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Analysis of Control Surface Assignment Strategy and Flight Conversion
Path for Redundant Manipulation of Tilt-rotorcraft
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Abstract: The redundant manipulations on different control surfaces of tilt-rotorcraft are of great importance for
its control reconfiguration. The nonlinear model trim and small perturbation linearization processing result are
presented based on the small unmanned tilt-rotorcraft flight dynamics model. The pitch, roll and yaw moment
changing results are obtained, and manipulation efficiency is analyzed in detail under independent control of the
different control surface, which confirmed that redundant control surface of tilt-rotorcraft is of the reconfiguring
capacity. Manipulation styles under different flight mode are determined, and weight coefficient matrix of allo-
cation strategy of control surface is obtained. Based on the results of analysis, the three different full mode
flight conversion paths are presented, and the relations among the flight speed and turn forward angle, attitude
angle, manipulation quantity are calculated. The results show that manipulation efficiency can be achieved
through the three conversion paths, and indicate that redundant control surface reconfiguring ability of tilt-rotor-
craft can be realized.
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Fig. 1 Definition of the coordinate

system of the tilt-rotorcraft

TENUA AL bR 2T UL e ALY S F1 S 6k

(X7 [ Xe+Xr]
Y Yr+Yr
Z Zy+ Zr
LT Lot L (D
M My + Mg
LNJ] [Nk + N |
#H SRR N
Xe —mg sind
Y |=| mg cos@sing} (2)
Z mg costcose
YR SR



= iz TR i R 10 %
m[dc\i/; +V.w, *Vycut)—o—mgsing:X HRER RN
v %Sf = p + tanf(rcosp + gsing)
m (di; +V.,w. — Vzwb,) + mgcos@cow -y
dv (CiT(f = qcosg — rsing (5)
" (? Vo, — V,,cuy) — mgcoslsing =7 dﬁ/ 1
3) dr 0056<rCOS§D + gsing)

ARSI WEFE R B B ALOC T Xy — Zp Pl
XS o DAL 228 0% 5 S A T, R0 T AR e A 2 A
R RE R 7 R
dr

dp 1y dry, _
I, dt+qr(]t 1) (pq:+dt)1"t71‘

I, %+rp(1,, I =M (4)

dr o _ (dp o
Izg—l—pq(ly I.) (dz qr)I,,.i—N

ARSI GREE S o AN Sf 0, AL fA W) 2k
il R AR GF T M TR AL bR 2R 0 S A B R A 5 A

state
D il oy MW
ail
WING
cle
ele
tat
G)—{rud SA T BM VT 4
ud con
ELEVATOR
C4)—+{col
col
control state
._> F/M_HT —»
cole variable con - +
colc
RUDDER
C6 )>—lat
lat
state
lon F/M Rpb—=+
) con
on
ROTOR
.—> lonc
lonc
@—> in state FIM_Fi—{+
in
FUSELAGE
Con_Input —

K (D)~ G HEA ) s HL3E A
CEO R WL R L 3 B 4 B, 1 41 2 B 1 45
Al S SCHk[5,13,15],

M A AN R S T AR AR 7S A H R
s J1 28 )7 BRI R OR A5 HE sh R A .

1.2 BT ARERSH

B SCH A B AR AR AT B AR AN 1A 2 P
7 AL R AR Rl 7 T R B R g R
SR,

POR @D
F F
pqr
—{ F&M Eular (2)
Ewlar
M M
Vb 3D
Vb

Equation of Model

FM

B2 ks eI LR L /AT B ) 2 A

Fig. 2 The nonlinear flight dynamic model of tilt-rotorcraft
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Fig. 3 Effect of roll moment on different control surface
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Fig. 4 Effect of pitch moment on different control surface
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Fig. 5 Effect of yaw moment on different control surface
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