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BRVVKIELTH B No-Go Area LSO E LTEREIND, ZON— MEREL Tk b
72V K% No-Go Area & FEQY, — FEHEIORDLEERER LR >TWS, Z? No-Go
Area X EHRT 2= OITHLERITEHRN, METRH/AE (UKC : Under Keel Clearance)
X, BRERERBESE N OBERT N X B E BT SRR IREEC, MIBRHITEE I X o MATE
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No— FEFHET 5D Z Li3b— PR EELKIREBIR L TV TR, #inEick
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PLEnG, F— bEIBIEDOREREE 25, A— MHEERY, L— FEHEO BHHI
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2.3 HE 72— b EHEIE

wIZ, ATEiON— FEHEORERSEHRE LS BN — MNIEE BT 5,

B O L— N EFEIDOFEFHTIX No-Go Area LD AILAIRD & & # AT X2, HBH
. BEFEREEA O TIMKIRD & 2 2 BIT T REEOHERTRY, TOMBEOKE 25
D No-Go Area (C X W IEAES N S FAKE D PlbhEZ N — e T5 2 & Th D, A
D P RANT 2 BITT D b LI WHRIZHFAET 5 No-Go Area 7 5 OBERRIERE % Iz
ToHZ &, BB, Wl No-Go Area IO R b EELMNA— N THEZ L2 EKT B,

BNE T, BRI, SHREAMROERD L L TEHRINIL— b E2ROBEN, Fh
LA, —EORHiKEEZRD TV EEBZ N5, —EOAMARERD, ot
WA 50— b aRODH Z LITEHPR LV — MHETEEE XD, A TIIZI0E X
WCHAS L N — FEHEEERET S,

RET DN — FEHEEOMEY Fig. 2.1 (R L, KUIZESWTRRT 5, b H 5
MTHDLNRHDHN. AN— FatliiElL 4 BEEOLBER T, — FHEEAR TS50 &
LTWa, 7. (— FHEEFETHS No-Go Area R E L., KIZ. (2) No-Go Area



S OREHIA S E B REREE RS, T, QRERBICH > TAMEZREAL, i
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EBUNg RPN

(1) N— FEFEIICLRERERORKT — & ~— 21tk No-Go Area DFXE

BRI, A — MEHEIOIBEHIRE, 1B, KEFESE, LA — PRENCLE IR
BPUVE L. HiEEREREML . BRARA— PEHBELTWD EELS, AN— bt
EETH. A — FEEIRLEREREOFRE HESMEEMIT LOWKT -4 ~—RA & LTE
H LTV, = OHET — & ~— 2 LTy ki, IR v OB BRRER7KI2 £ O No-Go
Area. HUEHLIR L HERBRIC & B BITHEBHN, BEC L 3HBARLRETHE, Z0OM
HF—F ~—Z L B 5L O T CHAT TR RS BT _EL— bOEEL 2D L L
-DThH5H,

AN — b EHEE THRT — & ~— 2L L HRIC 1T B /L— MRHEESRZ Table 2- 11T
3. WERICERHE SR, KR TEREPUESORMAZEORR LT, BEMKE L H#
BRHEK . RIS, IE Y OBERIEREPN KIS ¥ ORRIEER & b HIRT — & - 21l
L, BT —F _R— 22T, %O OF% &I THHRLT 5.

o BE. AE. BREESOWEICERIhERRT —F—R

Fig. 2-2 i3BRUCIIT B B, TS, MBROEESLZTT, BRFBICENT,
N— FEFEILE OB b K& RRIRER L 2 DEKIERT — & X—ADFL LT, -5m D
ARG S Fig.2-3 1R T, BPOERN-bm OSKRBRTHY | -bm Z@IT TR &K
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Table 2-1 Database of topographical constraints on the sea area

DATA IN THE CHART

DATA SYMBOL

Land Coastline Lcoo
Islands and etc. Coastline 1C00
Soundings 5m Depth Contour SCO05
10m Depth Contour SCi0
15m Depth Contour SC15
20m Depth Contour SC20
Dredged Channnel SDCH
Dangers Fishery Stationary Net DFSN
Fishing Net DFFN
Oyster Bed DFOB
Peral Bed DFPB
Laver Bed DFLB
Fishing Spot DFFS
Area Under Construction DCON
Prohibited Area DPRO
Sunken Wreck DSWR
Defined Routes Two-way-route Passage PSRR
One-way rom separation Passage PSRR
Roundabouts Passage PSRR
Ristricted Area RWAP
Ruled/Recommended P: g
Ruled/Recommended Passages RWAP
Navigation Marks Lights Light House MLLH
Leading Lights MLLL
Light Beacon & Buoys MLLB
Stations Signal Station MSSS
Pilot Station MSPS
Buildings Chimney MBCH
Tower MBTR
Bridge MBBR
Tank MBTK
Silo MBSL
High Building MBHB
Mountains Peak MMPK
Peninsula & Island Capes & Points MPCP




Table 3-1 Standard rudder angles for the course alteration

Position Speed Mani SutI:rt]d:r\t: | Margin of
of Engine (knot) Steering Apparatus pulated Values Control Forces
Telegraph Rudder (deg) |Thruster (4/4) %)
Full 1242 Rudder 10 0 1%
Half 9.315 Rudder 10 0 T
Slow 6.21 Rudder 15~20 0 57%~43%
D. Slow 3.105 Rudder + Thrusters 20~30 2/4 45%~27%
Stop 0 Thrusters 3/4 25%

Table 3-2 Wind limitation to keep the course and to alter it at standard rudder angles

. Under Standard Rudder Angles
Position
) Speed
of Engine . . _ .
(knot) Controllable Wind Limit (Knot) = Coursekeeping
Telegraph
75% of Coursekeeping Wind Limit Wind Limit (Knot)

Full 12.42 373 49.7

Half 9.315 279 37.3

Slow 6.21 252 335

D. Slow 3.105 19.8 26.4




Table 5-1 Principal particulars of GT499 type inland vessel

Gross Tonnage 498 T
Length p.p. 70.00 m
Breadth 11.80 m
Depth 7.20m
Draft 3.78 m
MCR 2400 ps x 260 RPM
NOR 2050 ps x 240 RPM
Bow Thruster 203 psx 2.03 t
Stern Thruster 162 psx 1.2 ¢
RATING RPM SPEED(kt)
Navigation Full 240 12.4
Full Ahead 240 12.4
Half Ahead 180 9.3
Slow Ahead 120 6.2
Dead Slow Ahead 60 3.1




Step 1 Definition of the topographical
constraints, the init and the goal

Defining the No-Go Area based on a
database of topographical constraints
on the sea area.

No-Go Area

Step 2 Planning the shortest path

Finding a path from the init to the goal
through the free area except the No-Go
Area.

Goal

Step 3 Planning a chain of elemental
Safe Waters

Planning elemental Safe Waters along
the shortest path in order to maximize
the clearance between the ship and the
No-Go area.

Step 4 Planning a chain of elemental
passages and the route

Transformation of elemental Safe Waters
into elemental passages in order to keep
the continuity of the passages.

The route goes through the center of the
passage to keep the enough clearance to
the No-Go Area.

Goal

Fig. 2-10utline of the proposed route planning method
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Fig. 2-3 A topographical constraint based on the 5m water depth contour
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Fig. 2-4 The No-Go Area based on the distance off areas around points
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Fig. 2-5 The No-Go Area of a two-way passage



No-Go Areas of
5m depth contour
and the passage

NORTH CHANNEL

1. No-Go Areas of the 5m water depth
contour and the passage

Additional No-Go Area
for north going vessels

Additional No-Go Area
for south going vessels

3. The No-Go Area for south going vessels

Fig. 2-6 The No-Go Area of a one-way passage with separation scheme






Goal

Node Init Noe

Node Goal

Step 1 Two dimensional polygonal obstacle
region as the topographical constraints, the
initial and the goal positions are defined.

Counterclockwise

Goal

Step 3 The paths from the init to the goal
are founded by searching the nodes, which
are connected to the goal, of the obstacle in
clockwise/counterclockwise directions.

Step 2 The non-directed graph, whose nodes
are the init, the goal and the obstacles’
vertices, 1s defined. An arc/link between
two nodes is a straight line segment which
does not intersect the obstacle’s interior.

Init

The shortest path

Goal

Step 4 Comparing the costs of paths, the
shortest path from the init to the goal is
founded.

Init

The shortest path

Goal

An example of path planning on two obstacles

Fig. 2-8 The path planning method for route planning




The shortest path

1. In the case where the shortest path is a side of the
rectangular Safe Water

The shortest path

2. In the case where the shortest path is a diagonal of the
rectangular Safe Water

Fig. 2-9Method to plan an elemental Safe Water along the shortest path



Fig. 2-10 A i
chain of
of elemental Safe Waters along the sh
e shortest path




The route

The shortest
path §
¢/ fElemental

The entrance of Elemental passage

the next passage passage

The exit of
The passage

Elemental
Safe Water

Elemental
Safe Water

1. In the normal case

Elemental
e 7, Safe Water

-

Wrong
elemental

+The route -

Elemental ::
Safe Water

The shortest path

If wrong elemental passages which
make along way are produced in the
normal manner, an __ alternative
elemental passage should be created

in order to eliminate the long way.

2. In the case which a long way between two passages
is produced.

Fig. 2-11 Transformation of a chain of elemental Safe Waters

into a chain of elemental passages



Fig. 2-12 A chain of elemental passages and the route




o Leading lights

Leading lights

Leading lights

Fig. 2-13 The course of the passage directed to the leading lights

Fig. 2-14 Unification of the courses of two or more passages



Fig. 3-1 Sequential photos of the GT499 type inland vessel
during a handling alongside the pier without turning



Fig. 3-2 Sequential photos of the GT499 type inland vessel during a handling
alongside the pier with turning to make the head to the area entrance



Fig. 3-3 Bridge layouts and associate equipments of typical GT499 type inland vessels
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Fig. 3-4 Results of a questionnaire to the experts on deceleration maneuvers

T T T T T T
4ofFul ]
B Hal Simulation -
8 / Speed
» 2Tp Slow
g i 27p |
O 4 i
'g_ Simulation /
@ B Telegraph orders 2Tp -
(@)
% 0 [ I 1 ] L ZTP 1
- 0 400 Time[s] 800 1200
&
I T T T T T
X n Simulation ! ; : .
— Speed R ; ! | L
? gl \ | : Half _
g i
e e Simulation
@ | ; Slow Telegraph orders ;
at R N
i i Dead SIOW """" Person B ]
O - ; : """"""" Person C, D
Stop. . . . _ . . .
0 1000 2000 3000 4000

Residual Distance to Destination [m]
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in simulator experiments
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Velocity : v(t) [m/s]

Propeller Revolution : n(t) [rps]

Advance : D(t) [m]

A

VE, NIp

v(t)
VH, DH n(t) _
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>
Time [t [s]
2Tp [s]

Fig. 4-2 Schematic relation among the advance, current speed and object speed



Set the conditions for passage planning

v

Route Planning

Path planning under the UKC constraints

v

Path planning under No-Go Areas’ constraints

v

Plan a chain of Safe Waters along the shortest

path
4

Plan a chain of elemental passages and select
course of each elemental passage

v

Maneuver Planning

Set ship’s speed at each waypoint

v

Plan course alternation maneuvers

v

Eliminate overlaps of two maneuvers

:

Plan deceleration maneuvers

v

Planned route and maneuver

Fig. 5-1 Process of passage planning




Pi

/.- Assumed No-Go Area constraint
for landing at the pier with
turning to make the head to the

area entrance

Pier Assumed No-Go Area constraint
; for landing at the pier without
turning

From the area entrance

Fig. 5-2 Assumed No-Go Area constraints for landing at the pier with/without turning



Dap: Advance of the approach part in course alternations

Dcr: Advance of the counter rudder part in course alternations
Above parameters were defined in Fig.4-1.

(Dap+Dcr) 1.3
A

A
v

Dstp: Advance of the stopping maneuver

0.3 of above definitions correspond to estimated necessary distances

for Dsts, which are defined in Fig.4-1, around way points in course
alternations on the condition that way points and routes are not
fixed.

Fig. 5-3 Configuration of the assumed No-Go Area for landing at the pier



Fig. 5-4 The shortest path under the UKC constraints

Fig. 5-5The shortest path under the No-Go Area constraints



Fig. 5-6 A chain of the Safe Water along the shortest path

Fig. 5-7A chain of elemental passages and the route



Fig. 5-9An enlarged copy of a part of the planned maneuver shown in Fig. 5-8.
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2 Péth planning under No-Go Areas’ constraints
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Fig. 5-10 Output example at each phase of the automatic passage planning -1



1 Path planning under the UKC constraints

2 Path planning under No-Go Areas’ constraints

§ Maneuver Planning

Fig. 5-11 Output example at each phase of the automatic passage planning -2




WAYPOINTS & ORDERS -

WP1 Co359 VF
*Rud to $10

WP2 Co046 VF
*Spd to H
*Rud to S10

WP3 Co09 VH
*Spdto S
*Rud to S20

WP4 Co122 VS
*Spdto D
*Rud to P10

WP5 Co068 VD
*Spdto O
*Spdto A

WP6 Co068 VO l\ _
— (S 520 ]

810

co046

Fig. 6-1 Display image of the support system for maneuvering

Fig. 6-2 The support system for maneuvering in the shiphandling simulator



Fig. 7-1 Comparison of the routes of the experts and that of the automatic passage
planning system
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Fig. 7-4 Maneuvering plan of the automatic passage planning system
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Fig. 7-5 Comparison of the deceleration maneuvers of the experts

and that of the automatic passage planning system
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Fig. 7-6 Comparison of the course alteration of the experts

and that of the automatic passage planning system
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Fig. 7-11 Effect of the support system on the course alteration
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1. GENERAL DESCRIPTION

(1) Ship’s Particular
Ship’s Name Wakai-maru
Call Letters JG5224
Gross Tonnage 498 T
Dead Weight 1291 MT
Length Over All 7477 m
Length Bet. PP. 70.00 m
Breadth, Mould 11.80 m
Depth, Mould 720 m
Draft 3.78 m
Main Engine, Type x No. Diesel x 1
MCR 2400 ps  x 260 RPM
NOR 2050 ps x 240 RPM
Minimum Revolution 60 RPM
Propeller, Type x No. x Dia. | FourBladedeFPP x 1 x 24m
Bow Thruster, ps x Dia. x Thrust 203ps x 1.0m x 203t
Stern Thruster, ps x Dia. x Thrust 162ps x 08m x 152t
Bow Form Bulbous Bow

58.9m

Forward blind zone

63.6m
<+ >
Distance from Bridge to Stem 589 m
from Bridge to Stern 15.8 m
63.6m




(2) Ship’s Speed

Maneuvering Speed :

RATING RPM SPEED (Kt)

Full Ahead 240 12.42
Half Ahead 180 9.315
Slow Ahead 120 6.210
Dead Slow Ahead 60 3.105
Dead Slow Astern -60

Slow Astern -120

Half Astern -180

Full Astern -240

Time to shaft stop after order for full astern with the ship under maneuvering full
ahead speed 31 sec.

Sea Speed

Rating RPM SPEED (Kt)

Navigation Full 240 12.4

— 100 —



2. TURNING CHARCTERISTICS AT 35 DEG. RUDDER ANGLE

(1) Turning Circle in Deep Water

rooer s s nenn s | Wakalsmary - c o

Full Load Condition -

Left 35° Turn Right 35° Turn
Initial RPM=240 RPM Initial RPM=240 RPM
Turning Time Speed Turning Time Speed
Angle (deg) (min) (sec) (Kt) Angle (deg) (min) (sec) (Kt)
0 0 0 12.4 0 0 0 12.4
90 0 59 7.82 90 1 0 7.86
180 1 52 6.22 180 1 54 6.32
270 2 50 6.06 270 2 53 6.18
NOTE:

For the turning characteristics with a different approach speed from the above,
it is well known that

1) turning track is almost the same as the above,

2) “TIME” varies in inversely proportional to the approach speed, and

3) “SPEED?” varies in directly proportional to the approach speed.
—101—



(2) Accelerating and Coasting Turn in Deep Water

..................

Conventional S35 Turn (RPM : 240 RPM )
sssssswussnssnnnnan  Acceleration S35 Tum (RPM:0 — 240 RPM )
e = == + == Coasting S35 Turn (RPM:240 — O0RPM )

NOTE:
It is generally known that turning track is not so much affected by the initial propeller
RPM (the approach speed) for the conventional and coasting turns, and by the ordered
RPM for the accelerating turn.
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(3) Turning Circle in Shallow Water

EEENNEREEREEENEEESN WaterDepth/draft 1.5

- ] Water Depth/draft 1.2

NOTE :
It is generally known that turning track is not so much affected by the approach speed.

— 103 —



3. STOPPING ABILITY

1 l L] I L] I T I ]
m | 200 @ Wakai—maru
400+ 130 Full Load Condition _
Wind Speed 0 m/s
[ ] - ]
’I
— 1|00u ’I CP 1l30u -
’
/
I /l ¢ 100"
’
/
!
200r ! -
!
0|30n ()é
" ¢ 100"
J: () 0-30u
]
B ) 0'30" 7]
L 0'30"
o0'oQ" 0'00" 0'00" 0'o0"
Or 0 o o —
. FAhpPF.As  H.AhPF.As  S.Ah—2F.As DS.AhPFAs
0 200 m 400
Initial Initial Engine Stopping | Stopping ‘Head Side Stopping
Engine Motion | Speed (Kt) Motion [Distance (m)] Time (" ") | Reach (m) | Reach (m) | Heading (°)
Full Ahead 12.4 Full Astern 439 2' 03" 439 -1 Stb'd 17
Half Ahead 9.3 Full Astern 301 1'45" 301 -0.7 Stb'd 14
Slow Ahead 6.2 Full Astern 170 1'23" 170 -1 Stb'd 09
Dead Slow Ahead 3.1 Full Astern 62 0" 55" 62 -0.6 Stb'd 04
Initial speed to stop by one ship length:70m  ( Engine Motion : Full Astern ) 34Kt

In an emergency, when the ship need to be stopped and deviated to port or starboard, given an

astern order at the same time as changing rudder angle to port or starboard.

The stopping distance and etc., when giving an astern order at the same time as changing

rudder angle by 35° to starboard, are shown in the following table.

Initial Initial Engine | Rudder | Stopping | Stopping Head Side Stopping
Engine Motion [Speed (Kt);] Motion | Motion [Distance (m)] Time (' ") ] Reach (m)] Reach (m) | Heading (°)
J L

Full Ahead 12.4  |Full Astern] Stb’d 35 365 1' 44" 326 117 Stb'd 88
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4. COURSE CHANGING PERFORMANCE

COURSE CHANGING PROCEDURE
Course Change Angle
( GivenCourseShift)
Rudder-Reverse Heading
Heading, Headin
Rudder,
Rate of Turn -
udder 5 Rate of Turn
] 1 1\ ) e
Tnme \ g /
L Reverse-Rudder - 6

NOTE:
It is well known that the Course Change Angle and the Course Change Distance ( in
non-dimensional unit: Xc¢/L) are not so much affected by the difference of the ship’s

speed.

Estimated Non—dimensional T, K and Time Response
Based on Course Changing Maneuver by 10 deg. Rudder

O T N e 1100
10

1 :_ QS ST S S = 180

L
1))
o

(&)

i

o
Yaw(deg)

Yaw Rate (deg/sec)

L
LN
o

|
—_
]

=T*(V/L)=2214 K'=K*[L/V)=1.202 T =25(s) K=0.0985(1/s)
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By 10/20 deg. Rudder with Initial SPeed 12.3 kts [Full Ahead]

200
600 SR ST AN

P 400‘
£
K o
[$]
m [
[0)
14
3
& 200
0 - I : : [
0 20 40 60 80

480 — —— -8
O 4 E
— e
5 360 6
[0) O
= o
o 24 4 'g_
N 5
o 1 2
e 1 2
= 1 E

420 6
= 280 4
3 oy
e <
< 140 2%

Course Change Angle (deg)

20 40 60
Rudder—Reverse Heading (deg)
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5. COURSEKEEPING ABILITY UNDER STRONG WIND

The following curves are calculated course-keeping limitations at 15 and 35 rudder angles.

Vw : Wind Force (kt)

Wakai—-maru Fulll Load Condition |
U : Ship Speed (kt)

20

Vw/U

—_
o

o s 120 180
ABSOLUTE WIND DIRECTION : a (deg)
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6. SPEED DECELERATION

(1) Coasting Performance

1 5 ' l I l I ' ' l I 1 500 LELILIL l LELER I} 1 500
_ Wakai-maru Full Load Condition a _
Wind Speed 0 m/s
Full(240rpm) — Stop(Orpm) ) i ]
Initial Speed 12.4 kt - » -
1128 m
10— —1000 I~ —1000
o~ —
gt 1= | 1%
z £ ~
= o ~ <=
L d o N g1 Q9
g 7 3 :
N 33m Y/ &l g 1~
ar 2|3 12 T 13
= 4 o A S
5kt
5 500 [ -1500
L ] - L -
v
3 3kt
= & — = -
w2 =
i =8 B
v | en
’ 0 | | | | | | 1 | O sl O
0 (1) 300 600 -100 0 100
Time (sec) Side Reach (m)
Initial Ordered Decelerated Ship Speed
Skt 3 kt
Engine Speed Shaft Engine Shaft Distance Time Distance Time
Motion (Kt) RPM Motion RPM (m) " (m) ‘"
1.1.2 Full
Ah
124 240 Stop 0 733 3’ 00” 1128 6’ 20”
ea
d
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(2) Decelerating Performance

v 1 4 .l v 1 1 | 1
Wakai—-maru 41500 L \ {1500
Full Load Condition ~ / \
N Wind Speed 0 m/s /] " \ ]
/ \
AN - " -
RN / \
AN / | i \
~ - / \ =~
10 ~— / :
) \
< 1000 |- | 1000
e
2 E T L 18
n \D/ \ ;
o, N |
= g \| 5
A% _ Py - (7
. 11 | B
= _ (D]
5 || s
_ 500 B | {1 4500
AL TTm—— ]|
// Slow — D.Slow A B | L] T
B i | ||
| ||
D.Slow — Stop | B I l 1
_ N 1] -
O 1 1 1 2 | I I 1 O
0 120 240 —-200 0 200
Time (sec) Side Reach (m)
Initial Ordered Deceleration Factor
Engine ngte)d et | ngime | Shaf Distance/ kt (m) * Time/kt (") **
Full Ahead |  12.4 240 |Half Ahead| 180 442 1 197
Half Ahead| 9.3 180  |Slow Ahead| 120 446 2527
Slow Ahead| 6.2 120  |D.S. Ahead| 60 453 3127
D.S. Ahead| 3.1 60 Stop 0 545 1’ 217
NOTE:

*

k%

Average distance ship run per 1 knot deceleration,
after main engine output is decreased. : S¢/(Vy — V3)

Average time per 1 knot deceleration.
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EMEtEICBE T 57 7 —

UTO&E7 v7r— FEBIZBEACESL,
CEEDRALERBEEZEALTIESL,

K %

B FEMMEH FITERL-BMORE mxGT

3" Officer

2™ Officer

Chief Officer

Captain

2.

B . BRHEZT o= GT49 BAM4E o Hh—DX v TT7 & LTERE 21T 5B E LTW
330 (FR%EF) LIz H>LWTHMBW:LET,
21 AMEA - Toh ) T T EB0OEE/ RS2 — (Full Ahead—Stop) IZEFAHIT /O UE—T 3
VEES A IVTOARERALTLESY, AMLGTICEERE, ROVEEETE, EROKREZRE
BMLET,

IV UE—3Y SRt ;) &=

Full — Half Down

Half — Slow Down

Slow — Dead Slow Down

Dead Slow — Stop

22 AE-EBTIBOFE/A2—> (Full Ahead—Stop) IZETHBFEI P UE—V 3 >%ﬁ0)5§
FRALTLHEEN, BEEATHE 5~6kt BELUTOMTHAERS L. HilEIE 300m BEO ABMEK
HYETH, R"—RATETITBITMMICHES T LFEC. BLEVRREZBEWV:LET,

IVOUE—TaY B & (FERERY. ZEREIRY) -

Full — Half Down

Half — Slow Down

Slow — Dead Slow Down

Dead Slow — Stop
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BRI DT BEEMTELTSRENHYVET, BBEAMTHELEISITI OO VE—Va VARER
fTOARZEALTT S,

BABEAELEIZS TS

. oo B R (RN, ZR8) CEI
IVOUE—VIVORE

Slow / Dead Slow — ( )

ABI—REFUMNFE LG LHMBEREZERSAIEAHNEHY FET. FRANCERNET 180 &
OEBEZTHICHELGBEDOES EEOEOEN (TP VEFE—Vay) ZRBALTTFEL,

BEFER BEOLES (BERE%) FhHEToPrvE—T3aY) HE
12800 A 0 K
2S5 R4 GFROKEM

2.3 ZOfth, AMEA - TUAU T, AR - BREFOBRICET AN E 2T SBRICLELIES
HENAHYFLELRBLTIESL,

24 BMFEOEHAZRBICENT, FETRERAEHAE., BT, 30 EXRHEZTIBEOSHHT
DOVE—VVITBWTHERY AA,. EHEREZAK T SIEURATFHOBRENIIBERZZXZALTTS

FETRCEHAR RH0 e

30° EEEFCH T HEHIRRZH

Iy VE-Y3s 30° EHEBRICERT 58

AR 7E737) W BESHAFMOEER AR
Full Ahead °
Half Ahead ¢
Slow Ahead

Dead Slow Ahead ¢
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3. UEIhHF-EBREAELSBYICERT SICE. ASOBBEAZLRCHGELE-BRETSLENHY E
4. AB. BREEETo7T- GT499 BHHH 42 o Hh—DOF v TTF 0 & LTEET 5. RFOREFEA~
DHAGCEESLZALTTFELY,

30 BHTEMTEIRAAEIFA ks BELFPHMEAITTH.

PR L kts | R0

3.2 MERERMN D 10m/s~15m/s RSB EEHT-& LT, TEHEMR. FERRBICE T 2RFE~DOHIGE
Z@RALTTFELY,

LEHEM EOHIEE

R M E XIS

BE. HYNRESTEVFELE
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BRERRESHEIZ W T

FEAATT © SR AMMEDERIAEEIGE © r@ 1XA-S5. DROERES R THRREEN 5,

T dr(t)
dt

+r({t)=Ko(t)

IEELEBKIEROT vy JEIT TR E 2D,

A(s) K R(s)
———»

Ts+1

e E g *, ERKAL > FEEERR
ENETH L REERESHET. FRITE
FTEIBRANUARGIAE DT ERIMLNT
W5,

ERANUARUHIEOANS LIS R B F
HBE LT, Ao, =0 no0feH : 0+
DAT v TN BERER) &, FeARKRRE
A d[s]> DAEF REF : 2[s]E TOREH -2
S*DAT v T A (REER) 2ERDHZ L
TN HIED AT (ERFR) ZFELL,

INEERODDHZENTE D,

(A-5. 1)
R(s) = %)
Als) =250
S (t), rt), ¢ (t)
T . J (t) ¢ (t) .
J &
r(t
t
( t1 12 >

_é‘*

Ao (t), rt), ¢ (t)
é‘*

t1 & \\‘\3 fzd:

20*

=0 DL ORER © S *DAT v T AN OMEOEREBSE © ryq@id (A-5.2) el b FEPhRERY .
L[| HORERA -2 8 *OAT v T AT EERIZ AN T D MMEDOEERESNSE - rhid (A-5.3) K&

Do

Fe(t) = K§*(l—e_%)

_t-tl

F(1) = ru(f)—2K5*(1-e 7))

(A-5.2)

(A-5.3)

Feh oD 2[s] &35 &, (A-5.4) e (A-5.5) RTHREENDSTEOORMENEIT 5,

r2)=0
w(2)=y*

(A-5. 4)
(A-5.5)
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(A-5.2) & (A-5.3) & (A-5.4) K& (A-5.5) RIRAT D&, (A-5.6) I & (A-5.7) 3R E
60
r=t—-t1 12=12-11

2 2 :
r(2)=Ko*(1—-e T)-2K5*(1-e 7)=0 (A-5. 6)
2 2 _t 2 T
w(t2) = jr(t)dt =K5*j(1-e T)dt - 2K& * j(l—e T)dt =y * (A-5.7)
0 0 0

Kic. (A-5.6) & (A-5.7) XEEELT, (A-5.8) K& (A-5.9) X&EHFD.

_2 _12
(l-eT)=2(1-¢T) (A-5. 8)
_r2 _r2 w* ‘
12-2-12-T(l-e T)+2T(1-¢ )= (A-5.9)

Ko*

(A-5.8) & (A-5.9) RUTARALT (A-5.10) KERD,

l//*
12-2-12= X5+ (A-5. 10)

(A-5.10) 3% (A-5.8) RUTHRAT B E (A-5.11) KRBT D,

w* 72 72

e—ﬁ(e—T)z —2 T +1=0 (A-5.11)

~ @ (A-5. 11) XA = & T, fRTH D HEP R : 2[s] & Fef SERREHA e [s] 1L (A-5.12) X & (A-5.13)
KXDEBYKRED,

72

v _12
O<l—e ®* <1THV, 0<e T <1 THDHDT,

. ’ A
——T-__l— l—e K5 1

el = o = = /N
- |4
e ™ 14\1—¢ T
72 = -T-log, (— )
A
1+ \Il—e TKS*
*
2=2-12+ 1?5 _ (A-5.12)
'/,*

=172+ X5+ (A-5.13)
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