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Abstract

In this study, the relationship between the variables and the residual resistance of the vessel per
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unit weight is quantified by linear model using the sailing data from the Laboratory of Ship Fluid
Mechanics in Delft, and based on the data, an optimization scheme of sailing design is proposed.
First of all, this paper explores the correlation between variables in the sailing data set, and finds
that there is a strong log-linear relationship between the residual resistance per unit weight of
sailing boat and each variable. When the logarithm of the residual resistance per unit weight of a
sailing boat is taken as base 2, it is found that there is a certain linear relationship between the re-
sidual resistance per unit weight after logarithm and various variables, but the linear relationship
between the residual resistance per unit weight and various controllable factors is not significant.
Secondly, this paper explores the interaction between the controllable factors and Froude number
on the residual resistance of the vessel per unit weight. After the interaction was introduced, a
strong collinearity was generated between the variables. Therefore, ridge regression and Lasso
were used to fit the data respectively, and it was found that Lasso showed a better effect on the
data. The fitting regression mean square of logarithmic data is 0.220, and that of original data is
4.64. In the results, the regression residuals of logarithmic data can be evenly distributed in a cer-
tain range. Finally, according to the obtained log-linear model, under the condition of constant
Froude number, the ratio of beam width to draft of each index has the greatest influence on the re-
sidual resistance of the vessel per unit weight, followed by the ratio of captain displacement, and
finally the ordinate of center of buoyancy. Therefore, in the actual production, designers should
pay more attention to the skipper displacement ratio.
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Table 1. Variable names in Chinese and English

# 1. TEFMPETITER

A AAIR(IE) BEAFRH)
Longitudinal position of the center of buoyancy FOAKT o

Prismatic coefficient B0

Length-displacement ratio RIS /=N

Beam-draught ratio BNz K i 4 bl
Length-beam ratio KT
Froude number IRITEEL s,

Residuary resistance per unit weight of displacement A KT AR EE T 6

(1) EOYPARFRIRFR ORI AL E ", R O AE BN LR AL E, PHE M AT . (2) 2
TR A5 5T AR P AT B — 2K Z T B AT 0 28 A A AR 55 0 7 K e . o ) T o R 4 SR R P s R AR R A
AR L. ST RBE PRI AR L. Fon THOREIRIR A0 AT, B3R T M E R ARR T
PRI RESE o XA AR PRIENE SE MR, S RO 1 1% 3 T 255 AT M. (3) HE/KE R F M 62 )5 HETT K
7y, WM E G KT B EF IR A T A AKX HOKEGED) = MASMER + W
BT ER (T ZNES = #1). (4) WZKERIR/KL 5 MR i (6 ) B B, BK R 2 A e
WMTEGHEERE. (5) BITERL 508 Fro KRIBENSE 2L, &R KSR, SiK—
AR IE (6) FARBE AR T MR R 2 BTk 25 BE R BEL T

fEAR A, #5%E Residuary resistance per unit weight of displacement Jy[X 4% &, ¥ % Longitudinal
position of the center of buoyancy, Prismatic coefficient, Length-displacement ratio, Beam-draught ra-
tio, Length-beam ratio, Froude number A HAF &, @@ 7 AIHHACRFARE AT E S KL EL
() ) 5% &R o
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Table 2. Correlation coefficient matrix of variables in the original data set

2. REESETREEMXREIER

V1 V2 V3 V4 Vs Ve Vi
1 1.00 —-0.01 0.00 0.00 0.00 0.00 0.02
2 —-0.01 1.00 —0.03 0.35 —-0.08 0.00 —-0.03
V3 0.00 —0.03 1.00 0.38 0.68 0.00 0.00
V4 0.00 0.35 0.38 1.00 —-0.38 0.00 —-0.01
Vs 0.00 —0.08 0.68 —-0.38 1.00 0.00 0.00
Ve 0.00 0.00 0.00 0.00 0.00 1.00 0.81
Vi 0.02 —-0.03 0.00 —-0.01 —0.00 0.81 1.00

IRAEZ G AT LG, B 9057 A AN W g, P SR HEK B R0 R B/ 2 LR S E TR 3,
Horp G A Lt 2O 1%y S LA B 55 (RO B AR R, DAy BB HOK 3R AR B o R AR B S
FRIRBI AL, ARy, WA ¥ T RN EE TR AR E SRR R
Btk AR

80

Figure 1. Froude number and residual resistance per unit weight
drainage line chart
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Figure 2. Line diagram of Froude number and residual resistance
per unit weight of drainage after logarithm
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Table 3. Take the correlation coefficient between logarithmic unit weight residual resistance and each variable
=3 BB NEERAENSETENEXRY

V1 V2 V3 V4 Vs 1) V8

V8 0.02 —0.01 0.01 0.03 —0.01 0.98 1.00
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Table 4. Correlation coefficient matrix of each variable

4. BEEWXRKIER

V1 V2 V3 Va Vs Ve Vi 143 Vo
V1 1.00 —-0.01 0.00 0.00 0.00 0.00 0.02 0.02 0.84
V2 —-0.01 1.00 —-0.03 0.35 —0.08 0.00 —-0.03 —-0.01 —-0.01
V3 0.00 —-0.03 1.00 0.38 0.68 0.00 0.00 0.01 0.00
Va 0.00 0.35 0.38 1.00 —-0.38 0.00 —0.01 0.03 0.00
Vs 0.00 —0.08 0.68 —0.38 1.00 0.00 0.00 —-0.01 0.00
) 0.00 0.00 0.00 0.00 0.00 1.00 0.81 0.98 —0.46
2 0.02 —-0.03 0.00 —0.01 0.00 0.81 1.00 0.79 —-0.35
14 0.02 —0.01 0.01 0.03 —0.01 0.98 0.79 1.00 —-0.44
12 0.84 —-0.01 0.00 0.00 0.00 —0.46 -0.35 —-0.44 1.00
V10 0.00 0.12 0.00 0.04 —0.01 0.99 0.80 0.98 —0.46
V11 0.00 0.00 0.15 0.06 0.10 0.99 0.80 0.97 —0.45
V12 0.00 0.13 0.14 0.37 —0.14 0.92 0.74 0.91 —0.42
V13 0.00 —-0.02 0.15 —0.08 0.22 0.97 0.79 0.96 —0.45
V10 V1l V12 V13

V1 0.00 0.00 0.00 0.00

V2 0.12 0.00 0.13 —-0.02

V3 0.00 0.15 0.14 0.15

V4 0.04 0.06 0.37 —-0.08
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Continued

Vs —-0.01 0.10 —-0.14 0.22
76 0.99 0.99 0.92 0.97
Vi 0.80 0.80 0.74 0.79
123 0.98 0.97 0.91 0.96
V9 —0.46 —0.45 -0.42 —0.45
V10 1.00 0.98 0.93 0.96
V11 0.98 1.00 0.93 0.99
V12 0.93 0.93 1.00 0.86
V13 0.96 0.99 0.86 1.00

o1 R AHIC R BGERE AT 45, ARSI NS5, i o 27 T K B o 2B R /K AR 380 v BEL ) 55 O B
i B EHK R AR 2 BA B mRLE R R oh, ER RS, MRKHVKER ., RIEKEL. i
KA L 5 90 57 PR R 22 AR 5 BON B0 9 5 AL 5 HEK R R B D 2 e A A W B 2k &R (H
PEREI A2, BB BIUNGIN, SRR 7 W2 0 2 Ak, SRR SE 2 on ek | R
LT RN G R EEH S, T2 AL TR A TE LA B (B IR AR IS (519 e Lasso A1 A1/
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Figure 3. Ridge regression regression mean square and logarithmic penalty parame-
ter relationship
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Table 5. Ridge regression parameter estimation results

F 5. IREIASHMAITER

(Intercept) V6 V9 V10 48} V12 V13
=5.778 7.519 0.009 10.229 0.973 0.745 1.386
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Figure 4. Lasso regression mean square and logarithmic penalty parameter re-
lationship
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Table 6. Lasso parameter estimation results
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(Intercept) V6 79 710 V11 V12 713

—5.969 24.454 0.058 . 0.161 0.227
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Figure 5. Ridge regression linear model fits residual graph
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Figure 6. Ridge regression log-linear model fits residual graph
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