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Summary

For this study, two times of maneuvering performance tests were conducted in the
categories of turning performance and following performance aboard the fishery
training ship A-RA(G/T : 990tons) belonging to Cheju National University at the
sea three miles away in the north from the Cheju Harbor in August, 2000 and in
May, 2001. The major goal of the tests was to examine the training ship A-RA’s
overall maneuvering performance. And along with the maneuvering performance
tests, the inertia test was executed according to the steam generator’'s horsepower

and the rudder effect. The results were as follows:

1. The turning circle was measured based on the dumb card test method. The



advance at the starboard turning was 198m, 3.30 times of L.P.P.(length between
perpendiculars) while that of the port turning was 198m, which accounted for
3.20 times of L.P.P. and was 6m shorter than that of the starboard turning. The
size of tactical diameter at the time of starboard turning was 194m, 3.23 times
of LPP, and that of the port turning was 188m, which was 3.18m times of
L.P.P. and again 6m shorter than that of the starboard turning.

2. Next, the size of turning circle was measured according to the DGPS positioning.
The advance at the time of the starboard turning was 196m, 3.26 times of L.P.P.
and that of the port turning was 194m, which was 3.26 times of LP.P. and 2m
shorter than that of the starboard turning. In respect of the size of tactical
diameter, the starboard turning yielded 194m, which corresponded to 3.23 times
of LP.P. while the port turmning did 190m, which was 3.16 times of L.P.P. and
4m shorter than that of the starboard turning.

3. The results were compared which came from the sizes of turning circle
measured up with the dumb card test method during the trial test and from
the sizes of turning circle measured according to the DGPS positioning in May,
2001. The advance of the turning circle measured at the time of the starboard
turning according to the DGPS positioning was 1m longer than that of the trial
test. And it was 21lm shorter at the time of the port turning. The tactical
diameter measured with the DGPS positioning at the starboard turning was
16m shorter and 23 shorter at the time of the port turning than that of the
trial test.

4. The rudder was steered at 35° of rudder angle each starboard and port while the
ship A-RA was advancing at full speed of 13Knot. The velocity of the ship was



reduced to 7.8Knot at 180° of turning angle and 6.0Knot at 360° of turning
angle. The time required for the port turning was 150 seconds while that of the
starboard tuming was 156 seconds, meaning the port turning saved 6 more
seconds than the starboard turning. The acceleration of average turning was 2.

4" /sec and 2.3° /sec for the respective port turning and starboard turning.

. The Z test at each 10° , 20° , and 30" of rudder angle was carried out to have
the training ship A-RA’ s turning exponent K and following exponent T
measured. The turning exponent for the each rudder angle was 1.24, 145, and
1.65 while the following exponent for the each rudder angle was 0.33, 0.20, and
0.14. That is, the turning exponent K at the Z test at 30° was greater than at
the Z test of 10° and 20° while the following exponent T at the 30° Z test was
less than at the Z test of 10° and 20° . The figures indicated that the great
angled steering brought about the better maneuvering performance than the little

angled steering.

. The training ship had its steam generator set at the R. P. M. 730 to test the
advance inertia. It took 5 minutes and 15 seconds for the ship to reach the top
speed of 13.5Knot, with it covering distance of 1470m. The static inertia was
also measured. It took 3 minutes and 55 seconds for the ship to reduce its
speed down to 2Knot or less after the steam generator was stopped while the
ship was running at full speed. In this case, the ship covered 720m.

To test the reversing inertia, the ship was forced to make sternway in the
middle ol advancing at its top speed. It took 2 minutes and 45 seconds for the
ship to halt, with 600m covered.



The maneuvering performance tests of the training ship A-RA provided the
following results; in testing the turning performance according to steering, the
tactical diameter at the time of the starboard turning was bigger than of the port
turning. The following performance turned out to be better at the great angled

steering than at the small angled one. The inertia test suggested that the reversing

inertia produced the better rudder effect than the advance and static inertia.
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Table 1. Principal particulars of the experimental ship M.S A-RA

Kind of ship
Name of ship
LO.A

LPP

M.LD

Depth

Full load draft
Gross tonage
Internation tonage
Main engine
R.P.M/pitch
Ship’s speed
Ship’s draft

Fishing vessel
M.S A-RA
68.50 m

60.00 m

1240 m

730 m

476 m

990 ton

1,348 ton
2,600 ps
730/36

13.00 knot
fore 3.2 m after 4.6 m
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Fig. 1. Side view and upper deck plan of the expermental ship M.S A-RA
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A : Turning circle test area B : Inertia test area

Fig. 2. Location for measurement turning circle and inertia test of experimental ship

Table 2. Trial Condition of the experimental ship and sea

Tnal area North sea area of Jeju island
Depth 126 m

Wind speed 4.3 m/sec

Wind direction ENE

Speed of tide 0.3 knot

Direction of tide ENE

Visibility fair




13. 573 32X 44 2 wx

& AToAM, AP deAE A Ystd A8 E 2FPAE PYPL 4o
25 A9 Ao S BH £ £ = YEAJRC, JRL-7700) DGPS9}
TAE S8 220t AN Y AY F F YE HaAY FAFH, 28n YL 9
AAEE XY HEZ 239 + e ZdH 9 HA5EE92 924 AE Gyro
compass (C.PLATH)E ol &3ttt £ ddo] A8 ¢ DGPS ASE: Fig. 37
2x, A% A9 AY 2 299 wlx=Table 3, Fig 49 Zt}.

NNN-4321 Printer
DGPS receiver CHP 4100
_ with pole
JI:Q E. 7700 e R HER BRIt Computer
nction box MPBP 30308 HP vectra VL

l A

Junction box AC power
supply unit
NWZ-4570A : NQA-602DC
Navigator Buffer unit

Fig. 3. Block diagram of DGPS system



Table 3. Specification of the experimental devices

Species Item Specification
DGPS Receiving frequency 1575.42MHz = 1MHz(C/A code)
Sensitivity -130dBm
Dynamic range 25dB
Maximum No. of 3
tracked satellites
Fix update rate Every 1 second
A GPS positi
cedracy posttion 100m 2DRMS(L1, C/A code, HDOP < 4)
fixing
DGPS position fixing 10m 2DRMS(L1, C/A code, HDOP<4)
Two output ports(one RS422 output)
Data output
NMEA. 0180, NMEAO0183, or JRC
format
Versition 1.5 or 2.1 for NMEA 0183
Gyro Freedom of roll and pitch *+35°
compass
Accuracy Static error <0.1° sec lat (1 sigma)
Dynamic error <0.7° sec lat (1 sigma)
Linear mean settle point error
<0.2° sec lat (3 sigma)
Lag error at turning rate 6° /s
<0.1° (3 sigma)
Threshold of follow-up system
<0.1° (3 sigma)
Personal Micro Scan 5V+/ADI Tco low emission
computer HEWLETT PACKARD Vectra VL series4 5/100
Printer Model CHP - 4100
CPU Power PC 75MHz
Memory 16MB (32MB)
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AB : Dumb card C : Gyro compass
D : DGPS receiver E : Personal computer

Fig. 4. Configuration of experimental apparatus
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Fig. 5. Turning circle
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1. A3 A(Turning circle)ol 9§ ZF %

m d3 3 23

AP otetze H2A 4L ¥ E Woubygol ¢ Wi DGPSY 298 olf
B Yoz MAL ZAsg0.

L1 ¥ 8 @9uiid og 34
Etz} 10° , 20° , 35" A REH9ubgo] ost A HYAP AMRASE Table

49 o

Table 4. The results of the measured tuming circle of experimental ship M.S A-RA
Item starboard port
Ra(® ) 10° 20° 35° 10° 20° 35
Ad(m) 449 240 198 518 231 192
Ad/Lpp 83 40 33 86 38 3.2
Tr(m) 327 166 92 278 142 93
Tr/Lpp 54 27 15 46 24 15
Td(m) 638 310 14 582 251 185
Td/Lpp 106 5.1 33 97 42 31
Fd(m) 640 314 199 505 255 197
Fd/Lpp 10.6 52 34 84 43 33
Tr/Td 05 05 05 05 0.6 05
Ad/Td 0.8 0.7 10 1.0 1.0 10
Fd/Td 10 10 1.0 10 1.1 1.1
Tr/Ad 0.6 0.7 0.5 04 06 0.5
Rh(m) 250 120 99 259 116 96
Rh/Lpp 4.1 20 16 43 19 16

Ra : Rudder angle

Ad : Advance Tr : Transfer

Td : Tactical diameter Fd : Final diameter

Lpp : Length between perpendicular Rh : Reach

- 14 -
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Fig. 7. Speeds and turning angle of the M.S A-RA in the turning circle test
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Table 5. The result of turning circle obtained from position of experimental ship

measured by DGPS receiver

Item starboard port

Ra 10° 20° 35° 10° 20° 35
Ad(m) 422 277 196 381 259 194
Ad/Lpp 7.8 50 33 58 .42 32
Tr(m) 360 148 101 300 142 91
Tr/Lpp 6.0 25 1.7 50 24 15
Td(m) 695 329 194 664 312 190
Td/Lpp 119 55 3.2 11.0 53 3.2
Fd(m) 715 340 198 665 315 196
Fd/Lpp 12.0 57 33 11.1 5.2 3.2
Tr/Td 05 04 0.5 05 05 0.5
Ad/Td 06 09 1.0 05 08 1.0
Fd/Td 10 10 1.0 1.0 13 1.0
Tr/Ad 08 05 05 0.8 0.6 05
Rh(m) 231 150 98 180 125 97
Rh/Lpp 38 25 1.6 3.0 2.1 16

Table 51X H= upe} o] €12} 107 Ao A2 F A Arj= AN} 422m
2A, #4339 7034, FPHAAE= BImE FHMF] 635824, FPAZAL
AmF RS AP S 695m2Z £ 115840, F@AH 37t 664m
2 AR 1107494 ZA 437 31mA st
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£, Bz 20" A9 HFAL Avie $PHIT 27TmE FHDF] 4620, F
A7 259m2 $A2HF 9] 4328010, APMA 7 S@AYA B} 18mBERS
B, A33 & $HAYA7L 3229mz, FHBF 548010, FANIAE 312mE 44
H3el 5200071 o] FPMAIZF S@H3A B} 17mE st}

agx, Hd Bz 357 A e MFAY Are $PMIYAIL 196mE F AL
327d), HPAAE 194mE FATFY 32BN FPAIAI SEHYA B
2m#A ko, AP L SPAMIAZ} 194m=2 4] 3238, FHAAA =7 190m
2 M3 3162 FALAYAI $AMSA B} 4mB gt}

ol A Riutet ol B AYoA SFHF ANYAM olelie] M3 B4 € 10°
20", 35" 4 W EF Fig. 1114 B uieh go] HAA 7 $AARY H3A 9
A7l 2% 3lm, 17m, 4mF ot APA olts e HAMIAI SFAYA BT} M3
4ol ¢ Add

600

Distance(m)

20

100

ML LML - M 7 L DL L B | T
0 500 400 300 200 100 10 200 300 400 500 60 700 800
-100

r
‘700 -

Distance(m)

Fig. 8. Tuming circle obtain from positions of experimental ship measured by
DGPS receiver steering order are starboard 10° and port 10°
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Fig. 9. Tuming circle obtain from positions of experimental ship measured by
DGPS receiver steering orders are starboard 20° and port 20°
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Fig. 10. Tuming circle obtain from positions of experimental ship measured by
DGPS receiver steering orders are starboard 35° and port 35°
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Fig. 11. Tuming circle obtain from positions of experimental ship measured by

DGPS receiver = steering orders are starboard 10° , 20° , 35 and port

10° ,20° 35" respectively
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13. A= AHA A3A
AR ol2tE = 19939 8o AxE Aoz A, AxF M M3 Heg& Yo}
B7] g BE F9ukyio] o wyoz Hu e 35° oM MIHAL 2H &Y
4, 2 A3+ Table 63 2},

Table 6. Trial test of turnimg circle 35°

Item Starboard Port
Ra (° ) 35° 35°

Ad (m) 195 215
Td (m) 217 206
Tr (m) 74 66

Ad/Lpp 3.250 3.583
Td/Lpp 3617 3433

Table 614 A QA clgtsel Az ALAA HAL 27 ANFAA S $d
MBA7} 19%mz wle] Zdojo| 282m, UM A7} 215mZ 2] Zolel 311w =4
on, SAMNARY FAH A7} 20mAA .

E®, ANYAL $AANNI T4mz o] Bole] 1234, FAM A7 66mE ule
ool LI0WHZA $EHIAZ HAAAANRY smAY e, 227 HYFe $AM
527} 217mz wielolo} 36200, HAME A7 206m2 Dol 34387 Ko
o, AN RY $PAA 1ImA A
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14. 434 FAA} v

AP oletzol i M3 AL A7|E AZAF ALAA 2AF M@ A9
7do] Zag 2001'd 5¥9o] DGPS Z92 Z2AF MU A|E nag Ay:
Table 7. ¥ Fig 12 ¢ o

Table 7. Measurements of turning circle 35° by trial test, and DGPS test.

Trial test DGPS
Item
starboard port starboardd port

Ra(® ) 3H 35 35 35
Ad(m) 195 215 196 194
Td(m) 217 206 194 190
Tr(m) 74 66 101 91
Ad/Lpp 3.25 3.58 3.26 3.23
Td/Lpp 3.62 343 323 3.17

250 0 Trial test(Dumb card)

o-
-

°g

T 7T v v v ——
-200 -150 -100 -50 0 50 100 150 200 250

Distance(m)

Fig. 12. Measurements of turning circle 35° by trial test, and DGPS test.



Table 7, Fig. 12014 H=upel o] Az ARAA 8 Higies FZH A3
o] A7]9 2001 54 DGPS &9 € °l 8% H3A9 AV|E vusd & 4, A=
AEAA FESANYA g A3 A A7 A HAAFAE 19%m, DGPS F9 9
d HAFAE 196mE A9 Egom FP HIAe AZAEHA7L 215m, DGPS &
A€ 194mZ DGPS Z9071 A= ALHA H3FALY 2Im & 321 HYPA
© AAANE FEAYAE 74m, FF QA 7F 66m, 123 DGPS FH+ 383
A7} 101m, #@A 3471 9lmE DGPSOl 2§ W YA7E A=A AA A3FPALG
$EE 27m, 8L B5mA A
EF M3 A vl AZRAXAANE $FEAIAZL 217m, FE@A A7 206m, 18
3, DGPS &9lole] H3739 A7]e $&ol 194m, F3o] 1902, VXA EHA] A3
74Xt DGPSAl oj& A3)F39 a7t &, $d8 42 16m, 23mF o
o4 ARZHH Hus ¥ o, AP olgdiE AxF 7do] FAF 2001 5¥
DGPS 912 233 A3FTAY A7l AZAILAA HAFARYG £ HIAE
Aol #koy HPAMIAE 2ImBA R, £ MIYAE AREHAAEYG DGPS &
A7 $EL 27m, FE S BmAAS S € 5 Aoy, B HHAH Ar]e Ax A&
AAe 379 A7, DGPS 9 ¢ A37F39 A7t +FAYAE 23m,
HHAE 1I6mAJXSES & F Adecd, o9 #E AL LE AYod AHRF olftzE
A (purse seine)? MU|EE(stern trawl) Af8AHo2ZMH 19933 AFX F xjd F A
Z et 3@ (Bridge deck)®] A% R JHzet A A2 24 of 18tonB ke AW 1
28 HAsdHon, £ M4 =3 (Bow thruster room)oll ¢ 13ton F X9 H(Iron)&
FAgoz AddMA A FA FAED)IA FFo] @xl7] dEA dx ARG
A3 do] @kt A€
ojgfo] Mol YHE M3A Ariz ¥ o, M3 FAE AH (1958) 9™
Aol 35-408) A= A=, AP ol2tEE 323 - 32682 L Sk
o A3AL& AH (1986) o3td A Zolo 3u] A= A= AIPAL 316
~ 323u|2 A9 %o
EG MM £3 ARgE dvAoz FEAAAE 025-05 (B, 1967)0H ]
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2. ZN¥EA & =2FAHF

21.Z N ¥
ZEel] % A|gMe FEAHS Uolry] Y& B 100,20 ,30° 4 o ZANPES
AN A7 Table 8% Zom, oJRAE ZANY THoz Jel ¥ Fig. 137 2.

Table 8. ship’s heading at every observation time’s and time intervals between
principal times points in Z tests of the M.S A-RA

t 5 10 15 20 25 30 35 40 45 50 25 60 65
shl 3 7 10 13 12 9 4 358 352 347 344 345
10° Ztest £ 70 75 80 8 90 95 100 105 110 115 120
sh347 3513539 3 8 12 14 12 7 2
ptp tl t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 t13 tl14 t15 t16
ti 52023 26 27 44 54 57 62 64 88 98 102 105 110 120

£t 5 10 15 20 25 30 35 40 45 50 55 60 65
sh393 9 18 27 34 34 30 22 12 3 351 342

20" Ztest £ 70 75 80 8 90 95 100 105 110 115 120
sh 332327 3273303393473%6 5 15 25 32
ptp tl t2t3t4 t5t6t7 t8t9 t10 tll1 t12 t13
ti 71330353858 7278808 92 94 125

t 5 10 15 20 25 30 35 40 45 50 55 60 65
sh 0 4 12 25 37 48 54 5 50 40 28 14 1
30" Ztest £ 70 75 8 8 90 95 100 105 110 115 120
s.h 348 335 324 313 306 304 307 316 326 336 349
ptp tl t2 t3 t4 t5 t6 t7 t8 t9 tl0 tll
ti 9 13 35 4048 67 8 8 92 95 126

t : time(sec) s.h : ship’s heading p.t.p : principal time point ti : time interval
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Fig. 13. Z test curves of the M.S A-RA



22. ZFJ AF KYE T
APA olgtsel 2FAFS otz 95 ZAY AAEHYH AEd 2FHASF
K @ T% Table 93 21, o]A& FaY3}g AiE Table 103 Zoh

Table 9. The calculated K and T of the experimental ship

10° Ztest 20° Ztest 30° Ztest

K T K T K T

012 174 014 113 016 075

Table 10. The Calculated maneuvering Indices K’ and T'of the experimental ship

107 Ztest 20° Ztest 30° Ztest
K’ T K’ T' K’ T’
124 033 145 0.20 165 0.14

Table 10& A@A okt 10°, 20 , 30° ZAPAA MHAAF K o 24
4T o @2 UehdRozA AslgA4 K o e 247t 124, 145, 16524 30°
ZNRAAT 10, 20° ZA YA BT AAPAS K 9 go] 2A et s 2
gl wsk M3lgol FaPon, T 2FHAS T o @e 100 v 033, 20° Z
APARE 145, 30° ZAFLAE 01424 30° ZAPLAA FFHAE T o ol
A4 dehdn gold ARA ofdzs #34 A4 dFE 2HY Wi FssA o
et}

E%, Fig. 13014 HE wst go] 23e Bzoz e = 38z overshoot
angl)e HAe Qe 22 4, 11°, 25° ol $HE HeHAE 6 , 13,26 =
A AgHe 2EA5S $AE Peds) Fde Heduc 23450 4 YB3
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o2 yeutd.

ooz AP otgtie HYFASF R FFAAFLE B o FY dE AFH v
W R, Table 1114 B upsh o] AYAF K 9 g g& odd g A
o Bty FFAASF T 9 &2 g o guu Fopx FFAo] dxsivde

e 2% A

Table 11. Maneuvering Indices of ships divided into classes

L=100-160m 1~100-20m L-60m L~50m
K’ 15-2.0 1.7-3.0 1.29 1.66
T 15-25 3-6 08 1.62

Table 8914 R upe}l o] AlgAo] 107, 20° , 30" ZAPAAN A3 A4+ K &
€ B2 307 ZAYEAA 3 gtel AY AA dAE zEYD "yt Ad3gdo] MY d35H
S ¢ F o, FFY AF T'#E 30" ZAHAAAIL RolN FF 4o F3¢S &
T Ak

EE, 107 ZAYEE 71Tz MAAST K D FFHASF T'Y &S olv A o
& Avuty vlwsld  Table 129} 2t}
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Table 12. The comparision between incices of the experimental ship
and the other ships at 10° Z test

Name of ship G/T(ton) K T K’ T’

A-RA 990 0.120 1.74 1.240 0.330
Baek Kyung 389 0.102 1785 0444 0410
KwanAkSan 243 0.167 4 0611 1.094

Han Ra 159 0.241 1044 0.755 3.468
Saebada 22715 0.066 13 0.528 1.625
GalMaeGi 350 0.13 1.8 125 0.20

Table 1214 A2+ K' & FFHA4F T'9 32 d& Hus vus) v, A
A4+ K € 9 Ao grg 23 an, 3F4AF T'E 1§ 2L "oy,
AP oltz e 2F AT APEYGE FF40l o $3¢ Aoz Jgygd,
EG, AP ot ZFNTE 100 ZAF S 71Fo2 ZE % 123t §
FAYYL 28A3E & 0, Fig. 13914 Hi vi9} o] A PA otz xeld) 9§
12239 &8 AL 86secol™, FFAe e AAdolel o 8707t SHo| ojg}z o
ZFEATE dtH o2 JFsgdn B4 Q.



3. A & xF 45

31. %% €9

APHS Brio o3 ¢ e Udolry] 915te) 71% RPME 2Hz 500, 600, 730
22 e W ANYHY g £0] B WA &9 W WEALY, 284 =
< S3%Aen, 2 AA}E Fig. 149 2o ojf RPM 50002 e o H31 &3
6.1knot7t & o 7= 9] 28 AHE 68 1009 IE AE 720m7t =Y E=H
RPM 60022 #&d H243 113knot7} € w 7R AL 48 35%0|0 A
FAE L170mAh. 283 RPM 73022 < o Hu4y 135knoto] € of 713
9 28AZFE 5% 15% o|n, &AL 1470m= Yebo}.

500 rom
r 800

700
600 ¢

500
400
300

—-speed
PO o ~=- distance too

Speed(Kn't
© - N waaa -~

12 €00 rpm 7 1200
1 1000

0 50 100 150 200 250 300 350
Time(sec)

Fig. 14. The results of the measued advance inertia test in the RPM 500, 600, 730
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32. 34 €9

AA ety AP AP F45F 71BE Stop enginedtq S W AP HA&o] 2Zknot
7nA 74 HAYS W £ Wz} A& A, ¥F RS FAHIed, 1 A=
Fig. 15% #th.

RPM 50022 ¥, A & o 7A19 A8AL 38 30X, 1& A 460mA
t}. £3 RPM 6009149 A=A & wfjo] 2aAe 3% 40x FFon, J&AAE
680m%th. 182 RPM 73022 & AR & o 74X 28X 3% 56X, I
278E 720me2 FAHAUD

NN W
288
Distanoe(m

Speed(Kn't

O = N W a2 00 O ~
—T T T T T

4
2 o gpeed -+ distance
0 & N " N

0 50 100 150 200 250
Time(sec)

Fig. 15. The results of the measued static inertia test in the R.P.M 500, 600, 730
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3. wAd €9

A B A1Y L AP 7l# RPM 500, 600, 73022 3¥F%F 334 RPM
650023t A7t A=A & of 7R 28A0 E AEAYE FA o, 1 &
#& Fig. 169t Zth RPM 5000149 AA# of 7A9 A8 AHE 28 20%, A&
AgE 300mA 2, RPM 6002149 FA& of 71X 48 AL 28 35x, AEA
2= 57T0m v, A A& RPM 7309149 BA & o 729 48 A% 28 45
z, AEAYE 600mA 7 HAG.

%

500 pm 1 380

.
8 8
Distanoe(m

Speed(Kn't
C=NWarEONBGNO®
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Speed(Kn't,
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Fig. 16. The results of the measued reversing inertia test in the R.P.M 500, 600,
730
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V. 8 ¢

E dFodAe AFdsta od A& ol335(G/T : 90tons)d £F F5& ot
871 913t 2000 8¥ 7 2001 d 5¥ 23o] A AFF 5 3vpd AYNAN ZEH
o MAH FFHT IS AL NP £ JHviHG gEA 4%
BHAP S A
I ZA%e v 2o

CRESsNY oz A Mol AN HAHFA= AL AIL 198mzE £
H4(Lpp)el 3308, FAMIAE 12mZ A9 320471 SHo] FAAIA L
SAAHYAEG 6mARLH, £} HIF FAVIE A 194mE FAHRF
o 3.23ul, HAMAI7} 18m=E FALF 31847 o ALY +EAA3
Al 2ok 6mAE

. DGPS &9joll 9@ A3@A] Av|oA AFAE +IAAAI} 19%6m2 F433
o] o 326ulol H@AZAIZE 194mE FHAF o 32671 Hol HAMAB AL
SANYA Y 2mE U £ H3F Y A= SR 194AmE FAHHF
323ufol HAXMA 190mZ FHHF] 3.1687F Hol FANYA7L FAMIA
B dAmF AU

>,

ZAAA BEEANYe o3 ZAF HA3A] Av]9 2001 5¥ DGPS =
Aol o3t} ZHY A3 A9 AV)E vud & ZH, A3AFAE DGPS 9 9
F A3 do] ARASAHA MIFAEG SPABAZ ImPALH, HAAAL
2imA AT EF, M2 A Arle $PAA 16m, A3 mEAU.

X

. A% 13knot2 AEANF B 35T 2 FP E: P A #AE o My



180" AlA Aol 7.8knoto]L 360° B A= 60knot7t HALW L8AFE HH
A3 A7} 150sec, FE A3 A 7F 156secE HEAHIA7L FAAIA BT GsecB U &
o, AP FE=E FHAIA T 24° [sec, FHHBA7} 2.3/secA

5. BtZ} 10", 20" , 30° ZAIEAM A@Mdotetz o HIPAF K FFAST T
Ztt AR FE 124, 145, 1665729, FF4A+E 424 033, 020, 0.147F o
30" ZA A7 107 20" ZAFAAN B MR KEe 23, FF4AF T &
ol izt xetY "Wt 24 % ZEHY o B 2FP S0l FEA detnd.

6. 1849 71¥ RPM 73022 ¥1 4FEH S A8 A3 H£9 135kno7t €
YA 28 A% 58 152909 JEAYE 1470mASG. £F, FAHHL A
£A2F 7]1BFANE WS W ALo] Zknotoldt2 ALE o 7R L2 ATE 3

552 es JEAE 720melAUt.

I A S ALEYPFF AE TR o A7 A A 28 A

® Hxen AEAHE 600m7t HAH.

M

a3
<2

olgdlA N oletzel 2ENSL ANYT AHE F¢H nA zelo] o A
B4 FUMNNI SPANARG ARFo] Agton, 2FHL 224E ZEAIR
9 gz ZA7 FsaA deen BIAEE wd B} 25 2 AR
BgAnc gt Fgon A,
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