BEpEEXFEER
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY
FleEE 2 1994 4F 6 A Vol. 16 No. 2

RESHBISEFHEHTR

ARE BiEE BHR
(EFBHEAERE T IREWER Ky 410073)

W E Br#afEsTURRSERENNENES BT T SRR, #8
RRBBHAERRRAENDNSHE, BEAE T ARES NS EANYSHENTER
#.

X®iE PHEH Ao PERE

448 TM383.6

ZRENTZ B THEVKR. B3EmK. g iER. HEIINRRE. 28
AR TFRETE, ERBEOZHIR S, ME#ail L EREST - SHERX,
ARAEFAEF S HBINEDRREP, REOHEEEBERE T HHEBIA LR
EEfE (Mg, RELLS MWEMRE. NS SERESEEAERSFE .
(D REMBSEMRE; (O REMHTRE. EAFPEINKRES, REHHS
RMREFZMIROMTHEE, REDTREZWFHREEEE. 23005 a4
51 AT LASR = BEOKE B Y () RN B R B AT T S A B
7, HEEH RREWRAEER, RAESEEN RS =0
PR RRERN DS, BIFEE TH—EHAMN

R O R F 24 338 o WL D 40 4 35010 25 B A
SIHERY TR B, ?E§f\\
- - 0
1 REMTAIRE "
EAMPBIRERERRRERY, RREER s \I[nss

TREFMEHRGENETRES, EHRUESHEP
MLEZE BRI RS RES SR, 6
PP EEERELSEHIEMME G HAHE), —f B BRI TR h AR
RAET—BIRECR SR E TH S m R E TE L%, MEPISRE 6, TEE RN
MR RE SMETRA — RN EEE, R AN KA SRR R B ARE 6 (O MEH & 0,(s),
%38 KRBT E LN

* 19934E 9 18 HUYCH
38



d,(s)
6.(s)

FEIRE S, N BAF O, X AP AR TR LR B . B A R B
A mE 1 PR, HTREVFHELELT 0=0/2 4, AESHEEREMT
PIE AR B E TR A

U,—Ri, — L

G(s) = (1.1

di, _
U dr
U, — Ry, — L, % — L, % — aclt[KfcosZ,(ﬁ —H]=0
KPP L KL, oM, 6 HEERRREER,; K, AKBEMHEANESREY: Z X
HTRE: BASEA: U U ioy i 75N a 1. 6 HHGEHBMEREEMBER; R.. R,
DHA a M, bAHEGAMEREERE, AELIAAH R.=R,=R.
MBES R (BEED A
RPJHAHFEEGHBREMNARBEZMN, D WREEERY: Ko ABERY.
BRIRTE t=0 BT, ££6=p3/2, d8/de=0 B L H —HU/MRY 00, XEHH T o R
TRV B AT B P A UM 8 (O R 8 (o) BEITTF AR R (L. 2), (1. ) &1L,

6= g + 86¢¢t)
i, =1, 4+ &,(t)
i, =1, 4+ di,(t)

A L ARSI REMMAEER, i=i=1. BT G@OMR/N, WM T LT

dl‘b

d
O e a[K,cosZ,ﬁ] =0

L
a.2

+D ‘;—f 4 KppisinZ 0 + KppissinZ, (6-8) = 0 (1.3)

(1. 4)

cosZ00(t) =1
. (1.5)
sinZ, 80(t) = Z,86(t)
sinZ,0 = sinZ,[g + 84(t)] = sin %? + Z,86(t)cos ZTﬁ
| (1. 6)
cosZ,0 = CosZ,[g + 36(t)] = cos %?—Z,Bﬁ(t)sin gé—ﬂ
[ 3
sinZ, (8 — ) = sinZ, g + 86(t) — ,8] = — sin ng + Z.86(¢t)cos %?
(1.7
cosZ. (8 — B) = cosZ,{ g + d4(¢) — ﬂJ = cos %G + Z,36(t)sin %8
BXAO~A.DRARA. 3D, BB 81, ()60) K 6i, ()60 SR TLIF/N, BF
d? d Z.
J 52—80(0 + D d—tSO(t) + 2K7pl,Z cos —Zfﬁﬁ(t)
+ Kppsin %8[81',,0) — ()] =0 (1. 8)

39



=|%it(1.4>~(1.7>1‘c‘)\it<1.2>. 83
Z,p d

Ro&:, (1) + L, 81 () + Ly, ; 07, (t) — K,Z sin === a—Sﬁ(t) =0
P d ,3 d (1.9)
R&i, () + L, sz(t) + L, —6i,(¢t) + K;Z,sin ——— —Sﬁ(t) =90

12 d
KA. KA. 9)7&7%%&%&%&&%&&%&4\%@ %&ﬂ:?é’hzﬂﬁ%&ﬁﬁ}f
THITRE, Lli=0, 6=0=3/2, i.=i,=I, HOEHME, FAIREHEEHFE, B<
8O(e) —> 8(s),8i,(8) == i, (5) 18y (t) —= iy (s)

RAR Q. OTfEH

K,Z sin ZT"B[SﬁO(s) —8,(s)]
R+ LS
XA L=L —L, FIFE, ZBESIG)=0,(s)—0 () R¥EE&{HE0=0.=5/2,d6/dt=0, Xt

(1. OFEFRIRA ], FHHE Q. 1ORAN, B3]
J[S%6,(s) — SB8,(s)] + D[S6,(s) — 8,(s)] + 2Kp1,Z,

1,(s) =— i,(s) =

(1.10)

os %;[Go(sv) — 6,(s)] + Kypsin %;

2K ;Z,sin %[Sﬁo(s) —6.(s)]

R+ LS =90 (1.1
XA 1D R REE, v &
R TS SR A
GWS) = ® fa) D R (1.12)
el - s = .2
LTS+ [T FHEa s+ Tu
2 K= IK_i sin? ZTﬂ/cosZTﬂ 1.13)
o
y Z,
w? = %ZKTPIDZ,Cos—Z@ (1.14)

REEKHERE R FLE. S D=0, K2. 12" {LEH

S?+[ +w)s+( +K)w5

G(S) = (1.15)

5+ ?52 + (1 + K)atS + %ug

S ENR ) S3+—§Sz+(1+K)wES+§wS=O (1. 16)
KF R/L ABAEEFEROEY K AEPTEANHEE RS o AHIINHESF
AP,

FIEH R (1. 16) KM, MMERIE FHBEILE =R R4, BV shsm iy
FERRTSHR/L.K ko, WREHLHEIMS . F 0<<k<1, A 16)F—
WAL EER, TURRH

S+ ap(S+a)+e?]=0 .17
40



WIRA =K 1 33 o6 B0 2 F HL8R 20 Wi 1 ) R AT R 0

6(t) = Ae " + Be *'cosw,t (1.18)
A+ A BRKa. o, HTHRTFHE
a; + 2(12 == %

(1.19)

a,(a} + of) = %wﬁ

az(az + 2611) - Kwi
A=1

B+ 2a, = + &

I

(1.20)
2 R 2
Ba1+a2—(L—+—K 1) o?

A, REERGTEEMEE, WHE o, Mo, WEBK, MERDMREEE, KL
BfE B/, B IORTH, MK ar, o, WARERYBKGHEREHEE R (.20
RA[H, £R/L. oy M a, —EWHERT, RAER/ND o, 7R/ B, K ¥ME, #HX

QL IOFR, BRLED L TTH B, 1, B AT, ERRSHERRRY 1,=%Io
REH, XEi=1, 2, =, n; n RESE. B, BLBIERTTUBRDRERBITRE.

2 REMBTEMIRE A8

AR =AB+AR.+ AP 2.1
RF AP HEEBRYMEEIRE; AR MENFMN R ITRE; AL HHEBABRIENR
PLiRE., EIECITRES AR AR 2. ) E

™ peresin L
ABp = 2",li’arcsm T, 2.2

At T HRETEERE; T APHBINBEREHEE; o HETHE BATEA.
B (2. 2T, AP 5 BB, BB/ B, AT/ AB» MTTHE/D A8 BHIR
TR EAR, RSB IEA R =8/n. XHMTERENBIELRETKK
b, WIS 3 E SRR,
BN, pHailES—LHx N ERVBRkr 48 h TAHE

tc
AL = g@ﬂ (2.3

A AL Ahke 4 BE: « HEBIH,; COHLATERE.

B2 DRTH, ELAS B, BT HEA, ke G BEBHENED, AR
THHBEIMPERE. N LB TR, READSEARTUBDREN S E LR
EMHBRE, RaLERE. A0EARNBESSHEIEHHBENRRE TR
AT EMREF R EEEE.

FRE sy s Bt —Fh & TR B BBk, RIS P HE LAY BhRE SRR B R A VI BRI B 6
BOHEAT, BIAY R/ Bk SR SR, TTLL A RE (R B, A R YIREH . AL

41



R E VIR LB A, AR BE
AR S Zm DA B = A W B s I T FE S ) LR u(v)
fE SR TUFRe, WAESKE AR TR, 2%
BREMMBEEEGSSME 2 iR (UL—HZ%HEN 1664

w) 09181
° 0.660

3 SHEAHSIENITIE 032 n
MBS el R, XEE AT 45 0] AR 2 BHHBEESe

EIEE. Bk bk, MOREK, SENMESS; HERLE, dTSHERYITIERE
BT E A, SRR, Mo RREN . SRR R R AR, R
TEERRBEANEREAERRN, 8 -BPERUEETREFNEEN, P&
HAMREAME, IERSHAFELKALEL MIHL, HEQERGRIHER
MBI, BT @SS AR SIEMEISmY . HILERERS T, BE5a
FB 3 ) B A Y 4 0 4K

THRPUGHHBER S HRINENLZALRRH R L EE, LRPHHZFMHEN
IR EEY FRAL AN, R 1, 2. 3 PHBEBRELBRAERE., DBUEASE, B
ERAES . 28 NS =R TSR, BT RE RS S — N E R F e e,
AE LA B 1R] R

Rl TSR BMKPYRE o

| 25312 | 27685 | 22148 | 25312 |

#2 WSROk ERE/ on
1.8193 0.6328 | 1.8193 | o0.7910 | o.8701 | 1.34a7 | 1.7402 0.7910

&3 N\BI D RE/ om
0. 3955 0. 3955 0. 4746 0. 3955 0. 0000 0. 1582 0. 0000 0. 6328
0. 0000 0. 9492 0. 3955 0. 3164 0. 0791 0. 0000 0. 3164 0.2373
0. 3164 0. 6328 0.7119 0. 2373 0. 2373 0. 0000 0.1582 0. 3955
0. 0000 0. 7910 0.4746 0. 0000 0. 5537 0. 1582 0. 0000 0. 3164

A EERFEBAEL, MO M, KoY EERD, B T EUKE. T2
WA EHEANYIERNEERE. NRIFTEL, FHHSHIKRERR.

4 HRiE

Bipo LR, HorEf LRSS ERIIMPERE, ¥ REMEHEN
WAELEANYTESBORAER, FUEEREYAG, Vs FBngREms .
A SCHYRHE R 7 B E R T MR8 . BT M0 5 SRR T LA R SO 4 BUR
EERBEIHE—H EZHIT,

& F X B

1 ZFEKR, TR . SHEHEBHEAR . 5. sUR T L HRME. 1988

2 Athani V V. Universal Step-motor Controller-indexer. Microprocessors and Microsystems. 1980, 4 (7): 253~

258 (F# £ 54 1)
42



3 BTN, DER. TBRESAFNAHE VITHEHA . FHPHR, 19U F FHEX)
4 K-F Doherr, H Schiling. 9 DOF-simulation of Rotating Parachute Systems, AIAA 12th. Aerodynamic Deoclerator
and Ballom Tech. conf, 1991

o

T F Goodrick. Development of Method for Assessment of Gliding Parachute Applications. AD-A117103, 1971

9-DOF Simulation of Controllable Parafoil System
for Gliding and Stability

Ma Hailiang Qin Zizeng
(The Department of Aerospace Technology . NUDT, Changsha. 410073)

Abstract

In this paper, a 9-DOF (Degree of Freedom) flight dynamic model of controllable
parafoil system is presented. Based on this model, the simulation program is developed
to aid the study of the gliding performance and dynamic stability for such a system with
a parafoil of 40 (sqm). Its results are compared with those of 6-DOF model. The stabliti-
ty of relative pitch is analysed in detail, and the methods for its improvement are given.

Key words system simulation; controllable parafoil ; Nine-Degree-of-Freedom ; sta-

bility
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The Research on Increasing Precision
of the Step-angle of a Step-Motor

Yan Guijun Li Haibao Qi Xingmin
(The Department of Mechantronics and Instrumentation, NUDT, Changsha. 410073)

Abstract
The problem of increasing the precision of the step-angle of a step-motor by the fine
dividing for the step-motor is studied theoretically in this paper. And by means of trans-
fer function, the dynamic response of the system is studied. Finally, the experiment data
of evenness of the step-angle of different numbers of the fine dividing are given.

Key words step-motor; fine dividing; step-angle precision
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