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Thrust control

w/ propeller angular velocity w/o propeller angular velocity

feedback feedback[3][4][5]

w/ current feedback w/o current feedback[6][7][8]

Thrust coefficient is variable Thrust coefficient is not
variable[9][10]

Windspeed is the argument of the Windspeed is not the argument of

thrust coefficient model the thrust coefficient model[11][12]

Measure wind direction Do not measure wind direction[13]

Fig. 1-1: Logic tree diagram
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Fig. 2-1: Schematic of the propeller system
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TaRSHEHFERO T 0y 2% Fig. 3-1 125, 7, wey, w7, ky, B, 74, w/s, ga,
Jus 97 EENFN, RS, TORSAEE 2 RG4S, TS MEERS, 51y, To
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Plant

Eq. (3.7) (comp.1)
or Eq. (3.8) (comp.2)
or Eq. (3.9) (prop.)

P e oref B ; - 7
o i Eq. (36) g »{k, | o o
Fig. 3-1: Propeller thrust control system
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fref z 0 &Rk 2 T 5,
wrel 1% (3.6) ATEHT 5,
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3.3.1 LEEFE1 (comp.1)

SCHR (9] TN INTVAHIETFIE L Tl wy % (3.7) RTEHKL TWV5,

wi— T (3.7
Cfn(vznywn) .
3.3.2 HEFE2 (comp.2)
wog B (3.8) RTERT B T ik T2 T 5,
ref
Wsq = a\wfw wnd (38)
O e )

ERE ey & o, OBBRE T2 2K 5, STk [12] KBVWTH ¢f & a OBIE LT
W3,

3.3.3 =REFZE (prop.)
woy % (3.9) RO & 3 12 B,

fre f

Wsqg = cpn(vz,w)

v, & w ZHIE U Teypy 22T E D,

Remark 1 (3.6) KD 7 1 — KNy ZEBLZ2AWT fref 1I2xd4 2 fOs EA K25 < $
%, 7272, w~0rad/s Rild wre RIS 2 AE8EMD D 27280, FEHREHA WS,
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Gy & (3.10) XA TEALTE S [10],

2k,
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4.1 £

ki = kiny jm = Jmn, dm = 1.5 x 1075 Nm/s, ¢, = 2.0 x 1077 Nm/(rad/s?) Z{KE L7z, v, 1,
FEEREZ B L T\ 5,

4.2 v, —cf R

cf =cp EARET B, EBRINZFE L7z Fig. 5-2 DFEREZHAW5, w=i (i=100,..,700) DD
FHHSBED W, v, BERAMEEI S fE 09, v, BER/MAEZINS M % o L EHE L, £z, %
DD gy, & T B DN Min LEFR LTz, FHIABEO NIO SR T, ST FHIE % v
THICAHR U 720 % cpp, & U7z, ZRUAAN ORI GHUSBEOMUDFEIR) T, " H S0k
cnar - (4=100,..,700) % ¢, & UTHW, REFETIH v, &0 22U Tep, 2RDS, —F
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Table 4.1: Physical parameters

Nominal value of k; | kg, | 2.76 x 1072 Nm/A
Nominal value of ., | jmn | 5.29 x 1075 kgm?
Propeller diameter d 25x 107! m

Table 4.2: Design parameters

Control period te | 5.0x 107" ms

Cutoff frequency of w G 600 rad/s

Cutoff frequency of DOB gd 600 rad/s

Cutoff frequency of f ar 100 rad/s
Proportional gain kp 187!

Maximum motor current Imaz 10 A

Threshold of w™f Ws 2 rad/s

Nominal value of w (comp.1, comp.2) | wy 500 rad/s

Nominal value of v, (comp.1) Vzn 4.57 m/s

4.3 HEHH/E

YIalb—YavIiZHWzAT A — X% Tables 4.1-4.2 12”9, BIfESMA:E, Table 4.3 1277,
VIalb—va ViR % Figs. 4-1-4-4 127, Figs. 4-1-4-4 (a) DKRHKR, Kaiks, MR, M
ixEhen, frof, HBFERl, WETE2, BRETFERZAVERD f THo, (b) DR,
MR, MEFIEZENEN, HWIKRFEL, HERFE2, BEFERZHWEZRD v, TH S, (¢) DX
B,OKARR, MR, AREENEN, BETFEO WY, HEBETFEL, HETER2, BEFEEH

WzIRD O TH 5,

Figs. 4-1-4-4 (a) (2 & % &, T & HIRTFE 2 [THARETERIZ fo7 T8 5 f 0l

Table 4.3: Operating conditions

0-5s 5-7Ts
f7IN] | an[deg] | vam/s] | f/IN] | an[deg] | vn[m/s]
Condition 1 0 0 2 7 0 2
Condition 2 0 90 2 7 90 2
Condition 3 0 180 2 7 180 2
Condition 4 0 0 2 1 0 2
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PEATE N, 5.0 s AT TIE 1 & IERTIE 2 @R BEAEMNELU T D, T, cpp # cf &7
572DTHDB,

Figs. 4-1-4-3 (b) ® 5.0 s ABET v, 2EMT 2 DIE T ORI MMEERTHZ 212 &kD, TrRT
B v, DRET 270 TH 5,

Figs. 4-1-4-4 (c) I2C, BEFIED W 35,0 s UFIZA — =2 a2 — M T BHEKIL, (3.6) R
Ch D, 7272, BRMAPEET, ol 126T 5 0 OBEMER LBV, /T, EHFRETE
W LT O RBBOREMRT S, KT, HBEFE2, BEFETEWE?REL B FK
FHWS NS wef DR B7-DTH S, Fig. 4-1 (c) D 6.3 s, Fig. 4-2 (c) D 5.3 s {13E T & 2
I 2HRAI, Fig. 52 To, & who#EIND ¢f DE(LIZERNT 5,
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Fig. 4-1: Simulation results under the condition 1 (f"f = 7 N, a,, = 0 deg, v, = 2.0 m/s)
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Fig. 4-2: Simulation results under the condition 2 (f™/ = 7 N, a;, = 90 deg, v,, = 2.0 m/s)
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Fig. 4-3: Simulation results under the condition 3 (f™f = 7 N, a,, = 180 deg, v, = 2.0 m/s)
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Fig. 4-4: Simulation results under the condition 4 (f™*/ = 1 N, o, = 0 deg, v, = 2.0 m/s)
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Fig. 5-3: Experimental results under the condition 1 (f"f = 7 N, a,, = 0 deg, v, = 2.0 m/s)
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Fig. 5-6: Experimental results under the condition 4 (f"*f = 1 N, a;, = 0 deg, v, = 2.0 m/s)
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