[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

C. A. Avizzano, S. S. S. Anna, “Simulation of a Manual Gearshift with a 2 DOF
Force-Feedback Joystick”, Proceedings of the 2001 IEEE International
Conference on Robotics & Automation, Seoul, Korea, pp.1364~1369, 2001.

B. Bae, T. Koo, K. Park, Y. Kim, “Design and Control of Two Degree of
Freedom Haptic Device for the Application of PC Video Games”, Proceeding of
the IEEE/RSJ International Conferenceon Intelligent Robots and Systems, Maui,
Hawii, USA, pp.1738~1743, 2001.

W. Barfield and T. A. Furness lil'; Virtual Environments and Advanced Interface
Design, Oxford University-Press, 1995.

R. H. Barnard and D. R; Philpott, Aircraft Flight / a description of physical
principles of aircraft flight;-Longman-Group Limited, second edition, 1995.

R. W. Brumbaugh, “An Aircraft' Model for the AIAA control challenge”, NASA
CR 186019, 1991.

G. C. Burdea, Force and Touch Feedback for Virtual Reality, John Wiley and
Sons, 1996.

G. Burdea and P. Coiffet, Virtual Reality Technology , John Wiley & Sons, Inc.,
New York, 1994.

M. V. Cook, Flight Dynamics Principles, John Wiley & Sons, Inc., New York,
1997.

B. Etkin, Dynamics of Atmospheric Flight, John Wiley & Son, 1972.

[10] C. Fielding, The Design of Fly-By-Wire Control System, BAE Systems, Warton

Aerodrome, Preston, 2000.

[11] G. J. Feram, “Open Design for Helicopter Active Control Systems”, Presented at

the American Helicopter Society 58" Forum, Montreal, 2002.

98



[12] M. M. Girard, CAF, “F/A-18A Testing of Flight Control System Reversion to
Mechanical Backup”, Aerospace Engineering Test Establishment.

[13] R. A. Hammond, D.S. Newman, Y.C. Yeh, "On Fly- By-Wire Control System and
Statistical Analysis of System Performance”, Simulation, October 1989.

[14] J. W. Hegg, M. P. Smith, L. Yount, and . Todd, “Features of Active Sidestick
Controllers”, AIAA/IEEE Digital Avionics Systems Conference, 13" DASC |,
pp.305-308, 1994.

[15] J. W. Hegg, M. P. Smith and L. Yount, “Sidestick Controllers for Advanced
Aircraft Cockpit”, IEEE/AIAA Digital Avionics Systems Conference, Seattle, WA,
pp. 491~499, 1992.

[16] R. L. Hermans, “Design of an Actuated Side Stick Controller for the Research
Simulator SIMONA”, PT-99-026, Delft, The Netherlands, September 1999.

[17] R. J. AW. Hosman, B. Benardyand H. Fourguet, “Active and Passive Side-Stick
Controllers in Manual Aircraft control”,.IEEE International Conference on
System, Man and Cybernetics, pp. 527-529, 1990.

[18] M. Idan, M. Johnson, A. J."Calise; ”Intelligent"Aerodynamic / Propulsion Flight
Control For flight Safety: A Nonlinear Adaptive Approach”, Proceedings of the
American Control Conference Arlington, VA June 25-27, 2001.

[19] L. Ljung, System ldentification Theorem for the User, second edition, Prentice
Hall, 1998.

[20] D. Mclean, Automatic Flight Control Systems, Prentice Hall, 1990.

[21] D. Mcruer, 1. Ashkenas, and D. Graham, Aircraft dynamics and automatic
control, Princeton University Press, 1973.

[22] R. C. Nelson, Flight Stability and Automatic Control, Mac Graw-Hill
International Editions, Aerospace Series, 1990.

[23] K. Pimental and K. Teixeira, Virtual Reality Through the New Looking Glass,
McGraw-Hill, 2™ Edition, 1994.

[24] D. O. Popa, S. K. Singh, “Creating Realistic Force Sensations in a Virtual
Environment: Experimental System, Fundamental Issues and Results”,

99



Proceedings of the 1998 IEEE International Conference on Robotics &
Automation Leuven, Belgium, pp. 59~64, 1998.

[25] K. R. Scalera, “A Comparison of Control Allocation Methods for the F-15
ACTIVE Research Aircraft Utilizing Real-Time Piloted Simulations”, Master
Thesis of Science in Aerospace Engineering, Virginia Polytechnic Institute and
State University, July 1999.

[26] R. Smith, ”A Theory for Longitudinal Short-Period Pilot Induced Oscillations”,
AFFDL-TR-77-57, Air Force Flight Dynamics Laboratory, Wright-Patterson
AFB OH, June 1977.

[27] B. L. Stevens and F. L. Lewis, Aircraft Control and Simulation, New York, Wiley,
1992.

[28] W. E. Woodson, Human Factors Engineering, Layers & Judges, 1998.

[29] C. E. Wyllie, “Aircraft Side*Hand Controllers — Where to from here ?”,
Proceedings of the IEEE 1988 National Aerospace and Electronics Conference :
NAECON 1988, pp. 454-460, vol.2, 1988.

[30] #iwiei, o[ EeAAR SRR I e, B i S

R T.ﬁi} 1989.

[BL] bz, Y R H A TR MR L e, B TS T
AR Ffr%d/ , 1996.

[32] MR HRA] R SRR T BT, B [l R

F];ud’ 1999.

[33] &+, “rﬁ%ﬁqiﬁﬁ;;ﬁ— [F,lgm]—,%ﬂ fﬁgﬁﬂa{/ B B 4 ﬂ«%%g\&g’m
ﬁ”— Iﬁ’gﬁ“ﬁﬂ?ﬁiﬂ ﬁ@ , 2001.

[34] F=ataly, “RE-Eak 1 i) &l'ﬁfﬁrﬁ%ﬁa"‘ﬂﬂ" s s S R
ﬁjﬂj %ﬁlﬁ%ﬁ’?ﬁiﬂ F:]ﬁri/ , 2002.

[35] Z14s i, ARG PIO LG, Bt ] S
ﬁkﬂ Iﬁflt“ﬁﬁfrﬁﬂ Tu@ 2002.

[36] Bﬁ&f@g IR T AR ﬂﬁkﬂa‘ﬁ' T, B F[g&&%?@%: I—E’Wzﬁ)}@

F]m@ 2003.

100



H

[37] s A, Sl W@, = Hf%ﬂ VI L 7177 2001,

[38] ki, AR PEAIRCRE O, 2 # R E R {47, 2002,

[39] F;,'ﬁ;\]"]:, ﬂ%m‘ %Tﬁs——ﬁu, :%’f[ﬁq&lﬂ EJB\L r F[,[ 1 2003.

[40] Fiffede, Forgd, & RIE TP ol WinSock AffaAp= Lt b o, o7 -
Y {1996

[41] WorldToolKit Reference Manual, Release 7.

[42] http://www.aerospace-technology.comprojectsa318a3187.html

101



g TSRS A

A TREREIV R

TR 2 TR SR BB R MR A B )
FI e BRI LR A R 2 Y S RLIRE T TR S VR I - PERE TR
B BT AT  FIR R SR T A QA IR T L - PIRRS O I 4
P L TR R B o O RLIRER T SR R - g
TRLPUR SR SO TR 1 SRR SER O IR 2 O] A

19 RS E (FHOUTHE oA -

Iﬂ'j](Lift) £
- <—= ! =)

#E F1(Thrust) FH F1¢(Drap)

l B JJ(Weight)

B 2.15 R pupaRE B

(1) Sap] J‘ﬁ[ﬁ 53 (Aerodynamic Forces) £l - £

Fxa=gsC, 1)

Fya = qsC (2)
y

Fza= aSCZ (3)

U1 EREE(Dynamic Pressure) » S SR8 LA - C,,C,,C, KE X~y ~ 2 Hif5T 1V (g

102



(2) BRI AR g v Fe £

Fxg = —mgsin @ 4)
Fyg = mgsin¢gcoséd (5)
Fzg = mg cos¢cosé (6)

(3) F IR AR XV S (BT (Thrust) ] Fy (83 = [ 5 e ] B

Fx =qCx—mgsing + F; @)
Fy :asCy+ mg sin ¢ cosd (8)
Fz= asCz +mg coS ¢ cos b 9)

PPk 4 F{f@:‘;’?y‘*f}f};iﬁ&@

L= astI (10)

M =gscC (11)

N :astn (12)
g EREYES (Dynamic Pressure ) » S FLEA A b 7% s F AR T S

Cp> Cpp C ST W LT ~ PRI (] 4 e e

B. JRESEE A it

- A E R R o B A - A 2 e 2
EE > pIgt = (R At ﬁ‘ﬁ;ﬁn s = A GSEGE S EDR AR RS

103



TR PR A
Xe i IR T[] > R
Ye Il IR ) R R

Ze i A1 XB, YB I A o N HRL

UVW 7RI CERATEE , 01, 3 e
L M N Zr I G0 , kAl , fRaTayIE
P QR SR , (0, ey AaEEL

TR A [T ig_;gag\;j‘r;i j[aj;;’;l j)ﬁ"&i*‘j@& b Tt R R A

o il LSRR 2 TR 8 PR A

Earth

104



(1) T PR

ESIFTp I e oy a0

F= %{mVT} (2.13)

_d4
M= {H} (2.14)

M

H I F t"/}ﬁfﬂﬂ%g (R TR AR

_”l

00 MUSRRE (RO o i H O

EUED o S M- ST

F=m%{VT}:Fo+ SF (2.15)

M= %{H}=Mo+ SM (2.16)

FUH Fo kLR F (1) SIS R fliF F fl [g»pg@ags%;agaﬁn REEE
S [RLT |3l 5 (Earth axis)RBIEH %% 5

2 et
Tti?%kﬁl—a& » Juz fE\J"fPél_f Y Fifl_rj:ﬁl B et ’Jpﬁ@ E[fﬁFé =

o T PTR
B iR

Fig”j\@pj,ﬂ |y e fggﬁﬂjf TRE L0 Bl F
FI Mo £5 0+ {555 i I D (2.15) ) 2 (2.16) 8 ket #— H58

oF= m%{VT}E

(2.17)
d
SM= E{H}E (2.18)
Vi RS s ) S A
i{VT}E: iVT + o x V7 (2.19)
dt dt -~ 1° |

105



o FIVT ZF T AR SRR 15T s = (R TR A G kRS

V1 = Ui + Vj + Wk

o =Pi+Qj+Rk

d

—V|,= Ui+ Vj+ Wk
dt

fije x VTRUgHATE A £
i ] k
o x Vi= [P Q R [=(QW—VR)i+ (UR—PW)j+ (PV—UQ)k
u v w

YPIFLT | pom g o F R JFF[ FiE el T AN

5F:i5Fx+j5Fy+k5Fz

6 F = m{(U +QW —VR)i + (V +UR—PW)j + (W +PV —UQ)k}
Pl U= 25 p ey

5 Fx=m(U +QW —VR)
6 Fy = m(V +UR—PW)

6 Fz = m(W +PV—UQ)

EHI6Fx: 6Fy. OFzsi[JEE X~ Y ~ Zijfflrg“ HEIJ?E"*J/][}
Ui RS PR [

106

(2.20)

(2.21)

(2.22)

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)



U =Fx/m—QW+VR
V =Fy/m—UR+PW

W =F./m—PV+UQ

(2) s

=5 PR ey ERskpn - JIIE EEhEl £

Ixx IXY _Ixz
I = _IXY lw IYZ
_Ixz _lvz Izz

S KA PS5 i 1, R Py

M= —H-+ o x H

S PRI oy i 0 T TR R BAT IR B 8

M=I{%m+ o x o}+o x H

107

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)

(2.34)

(2.35)



o xo=0 (2.36)
d

i Pi+ Qj+ Rk (2.37)
i J k

oxH=|P Q R (2.38)
Hy H, H,

=5 (M F1(2.32)1 2 QR38) I HHE]N ) S 5 5 5 H TR Hy o Hy o~ H,

#05

H, =1, ,P— 1,Q0— IR (2.39)
H, = —I,P+ 1,Q— I,R (2.40)
H, = —1,P— 1,Q+ I,R (2.41)

< AEE 0 T XZ P R S FRERRE L s

=1, =0 (2.42)

[R5 17K (2.39)(2.40) (2.41) {5 >

H, =l ,P— I,R (2.43)
Hy, = 1,,Q (2.44)
H, = —I1,P+ I,R (2.45)

3o TG P PR AT 2 P L QRRRE T ~ M) ~ I NCERpie] gD -

L = Ixx P _Ixz(R+ PQ) + (IZZ_IYY)QR (2-46)
M= IYYQ + Ixz(PZ_R2)+(|xx_|zz)PR (2-47)
N=1,R—1,P +PQ(l, — 1)+ I,0R (2.48)

108



FIREEN1(2.46) (2.47) (2.48) i fHTRRAEST FEIETENAY = [l 1A

P = — + Ii( PQ +R) +(|YY—IZZJQR
I ' I

Q = + Iﬂ(R2+P2)+(meR
Y vy Iy

R = + Ii(P—QR)+{M]pQ
7z l,, I,

109

(2.49)

(2.50)

(2.51)



