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SECTION |
INTRODUCTION AND DESCRIPTION

1-1. INTRODUCTION,

1-2. This manual contains operation and main-
tenance data on the QRD Series, fast—program-
mable power supplies, manufactured by Soren-
sen Company, Manchester, New Hampshire.

Its purpose is to familiarize the user with unit
functions, to introduce the varied configurations
to which the unit is convertible and to provide
sufficient maintenance data to assure long op-
erating life. Note that the series consists of 7
models in the 30~ and 80~-watt classes with out-
puts ranging to 60 Vdc. Differences in models
will be highlighted where required.

1-3, Six major sections form the manual divi-
sions. Section I contains a description of the
Series and its features, a tabular listing of com—
plete unit specifications, and a set of character—
istic curves. Details on initial inspections and
checkout procedures are given in Section II.
Operating instructions, including methods for
adapting units to various applications, comprise
Section III. Sections IV and V provide the prin—
ciples of operation and maintenance procedures,
respectively. A replacment parts list, Section
VI, concludes the manual.

1-4, DESCRIPTION,

1-5. Designed for either bench use or rack
mounting (para 1-23), a typical QRD fast-pro-
grammable power supply provides a precisely
regulated d-c output, adjustable over a wide
range. [t operates from any of three nominal
a-c inputs and, in addition, exhibits extremely
fast programming=-time characteristics as well
as rapid response to transients, both load and
line. (For a complete tabulation of standard-
programming specifications, refer to Table 1-1.
Fast-programming characteristics which are
unique or which differ from standard-programming
specifications are listed in Table 1=2.}

1-6. All semiconductors used in the QRD are
silicon types and contribute significantly to the

www.valuetronics.com

unit ambient-temperature characteristics. High-
dissipation transistors are mounted to a cast
aluminum=-alloy heatsink; low-dissipation de-
vices are located on a plug=-in printed=-circuit
board, Cooling is by convection., Mechanical
design permits easy component accessibility,
with no sacrifice in unit size {see Figure 1-4).

1-7. Other mechanical features include a
human-engineered front panel that mounts all
operating controls and indicators used in normal
operation. These include two dual-tandem po-
tentiometers which give fine and coarse control
over the ocutput voltage and current range, a
volt-ammeter with selector switch, an input-
power switch and a power—on light. In addition,
fluted~nut, miniature binding posts from which
the output may be taken are situated con the front
panel. At the rear, a mode-selector terminal
board and the input fuse holder are mounted
directly below the heatsink. By manipulating
terminal-board links, the unit may be selected
to such applications as fast and standard voltage-
mode programming, fast and standard current-
mode programming, parallel operation and re-
mote sensing. A set of output terminals is also
provided on the board.

1-8, OPERATING MODES, QRD Models have
two basic operating modes, constant voltage
and constant current. In the former, the out-
put voltage is regulated at the front-panel se~-
lected or programmed value, and the output
current varles with the load. In constant=cur-
rent cperation, the cutput-current is regulated
at the selected value while the output voltage
varies as a function of load.

1-9. AUTOMATIC CROSSOVER. The automatic-
crossover system enables the unit to transfer
operating modes as a function of load require-
ments. If, for example, load current attempts
to increase above the setting of the current-
adjust control, the unit will switch operation
automatically from the voltage to current mode,
If the load requirements are lowered, return to
the voltage mode will occur automatically.
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L= 240 us

CURRERT {Adc)

Voltage Mode
to
1.0} Current Mode

0.5

L

[ 1 | i 1 1
a 50 100 150 260 250

TIME {18)

Figure 1=5A. Typical Crossover Time,
Voltage to Current Mode (Model QRD 30-1)

1-10, REMOTE PROGRAMMING. Any QRD Model
may be remotely programmed, i.e., its output
altered from a distant location, in either the
voltage or current mode by introducing a calcu-
lated resistance or signal into the appreopriate
programming circuit. This may be readily ac-
complished through the link arrangements at the
rear terminal board.

1-11. FAST PROGRAMMING. Fast programming,
used in conjunction with remote programming,
enables the output voltage or current to track
precisely, programming resistance or signal
changes which are as fast as 10 us (typical,
down programming). As with remote programming
and sensing, conversion to fast programming is
accomplished by a link alteration at the rear
terminal board. Because a definition for pro-
gramming time has as yet not been standardized,
para 1-18 defines the specification and briefly
compares this definition with respect to others
less widely used,

1-12, REMOTE SENSING. Terminals located on
the rear-terminal board offer the means of ex-
tending a unit's regulating point from the cut-
put terminals to the load. This, in effect, com-
pensates for varlations in the load-lead IR drop.
The maximum drop for which a unit will compen-
sate is 1 volt per load lead.

1-13, SERIES OPERATION. For applications re-
quiring voltages higher than a single QRD can

www.valuetronics.com
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Figure 1-5B. Typical Crossover Time,
Current to Voltage Mode (Model QRD 30-1)

provide, a number of units may be connected in
series, Maximum system output is specified at
200 vdc. Regulation in series operation is the
sum of the regulations for all units. In series
operation, external rectifiers to protect units
against reverse voltage developed by a unit mal-
function are unnecessary. Reverse-voltage pro-=
tection is designed into the unit.

1-14, PARALLEL OPERATION, Parallel operation
may be used to service those applications re—
quiring a higher output current than a single
QRD can provide, Paralleling is indirect through
a "master-slave" approach, i.e., the amplifier
of the "master" unit controls the output of all
units in the system. In parallel operation, de-
rate each unit's maximum output current to 90%.

1=15, PROTECTION FEATURES., Protection against
the effects of overloads and internal short cir=
cuits 1s provided, in the first case, by auto-
matic crossover and, in the second, by the in-
put fuse, In addition, open sensing leads or
links will not drive the unit into high output
voltage. Internal rectifiers preclude this by
clamping the output to about 1-1/2 volts above
output setting.

1-16. SPECIFICATION EXPLANATION,

1-17. PARD. The term PARD is an acronym for
Periodic And Random Deviations and encompass-—
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Voltage Control,

10-Turn

QRrRD Control

Model Designation
15-2 VC-2
20-4 VC-3
30-1 VC-4
40-.75 & 40-2 VC-5
60-.5 & 60-1.5 VC-6
Current Control,

10-Turn
A1l Models CC-1

the 3-digit calibrated diaT.

Sorensen P/N
With Std.
Knob
29-528-2 & 42-244
28-528-3 & 42-244
29-528-4 & 42-244
29-528-5 & 42-244

29-528-6 & 42-244

Sorensen P/N
With Calibrated,
3-Digit Dial (D2}

29-528-2 & 42-265
29-528-3 & 42-265
29-528-4 & 42-265
29-528-5 & 42-265
29-528-6 & 42-265

29-528-1 & 42-244

Ordering

Order options by adding designations to basic model number.
a Model QRD 40-2 VC-5D2 is equipped with the 10-turn voltage control plus

With Calibrated,
3-Digit Dial (D1}

29-528-1 & 42-265

For example,

Table 1-3.

es those varlations in output previously desig-
nated ripple and noise. Precisely, PARD is the
deviation in outiput voltage from its average
value, over a specified bandwidth (l10Hz-7MHz,
0-25MHz) with all external and environmental
parameters held constant,

1-18. PROGRAMMING TIME. Programming time
is defined as that time following a programmed
input change for the power-supply output to
change to a new value as measured at the 10
and 90% points between the initial and final
values. QRD units are specified between 0 and
rated output (up programming) and rated output
and 0 (down programming). Figure 1-6 is a
reproduction of an actual characteristic curve.

R47
VAVAVAL ¢ )
UNITY GAIN
INFUT POWER AMPL.
SIGNAL cl7
® o
Tigure 1-8. Equivalent Circuit,

Voltage Signal Phase—Shift Network

www.valuetronics.com
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Optional Equipment

In the voltage mode, as an approximation, the
0-90% time, which is an alternate definition,
is typically about 30 s and the time for a 0 -
99% change is close to 50 us (typical).

1-19. SINUSQOIDAL-FREQUENCY RESPONSE. The
maximum sinuscidal frequency to which a QRD
Model will respond is determined by the slopes
of (1) the output sine wave and {2) the program-
ming gquasi-exponential curve, In all cases, as
a criterion, the slope of the former must be less
than that of the latter at corresponding points.
FPor the voltage mode, typical data, experimen=
tally obtained, indicate that the maximum sinus-
oidal frequency which can be followed (with
negligible distortion) is calculable from the ex—
pression (230/Epp)KHz, when the average output
voltage equals one-half the maximum rated out-
put voltage. This figure of 230 indicates that
the slope of the programming curve, at (E /?2),
is approximately 750,000 V/s. Figure 1- ax
illustrates the inverse relationship between the
frequency and amplitude of the input sine wave,

1-20, GAIN AND PHASE SHIFT, If the QRD is
programmed by voltage signal in the voltage
mode, it exhibits a lagging phase shift and a
gain less than unity. These characteristics re-
sult from an RC network formed by capacitor C17
and potentiometer R47 . The equivalent circuit



ORD RACK MOUNT ADAPTERS ANDLE SETS
MODELS 1-Unit 2=Unit

RP12 RP13 RP14 RP15 HS-1 HS-2
15-2 X X X
20-4 X X X
30-1 X X X
40=.75 X X X
40-2 X X X
60-.5 X X X
60-1.5 X X X

Table 1-4. Accessory Equipment

may be represented as shown in Figure 1-8, An
idea of the magnitude of gain diminution and
phase shift may be illustrated by an example.

If R47 in a 40-volt unit is adjusted to 2000 ohms
and a 30K Hz signal is impressed on the program-
ming circuit, the gain (E out/E in) will typically
be 0,77 and the phase shift will be about =40
degrees. At frequencies up to 30K Hz, the phase
shift may be decreased to -5 degrees ¢r less by
relocating capacitor Cl17. The procedure is out—
lined in para 3-10.

1-21. OPTIONAL EQUIPMENT,
1-22, Any model in the QRD series may be order-—

ed with factory-installed optional 10-turn con-
trols {in lieu of the dual, tandem standard con-

www.valuetronics.com

1-13

trols) which increase the output-adjust linearity
and slightly improve drift characteristics. The
controls are equipped with fluted black knobs,
or if desired, may be outfitted with calibrated
three—digit dials. Table 1-3 lists the optional
equipment and the combinations which are avail-
able.

1-23., ACCESSORIES.

1-24, Handles and single- or two~-unit rack-
mounting adapters are offered as accesscries

to the QRD Series. Easily installed, the adapt-
ers, which are no greater in helght than the
units, offer the optimum in rack-space utiliza-
tion. For a listing of accessoriles and their
designators, refer to Table 1-4,
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SECTION 1I
PREPARATION FOR USE

2-1. GENLERAL.

2-2, After unpacking, initial inspections
and preliminary checkout procedures should
be performed to assure that unit is in good
working order. Basically, these consist of
visually checking for damaged parts and
components, and of making an electrical
check. If it is detemmined that the unit
is damaged, notify the carrier immediately.
The carrier's claim agent will then prepare
a report of damage. The user is required
to send this report to the Service Dept.,
Sorensen Company, Manchester, N.li. Soren-
sen will, in tum, advise the user as to
what action is required to repair or re-
place the supply.

2-3. In addition to inspection and check-
out procedures, this section contains
instructions to adapt unit for rack use
and or altering unit input wiring for
either 220 or 230 volt operation.

2=-4, INITIAL INSPECTION.
2=5, Proceed as follows to inspect for damage
incurred during shipment:

a. Inspect panel and chassis for dents,
paint chips and obvious signs of structural
damage.

b. Check action of rear-mounted fuse~
holder. Assure that holder contains a properly
rated fuse. Fuse ratings for both 115 and 220/
230 Vac inputs appear above holder.

c. Turn front=panel controls from stop~
to=stop. Rotation should be smooth,

d. Set FPWR switch to ON and then off;
then test METER switch. Switching action
should be both positive and audible,

e. Check for cracked cr broken indicator-
lamp lens.

{f. Inspect for a cracked meter window,
If pointer is off zero, reset using adjust screw
(30-watt units only).

www.valuetronics.com

g. Check input cord for physical damage.
Tug lightly on cord near chassis to make certain
relief grommet grips cord.

h. Inspect terminal board., Links should
be firmly connected across barriers and between
terminals 2-3, 3-4, 5-6, 7-8, 9-10 and 11-12.

i, Remove screws retaining top cover to
chassis. Inspect printed board and components
for damage. Reinstall cover unless unit is to be
adapted for rack mounting {para 2-6) or 220/230
Vac input {para 2-10).

2=6. ACCESSORY INSTALLATION.

2=7. Table 1-4 lists the various accessories
designed for use with the QRD Series. These
include handles and two types of rack-mount
adapters. The following paragraphs give in-
stallation instructions for the accessories ex-
cluding the handles. These are easily attached
to the front panel through tapped holes with the
screws provided.

2-8. SINGLE-UNIT ADAPTER. There are two
single-unit adapters, one for low—power units
and the other for high-power models. However,
the adapters are similar and the methods of
assembling are identical. The installation is
depicted in Figure 2~1. When installing, remove
top—cover screws, and then unit feet. Inter-
change top-cover and feet-mounting screws,
Locsely assemble parts, place entire assembly
on a flat surface to properly align all parts, and
then tighten screws.

2=9, TWO-UNIT ADAPTER. Two-unit adapters

are avalilable for both low= and high=power units.
The adapters are similar, and methods of assembly
are identical. Figure 2-2 {llustrates adapter in-
stallation. Remove screws from units' top covers,
detach feet on each unit, interchange top-cover
and feet—-mounting screws, and remount covers.
Loosely assemble adapter and units. Next, with
assembly resting on a flat surface, align all
edges, and then tighten screws.

2-10., ELECTRICAL INSTALLATION,
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Figure 2-1, Single—unit Rack-Mount Adapter

2=11, Units in the QRD Series are factory-wired for 30-watt models or to a 1.5 A rated for 80-
to accept a nominal 115-Vac input. However, watt models.
elther of two alternate inputs may be used by f. Remount cover.

making a few simple alterations. 2-13. 230-VOLT OPERATION. Procedures for

adapting a QRD unit to 230-Vac input are iden-
tical to those provided in para 2-12 with this

2-12, 220-VOLT OPERATION. To adapt a QRD exception: do not relocate white wire at tap 15
unit to 220= Vac input, proceed as follows: to tap 14.

a. Remove top cover. 2-14, INPUT-POWER CORD. The input-power

b. At transformer T1, remove jumpers cord terminates externally in a three-prong
across taps 11 and 13, and 12 and 15 (Figure polarized plug. The unit chassis is wired to the
2-3). plug through the line cord, and therefore, in-

c. Solder a jumper across taps 12 and sertion of the plug into a compatible receptacle
13. will automatically ground the unit. If a ground-

d. Disconnect white wire at tap 15 and ed input is not available, use an adapter, mak-
reconnect at tap 14, ing sure that the adapter's external lead is well

e. Change input fuse toa .75 A rated grounded,

2-2
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Figure 2=2, Two=unit Rack—Mount Adapter
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48-440 Hz
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* SEE TEXT FOR DATA ON FUSE CHANGING
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Figure 2-3. Alternate Input Connections
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2-15, ELECTRICAL INSPECTION.

2=-16, The following paragraphs describe the
procedure for making an initial electrical in-
spection. If specification verification is re-
guired at incoming inspection, refer to para
2=19.

2-17 . VOLTAGE MODE. To check voltage-
mode operation, proceed as follows:

a. Rotate VOLTS and AMPS controls
fully counterclockwise.

b. Connect a test voltmeter across out-
put terminals {4 and 5 on terminal board or "+"

and "-" binding posts on front panel}. Select
a voltmeter range compatible with unit output
rating.

Note

Do not loosen or remove interconnect-
ing links on terminal board.

c. Insert power cord into a suitable
receptacle, and set PWR switch to ON.

d. Set METER selector switch to the V
position.

e. Slowly rotate VOLTS control clock-
wise, Minimum control range should be from 0
to maximum rated output voltage (Table 1-1),

f. Set PWR switch to off.

2=18,. CURRENT MODE. To check current-mode
operation, proceed as follows:

a. Set METER selector switch to A
position.,

b. Rotate coarse VOLTS control and
AMPS contrels fully counterclockwise.

c, Turn fine VOLTS control fully clock-
wise.

d, Connect a d—-c ammeter between ter-
minals 4 and 5 on terminal board or between
front-panel binding posts. Select leads of
sufficient current-carrying capacity and an
ammeter range compatible with unit's rated
current output,

e, Set PWR switch to ON.

f. Rotate AMPS control slowly clock-
wise. Control range should be from 0 to maxi-
mum rated output (Table 1-1 and Figure 1-1),
Compare test meter indication with front panel
indicator.

2-19. SPECIFICATION VERIFICATION.

2=20. Sensitive instruments, as units in the

QRD Series are, require rigorous testing methods
if a true evaluation of performance is to be made.
Wherever possible, use twisted leads with test
equipment to reduce stray pickup. At the power—
supply terminal board, these leads must be

OSCILLOSCOPE

DIFF. VOLTMETER

r—————-— RMS VOLTMETER | [ — — ———— —— —— — —— — T
|

| v !
| |
| |
| |
I |
I I
i i
| 1
l 1 2 3 45 67 slo9 10U 11 12 I
| |
| SWITCH* :
| ’ — I
L WVAVAVA . O |

LOAD
115 Vac
DC AMMETER m

—bigmp

—/

* POR TRANSIENT-RESPONSE TESTING, USE
TRANSISTOR LOAD SWITCHING

A

C AMMETER

Figure 2=-4. Voltage—-Mode Regulation, PARD and Response Setup

2=-4
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firmly screwed to the terminals. Alligator clips
and similar types of connectors are not suitable.
Note that the output specifications are applic-
able at rear terminals only. (Front-panel bind-
ing posts sometimes introduce errors which,
although small, are sufficlent to adversely in-
fluence measurements,) In addition, grounding
techniques in which more than one device in
the test system is grounded (excluding a-c
inputs) may, through ground leoops, introduce
extraneous ripple, If generated, this ripple, al-
though unrelated to supply output, will be dis-
played on the test oscilloscope.

2-21, VOLTAGE-MODE REGULATION, To check
voltage-mode regulation, first connect test system
as shown in Figure 2-4, For regulation testing,
the oscilloscope and RMS voltmeter are not re~
quired. Use a varlable autotransformer for a-c
input, connect an a=c voltmeter across trans-
former output terminals and then proceed as
follows:

a. At no load, adjust unit output voltage
to maximum rated.

b. Adjust differential voltmeter's internal
voltage toobtain a null indication.

c. With Input set at 115 Vac, load the
unit until d-c ammeter indicates rated output
current (at 55°C). Record deviation from null
position.

d. Set the input to 105 Vac, and readjust
voltmeter's internal voltage to regain the null
position. Then, with full load on unit, vary the
input voltage to 125 Vac. Note the deviation

e. Sum the deviations recorded in steps
"c" and "d". Total should be equal to or less
than that stipulated in Table 2-1.

2-22. VOLTAGE-MODE PARD. To check periodic
and random deviations in the voltage mode, con-
nect a true RMS voltmeter and oscilloscope across
unit sense terminals as shown in Figure 2-4. RMS
voltmeter should have a 10Hz=-7MHz bandwidth
and bandwidth of oscillescope should be 0-25
MHz, Remove link between terminals 2 and 3 and
retighten terminal screw at 3.

a. Apply 115 Vac to input.

b. At no load, adjust unit output voltage
to maximum rated.

c. Apply load until d-c ammeter indicates
rated output current at 55°C.

d. Ohserve oscilloscope and voltmeter.
Maximum RMS voltage should be no greater than
300 pV and typical peak-to-peak voltage should
be equal to or less than 8 mV. This completes
the fast-programming test.

e, Set unit PWR switch to off and rein-
stall link between terminals 2 and 3 in order to
check in standard-programming mode. Link
should be fitted between test lead and link which
interconnects negative sense/output intercon-—
necting link.

f. Repeat steps "b" and "c."” Maximum
RMS voltage should be equal to or less than 200
WV and typical peak-to-peak voltage should be
no greater than 3 mV,

from null, 2-23. VOLTAGE-MODE TRANSIENT RESPONSE. In
QRD MODELS
15-2 | 30-1 | 40~.75 | 60-.5| 20-4 | 40-2 | 60-1.5
Volt, Mode Regulation {mV) 1.5 3.0 4.0 6.0 2.0 4.0 6.0
Cur. Mode Regulation (a) 650 450 400 350 1300 | 900 80O
Cur.Mode FARD
(Stand.Prog) RMS(lLn) 150 150 150 150 400 oo 300
Cur . Mode PARD
(Fast Prog) RMS{uA) 300 300 300 300 800 600 600
Current Mode
Transient Response
In a step load change
E max. to 0 {us) 150 160 350 700 150 150 250
0 to E max. (lns) 40 45 60 250 40 200 400
Table 2-1, Performance Specifications at Test Points

2=5
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checking transient response, it is more con-
venient to repetitively load and unload at a rate
of 100 to 1000 Hz. To obtain the load=switching
rate required (switching time should be small in
comparison to rated response time) transistor

load switching is recommended.

Leads in the

test system should be short to reduce inductance,

and load resistors should be noninductive.

Both

standard- and fast-programming transient response
may be taken. Standard-programming specifica-
tion is 50 ps or less to return to a 10 mV band
following a full load-to-no lcad, or no load-to-
full load change. Remowve link between terminals
2 and 3, and check fast—-programming transient
response. Specification is 70 us {typical} for
conditions previously stipulated for standard

programming.

2=-24, CURRENT-MODE REGULATION. To obtain
meaningful current-mode regulation data, tests
should be run in the fast-programming mode, i,e.,

without the output capacitor (C19}.

This is a

suggested procedure inasmuch as the compliance
time constant, determined by the load resistance
and the output capacitance, delays recovery to

the regulation band. This delay may be suffic-
iently long (2 to 5 seconds at light load currents)
to allow line transients and short=term drift to be-
come significant (and perhaps major) components
of the output deviation. Without the output cap-
acitor, the exponential recovery effect is virtu-
ally eliminated, and consequently return to the
regulation band is extremely rapid. 1If standard-
programming current-mode regulation data are
required, take fast—-programming regulation and
add output capacitor (C19) leakage current
(measured separately).

2-25. A current-mode regulation test consists of
measuring the voltage-drop deviation, resulting
from a full=line swing and a full-load change
across a shunt resistor. To set up test system,
see Figure 2-5, A l-ohm, * 1% shunt is recom=
mended. To reduce temperature-ccefficient
effects, the shunt selected should be capable

of dissipating 10 times the maximum power out-
put attainable. The load must be able to absorb
the full compliance voltage. For regulation test-
ing, the true RMS3 voltmeter and oscilloscope are
unnecessary.

SWITCH*

\\\\\\'\\\

uli

TRANSISTOR-LOAD SWITCHING

il

* FOR TRANSIENT-RESPONSE TESTING, USE

B

DIGITAL VOLTMETER

w‘ﬂ

115 Vac
60 Hz

Figure 2=5,

www.valuetronics.com
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a. Remove link between terminals 2 and
3, and with no load applied, rotate both VOLTS
controls fully clockwise. Note output voltage
indicated by digital voltmeter.

b. Apply load until output voltage drops
tc exactly the maximum rated compliance voltage
{refer to Table 1~1).

c. Set internal voltage of differential
voltmeter to obtain a null indication,

d. Close load shorting switch and record
deviation.

e. Open switch and adjust input voltage
to 105 Vac. If necessary, reset voltmeter to
null position and then vary the input to 125 Vac.
Note any deviation.

f. Sum the deviations. Total obtained
should be no greater than that specified in Table
2=1. Reinstall link between terminals 2 and 3.

2=26. CURRENT-MODE PARD. To check current=
mode periodic and random deviations, connect

a true RMS voltmeter and an oscilloscope across
shunt as shown in Figure 2-5. The differential
voltmeter is not required. Loadresistor should
be noninductive.

a. Set input voltage to 125 Vac.

b. Apply sufficient load to obtain maxi=
mum compliance=voltage indication on digital
voltmeter.

c. Observe RMS voltmeter and oscillo=
scope, Maximum allowable peak-to-peak current
is 2 mA (0-25 MHz bandwidth) and RMS current
should not be greater than that specified in
Table 2+1,

d. Repeat measurements with link removed
between terminals 2 and 3, i.e., fast program—
ming mode. RMS current specification is given

www.valuetronics.com

in Table 2-1.

2-27., CURRENT-MODE TRANSIENT RESPONSE.
To measure current—-mode transient response, the
only test instrument required is an oscilloscope
connected across the shunt. The load should be
noninductive and leads in the test system should
be as short as possible. Transistor load switch-
ing between 100 and 300 Hz is recommended.
Remove link between terminals 2 and 3. The
response times to recover to within + 1% of the
initial steady-state current are listed in Table
2-1.

2-28. PROGRAMMING TIME. Programming time
is checked in the fast-programming mode, i.e.,
with link removed between terminals 2 and 3.
Use an oscilloscope at the output terminals and
a mercury-wetted relay to switch the programming
resistance at a 60=cycle rate. In programming
from 0 to Eo max., the time from .1 Eo max. to
.9 Eo max. should be approximately 25 ps and
the time from .9 Eo max. to .1 Eo max. should
typically be 10 pus,

2-29., DRIFT. Both voltage= and current-mode drift
are measured in the standard-programming mode,
i,e.,link firmly in place ketween terminals 2

and 3. Run drift tests on a strip~chart recorder

at constant load, line and ambient temperature.
Allow one~half hour for voltage—mode warmup

and a full hour for current-mode warmup. Speci-
fication for voltage-mode drift is 0.025% of the
output voltage {typical) and that for current mode
1s 0.1% of the output current plus 50 pA (typical).
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SECTION 1l
OPERATING INSTRUCTIONS

3-1. GENERAL.,

3-2, In this section, procedures required to
convert a QRD unit to any of its various operat-
ing configurations are presented, including re-
mote sensing, voltage- and current-mode pro-
gramming {both fast and standard) and series and
parallel operation. A list of controls and indi-
cators (Table 3-1), keyed to Figure 3-1, is also
provided.

3=-3. VOLTAGE-MODE OPERATION,

3-4, LOCAL SENSING. All meodels in the QRD
series are shipped ready for use with local sens~-
ing, i.e., sensing point is at the output terminals.
If variations in load=lead drops are expected to

be high relative to unit's specified regulation,

use remote sensing (para 3-6}.

3-5. To operate unit in local sensing, proceed
as follows:

a. To set current-limit value, short unit
output terminals, set PWR switch to ON and
METER switch to A, and use AMPS control to ad-
just current~limit value, indicated on ammeter.

b. Set PWR switch to off, remove short
and set METER switch to V.

c. Apply input power, and rotate coarse
and fine VOLTS controls to obtain desired output.
Set PWR switch to off,

d. Observing polarity, run load leads to
either front or rear output terminals (at rear ter-
minals, link should be fitted between binder
screw head and lead); then reapply input. Unit
supplies power to load, with output voltage re=
gulated at unit terminals.

3-6. REMOTE SENSING. If variations in load-
lead voltage drops are high when compared with
unit's specified regulation, it may be desirable
to use remote sensing. To adapt unit for remote—
sensing operation, follow procedures outlined in
3=5, but before setting PWR switch to ON, remove
links between terminals 3 and 4, and 5 and 6
(Figure 3-2). Then connect sensing leads, ob-—
serving polarity. Use coaxial cable or a twisted
pair of wires for sensing leads and make certain
that leads are firmly connected, both at unit ter-
minals and load. Current in the sensing leads is
below 100 mA. In remote-sensing standard-
programming operation, transient-respcnse char-
acteristics may degenerate slightly. (In the fast-
programming mode, there is no degeneration.) If
unit's response is a critical factor, remove link
from between terminals 2 and 3, and connect a

L

— ]5

Sorensey POWER SUPPLY MODEL QRD40-.75
RAYTHEOR COMPANT.

833 AMPS
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Figure 3-1.
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Remote Sensing

capacitor, equivalent to Cl9, across the load
terminals. Unit will then meet its transient-
response specifications.

3-7. REMOTE PROGRAMMING,. In voltage-mode
remote-programming operation, unit output volt=—
age is controlled by external resistance or volt—
age-signal commands. Both types may be used
with either of two general programming modes,
i.e., fast programming or standard programming.
As the nomenclature implies, the predominant

difference between the two is that in fast pro-
gramming the unit is capable of tracking abrupt
signal changes, while in standard programming,
tracking delays are encountered due to a number
of factors including the load-output capaciter
relationship and the sensing-network capacitance.
However, with standard programming, transient—
response and ripple characteristics are slightly
better than those exhibited in fast programming.

3-8. Resistance. If the output voltage is to be
controlled by resistance programming, calculate
the resistance required using the ratio of 100
+0.5 ohms/volt, i.e., for every volt of output
desired approximately 100 ohms are required, In
selecting a programming resistor, choose one
with a low temperature coefficient (+20 ppm/°C)
and a wattage ten times that calculated (program-
ming current is 10 mAa). Note that resistance pro-
gramming may also bhe used to improve a unit's
drift characteristic. For example, if a fixed
output is required, a fixed resistor may be

CONTROL/INDICATOR

PWR Switch

Volt~Ammeter

PWR Light

METER Switch

VOLTS Control

AMPS Control

FUNCTION

A 10 A, 250 Vac,double-pole, single-throw
switch (connected as a SPST). Used to con-
nect or disconnect power to or from the pri-
mary of transformer Tl.

A dual-function meter which indicates output
voltage or current depending on position of
METER switch.

A red lamp which glows when power is applied
to the primary of transformer Tl.

A 250 vVac, double-pole, double-throw switch.
Used to select meter function.

A dual tandem potentiometer which provides
both fine and coarse control of the output
voltage during voltage-mode operation.
Connected in the voltage programming cir=

cuit. Also used to set compliance range in
current-mode operation,

A dual, tandem control connected in the
current-programming circuit and providing
both fine and coarse control over the out-

put current with unit in current-mode oper-~
ation. Also used to set current limit in
voltage-mode operation.

Takle 3-1.
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selected. This would eliminate the varlable
contact resistance which is inherent in any
potentiometer and which contributes to the drift
characteristic. If abrupt changes in output
voltage are to be made by switching the program-—
ing resistance, use a make-before—break switch.

3-9. To adapt unit to resistance programming,
proceed as follows:

a. Short unit output terminals, set PWR
switch to ON and METER switch to A, and then
use AMPS control to adjust current-limit value.

b. Set PWR switch to off, remove short
and set METER switch to V position.

c. Rotate VOLTS controls fully counter-
clockwise.

d. If fast~programming is desired, re-

move link between terminals 2 and 3 (Figure 3-3).

e. Remove link between terminals 11 and
12, and connect programming resistor (see Fig-
ure 3-3). Use twisted or shielded wire for leads,

CAUTION

Operating the unit with open program-
ing leads or links will result in high
output voltage,

f. Remove links between terminals 3 and
4, and 5 and 6. Observing polarity connect load
leads to terminals 4 and 5. If output is to be
remote-sensed, run sensing leads from terminals
3 and 6 to the load. 1If remote sensing is not to
be used, reinstall links between terminals 3 and
4, and 5 and 6 with link fitted between binder
screw head and load lead,

g. Set PWR switch to ON. Unit supplies
programmed voltage.

Note

‘With pregramming resistor connected
across terminals 11 and 12, VOLTS
control remains in circult, Rotation
of this control will alter programmed
voltage. If this is an undesirable
feature, connect resistor across ter—
minals 3 and 11 to effect complete
bypass.

3=10. Voltage Signal. Procedures for adapting

a unit to voltage-signal programming are identical
to those given in para 3-9, with one exception:
instead of connecting a programming resistance
across terminals 11 and 12, connect the signal-
generating device, Volt/volt coefficient j5 1,
i.e., for every volt of output desired, one volt

of signal must be applied. In selecting a pro—
gramming device, use one that is floating (un-—
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Figure 3-3. Voltage—-Mode Programming
(with Remote Sensing)

grounded), is capable of absorbing the 10 mA
programming current and produces a low-noise,
low-ripple signal. To improve phase shift char-
acteristics (para 1-20), disconnect capacitor
C17 and reconnect locally across potentiometer
R47. For common input-output connections,
signal generator can be installed in series with
an external programming reslstor between termi=
nals 3 and 11.See Fiqure 3-4.

3-11. CURRENT-MODE OPERATICN,

3-12. To operate a QRD unit in the current-mode,
proceed as follows:

a. Rotate all front-panel controls fully
counterclockwise.

b. Short the output terminals.

c. Rotate fine VOLTS control cloeckwise,
set METER switch to A position and close FWR
switch.

d. Turn coarse and fine AMPS controls
clockwise to select the desired output current.
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Fig.3~4. Voltage—=5Signal Common Input—~Output
Connections



e. Open PWR switch, set METER switch
to V and remove short from output terminals.

f. Set PWR switch to ON and adjust out=
put voltage, using VOLTS control,to desired
compliance setting.

g. Open PWR switch, and observing
polarity, connect load to terminals 4 and 5.
apply input power,

Re-

Note

If compliance voltage exceeds VOLTS
control setting, crossover to voltage-
mode operation cccurs automatically.

3-13. REMOTE PROGRAMMING. In current-
mode , remote-programming operation, the regu-
lated output current may be controlled externally
by resistance changes or voltage signals. In
either case, standard or fast programming may
be used.
to input commands and improved transient-re-
sponse characteristics.
on the other hand, the supply exhibits slightly
lower RMS ripple and greater stability.

3-14. Resistance. For resistance programming,
calculate the value of resistor required by using
the ohms/ampere coefficient listed by Model in
Table 1-1. Use a resistor with a low temper-
ature coefficient (+20 ppm/°C), and a wattage
rating at least ten times calculated value (pro-
gramming current is approximately 1 mA).

3-15, To adapt unit for current-mode resistance-
programming operation, proceed as follows:

a. Close PWR switch, set METER switch
to V position, adjust output voltage to desired
compliance setting.

b. Open PWR switch, set METER switch
to A position and rotate AMPS controls fully
counterclockwise.

c. If fast programming is desired, remove
link between terminals 2 and 3 (Figure 3-5).

d. Remove link between terminals 7 and

PN
1\3@'@

ﬁiﬁuum

‘REMOW LINK FOR FAST PROGRAMMING
POGRAMMING

\
DEVICE

= LOAD +
Figure 3-5, Current-Mode Programming
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Fast programming offers rapid response

In standard programming,

8, and connect in programming resistor.,

CAUTION

Operating unit with open programming
leads or links will result in high out-
put current with possible crossover to
voltage mode. If step changes in out-
put current are to be made by abrupt
resistance alterations,use make-before-
break switching.

e. Run load leads to terminals 4 and 3,
observing polarity.

f. Set PWR switch to ON. Unit supplies
regulated programmed current to the load.

Note

Any rotation of the AMPS control will
alter the output current.

3-16. Voltage Signal, To adapt a QRD unit to
voltage—signal programming, follow procedures
outlined in para 3-15 with this exception; con-
nect signal-producing device across terminals

7 and 8, instead of the programming resistor.

The volt/ampere coefficients are listed by Model
in Table 1-1. The programming device should be
floating (ungrounded),be capable of absorbing the
1 mA programming current, and have a low—-noise,
low-ripple output signal,

3-17, SERIES CPERATION.

3-18. For applications which require voltages
higher than a single QRD model can provide,
use series operation, Maximum rated output of
any series connected system is 200 Vdc. System
regulation is the sum of the regulations for all
units, In QRD Models, there is no need to con-
nect reverse-voltage rectifiers across the output
terminals. Reverse-voltage protection has been
designed into the entire Series.

3-19. To connect units in series proceed as
follows:

a., Adjust output voltage of each unit so
that their sum 1s equal to the desired system out-
put. Set PWR switches of both units to off.

b. Remove links between terminals 3 and
4, and 5 and 6, on both units.,
c¢. Connect load leads as shown in Figure
Observe polarity.

d. Run sensing leads from unit to load,
observing polarity. Wherever possible, use
twisted or shielded leads. At load and unit ter-

3-6.
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minals, place sensing leads between binder-
screw head and load lead,

e. Set PWR swiiches to ON. System
supplies regulated to load.

3-20. PARALLEL OPERATION,

3=21. Parallel operation may be used to obtain
currents greater than any single Mcdel can supply.
The maximum rated output of any parallel-connect-
ed system is the sum of the maximum outputs of
each unit derated to 90%.

3~22. To connect two units in parallel {extend
procedure to hook up additional units}, proceed
as follows:

a. Apply nominal input power to master
unit (see Figure 3-7), adjust output voltage to de-
sired load voltage and then set PWR switch to off,

b. Short the master unit's output terminals,
apply input power and adjust output current to

/X, where 1 o is the system output current and
5 the number df units in system. Remove in-
put power,

c. At slave unit, remove link across ter-
minals 9-10, and 11-12, and reconnect a lead from
terminal 9, slave unit, to terminal 9, master
unit,

d., Observing polarity, run leads from
load to terminals 4 and 5 on both units. If

3=35
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Series Qperation

remote sensing is desired, connect coaxial cable
or a twisted pair of wires from terminals 3 and 6
to the load, again observing polarity.

e. Set PWR switches of both units to ON,

Note

if the output of any unit drops to zero
either through an internal fallure or by
opening a PWR switch, the output of
entire system will go to zero.
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Figure 3=7. Parallel Operation
(with Remote Sensing)
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SECTION IV
PRINCIPLES OF OPERATION

4-1. GENERAL.

4-2., This section discusses the basic theory of
series~pass regulation, describes the block
functions of various circuits and then details
the operation of each circuit, If used as a
supplement to the troubleshooting data provided
in Section V, it will aid in the rapid, logical
isolation of unit faults. Schematic locations of
the reference designations used throughout this
section will be found in Figure 5-3.

4-3, SERIES-PASS PRINCIFPLE,

4=-4. The QRD utilizes the series—pass principle
to regulate unit output. With this approach, a
variable impedance absorbs the difference be-
tween the filtered "brute-force" dc and the de-
sired output voltage in the voltage-mode and the
compliance voltage in the current-mode. The
variable impedance is provided by a number of
transistor stages, connected in parallel, all of
which react simultaneously to an cutput-related
control signal, Operation of the transistors,
which are called passing stages, is idealized in
Figure 4-1.

4-5, BLOCK-DIAGRAM DISCUSSICN.

4-6, The following discusses in a general man-
ner the internal operation of a QRD. A more de-
tailed treatment of the various sections is pre-
sented in subsequent paragraphs. Refer to Fig-
ure 4-2: the a—-c power is stepped down by the
input transformer and applied across a full-wave
bridge rectifier. Qutput from the rectifier is
filtered, fed through the passing stages, and
applied across the output terminals. This pass—
ing stage is, of course, the regulating device
absorbing the difference between the unrequlated
d-c and the desired or compliance voltages. In
voltage-regulating operation, the voltage-mode
section senses the output voltage, develops and
amplifies error signals, and feeds these signals
through a number of drivers to the passing stages.
In current-regulating operation, the current-mode
section monitors the output current through a

4=1
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sensing resistor and regulates the voltage devel-
oped across the resistor by applying control
signals to the drivers and consequently the
passing stage. Unregulated supplies provide
reverse-blas voltage to the passing stages

and forward bias for the current-mode differ-
ential amplifiers.

4-7. REFERENCE SUPPLY,

4=8. The precisely regulated voltage required
for output comparison and error-signal develop-
ment is provided by a reference supply consist—
ing of an unregulated supply (T1, CR1 and CR4),
filter capacitor (Cl), an error bridge (R5, R9 and
CR5), two double-differential amplifiers (Q4, QS
and Q2, Q3) and a low-power passing stage (Q1).
Resistor (R2} is a starting resistor, i.e., at turn
on, it shunts current across the passing stage to
allow the reference supply to start functioning.

4=9. In general, the supply operates as follows:

the precise reference voltage developed by zener

diode (CRS5) is compared with a portion of the out—
put voltage developed across R9. Error signals

ABSORBED
INPUT VOLTAGE VOLTAGE
REGULATED
OUTPUT

ZI——

PASSING
STAGE
. T \ _1/_ »r
—-\-.-l -
I

L—e— contrOL

Figure 4~1. Series-Pass Principle
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which develop are amplified first by differential
amplifier (Q4,Q5) and then by amplifier (Q2, Q3).
The amplified signal is then applied to the base
of Q1, where it alters stage impedance and there-
fore the absocrbed voltage.

4-10, As a specific example of circuit operation,
assume that, as a result of an input line change,
supply output voltage starts to increase. The
voltage across R9 will then increase, and the
base of Q5 will become more positive with re-
spect to Q4's base. Q5 will then conduct more
current and Q4 less. ({Note that the sum of the
currents through Q4 and Q5 is held constant by
the zener voltage across R7.) With an increase
in current, the voltage developed across R8 in-
creases, while that across R6 decreases. Q2's
base will therefore become more negative with
respect to the base of Q3. As a result, Q2 will
conduct less current, and the drive on Q1 will
diminish. Q1 will increase its absorbed voltage,
thereby regulating the output to a precise 8.9
volts.

4-11. VOLTAGE-MODE SECTION,

4-12, The voltage-mode section consists basic-
ally of two double-differential amplifiers (Ql6,
Q17 and Q12, Q13), a constant-current gener=
ator (Q18) and sensing string (R26, R47A and B).

The section functions to sense unit output voltage,

to detect differences between the desired and the
actual output voltages, and to convert and amplify
these differences into error signals used to con-
trol passing-stage (Q21) impedance.
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4-13, To clarify circuit operation, a specific
example is given. Suppose that, as a result of
a load change, the output voltage begins to in-
crease, The increase is sensed across R47A
and B, and Q16's hase becomes more negative
with respect to the base of Ql7. Current through
Q16 decreases while that through Q17 increases.
(The sum of Ql6's and Q17's operating currents
is fixed by constant-current generator Q18, R31,
CR11l, CR12), The decreasing current through
R28 lowers the voltage across R28 while that
across R30 increases. As a result, Ql2's

base becomes less negative with respect to the
base of Q13, and Ql2's operating current de-
creases, Now this operating current is, in fact,
the signal current to the drivers and passing
stages, and any changes in it are reflected

in changes in passing-stage impedance and con-
sequently output voltage. Therefore, a decrease
in signal current, resulting from an increase in
output voltage, increases passing-stage imped-
ance to reduce the output to the desired voltage.

4-14, Transistor Q15, diode CR9 and resistor
R2S form the down=programming=time circuit.
Under normal operating conditions, Q15 is non-
conducting due to insufficient base-emitter
voltage. However, when a programming-resist=
ance or voltage-signal change is made to lower
the output voltage, Q15 goes rapidly into con-
duction and almost instantaneously shunts the
signal current, mentioned previously, into the
sensing string. As a result, no signal is im-
pressed on the drivers and the passing—stage
impedance increases, absorbing more voltage.



Now, as the bases of Q16 and Q17 regain their
equilibrium, Q15 reverts to its nonconducting
state and normal regulation, at the programmed
voltage, takes place.

4~15, CURRENT-MODE SECTION,

4-16.The current-mode section serves two
functions. In constant-voltage operation, it
protects the load from excessive currents by
limiting action, and in constant-cwrent oper=-
ation, it regulates the output current to the de-
sired value. Main components include differ~
ential amplifiers (Q6, Q7 and Q%, Q10), con-
stant—current generator (Ql1), sensing resistor
(R40), switch {(Ql4) and potentiometers (R22A
and B). Potentiometer (R14) is a calibration
resistor used to adjust amplifier (Q9, Q10) zero-
set point.

4-17 . Basically, the section functions as follows:
the voltage across sensing resistor (R40), de=
veloped by the leoad current, is compared to a
fixed reference. This reference is derived from
the 8.9-V regulated supply and the constant-
current generator {CR8, R21 and Q11). Error
signals which develop are amplified first by Q9,
Q10 and next by Q6, Q7. The amplified signals
are then applied to the base of switch Ql14, Q14
then functions as a variable impedance to control
the signal from the voltage-mode section tothe
drivers and passing stages. It should be noted
that the signal from the voltage-mode section is
at full strength and that, in voltage—-mode oper-
ation, Ql4 is saturated,

4-18. As a specific example of current-mode=-
section operation, suppose that the load current
begins to drop below the setting of the output
current adjust (R22A and B). The voltage across
R40 decreases, and Q9's base becomes more
negative with respect to the base of Q10, The
operating current through Q9 increases, and
more voltage builds up across R18, As a result,
the base of Q6 becomes more positive with re—
spect to Q7's base, The operating current
through Q6 will then increase while that through
Q7 decreases. As a result, the voltage develop~
ed across R12 drops, and the drive on Q14 in-
creases. Ql4's impedance will decrease, and
the signal current to the drivers and passing
stages will be greater. Consequently, passing-
stage impedance decreases, and output current
increases to the regulator setting.

4-19., DRIVERS AND PASSING STAGES.
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4-20, Basic components in the drivers and pass-
ing stages include transistors Q19, Q20, and
Q21. Driver Q19 amplifies the signal produced
by either the voltage=- or current-mode sections,
and applies it toQ20's base for further amplifi-
cation, The amplified signals are then applied
to the passing stages' bases where they act to
alter stage impedance, thereby controlling the
output voltage or current. Resistors (R38) assure
equal current sharing by the passing stages.

4~21. REVERSE-BIAS SECTION.

4=-22, The reverse-bias section functions (1)
during "load-off" transients to improve response
time by rapidly cutting cff the passing stages
and (2) to absorb "thermal-effect" current gen-
erated by high=junction temperature, The section
is comprised of two unregulated supplies and a
number of biasing resistors. A secondary of
transformer {T1), rectifiers (CR17 and CR18),
and capacitor (Cl4) form a supply which feeds
reverse bias through resistors (R36 and R37)

to transistors (Q20 and Q21). A half-wave,
center-tapped rectifier (CR19) and fillter capac-
itor (C12) supply reverse bias to Q19 through
resistor (R34). Resistor (R39) serves as pre=~
load.

4-23, METER SECTION.

4-24, The meter section consists basically of
volt—ammeter (M1), selector switch (82), volt-
age—sampling resistors (R44, R45), current-
sensing resistor (R43), calipration potentiometer
(R42}, and resistor (R41). With switch (52) in
the V position, meter (M1) is placed across
voltage-sampling resistor (R45) and, in the A
position, is across current-sensing resistor
(R43).

4-25, STABILIZATION,

4-~26. A tendency toward instability under cer-
tain operating conditions is inherent in the
operation of any high—-gain feedback amplifier,
To preclude unstable operation, the QRD's have
been equipped with a number .of stabilization
networks and capacitors. In the voltage-mode
sectlon, these Include networks C17-R46,
C11-R29 and C10-R24 and capacitor C8. (in
fast—programming operation, C18-R48 also serves
as a stabilization network). The current~mode
section incorporates network C7-R15 and capac-
itor C9. Network C4-R3 and capacitor C3 are



used in the reference supply, and capacitors
Cl5, Cl6 stabilize drivers Q19, Q20.

4=-27 . INPUT-POWER SECTION,

4-28, The input-power section accepts the a-c
input, steps down the voltage through trans-

former T1, and applies it to a full-wave bridge
rectifier. Rectifier output is capacitor filtered
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before being supplied to passing stages, Main
components include transformer (T1}, rectifiers
(CR13-CR16} and capacitor (C13). The input
line includes a fast-blow fuse (F1) and a toggle
switch (S1). Resistor (R35) serves as a bleeder.
The two primaries of Tl, normally connected in
parallel for 115 Vac operation, may be placed in
series for 220/230 volt operation, The power-
indicating light is connected across a primary
winding of transformer T1,

4-4



SECTION V
MAINTENANCE

5-1. GENERAL.

5-2, This section provides troubleshooting data,
periodic-servicing information, and calibration
procedures. The troubleshooting data should be
used in conjunction with both the schematic dia-
gram {Figure 5-3),which gives voltage-check
points, and Section IV, which outlines the prin=
ciples of operation. Figures 5-1 and 5-2 phys-
ically locate the parts appearing on the sche-
matic. Any questions pertaining to repair should
be directed to the nearest Sorensen representa~
tive, or directly to the Service Department,
Sorensen Company, Manchester, New Hampshire
n3in3a.

Include the model and serial numbers
in any correspondence. Should it be necessary
to return a unit to the factory for repair, author-
ization from the Sorensen Service Dept. must be
obtained first. Sorensen Company will not
assume responsibility for units returned without
prior authorization,

5=3, PERIODIC SERVICING.

=4, Units in the QRD Series require no periodic
servicing. However, it is recommended that
whenever a unit is removed from the line it be
cleaned. Use naptha, or an equivalent solvent,
on painted surfaces. Wash front panel with a
weak solution of soap and warm water. Use
compressed air at a pressure of 5 psi to blow
dust from in and around parts.

5=5. TROUBLESHOOTING.

5=6. Table 5-1 provides a list of malfunction
symptoms along with a tabulation of the possible
cause or causes for each symptom. Note that
the failure of one component may result in a
"chaln reaction" effect. For example, if one or
more of the passing stages (Q21) opens, the re-
mainder of the Q21's may become overloaded and
subsequently fail. In a like manner, if a diode
in one of the four, full=wave rectifiers fails, its
complementary rectifier and the main transformer
may be damaged.
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5=7. The data listed in Table 5-1 are based on
prototype reliability studies, not on actual
solutions to field problems,and therefore may be
incomplete. Where the probable cause for a
symptom lists a transistor short, it is either a
base=-collector, emitter-collector or base~-
emitter-collector short. Base-emitter shorts
may give an entirely different set of symptoms.
It is therefore recommended that before a par-
ticular section is checked for failures, each
transistor within the section be tested for base—
emitter shorts. (Normal base-emitter voltage is
approximately 0.6 V.)

5=8. CALIBRATION,

5-9, Following the replacement of any differ-
ential-amplifier components, recalibration is
recommended. Differential amplifiers are used
in the reference supply, current-mode and volt-
age mode sectlons. If any of the internal ad-
justment potentiometers are replaced, recali-
bration is required.

5-10. To callbrate any model in the QRD Series,
proceed as follows:

a. On component board, turn potentiomet—
ers R9, R14 and R42 to midpoint in rotation range.

b. Turn fine VOLTS and AMPS controls
fully counterclockwise,

c. Rotate coarse VOLTS and AMPS controls
to approximately midrange.

d. At rear terminal board, remove link
between terminals 11 and 12, and connect a
precision resistance box, + 0.1% accuracy, be-
tween terminals 11 and 3. Set resistance ex—
actly to that value specified in row A, Table 5-2.
Assure that leads are firmly connected both at
terminal board and at box,

e. Connect a precision voltmeter (Fluke
or equivalent) across rear output terminals.

f. With 105 to 125 Vac at 60 Hz applied
to input, set POWER switch to ON, Pilot light
should glow,

g. Set METER switch to V position.

h. Adjust potentlometer R9 to obtain out=-
put voltage specified in row B, Table 5-2. Apply



SYMPTOM

I. No Qutput -

Current or Voltage Modes

II., Low or No Qutput = Voltage Mode

I1I. High Qutput - Voltage Mode

IV, Low Output = Current Mode

V. High QCutput = Current Mode

PROBABLE CAUSE

Check external a=c input and position
of PWR switch.
Check for blown fuse Fl*,

Check output of 8.9V supply at C6. If
output is low, try to adjust with RS
and then if necessary, check for open
Ql, Q2, or Q4, or shorted Q5 or Q3.
Place a short across transistor Q14.

If trouble persists, go to "c¢" and "d".
If symptom disappears, remove short
and check for shorted Q10, Q7 or Q14
b-e short. Test for Q9 or Ql4 open.
In voltage—-mode section, test for open
Ql6, Ql8 or Q12 or shorted Q17, Ql3.
In drivers and passing stages, check
for open Q19, Q20 or Q21 .,%**

Check reference supply output. Should
be ripple-free 8.9 Vdc. If output is
high, attempt to adjust with R9. If ad-
justment is not possible, check for
shorted Q2, Q4 or Ql, Test for open
Q5 or Q3.

In voltage=mode section, check for
open Q17 or shorted Q16 or Ql2.
Check for shorted Q19, Q20 or Q21**
in drivers and passing stages.

Measure voltage across CR8. Should
be approximately 2.7 V. Next, measure
drop across R21. Should be 0.6 V less
than CR8 voltage, If it is not, Ql1 is
defective.

In current-mode section, Q6 open, or
QL0 or Q7 shorted.

Measure voltage across CR8. Should
be approximately 2,7 V. Next measure
drop across R21. Should be 0.6 V less
than CR8 voltage. If it is not, Q11 is
defective.

In current-mode section, Q10 or Q7
open, or Q6 or Q9 shorted,

side rectifiers.

* Repetitive fuse blowing is indicative of shorting in either the input transformer or secondary-

** When replacing Q20 or Q21, coat underside of transistor and heat sink mounting surface with
a few drops of silicone oil (Silicone Fluid 200, Dow Corning Co., Midland, Michigan.)

Tabie 5-1.
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SYMPTOM PROBABLE CAUSE

VI. In Voltage Mode, Q5 defective
Qutput Oscillates (sawtooth)

VII. In Voltage Mode, Q13 defective
Regulation and ripple slightly
outside the specification

VIII.No crossover from voltage mode to Q14 or Q15 shorted.
current mode

Table 5-1. Troubleshooting Data (Sheet 2 of 2)

Figure 5-1, Component Board

5-=3
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POWER CIRCUIT MODELS QRD40-2 & 60-15 POWER CIRCUIT MODEL QRD20-4
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NOTES:

1. ALL VOLTAGES MEASURED AT NO LOAD, FULL OUTPUT VOLTAGE AND NOMINAL INPUT,
2. @ DENOTES FRONT-PANEL CONTROL,

3. SEE FIG, 2-3 FOR INPUT-CONNECTION DETAILS,

Figure 5-3 Schematic Diagram

Maint nce
ntena Rev - (9/83) 55
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QRD MODELS
15-2 30~1 40~-.75 | 60-.5 20-4 40-2 60-1.5
————r
A (ohms) 1500 3000 4000 6000 2000 4000 6000
15 + 30 + 40 + 60 + 20 + 40 + 60 +
B (vdc) .052 .105 .140 .210 ,070 .140 .210
c (Vdc) 0.15 0.3 0.4 0.6 0.2 0.4 0.6
D (mA) 5 3 3 3 5 5 5
E (a) 2.0 1.0 0.75 0.5 4.0 2.0 1.5
F () 2.2 1.1 0.825 0.55 4.4 2.2 1.65
Table 5-2. Calibration Data

locking compound to R9.

i. Set FWR switch to off, disconnect
resistance box, and reinsert link between ter~
minals 11 and 12.

1. Set PWR switch to ON, and rotate
coarse VOLTS control fully clockwise, Volt~
meter should indicate at least the maximum volt-
age specified in row B. Turn coarse VOLTS
control to midpoint.

k., Turn fine VOLTS control from stop-to-
stop. Range of output control is specified in
row C, Table 5-2.

1. Set PWR switch to off, and disconnect
voltmeters from output terminals,

m. Rotate coarse AMPS control fully
counterclockwise, and connect a 10-mA am-
meter in series with the equivalent of full load
and across the output terminals.

n, Set PWR switch to ON, and adjust
potentiometer R14 to obtain current between 0
and that specified in row D, Table 5-2. Apply
locking compound to R14.

©. OSwitch test ammeter's range to one

5=7
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compatible with unit's rated output, and set
METER switch to A position.

p. Rotate coarse AMPS control until test
ammeter indicates rated output current, row E,
Table 5-2,

q. Adjust potentiometer R42 until ammeter
indicates current equal to that indicated on test
ammeter, Apply locking compound to R42.

r. Turn fine and coarse AMPS controls
fully clockwise, and increase load until unit
starts current limiting, i.e., output current is
held constant, while voltage varies, Current
limit value should be greater than that specified
in row F, Table 5-2. Set PWR switch to off, and
disconnect external ammeter and load.

5-11. PERFORMANCE TESTING.

5=12,1If it is desired to check unit performance
following repair and calibration, refer to para
2=19, Specification Verification.



www.valuetronics.com



SECTION VI
REPLACEMENT PARTS LIST

6-1. GENERAL.

6-2. This section provides a replacement
parts list for the QRD Series. The 1ist is
keyed to both the parts-locating photographs
(Figure 5-1, and 5-2) and the schematic
diagram (Figure 5-3).

6-3. TABLE HEADINGS DEFINED.

6-3.1 Circuit Symbo]

This is an alpha numeric identification
of the component as called out on the unit
drawings.

6-3.2 Sorensen P/N

This number should be used when
ordering parts directly from:

Sorensen Company
Replacement Parts Dept.
676 Island Pond Road
Manchester, N. H. 03103

6-3.3  MANUFACTURER TYPE.

This is the basic group or series under
which the part is listed by a manufacturer.
The coded identification of representative
manufacturers is Tisted below, alphabetically.

AB Allen Bradley Company

AX Aerovox Corp.

CB Centralab, Div. of Globe Union Inc.
CH Cutler-Hammer Inc.

cs Clarostat Manufacturing Co., Inc.

www.valuetronics.com

FC
GE

EL
ID
IRC
ITT
LF

O™
RCA
St
SM
SP
SR
ST
UN
WL

6-1

Fairchild Semiconductor
General Electric Co.

Hughes Aircraft Cao.

Electra Manufacturing Co.
Industrial Devices, Inc.
International Resistance Co.
International Telephone
Littlefuse Co.

Motorola Semiconductor Products
Ohmite Manufacturing Co.
Radio Corporation of America
Semicen, Inc.

Semitech, Inc.

Sprague Electric Company
Sorensen Co.

Solitron Devices, Incorporated

Unitrode Semiconductor Corporation

Ward Leonard Electric Co.



TABLE 6-1
REPLACEMENT PARTS LIST

QRD MODELS
CIRCUIT % Z SORENSEN  (MANUFACTURER,
sympoL | Nl oA DESCRIPTION PART NUMBER TYPE
KA SIS IILTIES
Capacitors (pF unless noted)
Cc1 X1 XH A X X| X X 1000, 15V 24-2554-4 SP, 45D
ce KX X X[ X[ X[| 200, 25v 24-2472
Cc3 XU X X] XU~ X[ X 0.01i5, 250V 24-2015-3 SE, MMK
ca4 X X X X[ X X[ * 0.033, 250V 24-2015-7 SE, MMK
C5 XXl x| X X3 X[ X 20, 12v 24-2276-10 SF, TE1130
Co X1 X X X[ X X[ X 25, 25V 24-2552-1 AX, EBAP
c7 X1 X Xy Xfp x| x| X 0.47, 250V 24-2015-21 SE, MMK
8 X1 XU X X0 x| X X 0.06022, 200V 24-2409-3 AX, V146XR
C9 X Xl X X§f x| Xfj X 0.068, 200V 24-2015-11 SE, MMK
c10 X1 X x| X)X X|| X 0.068, 200V 24-2015-11 SE, MMK
Cil X1 X[ X| X)| A X[ X 0.22, 250V 24-2015-17 SE, MMK
c1z X X Xt X)) x| X X 50, 70V 24-2553-4 AX, EBAP
C13 X 2500, 30V 24-2449-3 SP, 34D
X 4700, 40V 24-2460-2 SP, 32D
X| X 1000, 75V 24-2457-3 SP, 39D
X 1650, 75V 24-2525-6 Sk, 32D
X 250, 100V 24-2463-2 SP, 34D
X 1200, 150V 24-2466-2 SP, 36D
Cci4 X| X 250, 25V 24-2552-3 AX, EBAP
X[ X 100, 5oV 24-2556-2 SP, 45D
X X 200, 75V 24-2557-3 SP, 45D
X 50, 70V 24-2553-4 AX, EBAP
Cl5 X X X X} X{ X X G.001, 200V 24-2409-1 AX, VI146XR
C16 X1 X[ X1 %) %1 X|| X 0.0047, 200V 24-2409-5 AX, V146XR
Ccl7 Xl X 0.0047, 200V 24-2409-5 AX, V146XR
X 0.0033, 200V 24-2409-4 AX, V146XR
x| X 0.0022, 200V 24-2409-3 AX, V146XR
X X 0.0015, 200V 24-2409-2 AX, V146XR
Cl18 DX X X x| Xt X 0.068, 200V 24-2015-11 SE, MMK
Cl9 X 650, 25V 24-2555-6 SP, 45D
X 2500, 30V 24-2449-3 SP, 34D
X| X X 500, 75V 24-2557-4 SP, 45D
X 1500, 50v 24-2556-6 SP, 45D
X 1000, 75v 24-2557-5 SP, 45D
40] X| X X| X[ X[ X|[ % 5, 70V 24-2553-1 AX, EBAP
Cc21 XX x| x| x| X|| X 5, 70V 24-2553-1 AX, EBAP
g2z X 0.22, 200V 24-2409-15 AX, V146XR
H 0.68, 200V 24-2409-18 AX, V146XR
X & X X[ * 0.05, 600V 24-2010 CB, DD503
C23 X1 X)) X X[ X[ X X 0.33, 200V 24-2409-16 AX, V146XR
c24 XIX[ X xfp x| x| X 0.001, 1kv¥ 235-7421P14 RMC
Cc25 X1 X)) X X[ X[ Xff X G.001, 1kv 235-7421P14 RMC
Diodes
CR1 XPoXy X1 Xqf x| x|l % RG-118 587565-1 UN
CR2 XP X X1 X|f x| x| X RG-118 587565-1 UN
CR3 XEXf Xy x| x| x|l X RG-118 587565-1 UN
CR4 XY oxf x| X X] XJ| X RG-118 587565-1 LN
CR5 X1 Xh X} X X| Xl X 1N750A, Zener 26-211 MA
CR6 X1oxd x| x| X X X IN750A, Zener 26-211 MA
CR7 XXy x| X X) x| X RD 5637/9119 26-1017 SR
CR8 XXy X xjf X xjj X i1Nb226B, Zener 588101-3 MA
CR9 XX X X)X X[ £ RD 5637/6119 26-1017 SR
CR10 XIOXH X X X X X RD 5637/9119 26-1017 SR
CrR11 X1 X0 X X)) X} x| X RD 5637/9119 26-1017 SR
CR1Z2 X[ X X| Xyf X} X X RD 5637/8119 26-1017 SR
CR13 X X 3511 587566-1 SEM
X 1N4720 26-1006-2 MA
X X RG-119 587565-2 UN
X 3A100 26-1026-4 ST
X 1512 GR7BAR=2 SEM
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TABLE 6-1
NEPLACEMENT PARTS LIST

QRD_MODELS
CIRCUIT % SORENSEN MANUFACTURER,
SYMBOL NSNS NN SN DESCRIPTION PART NUMBER TYPE
Diodes {cont'd.)
CR 14| X X 3511 587566-1 SEM
X 1N4720 26-1006-2 MA
X X RG-119 687565-2 UN
X 3A100 26-1026-4 ST
X 3512 587566-2 SEM
CR15 | X X as1] 587566-1 SEM
X 1N4720 26-1006-2 MA
X X RG-119 587565-2 UN
X 3A100 26-1026-4 ST
X 3512 587566-2 SEM
CR1Z | X X IS 587566-1 SEM
X TN4720 26-1006-2 MA
X X RG-119 587565-2 UN
X 38100 26-1026-4 ST
X 3512 587566-2 SEM
CR17 | X| X RG-118 587565-1 UN
XExfx| x| x RG-119 587565-2 UM
CRI1B | X|x RG-118 587565-1 UN
x{xxfxix RG-119 587565-2 UN
CRI9 [ XXX x|x]|x|x RG-119 587565-2 UN
CR20 | X[ xgx|x[fx|x]x RG-118 587565-1 UN
CR2T [ X | XEx|[x|lx|xfx RD-5637/9119 26-1017 SR
CR2Z | x| xIx|[ x| x|x|x RD 5637/9119 26-1017 SR
CR23 | X | XX | x|lx|x|x RD 5637/9119 26-1017 SR
CR24 | X 1N4747A, Zener 588102-13 MA
X 1N4750A, Zener 588102-14 MA
X 1N4754A, Zener 588102-15 MA
X 1N4757A, Zener 588102-19 MA
X|x 1N4761A, Zener 588102-20 MA
CR25 | x| xgx|xfx|xfx TN4148A 322-7220P1 | ITT
ST | x{xhx|x{fx|xflx Lamp Assembly 43-344 ID, 212041
F1 X X|x X Fuse, 1.5A, 250V, 3AG 42-407 LF, 31201.5
X X X Fuse, 3.0A, 250V, 3AG 42-409 LF, 312003
XFY [ x[xfx]xffx|x]x Holder, Fuse, 3AG 42-459 LF, 342012
M1 X Meter, V-A, 0-15V, 0-3A 94-823-4 SR
X Meter, V-A, 0-25V, 0-5A 94-393-9 SR
X Meter, V-A, 0-30V, 0-1.5A 94-823-3 SR
X Meter, V-A, 0-50V, 0-1A 94-823-2 SR
X Meter, V-A, 0-50V, 0-2.5A 94-393-10 SR
X Meter, V-A, 0-60V, 0-.6A 94-823-1 SR
X Meter, V-A, 0-80V, 0-2A 94-393-8 SR
Transistors
Q1 XPxgxfxfx|xyx RT-9338 18-146 SR
Q2 Xpxfxfxlix|xqx PN3641 18-144 FC
Q3 Xpxfxfxfx|xfx PN3641 18-144 FC
04 XPxxpxfx]xifx PN3641 18-144 FC
Q5 XA xxfx]xix PN3641 18-144 FC
Q6 X{XEx[xfixfxix PN3641 18-144 FC
Q7 X{Xx [l x| x|x PN3641 18-144 FC
QORI X X[ X|X[x|x|[x Transistor, PNP, Dual 18-176 SR
Qul X XEX| XX Xx([x 2N3638 18-143 FC
gz X xfx[xfx|{x|x 2N3638 18-143 FC
QI3 | x| xfixxfx|{xfx 2N3638 18-143 FC
Qe | xixfx]xfx|{xix PN3641 18-144 FC
Q15 | x|x 2N697 18-115 GE
X 2N3019 386-7316P1
XHX 2N697 (Selected) 18-161-3 SR
X il X 40321 18-165 RCA

www.valuetronics.com

6-3




TABLE 6-1

REPLACEMENT PARTS LIST

QrRD MODELS
CIRCUTIT SORENSEN MANUFACTURER,
SYMBOL NSNS NS DN DESCRIPTION PART NUMBER TYPE
A SASNAS S
Transistors {(Cont'd.)
Qe | x| x ] xf x| x]x PN3641 18-144 FC
Q7 x| xhx] x| x| x| x PN364 1 18-144 FC
8 | x| xfx]xf x| x[x PN3641 18-144 FC
Q19 X[ X ZN697 18-115 GE
X 2N3019 386-7316P1
X[ x 2N697 (Selected) 18-161-3 SR
X x 40321 18-165 RCA
Q20 X1 XX 2N3441 386-7249P5
X x 2N3441 386-7249pP5
XX 40313 18-164 RCA
021 X[ X[ X 2N3055 18-151 RCA
X x 2N3055 (Selected) 18-178-1 SR
XX 2N3442 18-163 RCA
Resistors {(ohms, 1/2W, +10% unless noted)
Rl X1 Xg x| Xff x| x| x 220 280-1145P50 § AB, EB
R2 XXX} X[ X] x| X 390, W 280-1180P59 | AB, GB
R3 XXX X x| X)X 10 2B0-1145P2 AB, EB
R4 XIXEX] X X[ X)X 680 280-1145P68 | AB, EB
R5 XX X)X %] X)X 221, 1% 28-1188 IRC, CEC-TO
R6 XXX X XT X)X 1K 280-1145P74 | AB, EB
R7 XL XX X)X X)X 680 280-1145P68 | AB, EB
R8 XXX XX X X 1K 2R0-1145P74 | AB, EB
R | x| xfx|xlf x| xfx 2K, 14, 25T 167456-8 Bourns 3257-W
R10 X|XRX| X X] X)X 330, W 280-1180P56 | AB, GB
R XP XX X X] X)X 1.5K 280-1145P80 | AB, EB
R12 XTI XX X[ x| X)X 8.2K 27-1163 AB, EB
R13 XX X[ X x| XY X 3.3K 280-1145P91 | AB, EB
R14 X1 X X 50, 1W, 25T 167456-3 Bourns 3252-W
Xl X X)X 100, 2W, POT. 29-523 cs, 39
R15 X1 XEX| XYX] X)X 470 280-1145P62 | AB, EB
R16 X X X 150K, 1% 28-1264 IRC, CEC-TO
X X 499K, 1% 28-1266 IRC, CEC-TO
X 187K, 1% 28-1265 IRC, CEC-TO
X 604K, 1% 28-1267 IRC, CEC-TO
R17 XTI XRX| X X] XX 10, 1% 2B-1257 IRC, CEC-TO
R18 XX X X[ X[ X[ X 2.7K 280-1145P89 | AB, EB
R12 X1 X X)) X[ X[ X[ X 2.7K 280-1145P89 | AB, EB
R20 XX X Xfp X[ X|| X 1.2K 280-1145P77 | AB, EB
R21 X X[ X} X[ X| X[ % 2.15K, 1% 28-1249 IRC, CEC-TO
R22 X1 X[ X Xt x| Xf X 1.2K/15 2N, DUAL POT. 29-521 CS, 43
R23 XX X XX X)X 680 280-1145P68 | AB, EB
R24 X Xl X X[y X[ X]| X 390 280-1145P59 | AB, EB
R25 XX X X X[ X[ X 2.2K 280-1145P86 | AB, EB
R26 X X[ X Xl X[ X[ X 887, 1% 28-1216 IRC, CEC-TO
R27 X X[ X X x| x| X 220 280-1145P50 | AB, EB
R28 XX X XY X[ X X 2.7K 280-1145P85 | AB, EB
R29 XP X)X X X] X0 X 10 280-1145pP2 AB, EB
R3O X XH X X X] X|| X z2.7K 280-1145P89 | AB, EB
R31 XXl X XX X)X 220 280-1145P50 | AB, EB
R32 X1 X[ X X X] X X 220 280-1145P50 | AB, EB
R33 X X)X X X X)X 3.9K 280-1145P95 | AB, EB
R34 X 15K 2B0-1145P116| AB, EB
X 18K 280-1145P119| AB, EB
X 33K 280-1145P128( AB, EB
XX 39K 280-1145P131( AB, EB
XpXx 56K 2B0-1145P137| AB, EB
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TABLE 6-1

REPLACEMENT PARTS LIST
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QRD MODELS
CIRCULT % SORENSEN MANUFACTURER,
SYMBOL VAN N A DESCRIPTION PART NUMBER TYPE
SRS/
Resistors {Cont'd.)
R35 X 3.9 280-1145P95 | AB, EB
X 1.5K, 5W 27-499-10 CS, C56GL
X 6.8K 280-1145P104 | AB, EB
X 22K 280-1145P122 | AB, EB
X 5.1K, 2W 280-1147P99 | AB, HB
X 39K 280-1145P131 | AB, EB
X 8.2K, 2W 27-392 AB, HB
R36 XX 3.3k, TW, 5% 280-1180P91 | AB, GB
X 6.8, W 280-1180P704 | AB, GB
X% 8.2K, 2W 27-392 AB, HB
XX 12K, 2W 280-1147P113 | AB, HB
R37 X 820, 2W 27-388 AB, HB
X 450, SW 27-466 C3, C56L
4 1.5K, 5W 27-499-10 CS, C5GL
X X 2.5K, 10W 27-599-8 IRC, CTOGL
X 1K, 10W 27-599-9 IRC, CTOGL
X 1.5K, 25H 27-719 WL, 25F1500
R3B zl 4 T, 24 28-1253 IRC, BWH
2 4 2, 2W 28-1254 IRC, BWH
2 4 3, 2W 28-1255 IRC, 3WH
2 3.9, 2W 28-1256 IRC, BWH
R39 X 300, 5W 27-457 £S, C5GL
X X 400, 25W 27-117 WL, 25F400
X 600, 10W 27-599-10 IRC, CI0GL
X 1K, 10W 27-599-9 IAC, CI10GL
X 2.5K, 104 27-599-8 IRC, C10GL
X 1K, 250 271-727 WL, 25F1000
R40 X|2 X 0.5, 7W 28-1268-1 5P, 226E
X 1, 7 28-1268-3 5P, 226E
X 1.33, 7W 2B-1268-4 SP, 226E
X 2, TH 28-1268-5 SP, 226E
X 0.67, W 2B-1268-2 SP, 226E
R41 X X 180 280-1145P47 | AB, EB
X X 430 280-1145P60 | AB, EB
X 270 280-1145P53 | AB, EB
R42 XXX X x| x| x 200, 1/24, Var. 167877-11 Bourns 33B6-F
R43 X 0.12, 3W 27-397-3 WL, 3X
2 X XX X|X 0.24, 2W 28-1252 IRC, BWC
R44 X 7.5K, 1% 28-1258 IRC, CEC-TO
X 15K, 1% 28-1260 IRC, CEC-TO
XX 24.9K, 1% 28-1261 IRC, CEC-TO
X 30.1K, 1% 28-1262 IRC, CEC-TO
X 40.2K, 1% 28-1263 IRC, CEC-TQ
X 12.4K, 1% 28-1259 IRC, CEC-TO
R45 X| X[ X X X| %] x 110, 2% 586250-26
R46 X| X[ X XXy XX 47, 1/4W 280-1171P26 | AB, CB
R47 X 1.5K/15, 2W, DUAL POT. 29-401 Cs, 43
X 2K/20, 2W, DUAL PQT. 29-402 CS, 43
X 3K/30, 2W, DUAL POT. 29-403 Cs, 43
X| X 4K/40, 2W, DUAL POT. 29-404 CS, 43
Xl x 6K/60, 2W, DUAL PQT, 29-520 CS, 43
R4S XX X Xf %) x|l x 10, 1/4W 280-1171P2 AB, CB
R49 XX X1 X xq x{l x 0.08, #21 CUPRON 21-033 SR
R50 X| Xl Xf X X 3.3K 280-1145P91 | AB, EB
X X 6.8K 280-1145P104| AB, EB
R51 XX 10 280-1145pP2 AB, EB
R52 X1 Xp %] x|l x] xhx 825, 1/8W, 1% 586250-70 EL, MF4
R53 Xg X X[ xp x| xfx 82.5, 1/8W, 1% 586250-22 EL, MF4
RS54 X XA X[ Xp Xt X[X 1.1K, 2% 585326-117
R55 XL AP [ X X| XX 1.1, 2% 585326-117
6-5




TABLE &-1

REPLACEMENT PARTS LIST

www.valuetronics.com

CIRCUIT AU MO(L)ELS % SORENSEN MANUFACTURER,
SYMBOL QLT ATV TS, DESCRIPTION PART NUMBER TYPE
SRS SIS
51 Xl xf x| xf x| x!x Switch, DPST, 10A, 250 Vac 45-112 CH, 7561K5
S2 X xfx| x| x}x{x Switch, DPDT, 10A, 250 Vac A45-121 CH, 7565K6
Tl X Transformer 126-2598 SR
X 126-3007 SR
X 126-2999 SR
X 126-3000 SR
X 126-3003 SR
X 126-3001 SR
X 126-3004 SR
Miscellaneous
X xfx|x||x]x]|x Schematic E200-4088 SR
X Panel, Front 73-2216-4 SR
X 73-2217-3 SR
X 73-2216-3 SR
X 73-2216-2 SR
X 73-2217-2 SR
X 73-2216-1 SR
X 73-2217-1 SR
X x| x X Case Side (2 Req'd) 73-2209 SR
X X X 73-2210 SR
XX fx|[xlx|x]x Cover, Top 73-2211 SR
X Ix fIx|x|fx]xfix Cover, Bottom 73-2211 SR
x| xix|x|x1x]=x Knob (2 Req'd) 42-278
X 1 PCB Ass'y 190-3801-1 SR
X ‘ 190-3801-5 SR
X 190-3801-2 SR
X 190-3801-3 SR
X 190-3801-6 SR
X 190-3801-4 SR
X 190-3801-7 SR
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UNITED STATES
ALABAMA

B & C Instruments, Inc.
7920 Unit 5, Charlotte Drive
Huntsville, Alabama 35802
Tel. (205) 883-6530

ARIZONA

Arizona Electronic Standards Lab.
1848 West Campbell

Phoenix, Arizona 85015

Tel. (602) 264-9351

CALIFORNIA

E.P. Specialists

7052 Orangewood Street

Suite No. 1

Garden Grove, California 92641
Tel. (714) 898-8339

J.D. & Associates

282 Charcot Avenue

San Jose, California 95131
Tel. (408) 435-1010

ILLINOIS

J.H. Metrology Co., Inc.
1801 Hicks Road - Unit F
Rolling Meadows, lllinois 60008

LOUISIANA

SEA-TRAC Marine

114 Hickory Ave.

New Orleans, Louisiana 70123
Tel. {504) 737-0591

MARYLAND

Applied Metrology Inc.
10067 N. 2nd Street
Laurel, Maryland 20810
Tel. (301) 953-1010

MICHIGAN

Comtel Standards Laboratory
21223 Hilltop Street

P.O. Box 5034

Southfield, Michigan 48037
Tel. (313) 358-2500

MINNESOTA

Instrumentation Services Inc.
957 Winnetka Avenue, North
Minneapolis, Minnesota 55427
Tel. (612) 544-8916

A Raytheon Company
www.valuetronics.com

FIELD SERVICE REPRESENTATIVES

MISSOURI

Industrial Service LLaboratories
118 N.W. Business Park Lane
Riverside Business Park
Kansas City, Missouri 64150
Tel. (816) 587-5400

Industrial Service Laboratories
4354 Olive Strest

St. Louis, Missouri 63108

Tel. (314) 535-5760

NEW HAMPSHIRE

Sorensen Company

676 Island Pond Road
Manchester, New Hampshire 03103
Tel. (603) 668-4500

NEW JERSEY

Ampower Electronic Instrument
Co. Inc.

40 Vreeland Street

Totowa, New Jersey 07512

Tel. (201} 256-0013

NEW MEXICO

Instrument Service Laboratories
680 Haines Avenue N.W.
Albuquerque, New Mexico 87102
Tel. (505) 842-1107

NEW YORK

Mohawk Ltd.

1 Newell Lane

Chadwicks, New York 13319
Tel. (315) 737-7328

OHIO

Comtel Instrument Company
5387 Avion Park Drive
Cleveland, Ohio 44143

Tel. (216) 442-8080

TEXAS

Certified Test Equipment
601 Easy Street

Garland, Texas 75042
Tel. (214 494-3446

WASHINGTON

XTEK

14824 Northeast 31st Circle
Redmond, Washington 98052
Tel. (206) 885-6969

Radar Marine Electronics

16 Squalicum Mall

Bellingham, Washington 98225
Tel. (206) 733-2012

WORLDWIDE
AUSTRALIA

HAWKER PACIFIC Pty., LTD. ~
Advanced Products Division

7 Rachael Close

Silverwater, NW.W. 2141

CANADA

Allan Crawford Associates Ltd.
5835 Coopers Avenue
Mississauga, Ontario Canada L4Z 1R9
Tel. {416) 890-2010

Allan Crawford Associates Lid.
1935 30th Avenue N.E Unit 14
Calgary, Alberta Canada T2E 6Z5
Tel. (403) 230-1341

Brunelle Instrument Company
73 6th Range South

Industrial Park

St. Elie D'Orford

Quebec JOB 250

Tel. (819) 563-9096

ENGLAND

Cossor Electronics Ltd.
The Pinnacles, Harlow
Essex CM19 5BB, England
Tel. (279) 26862

Hollidyne Electronics Ltd.
Watermill Industrial Estate
Aspenden Road
Buntingford, Hertforshire
England SG9 8JS

Tel. 01-44-0763-7258

FRANCE

GPL s.a.

7, rue Henri Gatinot

92320 Chatillon-sous-Bagneux
Tel. (1) 746-03-10

ISRAEL

Agentex Ltd.

ATIDIM

Scientific Industries Park
End of Dvora Hanevia Road
P.O. Box 10150

Tel Aviv 61101 Israel

Tel. 03-493111

ITALY

3G Electronics S.r.l.
Via Perugino 9
20135 Milano, italy
Tel. 39-2-54-42-91

WEST GERMANY/AUSTRIA

Neumuller GmbH
Eschenstrasse 2

80268 Taufkirchen/Muenchen
W. Germany

Tel. 089/61181
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