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Investigations on Sail Force by Full Scale Measurement
and Numerical Calculation
(Part 1: Steady Sailing Performance)

by Yutaka Masuyama, Member Toichi Fukasawa, Member
Takao Kitazaki

Summary

Sail forces were measured in a full-scale sailing boat with the use of a sail force dynamometer. This
apparatus consisted of an aluminum frame fixed to the hull by way of several load cells. The sailing
boat was modified so that the dynamometer framge could be installed inside the hull. The mast, stays,
winches, and other sailing rig were fixed on the frame so as to transmit all the forces acting on sail to
the frame. By transforming the measured forces, the lift force, drag force, thrust, side force, or the
center of effort of the sail force could be obtained. The sailing conditions of the boat, such as the boat
speed, heel angle, wind speed, wind angle, and so on, were also measured.

Sail shapes of the boat in the up-wind condition were also measured with the use of CCD cameras
installed in the boat. The sail shape images taken by the cameras were transformed to bit-map files,
and then processed by an SSA-2D, a sail shape analyzing software. With the use of this software, sail
shape parameters were obtained. The relationship between the measured sail forces and the sail shape
parameters is discussed in this paper. Moreover, the measured sail shapes were used as the input data
for the numerical calculations.

Numerical calculations were performed to estimate the sail forces of the boat. In the calculations,
two sails, 2 mainsail and a jib, were modeled in the form of a vortex lattice. The vortex lattice method
was adopted as the numerical calculation method. Step by step calculations were conducted up to
attaining the steady state of the sail in steady wind. Calculated sail forces were compared with the
measur_ed forces, and the validity of the numerical method was studied.
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Table 1 Principal dimensions of “Fujin”

HULL
LOA [m] -10.35
LWL [m] 8.80
BMAX [m] 3.37
BWL {m] 2.64
Disp [ton] 3.86

SAIL
I [m] 11.00
d [m] 3.61
P [m] 12.55
E [m] 4.51
Area (Main) [m?] 33.10
Area (Jib) [m2] 26.23
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Fig.1 Sail plan for IMS and deck arrangement of
“Fujin”
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Fig.2 Inboard arrangement and dynamometer frame
construction

No2

Fig.3 Schematic representation of frame and rigging
showing the six measured forces
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(a) Looking toward measurement system console
from port side aft

(b) Looking toward mast and dynamometer frame
from bow

Fig.4 Photographs of measurement system and
dynamometer frame
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Fig.5 Arrangement of measurement instruments

(v) F1477v>y v VEGPS (MX91128 X 8
MX 9212, Magnavox) . BED#HR

DCS BANT—#% % 10Hz TEL, FOF EN—FF
1 RAZICEERT B L b, EEOREMB CHyEER
DINEFTHIENTED, BEEHETIZITA Ny
TRBOMFF 5T D0z, MEIRERELR [
T2y b KHAEWDFFeonTnws, NT2z=y Mk
=7 —=tizoTED, BEIE—-LVLTHLHEERED
ZEBTES £y y b EORAIBEEGTORE S,
=V OHEAERNRRL BAZAREESD C GCE) —
L Tw3, BENEDSE, BEAEERLY IOME
TDE—NVDT 7T IF vy 2BEIFEACERTES
ZEBbhroTns, -T2y b CTHIELEAM
BEIZ, E—VOEERE —VOEERZIT T GCE
BXDEERLTVELDEWVWZ S, AENEDOT—5 %
BEULT B2 bz - Tid Z OEEM (FEXEE) 2w,
nB EROBRMEEEETHEO—Y v 73y NHAOEE
THBM, Ho5HrUHARERET> TREREZKD T
%,

2.4 BERFMJvIR

—VFAFERA=FIRDIFSsN/Tza—F2rED
L~ D6 EOHABESNE, ThEREBE#H A
OHX, YV, Zr®e—XAY MK M,NIZHBETL2D, X
D& > RBERNSBEE D, '

NI | -El ectronic Library Service
1 |



The Society of Naval Architects of Japan

Yo VIS 5 EMER L REHE (B 1) 5
Mast top Bow unit
Vertical gyroscope Accelerometer . Anemometer Anemometer D.G.P.S
o .0 No.1~5 ya,Ua yA,Ua Latitude/Longitude

] Potentio meter

Sail dynamometer 5
Load cell Speedometer
li~ls Vs
Compass
Y
A/D transfer board 1 | | A/D transfer board 2 | [ockam cru 1| [ockam cru 2
|

Personal computer 1

Personal computer 2

Fig. 6

[an a2 ais auw ais aws|{h)
a2 Az Az Au Qs x|l
ast as» ds3 A3 A as||ls |
Az A3 Qus Qa5 Qs || s

asit QAs2 Ass Qss Qss Qse || ls

2R AN X
8

Lde1 Qe2 ae3 Aes (As5 Aesl ZGJ
(VRO [a] PBRE~ Y v 27X ThH 2885, 2hERD 3
TeOBEFREER L 72, [ 2B LCAFREEL,
HEMMERAOTEC L > TER R M T, EEIES4
TEXA-F RO —F eV TEENEL, 2kN 2T
L 7z, Fig. 7 K BRBER OB 2R T, ZOBTRR< X +
D#%TF3.25m OAIEH» S y FACHERHITHBY, =
DEDYHEKNE—AY P EZRENT 3 L~ D
HADBERERL TS, 20L& RHERRY ) EED
WY —=YEZDBTITY, BNEREICLIVKEY Y v 2
A&ERDTz, -

25 FAFEA-STL—LEREE
FAFTEXA=F TV —L LN HFonTwa~<
AMREDBER LSO LERIN660kef LY, #
EOM)ABEE—LAIR L > TEERSVAEHEICS
NTL %, COEEBRFOBIEMERD 37201k FTE
MR BT 70, BERR L ARICRIATCREL, t
—WVATE20°, M AATECOEETHER S VT, 2h
COAFELLDBEO—FELOHARHEL:, 2D
BRIV —FEVOERBEER2RD LS 2ELE,

Ali=kiu0+kod+ ks8¢ + k042, (i=1~5)

Als=ks10+ksz(9¢+k6302+k54¢2 (2)
WEFABRFIZIZ T, N—F ALY v A uTHESN]
— VAL N AAEAOT(2)RIVEREEERERD

Block diagram of Data Collection System (DCS)
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Fig.7 An example of calibration test result (Forces
are applied to the y direction 3.25 m aft from the
mast.)
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Fig.8 Definition of sail shape parameters
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Fig.9 An example of a processed image of a mainsail
using SSA-2D
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Fig.10 An example of sail panels for calculation

generated from measured sail shape parame-
ters
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(a)time step=10 (b) time step=20

(c) time step=60 (steady state)

Fig. 11 Calculated stream lines by the vortex lattice
method using a step-by-step procedure
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