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Abstract: This paper presents a high-bandwidth flight control design for helicopters using an integrated
rotor control system. Based on an explicit model-following control design, a rotor state feedback control
law was developed and integrated into the baseline control system. The rotor/body feedback gains were
comprehensively optimized to improve the stability of helicopter and a rotor control augmentation was
designed to enhance command tracking ability, based on which a design method of command model

parameters was proposed to improve helicopter attitude response bandwidth and attitude quickness.
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Finally, by a high-order helicopter flight dynamics model, the helicopter handling qualities were
analyzed. The results show that the integrated rotor control system can maintain the stability margin of the
baseline control system while improving the control frequencies. The roll and pitch control bandwidths are
improved by 10% and 18% respectively, while the roll and pitch attitude quickness are improved by 20%
and 25% respectively.
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Fig. 1 Comparison of helicopter roll rate frequency response to lateral input
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Fig. 2 Integrated explicit model-following and rotor control system

3 SEREEEHNESSE ERI

1t B Y R B A ) R e B A b 5 A T B A o 1 R e B /AL A AR R RS R G A AR G
oAb A B 11 48 T B THALER G e o v, BAR R B AR .
3.1 RiEEH

St A ] A A P O 0 Of B TEBIL Bl RS Pk A A BB Bl L O oRG o R R A A i L o S B Y 45 e
il BT AL A B BRI (H 2 R B e BB/ R e S /WL HE & 38 Zh B R, AT T R,
e/ HLARFE G 12 3l 1 & 32 B4R v F e 35 4 4 /4 IR 42 30 1 i a2F R0 S R A, DR O AR I A R AR B 5

A 2K (e B SRR ARIZ B 15 BiosBreoBreoBros Cacs i Cros Coes SRBER B NE , IR 3 B/, BFSE
FET O b 150 45 8 AR 52 B0 A 05 0 0 70 I 10 MR 33 B0 13 00 9 e 3/ WL AR 2 B R 2
T 3/ WL 2 2R 5 28 T FE 1L 36 T 4 60 T J2 A0 T80 #4360 £ 92 J22 ok EC AR 78 7 328 30 B i 7
/1N BRI T LR 15 0 e /LR A 2R S B AN 8 32 B 7 e
X, =A, x, +B,u, (3)
i, = (el xlox ) T sxy = (Do @.0) T N HLIATEFE D A AE A s = (B o) W IEILYL

FE SR 53, = (Pros Bros Cros CrnCrosCi) T Pros B W HETLIN B 1A HE BB A0 JE 5 Cos s Coos 1 I HE TR
16 0 0 R AR A . ey = (B 200 T+ S FLFFHLA . S B 20
ST 38 (3) AL /B RE & 31 72 07 B R 1T LQR I 07 1 27 e e 380 /LA 52 f e o 980 25 Wk A7 0
PRALE - LQR 3K i 1 ¥ B4 b W
J=| Gl Qe b xT 0ok FulRu,) dr o

St IR QPR He Bt 1 LA R 00 728 5 5 25 i £ E < D0 BCREL I @ Y 3 R ) i K i i 344 2
Fo s RUHEIE R FH A BRS040 77 A i e M0 B B . 22 07 D7 3 () B P R b A B 1 4
8 002 TR A 2 0115 WP REAND T2 66 25 S0 A A 2 X 1 T b1 45 0 7 77 1 10K (0 8 W 2 T e AL 1 1 b o
AR SR B 1] 42 88 A I 0 0 0 R 2 4 T BT LT WL B 0 25

LQR #0638 10 T /B 4ob A 00 26 9 A3 2 M0 R 5 ) 28 9 90 B0, RO 82 W R K £ 5
S I (5 00 0 2 R o R R O T B A R M R R
SEF L 1% 0 LSS S U2 K i K g s K o+ K oo BB TGS K 5o K 3, K g K oo
K3 o o K3 o SR TEHURE P AR B BE G T L B K o K o o K 5o B8 35086 5 9 B 1
SV B K o+ K oo K oo SEFFI R B9 RS, BT EIR B K s K e, o K3, K 3, R



% 12 9 WNEE.F . ERRZERNGALANGH R AT & 91

IEX{EQX?”%J W i B0 E S AR R MR R L R B A 4 ) szt s Kogy 2o s KB o s K oton VA
RN e 3 SR A E MR
3.2 ﬁﬁfﬁi'%ﬁgﬁ??aﬁu

TE BB AR G I A FAR S BA 5y T B0 AT #2128 58 J0 1k A7 RCHR B A 2R A 114 = B IR A T e
BB s il 2 PR S AR N R AU o R — Pl 3 i 5% 1 ok 47 4R T AT R R A B BUR TP
AT 3 T 78 () e 3R ) AR GEHELRL . eI ON A 1) 45 SR A S AL IR AN R e as sh A B L BN Z A7 AE L

TRAR:
; L, L, Ly, Ly, . « c
il el [ P (P R R O
o Mp Mq q Mﬁl(_ M}’ilx Is q 1s

q
Kb L, (L, R L) XR S fd L p RV M58 g B9 5 K. M, M, O DR s B2 g X iR
W R BE p PR AN P HE @ WO SR Ly, L IR0 I BE p ok O\ 10 R A0 B OB 1 4 SR 4R B 40 O

M, M, AR AR ¢ PN SRS B AN IR SR A B B S R A S =" ROR R e T R
M E FF 53500

L, L, L. Lg,
E = aF - o (6)
[M,, Mq} {M;h_ M, }
A 2% (5) 75 50 5 B VARV B P I FEEHE 2 oo O FEHE 2 G TR PR SBE JEE 4 o VRS AVD £ 8
JEAE 2 G o XTI BY SR DN A 5] 22 2R AR HE 2 B \Bls,i,mjﬂ
( o “)zFl Beom E(p‘”") @)
Iscom (} om q com

Ji@ L iy G5t 9 5 A R Y AR B T RAT R G AR AT AR I R (EL R SR e B4 ) 1 3 5 S AR Y [
A W) IO BE L 5 S B0 R A AR Bl A IR AR TR T B A4 7 SR A T A A A i B 8 i — B 15
PEAEIR R GE , HfRFZ AT S 38 8 G A0 IS [ 3 85 o 30 0L e 3 4% 48 A 0 7 A9 P I 1) 8 A ke 3R 4 4

3 RERFRRKIER

Fig. 3 Architecture of rotor control system
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