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Abstract

In this paper, a fuel minimizing closed loop explicit
inertial guidance algorithm for the orbit injection of a
rocket is developed. In this formulation, the fuel burning
rate and magnitude of thrust are assumed constant, and the
motion of a rocket is assumed to be subject to the average
inverse-square gravity, but with negligible atmospheric
effects. The optimum thrust angle for obtaining the given
velocity vector in the shortest time with minimizing fuel
consumption is first determined, and then the additive
thrust angle for targeting the final position vectors is
determined by using Pontryagin’s Maximum Principle. To
establish the real time processing, many algorithms of the
onboard guidance software are simplified.

Simulations for the explicit guidance algorithm, for the
2nd-stage flight of the N-1 rocket, are carried out. The
results show that the guidance algorithm works well in the
presence of the maximum 110 % initial velocity and
altitude error. The effects of the guidance cycle time is
also examined.
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Table 3. Guidance error vs, initial guidance error

27 HELxH = 228,013 sec)

-10%

-5%

;{ -3% 3% { +5%

+10%

A= ) 398.8

o 1y
Xkt
.

-9. 81518

-9. 81514

-9.81508| 9.81527] 9.81531

9.81544

wE .‘57741

-24.715

b

(-24.714 1 24.716 | 24716

2.7

0.0811

0. 0803

0.0816 ' 0.0818

| b
| |
10,0804 I

0,0322

-10.652

~10. 651

f
-10.651 |-10.650

]

-10.649

-10.648

423

E =FolldE Pontryaging] uigelE HE¥, H2AE
2 T EH ?l"i =R g 2g Atsts e 3
2 T e FEstn, AAz AHE 3ty
fE ¢2EFE W i%“” ¥ € FE 4ueE&E N-1EAL
N AAARE AHEShe 2 VY 3 u]E el A g5}
o #5 YaEe He g BYsdcl. fE d2EE B
7bsbr) glsted AR, Rua® ATz wde wE
3%, &% Y AMeAE Ak 2 Az, U exhe 2
FEY Axjelad B Pojgiyrdt Weloln], A Az}
ZHett deuedd 8% A Yux Hx gch =¢ 8%
AR gt o dug vy 4T 2 HMY 3E A
sxof Hof :10 %o 27} wAdsitiate 27227t
7ot Ao 22 Axe] 43HYL K= 5 #Hshch
EY 2 E FRAHAMY aTF4EAY 2AL FAT F¥
o} olx a7 ZAAE aHE Fpo] M AlFeold
& $85d, $ix aFzAe BUE 1EOXU AMES
eolstdet, Azaglold REo] 2% A4 FRAT F2d
A the FAHY A HE7E gAAstAEd, ol WM E
AAE g o &3 A4 T Ho] e, ‘1{} A 82
ol A ?‘TJ%E Adg 24t Adselet 4z€ch ¥F
ol Y AT RE YolA AUFT FdAE dnelE MY
2 AR BFFH0] FEox nlAE QY] iy @7t
£ o|Folxo} gt YA BAYFEANLPE 18] 4]}
o AEWChE(strapdovn) B3P FxIote] Ayt AMFelold
of iy} AT Way Aoy FAYch

l‘ B AE 271A B 3] Add ejsf o] Fof

2

3
R

[1) xod 2], f14UAA gl Q3 1, HFAFED
A, HEbrigex], 1991 74,

{21 ot 2, sl #Aad REACI XA it A3, &
FAFRIA, 2IIEA, 1988 74,

[3] XFRE, ZxTBBAEERBRE, BEREFHEH
PIRATHE, TR-258. 197248 1.

(4] pozEk, ANHK, FHBER & KB XROD 32
-2 avi2ERL RO Yy b OBKE, % HHBOEM
W0 'S L-RMAP-, B AR T AT BT SR BT 945, TM-310,
Sep. 1976.

(5] XA, hosmk, FHOEK, # X8 2F5 9%
VOHREALLREREY 2T L - BRYIEI P
AF LY ZORM-, BERMEFHRMPRAME, TR-775,
19834 8.

[6] D.C.Chandler, I.E. 3mith, "Development of the iterative
Guidance lode with Iis Application to Various
Vehicles And Missions”, J. Spacecraft, Vol.4, No.7,
July. 1967, pp.898-903.

[7] D.T.Martin, R.F.Sievers, R.M.0'Brien and A.F.Rice,
"Saturn V Guidance, Navigation, and Targeting”
J.Spacecraft, Vol.4,No.7, July. 1967, pp.891-897.

[8] A. E. Bryson, Y. C. Ho, Applied Optimal Control,
Hemisphere Publishing Co., 1975,

2.3




oltitude error (M)

velocity error (M/SEC)

theto (DEG)

PSI (DEG)

larget 'oint

Attiade Feear

[FREITNTS

4 Butsncs Torgst Poin

RN
1 N
S I
] M
H " - fd -
E e ()
B o 3.(a)
\\
10 4 \
0 T T T T T 1
415 425 435 445 455 465
time (SEC)
2% 3.(b) REFEAHAMNE TE o2} ul2(Yr))
Velocity Error at Guidance Target Point
T
&
H
£
T T T T T T T T >
220 260 300 340 3BG 420 460
time (SEC)
2% 4. REFENRINY T2} U
Attitude Angle Comparison
pitch
20 pitc
15 4
16
1o veloclty & sXhude Yooty orly
12 4
10 -
8
&
4 4
2 4
[}
2
a4
6 -
_8 4
_10
<12 4
“ya 4
~-16 T T T T T T T T T T T T T
320 340 360 380 400 420 440 460
time (SEC)
2y 5. =Pz} Fof w2 (2] X)) (320 - 461,97 sec)
Attitude Angle Comparison
yaw
20.2 /.
2
89.8 ~‘
9.6 4 velocy & whitude
80.4 vekaolty anly
89.2 4
89 -
BB.B
88.6 -
8.4
88.2 «/./
88 o
87.8 T T r T v T T T T T
320 340 380 380 00 420 440
time (SEC)

w velocity only + veioaity & oltitude

a7 6. xpMzH o] HlT(R) (320 - 461.97 sec)

424

latitude (DEG)

longitude (DEG)

STEER(PITCH) (DEG)

Latitude Comparison

velocity only

=

time (SEC)

+ velocity & altitude
a3 7.(a) 1= o] HIR
Longitude Comparison

a velocity only

147
146

I

145

144

143

y-only
_)f

142
141

P

Il

140
139

valochy & ¢

138

137

136
135

134

Pl

133
132 -
131

-t_""-

130

0.1

1
C 300

time (SEC)
+ velocity & oftitude

|
1
]
0

100 2 400 500

« velocity only

23 7.(b) BE Fol Bl

Attitude Error Angle (pitch)
STEER(PITCH)

0.05 -

©

-0.05 o

—on

~0.15 o

—0.2 -

-0.25 o

~0.3 o

-0.35

1 }\ e eud T
-g_l\(n.J' M—ir“"""“m"."‘l[
‘1

[s}

T T
100

T T
200 300

time (SEC)

00 500

a3 8.(a) ¥ x| xM|Zt @x}e) Fo](velocity & altitude)

STEER(YAW) {DEG)

Attitude Error Angle (yaw)
STEER({YAW)

0.07

0.06

005

0.04

0.03 -

0.02 -

0o -

velocty & alttude case

~0.01 o

-0.02

i B

0

T T T
200 300 400

time (SEC)

T
100

% 8.(b) & A2} 2xbe] ZFo|(velocity & altitude)



