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Fig. 1 Orca XLUUV
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Fig.2 Comparison of TS calculation methods for rigid spherical
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Fig. 5 TS comparison chart and angular detection probability chart in the azimuthal direction

(1 2206 43 51 }9-0.73, 3.63, 5.17 dB.

& [ prik, #1%8 F Benchmark B A4, Orca 51 #Y
TE TE R 5 ) 9 E bR o B T AR AR AR A A 22 1
Mrah e, Orca 152 BYAE J] ] J7 1n] | EA 0 4 (1) 3 B
PERE, H M0 BE T 76 28 ) Jy 1) bt B B A Y

Orca
90° Benchmark
120° 60°
150° 30°
180° °

0
10 20 30 40 50
TS/dB

0

P(E)/%

(a) 1 kHz

ErrERE, JF LA R T m, HAR S S ] &, 24
2%k 10 kHz B, Orca #5578 75 J& [i] 1 ER [1] J 1)
Y £ RS 2R (Y b o ARSI A ) AT
8.12 dB(J&[5] 50%), 5.17 dB(¥F[i] 75%) .

100

Orca
Benchmark

80 20.06

19.33
60
20.33 22.84
40
20
0
18 20 22 24
E/dB



TR S5 - PR M i R T A\ T A R R B R T 5

100
Orca
Benchmark
Orca 80 26.36
90° Benchmark 2273
120 60° .60
% 26.52
150° 30° T 40 25.87
20
180° 0°
0 10 20 30 40 50 0
T5/dB 20 25 30 35 40
E/dB
(b) 5 kHz
100
Orca
Benchmark
Orca 80 29.32
90° Benchmark 24.15
120 60 . 60
% 29.37
1500 300 b-: 40 27.45
20
180° 0° g
0 10 20 30 40 50 0
75/dB 20 25 30 35 40 45
E/dB
(¢) 10 kHz
6 FRIAIAA E AR E X b R G 0 2% P
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Fig. 7 TS comparison chart and angular detection probability chart of the simplified model in the azimuthal direction
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Fig. 8 TS comparison chart and angular detection probability chart of the simplified model in the circumferential direction
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Research on target strength characteristics of the Orca
extra-large unmanned underwater vehicle

HAO Ya', CHENG Xuan', LI Yukun’, ZHANG Fanchen’, FAN Jun', GONG Zhixiong"
1 School of Ocean and Civil Engineering, State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong
University, Shanghai 200240, China
2 Wuhan Second Ship Design and Research Institute, Wuhan 430205, China

Abstract: [ Objectives ] To investigate the acoustic target strength (TS) characteristics of extra-large un-
manned underwater vehicles (XLUUVs), a systematic analysis is conducted on the TS characteristics of the
“Orca” XLUUYV in the 1k-10kHz frequency band. [ Methods ] Based on the Orca model, the finite element
method is employed to calculate the TS of the Orca model in the 1k-3kHz frequency band, while the planar el-
ement method is used for the 3k-10kHz band. The results are compared with those of the Benchmark model.
The angular detection probability is proposed as a more comprehensive indicator for evaluating the stealth per-
formance of unmanned underwater vehicles (UUVs). Additionally, a scaled model experiment is conducted in
a water tank, and a correction method is proposed for the experimental TS measurements. [ Results ] The TS
characteristics of the Orca model are studied at first. Compared with the Benchmark model, the Orca model
exhibits better stealth performance in the azimuthal direction, with additional advantages in the circumferen-
tial direction at higher frequencies, which becomes more pronounced as frequency increases. For cases where
the distance between the hydrophone and transducer fails to satisfy the far-field condition, the experimental
target strength measurements are corrected, resulting in improved agreement with simulation values. This vali-
dates the accuracy of the numerical simulation results. [ Conclusions ] The research findings provide a theo-
retical basis for optimizing underwater detection systems and the stealth design of UUVs.

Key words: extra-large unmanned underwater vehicle (XLUUV); target strength; finite element method;
planar element method; water tank measurement correction



