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Fig.1 Reference coordinate system

B 1 b SRR R (B AR AR ARS8 2R FR R I
AR AR AR AR SR, O RT3k rb L BEHAR A
PRARITE OX L, A bR 2 A MO BRIERE Fy 8
w, o HRATIREERIRAIRR (1,0 ), FRRE S TE
HiERHLL 0 B Ox HYRATIRI AL E R - (R
HIL LA 1 RATH, R/NE T RATIR S0 1 BE B ) o
AT 0 RAETENM OX MR, HAER
B 5O FRGER T M ST, HEAT
DLERKER) ZIRI A v A, 2 vk


http://www.cqvip.com

o LIPS

D000 http://www.cqvip.com|

oo BT BUR T A AR AU G R AT O R (L 713

Pz B, v HIE(HS
AR iR E a2 Z B FRIE
ML ERMES MK a ) AR .
F= g+ A
WRAFFE @8, X —MRAERE, A EHR.
dv, -
E = F
Aev, ABPEARPRR T 4 nd R
MAE Sk B E NI S BRI R T, M T X
e bR R LA BT o, BERE , WU ) B R AR A

dvi _ Gl—»2 ( )
mdt_mdt+ mwxv+mwxwxr

A v, IR ER R T ALt E BT, v o AT
Xof T Hh B 5] 7 2R T

- dv; » dv

a= A= g

a.=z o, x (0, xr1),a, =20, XV
K a, WAXTINERE, a MAEXTIERE, a, A
M EE, a, NEFRIEE

B R AT B2 A s sh aar, H

[EHIREER: , 18 B RFAR RS % R TR

a(a) (*)2 - mjr% + 2mw vcosY +
mw’r — DsinY + LeosY (1)
a~t i’ de) = 1(- Lsiny — Dcos¥ — 2maw,vsiny)
(2)
At D = 4 p(h)sey v o L = 5 p(h)se,v?
RATIRBAR ) S ) AT BE R
& = vsiny (3)
s
A I AR () 5 RAT T R AT
% = vsinY
40 _ veosy
d ~ r
%lt/ = - B%ZSCD - jrésin)’ + wrrsiny (5)
v% = %I‘:SCL - 5cos}’ + Vchos}’ +

2
2w,V + wircosy

TR
p = 3.986009 x 10" m’/s* HhERF] 1 H 4L
w, = 7.2921158 x 10~ rad/s HiFR 3 % f W F
e AR RK
o HNFANTRE
v N CAT AR B LG Y B ES (m)
v R RAT AT MR (m/s)
0 A CATHIREAA (rad)
Y A (rad)
s NRATHIFMBEIMEENSHERH(n)
m A RATEREE (k)
o AKRRIZHE (kg/m’)

2 KMEHEEMN @B IS ARIEURE

2.1 EEARYVTRIEMARES

AR R SR

(1) KEAERI X E 1976 AR RS AR

(2) FHRHEE A H %L

(3) EIIMBE g= - w/r';

FHE R TR 40 N B, R
FAF AR TR, Rt B iR
KATIB B AR (3) RS PO, BERAT I A I e 1]
Hizsi 2, A

% _ Pn(hn)ViSCu A

Vn
v = G - cosn+*cosn+
" dtn 2m r2 4 7

2

2w,v, +w2r cosy, n=1,2,3""- N6)
A, AN —NThs a(FR), BB n B
WM TR

RS BAERAIT, 7 = 0

AH () TG, wircosy, WH B HA
07754, SHERTMLIL, ZO0ME— BRI
Fo Sk, AT B R AL 2 R X C6) TR Ak
A

L pbisa,

2
Vn
vdL T 2m -7 )cosY, =0

. 2w, v, . 2w,V
At o, :rﬁi—cos}’ zé—m
FEIX AR B v, T2 n BIA W) R
Voo LA AR, r, DU ISR n B A S35 MO0 BF v, RIE
o W2 BT INEE D, A -

D—CDHPZV



http://www.cqvip.com

714 Fli

D000 http://www.cqvip.com|

i H26%

2

Vi \
wn(l - )cos}/n w,| 1 — =5 ] cosy,
W, T, v

n0n sn

€10/ Cpn Cin/ Cpn
KA EAE wor E w0
W R (5) H S = =CRT A T

dvi  p(h)visep, g

. 2 .
sy, + w, r,sinY,

E - 2[1’1 - ri
2
Vl'l
wn(l - v_?') cosY,
o sn _ JJ; .
=~ cw/ o ff’l sy,
P
wn( 1- Tn) cosY,
= N — g,sinY, (7)

HH o, siny, [ﬂi)@??ﬁ%{ﬂlﬁ%ﬁ,én HE 0 B E
Ty B S

BUrR(T) 1S4 n BOR A CATER RATHE
HRATH AR R A \

b ?:— 1
y, = Pule= 1) (8)
I 4+ e, %
A
(ein/Cpn) Vo
a, =

- 3 5.
2 /W07, v WV + (CLa/Cin ) VangaSinY,
2 2 - .
b, = Vw.vi + (c/cnn ) Vag,siny,/ v'w, cosy,

2 2 - -
WoVin + (CLa/Con )V a8iYa/ v/ Woc08Y, — W,

2 2 R
WoVar + (Cia/Con ) Var 8 8inY,/ v/ W, C08Y, + Vo

¢, = In

H(7)F -
dt, 1
d—vn = D, - g.sinY, (9)
BUrR (91555 n BUH I F0 A ©AT BEURATHYE] A K
ITHBE R AN

fn

J dv,
tn = 2
: wncos}’n(1 ~ &) -
" enem ) T BT )
b, + v b, - v
= a " lln b, + vq, lbn-—v()n ]

¥ @NAFTBRAGS), FEMEES LITE
R RA:
r, =T, — b, sin¥,t, + 2a,b,siny,

, (11)
[In(ez, ™™ + 1) - In(e;% + 1)]

HE—2, BT RRAL(5) AR ZABRAZE — T #E75 «

o, _ ctg?,
dr, = 1,
ds L
iy S = BT
n rl'l

XA S, A5 n BRI AL (m), R, Bk AR
(R, =6371004m) ,

IHEXODRAL GRS o BEITIHR S 17
B O R A

8, = etgy,(nr, — Int,) (12)

MNA: S, = R, ctgy,(lnr, — lnr,,)
A(8),(11), (12) gk R W 3 RATHE AT
JECRATAURR AL RAT B ) AR L SRR A, W] T 4
3 AT A AT AT A R C R A

siny,. 1 —k,vi
I, = I, + ok, ln(ln - knvén) (13)
A
1 - W, C08Y, -,
n = e/ Con + g,.s81nYy,

w,co8Y,

k = (Cln/cl)n)vin
2.2 BEBHANBERIE
XA (S) RS GE L a0 T =
dv, e (hy)vgsey, _

d, = 2m
(n =1,2,3+--N) (14)
K hy v T PR & AT B R STE RS A
IE r BE AL R R (DL R 4% /AT BU TR O
AR EORPRIT
(1) BRAE OTHESBHE N, VIAHe R
BOAR ¥ e
(2) MIEARX (4R 1 B R mHE S R
CATHEAE vy (B vy > v, B R Im BB ERRAL, &
%ﬁl‘l‘% Vi ,Eﬁ vy < V(,);
(3) B4 1 BRI BB S IE hy , KImPLE &
& hy SEYIEE S E by VIR vy, RS HE v,
RARK(10), (13), 45315 1 BERH MM v, BX
B RATHTE] ¢, 5
(4) Y26 | BIMWIIR BB R hy , RIGHE R
E hy , FEHIER R by WTIR R vor , K IMHE v, s
MM v, AT ARAR(S), (11), (12) 1§
N 1 B RAT R AT RLIE R A RAT AR

(5~ 8y 124, = 0
Vi Ty Ton


http://www.cqvip.com

D000 http://www.cqvip.com|

6 FONCFH AR BT A B MR A B AT T AR AT R A 715
TRATHT BRI AE AL 22 5 BRSO RUERRE R
(5) FIBGE 2,3, N BU RATHE AT 3P| TG | MR& BT R R

B S A AT TR R WA TR R R AR AL R . S
2 BV WA HE S E b, = ey (B n - 1 B
HEAR BRI B E) , MR v, = v n (BB n
- 1 BOf AR B i A s AT R AE) o

3 Ef

FIER | PR PRI AR R AR B E L
M IR J7 17 AR TR (0 8 A 7 B A ) I R KAT o
1 WY

Table 1 The initial data of two examples
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Fig.2 (example 1)
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Fig.3 (example 2)
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Comparison diagram with the solution of algorithm of the paper, the accurate numerical solution and the numerical

solution of neglecting the rotation of the earth(thin solid line-accurate numerical solution, thick solid line-solution

of the paper, dash line-numerical solution of neglecting the rotation of the earth)
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Table 3 Calculation results of n segments ( example 1)
MR | RmeE | PERE | RWEE GEECE HEWIE | EMERA | RiPRAREA

ho, (m) hge (m) h,(m) ve, (10/s) Ya(®) ta(s) 8.(°) 0-. (%)

1 100000 80000 90000 . 6119.6462 -0.0975 1843 104.2277 104.2277

2 79999.4251 70000 74999.7125 | 4241.9002 -0.0297 3648 171.6023 275.8300

3 69991 .9485 60000 64995.9743 | 2534.5655 -0.0828 2015 61.4433 337.2733

4 60017.7852 50000 55008.8926 1461.8637 —-0.2652 1077 19.2625 356.5358

5 50018.0861 40000 45009.0430 1000. - 0.9565 486 5.3460 361.8819

6 40023 .2206 30000 35011.6013 370. -1.2375 675 4. 1406 366.0225

7 30022.7088 20000 25011.3544 162.0940 —4.3646 489 1.1634 367. 1859

8 20110.5581 10000 15055.2790 75.4229 —-6.2060 739 0.7834 367.9693

9 10614.9382 0 5307.4691 43.8994 —-6.7506 1752 0.8056 369.2056
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The Approximate Solution for Long-Time and Long-Range
Longitudinal Gliding Flight Based on Segment Constant Gliding Angle

GUO Xing-ling, ZHANG Heng
( Division of Technology Sciences, Insititute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract: A method was proposed for approaching the glide trajectories based on n-segment constant gliding angle. It consid-
ered the effect of earth rotation. According to the method, the approximate solution for the glide trajectories was established. The ap-
proach to calculating the gliding angle and flight time of each segment was given. The procedure for approaching the whole glide
trajectory was described. Two examples show that the differences in the gliding range and flight time between the approximate solu-
tion and the accurate solution are very small. The error rate in the range is about 0.7% and the error rate in the time is about 0.
6% . Therefore the method is feasible and effective for long-time and long-range longitudinal glide trajectories with initial small
gliding angle , especially for the glide trajectories with range greater than half the circumference of the earth.
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