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Fig.1 E7000 automatic drilling riveting system
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Fig.3 Hardware configuration of automatic drilling and riveting system
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Fig.7 Software configuration of the control system
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Fig.8 Software architecture for integrated control

i PN AR BRI Oy
HEMRE S, FEH TR
1 A HRAE H AR TR R U R
B EEEH, ®HH C++ R E
logdeplus AT H RS, logdcplus
W H SR BAHCEF B 3 00 A LM
By Text SCHF, IF %1 X 2645 24T S
SRRy

(] b e T i 3 {5 428 i AR e
B FH e 2k R Y 3E AF T SRR
SE BRI RS T ALZ
HNC-8 B R 40 A PLC 27 72
J¥ 2Z IRl B 52 B, VIS 4% AL
B B A A N T4 R G Y
FFEH

RAgEfFEEOFLX

AL RS SR PR &
S E K FH Socket EREF TR AR
PR BN T K & 2 TAERL
Ko EALEES RGRE T LIVE N AR
55 vt , AL AT DAVE R % P g, DA T 3R A
R AR
1 Socket B{5EM

D) 24 vp R 2 R R AT A B A
1) FEAS FIT 12 2 BE A5 X 1 i S BN —
BFRIR. TP )2 A “IP Hbhik™ A] Lok
— bR i =L, T TCP JZ Y
PR + g 117 0] DLME—ARIR ML
B —AUERE . IR TCP/IP BhsUiE AT
DLt 3 A~ DL S EC7E W 2% v Xk
A THE—FRIR

Socket 1 TCP/IP 2 41 #AE
AT R TUAN TR Sz 1, B X
SO 13 T DL S B R A I 2 v i)
", E¥s—A Socket 5 TCP/IP
PR 3 DSEEE  AEA R EHLIE]
FE ST X v 36 155 P i o, BRI E FH 22
SUAT DL i BT O Ik AN
[F] D) 244 % 432 SO AN [] 1 FH P e A 1Y)
TAE TS B8040 1 A A i
2 FNMHREEEEOFL

TE windows “F5 F T HNC=8 [
WFHE T, 5 208 HNC-8 BAR
AL SN BN R A TR S e
o SRIGTE LALHLAR A R A
B B AL R4 11 R SE R -

EALHL S A b B AE R
Socket i {5 ARSI 72 :

(1)iXE HNC-8 HIE RGE S
W RGNCSHD “ERIE 4"
HIE R 1, B ARk T 24581 .

(2)BEE Microsoft Visual Studio
TR IS, FERENAL S B sgrpin A
F VPR ST AR 5 e BRI S
T Tib FESCIFS AR s 7EA U H
BRSO SO A dil SCPE

(3) 4552 7 Hby TP b 1k A1 3% 11,
18 HNC_NetInitNetInit ( const Bit8
*ip, uBitl6 port ) PREL, W5 PS4k
S3ICE A EALHLEY TP Mkl A
5L S BT NIE

(4) [ HE P s R G0 R 1
Ko P HNC_NetConnect ( const

R EhEIERGEOREY

HNC_SystemGetValue | FREURZ B

HNC_ChannelGetValue | FEHGH U £
HNC_AxisGetValue AREUER (A

HNC_FprogGetFullName | 3EBCYRTHEF 4

Bit8 *ip, uBit16 port ) FREL, K>S
Bor i E R e RS0 TP ikl
Ui 145, A RGEHE 2 K 58 L
U

FESE AR DR G  AERT LR H
HNC-8 ¥ 2 G0 1 B8 1) R 542 11 58
B AL S e RGBS 5E B, S
B PR R R H
PRHE 1IN 1 s .

ech s LA M@ S

XA I THURTE S R4, LA
RS AT A AL A
BURwE . [FI 58 e h B (s
IR IFEE A I THUR Lk
T AE I I

5N 9 iR B IR R G
RIS B 58 BGE (5, BE
AT DAL T R BiE s 4 o
(] B LAV BLA A BB % 152 B A v g
RYCYHTPIRASE B, IFLL 100ms 2

HURSE PR HURSE A
X/mm -50.364mm -50.364
Y/mm —642.656mm —-642.656
Z/mm -9.329mm -9.329
Al(°) 3.563° 3.563
B/ (°) 1.723° 1.723
C/(°) 100.729° 100.729

(a ) HE R BB 45 Bl Al
BT EAVA

X%ﬁ‘mm Aﬂé)ﬁio
Y%*/imm Bﬂé)ﬁio
Z%ﬂrfimm Cﬂé)ﬁio

(b)) _ERHLEARA il A

B9 \BEIKIEER
Fig.9 Results of the communication
experiment

2017 4555 8 0] - B lE&E A 53



o1 B

NEW VIEWPOINT

W S S L

it

(1) XFHLE R ERAF S5 I AL
PRAE I R Gk A T AL R B, R
Ethernet Fil EtherCAT PiFE{E 772
SEILARGE R L

(2) 4 HNC-8 *&%%L%ﬂz
it B R SIS SR HIEOK , 58
INTAESS

(3 )%ﬁk?"%ﬂﬁ#iﬁ FaE , il
R G, 7853 A% T H AR

2 % X

(] PUkVFREBE, B PR . CHLZ Y
PR E SRS B RIALBOAR (D], s il hoA
2009(24): 61-64.

BU Yong, XU Guokang, XIAO Qingdong.
Automatic precision drilling technology of aircraft
structural part[J]. Aeronautical Manufacturing
Technology, 2009(24): 61-64.

[2] B, 3RWEUL . mE RHLEH 1F
I B LR 4 K SR 7 18] [J]. A
AR, 2015(5): 54-57.

LUO Jinwei, GONG Qinghong. Development

derection of CNC machine tool for aircraft

structure part processing[J]. Aeronautical
Manufacturing Technology, 2015(5): 54-57.

B] FRTES . G4 MR PRI EAR K it
I R S A Bk, 2014(4): 1-2.

CHEN Xunjie. Technological development
trend of machine tool nowadays[J]. Precision
Manufacturing and Automation, 2014(4): 1-2.

[4] LUM N, LUO Q. E7000 ARJ—Manual
flexible tooling for horizontal riveting system[]J].
SAE International Journal of Aerospace, 2014,
7(2): 241-245.

[5] LS, Mgk . TSR 52 I RY
RHLA BRI RGO RS ()] S
FlE AR | 2016,52(1): 39-42.

HONG Peng, TIAN Wei. Automatic drilling
and riveting open NC system based on architecture
and component reuse[J]. Aviation Precision
Manufacturing Technology, 2016,52(1): 39-42.

(6] Fol ., BRRL . A B R R RN
AR ()], DAPAR G AL, 2010, 23(6): 49-51.

ZHANG Bin, CHEN Ke. Applycation and
popularize for Huazhong NC macro programsl[J].
Industrial Control Computer, 2010, 23(6): 49-51.

[7] WKMo, Mgk, % . Ashik
BEALARGERMEAEN] (] P RS LR R
% , 2012, 44(S1): 56-59.

DATI Jialong, SHEN Jianxin, TIAN Wei, et
al. Flexible control of automatic drilling system[J].

Journal of Nanjing University of Aeronautics &

Astronautics, 2012, 44(S1): 56-59.

(8] RTE, PR, M/, B L
NCUC-Bus BIHASE RSB (1], )T
(¥, 2012(8): 58-61.

SONG Bao, CHEN Hao, TANG Xiaoqi.
Technical characteristics and application of
field bus NCUC-Bus[J]. Metal Working (Metal
Cautting), 2012(8): 58-61.

[9] MAXB,HANZY, WANG Y Z, et al.
Development of a PC—based open architecture
software—CNC system[J]. Chinese Journal of
Aeronautics, 2007, 20(3): 272-281.

[10] FEAFEE , Mok, DEE, 5. A
T TwinCAT F351 EtherCAT SR LI M 53
Mr5mEse (7). BRHE TR, 2010(11): 16-18.

KANG Cunfeng, LIN Zhilei, MA Chunmin,
et al. Study on EtherCAT with TwinCAT
master[J]. Modern Manufacturing Engineering,
2010(11): 16-18.

[11] SCHEB, k4o . FET Socket 1Y
o0 ¢ i S FESE I (D], A1), 2012, 11(2):
97-98.

WEN Xianqiong, ZHANG Jirong. Socket—
based network programming and implementation[J].

Software Guide, 2012, 11(2): 97-98.

BIRAEE: W, 2%, AT 07 oh A 3k
fe AR B T 2%, E-mail: tw—nj@nuaa.edu.

Cho

Control System of Combined Machining Machine Tool Based on
Huazhong Numerical Control System

WANG Xiawang, SHEN Jianxin, TIAN Wei

(College of Mechanical and Electronic Engineering, Nanjing University of Aeronautics and Astronautics,

[ABSTRACT]

Nanjing 210016, China)

In order to improve the efficiency of drilling and riveting in the assembly process of large fuselage parts

and meet the requirement of high precision drilling, a collaborate control scheme of auto-drilling rivet system composed
of five-axis machine tool and end-effector is designed. The machine tool and high precision turntable are controlled by
Huazhong numerical controller and the end-effector is controlled by the PLC program of Beckhoof. After making clear the
drilling and riveting demands, the hardware configuration is designed based on industrial network and software configura-
tion is designed based on multi-software platform. And the integrated control software of the host computer is written using
Microsoft Visual Studio. The connection of the host computer control system with Huazhong NC system and Beckhoof
PLC employs the Ethernet and EtherCAT, respectively. The development of Ethernet interface in the integrated control
system uses Socket and some experiments on the combined machining machine tool are conducted. The control system has
many advantages as follows: good stability, high integration, fast response and high efficiency, which can meet the require-
ments of drilling and riveting.

Five-axis machine tool; End-effector; Huazhong NC system; Hardware configuration; Software configuration;
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