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An intelligent identification approach of overall equipment effectiveness

for machine tool based on power information
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Abstract: Overall equipment effectiveness (OEE) is a key indicator to measure the operation status of
machine tool, attracting much attention from manufacturing enterprises. However, the conventional
approaches have the disadvantages of inconvenience, high cost and poor universality in calculating the
availability, performance and quality rate indicators of OEE. Hence, an intelligent identification approach
of OEE based on power information was proposed. Firstly, the time-frequency characteristics of machine
tool power information were obtained, and the sampling period feature vector was established. Then, the
principal component analysis was employed to construct the status matching library. Combined with the
nearest neighbor algorithm, the running status was identified, and its duration was quantified to calculate

the availability. In addition, the sliding window was applied to develop the processing period feature vector,
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and the distance matching was used to obtain the actual number of processing pieces. Combining the
number of processing pieces with the data obtained by the MES system, the performance and quality rate
were calculated. To verify the feasibility and practicability of the approach, the experimental study of the
milling was performed, and the relative error between the theoretical value and the actual value is 4.99%.
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Fig. 1 Indicators of overall equipment effectiveness and the loss reflected
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Fig. 2 Flow chart of the intelligent identification approach for OEE
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Fig. 3 The process of wavelet denoising
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Fig. 4 Schematic diagram of decomposition and reconstruction for wavelet transform
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Fig. 5 Comparison of power information before and after pre-processing
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5 OR AV B ) T BT RRGURE B A0 S IR R . 1) TR B BE 8 HR R A2 ok 22 18] B AR DG 1 140, Rt L SO B B

REE S E W e T AR MR s & T H X T Ir 28R U HEAGMER vy WHEAE y =
{yl’yZ ’...vyiv...vy,,}Ta;H\:EJEEEE%ﬁ

DM(y,eyj): (y,-*yj)TSﬂ<y,*yj), (6)
SR FH P 5 T A 45 575 02 68 R VRE AR R A5 250 10, L D By
. 1
Vote(yl)ZZW(ymy[)c n

S B RO R SR 0 A B AR AN TR e S 58 A AR S B T SR o AR D I R O D
PR EIORE B 417 "7 A7 HR R LR AR IC A s 2 HOR AR IC 8 17, UTHPIR &S 4R iE
“O AFHUIRZSFRIC A7, SR S BRI KOS BE AT R 2 AT 5 R A 4R B R IR AR VT RE A, IR FAT O IS SR
AP IERIUAE  XoF ST I SR 4R 18 AR HDIR 25 D B L 1 e B DR AER 5 O 0 AT X 7 SRS HEAT R . X
I3 KA PR AT 55 DI R 0 AR () 4 4k B A5 21 B8 08 S R TR 28 B R AiE o, 040 PR 2 DR S R e 3 A 5
T X A5 B A R AE 1] B BEA RS UM L PR AR I B T S R U T B s 07 7 ORI A K
A A5 S5 0 R R VB IR S o el DR 22 1 1) 5 3R 4R 1) 2 R A 8PP B B R B A Rz A IR 2
ZJ5 AT p B R 24 bR A AR 2 N R R AT A I )RR 3l Ay

Tac

_ 0
A T X 100% , ¥

pl

KA HEHRIRR SR TN SEBRis AT 8] T, iR 17 ],
2.3 I HHIKE

SCHFE AR IE AT IR A R AL IR 1) A S Ay L kAR S i TSR] BE N 8 B A B AT A A S n TR U R AE
1 w8, 1) 2 B 6 T A ) SRR 1o i AT DC L AR O TR0 Hoi R an &l 7 B,

B BN - 1 ek U GRS v o B i TR Y T R AE B AT RRAE SR B A5 B n A AT ARER S N A
IR IERBAR I P={ p1s pos s poy) N HFEATARIC . X 00 AR 1] 5 P 5 22 1) SR 5 IR 28 i 17 DT
Be, KA% n(n—1)/2 NEEES, AT RIRAN{O1 5 8y vy Suc 1) » BB W I KAE 0. ME W BIME . KGR
T8 2l A% 0y 2O R R A R AT R AR S I, N C R I B C={ c1s cos vy 01 o BERI S IREEE
XF 8 HIAR 25 i REAE ) 1 PR FIBR 28 B REAE 8] 5 C AT DCRC . A BIHE BS 0. 45 00w » W I E DE L LT , 5
DI DC BEAS By . DR 2 B 2 3 A D N T — 447 i, I 58 UM T AR BT B0t SR S DL T W1 4E
Ry lE B AT AL B L Ak SR EAT UC AT 5 DT e AS B D B 01 A9 D 2R A5 BN 2 58 B SO L i T 0L LR A RS B
] A B L Ak S 0 UE DU IS . AR 3R LA LA B8 B0 S 58 0 T A 8] BE N BT A8 D R BTG 43 T . R R IE A JH R AR B i
S0 A I 7 SO0 TR L BROA S 1 ) B B A 10, FLHT 1 R/INBGZ B 1R A 3R I TR . % n AR B
TSIt Z )5 . 454G MES RERBAHURE T E B (O 5 Q0O XERERR 3h % 577 & G4 R T

C, XN,

0
T X 100% , (9
N, X N,
Q= ' X 100% . (10)

p



46 TR K FFHK % 45 &

A P OSTERERR 305 C BRI TR s N, S TAFEGQ )™ v B M 385 Ny AN 517 i K

i

WA s, PR, B
B m, A P

i
| siosgese
{
| mTEmsEmRc |
!
| AT B RA P S CICAE |
ERA | E_ A
T |2 T in
{ !
W 91 LT LU
HK Bfi=i+s Pt Bli=i+10
| I
i<N 2
5
4t

B 7 mmIHBERANTGE
Fig. 7 Identification method of the quantity of processing

3 MAERSG

Ry B UE 2 H 7 2 B A R AL AT M, LLBEF I T ), SR ] BVHS00 37 20 T A Oy o i 2 5 RE R A A i
BRI ik 2 v i Dl A7 B A A B IR LT R AF B AT 40 A, L P BRAR S X R A B L
RA A5 BAR U AT IR . AR5 X BEE N T 8 b g D S i R e A7 40 A . e - as P 3 0 19 5 1030
MR LA RCE I 5 IR R IR LR G ROR T LR .

3.1 EERHERW

Ry S 2 O i T E BRI T IR A SR A RCR I R S, S IR U AR O T AEALR
H, RE iy A it 20 255 T SRAL IR AR AR B, W) R AL RS A5 Siemens PAC3200, R EESHFH Ny 40 Hz; HLIK S8 (5 8 K
A E B R G LR MES ZG4REL, Hod sz 0m TP 2805 B E 8(a) TR , T R AL B8y R A
sy WAL 8 (b)) i s s 24 B I AR A ] 8 (o)

3.2 WEMZESW

SR B DR AR BT M H U R Al R AE AN AL 9 ras . BVHS00 37 2 Tt Ji 8h 2 )5 31 56 3%
INCES R YRR B s B BB m R Ak . )3 30 2 5 B ARRAILIRZS S FRAIL R 09 2 38 R i AR
PRFFARE S 3X 72 PO ZOIRAS TS ALK I B 38 (8 iy A B PR BB T Dl 1 5 40 5 5% i [ 28 T OGS IRE AL R ) 56 h
FEHLIIE Pl ZJEPUR F RS 3, 71 Bzs i LR D 340 T4 142 . B S ALK FF 46 58 JT X T AF e H
HAIHAE T R BRI MR VI D R S R P, BN R G F P UIHIThR P M m iR P,
&, TS ALK E R I ARFALIRAS . i R R — A TG 58 2 T .

AT A5 DB I [R) 4 B 5 R 4E P2 Ok B 2 0 Tk R S A R B AL L S e | s A U A
MURZS . R E AR A 0 TR I PESR L o SO AR ST B 8 T 36 Ak . % 8R4 00 Tk LA R Al S B
A TGO ALK IS B8] ¢ FE 50000 S A () 2, B R0 B () 2 A7 0 B TR i, R TR 1) 5 00 % 4 20 B A 3R 1Y
FEH BN, RS FERRFAL A 23 UTE] AL 4 FORES ST IR O B Ak R 2L T



% 9 T P K T RAZ 8 MPURIR &5 R K a7 7 ik 47

BVHS00:ESH PITITPAC3200) | S
ThRfE s BRRE LI

HLIRE/LVA 20

ExiiE AN 7.5/11
FHhHEE/ (r-min™) 12000 B 3%
TAHEESMNER S /mm 550 x 1000

B P44 BB/ (mm-min ™!

),_..

(a) LRI THLBELS B (o) T2 K 4

E 8 BVHS00 HlFESH# . RELIHRMITE4

Fig. 8 Machine parameters, acquisition terminals and processing parts of BVH800

B =t FhsE

&

Fif i)
e LEPLRE; 2/00RE; 3.58RE; 4.0HRE
B9 SHlin T2 oh 2 il R 451

Fig. 9 Characteristics of power curve in milling process

33 RESAUEEREIA
3.3.1 &I L%

Shy 6 U T B A £ S8R BV B D vk L SR AR VIR B 5 IR L IR e T S R AS DU RS L 0t
Bl T RAE AR 7k . IRt © eRas, B & 24052 8o TR A Pl 2 80 (UTHI S PLRES T 2
i IEXTIX 4 SR I BB EARSE A7 17 A 5 MR Sy AR RS OB o HOR AT AR AT AR T

G R Y R AT TUAL B L AR S R R D AR R AT 20 M AR IBCHG IR AU A L S ST AR AR )
X o i AR A AT AR 25 B T] R AR IS AT RS O R AR 1] SRR o T 32 A3 0 A I 68 2R M R AT AR A B B )
A ARATAR A VE BE 2 L i e A i R A W3 05 22 B U, 7 R A 1) 0 R G i 4 o 7 o, OFG S o0 ) SR 37 22 BTk
EAPE 10 Frs. w BT Rn, 2R3 2 e, PR R B 2 Dok O RERE R A I RULIR FRAE 91,60 0 HfF B .
PRI SC b gk PR AR AR R B 2 2 XTI Rt e i ) TR AR A 11 ez o el TR RT AL 3 2R 2 B AT B T ) 3



48 TR K FFHK % 45 &

P, BAT RAFRIRRAERCR

1.00
0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50

(2, 0.916)

EL Wi S B0 N

0 1 2 3 4 5 7 8 9 10 11 12

6
FE R
10 TSR FERHE

Fig. 10 Principal component cumulative variance contribution value
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Fig.11 The effect of dimension reduction of training data

i I ) FH A2 S0 TE VR X RS DB E 22 R 4T 2 B s DABA G J5c i /R 525 0 36 i Y & B, A5 3 19 23 38 iR 22 ith Ze
Fl12, AT b AEHT O ANITHG RIS, 1R 22 RGN TE k=4 B, R 22 Rk B /N, Z R iR 2R B4 b
Tt BT b (A BRSBTS R T 5028 I Sc b £ HEEEE 3.

3.3.2 &R 5H

X 000 R A R AT AL B A I 2R AR R A B 25 R B X EL A AT RO 4 IR, O AR i IR A T T L SR
JH KNN85 600 285 4 A7 RS U, A as A7 AR AR5 22 B 1] L >R 1T 5 0GB 85 X6 in T B i) Be P 2 2 40040
FTUCHC 15 3 B AR C S HUFE Bk 2, b THEXT D28 45 B AT 42 s 3 2 Fe AILAE B 5 32 b ol A% LR &
Bl — R HEAT 73BT T BORKE = Rl s E U R R MLARAS MO RB R v AR B AR AILE ) L SR g e s K
T A= AILOPR 285 B ] 4 9 20 WU 2 ply A4 1 A O 3 vh e ALK IR 3l 55 45 LIS 19 B 38 58 A48 (B 152 5 1 ML B R & 2
— 2 TR H A3 M N Ry R AILIR 28 5 VT s ) AN ] DU el o 48 0 ok A 1 B R R R A O s B fE R DA
B AN w2 TR R 22 L



%9 M T P K T RAZ 8 MPURIR &5 R K a7 7 ik 19

0.40

0.35

4

@

(=]
T

o

)

[
T

X REAB AP IS TR 25 H
o o
a3

0.10

(3, 0.08)
0.05 (, 0.05)

| I [ I SN S S N —
01 2 34 56 7 89 1011 1
KEA

1 ] 1 ]
2 13 14 15 16 17 18

12 REkETHEREENRERHLE

Fig. 12 The profile of error for classification algorithm under different k values
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Table 2 Identification of key parameters for overall equipment effectiveness

W7k FEPLIF ] /min  REPLFRFEERT M) /min 28 BFFLEAT ] /min  DIHIHFLEME(E] /min - 0T T AR5

e U 3R B 2.66 4.46 7.43 15.45 17

SR IE % 3.00 4.20 7.30 15.50 16
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Table 3 Indicators of overall equipment effectiveness

I I R/ NEAga L/ EREBRSR EERSER AR/ RESEERCR/

(min « 1) s % % % %
i (E 1.50 1.00 91.13 93.27 94.12 79.99
SR A 1.50 1.00 90.00 88.89 93.75 75.00
A5 22 0.00 0.00 1.13 4.38 0.37 4,99
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