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this paper, free running model tests under surface condition were conducted on the BB2 submarine to estimate its

maneuverapility performance, The model ship used for the tests was constructed with a modular internal frame design. The

nternal frame modules can be rearranged and assembled as needed, allowing for adjustments in the model ship’ s weight

distribution, The center of gravity and buoyancy of the model ship were calculated using 3D design tool to include the effects of

water entry. The free running tests comprised turning, zigzag, and spiral tests, The results of each test showed that the BB2' s

hull possesses excellent maneuvering performance,
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Fig. 1 Equipment installation design for free running model tests
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Table 1 Summary of design specifications

Design conditions Details (model scale)
Maximum operating speed 3 knots
Maximum operating depth 30 m
Maximum operating time 6 hrs

Maximum rudder angular rate 21 deg/s
Maximum rudder angle 40 deg
Maximum thrust 15kgf
Maximum propeller rps 15 rps

DO = -0.46m

Fig. 2 Coordinate system and definition of motion (Kwon et al.,

Vb

2022)
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Table 2 Principal dimensions of BB2 (surface condition)

Table 4 Design criteria for surface condition (model scale)

Quantity | Unt | sShip [ Mode aBIm | zz | Doml | & [
Hu”Scale — " 1775 Design 0.0028 | 0.35B | 0.25L | —0.46 | 27.54
LOA m 70.200 4.680 Measure | 0.0037 | 0.35B | 0.25L | -0.46 | 14.58
B m 9.600 0.640 3D model | 0.0025 | 0.35B | 0.24L | —0.46 | -
D) m 10.600 0.707
D sail m 16.200 1.080
DO m -6.900 -0.460
Displacement m® 4026.4 1.193
Propeller
Diameter m 5.000 0.333

Pitch ratio (0.7R) - 0.966
AE/AQ - 0.74

Number of blade - 6
Location from nose 68.27 4.551

Table 3 Maneuver test scenarios for surface condition

Manoeuvres Speed (kts) Rudder angles (%)
Tun 12 + 35, 20, 10
+ 35
Zig—zag 12, 8 + 20/20, 10/10
Spiral 12 + 35, 20, 10, 5
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Fig. 3 BB2 model for sufrace condition

3. All together
(with inner water)

Fig. 4 Assembly sequence for model ship
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Table 5 Turning indices at 12 knot
PORT STBD MEAN
Turning angle (deg) 35 20 10 35 20 10 35 20 10
Advance (L) 3.18 4.0 6.15 | 3.16 | 428 | 620 | 317 | 414 | 6.17
Time to reach Ad (s) 1432 | 17.96 | 27.76 | 14.24 | 17.64 | 26.76 | 14.28 | 17.80 | 27.26
Tactical diameter (L) -414 | 579 | =972 | 412 | 569 | 984 | 413 | 574 | 9.78
Time to reach TD (s) 2764 | 3424 | 5172 | 2772 | 3332 | 49.32 | 27.68 | 33.78 | 50.52
Maximum yaw rate (deg/s) -8.66 | —6.27 | —4.04 8.90 6.78 413 8.78 6.53 4.08
Final yaw rate (deg/s) —-6.61 | -5.36 | =361 | 648 | 557 | 392 | 655 | 546 | 3.77
Maximum roll angle (deg) 1197 | 956 | 476 | -19.71 | -17.65 | -14.25 | 1584 | 13.60 | 9.50
Final roll angle (deg) 207 | 302 | 219 | -866 | -10.59 | -12.77 | 537 | 6.80 | 7.48
Final speed (Uf/Ui) 067 | 080 | 088 | 064 | 083 | 09 | 065 | 081 0.92
_ 25 Table 6 35° Turning indices at 8 knot
g’ 20 et ® PORT | STBD | MEAN
T e ‘ Advance (L) 294 | 282 | 288
g 15 g Time to reach Ad (s) 19.36 | 19.44 | 19.40
g 1o - Tactical diameter (L) -4.06 3.95 4.01
%’ ¥ = -0.0025% + 0.15x Time to reach TD (s) 38.16 | 38.88 | 3852
g0 . F1=099 Maximum yaw rate (deg/s) | -5.78 | 578 | 5.78
€ 00 & Final yaw rate (deg/s) -461 | 465 | 463
0.0 5.0 100 150 200 250 300 Maximum roll angle (deg) 2.52 —6.12 4.32
Roll angle [deg] Final roll angle (deg) 0.47 | -415 | 2.31
Fig. 5 Stability curve of BB2 model ship under surface condition Final speed (Uf/U) 0.70 066 0.68
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Table 7 Zigzag indices at 12 knot

PORT STBD MEAN
Zigzag angle (deg) 10/10 20/20 10/10 20/20 10/10 20/20
First OA (deg) 6.63 12.79 6.42 12.74 6.52 12.77
Time to reach first OA (s) 8.52 9.40 8.48 9.40 8.50 9.40
Second OA (deg) 6.74 14.97 7.34 12.31 7.04 13.64
Time to reach second OA (s) 20.92 24.64 20.64 24.04 20.78 24.34
Table 8 Zigzag indices at 8 knot
PORT STBD MEAN
Zigzag angle (deg) 10/10 20/20 10/10 20/20 10/10 20/20
First OA (deg) 3.84 8.32 4,58 9.37 4.21 8.85
Time to reach first OA (s) 10.60 11.76 10.40 11.36 10.50 11.56
Second OA (deg) 477 9.72 4.55 9.25 4.66 9.48
Time to reach second OA (s) 26.32 30.12 27.88 30.64 27.10 30.38
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