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Study on Aircraft Engine Digital Installation Technology Based on Trajectory Planning
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[ABSTRACT] The design proposal of aircraft engine digital installation system based on vision is proposed. The offline
trajectory of engine installation in Cartesian space is planned by transformation of coordinates. The measure arithmetic of
engine pose based on image low-rank matrix recovery is elaborated. The engine online trajectory planning based on vision
is proposed. Engine installation experiments are accomplished, and practice results show that the new proposed digital in-

stallation technology has advantages of stability, efficiency and accuracy.
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Fig.1 Mechanical structure of digital installation system
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Fig.2 Side structure of lift and tilt mechanism
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Fig.3 Platform of system, nacelle and camera

K EPUAEBS AR (22

3 A RFEHERNTNL

B SRR R B PR e TR R K B
i B8 TR B, MCUE ST A ShHILAE I 4 A HE IR 9 T ] iz
3o T RER R SHL S BRI R B AT , A RUEIR
7R LA D S I e P HERR R . T ShIL R
I BE R 2R 3000mm , X sEAH A5 R 0.1° A i i
22X R B R AT B R 2 Smm (190 22, AR XE
R B HAR 9 L RCR O B R A TIB I . AR
KT BT B R A A o 3 e AR AL £ e By
BURTSAR L 14l 22 , 75 & SIAIL L e el TR Hox i8 2 g e i
AT IE , JE T TS R A T O 221 R S0
3.1 EFAE R 5 R AR =

T A ] Pl A2 T AR A AR AL 12 1) H
PrOi g, il B bR iz sh LR R B RO 0 B i T
A0 HIE HEEAL, M Eye—to—Hand R4t 1l
PRI 4 PR . RGEH 3 AP AL, SRR BIHR 23 [H]
AR EEFA , 25 A AL Al R FH A7 8 B 0 88 P42 o, HE A
IR BN SR L B I, I e SR AR Ry
TEBR I A5 R 5 I 5 DR e ML 233103 A AR o A i
TER BB R B A 2B i e R v, A MO 22 S AN
WX B 2R AT E 15 B & Sh ALK 25 B E B
5
3.2 R ERNNE

EEip i L Charge Coupled Device, CCD YWEHN
FBH O TTHF AR/ NI SR 27 A 5O Gsmk
A5 P LAy S, e R — I T B AR 2 as SR E 1Y FL Ao
AT LA B MR AR o P e e (BB e A
FEZ AR RWREF R . B TASCh bR A
AR5 X FR AR s B FLE MR AT A 1) SR T2 4, {1 e
Bl X PR SRR A T8 X R SCRE , T AR 5 1) RGO B
TR HA IR R A

N TR B BB R, L KGR L H 54
Bl BABHURCE TRACA I, SR AL B S R i rh
IR [ — B L, WA 4 s o AR BEHLI AR
T AR BR R R A 2R DA RO A 28 22 [ 1) 56 FR A58
B 153 D00 A bR 2R Y s S BB AR R 2 TR Y

S

(B2 e T S g Y 7 A e %

PID %]

. KBl
PATHEAL g

(Gl o N

B

|\ BUHEM 2T

RPN | q BRRAEFEE R

e FREARE [~ coD ESRE

FEEHL

B4 ETFRERRREFERRES

Fig.4 Visual servo control based on position
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Fig.5 Analog experiment of engine installation
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Fig.8 Trajectory of engine installation

_ 00
Y AR AR /mm 100

5 #ip

BEXSCHLUA ShHUE G TR RCR AR NS 2255
[, AR SR T T 1 A Sh LB T A 203 R S
WIS XMARGRBAR LT QAT Tissha o, 4
T R ShL 22 2 A B 2 B0 RN R B i R 7
i B R BLE R A S R R SEAN, (5l TR A
il S B D 22 , SR MEI IR B 2R B0 58 U222, 3t
i SR B AP AT LB I R AR A s
VE R K L 222 B A o 38 i 7 A 22 R LR A Aol
UMK kAT TR, SEBL T B SiPLEY A shik
o IMIERERM  XAET R AR 2R BN BERS
s | e S 5 IR A S BILAY 22 TAR: , 54850051k
FALE, B 1 EARE B AR T AR R s 7 A
A, A —E IR

& % x o

[ BRaA, skl . s R s Ll Jr ok 5 9 ).
Wizs A4k, 2011, 32(8): 1371-1391.

CHEN Yushu, ZHANG Huabiao. Review and prospect on the research
of dynamics of complete aero—engine systems|J]. Acta Aeronautica et
Astronautica Sinica, 2011, 32(8): 1371-1391.

[2] MING C L, ELMARAGHY HA , NEE A Y C, et al. CAD model
based virtual assembly simulation, planning and training[J]. CIRP Annals—
Manufacturing Technology, 2013, 62(2): 799-822.

[3] HASSAN S, YOON J. Haptic assisted aircraft optimal assembly

path planning scheme based on swarming and artificial potential field

approach[J]. Advances in Engineering Software, 2014, 69(3): 18-25.

[4] MUELANER J E, MARTIN O C, MAROPOULOS P G. Achieving
low cost and high quality aero structure assembly through integrated digital
metrology systems|J]. Procedia CIRP, 2013, 7(5): 688-693.

[5] FRUEAS . KB CHLRAERBCEOAR [J]. Az HlEEAR | 2010(5):
52-54.

GUO Hongjie. Flexible assembly technology for large commercial
aircraft[J]. Aeronautical Manufacturing Technology, 2010(5): 52-54.

(6] VFREIHE. KREEHLA S AR HA [J]. iz 2# 4 . 2008,
29(3): 734-740.

XU Guokang. Automatic assembly technology for large aircraft[]J].
Acta Aeronautica et Astronautica Sinica, 2008, 29(3): 734-740.

[7] BRI s A AU LA IR AR R BT T S 4548 43T [D].
Ki - FIEH TR, 2013,

LEI Haifeng. Aero—engine NC installation vehicle design and
structure analysis[D]. Dalian: Dalian University of Technology, 2013.

[8] EIE4s . B THUBT Ay oE e Miedzs i) SO JHBIESE (D). &
JIE - A ERRER AR | 2006.

QIU Liankui. Research on robot manipulator visual servo control and
applications|D]. Hefei: University of Science and Technology of China,
2006.

(9] R, tRUE, BT, 45 STthLAR AR (M. Jbat: A
HE i, 2007.

TAN Min, XU De, HOU Zengguang, et al. Advanced robot control[M].
Beijing: Higher Education Press, 2007.

[10] B . JET Moreau fuZ% sRALY & G ILALIG ) FA%k B H X
18y BB D). MR : B ZREE TR L 2014,

KAN Chao. Augmented lagrangian dual and algorithm for composite
optimization based on the Moreau envelope[D]. Harbin: Harbin Institute of
Technology, 2014.

(1] XUSRIE . FUSRRRIT RS SEADTSY (D] Kb - ihrg R
2007.

LIU Jinfeng. Study on fast image template matching algorithm[D].
Changsha: Central South University, 2007.

BIAEE  BRBTR, 1 B, D505 1 B BB e i R 4,

E-mail: sxianjun@dlut.edu.cn,

Gt 4% #2£)

(LE#%H1047 )

[8] HE J, ZHANG B G, LI W L. The dependence of the electron
beam remelting parameters on the surface residual stress and hardness
of NbSi, coatings on niobium alloys[J]. Journal of Alloys and Compounds,
2013, 577: 436-438.

[9] BERE. FoOLE MG E P S RS SR
[D]. &4 HHCR2E 2011,

HUANG Fengxiao. Microstructure and properties of nickel base alloy
formed by laser cladding and cladding[D]. Changchun: Jilin University,
2011.

EBIES : XA, A W2, 9 7 In) o = RE AN T T2 kL
RWHPERFSE , E-mail :123529746@qq.com (vighy #£)

2017 4E58 21 1] - BidliEEEAR 109



