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Fig.4 Spaghetti diagram of installation procedure for FPD structural parts
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Fig.5 Balance figure of A220 door production line under cluster layout
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Table 3 Comparison of common production line layouts

WRAR | ARREE fie Bt
{75 RS
SRA BR{E 4 U KN TE, S/ E S U KA
Y A SR, SR
‘ B BRI, ARIE, T A SRR
VR | B4 F S LR 2k S R A T
- R Al JWHELBRAEINSE | e, sk ™ i
HEAA, FERERARE . Thoioan | D00 THTHIRL MBSt

Be A A0 B T 5 T v Y o
e J e 1) 3 P A R T

TE 3ds Max B AF 3 IR jr R
SEMR ST ) B R A 4 (E
) B sr A AR R CATIA X
AT TR RN P S A TR R R A S
S A 3ds Max /FHd i ETHE
A PR TR TR R
FELRAEARAT R B T T TR B TEAH
N X3 P HEA T HES 2R PRANELR] B B
i BB T A 5 i B, a8 T % 18
SE AR T 285 T R T i (A R L 40
TG T AR RIS AE T2 AR R
SE A, K AN Bl B e i 1 it A 6
TH #5b BRAEE SR — I A
B, DA B G b B R = 4 A SR Ak
o BT AT L SR AL RN
8 A I 3 7 T 20 I R SR R R
WE 8 TN, 7 HE4T 7= i R % X\ A
B, AR B0 P T e A B
Wi FH A b T H [F] B B T AR B Ak
6 B3 LA R T AR AR JEE 4
T, 7676 S P T % B 1 TR 9%
G B e ml b, E— 4 T
A220 KHLAR T 1A = 22 PSR, 1A
9 S A220 RHLAR T AR = 2k R
RIS

Zie
A SRR 2R % A220 KHLAR T

Az A BEORS 2 A0 Tl TR SR AR
17 A220 "CHLAG [T A= 7 2 A =y AL

FALAE L2 TR

F AR EAL
ZRRTY . R

UERES

o] ~ (o)} W ESN w [3S] —_— %
J0

Bl6 MITEFLIEAMYRIAXE
Fig.6 Operation unit logistic relationship for A220 door

I X4

I i A 2L X 35k SEARPE

H B4
AL 1#

ERE
HIAL2#

7 MIEFREERS
Fig.7 Overall layout of A220 door production line

20214E 55 6445 55810] - R WG EIA S5



- . .
—— 8¥n o

E 8 MITEFLHEATRR
Fig.8 Production layout details display for A220 doors

&9

), EERRILIT 45

(1) THE s 8 AR, E X
BRI AL %, U B
TRBEIR I EEORIR, eSSt 74
PRI A e G R A 7 e B AT
JEOUIJa 4 Ay B C SR AR X, St BT
HeARAE B, [A) I C 45 BT A AR Sl B
WOt A PR T B, AL T R
IBIRBIR, T T B T TARRCR,
SRS, AT T AR A

B NIz T} 94h,
(2) T 3ds Max 2 F 09 ) B

A SR A, JE R R B L
B TAL T2 FRE BN TR A
L AEAE THETT T IX A9 o Mo i AR, 7
T R R TCAE P T YA IR BT e
P TXAF=HIFL 416m’,
(3) 2% A220 CALAR K 25
A PR AR, DL PR S0 A ] TR
TN IR 2% B4 R 5L A, DL Tl
TR TR AR, LU S LA Bl K
56 MiAERREBA - 20214 64555810

MBINEFEZ=%T ZHBLRET
Fig.9 3D process layout effect of A220 door production line

9 S T B, fe 2o 5 T i AR
JEIE A 7= it SR RO RS 2 2 7= 2,
HoAts RBLRERC T A 2KS 1 035 42
#HE%,

2 £ X Bk

(1] 298 < 188 AR « 2 R, iy
HHoF e BEDR , 5F K (M. JEat Al
PTG AL, 2007.

JOHN Drew, BLAIR McCallum, STEFAN
Roggenhofer, et al. Journey to lean: Making
operational change stick Journey to lean[M].
Beijing: China Machine Press, 2007.

[2] AR . RETRE 45 A7 1 A ik
FEHFFE (D). M SRR T R, 2015,

SHI Xiaoping. Research on the improvement
of production line based on lean production[D].
Guangzhou: South China University of
Technology, 2015.

3] W%, RnlE, M, 55 ikt
TRHLE REALKE 85 AR P A RIS (9], A
2R A |, 2020, 63(12): 24-30.

YANG Guorong, LAI Yunfeng, XIE

Ansheng, et al. Research on construction
technology of intelligent lean production line
of MA aircraft[J]. Aeronautical Manufacturing
Technology, 2020, 63(12): 24-30.

[4] ML . BETRIER A1 A AT
PR 5 (D). N AR HE T
K, 2019.

LIN Weisheng. Research on balance
improvement of mobile phone assembly line
of A company based on lean production[D].
Guangzhou: South China University of
Technology, 2019.

[5] b SRR AR - AR - AR
FETVITBITE [7]. B HLIK , 2017(3): 25-29.

WANG Jing. Research on the method of
improving production line efficiency based on
lean production[J]. Machine Tool, 2017(3):
25-29.

[6] FKMEE . i Tl 4.0 (Y8 £ A4
LRV 1 (7], s dlEHOR | 2014,
57(18): 44-47.

ZHANG Lunyan. Design and implementation
methods of industrie 4.0 oriented lean
production line[J]. Aeronautical Manufacturing
Technology, 2014, 57(18): 44—47.

(7] SR . W AT A 2 B3
i1 [D]. Kt KR, 2014,

FENG Weijun. Lean production line
planning and design of W company[D]. Tianjin:
Tianjin University, 2014.

[8] #oTH . HR A R EHLA: LR
RAGEWISE [D]. Fif : RIESSE KA 2015,

CAI Yuanjun. An automobile engine
production line planning and simulation study[D].
Shanghai: Shanghai Jiao Tong University, 2015.

[9] Ve, AR . Tolk TRAEF A
Al R [T]. PR | 2014,
33(2): 295-299.

LU Haiyang, LI Jizu. Application of
industrial engineering methods in balancing
of production line of company F[J]. Logistics
Technology, 2014, 33(2): 295-299.

[10] JLEH, sk . 2T 3ds Max 1
T~ s B TS . S il AR 2015,
58(S2): 81-84.

GONG Yugiang, SU Chenglin. Factory
process planning in the early stage based on
3ds Max[J]. Aeronautical Manufacturing
Technology, 2015, 58(S2): 81-84.

BIES : X8, E-mail: liu.min@saci.net.cn,



Intelligent Production Line %ﬁﬁﬂifm&

Lean Production Line Planning for Airbus A220 Aircraft Door

LIU Min, WANG Dawei, YANG Yanrui, YANG Wubing
(AVIC SAC Commercial Aircraft Company LTD., Shenyang 110000, China)

[ABSTRACT] In order to improve the assembly efficiency of Airbus A220 aircraft door production line and reduce the
labor and man-hours, firstly, the assembly time data of door production line was measured by time measurement method
based on lean thinking in this paper, and the number of tooling needed to improve the production capacity is determined,
Secondly, the Spaghetti diagram was used to analyze the logistics trend of operators in the assembly process, and the
possible waste phenomenon is analyzed. Based on the waste phenomenon and the characteristics of door assembly process
flow, the door production line is arranged according to the principle of product clustering. At the same time, the layout form
of the whole station serial and the local bottleneck station parallel are determined referring to the IE (industrial engineering)
method, then the door lean production line is established. Finally, 3D rendering was conducted for the overall layout by 3ds
Max software.
Keywords: A220 door ; Lean concepts ; Industrial engineering (IE); Production line; 3ds Max
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A Data-Driven Method for Machining Feature Recognition for
Aircraft Structural Parts

LU Kai', LI Yingguang', LIU Xu®, DENG Tianchi'
(1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China;
2. School of Mechanical and Power Engineering, Nanjing Tech University, Nanjing 210009, China)

[ABSTRACT] Machining feature recognition is an essential way to realize the integration of CAD/CAM, and is
significant to improve the quality and efficiency of CNC machining of the aircraft structural parts, which contains plenty of
complex interacting features with complex structure. Existing machining feature recognition methods require predefinition
of feature interacting patterns before recognizing interacting features, which is difficult to meet the recognition
requirements of complex interacting features of the aircraft structural parts. Therefore, a data-driven method for machining
feature recognition for aircraft structural parts is proposed, which transforms the problem of machining feature recognition
into a graph learning problem, and adaptively learns feature recognition rules from historical process data by constructing
a graph neural network model. The proposed method breaks the limits of the pre-defined feature interacting patterns. With
typical aircraft structural parts as test parts, the correct recognition rates of isolated features, interacting features and total
machining features reach 98.11%, 94.62% and 96.18%, respectively, which verifies the effectiveness of the proposed
method.
Keywords: Data-driven; Aircraft structural part; Machining feature recognition; Interacting feature; Graph neural network
(T —4)
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