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GENERAL DESCRIPTION

The Model 2005A is a calibrated precision power
source designed to supply extremely stable DC out-
put with low noise content. It represents & second
generation version of the Model 2005, and is the
product of six years of field expsrience with over
10,000 instruments. Performance and reliability have
been significantly improved without any cost increase.

Twe dual, concentric decade switches provide digital
readout of a selected output veltage to within 0.1% of
the chosen value. A single-turn potentiometer with a
resolution of 10 microvolts permits interpolation of the
last place. A toggle switch provides an additional
digitin the 1010 20 volt range.

The output voltage of the supply may be remotely pro-
grammed with an external resistance without loss of
accuracy. Frovisions are included for remote sensing
of the output voliage at the load.

Compact and light, the Model 2005A is self-contained
ir a portable housing designed for banch use. Panel
adapters are available for assembling one or two units
in a standard 19-inch rack.

SERIAL NO:

DESIGN FEATURES

* Decade voltage readout to five significant figures
below 10 volts; to six significant figures above 10
volts, Last-place interpolation by a potentiometer
with 2 1 millivolt range.

¢ Current lmiting—maximum output may be limited
to any value below 500 mA with a front panel control,

e Limit indicator lamp on the front panet flashes when
the ouiput of the supply is in the current-limited
region,

* Self-restoring electronic overload and short-circuit
protection.

# Critical circuits and cempenents maintained at con-
stant ambient {efmperature in a temperature-con-
trolled, RFi-free oven.

# Accurate remote programming at 1,000 ohms-per-

volt.
¢ Front and rear access output terminals.
° Separately fused line and load circuits,

# 100-hour pre-aging of power supply before test and
calibration,

* Individual calibration data furnished with each unit.
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Teb 4154936141 ® TWX 510-373-12E1
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TRECISION DC POWER SOURCE NMODEL 20054

SECTION 1
GENERAL DESCRIPTION

-1, ESCRIPTICON

The llodel 20054 is a precision DC power source designed to supply
an extremely stable O to 20 volt, O to 500 millismpere output. The -
instrument combines the accuracy of a2 precision calibrator with the
power capability of a general purpose regulated supply.

Two dual, concentric decade switches provide a digital readout
of the selected output voltage to within 0.1% +1 milliveolts of the
selected value. A 1 millivolt range, single turn potentiometer provides
interpolation of the last place. This potentiometer has a resolution
of 10 microvolts. A toggle switch selects the range of the dial read-
out; elther from O to 10 volts, or from 10 to 20 volts.

The output veltage of the supply may be remotely programmed with
the same accuracy, using an external resistance. The supply also
includes provisions for remote sensing of the output voltage at the
load.

Compact and light, the power source is self-contzined in a portable
housing designed for bench use. The modular construction of the Model
20054 makes it suitable for rack mounting. Panel adapters are available
for mounting one or two units in a standard 19 inch rack having a panel
height of 5% inches,

A novel bail-handle assembly permits the front panel to tilt for
optimum viewing angle and control.

1-2. ELECTRICAL SPECIFICATIONS
QUTPUT: © to 20 volis DC, continucusly adjustable, O o 500 milliamperes,
INPUT: 105 to 125 volts, 47 to 440 Hz, 40 watts nominal.

REGULATION: DC voltage c%ange less than 0.0005% +100 microvelts for
line variations of 210% or load variations of 1004 (at sense lead
connection points).

RIPPLE AND NCISE: Less than 100 microvelts peak-to-peak measursd at 60 Hz
line freguency. ’

SOURCE INPEDANCE: Less than 0.2 milliohm at DC, 0.04 ohm at 20 KHz,
0.5 ohm at 1 MHz measured at the rear terminals.

HECOVERY TIME: Less than 30 microseconds to return to within 250 micro-
volts or 0.005% (whichever is greater) of the set voitage for
a step change in rated load (1 microsecond rise time) of 10% to
100%; less than 50 microseconds to return $o within 100 microvolts,

STABILITY: 3Better than 0.001% +100 microvolis per & hours:; betier than
1 millivolt per week (at constant line, load and ambient temper-
ature after warm-up). '
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CALIBRATION ACCURACY: B

CURRENT LIMITING: O te 500 milliamperes conuinuously ad justable by a
front panel control. 4 front panel Pul -5et switch permits easy
adjustment without shorting the outpus berml wele,

QUTPUT TERMINALS: Front Panel —— Three insulated binding posts for posi-

- bive output, negative cutput and chassis ground. Rear Panel —-
Screw terminals on & molded barrier block for pesitive output,; negat-
ive output, chassis ground, remote voltage programming and remote
sensing.

REMOTE SENIING: Two terminals are provided on a rear panel barrier block
for remote sensing of the veoltage at the load.

HEMOTE PROGRAMMING: Resar panel barrier block terminels are provided for
remote Dprogramming of the output veltage. The ratio of the pro-
gramming resistance to the output voltage is 1000 ohms per volt.
The programming accuracy is better than 0.01% of the resistance
value, including the resistance of the programming leads.

METERING: Front penel volt-ammeter permigs monitoring of the output volt-
age or current with an accuracy of —2% of full scale, NOTE: This
accuracy is considerably less than that of the power source,

CIRCUIT PROTLCTION The AC line and DC Zoad circuits are separately fused,
The AC line fuse is accessible at the rear of the unit. The DC load
fuse 1s accessible on the amplifier board.

OVEN: Temperature-controlled oven mazintains critical circuits and compon-
ents at constant ambient temperature even when the AC toggle switch
18 in The OFF position.

INDICATOR LAMES: Oven Lamp —— Lights when AC input is applied and oven
heater is energized (operates even when A0 toggle switch is turned
off), Lamp cycles on and off as oven maintains constant temperature
environment for critical componentis. O0-10V Lamp -- ILights when
VOLTAGE switch 1s set to 0-10V position to indicate That output is
the dial readout. 10-20V Lamp -~ Lights when VOLTAGE switch is set
to 10-20V pesition to Lnﬂlcate that cuiput is 10 veolis plus the dial
readout.

1-3. MECHANICAL SPECIFICATIONS
DIMENSIONS: 8 3/8v x 4 3/4n x 8 27/32¢,

WEIGHT 9 pounds.

FINISHE: Brushed, anodized aluminum pasnel with etched black lettering.
Dust cover flnwshed in blue enamel; chassis and bottom plate golden
iridite,

RACK PANEL ADAPTEES: Panel adap

: rs are availsble for mounting either a
single wnit or two units e

e
ide by side,
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20054
SECTION 2
INSTALLATION AND QOPERATION
2-1., INSTALLATION
(2) Laboratery Bench; The Model 20054 is 2 portsble unit designed

for bench USE. No Special processing is reguired. The power source
is ready for operation &s shipped from the factory.

(p) Rack lounting: Panel adapters are available for mounting
orie or two unlts 1w a standard 19 inch relay rack, Hardware kits zre
provided with each panel adapter. The powsr source is fastened to
the rear surface of the adapter with tlack anodized rivnuts in each
corner of The front panel. If the rubber bumper feet interfere with
the assembly of the equipment to the rack, remove them by disassembling
the Dbottom plate of the power source and unscrewing them.

2-2. QPERATION

(a) Be sure that the power source is turned off and the shorting
links comnected between the DC+ and S+, R1 and B2 and S- and DO- rear
panel terminals.

(b) Set the CURRENT ILIMIT ADJ control fully clockwise.

(c) Commect the AC line cord to a source of 105 to 125 volts,
47 to 440 Hz.

NOTE: The OVEN indicator will normelly light as soon as line voliage
is applied %o the unit, even when the power source is turned
off: The indicator will remzin 1it until the oven reaches
cperating temperature (approximately 10 minutes). The indicator
will cycle on and off as the oven maintains a constant tempera-
ture environment for critical circuit components. :

(d8) Paragraphs 1 through 4 give the connections for remoite
sensing, series operation, remote programming of the output voltage
or current limiting.

(e) Set the AC switch to ON.
(f) Set

t
panel disgls. 3
T millivolt ste

he output voltage to the desired value, using the front
et the VERNIER control to zero if interpclation between
s is not desired.

{g) Cormmect the DC+ and DC- terminals {on the front or rear
panel) across the load. If desired, connect the positive or negative
cutput terminals to ground.

1. Bensing: The regulator circult maintains the potential between the
sensE leads (3+ and 5-) at the set output voltage. When these leads
are connected to the positive and negative output terminals, the power
source is connected for local sensing. When the sense leads are con-
nected to the load, the source is connected for remote sensing., hemote
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20054

sensing is used when en appreciable voltage drop (up to 4 volts) is
enticipated in the leads cormecting the positive and negative oulbput
terminals to the load. The Model 20054 is connected for local sensing
wher shipped from the factory.

For remotie sensing:

() Remove the shoriting links from the rear panel DC+ and S+,
and DC- and 3- terminals,

(b) Connect the D0+ and DC— leads to the load.

{c) Connect the S+ and 8- lezds to the positive and negative
sides of the lcad, respectively. Run the sense leads zs a tightly
twisted, shielded pair. Connect the shield to the G (chassis ground)
terminal to minimize output ripple.

{d) Turn on the power supply.

(e) If the remote sensing leads are opened while the supply is
operating, the outoput voltage will rise slightly above the set level
(approximately 4 volts).

2. Series Operation: As many as four Model 20054 units may be con-
nectfed 1Inn €e€ries to provide up Lo 80 volts. (onnect the positive DO
output terminal of one supply to the negative output terminal of the
next, in the same manner as connecting batteries in series. The ground
terminals con all units may be left floating or tied together and con-
nected to either the most positive or most negative output terminal.

Por optimum voltage regulation, disconnect the shorting links
between all 54+ and DC+ output terminals except those at the most
positive potential. Then connecti jumper wires between each S+ terminal
and S5~ terminal on the next more positive power source. The voltage
drops in the leads comnecting the powsr scurces will be compensated
Tor by the regulator circuits of the individual units. For remote
sensing, follow these directiong, except connect the most positive and
most negative S+ and S- leads across the load.

3. Remote Voltage Programming: The output voltage can be programmed
remotely by an external fixed or variable resistance as follows:

{a) Turn off the power source. BSet all Sutput voltage controls
to zerc and set the VOLTAGE switch to 0-10V.

(b) Remove the shorting link from between the rear panel R1 and
RZ terminals, ‘

(¢} Select a programming resistance.by multiplying the desired
cutput voltage by 1000 {the programming constant is 1000 ohms per volt).
A constant current of 1 milliampere will flow through this resistance,
and the wattage rating should be cheosen to minimize drift dus to
heating.
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20054

{d) Cormect the external programming resistance between the RI
and B2 terminzls using twisted, shielded wire, Connect the shield
to chassis ground (§ terminsl) to minimize output ripple.

63

(e} Turn on the power source.
CAUTION: IF THE REMOTE PROGRAMMING CONNECTIONS ARE OPENED WHILE
THE SUPPLY IS5 OFDRATING, THE QUTPUT VOLTAGE WILL RISE
TO THD UNREGULATED VOLTAGE LEVEL. WHEN A SWITCH IS USED
T0 SELECT RESISTORS FOR QUTPUT VOLTAGE PROGRAMMING, IT
SHOULD EBEAVE SHORTING TYPE CONTACTS TO AVOID VOLTAGE 3PIKES.

4, Current Limiting: The maximum output may be limited to a value
below 500 miliiamperes as follows:

{a) Turn on the power source and set the meter switch to MA.
{b) Pull out the CURRENT LIMIT kncb and adjust the CURRENT

LIMIT control until the meter indicates the maximum desired output
currerit. Depress the CURRENT LIMNIT 3ET nob.

932
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20054

SECTION 3

PRINCIFLESD OF COFERATION
3~1. GENERAL

The Model 20054 is a highly accurate, series regulated, IDC volt-
age source. It comprises & full-wave reciifier circuit, a series
regulator circuit znd a current limiting circuit.

The series regulator circult is an electronically variable
regsistance interposed between the unregulated source znd the losd.
The resistance value is contreclled by an amplifier which compares the
source output veoltage with a reference voltage. The amplifier adjusts
the series resistance to reduce the error signal o zero.

The reference voltage is generated by an internal auxiliary power
source,. The error signal resulting from the voltage comparison is
anmplified and applied through a driver stage to the series transistor
to vary 1is effective resistance.

3-2. FULL WAVE RECTIFIER OPERATION

The full wave rectifier consists of diodes CR13 and CR14. The
cutput is applied through fuse F2 to series regulator transistor
05: the output filtered by capacitor (8.

3-3. SERIE3S REGULATOR OPERATION

The series reguldtor circuilt contains the differential amplifier
Q3, amplifiers 9, (B and Q7y driver Q6 and series regulator Q5.
The voltage reference for the differential amplifier is zener diode
CRY9. A constant current is maintained through CRY by transisior
Q2 and zener diode CR11. These components are powered by an suxiliary
20 volt supply.

From the divide string of R42 thru R73 and R4t and R4O, which
connect to DG+, a2 1 milliampere current flows to the oven terminal
pin 3. This current flows through R14 in parallel with R16 and
R17 and establishes a voltage at one base of Q3. The common emibter
resistor R13 of Q3 returns to the potential of zener diode CRY. The
DC- connects to the copposite end of CR 9 Therefore, the Voltdg@ from
the first base of Q2 to DC- is zero. The second base of (3 is also
at zero velts ze?au¢ve to DC- by virtue of R15.

The differential amplifier, its voltage reference and the
transistor which maintain a constant current through the voltage
reference are located on oven board assembly Al. The oven maintains
these components in a constent temperature environment %o provide
highly stable cperation.

The input to the differentisl amplifier is applied from a
voltage divider across the cupply output. iny change in output volta F
changes the bilas on the differential amplifier, and, conoeouemtly,
changes the collector current on the output half of this =t tage,

This changes the drive on amplifiers (9, 8 and Q7. The chamged cutput
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of Q7 changes the drive of (06 and therefore of series regulator 05.
This change in drive on 05 is in the correct direction o opPoOsSe any
change in the supply ocutput voltage.

For example, if the ocutput voltage tends to increase, the forward
btias on the input stage of the differsential amplifier increzses.
This reduces the collector current of the output half of this stage,
reducing the drive of amplifiers 49, 08 and (7. The reduced collector
current of (6 reduces the forward bias of series regulator G5, in-
creasing i1ts effective resistance. The increased resistance of 05
increases the voltage drop across it, reducing the ocuiput veltege.

3~4. CURRENT LIMITING CIRCUIT

The current limiting circuit consists of transistor 010, the
current sensing resistor R26; diodes CR16, CR23 and CR17 and their
associated components. This stage is powered by the auxiliary 20
volt supply. The current through R26 and the divider consisting of
R33, R34 and R35 sets the normal bias on this stage. Potentiometer
R33 sets the range of the CURRENT control R35,

Wnen the output load demand exceeds the value set by potentio-
meter R35, itransistor 010 conducts heavily, turning on diode CR17.
With diode CR17 turned on, 08, 7, Q5 and Q5 are turned off, lowering
the output voltage.

Any further increase in load demand further reduces the bias
on Q>, further reducing the output voltage. 1In this manner, the
circult will maintain the load current at the set value for losds
down to a short circuit. When the output current demand is reduced,
the circuit conditions reverse and the voltage regulating circults
regain contrel of the output.

932 . ' 3-2
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20054

SECTION 4
MATINTENANCE

Under normal conditions, no special maintenance of the Model
2005A is required. If servicing is necessary, read this section
before starting repair or calibration.

4-2, ADJUSTMENT AND CALIBRATION

Ifake the

Tollowing adjustments whenever a component is replaced

or periodic recalibration is scheduled:

&, Preliminary HMeter Adjustment:

(1)

Mechanically zerc the meter using the =adjusitment screw

on the front panel. NOTE: Pivot friction can be overcome by lightly
tapping the meter face,

(2)
(3)

Set the CURRENT LIMIT ADJ control fully clockwise.

Connect a 40 ohm, 20 wati resister in series with

a2 standard ammeter acrosg the output of the supply.

(4)
controls for a
ammeter,

(5)

(6)

reading agrees
b. Zero

(1)
of the supply.

(2)

output voltage
(3)
(4)

Set the AC switeh to ON end adjust the output voltage
convenient reading, approximately £ ampere on a standard
3et the meter switch to MA.

Adjust potentiometer R39 until the pansl meter
with that of the standard ammeier.

Voltage Calibration:

Commect a high precision voltmeter across the outputb
Set the RANGE switch to the 0~10V position and the
controls for 0.000 volt output.

set the AC switch to ON and observe the voltmeter.

If the voltmeter does not indicate 0,000 volt T1 MV,

ad just CALIBRATE potentiometer R10,

c. - 20 Volt Adjustment: (Make this adjustment only after the
zero voltage calibration.)

(1)

Set the RANGE switch to 10-20V and adjust the supply

output to 20.000 volts. BSet the VERNIER control fully counterclock-

wiga,

(2)

Check that the dots on the VERNIER control and front

panel are aligned. A setscrew in the VERNIER control permits any
necessary adjustment. '

532
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(3) Set the VERNIER contreol to 0.

- (4) Cormect a high precision volimeter across the output of
the supply.

{5) Set the AC switch to ON and observe the voltmetsr,

(6) If necessary, adjust potentiometer R17 until the volt-
meter reads 20,000 10.007 volts.

d. CUREENT LIMIT ADJ Range Adjustment:

(1) Connect en ammeter, capable of reading 600 MA accurately,
across the power supply outpus.

(2) Set the power supply voltage controls to greater than 1 V.
(3) Turn the supply on.

(4) Adjust CURRENT LIMIT ADJ potentiometer R35 maximum
clockwise,

(5) Adjust potentiometer E33 until ocutpubt current is 600 MA.

(6) The CURRENT LIMIT ADJ potentiometer will now adjust the
output current from 0 to 500 Mi.

4-3. TROUBLE SYMPTOMS AND SUGGESTED REMEDIES

a. lHMeasure the voltage and resistance asg a first step when servicing
the supply.. Use the data given on the Schematic Disgram in %the
Appendix.

CAUTION: WHEN UNSOLDERING SEMICONDUCTORS FOR TEST, USE A HEAT SINK
TO PRLVENT THERMAL DANMAGE. A LONG NOSE PLIERS INSERTED
BETWEEN THE SEMICONDUCTOR AND THE SQLDER JUNCTION I8
ADEQUATE .,  NWEVER OPERATE THE SUFPLY WITH ANY IEADS DIS-
CONNDCTED OR SEMICONDUCTORS REMOVED. OPERATING POTENTIALS
IE THE DC AMPLIPIER MAY CHANGE RADICALLY WHEN A COMPONENT
15 REMOVED OR DISCONNECTED.

b, Power Supply Does Not Go On: If the OVEN and 10-20V or 0~10V
lamps do not light, check the AC fuse., If the fuse Dblows repectedly, .
check the oven circuit, diodes CR1, CR13 and CR14, and O3 and (8.
Use an chmmeter fto take & resistance reading across each diode.
Thern, reverse the meter leads and take ancther reading. If one
reading is not at least five times greater than the other, the
diode is defective. If one diode in any pair is defective, replace
both. A4 short circuit in one will produce high surge currents in
the other, which can result in junction damage.

c. No DC Output Voltage: IT the 10-20V or 0-10V lamp and OVEN

lamps light, but no output voltege is available, be sure thet the
CURRENT LIMIT ADJ contrel is not turned fully counterclockwise,
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Set the meter switch to MA and increase the output voltage. If no cur-
rent is indicated, check the DC fuse F2. If current is present when the
output voltage controls are adjusted, check sefely diode CR21 and for
incorrect programming or sensing connections. Diode CR21 is connected
in the cpposite polarity to the DC output voltage. II the reverse cur-
rent flow is greater than 1 ampere, this diode may weld, placing & per-
menent short circuit acroes the supply ocutput. Normal operation can be
restored by replacing the diode (located on the zmplifier board).

d. Regulator Failure: Check for correct potentizls on amplifier tran-

sistors, voltage reference, etc. If any voltage appears incorrect, dig-
connect AC power and check for defective trJnQ1 tors. This can be done
without removing the transistors from the circuit. Using an ohmmeter
set to ite low resistance scale (R x 1), measure the forward and reverse
resistances at the collector-base and base-emitter junctions, A resisti-
ance ratioc of less than 5 to 1 indicetes a defective transistor. Care-
fully remove it and test it on a transistor checker,

CAUTION: THIS TEST IS NOT RECOMMENDED FOR HIGH FREQUENCY OR LOW CURRENT
DEVICES IN OTHER INSTRUMENTATION, AS CURRENTS FROM SONE OHM-
METERS MAY BE SUFPICIENT TO DAMAGE SMALL SEMICONDUCTOR JUNCTIONS,

To test a component located in the oven:
(M tmplug the line cord and remove cover from power supply.
(2} Locsen the three screws securing the oven cover.
(3) hotate the cover counterclockwise and pull it away from oven.
(4) Remove the two screws securing oven cap; Tremove Cap.
(53 Reach intc the oven and extraci the oven board.

NOTE: To test the oven board while the unit is operating, remove 1%t
from itg socket and inseri z test adapter {(Vector Electronic
Corp. Type P-9-N-3, or egual) in its place. The board can then
be plugged into the adapter.

(6) To reassemble the oven, replace the board and cap. Secure the
cap in position with two screws. Slide the cover down until the screws
slide into the slots in the cover. Turn the coveyr clockwise and tighten
the three screws.

e, Poor Regulation, High Ripple: No epecific check can be suggested
since failure to regulate within specifications may be caused by any of
the components in the supply. Make a point-to-point voltage and resist-
ance check, Check all capacitors for open circuits zmd all electrolytic
capacitors for excessive leakage. Make stage-gain measurements by
changing the output load current and noting the change in base current
of each amplifier stage. Use low resistance milliammeters and microam-
meters to avoid upsetting the regulator ™he open~loop. current gain

of the regulator should be more than ?08 from the base current of the
input dlffermntﬂal amplifier to the collector current of the series
regulator.

e
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1. INTRCODUCTIOHN

This appendix contains an electricel parts list, schematic diagram,
parts location diegram snd eguipment warranty.

2, ELECTRICLL PERTS LIST

£11 electrical and electronic parts are listed in the seguence
of thelr circuit numbers as shown on the schemetic disgram. 4 brief
description of each part is given, followed by the code number of
the menufacturer and his part number. £11 memufacturers'! code mbmrs
are taken from Catsloging Handbooks Hi-1 and H4-2, Federal Supply Cod
for Manufacturers. These nendbooks are available through Federal
Agencies. They may also be ordered directly Frcm the uuperlmuEFdent
of Documents, U. 5. Government Printing Cifice, Washington, D. C.
20402,

We recommend that 2ll parts having the code numbern 98085 be ordered
directly from Power Designs Inc. The comﬂerc*al eguivalents of these
parts have either wide parameter tolerances or requﬂre pPCial factory
1n%nec+1@m or modification before they are suitable for use in the
power supply.

A1l components used in the power supply or supplied as replacements
are carefully inepected at the factox ry. Inspections are performed on
2 100% basis or at ACL levels in accordance with Militery prCﬁllﬁatlom
MIT-0-9858 under which Power Designs Inc. has been qualified.

£11 semiconductors pected cn a 100% basis, They are
inspected not only for g pcxaaerﬂrsg but also for critical
characteristices related & able life expectancy.
Some of these characteristics are chc vcd when the device 18 taken
beyond ite normal operating regions. Thes test technigues have been
developed under a "predictable-reliabilil y" program in operation at
Power Dezigns Inc. for the past ten years. Under this program, guality
control procedures are constantly revzluated and updeted as new
advances are mede in solid-steie technelogy and additional experience
is gieaned from {ield history. . '

[ Bt
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Sericonductor manufactursers are constantly modifying their
products, Complete lines ere freguently discontinued to be replaced
by devices having improved gain, operating voltege levels and frequency
response, The high gain, cloged loop DC amplifiers used in regulator
circuits are particularly sensitive to slight changes in these para-
meters. Commercial or military requivelent" transistors used a3
replacements may affect the power supply verformance. Compliance
with the originsl specificetions can be assured if replacement
gemiconductors are ordeved from the factory.




L£11 replazcement semiconductors are nroceQQed and stocked at the
factory to insure complete interchangeability with the devices in
the originsl equznmept Tec insure that proper replzcemenis are
provided, the original devices are coded with & Power Designs Inc,
part number as follows:

Jiis] 1028 | 4

Semiconductor Power Designs Inc. suffix Identifying
Manufacturer's Type Special Perameters
Code

When cordering replacememtsg please identify the device as
completely as possible, listing the model and serial number if
available.

in some cases the replacement part received may have a different
part number from that given in the Electrical Parts List., This
can be due to several facthtors:

2. A different prefix indicates thet Power Designs Inc. is using
a different vendor source. The cperaiing characteristics of the
devices are identical.

b. A completely different part number indicates:

1. The original vendor discontinued manufacture of *the item
or could no longer manufacrure it to the original
specifications.

2. L better device for use in the particular cirecuit has
been substituted. '

3. Tighter controls for interchangeability have provided
greater assurance of improved reliability with the
new replacement.
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ELECTRICAL PARTS LIST

NOTE: V¥hen replacing semiconductors, note

2 of this section.
Circuit
Number Degerintion
AT Oven board assembly
C1 Capacitor,ceramic disc,0.05 uf,600 vde
cz Capacitor,ceramic disc,0.01 uf,1 kvdc .
C3 Capacitor,electrolytic,50 uf,150 vde
c8 Capacitor,electrolytic,900 uf,50 vdc
€9,C10 Capaciter,electrolytic, ] uf, 100 vdc
C11,C012 Capacitor,plastic £ilm,0.0033 uf,200 vde
C13 Capacitor,plastic film,0.01 uf,200 vdc
C14 Capacitor,plastic film,6 uf,100 vdc

C15,C16 Capacitor,dual,electrolytic,140 uf,25 vdc
C17,C18 Capacitor,ceramic dise,0.1 uf,200 vde
19,020 Capacitor,ceramic disc,10 pf,600 vde

CE1
CRT7,CR8
CRY
CR10
CR1Y
CR12

silicon
silicon
silicon, zener
silicon, zener
silicon
silicon, zener

Diode,
Diode,
Diode,
Diode,
Diode,
Diode,

CR®3 thru CR23 .Diode, silicon

CHz4
CRrz6
D51

D52
D33,D54
1

2

bl b

1
Qz
Q3
4a
€5
06
Q7

08

Qs

G10
011

R1
R4
76
R7

Diode, silicon controlled rectifier
iode, gilicon ) ’

Indicator
Indicator
Indicator

lamp
lamp
lamp

Fuse, 3/8
Fuse,

ampere, "slo-blo"
1 ampere, "fast-blo"

Meter

Transistor,
Iransistor,
Trensistor,
Transistor,
Tranzistor,
Trensistor,
Trensistor,
Trensistor,
Transistor,
Tfransistor,

silicon, NPN
dual, silicon, NPN
silicon, PNP
gllicon, NPN
silicon, FHNP
silicon, NPN
silicon, PNP
duzsl, silicon, NPN
silicon, PNP
silicon, NPN

Resistor,composition,22 ohms,10%,% w
Resistor,wirewound,2.% k ohms,5%,10 w
hHesistor,precision,metal film,715 ohms,1%,% w
Resigtor,precision,metal film,66.5 k ohms,1%,%+ w

Mfr Code
Nunmber

the information in paragraph

T3 o ey i
Fart

Number

88095

98095
98095
98095
98095
98055
98095
98095
98095
98095
980395
98095

48065
98095
98095
S8095
68095
8095
GBC9s
Q8095
G8095

SE095
96095
58095

71400
71400

98035

58095
98095
48095
98055
9580585
58095
98095
98095
98055
98095

01121
58095
580595
98095

P3~20054~-1
Rev. A
CC-34~6
Co—-a0%=-102
CE~-86-1.5
E“98”45O

T
CE-~59-1

CP=18~2
CP-16-2
CP-£6-101
CEX~140~25
CC-24~2
CC-14~16

GI44
GIs87
TEE23Hp
T3E23
GIéd
TR82 3G
GTa4
TICLT
GIi4

PLA~-T3

VT h ot K
FLe~1H

PLA-13

MDL~3/8
AGC—1

WVA-106

Ws2270/1
MS2516
SH4BES
M31700
310284
M82270/U
MS10284
KMS2916
MS10284
Ms2270/T

EB2201
KW~252-~3EA
RD-T7150-1Q4
RD-6652-1Q/



R8,R9
R10
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R13
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R16
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Description
Res%smcr,m”ecm8101,m etal fl-m,in? ¥ ohms, 1%,s W
Resistor,wirewound,variable,10 k chms, %,3/4 W
Resistor,precision,metal FLTm,¢OO Ji4 ohms 1%, % W
Resistor,precision,metal film,100 k ohms J 1%, W
Re51st0r?pr:c sion,wirewound, 7.20 k ohmv,o.l%,1/
Resistor,precicion,metal film, 100 ohms,1%,% W
Resistor,precision,wirewound,49.9 ¥ ohm 1%,?/3 W
Registor,wirewound,variable,10 k okms,5%, 3/ W
Resistor, ﬁvﬂﬂﬂnﬁon,matal f1lm,200 k ohms 1%, = W
RCS¢5*OP,pr€C‘S¢OP, etal film,56.2 k ohm”,]%,% W
Resistor,precision,metal f£ilm,301 chms, 1%,z W
Reslsto:,prec1310a metal f1lm,200 k ohms 1%,% W
Registor,precision,metal fiim,1 k chm, Tﬁ,L W
RESES*O¢9p$96751OH metal film,3,03 k ohme L%, 5 W

Resistoer,precision,metal film, 649 ohms,1ﬁ§§ W
Ees:stow,wwrbmoumd 2 Qﬂﬂo,j%§3 W

Resistor,precisi on;metai
1asisﬁor,precisionsmetal
Resistor,precision,metal

Fesistor,precision,metal flmm 121 ohms, 1&,4 W
Resistor,procision,me fa@ ilm,16.2 k ohms 1%, 4 W
e%lstor,meh91 shunt,0.7 oLm ?Oﬁ

Beﬁlsfor wirewound,varia ble,i k ohm,10%, 14w
Resistor,precision,metal film,14.9 k ohms, 1%,
Tewentiometer,l k onnm,; 10%,2 w (nart of u45
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fecif onBMthL fli” Q 4 k ohms, 1ﬁ :
raclglo M?mot film,24.9 k ohmasO 5%
rn.lr wovﬁa?urlmmer 50 chme, 10%, 12w
rL,Wirewoun ngvsr¢abTe 1 ohm,10%,2 w
;qﬂﬁ”ﬁlClCnoWl“’Wouﬂﬁ 10 k ohms, 0. O?ﬁ Q.
Lom,matel 1m,1 k ohm, O 1%,0.4
71010w>reﬂouxm 2 k ohme,0.1%, O 4
-n;;cnﬂwtrﬂ»o na,b k ohms,0.1%,0.4
s Lor, comy ogﬂbmva 4.7 ¥ ohms,10%,2 w
1subﬁ?c< wositicn, 5.8 k ohms,10%,+ w
cosition,27 k ohms, 10,,2 v
~;twom 16k okms 0%, 5 W
I om, wirewour 10@ ohms, 0. 1ﬁ 0.
‘?Em’CT"WOJSVIIQWOIEQ 200 ohms ,O 1ﬁ G
JdPI@JTT“GD me
oﬁﬂzloﬂ,IVO o}m%gﬁOﬁ?z W
cosition, 680 ohme,10%,% w .
sition,Z.7 k ohms,&@&
:U,tzon 1.8 ? ohms 1Oﬂy4 w
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QY E”CCl%¢OﬁyW1TEWOHT5 20 ohms O 5& Ded w
cr,rrecision,wirewound, 50 QhMmgO 5%, 04 W
%ow oF mqultloﬂ 47 ohm&,i@ﬁ?4 W
fo¢,corpuslt¢ow 68 ohms,10%,% W

Reszsdor c¢mwocxi?on,410 ohms, 10ﬁ§t W
Resistor,composition, 80 ohms, 10%,%
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Heg! :torqnfﬂc sicn w1rewoum¢,1 chin, 3& 0.4 w
Resichor.precision,wirswound, 2 ohms 3%,0.4 w
Hegistc 1?grbglwhom‘w1“ewouna 5 ohms,3%,0.4 w
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£ilm,5.62 k ohms,1%,% W
film,1.21 k ohms, 1ﬁ,i w
£ilm, 2,55 k ohms, 1ﬁ,l W

IME—‘
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W
W
4
%

4
W
W
W

4 w
4 w
etel £11m,500 ohms,0.1%,0.4 W

Mfr Code Tsro

Number Nu

58035 R
9809%
98095
98095
08095
38095
98095
98095
58095
GB085
98095
58095
G8095
98085
98095
58095
45095
48045
98095
8095
98095
88095
G8095H i
56095
98095

G095
98095 |
w GBO9S
98095
58095
98095
98095
98095
98095
01127
01121
c1121
01121
98095
68095
48095
01127
01121
01121
c1121
98095
58095
98095
01121
01121
01127
01121
98095
58095
95095

RD~1071-1QA
R~ 103-3%
RO--204-104

RD-104-1Q4A
R=720-05

RD-101~-104

BW~4592-89

AWV—-1023-2%
ED-204-1024A
RD-5622-104
ED~3010~1Q4
ED=-204-10Q4
2D-102~-1Q4A
RD-3011-1CGA
AD-6490-1Q4
RHW-020-3KA
AD-5621-10A
RI-1211-10A
ED-2551-1QA
RD~-1250-10A
£D-18 -1GA
HWFA- 8
FRT-102-C4
RD~-14G2-104
BEBCST-1,

Eev. A
RDWﬁBSg 108
D= 942-108
MDm/ﬁﬁn 104
Rute-- 0-C4
BWV—070C4.¢
W10 51 3UL
RW~1C2~8UR
AW-2(L-0UR
RW—-500-L0R
CREC2T
CRB27T 2
CB1831
RW~101~8UR
RW=-207~8UR
RW=-501-80R
CBLTA
CE6311T
CB2721
CB18&21
RW-100-1UH
Bw-200~-6UR
BW~2C0~-6UR
CB470%
CRGEOT
Cr2711
CB1E811

BV~ =Tt
By=000-7U%
RW--050-TUR



Circuiltd

Number

R70
71
R72
RT3
R74
R75
R76
R77
R79
R8O
51
s2
53
54
52
56
71

VA

20054

Degcription

Resistor,composition, 4.7 chms,10%,%+ w
Resistor,composition, 6.8 ohms,10%,7 w
Hesistor,compositicn, 27 obms,?Oﬁ,¢ W
Resister,composition, 18 ohms,10%,7 w

fesistor,precision, metal fl!m, 00 k chms,1%,+ w

Re%istor,composition,Q? k ohmaﬁzOﬁ,% W

Resistor,precision,metal
Resistor,precision,metal
Resistor,precision,metal

fllu;} 01 k Ohmug']/c: jL:”
film,56.2 k ohms, 1ﬁ =
;1lm 1 k ohm,1%,%

Resistor,precision,metal fllm.?O k ohms, 1p,4 W

Switch, SPET
switch, DPDT
Switch, DPDT
Switch, (with R35)
Switch, rotary

switch, rotary
Transformer

Oven assembly

Code Number

01121
71400
98095

g12

Allen-Bradley Company
Bussman Hanufacturing Division
Power Desgigns Inc.

CODE LIST OF MANUFACTURERS

Manufacturer

Kfr Code

Number

Fart
umbher

N3

01121
01121
c1121
01121
58095
01121
98085
98095
98095
48095

08095
58095
98095
g8Ca5
98095
98095
98095

98095

CBATG1
CREBGT
CB2701
CR1801
RD~104-104
ZB2T 3
RD-3011-10,
RI~5622-10,
ED-102-104
ED-103-1Q4

ST-5
ST=-279
ST~26
BEBOST-1(4A
Fi-2005-7~
Jev. D
PE~2005~T~
Hev. D
TIH-56

Address

S8

Hilwgukee, Wisconsin
5t. Louis, Missouri
Westbury, New York
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