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1 INTRODUCTION

This Engineering Report contains the necessary information and details the test results for Certification of the
VCS 40A communication system consisting of a VC-401B radio transceiver and a CD-402B control head.

The measurements detailed in this report were done in accordance with Parts 2, 15, and 87 of the FCC Rules
and Regulations.

The VC-401B is intended for aircraft installation for the aviation communications services. This transceiver is
designed to operate in systems with 25 kHz and/or 8.33 kHz channel spacing. No difference was noted
between measurements for wide and narrow band operation. The intended frequency coverage is:

118-152 MHz
Associated equipment is the CD-402B control head, which provides frequency selection and indication.

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 NBS.

Radiated emissions measurements were conducted under contract by:
DNB Engineering, Inc.

3535W. Commonwealth Ave.

Fullerton, CA 92833

Phone 714-870-7781

See Exhibit C for their statements of site and test facilities.
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3 CERTIFICATION OF DATA

CERTIFICATION OF DATA CONCERNING CERTIFICATION APPLICATION FOR FCC ID:
FRWVC-401B
| certify that all bench tests in this Certification 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.

UL QG

Robert DelLong
Vice President Engineering Wulfsberg Electronics Division.

APPLICANT: Woulfsberg Electronics Division of
Chelton Avionics, Inc.
FCCID FRWVC-401B
DATE: February 4, 2000
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4 EXPOSITORY STATEMENTS:; § 2.983 (a) - (d):

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

411

4.12

Name of Applicant; 8§ 2.983 (a):

The applicant and manufacture is: Woulfsberg Electronics Division

Identification of Equipment; § 2.983 (b):

Models:
Transceiver VC-401B
Control Head CD-402B
Serial number: E1001
FCC ID: FRWVC-401B

Production Quantity; § 2.983 (c):
Quantity production of the Model VC-401B is planned.
Types of Emission; 8§ 2.983 (d) (2):

6K00A3E
6KO00A9W
5K00A3E

Frequency Range; § 2.983 (d) (2):
118-152 MHz

Power Rating; § 2.983 (d) (3):

20 Watts

Maximum Power Rating; 8§ 2.983 (d) (4):
55 Watts

DC Voltage and Current into final Amplfier; § 2.983 (d) (5):

Collector voltage: 27.5VDC
Supply voltage: 27.5VDC
Drain Current: 3.8 Amps.

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

Please refer to Exhibit A for the Theory of Operation and schematics of the radio.

Complete Circuit Diagrams; 8§ 2.983 (d) (7):

Complete Schematic diagrams are in the repair manual located in Exhibit A.

Instruction Book; § 2.983 (d) (8):

The instruction book is located in Exhibit B.

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

The tune-up procedure is in the repair manual located in Exhibit A.
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4.13 Circuitry and Devicies for Determining and Stabilizing Frequency; §
2.983 (d) (10):

The main VCO is phase locked to a temperature compensated crystal oscillator. The TCXO frequency
is 12.8 MHz. Exact operation is detailed in Exhibit A.

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

0] 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 Exhibit A.

(i) Limiting of modulation:
The audio input is limited by the compressor, U301 and clipping diodes, CR300. This is followed
by a low pass filter to remove induced harmonics. The schematic of this circuit is located in the
repair manual in Exhibit A.

5 TEST PROCEDURES AND CONDITIONS
5.1 Measurement Procedures; 8§ 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; § 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 NIST.

Iltem Number Equipment Manufacturer / Model
1 Audio Analyzer HP 8903B
2 Modulation Analyzer HP 8901B
3 Spectrum Analyzer HP 89441A
4 Multi-meter Fluke 77
5 Wattmeter HP 438A
6 Power Supply Xantrex  XHR 40-25
7 Temperature Chamber Tenney Mite 5
8 30 dB Power Attenuator Weinschell 49-30-33

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; § 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 Exhibit A.
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6.1.1 Test Set-up:

Power
Supply
27.5VvDC
(7

CD-402B
|

VC-401B

Transmitter

50 Ohm

30dB
Atten.

(®)

Wattmeter

®)

Voltmeter (4)
Ampmeter (4)

6.1.2 Power Measurements:

Frequency Power Drain Current
118.0 MHz 22.0 Watts 3.80 Amps
134.0 MHz 21.5 Watts 3.81 Amps
152 MHz 20.4 Watts 3.85 Amps

6.2 Modulation Characteristics; 8 2.987:

6.2.1 Test setup for Frequency Response and Limiting:

Power CD-402B

Supply
27.5VvDC

& 50 Ohm Modulation

vC-401B |, 30 dB Analyzer

Audio L p| Transmitter At('gn. —P )
Analyzer

(1)

6.2.2 Frequency Response; § 2.987 (a)

Measurement of transmitter audio frequency response was made with the setup shown in
section 6.2.1 of this report. A zero Decibel reference was established at a 1.0 kHz tone. The
audio input frequency was varied over the range of 50 Hz to 10.0 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:

10

dB RELATIVE TO 1KHz

VC-401B TRANSMIT FREQUENCY RESPONSE

REFERENCE MODULATION = 70% AT 1KHz

1000 2000 3000 4000 5000 6OOD 7000 8000 9000 10000
MODULATION FREQUENCY

6.2.4 Modulation Limiting Characteristics; 8§ 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 350, 1000,
and 2500 Hz were measured for narrow and wide band operation.
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6.2.5 Measured Standard Band Limiting

VC-401B MODULATION RESPONSE

TX FREQUENCY = 124.0 MHz

100 —
e ——— __.E.'.__—_—_— —1
90 E?&Hr?dﬂz;;;;;i;:::—fﬁ-__-_ﬁFF__——‘
L ' s —
."'__’d:_r‘_h_”_‘-.,_r— ——i
a0 re
E ?ﬂ ...................................
-
‘5 BO B
=
e
S B0
E 40
&5
o 30 :
SQUARE = 350 Hz
11 T [ [ SN, S S S
0 DIAMOMD = 1000 Hz
1 ................................. REEREE
:CIRCLE = 2500 Hz
0 S - AL R S S R B B S B B S B B T
0 5 1 15 2 25 3

MIC INPUT VEMS

6.3 Occupied Bandwidth; § 2.989:

Occupied bandwidth was measured at 134 MHz, which is the center of the band of the frequency
range.

6.3.1 Occupied Bandwidth Test Procedure; § 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 20
Watt output on a spectrum analyzer with a 50 kHz span.
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6.3.2 Occupied Bandwidth Test Setup:

Power CD-402B
Supply
27.5VDC
o 50 Ohm Spectrum
VC-401B | N 30dB Analyzer
Audio ! Transmitter At(tge)n. —P 3)
Analyzer
1)

6.3.3 Measured Occupied Bandwidth:

Emissions measured with spectral mask for 8.33 kHz channel spacing 8§ 87.139 (b).

a Mkrl 9.94 kHz

Ref 4 dBm Atten 15 dB -47.11 dB
Feak ;*:_{
Log
18
dB/
| Marker a
9.940 kHz 3
-47.11/dB m/
I
Wl S2 w N
53 FC b Mr'w
| wh” M%( e
N Wi
I '
Center 134 MHz Span /5 kHz
#Res BH 188 Hz VEW 166 Hz Sweep 4.29 5
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Measured emissions with spectral mask for 25 kHz channel spacing § 87.139 (b).

a Mkrl 17.6 kHz

Ref 4 dBm Atten 15 dB -62.42 dB
Feak W4

Log

18

dB/

1741600 kHz

—
o

Wl 52

53 FC JN’ iwf

Wi
Center 134 MHz Span 158 kHz
#fes BH 1606 Hz YBW 1686 Hz Sweep 8,525 s

Note: The same modulation circuitry is used for 8.33 kHz or 25 kHz channel spacing.

6.4 Spurious Emissions; § 2.991, 2.993:

The permitted maximum level of spurious emissions, as per § 87.139 (3) of the FCR is:
=43 + 10 Log (Mean Power Output) dBc

6.4.1 Spurious Emissions at the Antenna Terminals; § 2.991.:

Spurious emissions were measured at the band center of 135 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 —80 dBc. Harmonic emissions were below —60 dBc.
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6.4.2 Spurious Emission Test Setup:

Power CD-402B

Supply
27.5VDC

(7)

50 Ohm Spectrum

VC-401B y| 30dB »| Analyzer

B
|| Transmitter At(g”' (3)

Audio
Analyzer

)

6.4.3 Plot of Measured Spurious

[2) (1:38:43 FEB 24, 2hdp
RL .75 dBm HKR $1aFRQ 135 MHz

ATTH 2 ch 4B -65.43 dB
18.9p dB-/OIV

MARKER &
135 fHz

-63. £3 dB
1

START 1b2 kHz STOF 1.B@P GH:
*RB 3.@P kH: UB 3.P@ kH:z 5T 598.9 sec

6.4.4 Field Strength Measurement of Spurious Radiation; § 2.993

Radiated Field strength measurements were by DNB Engineering in Fullerton, CA. The original
report is attached in Exhibit C.
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6.5 Frequency Stability; § 2.995:

The transceiver reference TCXO was adjusted at 25° C per the tune up instructions. A one-
minute warm up period was allowed before data was taken upon reaching the test temperature.

6.5.1 Test Setup for Frequency Stability:

Power CD-402B
Supply
27.5VDC
(7) 50 Ohm Modulation
VC-401B 2%0'5 Analyzer
; en.
Audio Transmitter @) 2)
Analyzer
1)

6.5.2 Temperature; 8 2.995 (a) and (b):

The VCS 40A system was placed in an environmental chamber with the power to the UUT
turned off. The temperature was varied over the range of -55° C to +70° 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 and the transmitter was keyed for at least 5 seconds and the
frequency was measured at the end of the period.
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6.5.3 Measured Temperature Data:

VC-401B TRANSMITTER FREQUENCY STABILITY vs TEMPERATURE
TRANSMITTER FREQUENCY = 118.000 MHz

1.5

FREQUENCY ERROR PPM
o

-1.5

-60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70
TEMPERATURE DEGREES C.

6.5.4 Frequency Stability Under Voltage Variation; § 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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6.5.5 Measured Frequency Stability Under Voltage Variation Data:
100

80

60

40

20

Frequency Error (Hz)

'100 TTTTT I T T (TR T T T T T e T T T T r e e e e e e rep ettt e e re e reyp rerre ree ey el

23 24 25 26 27 28 29 30 3 32 33
Supply Voltage (VDC)

The transmit frequency was 134.000 MHz with no modulation applied.

WULFSBERG ELECTRONICS DIVISION 150-040565 REV A SHEET 17 OF 25
ARCHIVE 1/150-040565.A.doc 02/24/00 4:48 PM






7 EQUIPMENT IDENTIFICATION LABELS:

. o

THIS DEVICE COMPLIES WITH
PART 15 OF THE FCC RULES.

A 750 OPERATION IS SUBJECT TO THE
o CONDITION THAT THIS DEVICE
DOES NOT CAUSE HARMFUL
INTERFERENCE.

~J

. o

VC-401B VHF TRANSCEIVER
P/N 064-1047- (BPN 3614001-40 )
SIN [FCC ID: FRWVC-401B]

TSO: C37c CLASS 3&5, C38c CLASS C&E
THIS RADIO IS 8.33 kHz CAPABLE
DO-160C ENV. CAT. WT 5.7 LBS
F2XBA(MNY)XXXXXXABABATAXXX

MODJ21122]2324]25126]27]28]29{3013 113 2]33]34]35]36]37]

Wulfsberg Electronics Division
Prescott, Arizona U.S.A. CAGE: 1B7G3

o
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8 PHOTOGRAPHS OF EQUIPMENT:
8.1 Typical VC-401B Transceiver and CD-402B Control head.

&~ cHELTON Series ITI VC-401B COM

TEOH000080000EE LT
DEDDDDHEDDT LT
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8.2 Synthesizer and Receiver board.

Only three surface mount resistors are mounted on the backside. They act as heating elements for the TCXO chamber. This photo is taken
with eight shield covers removed to show parts. The shield walls are visible.
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8.3 Audio and Microcontroller Board

No parts are on the backside of this board. Photo taken with center shield cover removed.

-
-
-
-
-
-
-
-
-
-
-
-
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8.4 H &L Interconnect Board

Front and backsides are shown.
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8.5 Power Amplifier Board.

No parts are located on the backside of this board. This board is directly mounted to the heat sink, which forms part of the outside cover.
This board has one shield cover, which is removed for this picture.
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8.6 Power Supply Board.

No parts are located on the backside of this board.
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