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1.0 Introduction:

Air Force Wright Aeronautical Laboratories, in the near future, is going
to develop and demonstrate an advanced development model (ADM) airborne
o radio system in which all communications, navigation, and identification
2 (CNI) functions in the 2-2,000 MHz spectrum are integrated into one
software programmable, modular, and cost effective radio. The radio
W system is titled "Integrated Communications Navigation Identification
h Avionics" (ICNIA). This terminal will be used by both the Air Force and
the Army in support of their air and ground mission. Each service has-:
specific requirements, particularly in the HF/VHF frequency spectrum. The
Air Force is interested in the frequency range of 5-88 MHz, whereas the
Army is interested in the 2-30 MHz range.

2.0 Objective:

The primary objective of this preliminary study is to determine if it is
feasible to develop, fabricate, test, and evaluate an airborne HF/VHF
power amplifier, antenna coupler, and antenna for high speed and high
performance aircraft. The study also provides schedules and milestone
data to implement the development, fabrication, test, and evaluation of
the transmitting system.

The secondary objective of this study is to determine if it is feasible to
use one electrical design for the transmitting system for different types

of aircraft and that fewer antennas are needed on aircraft than presently

used.

3.0 AFNAL, Preliminary Specifications

The ICNIA ADM HF transmitting system will provide the functions of the
AN/ARC-199(v) HF and the AN/ARC-186(v) VHF communications system. The
module specification will be as follows:

3.1 Power Amplifier, Preliminary Specifications

Power Input: 1 watt normal

Power Qutput: 100 watts minimum (below 30 MHz)
Frequency Band: 5-88 MHz

Modulation: AM, SSB, FM

Input Impedance: 50 ohms

Output Impedance: 50 ohms

VSWR: 3 to 1, maximum

{
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3.2 Mntenna Coupler, Preliminary Specifications
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3.3 Antenna, Preliminary Specifications:

200 watts (CW)
5-88 MHz

Antenna:
Frequency Band:

The power amplifier and coupler are to weigh not more than 50 pounds
combined nor will they occupy an area greater than 1,400 cubic inches.

9 4.0 Aircraft Selection:

Space limitations of a single-seat high speed, high performance tactical
aircraft provide the driving criteria for the resultant equipment
performance, size, and weight factors. The F-15 and F-16 fighter aircraft
have been selected as the two prime Air Force aircraft that most fit this
category. Early on, it was agreed that the main thrust would be placed on
designing a transmitting system for the F-16 C and D model aircraft for
the following reasons:

a. The F-16 is the smallest of the two aircraft.

Pld . o aaptivmy A pey

b. There have been no efforts to equip the F-16 aircraft with small
efficient, lightweight HF/VHF communications equipment.

¢. The F-16 has the smallest area available to house a power
amplifier, antenna coupler, and antenna.

d. The F-16 vertical stabilizer, rudder, and horizontal stabilizers
are constructed of aluminum core and carbon-based composite materials.

5.0 Antenna Selection

A high frequency shunt antenna has been selected because of the flush
mount characteristics. This shunt antenna is designed into the aircraft
structure which eliminates vibration problems encountered by long wire and
probe antennas. Long wire antennas on high speed, high performance
aircraft create wind drag that is detrimental to aircraft speed.

Vibration and temperature variations in flight also cause wire breakage.
Probe antennas minimize wind drag, but because they protrude from the
aircraft wing or vertical stabilizer, they are vulnerable to breakage by
in-flight vibration and landings.

Both the long wire and probe antennas require heavy lightning arrestors
for equipment protection. Shunt type antennas are physically short and
grounded to the aircraft frame eliminating the need for heavy lightning
arrestors.

6.0 F-15 Aircraft

Preliminary investigation has revealed that McDonnell Douglas Corporation,
St. Louis MO, has fabricated a brassboard shunt type antenna (125 inches
in length) into the left vertical stabilizer and has measured the antenna
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At this time, plans are to ask McDonnell

A production type vertical stabilizer will be produced by McDonnell

Douglas starting in June, 1984.
Douglas to reverify the antenna feedpoint characteristics within the

frequency spectrum of 2 to 30 MHz.

feedpoint characteristics (Appendix Il and Data Sheet 1) from 2 and 30
6.1

MHz.

Antenna Analysis

A computer program (wire radiation and scattering), using methods of

moments, was used to model the R and J components of the antenna at 21

frequencies (Data Sheet II).

’

This data shows close correlation to the

Therefore, RADC is presently

measured data obtained by McDonnell Douglas.

working with the F-15 SPO to have the antenna feedpoint characteristics

1

, ‘ \-.W-lnuﬂ Om

measured from 30 to 156 MHz concurrent with the 2 to 30 MHz measurements

in the June, 1984 time frame.
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F~15 HF Antenna Measurements ﬁ,:)-‘_.p‘f_\.'ff
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NS ARANR
Frequency (MHz) R_Component + J Component N \Ei; \
2.0 0.8 31.4 -
2.5 1.0 39.2 5‘,-}‘3‘}5*
3.0 0.9 47.2 ANOS09Ls
3.5 1.2 55.2 NIRRT
4.0 0.9 63.5 Ny ade
4.5 1.3 72.0 AN Y
5.0 1.0 80.5 e
5.5 1.3 89.6 AT
6.0 1.0 99.2 RO
6.5 1.5 108.0 SNt
7.0 2.3 119.0 LASAT RSO
7.5 2.9 129.0 ORI,
8.0 2.4 139.0 Y
8.5 2.6 151.0 RN X,
9.0 2.8 163.0 NI
9.5 3.4 176.0 gt
10.0 4.3 191.0 R AR
10.5 5.8 206.0 B RSN
ﬁg 18.6 224.0 S
.5 3.7 244.6 ST ALt
12.0 23.0 263.0 A
12.5 36.3 283.7 MRt
13.0 46.5 300.4 "\ﬁf‘ﬁ Ny
13.5 63.5 326.9 2t A R
14.0 115.7 341.9 E T g
14.5 125.3 273.7 BRI
15.0 70.8 288.4 JOROL AN
15.5 56.3 329.2 N RN
16.0 55.9 369.8 SRORRR XA
16.5 59.9 410.7 DIy
17.0 70.0 457.7 S e
17.5 89.2 511.3 SENRRN
18.0 121.5 576.3 JOSRSAILA
18.5 181.6 646.0 RN NI,
19.0 272.7 703.0 VAU
19.5 389.4 726.2 A
20.0 513.3 693.7 2
20.5 583.1 610.2 :
21.0 586.8 551.1 OSRNOy
21.5 579.6 550.0 BSOS
22.0 590.4 576.2 N2
22.5 626.6 628.0 -
23.0 700.6 708.0 z.
23.5 842.4 782.8 =
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DATA SHEET I (continued)
F~15 HF Antenna Measurements

A B 00AX)

onent

+JdGC

onent

R G

Frequency (MHz)

842.2
836.0
659.5
152.1
-606.4
-1084.8
-1198.8
-1116.8
-983.3
-894.2
-830.5
-754.0
-683.4

1055.1
1364.2
1792.5
2174.7
2114.8
1620.4
1133.7
776.2
576.9
469.5
364.6
231.9
223.4
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DATA SHEET II

F-15 HF Antenna Characteristics/Computer Analysis

. Frequency (MHz) R_Component + J Component
i 5 0.842 76.0
- 8 2.58 140.0
2 10 5.12 173.3
3 11 127.6 271.2
Y 12 162.0 399.8
£ 13 172.1 179.0
B 14 100.0 261.7
Y 15 111.8 375.7
o 16 192.2 547.6
.5 17 528.8 822.3
o 18 1510.5 200.0
- 19 714 .4 -453.4
k 20 471.0 -42.8
i< 21 250.0 -345.0
7 23 139.8 -144.7
24 143.0 -72.9
25 172.0 -28.1
-7 26 200.0 6.3
| 28 339.3 315.6
- 30 399.7 -161.7
3} 60 169.8 75.7

)

7.0 F-16 Aircraft

2 oLy

The F-16 multi-role fighter aircraft, Models C and D, have been selected
as the prime candidate for the ICNIA HF transmitting system. These models
have large areas of carbon composite materials in the vertical stabilizer,
rudder, and horizontal stabilizer (Figures 1 and 2). The dorsal areas of
Models C and D (Figures 3a, 3b, 4, and 5) have been extended and enlarged
for the installation of identification equipment. The forward area of the
dorsal (Figures 3, 4, and 5) is the only space not utilized that is
sufficient in area of house electronic equipments.

7.1 Shunt Antenna

222

Sl 74 NN ol ¥

A shunt type antenna, approximately 83 inches in length, has been selected
for this aircraft to obtain maximum radiated powers and minimum tuning

‘
% requirements.
% 7.1.1 Mechanical Configurations
be The antenna can be constructed into the leading edge of the vertical
-~ stabilizer (Figure 3a). The front span of the vertical stabilizer (Figure
; -
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6) is constructed of metal and can be designed as a portion of the
antenna. The VHF communications antenna (16 E 130) will not have to be
relocated.

7.1.2 Electrical

A computer program (Wire Radiation and Scattering) using the method of
moments was used to model the R and J components of the antenna at six (6)
frequencies (Data Sheet III). Horizontal and vertical radiation patterns
were also analyzed at the same six frequencies (Figures 7, 8, 9, 10, 11,
and 12). The preliminary data indicates that this antenna input impedance
can be matched effectively from 5 to 88 MHz without reducing the input
power due to high reactive components.

DATA SHEET III

F-16 HF Antenna Characteristics

Frequency (MHz) R_Component *J onent
5 0.842 76.0
10 8.2 91.9
15 6.2 127.0
30 43.6 -53.8
60 10.6 -87.6
90 92.0 24.6

A preliminary analysis to determine what the radiated power will be for
this type aircraft is impossible. The composite material used for the
tail section and horizontal stabilizer is a carbon-based material (Figures
1 and 2). There is no available data on the amount of RF signal that will
be absorbed by this material or how effective the RF coupling will be to
the aluminum core and frame. Tests will be conducted to determine the
amount of energy absorption due to the composite materials versus that of
an aircraft with an all-aluminum horizontal stabilizer.

7.2 Power Amplifier/Antenna Coupler Specifications

7.2.1 Mechanical Specifications

Presently there are approximately 1,600 cubic inches of unused space in
the forward dorsal area (Figures 3a, 3b, 4, and 5). Plans are to design a
power amplifier/antenna coupler unit that will occupy no more than 1,400
cubic inches and weigh no more than 40 pounds.

7.2.2 Electrical Specifications

The electrical specifications are shown in Data Sheet IV for the frequency
range of 5 to 88 MHz. There will also be a goal to extend the frequency
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N
’ band to 156 MHz to eliminate a power amplifier and antenna coupler to
cover the frequency band of 108 to 156 MHz. Presently, equipment such as
| the AN/ARC-186 and AN/ARC-108 each respectively cover the low VHF range
: (30 to 88 MHz) and high VHF (108 to 156 MHz) shown in Chart I. Covering
Iye the frequency range of 5 to 150 MHz would also eliminate the need for an
:: antenna to cover the higher VHF range.
X
‘J
~J
W
X DATA SHEET IV PR RATNE
e
x Electrical Specification RN
o I ABICHAC A
L] . '-4'\.'.‘-’ A
¢ '.'J‘:‘..‘:J‘.‘I::-'
Power Input: 500 watts, 27.5 V DC e
‘3 DA
- RF Power Input: 1 watt maximum, 50 ohms unbalanced : ‘{f‘
'ﬁ Tuning: 20 preset channels, automatic ﬁ, B
I
. Tuning Time: 50 msec preset channels, 4 sec maximum
f non-preset channels
5 Mode: USB/LSB/AME/DATA/MCW
.S Secureability: TSEC/KY-75 compatible
:f RF Power Output: 100 watt average, 200 watts pep (goal 200
watts average, 400 watts pep)
".1
A Antenna: A/C shunt type (shorted) T
‘, "o
% Antenna Voltage: 5 KV maximum N
. Frequency Range: 5 to 88 MHz (Goal 2 to 156 MHz) e .
‘ - : o . -‘: j-
° o RO, 0%
5 RN
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CHART 1 $
LRY A ?
';;,‘ Base Radio Functions ":;:"'?,.'
& 3
"
#h, Frequency Spectrum Type Communications Modulation
o HF (5 to 30 MHz) Voice/Data SSB, AMC
1ol Low VHF (30 to 88 MHz) Voice/Data FM
7) (Close Air Support)
3
: High VHF (108 to 156 MHz) Voice/Data AM, FM
N (Air Traffic Control)
o
’:.
"
: 7.3 ADM Equipment Approach ?'E':‘::": :
Mo ,{-_ LN Sl
2 7.3.1 Antenna Verification ARSI
~ BRI
) RADC is presently working with General Dynamics to fabricate and install a S
-~ prototype shunt antenna on a F-16 airframe (Picture 1). Antenna feedpoint o 4
characteristics, antenna patterns, and radiated efficiency will be K TN
I measured. RADC is also working with the F-15 SPO to obtain the leading t :'.:::2 t
$; edge of a F-15 with a prototype shunt antenna installed. The antenna t-\ Y j-. ‘
Nl feedpoint characteristics for this antenna will be measured at the RADC LA t"‘
» Newport Test Site. After thorough analysis of these antennas a study will &,} "'&
3 be conducted to determine if the weight and size of the HF/VHF R
N transmitting system could be reduced. S A
o NTIN N
; EHOEAN
. 8.0 Conclusion O ATA
; (‘\:'\.,\ ,'c' .
Uy ,V..Q.' .,
N The preliminary study shows that it is feasible to design and fabricate S e
- HF/VHF equipment for small high speed, high performance aircraft. The o
) study also shows that it is feasible to use one electrical design for NSRRI
-] different types of aircraft. One coupler design can be used to tune :‘;\:;-.::q.:}.‘:&
€ HF/VHF equipment for the F-15, F-16, OH-58, and UH-1H Army helicopters .-‘;4-:.-}_.-:2::
$: (Data Sheets I, II, V, and VI). The Army built two (2) prototype shorted RSO AISY
loop antennas and measured the antenna characteristics from 2 to 30 MHz as ._&'.p}h\p‘;q--
shown in Data Sheets V and VI. R L |
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DATA SHEET V

OH-58 Helicopter Antenna Measurements -.%%f??
VRN
Frequency (MHz) R_Component X nent ::::_v:.f-:y:.—,‘;.
-. !\'!s"-.'!\""h'
2.0 0.451 51.5 P
3.0 0.80 80.0 N
2 4.0 1.60 113.0 Y
k 5.0 2.65 152.0 ~_'.-:-;:--$--§--:
! 6.0 3.54 203.0 RIS
; 7.0 4.78 274.0 R
8.0 21.0 391.0 e
’ 9.0 125.0 584.0 F;r.;-?-_;;
: 10.0 363.0 628.0 2 AN A
: 11.0 727.0 930.0 SN
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DATA SHEET VI

UH-1H Helicopter Antenna Measurements

Frequency (MHz) R onent X nent

2.0 0.2 53.0 i L. e
3.0 0.31 81.0 :'5:‘._-‘5',’:‘&:'4-5
4.0 0.48 113.0 ::';{.';"' ~
5.0 1.13 150.0 PSRN
6.0 3.92 198.0 ot iels
7.0 11.87 252.0 TN
8.0 21.6 322.0

9.0 34.0 425.0

10.0 43.0 600.0

11.0 50.0 959.0

12.0 336.0 2124.0

12.813 10020.0 0.0

13.0 4684.0 -5202.0

14.0 262.0 -1233.0

15.0 138.0 -783.0

16.0 65.8 -536.0

17.0 31.0 -348.0

18.0 20.0 -308.0

19.0 14.0 -247.0

20.0 11.0 -200.0
21.0 9.3 -160.0

22.0 8.2 -125.0

23.0 7.0 -94.0
24.0 6.0 -65.0

25.0 5.3 -37.0

26.0 4.6 -8.0

26.3 4.5 0.0

27.0 5.5 86.0

28.0 9.3 53.0

29.0 15.5 86.0

30.0 21.0 132.0
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