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Abstract

In this study, we developed a new systematic approach to assess the influence of
geometric parameter change on the horizontal and vertical stability indices. To do this,
three phases of sensitivity analyses were carried out. First, typical geometric parameters
were defined and their effects on hydrodynamic coefficients were assessed by the
Sensitivity Analysis (SA) of the indirect method. Second, the effects of hydrodynamic
coefficients on the stability indices were calculated. Finally, the sensitivities of geometric
parameters on the stability indices were obtained by merging the outputs of two phases
using chain rule. The developed approach can contribute to a submarine designer to
determine geometric parameters satisfying pre—requirements about stability systematically.
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Table 1 Principal dimensions of object submarine

Item Symbol Value
Length L 61.0m
Breadth B 7.3m
Height H 8.3m

Displacement A 2153 tons
Longitudinal C.G. X 40m

Table 2 Geometrical parameters of stern
stabilizer

ltem Symbol Value
Span b 4.75m
Root chord e 4.00 m
Tip chord s 2.75m
x of leading edge X% -23.8m

Table 3 Geometrical parameters of upper rudder
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Table 4 Nominal hydrodynamic coefficients

ltem Symbol Value Coeff. Value Coeff. Value
Span b 4.60m Z, | -3.7064E-2 | 7Y, -8.4643E-2
Root chord e 4.00m Z, |-594326-3] 7, 1.3450E-3
Tip chord ¢ 2.50 m M, 1.2014E-2 N, -2.1708E-2
x of leading edge e -23.8m M, ~-B.7756E-3 N, ~-4.7766E~-3
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Table 5 Sensitivities of vertical hydrodynamic
coefficients due to geometrical parameters
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Table 6 Sensitivities of horizontal hydrodynamic
coefficients due to geometrical parameters

Param. Y, Y, N, N,
H -0.073 | —0.290 | -0.134 | -0.012
b -1.041 | -8.301 | -0.603 | -0.316
c? | -0.067 | -0.539 | -0.143 | -0.062
c? | -0.059 | -0.476 { -0.127 | -0.054

x 0.000 | -7.052 | -0.461 | —0.691

b -0.025 | 7.558 0.025 | -0.838

¢ -0.015 | 1.814 | 0.016 | -0.191

¢ -0.004 | 0.483 | 0.002 | -0.045

x* -0.177 |} -0.117 | 0.258 1.746

Param. Z, Z, M, M,
B 0.014 | —0.040 | -0.154 | 0.010
b -0.297 | 0.674 | 1.024 | -0.694
c -0.201 | 0.455 | 0.054 | 0.019
X' 0.000 | 0.515 | 0.391 | -0.728
b* -1.209 | —2.199 | -1.461 | -0.742
e -0.239 | -1.008 | -0.266 | -0.334
o -0.098 | -0.368 | -0.100 | -0.114
X 0.298 | 5.095 | 0.737 | 2.406
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