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Nonlinear control for unmanned combat air vehicle with

time-varying mass in autonomous aerial refueling
GUO Jun, DONG Xin-min, WANG Long

(Engineering Institute, Air Force Engineering University, Xi’an Shaanxi 710038, China)

Abstract: To keep the position of an unmanned combat air vehicle (UCAV) during autonomous aerial refueling, we
develop the dynamic model and put forward a nonlinear controller for the UCAV with time-varying mass. By comprehen-
sively considering the effect of fuel transfer on the UCAV mass, the inertia matrix and the center of mass, we derive the
time-varying mass dynamic equations of UCAV based on state variables relative to inertial reference frame. By introducing
the spectral radius, we apply the command filtered backstepping (CFBS) method based on localized adaptive bounds to
control the UCAV in a desired position. The unknown model uncertainties are approximated online by using approxima-
tors. Localized adaptive bounds are used to compensate inherent approximation errors and external disturbances. Using
CFBS, we design four feedback control loops for the relative position, airspeed, attitude angle, and angular rate to guarantee
the stability of the UCAV. Nonlinear simulation demonstrates the effectiveness of the nonlinear flight control law in three
different refueling cases.

Key words: autonomous aerial refueling; time-varying mass; flight control; localized adaptive bounds; command fil-
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model of UCAV)
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Fig. 1 Geometry and reference frames in fuel transfer
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Fig. 2 Structure of nonlinear flight control law

7 4ji E(Simulation)

ohy 56 F 45 A B APk, 7ESimulink B EE R 1
A7 2 o 4 5. I L AE 7124 mis; 2 BA200 m/s
R0 55 A S 0 2R LR AL AR R R
(R 2520 B RN B 37 UCAVER HHICEL01 $AT
FEMIBAHEC 15 BT AR, UCAV LA ) 35 5 A
W EA I EH LK, Hprp = 0. RJTHRH B3]
T, JL R By (o, B)IEFE N IH— A DY o H U,

WS HILARL e RECH . EHES
P e /(I

ki = 0.413, ky = 2, ky = 513,

ks = 5013, I'n_ = 5013,

Iy, =50Inn, I'p,, =501y,

I'g,, = I, =501z, 0,(0) =0, 9?.) =0,

Lop,, = 1013w, Wéséj (0) = O3nx1,

WSBM —[0.05 -~ 0.05]T € R®N,
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Wp, = - 5", Wi, =[1 - 1T,

e =0.01, o) =0.05, ppp=[-22 0 8" m,
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Fo1 FA IR BRAH

Table 1 Command filter parameters

A wp/(rad-s7Y) M A R 21 AR R
1% 2 — —
é 10 — —
0 10 £90° —
b 5 — —
D 20 — —
q 20 — —
r 20 — —
de 40 £25° +£60 (°)/s
da 40 +25° +80 (°)/s
5 40 +£30° +£120 (°)/s
T 10 1000 — 100000N  +40000 N/s

Z5UCAVHL B4 MAE, W4E1, 2K4m, 953.5m,
1E By & WAL E 5 9 A [4, —4,0.2], [4,4,0.2], 2%
2148kg; MHH3, 4K8m, 53.5m, {EBy & M ¥ 4h
BEE Sy 3 h[—4, —4,0.2], [—4,4,0.2], 2 #3898 kg.
LR R = 35.46kg/s, Vi, = [—4.72
0 2.72]" m/s, HUABEM S pruer = T80kg/m>. Ny
R g s A v e, T B 3B [R R N 7 5. S R
T3S A, 23E AT I, AR JE 0 A3, 43k
A7 00, AT )RR I 3 Sl Ay ) 25 B 2R U7
S SR I AR VAT I, AR 5 0 v AR 3EEAT Ik
B3R T 1 SEN A VEEAT I, AR S5 e AR 44T
T 0 b O A, S5 VR 8 s s AN AR U —
Py, e 7 S RS AR Y . R i n) e i
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Table 2 UCAV’ mass and inertial matrix before and

after refueling

Jik kg HAPEAE I/ (kg - m?)
31860 0 —546.394
InshEy 11281 0 87570 0
—546.394 0 122300
128739 0  580.412
HEL 17327 0 184449 0
580.412 0 315772
128666 —28000 307.215
TTE2 17327 —28000 184376 2600
307.215 2600 315772
JIE3 17327 96736 184376 —853.609
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307.215 —853.609 315772
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