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Research on Semi-Digital Servo-Elasticity Experiment
Method for Rapid Development of Aircraft

DAI Shicong, XIAO Zhen., CHEN Feng

( Science and Technology on Space Physics Laboratory, Beijing 100076, China)

Abstract: A typical servo-elasticity experiment requires long product prepare cycle and experiment
cycle, which results in relatively late acquisition of servo-elastic parameters in the development
stage. In this paper, a semi-digital servo-elasticity experiment method for rapid development of
aircraft is proposed. Firstly, a low-product-requirement servo-elastic open-loop experiment
method is presented with a data-based servo-elastic parameter acquisition method. Compared with
typical servo-elasticity open-loop experiment method, this method reduces the demand for
software and hardware in experiment. After that, based on the results of open-loop servo-elasticity
experiment, a digital closed-loop servo elasticity experiment method is given taking aeroelasticity
into account. The method proposed in this paper is oriented to aircraft engineering development,
taking into account experiment cost, cycle and accuracy, and is suitable for rapid aircraft develop-
ment.
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Fig. 1 Aero-servo-elasticity closed-loop system
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experiment system diagram
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Fig. 4 Semi-digital servo-elasticity experiment procedure and function block diagram for rapid development of aircraft

2 R & E KA REEFIRIRIE T

2.1 RBE~mREIRT
RATA R R AP R R ST, AR e R G
B AT A% AL B 00 £ 35 00 FR WP BOX TRAT A i s b

PEANGAL, 2 fal IR 56 1 6 S 0 9 2 UL B A L
(EHETH I R e R 2 . O TR AT RE LA K
TR FRBOZAL B FR 5 200 B ] AT AR 44
AR AR, SRR AR PR RE S B R AT R A LA,
BOTE—EE IR AR [ 522 3R



68 FLBAEEA 2023 4 1 A
S ) 1 47 e 28 8 B O A Bk v 5 4 i 3 T BERRATARAS . ] R 3R A P R

TRAT i 4t A e 7 ) BT N e ke e S 0 4% 8 PR
W EE Bk A B AL R AR G, AT A
PFANLGGRTS Y PR, A I FR 4 ) Al Al e
RS S AR P ke T AT LSRR
B T /AT A% L, IFEFE A R4 & 5 e i 0e %
) Ff T DN o 15 A T R0 . X P A R B T iR
2 I 7E 6 U85l AR 2% BT P R (AR R A B 1, AR
e R EAR 00 FH A SR 1 A R (A R
XF i A 2% 3 pR R (E RR PR SR AT 1B R, il BT BRI
R 4230 T AT A R R

P AP DO 2 B S 8 Y R 4 BD
g, Hoh AL 38 R WIS, R
ELRN A% 38 0C F . T A DA A] e P T 2R IR b 3R
e, PO g th ] OR  f F SE g CRAE
AL AHL . AT R BB 3 T AT AR
FEE A0 o £ i 1O AP

NN R NN S ol O PR e N 1
PEFF IR0 5 MR PR 1Y 3 2 XA T A 2
[V I 2= = R ST 1 a1 = S 1| P N e
B AR AT N B AR TR B R T
2.2 Wit

R 2.1 s At K L AR R A A
R G Y IR 3 48 DA s 48 2 40 W T, Bl R
FHARI A 22 40 00 30 S0 1L 422 i A G Al 4 25 o AR R
E TR Oy U0 A R RS A
a . EAEDL AR R T R G R R T B AR
WL R BB IR, S 2R B A
RRGE CATdw g, 28 b, ™ i 7 K A ik o
PEFF IR AT HE R LR 5,

GRS (182 G o o
e Al %5
i1 |l e l
AT
WP
i R
Wour BEM 72 58 AL ﬁl
(FrafpEs i)

5 K7 & KA AR TR ERIR I R SR
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open-loop experiment system diagram
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Fig. 6 Aero-servo-elasticity closed-loop digital experiment system diagram



70 FLBAEEA

202341 A

SR, AR A T SR AR R S ER
ISEE D AR Gl s (8) s Groopn () AN,
P15 I A PR OPL AL b R 06 g R Rl gk AS
Gr.oowo(s) s AR B8 82 W) A b 45 &, W 3k 15
G, cm(s) o MR FRTFIAZ RS ST LM
THPEAL 33 BRI G, perories (5) s 345 0] 55 3288 PRI BN,
G1100p (5) =G 1,500 (S )G 1 Gyro (5)

Gr.coi () (G (5) + G acrortas (5))

Hr
X, Dy oy Dsys Dy TRIERA SR ) FE
AT, RO,

IRIL G, Loop () Je s 18 3 3155 o] B8 A% 326 PR BT
BICREENE G, Loop Ga) AT LLRBURR HEAR S T B 4R) IR
PR R (R A B L A O DT A% T R S LA B e 22 R
A, MRS 2R AT B9 2 AT ) mAA IR 5 R
EMELER,

5 g

ARSCHR M T — i ) AT e HRGETT AR R
TR S g 7 i SO E SR g I TR A
R S AR i 5 O PR 58 O 1 S T RO R
7 e AR I 5f P 2 MR Oy . A X T i ] i 5
PEIFER G 5 vk AT AR U6 7 sl A R T
PURMGPE S e B EHLAS T 2EH 0 e k. R
Ja o+ TEARIOT B0 f) fie 5 P 4% 3 e M 5, 454 SR
A g A B 70 A 45 2R . O R B b ] A S AR
E VA B0 56 R 0 . AR HO T8 RS AR i 5 A o2
R AL B ek K. IR AR B S AR R SR AR E A

SCHR AR B9 77 vk N TR AT 2 BF A A TR S B i
Ko GBI i T R S A IR SR T B 1 8 AT AL
AR Al B S R, 4 A 0T AR I R A E

PR R 56 15X 56 56 1l < 30 ] R B 4 DD 3 A R Pk 3
AE % 1 21 412 /iy 2 PO AR 31 2 80, A s AS
2 A R 3 R BOR TS T AT A DR A A
O AE QAT i AT ) ok A v 3 00 B . IR SR8 s T R
AP E A5 SR E AR S AT AR I 5
HEBITIENETE . LAt — 0 5 i 5 I v

S %k

[1] Livne E, Weisshaar T A. Aeroelasticity of noncon-
ventional airplane configurations-past and future[]].
Journal of Aircraft, 2003, 40(6): 1047-1065.

[ 2] Schuster DM, Liu D D, Huttsell L J. Computational
aeroelasticity: success, progress, challenge [ ] ].
Journal of Aircraft, 2003, 40(5): 843-856.

[3] Cole SR, Noll T E, Perry B. Transonic dynamics
tunnel aeroelastic testing in support of aircraft devel-
opment[ J ]. Journal of Aircraft, 2003, 40(5): 820-
831.

[4] DaiY T,Yang C. Methods and advances in the study
of aeroelasticity with uncertainties [ J ]. Chinese
Journal of Aeronautics, 2014, 27(3) . 461-474.,

(5] Bl AT s MR EIM], dbat: JUat iz i
KRR AL, 2011:101-105

6] . VP8, sl o s o AT S <3 ik ) 2
WRFELRIRLT ], MLz 224k, 2010, 31(1): 1-11.

(7] tl. e, RER, 5SS MR o o8 1 ik R
ST, A7 4. 2015, 36(4): 1011-1033

(8] H®RA, WM. WA ATESI R G LAY AR M5 ¢ i
Bt e [T ], JERtH 2 i K R 2% 4, 2003, 29(11) .
998-1000.

9] ZEWedR, e, XL, 5o 4] AR 50l T 3 0 B R
(] TR 5%, 2017, 57(0: 14-16, 90.

[10]  ZEFX, XK, A, /B R 5 5 7 i i
TR 7 k)], #AT 5 M 244, 2019, 39(4) .
97-100.

[11] Wu Z G, Chu L F, Yuan R Z, et al. Studies on
aeroservoelasticity semi-physical simulation test for
missiles[ ] ]. Science China Technological Sciences,

2012, 55(9): 2482-2488.

Sl RS S HE L AR L AR 0 AT i) AT e DR T R 9 2 B A ) IR P e D s T A ) ) TS AR . 2023, 7(1) £ 65-70.

Citation: Dai S C, Xiao Z. Chen F. Research on semi-digital servo-elasticity experiment method for rapid development of air-

craft [J]. Astronautical Systems Engineering Technology. 2023,7(1) :65-70.





