o0 APPLICATION REVISIONS
>
| NEXT ASSEMBLY | FINAL ASSEMBLY REV DESCRIPTION DATE APPROVED
A INITIAL RELEASE 05/03/2000 Vern Wallace
— PER DCN W
I
n
q
o0}
O
o
#
Q
o
Lo
—
o
2
o
=
o
THIS DOCUMENT CONTAINS PROPRIETARY
INFORMATION OF WULFSBERG ELECTRONICS
DIVISION, A CHELTON GROUP COMPANY. NEITHER . ..
RIGHT T0 REPRODUCE, OR USE, OR DISCLOSE, IN Waulfsberg Electronics Division
B N o U R AToN A Chelton Group Company
WULFSBERG ELECTRONICS DIVISION. PreSCOﬂ, AZ 86301 USA
APPROVALS DATE TITLE: TYPE ACEPTANCE REPORT
MODEL RT-138
DRAWN
Vern Wallace 4/26/2000 FCC ID: FRWRT-138N
CHECKED SIZE CAGE CODE | DWG. NO. REV
Don Ellis 4/26/2000
ENGINEER A | 1B7G3 150-040684 B
Robert DeLong 4/26/2000
ISSUED
Vern Wallace 4/26/2000 SCALE NONE

ARCHIVE 1 150-040684.B.DOC

Page 1 of 19




TABLE OF CONTENTS

1 INTRODUGCTION ...t iiittiite ettt ettt st e sttt e e sttt e e s e taeeesassbeeeaassbeeeeansbaeeeaassseeesansbaeesansbeeeasteeeesnnees 4
2 I S I T O | I | SR SRSR 4
3 CERTIFICATION OF DAT A .. it e ittt ettt ettt e et e e e st e e e st e e e e s tae e e e atbeeeestbaeeesasbeaeesasteeeesassaenans 5
4 EXPOSITORY STATEMENTS; Paragraph 2.983 (2) - (0):.eeveeeeeiieieiieeeeee e seiiiiieee e e e e e s ssivnneeee e e e e 6
4.1 Name of Applicant; Paragraph 2.983 (@):......cccuvurrrreeeiiiiiriieeieee e s sssieeee e e e e e sssnnieeereee e e s snnnes 6
4.2 Identification of Equipment; Paragraph 2.983 (B):.....ccooiiviiieiiie e 6
4.3 Production Quantity; Paragraph 2.983 (C):....cccuvuiirieeiiiiiiiieie e e e 6
4.4 Types of Emission; Paragraph 2.983 (d) (1) ..vueeeeeeiiiriiiriieeeeessiiiiieere e e e e s svinreee e e e s e s nneeneees 6
4.5 Frequency Range; Paragraph 2.983 (d) (2): ....vveeereeiiiiiiiiiieiee e st e e e e e e 6
4.6 Power Rating; Paragraph 2.983 (d) (3): .. ccuuueertiieeiiiiiieiiee ettt e e e e e 6
4.7 Maximum Power Rating; Paragraph 2.983 (d) (4): ..occuuueeerieieiiiiiiiiee e 6
4.8 DC Voltage and Current into final Amplifier; Paragraph 2.983 (d) (5):......ccovveevieiiiiiiiiinen. 6
4.9 Function of Semiconductors and other active devices; Paragraph 2.983 (d) (6):............... 6
410 Complete Circuit Diagrams; Paragraph 2.983 (d) (7). ccueeeeeeiiiiiiiiieee e
4.11  Instruction Book; Paragraph 2.983 (d) (8): ... .uuueeeiriiiiiiiiiiiiie et 7
4,12  Tune-up Procedure at Nominal Power; 2.983 (d) (9):..ccccvrrrreeriiiiiiiieeie e ssreiieee e e e e e s 7
4.13  Circuitry and Devices for Determining and Stabilizing Frequency; Paragraph 2.983 (d) (10):
............................................................................................................................................. 7
4.14  Circuits for Suppression of Spurious Radiation, Limiting of Modulation and Limiting of
Power; Paragraph 2.983 () (11 uuueeeeeeiiiiiireieeeeeeeisiiiereeeeeeessssnsnsanereeeeessnsnnneeeseaesssnnnsnes 7
5 TEST PROCEDURES AND CONDITIONS......cctiitiiiiiiteiiitir et siee e siiee e ssiee e s sban e s snneeaeennneas 7
51 Measurement Procedures; Paragraph 2.947 (@), (D), (C): eeeeeiiiiiiiieiieeieee e 7
5.2 Test Equipment; Paragraph 2.947 (A):....c.eueiiiiieaiieeeee e 7
53 Test Conditions for Transmitter Type Acceptance TeSt: ......cooiiiiiiiiieir i 8
6 MEASUREMENT DATA FOR TYPE ACCEPTANCE ......cccciiii ittt ettt 8
6.1 RF Power Output; Paragraph 2.985 (@) ...coooueeiieiieaiee ittt 8
L0t Ot N 1= ] S T =1 1 8
6.1.2  POWETN MEASUINBIMENIS: ...eiiiiiiiiiiteiiieiee e e ettt e e e e s et r e e e e e e s e s bbb e e e e e e e e s s abb e e e e eesesaannnnneeeees 8
6.2 Modulation Characteristics; Paragraph 2.987: .........ccooviiiiiiiieee e 8
Test setup for Frequency Response and Limiting:......ccuveeveeeriiiiciiiiiiee e 9
6.2.2 Frequency Response; Paragraph 2.987 (@) ....ccceeeuiiiiirrrieieeeiiiiiiiieneeeesssiisieeeee e e s s ssvnneeeees 9
6.2.3 Measured FreqUENCY RESPONSE: .....ccciiiiiiiiieiieee e e e iecteee e e e e e e s s s e e e e e e s s s sanbaeeeeeae e e e e nnnnnees 10
6.3 Modulation Limiting Characteristics; Paragraph 2.987 (D) .......occviiiiiiieiiiiiiiiieee e, 10
Modulation LIimitiNng TESt SETUP ....coeeiiiiieiee ettt ettt e e e e e e st e e e e e e e s e e nnbaeeeeaaeannes 11
6.3.2 Measured Standard Band LIMItINg ........coooiuiiiiiiiaoriiiiceeee e 11
6.3.3  Measured Narrow Band Limiting ..........cooiiiiiiiieicee e 12
6.4 Occupied Bandwidth; Paragraph 2.989: ... 12
6.4.1 Occupied Bandwidth Test Procedure; Paragraph 2.989..........coooiiiiiiiiiiiiiiiiieeeiie, 12
6.4.2 Occupied Bandwidth TESt SEIUP: .....uuriiiee it e e e e e s e e e e e e e e e e e enneees 13
6.4.3 Measured Standard Band Occupied Bandwidth: ...........ccccceeeiiiiiiiii e 13
6.4.4 Measured Narrow Band Occupied Bandwidth: ............cccceveeiiiiciiienee e 14
6.5 Spurious Emissions; Paragraph 2.991, 2.993: ... 14
6.5.1 Spurious Emissions at the Antenna Terminals; Paragraph 2.991: ...........cccovievveeeveinnnen, 14
6.5.2  SPUrioUS EMISSION TESE SEIUP: ....uueiiiiiiii ettt a e e e e e e e e nneeees 15
6.5.3 Field Strength Measurement of Spurious Radiation; Paragraph 2.993 ...........cccccoiiiineen. 15
6.6 Frequency Stability; Paragraph 2.995: ... 15
Test Setup for FrequenCy Stability: ..o 15
6.6.2 Temperature; Paragraph 2.995 (a) and (D): ....ccooiiiiiiiiiie e 16
6.6.3 Measured TemMPErature DAtaA: ...........cooiiuiiiiiiiee e e e e e e e e e e e e sanreaeeeas 16
6.6.4 Frequency Stability Under Voltage Variation; Paragraph 2.995 (d) .........cccccvveeeesiinvnnnnn. 16
6.6.5 Measured Frequency Stability Under Voltage Variation Data:.......cc.cccooecvvvveveeeeeiiicvnnennnn. 17
7 EQUIPMENT IDENTIFICATION LABEL: ....oviiiiiiii et 18

ARCHIVE 1/150-040214.B.DOC REV B Page 2 of 19



8 PHOTOGRAPHS OF EQUIPMENT ..ottt 19

ARCHIVE 1/150-040214.B.DOC REV B Page 3 of 19



1 INTRODUCTION

This Engineering Report details the changes made to the Wulfsberg RT-138 transceiver to
incorporate switchable modulation limiting. These changes were made to allow operation in either
narrow band (12.5 kHz, 90.210 (d)) or wide-band (25 kHz, 90.210(b)) communication systems.

The RT-138 was originally granted Type Acceptance under FCC ID number FRW4WJRT-138 in
1986. The intent of this application is to Type Accept changes to the RT-138 to enable narrow
band operation. The intent is to remanufacture existing customer’s radios to allow narrow band
operation.

The measurements detailed in this report were done in accordance with Parts 2, 74, 80 and 90 of
the FCC Rules and Regulations.

The RT-138 is intended for mobile aircraft use for communications primarily with land mobile,
portable, aircraft, marine, and base station radios. Intended frequency coverage is:

138-174 MHz

Associated equipment is the C-1000 Communication Management Controller which provides
frequency selection and indication.

Non-frequency agile operation, as required by section 80.203 (b), is controllable via a hardware
frequency-control lockout.

Paragraph references throughout this report are referenced to CFR, Title 47 revised 1987.

2 TEST FACILITIES

Bench test measurements listed in chapter were completed at the Wulfsberg Electronics Division
engineering facilities located in Prescott, Arizona. All test equipment used was in current
calibration, traceable to NIST.

The original radiated emissions measurements on the RT-138 were conducted by Rogers
Consulting. See Attachment B for their statements of site and test facilities. The design changes
to allow narrow band operation involve only addition of a switchable audio gain stage and
replacement of the IF filter. Since these changes do not involve the transmitter, the original open
field measurements should remain valid. Near field testing in our lab per DO-160 indicates no
change after the modification was installed.
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3 CERTIFICATION OF DATA

CERTIFICATION OF DATA CONCERNING TYPE ACCEPTANCE APPLICATION FOR FCC ID:
FRWRT-138N
| certify that all bench tests in Type Acceptance application and Test Report were performed under my

supervision. To the best of my knowledge and belief, the facts set forth in the accompanying technical data
are true and correct.

oAUt Qe

Robert DelLong
Vice President Engineering Wulfsberg Electronics Division.

APPLICANT: Wulfsberg Electronics Division
Chelton Avionics, Inc.

FCC ID: FRWRT-138N

DATE: April 26, 2000

ARCHIVE 1/150-040214.B.DOC REV B Page 5 of 19



4 EXPOSITORY STATEMENTS; Paragraph 2.983 (a) - (d):

4.1 Name of Applicant; Paragraph 2.983 (a):

The applicant and manufacture is: Waulfsberg Electronics Division

4.2 ldentification of Equipment; Paragraph 2.983 (b):

Model: RT-138N
Serial number: X865
FCC ID: FRWRT-138N

4.3 Production Quantity; Paragraph 2.983 (c):
Quantity production of the remanufactured RT-138N is planned.
4.4 Types of Emission; Paragraph 2.983 (d) (1):
16KOF3E
11K2F3E
4.5 Frequency Range; Paragraph 2.983 (d) (2):
138.0000-174.9975 MHz
4.6 Power Rating; Paragraph 2.983 (d) (3):
10 Watts
4.7 Maximum Power Rating; Paragraph 2.983 (d) (4):

12 Watts

4.8 DC Voltage and Current into final Amplifier; Paragraph 2.983 (d) (5):

Collector voltage: 28.7 VDC
Supply voltage: 28.7 VDC
Collector Current: 0.91 Amps. @ 156 MHz

4.9 Function of Semiconductors and other active devices; Paragraph 2.983 (d) (6):

Please refer to Attachment A for the Theory of Operation and schematics of the radio.
4.10 Complete Circuit Diagrams; Paragraph 2.983 (d) (7):

Complete Schematic diagrams for the are in Attachment A.
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4.11 Instruction Book; Paragraph 2.983 (d) (8):

The instruction book is located in Attachment C.

4.12 Tune-up Procedure at Nominal Power; 2.983 (d) (9):

The tune-up procedure is in the repair manual located in Attachment A.

4.13 Circuitry and Devices for Determining and Stabilizing Frequency; Paragraph

2.983 (d) (10):

The main VCO is phase locked to an ovenized crystal oscillator. The oscillator frequency is 12.8
MHz. Exact operation is detailed in Attachment A.

4.14 Circuits for Suppression of Spurious Radiation, Limiting of Modulation and
Limiting of Power; Paragraph 2.983 (d) (11):

(i)

(ii)

Suppression of Spurious Radiation:
A low pass filter follows the Class C power amplifier to attenuate harmonic energy.
The schematic of this circuit is located in the repair manual in Attachment A.

Limiting of modulation:

The audio input is limited by a dual diode clipper, which is follow by a low pass filter
to remove induced harmonics. This is followed by a switchable x2 gain stage to

allow 2.5 kHz or 5 kHz limiting operation. The schematic of this circuit is located in
the repair manual in Attachment A.

5 TEST PROCEDURES AND CONDITIONS

5.1 Measurement Procedures; Paragraph 2.947 (a), (b), (c):

The measurement procedures used to produce the data submitted in this report followed good
engineering practice and were in accordance with accepted procedure, as specified in the
applicable sections of the FCC rules. The measurement set-up for each set of data is detailed in
Section 6 of this report in accordance with FCR 2.947 (b), (c).

5.2 Test Equipment; Paragraph 2.947 (d):

Following is a list of equipment used for the tests detailed herein. Item numbers will be used to
refer to equipment in block diagrams. Each piece of equipment is in current calibration traceable

to NBS.

Item Number

Equipment

Manufacturer / Model

O~NO O WNPE

ARCHIVE 1/150-040214.B.DOC

Audio Analyzer
Modulation Analyzer
Spectrum Analyzer
Multimeter

Wattmeter

Power Supply
Temperature Chamber
30 dB Power Attenuator

REV B

HP 8903B

HP 8901B

HP 89441A

Fluke 77

HP 438A

Xantrex XHR 40-25
Tenney Mite 5
Weinschell 49-30-33
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5.3 Test Conditions for Transmitter Type Acceptance Test:

The following conditions applied during room temperature testing.

Temperature: 23+5°C

Supply Voltage: 27.5 VDC (nominal aircraft battery)
6 MEASUREMENT DATA FOR TYPE ACCEPTANCE

6.1 RF Power Output; Paragraph 2.985 (a):

RF power output was measured after alignment of the transmitter per the manufacture’s

instructions as detailed in the repair manual listed in Attachment A.

6.1.1 Test Set-up:

Wattmeter
5)

C-1000
|
Power 50 Ohm
Supply RT-138N 30dB | |
27.5VDC Transmitter Atten.
@) (8)
Voltmeter (4)
Amp meter (4)

6.1.2 Power Measurements:

Frequency High Power High Current
138.0 MHz 11.1 Watts 1.32A
156.0 10.0 Watts 091 A
174 MHz 9.5 Watts 0.99 A

6.2 Modulation Characteristics;
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6.2.1 Test setup for Frequency Response and Limiting:

Power C-1000
Supply
27.5VvDC
0 50 Ohm Modulation
RT-138N I 30dB Analyzer
Audio | p Transmitter At(t8e)n. —» )
Analyzer
1)

6.2.2 Frequency Response; Paragraph 2.987 (a)

Measurement of transmitter audio frequency response was made with the setup shown in section
6.2.1 of this report. Deviation was reduced to assure that clipping was not occurring at 3 kHz due
to the modulation limiting circuit. A zero Decibel reference was established at a 1 kHz tone. The
audio input frequency was varied over the range of 50 Hz to 5 kHz with the audio input level held
constant. Demodulated audio was measured on the modulation analyzer.
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6.2.3 Measured Frequency Response:

RT-138 FM TX Modulation Response

Transmit Frequency 156 Mhz
15

db Relative to 1 Khz

Modulation Frequency (Khz)

6.3 Modulation Limiting Characteristics; Paragraph 2.987 (b)

To measure modulation limiting characteristics, the audio input was varied from 10 mV up to a
level exceeding 20 dB above that giving 50% modulation at 1 kHz. Modulation deviation was

measured for various input levels. The limiting audio responses at frequencies of 300, 1000, and
3000 Hz were measured for narrow and wide band operation.
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6.3.1 Modulation Limiting Test Setup

Power
Supply
27.5VDC
(7

C-1000

Audio
Analyzer

1)

—»
—»

50 Ohm

RT-138N > 30dB
Transmitter At('gn. »

Modulation
Analyzer

)

6.3.2 Measured Standard Band Limiting

RT-138 FM TX Modulation Limiting

Transmit Frequency 156 Mhz, Standard Band

Modulation Deviation (Khz)

1Squares: 300hz
1Circles: 1Khz
| Diamonds: 3Khz

001
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6.3.3 Measured Narrow Band Limiting

RT-138 FM TX Modulation Limiting

Transmit Frequency 156 Mhz, Narrow Band

2.5
1 Squares: 300 hz
1 Circles: 1 Khz
1 Diamonds: 3 Khz
2_ _________________________________________________________________
o
% i . . .
S 1B R RRERRRELIIE S SRR
_"§ 1 X X
S
|
g
= T g
=
(=]
=
S D S R S A TR
.001 .01 N 1 10

Modulation Input Level

6.4 Occupied Bandwidth; Paragraph 2.989:

Occupied bandwidth was measured at 156 MHz, which is the center of the band of the frequency
range. Narrow (2.5 kHz max deviation) and standard (5 kHz max deviation) band operation was
measured

6.4.1 Occupied Bandwidth Test Procedure; Paragraph 2.989

An audio input frequency of 2.5 kHz with a level 16 dB greater than that required to produce 50%
modulation was applied to the radio under test. The transmitter spectrum was measured with a
10-Watt output on a spectrum analyzer with a 50 kHz span.
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6.4.2 Occupied Bandwidth Test Setup:

Power C-1000

Supply
27.5VvDC

0 50 Ohm Spectrum

RT-138 Y 30 dB ) Analyzer

Audio 9! Transmitter At(tée)n_ 3)
Analyzer

1)

6.4.3 Measured Standard Band Occupied Bandwidth:

/2 @1:24:59 JUN 14, 2pap
RL -5.87 dBm : MKR #1 FRQ 155.987 81 MHz
ATTEN 14 qB I & | L 11.78 dBm

1@.4p dB/0IV 1

MARKER |

155,897 Bl MHz f
-11. il
1 ~ M ‘ l

i

CENTER 153.957 &9 MH: | SPAN 54.@B kH:
*RB 3PB@ H:z *UB 3.B@ kHz ST 1.b67
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6.4.4 Measured Narrow Band Occupied Bandwidth:
[’) @B:B4:20 JUN 14, 2P@P

RL -5.74 dBn MKR #i FRQ 156.@P@ 13 MHz
HTTEg 18 4B T-6.43 dBn
16.@p dB/g1v

RES LHNDHIDTH

388 fiz | "

l |
o4
|
LU § b SR | N ‘ LI 4
CENTER 1{56.0P@ @B MH: SPAN 5d.H4B kH:
*RB 3B@ Hz «UB 3.P@ kHz ST 1.BG7 sec

6.5 Spurious Emissions; Paragraph 2.991, 2.993:
The permitted maximum level of spurious emissions, as per paragraph 90.209 (g) of the FCR is:
=43 + 10 Log (Mean Power Output) dBc
6.5.1 Spurious Emissions at the Antenna Terminals; Paragraph 2.991.:

Spurious emissions were measured at the band center of 156 MHz while terminated into a 50
Ohm load. The transmitter was modulated with a 2500 Hz audio signal 16 dB above the level
required for 50 % modulation. Spurious emissions were measured from 0.162 to 1.8 GHz. All
signals noted were below —75 dBc.
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6.5.2 Spurious Emission Test Setup:

Power
Supply
27.5VDC
(7

C-1000

Audio
Analyzer

1)

—>
Y

RT-138
Transmitter

50 Ohm
30dB
Atten.

(8)

Spectrum
Analyze

3)

r

6.5.3 Field Strength Measurement of Spurious Radiation; Paragraph 2.993

Radiated Field strength measurements were conducted on the original equipment Rogers
Consulting of Shawnee Mission, Kansas. The original report is attached in Attachment B. The
transmitter and shielding of this radio has not been altered from the original design.

6.6 Frequency Stability; Paragraph 2.995:

The transceiver reference Oscillator was adjusted at 25° C per the tune up instructions. The unit
was allowed a 2.5-minute warm up period before the data was taken at each temperature.

6.6.1 Test Setup for Frequency Stability:

Power C-1000
Supply
27.5VvDC
(7) > 50 Ohm Modulation
RT-138N | > i(t)tdB Analyzer
; en.
Audio — Transmitter @®) (2)
Analyzer
(1)
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6.6.2 Temperature; Paragraph 2.995 (a) and (b):

The RT-138N was placed in an environmental chamber with the power to the UUT turned off. The
temperature was varied over the range of -30° C to +60° C in ten-degree steps. Temperature of
the radio was allowed to stabilize at each step. When stabilization was verified the unit power was
applied 2.5 minutes. The transmitter was keyed for at least 5 seconds and the frequency was
measured at the end of the period.

6.6.3 Measured Temperature Data:

RT-138 Frequency Error -vs- Temperature
Transmit Frequency: 155 Mhz

—_ ]
|IIIIIIIII\|IIIIIIIIII

Frequency Error (PPM)

'2 I\I\I\I\I\illIIIIIIIIilIIIIIIIIIiIIIIIIIIIIilIIIIIIIIIiIIIIIIIIIIilIIIIIIIIIiIIIIIIIIIIiIIIIIIIIII

-30 -20 -10 0 10 20 30 40 50 60
Temperature (Deg C)

6.6.4 Frequency Stability Under Voltage Variation; Paragraph 2.995 (d)

The variation of frequency with supply voltage was measured at room temperature. The voltage
was varied from 85% to 115 % of the nominal input value. The radio was set to transmit and the
output frequency was measured.
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6.6.5 Measured Frequency Stability Under Voltage Variation Data:

Frequency -vs- Input Voltage Variation

100

RT-138 at 23 deg C. Transmit Frequency: 156 Mhz

T
B0
T .

20-f

Frequency Error (Hz)
Lo ]
|
o

P8 S RS T O SN S ——

e e e

A |

B

100 +—————————
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7 EQUIPMENT IDENTIFICATION LABEL:

THIS UNIT HAS BEEN MODIFIED FOR
NARROW BAND CAPABILITY.

.80 FCC ID: FRWJRT-138N
Waulfsberg Electronics Division
Prescott, AZ. U.S.A. CAGE: 1B7G3

| 1.50 |

THIS DEVICE COMPLIES WITH
PART 15 OF THE FCC RULES.

. OPERATION IS SUBJECT TO THE

T CONDITION THAT THIS DEVICE
DOES NOT CAUSE HARMFUL
INTERFERENCE.
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8 PHOTOGRAPHS OF EQUIPMENT:
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