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ABSTRACT

As port transport system consists of subsystems such as
navigation system, cargo handling system, storage system,
inland transport system, and Management and Information system,
the poductivity of this system 1is determined by the minimum
level of subsystem.

From the viewpoint of elaborating the efficiency of inte-—
grated system, it is valuable to determine the optimal level
of harbour tug boat which is the most important factor of nav-—
igation system.

This paper treats the optimal amount of harbour tug boat
by simulation, and applied to Pusan port.

In the course of simulation, an emperical formula 18
introduced for determining the Horse Power (HP) of tug boat
by the ship's gross tonnage (G/T) refering to the cases of
various ports of other countries, that is;

Y = 9.96 XO'6 + 569

X : The gross tonnage of vessel (G/T).

Y : The Horse Power (HP) of tug boat

The results of the simulation are summarized as follows;

1) 1In 1987, three or four low—powered harbour tug boats, five
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mid-powered harbour tug boats and four high-powered harbour
tug boats are necessary in the mean level.
But, five or seven low-powered harbour tug boats, ten mid-
powered harbour tug boats and eight hiéh—powered harbour
tug boats are necessary lest delay should occur at all.
In l992,»three or four low-powered harbour tug boats, six
mid-powered harbour tug boats and seven high—powered harbour

tug boats are estimated and be necessary in the mean level.
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(Table 3-1) Criteria of tug boat allocation
(KOREA MARITIME AND PORT AUTHORITY)

Gross Tonnage(G/T)| Class of tug boat Total Horse Power
(BHP) (BHP) ——
less than 5,000 1,000 and less less than 2,000
5,000 — 10,000 1,000 2,000— 4,000
10,000 — 20,000 1,000 , 2,000 3,000 — 5,000
20,000 — 40,000 2,000 , 3,000 5,000 — 7,000
40,000 — 70,000 2,000 , 3,000 and over 7,000 — 10,000
70,000 — 100,000 2,000 , 3,000 and over 10,000 — 12,500
100,000 and over 2,000 , 3,000 and over 12,500 and over

ofel w2  FA4FL AGEH L A BHEF  wFo
(Table 3-2) 9 o] Hfy WAAEE Ao sy Aojuxs §

stz Ak
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(Table 3-2) Criteria of tug boat allocation (PUSAN PORT)

Gross Tonnage Class of tugboat! Number of tug boat
(G/T) (B H P) !

,,,,,,,,,,,, S T, - B
less than 5,000 1,500 Low 1
5,000- 10,000 3,000- 4,000  Low I, Mid 1
10,000- 20,000 3.000- 5,000 e Mid 2,
20,000~ 40,000 5,000~ 6,400 ' High 2
40,000- 70,000 | 6,500- 8,900 | High 2, Mid 1
70,000-100,000 | 9,000-12,100 : High 3, Mid 1
100,000 and over 12,500 and overJE High 4

t}, Low :Low Powered tug boat (less than 1500 BHP)
Mid : Mid. Powered tug boat (1500~2500 BHP)

Higg : High Powered tug boat (2500 BHP and over)

(2) Europe 3 7H#ko] My W KEH

1987 I1APHo| 4 ut713 Report on Trends in Ships Character-
istics’ Developmento] ©¢]3= London3dt® Rotterdamda-& F < Al
wro]  Zolg d e BeTFL x4 5o}l Southampton &-&
R (G/T) B8 oA HEdE AAsA sefadnt & oo A
oz oae #Me Fruh AAH Y= A FT E AE X

W (Table 3-3)3 #xh
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(Table 3-3) Criteria of tugboat allocation(1]

Towage - strenght required

Deadweight
tonnage DUNKIRK NANTES-ST-NAZAIRE LE HAVER
(DWT) power(t)|number | power(t) | number power(t)ﬁnumer
25,000 to 30,000 60 t 40t 2 60t 2
45,000 to 60,000 | 80 to 90 t 60t 2 to 3 80t 3
80,000 to 120,000| 90 to 110t| 3to 4 | 80t to 90t 4 100t 4
120,000 to 160,000 110 t 100 t 4 100t 4
160,000 to 200,000| 110to120 t 120t 4 100t {4to6
250,000 140 t 120 ¢ 5 120t |[4to6
300,000 140 t 5to 6 150 ¢t 6 135t (4106
400,000 155t 6
550, 000 180t 6

(13 COMMITTEE ON PORT SAFETY, ENVIRONMENT AND CONSTRUCT=-

ION, IAPH

REPORT ON TRENDS IN SHIP CHARACTERISTICS’

MENTS,p 4,

1987

DEVELOP-
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i

a ) Acwyo W Eola AL R alnE
b)) LS 3m .~ sec
o) A $lvba A eheR
Y The Calculated HP of tug boat per ship’s tvpel2]
ﬁ,T:_:::::ﬁjjﬁﬁx:ﬁ;:f: S
P V gear ool mtl U Wy Trab il
8m. sec ¥ P
‘3}(_'1"011")‘ (HP " {HP)

2 1.500 500 % 4 =2,000 2,000 ~ 3,500
2.0 1,500 500 =~ 4 =2,000 2,000 ~ 2,500
L5 1,500 500 X 4 2,000 2,000 ~ 3,500
L5 1,500 700 % 4 =2,800 2.800 ~ 4,300
I8 2,000 700 X 4 =2,800 2.800 ~ 1,800
L9 2,000 ]00 % 4 — 3,200  © 3.200~5,200
19 2,020 1,000 x4 ==4,000 4,000 ~ 6,000
19 2,000 ; 1,000 x 4 24,000 4,000 ~ 6,000
21.6 | 2,000 1,200 X 4 =24,800 4,800 ~ 7.300
24 2.500 | 1,600 % 4==6,400 6,400 ~ 8,900
25.5 . 3,000 | 2,000 X 4=8,000 | 8,000 ~ 11,000

| e S
sk, W, pLdl, 1975
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(Table 3-5) Criteria of tug boat allocation [3]

Gross Tonnage Horse Power Number of tug boat
(G/T) (HP) (HP X Number)
3,000 500 or 800 500 X1 or 400 X 2
6,000 800 or 1,000 800 X1 or 400 X 1
600 X 1
10,000 1,000 or 1,400 1,000Xx1 or 800X1
' 600 X 1
15,000 1,800 800 X1+ 1,000X1
20,000 2,000 or 3,200 1,000x1~2+1,200X1
DWT HP
45,000 3,000 1,500X 2
70,000 6,000 1,500X 4 or 2,000X3
100,000 7,500 or 8,000 2,000x 4 or 2,500%x3

(3JH & WP IEHE

1
L

TUl

. a) k
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E® 92 i

ol & mmfEHERE (B
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o) et tEdeel REYE A

b) wme FE Fysld Je BEHGE KR &

) B HSe FHERE 9Im secHATY 7

d) 80 A9 ge HmWIL A

e) Eminiol AHI gy A

£) Aayel HAELZ hwsAk, trim2 Even keel & A#o 2 dbrh

4) el b A e EEstd L%Kk—KRE Aol Rl LE
st B fsel B 1 #E (Table 3-6) 3 7tol  rEh e

(Table 3-6) The required HP of tug boat per ship’s DWT

Ship’s DWT HP of Ship’s| Quarter HP of Actually Used

Main ENG. Ship’s Main ENG.| HP of tug boat
13,400 6,250 ? 1,560 1,500
21,272 10,000 2.500 2,500
33,090 15,000 | 3,750 3,200
46,850 17,600 4,400 4,200
51,190 16,800 4,200 4,200
66,600 18,400 4,600 4,200
78,900 20,700 5,175 6,500
85,700 20,700 5,175 6,500
90,000 19,000 4,750 6,500
103,500 23,000 5,750 6,500
119,300 27,600 6,900 ' 6,500
143,396 27,000 6,750 6,500
160,460 30,900 1 7,720 7,600
200,000 36,000 | 9,000 10, 000
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5) KOBE& o4 #HHA 2 U&= @ A7 ES 2o (Table 3

-7) 3 ok

(Table 3-7) Criteria of tug boat allocation (KOBE PORT)

Gross Tonnage Number of tug boat Total Horse Power
(G/T) (HP X Number ) (HP)
1,000~ 2,000 500x1 500
2,000~ 3,000 1,000X%1 1,000
3,000~ 5,000 1,000X1+500+1 1,500
5,000~ 7,000 1,500~2,000X1+1,000X1 2,500~ 3,000
7,000~ 8,000 1,500~ 2,000x1+1,000 X1 2,500~3,000
8,000~10,000 '2,000X%X2 4,000
12,500 Mariner type 2,000x2 4,000

h

Bikold mel AFd 9d s 4 K% FES(G/TIE
#Srste] BEZ e (Table 3-8) 3 7o
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# Criteria of tug boat allocation

@ Gross tonnage (G/T)

@ PUSAN PORT

® KMPA

@ Calculatcd HP of tug boat (B —E )
® HABWENLHE XE(BW 35& HX)
® Required HP of tug boat ([ IUM&K—K)
@ DUNKIRK PORT

NATES-ST-NAZAIRE PORT

® LE HAVRE PORT

@© KOBE PORT

(Table 3-8) ¢ dHo|g& 3 FEF(G/T) =HE HE RM

Ehe wEsts] dsd EEFS Al #@E AMENS ERSE
Yol BAHZESLEZ AFAELE FE3}Ath

2 #®R,

Y =19.96 X%¢+ 569

(A7 A, X:2EF(G/T), Y :LE BAMH &g (HP), 3,000
< x< 100,000)°] #EHANT

o] REAoZ Z2ESF #HE LE AREENT HE Rigss
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{(Fig.3-1) Flow of Simulation Process
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Al 47 Zldeale] BR B

A3F2AgAYg dATE AAYYE FATY A Fo A &3
Br12 g,

4.1 dlojgt9 F4f

(1) M0 Ai# 87, ilidh#)d

1987W BBk AZFTHoz 245,667 (EESF A : 587,949,359
£)9 Awo] ¢ FstE 166,950,999 £ FF3E 91,359,823 E
A stde 2 FolA HAdeE 35,176 3 (FEF A 216,094,952
)9 gpfre] A#EY 25,977,446 £ 3 3}E 28,094,958 5 A
gelgdedl =z F 65%7 FEF 3,000& vnte AwezH A
o Ade AEFHA FE AWSo st FARF 24FT A%F
qAAEL W2 st Awe EFY A FEE(Table 4-1)
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(Table 4-1)

The required number of tug boat for ship per

time zone ( "87 PUSAN PORT)

/G| 1000 3000| 5000 | 10000 2000030000 | 40000 | 50000 | 60000 70000 P Total
Time | 3000| 500010000 | 20000 | 30000140000 | 50000 | 60000 | 70000 fover .
0—1 [ 119] 67 31| 82 a1| 62 61 19 1] oo RN
1—2 | 86| 41| 12| 36 24| 31 5 7 0 , 0| 242
2-3 | 84| 27| 16 53 26| 37 ' 4 6. 0 i o | 253
3—4 1 76, 32| 15 34 18} 33 5 50 0 1 219
4—5 | 85| 26, 16| =29 | 23] 40 5 3.0 || 0 | 22
56 |110] 31! 6| 33| 17| 38| 6] 1 0ol 1 | 240
6—7 | 108 | 48| 381 12| 40| 42 61 7 || 01 0 ! 361
7-8 | 165 «9{ 60 | 94 i 44| 38 iy, 11 0O 1 Il 500
8—9 | 194 124{ 347 | 208 ‘ 1284 140 | 35| 19 2 |2 1197
i . : ,

5-10] 159 1753 771 186 i gl |77 8 5 ! | L0 749
0-111 131 59 98| 118 18 :>4 6 o 0 | st
1n—-12 9l 30 65 | 59 : 30/ 30 0 3 o1 2. 340
12-13] 99! 42| 45| 83§ B0, -68|~ 8, 5. O 0| 400
13-14) 110} 37| 21 ‘ 65 ¥ 25{ 42 2] 7 0 0| 309
M-150 112 41 w 27 \ 71 | 37| 32 5 5 : 0 0 330
5—16] 119] 41 38‘2 73 31/ 380 9 8l 0 0| 357
16—17| 114| 62| 25 \ 67 | 43| 48 o 12 0 0 380
17—18| 170, 82 229\ 83 | 37| 46 8, 8 0 0 | 663
18 —19| 243‘3 116 2331 157 2| 1021 13 13l o 0 | 949
19-20| 106| 49 48ll 93 : 25 43 1 5 0 0 430
20—21| 220| 94 48~ 112 49 601 13 6 1 2 605
21—221 201| 59 34‘ 75 42| 54 4 8 | 0 1 478
2223 349| 84| 39| 95, 43 60/ 3 s/ ol 0] 678
23—24| 388| 164, 23| 82 i 291 55 4010 0| 766
3% 369911639 | 1581 | 2052 \ 1011ii 1267 173 1815.l 3o 1e1s
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(Table 4-1) o4 ®wl, 94 8ARH 9A7RA, &F 6AFH T4
A=A 7b AR mo] Hue o F ddth e 49 dAE
w2 g@Astyw v E Azke]l %Fo] Awe] g FF ol o] F o} =x] 5

(Table 4-2) The required number of tug boat for ship per month

(’87 PUSAN PORT)

G/T| 1600 3000 5000 10000 20000 30000 40000 50000 60000 70000 Total
Month |3000 5000 10000 20000 30000 40000 50000 60000 70000 over
Jan. 331 121 100 179 84 92 12 15 1 3 938
Feb. 331 141 134 173 86 113 16 15 1 0| 1010
Mar. 372 169 135 165 96 112 18 13 0 3| 1083
April | 363 186 139 191 88 112 20 16 0 1 1116
May 346 144 122 172 86 121 14 19 0 2 | 1026
June 273 145 133 180 92 113 12 15 0 0 963
July 244 110 113 158 87 106 12 14 0 1 845
Aug. 261 91 114 144 83 102 8 16 0 0 819
Sept. | 247 100 148 151 79 94 14 16 1 0 850
Oct. 315 156 157 207 90 105 16 14 0 0| 1060
Nov. 234 115 141 132 65 100 16 16 0 1 820
Dec. 382 161 145 200 75 97 15 12 2 0| 1060
TOTAL| 3699 1639 1581 2052 1011 1267 173 181 5 11 11619
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(Table 4-2)cl 4] Ml qieh aubel obg del wviis wbel 9

o 4= 3004 wiwielv] 2,3,4.58 10,1298 gelghel Wfrl st

suired number of tug boat for snip per ( '%7
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(2) B BK
1988 3¥Y HAE Sl mHEE B4 HRXSE X (Table 4-
4) 9} #r}

(Table 4-4) Present status of tug boat in PUSAN PORT

BB/ &5 | M | 2EF|BE N (HAFEAB| HESRH L ¥ I
AerEY | &3 3 295.5 | 3200 81. 8 | ZP[1] g3
(5) 4138 235 2000 71. 9 | CPP[2] H o
A 28L 235 2000 71. 9 | CPP Hq 4
A 1288 | 134 1100 | 79.11 VA o 3
A 101 H&l 90 1300 | 87.8 | ZP 3 %
z oA | zH 1S 197 2600 79.10 ZP o 3
(3) ¥ 23 153 1500 81. 5 ZP 3 F
78 33 160 3200 87. 9 ZP S
AA T | A3 S 205 2600 78.11 Zp SR
(2) AR5 3 157 1600 81. 6 zZP 73
A4 G| = 270 3200 79. 2 | ZP o 3
(3) 2 @ 145 2950 88.3 | ZP d &
=+ 3 185 1500 81. 6 | ZP q3 T
235 Aw | & = 186 2600 86.9 | ZP d 3
(2) £ 9 275 3200 86.12 ZP od 3
#) 153 2992.5 | 34550
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4.2 AHa o]l (Simulation)

(1) BT FlaEel s EE AK

1988 41 3 M B Lol ¥ {EE 1% (1L500BHP LT ) By it (
Low Powered Tug Boat: Low) 2 f, o Jj#h (1500~ 2500 BHP) & #
(Mid.Powered Tug Boat: Mid) 5, @il JJ# (2500 BHP [URICED IR
(High Powered Tug Boat: High ) 8 o] gft=lol glowt, Atk #i
fnoll Hsbe] i 5000 REEel mnol - RE JRL B 1%
Bl sls  Bl-4 50009 LUESE L MRS 10000 E7bA= R TIH
woay 1 s hEoUER sy LS Rogstel gl 10000 Mk
JLE] S 20000 bR B bR R 2 Eo, a7 200000
BLpARE] T 40000 E7bE i S ek WA (25008 BLED 2
o gl 40000 ERE @RS 70000 E7 A= AR WA 2
wah hE S WM 1% #ES 700005 H # =4 100000 <=
ShAl = EEH ey 3Ed hENH wm 1% 2y ReT
100000 = LB frdnol = A& B IR B 4 %2 EEstAl sef i
A el Al o] HoE Wwme EwEsHYa, B Hl# i A
oful -9 4  FrEER (Turn round time ) o] 60 & ol 221
3 man Aoful ~el o prRES 60y ow shglost, BoZ el
A s smanel RO Ao B AW BRI} gl Rl v}
o waes RwSrRE oW R %Ay Asslo2 St 1987TF
t7b b deol A dESE  #pafell  wHstel Al eddlel vhFIAIE o 2 Al

safel 4 saleh
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2 HMme EE
1) e 1000 € LIES s BMe EEstd AFdold &
A5 EEL, FEH, BEH wame HHEEN®Z HESHES 2o

(Fig.4-1) 3 o}

day
. -
e - r \ u Low
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P \ a
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d / Joe \" \
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18 4 B2 S w
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o M T et T ooy

81 23 45 67 89 18-11 12-1314-15 16-17 18-19 28- 2122 23 24-25 26-27729-29 38-31 32-3334-3%

(Fig.4-1) Distributions of tug boat served
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o] AL, EEHHE wHMmd HY FHEADERT 198, FHURHES
180 4, SEKE 4@z $hEHHE =M BH FHEABKT
17 |, #HEEe 10500 ®EHH awﬂ~a% 3508 @ e
150, #8e 245S ¢ F AT

2HBE, B Sl wREF OEESH Rm 1% B FHERE
M= 9.5m, PENM Ry 1€ HH FHEAEDHE 3.40H, §
Ehm magy 1€9 B FuEAoOxE 1.9EYE ¢ T AT

2) ES 3,008 HES MAETEH ame EE ATHol4Y
Ao EEDH, HEN, MEH AMS EHEHY BERSHE 29 Fi
4-3>3 ek

1 o Low
% i . e Mid.
PN x High

w l

: ) Y K e e
e t»«‘-‘. e Erte - A e BT BT &=aa DHOUT
A o1 4% 6T H9 18 1112 1314 1516171 1Y2R- 2102 2324 2570 2778-2998-3132-3334 35

(Fig.4-3) Distributions of tug boat numbers
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of A%, BEN® &M HE FHEREKE 9E, M
2340l HENH RMY HHEBKE 170, FHBENL 845°dH B
Bh% Ame #HRABEKs 15EH, F##Hc 3L ¢ F Ao

2HERZ, B Bl M BEEH AH 1£9Y B FHERE
e 4.5, KRR 2340z HFEHH 1£9 HH FHERD
e 3.40E, FHKHS 840" BHEHW HM 1#£9 BH FB
ERAEKE 1.9EYE ¢ F ARk

3) bFo =, 23 sl mMEEC ool HM RROE U H
A# S Rt BASA BT F O AEIE LotEI] 9

BHZ AEdoldstd FES 10008 BLES Mol R HRpe
EEd HBY FEF S000E LEY MMdARH BHEET EEY
BB EEH Bme EHHAEZN FARHAZE BERsC ¥ EEN
BEEt AE 92 *%f,%%ﬁ,§Mﬂ A FET 1000
= DB ##MYH ARES EEY EBES FET O 3000F  HEY
AET-E RS EET mEc BKIer ¥ AMmBU AR ES

A
= ¢ F U=

FH7E BESRA %Y AT 4 mMe SLEE£HY BBELSAES B
" (Fig. 4-5) (1), ()& #}
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day

.l

2 Low
e Mid.
x High

MO TUG 1 TG 2 THG 3 TG 4 TUG = THG 6 TUC 7 TUG 8 TUG 9 TUG 1A TUG

(Fig.4-5>(]) Distributions of the required tug boat numbers:
per day (G/T 1000 ton over)

day

E ]
o Low
¢ Mid.
x High

288

108

. 4 ! A ¥ =

MOTUE 1 TUE 2 TUE 3 TUG 4 TUG 5 TIE 6 TUG 7 TG B TG 9 TU6 18 TU6

(Fig. 4-5>(ll) Distributions of the required tug boat numbers
per day (G/T 3000 ton over)
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of 7] A fE BAEEA AVH3 Rme EBFT RSBEY £EE F
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i=1
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104 Bt S£ERH #mEe ABEHS 46.7 %S EWE EA
3 HEEme T 195.5%9 #mET Eod, HA#® B R
E£HE 51.4%9 #mE 2 wH & E®T 170.1%9 #NE
Bel A EHEOE HmE ol N Z B0z MmRin €
ol vdAN Egr Hg £ Zog #mIILEE ¢ F Atk

Lo, Mmm AT BEE MG AT HAK BMASEES 10
R #H FAELE EHANE EHS dEblw (Table 4-7) 3 et

(Table. 4-7) Trends of ship’s number ('78~ ’87 PUSAN PORT)

/T 500 - 3000 5000 10000 20000
TOTAL

Y EAR 3000 - 5000 - 1000 - 20000 over
78 4845 1989 1053 1070 96 9053
79 4991 1977 964 1003 304 9239
80 4986 1303 : 859 997 482 8627
81 4875 1310 870 1241 608 8904
82 5055 1402 837 1449 734 9477
83 5399 1200 867 1596 954 10016
84 5438 1398 821 1557 1144 10358
85 5493 1279 1017 1857 1309 10955
86 5659 1612 1091 1661 1485 11508

87 6326 1525 1151 1656 1831 12489
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10 4 sote] FEH BB ABEHS 46.7% ®B/ME 2
I HEE®HES T3 195.5%9 wmE igiiml. HA# MM &
L= 51.4%9 #HmME 2o wd & EKE 170.1%9 ®wmE
el A# EHHTE mA Kol Ho 2 Zoz mmuin %
el ¥4 EE7t B 2 ZFoz ®mmdILs ¢ F ddrh

o R, e HHAIN BEE BG7 e HAE BmMAERS 10
FH OB FALE EBANEZ ESS U (Table 4-7) 3 2
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104 Eore 4y wmBol AWEHL 46.7%2 EmME EZIN
T mwEme T 195.5%9 #wmE Eod, WA#E Mk R
#HE 51.4%9 #ME 2 HE & EHc 170.1%9 #WNE
Bel A# EHEOGE W fpel 2o 2 Zo2 smmegz %
o) wAA EfU Eg & FoE #mIdss ¢ T AA

e o2, Mmmy HAS BE MEd AT HA#H BMERKS 10
ER B FAZ ERJE ESHSY et (Table 4-7) 3

(Table. 4-7) Trends of ship’s number ('78~ ’87 PUSAN PORT)

/T 500 - 3000 5000 10000 20000
TOTAL

Y EA 3000 - 5000 - 1000 - 20000 over
78 4845 1989 1053 1070 96 9053
79 4991 1977 964 1003 304 9239
80 4986 1303 ’ 859 997 482 8627
81 4875 1310 870 1241 608 8904
82 5055 1402 837 1449 734 9477
83 5399 1200 867 1596 954 10016
84 5438 1398 821 1557 1144 10358
85 5493 1279 1017 1857 1309 10955
86 5659 1612 1091 1661 1485 11508
87 6326 1525 1151 1656 1831 12489
TOTAL 53067 14995 9530 14087 8947 100626
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wael wEeEs gueyl ddAe Adas S Fd AN

W, kg, Faslae EEY 5o MFRAE apestd $dHd
Aglol A ppshelob shub, o shupsiubzl Alkel & shdelma o

oo smelsisl 2 shm A gisrol Al (Table 4-7) o etk f
Mshel  E B 5 M el g wEGSE RS oh

(2) B

(Table 4-7)cli4l el wlolebd i s#dhfiol < alelllz I
GLAMATIE O B MW R W EOKHES R S Skl was of A
dewrol] Al TR BCAEW R OB HiEshel 1992 47l of g RSB

Fe skl o

ol gyl kel g 5 M R AR sbREShe] b el vl (Table
4-8) ek ot (o7l Al EEAF a=0.50014 Wy gt Hi

ol a=0.54% HHAR)

(Table 4-8) Estimated ship’s number ('88~ ’92 PUSAN PORT)

s I s It
“G/T 3,000 5,000 10,000 20,000 |
N ~ | ~ ~ . TOTAL
YEAR | 5,000 | 10,000 | 20,000 | over
e \4 S S .L S R I
1988 1,579 | 1,207 ©oq,720 | 2,003 1 6,509
I ‘ i | i
1989 1,623 1,271 | 1,748 L2,219 . 6,861
1990 1,663 | 1,334 | 1,776 | 2,435 7,208
991 1,705 | 1,397 1,805 2,651 7,538

1 t,747 L 1, 4?1 i | _1, ?33 i 2,867 7 ,"9-“08
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EET R MOl HHE = fhy 3000~ 10,000 dL  &Fo] o  Hi A HEME i
CWE 5FEHK 19.9%, hENwmo] fEps = RLE 50004 LA L
°f MMEBE 5H% 31.6 %, HE ROl HHIE fd 20000
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LR M#MEET 5E# 52.99%% &4 wgmskA & 9
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A=t
ofell w2, 19924 FiEH EEH o FHERB (ELy or ELp)
= My ¥o 19.99% #msY Fues (EL) o= #Eo] gorg
Ecv=Mu, =3 (A) =& Epp=M,=14(x)
TR R THEM(EW L My 32.8 9 st g2
Em = [My-(1+0.328))+ 1
=[4.1x(1+0.328))+ 1
=6 (%)
5T BMY T (Ey)= My Yot 56.6% wmstoe
Ey= (My-(140.566)])+ 1
= [3.9x(1+0.566)1+ 1

=7 (3)
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i sk E Mo BA-E£ W3 ’RM ERE A4 AR =

0

13 #A o] Trade-off S #Este HEstgol & ZojH, 7
geshobed mape TR RI WA M &, 53 XEBH
it A=A GEF ook ek

EERH FH Ame BUES E9W (Table 4-9) 3 2o

(Table 4-9) Estimated tug boat number (’88~ ’92 PUSAN PORT)

(unit ship)

YEAR
1988 1989 1990 1991 1992
HP
Low 3 or 4] 3 or 4 3 or 4| 3 or 4 3 or 4
Mid 5 - 5 5 6 6
High 5 5 6 6 7

o744, Low:Low Powered tug boat
Mid:Mid Powered tug boat

High: High Powered tug boat
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A 5% K @

g el A, dEmE o] olel dl AR A =R e o5 TS EERESke] i
Mol o oi W Ed mapel  BLET Aok kol absked  HERSH

oAk By AEOl Bl @R EATOARW (LR Mg (Berth inter -
departure time)ol HF o e o, YRR RS ERdd
ar o A el R BRATAY SR frol i ESHAuE W
oo o] oy A -l S EStR 2 A Bp w oAy AvESHT] S
W Aol 4o fragss (el bR @mmEel oF A sl

vh ek oL D R B o g rgaloe] B % Fdl ol v o] el
b A alol 4% v wohgloh elabsr EsISHE,
DY) A mydael BBl ubE oamE R W s ARG o
e o §rati b wwkd S Ak olel g Aol i 37
desl ol w o akE Gl AA chEsl a2 o ol ez REf chO-t

. = o g e =1 o -
po ARASE FH ghod vk,

Y =9.96 X°°+ 569
(4, X:Amhe] FEF(G/T), Y v g B CHP D
3,000 <X < 100,000)
o) BlfE el A EEdel wae K (1,500 BHP EUF) i
o] 21, iy (1,500~2,500 BHP) ® &0l 5 &, #5857 (2,500 BHP

PR sl 8 el wuida Adeskis  yanol Aol RNESw
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Adsted Ak StE ALt A7 U LE mmFH E£HE K&
B 8ol FEF 1,008 L9 AYE wee A AL 4
£, $ET 3,0008 Mk mpae mmes WAdY AL 340 =
2 T 2% Er 1% KEsm, hESH mmpo] 5o LES
22 AA&E, 80 &Ml 4%o] LEIDZ T 4% BEHM
MRELS RS o

3) 1992974 HMA# #Hme £ 8Os ol o2t B M
15 19919 Re] BMERSAE stz EHEHLMS olu
Rl 8 %9 mfte] AT BMHERAY LB QS EIEIYD

Y AKRFRE @EANA Eoid HA#H w6 S R4S
A XA mwY FHLEERSY BALEEH Aol & X ¥
oA RBEBIE RESHIOE F  Ao]

53, mEW Rio]l HASE WM /Y FES 20,000 &
kel KEfolold mme] FEoZ A3t i £ /hHigo
Wldl 2 B%RS BERSIZEZ wEd 3 £53F amS #ESd L
Bwe e #4EHA L= E stdof &g,

oML, mM HiaEe HAE 2on BBER A48 KA, KB
AHFRE 59 wWo) A Trade-off MBS % @sto] HmES O} 3o}
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A Comparative study on Power Dividing Circuits

for CATV and/or MATV Systems

W A A
---------------------------------------------------- < B D
Abstract ; 3.2 2A®  Wilkinsond Al3 ¥l
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