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General orbital maneuver planning design for space mission design
industrial software ATK

YANG Zhen'* | JIN Ke'** | GUO Xiang'*, WANG Hua'” , LUO Yazhong'~
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;
2. State Key Laboratory of Space System Operation and Control, Changsha 410073, China)

Abstract; Orbital maneuver planning is an important part of the design of complex space missions such as rendezvous and docking, lunar
exploration, etc. However, the varying configuration requirements of different missions for orbit transfer positions, maneuver magnitudes, and
targeting parameters pose significant challenges to the generalized modeling and solution of maneuver planning. Regarding this problem, a
generalized orbital maneuver planning modeling method based on orbital segments was proposed, which abstracts the maneuver requirements of
different scenarios into orbital segments, stopping conditions, and constraints, forming a building-block spacecraft mission description model. The
orbital maneuver requirements were converted into a unified nonlinear programming problem, which was subsequently solved by employing three distinct
methods; differential correction, sequential quadratic programming, and intelligent optimization algorithms. A software module ATK. Astromaster
was developed as a core module for ATK ( aerospace tool kit) software. Simulation results show that the proposed method can achieve general orbit
maneuver modeling and solving in different scenarios.
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Fig.1 Taxonomy based on orbital geometry
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Fig.3  Orbital segments for Hohmann maneuver
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PUEPLSI R ] R 22 56 2 AL AR S, AT
Sk = (2) Fiv s i A A AR et LRI RS, AT
A3 P B DA B SRR, 491 40 e 1 R
I B Re ALY AL s BT SR A H AR
BRI K LA R, BRI T 7 X2 BN i,
AR SCAFEFER

S, 24 B BL BN ) S H R R
B, AT M LEBE S B0, 3K (2) AR AR
] R A AR LM Ty FR AR A, ATK SR 3418
TESRR . HE— 0L, 2 W E Y 29 O 2 i 7
B (CPUBPAR) s B 3R (BB L 23 ) if, )
S5 HE 3h ) 2 R R £ 3l Lambert 55094 5K
fift , AT TCZBUR IR B E SR i AR R T fE e A
T R X P ROR s
3.1 WOMBEXRMRSREE

5345 1F (differential correction, DC) 2 3R fi#
BLSl R 5] R g i P A SR A e 2 — , T 5K i
JITA 29 25 0 34 Sy Bl o [ (1 A I
I, l T ) Sy A A, X R AL S AL
() A 5t Ry K il — AR T B A, KA
BT AERE R x =[x, x,, =, x, ], HAE
oy ST x EREL, BN

y=y(x) (3)
AR R TRRE Dy y L WRESK AR AR L Ty
RN

wy =y, ¥,

f(x) =y(x) -y~ =0 (4)

ATK HL3h LRI v (9 385318 1 3K A R —

B LAy T AR A R R . FESE b AR

Ho X AR (4) 7E x, BT T2 R T JF 2 s —
By B LA b/, Al A
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flx ) =f(x,) +J,(x,,, —x;) (5)
Horp x, XFN Y Jacobi 5[4 Ky

_f
= (6)

X=X

HTHET — XA BRI (4) MR, & 2
f(x,,) =0, Ht4

Sfx) +J (%, -x,) =0 (7)
WU
X1 =Xy _Jk_lf<xk) (8)

gt ZWERG, YR E Ry, AR E Y Z
[ iR 25 /N T 45 8 A VR IR 25 0, BIA A3 3] 1
ZAILS R () 5 P i o

— BB DL A T x R AR Ry Z (]
I RR AL G &Ry (x) B0 & 2%, R ME i b7 3 55
Jacobi HilF J, . P, — Moot A BR 22 43 19 7 X
AT, H R Y O 2 ) 22 4 A e
257 o

TESEBRoR i B v R R R i x FNgy
ARy BEBUR N e — P kA il A
FR2Z2531 15 Jacobi M FE J, &R Rut . BT
544 T E] 38 E R T Broyden J5 ik %) Jacobi
FREE TR R

Ax;]
J, =Jk-1+(Afk_Jk_1Axk>m (9)
Hrp
{Afk =fi ~fio (10)
Ax, =x, -x,_,

TESEBREL Y, B i x FIZY A &7 y 1Y)
AR —E M, LI Jacobi 46 FEAS &7 B , o i
XF AT R, b, B A A0 S X Jacobi
TR J, AT 8T S 0 e, 0 TSR AR (7)) i B
/N
3.2 315z Lambert KR E %

Lambert 5335 /1T 3R fff 25 5 46 A i 5 Hh o0 2R
A S TRATIST ] () BT W A ) B, S B Bl )
SR 2R i R

W 7 Fs , 45 LS R & 90 46 107 B
J& 1y vy, EBRAL R A% 28 i (0 B FHRE vy vy (7]
MR I 0, BF 200 049 A7 R R AR B 6, B 20 3R
), BB SE 25, T SR A 3 1) 2R U 2 B
M o Av, Av, [ARPLEIALRESTE ¢ I 208 fL
B AE T H AR R AR AL B AR " vy R
BRI AR A TED) UG I 20 SERE AL 30, W 7E ) 1R
BB ATIA R A, =1, — 1, , TEEERB BB K
Trmfa]) g Aty =1, — o, , NHTHR IR 20 21 58 25 0 % )
SCRATISIELR At =1, — 1,0

Hif
Bl

WIS EIE

K7 %3l Lambert SR 528 &
Fig.7 Ilustration of Lambert transfer orbit

HRAEHE S T2 AR, 25 2 BT i 75 4 i
SALE oy JORETIE] Aty , AT HY Lambert 595
RIFALBIE B, B

(v (t,),v (t,) ] =Lambert(r, ,ry"  At,)

[Av,,Av, ] = Lambert(r, v, ,r;" ,vy"  At,)

(11)

AL AT A AOBL B 2] ¢, b B3 TR
g r v BRI AR A% HRE A Shil 2
RIS AR (ry = 13" v, =vy") i M BLE L)
i Av, Av,  WITTAMBALSE 148200, b i
Bt AR i iy SRR 1 7 4 FEAR O A A 78 B %1
b A R W BN ¢ FEAR R 2. 2 95 A B T
A5 1k AR, W BB A 2 20 R mT 1 2
Lambert 3805 3K fi#

SR, Lambert SEEEATE — (A5 5L T Al bR
fift , 2475 BB i, e i 1k RO 2R $% B
fift , ATK BR R T R] 46 1% AL 38 £ 3l Lambert 5K
fas ™ o MER TR A7 1 2 1B R, 45 B0
Lambert >R fif £ 1 11 22 V81 5 280340 748 Bl v
PASAS-S sl ik (B ARAR E PEAN I ) S5 [R) R, 4 5
M L R ) A AR B, SR A AR AT R F
F I,

ATK B AFRY$E S Lambert SRfEAF @S % 1
F) 22 h A I E B S B, DA ] LA SR 3 e 31 MCS
R TR R 5 2% 1 22 ik e WL Sl R R Tn) i, FF 4k
fRAE 2 I, FARBLIE 58 22 ML Sl HL R [ 8K A
FROXEE

4 HEBIENRSRSH

AT AP A P UE LSRRI 5 R
R H3E ( geosynchronous transfer orbit, GTO) (384
FEi HH B H R [E] T 12 g5 Halo $UE 4E 47 %)
ARSCHR T EEIATIRAE, GTO iRHIIE 7 35
T GEO TR ABUE S, B Ag i al HI T
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BT BRI I TS5
4.1 GTO %

GTO ML 3l HLJ 38 13 = v bk ol 152 M f
I S FE FE RS B Bk R LR PE . SRATPE B
BEBUXPIZAT: 55 AT AL, AT A% 4T: 55 MCS i &l 8
Fim o

P the
@ e
- @ WREFETIEN
&7 MZhEn
J_
@ BHB(FITH )
- @ RSB
&7 Mgk
J_
@ TURBBEII 340
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Fig.8 GTO mission control sequence

e 2 B 1 AR 2E 5 o plsh B 1 i ik irh
B3l X g3k, HAME R 0 m/s; 2 HLa B 1 1Y)
e R OB E y GEO BB 4% 4. 216 x
10" m, 350 & IE J5 13 2 95 i 28 8 e & H
2 456. 62 m/s, i /& 78 Hb SR AR 2R Bl TE Y 5
B2 pyAb sy Lah B 2 Bk b Bl X o,
HAMES 0 m/s s YRR HLBNE 2 1 0 %8, H I
BEHR 0, W& IE J5 15 245 ) A2 & i A5 A
1 481.37 n/s, i BAR DR HE

M 41 B 3 TR MPLaEL 3 i ik bl 5l
IN BRI R A I AR 5 D0 38, TE A L BR i
1B A R S I ME L IR A B anse 4 (32 5 r
TNo RFEAAZH) GTO RATHLILUNEL 9 PR o

&4 CTOREEFIR3IEHEE

Tab.4 GTO target sequence 3 control parameters

) . WA/ DC M
BBl HLEhE: 3 0 —1444.12

Y pi

=5 GCTOBAERIEI AR

Tab.5 GTO target sequence 3 constraint parameters

ZA S IR B WR(E Fik(E
fwifh MLBhEL 3 0° 0°
NS MLBhE: 3 0 0

&9 GTO =4:m ik
Fig.9 3D graph of GTO
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SELARIEAT S5, JB ERAUR A e I Sk
i ALBI R H AR AR BT 7 550 AL 2R P Ut
[ISUIRESEIZSI PN Rt BLy Sra A LIEE SIME R TN i PN
v RJNHE BRI XA 55 A T IR, W A% AT
7 MCS W 10 FR M HHEZEnE 6 k.

P wiae
@ vitken o
of LEEREERL
- ® WEFIIB
&7 HLEngt
o

@& e

10 B s a4 AT 55 7 51
Fig. 10 Orbital rendezvous and approach

mission control sequence
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Tab.6 Orbital rendezvous and approach initial parameters

FFR e 310

Wtk Pi ot UTC 2022 - 02 -01T00:00:00. 000
s e s . a=6878138.26 m, ¢=0,i=98.5°,
AR L G

02=90°, w=0°, f=330°

b ) b A a=6878 136.53 m, e=0,:=98.5°,
N
" ) (2:900,@:00’](':00
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AR 2 S S AR P ATK G PR B S Bel B 7 1 S19-

2L MCS Hh i) =2 20 5 Bl o Be R TR A
WA &R AL RN T iR, &t
B AR F 22 Fh R v B 12 ) AR R AR
T4 78 IR, MELARR EUEL

RT ZHFHEAERKRBER

Tab.7 Lambert segment results

K Jir e Bt HEER/ (w/s)
BRopLsl X 3d 2R -5.74
fkopblsh Y i a2 ahheiie -68.00
kb HLEl Z srde kR B -42.03

00 MCS H  f E P 57) Be gl 2 — A ikl
HLBI B, 38 B AT R A% A5 H ALK A% 77 100 m
XHCHEAT G, AL i W VLY PR B AN 8
O PR e KRR IIZSL 1R AT N
11 R,

RS HEXSEOEHEE

Tab.8  Orbital rendezvous and approach control parameters

Wit E/ DC 4t
kb tlsh X s BlshBe 0 29. 31
Wkeh#Lsh Y i LBl 0 1.43
Wkeh#lzh Z 535 HlahE 0 -73.88

R HEXSEELR

Tab.9  Orbital rendezvous and approach constraint parameters

R friEB IR FIAMH
MR HLalE 0 1x10°°
FHRS - fi £ PLahE 0° (7x10710)°
FEXPPFERE HlaiBr 100 m 100.23 m

A 11
Fig. 11

BuiE s il = e AL
3D graph of rendezvous and approach
4.3 A BHEEVFIAK

Mo H B Hak sl AL LRI B E B T A 5] 12
IR, WIS HON A 10 7R o

- @ e
P wipg
&7 M
@ BHBIGIEA 2

@ wisrEREE @

K12 A A ik eSS i e8]

Fig. 12 Earth-Moon free return mission control sequence

®10 A BHREBREVBHESH

Tab. 10  Earth-Moon free return initial parameters
vy i 28
wa ot UTC 2028 -06 -24T16:25:59

a=6548 151.06 m, e =0,i=21°,

-
PIaHRE 0=149.33°, ©=199.45°, f=0°

P 12 v i e 47 B AL 00 i BEABILIE 3 T |
THEE AR L AL B Be iy kb ALl X i, 1
H1R [ BUE AT H -5 30 2 R 2071, D
AR S EL AN 11,3 12 FroR. SRAg3R
PRI CAT LB AnIA 13 R

F11 WwABMROEHES
Tab. 11 Earth-Moon free return control parameters
AE JirJm B HIHR{E DC EAUH
WAL WIAE 2028 -06 —24T 2028 —-06 - 24T
AR PR 16,0550 17:17:15
THaesRz PikeB 149.33° 149.40°
QLTINS
Bl Hlsh Bt 3160 m/s 3163.23 m/s
X o

®12 wABHREREZR

Tab. 12 Earth-Moon free return constraint parameters

2 FR Jit ) Bt W FkME
VEH SR BERB1 10000 m 100 000 m
BUBMf  TRBL2 43° 43°
Vi siE . WidkBe2 50 000 m 50 000 m

4.4 B L2 & Halo # & %445

Hb 12 45 Halo %58 e 18 Boi R & 14
FR IR B0k B GMAT #4426,
213 iR,
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Fig. 13 3D graph of Earth-Moon free return
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Fig. 14 Earth-Moon L2 Halo orbit maintenance mission

control sequence

R 13 #A 12 = Halo HEXBSH
Tab. 13 Earth-Moon L2 Halo orbit initial parameters

R e i
¥tk PG UTC 2010 -01 - 237000002

x =406 326 226.613 191 m
y=177 458 387.615 978 2 m
2 =145 838 580.790 044 1 m
v, = —517.274 673 822 875 1 m/s

H.0> 12000 %
A7 B A
v, =774.650 366 560 893 1 m/s
v, =331.416 602 653 985 7 m/s

Kl 14 P31 B il 55 A Is AT 4 Uk, Tl
8 BORLI K A L 3 By s T 1] i ML sl i, 1
TRRAE L2 V3l i B 4Ry A s 2l , AU &
MLl B TLARL B T 18] AL R/, 2950 Tl
B GIRASTE 12 2 T X o h. 4 KR
EZERF YR M 25 R AN 3% 14 s, RAT LS 4
I RYPANe

14 A 12 & Halo EHEFRELER

Tab. 14 Earth-Moon L2 Halo orbit maintenance result

P HLEhBLEh i/ (m/s) 12 R X st/ (m/s)
1 -0.250 3 0
2 1.643 1 0
3 8.054 8 0
4 6.443 7 0

MoonlL2 Z

MoonL2 Y

MoonL2 X

K15 #1712 45 Halo Bl =4k nl ik
Fig. 15 3D graph of Earth-Moon 12 Halo orbit
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RIS SR8 il BB B A5 1L A AR
SRAF BV ANIE B LR BT, SE B T AR BBl AL
R IRl 3 P A A 5 BE— 25980k 1 MUMBIE $it
B 2 PR AER i R . ASOE AR
SRR 5 S AR T A AT BABIE R O R AT 55 e
HETAVEAfF ATK Apssl, & ATK BPF RO
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