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Flight dynamics characteristic of tilt rotor aircraft
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Abstract: A flight dynamics model of the tilt rotor aircraft was established based on the
research into the aerodynamic of the rotors, wing, fuselage, nacelle, empennage and con-
trol system. Quasi-steady element theory was used to analyze the lift, drag, moment and
the flapping motion of the rotors. The lift line theory was used to research the aerodynamics
of others, and then an investigation was conducted on the XV-15 tilt rotor aircraft. The re-
sults can be helpful to realize the characteristics of tilt rotor aircraft, also be useful to flight

control design.

Key words: tilt rotor aircraft; aerodynamic interference; trim;

SQP (sequential quadratic programming); flight dynamics model

[2-3]

[4]

:2011-01-28; :2012-02-09
(1982—>,



750 27
’ S w
1.1 () Ss
(Zsys2)ys Lusv,
’ uy:l ’
7 ’ (6).
[5] s Uss u
Vs | = |v |+
[6] Wss w
s 0 2y T YW (P ne v cos1
1) — 2y 0 x| lq |+ 0
9] R R [p.q- Ve T Ty 0| |r 7+ v ¢ sind
rl, i(90° ) (6)
@) L. 6) g sl p<Z.
D, wa :
u cost 0 sinz u Lo = quasSues Cruss
v| =] 0 1 0 v | + Dyss = Guss Swss Cawss
W | wa —siniz 0 cosi w o Quss = 0. 5p(u§vss + Vi wh)
— Lsini « q Cree = alawe —a0) T 3C1 /381 * S
Lsini » p+ Lcosi « r (D Cawss = Caueso T £Ciis
— Lcosi« g Quss = arctan (W / s ) 7
2) (7 a:9C, /280 S ’
(2,
A=A — & ’
Ve .
v, = Q) —DOR (2)
3) Laosar by Jus 7
[aosaysby L 0
4 Lo Hoa L3 ()
Sya s Ly.s M, Qua () ,
(xsys2)es [usv,w]es
’ c
3, D. s, S, 8).
[HuwsSuns T Lo s M2 Qua e = F, 1q.S, sini
S Qg s Vg s Wi s P > Qa3 T+ Aa s B0 ) (3) Fl o= —vg.S, ’
[Hy.:Sws Tois Lo s Mo s Qoo s = F| — wqcosi
[Hy., —SwsTwis — LyosMys — Qo ], = ) ‘
F s — Do W s — Do+ s q. = ?pcd Vul vl 4wk
— Faas — Ava s Bua o) €D) M, 0 —= yeq F,
Aw B . M, =| = 0 —axl||F| ®
S * Mo =y @ of[F]
1.2 C, . 1.28,



4 751
1.4 ;
(Zsy,2)1s Lusvsw]is ;
f s (9). (901.01' = 8(‘011 * anI.Or/acoll 1
F Q{C[{A{ <51m - Slzll.nvutral> * 86()].()r/61m
F — Q[C“’Af , Bl,r = (51nng - 51nng.neum.1) . 5Bl.r/51mg +
F"‘ ( (][C-[Af (apcd - 8pcd.ncutral> * 801.r/8p0d

q = %p(u? + vf + wi)

M, q:Cr L (A
M, | = | ¢CuLiAr |+
M. |; qrCrr L1 A
0 —= viq rF.
2 0 —a| |F, (9
Y Xy 0 F.
CitsCis Cy s Copr s Cagyr - Chges

’

A L
1.5
(sy+2)es e
(10).
u u 0 Ze T Ve (P
v | = |v |+ |— =z 0 x| |q
W |, w Ve — X 0 r
(10)
L. = q.S.C.
D. = q.S.Cy

g = 0.50Cul + vl +wl)
Ce=a<a+3IC/dbuy * Belev
Cdc - Cdco + kclzc
a. = arctan(w,/u,) (1D)

IC/ e Buter

1.6
9 ./
O/ A /Bi/0:. /A, /B, . Ol ~
Oclev Orud- 4
Ocolt / Stong / Ota / Oped » /

/ /

A=A =0
Ol = (5long - along,nculml) * 8clcv/610ng
8t = (Blt — Catoncura ) * Ot/ Ot
Srud = (Opea — Opedencural) * Orua/Opea (12
neutral
. 86, /00

s 4

9 s

1.7
6

w=rv—quw—gsind+ > Fx/m
v = pw—ru+ geoslsing + > Fy/m
w = qu — pv + gcospcosO+ > F,/m
p=L[L>OMc+1.> M, +1,pqg+ Lag1/A
¢= (2 M+ —Iopr —L.(p" =) /1,

r = [1, DIM, 4+ 1. > My — Ligr + Igpq]/A
L =1.(I,—1,+1)
L =11 —1—1I.
I, =1 —11,+1I
A=11.—1I. (13)

$ = p + gsingtan§ + rcos ptan@

0 = gcosp — rsing (14)
¢ = gsingsect + rcos psecl
[5-8]
. 0 I 0
X = X+ |
-« —of ]
X = [aO’aI’/)l’(:lO?&l?j)l:l (15



752 27

X = I:ao 7a19*b1’5'lo 7(:119*[71] (16) 06_043‘14,%?; &
13) ~ 16 | = GTRSF Y o %
(13 (16) 0.4 o i e 7
02} j =
2 ® oFtioaa i om0 @am
o L
b L
21 4 ’ 04k i : e
’ B a
-06 L= : i .
0. -1.5 -1.0 -0.5 0
J‘."l\“‘rﬂ
(sQP) . i
s 1
, , Fig. 1 Comparison of helicopter mode hover poles
9-10] ’ 4t 8 A SRR K200 kn
[ . o a A Al K170 kn
. 3t SEa |3 GTRSECRI R €200 kn
minimize = f, (x) Al & B RAHRAT K170kn
x e A [w] 41
x 1} :
: .
st < | fo)|<u (17) £ 0p o s s goss
=) s it
‘f()sl'vf(l')vAsl9u ’
=3t g
b b b o
4t ; : ‘ :
(13) ~20 -l5 -10 ~0.5 0
6 2 , I
s 2
(13)~  (16) Fig. 2 Comparison of airplane mode poles
’ / . /
/ , 1
3 3
(18), ’
. ' . 1
X = ALQ]qux +BL2]><UH (18) 0 3
A 21 , ’
GTRS s 3
9 ,
0 : 8 ’
1~ 7. ’
1~ 2 , GTRS(generic
tiltrotor simulation) fio-11] | ,
, 3 ’
’ , / /
' / ' / , 2
/



4 753
2 1 4
170 kn 3r
200 kn GTRS ali
] L
b b
= OO0
s 1k
GTRS
ot
2l
3~ 7
-4 ; i i i
. =20 -1.5 -1.0 -0.5 0
S
5 60°
20 = . .
o 1L Hls Fig.5 Math model conversion mode
1.5} * « JULATFZ 0.1 m .
> - HLEE 0 m 60°pole movement
1.0}
0.5 6 =
. o IEHHL
ﬂE ol 4l T o LA 0.1m
H o % L LS 0.1m
~05} %
51 )
“10} % :
-15} B Op_o o o e s é..
S 60~103 m/s
-20 - - - - sl , f/
15 10 205 0 >
o . vt
3
26 H ; H H
Fig.3 Math model helicopter mode pole movement -20 -1.5 -10 -0.5 0
528
4 s
o IEHHLL 6 30°
3t | e FHTES 0.1m
: : FEFE 0.1m Fig. 6 Math model conversion mode
2 +
30°pole movement
It 9\§
2 of & 6 —
i : o EHHLEL
it k s o FLHTE Om
] * by oy g
i °. .Q_ooofo i3 < e R (ln
=i 70~140 m/s |
-4 i 2 O Fwrw s T eee 33
=20 -1.5 -10 -0.5 0 il):_E x _
y .o.o‘eo‘ o £
4 75° 4l M

Fig. 4 Math model conversion mode

75°pole movement

-20  -15 -1.0 -0.5 0
S

Fig. 7 Math model airplane mode pole movement



754

27

(1]

[3]

[10]

[11]

[12]

Harendra P B, Joglekar M J,Gaffey T M,et al. A mathe-
matical model for real time flight simulation of the Bell
Model 301 tilt rotor research aircraft [ R]. NASA-CR-
114614,1973.

Martin D, Maisel,Demo J,et al. The histroy of the XV-15
tilt rotor research aircraft R]. NASA SP-2000-4517,2000.
Menger R P, Hogg C B. Recent investigation in tilt rotor
flight technology through XV-15 flight testing[ C] // Pro-
ceedings of American Helicopter Society 43rd Annual Fo-
rum. St. Louis, MO: American Helicopter Society, 1987
18-20.

[D]. : .2007.

SHA Hongwei. A mathematical model of unmanned tiltro-
tor aircraft and research on attitude control system design
[DJ. Nanjing: Nanjing University of Aeronautics and As-
tronautics 2007, (in Chinese)
Chen R T N. Effects of primary rotor parameters on flap-
ping dynamics[ R]. NASA TM-431,1980.
Chen R TN. A simplified rotor system mathematical model
for piloted flight dynamics simulation [ R]. NASA TM-
78575,1973.
Carlson E B,ZHAO Yiyuan,Robert T N. Optimal tiltrotor
runway operations in one engine inoperative[ R]. AIAA-
99-3961,1999.
Gill P E,Murray W,Saunders M A, et al. User’s guide for
snopt version 6,a fortran package for nonlinear program-
ming[ R]. California 94305-4026,2002.
Gill P E,Murray W,Saunders M A. An SQP algorithm for
large-scale constrained optimization[ ] ]. Society for indus—
trial and applied mathematics,2005,47(1) :99-131.
Kristi M K. Stability and control modeling of tilt-rotor air-
craft[ D]. Maryland: University of Maryland,2007.
Ferguson, Samuel W A. Mathematical model for real time
flight simulation of a generic tilt-prop rotor aircraft[ R].
NASA-CR-166536,1983.

[Jl. ,2008,26(2) :192-196.
SONG Yanguo, WANG Huanjin, SHA Hongwei, et al.
Flight dynamic mathematical model of tiltrotor aircraft
[J]. Acta Aerodynamica Sinica, 2008,26(2):192-196. (in

Chinese)



