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Study of the Japanese Style of Small Fishing Boat, “Wasen” of its Hull Type and
Kinematic Performance Concerned Running Resistance and Stability

Hisaaki TAKAYAMA

The small fishing boats “wasen”, Japanese style vessels were mainly propelled with scull or sails before the last
War. Nowadays, however, the wasens are mostly equipped with an outboard engine and their wooden hulls are
replaced with fiberglass-reinforced plastics (FRP). Accordingly, the wasens made of wood and their boat-building
techniques are gradually disappearing from fishing villages.

In this research, though wasen was left from the mainstream of the present age, | promoted to the wasens for its
rationality of the hull-type and provided to them and their boat-builders to the historical and the technical rank
throughout the wasen's model resistance test of fundamental kinematic performance and theory for security of
stability.

Therefore, | visited about 200 boat-builders in Kyushu, mainly within Nagasaki Prefecture and collected over
1,000 memorandums of their boat dimensions and board drawings of hull structures from 1975 to 1985. Hull lines of
wasen were redrawn from the collected data. Therefore, standing on the current state mentioned above, this study
was conducted to record accurately the wasen's structure. Also, collection of hull line records, model tests and
analysis of the wasens were made to clarify its characteristics. Stasistical analysis were conducted on the principal
dimentions measured from the hull lines and various characteristics were probed according to type, sea area and
period of use.

The procedure of clarifying the wasens of their hull-type and characteristics mentioned above were intended in
the first department, “Survey of hull-type and statistical analysis for wasens’, and showed them in the second to 4th
Chapter.

Next, the investigation of the wasens for their rationality, kinematic performance of resistance and stability in
the first department were intended in the second department, “Hull-type and its kinematic performance”, and showed
them in the 5th to 7th Chapter.

The general result was as follows:

1) | classified and showed their characteristics about 600 various wasens which could be read necessary dimensions
according to application such as fishing boat, angling, seiner, whaling, carrier and other boat from field survey. So
| showed each genus of the stem post, “Miyoshi” geometry that represented wasens and made its usage clear.

2) | measured around 25 major parts of hull dimensions and showed the hull-type changes by the period and
characters of the sea area usage for angling and seiner wasens. In angling wasens became small al principal
dimensions and tended constant length of stern keel, “tomogawara” to approach modern times by degrees. In
seiner wasens the depth became large against for the length or width of principal dimensions to approach the
modern times. The characteristic usages of sea area, in angling wasens were constructed wider for the length and
high stability boat around the Goto inlands and western coast of Nagasaki prefecture, and in seiner wasens were
constructed so asto be applied for the fishing ground by kind and size of net fishing.

3) Next stage, | selected and produced restoring scale-models of 22 high-speed wasens used mainly as whale chaser
boat from the lines of board drawings for the tank test. For the examination, there were 6 stages with full or half
load condition and 3 kinds of trims, by the head and stern about 1% extended mainly in even keel for the
resistance test of the towing tank. From the tank test, | showed the dimensionless total resistance coefficient g ¢
for actual boat and same for 5 tonnage sy , mean full-load displacement the sample boat used for comparison of
hull-type, that were converted from model total resistance. Asaresult of =y , coefficient was 0.04 to 0.07 in low
speed in Fn and near by the last hump of high-speed in Fn around 0.17 for full-load and 0.15 for half-load.

4) Therefore | tried analysis about propulsion performance of wasen through the above-mentioned resistance
performance and the method of sweeping propulsion force of a “Ro” for the skill seaman. As the result of
wasen'’s effective horsepower was of 0.04 to 0.05ps in average and was calculated 0.06ps for the maximum in a
“Ro” of the skill seaman. So | inspected and suggested the possibility of the boat speed about eight knot from
historical fact for the 8 sweeping pieces whale chaser “8-cho-ro, Iki-seko-bune”.

5) | examined the stability of the 22 wasens above-mentioned, to compare with “standard of stability of a small
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fishing boat”. | decided the KG as the gravity center of height from the keel was 65% for depth (KG=0.65D)
from the field survey, and calculated the stability from inlet angle and static stability of cross-curve calculation.
As aresult, | understood maximum righting lever was 12 to 28cm and restoring angle was 17 to 41.5 degrees for
half-load, and same as 7 to 25cm, 11 to 31.5 degrees for full-load condition to the actual boat of wasen. The
estimation of dynamical stability was calculated the examination of rolling period and result of the radius gyration
from the inclining test for the representative models. From the result, the consequence that satisfied a safety level
was provided and the wasens were recognized as the construction that maintained security.

6) On the other hand, | examined damping coefficient about roll decay (N coefficient) from angling and seiner

representative model boat. The angling boat has comparatively greatly upper stack and apron stage of chine part.
When the list seemed to be buried in water damped by one swing and N coefficient was about 0.035 of 10 degrees
of inclining test. But seiner boat did not show the same characteristic, N coefficient about 0.018 same as 10
degrees of inclining test. Astheresult, | utilized it in application of ships stability law of next section.

7) The Japanese-style fishing boat wasen by the human power propulsion with a “Ro” was the mainstream

investigated from the Meiji era to the last War in Showa had been moved in FRP boat of with outboard engine
equipment in present. Therefore | examined the present situation and the stability of the small fishing boat that
originated from wasen for the small size fishing boat safety level and stability law. | estimated the metacentric
height of GM and displacement of the each small fishing boat from the experiment of itsinclining and rolling test
used by the result of radius gyration before mentioned for the trawling and long-line fishing boat at Mogi-town in

Nagasaki city.

The consequence that examined rationality of wasen’s hull type was as follows:
1) The principal dimensions of angling and seiner fishing wasens were clarified by period and usage of sea area
2) Thetota resistance performances of selective 22 fishing wasens were clarified.
3) The propulsion performance of wasen was clarified from resistance test by towing tank and the sweeping test of a
“Ro” of skill seaman. For the “8-cho-ro” whaling chaser was described the possibility of the velocity of historical

fact in Edo-era.

4) The selective 22 fishing wasens were confirmed security with asmall fishing boat safety level.
5) The roll damping coefficient of wasens were clarified from the still water rolling experiment using the models of

angling and seiner fishing boat.

6) The security of stability and current state of the small fishing boats originated from wasens were identified.

Keywords: 0 0 wasend OO 0000 rationdlity of hull typed O O O O running resistancel
000 sabilityd 000 O Seaman's sweeping force
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Annua numerica changes of fishing boat for materials
from 1970 to 1996.
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Survey and visited boat-builders for wasens in Kyushu
mainly within Nagasaki Prefecture.
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A hull diagram of a Japanese style fishing boat “wasen”,
which is drawn on a wooden plate by N. Shimizu, a
boat-builder in Nagasaki.
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X(1) length, L ooooo
X(2) :width,B og
X(3) :depth,D oo
X(4)  :length of stem post measured along hull planks ooooo
X(5) :height of stem post measured from fore and upper end

of side plank above keel oo
X(6) : breadth of stem post measured at the above end oo
X(7)  :thickness of the stem at the above end oo
X(8) :length of free end above the stem end oooooog
X(9) :length of stem along the lower side plank poooooo
X(10) :length of main keel laid horizontally ooooog
X(11) : breadht of main keel measured at the posteriorend OO OO0
X(12) :length of stern keel curved upward ooooo
X(13) : height of posterior end of stern keel abovebaseline 0 OO 00O
X(14) : breadth of stern keel measured at the posteriorend 0O 0O
X(15) : breadth at transom top ooooo
X(16) :length of transom concerned with lower sideplank O OOOO0O
X(17) :length of transom concerned with upper sideplank OO OO
X(18) :inclining angle of transom indicated by cosinevalue 0O O O
X(19) : breadth of lower side plank at joint of keel oooooog
X(20) :inclining angle of lower plank at the joint oooood
X(21) : breadth of upper side plank of thejoint part ooooo
X(22) :inclining angle of upper plank measured at thejoint 0O 00O
X(23) :length of posterior free end from transom oooo
X(24) : sheer at bow oooo
X(25) :sheerat stern oooo

0203 0000000020000
Necessary dimensions to build a Japanese style fishing
boat “wasen”. These are measured to make hull diagram
for the boat.
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Typical flat keel of a Japanese style fishing boat
“wasen”. The boat builder in Kyushu generally gives
two cross-sections of the hull point of P, called
“Tsugite” and at Q, “Akama”.
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000000000000 000((1880)
A part of the old hull diagram of “Amidgji-temma’ by
ship-designer employed by the feudal lord of Tsushima
(1880).
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0206 000000 OOOOOO190018860000
oooo—
A part of memorandums for various dimensions for to
building a Japanese style fishing boat "wasen" of 8.73m
in length, written by Kuma in Arumi of Nagasaki in
1886.
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0207 JOOO0OOOOOOOOOOO
The various dimensions of hull diagram for building a
Japanese style of fishing boat “wasen” of 9.6m in length,
written by Y. Tgjimain Tara, Saga Prefecture during the
Showa period.
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A method of direct measurements of the Japanese style
fishing boat “wasen” by means of alevel meter.
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A method of direct measurements of the wasen by
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Taking full surface curve by means of measuring
comb modified from archaeological tool (referred
from Gunawan & Shibata, 1986).
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Procedures for drawing a hull diagram

1. Determinations of 10 ordinates at length interva of
L/10. 2. Measurements of two ordinates (yi, zi) of
keel margin, knuckle part and hull top. 3. Offset table
are made from the above ordinates. 4. Body plan are
drawn from the offset table. 5. The body plan is
redrawn by increasing the thickness of each plank. 6.
Side and plane view diagrams are drawn from the
body plan.
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Various types of stem post wasens before the Meiji era.
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Lines and hydrostatic curves of a small fishing wasen,
“kanko-bune”, M18.
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Lines and hydrostatic curves of a small fishing wasen,
onboard type, “renko-temma’, M19.
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Various angling wasens (1).
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Various angling wasens (3).
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Various angling wasens (4).
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Lines and hydrostatic curves of a seiner type wasen
called “kinchaku-ami”, M15.
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Lines and hydrostatic curves of a seiner type wasen
called “kinchaku-ami, kuchi-bune”, M16.
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Lines and hydrostatic curves of a seiner type wasen
called “kinchaku-ami, hi-bune”, M17.
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Lines and hydrostatic curves of a seiner type wasen
called “Arumi-bune’, M13.
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Lines and hydrostatic curves of a seiner type wasen
called “Shiromiyoshi”, M14.
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Various seiner wasens (3).
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Lines and hydrostatic curves of a carrier type wasen
called “Ikitsuki-shintan-bune”, M20.
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Lines and hydrostatic curves of a carrier type wasen
called “ Sampang of Nagasaki”, M21.
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Lines and hydrostatic curves of a carrier type wasen
called “ Edo-temma, in Shimoda’, M22.
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Various fishing wasens (1).
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Various fishing wasens (2).
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Lines and hydrostatic curves of a whaling chaser
wasen called “Iki-seko-bune”, M1.
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Lines and hydrostatic curves of a whaling carrier
wasen called “ [ki-mossou-bune’, M2.
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Lines and hydrostatic curves of a whaling chaser
wasen called “Ikitsuki-seko-bune”, M3.
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Lines and hydrostatic curves of a whaling chaser
wasen called “Y amaguchi-seko-bune’, M4.
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Lines and hydrostatic curves of a whaling carrier
wasen called “Y amaguchi-mossou-bune”, M5.
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Lines and hydrostatic curves of a whaling seiner
wasen called “Y amaguchi-sokai-bune”, M6.
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Lines and hydrostatic curves of a whaling chaser
wasen called “ Kochi-seko-bune”’, M7.
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Lines and hydrostatic curves of a whaling seiner
wasen called “Kochi-sokai-bune”, M8.
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Lines and hydrostatic curves of a whaling chaser
wasen called “ Taichi-seko-bune” in Wakayama, M9.
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Lines and hydrostatic curves of a whaling chaser
wasen called “ Atawa-ami-bune”’, M10.
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Lines and hydrostatic curves of a whaling chaser
wasen caled “Koza-sairei-bune”’, M11.
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Lines and hydrostatic curves of a fishing boat wasen
called “Kujira-8-chou”, M12.
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Severa gun-boat and fishing wasensin Edo era(1).
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Severa gun-boat and fishing wasensin Edo era (2).
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Interrelation between length and width of total angling
and seiner wasens. N : data size; r : correlation
coefficient.
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0402 0J00OO0ODOOOOOOOODOO
Interrelation between width and depth of total angling
and seiner wasens. N : data size; r : correlation
coefficient.
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Interrelation between length and depth of total angling
and seiner wasens. N : data size; r : correlation

coefficient.
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0404 0OOOODOOOOOOOOOOOOOO
Interrelation between length of main keel and length of
stern keel of total angling and seiner wasens. N : data
size; r : correlation coefficient.
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Comparison of selective 25 parts of mean measurements
by divided period for the angling boats (unit in cm).
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025 250035 360 0

ooogd 378 12 63 56 247

10000 481.20 731.80 535.80 488.600 453.40
2000 136.00 177.60 142.50 136.60 132.20
mooo 45.50 64.90 47.40 44.80 44.30
4000000 97.30 168.80 112.90 97.40 89.801
5000 58.50 89.20 62.30 57.60 56.30
6000 16.40 24.70 18.20 16.80 15.40
0000 8.90 12.20 10.00 8.30 8.70
soodoonono 36.30 74.70 47.10 36.00 31.70
oooooooo 55.50 107.30 68.80 55.10 49.60
wooooooo 277.40 405.60 305.10 282.00 263.10
1goooo 47.00 66.70 52.50 46.60 44,70
12000000 122.00 174.40 131.40 124.50 116.50
3000 19.40 24.80 21.40 19.70 18.60
14000000 31.10 34.00 32.90 30.20 30.70
»Boooooo 100.80 116.80 97.80 98.90 101.20
000000 12.70 21.50 13.90 13.50 11.80
170oo0o0o 21.80 22.70 18.80 21.30 22.60
1800000 0.210 0.250 0.230 0.200 0.200
wooooooo 44.40 60.20 46.10 44.70 43.20
0000 0.920 0.900 0.910 0.930 0.930
2100000 30.30 40.80 29.50 29.80 30.10
220000 0.070 0.070 0.070 0.070 0.070
230000000 24.30 36.60 28.20 23.80 22.80
24000000 12.90 24.30 14.90 13.00 11.90

2500000 7.9 9.1 6.4 9.4 8.0
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Comparison of selective 25 parts of mean measurements
by divided period for the seiner boats (unit in cm).
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noooo 734.90 890.40 753.20 714.20 644.40
2000 179.00 205.00 188.90 171.40 163.90
nooo 59.80 69.80 60.70 57.30 55.80
4000000 147.80 196.80 155.60 150.70 105.30
5000 83.30 100.600 86.10 81.60 71.00
6000 22.20 29.30 24.90 16.80 18.50
oooo 11.10 14.30 10.60 11.30 10.70
sooooono 60.50 88.20 70.60 46.50 40.00
ouoooooo 91.80 127.60 97.90 92.200 61.50
ooooooo 433.40 506.80 435.70 419.20 408.30
100000 67.00 77.20 67.50 68.900 59.500
12000000 172.70 204.60 17470 166.90 159.60
13000 27.00 31.40 25.30 29.40 26.50
14000000 40.80 43.30 39.20 44.70 39.30
»Boooooo 124.90 142.50 124.30 118.80 124.00
le0ooOooo 19.50 22.30 20.70 20.30 14.90
1700000 26.20 29.10 26.10 23.00 28.10
Booooo 0.240 0.240 0.290 0.220 0.170
p0oooooo 56.70 65.30 59.60 52.50 53.00
0000 0.910 0.920 0.910 0.870 0.920
2100000 38.20 45.10 38.40 34.80 37.80
220000 0.080 0.070 0.070 0.100 0.070
230000000 34.10 43.20 37.00 28.30 29.60
24000000 23.50 30.80 25.40 24.40 15.30

2500000 11.7 10.3 9.9 15.0 13.1
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Interrelation between length and width of total angling
wasens. N: datasize; r: correlation coefficient
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0406 OOOODOOOOOO
Interrelation between width and depth of total angling
wasens. N: datasize; r: correlation coefficient
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0407 DOODOOOOOOO
Interrelation between length and depth of total angling
wasens. N: datasize; r: correlation coefficient
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Interrelation between length of main keel and length of
stern keel of total angling wasens. N: data size; r:
correlation coefficient
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0409 0U0O0O0OOOOOUOOODOOOOOOOOO
Changes of interrelation between L and B of total
angling wasens by term of years referred from Table 4-
1. Probability ellipses encircled the data spots are given
by term of years at the tolerance level of 5 %.
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Changes of interrelation between B and D of total
angling wasens by term of years referred from Table
4-1. Probability ellipses encircled the data spots are
given by term of years at the tolerance level of 5 %.
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Changes of interrelation between L and D of total
angling wasens by term of years referred from Table
4-1. Probability ellipses encircled the data spots are
given by term of years at the tolerance level of 5 %.

MR (onl

(=

Zza.m LN HU.O

S & sl

aEE.N

0 4012 DO0ODODODODOODOOODOODOOODOOODOO
oono
Changes of interrelation between length of main keel
and length of stern keel of total angling wasens by
term of years referred from Table 4-1. Probability
ellipses encircled the data spots are given by term of
years at the tolerance level of 5 %.
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Interrelation between length and width of total seiner
wasens. N: datasize; r: correlation coefficient
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Interrelation between width and depth of total seiner
wasens. N: datasize; r: correlation coefficient
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Interrelation between length and depth of total seiner
wasens. N: datasize; r: correlation coefficient
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Interrelation between length of main keel and length of
stern keel of total seiner wasens. N: data size; r:
correlation coefficient
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Changes of interrelation between L and B of total
seiner wasens by term of years referred from Table 4-
2. Probability ellipses encircled the data spots are
given by term of years at the tolerance level of 5 %.
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Changes of interrelation between B and D of total
seiner wasens by term of years referred from Table 4-
2. Probability ellipses encircled the data spots are
given by term of years at the tolerance level of 5 %.
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Changes of interrelation between L and D of total
seiner wasens by term of years referred from Table 4-
2. Probability ellipses encircled the data spots are
given by term of years at the tolerance level of 5 %.
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Changes of interrelation between length of main keel
and length of stern keel of total seiner wasens by term
of years referred from Table 4-2. Probability ellipses
encircled the data spots are given by term of years at
the tolerance level of 5 %.
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Angling wasens which have average sizes of L, B and
D by term of years.
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Seiner wasens which have average sizes of L, B and D
by term of years.
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Ten division areas for Japanese style fishing boat in
Kyushu mainly within Nagasaki Prefecture.
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Comparison of selective 25 parts of mean measurements by divided 10 area for the angling boats

(timeisafter 1961 and unitin cm).
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0oo0 0000 00000 0000 00 ooQgd oooo oooo0O oooo oo

000 0000 0000 0000 oo00m 000 ooao ooo ooo

ooog 17 46 56 16 22 36 50 9 30 21

10000 484.90 407.40 437.70 478.00 568.20 397.30  499.780 473.00 484.80 457.70
2000 132.90 127.00 134.50 138.00 138.60 124.90 137.10 128.80 132.20 139.40
3n0oo 42.50 40.30 45.20 45.10 50.50 41.90 45.70 45.30 43.10 48.20
4000000 98.90 81.40 83.50 90.60 100.20 81.60 92.00 116.70 104.30 102.80
5000 54.50 53.50 56.80 60.60 68.70 53.80 56.10 61.60 50.50 60.10
6000 14.80 15.30 15.40 15.30 17.60 16.40 15.10 15.30 15.00 17.50
0o0oao 8.50 7.30 8.90 10.50 8.70 8.600 8.90 9.70 7.90 9.10
soooonon 26.30 30.70 29.70 30.00 41.40 32.40 31.30 41.40 35.80 36.60
oooooooo 57.20 44.50 45.80 43.90 54.00 43.60 50.30 71.00 64.70 57.30
ooooooo 284.90 234.20 254.60 289.20 355.50 223.80 299.60 248.20 262.70 251.90
1ooooo 53.50 42.20 43.80 49.40 51.80 38.30 39.80 56.10 51.30 48.20
12000000 123.50 105.20 115.90 117.30 135.30 106.80 121.20 126.10 131.70 117.90
13000 21.10 16.40 18.80 15.60 18.70 16.80 18.80 19.00 24.30 20.20
14000000 39.70 28.20 30.80 34.50 30.40 28.30 28.00 36.70 30.90 32.70
»Boooooo 102.30 97.80 102.00 107.20 100.40 98.00 104.60 95.30 97.60 101.30
le0ooooo 13.10 11.70 11.00 10.80 13.90 11.40 11.10 17.30 15.10 10.90
7ooooo 19.00 20.50 23.90 24.80 26.10 21.10 26.30 16.40 16.10 23.20
BOoooOoo 0.150 0.230 0.230 0.190 0.140 0.200 0.240 0.0900 0.180 0.210
wooooooo 41.90 42.20 44.20 39.20 42.50 43.70 47.30 40.00 40.90 45.50
0000 0.890 0.950 0.940 0.930 0.940 0.930 0.940 0.850 0.890 0.930
2100000 26.60 27.70 30.80 31.40 37.50 29.00 32.40 24.20 25.40 32.70
220000 0.070 0.070 0.100 0.090 0.030 0.060 0.0600 0.070 0.080 0.060
230000000 22.80 19.10 21.70 23.30 32.90 21.30 23.60 26.90 23.20 23.20
24000000 11.40 13.20 11.50 15.60 18.30 11.90 14.40 16.20 7.40 11.90

2500000 9.9 6.6 8.2 5.8 9.0 6.9 9.5 7.8 12.1 55
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Changes of interrelations of L and B of the angling
wasens by areareferred from Table 4-3.
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Changes of interrelations of L and B of the seiner
wasens by areareferred from Table 4-4.
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Comparison of selective 25 parts of mean measurements by divided 10 area for the seiner boats (time is

from Meiji to now and unit in cm).

gpoooo 00 oo od oo oo oo oo oo oo o0

[ERERE] 0000 oooboo0o oooo 000 [ERERE] ooo0o ooOoo0o0O oooo oo

oo00d o000 00600 0000 ooom 000 ooao ooo ooo

goog 7 10 18 5 4 7 10 18 5 4

1oooo 625.40 756.10 739.60 744.00 796.50 625.40 756.10 739.60 744.00 796.50
2000 156.10 175.00 181.20 178.80 199.50 156.10 175.00 181.20 178.80 199.50
30000 55.30 60.50 61.20 57.40 63.30 55.30 60.50 61.20 57.40 63.30
4000000 100.70 178.40 130.30 137.40 163.00 100.70 178.40 130.30 137.40 163.00
5000 63.70 84.200 83.80 78.20 90.50 63.70 84.20 83.80 78.20 90.50
6000 16.40 27.20 23.90 23.00 29.80 16.40 27.20 23.90 23.00 29.80
0o0oo 10.60 11.10 11.00 10.20 10.30 10.60 11.10 11.00 10.20 10.30
sooooono 32.70 86.10 53.10 57.80 98.30 32.70 86.10 53.10 57.80 98.30
ouoooooo 57.30 106.70 80.30 78.80 100.50 57.30 106.70 80.300 78.80 100.50
wooooooo 389.10 400.20 468.20 443.80 476.500 389.10 400.20 468.20 443.80 476.50
100000 67.10 65.20 64.70 60.80 66.00 67.10 65.20 64.70 60.80 66.00
12000000 151.10 187.10 179.30 177.20 179.00 151.10 187.10 179.30 177.20 179.00
13000 25.10 27.60 28.80 23.00 26.00 25.10 27.60 28.80 23.00 26.00
14000000 45.30 34.70 38.70 43.00 35.30 45.30 34.70 38.70 43.00 35.30
1000000 121.70 119.00 124.40 124.20 118.50 121.70 119.00 124.40 124.20 118.50
le0ooOooo 15.70 19.90 18.60 19.80 19.50 15.70 19.90 18.60 19.80 19.50
17ooooo 28.70 23.60 27.30 27.60 29.80 28.70 23.60 27.30 27.60 29.80
BOoooOoo 0.090 0.270 0.280 0.280 0.210 0.090 0.270 0.280 0.280 0.210
wooooooo 48.40 55.60 58.10 56.40 61.30 48.40 55.60 58.10 56.40 61.30
0000 0.920 0.920 0.920 0.920 0.940 0.920 0.920 0.920 0.920 0.940
2100000 38.10 39.00 40.40 38.80 45.30 38.10 39.00 40.40 38.80 45.30
220000 0.030 0.070 0.100 0.060 0.080 0.030 0.070 0.100 0.060 0.080
230000000 31.30 31.60 31.60 34.40 39.00 31.30 31.60 31.60 34.40 39.00
20000000 9.00 23.70 22.60 20.80 37.30 9.00 23.70 22.60 20.80 37.30

2500000 13.9 8.1 12.1 10.4 10.5 13.9 8.1 12.1 104 10.5
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Model of the wasens used for the towing test.
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Hull-type elements of the wasensused for the towing test.
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Profile of model ship for towing test (whaling and its
similar type boat).
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Profile of model ship for towing test (seiner, angling
and carrier boat).
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Curves of the resistance coefficient, gy  of model
boat number 1 (Iki-seko-bune). Upper: full load and
lower: half load
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Curves of the resistance coefficient, gy  of model
boat number 2 (Iki-mossou-bune). Upper: full load
and lower: half load
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Curves of the resistance coefficient, gy  of model
boat number 3 (Ikitsuki-seko-bune). Upper: full load

and lower: half load
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Curves of the resistance coefficient, gy  of model
boat number 4 (Y amaguchi-seko-bune). Upper: full

load and lower: half load
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Curves of the resistance coefficient, gy  of model
boat number 5 (Y amaguchi-mossou-bune). Upper:
full load and lower: half load
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Curves of the resistance coefficient, gy  of model
boat number 6 (Y amaguchi-sokai-bune). Upper: full
load and lower: half load
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Curves of the resistance coefficient, gy  of model
boat number 7 (Kochi-seko-bune). Upper: full load
and lower: half load
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Curves of the resistance coefficient, gy  of model
boat number 8 (Kochi-sokai-bune). Upper: full load
and lower: half load
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Curves of the resistance coefficient, gy  of model
boat number 9 (Wkayama-seko-bune). Upper: full
load and lower: half load
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Curves of the resistance coefficient, ¢y  of model
boat number 10 (Atawa-ami-bune). Upper: full load
and lower: half load
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Curves of the resistance coefficient, ¢y  of model
boat number 11 (Wkayama-sairei-bune). Upper: full

load and lower: half load
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Curves of the resistance coefficient, ¢y  of model
boat number 12 (Kujira-8-chou). Upper: full load
and lower: half load
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Curves of the resistance coefficient, sy  of model
boat number 13 (Arumi-bune). Upper: full load and

lower: half load
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Curves of the resistance coefficient, gy  of model
boat number 14 (Shiromiyoshi). Upper: full load
and lower: half load
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Curves of the resistance coefficient, sy  of model
boat number 15 (Kinchaku-ami-bune). Upper: full
load and lower: half load
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Curves of the resistance coefficient, sy  of model
boat number 16 (Kinchaku-ami, kuchi-bune).
Upper: full load and lower: half load
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Curves of the resistance coefficient, gy  of model
boat number 17 (Kinchaku-ami, hi-bune). Upper:

full load and lower: half load
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Curves of the resistance coefficient, ¢y  of model
boat number 18 (Kanko-bune). Upper: full load and

lower: half load
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Curves of the resistance coefficient, ¢y  of model
boat number 19 (Renko-temma). Upper: full load

and lower: half load
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Curves of the resistance coefficient, ¢y  of model
boat number 20 (Ikitsuki-shintan-bune). Upper: full

load and lower: half load
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Curves of the resistance coefficient, gy  of model
boat number 21 (Sampang of Nagasaki). Upper: full
load and lower: half load
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Curves of the resistance coefficient, gy  of model
boat number 22 (Edo-temma in Shimoda). Upper:
full load and lower: half load
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Profile view of towing test at various speeds, "Iki-
mossou-bune”, M2 in full load and even keel condition.
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Hull-type elements of the wasens in full load
conditions.
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Curves of the resistance coefficient, 5y  of various
whaling boats at even keel. Upper: full load and lower
half-load condition
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Curves of the resistance coefficient, 5y  of various
fishing boats at even keel. Upper: full load and lower
half-load condition
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Curves of total resistance(yy ) and effective force
power(EHP) of actual boat (Iki-seko-bune), M1 from
towing test of model ship. Upper: full load and
lower: half load condition in even keel.
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Curves of total resistance(yy ) and effective force
power(EHP) of actual boat (Iki-mosso-bune), M2
from towing test of model ship. Upper: full load and
lower: haf load condition in even keel.
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Curves of total resistance(sy ) and effective force
power(EHP) of actua boat (Y amaguchi-seko-bune),
M4 from towing test of model ship. Upper: full load
and lower: half load condition in even keel.
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Curves of total resistance(sy ) and effective force
power(EHP) of actual boat (Ikitsuki-seko-bune), M3
from towing test of model ship. Upper: full load and
lower: half load condition in even keel.
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Curves of total resistance(yy ) and effective force
power(EHP) of actual boat (Y amaguchi-mossou-
bune), M5 from towing test of model ship. Upper:
full load and lower: half load condition in even keel.
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Curves of total resistance(yy ) and effective force
power(EHP) of actual boat (Y amaguchi-sokai-bune),
M6 from towing test of model ship. Upper: full load
and lower: half load condition in even keel.
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Curves of total resistance(yy ) and effective force
power(EHP) of actual boat (Kochi-seko-bune), M7
from towing test of model ship. Upper: full load and
lower: half load condition on even keel.
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Curves of total resistance(yy ) and effective force
power(EHP) of actua boat (Kochi-sokai-bune), M8
from towing test of model ship. Upper: full load and
lower: half load condition on even keel.
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Curves of total resistance(yy ) and effective force
power(EHP) of actual boat (Wakayama-seko-bune),
M9 from towing test of model ship. Upper: full load
and lower: half load condition on even keel.
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Curves of total resistance(yy ;) and effective force
power(EHP) of actual boat (Atawa-ami-bune), M10
from towing test of model ship. Upper: full load
and lower: half load condition on even keel.
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Curves of total resistance(yy ;) and effective force
power(EHP) of actual boat (Wakayama-sairei-
bune), M11 from towing test of model ship. Upper:
full load and lower: half load condition on even

keel.
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Curves of total resistance(yy ;) and effective force
power(EHP) of actual boat (Kujira-8-chou), M12
from towing test of model ship. Upper: full load
and lower: half load condition on even keel.
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Curves of total resistance(yy ;) and effective force
power(EHP) of actual boat (Arumi-bune), M13
from towing test of model ship. Upper: full load
and lower: half load condition on even keel.

I I -
- ElRgl el e OEE R ) l_.rl";?. Tl
PN T T T
Lou W ::_., e
n.an) ama .
wan} Em "
oAl am 1
(-1 il [
=
i [ (K] . wd .8
T ———— PR J—
¥y [X] [ L8
il AR L P =
EE[Rg]  mmidel . CRRIRAIT] 80 EI PN ]
T T ,r"ff‘ 1
Ba e i
s
-
ianl mm ,("{ ]
i
. /7{/
=
wank  mm ']
o ,f”’f“" |
el am '
-—"'__;':_4.;{". L]
o = L]
£ [ [] B L
" E— . H PR EAIA CF A
[ W] [N W ] [
e
oy na 1.8 [0

050514 COOO0OO0OOOOOOOOOOODOOOOO

oooo

gbooooMidooooooboooono

Curves of total resistance(yy ;) and effective force
power(EHP) of actual boat (Shiromiyoshi), M14
from towing test of model ship. Upper: full load
and lower: half load condition on even keel.
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Curves of total resistance(yy ;) and effective force
power(EHP) of actual boat (Kinchaku-ami-bune),
M15 from towing test of model ship. Upper: full
load and lower: half load condition on even keel.
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Curves of total resistance(yy ;) and effective force
power(EHP) of actual boat (Kinchaku-ami, kuchi-
bune), M16 from towing test of model ship. Upper:
full load and lower: half load condition on even
ked.
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Curves of total resistance(yy ;) and effective force
power(EHP) of actual boat (Kinchaku-ami, hi-
bune), M17 from towing test of model ship. Upper:
full load and lower: half load condition on even
kedl.
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Curves of total resistance(yy ;) and effective force
power(EHP) of actual boat (Kanko-bune), M18
from towing test of model ship. Upper: full load
and lower: half load condition on even keel.
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Curves of total resistance(yy ;) and effective force
power(EHP) of actual boat (Renko-temma), M19
from towing test of model ship. Upper: full load
and lower: half load condition on even keel.
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Curves of total resistance(yy ;) and effective force
power(EHP) of actual boat (Ikitsuki-sintan-bune),
M20 from towing test of model ship. Upper: full
load and lower: half load condition on even keel.
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0000000 0OM220 00000000000 Some part hame of a "Ro", and method and uses of
Curves of total resistance(yy ) and effective force strain gages and its calibration.

power(EHP) of actual boat (Edo-temma in
Shimoda), M22 from towing test of model ship.
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The calibrations of strain gages using the experiment
for aseeping "Ro".
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A series of seeping activities of a "Ro" for a skilled
seaman.

0509 000000000030 ooOo400
Output of analogeous data for No.3 experiment of
various sweeping force of a"Ra", pitching and rolling
of ship's motions for four testees.
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O (N=50; kgf )
Result of ship's speed, time of one cycle period, load
and pressure force of sweeping a "Ro" throughout 50
times sweeping for the experiment.
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Means and standard deviations of the sweeping
experiment of a "Rao", used for the frequency analysis
(sampling time 37.5sec and data size 300).
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Frequency distributions of various sweeping force of a
"Ra", pitching and rolling of ship's motions for four
testees.
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Frequency distributions of various sweeping force of a
"Ra", pitching and rolling of ship's mations for a skill
seaman in three conditions.
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Result of some questionnaires to the sweeping condition
of a "Ro", experience to the other rowing tools of
manpower's thruster and impressions of the experiments

for the testee.
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under towing of an actua wasen.
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Effective horsepower and some ratios of output force
of sweeping a"Ro" for each testee.
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Result of the stability calculation (whaling chaser Iki-
seko-bune).
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Various statistical stability parameters of the model of M1-M22 wasens for
half and full load conditions.
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Relations between W/LB? and inlet angle for sample
wasens (whaling and its similar boat).
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Various hull-type elements and statistical stability of the model of M1-M22 wasens
for half and full load conditions.
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Judge of security of the fishing boats used the
experiment for the rules of safety in the small fishing
boat (relations between depth and draft of the boat).

0 6051 00000O0O0O0O0OOOOOOOOOOOOO

00000o0o0oooooooooooo

Judge of security of the wasens under half load
condition used the experiment for the rules of safety
in the small fishing boat (relations between width
and GM of the boat).
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Judge of security of the wasens under full load
condition used the experiment for the rules of safety
in the small fishing boat (relations between width
and GM of the boat).
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Judge of security of the wasens used the experiment for
the rule of security to the small fishing boat (relations
between width and rolling period of the boat). Upper:
full load and lower: half load.
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Several rolling extinction curves for angling type model
boat.
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Severa rolling extinction curves for seiner type model
boat.
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An estimation N-coefficient for Bertin's method.
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Profile of the angling model boat and vertical-gyro
used for the rolling experiment.
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Fishing ground and division areas for trawler under
10GT small fishing boat in Tachibana bay.
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Number of permitted trawl fishing small boats under
10GT in the fishing ground of Tachibana bay.
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Profile of trawl boat "Ko-nin maru" under 5GT.
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Hydro-static curves of trawl boat "Ko-nin maru”, small
fishing boat.
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Measuremental results of Mogi's trawl and long line small fishing boats
concerned principle particulars and stability.
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Judge of security of Mogi's small fishing seiner and
long line boats for the rules of safety in the small
fishing boat (relations between depth and draft of the
boat).
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Judge of security of Mogi's small fishing seiner and
long line boats for the rules of safety in the small
fishing boat (relations between width and GM of the
boat).
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Judge of security of Mogi's small fishing seiner and
long line boats for the rules of safety in the small
fishing boat (relations between width and rolling period
of the boat).
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Cross curves of "Ko-nin maru", small trawling boat.
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Static stability curve of "Ko-nin maru", small trawling
boat.
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An application of the "Ko-nin maru", small trawling
boat for the rules of safety in the fishing boat (Japanese
"Otsu" rule).
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The regression coefficients for the 44 hull-type
elements and the constant number at a speed range
from 0.5-1.2.
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Comparison of the total resistance coefficient for
the seiner boat between result of the tank tests and
computation of regression analysis. Condition is
the half load and trim by the head.
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Hull-type elements and comparative results of field
tests of the actual fishing wasen and tank test of its
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Comparison of the total resistance coefficient for
the seiner boat between result of the tank tests and
computation of regression analysis. Condition is
the full load and trim by the stern.
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Statistic evaluations of the regression analysis with
standardized hull elements.
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Hull lines of the temma used for towing test in Omura
Bay.
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Comparison of the total resistance coefficient for the
seiner boat between result of the towing test for
actual boat and computation of regression analysis.
Condition is the full load and trim by the stern (same
asfigd A2-4(2)).
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Hull-type elements of Kendari dugout canoe for
the model towing test (scale ratio 20/50).
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Hull-type elements of Manado dugout double
rigger canoe for the model towing test (with snout
and scaleratio is 20/50).
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Hull-type elements of Manado dugout double
rigger canoe for the model towing test (without
snout and scale ratio is 20/50).
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Hull lines, hydro-static curves and prisma curve of Kendari dugout canoe.
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Hull lines, hydro-static curves and prisma curve of Manado
dugout canoe with snout and without snout.
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Fng-o5y ¢ curves of Kendari dugout canoe for model
towing test (comparison full-load and half-load).
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Fng -9y ¢ curves of Kendari dugout canoe for
model towing test (comparison the trim condition
with full-load).
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Fng -9y ¢ curves of Manado dugout canoe for
model towing test (comparison the trim condition
under half-load with snout).
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Fng -9y ¢ curves of Manado dugout canoe for
model towing test (comparison the trim condition
under half-load without snout).
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Profile view of Manado dugout canoe with double
outrigger under the towing test (model C : without
snout). Tram speed is 1.3m/sec.
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Profile view of Manado dugout canoe with double
outrigger under the towing test (model B : with snout).
Tram speed is 1.3m/sec.
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Fng-gsy ¢ curves of Manado dugout double rigger
canoe for model towing test (comparison with or
without of snout under half-load and even keel).
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Fnp-gsy ¢ curves of Manado dugout canoe for model
towing test (comparison the out rigger number 0, 1 or
2 with snout under same draft).
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Body plan of Sabani in Okinawa for the experiment.
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Hull-type elements of Sabani in Okinawa for the

model towing test (scaleratio is 1/4).
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Sabani in still water for the towing test (half load and
even keel condition).
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Hydro-static curves of the Sabani at even keel.
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Profile view of towing test in various speed of
Sabani at half load and evenkesl.
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Profile view of towing test in various speed of
Sabani at half load and evenkesl.
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Curves of total resistance coefficient, degrees
floatage and sinkage of stem and stern post of Sabani
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Result of the calibration for the oar used the
experiment.
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Output of analogeous data of the oar under rowing for
the experiment (Sample is No.7 and No.8's crew for
each college or university).
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Comparison of mean pulling force from No. 1 to
No0.12 crew for each college or university.
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