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SUMMARY

This paper introduces a case on the diagnosis and maintenance about a fault
of the SSR target deviation. The case shows that the fault can be caused by
the mechanical component inside the antenna pedestal. Furthermore, some
suggestions for the prevention of this case are issued in this paper.

1. INTRODUCTION

1.1 From October 30, 2020, a Mode-S secondary radar in china has the phenomenon that the
detection position of the aircraft deviates from its true position. The phenomenon is that the azimuth
of detection target deviates from its true value, and the deviation changes irregularly over time, as
shown in Figure 1.

1.2 After nearly 3 months of data analysis and fault diagnosis, it is finally concluded that the
azimuth measurement error is caused by the poor horizontal stability of the mechanical transmission
components inside the antenna pedestal. Upon inquiry, this phenomenon is an isolated case in the
world for this type of SSR.

Figure 1A 120-hour azimuth data map of test transponder recorded by a faulty SSR

2. CASEANALYSIS

2.1 After three months of fault diagnosis, through a series of methods such as cable
inspection, equipment calibration, phase calibration, vibration test, channel switching,
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electromagnetic environment monitoring, electrical and mechanical spare parts replacement, the
results eliminate the fault of SSR caused by indoor cabinet, mechanical drive components, antenna
feed systems, connecting cables, electromagnetic interference and other factors.

2.2 At the same time, a sound response and monitoring mechanism has been established for
this abnormal phenomenon, and multiple sets of abnormal data have been recorded, laying the
foundation for further analysis.

2.3 It can be seen from Figure 1 that the difference between the maximum value and the
minimum value of the recorded azimuth data for test transponder is 1.9°, and there is no obvious rule
to follow the error trend.

a) Comparing this data of single radar with the fusion data of the ATM automation
system: in each direction, there are different degrees of target deviation, and the azimuth deviation is
not the same.

b) For example, the target in the northeast of the SSR deviates clockwise (the
detective azimuth value is greater than the true value), and the target in the southwest of the SSR
deviates counterclockwise (the detective azimuth value is less than the true value).

¢) According to analyzing the raw data of multi-radar from the ATC Automation
System, when the targets start to deviate of this SSR, the process of azimuthal change for each target
is continuous.

2.4 It is preliminarily determined that the phenomenon of target deviation is caused by the
failure of the mechanical component inside the antenna pedestal.

a) ATMB immediately started the special maintenance, after removing the antenna of
SSR, it was found that the double diaphragm coupling of the principal axis was out of position.

b) In other words, the principal axis is not exactly at the center of the circle, as
shown in Figure 2.

¢) The top cover of the antenna pedestal was further disassembled, and it was found
that some nuts of the coupling had fallen off, what caused the radial swing of the coupling. (Normally,
the coupling can only axial swing.)

d) The comparison between the faulty double diaphragm coupling of the principal
axis and the replacement parts is shown in Figure 3.

Figure 2 Figure 3
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2.5 For reliable maintenance, on the basis of replacing the double diaphragm coupling of the
principal axis, ATMB continued to replace mechanical parts such as main bearing, slip ring, and
encoder synchronization gear.

2.6 Before and after maintenance, the gyroscope test of RASS was used to obtain the
deviation data of ACP, the results show that the ACP deviation in all directions is significantly
reduced, and the maximum value of ACP deviation drops from 0.7557° to 0.1347°. The test results
before and after maintenance are shown in Figure 4 and Figure 5.

Gyro-Inclino Analysis - x
Ble Edit Window el
2 awl x (] & L
Input Folder
[deg) Deviation from Constant Rotation (degrees) North=reference Gwo GY-ENCODE1L
1.000000 AcP
0.800000 - o] Date & Time
0.600000 - Rt 2020/11/19
= 14:01:19
0.400000 ~ ACP{E
0.200000 - Devices
e S s paene RVR RER794-028
o. ‘ Gyro 57/01/x4023/90
-0.200000 -
AR S Revohution
O 00000 BEAR{ETIME =
0.600000 - fREAE 4 - —
-0.800000 -, ! . . . . . . s . . s . . . . , Pedl Compensation
[l;z{--;zf; +0,D 250 $0.0 75.0 100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 300.0 325.0 350.0 375.0 R
o1p ) e = - = 0.00 i%
e e C— 0= romn 1] [# | (ceo)
N-1ace [
[deg) Gyro Deviation - Inclinometer Deviation Gyro Far Field Morvtor
0.250 cno
Azmuth | 0.00 3 [deg]
0.200-
0.150- Gyro Info
0.100- § cal | 9.818 | [mvidecls] @
, e Puriod | 3.972 | @)
0.000 : > >
. Indino Info
-0.050- -~ Cal  0.151 [Videg] @
0100~ : maxdev | 0.1165 | [deg]
0.150- ACP Statistics
-0.200- Deg] ACPR | 16384 ®
-25.0 0.0 250 50.0 750 100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 300.0 325.0 350.0 375.0 Max | 310.75 [
E v R+ Mn | 187.25 0F)
(Cursor [-3.53348 [0.0003364
s 8 EEE S| [ R

Gyro-ACP | Gyro-Indino | S | 29.27

Fingé 4 the maximum value of ACP deviation is0.7557° (Before maintenance)
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Figure 5 the maximum value of ACP deviation is 0.1347°(After maintenance)

2.7 After the maintenance was completed, a 7-day monitoring for signal quality of the SSR
was shown that the signal is stable and usable after maintenance of the SSR. So far, after more than
half a year, the SSR is operating normally.



SURICG/6 -IP/18 -4-
Agenda Item 7
24-27/08/21

3. CONCLUSIONS AND RECOMMENDATIONS

3.1 The result shows that the main cause of target deviation for this SSR is as follows: Some
nuts of the double diaphragm coupling had fallen off, what caused the radial swing of the coupling.
During the operation of the antenna with load, the radial swing of the coupling caused the irregular
radial deviation of the principal axis. As a result, the speed ratio of the double diaphragm coupling,
encoder synchronization gear and main bearing inside the antenna pedestal was non-uniform, what
resulted in excessive ACP deviation of the SSR and the fault of target deviation.

3.2 The recommendations are as follows:

a) Improving the regular monitoring methods of azimuth data for SSR: It is
recommended to pay attention to, and regularly monitor the changes of indicators which are related
with detection azimuth of SSR in daily maintenance and inspection. For example, Figure 1. If
conditions permit, it is recommended to carry out the gyroscope test of RASS regularly, and the
recommended test cycle is once a year.

b) Experience sharing for fault diagnosis about target deviation of SSR: It is
recommended to focus on indoor cabinet, the OBA table, rotary joints, antenna feeder system,
connecting cables and the mechanical transmission system inside antenna pedestal, which are related
to azimuth detection. The change of test transponder’s azimuth data is an important reference for fault
diagnosis about target deviation of SSR. It is suggested to consider the possible faults of rotary hinge,
feeder and antenna feeder system Discontinuous change: it is recommended to consider the fault
possibilities of rotary joints, antenna feeder system, connecting cables. Continuous change: it is
recommended to consider the fault possibilities of the mechanical components inside the antenna
pedestal.

c) Improving the overhaul of SSR: For every 6 to 8 years, it is recommended to
replace motor, reduction gearbox, and the mechanical transmission system inside antenna pedestal,
such as main bearing, double diaphragm coupling of the principal axis, and encoder synchronization
gear, etc. Ensuring the reliability of azimuth data through the overhaul of SSR.

d) Enhancing the capabilities of data analysis and remote collaborative diagnosis:
It is recommended that the ATM automation system shall have the function of comparing the multi
radar raw-data .
4. ACTION BY THE MEETING
4.1 The meeting is invited to:

a) note the information contained in this paper; and

b) discuss any relevant matter as appropriate.



