Intelligent Production Line %ﬁﬁﬂifm&

CHLGAE R - R S v
i R S

A, BIRE, RE B, IDEAM, XK ¥%

(A7 Tk AR KA A (R ) ) A FRITAEA2), A AR 610092)

[ % ]

AL T BTG A R RE DI E S KRR B, R A A R A SR

K, RET —EBEMA B EELOFERAETREFTE,HRT KGR A T RGRER B, 3T FHA T
A% P AR XL (AGY #2 RGV ) 2 FRHATT o047, ME T 24 RGV KB fBE M std L P £ 4
MURFR T B R ety L HA), ST MR A = KX ER BB ATHRAL, A @ & % Ak 2 0 “ALE M0

TR RMBRBERIE T,

KRB : WAL AR AR R A R FRR
DOI:10.16080/j.issn1671-833x.2020.06.051

F K
I2EL, FENHIEZSS
B, 2017 FEENFEERXENMT
BR,UEMS IR CHEFEIEH
NERBZIRESRFHEHEXERT
R, EERFRARI 48, HF scr/
EI 3% 10 &, BRERAER 12 I, 3%
o E AU Tl B S — 2 Fn )|
AR —ERE 1T,

LER I RBLBL B Y 5 42 5K
BHOU, M AT EREA B, K
PLESF I T2 i B A ™, 22
LA R A, B RS R R
M TR E 2 s TR 2L,
AT AL AT ] L A= 7 2
EPREeUE I 3 W s Y
— FUR, S5 P i 1 4 o AR
PIRMERR . Skl i R GL 2 LB K
HLEEF 11 RE T 65 Y SR A, Sy %
BLES AL 1 i 32 5 R TR Bt T %k
Wit RHLEM I T RA R R
PR, MR R A LT RHE
TEAR T S i 3 2R T I A 2 B 7
A J& W iis F R AR B R
EEEZ I IR, rp s A R
W v i ML e S P A 7 R A R
SR E R

HATR TREM RN R
REA- A DI I 2 , SRR vh T4

B RE T A RFAE | N IR LA R RE
STt F PR AE SR U Horh — e 5T
Xof ) A M A L I AR R A T
T B R TR R R R A
A Sk R g EZ v " A
KT R R A IR A A R LA R i ik
VIR (R F A B DL 7 A shik
VI Z 58 A58 05 1T, 2% AT T AR X
LAY TR THEBA IS AGV
PR g Y X s TAERR LT
HeyrZ e 4@, AGV ( Automated
Guided Vehicle ) £t L 48 AL & F7,
WAL AT RGOk TE R Ge 0 7
fite XIEEAE O oo K0, 7R RE 2
R AR ARG T, AGV L4
T A E IS, AGV /b AR
YIS REI R X PR AR 22 5
M A= P34, AR, Wi RS IR
WAL B s A = 80K A TE R
Pl RGNS R E RTE LT,

* BEIE : [ E R ERET(20172X04002001 ).

20204E 5563 6 0] - HiATHIREEIA 51



- .
I oru

RGN REME LR AR YRR gk
F A U B L R B T
AGV e B 57 i)™ B2 [ 5%
A, AR EBW A AL AGY L E
AT AR T ml L AR
F R AT DL, 72 SRR A RIS
W, £8 575 FE MR B s O A Tk
e LA RIS W TR
RO BA 2R LR E A
ASOR R CHLES H 15
PN T T2 RAR L, DL SR
JEERHLES A AF Sk )™ R G T
AR BT B AR TS, A
RV AL R LA R R
PRSI TE

HESRAEEENER

RALES RN T T2 A
WRMAE LN EESH R,
B BTN, AL 2 He) 1 A s R AR 52
A VB LR S LI 1 T
o T T B 22 A e T AR ) B e
fro HHAAT KA TP H—1
AT TAR B, T CHLEs 14 m
TR A A T R N — A Y
ZAINT Y . B2, KA
6] J2 Z2 0% o SR e s, 25
FERLRE R EIRTFE A R 252 M B
BRI RN SR, (A T A 4
MEFERS R AR AR ok T
ik

Hok, e 2 Fros, CHLES 1
FRE L IR /N 2 R
o AT, T A TR E R,
SR T P LA FRA A 23 (|]
TR AR, BRI 2 0]
07 Lo/ Wriiitis e J152 R

BE b, 22 M 2R 25 e 2 s A% 1 4L
R (CANE 3 FoR lw R 1~2 1,
A ML B HI BT A K 2 U (& b 1T AR
K, PR T A5 4% 253 18] R ST AR
AEAEZS (8], T AE CAILZE A4 14 ) 35 2o
Rl F RN T 2 WA i ke
e A B R T, A 2 I 3k R I [
AR W S H BT AR PR AR Tk
52 FiHE LA - 20204E 5563 % e ll)

S PR NI
BESE PR O TG (8 P O
T R BT A R
j‘l“ﬁ éﬁ o

kERGREER R

BT CHLES A 4R 1
AT R SR A O iR
B AT SR T ) SR AE T RE NS 040
TR TRMILZE R A o T AR R T T I B
SRR

(1) B BT ek I, o
1 GBI T R ARG 403 e, 76 4=
[ B I X e ks 2 2 R T2
BRI A RAREGHUR ] 22 TAER
) B TR e, 7E Z2 Mk A 7 2 e T
T 1 BB TN, THME
WA B AR A ST AR A7 . Wi E)
BN FE A A E T MBI A%
VA2 i 2 et AR P R A I S
2R N AT A T AR & 1 TP 4 0T
SR TR B . B TE N T 58
Ji o 78 22 A e R I 2 G0l P A
HIEA | TR A 2R 5 AT 52 4 T
YEG o A SRR (0] 4 Hh B (1 X 4R 25 |
[ INCIED S 5 TR NS
PR SERR AL S Al 384 TAE G 3k
JE N T o 38 5L PR3 )22 Je AT Jay A
2, 2 T T ) ) T 0
55 AN ST BT F AR A RO N TR
T2, AT LAAG 85 e CHLEE R 1 2 Ik
AR e Je A B ] (5 2 PR AR )
A7 I T e R A R R A A

(2) BB LN AT 5 P ST
VR R 25 & 00 2 PR A7l 4 B AR
LN AT VR BT RN A R R
T AAHEBER (B ) S50 T
(15 2 1A, A7t B2 o 22 /0 i) LG
TR A 7 R A A B B B ) T S A
W, iR MR S HoAs A s
RPRL. SRS AR R B R
I s TR kT AR Y
A J&y, T A B il T DL K&
J A A, A7 R T AL A [ Y BT
A B 2 — AR Wi S

1

Bl ABNERAFE LT
Fig.1 Typical aircraft structural part

with complex characteristics

E2 MEESHTCNLEEE
Fig.2 A wide variety of aircraft
structural parts

B3 FEAEFLR R

Fig.3 Flexible production line and loading station



Intelligent Production Line %ﬁﬁﬂifk&

o RMGAT IR A YR G
B R STAR R AT B S e, R
DAINESTRURGP]X7/b RSB P Xy
PR, AT OB 2 e
R YRL 3 )24 B, — 7 s 1
e ST R R S LR Y, S —
JrER T T A R GRS 1
RE 1o JUHIEFEAR T X410 AGV
RYGMERPER 2R, AGV Bt Je 58
AL D) A ALt AR A R A 301 1
B LI B AT, TG MRS R 114 3
FEDALT T

(3) Bt F T2 5 T g e T
VRGP I 1 . i TR A
e 1oy R BN PRy AR
M Z 1 1) A e B R o H
A e s AR DK E ) LA
T A 2R D it ) PR3 AR SR R
R EREM R L, A
LN PN BUR/ St P & SR NPN
A T EFM(HER) S TR
1R SRR T S R 0 2 1) il 10 45 B
[, 32 T 1 2 0wl ) R S AT
fig ke T AR AT TR R A
[F 8

FHEFRGETERRE

M ER G T R A RGN
A Jwy oy, Al 1 5 s ) 22 P
15 RGN CALG A R T e
TTHEAH IR

T, 38 TR RS A R X
i3 INEEE Y p S N BB NG S B VA N L H
O3 XA, 2 v g ST A PR R 2R )
ARG A XL B R
A T s PR e K ik T &
o A RARTIFUR I X HEBEPLA
ST R R I R, Yk
SR RSB R A 7 e B R R
&, HERYR ARG K B 58
TR A R 26 B A PR R 1Y
2t S A L e et 5 ]
74 RGV (Rail Guided Vehicle ) A2
P GAT VR B ] 52 ¥ TAE & B2
i, T35 B AR AR m o &

BB R G TS TAE B I T
2 SJe 21 TR N T AR A, I
RGV iz i% B 28 i G A7 i A 5 A7 68
LINGATIE . RGV R DL KUK
BTN T AR DT R SRR 1A 78 R Gt
G, R ARG SRS
AR TR Ho AR 1) 5% A7 P R 3 o
T TR 2E BRI R B HLRSEF TN
TN T 58 A 268Kk RGV 1
S IR INE SUE Y caL sy cae R i
A P LR A s 2R 0 W T 1 2 3 s N
R, 29 N 150 B R 2 A 3 e 1)
IR Wi SN S ] It I
BiR F BN A7 5
BRI AT m kSN
JEEATAEAT . 24 ST A P8 Wi 3] 4
B SJe [X A e e 2 (I, A X HE R
JE A 538 TR A 2 R ) 25 TR
BB AT PRE, TR AR
A 3k 2R X HE BB A v g S7 (A 3
KAGHE, 25— B fa) A il v, &
PEAE R Je ST AR R B — e i, )
MG —558 5.

FRAG

TAER

TAER R

BT SRR R G B
e AFRERIPIIR R GETT S AEREL
PR B 2L Y A J&y b ik o5 2255 JE AL
FERE T AR RE . TR RALEE Y
PRSI RS, A — AR 4
i [7] Foft 266 280 9 BIL PR 4 A, 3k 2E AL PR
TE N T Y RE b A5 at T A, B et A
BHLIR H BUE B AR 8 T LAGR 5 BT i
T s BA RS R RE ST o LA,
AR AL A AL IR #4285 RS
AN, AN T RE ) b At =z 18] A A
TANIIRE, P I )i o i R SR
T e, DT 4 PR 20 1 2R 9 B A /N
R E AL RE ST

MnRFItERTRRL

Wi R G R R B R G
YIRbE Al , Horp iR s o
RE 2% 2 B A 4% A A e R
Ja PR RE T FET TRCR, 2
MAGHBE T M E L, e
FEA = R G BRI R
FE4E AGV FMA "4k RGV LUK

EiFes

[SISESR

AR

E4 TIiEaS@ATIFEREERED
Fig.4 Rapid loading and unloading interface between table and tooling
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Fig.5 Sketch map of flexible production system of the aircraft structural parts
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Fig.6 Average vacancy rate under different machine tools and RGV operating cycles
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Equipment Layout Analysis and Optimization for the Flexible Production
System of Aircraft Structural Parts

LI Jie, XIA Yuanmeng, SONG Zhiyong, SHUAI Chaolin, LIU Dawei
(AVIC Chengdu Aircraft Industrial (Group) Co., Ltd., Chengdu 610092, China)

[ABSTRACT]

The machining of aircraft structural parts is a kind of typical discrete manufacturing, which is

characterized with mixture of research and production, small batch and large flexibility. Thus, it is quite difficult to realize
automation for the manufacturing process of aircraft structural parts. This paper proposes a comprehensive solution to
automation of aircraft structural parts manufacturing that includes logistics, storage, loading and unloading. In this solution,
the layout of the equipment is discussed and the quantity of the logistics equipment (AGV, RGV) is analyzed. Besides, a
simulation example is shown to analyze the average vacancy rate of a machine when the RGV quantity and delivery time
in a manufacturing system is considered, which provides important directions for the construction of the aircraft structural
parts oriented flexible production system.

Keywords: Aircraft structural parts; Intelligent manufacturing; Flexible production line; Equipment layout;

Logistics system
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