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Analysis of Force Transmissibility Performance of Low Impact
Docking Mechanism During Capturing Process
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Aeronautics & Astronautics, Nanjing, 210016, China)

Abstract: The Jacobian matrix of the low impact docking mechanism (LLIDM) contains relationship in-
formation between the actuators and the load sensing ring’s forces and torques. However, forces and
torques have different dimensions. The Jacobian matrix is decomposed into two sub-matrixes, that are
related to force and torque transmission respectively. Based on the two sub-matrixes, the mathematical
models of force and torque transmissibility can be developed. And some mechanical properties about
force and torque transmission of LIDM can be analyzed by calculating the distribution of force and torque
transmissibility within work space. The analyses show that the distribution of force and torque trans-
missibility is ellipsoid after the structural configuration of docking mechanism is determined, showing
different laws with load sensing ring during moving along different paths. Further, the results of the
study are important to the performance estimation and optimization about structural properties of the
docking mechanism which is represented by LIDM.

Key words: space docking; low impact docking mechanism; Jacobian matrix; force transmissibility per-

formance

LB DUET S AW PN I DN G5 3 NS S 1 (B A0 Bee 3 3 § S Rl I DU B 755 % B Ve PP )
KINBEZ AT A AT s i 4B 7 o 25 el sg e xh FRAL I B T AR 2 S5 A8 50, I HE AT SO0 FR LA
PR AR RN AT PR R SE A A A AR [ ] i R S LA P Rl S R[] 4 )
B NG RS B N GO S AR A s ORI | 5 o 0 e LA S 2 RO [ A B

EETH - HE AR EIEE (G1105196) B H s L5488 R 5L 4 (BK2011733) BF BT [ 5 1L 95 5 KL I # 4 F)
AU LARYT B A 5 b s SRR 55 B % T BT 4 (NS20121300 BE By I A .

Wi EHH:2013-12-24;1&{T HH#F:2014-03-19

BEESE 5.8 . 288, 8+ 4 F0f, E-mail; hnie@nuaa. edu. cn,



452 5]

ROfL % A

PNEPNIE S 5546

559 5 X HLM (Low impact docking mech-
anism, LIDND{E Ry —Ff 5 i i) Xt $E MR BoA DL
XF HELA AN 4 0 R A B0 D PR BR S s 4 o &R g AR
BT RER LA 22 ob R 58 B wE R AU T HLBRCRE
T AR BISE . X BURE f A5 X B LAY BE R L REAS
ol 555 2 9 I X B AL A X ) 2 A 48 7 ) 5 5K BRI
T DR fik e A G RE RO TR BUNR R AR BB R E
TR 73 Al B 5 1) 72 T 28 U S5 15 0 & A A T R
HBET NASA #3111 LIDM B £ 5 F F 04 2 3 i
B8 IR N T PR s B o5 AR S i AT T
AR HEALA B AT 1R A . e ) B AE N R RS
PLK 5 I8 Bk /Y S MR [ A i ) 2 P A
(APAS) UL, i T 8 Xt 12, Bl 47 = 81T 55 19 3
B2 o JC L 2 ALY S AT 55 7 oKL Rt
LIDM AYWF 5%t 4 5 3 = F ) AR 9 — A a3

LIDM M\ F Y42 fish 3] 4iff 3R i — B BE Y 12 3 %
A3 — B B X e A IR 58 BUE & G
HEMEN . d TSRS ERE . AT S 1 ik
Ip S 23 7 A — o AR A RIEAEE ) BT DA 3 A Al AR
R GEIA% T VERE R 23 41l K &R e R B RE T 2 AR
B, AR R GEHAL T1 0 B AN ALRE A R W HLAL Y
1% 7155 5 38 R B 5E 4% B AF X LIDM i 38 & 42
ARELRE 7 4 52 e B2 1R 38 SR A, OF HoOXF LIDM (Y
Wit S RA —E RN TRE L.

ARSI X LIDM A i # v 64 g i g 4 A%
B PERE 73 A HEAT 0 A7, BB T B AL AR AL T AN )
AL BRI S A R R B R T A
T B AN TR B 2 44 SC AR HE AT R RE R o i S PR
3 90155 3N 3 FEAL 38 AR O Y 5 B L 0 i s TLIDM
B RS2 B AR N A A% 9 1R REREAT SR A 5 OF
WU AR AR GEAL T4 ) 7 8 5 25 I ) 7R B RE ) kAT
TR

1 LIDMHEHAR KR EMRESR
B 71 ] B 3B FE

LIDM J&— Fh fig 9% A 25 i) 4F $2 4T 55 42 {3t — Fh
A infr o B3 G o 85 A R AL, T 1
/8. LIDM 28 p A BF S it 455 ol R 48 3K 3l L 1
BRALIRIR 7 AR AL TR A | FL T B R £ M 5 4 A 41
BT, LIDM ) P 045 il 52 40 38 33 43 A7 £ 28 1% Jk
TRE R B T P i) 6 3R Bl R ik B o
sTE i AR .

LIDM i@ a:f 6 A4~ 5K 3 B K 67 48 % o 2R 15 3 s
EERE A 2 R, g R LR B A R R G
ST ARAR R AR R oayx [ AESE R L I

R BN

ik A2

B 1 s X AL
Fig.1 Low impact docking mechanism(LLIDM)

B2 gt X E LA AL AR AR
Fig. 2 Coordinate system of the LIDM

% DR S B T AL B AR AR Casvay s 00 B AR AR
F o' -x'y = [ AR AR IR T b % 0K B T
5B BABER N (b, s by 5 0) 3 AR AR R BESE 40 MM R,
AR R F AL o TEANE R omxyz P ALKR g PP
HNRTF 2o yo Mlozo 3ABRA &, X HEEHLAE
RS AL LW 2
[;=[(RB,+P—A)"(RB,+P—A)]"" i=1,.,6
(D
HH RNy
cacy —sf
cacf
sasfcy — casy  sacf  saspsy + cacy
K ccos B AR EL R cos O 5 IE 3% BREL sinO)
MG sa, 3 F y FoR 01 BUAL R L 25 A WICHL A
T HG A P 2 22 T 2 A AT Y R AR
WD Frs A REER & 20y 2200 H Y
6 ANk 37 A A PR R R AL AR AT RS J
J=0l/9X (2)
Xd=00 L L1 X=[a0 o 20 afr]'
DO 5t 9K B 5 T AL R Z [l B 3l ok R O

cpsy

R = |casfcy — sasy casf3sy — sacy



553 1 WAL s . 2 55 4 o o 492 HLR 4l 3K 5 2 100 1% 3 1k Bl 4 453
1=JX 3 X X. =[x y. 2. ]": D, K diag (1/V21,1/
HE 4 i oy D A 5, ) R AT LU 5 i Bl o e VA2 L1/ /A3) . A3 1D MR AR 215
AT Eb R B 7 A A B X, <1 (15)
Jr=J" €)) X 6,11,14)75
i f.=J,YPD X. (16)
F=J'f () i 3 (15, 16) AT 43 1) 170 4R A% SRR O [ i

K F=01 f, fomemym 1Y REEREAL IR
ORAEFTRE T RMAERE =00 fo fo [0 fs
So T ARER 6 IR R ek BRI || f I <1

KR T IR 5 B AL IR 2 18] 19 12
TIRF . BT I EA AR 49 [ 4b B
IR0 TR A% 335G FR A B A Ak FEURE T HE T L
W figt SR WA 2 391 A5 0 /0 ) R A 3 AR S G 1 R
Jy AT, s C6) frR

fa o Jf
Ll

2 Jr AR A 5 R
Jed o' =1 @)
B2 (D) R I
J»/ 4 4 sts 0
KH e Trhs 5 Jrlo 0 RR Jp' BT 3 FIAE 3
@J 9/7"\ Y:J;;ILS 7Z:J}~T;11=6 ’ E‘Hﬁ(S)'fﬂE‘
J,,,Y—O}
JZ =0
38 35 5 (6 ~9) Xy HE AT LU AR FESEAT TR0
o35 AR BR RS T AL 25 B TR A AR
2 h/hEEBESES
237 253 [A) 0 44T 55 B ) I %o 422 2 A i B A%
1% Bl B8 J1 AT 20 # ok PEAG X 2 LA 2 A e 08 58 i
XA SIS N X AR 55 . B — 0 B
BRI R AT 3 803 D) AL 388 I 23 i 3K &

€))

4t 1180 01 R AR B e
XA H R AT J7 A% 3 i, 1 5 o % B
m,=J,f=0 (10)
9,10, /] DL75 3]
f=YX (1)
Ho Xer™', Hit
[ FII2=X"Y'YX < 1 (12)

BT YUY R A R L T DL AR R [P 2
TR
Y'Y =PDP" (13)
Hp PR YTY BAEH D =diag (A, »As » A5 ) X7 1Y BAL
PR [ B B, 4
X=PD X. (14)

AW IREIEHE . A D Frs

SoKf, <1 an
L. K=, Y"PD,DP Y " J)) ', HK 3 Fras
SEFRFME . A dyody B ds Jy K FRAE A& U, %
FIFFAEME . H d =>d. >d, . fefiist A7)

d,
Lfe 1y fl]U[ ds uplf. /o f1'<1
d;

(18)
[F) AT 75 2 LIDM i 48 2 48 7K 2 ) 3 [
P4l
[m, m, m.]U, U, [m, m,

72 7n::|T<1

Vs
av

2R 8 e 26 8 50N = (20) fr 7R

1/a*

[z vy =]

1/6 :{[T y =271
1/c?

(20)
R (18,1943 51 538 (20) X} e . 32 W 9K & B =2
T3 <18 97 3 A% SRR o R T R 65 R 2R
3 30D Y F A B — SR ER 5l f . f, B0 L Gm, s
m,, Flom ) 53 ) % BRI d L dL R
ds P Ry PR s ) U (UL, R A B TE B AR
Wi WK A5 B R 1 5 1) 43 5 5 0 () T RRAE
] & 1 77 1] G
B LIDM fi 28 A% %30 0 B B A A8 1k, 1
B A SRR RE A% AR I R T FE A R S i R
Aot SRR 2z 0T K L T 2 R R AL T B R A i
HRERRE 7 25 5 /N 5 10 BR 00 M4 FRBOR , 3ROR X4 HIL
P ) 25 A5 7R A RE 0 A s MR BR B K B B, R e
KA T AE T7 1) B A% 2K BRI s AR R, S T
— RS B A SRR L B L A
BRAEJE w, flw,, . RRXWT
wy =(d,/d) ]
w, =y /7)) " J
2 J (5D WRNT 3,80 I, kA A
LIDM 3k 2 S8 I HLAA 1 (el 40D 5 53 SR 3h 8 it fin
I TC- M R AG IR BT 32 AN S AR 0

21



454 Mo oM o= M

PNEPNIE S

5546

3 EHIom

BURG T S AR AR AN ER 1 B o 3 S0l 6 LR W 1
BLIEAT TR (D RFFLREM (a0 f,7) = (0,0,0) . 111
AL B R S UT o R Bl AL 1 (0,0, D 3 F|
(1,0, (O RFFEE M (2 By7) =(0,0,0), 13,
R IR Ry = JhES , S A8 i (0, 0,0. 3) 5 #|
(0,0,1.5),

RS R ANE 3~10 Fros: [ 3.4 2t « e
By 3 ASALE R R BB B 4E AN
(i) (37 B 25 1 g N ) A AR BB L 5 18] 5,8 23l S iy
x BlFN = RS L Iy 0 R 3R R B b 2K

L=[001000]

L=[0.501000]

0.5 =
+ UIL02

Bl 6 T o AT — mU R K 5 AL B (0,0, D Ab i
KA LEEL G 265 P 7. 10 23 3R 0 oo A = il B
SIS L 3R R R K T R A A 2 [ 9 KR
= BT — UK 5 08 50,00, 3) Ak SR K Bl Y
Pl 2.

R1 TRELR

Tab. 1 the coordinates of nodes m

i 1 2 3 4 5 6
a; 0.643 0.342 —0.985 —0.985 0.342 0.643
a, 0.766 0.940 0.174 —0.174 —0.940 —0.766
b 0.985 —0.342 —0.643 —0.643 —0.342 0.985
by, 0.174 0.940 0.766 —0.766 —0.940 —0.174

I=[101000]

%

B3 T o B A R 7 Ak 1 T A Bk

Fig. 3 Force ellipsoid at different positions along the x-axis
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Fig. 4 Torque ellipsoid at different positions along the x-axis
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