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MULTI-DEGREES OF FREEDOM

COUPLING MECHANISM

stalling flange

Flange yoke

Universal joint / Radial
bearing

Universal joint / Thrust
bearing

Thrust bearing at
sliding part

Radial bearing at
rotating part

nstalling flange
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I MEADAWER

CALCULATION METHOD

M

D=-o"(M+A)+ioB+C

: generalized mass for body; 6 x 6 matrix

: added mass; 6 x 6 matrix

: damping coefficients; 6 x 6 matrix

: hydrostatic restoring coefficients; 6 x 6 matrix

: coefficients for a single body freely floating; 6 x 6 matrix

: added coefficients due to mooring members; 6 x 6 matrix

: added coefficients due to connecting members; 6 x 6 matrix

: wave exciting forces for a single body freely floating; 6 x 6 matrix

: motions (7= 1.4, ¢°% j=1,2,..,6); 6 X 1 vector



CALCULATION CONDITIONS

Length 30.0 m
Breadth 15.0 m
Depth 6.0 m
Draft 3.0m
Displacement 1384 ton




COMPARATIVE CALCULATION

For typical coupling conditions

Connection to free rotations Rigid connection

Coupling force at condition being Coupling force at rigid condition
free from moment in irregular waves in irregular waves

1500 1500

=
o
o
o
[IRY
o
)
o

F1/1000/H1/3 (KN/m)
F1/1000/H1/3 (KN/m)




MODEL BASIN TEST

to investigate the characteristics of response
to confirm the effectiveness of the new concept

to confirm the applicabllity of calculation method
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Roll amp./Wave amp.

Pitch amp./Wave amp.

Yaw amp./Wave amp.

Roll in regular waves
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MOTIONS OF FLOATING BODY UNITS

INn Irreqular waves

Pitch in irregular waves

Roll in irregular waves

® Unit 1, Exp. Cal. ® Unit 1, Exp. Cal.
A Unit 2, Exp. Cal. A Unit 2, Exp. Cal.
B Unit 3, Exp. Cal. B Unit 3, Exp.
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Yaw in irregular waves

® Unit 1, Exp. Cal.
A Unit 2, Exp. Cal.
B Unit 3, Exp. Cal.
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COUPLING FORCES

IN regular waves
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COUPLING FORCES

In Irregular waves

Coupling force Fx in irregular waves Coupling force Fy in irregular waves

® Unit 1&2, Exp. Cal.
@® Unit 1&2, Exp. A Unit 2&3, Exp. Cal.
B Unit 384, Exp. Cal.
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T1/3 (s) T1/3 (s)

Coupling force Fz in irregular waves

® Unit 1&2, Exp. Cal.
A Unit 2&3, Exp. Cal.
B Unit 3&4, Exp. Cal.

Fz1/3/H1/3 (kN/m)

T1/3 (s)




FRICTION AND WEAR TEST

to select materials suitable for sliding parts

Contact pressure

Sliding time
6 hours

Sliding speed
0.05 m/s

":'ﬁ (Test procedure)

(Test apparatus simulating sliding condition)




5[MPa]
| 2.5[MP3g]

mm— 10[ M P3]
| |

P : Contact pressure(N)

(mm2./N)

V: Volume of wear (mm?3),
L : Sliding distance (mm)

V/(P-L)

|

under various contact pressure
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FIELD TEST

to verify practicality of the new concept
of mechanical connecting device

Floating body
2 units
L=12m,B=4.5m

Mooring
Chain mooring
Yoke mooring

| Yoke Mooring = | k- =
_S}__fstgn'y e P - . T Materials of
e = - ¥ sliding parts
Phenolic resin
PA resin




MOTION AND CONNECTING FORCE

Measured Roll of Unit 1 - - - - Computed Roll, 150deg. wave dir.
Measured Roll of Unit 2 - - - - Computed Roll, 120deg. wave dir.
Measured Pitch of Unit 1 Computed Pitch, 150deg. wave dir.
Measured Pitch of Unit 2 Computed Pitch, 120deg. wave dir.

Sig. amp./Sig. wave height

Mean wave period (s)

o Measured Fx A Measured Fy u Measured Fz
= = w=Computed Fx, 150deg w ave dir. =~ = = = Computed Fy, 150deg w ave dir. = =~ = = Computed Fz, 150deg w ave dir.

—— COomputed Fx, 120deg w ave dir. Computed Fy, 120deg w ave dir. Computed Fz, 120deg w ave dir.

Sig. amp./Sig. wave height

5
Mean wave period (s)

: No unique phenomenon was observed.
The mechanical connecting device displayed
the required function.
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FLOATING BODY UNIT

congruent regular polygonal water plane
arrangement to fill the surface of water without gaps

The regular hexagon




MODEL BASIN TEST

to investigate the response characteristics
to confirm the applicablility of calculation method
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TEST PROCEDURE

Main dimensions Test arrangement
of the floating body unit

1/S = 1/50

Full Model

ltems
Scale Scale

Length 40.0 m 800 mm

Breadth 34.64 m 693 mm

Depth 10.0 m 200 mm

Draft 50m 100 mm

Displace 2,078
ment ton

41.56 kg




TEST CONDITION

Waves . Regular beam waves
Number of floating body units : Single, Three

Arrangement of floating body units Direction of stretch of connecting line
Straight-line
Horizontal
“‘ =

L-shape

Oblique
WWEVEES




TEST RESULTS

Comparison of Motions
Single Floating Body Unit and Connected Ones

Sway Heave
Sway of PON3 Heave of PON3

—&— Single unit
—A— 3 units, Straight-line, Horizontal conn.(8000kN/m)

—@— Single unit

—f— 3 units, Straight-line, Horizontal conn(8000kN/m)
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10 12

Wave period (s) Wave period (s)




TEST RESULTS

Comparison of motions and connecting forces
Arrangements of Floating Body Units

Heave Restricting force

Tension of restricting mechanism

Wave period (S)




APPLICABILITY OF THE CALCULATION METHOD

Sway amp./ Wave amp. (m/m)

E
E
g
E
©
¢
Q]
2
=
£
©
4
©
(]
T

Roll amp./ Wave amp. (deg/m)

Sway of PON2

—— Calculated

@ Measured

10
Wave period (s)

Heave of PON2

¢

—— Calculated

@® Measured

10
W ave period (s)

Roll of PON2

Calculated

@® Measured

10
Wave period (s)

Vertical force amp./Wave amp.

Tension amp./Wave amp.

Vertical connecting force of coupling mechanism Calculated

2000 ® Measured

1500

1000

12
Wawe period (s)

Tension of restricting mechanism —— Calculated

@® Measured

(kN/m)
N
o
o
o

10
Wawe period (s)




EFFECT OF NUMBER OF
FLOATING BODY UNITS
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9 10 11 12 13
Sig. wave perod (S)




DISTRIBUTION OF ROLL MOTION

Roll of each unit

—
=
~~
(@)
j<B)
o
N
)
<
2
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>
©
=
=2
%2)
=
Q.
S
@®
[
S
=2
0p)

PON1 PON2 PON3 PON4 PON5 PON6 PONY

Lee side Pontoon No. Weather side




Heawve of PON1

o
N

(m/m)

o
(N

Sig. amp./ Sig. wave height

7 8 9 10
Sig. wave period (s)

Tension of resticting mechanism

Sig. tension amp./ Sig. wave height
(kN/m)

Sig. wave period (s)

EFFECT OF SPRING CONSTANT
OF CONNECTING LINE

—6o— 100kN/m
—>¢— 1000kN/m
—&— 5000kN/m
—¥— 10000kN/m

—o— 100kN/m
—>— 1000kN/m
—o— 5000kN/m
—¥— 10000kN/m
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FUNDAMENTAL MODEL BASIN TEST
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MEASURED RESULTS

Roll in irregular waves
BARGE1

—— Cal_90deg
— Cal_150deg

Roll in irregular waves
BARGE2

—— Cal_90deg
——Cal_150deg

Roll in irregular waves
BARGE3

—— Cal_90deg
— Cal_150deg
* 90deg

(V=5kn)

T1/3(s)

(V=5kn)

H1/3(deg/m)

Pitch in irregular w

—— Cal_Odeg

—— Cal_90deg

—Cal_150deg
Cal_180deg

n irregular waves
BARGE2

(V=5kn)

— Cal_Odeg
—— Cal_90deg
—— Cal_150deg
Cal_180deg
W Exp Odeg
¢ Exp_90deg
A Exp_150deg
Exp_180deg

Pitch in irregular waves
BARGE3
— Cal_Odeg
—— Cal_90deg
— Cal_150deg
Cal_180deg
W Exp Odeg
xp_90deg
A Exp_150deg
Exp_180deg

T1/3(s)




MEASURED RESULTS

Surge in irregular waves Roll in irregular waves
TUG (V=5kn) TUG

— Cal_Odeg
—— Cal_150deg
Cal_180deg
W Exp Odeg
A Exp_150deg
Exp_180deg

— Cal_0Odeg
—— Cal_90deg
—— Cal_150deg
Cal_180deg
B Exp_Odeg
¢ Exp_90deg

A Exp_150deg

Yaw in irregular waves

— Cal_0Odeg
—— Cal_90deg
— Cal_150deg
Cal_180deg
M Exp_Odeg
@ Exp 90deg
A Exp_150deg

Exp_180deg

H1/3(deg/m)




MEASURED RESULTS

Connecting Force in irregular waves Connecting Force in irregular waves
TUG-BARGE 1 ' TUG-BARGE 1 (V=5kn)
— Cal_0Odeg - 0 — Cal_Odeg
—— Cal_90deg —— Cal_90deg
— Cal_150deg — Cal_150deg
al_180deg Cal_180deg
Exp_0Odeg B Exp Odeg
_90deg
xp_150deg
Exp_180deg
|

Connecting Force in irregular waves Connecting Force in irregular waves
BARGE 1-BARGE 2 V=skny BARGE 1-BARGE 2
v=skn

—— Cal_Odeg
—— Cal_90deg
—— Cal_150deg
Cal_180deg
B Exp Odeg
@ Exp_90deg
A Exp_150deg
Exp_180deg

— Cal_Odeg
—— Cal_90deg
—— Cal_150deg
Cal_180deg
B Exp_Odeg
@ Exp_90deg
A Exp_150deg

ting Force in irregular waves
BARGE 1-BARGE 2
— Cal_Odeg
—— Cal_90deg
— Cal_150deg
Cal_180deg
B Exp_Odeg

Exp_180deg




SPECTRUM

Bargel pitch Jointl Fz

Joint2 Fx Joint2 Fz




MEASURED RESULTS

connecting force

connecting force

BVEY




RELATION BETWEEN
WAVE AND BARGE MOTION

(Tw =065)




CALCULATED RESULTS

N IVANYVA VAN /ANVAN
e AR VELVERV/ VAR

AN AWAN WA AWANAWANAY
S EVAVAVILVAVAVEVAVAVAY




COUNTERMEASURE

Original Barge

Short Barge

Long Barge




Fz Joint2
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SPECTRUM

Short Barge

Fx_Joint2 Fz_Joint2

15 0 5 10 15 20
® (rad/s) ® (rad/s)

Fz_Joint2

® (rad/s)

Fz_Joint2

10 15
® (rad/s) ® (rad/s)
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