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B ATHANRZREESH T AIXMBA XT P G0E&RKSF A, R A% 2 X 3% A4
MK NG E KB A T H I M (The internet of things,[oT) L& M % Fa 10T = -F & 44 E 4
Wi R %, RAAMARITALE . REE SWE EHEPERAE, REZRMAT RN TR &
4 5 # N (Object linking and embedding for process control, OPC) A= % 1% B & sk &S0 KB R &£ 75 %, 3%
13 B BT BT B 2O 4 B R T F aF # 85 M (Narrow band internet of things, NB-ToT ) & £, i@ 12 # R F=
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R, E LRSS R, AMRG TR AR E6, oM LR BN R FRFH AR,
ST B R R AT EG AN, M ER S WL AN S, BIE T AR A Bk

FKIA: NB-IoT H AR ; & s S5 17 ; BP AY 2 M & A2 ALK

RESES: THI7; TP274 XEARERG: A

Design of Remote Intelligent Fault Diagnosis System for CNC Machine Tool

SONG Dan, LIANG Ruijun, LT Wei, CHEN Weifang
(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing, 210016, China)

Abstract: To solve the problems of wire network wiring interference, high equipment cost and meet the
needs of large data storage and diversified data access, a system based on the internet of things (IoT)
wireless network and IoT cloud platform is proposed for the remote fault diagnosis of machine tools. The
system model is divided into four levels: acquisition layer, transport layer, arithmetic level and application
layer. The data acquisition method based on object linking and embedding for process control (OPC) and
multi-sensor fusion is used to obtain the running data of machine tools in acquisition layer; the transmission
layer based on narrow band internet of things (NB-IoT) wireless communication technology and IoT cloud
platform make the remote transmission, communication and storage of data come true; and the operation
layer establishs diagnostic algorithm mode which combined BP neural network with expert system. Taking
a machine tool spindle servo as an example, its fault phenomena is analyzed and the fault samples are
obtained. The model is analyzed by error simulation, and the predicted results coincide with the
expectations, which verifies the validity of the model.

Key words: NB-ToT technology; intelligent fault diagnosis; BP neural network; machine tool
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Fig.3 Main interface of OPC data acquisition system
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Fig.5 Serial mode of neural network expert system
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Table 1 Common fault types and possible causes of spindle servo system of NC machine tool
A0 2 X W R e T B 5 1A B th 5 g Y
J3 A A 42 b 5 Y,
Y2 i K, B R i e Y,
X, ES Pt HIL % 2
AR L) A Y,
AL AR e Y,
F K Bl e R Y,
X, F LR = Al AL i Y,
F 4 B ML AT BB Ys
YIH A ik oK, R i Y,
2 AL AR i Y,
X. F Al E Pl R .
‘ = il L Y.
SR R Yy
SR E Yy
X, + DRSS )
LS 5 45 2 Y,
32 4l 3R B 2 Y,
Xs g Qe 5 R A F 4l B ML AT R Ys
SRV E W Y
YIH 5 oK, VR i Y,
Fe 9K ) 2 i R Y,
X, Mg 7 191 2 X . ‘
U AL K Y,
F2 Al A Bl AL AT Y
= AL i e Y,
X Tl 5 45 AN DU E
' ek AL i 4 25 Y,




178 R E B L Journal of Data Acquisition and Processing Vol. 35, No. 1, 2020

BP #2245 o & E M2 e M ECE h it & a8 M2 0GR 8B e . R 48 Kolmogorov a2 ¥ i1 4
AR g=Vn+m + 20 g HEREIZ MG ITTE, n AR 2 IR, m R R 2 TR, A R [1,10]2
[i] 1 &5 550 350 g v DA I Rt 25 B S 45 A8 g At TO B, sl 22 72 AR B 8l o A b g B 10, A A
7 X 10 X 7R BP A W 45 .

SRR P=(X,Y), WMAmERIX=(X, X,, X;, X,, X5, Xg, X;), fthmithy=
(Y, Y,, Y, Y, Y., Yy, Y. X,€X(k=1, 2, 3, 4, 5, 6, 7),4X,=0.X,= 10,7 Fx

%ﬁ& Fﬁ \ﬁﬁ& Eﬁ 3 Y, €eY(£=1,2,3,4,5,6,7), \i,l Y, =0, — s
Y, = VSRR R AE AFTERM S N . A eh i sy ims 10°F —HRiTRE
PEARNZR 2017 o Hoh 1~15 NI ZRkE A2 5], 16~18 Il gy 107T
BREA S B L AR AT 644 BEAR IR SAAME R I 10
BEAR AT BP B2 9 461 2 B o J2 A 1 )2 22 1 4 Sig- T 10°

moid il #R B, I 25 I 25 ok 8K ik £ Traingdm o6 %k, 38 A i T T S S S —
. PR . 00 05 1.0 15 20 25 3.0 35 40

MATLAB #F 1 #ih 28 0 25 T 2486 04T 07 B 25, 1508 27 EESTE SRS
R p=0.01, 144K 2 4 000, Y 2k H FRi% 22 4 0.001, 30 P 6 BP 2 9 45 Uil 515 25 45 A i 2%
HHEF R m, =09, B 6FE R T i%MEBREIY| 4% 219454k Fig.6 Variation curve of training error of BP
i 2k , 23 3 680 Y YII 2 , 90 4 I 25 80 ik B ) b 2 i A2 neural network
IREK

PR R TR e I 2 4 4 4% 2 B RUAEL 5 32 2 TR o5 16~ 18 Hay A1) Bt gy AR BB pEAT 11, 19 B 1 2 1O 4%

R2 HENATHARREDSEEEE

Table 2 Partial fault samples of spindle servo system of NC machine tool

¥ LPNCE 9.¢ i i 5 2R

5 X, X, X3 X, X; X5 X, Y, Y, Y, Y, Y Y Y,
1 0 0 0 0 0 0 0 0 0 0 0 0
2 1 0 0 0 0 0 1 1 1 1 0 0
3 0 1 0 0 0 0 0 1 1 1 0 0
4 0 0 1 0 0 0 0 0 1 0 1 1 0
5 0 0 0 1 0 0 0 0 0 0 0 0 1 1
6 0 0 0 0 1 0 0 0 0 1 0 1 1 0
7 0 0 0 0 0 1 0 0 1 1 1 1 0 0
8 0 0 0 0 0 0 1 0 0 0 1 0 0 1
9 0 0 0 1 0 0 1 0 0 0 1 0 1 1
10 0 0 0 0 1 1 0 0 1 1 1 1 1 0
11 1 0 0 0 0 1 0 1 1 1 1 1 0 0
12 0 0 0 1 1 0 1 0 0 1 1 1 1 1
13 0 0 0 1 1 1 0 0 1 1 1 1 1 1
14 1 0 0 0 0 0 1 1 1 1 1 0 0 1
15 1 0 0 1 1 0 0 1 1 1 1 1 1 1
16 0 0 1 1 0 0 0 0 1 0 1 1 1 1
17 0 0 1 0 1 1 0 0 1 1 1 1 1 0
18 1 0 1 0 1 0 1 1 1 1 1 1 1 0
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Table 3 Input vector and output results
e LIPNIE 9.6 iy L 4k
7 X: X, X Y, Y, Y, Y, Y.,
16 0 0 1 1 0 0
1
1

Y(i Y7

0 0.0019 0.9900 0.0025 0.9851 0.9774 0.9656 0.994 1
1 0 0.0235 0.9762 0.9694 0.9933 0.9635 0.9842 0.0152
0 1 09678 0.9927 0.9709 0.9586 0.9749 0.9836 0.0105
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