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Reference Trajectory Design for Atmosphere Re-entry
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Abstract : The entry guidance design involves trajectory optimization and generation of a drag acceleration
profile as the satisfaction of trajectory conditions during the entry flight. The reference trajectory is
parameterized and optimized as piecewise linear functions of the velocity. A regularization technique is
employed to achieve desired properties of the optimal drag profile. The regularized problem has smoothness
properties and the minimization of performance index then prevents the drag acceleration from varying too
fast, thus eliminating discontinuities. This paper shows the trajectory control using the simpie control law as
well as the information of reference drag acceleration.
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Table 1 Parameter for reference trajectory

parameter value
mass 10018 kg
wing area 78634 m’
max heating rate 600 kW/m®
max load factor 25 G
max pressure 10,000 Pa
initial velocity 7438 m/s
initial altitude 85.6 km
final velocity 760 m/s
final altitude 27.7 km

o AoA 2WE TVl a7HAY. 24
F3 ez SH }% zZ23ds HES A3 4
(15)9} Zo] 71E¥H/I&EEE WEY. Table 12 7]
FAE A4 AHE" FelelEEeli, Fig 12 ©
NEFHNEEE A A TR

AA3g sk vy DEHKER)S ot
AE B %@17%5 z2vdo] 71EAE}t #
th #1o] s Zedde A APl 3
HrHEE7} Ooﬂ*i 728 F71317] Wil 5
BasiA g1 2 (149 Zo] n&IQelA Adst
A BB %AE&EP’.

Fig. 1 Flowchart for Drer

V= V== VAT (14
i=1,2...n , < VA AF
Do V)=Ci (V= V)’ + C(V= V) (15)
+ C3( V'— V,)+ C4
047])\1 AV= V,'+1" V,‘ ’
dD D,~D,_, D, ,—D;
Ul pof i+1 i
dv ’VV (Vv ty.ov /2
C4=D,‘
C _dDyy
L dV V=V,
cz[igﬂ +C 'z.—ziLJrz—"—]/AV2
1 av | yovy,., 3 av

Cy=(D;s1— C AV}~ C34V—Cy) | AV*

_69_



FV1A2E 717 AW V1EAE A

4. ti71A MY Hof

4.1 d|HEOf Al

S-FujgA o AN HFA A=
AN ZAG YA, &5, &5, AT T
A Al FS FEA ALs, FEAE IRE
S uEo R JEFS Foe VIEAE AR 7]
FEe FE37) A% AANLE ile AxAR
FAH, AAAAAE AL LS FAS
ALg Azt BHEXE o} AojHQ) RS
HAE o] &3 AANE FY3l= Aoz FAH o
Z(JC]-4),

Fig. 29} 29|

Navigation | Sates /| tnge | Control
System N Ere——
: Vahwe
Sense Qutput b Control Surface

Fig. 2 Block diagram for atmosphere re-entry

42. H=Hof

NEFE XY I, HPAY, &5, A2 F
o] EXAEE VIAE FEaiof 3w =3 HY 74
ZUEE P ADIA oldtE FAAAE o
ol FEHEZUEL &5 FYERY Foln

T T T T T
. ) ° Us7s }»

Exponential Model

Altitude(Km)

12 -10 K -8 -4 -2 [
Logt0 (rho)

Fig. 3 Relation of US76 and exponential model

£ dPE AMREHA] Form dxpads ¢
F 9t} o]AE TAZ FHERE £19 TR
B@sA HPEA S T&3 A FEZRDES A
Al UlellA A7 7hsg FEE vERE § Q)
t} A9 driEerl dojAH Ao AT o
AL 71ETHHERRA o8 "k o]RE W
E} H]sg—g}l‘:_ 7}\ ] o]-;GHO y_z}m*‘r w3k ﬁ]ag_g_q-
238 &S g R i) tpr|ds
o} &5 o) AASEH, T2 £54A FHSE
TE Z7MA917] Hdide di7IEEE ST ACk ¢

. U745 E Fig 3904 BEule) o] B =&
A AHE UST6 t7)Edo} 159 &gtz

AR Sl A7) WopdsE gi7dse ST
s,

aEg AeE oY) A8} FHE £k s
WAzt 25 )AL FHT £ A0 Yy}
&59 4y JIEEE

L=t zfc p=-£2 anfc (16)

oz Rejgm, WAz #5A AlYY = A1F

geiszrey 78 4 Ak
u= % coso a7

HA FYrtEE P25

v oV Cp

D= D( hs+2V+CD) (18)
N 2

a, = Vsiny+ (JrL — g) cos ’y

b, = Dcosy (19)

r = a,+ bu

i : 2 2
ay =—D+2g‘fsin7—g(%—g) v

by =—g% cosy (20)
-V:dv"' qu
b
— ___K -
by =@ =5 (1)
D =aD+ bDu

2 feEr p ' Mg AHRE 2AY 1%
(scale height)o]t}. Fig. 45 =AY 159 A4 u
S(Altitude) 9o} TAE e ot

,70_



W -

Aojqlegl ozt W)= Fig. 59 22 Al2H
< B3 dojAT). ki, ky, ks A Fholth

Altitude(km)

60 Lo e .

oo R R bommmodeooees (AR

20

Scale Height(m)

Fig. 4 Relation of scale height and altitude

m&-w Q- mead 7w,

Dot D,

2Dot D,

Fig. 5 Block diagram for trajectory control system

5. AlEalolH
Table 2& W7]1¥ AAPA S 27121 S

Table 2 Initial condition

parameter initial condition
altitude 1185 km
velocity 7438 m/s
path angle -0.999 °
bank angle 0°
latitude 26 °
longitude 13968 °
azimuth angle 105.286 °
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Table 3 Value function for flight

flight (km) J (£=0.00025)
3,000 0.33756
3,500 0.36130
4,000 0.39006
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Table 4 Value function for g

€ J
0.2 1.2467
0.02 0.49467
0.002 0.45190
0.0002 0.39017
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