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Fig.1 Surface topography of abrasive wheels
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Performance Evaluation on Grinding of Nickel-Based Superalloy GH4169 Using
New Corundum Abrasive Wheel

LI Benkai', DING Wenfeng', MA Yanyan®, XIAO Hong®’, HUANG Qingfei®, SI Wenyuan®, YANG Jia’®
(1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China;
2. Suzhou Far-East Abrasives Co., Ltd., Suzhou 215151, Ching;
3. AECC Xi’an Aero-Engine Ltd., Xi’an 710021, China)

[ABSTRACT] Nickel-based superalloys are commonly used materials in the field of aircraft engines. There are some
issues on grinding of nickel-based superalloy, such as serious tool wear and short service life. In this paper, the experiments
on grinding of nickel-based superalloy material GH4169 was conducted using three kinds of newly developed corundum
abrasive wheels, namely, microcrystalline and single crystalline mixed corundum abrasive wheel with the grain size of
60#, single crystalline corundum abrasive wheel with the grain size of 60#, and single crystalline corundum abrasive
wheel with the grain size of 70#. The grinding performance was evaluated from the grinding force, grinding temperature,
abrasive wheel wear, and surface roughness. The results showed that there was no obvious difference in abrasive wheel
wear and surface roughness when grinding GH4169 material with three kinds of grinding wheels. However, through the
comprehensive evaluation of grinding force and grinding temperature, it is found that the single crystalline corundum
abrasive wheel with the grain size of 60# has better grinding performance. The grinding ratio of the three kinds of abrasive
wheels was in the range of 0.5-3. The surface roughness R, is less than 0.4pm under normal grinding conditions. Besides,
it is found that the abrasive wheel wear (mainly including the crushing and shedding of abrasive grains) is an important
reason for the formation of grinding surface defects.
Keywords: Nickel-based superalloy GH4169; Corundum abrasive wheel; Grinding; Abrasive wheel wear; Surface roughness
(Vi &%)
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Research Progress on Three-Dimensional Imaging of Thermal Barrier Coatings for

Turbine Blade

AO Bo, WU Guanhua

(Key Laboratory of Nondestructive Testing of the Ministry of Education, Nanchang Hangkong University,

Nanchang 330063, China)

[ABSTRACT] Thermal barrier coatings (TBCs) is a key technology of high temperature protection of turbine blade,
which has typical layered structure characteristics. Thermally grown oxide (TGO) is produced by high temperature
oxidation during the service of the thermal barrier coatings, and there is an urgent need for three-dimensional imaging
method which will detect the internal structure of thermal barrier coatings nondestructively. Because three-dimensional
images can be obtained by computed tomography (CT), and the three-dimensional structure of the object can be reproduced
accurately, it is one of the best analysis methods for the layered structure of thermal barrier coatings, and has a good
performance in thermal barrier coatings spraying quality evaluation and high temperature oxidation monitoring. In this
paper, the development of micro-CT imaging, synchrotron radiation CT imaging, 3D imaging of focused ion beam-scanning
electron microscope (FIB-SEM) and thermal stress finite element simulation of thermal barrier coatings in domestic and
abroad are mainly introduced. Finally, the possible development direction is pointed out.
Keywords: Thermal barrier coatings; Micro-CT; Synchrotron radiation CT; Focused ion beam-scanning electron
microscope (FIB-SEM) ; Turbine blade; Nondestructive testing
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Research Progress on Analysis and Control of Assembly Deviation of

Flexible Parts in Aircraft Structures

YANG Haoran, AN Luling, L1 Xueting
(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics,

[ABSTRACT]

Nanjing 210016, China)

Assembly deviation analysis and control of aircraft complaint structure is always a difficulty in aircraft

assembly. With the extensive application of composite materials in aircraft structure, this problem is exposed more
and more obviously. As the composite parts manufactured by prepreg curing process have the characteristics of large
manufacturing deviation and easy damage in non-principal stress direction in the assembly process, so higher requirements
are put forward for the deviation analysis and control in the assembly of flexible parts. It is a difficult problem for assembly
of composite complaint parts at present, that how to carry out tolerance allocating, technological compensation and
over-constrained assembly reasonably to meet the performance requirements after assembly. This paper expounded and
summarized the research progress of the deviation analysis and control of flexible parts assembly in aircraft structure, and
provided a reference for assembly of aircraft flexible parts.
Keywords: Aircraft manufacturing; Deviation analysis; Flexible tooling; Composite; Tolerance
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Fig.1 Schematic diagram of transfer cable detection cable
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Research Status and Its Perspective of Automated Integrated Detection
Technology for Aircraft Cables

WANG Falin', LI Zhinong®, WANG Na’

(1. School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China;
2. Key Laboratory of Nondestructive Testing of the Ministry of Education, Nanchang Hangkong University,

Nanchang 330063, Ching;

3. Aircraft Assembly Plant, AVIC Jiangxi Hongdu Aviation Industry Refco Group Ltd., Nanchang 330024, China)

[ABSTRACT]

Aircraft cable integration testing is an important task in the assembly process of an aircraft, and is a key

link related to the quality of cable manufacturing and has received extensive attention in aviation manufacturing companies.
The aircraft cable testing methods are compared and analyzed. The connotation and main research contents of cable
automation integrated testing are introduced, and the current research status of cable automation integrated testing at home
and abroad are also analyzed and compared, the problems and development trends of cable automation integrated testing
are analyzed and pointed out. Finally, the application of digital twin technology in the field of cable automation integrated

detection is prospected.

Keywords: Aircraft cable; Integrated detection; Distributed test box; Transfer cable; Digital twin
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Flexible Assembly System of Aircraft Panel Based on Inner Surface of

Skin Positioning

CHANG Songyang', WANG Hongsheng’, SHANGGUAN Jingyi >, ZHU Lei’,

FENG Jun’, ZHENG Chenji*, FANG Qiang'
(1. Institute of Aerospace Manufacturing Engineering, College of Mechanical Engineering,
Zhejiang University, Hangzhou 310027, China;
2. AVIC Xi’an Aircraft Industry Group Company Ltd., Xi‘an 710089, China)

[ABSTRACT]

In order to meet the requirements of digital and flexible manufacturing of aircraft panel, this paper

proposes a flexible assembly method of aircraft panel based on inner surface of skin positioning. Through the application
of finite element parametric modeling and the optimization algorithm of skin support points, the optimization design
of fixture board layout is realized. According to the positioning requirements of each part of the panel component, the
flexible positioning method of stringer, skin and shear clip in the flexible assembly system was designed in detail, and the

distributed network control system based on EtherCAT fieldbus technology was developed to complete the panel assembly.
Through the application of this system, the assembly of four panels can be completed on one flexible tooling, which
changes the traditional design approach and is of great significance to the development of aircraft panel flexible assembly

technology.

Keywords: Aircraft panel assembly ; Flexible tooling; System design; Parametric modeling; Layout optimization
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Typical Module Integrated Simulation for Aero-Engine Pulse Final Assembly Line

XU Yao', LIAN Yuchen', CHENG Huanchong’, WU Dianliang®®, ZHOU Shuo'
(1. AECC Shanghai Commercial Aircraft Engine Manufacturing Co., Ltd., Shanghai 201306, China;
2. Shanghai JH Simulation System Co., Ltd., Shanghai 201210, China;

3. School of Mechanical Engineering, Shanghai Jiao Tong University , Shanghai 200240, China)

[ABSTRACT]

The aero-engine pulse final assembly line (PFAL) has the characteristics of complex main equipment,

high construction and operation cost. The single station module is the basic unit of PFAL, which undertakes the tasks of
pulsating transportation, clamping and fixing, large parts docking and parts installation, therefore, it is difficult to plan the
process flow and design the equipment motion program. The integrated simulation of PFAL can verify the structure and
mechanism design, workflow design and motion control design of single-module, which is of great significance for typical
module development. In this paper, a typical module integrated simulation with man-in-loop scheme based on digital
twin model and actual control signal is proposed. Based on this scheme, the domestic simulation software and integrated
simulation platform with complete intellectual property rights are developed, and the evaluation of a certain type of aircraft
generator pulse assembly process is completed. The results show that the developed platform can be used to evaluate the
new pulsation assembly process of aero-engine, and can support the scheme validation and operation training of man-in-the
loop.

Keywords: Aero-engine; Final assembly; Pulsating production line; Single-module; Simulation.
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Research on Precision Assembly Technology of Large Super Flat Support
Platform for Spacecraft Low Gravity Simulation

XU Bo'?, ZHAO Chaoze™?, ZHANG Ji*?, WANG Litong"?, LI Bo"*, ZHAO Baoshan*®
(1. Tianjin Institute of Aerospace Mechanical and Electrical Equipment, Tianjin 300458, China;
2. Tianjin Key Laboratory of Aerospace Intelligent Equipment Technology, Tianjin 300458, Ching;
3.Tianjin Key Laboratory of Microgravity Environment Simulation Technology, Tianjin 300458, China)

[ABSTRACT] As a large precision test equipment for low gravity simulation of spacecraft, the large super flat support
platform has the characteristics of large size, high bearing stiffness and automatic and precise adjustment. Based on large
super flat support platform assembly requirement and difficulty analysis, building an assembly system, drawing assembly
process flow, designing and adjusting mechanism and adjusting the process flow, and for building virtual contour, precision
measurement, assembly path planning control strategy, and other key digital automatic assembly technologies are studied.
Finally, precise measurement and adjustment is achieved by the large flat supporting platform, and the completion of high
efficiency, high quality of precise assembly of 200 pieces of platform is realized.
Keywords: Spacecraft; Low gravity simulation; Large super flat support platform; Precision assembly; Precision

measurement; Assembly path planning
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7 W TE R E T 2 R R T, o5
Ja K F; “cycle” WK /R 75 ZXf K —
BT EE A,

WHL TR TR — T
TRANRETTRE MR AR LT
5 TZ T R, FESER
Wiy 26 2 0 5E L 2 5350 Ty
JZ AU, [A) B 2 i A L — A
ST AT AR R R AR S
TAEMGI M. 5 T 1958
[] 1 2 2R i T8 D e Pl A
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ST R MR T, IR 4E 2
B )RS5 52 L5 H i AC B4
A CIHe A DA /256 T AR AR (] 2 f5)
HH4:4kH coaxialWith ) .

FET R i S AT A
KG-ASM I £ 2 ik U RIFESE,
mE 1 PR,

T iR EiL e
KREBENERRERE
SR R AR (19 AR 2 — el

AR 22 A5 = T A AR B ) R T L)
25 O R () SEHAE TR UR 0
HFER, e s KG-ASM HF

D S hasSub subOf o
S

hasSub  subOf

Ea @

hasFaces v

Gy G

hasFaces adFaces

A0es
WSO hasgy )

hasStrips

YRGS

76 RiZERSHA « 20214F 5564455 410]

N
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CE
v lagq, W
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x\*@c

i

FEIRTE SUHITR A S #4515 U2
AT TR, PO DI
fith, A 23 WAl N CAD SCHFFIEERE T
SRS A B ST SOGE R AR B ds
AT ST A SE AL
1 EEEHEE

T RE W B PR bl X A% 2
CAD = (i BRI v [y 25 il 25 4 £ 2k
AT F B R0k R, AR Sk R b S
3DXML Eh KG-ASM % i 2t 44 )2
RS = o2 R R U

FE 3BDXML SCAF e 7= it (14 3¢ e
25k B <ProductStructure > 75 &
TG, e 4 18 9, Horh 5
Br&tAs) 3 AH G A& <Reference3D>
5| FH5 55 <Instance3D> SE441)7 15,
<Instance3D> Hf & f-— <Reference3D>
) o s O [ I R A S B
<Reference3D> [ 5 4], iX P 4~ A [F]
<Reference3D> 1 1D JEHAE > A7t
TE <Instance3D> [Y <IsAggregatedBy>
F I 5 FI <IsInstanceOf> - 45 45
W, R AT RLKE 45 <Instance3D> 1
7 KG-ASM 1 3% it 7T R K (F 1

cycle

QNG

N 2 < N
i ] 52 >&\

TR AR B ) 1 SR L L
<Reference3D> by i P& AT L5 F
KR LML, 454 3DXML
SCPFH A AR AR A B 12O i R
AR INE 2 s
2 JLEEME

1E KG-ASM JLfi[ ik 2 LA
SR FEA AT Ry T, 17
2B T R =1 2 T AR DU a2
FEAR BT A I, X R ik
54 B-rep A FL/RILI IR - 1H -
R =3 — 57 LA 358 AR R e AR
SCIEFELL B-rep AR FR N LA
R IR STEP AP242 SCIHE R
KG-ASM JU{r 31k 2 rh S5 = Jnd
AR A 5

STEP AP242 443 hy 3k i Bt
VR B, 7= i L G R A6 T4
s By, AR O # 507 = 6
R, EEE, R EE,
------ YR Hop g B R LT R
AR IRAT , JL JCER Z 8] ] DI AR
WA B S SR LM T
R HTE SCRHE s SRS BN A

fi%E| |URL| |&#x| |2em

Copi) (ki
bef

Sy W2

D
Tl A 2
6”’0” G

coaxialWith

LRI

T2

O %k CORE — BAXR

Ell KG-ASMiZENHEZE
Fig.1 KG-ASM semantic framework
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D% 08 SCRRAE B 10 @ e, Ja
WE AT DA B30, i m] D At LA
TCE AR AT, o STEP AP242
TS KR WL SURRAE,
LL STEP U A B R i), e L
STEP i/ K75 KG-ASM
JUfAT i SRS 22 8] (i 56 22,
& 3 fig 1 iR,

AR STEP AP242 W] LU 5¢ % iy
FeIR A7 S I LATRRAE , (H2 e il
FEAE 2t — RS 1 JLT R A
B, R T BN STEP AP242
FRBCEEFARAE . X T B4R AE A 4R
BT 0] LUK FH — SRR R 1A
Fb 40 366 B D0 i) g SR D i 34 5 B,
1] IFET CAD API X 1 RUARAE 17E
PRI M AR SCR I e R o
3 "*EEI*Z.”%E*’]E

BERCERAE R T 25 B e 3

B T3k, HRTRHER A1 T3¢
PiA 8 T gty e 2 AR5 e iy
JE, LT 20 3 i T 25 3ot
BTE AR S HEA T, A T X S
PYRT S AETR R E NI A 71, B
AR SCERRIE T AR IE F AL NLP
EPEI’Jﬂ bR 5 S ARIRBIE45 B %t

BT T2 X i R T 4 ROt
28 RGN oy 28R B R F S T
KG-ASM %L T )7 2 IR T )7 )2
T S SE B, R T IE MR
NLP {55 52 24 B (R A 1) T
R R EE IR S B TR R T
W BATIT PSRRI E R, B
TIHFHNERERZ T AT T
WA BT IR, Bl T 210 UFE
SRR 2T s S AR T s an
2 iR,

DATA:

#1 = ADVANCED BREP SHAPE REPRESENTATION ([ TREE', [ #114, #60 ), 940 ) ;
#114 = MANIFOLD SOLID BREP ( ‘fyfs-10M1", #108) ;

#108 = CLOSED SHELL [ 'NONE, { #2, #167, m-m b3 H

#2 = ADVANCED FACE ( 'NONE, { #102 ), #81,.T.)

#B1 = CYLINDRICAL SURFACE { ‘NONE’, #133, mmm!snump.-
#133 = AXIS2 PLACEMENT 3D ( ‘NONE', #172, #75,#73);

#102 = FACE OUTER mm: "NONE', ll!i Xy

#1136 = EDGE LOOP { 'NONE’, Lo77, c'ul vn m163) )

#7T = ORIENTED EDGE { "NONE, *, ¥

#116 = EDGE CURVE ( "NONE', #140, 1 -u. -154. L)

#137 = AXISZ | MEMENT 30 ( ‘NONE', #88, #3, 458 ) ;

E3 STEPXHERs FE
Fig.3 Part of STEP file

<Instance3D xsi:type="Instance3DType"

id="18"
name="#f&K"> mg{
<IsAggregatedBy>13</IsAggregatedBy>
<IslnstanceOf>19</IsInstanceOf>
e
<IsAggregatedBy> </Instance3D>
<Reference3D xsi:type="Reference3DType"
id="13"
name="prd-75609083-00000133""> partOf hasPart
<Reference3D>
<IsInstanceOf>
<Instance3D xsi:type="Instance3DType"

id="12"
name="7 i il "> S
fepuE] = IEE !I:ﬂ]
<IsAggregatedBy>7</IsAggregatedBy>
<lIsInstanceOf>13</IsInstanceOf>

</Instance3D>
<IsAggregatedBy>
<Reference3D xsi:type="Reference3DType" hasSub
id="7" subOf
name="prd-75609083-00000130"">
<Reference3D>
<IsInstanceOf>
<Instance3D xsi:sztiz'l'llnstance3DType"
id=
name="{£z}j%& & "> s
fealsed

<IsAggregatedBy>1</IsAggregatedBy>
<IslnstanceOf>7</IsInstanceOf>
</Instance3D>

<IsAggregatedBy>

<Reference3D xsi:type="Reference3DType"
id="1"
name="prd-75609083-00000120"">
<Reference3D>

<IsInstanceOf>

Null

B2 FEELHMET SEHL

Fig.2 Instantiation of assembly structure node

%1 STEPSKG-ASMAEIJLITIE S BRs
Table 1 Geometric semantic mapping of STEP and KG-ASM

STEP AP242 A KG-ASM JLfi[ 254
ADVANCED_FACE T
CYLINDRICAL_SURFACE ST IR R (RIR: T )

FACE_OUTER_BOUND +EDGE_LOOP

PERPENDICULARITY_TOLERANCE +LENGTH_
MEASURE_WITH_UNIT +
GEOMETRIC_ITEM_SPECIFIC_USAGE

PERPENDICULARITY_TOLERANCE +DATUM_
SYSTEM +SHAPE_ASPECT_RELATIONSHIP+
DATUM_FEATURE +SHAPE_REPRESENTATION

ORIENTED_EDGE “m”
A SRR
” , “Jﬁ)ﬁ” )

hasEdges ( “m”, “i1”)

“HT ) EAAZE R (R )

hasDatum( “Tai”, “Wi”)

:1#

EDGE_CURVE +CIRCLE “U7

EDGE_CURVE +VERTEX_POINT hasAnchors( “i/1
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F2 TZIENTRAEGULES:
Table 2 Process semantic node instantiation algorithm ﬁﬁl] _l'_j _qﬁ iiE
S WCIERE T2 DL T ARSCLNL S R i
A ELEHLIER T 23 AL 4) BT 1, 53]

it : KG-ASM iy T- 22745 17 52441

[ T/¥, T4 J=read(filename)
for TJ¥%5 i < 1to max do

M CAD RIS Bl T 2530k
HHENE LAY (O DI RCIE S S (TN YL

createEntity( TJ¥ i) Tyt FRSEE SCBE , -8 IR Y
after( ¥ i, T i-1) Neodj [ Ei4% 2 T il 10 1o it S8
peforel /71, TE D BT PR AL DA TR 8

wordSequence «— classifyByNLP(content of )5 i)

if findType( ‘Az Hixi’ ) in wordSequence do RIRESR SR I A AT o

Entity( TJ i).location «— word{Type= ‘ZEj/=Hi & } TSR R T UAA) 3DXML
if findType( ‘HJ[AIZE%%’ ) in wordSequence do SC R B SRR AR LB A S B
Entity( TJ% |);g2; word{Type="Hf[a] =4’ } SR B R IO B 15 R R i
if findType( ‘ T3J¢H.’ ) in wordSequence do e . . e
e e AL 4052 0 7 i TR
for T3 j < 1 to max do THR AR R RS R 2T S an
createEntity( T2 j) 5 Frs. Horb i 85 55 Y
after( L), 15 ) BRI B R | 216045 17 %
before( 14 J, L4 j+1) ANERIE R I TR b5 1 50
has( TJF i, T4 j) FRALTLAR RN ERENSY N
wordSequence «— classifyByNLP(content of T -2 j) A I R Y CQL Wk
if findType( ‘JEMAPAIE’, “FEREHCHAIE ) in wordSequence do T DA 2 1) B S R B L
hasBase( T4 j, 2k {name= ‘JEKHTT’ }) KENZ BRI R, WK 5 4

isAssembled At( Z53 4 {name= ‘Frkfd oG’ 3, ZH4: {name= ‘FEIAEHIT })
if findType( ZEBURHIE ) relative with ‘EUATT | ‘ARl HT do
hasAF( ZFB1: {name= ‘ZLREAIC }, ZERCRHIE )
hasAF( 2235514 {name= ‘FF3Rc oG’ 3, 2EHCERE )
if findType( ‘ZEBCZIH ) relative with “#EFEHEFE do
constrainwith( JEECRFAE | BERCEFAE )
if findType( “ZEEC%K’ ) in wordSequence do
has( T4 j, ‘LK)
if findType( ‘B T-H’ ) in wordSequence do
has( 125 j, “HiBh T2 )
end for

B4 FEEETME
Fig.4 Speed adjusting mechanism

end for

7
®a . = ¢ o, J':g
e © o B
o I 989 / i

z %

280 - NG
S I | CQL #ify
98 8- o "Part"

05_ ‘o0 {"name":" i A% "}
& e 5 {"name":" /& 1"}|
{"name™:" fli7& 1"}
{"name":" 7k 2"}

E5 FEEREMET R
Fig.5 Assembly structure nodes
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oI TN DS Y s TR N SR €Y
LA RV R e U

15 B A A A R 7 v
B o5 A T AR i A5 A STEP
AP242 U5 3R 1 e U S A
L S S ZR A8 A OC B JLART T 25 1
5IJUaFh e 2 ki ARl Sk i
iy AT IO L R A3 JLART 25 A,
6 s

JE T H R Bi-GRU-CRF
TR I PO 246 TR 6T 3o )8 15 BLAA) 110 256
Jic T SCRY A7 1) 2 A fi A 2
TIPES AN bR S & LNk 3 s .

BT 8L T2 SO BT B i) —
e 24 1R B R T 7E I o SCE R
BARE I T #E SR —IH
R 3E 24 1), ANAE ke A BB
TR B Sy Eah b | B AN
“HERET [ i) @‘ ”U%ij “£A” 5
X FREEL T A A & hhEe

(Y “ERCARAE” o IR SCLA T 2030
R b B A TR A T TR
é%,%liéj\ﬁfxﬁﬂl%l 7R, it T
pap NSRS T et Sl
PEI 8 Fﬁf?o
Iy 2R i SR AR Al R 2
SE S T2 )i S T 15 A 1
&=LV IE Y R WP A P A N g Y
PA LG b e A i ATl S
o ) Al 5 4 T A I RS L )
SIS SN 9 fis, 22 4 h
L3k 3T T I TR
ARG

Sig
T B S AE A P i AR T Y
PR ST CAD AR
5 T 23O AR T i SE
— A o DU BT
JURIE B T 2R, S A SC 42

W T — 3 T R S Y 2 i
BRI IR T IR
(1) 43 5 %E BL 4549 JL A %
KRR TP R T 4 AN 2R
SCRERLTE P SRR LS e R
eSS iR UKL N L R (N
*3 AMERIMRESEX

Table 3  Labels and meanings of part-of-speech
|

e X
IAE TR
IAF BEFCRAIE
IAC ESIEADN
IAT B T H
v i
Ip A1)
Ju Blyin)
m Btk 1)
w FREATS

(a) i AR BREICREIE AR/ JEREICARIE NAF

S~ IEH}LK—z

*-‘31'; iﬁl?ﬂl—l

= -\'"
w2

‘.79

&

s,
655‘70 ‘1 %
Q
&r—?'
1

(o) 2RI T A2 FHFAE I

E6 N JLAET S

Fig.6 Geometric nodes corresponding to input axis

(b ) E5LEL S AR AT ( STEP 7 SCIAAT IAT ply 4> il AT T 2 )

(d) FEAFAEILEAT A
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Feifid IAE 1T IAE 1750 IAE SHHERT IAE 2ias # B IAE 22 8555 IAE 1l IAE 7B JAE i fESEHN IAE 2tk BUSCKTC IAE
FEFEIRIR IAE EWH TS IAE HEHR IAE HIZBIEE IAE a4 % JAE Pl i JAE JE4 R JAE HiTHR IAE B G R IAE #5FLIE IAR

AIFLANLR IAF BFL IAF FLIAF 3% IAF IR IAF YR8 IAF AE8E IAF iR IAF il7RES IAF 5P IAF K- 507 IAC SENHE A IAC

Xt iff IAC XF5F IAC XK IAC L IAT 4 FHI T245 IAT 4 T EL IAT et IAT SER8804 45 I T25 IAT R IAT JI5EIRT IAT SRR B IAT R AT
A AT

E7 FHERESDRSRR

Fig.7 Part of intervention corpus

A Ip ATRENIAE FUAE v BHLIAT 1 IF, Iw RLS AR FRA N, w BHLOZE IAR O Iv KFIEIERL IAC o
HAYERS IAE 6X40/m HEA N LHLIAT | fw FFE vn Jri in HIXE /d TR IAE SEE NV o Iw

F I GER I Flp BHLIAT EIF LI 325 IAF 1E Ip Z2IF |, Iw 855U IAF X1E IAC SEERS IAE L vn o Iw

P I A v FER In I IAF L lw MRV [ o FLIAF X5FIAC o Iw

E/p WA fm RGNS IAE S350 1D A v 5 In I AR lw OF fe A3 Id S Iv 75 IF 4B IAE . lw
Bzl v JEAERERN IAE | lw XEFKIAC A IV A Im FTELNEE IAE . I

A Ip FTRANIAE I BERSIAE TRV AV o Iw

B v AR IAE o

B8 WMOREFELER

Fig.8 Part of word classification results

x4 FREESIT
Table 4 Node data statistics
! ! | |

SR KEE

Fem Ko 14 Fem Bk 1A
TP Ty 7 before/after 41
T T 43 HAS 126
THSRE. 5 hasAF 20
E 5T 53 hasBase 37
SRR 19 IsAssembledAt 16
EJC S 28 ConstraintWith 1
Hit 205 &it 292

e 0

L\

\i

ot

st

L —

W

hesag
o
e

¢
&
|

“oe

B9 HAEFBEIEZ/THET
Fig.9 Part of assembly process/step nodes
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Assembly Semantic Information Modeling Based on Knowledge Graph

GU Xinghai, BAO Jinsong, LU Chaofan
(College of Mechanical Engineering, Donghua University, Shanghai 201600, China)

[ABSTRACT]

Aiming at the problem that assembly data of assembly products usually scattered in the CAD model and

the assembly process document, thus different types of assembly semantics information cannot be interconnected due to the
heterogeneity, a modeling method for assembly semantic information based on knowledge graph is proposed. Combing with
traditional data mapping and natural language processing in artificial intelligence, the intelligent integration of geometric
information from the CAD model and assembly process information from the document is realized. Firstly, the concepts,
entity classes and relation classes representing different levels of semantic features in the knowledge graph-based assembly
semantics model (KG-ASM) are described. Secondly, according to the CAD model file and assembly process document,
the instance nodes of the KG-ASM are automatically constructed based on data extraction, semantics mapping and natural
language processing techniques. Finally, the assembly process of the speed adjusting mechanism in aviation product as an
example is given to verify the feasibility of the KG-ASM and its construction method.
Keywords: Knowledge graph; Assembly semantic information modeling; Data extraction; Semantics mapping;
Natural lauguage processing (NLP)
i 4 %)
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Research on Three Dimensional Process Design Technology of Aircraft Consumption Based on Module

LI Wanli, XIE Ansheng, SHANG Yan, HAN Wei, ZHANG Shangan, MA Pingshe,

KONG Xiangkun, SHU Chao
(AVIC XAC Commercial Aircraft Co., Ltd., Xi’an 710089, China )

[ABSTRACT] With the development of MBD technology, 3D process design technology has gradually replaced the
traditional 2D process design. Combining with 3D process design technology development of aircraft both at home and

abroad, based on the module of product data management and consumption type 3D technology design principle are

introduced, the consumption based on modular type 3D process design idea and implement process management are

illustrated, and the effect of the application is summarized.

Keywords: Consumptive; Assembly structure tree; Three-dimensional process planning; Configuration assembly;

Manufacturing configuration
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Research on Monitoring Technology of Equipment Processing Based on Digital Twin

FANG Yuan'?, LIU Jiang’, LU Ruigiang', WANG Mingyang'
( 1. AVIC Manufacturing Technology Institute, Beijing 100024, China;
2. School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China )

[ABSTRACT] Aiming at the lack of effective human-computer interaction methods and the low degree of visual
monitoring of the real-time running status of the equipment in the production process of typical aviation product assembly
production lines, a technical solution for operation status monitoring of processing equipment visualization and simulation
analysis of processing equipment based on digital twin theory is proposed. The program includes model construction
and optimization, NC program analysis and pre-processing simulation, software and hardware communication and data
transmission, real-time data acquisition and simulation functions. Finally, it is verified on the assembly line of the aircraft
engine external culvert assembly that the scheme can be used for NC program processing simulation analysis, online
monitoring of equipment status during operation online monitoring of production line status information and real-time
three-dimensional simulation.

Keywords: Digital twin; Device visualization; Parser of NC code; Real-time simulation; Unity3D
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string string N = "N[0-9][0-9][0-9]";
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string string_G = "G[0-9][0-9] ";
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string string X = "X((\-)?)\d+" + "(()?)\d{1,}";
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Fig.2 System technical architecture
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Dictionary<int, double> n_value = new Dictionary<int, double>();
Dictionary<int, double> x_value = new Dictionary<int, double>();
Dictionary<int, double> y value = new Dictionary<int, doubles();
Dictionary<int, double> z value = new Dictionary<int, doublex();
Dictionary<int, double> a value = new Dictionary<int, double>();
Dictionary¢int, double> ¢ value = new Dictionarycint, doubles();
Dictionary<int, double> f value = new Dictionary<int, doubley();
Dictionary<int, double> time_value = new Dictionary<int, doubles();
Dictionary<int, bool> 688_value = new Dictionary<int, bool>();

B3 gEXIDictionaryfF s R iiEER
Fig.3 Parsed data type for Dictionary stores
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Fig.8 Digital twin interface of outer duct casing assembly line
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Accurate Data Extraction Technology for Off-Line Programming of Aircraft Automatic Drilling

LUO Qun, XUE Hong, LIU Bofeng, LIU Siyue, LI Cheng
(AVIC Xi’an Aircraft Industry Group Company Ltd., Xi’an 710089, China)

[ABSTRACT] The current aircraft automatic drill off-line programming has the disadvantage of high degree of manual
participation, low efficiency and unable to prevent quality problems. To solve this problem, an offline programming method
based on database and defined label is proposed. According to the process characteristics of aircraft automatic drilling, the
off-line programming process is established. According to the requirement of offline programming data, the programming
database is established. Combined with the database and MBD model, the information extraction rules of fastener,
lamination, thickness and process parameters are formulated. The tag based process information expression and equipment
attitude control are realized in DELMIA by using the characteristics of attribute feature, direction feature and point feature
of label. Finally, the transformation of label in product coordinate system and equipment coordinate system is analyzed, and
the correct output of processing program coordinate value is realized.

Keywords: Off-line programming; Automatic drilling; Process characteristics extraction; Model based definition(MBD);
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