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Simulation and Validation of Unmanned Helicopter

Nonlinear Model
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(Nanjing Research Institute on Simulation Technique, Nanjing, 210016, China)

Abstract: A nonlinear flight dynamics model is established for unmanned helicopter real-time simulation.

As an example, the flight control law for an unmanned helicopter is designed. Hardware-in-loop simula-

tion of hover maneuver flight and low speed flight is conducted, and the simulation results are compared

with the flight test data. The simulation results agree well with the flight test data, thus proving the ac-

curacy of nonlinear flight dynamics model. The attitude is controlled well during flight, and the ration-

ality of control parameters is proved.

Key words: unmanned helicopter; flight dynamics; hardware-in-loop simulation; flight test

TNEFHLEA B R RS EE RIEHL
Bl H F AT SRR A AT AR L AE 2 R R
Tz, BB E GBS R AR E R EAR
&, TN B PG B & ., Hop, €473
D127 3 55 07 ELB R 2 FL A ok R e A A% O A
z—.

E NS BT ATl B TR & D T |
fAT A3 52 R i b A . MR AR ATL L R BR] Rl LA
UL (D EhE W RIS @R, (8 E DLR 525
I H M BO-105 BLIHHL “AT8h Jy 2wt 3%
J7 kAR L BRSO B AR AR TR P
RO B E 5 Py B, (2) 2 E s E L,

Wi BE:2016-12-15;1&1iT HHA:2017-03-01
BEESE.FB.B, THEIT,.E-mail:37577617@qq. com,

GENHEL ##81 Jg te RIA K . 12007 16 g5 7
5275 BRI i » Ballin $8 R ] UH-60A FTHHLIY
RATIR K S ¥F GENHEL BRHAT T R KR
TET o B R4k 2R 2 W12 R B 7 K5 T
S S g O SN 5 TR AT AR R . () (i S AR etk
B WAL S AR Rl 5 A& T
UH-60 B THHL &AT 3 g 2 R Hosi i 5 [ 4k
IR BE XS FE B UE 1 BV A Y Y HE R T iR
{5 BE i D7 BLBOR B AH B E R A B AT .
(COTF ATEFRARTE § Tl Fp ok L 3k 2 i gl g 24 4
T R TS /LR R 5 A A R A T
MBI TE L2 i T I RS B e R Pl Bl

IR BB SRR, S5 TN B PRSP AT 05 B AR S 30 L) . e 5t T A8 T R K224, 2017, 49
(2):219-224. WANG Chao, JIA Weili, FENG Deli, et al. Simulation and validation of unmanned helicopter nonlinear
model[J]. Journal of Nanjing University of Aeronautics & Astronautics,2017,49(2).219-224.



220 [

A0 00 VR P o L by R 2 28 O B R Bl AT
VR - 22 B0 P —3E 3 Y /N i R AL 3 AT
A9 UL » T L HC 5 2 3 0 A8 AS BB L S 0
TSR o (OB AT B T LAY RN
A ATAS B RE NS S W L THIL S ) 2 P R Y L
TAH A CATAR A i 0 R e ) B R AT AL R .
%7 12 TR R AN B TR W R B
THOL AT A it

TETC N E I LT B AR Tr T H AT E 2 A 3
A (DBTF . R A 7 kR A
NBETHLRGE o 56 4 HE T BOA BB Y, 05 B 40
FLSC PRI 25 T B o, 2 B T R S )
AV (EY R . TR RGP AR
Sy R IL R B 5 o Bl AR AR B A ST s AT
TIHARGEGEREER . O ANTERBEJH. %
AN RO/ LA T IR A4 S 2451 - 7T LA
SN UL B R ST RE L X TGN BT HLR
Y 2 E TR s R By B

BTN ETHHLSE I AT 0] B 2 A ST
T A E IR LA AT 3 A R IR A I
TN TS AT Pl R G Beit s ik B ie
PR R P O & T 2 1 B0 JOA AT IR

g

1 EANRITIIAFERE

TANEFEZ A & mEA MIEL R %,
AN RS EEE R WL B R R ARG
JIHERY, Z 5 B T & A B ) A LR 2
B Ty R A AT I FE L 52 OB N BT HLAE R
PERAT B Sy

TN EH WAL 2 2 5 R v] 3Rom R e =
Jia] A% 2

y=f(y.u,t) @)
e HBFu B Ay S EH ARSI
RN

y=Lys yxJ (2)
Ky AREEZIREZMARRE R ys
RIS BIRAS
1.1 RERESZHHERE

Sy o 3t 2% B Koxt 3RS 3 g B R T A
F At ol 5 R Bl 1 AR etk AR AL AR SO T3 R
BN B A (R B A () b R R A T 3
RSN 7 AR Ja St 55 BT i Al

B F Petes-He 77 BOR 25 2 708 450 A1), A S 3
SEBES AR S AR AL, SRR R 98 Y T 5
K E TR 1) 36 U B BB E 3 B AR 1 B R BUIC R 4
By 2 13 AN AR A L A 5 e 3 A IR U A o

e T %19 %
o) F B KM T R4
M (e} +L =5 (1))
Mg L (g =) (3)

b MRy T A P RO T S SR sE e s Ly
5 28 B B 50K I R R A A st T L
JIHE R 5 BAR cos 43 038R A 3% 38 U FE 5% 38 0k .

FR 2 M B0 1 R Bl T R SR B
JIHEP- L [R5 SE B ARE AT VR 7% i2 3l 5 | kS 11 B
ShPEPE AT A ST SR O 1 B B 2N A
45 5EiE 2h )y A
Bo=[(Mp)y, —Q* (I, +eM ) — M, (u,, + tt,0. —

uw,)—Mgl/I,
Bi=L (M), —eM Q"B +201,3,—2,+

eM)Dwd+ 1w, /1,
Bi=L (M), —eM Q"B —201,3,,—2(1,+

eM)DwQ+Lw. /1, D)
Forp My g 33 e SR B A Q O e
S 5 1, Ry 2 A SR A SR s ML
o Y BB I R R e ISR E R w0 2
S A S ZR T I S R T
1.2 HKEZhHRE

TENUR AR R T L BiE 3 2 2 6 N B THPLAE
LRANEZ S BRI
mV,= mVw.—V.w,) —mgsin® + F,
mV},Z mV.w,—V,w.) —mgcosBcosd® + F,
mV.= m(V,w,—V,w,) + mgcos@sind + F.
lLow.= (I,—1Dww. T 1,(w,~ww,) + M,
Lo, = (I.—1)ww.+ L, (@.+ ww) + M,
low.= (I, —1)Dww,+ I, (0> —w?) + M.

(5)

Lrpem BEANEFHER V0, (=2, y.2) 5351
R TN EFHHLAEDLR AL bR R T B I8 2l 2 B A A
HEE s Fy o M, 43 500 LA B80S sh A e B
FHHLE DAL & T FE s . i 32 < s Bk
T L1 IR R] RS T R AR X R H A
A BTG FE R A8 TE DURIBE R 58  AR 408 22 56 7% 1
B BAGGE T 1 xR 2 0 BH 2 AR N s BLIR 8 )
FE T XU 3 3 4% R 3 Ao A7 (B AR A e T YR X AL B
T+ 5% e L S U R RGROR s R AR AR
Bl R S AT ) e T 5 AR

BUAZ S5 T B R

¢ =w, — tan@(w,cos® — w.sind)

O = w,sin® + w.cosP 6)

= L (w,c08P — w.sind)

cos®



Hel

TSN BT HLAEZ AT Oy B S Rl 221

-0 TS @ IR s & R m A

B NS B VAP FWNE IS ] | 223 A |
PIES SR ST UNESE B R R NS R
A RATREPERE AU . ] C 3 5 e AT AR 2 128 . 1T i
AL HBR

2 RITEHRSZIRIT

FEF Wi SC T A ST TS N B T HLAR 2k AT Bl
J1 2GR AT B A TE N BT AL R AT R
FrReTE, LB RAT R S 2 Be RNk RE 4 AR
K.

X RAT i R GEoR UL, CAT R A S A
Fefrs i R ) BBl . AR SR A SCERC12 ] A
BRI RATE IO 3 BT

(DTNBEFHUB R 5307 . K ARt ®AT3I )
ARSI PEAT /N B 2R AL L X R LR 2R LHE [0 S 1) 4iE
FBCLX i 45 08 D e T i 5 o %8 PR i 55 4%
PR HEAT AL,

() AP TRV . R A Al R #E A
PR 2 ) b 45 3 T ASE TR, P B T AR B0 90 0 R
B HIEAR SR TR AT Y ] g A 4R
WA . AL 4G 2 A PR T ) PR T AR, Y
[ i 2 IS 2 o T S BT N BT BL A R 1k
SRR S VERE S b 5 FLUGHEAT A1 ] i JR A 4 o A
B AR e B0 R e S N (VA N AN - U S )
PR3 TS B CATAT 55 A D& 1 ol 5 L B DA &
AL 300 48 A o

Q) RATE RS . %t B 2 R Al A R A
RZ X AR PR FE AT IR . &1 4 A il
KA T A A U O B RS AT,
S 38 2o B 3 0T A o 2 B AT RO

R HIAE SR I 1 R

31 7
~ I [ B 4 4 i
%ﬁ%ﬂ l%@waéwlﬁl% Ir’ﬂ EEE@% — i
i BN me VE =S VR i
G L1 S )| R Rt
LTI 1 =

BT AT A

Fig. 1 Scheme of flight control system
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Fig.2 Scheme of embedded simulation system
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Fig. 3 Variation of pitch angle in hover maneuver sim-

ulation
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Fig. 9 Variation of pitch angle in low speed flight test
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