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Development of Digital Model Recognition System for Electron Beam Fused
Additive Manufacturing
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[ABSTRACT] Aiming at the shortcomings of tedious operation and low efficiency in the digital model reconstruction
process of electron beam fuses, the NX Open API was used as a development tool to develop a digital-model feature
recognition and quick reconstruction system. The identification of typical structural features is achieved by rule-based
boundary matching. At the same time, the parameters of the recognition feature and the interactive selection feature are
extracted, and the feature reconstruction is completed according to the established rules. Through the digital model feature
recognition and rapid reconstruction system, complex reconstruction operations can be realized quickly, and a large number
of repeated feature reconstruction work is automatically completed, which improves the efficiency and standardization of
digital-to-analog reconstruction.
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‘—‘? » »
RESEARCH Eltﬁl‘tex

e [y MM AR R] , 80RT LASE 32 07 ik i I3 £ A e M

XTI e B MIHERDE , s 4 (b) Bros, BT
So PRI AL i, 7R R A T A S AR A —
/N B T, R GIORR 4 0 SECARL >4 S SR T A 6%/ N P s
fige, AT LAIA A i 1 1 ARAR /N 0P T8, 320 e B3 O
AT DA AR 0 T 2 IR, DT 5 B s il V]
PR E T AR

T IO 320 8 o T R, T AL B P [ A

AHN A 453 6 AP LA D 53, DA T 552 B 0 110
FRIER S
23 KERERE

FHIE PR E R AR BTSSR A LAt b AR R A THRAE
AR A 7R . X T AR R 5 RS B R AE 7
SORONR] P R G A A 0 B R Th Y Lk 2
J5 B e R L2, R 2 B B2 ) 17 R
BT I/ N S

HH H A 22 BUE 2 2 HERUBUR R 2 % TP 1
ARl ALE R B ALAE A, A Ly S0 Ty A
17, kG R 28 G A D IS . A F LB N T
JERUE 5 P TS nALEERG 6 5 . 3848 UF_MODL_
create_extruded PREUFIAG REAESZEL s A FLBREK,

R A FL 235 g DAY BE S 5 1) PN it 7% A I, P9 B0 300 4% B, S ok
UF_MODL create face offset SZHt; 7E[RFLH, FLEEAT
PLIA A J2 B AL AR, X T S B AL, FLIR I AT LU fBLA
R RALI I R R SME R AR R T B £
) 1o L DX SRHE AR Ty 1) AN [] o b 0 e B LI S
DL (EHEROE

X VTH b B S5, — WA RN T 1w A B
i & HHEAPAT, s, PRI B 2 i in H
DIl i, ALY & SN B [ S0 A L i)
AR ENAT . — AR AL FRAME R T S X B AT
R

Xof B g (5 A, AR I £ AR S A AR T R MR
AN AP AL

BB R /NF ol & T AR, i 5Ca)BR,
ST B FREAE , S5 2268 15 A AR 2R 7S Ay it i 45 5
HATR], WA 2 G S 7 L SR R RT3l
I, ANE 5 () o, 181 # A i 3R i v R 2 1] Y
LA ICEARIE, A PRAE I 5T 6, 5 27 B £ Ab
NG T 245, KL S (o) s, M50 1R £ 9 i1 92 £
N o, DR TEL S B A - I o 0,2 B2 r i
(RIS 15 £ 4 Ax A MEHE N A% S5 15 20 R BB 5

(a) HENEDL

(b) thZe Ao

B4 e EERE

Fig.4 Judgement of convexity and concavity of edges

AR 60

A AME 30

(a)R <ARHAME

(b)R> Atz
Bs ARYEERNERE

Fig.5 Reconstruction of fillets with different radii

(c) FoPFME

20204E 563 41y - M TIERA 71



2
mﬁtﬁl RESEARCH

ARAMEERIEA, s B ¢ RHFER R T -
:%m_a) (1)

s=rxtan@ (2)

t = rx(1—cosé) (3)

BT SEBR AR 77 RGBSR, T isENIE 5 (e) P
TN W ERARIE O, — i 2y S A TR A A HLAR S B
it NX Open API fP %25 G YIRE , i 1f S HRA £ 9 2
B, AT AR AR R, SEIAL A A

TERURSE Y, — RO 2548 v 23 H IR 22 1 (B AN 405 A
AHEB IR O, B A — et — e N SR AR E— i . 1Rl il
WP AARE AT OB . — P25 3 AR
BANRAREZS 2 B AL,

X150 A R SRR PR R A 56 1 20 R4 R — o
NPT G . XK 6 FraaiiBE A, IR RT LLS [R
PRI A A 7 PR 4ttt .

XTI 6 Jrzs PR A K] 8 I/ P RIE OL,
— i S A AR K B T AR B, UG £ AN
Bt i, T 8 (a) Frs ik Joiki R i 2L

Elo [EfLfimz
Fig.6 Fillet instance model

5 £ 5 £

Ff — M — BEf — $if — Ef

B7 BfSHAaEEHAN

Fig.7 Combination of fillets and corners

(a) BHr7RH

(b) BB 22/ N T FHE

SR 3 K AR 2R A OGRS A A T
X R G F EBF ERURIE , B8 bk X T
G A — SR B, 7] LA F-hif e 2 ] — w5 5 —
PGSR, 2481 AR AR /NS S - 11 T RUAR /N, BT LA
S GIBUR R A TER Y NI0] 558 R Ealpi R I syt s i N
BRI A S N B, 4np 8 (b)) FioR.

DO RPN IAID S DN E i I R wi IR S REER = £ (SR
T X R 4 5 N5 A T AR

B W 7E EBF B b — A 7E T4, v LB 1R
i b5 BT AL TR S BT 3 A TR, — S By
T AH BFA T HLAR A1, LA B = 22 8 B B 2.
XSHAEAE G B 22 VT 4504, T EBF 1 25l 3 Af i R
il 25 15 B 22/ N A WU T A R, T 2006 55 I 2y
M — AT AR FR (R T ?ﬂ%;@%/\ﬁﬁi’gﬁﬂﬁ%/bii
At A E B 2RI, WAL ER &5 ey, % | S T4
A

B A2 0 1 T BB R -5 B T T AT R L 1A
A O] RE RS 5 7 T, IR 1 22 B B Al s A
b DARHR R, AR 9 (a) Fs, YA 2N
Tl SHE R, AR ERIE DL & Wi s e, X R &
Iy T R 5 90 T A T, AR 9 (b) R MEBMER
Foilfs T, o T8 T B AR R, T B 3 0 1 A T
O HHSEREEE, WK 9 (¢) iR,

3 R4EMA

BT B TE  ASOT BT AR A ORI 5
PAFEF RS, £ NX 10.0 SEHAF BRI R G L

o

(a) WA FITRE

(b) ffi g

E8 MEARZAFMEBEZER

Fig.8 Two reconstructions of fillets and corners

—

Ce) Brip2e KTl

B9 aMrsE

Fig.9 Reconstruction of steps

72 Ais RIS A - 20204 63 % 41



K U EAL A0, W 10 fos il fih 2 2% sl 1T HA %
ERIE R S, R B SR A B R G RE

L BRI U S PR R R e, XTI 11 (a)
JIT 7R AE AL AR S R T 43U PR A 7 P A, A5 3 i T
BN 11(b) BN, 2B AT BN 3 7 4 438 2o i TR
TG T 2P0 o HEA T HERR, SR JEKe T A T B % o
AP THER, ER AT RN A TR TN T B AT
13BN SRR —FE 0 T4

I=NUNERE Suy T ETAD NP i

(1) B oA A A AR S B WA A T4

(2) XFFRTE B £ B R FLAEA TRAAE IR0 P, anfel 12
Fi7R

(3) X[ ff Ko 455 fl e AT IR ) 5 g, dn el 13
7R o

(4) XFBBe I UEA TR, N 14 BRI R 2
FARN GO R 7007, 3 A7 A A S B o

(5) XPBIAYFEA TR AT , X2 22 RRAE FIAHACRRIE 55 3R
GLICAC PR FHAEAR AT NX BT REIEA T sh At 5 X
BRI A T A M

(6 ) %F ST UEA T A A, ARl 15 R, 155
ST EL SLERE S

(7)SHh STL A8 30t:

SZA(F) TR S ERER 2 BE  SEEERsIE

SES83> §& J

I oE EaSEs TSE  SHEES HEES LERENE
seERaEs - SERES .

E10 REFE
Fig.10 Interface of system

(a) BOH R
B AEREREHSA]

Fig.11 Example of frame beam overall structure

(b)) A= kit

\‘< 5
E12 RfLIRANKREE

Fig.12 Identification and reconstruction of round holes

E13 REfANBRRAIEEE

Fig.13 Identification and reconstruction of fillets and rounds

E14 MEEE

Fig.14 Reconstruction of steps

E15 ZEmMRGIRER

Fig.15 Identification and reconstruction of support faces

A BRI TR 5 PR A AR G, X AR T P
FL B B f RSB SRR S A SR AR
JURA B ASREREA T A SR, PREESE AL T X B
B, 3R 1 H R $2 0 T AR, 984> EBF
A R R R TR TRIE

4 Zig

R T —F T NX 10.0 - 15 114 52 1A 70 4
AER 5 %, 3 00 T HL 7 S0 22 186 b ) i B £ 1
A BT RO 2R Y T2 TR R TR
AR SRR RS W R AR, st
BRI T S R A RRE, b T A AR T A R
SEARAE; IF BT & AR A D B Th AR, X AE Y
FREE— R0, > T HRE A IR, 4 T RO e
B, B e T RO P A R T A

(FH#ESIR)

202045563 5 55 400) - RLZEIEEEA 73



‘—“. » »
RESEARCH Hltgl‘tex

geistrid B A [ R AT AN TG A B T R e A
FERR g S BRAE RE A  HR R R A BE SR R 2
UPESE

4 Z5ig

ASONFE TR 2R g0 AR R LA th R
AL BRER AL LN T  FiE T T
T2 Bk sh e Be A = 2R N S AME S 183 T 2R T A
RS DR B RE FC AR 7= LR ) S BB R o B TR AL Fy i =
BB Be A PRI e — N IR R G TR, AR
AR R IR B P S RS LR AR AR 5L
BT I, REE TR REH AR ALK S
BMC A P LT IR TE T 17

& % X o

[1] JEEF . Wi 787 CHLRRERIZ S A A [J]. s i 4L
A, 2011, 54(23/24): 38-42.

FAN Yuqing. Boeing 787 final assembly line and its
characteristics[J]. Aeronautical Manufacturing Technology, 2011,
54(23/24): 38-42.

2] #&de, fhack, FE S KSEERCE LN 5K
Ji 3] s il iR, 2013, 56(17): 58-60.

LI Jinlong, DU Baorui, WANG Biling, et al. The application and
development of pulsation assembly line[J]. Aeronautical Manufacturing
Technology, 2013, 56(17): 58-60.

[3] BBy, A BRE . LKA - L Rl h AR
WIS R (7] A G HR | 2016, 59(16): 41-47.

CHANG Shumei, YANG Genjun, CHEN Jun. Research and
application of intelligent manufacturing technology in pulsation
production line of aircraft[J]. Aeronautical Manufacturing Technology,
2016, 59(16): 41-47.

[4] 20407, ML, 4E5e 55 RHUBCTAL MR 1
A 3] pEEs IR | 2013, 56(12): 40-43.

LI Xining, HU Kuangzhi, LI Weiliang, et al. Aircraft digital flexible
assembly tooling technology[J]. Aeronautical Manufacturing Technology,
2013, 56(12): 40-43.

[5] B/INZL, WA, T30, % s Rk Ik S A
LHIITETE [7]. iz RS , 2015, 58(19): 8-12.

WEI Xiaohong, TAN Jun, FANG Hongwen, et al. Study on the
planning of aero-engine horizontal pulse assembly production line[J].
Aeronautical Manufacturing Technology, 2015, 58(19): 8-12.

[6] PAZOKI TOROUDI H, MADANI M S, SARLAK F, et al. A
multi-objective method for solving assembly line balancing problem[J].
Decision Science Letters, 2017, 6(1): 1-10.

BWIAEE : SREMF, TREW, A2 Toll (5 8 2R 0 (it B0 ) Bt
DRI, WF 58 1 2 e T B R 00 AR 8 1R AN RE ) i, E-mail
13801312723@139.com.

(vitdhi M &)

(EBFH73W)

& £ x o

(11 BRI, W7, sKIEN, 5 . [ AL 7 s 22 ORI B )
TERARRIEIUR[T]. SR L 2018, 39(8): 123-128, 134,

CHEN Guoqing, SHU Xi, ZHANG Binggang, et al. State-of arts
of electron beam freeform fabrication technology[J]. Transactions of the
China Welding Institution, 2018, 39(8): 123-128, 134.

(2] JUKF] . e Re A i L AL K AL T[], A
25 il A |, 2013, 56(9): 34-37.

GONG Shuili. Application of high energy beam processing
technology in the field of aeroengine[J]. Aeronautical Manufacturing
Technology, 2013, 56(9): 34-37.

[3] MELLOR S, HAO L, ZHANG D. Additive manufacturing:
A framework for implementation[J]. International Journal of Production
Economics, 2014, 149: 194-201.

(4] S, WREH, XLLE . KRR UG NX Z0IFA(M]. L
ATk R, 2008.

MO Rong, CHANG Zhiyong, LIU Hongjun. Detailed explanation
of the UG NX secondary development[M]. Beijing: Electronic Industry
Press, 2008.

[51 XML . UG 8 TR SR ERIISE ). B Al
Bt ,2015,29(11): 117-118.

LIU Xiaoguang. Research on secondary development of UG and its
application technology[J]. Scientific and Technological Innovation, 2015,
29(11): 117-118.

[6] SR, BT, AT . =LEILMFROREE]. IR A
2002(4): 33, 44-47.

WU Xiang, ZHAO Wansheng, Wei Li. Three-dimensional geometric
representation[J]. Aviation Manufacturing Technology, 2002(4): 33, 44-47.

[71 STROUD I. Boundary representation modelling techniques[M].
London: Springer, 2006.

(8] miBEM . A SRR B ARZE R[] T LA, 1998,
21(3): 281-288.

GAO Shuming. Overview of automatic feature recognition
technology[J]. Journal of Computer, 1998, 21(3): 281-288.

[91 &), JRIMERE . RPAEFON A BUIR 5 A e A [ R R figp o 5
R[] WURSIIE , 2008, 36(4): 19-22.

HUA Guangru, ZHOU Xionghui. The status quo of feature
recognition and existing problems and solutions[J]. Machine tool and
hydraulic, 2008, 36(4): 19-22.

[10] XEfs . T UG iy B S FERICS S UL B D].
FIAL : ARH R , 2005

LIU Dingwei. Feature extraction and parametric design of product
based on UG[M]. Nanjing: Southeast University, 2005.

[11] BEEMG . BE TR AL SOl i R AR U3 5 I 5E[ D). 1
& PR | 2015.

FAN Xipeng. Research on the technology manufacturing feature
recognition based on model definition[M]. Xi’an: Xi’an University of

Architecture and Technology, 2015.

WBIRAEE : B, B0, 0L, T 2R S0, BE 58T [ Sy bR Y £
FAk, E-mail: liaodunming@hust.edu.cn.

(vt M%)
20204863 841 - i hEEEA 81



