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Angular variation analysis of spacecraft assembly based on
state space model

LI Xin' , YU Naihui', CAO Yujun', ZHANG Zhixiong” , SHANG Jianzhong'
(1. College of Mechatronics Engineering and Automation, National University of Defense Technology, Changsha 410073, China;
2. College of Continuing Education, National University of Defense Technology, Changsha 410073, China)

Abstract; Variation modeling is one of the most important tools for assembly variation analysis. Considering dimension and geometric
precision, and part situation precision, the deviation source that affects assembly accuracy is clustered into two types: deviation of geometric
location and orientation, variation of geometric form. And these different types of variation or deviation were unified by Virtual Fixture. So a 3D
rigid assembly state space modeling technique was developed for stream of variation analysis (SOVA) in multi-station processes. A missile-cabin-
assembly process was analyzed in this model. It enhances the applicability in modeling complex assemblies. The developed methodology outperforms

the techniques based on other simulations in computation efficiency. It is more powerful not only in forward analysis of complex assembly systems,

but also in backward analysis. The model is validated by using Monte Carloseries simulations.
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Tab.1 Coordinates of locating points ( Unit; mm)
Pll P]Z P13 Pl4 PIS Pl()

(240,137.5,0) (240, -137.5,0) (240, -135,-2.5) (240, -90.7, -100) (240, —108.75, —80)

(240,125.4,50)

PZl P22 P23

(540,112.5,0) (540, -112.5,0) (540, -110, -2.5)

(540,70,84.9)

P24 P25 P26

(540,60, -92.2) (540, -32.8,105)
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Tab.2 Coordinates of measuring points ( Unit; mm)

P31 P32 P33 P34

(900,127.5,0) (900, -127.5,0)  ( -900,127.5,0) ( -900, -127.5,0)

R3 ARSZTEEEBINSELANRBE

Tab.3 The deviation of measuring points by state space model

Ax(mm) Ay(mm) Az(mm) Aa(") AB(") Ay(")
Py, 0.018 0. 047 0.051
Py 0. 129 0. 049 0. 042
1.203 1. 867 1. 88
Py, 0. 121 0. 049 0. 052
P, 0. 025 0. 047 0. 044
x4 ARBFSPERGINSZANRBE
Tab.4 The deviation of measuring points by Monte Carlo simulation
Ax(mm) Ay(mm) Az(mm) Aa(") AB(") Ay(")
Py, 0.021 0. 048 0.05
Py, 0.128 0. 049 0. 047
1.231 1.9 1. 895
P, 0. 127 0. 049 0. 049
P, 0.022 0.048 0. 046
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Fig. 6 The relative error of angular variation

T3Ah IRZS 23 TR B B AR L T 5845 R 305 B /Y
— MBI AR IR T (X d T4~
AT EA KRN RIER AL T R PR R 5
) I HIX AL S bl T A A R S R R

ARSCE R AR AR e e 7. 1 R e
REAPIRZASZS AR o MR A e 37 A5 i Tl o K
I HL AR SR AN T S IR 22 S8 — bR A%
AEN RS . BN TSR SR %05
HAPHAET A-TF TiHRReR Ui
7% L R A 2R P e A v 5 B UL AR 1 A2 I
AP RER SN ES . BT T RED
e, ik /T AR T iR 22 B0 BTG L R G e
e RBEERAT B, RIS A 5% C i e v WA R 2
BT e 28 )RS PC DR 22 14 B ik e R DA S 84> S 50
BRI ZE AR I R

2% 3k ( References)

[1] Huang W, Lin J, Kong Z,et al. Stream-of-variation modeling
Il : a generic 3D variation model for rigid body assembly in

Journal  of
Manufacturing Science and Engineering, 2007, 129 (5) . 832
-842.

[2] Mantripragada R, Whitney D E. Modeling and controlling

multistation station assembly processes [ J ].

variation in mechanical assemblies using state transition models
[ C]//Proceedings of 1998 IEEE International Conference on
Robotics & Automation, Leuven, Belgium, IEEE,1998.219 -

226. (F#% 115 7R)



o1 4]

AR 2, 5 - KU 115 FE A s LA e ) B A - 15 -

(4]

(5]

[10]

YAROVIT. Yo-Mobile [ EB/OL]. [2012-10-12]. www. yo-
mobile. biz.
W, 3RS, 5. — R LI 2 L abl: i,
201110071263.8[ P]. 2011 —03 -24.
PAN Cunyun, ZHAO Yunwen, DENG Hao, et al. A four-
rotors piston engine; China, 201110071263.8[ P]. 2011 - 03
—24. (in Chinese)
Deng Hao, Pan C Y, et al. Comparison of Two Types of Twin-
Rotor Piston Engine Mechanisms[ J]. Journal of Central South
University of Technology, 2013, 20(2) : 363 —371.
Roberts ] A, Norman T J. Computer models for evaluating
premixed and DISC wankel engine performance [ R]. SAE
Paper 860613, 1986.
Bartand T A, Willis E A. Rotary engine performance computer
program user’ s guide[ R]. NASA-CR-191192, 1993.
BH KR, E WS HHENS R T R L
TR BT, a8 Jy 2 4, 2003, 18 (3): 363
-366.
LI Lijun, TANG Diyi, WANG Jing, et al. Simulation of the
performance of a direct-injection stratified-charge rotary
combustion engine[ J]. Journal of Aerospace Power,2003,18
(3):363 -366. (in Chinese)
JATYR BRI A Fe T RS e
BT R B AR R, 2008,39(2) : 284

(k4% 109 W)

(3]

Huang W, Lin J, Bezdecny M, et al. Stream-of-variation
modeling I: a generic 3D variation model for rigid body
assembly in single station assembly processes [ J]. ASME
Transaction,  Journal of Manufacturing Science and
Engineering, 2006, 129(5) . 821 —831.

Huang W. Methodologies for modeling and analysis of stream-
of-variation SOVA in compliant and rigid assembly [ D ].
University of Wisconsin-Madison, 2004.

Huang W, Lin J, Kong Z,et al. Stream-of-variation modeling-
part II; A generic 3D variation model for rigid body assembly in
multistation assembly processes[ J]. Journal of Manufacturing
Science and Engineering. 2007, 129(5) . 641 —652.

Huang W, Ceglarek D. Model complexity reduction in stream
assembly[ C]//

Seminar on Computer Aided

of variation for compliant sheet metal

Proceedings of 9th CIRP Int.
Tolerancing, Arizona, 200511 —12.

Jin J,Shi J. State space modeling of sheet metal assembly for
ASME Transaction, Journal of

dimensional control[ J].

[11]

[12]

[13]

[14]

[15]

[16]

(8]

(9]

[10]

[11]

[12]

-289.
ZHOU Naijun, PEI ZHANG Jiaqi, et al.
Mathematic models for thermodynamic process of rotary
combustion engine [ J]. J. Cent. South Univ., 2008, 39
(2):284 -289. (in Chinese)

Deng H, Pan C Y, et al. A twin-rotor piston engine with
of the
Institution of Mechanical Engineers, Part C, 2012, 1 —10.
Mattavi J N, Amann C A.

reciprocating engines| M]. New York: Plenum Press, 1980.

Hailing,

annular connecting chambers [ J ]. Proceedings

Combustion modeling in

Ramos J 1. Mathematical model of Spark-ignition engine in
computer simulation in reciprocating engines| M]. New York
Hemisphere Pub. Corp. , 1989.

Vibe 1. Brennverlauf und kreisprozef3 von verbrennungsmotoren
[M]. Berlin; VEB-Verlag Technik, 1970.

Woschni G. A universally applicable equation for the
instantaneous heat transfer coefficient in the internal
combustion engine [ R ].
SAE paper 670931, 1967.
BRI, K IOE, B4 WAL M. dbat: duat
BTy A, 2007.

WEI Chunyuan, ZHANG Weizheng, GE Yunshan. Higher

internal combustion engine study [ M ].

Society of Automotive Engineers,

Beijing: Beijing

Institute of Technology Press, 2007. (in Chinese)

Manufacturing Science and Engineering, 1999, 121(3): 756
-762.
Shiu B W, Ceglarek D, Shi J. State space model of multi-
stations sheet metal assembly modeling and diagnostics [ J].
Trans. NAMRI/SME, 1996,24(2) : 199 —204.
Shi J. Stream of variation modeling and analysis for multistage
manufacturing processes| M]. CRC Press, Boca Raton, FL,
2006 156 - 157.
Ding Y, Ceglarek D,Shi J. Design evaluation of multi-station
manufacturing processes by using state space approach [ J].

ASME Transaction, Journal of Mechanical Design, 2002, 124

(4). 416 -417.
Soman S. Functional surface characterrization for tolerance
analysis of flexible assemblies[ D].  Brigham Young

University, Provo, UT, 1999.
Hsieh C C, Oh K P. Simulation and optimization of assembly
processes involving flexible parts[ J]. Journal of Manufacturing

Science and Engineering, 1996, 118(3) ; 377 -382.



