RADIUM Montevideo

VENEZUELA
HeAwlen-Packard de Venezuela

P.0. Box 50933

Caracas 105

Los Ruices Norte

3a Transversal

Edificio Segre

Caracas 107

Tel: 35-00-11 (20 lines)
Telex: 25146 HEWPACK
Cable: HEWPACK Caracas

FOR AREAS NOT LISTED, CONTACT:

Hewlett-Packard

Inter-Americas

3200 Hillview Ave

Palo Alto, CaMorma 94304
15) 856-1

Tel: (4
373- 1260
e: HEWPACK Palo Alto
Telex 034-8300, 034-8493



EUROPE, NORTH AFRICA AND MIDDLE EAST

AUSTRIA
Hewlett-| Packard Ges.m.b.H
Handels s

A~1205 Vlenna
Tel: 351620-29
Cable: HEWPAK Vienna
Telex: 75923 hewpak a

BELGIUM
geAwlm Packard Benelux

Avenue du Col-Vert, 1,
(Gmenkraaulaan)
B-1170 Brussels

Tel: (02) 660 0047,672-2240
Cable: PALOBEN Brussels
Telex: 23-494 paloben bru

CYPRUS

K; ronics

19 Gregorios Xenopoulos Street
P.0. Box 1152

Nicos| I

Tel: 456;

Cable: Kgpromcs Pandehis
Telex: 3

CZECHOSLOVAKIA
Vyvojova a Pravozm Zakladna .

FRANCE
Hewlett-Packard France
Quartier de Courtaboeuf
Boite Postale No. 6
F-91401 Orsay Cedex
Tel: (1) 907 78 25
Cable: HEWPACK Orsay
Telex: 600048
Hewlett-Packard France
Bureau de vente de Lyon
“'Le Saquin™
Chemin des Mouilles

162
F-69130 Ecully Cedex
Tel: (78) 33
Cable: HEWPACK Eculy
Telex: 3106 17
Hewlett-Packard France
Bureau de vente de Toulouse
Péricentre de la Cépiére
Chemin de fa Céplére 20
F-31300 Toulouse-Le Mirail
Tel: (G!Ldu 1112
Cable: HEWPACK 51957
Telex: 510957
Hewlett-Packard France
Le Ligoures
Bureau de vente de Marseilles
Place Route de Villenueve

Hewilett-Packard GmbH
Technisches Biiro Hamburg
Wendenstrasse 23

-2000 Hamburg 1
Tel: (0403 2413 93
Cable: HEWPACKSA Hamburp
Telex: 21 63 032 hphh d
Hewlett-Packard GmbH
Technisches Buro Hannover
Am Grossmarkt 6

D-3(

Tel: (0511) 46 60 01

Telex: 092 3259
Hewlett-Packard GmbH
Technisches Biro Nirnberg
Neumeyerstrasse 90
D-8500Ntrnberg

Tel: (0911) 56 30 83

Telex: 0623 860
Hewlett-Packard GmbH
Technisches Biro Mdnchen
Eschenstrasse 5

D-8021 Taufkirchen

Tel: (089) 6117-1

Hewett- Packarg GmbH

Ustav
CSSR- 25097 Bechovlce u Prahy
Tel: 89 93 4
Telex: 121333
Institute of Medical Bionics
Vyskumrgy Ustav Lekarskej Bioniky
Jedlov:
CS-88346
Bratislava-Kramare

el:
Telex: 93229

DDR

Entwicklungslabor der TU Dresden

Forschungsinstitut Meinsberg
DR-73(

Waldheim/Meinsberg
Tel: 37 667

Telex: 518741

Export Contact AG Zuerich
Guenther Forgber
Schiegelstrasse 15

lin
Tel: 42-74-12
Telex: 111889

DENM,
Hewlen Packaru NS
Datave

DK-. 34 Blrkerod
Tel: (02) 81 66 40
Cable: HEWPACK AS
Telex: 37409 hpas dk
Hewlett-Packard A/S

av 6061
Tel (06) 82 71 66
Telex: 37409 hpas dk
Cable: HEWPACK AS

EGVPT

Imematlonal Enulneennq Associates
24 Hussein Hegazi Stre

Kasr-gl-Aini

Cairo

Tel: 23 829

Telex: 2067

Cable: INTENGASSO

[
Tel 142) 59 41 02
: EWPACK MARGN
Te 770

Huwlen Packard France
Bureau de vente de Rennes
2, PAIlee de la Bourgnette

; :'35(100’ Hunnn Cédex

Cable: HEWPACK 74912
Telex: 740912

Hewlett-Packard France

Bureau de vente de Strassbourg
18, rue du Canal de la Marne
F-67300 Schiltigheim

Tel: (88) 83.08.10/83.11.53
Telex: 890141
Cable: HEWPACK STRBG
Hewlett-Packard France
Bureau de vente de Lille
immeuble Péncen(re

Rue van Gogh

F-596! V||I0n.uvl d Ascq
Tel: (20) 91 41.25

Telex: 16.01.24F
Hewlett- Packavd France
Bureau de Vente
Centre d' affaires Paris-Nord
Batiment Ampére
Rue de la Commune de Paris

B.P. 300
F-93153 Le Blanc Mesnil Cddex
Tel: (01) 931 88 50

Hewlett-Packard France
Bureau de vente de Bordeau

Tel: (56) 97 22 69

GERMAN FEDERAL REPUBLIC
Hewlett-Packard GmbH
Vertriebszentrale Frankfurt

Berner Strasse 117

Posﬁach 560 140

D-6000 Frankfurt 56
Tel: (06!1) 50-04-1
Cable: HEWPACKSA Frankfurt

Berlin
Kaithstrasse 2-4
D-1000 Bertin 30

Tel: (030) 24 90 86
Telex:018 3405 hpbin d
GREECE

Kostas Karayannis
8 Omlrou Strest

133
Tel: 32 30 303/32/37 731
Telex: 21 59 62 RKAR GR
Cable: RAKAR ATHENS
Analenical Only
INTECO
G. Papathanassiou & Co.
17 Mavm S(rm

103
Tel: 5522 915/5221 989
Telex: 21 5329 INTE GR
Cable: INTEKNIKA
Medical Only
Technomed Hellas Ltd.
52 Skoufa Street

thens
Tel: 3626 972
Telex: 21 4693
Cable: ETALAK

HUNGARY
M

Muszenigy és Méréstechnikai
Szolgalata

Hewlett-Packard Service

Lenin Krt. 67, P.0.Box 241

‘391 Budapes( vi

Tel: 42 03 38

Telex: 22 51 14

ICELAND

Medical Only

Elding Tradm Company Inc.
Halnamvull Tyggvagetu

63 03
Cable: ELDING Reykjavik

IRAN
Hewlett-Packard Iran Ltd.

ITALY

Hewlett-Packard Italiana S.p.A.

Via Amerigo Vespucci 2
Casella pas«ale 3645
1-20124 Milan

Tel: (02) 6251 (10 lines)
Cable: HEWPACKIT Milano
Telex: 32046

Hewlett-| Pacléard Italiana S.p.A.

Via Pelli

1-35100 Padova
Tel: (049) 66 48 88
Telex: 41612 Hewpacki

Hewlett-Packard l(gllana S.p.A.

Via G. Armellini 1
1-00143 Roma
TeI (06) 54 69 61

Telex: 61514
Cable HEWPACKIT Roma

Hewiett-Packard Italiana S.p.A.

Covso Glovanm Lanza 94
1-10133 T¢
Tel:(011) 632245/559306

Medical/Calculators Only

Hewlett-Packard Italiana S.p.A.

V:a Prmcnpe Nicola 43 G/C
5126 Catania
Tel (095) 37 05 04

Hewlett-Packard Italiana S.p.A.

Vli Amerigo Vespucci, 9
1-80142 Napoll

Tel: (081) 33 77 11

Telex: 61.51.4 Via Rome

Hewlett-Packard Italiana S.p.A.
Masi, 9/B

Via E. M:
1-40137 Bol na
Tel: (1) 30 78 87

JORDAN
Mouasher Cuusms Co.
P.0. an 1387

Am

Tal / 9907
Telex: SABCO J0 1456

Cable: MOUASHERCO

KUWAIT
Al-Khaldiya Trading &
Comractin&
0. Box 830-Safat

Kuwait

Tel:42 4910/41 1726
Telex: 2481 Areeg kt
Cable: VISCOUN

LUXEMBURG
Hewlett-Packard Benelux
SANV.

Avenue du Col- Ven 1
asmn raaglaan)
1170 Brussels
Yel (02& 672 22 40
ALOBEN Brussels
Telex 23 4

:WOHOCCO

1 rue Kara(em
Casablanca

el: 22 41 82/87
elex: 23051/22833
Cable: MATERIO

Gerey

gﬂ Blvd Branim Roudani

To! 25 16 76/25 90 99
ex: 23 739

Cable GEREP-CASA

NORWAY

Hewlett-| Packaru AIS

Osteu alen 1
P.0. Box

N 1345 Osteraas
I: (02) 1711 80
Telax 16621 hpnas n

OLAND
Biuro |n1ormaz:|| Technicznej
Hewlett-Packard
Ui Stawki 2, 6P
00-950 Warszawa
Tel: 33.25.88/39.67.43
Telex: 81 24 53 hepa pl

UNIPAI
Biuro Obslum Techmcme]
01-447 War:
ul Newolsn 6
Poland

Zakladdv Naprawcze Sprzety
Plac Komuny Parysk|e1 6
90-

Tel: 334-41, 337-83
Telex: 886981

PORTUGAL
Telectra-Empresa Técnica de
Equipamentos Eléctricos S.a.r.l.
Rua Rodrign da Fonseca 103
P.0. Box 2531

P-Lisbon 1

¢ TeLEcTT

$ablc LECTRA Lisbon

ol

Medical nnly
Mundinter
g\tercambno Mundial de Comércio
arl.
P.0. Box 2761
Avenida Antonio Augusto
de Aguiar 138

- Lisbon
Tel: (19) 53 21 3‘/7

Telex: 16691 m

Cable: |NTERCAM6IO Llsbon

RUMANIA
Hewlett- Packard Repreuman'a
8d. n Bal

Buc:
Tel: I5 60 23/13 88 85
Telex: 1
LI.R.U. C
lnllreprmderea Pentru
ntre
Si Repararea Utilajelor de Calcul
g-dul Prof. Deimi!vie‘Pompei 6

Hewlett-Packard Espaﬁola S.A.
Av Ramdn y Cajal, 1
Edificio Sevilla. planta 9°

Seville

Tel: 64 44 54/58
Hewlet-Packard Espatla S.4.

Edificio Albia

E-Bilbao 1

Tel: 23 83 06/23 82 06

Hewlett-Packard Espaﬂola S.A.
C/F‘!anhon)Gord

E-Valencia-

Tel: 9&361 13 54/361.13.58
SWEDEN

Hewlett-Packard Sverige AB
Enighetsvagen 3, Fack
$-161 Bromma 20

Tel: 108) 730 05 50

Cable MEASUREMENTS
Stockholm

Hewlett- Packard Sverige AB

Frotallsgat

S-421 2 Vinra Frélunda

Tel: (031) 49 09

Telex: 10721 via Bromma office

SWITZERLAND

Hewlett-| Packard (Schweu) AG

Zurchemta

CH- 5952 Schlloam -Zurich

Cable: HPAG Cl o
Hewlett-Packard (Schweiz) AG
Chateau Bloc 19

CH-1219 Le Li non-Gonwu
Tel: (022) 96 0.
Telex: 27333 h
Cable: HEWPA
SYRIA
General Electronic Inc.

Nuri Basha-Ahnaf Ebn Kays Street
P.0. Box 5781

Damascus

Tel: 33 24 67

Telex: 1121

Cable: ELECTROBOR DAMASCUS

Medical/Personal Calcufator only
wah & Co.

Place Azmé
B.P. 2308

Damascus

Tei: 16 367-19 697-14 268
Telex: 11304 SATACO SY
Cable: SAWAH, DAMASCUS
Suleiman HiIaI El Miawi
P.0. Box 2528

G Gonova

Tol: 88-20-70, 86-24-40, 88-67-95
Telex: 118

SAUDI ARABIA
Modern Electr
Estal)llshment (Hea 2'
Po Box 1228, Baghdadiah Street

Tel 27 790

Telex: 40035

Cable: ELECTA JEDDAH
Modern Electronic
Establishment (Branch)
P.0. Box 2728
erldh

Tel: 62596/66232
Cable: RAQUFCO

Modem Electronic
Establishment (Branch)
P.0. Box 193

Al-Khobar
Tel: 44678-44813

Mamoun Bltar Street, 56-58
14663

Telex: 11270
Cable: HILAL DAMASCUS

TUNISIA
Tunisie Electronique
31 Avenue de la Liberte

Tunis
Tel: 280 144

Corema

1 ter. Av. de Carthage
Hnl

Telex: 12319 CABAM TN
TURKEY

TEKNIM Company Ltd
Riza Sah Pehilevi
Caddesi No. 7
Kavaklldere Ankara

275800
Telex 42155 TKNM TR
Medical only

UNITED ARAB EMIRATES
Emitac Ltd.

P.0. Box 1641

Sharjah

arjal

Tel: 24121-3
Telex: 8136 EMITAC S|
Cable: EMITAC SHAHJAH
UNITED KINGDOM
Hewlett-Packard Ltd.
King Street Lane
GB-' WInnarsh Wokmgnam
Berks, RG11 5AR
Tel: (0734) 78 47 74
Cable: Hewpie London
Telex:847178/9
Hewlett-Packard Ltd
Trafalgar House
Navigation Road
Altrincham
Cheshire WA14 1NU
Tel: (061) 928 6422
Telex: 668068
Hewlett-Packard Ltd.
Lygon Court
Hereward Rise
Dudley Road
Halesowen,
West Midlands 862 8SD
Tel: (021 ) 550 9911
Telex: 339
Hewlett-| Packavd Ltd.
Wedge House
799, London Road
gB Thomton Ha(h

urr
Tel (01) 684 0103/8

Hewlet\ Packard Ltd
10, Wesley St.

Ca: tmord

Yorks Wi

Tel: (0977) 550016

Telex: 557355

Hewlett-Packard Ltd

1, Wallace Way

GB-Hitchin

Hemomshlre SGA OSE
Tel: (0452} 31

Hewlet Packard Ltd
2C, Avonbeg Industrial Estate
Long Mile Road
Dublin 12
Tel: Dublin 514322/514224
Telex: 30439

SSR
Hewlett-Packard
Representative Office USSR
Pokrovsky Boulevard 4/17-kw 12
Moscow 101000
Tel: 207.59.24
Telex: 7825 nswpak su
YUGOSLA!
Iskra- Slanaarleewlen Packard
Mlkloslceva 3Vil

61000 IE) ijana
Tel: 31 58 79/32 16 74
Telex: 31583

SOCIALIST COUNTRIES
NOT SHOWN PLEASE
CONTACT:
Hewlett-Packard Ges.m.b.H
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