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DESIGN OF TEACHING AND PRACTICE OF IDEOLOGICAL AND
POLITICAL EDUCATION FOR SPACECRAFT RELATIVE MOTION"
QI Rui?

(School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract Spacecraft relative motion studies the motion characteristics of two or more spacecraft relative to
each other, which has extensive applications in fields such as space rendezvous and docking and space station
construction and operation. The teaching of relative motion faces challenges such as numerous theoretical
formulas, counter-intuitive motion characteristics, and difficulty in designing ideological and political education
cases. The course instructor designed a teaching process and method of “historical background, basic theory,
thought experiment, in class discussion, programming practice, engineering cases” , and interspersed it with
ideological and political education cases such as the history of rendezvous and docking achievements and the
China’s new scheme for lunar sample return. Teaching practice has shown that this design of teaching and
ideological and political education can effectively improve students’ learning performance, achieving an effect of
mutual promotion and supplementation between ideological and political education and professional knowledge

education.

Keywords aerospace, spacecraft, orbital dynamics, relative motion, curriculum-based ideological and

political education

IR BPUES AR MR T — 1T A UL Riash Rk, 2R 2 g Iz sh #g 1)
OEREE, TR E LI AA W FRREE L D, RS M AT R
Sy N SR BARXT IE B R BB S )% 55 A 1Al g R TR AR S U B iz
MEE NS, WM R EIRSSERZ R N, 2R A & E A E RN REE

2023-10-13 WeH 5 1 &, 2023-12-10 IEMESH
1) JbR T =S E 4 2022 FTH IR (MS2022044) AL HTHE TR 2022 AT 5 A AR R LA AT E  (2022ALJX001) B,
2) AR, 4L, BIFEUER, BHIOTIRRTREN 1 51E . E-mail: girui@bit.edu.cn
S| AR AR5, AR B A IE 3 R 5 BIBE . 5508, 2024, 46(3): 636-642
Qi Rui. Design of teaching and practice of ideological and political education for spacecraft relative motion. Mechanics in
Engineering, 2024, 46(3): 636-642



%3 M A Fire FURESAN IS B ) B et b BBk 637
FH R A AR AR TR TR R AR R MR, 8

WL R B AR IZ B ) BCF ISR R Pk . — 7
i, FiR#HSMENTIEshH R AXNEZ, EHERM
MM ETEE. /K &R (local vertical /local hori-
zontal frame, LVLH) B/MEAR R T, 4343
LMLV B) 1% 071, WRIESFEE NE
Bl MR BE, XA C-W ( Clohessy-
Wiltshire) 7. Lawden /7 #£ Ml T-H (Tschau-
ner-Hempel) 7% . XL HREERAE R, KR
%, SEMEEEAESEAYE, N
e AE ) 2R YL RE )R TR AR R e 70 R R
H, BoLFAEE RS S, s SR
Ty J7 I, R AR R EOR TR ) SR s A
R BN E HF R TN FE BB ZE=,
EfUR CRER I TAEMAL . LR EZ SRS, 5
KN PR HRIE A — €S, Flg5a
NEZHRIRANBELR BTG GBS, B
SHREEBHEFR TR, BEsthr, AR
Bl ML AEEE R E NRCR .

ARk, VF 2 FMABE SN ) = 3 E B
MR EBTT R TR . #ime el iy 7
Bt (R MRS H0E G 5 N B0b fig g
RZ, TERT M 05 SE BN 205 i &= (]
AR RIEERN . N4 T AERIES) ) IR A
PHEA RSB TR I L Sh i, skpls !
R E B Mathematica 5] N#(%, N4
P F AR PE B ) E RS R AL T R SR B )
fit. MUl R A A e, ik
TEBNF S ST HUEE R . B
TERKIATE 254 2 0 [ Al B N P0E % S 2R
S, WERE B AEGEEEFRAEA, R
TRFEMNA IR TR DU A
HNBE . HRMR T, TIEAG BEAMEY) B IE
FERNEBUOTER, Wit T 5HE IR E
BEaE SN EHRE . ERESN L BR AT
1T BRG], NETAEBBOTRERZE. R
R REM . RS SCE NI 245577
T (4 25 T 245 . 5k 2 PH 250 DL RS 5 50 S
WA, rE T RN BB AR EE
S S R 2E 4, IR TR T ML TR U S
Jiik. MRS S S P O E, AR

RANSRITE, R AL SRR T R RAHEE
Jiike ARIWBETH T B 5 Z AR TTE,
I HRAN T BRG], A 51%8 O AN e .

FEIE B TR “WiR A Bl 3l 22" IR VF
ERES, REATAMGTL T e Rme b
TURTTUE, WA IS B ) B 0 AN N E BT
J& TS S ERIMER R, B
AR S MR E S TR 2 W R R R
AR Vvt % Bl 2 A B S L5 AR G s 3l R A
() “LERZA/NER” SRS, (2 sl 3t
fifiv A& LA ERIR: EREAIFEIFRZM, R
PREE LG B2 TR G A AAE R F B BT
LA A B 2 R AN B R TR P [ R A TR R S
fif 22 A2 IR RSB G A BE 7T~ BT BABME E AT i
BORAES): ARG R, Db EATRERT
(EID RIS 2 PR S i VN e 2 N oy S AV
SO AR R AT AT L A4 b EURORS R
BRG], EEEBUARHE 5L WAIRE A KA
Al AR, SCBISZAER AN E N B r.

N, R AR AR XTE SR BeE B S
TSR BR VR 40 B S5 MR

1 HEFRT

FIL I A% A X I8 Bl B B it B 6 8 o ALK
BU PG s 5. BEAbEG . s, RENR.
GMRESCECN TRESR B, o, SRR RF,
TR 45 T E RS 8 A = R i
H, BORFAERSRA; AR T, rgm
XHIBRW KB 1 TR AR R, ERA
C-W J5 1E e Hofe v e AE ARSI h, HraifER
A P EIANEDT A TN R AL, R R AR B
NERIJRXHIZBIIE; AR T, SRBATR
ST BB APAS 2R 22 A 4 ) R R I ) A, o
i 2 SR E R, B RFEERE C-W Ik
RIBRPE s FEgmAE SRR, EOR A 4L 58 A
NERE G RO OSSR, JF EdF S PPT
HRIC; TR, Fontif W s A
R 2 Al ) A8 2 6 RIS 5N BRI
ACL AL, I DA AR FET R 22 20 % 32 Bt (1) - B 0/
gz



638 AR

133 2024 4 i 46 &

1.1 HEES

23] o AR HE B S T B e AN .
EHLT FEEE MR E SR —Hira e, HFEE
L, & HARER NIRRT, HE, 757
E, ZTaiRE X —Er, XHEE T
TANEE R EZ = ZRPRM . JEy, TR
45 FM A S B AT AL R 2 S EK
i) g, Ao dE B AR SCKBIHES AR E
PRI E CHEEBA B B bR, G R R
B EAR . s TR 2 AR R RE IS R, EVH
FE T A — IR E AR

N R LA T R FH ATk, 1A R
BREFr AT, ORBINE, UK T AT A I8
ELR SR AR R AN
1.2 HuIEig

R MR IE BB 1 TR R Z, AHN
AM LVLH & FOIEL M EMEN TR, AiE
T /S HER C-W 52, BLKE F T [

225 5E

CW
(B2 1 ©)

itk (B 0 R () \\

W |

2% HIER) Lawden J7f2 1 T-H Jif25F . IREEM
NG ER TR TR TR S 40T, I
gt 1 C-W J7 F2 1 SR e ok RE A AT i . T-H 77
T2 ) AT A W 7E 2002 5 HH Yamanaka K 1 An-
kersen F {2 45 1M, R 4 5 A KT It £k
THEND, DRI REQF A S, T
J7 {8 5 A SR IR e T R IR B R &R, IR IR A A
EATR bR A, IRAE A ST AN T REE A
Bk, R E B bR P B I S ) U7
T PR ERAEZTIEM R AE, 2Eei
FEHFRZEIHFN . B D) Tk RS
N—A)E SR, BEREBRE, EREE” .
P R R AR, hRAT . SRk
JeoR T RRAE I AE Y, HSt R it B E R A .
O R SRS . (B TR . BRAE
DTN A AR ] T —IE IR (B D, R
AR E B %3 TR A R R R, BT
ARG . ZILSE 2T B g .

H

T-H JifE
(B&E: HiL5S5M 0)

t o

Lawden /572
(BAE: HiTSM 0)

/f AR

FARFZ BN LA T TR
(B W ¢)

P st (8 o/re<)

AR AR LA T e
(B W[H t)

K1 Mz shsh 22T IR

1.3 BEXE

IR B e 5 B AR A0 R 3 D 2 07 R, (B a0
CAE B 772 75 R AR BV REVER 2 Bl T AH XT38 Bl 4 1
e ER, WEENIFESE. ik, RER
T ANKH 7R3N )1 5 S AU L 2K Arun
Misra R 1EZZ 35 /R K Wik 15" — iR

P Be it AR K 2 A [R5 475/ ER B s SR 451
I8 T AP AT G . BLTE B35 /N B O 23 A B
(K 2>, WA B C-W J7 R HE /N BRAR X
BERNPIE TR, L fl/NERIIZEh L, K iriE
ZNJ7 AT YT, /N RS IR B B ) ) s B
K, AR E R E EET, IR TR



%3

B Fi: MUK S vt 5 BBk

639

NERFE LVLH A4 bR R mACHE R UL o BRI o FER [ EY5- AT

To=Yo=20=0 Yo=20=0 Zo>0

aq > Qe

K A ERIIR AN C-W T T2 IR -

;r(t):—sm e
——[Cos( t) ja m 2%/”

y(t)

)1

“IMERTR 537 XIH I

o T E N RBCERR ARER /)
MR A, IEME, A

s NIt 7 5 12 5RAT

._ Fetl, BUTHIRILS
TN - p
—) ’3\ b T 2018 LA

TS

g T g

K R

V4

5
‘%

R BAERR M F 2 a2 8 1) L BkER 7

T%féfﬁzﬂ 0%y Bl
WEMEE 0 AR

BRER 7 IR
Ttz

B SR A
ARITE M

B2 Rz R _ETNER

BEITHE

“BEAA 1) BT TR /N BR B AR [ A0 R [
R, AEIELEAR AN A B ER AR I 1% e
6 [ e R [ROK S M. W RAR R R 51, ARECA
Ragaam kR 2 7 R 5T i X AN 4
HAREAES SREIT®R, EREEASHECH
ERIEEMRE. fEvHR e MG IERE)E,
RN TN R AR E EA AR
C-W R LM TTFE, B AR A7 7R
T AS P B PR, T ) ST AS I 2R R
BEELL . EIEIRE TS, A RN R K
R, JBRFAERES C-W H KRR, FE,
X “Zetb T R AT AR, (2 RE R TR e
%%Wﬁiﬂﬁwﬁﬁﬁﬁﬁ&ﬁ%ﬁm,mk
T RGEEMES)”, 5135 E8E T AR
B2 T o MEYIRHIEVE TR L R — IBHE R R

1.5 ZmIEXE

FES 58 A BN BRI A, REE
WA ERZAESSHIME, BEICE T [ @\
Ja < A A E A PN ER A XHE S UL, B A
L TR, IR O g R R B 1 AR 2
PEX AN IS S U 20 . URAE 11 5T A 2 TR I
g5k, A PPT LB R, EBaA D
MISEER SR - #8702 A RE WS HUASHEE HH UM A 45 2R
fln, AR TRy 5w a], B T
Pi N ERA AR C-W 7 R TN AR A 15 5 1)
JETRRE, T SeAT Bk — B n] 2 40 46 1 B M

1.4

X—B % EME R C-W 5 RE AT Ay B4 =
KR RS T SE PR B A S A T B . AR S
AMATES: T HR 22 S, B T A g e
I3 AN AR R R T AR A SRR MR
W45 RE
1.6 TiERH

ML MR A Hire s S TR, HIt,
TEMXIE B B F N ARG, REEf 5T AL E
Ak 5188 N, N4 T R-bar, V-bar
A H-bar 55 A [[] 22 22 042 77 20 & B B0k 5
FER RN T A R ECR A C M 5 23 [A) 3 A8 22 %)
BRI TR (F 3, HBERFEEE
BENTR VUL ) R/ EREUE R AL, T
Z 2 P 5 ) J5 /N BRI I AR AL Ao AR S A
R 5T NI G5 A P e M o7 88 4, 51 %
= 22A B C VAR 1 7 o= G AW 5 B P 5 11 il [T
TP RARRKY. EHFE L, WS
15 IEBUAT . VARG ] 0000 78 i M A AN o T A8 7 %
2, KNSR T IR s Al . Rk,
FTRZEXE, F1MTREZHE,

2 RBKEEK

AL LA T R, REAAUR
WA = REATIARZ —, WRMANEE IR
PR TRE AP B i ELAE N o TRAE S Dp A3k T4t
TR ) 52 F R AT 2 B RO B BT IUAS A A
B, BRI T 4N SRS s HCE AR R A



SR (FHLED)

ST 2024 4 i 46 &
: JBEEREM
U A2 ) -

I B T AN T AR AR

R ) R

TI% 2. BRREEE UL (V)RLEh)

3 WS A A AT S E I BT T 5

640 P
AT
RAZ LA
Y Vebar Ay
< NS~ EpN, ot ey o<l ] Y \
<@ ——— —.< p T s |
Gk cum: i = N
&
\q.’
,) R-bar JigE 1. B
Ax
RAMZ A
4 V-bar e
) <+l dailid 8
R-bar
S EX P

2.1 AKX

WA T AENA TTE 4 52K
KWl Ja Szl . RIBOFARR, 2
ez #o BARZER US4, HEXH
W B R R T B ER, oA
N SR A (M AS & BN B3 5E 1 kil . PRAE
T 5T NBETI A4 1 3% B SEBL it g Ik Fah e &
X, DA IRBR SR BRI SR i O B NAZ )
B R TR EBOR =20 K b A
] E AT 2 068 2 AU T UG IR R BOR R, ik
FHEP AL R EARN, RHBEAKRD, 2
FAKM, HREARMN ! EFEFRD, P EA
RNEHEAE By, F 7KK E AN
KAFH . AR A e 7, 8 Gk S 1 e
Effiar AA4E R, BEHABRARKR
BRREH s AR BE TR, B 1 R AR
[ s AR BE MR, SEBEHR R L) |

REH.

2.2 HIFHFREMFERFR

TEVEE D S e, AT AN HETH
MIZENEMR TP G TRAH, HhgiEs T
HERCRFER B AR E 7R, £ 20 e, AECE
FEREIR AWM TR, —REEHE, FHLE
TR B TE H BREUE BT FahAs S0, Sl
HERFEM IR N — PR IFET R, MR
HIHE CE AT SR MR, B

B3R 2 2020 4, HE 00 IR 1L R T o
[ 51 BRI SEHG 1305 200 B A
R . G BHLER 38 75 TR A IRALE 15
BENZ SN, JORAEET ., RO L
LT RO, MBI RTR S, K K
OIS SR AR AT IR o AR S 24
B4, RTGDATE L, 0l T SRR % 1
TR R
23 RFBIKENHMAER

W 0 A AL TT R KT AR R
A BRI IR iR, S T RE Lk
SCHERUR B (P 2) o T T g T
F12 B RIS, AL B A
BN, JERINTER T AR RS B
FEA R P A R R B LR
SUR ISR AE 510, SRR IR 1

24 REXESIHE

AR A1 57 NAES 23 58 /0 W) A0S ) A8 2 0452 )
WA TR, HIEHARAZ SRR %
BRG] 1 TR R E {F AR IR S e S5
MR FARMEE (K 4) . REE 2021 FEHEIEZE
Re K10 H 16 H, #F 13 5 5 RAZOEHE
FRR T RAZ SN ENTEEETH. ERE L,
FERR T R EZ SR ARE TN B 5
Fi. WNEMBIPE. MTHEE A AT E
s R R, BRI T EHRANFTE H
— 2 ERR A H E AR R TE R .



5 3 # A H e LR BSOS 641
A T
R Vibar R A BREEHLD B
: — A R, e eeeee
_ e TS BiE
» R-bar :
e R B PSS :
| 2021410416 H, 135 5K
[l U AT 5 A T 58 200 42
£ = T R AT U R AS R e
EEER = ENEE ) RN R AR AL, M ATF R
, O WAL A, MR AS R
R
B4 fRi5s oot b MR it
3 i 2 ABR, F, B R E AR B R TR, 2R

PR R AR E O S B b, R A
HOEI R, SR T O A R 5 R
g, BT T IR AR X IR S
MR BRI 2R B R. BR
365 WA 5 A R R 9 TR ST LR . T
SRS O BRI T, 2R TR T o A
R 7 S A SRR B, 8 SN AR 7 4
WO ACERL . IR, B T R £
DRTE R, B L RS PR R . 0
TAEZE A (2 I, PFE R R e
95 A
FL, L0 A0 2 B E P 0 R 2L ) )
T R CLBE AR AR BB 1 FERAE
WL O L, H S RRITR. %5
R\ SR HE 2 O B P D 2023 “Hi e
W7 S ORGSR R
PR T U 36 B R R B HE S B, TR
A R M R T B TR O 2
Bk
5 %

3wk

1 SERINE. BRI S) J) 282 )7 AETAL? 715 5 5REK, 2018,
40(2): 236-239
Dang Zhaohui. Why we talk of dynamics of a spacecraft or-

bit besides its kinematics? Mechanics in Engineering, 2018,
40(2): 236-239 (in Chinese)

PRSP RLS 5 B R VPR TE. W55
32(1): 57-59
Xi Xiaoning, Wang Wei, Gao Yudong, et al. The establish-

HUE AT R, 2009,

ment of series courses of spacecraft orbit theory and applic-
ation according to the requirements of the development of
space technology. Journal of Higher Education Research,
2009, 32(1): 57-59 (in Chinese)

AR T, . ARHE SRR P A —— “HR ARG T
TN AR BUOHENIR . S BE W), 2010, 33(1): 82-84

Xi Xijaoning, Wang Wei. On interaction in teaching under-

graduate course teaching methods of fundamentals of
spacecraft orbit dynamics. Journal of Higher Education Re-
search, 2010, 33(1): 82-84 (in Chinese)

TKPUE, JHJ5. BT Mathematica ffT R 2% 4018 BLE AT ALAL B
2 KREHE, 2019(5): 107-109

Pt i, 223 BUE D25 L ) sRBE R SR OB BT BT sk
. 1 5528 2021, 43(2): 268-272

Yang Hongwei, Li Shuang. The practice of training the
ability of orbit design by problem-oriented teaching for or-
bital mechanics. Mechanics in Engineering, 2021, 43(2): 268-
272 (in Chinese)

BWrh, BRI, mH%. T LR SERIBR A N B
TR G, 1H 55, 2021, 43(2): 262-267

Luo Yazhong, Li Junfeng, Gao Yang, et al. Cultivation of
“ expert type’
competition. Mechanics in Engineering, 2021, 43(2): 262-267
(in Chinese)

TR, FE 3, BRSAE, “WR APES) F1” IR BB S S
Seik. 8 = m e B A AR R IR R BB R R, T 22
2022

EIBeZR, JrRE BN A ST WK ATE 02T SRR BB %
Hoek, 5 = m e S HUR BRI BB SRR IR, %,
2022

TRAERR, SRHERS, IS, #0E 5 HUE SRR R R 5 Sk,

innovative talents in aerospace based on



642 hoF% 5 % K 2024 4 i 46 &

AT, 2022(8): 88-92 Mechanics in Engineering, 2022, 44(2): 434-442 (in Chinese)
10 FARMK, RALR, Setet. fii R B AXZE BN I B 5 55 11 Yamanaka K, Ankersen F. New state transition matrix for
B, J7% 592k, 2022, 44(2): 434-442 relative motion on an arbitrary elliptical orbit. Journal of

. . . . Guidance, Control, and Dynamics, 2002, 25(1): 60-66
Wang Weilin, Song Xumin, Chai Hua, et al. Teaching re-

search and study for spacecraft relative motion dynamics. (T4 G 42 3R AR



	1 教学设计
	1.1 历史背景
	1.2 基础理论
	1.3 思想实验
	1.4 课堂讨论
	1.5 编程实践
	1.6 工程案例

	2 思政实践
	2.1 人类交会对接成就
	2.2 月球采样返回的中国方案
	2.3 北京理工大学的英雄航天员
	2.4 径向交会对接

	3 结论
	参考文献

