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Design and verification of dual frequency telemetry antenna for
parameter testing of gas turbine rotating parts

Lai Xiaohuang Xiao Lijun Huang Zhengwei

(Sichuan Gas Turbine Establishment, Aero Engine Corporation of China, Mianyang 621010, China)

Abstract: In response to the demand for high-bandwidth short-range signal transmission of multi-physical parameters
in turbomachinery under conditions of high rotational speed, significant axial movement, and spatial constraints, this
paper proposes a design approach using a 900 MHz/2.4 GHz dual-band circumferentially distributed transmitting
antenna array and a ring-shaped receiving antenna. Independent and coupled solution models for the receiving antenna
and transmitting antenna array were established. A transmission reliability evaluation method for rotational and
varying-distance conditions was proposed. By analyzing the impact of microstrip line width and dielectric constant on
antenna performance, the method thereby confines frequency deviations within the operational band. Simulation and
experimental results show strong agreement: The 900 MHz transmitting antenna achieves an impedance bandwidth of
10 MHz, the 2.4 GHz antenna provides an impedance bandwidth of not less than 90 MHz, and the receiving antenna’s
impedance bandwidth fully covers the frequency range from 900 MHz to 2. 4 GHz. When the relative rotational speed
does not exceed 11 000 rpm and the spacing remains within 7 == 4 mm, stable and reliable transmission of
turbomachinery parameters can be achieved.
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Fig. 1 Block diagram of telemetry antenna application
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Telemetry receiving antenna

Fig. 2
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Fig. 3 The relationship between the return loss of the receiving

antenna (@900 MHz) and the width of the microstrip line

0 -
2F ./'
4L
6F
m i \
Qz:-IO i
%)
12 F u
_14 +
-16 F
18 s /=245 GHz
_20 1 1 1 1 1 1 1 ]
1.5 2.0 2.5 3.0 3.5 4.0 4.5
W/mm
Bl 4 Bl R 2 B BFE (@2, 45 GHz) Bt 28
T B AR A 5E R

Fig. 4

antenna (@2. 45 GHz) and the width of the microstrip line

The relationship between the echo loss of the receiving
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Fig.5 The relationship between the echo loss of the receiving

antenna (@900 MHz) and the dielectric constant of the PCB material
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Fig. 6 The relationship between the echo loss of the receiving

antenna (@2. 45 GHz) and the dielectric constant of the PCB material
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Table 1 Geometric feature parameters of the
receiving antenna
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Fig. 7 The relationship between the electric field intensity

of the receiving antenna and the phase change
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Fig. 8 The return loss of the receiving antenna
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Fig. 9 Arc-shaped microstrip antenna
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Fig. 10 The relationship between the center frequency and
impedance bandwidth of the transmitting antenna (@900 MHz)

and the width of the microstrip line
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Fig. 11  The relationship between the center frequency and
impedance bandwidth of the transmitting antenna (@2. 45 Hz)

and the width of the microstrip line
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Fig. 12 The relationship between the center frequency and

bandwidth of the transmitting antenna (@900 MHz) and the

variation of the dielectric constant of the medium
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bandwidth of the transmitting antenna (@2. 45 GHz) and the

variation of the dielectric constant of the medium
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Table 2 Geometric feature parameters of the

transmitting antenna
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Fig. 14  The relationship between the electric field intensity of the

transmitting antenna and the phase change
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Fig. 17  Coupling model of telemetry transmitting/receiving antennas
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Fig. 20 The variation relationship of the transmission coefficient of

the transmitting/receiving antenna (@900 MHz) with distance
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Fig. 21 The variation relationship of the transmission coefficient of

the transmitting/receiving antenna (@2. 4 GHz) with distance
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Fig. 22 Telemetry transmitting/receiving antenna prototype
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Fig. 23 Test method for return loss of transmitting/ receiving antennas
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Table 3 Comparison results of simulated and measured

values of center frequency of transmitting antenna
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Table 4 Comparison results of simulated and measured
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MHz
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M AT BB O A o (H 48 A4S TR 5 28 X ) P A 1% i 2R 5007
KF—60 dB. LM, F G5 A8 5ot 17 38 10 46 5% s 0L o8 4% B
ABBE 22 10 X JA] , BASAE 0°~360° F A4 5E 1l & #4715 5 1%
A 4 TR N B

JEF B 28,29 g Hiy 7 BRI X R A A R aE— 25
WA T 1% S 22 B0 S 1) B B I AR ML G R L &5 R R 30,31
i,

s, /dB

-60

4gdp |~ 7mm .
700 800 900 1 000 1100
fIMHz
B 30 &S/ KL (@900 MHz) 52 14 i 2 %
i 1 B A AR kO &

Fig. 30 Measured transmission coefficient of the transmitting/

receiving antenna (@900 MHz) as a function of distance

F &L 3031 AT 7 H AR B [l A L el R 2k 5 2 A
KER pl A I, A% i 2% K50 W R 8 1 185 R T 0 /)N | A% i 2R 4
T 22 1017 10 I 5 I 04 4 A 1 R A T RS . S R R
p3 MR T A M G AR L B T W 2 L
SO A2 i 2 K800 22 00 i L P 8 09 O 2 B S 1 g AR 1)
R R 1) AR AR5 16 i 2% 119 Al B0 A Al ke 3. A kL 7 |
WA TOUT AL 5 R BT — 60 dB. IE WA 5L
FE 3~11 mm F %l 1) 8 30 B Y R & e TR (R S 1%
B RE T L 6 R TR R

o 40

S, /dB

il
-59 dB}

70 - f
2.2 213 2.4 2.5 216
JIGHz
B 31 RHH/ R L (@2, 4 GH2) 52 L 4 R %%
i B A AR AR G R
Fig. 31 Measured transmission coefficient of the transmitting/

receiving antenna (@2. 4 GHz) as a function of distance
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