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Study on Aircraft Antenna Performance Verification
Using IFF AIMS Certification
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Abstract

In this study, we present a method for verifying the performance of an antenna used in an aircraft. Identification friend of foe
equipment requires the AIMS certification of the US Department of Defense for interworking with the encryption device; the
performance of IFF is verified through the verification process of DoD AIMS 1102 and DoD AIMS 1103 according to an aircraft model
equipped with a transponder. It was determined whether the performance standards of the antenna and radiation pattern were met, and
whether the aircraft that did not meet the required performance met the performance by replacing or additionally installing the antenna.
After submitting the DoD AIMS 1102 requirement test documents and completing the preliminary preparation for the DoD AIMS 1103
verification, the antenna performance was verified not only in Mode 5 but also in the SIF mode through flight tests. Through the process
of meeting the AIMS certification requirements, the performance verification of IFF was confirmed, and it is expected that it can be
used for the verification of avionics antennas such as communication and navigation.
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Table 1. General performance verification method for avionics antennas.

Test evaluation Equipment Verification method
VSWR for antenna * VSWR measurement/ confirmation of specification by antenna company
Output/ BIT * Output power measurement/ BIT(built in test) test
Ground test - — - - -
Function check + Self communication check or simulation equipment test
Aircraft integration check | - Integration verification items check
+ Communication check for the operation range survey under LOS conditions
Communication avionics | + Communication check on 4 directions for level flight(rotary wing), clover leaf(fixed wing)
or circular pattern

Flight test

IFF avionics

+ Interrogation/reply check for each modes between interrogator and transponder

Navigation avionics

* Operation check for navigation equipment in flight verification based on air traffic

control facilities
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E 2. DoD AIMS 1102 3871 & Ad 24% F 37 el 35
Table 2. 3.7 Antenna index on DoD AIMS 1102 transponder installation test requirements.

Index Verification method
Polarization + Vertical polarization using information or measurement
311 Ant.er?na Power handling | - Radiating 15 W average power using information or measurement
characteristics
Bandwidth * Least 20 MHz at 1,030 MHz and 1,090 MHz using information or measurement
3.7.2 Antenna VSWR VSWR + VSWR(<2:1) measurement at 1,020/1,030/1,040/1,080/1,090/1,100 MHz

/RF transmission line loss | Insertion line loss

+ Loss(<3 dB) measurement at 1,030/1,090 MHz

3.7.3 Antenna pattern

* Omni-directional in the horizontal plane, vertical beam width of at least £30° from
horizontal plane

+ 0° antenna elevation pattern to verify that the total antenna system gain, including
system losses, at the receiver input is greater than —4 dBi for OO %, —6 dBi
for OO %, —8.5 dBi for OO % of the coverage volume

— So, >-4 dBi: OO %, >-6 dBi: OO %, >-85dBi: OO %
@ £30° from horizontal plane

3.7.4 Isolation

+ Isolation(> O O dB) measurement between the antenna transmission lines
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1) Analysis of requirement

2) 3D Modeling for aircraft

3) Reverse Design of ant.

AIMS 1102 3.7.3 Antenna Pattern
> -4dBi: 00%
> -6dBi: 00%
> -8.5dBi: 00%
@ £30° from horizontal plane

5) Analysis of sim. results

Select: Max. gain(upper, lower)
. >-6dBi: 74.47%

<Decision for requirement satisfaction>

l\o\g Conversion Reverse design “
A =» —

<Real 3D Scan> <Structure for EM sim.>

<Real antenna> <Antenna stru. for EM sim.>

4

4) Antenna EM Sim.

I >-4ami: 68.90%

| >-8.5dBi: 82.46%

Upper Ant.  Bottom Ant.

<Radiation Pattern>

O3 1. DoD AIMS 1102 &F% 24 13 oteu djed 24 diy

Fig. 1. Analysis method of antenna pattern
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Table 4. Analysis results for antenna pattern according to
design change.

. Detailed results
Analysis

Platform result (1,030 MHz/1,090 MHz)

osu 4 dBi | —6dBi | -85 dBi

00O

Transport | Satisfaction | 88.82/88.47 | 96.14/95.97 | 99.70/99.73
aircraft
O - 00 | Satisfaction | 90.48/90.88 | 96.93/97.15 | 99.50/99.52

OS2 FAERCH, 7IE PRk QMY o] 55 Kol 7}
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so] gg7] FA o FJYAGLR st <Y
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Table 3. Design change of antenna installation according to requirement non-satisfaction on DoD AIMS 1102.

Platform AIMS 1102 index

Satisfaction with requirement

Index of design change

Receiver input: Non-satisfaction

OO Transport aircraft 373 Antenna > —4 dBi: 70.59 % (OO %) Upper/lower antennas
(installed upper/lower o > —6 dBi: 76.64 % (OO %) : Requirement non-satisfaction
antennas) pattern > -85 dBi: 86.27 % (OO %) — Exchange upper/bottom antenna
(@ 1,090 MHz, +30° from horizontal plane)
3.7.1 Antenna Average power: Non-satisfaction Lower a.ntenna o
characteristics power handling 2 W (15 W) + Requirement non-satisfaction
o- 00 — Exchange bottom antenna

(installed upper/
lower antenna)

VoIV

Receiver input: Non-satisfaction
> —4 dBi: 61.02 % (OO %)
3.7.3 Antenna pattern > -6 dBi: 69.39 % (OO %)
> -85 dBi: 80.23 % (OO %)
(@ 1,090 MHz, £30° from horizontal plane)

Top antenna
: Requirement non-satisfaction
— Install upper antenna
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Aircraft rear Aircraft front Aircraft rear  Aircraft rear Aircraft front Aircraft rear Aircraft rear Aircraft front Aircraft rear

> 6dBi : 96.14%
(a) 1,030 MHz ohﬂlﬂr WAL E
(a) Radiation pattern of antenna at 1,030 MHz

Aircraft rear Aircraft front Aircraft rear  Aircraft rear Aircraft front Aircraft rear Aircraft rear ircraft rear
I = - 6aBi : 95.97% P = - 8.508i: 99.73%
(b) 1,090 MHz °PEﬂUr WAL E
(b) Radiation pattern of antenna at 1,090 MHz
28 2. ¥F 00 47] 7159 v A9 24 23
Fig. 2. Analysis results of antenna pattern for O O transport aircraft of air force.
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Fig. 3. Operational range test for [FF Mode 5.
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Fig. 5. Analysis example for IFF operational range test.
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