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A Study on the Method of Turning
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ABSTRACT

A navigator on bridge needs to know every kinds of motion characteristics

of his vessel at sea,

Generally when a vessel is completely built, the shipyard makes turning
circle diagrams fromthe results of turning circle tests made during the
sea trials for the reference of the vessel’s owner,

But referring only the data of a turning circle diagram, an officer on
bridge can not figure out his vessel’s maneuvering characteristcs suffici-
ently, So nowadays the shipyard often adds Z test to turning circle test
for more detail references.

In this paper the author made Z and turning circle tests at the rudder
angles of 15 and 35 degrees separately and in each of the case made a tur-
rning circle diagram from the results of the turning circle test and the
esults numerically calculated from mathematical formula made on the base
of the maneuvering indices got from the Z test and compared them each
other for the purpose of finding the correlations between them,

Followings are concluded from the results,

An actual turning circle diagram and a calculated one from the results
of the Z test at same rudder angle coincides each other well when the
center of the calculated circle is transferred by 1 7B toward the direction

of the initial turning perpendicularly to the original course and 0.5L
toward the direction in parallel with original course in case of the rudder

angle of 35 degrees and 1.2B and 0,3L toward each of the above mentioned

direciions in case of rudder angle of 15 degrees.
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Fig.5 Assumed turning circle fram Z test celculation
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Table 1. Particulars of M/V Han ‘Bada

Kind of Ship Training Ship
.Length(L.0.A) ' 99.8 m (L.B.P. =8 m)
Breadth(Mld) 14.5m

Depth(to shelter deck) 9.5m

Full load draught 5.2m

Full load displacement 4230,35 t

Dead Weight 2169.15 t

Gross tonnage 3491,77 t

Net tonnage 1515.78 t

Mein engine Diesel 3800 H.P (230 r.p.m)
Max. Speed (Sea trial) 16.55 kt

Rudder type Stream lined ballanced
Rudder area 9.31 7

Area ratio 1 1/49.3

Table 2. Trial condition of M/V Han Bada

df 3.1 Wind force 3

da 5.3

dm 4.2 Sea depth 15 fms

trim 2.2 by the stern Weather fine & cloudy

Lat 33°—27'N
Long 127°— 44'E Wind direction 040 °
Disp 3226.8 K, ' T Sea state smooth

position {
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Fig.6 The used buoy for
turning circle test

g SN
KEUMO YOLDO

SINKANG Supo
A4

.

a5

Fig.7 Test conducted area

Table 3. Coordinate displacements at port 35 degree rudder due to buoy

method turning test.

9. 0°

5° 15¢  30°

45° 60°  90° 135° 180° 225° 270° 315° 360°

p 1 2 3 4

6 7 8 9 10 11 12 13

X 0 0.3 0.6 1.1

1.8 26 43 6.7 7.6 6.4 3.6 1.1 0.4

y 0 3.2 3.9 43

4.8 5.6 6.1 4.8 3.1 -0 -11 03 2.1
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Scale 14,000
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N
Fig.6 The used buoy for % ﬁ 71_\ U% : Bou oK
turning circle test JKEUMO YOL/DO SINKANG SUpo
2"3&.\ " N
N>

Fig.7 Test conducted area

Table 3. Coordinate displacements at port 35 degree rudder due to buoy

method turninug test.

. 0° 5° 15°  30° 45° 60° 90° 135° 180° 225° 270° 315° 360°

p 1 2 3 4 5 6 7 8 9 10 11 12 13

X 0 0.3 0.6 1.1 1.8 2.6 4.3 6.7 7.6 6.4 3.6 1.1 0.4

y 0 3.2 3.9 4.3 48 5.6 6.1 48 31 -01 -t 03 2.1
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Scale 174,000

Fig.8 Turning circle at port 35 degree rudder due to buoy method test

Table 4. Coordinate displacements at starboard 35 degree rudder due to buoy met-
hod turning test.

0° 50 15 30° 45° 60° 90° 135° 180° 225° 270° 315° 360°

1 2 3 4 5 6 7 8 9 10 11 12 13

0 0.2 03 0.9 1.2 23 4T 8.1 9.2 85 59 2,7 1.5

< > v |e

0 2.8 38 44 54 6.2 7.1 5.8 22 05 -0.7 0.7 3.6




port 15 degree rudder
due to buoy method te
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Fig.9 Turning circle at starboard 35 degree rudder due to buoy method
test
Table 5. Coordinate displacements at port 15 degree rudder due to buoy me ;-
~thod turning test.
¢ 0° 5° 15  30° 45° 60° 90° 135° 180° 225° 270° 315° 360°
p 1 2 3 4 5 6 7 8 9 19 11 12 13
X 0 0 0.2 0.4 1.6 2.7 6.6 11.8 13.7 10.3 5.7 2.7 1.8
y 0 1.3 2.5 45 6.1 7.3 83 63 1.4 -28 -34 -1.4 1.1
Y
Scale 14,000
X 1 { H 1 1 II ,/
) ) \\ 10 [AI
Fig.10 Turning circle at

197
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Table 6, Coordinate displacements at starboard 15 degree rudder due

to buoy method turning test

$ 0° 5¢ 15°  30° 45° 60° 90° 135° 180° 225° 270° 315° 360°

p[1 2 3 4 5 6 7 8 9 10 u 12 13

x| O 0.1 0.2 0,5 1.3 2.8 67 1.6 138 1.2 59 21 0.8

y| 0 26 35 43 58 69 8.1 58 04 -46 -59 -3.7 -0.5

Scale 1,/4,00

| P, 11 Turning circle at starbord 15
degree rudder due to buoy method
test

Fig,12 Anchored buoy viewed Fig.13 A view of taking buoy bearing
from M/V Han Bada at the forecastle

g kS
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[ Left turn)

Table 7 hard port ; Initial speed 10.5Kt
Position Turn  Angle Time taken(sec)|ship's Speed (Kt)
1 e 0 10.5
2 5 11 10.2
3 15 ° 20 9.0
4 30 ° 30 7.9
5 45 o 42 7.6
6 60 ° 53 7.1
7 90 ° 75 6.1
8 135 ° 110 5.7
9 180° 135 5.4
10 225 ° 186 5.4
11 270 ° 226 5.9
12 315 ° 270 6.1
13 360 ° 316 5.9
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Table 8. Port (159 ; Initial speed 10.2 Kt
Position Turn Angle Time taken(sec) Ship's speed(kt)
1 0° 0 10.2
2 5¢° 13 10.1
3 15° 25 9.8
4 30° 42 9,2
5 45° 59 8.9
6 60 ° 76 8.7
7 90° 109 8.8
8 135° 161 8.5
9 180° 213 8.1
10 225° 268 8.5
11 270° 326 8.5
12 315° 383 7.7
13 360° 434 8.1

Table 9. (Right turn) hard Sta’d :

Initial Speed 10.6.

k

o

Postion Turn Angle Time taken(sec) |Ship's speed(kt)
1 0° 0 10. 6
2 50 I 10.5
3 15 ° 20 10.1
4 30 ° 32 9.6
5 45 © 4: 8.9
6 60 © 56 7.7
7 90 ° 83 6.8
8 135 ° 121 5.9
9 180 ° 168 5.5

10 225 o 195 5.5
11 270 ° 233 5.6
12 315 ° 274 5.7
13 360 ° 313 6.0




Table 10.

2% KT EEEe] ke T R

Starboard 15 °

: Initial speed 10.3 kt

201

Pos it ion

Turn Angle

Time Taken (sec)

Ship's Speed(kt)

o ¢ A~ W

-3

10
11

13

0 °
5 o
15 °
30 °
45°
60 o
900
135 °
180°

225 °
270°

315 °

36ye

12
25
44
64
83
105
171
209
270
331
385
440

10,
10.
9.
9.

o}

0 o X o - L
® o O o o

X oo
w o N oo

3
1
9
5

Fig.

14.

A viewtof

turning ‘test,
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Table 11, Coordinate displacements due to the method of the heading ang-
le and speed, (hard port. 35°)

P 1 2 3 4 5 6 7 8 9 10 11 12 13

X 0 0.2 05 03 1.7 26 49 66 1.7 65 39 2.6 1.1

y 0 33 3.6 46 54 59 6.2 52 36 -06 -13 -1.1 1.6

Scale 1,4,000

®r 1T

Fig.15 Turning circle at port 35 degree rudder due to the heading
angle and speed method
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Table 12. Coordinate displacements due to the method of the heading
angle and speed (hard starboard, 35°)

p 1 2 3 4 5 6 7 8 9 10 11 12 13

X 0 0.2 0.5 0.7 1.1 2.3 4.7 7.3 7.9 7.3 5.7 2.1 1

y 0 2.9 4.1 4,6 5.2 6 6.5 5.2 2,7 0.9 -0.4-0.1 3.7
y

Scale 1,/4,000

Fig.16 Turning circle at starboard 35 degree rudder due to the heading
angle and speed method,
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Table 13. Coordinate displacements due to the method of the heading

angle and speed, (port.,15°)

p|l1 2 3 4 s 6 7 8 ¢ 1 1 12 13
x|l o 0 01 03 1.4 28 67 1,3 1B5 1.2 55 22 Ll
6.3

ylo 16 24 41 57 1 84

0.2 -22 -27 -14 15

Scale 1 /4,000

Fig.17. Turning circle at port 15 degree rudder due to the heading

angle and spee& method,
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Table 14, Coordinate displacements due to the method of the heading angle
and speed (Starboord 15°)

p 1 o 2 4 5 6 7 8 a 10 1 12 13
x 9 0 02 07 15 21 74 125 135 10 67 36 15
y Ly 2.6 4 18 6.2 T a 62 -05 -38 -39 -25 1
i e - —
y
10 |

Scale 1,4,000

Fig.18, Turning circle at starbord 15 degree rudder due to the hea-
ding angle and speed method.
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3. ZFEEA Ky hem M
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(2) Bt Kk feE BN

ool B R A HHEY mEEA X3 #E -+ Table 15,16
3 731 FEHERE Fig.19,203 # ¢}

Table 15, Coordinate displacements calculated from maneuvering ind

<ces. (35° Z test)

¢ 0° - 5° 15 30° 45° 60° 90° 135° 180° 225° 270° 315° 360°

p 1 2 3 4 5 6 7 8 9 10 11 12 13

x| o o ¢1 05 1.0 23 3.6 61 7.1 61 3.6 1.0 0

n 77 33 9 § { ] -1 -2 -1 1l
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Table 14, Coordinate displacements due to the method of the heading angle
and speed (Starboord 15°)

p 1 2 3 4 5 6 7 8 9 10 11 12 13
X ) ( 0.2 0.7 1.5 2.1 7.4 12,5 135 19 6.7 3.6 1.5
y ! n 28 4 4.8 6.2 7 Q 6,2 -05 -38 -39 =25 1
i 2. . .2 7 » -
y
10}
/

// Scale 1,/4,000
1

A .
N

L \\\\\*

T

Fig.18, Turning circle at starbord 15 degree rudder due to the hea-
ding angle and speed method’
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Table 15. Coordinate displacements calculated from maneuvering ind

dces. (35° Z test)

¢ o - 5° 15¢  30° 45° 60° 90° 135° 180° 225° 270° 315° 360°

P 1 2 3 4 5 6 7 8 9 10 11 12 13

x| 0 o 01 05 1.0 23 36 61 71 61 3.5 1.0 0

y 1.1 1.2 2.5 3.3 4.1 49 5.1 41 1.1 -1 -2 -1 1.1
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y
///// 1
/!
14
13
/
% 2
\ 1 Scale 174,000
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4-1
— A - i --2

Fig.19 Turning circle figured out from Z test of 35 rudder angle.

Table 16, Coordinate displacemeted from maneuvering indices.

(15° Z test)

¢ 0° 5 15¢ 300 45°  60° 90° 135° 180° 225° 270° 315° 360°¢
p 1 2 3 4 5 6 7 8 9 10 11 12 13
X 0 0.1 0.3 09 19 3.4 67 114 134 114 67 1.9 0

y | 1.3 1.8 3 45 5.8 7 7.8 5.8 1.3 -3.6 -56 -3.6 1.3
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Scale 1/ 4,000

Fig.20. Turning Circle figuredout fromZ test of 15 rudder

angle.

Fig.21. A testing view inside the bridge of MV Han Bada.
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4. & EEE L'’

=4 KBl Kkl X OB ZRK BRI K3 EEE 2 #HEs
ey ol K3 rEEE-E H#gstwl kg Table W Figel ol

Table (7. Full speed hard port (35°)

Buoy menthod Heading angle (Z test method
and speed method

Tactical diam eter 320 m 308 m 286 m
Advance 252 240 203
Transfer 152 176 143
Rea ch 112 104 60
Coordinates [X > e L
y 112 96 60

095°

- Buoy method
(hard port)

X Heading angle and speed
method
(hard port)

A Z test method

(35° Z test)

Scale 1./4,000
(o)

Fig.22. Turning circles at hard port rudder angle.
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Table 18.H ard Starboard (35 °)

Buoy method Heading angle |Ztest method
and pead me t hod

Tactical diameter 316 m 363 m 286 m
Advance 256 280 203
Transfer 184 188 143
Reach 120 116 60
168 216 143

Coordinates
y 120 116 60

325°

+ Buoy method
Chard sta’d)
X Heading angle

and speed
method
(hard sta'’d)
X A Z test method
(35° Z test)

\

( Scale 1/4,000)
Co. 325°

T

Fig.23. Turning circles hard starboad rudder.
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Table 19, Port (15 °)
Buoy met hod Heading angle Z test method
and speed nmethod
Tactical dJdiameter 536m 552 m 544 m
Advance 3490 336 327
Tr an sfer 336 328 272
Reach 84 84 55
X 2172 280 272
Coordinates
y 84 84 55
n30°
i
e A - Buoy method (port 15")
;%’// % Heading angle and speed
// method (port 15°)
// /v/
O/ A Z test method
/
’;/ (15° Z test)
|
\( (Scale 1/8,000>
\ Co. 030¢
N
N e

Fig.24,

Turning circles-.at

port

15 Tudder angle.
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Fig.25. A view of taking buoy bearing at the poop deck.

Table 20. Starboard 15 °

Buoy method

Heading angle
and speed method

Z test method

Tactical diameter
Ad vance
Transfer

Reach

x

Coordinates L'

568 m

360

356

88

284

88

552m
320
320
32
280

32

544 m
3217
272
55
272

55
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i /__“:\
///~+*\\\§\,
/ ~ . Buoy method
’ (Sta’d 15°)
/s \ % Heading angle a/'r/rd/
speed method
(Sta’d 15°)
A \ V A Z test method
\ (15° Z test)
Scale 1,8,000

\——// : <Co. 115° )

Fig.26. Turning circles at starboard 15 rudder angle.
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1. & OB =Zzd w3y EH
15¢ W 35° gEffol 4 25 B HER
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d el EM mEEEyc FHel BMdgdn 15°72 AR #HRT Eh

fEElE s Aol Ze Ror BEsSgov #EE ¥ olysid .
2eln EEE ERE AT EE HAME Eha EEAd old T,
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A& HBS EAH3, trim 2.2m by the sternol 4 73497 o &
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of B Ape A ksld BB o2 BE, HAskEd K3 ®E A,
M ERIAA K HEEEC fE ¥EA FldAde A —HI I o
U EE P L EBAAE —FKSix] ok, mAEsSk AN O, EE 1
BE Foo RPN 4 M EAAY Hepo HEsSIcdn 2o

2#3x trim by the stern 9 E#o3 T HAL Kt o}l <+
E ASE HERNor ERY HT dF F AT AU olFAEL LA
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1. Hard over (35° ) turn B

. i eat i 68
sin @t,dt = 0o C Y (a sin wt —w cos wt) ) \

at

t
X1 = Iol Uo €

5.3
= (0.6 (-0.0075 sin 90° -0.023 cos 90

T (-0,0075)% + (0.0023)2

—1 (-0.0075 sin 0° - 0.023 cos 0°) ] = 168 m

at

68
t I ,
y, = In voe™ cos wt ,dt= v, Ea2+w2 (a cos 4 to sin ot ) ]o

5.3
(-0.0075)2 + (0.023)?

(0.6 (-0.0075 cos 90°+ 0.023sin 90 °)

~1 (-0.0075 cos 0°+ 0.023 sing9g°) J] = 193 m
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A X=X, - Rzy = 168 -~ 143 = 25 m =— 1.7 B
Ay=yr - Rz: =193 - 143 =50m = (0.5 L
et A Z Xg mEES
X HFmer 1.7 8B
y, HFme & 0.5 L HEy4 A

s Fig. 27. 28 3 ol % HFEEAN —FK3tcol.

095°

Fig.27. Z test turning circle revised to actual turning

circles (Port 35 degree rudder)
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Fig.28. Z test turning circles revised to actual turning

circles. (Starboard 35 degree rudder)

2. 15° turn &

- % 5.2

»n < R
Xy = v.e™ sin wt.dt = (0.85
=4, (-0.00169)24(0.016)?

(-0.00169.sin 90° - 0.016 cos 90> ) — (-0.00169 sin 0°

— 0.016 cos 0° ) ] = 289 m

% 5.2
0.85

yz = f voe.t cos wt Odt = [
0 ' (-0.,00169)% + (0.016)?

~0.00169.cos 90° - 0.016 sin 90° ) —1.(-0.00169.cos 0°

4+ 0.016. sin 0° ) ] = 303 m

AX=xs- Rzg =239 - 272=17m = 1.2 8B
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=1y, - Rz, =303 - 272 =31m = 0.31L

IR OB
Frmoe & 1.2 B

FHmer 0.3 L wEA] 7=

Fig. 29. 303 zo s —z3l .

Fig.29. Z test turning circle Fig.30. Ztest turning circle
revised to actual turning revised to actual turning
circles. (Port 15 degree circles. (Starboard 15 degree
rudder) rudder)

V. & )

fRAA chee fHS o el

35° B KM HEES fFEE" 35° Z XB kEOES
Fmes 1.7 8

Fmoez 0.3 L EE ¥HI oo
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2. WA 15°6 KB KEEES ARGE" 15°ZHR KOES
x HFme® 1.2 B
y Fmesr 0.3 L KE sz = .

3.8 MV REBAA xH¥ #FP MEY ZHKBRoe= Id 2«9 B
fnel e S EREs] RS xH #hd =L £ o+ ¢
ch. ol B’ HEE MW HuY KE KBRS S dIix wEE
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LR BEH
Table 1. hard sta'd
t 0 5 10 15 20 25 30 35 40 45 50 55

H.d 240 241 244 250 256 263 270 277 283 285 285 280

t 60 65 70 75 80 85 90 95 100 105 110 115
H.d 273 266 261 253 246 240 234 227 221 215 209 203

t 120 125 130 135 140 145 150 155 160 165 170 175

H.d 197 194 194 196 201 207 213 219 225 231 238 244

t 180 185 190 195 200 205 210 215 220 225 230 235

H.d 250 256 263 268 275 280 285 286 284 280 Z74 266

t 240 245 250 255 260 2¢5 270 275 280 285 290 295 300
H.d 260 254 247 241
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p (time point) t, t2 ts ty ts te tq ts te
t (Passed time) 14 34 44 47.5 54 85 114 124 127.5
p (time point) tio tn ti2 tis tis ts tis
t (time point) 134 172 200 210 215 220 257
Table 2. Sta'd 15 °
t 0 & 10 15 20 25 30 35 40 45 50 55
H.d 060 060 062 9065 068 072 075 079 079 077 074 071
t 60 65 70 75 80 85 90 95 100 105 110 115
H.d 067 063 059 054 051 047 042 040 041 043 045 047
t 120 125 130 135 140 145 150 155 160 165 170 175
H.d 051 054 057 060 064 067 071 074 078 079 078 075
t 180 185 190 195 200 205 210 215 220 225 230 235
H.d 072 068 064 060
t 240 245 250 255 260 265 270 275 280 285 290 295 300
H.d
p t) ts ts te ts te t, ts te t 10
8 30 36 317 44 68 87 94 95 101
p tn t tis tie tis tie
t 135 157 163 164 171 195
Table 3. Hard Port
t 0 5 10 15 20 25 30 35 40 45 50 55
H.d 240 240 237 232 225 218 205 198 194 193 196

211
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t 60 65 70 75 80 &5 90 95 100 105 110 115
H.d 200 206 212 219 225 231 238 244 250 256 263 270
t 120 125 130 135 140 145 150 155 160 165 170 175
H.d 27175 281 285 286 283 277 272 265 258 252 245 239
t 180 185 190 195 200 205 210 215 220 225 230 235
H.d 233 2217 221 217 210 204 199 196 197 200 205 210

t 240 245 250 255 260 265 270 275 280 285 290 295 300
H.d 216 222 228 235 241

p t) t, ts t, ts ts t7 ts

t 14 35 47 59 59 92 120 132

p to tp tn ti2 tis tas tis t1s

t 135 144 174 203 215 217 2217 259
T able 4. Port 15°

t 0 5 10 15 20 25 30 35 40 45 50 55
H.d 060 060 058 054 051 046 042 039 040 042 045 048

t 60 65 70 75 80 85 90 95 100 105 110 115
H.d 051 055 058 061 065 069 072 076 079 080 078 075

t 120 125 130 135 140 145 150 185 160 165 170 175
H.d 072 067 063 058 054 049 045 040 039 040 043 046

t 180 18 5 190 195 200 205 210 215 220 225 230 235
H.d 049 053 056 060

t 240 245 250 255 260 265 270 275 280 285 290 295 300
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P t, t2 ta t, ts te t ts to
t 8 26 32 35 38 74 94 100 1056
p t 10 tis ti2 tis tis t g tie

t 106 133 149 155 160 161 195

Z ® =B H =x

1. hard Sta'd

35

© Ay =744+ 200 = 1120
35

Ar ===(80 + §0) = -2450

3
As =—2'§ (86 + 66) = 2660

X
Ae” = A' — A, + A, -—-‘?——'= 12817.5

35
® Ao =A1—?(41+31)= -140
, 35
An' = A; — A, +7(48+38)= 175
r”” 35
A" = A, — A; +A3—‘2—'(46+36)=-105

@ 45 = 47kor +KAe'(1)

-47 = 128kdr + KAe'(z)
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46 = 215 k5r+KAe”~--~--------~~----~~~v--~---------~~-(3)
K2.3 =0.036 or = -0.043
(1)l or & MRASHA K, = 0.041 / Sec

K= 0.039 / sec

® — 73 T, = 0.039 X (-0.043) X 85 4+ 0.039 X (-140)
60
s T, = 0.039 X (-0.043) X 172 + 0.039 X 175
40

- = T, = 0.039 X (-0.043) X 257 + 0.039 X (-105)

T1= 5.396 T2=3.152 T3=6.515
T, + Ts
T, _—_—
2
T = = 5,1 (sec)
2

2 . hard Port

® A,=3—25-(47+21)=-1190
5

Az=-§-2—-(85+ 61) = 2555
35

As = — (83 + 59) = -2485
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3 X 8

Ae = -A, + = -1178
2
Ae'=-A1+A3—¥=1351.5 = 1352
2X 8
Ae” = - Ay + Az — A; + 2 = =1112
35
Ao =-A.+—2-(45+33)=175
35
Ao' = - A + A, “7(424-30):105
35
A" = - A, +A2‘A3+—2—(44+32)=210
— 47 = 50 K6r+KAe-.-.........................(l)
46 = 135 K6r+KAe'-------------------------~----(2)
~ 44 = 215 Kor + KAe” - -« o oot et i e e (3)
K 2.3 = 0.036 ér = — 0.55
(Dol 3r-& RAsY Ky =0.041

K= 10.039 / sec

3
T, 773= 0.039 X (-0.55) X 92 + 0.039 X 175

30
- T, 4—§= 0.039 x (-0.55) X 174 + 0.039 x 105
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J5 )
Ts *Z‘Z:: 0.039 X (-0.55) X 259 + 0.039 X 210

T, = 1.5 T, = 0.45 Ts = 4.5

15
A =—?(37 + 22) = 442.5
15
A =7 (58 + 43) = - 757.5
15
A, = (70 + 55) = 937.5
1 X 2
Ae :Al" 9 = 441.5

Ae' = A — A, + = -314
ye 1 X 2
Ae = A, — A2 + As ""“,;‘ = 621.5
15
Ao = A, —7(31 + 24) = 30

15
Ao' = A, — A, 4+ 7(41 + 34) = 247.5
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Ao” =

@ 20 = 37.5
-20 = 94.5

19 = 164 kor + KAE - - v vv ce e e e

K 2.3 = 0.046 or =
(1) st or& fRASH Ky = 0.051
K = 0.049 / sec

BARERS KB RXR B48

15
A1 — A2 +As —"7; (31 + 24)

kaor +KAe"-........ o

210

-1.2178

® —T,.57°= 0.049 X (-1.28) X 68 + 0.049 X 30

5
|
!

4 . Port 1

© A =

0.049 X (-1.28) X 135 + 0.049 X 247.5

= 0.049 X (-1.28) x 195 + 0.049 X 210

T, +

50

5
—‘é— (32 + 18) = -375

—12—5— (68 + 56) = 930

Ts = 2.909

- (1)
- (2)
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15

Aj =7 (55 4+ 43) = -1735
5.5 X 14
Ae = -A, > = -336.5
X
Ae' = -A1 + A2 "S—E—Ii: 522 .5
5 X 13
Ae” = -A; + A2 — A; + > = =-147.5
15 |
Ao = -A, +'5H42 +36) = 210
" 15
Ao = =A; +Az——2—(33+27) = -105
, 15
Ao = -A; + A, — A, +—2—(40+ 34) = 3715
—21 = 35 k5r+K(—336.1)"~“"“"~'““'“""'-"‘“ (1)
20 = 105 kor + K-522.5 - ---- oo ool (2)
K 2.3 = 0.055 or = -1.48
(1) Kell 6r & fRASA Ki = 0.054
K = 0.054
46 .
35
— T, = 0,054 X (-1.48) X 133 + 0.054 x (-105)
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5 .
Ts.""zz-o = 0.054 X (-1.48) X 195 + 0.054 X 375
T: = 5.19 T2 = 15.317 Ts = 3.7
T2 + Ts
T: +
i 2
T = = 7,36 (sec)
-2

é 50 I
B t !
B |
Starboard /
D / | /
10 / “fiif <
® &) o /50 Tpe Lo
10 \ A - P\ ,
ol NN N
Port 30 k \\ R - /
N 12
40 tl NS 4 o - ‘\
L/
50 ta
Fig.1 hard port
é
. 40
N I I L
Starboard :;
: SN
10 /i —— \
: : :0 * , 720 I. /4 rZ 2]
- / : N, /‘/
Port & ~
30
40

Fig.2 Port(15°)
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6 50
¢ g0l
Star 30 ]
~board i
20
10 /7 t
< "
10
Port 20
30
40
50
J 40
$
Starboard g ) -
10 >\
f: /l'o 2] /}Y“ 2 Ao Xye
10 A Y
Port 20 N g -
30 1 E L
A0 | 1

Fig.4 Sta'd (15°)
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A Basic Study on the Design of the GPS Receiver
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1. -] 4. 8% R
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3. Simulation Kkt 1 #EE Bt 3
Abstract

In this paper, author studied on the elementary data required for the design of the receiver
of Pseudo Noise (PN) phase medulation communication adopted in Global Positioning System.
(GPS).

By computer simulation technique, the phase modulator, filters, and PN generator are desig-
ned, and also required bandwidth of R-F amplifier for carrier frequency in phase modulation
system is investigated.

It is verified that the optimum bandwidth is about 3 times of the PN frequency and almost
independent of the carrier frequency. And the low pass filter required for demodulation of slow
Boolean data is also found to be about 60 times of the data signal frequency.

. i % R BB
GPS : Global Positioning System. C/A code : Clear acquisition code
PN : Pseudo Noise (BT Z5) P code : Precision code
we, fy  :filter €] StEMAMEE 2 BEN 4, i P code <] #fifg
B : filter o] %I%IR Ac : C/A code ¢ iR
A filter o] EIRBFEY D :Data A%
VA : ¢ 5} 1] £ (Impedance) Pu, PN SR (P s
wf  kstadt e AAEY RGS MEE Cor PN {T3(C/A (534 F)
9 B wofe  RBREY BAEE Y BN
Q : filter o] Quality factor Siy TR 2 REY LRk

bps : bit per second Stiy TEREo g NEe Ly WRYimE



