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Multiple partitioning of flight data for manoeuvrable aircraft
aerodynamic modeling and parameter estimation
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Abstract: Under the quasi-steady assumption, aerodynamic characteristics show marked nonlinearity in high angle of
attack or large amplitude maneuvers of manoeuvrable aircraft. A linear aerodynamic model generally identified from small
amplitude maneuvers about trim conditions is no longer suitable for this case. In order to solve this problem, a method
of multiple partitioning of flight data is proposed, which can characterize aerodynamic global nonlinearity by partitioned
linearity. In each partitioned subset, a general aerodynamic model is formed by the Taylor’s series expansion of static terms,
dynamic stability derivatives and control derivatives of aerodynamic force and moment coefficients. The parameters in this
aerodynamic model are estimated by using the class of least squares methods. According to the simulation flight test data
of a modern fighter aircraft, the aerodynamic parameters are estimated which fit well with the true values. The test results
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verify the proposed multiple partitioning of flight data and the general aerodynamic model.
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2.1 ZEH XD B (Multiple partitioning procedure)
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3 SREEE KRS EHHHR(Aerodynamic model-
ing and parameter estimation)
3.1 S3hE (Aerodynamic modeling)

YER T CBLR A 38 g, AT iR AL bR R 0 fift
N3N B N RBCx, Cy, Co M35 1 R
Cy, Cy, Cy. FEHEE BT, AH BN RERAE
SE W AN, I L2 S RSO SR PR R . [X 53
Ik iz ), FIRSE AR S RHLR
AR LR RN

Co=Cu(,3,V,q,01m), a = X, Z,m, (1)
Co = Cola, B,V,p,7,01at), a =Y, l,n, (2)

Ferbe iUy, BRI S, V S, p, gFr 23k
RECSE | AN AR R AIESE, 100 RATEI
GBS A SHETT (AR THERE « M) i 1, 0100 R
7 RGN )32 B0 AR SCRE T (s TR RE S B 3845 D
fi.

TG FERR, LIRS B A R
RO ERAS I B RN PR ) T B OIX 3R 4 2
H AR Fs:

c
Ca = CaO(aaﬁ)—i_Caq(a? B)quv +

Cous,o (0, 8)01on, a = X, Z,m, 3)
Co = Caole, )+ Copls B) 22+ Cor(, B) 1 +
coT Wi gy Tre oy
Cusy (@, B)O1ar, a =Y, 1m, 4)

Horbe e PR, AR EK, CuWo®mn13)
ABMFEIN, Cop, CagMCor KRN REMZN T
B, Coas1on M Cls,,,, RANTENREIIFER T AL

A1) (@) AT %, Bl R AT 3 HOnEE
- T AT A . AR A SC TR 2 F 73 X
SRR, 25 DXCTR] YA AN 11 (AR R <3 3 2 3
Wi J A VE . D i, 45 DX TR) <3l R B AR IO
2y P ORI 3 4, 7555 X TR - By A AP 2 )
T Al pAL, BEATZR BRI R — IR, mI 45

Caa(dy B)AO[ + Caﬁ(o_éa B)Aﬁa

+ 0+

aqa(&a B)AO& + Caqﬁ(@a ,B)Aﬂ,

=
I o

+ Oaélo,,a(dvﬁ)Aa—i_
)Aﬂv a = X7 Za m,

= :/-\ —~
8 S e
QlE

(&)

o
)
L

+ Caa<aa B)AO& + Caﬁ(&7 B)AB7

IS}
T

e
(=)
~~ A~ N N

Capa(d’ B)AO[ + Capﬁ(da B)A/Ba

IS}
T
\.QI

SRS

é‘\/
+ I+

(@

]

Cara(&7 /B)AOZ + Carﬁ(&u B)AB7
+

) I
S o
g 8
s 2

) Ca5lata(a76)Aa+
a!slm,ﬁ(aa B)Aﬁa a = K l7 n,

sYeNeNoNeNoNeoNeNo!
B)

(6)
Hrp: Aa = a—a, AB = 8- B. #X(G5)~6) 71t
AR (3)-(4) 13

Caga (@, B)Ac + Cogs(a, B)Aﬁ]% +

[Caélm,(iu B) + Oaélona(d7 B)AO[ +
Cadlonﬁ(d7B)A6]6lon’ a = X7 va7 (7)
C, =



1292 I o VA 533 %
Cao(@, B) + Caa(@, B)Acr + Cop(@, B)AS + 4 PiE KITIRE (Simulation flight test)
[Cop (@, B) + Capa (@, B)Ac + A SR AR S HUBE TR AT 07 2L AT R

_ pb _ % CHURE Y [ e gl 20 W e [13]. Horp, P K

Capp (@ B) A7 + [Car(@: ) + FFR IR, T3 [1ATRE % LI 6% HL

Cara( 5)Aa+0ar5(01 B)Aﬁ]f—i- T RFRRES s S 3 i 2 TS ZjJ’]‘%ﬁ”}iLﬁZ. 1?%

SRR BRI e B A R L 2 KRR I B, Bt

[Cas (@ B) + Casal@ 5>Aa+ bR AE BN SR A R ALk PE. SR, %S R 0)
Ca51atﬁ( 7/8)A6]61at7 a = levn‘ (8) ?%@@*ﬁ'ﬁ@ﬁ@ﬁﬂﬁ?mﬂ%fﬂﬁﬁ

H(D)—®) BRI AARSCHE I IE T WAT8ds 2 H )
X 7V A .

3.2 ¥ PR (Parameter estimation)

e, T R3S ) R Cx, Cy, Cz M3
SN REC,, Chy, Cr. CHITHARIAE, FFEIF
s gl i RRIEAG AW O A, WL AR R T
7N HHBEE S 7 BT R fhs:
gSCx + X1 = mgny,
gSCy + Y = mgn,,
gSCy + Z1 = mgn,,
gSbC\ + Ly = Lp— L, (pg+7)+(I,—1Iy) qr
qScCy, + My = I,g+ I, (p*—1r*)+(I,—1,) pr
gSbCy + Ny = 1,7 — I, (p—qr) + (I, — L) pq,

©))

o @Bl s, SAPLETR, mh WAL, ghH
ﬁﬂﬂﬁﬁ,fx, vy Loy Lo, A CHLBLE, ny, ny, n, ABLAR
B AABR 2R3N J7 A 1S 8, Xor, Yo, Zr, L, My, Nt
I3 A R SIHHE T AEN AR AR R R34S T7 I 1) 43 70
JI5E.

RATEEG D, BRAES A D AN Ab, Hogy
RS T IYT HENA. SEbs TR, 47—
b TS B A, A 0t S — B e W 75 ) £ 3
(HIATHUEZE 5y KA. th ik, R ATAR S X (9l 5715 21
X TRV RATIRS RIS IR R EOR D,

HH 2(7)—~(8) WI A, AR SCH th 11 38 I A B AR 2 v £
HHRI BN S 5005 5 X AP H30 £ e P34 e £4 B
AR, W& XA ER S HONHAE. B EA X
A5 N AN RATEE A5, WZ X 8] #4308 1 fU &
BTG (D@ M N AN TT R, R By — e %
e UnEM ) I RS BN Bh S5L

P R G5 SRR, X5 DX TR AT E e 12
H RS 1) TRATER 2% 2, CRUE S X TH) RATAR
B RECR TR SE L AR T AR T
ARENEAEL. 2) AT EAR B 78 08, DRAIES X ] KAT
B IL LR AN L S 12001 5T 2 W 4 1 50 130,
CINYSINYSE (€7 P S5 o N E 87 D S P = i
JITAA X AT, R B AT G SR I X H T 3h 2
HHFL

IR RIS B s 2 A B AR SRR (N T0.6) 5 A
T%‘f(% AJ UL SR BSOS R M . teAh, b
ENBIANTE ISR SRS ), YA n)is s 2 T b
ﬁfé%ﬁﬂﬂ RN )z Bh 52 7 T e AR 3520 . /i, mTA
(7)) il R B AL
C, =
CaO( [o7% ) aa(d B)
Cup(@, B)AB + [Cugla. B ‘)
Coaa (@, B) At + Cog(a, HAB) L +

[Caé ( 7B)+Ca6 a( 6)AC¥+
Catseﬁ(&v B)A/B]ém a = X: Zu m, (10)

%Q
S\
>
Q
_|_

s 9
%
E
>
=

‘@
S
+

Abl o + [Cas. (@,

)
B)Aa + Cus,5(a ﬁ)AB](sa +
) + Ca6 a(

,B)Aa +
Ca5 ﬂ( B)Aﬁ]érv a = Y7 la n, (11)

b S N THBE R 1, 0,k B FE AW £1, 0,0 77 1) JE (i
.

D5 ELATIREG T, ARG, T )
(ORI A RKHEALE) RAT, S AT Rl A i fa . A
TR | I O A S5 DR A RN 4 ) A R R AR AL,
MM EREUE 2 B o3 B 0 5 kAT Hcdhs . Horp—
AT HE SRS A AR T Ol an B 5T .

%lﬁ%ﬁﬁﬁ@“* KHLSIRAS E%ﬂﬁﬁﬁ]%iﬁ%@?
AR | PRSI R A SRS N T
@ifﬁﬁ%ﬁﬁﬁ%ﬁi%ﬁ%ﬁﬁ(ﬁ TEEEEE@)%
FAF R38R ECx, Oy, Co F3AN S8 1A
RHC\, C, Oy ISR AL 0T e, JE
At/ ik BIV] 25 A B 2500 e — b v 6k
R R R 2 N 7 N RS 4 N Y RN 31
AR Bk AR TP VR M ZE M N R SR N

8) +

53
Q |



10

BIFESE: BT AT ER 2 A X LSS CHL BB e S 0N 1293

FESR SRR TTIE I3 IS N — Tl 5 (10 168 7 A5 34 1
g et — S TH L OB RAT R F A T IR
P 1K) AT Rs 22 s oy X5 KO S AL )
ATRE, X RATEE P e S A DL, ASCARERA
W9, N EAS IS SREHR B ST

40 — iy

=== f

30

a, B1(°)

t/s

B 5 3 S F AR A
Fig. 5 Angle of attack and sideslip angle variation

40
30
:;L
“D%
40 60 80 100
t/'s
— TR - - - EA - - TR
6 FHEENE. B3 AT 1) et H 2R A
Fig. 6 Elevator, aileron and rudder variation
=
g
=
S Ll
— WS - - (R A
_3 1 1 1 1 1
0 20 40 60 80 100

t/s
Bl 7 R S A B AR A AR A 1 1O

Fig. 7 Roll, pitch and yaw angular velocity variation

5 35T (Result analysis)
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6 4518 (Conclusions)
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