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A Study on Shape Measuring Technique of a Yacht Sail
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Abstract

In this study, we introduced image processing technic to measure shape variations of general bodies and applied it to the flexible yacht
sail, Shape measurements of simple bodies sails were carried out and results showed that technic can be a reliable method to measure
shape variations of the flexible yacht sail. The sail shape variation of 30ft sloop type yacht sail is measured on different sailing
conditions, As velocity and direction of wind are increased, trailing edges in the upper part of the sail become more open than the
lower part of the sail which are not changed, So it is confirmed that the shape measurement of a sail shape depending on a sailing

condition is possible to use image processing scheme,
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Table 1 Check the measurement error for cube

Element Design(mm) Measured(mm) Error(%)
A 130 130 0
B 130 130.24 0.18
C 130 130.04 0.03
D 130 130.46 0.35
E 90 89.99 0.01
F 0 89.97 0.03
G 0 89.96 0.04
H 90 90.03 0.03
| 70 69.8 0.29
J 70 70.39 0.56
K 70 69.96 0.06
L 70 70.13 0.19
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C /F
u~ N Fig. 6 Cylinder model and form component of that
B J Table 2 Check the measurement error for cylinder
N Element Design(mm) Measured(mm) Error(%)
E A 100 99.05 0.95
Fig. 4 Cube model and edge component of that B 140 138.38 1.16
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Table 3 Check the measurement error for curvature

Element Design(mm) Measured(mm) Error(%)

A 219.8 218.84 0.44
B 219.8 217.71 0.95
C 200 199.05 0.47
D 200 200.43 0.22
E 60 60 0

F 60 59.64 0.6
G 60 60.02 0.03
H 60 59.31 1.15
| 50 49.87 0.26
J 50 49.9 0.2
K 50 49.85 0.3
L 50 50.46 0.92
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Fig. 8 Wooden mold of model sail

Table 4 The dimension of wooden mold of sail

Location(%) Foot | 16 33 51 66

Height(mm) 0 220 | 440 | 680 | 880

Chord length(mm) 440 | 367 | 295 | 223 150

Max. camber(f/c) 8.0 | 94 | 104 | 11.7 | 127

Max. camber position(%)| 51.4 | 52.6 | 52.9 | 53.4 | 54.7
P = 1320mm, E=440mm

Table 5 The result of measurement for wooden mold of sail

Location(%) Foot | 16 33 51 66
Height(mm) 0 220 | 440 | 680 | 880

Chord length(mm) 440 | 367 | 295 | 223 | 150

Max. camber(f/c) 82 | 9.7 | 104 | 119 | 128

Max. camber position(%)| 50.5 | 51.8 | 51.9 | 52.0 | 54.0

= 1320mm, E=440mm
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Fig. 10 Yacht sail measurement(up : main sail, down : jib sail)
Table 6 Sailing conditions about measurement
Case 1 2 3 4
Incident angle (deg.) 43 57 50 63
Incident speed(Knot) 2.7 2.7 7.3 11.3
Heel angle (deg.) 5.4 7.3 8.3 16.2
ship speed (knot) 2.2 2 56 9.6
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Fig. 11 Comparison of cross section at 72% of hight

Table 7 Cross section informations at 72% of high

Case 1 2 3 4
Chord(mm) 1247 | 1243 | 1247 | 1220
Max. camber position(%) | 42.23 | 39.02 | 38.84 | 39.31
Max. camber(f/c) 19.40 | 18.19 | 17.28 | 16.41
Baseline angle(deg.) 2.062 | 3.838 | 6.117 | 7.582

Case 1 (43deg. 2.7Knot)
549 Case 2 (57deg. 2.7Knot)
(50deg. 7.3Knot)
(

63deg. 11.3Knot)

Case 3

Case 4

Fig. 12 Comparison of cross section at 54% of hight

Table 8 Cross section informations at 54% of high

Case 1 2 3 4
Chord(mm) 2072 2081 2096 2117
Max. camber position(%) | 42.39 | 41.75 | 42.83 | 40.52
Max. camber(f/c) 19.61 | 1868 | 17.72 | 17.68
Baseline angle(deg.) 1.718 | 3.099 | 4.508 | 5.952
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Fig. 13 Comparison of cross section at 36% of hight

Table 9 Cross section informations at 36% of high

Case 1 2 3 4

Chord(mm) 2789 | 2772 | 2773 | 2831

Max. camber position(%) | 45.31 | 44.45 | 42.53 | 44.42

Max. camber(f/c) 17.25 | 17.59 | 17.50 | 16.91

Baseline angle(deg.) 0.927 | 1.781 | 2.539 | 3.195

43deg. 2.7Knot)
57deg. 2.7Knot)
50deg. 7.3Knot)
63deg. 11.3Knot)

Case 1
Case 2
Case 3

e e

Case 4

13%

Fig. 14 Comparison of cross section at 13% of hight

Table 10 Cross section informations at 13% of high

Case 1 2 3 4

Chord(mm) 3619 | 3573 | 3563 | 3668

Max. camber position(%) | 49.70 | 49.66 | 48.21 | 48.60

Max. camber(f/c) 12.24 | 12.06 | 12.61 | 12.85
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