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Figure 2.2 Body Plan of T.S. HANBADA
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PC time

Year/month/date from

GPS(UTC)

time from

GPS(UTC)

speed from

GPS

heading from

GPS
latitude longitude

fwd port

max stress

f.p

mean stress

f.p

min stress

f.p

p-to-p

f.p

stdv

f.p

rms

f.p

period

mid port

max stress

mid port

mean stress

mid port

min stress

mid port

p-to-p

mid port

stdv

mid port

rms

mid port

period

mid stbd

max stress

mid stbd

mean stress

mid stbd

min stress

mid stbd

p-to-p

mid stbd

stdv

mid stbd

rms

mid stbd

period

aft port

max stress

aft port

mean stress

aft port

min stress

aft port

p-to-p

aft port

stdv

aft port

rms

aft port

period

fwd accele. max fwd.a mean fwd.a min fwd.a p-to-p fwd.a stdv fwd.a rms fwd.a period

aft accele. max aft.a mean aft.a min aft.a p-to-p aft.a stdv aft.a rms aft.a period

Trim angle max t.a mean t.a min t.a p-to-p t.a stdv t.a rms t.a period

Heel angle max h.a mean h.a min h.a p-to-p h.a stdv h.a rms h.a period

engine rpm max e.rpm mean e.rpm min e.rpm p-to-p e.rpm stdv e.rpm rms e.rpm period

log speed max l.s mean l.s min l.s p-to-p l.s stdv l.s rms l.s period

wind speed max w.s mean w.s min w.s p-to-p w.s stdv w.s rms w.s period

wind direc. max w.d mean w.d min w.d p-to-p w.d stdv w.d rms w.d period

fwd swbm (ton-m) fwd wbm

mid swbm (ton-m) mid wbm

aft swbm (ton-m) aft wbm

fwd port offset

mid port offset

mid stbd offset

aft port offset

fwd accel. offset

aft accel. offset

aft accel. offset

Slamming_severity

ship’s condition
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Date Position
True

Course
Speed

Wind

Direction

Wind

Force

Sea

State
Route

06051004
25-39N

122-57E
210 14.75 S 4 3 BUSAN-RANGOON

06051008
25-50N

122-34E
199 14.25 SSE 4 4 BUSAN-RANGOON

06051012
24-01N

122-11E
199 12.75 SSE 4 4 BUSAN-RANGOON

06051016
23-09N

121-50E
199 13.75 SSE 4 4 BUSAN-RANGOON

06051020
22-16N

121-27E
206 14.25 SE 3 3 BUSAN-RANGOON

06051024
21-25N

120-58
221 14.25 NE 3 3 BUSAN-RANGOON

06102504
06-47N

106-22E
170 16.00 NNE 5 5 BUSAN-SINGAPORE

06102508
06-50N

107-12E
170 16.25 NNE 4 4 BUSAN-SINGAPORE

06102512
06-53N

108-02E
040 15.25 NE 5 5 BUSAN-SINGAPORE

06102516
07-42N

108-44E
041 16.25 NNE 5 4 BUSAN-SINGAPORE

06102520
08-28N

109-24E
041 15.00 NE 4 4 BUSAN-SINGAPORE

06102524
07-34N

108-38E
221 17.00 NNE 3 3 BUSAN-SINGAPORE

06103104
04-19N

105-57E
039 15.50 NNE 5 4 SINGAPORE-CEBU

06103108
04-44N

106-56E
074 15.50 NNE 5 4 SINGAPORE-CEBU

06103112
04-59N

107-52E
072 15.25 NE 4 4 SINGAPORE-CEBU

06103116
05-16N

108-48E
074 14.50 NNE 4 4 SINGAPORE-CEBU

06103120
05-34N

109-50E
074 15.50 N 4 4 SINGAPORE-CEBU

06103124
05-53N

110-52E
070 16.50 W 4 4 SINGAPORE-CEBU
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Date Position
True

Course
Speed

Wind

Direction

Wind

Force

Sea

State
Route

06052204
RANGOON

PORT
BERTHED SE 3 3 AT RANGOON

06052208
RANGOON

PORT
BERTHED SE 3 3 AT RANGOON

06052212
RANGOON

PORT
BERTHED SSW 3 3 AT RANGOON

06052216
15-20N

096-44E
176 13.75 S 3 3 RANGOON-KEELUNG

06052220
14-20N

096-44E
180 15.50 S 4 4 RANGOON-KEELUNG

06052224
13-14N

096-41E
180 16.25 SW 6 5 RANGOON-KEELUNG

06110804
14-30N

125-00E
018 16.25 ENE 5 4 CEBU-KOBE

06110808
15-34N

125-22E
018 15.75 ENE 5 4 CEBU-KOBE

06110812
16-31N

125-40E
018 15.00 ENE 5 5 CEBU-KOBE

06110816
17-28N

126-00E
018 14.75 NNE 5 5 CEBU-KOBE

06110820
18-24N

126-15E
018 14.50 ENE 5 5 CEBU-KOBE

06110824
19-19N

126-39E
018 14.50 NE 6 5 CEBU-KOBE

06110904
20-14N

126-57E
018 14.25 NE 6 5 CEBU-KOBE

06110908
21-12N

127-17E
018 15.00 NE 6 5 CEBU-KOBE

06110912
22-12N

127-38E
018 15.75 NE 6 5 CEBU-KOBE

06110916
23-12N

128-00E
018 15.75 ENE 5 5 CEBU-KOBE

06110920
23-50N

128-15E
018 16.00 ENE 5 5 CEBU-KOBE

06110924
24-40N

128-31E
018 16.33 ENE 5 5 CEBU-KOBE
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Date Position
True

Course
Speed

Wind

Direction

Wind

Force

Sea

State
Route

06060304
28-03N

126-26E
049 17.50 NW 6 6 KEELUNG-YOKOHAMA

06060308
28-45N

127-30E
049 17.00 N 7 6 KEELUNG-YOKOHAMA

06060312
29-33N

128-10E
049 12.00 NNE 6 6 KEELUNG-YOKOHAMA

06060316
29-51N

129-08E
049 15.75 NE 6 6 KEELUNG-YOKOHAMA

06060320
30-23N

129-38E
065 16.75 NE 6 6 KEELUNG-YOKOHAMA

06060324
30-56N

131-03E
065 17.33 NE 5 5 KEELUNG-YOKOHAMA

07102804
15-01N

114-33E
027 15.75 NE 6 6 JAKARTA-TIANJIN

07102808
15-56N

115-04E
027 14.00 NE 6 6 JAKARTA-TIANJIN

07102812
16-48N

115-30E
027 14.50 NE 6 6 JAKARTA-TIANJIN

07102816
17-30N

115-53E
027 14.00 NE 6 6 JAKARTA-TIANJIN

07102820
18-26N

116-24E
027 13.50 NE 7 6 JAKARTA-TIANJIN

07102824
19-01N

116-42E
027 10.00 NE 7 6 JAKARTA-TIANJIN

07102904
19-46N

117-06E
027 14.00 NE 6 6 JAKARTA-TIANJIN

07102908
20-40N

117-35E
027 14.00 NE 7 6 JAKARTA-TIANJIN

07102912
21-34N

118-04E
027 14.00 NE 7 6 JAKARTA-TIANJIN

07102916
22-18N

118-27E
027 13.75 NE 7 7 JAKARTA-TIANJIN

07102920
22-55N

118-55E
010 10.05 NNE 8 6 JAKARTA-TIANJIN

07102924
23-34N

119-06E
027 09.25 NNE 9 7 JAKARTA-TIANJIN
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Date Position
True

Course
Speed

Wind

Direction

Wind

Force

Sea

State
Route

06060404
31-25N

132-06E
062 15.50 NE 5 5 KEELUNG-YOKOHAMA

06060408
31-57N

133-15E
062 15.75 NE 6 5 KEELUNG-YOKOHAMA

06060412
33-30N

134-20E
057 16.00 NE 8 7 KEELUNG-YOKOHAMA

06060416
33-00N

135-23E
050 15.25 NE 8 7 KEELUNG-YOKOHAMA

06060420
33-37N

136-20E
051 15.00 NE 7 7 KEELUNG-YOKOHAMA

06060424
34-11N

137-21E
078 16.00 ENE 6 6 KEELUNG-YOKOHAMA

07103004
23-48N

119-13E
023 04.25 NE 7 7 JAKARTA-TIANJIN

07103008
24-15N

119-25E
023 06.50 NNE 8 7 JAKARTA-TIANJIN

07103012
24-43N

119-51E
040 09.00 NNE 8 7 JAKARTA-TIANJIN

07103016
25-07N

120-12E
040 08.75 NNE 8 7 JAKARTA-TIANJIN

07103020
25-50N

120-50E
040 12.50 NE 8 6 JAKARTA-TIANJIN

07103024
26-33N

121-03E
055 13.25 NE 7 6 JAKARTA-TIANJIN
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Following Sea Head Sea

Date Position
True

Course
Speed

Wind

Direction

Wind

Force

Sea

State

Encounter

Angle

06102504
06-47N

106-22E
170 16.00 NNE 5 5 following sea

06102508
06-50N

107-12E
170 16.25 NNE 4 4 following sea

06102512
06-53N

108-02E
040 15.25 NE 5 5 head sea

06102516
07-42N

108-44E
041 16.25 NNE 5 4 head sea

06102520
08-28N

109-24E
041 15.00 NE 4 4 head sea

06102524
07-34N

108-38E
221 17.00 NNE 3 3 following sea
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Head Sea Bow Sea

Date Position
True

Course
Speed

Wind

Direction

Wind

Force

Sea

State

Encounter

Angle

06110904
20-14N

126-57E
018 14.25 NE 6 5 head sea

06110908
21-12N

127-17E
018 15.00 NE 6 5 head sea

06110912
22-12N

127-38E
018 15.75 NE 6 5 head sea

06110916
23-12N

128-00E
018 15.75 ENE 5 5 bow sea

06110920
23-50N

128-15E
018 16.00 ENE 5 5 bow sea

06110924
24-40N

128-31E
018 16.33 ENE 5 5 bow sea
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Beam Sea Head Sea

Date Position
True

Course
Speed

Wind

Direction

Wind

Force

Sea

State

Encounter

Angle

06060304
28-03N

126-26E
049 17.50 NW 6 6 beam sea

06060308
28-45N

127-30E
049 17.00 N 7 6 bow sea

06060312
29-33N

128-10E
049 12.00 NNE 6 6 head sea

06060316
29-51N

129-08E
049 15.75 NE 6 6 head sea

06060320
30-23N

129-38E
065 16.75 NE 6 6 head sea

06060324
30-56N

131-03E
065 17.33 NE 5 5 head sea
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Date Position
True

Course
Speed

Wind

Direction

Wind

Force

Sea

State
Route

06042000
35-46N

129-37E
187 17.00 W 7 5 Tonghae-Busan

06042002
35-05N

129-20E
187 15.25 WSW 7 5 Tonghae-Busan

06042004
34-53N

129-05E
226 15.25 WSW 8 5 Tonghae-Busan

06042006
34-33N

128-37E
130 16.00 WSW 9 7 Tonghae-Busan

06042008
34-05N

128-30E
050 16.00 WSW 7 6 Tonghae-Busan

06042010 K.M.U BERTHED W 6 5 Tonghae-Busan
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Date Position
True

Course
Speed

Wind

Direction

Wind

Force

Sea

State
Route

07040404
34-45N

125-06E
009 17.00 NW 6 5 Cheju-Busan

07040408
35-48N

125-50E
009 15.00 NNW 7 5 Cheju-Busan

07040412
35-48N

125-37E
176 15.50 NNW 5 5 Cheju-Busan

07040416
34-35N

125-45E
165 15.50 NW 6 5 Cheju-Busan

07040420
34-05N

126-50E
085 17.00 W 5 4 Cheju-Busan

07040424
34-18N

128-03E
070 15.75 W 4 4 Cheju-Busan
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Test Item IMO Standards

Turning ability

+35˚

rudder angle

Advance 4.5L

Tactical Diameter 5.0L

-35˚

rudder angle

Advance 4.5L

Tactical Diameter 5.0L

Yaw checking &

Course keeping

ability

10 /10˚ ˚

Zig-Zag

First

overshoot angle
10.0˚

Second

overshoot angle
25.0˚

20 /20˚ ˚

Zig-Zag

First

overshoot angle
25.0˚

Initial Turning

ability

+10˚

rudder angle
Path Length 2.5L

-10˚

rudder angle
Path Length 2.5L

Stopping

ability
Crash astern Track reach 15.0L

Table 4.1
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˚ ˚ ˚

˚ ˚ ˚

Date

Item

2005. 11. 18 2007. 5. 20 2007. 5. 29

Displacement

(ton)
5529 6125 5846

Draft(F/M/A)

(m)
4.6/5.3/5.8 5.3/5.7/6.1 5.3/5.5/5.7

Trim

(m)
1.2 0.8 0.4

Cb 0.549 0.563 0.556

Beaufort Scale 3 3 3

Depth

(m)
110 65 60

Table 4.2
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Table 4.3 Initial Turning Time of T.S. HANBADA

Rudder

Angle( )˚

Item

5˚ 10˚ 20˚ 35˚

Time to arrive

Rudder Angle (sec)
2 3 6 10

Initial Turning

Time (sec)

16.5kts 21 22 26 28

13.0kts 26 28 34 36

Path Length

(m)

16.5kts 178(1.71L) 186(1.79L) 221(2.13L) 230(2.21L)

13.0kts 174(1.67L) 187(1.80L) 227(2.18L) 240(2.30L)
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Rudder

Angle( )˚

Item

Port 35˚ Stb'd 35˚

Sea trial Measurement Sea trial Measurement

Speed(Initial/End)

(kts)
17.6/6.0 12.9/5.9 17.5/6.8 12.3/5.9

Advance

(m)
329(3.2LBP) 294(2.8LBP) 311(3.0LBP) 302(2.9LBP)

Transfer

(m)
195(1.9LBP) 196(1.9LBP) 193(1.9LBP) 190(1.8LBP)

Tactical Diameter

(m)
374(3.6LBP) 325(3.1LBP) 407(3.9LBP) 368(3.5LBP)

Table 4.4 Turning Ability of T.S. HANBADA
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가 이고 전술선회경2.9L , 이 로3.5L

측정 되었다 이는 에서 요구하는 조종성 기준의 종거 및. IMO (4.5L)

의 범위를 잘 만족하고 있다L) .

Table 4.5 Turning Ability of T.S. HANBADA(Starboard side)

Rudder

Angle( )˚

Item

Stb'd 10˚ Stb'd 20˚ Stb'd 35˚

Speed(Initial/End)

(kts)
12.3/10.3 12.5/8.6 12.3/5.9

Time of Turning

(min-sec)
8'-07" 5'-56" 5'-03"

Advance

(m)
516(5.0LBP) 425(4.1LBP) 302(2.9LBP)

Transfer

(m)
421(4.0LBP) 250(2.5LBP) 190(1.8LBP)

Tactical Diameter

(m)
781(7.5LBP) 528(5.1LBP) 368(3.5LBP)

가 이고 전술선회경2.8L , 이 로3.1L

측정 되었다 좌현 또한 에서 요구하는 조종성 기준의 종거 및. IMO (4.5L)
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의 범위를 잘 만족하고 있다L) .

Table 4.6 Turning Ability of T.S. HANBADA(Port side)

Rudder

Angle( )˚

Item

Port 10˚ Port 20˚ Port 35˚

Speed(Initial/End)

(kts)
13.0/9.4 13.0/8.0 12.9/5.9

Time of Turning

(min-sec)
7'-11" 5'-38" 4'-53"

Advance

(m)
484(4.7LBP) 408(3.9LBP) 294(2.8LBP)

Transfer

(m)
351(3.4LBP) 246(2.4LBP) 196(1.9LBP)

Tactical Diameter

(m)
652(6.3LBP) 450(4.3LBP) 325(3.1LBP)
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Table 4.7 Comparison between Turning Abilities

Test Items
IMO

Standards

Ability of

HANBADA

Turning

ability

+35˚

rudder angle

Advance 4.5L 2.9L/3.0L

Tactical

Diameter
5.0L 3.5L/3.9L

-35˚

rudder angle

Advance 4.5L 2.8L/3.2L

Tactical

Diameter
5.0L 3.1L/3.6L

Yaw checking

&

Course

keeping

ability

10 /10˚ ˚

Zig-Zag

First

overshoot angle
10.0˚ 9.0˚

Second

overshoot angle
25.0˚ 12.0˚

20 /20˚ ˚

Zig-Zag

First

overshoot angle
25.0˚ 17.6

Initial

Turning

ability

+10˚

rudder angle
Path Length 2.5L 1.79L

-10˚

rudder angle
Path Length 2.5L 1.79L

Stopping

ability
Crash astern Track reach 15.0L 13.3L



- 80 -

δ

ϕ ϕ δ

δ δ
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Time Heading Speed
Rudder

Angle
R.O.T Heeling RPM

0 0 13 0 0 0 119

2 0 13 6 0 0 119

4 0 13 14 0 1 119

6 0 13 18 -5 0.5 119

8 0 13 25 -15 0.5 119

10 359 12.9 31 -20 0.5 119

12 358 13 33 -28 1 119

14 357 12.9 33 -30(limit) 1 120

16 356 12.9 33 -30(limit) 1 121

18 354 12.9 33 -30(limit) 1 121

20 352 12.9 33 -30(limit) 1.5 120

22 349 12.9 33 -30(limit) 2.7 119

24 346 12.8 33 -30(limit) 2.7 119

26 343 12.8 33 -30(limit) 2.7 119

28 340 12.9 33 -30(limit) 2.7 117

30 337 12.8 33 -30(limit) 2.7 117

32 331 12.8 33 -30(limit) 3 117

34 328 12.7 33 -30(limit) 3 117

36 325 12.7 33 -30(limit) 3 117

38 322 12.5 33 -30(limit) 3 117

40 319 12.4 33 -30(limit) 3 117

42 316 12.3 33 -30(limit) 3 116

44 313 12.2 33 -30(limit) 3 117

46 309 12.1 33 -30(limit) 3 116

48 306 11.7 33 -30(limit) 3 116

50 303 11.7 33 -30(limit) 3 118

52 300 11.3 33 -30(limit) 3 116

54 297 11.1 33 -30(limit) 3 116

56 294 11.1 33 -30(limit) 3 116

58 291 10.7 33 -30(limit) 3 116

60 288 10.4 33 -30(limit) 3 115

Table 4.8 Test for Maneuvering Performance Index (Port 35°)
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e
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Maneuvering Performance Index (Port 35°)

타 각( )δ
K

선회성 지수( )

T

추종성 지수( )

K'

(K L/u)ㆍ

T'

(T u/L)ㆍ

최초

속력(Knot)

Port 10° 0.10 20 0.80 2.50 13.0

Port 20° 0.06 17 0.42 2.13 13.0

Port 35° 0.05 13 0.40 1.63 13.0

Table 4.9 Maneuvering Performance Index of T.S. HANBADA
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선 종
속력

(Knot)
K T K' T' 타 각( )δ

화물선 발라스트 17.2 0.04 11.0 0.35 1.24 15°

화물선 발라스트 15.7 0.05 6.9 0.36 0.95 15°

철도연락선 반재 15.0 0.03 7.0 0.22 0.93 15°

철도연락선 반재 14.5 0.1 22.5 0.76 2.94 15°

실습선 10.0 0.05 13.6 0.46 1.48 20°

실습선 10.0 0.04 12.0 0.37 1.30 30°

한바다호 13.0 0.10 20.0 0.80 2.50 10°

한바다호 13.0 0.06 17.0 0.42 2.13 20°

한바다호 13.0 0.05 13.0 0.40 1.63 35°

Table 4.10 Comparison of Maneuvering Performance Index
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Table 4.12



- 94 -

θ θ

θ

θ

θ

θ



- 95 -

0 30 60 90 120 150 180

0

10

20

30

40

50

60

70

80

90
  5 m/s

 10 m/s

 15 m/s

 20 m/s

 30 m/s

W
in

d
 F

o
rc

e
, 

F
y 

[t
o
n

]

Relative Wind Direction [deg]

β β

   




′

   




 ′

ρ

β

β

β



- 96 -

′  











′

′ 





′

 

κ 





 τ

δ δ

   




′

   




 ′

dd cos)1('
2

Hr
R

R aK
U

U
AY +÷

ø

ö
ç
è

æ
-=

dd cos)('
2

HHRr
R

R xaxK
U

U
AN +÷

ø

ö
ç
è

æ
-=

δ

δ

λ λ λ

α



- 97 -




′


′  

′


′  

ρ ρ



- 98 -



- 99 -

∼

∼

∼

∼

∼

∼

∼

∼

∼

∼

∼

∼
∼



- 100 -



- 101 -



- 102 -

0 5 10 15
0

5

10

15

20

25

30

Bow(5.0)+Tug(8.4)

Bow(6.9)+Tug(11.6)

 Wind Force * 1.0

 Wind Force * 1.5

W
in

d
 F

o
rc

e
 (

to
n

)

Max. Wind Speed (m/s)



- 103 -



- 104 -

Table 4.17   

Table 4.18
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ϕ

˚

θ θ

Angle KN (m) KGo×sinθ GoZ (m)

5 0.779 0.608 0.171

10 1.545 1.212 0.333

20 3.043 2.387 0.656

30 4.478 3.490 0.988

40 5.721 4.487 1.234

50 6.635 5.347 1.288

60 7.181 6.045 1.136
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Example of GoZ Curve

∆



θ

θ   


θ θf) ˚



- 126 -

Draft(mld)

(m)

Area

(m2)

Center

(m)

draft/2

(m)

Moment

(m3)

Z

(m)

Disp.

(ton)

LW1

(m)

3.00 1651.00 10.99 1.50 18144.49 9.49 2658.5 0.3029

4.00 1515.00 11.61 2.00 17589.15 9.61 3833.0 0.1952

5.00 1430.00 12.05 2.50 17231.50 9.55 5133.6 0.1367

5.90 1353.00 12.47 2.95 16871.91 9.52 6434.6 0.1029

7.00 1235.00 13.05 3.50 16116.75 9.55 8217.2 0.0738

8.00 1126.00 13.59 4.00 15302.34 9.59 9943.6 0.0558

Upper Deck

Shelterer Deck

of
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* Y : Distance from Center Line

Z : Distance from Base Line

Point 1 : Shelter Deck)

Point 2 : Upper Deck)
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실습선 한바다호 승선감 조사
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Sea state 5

최대값- :0.4g

유의치-1/3 :0.3g

-Bow Sea

Date Position
True

Course
Speed

Wind

Direction

Wind

Force

Sea

State
Wr. Temp.

07043016
34-20N

126-01E
247 16.00 SW 3 2 Rain 18

07043020
34-06N

126-45E
265 16.50 E 4 3 Rain 18

07043024
33-32N

126-00E
180 16.25 SW 6 5 O'cast 16

07050104
33-14N

126-53E
062 16.75 SW 6 5 O'cast 17

07050108
34-01N

127-50E
052 17.00 SW 5 5 O'cast 15

07050112
34-43N

128-54E
030 16.75 SW 5 5 O'cast 20
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Sea State 5

최대값- : 0.37g

유의값- 1/3 : 0.32g

- Head Sea

Date Position
True

Course
Speed

Wind

Direction

Wind

Force

Sea

State
Wr. Temp.

07091816
34-08N

127-48E
072 10.75 E 7 6 O'cast 25

07091820
34-27N

128-30E
058 13.00 NE 7 5 O'cast 24

07091824
35-05N

129-15E
036 13.50 NE 6 5 O'cast 24

07091904
35-53N

129-40E
014 13.75 N 5 5 O'cast 24

07091908
35-13N

129-46E
222 14.50 S 3 4 O'cast 25
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Sea State 5(6)

최대값- : 0.8g

유의값- 1/3 : 0.6g

- Bow/Beam Sea

Date Position
True

Course
Speed

Wind

Direction

Wind

Force

Sea

State
Wr. Temp.

07101712
16-10N

108-19E
117 12.00 NE 5 3 O'cast 26

07101716
15-52N

109-08E
165 14.25 NE 5 5(6) O'cast 27

07101720
14-40N

109-20E
165 17.50 N 5 5(6) O'cast 26

07101724
13-34N

109-46E
165 17.75 NNW 5 5(6) Rain 27

07101804
12-25N

109-52E
175 18.00 N 4 4 O'cast 27
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