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Abstract This paper studies a multifunction engineering flight simulation system used for ACT
verifying aircraft and developed by China, analyzes the design philosophy principles and func-
tion requirements of flight simulation systems, and, faced to multifunction requirements (full-
digit real-time flight simulation, fly by wire flight control iron bird integrate experiment, flight
training simulation and engineering flight simulation) puts forward an overall design and system
structure of the flight simulation system. The authors also study modeling and simulation of
flight dynamic character of ACT verifying aircraft and method of increasing fidelity of simula-
tion, study and develop a real-time simulation management software system and man-machine
(user)interface. Application practice and evaluation of fly-test pilot indicate that the design of
the flight simulation system is successful and ratio of performance over price is high.
Key words active control technology, ACT verifying aircraft, flight simulation, flight con-
trol, iron bird, fly by wire

AR AL TR BT 41 R BR (Contr ol Configured Vehicle Technology) ' EITE &AL
BB R E7E BRIBEEUR A AR EE RG S RHLE K. SERBE AT JRBert i Tr &
T EER FARRZ R T PR "0 ATES IR Gese vH AR ) TR S i R, 96 9%
5 ks A SR A CT SuE L. T 75 70 FFE AT A% ACT AT TR, 90 4FACH 1811 1F
N ACT BEHLEE T ©ATIR5 . ACT SR EAL 5 R ALY B2 X0 £ 0] B N LA 3 At )
EETTIHAE TROK I E), seah, S BB E i AUk U R 3R Gea = Sl DY Ax 2 PR
1 RGP AR. I ACT SRR L2 — b A X I B L, S DR IEE OBIF il Rl DA

1998-08-07 M7 31()1998-09:2 LS 4% e




S 66 oa % W F19%

W A, i R I TR Ak T B e L TR AT RS
1 ACT WiEHL LR WA R gt B

ACT BAEHLEA TR AT 0 LRI AR | SCA 8 AT AR 2% 3 B R
&0 WHL R AT =N R B A R g » WL R AT IR R g
ACT TJREFEHIRGE b WL B A K/ & HECR S R e

DGR L B AL B RIS R e S KLah ) S MDA O, 4L KRS
TR AT B 5 R GE, e ACT SR AENL M TRE KATH7 AR LRI vhRY 58 T 51t -
YOI ACT AR ML SR BETE, 2y REEAE MR IERE T SR UEDIAE; © /N H b AR M 4
RHLBN T SRR (B G AT RAT R ORI » T 1A ACT BAEHL A% (3% RGEHEk
B RL e b mR AL AL W RGO RGEBEN 7 Rl 1 TR R AT Bk B, 4
AEIUE LA IR AT PR3 0 AR S I “RAT IR, AR AR AT BHE RN
HLLRE AT He

MRk B JsUU), ACT oAl TAR AT (T ECR Gob BAT 51 thig!™:

(1) RPN AT ACT SAENUR AT8h AR P AR A R SE . REER G
AT B A AR G SRR A VSN EHEAT I8 DAWTST AR RS UEHLAE 45 Bl R AT AT
NI RATYERE B0y AT AT SEIN O ENTARSE N7 302 4y, A 307 s N AT 0 3002 TR
QAT EAE EIE AR RE, © O ML L R AR R G A IR SR A T TSR,
EAR BT B TR B R Ay . A BTt RATO B AT T ACT el (3
SR vk AR KR SR AR SRR R VT R By O B IR AT 1 R AT A /AT ik
45 Koy ey Tl

(2) WAL WK B Gl ACT RAEHUECT =l Hifl R UM i R 58 56 Bt il
7 B R LR AT AR 007 R PR R AT T 34 R PR RSN 1, Pl et A
ABAESE . BT 2AREE B 9, B G ka4 . LRI REH AR 62 Hik
5 B0 E) AT I By 32 20 (KB, XA, RGAES S8 E P A R o uE g SRR AL
AT AR A RIEERE GO TRE WIT TR ARG A ML 02—« TR RATP R
genpxt Ltk RIERGE VAT O B IAEE TP b AT T 30 5 PEA (2R A0k

(3) WATUIZRAE QAR Rl I RATO7 B B RAT R () BEREA AT
[l i, O bt B WAT GG NE R RATIA S, RIS B0d 3 — ME R OB AR . R
A SR R 7Ty S T IR 25 BT 25 e A A8 A AR B . RATHE AR AR
2 RAT T ARG AT B R, RAT AR RAT AR A ER AL KA [FIAE R B3R
ACT S UEHUISFEATARIR (R4 R 7 -5 5% (s W PR SE . RA TR SRR 1 mT AV
g5 RAT N RAME CHLOT Btk SRR

(4) TR ©AT O DR AT 07 SORs me AR RAT SRRE N AT 07 Il %, 1 HLR
SR = Al R AT O\ R GE AT 4 AR G S R % el 1R T IR BN R AT 4 A
B35 A4 TXEE ARG S A T AT OB At T AR 528 TR S RATA B R85 v 0K
FERL L 2R SEAERC S AT R PO T (9 TR QAT D7 R 36 R A 2 AR™ K (R0 4 AT A,
ORI T B Ak RCR A2 4 o R O E TR AT Dl g b R BLR 2 AN
Oy BT SR L A P S R A T ) $ P T R IR P e O i R ACT B AiEAL



57 W RTEAE: EFHIBAR(ACT) BAEHL TR AT 07 RS Bl S 67

ORI E EA .
ACT WAEHL TRE ©AT 750 2R G0 (10 E 3 R K 4 Foft T BEAN A2 AL A S7 1) 1 S A A A
(1, ENATHLLL B T — Bk 2T AE LR VAT T RS

2 LFE WA D E ARG AR BT AN

2.1

vOSEHL b ik 4 FPT B RE, e SRR Bl RAT AR R R B 2K AT TR
© SEHLKHLAN F EE FESE LRk A B ) SRR R R BN WL BH ) R VR SO B > RIE A8
SN RATO ZL SE PSSR, O LR <Sms; % R0 IELEELEE; % AR KAT P
TSNS BE AU A KL ) B2 01, S A P B S5 70, % 477 200 Kd frr s
AR S B ey, ¢ RATH U R ST, A B s AR T LL

ACT HiF HLT R CAT4 205 40 M Ak U 068 R sk, s DL o g Lk 994 — 7, B
TR R0 AR G 7 SOV SNUBE SRR R AT R SR R D« KAT D7 220 S
Y NP AR e R aTR
2.2

(1) ZIAET R KAT 20 55 (0 M AR S Rt 1 BT, (T 1 AT, H R0 s

iT E-JEQE———J [z5.%%] ==
B[ s |- » CEEITEA IG5 R4 "5
wape [ RS |Hj_>
= xE m
{ wE &
X =] 2
o (A R [ ¢ HEPEER R - L—ﬁlmmzamgzamgxmm - AN
H@%&d v ﬁiﬁf‘if@ﬁ;ﬂuﬁﬁ % B <—§ A= RS " - \f
i wne o fafh AR - | g TEBEAELE WE [ ZEW—E{EJ%
| Hu ﬁg{&@ﬁ: =3 213 5 Sl S Y [ — LR
1 . | %ﬁr —— a = LAE
T - z| wems i A E
i 7 st ewe e wmsa 77 mfE
T ERER
CPURAM 1 UNIX VMEexec
Hovo | SSRIOE fER
: ol VL B
B OnOnO: NoNGN: Wb M LM
RERRRR’ B @B O nwy ERAR
BCHE R SR 11148 60 44|« EF 50.6,,6..8,. PO, HERR
(WP/:J I%AM?IJ—?{DJI/O AR X
HREER

K1 ACT BUEHL LR AT R G454 K



S 68 oa % W F19%

USRI E A IO L DR S O WATRERUEEN, » R RS b MR RS Y
HAE RIS B RGN B AT INBRSE; % ITBIUE RS ¢ R LN RS .

(2) FE TR E LA D RGE AR Y PiEHRALR A S5 T RISC &L CPU K
% AhER SR/ N BT, BAT: cPU BH N 5 AN E), WAAL 32MB X5MB, VME brifEf
WHHE B2k, UNIX #84E RS+ e #840E R4, X W0 RS, ESCHFRS(FFS), i #0K
Bl RALIR S ALK SIFE T BV AN R G, © A ALY AN (RN AE RS A 85 2 )
SER R ZRIEIR RS » LN IR SG(EHE A/D, D/A, D/I, D/O); % VME B4 @
Vo LK 4% R SRR FE N R S

(3) LA VAT OISR 45 1 T ) DAL AT 37, Ak B 96 254K
57 RATUIAERL AT “T AR CAT 07 20745 DhRE IS i D7 SCER A © ¥l )2 s sl 244
ARG N K SR B (UG = N A R R A B AR L B e A »
KBNS D12 SERTT SUR A, Ve D) ) ) A T R GRS T SR A SRR TR K
ITAER RGeS W 3L S IREN AR, % TR AT U3 R Gk i A B R AR T s A RS
T 475 BL AR GG S5 A7 EAR AT 45 R AL 100 92 07 B4 PR ) ¢ AWLCTI) 332 8%
5 3T UNIX X % R G, A 48D T3 5 17 FAR 30 45 48 a0 45 B 1 S840 25
B Sk 7 A7 T R 35T 1) P RTS8 ACUT A8 B ARAHLOH P B ks A %%
TTRL A 05 B SRS A PHEHUE AR, 88 05 BT S0 5ER Sai s i id
WA BT S HLS BCR R S8 3B R, b SER DR G shRAE; b 5 BAR K 2
e AT i BB A B A

3 VAT RGEEL L S B AR

RATRGATE ST\ ACT BAEHLTE LS 7 5 R At &4 T2 SE I8 S0
DU UEH L) 25 6] 38 3l AR A B o
3.1

AL ER L S K RGBS BUR 5 5, AT SR W AE IR R /AT
AR, T R 07 DHRE LAZ Fiia 7 R X SEmy e ffit V155 R Ffia sl i, shasdett: .

(1) ©ATEMF 0 FLOE: IEF O h VE O LA R E T Ly AR Tl
S PRI A R ORI AR » B4R R EERTAIAR Sk A R AT 0~ 20km PIESE O B, 1
WHECATAE 0. 3~ 1. 8 Y[ NIk #% 13 FhEWBFE(E,; % I Bk ket 72 X EELFEMX
B TR A AR X

(2) s kel G = ARSI R B = B M ST R
» YN = Bl AR e U R A TN Bl AR e TR

)i The ' A hisiasl; © BEANMEEhEES » HaaRizgh bR W
TIEN- A VN0 S ol A I VNS 7 Pl = 7 = N 1 P S B i e 9= N
ATBREFEE L, % B FHLED RAT N RE 1 NP0 AP KPR E S 75 | i)
B ERTT AR e 2k T SHR e R v KO 8 VTR T 8 AR

R IRAT ST TR I IR, R AR BT A 4 L 2% LRI TRDAE R, RS
[ R A E R b (], S8y a) JEE AR TFOR B bl FAR A AHLC R ) S 7 fi



57 W KT E IR (ACT) B AEHL TR AT 17 R B S &

3.2

RATRGAST )\ L ACT BAEHLF LI i R e — Mt TR A, 5 IES RS
i BACHERZ (N RGN I RATRGE IR G A8 SR A il (10328 P L G 3R
PRI R GRS VEAGE RO . P RAT D7 R L L BOR S ] ik o T

(D)WL SEIPEEOR T A SRR 0K, AT 07 R AR I8 S R AN Sms o £
i DR T L PER A F T, SR R AR, A E 58 U alsf v 1 ROV Lah A5 ) S I
% 8RN GT)VILACT B ALK MIBERCR, AR e ik B, Ja sy Fems 2 3k 8 iy BE TR,
AR IN B I MIAAR xit TR, 59 PEARHE A58 i s <sh Hdls LU IE (7 37T,
G 7B SR, AT AT R ARG S T

(2) BESLIER R AR SR DY TT B R WA, DT o, o, e, e X
(] (¥ B gt R 2 [h] (¥ & an 3K 1) P

el e2 es <
& 1l- & - & e2
al 2 & e el % (1)
& - e el - e

2l R AVET, AT DUoC B0 SRR A A(2) S
; = arcsin 2(eie - @e3)
C= arccos{[1- 2(el+ &)]/cos;} (2)
W= arccos{[1- 2(&+ e3)]/ cos;}
H (D) F i, DUTCEOr S IR SEOR & A R AGEZE . DYTeEEA DGR fe 1
AT s R, T ELAE ARHVR #1482 30T = 90 °F Ya Bl P9 10 T4 45 R ATD SR HERf, 4y 107 FLIE B .
(3) Vit BT SRR I LA BRAIE W, SISy SIS SR I RR o7 B O3 V2 AR S 50 0 72,
[ AL S ISP R LR K
(4) BRI EIE 22 I ah Hdls
(5) AR A IR A% SRR N 5T )\ IL ACT b AL ©ATO5 BLARAE AR b AT T 42
B 07 B0 TR RATO7 3055 o K it 078l IR S Bevt $Rn 2EAT LR, IR AL AT s A 2
LA SISO
T 3 2 A PRI I0ALE , AR AR BN AR, & Bk BR5L L, 18 1E % TUR 4635
LR, AT D7 I AT BOMR SR R 3. Sms, AN T BTHEOK Sms.  MURYSERF AT IC A RS et
FEARAH L, AR 228 5% Zida o T A FH 4 R SNk B 0 L K

4 TRATOTELSEIE AR AR R G

S T AT TR AT BRG0P 4 . 0 B R 28 5 2 A TR
1O e ST B SCP IR SR RAT D R MR MEAT 5. 3R SE5R FHE £5 A 454 AL 50
135 BN BRI S 85 4577 35 PR AR 5.2 ) S 46 4005 S 80,5  80 0
445 80 /NI BLES PC L2 ) OB W 3R e8P 0P 2 B N S, e R At
I 5 I FE 5 S5 T P LR G000 . R, 1 T 0 PR AL N s
e A Ll e et R A B R R TR S0 e



S 70 oa % W F19%

U 10 5, 00 56 M 4 SRR 45 4 £ R A
BT S5 R S S 0 N 0 T P65
I AR ST RTIIT; M PP LB So, Ss ST
A5 JFHES 2, S SN HA R AEIEIN £ SN IEIE
17 WAl G R ST DR T SRR R 5 e
FI O A BRI L B 1% SR TR .2 h S A

FESLI 45 1

P eI

20 BIAESS 56 AT RGE R BIHLR ST H AR P
IBAT oS3 NSEINES 130 1245 miEH & ISR S
B, & TTHIR 5 el B8 (1 52 I A7 i Py 2 PC AL
1, T HHERER G B 3217 P2 A PC HL 2, H
TR ARG S /N B 87 HAEIE WS B P
AP CHL3, T ads BB G R E i B

5 MWD kEERg R

H T LR CAT U7 RS N2 D RekE 21, e H P8 0 58 K% 0 e M E M K b s
6 3 P P S i P AR S P P D T B T B — R U R R R AT RO B s IR R Ny
A% ER G K SE 8k 1) X & D H AR, Motif JUIL 3 3 g B, AR /3 R AL Ak, AT
W TATER AR R IR R R, AR O 4k 7 5P AT 0 L0 B 1) 52 2tk

REGFFRT PV SR Won R o ERREP AT LR P BT 75 06 D0 D27 PR v
I, 46 Bepl nT it UIL 55 50 1 BIT SCAFE 84 X WINDOW i b W .

6 ACT WFHL LR AT B RS 5L ik

ACT B ENL TR RATH R S i 3 R0 IR IR Dy R4 e il &
Ipre el W “RATOT BRI/ RAT DL VPE BRI E S M R B IE U] . ACT
KUl _EHAL K R G A A R, N AR AT TR AT O AR T
4 VAT “KAT 7R ACT B0 UENL BT 0 = Sl AR 45 R 58 S A% R 8 S AT S TE AN
N, ACT S UENL B WA Tl . H A, 1 TR RAT 7 R IEAE QRS AEH] LGSR ACT %
IEHUR S RATI B U NGO AT LR G VRO 2 S AT 07 EL KL IR
5 HSDRATREA S s Tl N L .

ACT o uEHL TRE ©ATH B Gt M BN SR 0 SE TR AT & 1, N (48 BRI
TR FRAR G 2 FAR 2, Prol st AT 078 R 5 B Bom ik rg/ ks L .

K2 RgsimsitE

SCAEPE. IR RATIR B RS, bRt dEIHU S R K 2 AL, 1992, 202~203

GRAR . AR W RE NS IR, P E S E S L TR S BRI R SR SR, 1997, 306~309
AR, SRS AUHE P B LA R AL P E T A R AT A S R E AR AT R S8 4R, 1997, 311~315
L. 5T )VILACT B iEHL RATMT 4B 8ILACT- 02- 214). i A 601 FF, 1995. 2~6

kAR, FFNTTACT S IEHL AL IR RGN AR5 15 (5 8ITACT- 07- 185). AL AT 601 JiT, 1995.5~9
KT FF/\ITACT Kb ML vH B IN RAT O LR G KRS B I 45. P iiE A 7] 601 T, 1996. 1~20

TR H M 40, HLah C WL 2R3 2. dbat: o N BRI ZE 257 7 438, 1979, 385~442

Hall,P H., A set of flight dynamic equations for aircraft simulation., ADA119543, 1982

ARE, R, FF)VINACT S AL v SEHUSER AT 5L R e i 2 AP LB it W 5 R i i 2 W0 601 T, 1996. 1~8

O 0 NN AW~



