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Section 1
INTRODUCTION

1.1 SCOPE

This manual has been prepared by McDowell Research Corporation for the purpose of providing a maintenance
technician the information necessary to understand and to maintain the MRC-33 Interoperable Power Adapter
and Charger. Section 1 - Introduction, provides information of a general nature. Section 2 - Operation,
provides information necessary for operating the MRC-33, and Theory of Operation describing how the MRC-33
accomplishes its intended purpose. Section 3 - Maintenance, provides information for maintaining the MRC-33.
Section 4 - lllustrated Parts Breakdown, provides parts location and identification information.

1.2 GENERAL DESCRIPTION

The MRC-33 Interoperable Power Adapter and Charger (IPAC) (Figure 1-1 and Figure 1-2) provides 12 VDC
(nominal) of uninterruptible power under varying input/output conditions. Operational from either an AC or DC
input, the MRC-33 IPAC connects directly to the AN/PRC-119 Series Transceivers. (SINCGARS)

1.2.1 PHYSICAL DESCRIPTION

The MRC-33 IPAC (Figure 1-3) is a self contained unit measuring 9.00 inches long, 3.40 inches wide, and 5.40
inches deep. The Radio Power Output Connector is located on the top of the MRC-33. The AC/DC Input Power
Connector and the Auxiliary Power Connector are located on one side of the MRC-33. The Vent Valve is also
located on the same side. Three Lenses for LEDs are located on the same side as the Power Connectors.
Located on each side are

over-center latches to attach the MRC-33 to the AN/PRC-119 Transceiver.

Internally, the MRC-33 contains the following: Control Board - Located on this PCB are the circuit breakers, EMI
filters, and other electronic components. Two DC Modules - Potted modules used for transforming input DC
voltage to regulated 14 VDC (nominal) output. AC Module - Potted module used for transforming input AC
voltage to regulated 32 VDC output. Battery - BB-490/U rechargeable, sealed lead-acid battery.

1.2.2 FUNCTIONAL DESCRIPTION

Input power (AC or DC) is provided through Input Power Connector J1. Output power to the radio is provided
through Radio Power Connector J3. Auxiliary power out of 14 VDC at 1 Amp is provided through Auxiliary Power
Connector J2. This power is intended for use by a TSEC/KY-57, TSEC/KY-99 or equivalent Encryption Unit. The
MRC-33 is connected directly to the transceiver in the same as a typical battery box would be connected, and is
secured with 4 over-center latches. Circuits for power conversion, status monitoring, and battery charging are
located on units inside the MRC-33.

A. Control PCB - Contains the circuit breakers, EMI filters, steering diode logic circuits for DC

voltages into and out of the DC Modules, and the LED indicator circuits. The Control Board

serves as the main interconnection for the AC Module , DC Modules, Input Power, Output

Power, and Internal Battery.
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FIGURE 1-1 MRC-33 INTEROPERABLE POWER ADAPTER AND CHARGER

FIGURE 1-2 MRC-33 ATTACHED TO AN/PRC-119
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B. DC Module - Contains the circuitry for transforming the 11 to 36 VDC input to a regulated 14
VDC (nominal) output. This is used to charge the internal battery.

C. AC Module - Contains the circuitry to transform the 95 to 270 VAC, 47 TO 440 Hz input
power to a regulated 32 VDC (nominal) output. This powers the DC Modules from an AC Voltage
source.

D. BB-490/U Rechargeable Sealed Lead-Acid Battery - Provides back-up power when AC or
DC input power is lost or not available.

E. LED Indicators - Three lenses are provided on the side of the unit which allow light from
three LEDs mounted on the Control Board to be observed. One LED illuminates when the AC
Module is providing power to the DC Modules. The other LEDs illuminate whenever the DC
Module(s) are providing power to the battery.

1.2.3 FEATURES
A. Provides uninterruptible 12 VDC (nominal) output under varying external load conditions.

B. The integrated, internal battery system can be recharged in two hours while the equipment is
operating.

C. Allows operation of 12 VDC equipment from DC Voltage source ranging from 11 VDC to 36
VDC which encompasses most military and commercial generators likely to be encountered.

D. Allows operation of 12 VDC equipment from AC Voltage source between 95 and 270 Volts, at
frequency from 47 to 440 Hz. This encompasses most aircraft and other AC generating
systems, both domestic and foreign.

E. Allinput and output circuits are EMI filtered.

F. Provides DC output power and charges battery simultaneously from almost any input power
source, including solar panels and zinc-air packs.

G. No shipping or handling restrictions. (Battery has the same shipping and handling
classification as an ordinary flashlight battery.)
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1.2.4 EQUIPMENT CHARACTERISTICS

Power Capabilities

DC Input Range 11-36 VDC
AC Input Range 95-270 VAC, 47-440 HZ
Charger Output 50 Watts (nominal)

Environmental

Storage Temperature -30°C to +65°C
Operating Temperature -30°C to +55°C
Relative Humidity 95%

Storage Altitude 55,000 Ft.
Operating Altitude 27,000 Ft.
Immersion 10 Ft.
Physical

Length 9.00 inches
Width 3.40 inches
Depth 5.40 inches
Weight (less battery) 3.51bs.

1.2.5 EQUIPMENT REQUIRED

1.2.5.1 Equipment Supplied. Provided with the MRC-33 Interoperable Power Adapter and Charger is an AC/DC
power cable and a technical manual.

CAUTION

EXTREME CARE MUST BE EXERCISED IF POWER CABLES ARE
FABRICATED SINCE DANGEROUS AND POTENTIALLY LETHAL
VOLTAGES ARE PRESENT WITHIN THE UNIT.

1.2.5.2 Equipment Required But Not Supplied. A 12 VDC sealed lead-acid battery (SLA) BB-490/U (1.7 Amp/Hr)
is required but not supplied. The BB-490 SLA is a Mil Nomenclature item.

1.2.6 CAUTIONS

CAUTION

THE MRC-33 MAY AFFECT THE PERFORMANCE OF CO-LOCATED HIGH FREQUENCY EQUIPMENT.



Section 2
OPERATION

2.1 INTRODUCTION

This section provides a basic operational description of the MRC-33 Interoperable Power Adapter and Charger
(IPAC) and its assemblies/major components.

2.2 GENERAL

The MRC-33 IPAC provides output of 12 VDC (nominal) to power the AN/PRC-119 Series of Radios and ancillary
equipment from either 11 to 36 VDC or 95 to 270 VAC input.

2.3 CONTROLS AND INDICATORS

The MRC-33 IPAC contains no operator controls, however, there are three light emitting diodes (LEDs) located
on the Control Board inside the unit with lenses on the side of the MRC-33 providing the operator with MRC-33
status information. One LED illuminates when the AC Module is providing power to the DC Modules. The other
LEDs illuminate when the DC Module(s) are providing power to the battery and output connector.

2.4 OPERATING PROCEDURES

2.4.1 POWER SOURCES
The MRC-33 IPAC operates from one of the following power sources:
A. AC input voltage between 95 and 270 volts, single phase, 47 Hz to 440 Hz

B. DC input voltage between 11 and 36 volts - This may be from a DC power
supply, external batteries, solar panels or zinc-air packs

C. Internal battery (BB-490/U)
2.4.2 INSTALLATION
Connect the MRC-33 to an AN/PRC-119 Transceiver as follows:

A. Orient the MRC-33 so that the Radio Power Connector on the MRC-33 and the Power Input
Connector on the radio match.

B. Mate the connectors and latch with the over-center latches mounted on each side of the MRC-33.

C. Input power will be provided by connecting Input Power Cable to Input Power Connector J1. The
other end of the cable will then be connected to the appropriate power source.

D. The binding posts are for connecting a 2-wire remote control device to a manpack radio.

2-1



2.5 PRINCIPALS OF OPERATION

2.5.1 GENERAL

Figure 2-1 is the schematic for the MRC-33. Refer to this schematic for all Principals of Operation discussions
that follow.

2.5.2 INPUT CIRCUITS

AC input voltage is filtered by L1, L2, L3, and Capacitors C1-C6. Providing over-current protection is Circuit
Breaker F1 which is self resetting. Protection from voltage surges is provided by Surge Suppresser V1.

DC input voltage is filtered by L4, and Capacitors C9 and C10. Providing overcurrent protection is F2 and F3
which are self resetting circuit breakers. D5 and D6 are Unidirectional, Transient Voltage Suppressers. These
suppressers protect the DC Modules by limiting transient voltages to 100 Volts. These suppressers also protect
the DC Modules in the event input voltage is applied in the wrong polarity. In this event, current flow through the
suppressers would be sufficient to trip the respective circuit breaker. The Circuit Breakers would automatically
reset when the condition is corrected. Diodes D1, D2, D3, and D4 are steering diodes to deliver power to the DC
Modules. These Diodes also block input DC Voltages from being input to the output of the AC Module.

2.5.3 AC MODULE

The AC Module accepts input voltages of 95 to 270 VAC, 47 to 440 Hz, and outputs regulated 32 VDC (nominal).
This Voltage powers the DC Modules.

2.5.4 DC MODULES

The DC Modules accept input voltages of 11 to 36 VDC and provide a regulated 14 VDC (nominal) output. The
DC Modules are current limited to 1.8 amps each.

2.5.5 BATTERY

The BB-490/U battery has two 12 Volt sections. The MRC-33 provides two separate regulated 12 VDC sources.
Each section of the battery is charged by one of these sources.

2.5.6 INDICATOR CIRCUITS
2.5.6.1 AC/DC Status. The Indicator circuits allow the operator to tell at a glance the status of the MRC-33.
When AC is applied to the MRC-33, the AC Module provides 32 VDC out to power each of the two DC Modules.

LED D7 illuminates when this DC Voltage is present. When the DC Modules are operating, the DC output
voltages cause LEDs D8 and D9 to illuminate.

2.5.7 OUTPUT CIRCUITS.

2.5.7.1 Diodes D10, D11, and D15 are steering diodes which isolate the DC Module output voltages. Auxiliary
output Voltage at 1 Amp is provided on J2 and is filtered by inductor L5, and capacitors C12 and C13.

2-2
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Section 3
MAINTENANCE

3.1 GENERAL

This section provides the information necessary to properly maintain the MRC-33 Interoperable Power Adapter
and Charger. Section 2 contains operating instructions and the theory of operation. It is suggested that
maintenance personnel become familiar with Section 2 prior to attempting any maintenance actions.

3.2 CORRECTIVE MAINTENANCE

WARNING

HAZARDOUS VOLTAGE IS PRESENT IN THE FOLLOWING
TESTS. FAILURE TO FOLLOW NORMAL SAFETY PRACTICES
COULD RESULT IN DEATH OR SERIOUS INJURY .

3.2.1 TROUBLESHOOTING

A thorough understanding of the theory of operation is an important tool for the maintenance technician. This
section will provide Performance Standards to be used to evaluate performance of the MRC-33. This information
and knowledge gained through study of the theory should enable the maintenance technician to repair any MRC-
33 failure.

3.2.2 TEST EQUIPMENT REQUIRED

Testing and troubleshooting of the MRC-33 Interoperable Power Adapter and Charger requires the following
equipment or their equivalents.

Qty. Description Model

1 DC Power Supply HP 6268B

1 Digital Voltmeter Simpson 470

1 Test Fixture See Figure 3-1

3.3 WARRANTY INFORMATION

3.3.1 Warranty Statement

4 years for equipment shipped after May 1, 2004
3 years for equipment shipped prior to May 1, 2004

McDowell Research warrants to its customers that the products it manufactures and
sells will be free from defects in materials and workmanship for a period of four (4)
years for equipment shipped after May 1, 2004.



This warranty shall not apply to any defect, failure or damage caused by improper use
or inadequate maintenance and care. McDowell shall not be obligated to provide
service under this warranty to repair, service, or modify these products.

In order to obtain service under this warranty, customers must return a failed unit to
McDowell with a description of the failure, contact information (in case questions arise
and to speed up processing of warranty claims) and finally a return shipping address.
McDowell will return any failed unit at McDowell's cost.

3.3.2 Contact Information:

Please call (254) 752-1411 to obtain an RMA number prior to returning any failed
unit(s):

McDowell Research, an Ultralife Company
300 South 8™ Street

Waco, Texas 76701

Phone: (254) 752-1411

Fax: (254) 752-1812

Online RMA requests can be located and submitted at:
http://www.mcdowellresearch.com/shop/RMArequest.asp or
service@mecdowellresearch.com
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MRC-33

INPUT
POWER
CONNECTOR

J

AUXILIARY
OuTrPUT
CONNECTOR
Je

TRANSCEIVER
auTrPuT
CONNECTOR

Ja

ac INPUT
aC GROUND
AC INPUT
IC RETURN TEST FIXTURE
DC INPUT
TP-1
+14 VDC DUTPUT —_—
B SWITCH
+14 VDC (NOMINAL) OUTPUT
—— GROUND *
4 OHMS
75W

FIGURE 3-1 MRC-33 TEST SETUP
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3.2.3 PERFORMANCE STANDARDS

Table 3-1
MRC-33 IPAC PERFORMANCE TEST STANDARDS

Preliminary Instructions:
Unless otherwise noted in this table:
1. Test fixture shown in Figure 3-1 will be connected to the MRC-33 as shown.
2. Afully charged battery must be in place inside the MRC-33 prior to performing this test.
3. All references to voltage readings are referring to a voltmeter connected to Test Set TP1
Positive, TP2 Negative.

CAUTION

The load resistor in the Test Set will become very hot during this test. Care
should be exercised to prevent burn injury to personnel.

Step Procedure Test Point Performance Standards
1. Test Set - LOAD Switch OFF MRC-33 DC OPERATION LEDs
illuminate
MRC-33 - Apply 13 VDC to INPUT Voltmeter 14.2 + 0.5 VDC

POWER Connector J1, Positive to
Pin E, Negative to Pin D

2. Test Set - LOAD Switch ON Voltmeter 13.4+0.5VDC
3. Test Set - LOAD Switch OFF
MRC-33 - Increase DC input Voltmeter 14.2+0.5VDC

voltage to 36 volts.

3-4



10.

Test Set - Place LOAD Switch to

ON. Voltmeter
Remove input DC Voltage from the MRC-33
MRC-33.
Voltmeter
WARNING

13.4+0.5VDC

Both LEDs off

Voltage greater than 12 VDC

THE FOLLOWING PROCEDURES USE HAZARDOUS AC VOLTAGES.
FAILURE TO FOLLOW NORMAL SAFETY PRACTICES COULD

RESULT IN SERIOUS INJURY OR DEATH.

Test Set - LOAD Switch OFF

MRC-33 - Apply 115 VAC to INPUT MRC-33

POWER Connector J1, Pins A and

C. Voltmeter

Test Set - LOAD Switch ON Voltmeter

Test Set - LOAD Switch OFF Voltmeter

MRC-33 - Remove input power. MRC-33
Voltmeter

MRC-33 - Disconnect Test Set from
the MRC-33.

All LEDs illuminate
14.2 £ 0.5 VDC

13.4+0.5VDC

14.2+0.5VDC

LEDs off

Voltage greater than 12 VDC



11.

12.

NOTE

This concludes the Performance test on the MRC-33 except for the
battery. Prior to testing the battery, apply between 100 to 140 VAC to

the MRC-33 for 2 hours.

Remove input power from MRC-33. Voltmeter
Allow 1 hour for surface charge

depletion. Then - Connect Test Set

to MRC-33.

END OF PERFORMANCE TEST

3-6
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Section 4
ILLUSTRATED PARTS BREAKDOWN

4.1 GENERAL

This section contains information on parts needed for maintenance of the MRC-33. Parts included are those
subject to wear, burnout, breakage, or deterioration during the normal life of the equipment.

4.1.1 PARTS LIST

Table 4-1 identifies the assemblies and parts of the MRC-33 which is illustrated in Figures 4-1.1. The Control
Board Assembly parts are identified in Table 4-2 and illustrated in Figure 4-2.1. The Input Power Cable Assembly
parts are identified in Table 4-3 and illustrated in Figure 4-3.1.

4.1.2 MANUFACTURER

Table 4-4 lists the name of the manufacturer corresponding to the MFR. CODE column of the parts list tables.

Table 4-1
PARTS LIST FOR MRC-33 IPAC, FIGURE 4-1.1
FIND QTY DESCRIPTION PART NUMBER MFR.
NO. CODE
MRC-33 IPAC MRC-33 1
1 1 | MRC-33 ENCLOSURE MRC33-006 1
2 2 | BATTERY CAPTURE BRACKETS MRC33-005 1
3 4 | LATCH K3-1887-52 42
4 1 | CONTROL BOARD ASSY. MRC33-008 1
5 2 | DC POTTED MODULE MRC8-020 1
6 1 | AC POTTED MODULE MRC8-021 1
7 3 | LED LENS, CLEAR MRC18-021 1
8 1 | DUST COVER MS3181-14N 43
9 1 | DUST COVER MS3181-8N 43

Table 4-1 (Continued)
PARTS LIST FOR MRC-33 IPAC, FIGURE 4-1.1



QTY

FIND DESCRIPTION PART NUMBER MFR.
NO. CODE
10 1 VENT VALVE 770RPMO02 11
11 2 BINDING POST 01-1010-1-0210 25

12 8 4-40 x .125" PANHEAD SCREW MXP004C00012SS

13 14 4-40 x .250” 100° C/S SCREW MX1004C0025SSPBZ
14 2 6-32 x .375” 100° C/S SCREW MX1006C0037SSPBZ
15 4 4-40 x .250" PANHEAD SCREW MXP004C0025SSPBZ




FIGURE 4-1.1 MRC-33 IPAC
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Table 4-2
PARTS LIST FOR CONTROL BOARD ASSEMBLY, FIGURE 4-2.1

FIND REF. DESCRIPTION PART NUMBER MFR.
NO. DES. CODE

---CONTROL BOARD ASSEMBLY--- MRC33-008 1
C1 CAP 330pf 500V SIL MICA DM10FD331J03 27
c2 CAP 330pf 500V SIL MICA DM10FD331J03 27
C3 CAP .01F 1KV CER 5GAS10 OR 5HKS10 28
C4 CAP 330pf 500V SIL MICA DM10FD331J03 27
C5 CAP 330pf 500V SIL MICA DM10FD331J03 27
C6 CAP .01uF 1KV CER 5GAS10 OR 5HKS10 28
C7 CAP .01uF 1KV CER 5GAS10 OR 5HKS10 28
C8 CAP .01uF 1KV CER 5GAS10 OR 5HKS10 28
C9 CAP .1uF 200V CER CKO06BX103K 18
C10 | CAP .1uF 200V CER CKO06BX103K 18
Cl1 | CAP.1uF 50V CER C320C104M5U5CA 18
C12 | CAP 100uF 50V ELEC KMES50VB101M8X11 4
C13 | CAP .1uF 50V CER C320C104M5US5CA 18
D1 DIODE 5A 60V SCHOTTKY SR506 5
D2 DIODE 5A 60V SCHOTTKY SR506 5
D3 DIODE 6A 200V SUPERFAST FEGD 29
D4 DIODE 6A 200V SUPERFAST FEGD 29
D5 TRANSORB 100V 5KW 5KP100A 19
D6 TRANSORB 100V 5KW 5KP100A 19
D7 LED GREEN LN38GP 3
D8 LED GREEN LN38GP 3
D9 LED GREEN LN38GP 3
D10 | DIODE 5A 60V SCHOTTKY SR506 5
D11 | DIODE 5A 60V SCHOTTKY SR506 5
D12 | DIODE .1A 100V SW IN 4148A 30
D13 | DIODE .1A 100V SW IN 4148A 30
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Table 4-2 (Continued)
PARTS LIST FOR CONTROL BOARD ASSEMBLY, FIGURE 4-2.1

FIND REF. DESCRIPTION PART NUMBER MFR.
NO. DES. CODE
D14 | DIODE 2.5 REF ZRA250A01 31
D15 | DIODE 16A 40V DUAL SCHTKY SR1604 5
D16 | DIODE .1A 100V SW IN4148A 30
D17 | DIODE .1A 100V SW IN4148A 30
D18 | SIDACTOR 50V SURGE SPRSR POBOOEA-ND 32
D19 | SIDACTOR 50V SURGE SPRSR PO8S80OEA-ND 32
F1 CIRCUIT BREAKER 1.5A 7600-0150 6
F2 CIRCUIT BREAKER 4A 7600-0400 6
F3 CIRCUIT BREAKER 4A 7600-0400 6
F4 POLYSWITCH PIC RXE110 33
J5 CONN 6-PIN MICRO HEADER 43045-0614 8
J6 CONN 4-PIN MICRO HEADER 43045-0414 8
J7 CONN 4-PIN MICRO HEADER 43045-0414 8
L1 CHOKE 330uH 1A 7300-19 34
L2 CHOKE 330uH 1A 7300-19 34
L3 CHOKE 5mH 1A HL-8867 9
L4 CHOKE 60uH 4A HL-8834 9
L5 CHOKE 220uH 1A HL-KG222K/MF 9
R1 RES 4.75K 1/4W 1% 5063JD4K750F 2
R2 RES 2.74K 1/4W 1% 5063JD2K740F 2
R3 RES 2.74K 1/4W 1% 5063JD2K740F 2
R4 RES 47.5K 1/4W 1% 5063JD47K50F 2
R5 RES 100K 1/4W 1% 5063JD100KO0OF 2
R6 TRIMPOT 2K 1/4W 25PR2K 35
R7 RES 1K 1/4W 1% 5063JD1K000F 2
R8 RES .1 1W 5% PWR OXIDE RSF1A .1 OHM 36
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Table 4-2 (Continued)

PARTS LIST FOR CONTROL BOARD ASSEMBLY, FIGURE 4-2.1

FIND REF. DESCRIPTION PART NUMBER MFR.
NO. DES. CODE
R9 RES .1 1W 5% PWR OXIDE RSF1A .1 OHM 36
R10 RES 100K 1/4W 1% 5063JD100KOF 2
R11 RES 1K 1/4W 1% 5063JD1KO000F 2
R12 RES 1K 1/4W 1% 5063JD1K000F 2
R13 RES .1 1W 5% PWR OXIDE RSF1A .1 OHM 36
R14 RES .1 1W 5% PWR OXIDE RSF1A .1 OHM 36
R15 RES 100K 1/4W 1% 5063JD100KO0OF 2
R16 RES 1K 1/4W 1% 5063JD1K000F 2
R17 RES 100 1/4W 1% 5063JD100ROF 2
R18 | RES 100 1/4W 1% 5063JD100ROF 2
T1 1:2CT Transformer PT10915W 37
Ul I.C. DUAL OP AMP LM2904P 38
1 PCB BOARD MRC33-004 1
2 HEATSINK 577404B00000 39
3 THERMAL PAD 53-77-4 17
4 FSTNR, PN.HD. 4-40X3/8"LG NNEO04C0000SS 40
5 FSTNR, STOP NUT 4-40 9628B-B-0440 40
6 SWAGE STANDOFF 4-40X3/8"L 3549-B-440-B 21
7 INPUT PWR CONN ASSY. (J1) MRC33-017 1
8 BATTERY CABLE ASSY. (J4) MRC33-022 1
9 AUXILIARY CONN ASSY. (J2) MRC5-024 1
10 RADIO CABLE ASSY. (J3) MRC33-011 1
11 #10 RING TERM, INSUL MRC33-014 41
12 SHOULDER WASHER 3049 40
13 CONTROL BOARD SCHEMATIC MRC33-003 1
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Figure 4-2.1 CONTROL BOARD ASSEMBLY, MRC33-008
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Table 4-3
PARTS LIST FOR MRC-33 IPAC INPUT POWER CABLE, FIGURE 4-3.1

FIND QTY DESCRIPTION PART NUMBER MFR.
NO. CODE
MRC-33 IPAC INPUT POWER CABLE MRC33-018 1
1 1 | CONNECTOR KPSEO6F14-55 7
2 1 | LINE CORD CL60026 23
3 60" | BRAIDED SLEEVING 20100.25 FR BLACK 24
4 60" | WIRE 16 AWG RED M22759/18-16-2
5 60" | WIRE 16 AWG BLACK M22759/18-16-0
6 AR | HEATSHRINK M23053/5-025
7 1 | INSULATED BANANA PLUG RED 01-2071-1-0212 25
8 2 | ALLIGATOR CLIP 60S 26
9 1 | PROTECTIVE BOOT, RED 62R 26
10 1 | INSULATED BANANA PLUG 01-2071-1-0210 25
11 1 | PROTECTIVE BOOT, BLACK 628 26

@

WIRE CONNECTION TABLE

CONNECTOR FUNCTION COLOR REFERENCE
LUE

REEN STRIPED
ROWN

v/ D|0| | 7=

DC_GROUND
DC POSITIVE

m|o|ow|>
>
&
=
70|w|w|o|m

LACK
ED

EN[3)

FIGURE 4-3.1 MRC-33 IPAC INPUT POWER CABLE




Table 4-4

MANUFACTURERS

MFR. NAME MFR. NAME MFR. NAME
CODE CODE CODE

1 McDowell Research 16 Siemens 31 Zetex

Corporation

2 Philips 17 Thermalloy 32 Teccor

3 Panasonic 18 Kemet 33 Raychem

4 uccC 19 General Instrument 34 Caddell-Burns

5 Diodes, Inc. 20 3M 35 Beckman

6 Joemex 21 RAF Electronics 36 RCD

7 Cannon 22 All-States 37 Datatronics

8 Molex 23 Claymount 38 National

9 Hurricane 24 Bentley-Harris 39 Aavid

10 Xicon 25 Concord 40 Standard Hardware

11 Halkey-Roberts 26 Mueller 41 T&B

12 Nielson Hardware 27 Sangamo 42 Southco

13 Nippon 28 Sprague 43 Rhimco

14 AVX 29 International Rectifier

15 Keystone 30 Motorola
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