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Design and Validation of Model Inversion Flight Control Law

for Fly By Wire Helicopter
Chong-sup Kim* , In-Je Cho*, Seung-Duck Lee* and Han-Ju Lee*

ABSTRACT

The Fly-By-Wire(FBW) flight control system is essential to improve the stability and
flying quality of the helicopter. Advanced aerospace companies, such as Bell-Sikorsky
(USA) and NHI (European Consortium), have already applied the FBW flight control
system to manufacture V-22 and NH-90 helicopters, respectively. This paper addresses the
development of control law design using model inversion method improve the hover and
low speed handling qualities of helicopter based on BO-105 model in ‘Day’ and 'Degraded
visual environments(DVEs)" in accordance with ADS-33E-PRF. Design parameters are
optimized to satisfy the handling qualities specification using Control Designer’s Unified
Interface (CONDUIT) commercial control law software. The result of the analysis based on
CONDUIT and non-real time simulation in-house software, HETLAS (HElicopter Trim
Linearization And Simulation) reveals that the provides an efficient mean to achieve Level
1 handling qualities.
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Table 2. CONDUIT specification for optimization < w,, A% A 7, M2F ZF V7 (control

derivatives) A4 3 AAAo] BA= 4 (6)
' Spec. Const.
Requirement Source Name Channel Type 31], ZELD],
Eigenvalues Ames EigLcG1 All Hard )
- , _ 0370 Ay Y% o
Stability Margin 9490D | StoMgG1 | Al | Hard il 0420, Ky = o i ©)
Damping Ratio Ames | EigDpG1 All Soft
o 3 s A 2= =
Bandwidth ADS-33| BnwAtH1 | PRY | Soft 2 (60 &Y AAAS 4= CONDUITE
Fa3te] AAATE AMssted F AL
Dist. Rejection BW Ames | DstBwGH All Soft
o] #t}.
Dist. Rejection Peak Ames | DstLoG1 All Soft ~ = =
o~ 4.3 dAA S =Hs do
Crossover Freqguency Ames | CrsLnGt All jectv _
e Table 32 Table 204 AAlE F4& w3}
i i . 2= = S =z
Actuator RMS Ames |RMSACGT| Al Objgc“v = AAASY HH3 Z2xE yehdo x7]9
ZtRS wE EAY Fies 2002 dAsa
CouPRH2 AAENE 3505 2 o)
Pitch-Roll Coupling | ADS-33 PR | Check HAHsE s A, AAATY HASNoR
CouPRH1 + & 21&A(roll quickness) 4SS THEAIZ
Heave Response ADS-33| FrgHeH2 H Check F Sk old EF WE Edeo FI4E 3.0
o = A A 32 =3 = 4= A]
Generic Step Response| Ames | EnvimGt All Check xS 7]'/\] }JZ'Q}E Ttﬁ s 7‘:'357’1” = /‘\—]’7 o
AL uEAZ 2= [ 81 2
Dist. Response Ames | DstNmG1 All Check TS =14 _ N /\l%‘:} B ﬂ.!_ <l _
: - : (disturbance)dll gt FAAHS 1estA] i FH
Pitch Rate Mod. Agility | ADS-33 | MaxPiH2 P Check ;ﬂg}e _u 73%, ?_XjE 0:1%, 7]_-4] E’bﬁ/\j =
Roll Rate Mod. Agility | ADS-33 | MaxRoH2 R Check _g] _'—11.21'% E’_—‘,:—E’_—f— ]7E1 2= 9/1\9121/]_ ﬂﬂ}oﬂ _ﬂ
Yaw Rate Mod. Agility | ADS-33| MaxYaH2| Y | Check okl AAAFE MAsYET wels] CONDUIT
© =] J =2 A O o)) =
Roll Quickness | ADS-33| QikRoH2 | R | Check S Z&8t] AAAFE AT Brele A=
g A a— ol3t 3 —-‘E 1:1— 5]_
Pitch Quickness ADS-33| QikPiH2 P Check e 301] 1 94 oﬂ /] e 1'—'/] 1 oﬂ EH it
Yaw Quickness | ADS-33| QivaH2 Y | Check Table 3. Optimized controller gains
Damping Ratio Att. Hold| ADS-33| OvsPiH1 P,R,Y | Check
. . Opt.
Gains Description .
% P:Pitch, R:Roll, Y:Yaw, H: Heave Gains
Kh Vertical proportional gain 7.051090
59 14L& Soft Ak Ao E HAPUL. 1 Kn | Vertical integral gain 0.935310
=i v‘i—@'—zrfq-—’ﬁ(crossover frequency) 9} A&7 Kw | Vertical derivatives gain 1.600000
/\}%_oﬂ FH?} ‘Ffzﬂ% Objective Xﬂ‘l}i iﬁ, ‘?_];Q /‘j Ko Lateral proport|ongl gain 13.10450
N RS e . o oy Ko Lateral integral gain 1.028890
(agility)? 2k =] A (cross coupling)ell o & K, | Lateral derivatives gain 14.17720
T—,LZ}% Check zﬂ‘l}: ZHhe=E 5}021 }%;-]_74] 74]‘/‘]:%: Ko Longitudinal proportional gain 9.400560
HAZstgoH, o] 7Hte g HUEATH Kei | Longitudinal integral gain 0.627563
_ N Kq Longitudinal derivatives gain 6.587240
4.2 —7'57' /él 7:” 7:" T Ky Directional proportional gain 5.919260
o = Kyi Directional integral gain 1.027350
CONDUIT== = d A Al % (design parameter) 9] = K. | Directional derivatives gain 1.600000
713kl whel HA 7 ey, £H i E 2 K, | Longitudinal velocity proportional gain 0.05000
71%xl w}ﬂ— A =} u‘}ﬂ-}ﬂ AAATE 1A Kui Longitudinal velocity integral gain 0.000799
A1 Ao 7] (classical control method)S 4§ EV ta:era: Ve:OC:y prtoportliongl gain 8828388
= R N g HAE= Ao] Was vi ateral velocity integral gain .
stel 271as AAsA A5 e ‘] =39 K« | Longitudinal position proportional gain 0.20000
E]’- = Oﬂ:rLoﬂ }‘1*‘ 1987 TlSChEI'oﬂ Q]SH xﬂ Q= Kxi Longitudinal position integral gain 0.000496
AAHE A3l %27 AAASFE dASITH Ky | Lateral position proportional gain 0.20000
[11]. /‘ﬂi-—ﬁ—i’.i gAS & 9= JJ‘:H B3 3 Kyi Lateral position integral gain 0.00049




40 B 8 E, 2012. 8 FBW dzFe 22 9ug nadaoiyd 47 2 A% 683

PM [deg]

time delay, tau_hdot, sec

EIGLCGT: EIgUPG1:Damping Hatio CouPRHZPRCh-Holl Coupling COUPHH T:Coupling
Eigenvalues (All) Generic Frequency Domain Theta/d phi; phiid theta
m E_ 0.6
g =
- =
= c 04
2 2
5 g
= Z 02
=)
= g
=]
il
A 1] 1 1 1] 1
Real Axis Damping Ratio {(Zeta) Average g/p (dB)
SthMgG1: Gain/Phase Margins SthMgG 1: Gain/Phase Margins SthMgG1: Gain'Phase Margins SthMgG1: GainPhase Margins
(rigid-body freq. range) (rigid-body freq. range) (rigid-body freq. range) (rigid-body freq. range)
= T
80 80 80
60 _ 60 _. 60
= =
2 2
40 = 40 = 40
o o
20 20 20
1} 1] 1}
o 10 20 1} 10 20 1} 10 20
GM [dB] GM [dB] GM [dB] GM [dB]
FryHeH2:Heave response BnwatH1:Bandwidth (pitch & roll) BnwatH1:Bandwidth (pitch & roil) BnwYaHZ:BYY & T.D.
shipboard landing Other MTEs;UCE>1; Div Att Other MTEs;UCE=>1; Div Att Other MTEs (Yaw)
0.5 0.4 . 0.4 - o 0.4 . .
Roll Pitch 5
L2 T 03 T 03 T 03
it 5, 2,
e ) & &
E 0.2 E 0.2 E 0.2
0.2 = S =
W W “
=2 01 2 01 2 01
0.1 = = =
1] 0 # H 0 # ; 08
1} 0.5 1 o 2 4 1} 2 4 1} 2 4
heave mode, invThdot, [rad/sec] Bandwidth [rad/sec] Bandwidth [rad/sec] Bandwidth [rad/sec]
CrsLnG1:Crossover Freq. CrsLnG1:Crossover Freq. CrsLnG1:Crossover Freq. CrsLnG 1:Crossover Freq.
(linear scale) (linear scale) {linear scale) (linear scale)

J

1] 10 20 1} 10 20 1} 10 20 1] 10 20
Crossover Frequency [rad/sec] Crossover Frequency [radisec] Crossover Frequency [radisec] Crossover Frequency [radisec]
RmsAcG1:Actuator RMS RmsAcG1:Actuator BMS RmsAcG1:Actuator RMS RmsAcG1:Actuator RMS

Jd i J H Jd Jd

1] 1 2 1} 1 2 1} 1 2 1} 1 2
Actuator RMS Actuator RMS Actuator RMS Actuator RMS
DstBwG1:Dist. Rej. Bhw DstBwG1:Dist. Rej. Bhw DstBwG1:Dist. Rej. Bhw DstBwG1:Dist. Rej. Bhw
(linear scale) (linear scale) ({linear scale) (linear scale)

1] 1 2 1} 1 2 1} 1 2 1} 1 2
Bandwidth [rad/sec] Bandwidth [rad/sec] Bandwidth [rad/sec] Bandwidth [rad/sec]

Fig. 4. CONDUIT analysis result(1/2)
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Fig. 5. CONDUIT analysis result(2/2)
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RCDH Rate - Tracking - -
RCHH Rate - Tracking - -
TRC Vel - - Tracking -
PH Pos - - - Hold
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Fig. 6. Simulation result to step input for
response type
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Table 5. Result of simulation similarity
CommandType
o Res. |Response Similarity
Axis | Type | Mag. | Type | Tracking
Pitch Step -0.1 ACAH Att. Hold O
Roll Step 0.1 ACAH | Att. Hold (0]
Pitch Step -0.1 TRC Vel. Hold (0]
Roll Step 0.1 TRC | Vel. Hold (0]
Yaw Step 0.1 RCDH | Att. Hold (0]
Heave Step +0.2 RCHH | Att. Hold (0]
Pitch | Doublet +0.2 ACAH | Att. Hold (0]
Roll Doublet | +0.2 ACAH | Att. Hold (0]
Yaw | Doublet | +0.2 RCDH | Att. Hold (0]
Heave |Doublet| *0.2 | RCHH | Att. Hold (0]
= 02 I—HI‘ETL)'-‘\S(II\Icn-line‘ar}
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] i i | i
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Fig. 7. Simulation result for vertical
doublet input(RCHH)
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Fig. 8. Simulation result for roll step
input(ACAH)
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Fig. 9. Simulation result for pitch step
input(TRC)
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