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Experimental Analysis of Towing Attitude for I-type and Y-type Tail
Fin of Active Towed SONAR
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Abstract Increasing the detection probability of underwater targets necessitates securing the towing
stability of the active towed SONAR. In this paper, to confirm the effects of tail wing fin on towing
attitude and towing stability, two scale model experiments and one sea trials were conducted and the
results were analyzed. The scale model tests measured the towing behavior of each of the tail fin shapes
according to towing speed in a towing tank. The shape of the tail fin used in the scale model test was
tested with an I-type tail fine and four Y-type tail fins, totaling five tail fins of the two kinds. The first
scale model test confirmed that the Y-type tail fin was superior to the I-type tail fin in towing attitude
and towing stability. The second scale model test confirmed the characteristics of the vertical tail fin
height increase and the lower horizontal tail fin inclination angle application shape based on the Y-type
tail fin. The shape of the application of the lower horizontal tail fin inclination angle showed the best
performance. In order to verify the results of the scale model test, a full size model was constructed, sea
trials were performed, and the towing attitude was measured. The results were similar to those of the

scale model test.
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Table 1. The procedures and purpose of scale model test and sea trials

No. Procedures Purpose Subject
- . . s I type tail fin and
1 1% scale model test Characteristic analysis of upper horizontal-tail fin 7P 0o
Y type tail fin

Characteristic analysis of lower horizontal-tail fin with inclination angle

2 2 seale model test Characteristic analysis of vertical-tail fin with height increase
Combine characteristic analysis of lower horizontal-tail fin with| with inclination angle and
characteristic analysis of vertical-tail fin with height increase

3 Sea trials Real test of the optimal shape of the 2™ scale model test -
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Fig. 1. Summary of scale model test
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Fig. 2. 1/4 Scale model
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Fig. 3. Tail fins of the 1" scale model test
(@) I type tail fin (b) Y type tail fin
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Table 2. Mean and standard deviation of pitch
Froude number
Tail fin type
0.36 0.60 0.83
Mean 2.20° 2.29° 2.47°
I type
Standard deviation 0.18° 0.20° 0.91°
Mean 1.93° 2.48° 2.60°
Y type
Standard deviation 0.09° 0.15° 0.09°
Table 3. Mean and standard deviation of roll
Froude number
Tail fin type
0.36 0.60 0.83
Mean 0.97° 3.64° 8.48°
1 type
Standard deviation 0.06° 0.44° 1.91°
Mean 1.59° 2.24° 2.78°
Y type
Standard deviation 0.07° 0.41° 0.34°

Froude number

(a)

Froude number

(b)
Fig. 4. Results of the pitch by speed according to
upper horizontal-tail
(a) mean (b) standard deviation
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Table 4. Mean and standard deviation of the pitch
according to lower horizontal-and
vertical-tail of Y-Type

. Froude number

Piich 036 | 060 | 083
Normalization of mean | 0.94 1.00 0.95

A type|
Standard deviation 0.10 0.13 0.25
Normalization of mean | 0.03 0.12 0.20

B type
Standard deviation 0.10 0.18 0.19
Normalization of mean | 0.78 0.91 091

C type]
Standard deviation 0.05 0.19 0.26
Normalization of mean | 0.00 0.09 0.17

D type|
Standard deviation 0.02 0.24 0.25

Table 5. Mean and standard deviation of the roll
according to lower horizontal-and
vertical-tail of Y-Type

Roll Froude number

0.36 0.60 0.83
Normalization of mean | 0.19 0.31 0.67

A type
Standard deviation 0.23 0.32 0.33
Normalization of mean | 0.00 0.25 0.21

B type
Standard deviation 0.17 0.28 0.37
Normalization of mean | 0.27 0.70 1.00

C type]
Standard deviation 0.22 0.44 0.18
D Normalization of mean | 0.32 0.58 0.91

t

P Standard deviation 0.22 0.27 0.21
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Table 6. Comparison results of the sea trials and the
scale model test

Froude number
Towing attitude
0.05 0.09 0.12
Mean of the 007° | 027° | 046°
scale model test
Pitch Mean of the 127° | 098 | 060°
sea trials
Standard devia'tion of the seq 3700 | 0.60° | 040°
trials
Mean of the " o o
scale model test 0.10 107 0.95
Roll Mean of the 015° | 093 | 136°
sea trials
Standard devia.tion of the seq 0.35° 0.40° 0.60°
trials
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