iz TRk
ADVANCES IN AERONAUTICAL SCIENCE AND ENGINEERING

MBD % i #0 56 %5 14 % A7 B9 "© 91 3% B R 42 58 11 X
B zh %% #l 77 7%

Micm LKk EF, AR, R
(1. v 23 25 A B R WF 5T é&z%ﬁﬁ/@&ﬂwﬁﬁiﬁ dt 5t 100028)
2. R KHLA BRTEAE A B AR, R 610091)

BB AR OHLE RD R R R R T SR A IO 2 e 1 — O R 2
448 14— T B 0 5 S (MIBID) 25 U6 & 560 9 i 7 60 BLAE T PR K v 0 11 3 4 7 v 20 B 4
P RS0 5 1 e 2 T 55— 135 R T 1) MBD 5 U5 8 (0 K S R P 11 3 00 7 s
T T K o LR B K 5005 1 34 7 L 36T CATIA V5 CAA — W IF & -4 JF % 8 3R 5 , I 45 S 1
ML TP 1 GO E . 5 25 L %7 v T S B MBD SO UK 00 1k 2B 4 PRS0 R
5 L B M T 11 30 L, 7 25 RO 5 B e — B A R W U T A B R AT

SRR MU s K00 13 4 s MBD o K 0 R 2 1 L0 5 0 L ¢ 5 A
SRS V2624 T EARIRE: A

Research on automatic preparation method of aircraft assembly inspection

plans based on MBD multi-source inspection characteristic parsing

HU Deyu', ZHANG Yantao', SU Ming®, YUAN Fei’

(1. Department of Data Standard Technology Research, China Aero—Polytechnology Establishment, Beijing 100028, China)

(2. Department of Quality and Safety, AVIC Chengdu Commercial Aircraft Co., Ltd., Chengdu 610091, China)

Abstract: To address the problems of low efficiency, experience dependency, and insufficient output consistency
and traceability in manually preparing First Article Inspection (FAI) plans for aircraft assemblies, an automatic
preparation method based on Model-Based Definition (MBD) multi-source inspection characteristic parsing is pro-
posed. The unified information model linking inspection characteristics, inspection items, knowledge rules and out-
put objects is established. The automatic identification method for inspection characteristics from MBD multi-
source information is developed. The prototype system is developed on the CATIA V5 CAA platform and verified
through case studies of typical civil aircraft assemblies. The results show that the proposed method can automatical-
ly generate inspection plans, part/fastener checklists, material check lists and ballooned drawings from MBD mod-
els, with good performance in efficiency, completeness, consistency and traceability.
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Fig.1 Overall technical framework of automatic inspection plan preparation for aircraft assemblies
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Table 1 Definition, source and output of assembly inspection characteristics
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Fig. 4 Flowchart of dual-form fastener identification and multi-dimensional clustering

R A B R RSN F=
{fili=1,2, -+, N}, H g~ 5 52 ] o8 oy
fi=(t;, m;, L, h.y e;, v, P;)o X 1, R B A
T sm, RS 50 R s by e, 20 ) AT Sk o o5 5 R
Uiy 850, R B % T 1) B ) i P, Ol e R AR
o TEMCFERN [, 3.4.1—3. 4. 495 43 B 45 s2 ik
b 5 B TR Al 5249 Ak S R A BT e R R A DT
Bt A J 22 4 5 2
3.4 SEARAR B R 2 o A

XoF 2 TC 235 K6 A e 1) B S 2 AR S s TS 44
Pk I P O 55 B 1R 25 0 S B am) (B AT VIR AR L
IR R PR AE AT ) SEAT SR S VLI 5 F — 2 AR BGX
T 1 S A L ART % BT R A R 1) [ A T ()
[ A2 TR0 R g TR ) 2R AT JLARTREAE 360 . 44
PR X e 1] D JC - JLART 45 AIF 56 1E " XU 4 52, nl A7 K
3L T CAD V15 P9 5 s M s e — 2 1 A
S B 25 5yt A e R 5 R ) A A R
] F S5 R (B TAT A il e s 1 — 2B I R AL
i H 3 i) 532 Bl 1) S AT AR 4 S T R IR AR A

BB — 2 2% o o AR5 2 4T T, T il 1) B S
TR T2 B S B 5 A R T Al R BT Sk S 2, S
2 ity e; AB AT o
3.4.2 ARSIk B T A A A 5 b 2

FEXT s 2 iz it AL R IA W R A 8 AL REUE T
49 5% T JLART B 38 U 4 BBOCH: v R AR 55 T 1 il 2k
[ 42 38 B R SRR, A 2R B I — A A4 S 4]
TN A B 1 4R G 00 2 808 P b B 44 R
D5 5 ERAE R . BT AL RIKRE L
J7 1) 38 SC, 3 — 25 2 7 ROBORE A i B A e 3
IUT A R P 2R S H SEG R={r}.
I — 2 i 25K a RO, WVET Sk g 45 2 RO =
argmin{ xE{a,, b;} }(min{r,€R }||x — rl|) 8 E -
A /D R R B /N T B A e, WK 2 R 5 AT Sk
Ui , 75— Ui A TC A e, 2% T 1] B ] 5 v, = (e, —
hi)/lle, — hillo 1207 ¥ 38 G 16k S A T AT 9 46
A T R B K A A 1 A BT R
3.4.3 RAFELFILAC

S5 A 1) e AR T A A R 3 o B A A O



WP 45 MIBD 22 YRR 560 R 1 A A 10 "RODL R TG A2 A 36 31 ) 1 sl 2 ) 7

R WARREMEEMHES N Q={q¢ ), BE /4
LR Lo LFEMN g HLK LW R /NEE
d(q, l)=min{xcq, yeltle—yl B
d(q, 1) <e, b, A€ ¢, & F & B/ 0 Je 15 F 1
LB P #E— 20 LI IR AR LM e #H X T 3k
Uiy U B TT 1) o, AR AT HEY 19 204 7 3k
B O, 1T )5 84 il F 4 A>Z B~
FTA C7IB A % 2% )7 ik .

T UL R B Ak d (g, 431G S
il £ B FE A SR TUART it A TUAR] Hh o 1 B /N BE B
XoF [ S B 2 0k 1 R A, L S AR e Bl R T 2
SN RS Bl e P O a2 I PR (R N 2 B u N i
KIS R N RN ST ST E N
T B e, A UL A RS 1 20 T E AT 3% H OE ik
AR oy I FF T AR 5 B T (R e, =
2mm), X TEMZ AR B A L TR0 %
S BRUIE SIS B AL S e WAt S
2B A 3 AL AR DL RO il B R R AR 2
LA
3.4.4 ZHERIHN

X AT B A S RSB R A, 2 HLAY 2
PLUF A& mt, — & 8 TRl — R e Fp F
EAME, P= P %377 1] — 3, v,00,= cos(e,);

FastenerDismeter (E@EFFIEER)

PK 1d : INTEGER

sairplane : TEXT — #HlE!
sspecificationnumber : TeEXT — HES
FK sFastenerType : TEXT — EEFER
sDiametercode : TEXT - fLF{tE
sDiameterrange : TEXT — FLiTiE

FK sMeasureToolsCode : TEXT — BMEMWS

FastenerInstall (EREfHFER)

PK id : INTEGER

FK sFastenerType : TEXT — EEFER

FK sFastenerDiametercode : TEXT — ABZRE
sFlushness : TEXT - FFFE
sPierHeadDiameter : TEXT — #LEF
sPierHeadHigh : TEXT - BiEE
sNailRodProtrusion : TEXT — $THH{EHE
sGapRequire : TEXT - EIRER

FK sMeasureToolsCode : TEXT — REAMHS

B R — R, L= BE S — B,
m=m;o M E A BT S5 ) Y SR S
K.=(P,, Dir(v,), t,, m;), " Dir(v,) #REH
] [ e, 25 105 1Y 7 m 2800 . A~ BA M K R
S S A TR — SRR Gy, DT R E
S5 2 B T A Ak Sy 20 e B U — 0% G 5 T 8
IO S8

Wt FR TR SE R T AR e R A
VT 50 0 R0 00— 5Pk 43 20, R e 2 R T A R e A
M Al A e At 1 S5 4 A A .

4 ETwBNAENKRINE 3R

77 3%

30 R BRI 5 R , 5 0 0 6 10
L 0 1 00 0T, 2 0 00 92 R A L
HOBE T Z B M. AR T TR
P 0030 0 F1 3260079 0 LU 91 T
S0 0 3 4 DL 5 9 1 2
e

4.1 HWIHIREETEIT

6 R SRR P O I A B A A, LA A
5K I T A B A WA S TR

AL

1. FastenerDismeter 5 Fastenernstall i
EEFEDA R RERE (1:0)

. SHMIRIRRSASTHIS
MeasuringTools 2% (N:12

MeasuringTosls (EEHE)

PK sCode @ TEXT — MEMS (£5)

shame : TEXT — MERH
o swodel : TEXT - RAMS

SpecialProcessDefinition (FHEHEENER)

PK id : INTEGER

sFeatureType @ TEXT — SiFER
sFeatureRequirements : TEXT — HiFER
sFeatureExtractionRules : TEXT — $SERIAIN
FK sMeasuringTaools : TEXT — MEMES

K — ¥ig

B

FI — $HB/REEF S
+—=€ 1§ =5
b— = BRRIFXF

srange : TEXT — MiFHEHE
—
-

RAEERAE

‘ BA- BEARE + RS |

¥

& FastenerDismetsr 3 ‘

~ BRAZEE - BRAT
v

& Fastenerlnsztall ¢
~ BEEEOREH + RRES

v
E VeasurinzTools 2%
— ERASEH. =5 &%
¥

[ Bl cEEESH l

PR S A 6 R R 235 A 5 A 6 0T A I OG AR T

Fig.5 Inspection knowledge base structure and its relation to inspection item generation
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Fig. 7 Integrated user interface of the automatic inspection plan preparation system
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