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[ Abstract] The management of the tool in the automatic tool library of CNC machine tools and the formulation of the operation
parameters of the machine tools are closely related to the service life of the tool. The relationship between tool life prediction and its
influencing factors is complicated and nonlinear. In order to solve this problem, the knives’ service life impact factors are selected as
variable input to the support vector machine (SVM) model, the sparrow search algorithm (SSA) is used to optimize kernel function
g and penalty parameter C of support vector machine SVM, with root mean square error ( RMSE) as a fitness function, and through
the iterative selection of the optimal regression parameters, the model is trained. The results show that the prediction accuracy of
SSA-SVM model is improved by 9.1%, 5.6% and 0.12% compared with BP neural network, SVM and LSTM, respectively, and
the time is only 4.724 7 s. The method is feasible.
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Fig. 1 Tool library automatic tool change system framework

BLORUEIZ FR G0 0 T M 1 RS 1, T B A5 A il
W= 22 20 75 DR UE 00000 7 o e 2, L S0 A 70 4 i
BOR BIG T 75 i S0000 R AR A X6 5% 2 AR S B
M, HAERT 2



116 B o /5 M5 MM

ERRES

2 JTIRFaNERE L

21 TNEEGEMEZR

SOMERR ) PN ] B Ay T LR ) B A Ay
Wi PR 2, 3 ik A ) SR [ 19 ], AT ) B s 2K
IR/ /{1

T— ¢ D (1)
@ fed
Hrr, c, jﬁﬂﬁ# mREL D ﬁﬂﬁﬁﬁ: sv, A

DINERE sa, W2 0, HUIEISERE ; £ o itEss
i zjﬂﬂ/\u@l Xy up g RS FIN S E TS 5L
(B, FR/INR B4 AR R SO0 T) B A ()52 A B
— GO, T Bk 5 T 5 I B T AR
P MR R AR OC, W UL T B A a2 2R R
M) | J5 4% 25 BLASS 7RO AR e o) B ) B i 5 H S T
- Z AR &R
22 ZHFEEVEAEE

SVM [ DAGE 2% Ry Hhilf, & —Fh B = 2 O
2o, T T A | SRS W AR, AR SR
FH SVM 115 3547 71 HL A 4 745 i Tt

WHFE T, X T HE M IGHEAR D = { (x,,y,),
(%2,72) 5 (%,,5,)), v € R, B #—4
Eﬁﬂ‘t@)ﬂ’ﬂ‘%ﬁ” fii15 f(x) *ﬂyRT BHZIT, w Al
b AR SR, 8T 1T A RS A 5 vk DL
T

fx)=w'x +b (2)

XFTAEA D, AR GE AR — i o f(x) 1y
Z I 2RISR W3 58 4 AR R, 4525 B Ry
F, SUHAR, ZHEmELGEA A f(x) oy A5
%2 e W2, B f(x) A1y ZR45HE R T & B 5k
ki N S NI o P

maxfuwn +62€<f<x>—y> (3)

Hp, ¢ FRENLHEE €, R e - AEEUER
4% (e—insensitive loss ) PREL, 7T i a0 F 2 e 4731
.
0, iflzl<e

€.(2) = (4)

| zI — & otherwise

BIAMAS R &, 0 €, Tt (3) E R,
min 7||w|| +CZ(f +§)

bff
st flx) -y, S e +¢

y, —f(x) S e& +'_§i

£20,6=0,i=1,2,-,m (5)

~

FIANKEMHR T u, =0, u, =0, @, =0,

a, =0, AT AT LA FIR(S) Bk 1 H
PRAL

~ ~ ~ 1
L<w’b’a5a’§’§’ﬂ’ﬂ):?”w”2 +
CZ <§L +$i> - Zlu’ifi - Zl;ﬁéz +
Ya(flx) —y—e—£) +

i&i(yi -flx) - & _éi)~ (6)

KR (O RA A L(wba,a, £, 6, n, 1)
Stw,b, & FE RSN 0 AT,

w = i(at _ai)xi (7)
0= i(&L _a,:) (8)
C=a; +, (9)
C=a +p (10)
X (7) ~K(10) A (6) , BIF 13 3] SVM
[ 3 F18 o) 4 [
many(a—a)—s(a +a;) -
—Z Z(a —a)(a - Q)X x;
s.t. Z<ai -a,)=0
0<a,a <C (11)

R gk B W 2 KKT ( Karush — Kuhn -
Tucker) 754, FIEEK .
oa(f(x) —y, —e-§)=0
aly, ~f(x) —&=&)=0
) : (12)
a0, =0, £6,=0
(C-a) & =0, (C-a,)é =0
B2 (12) /TR Y HACY f(x,) -y, - —£,=0
BF, o, ATDABCEEZHE, FIFE S HALY y, - f(x,) —& -
E,=0, a ATLIBGEARE M, Hmisin, YHEAR D%
HIEA e- FFEH T, o, Fla, A EBEERME f(x,) -
y,—e —& =0My —f(x.) —& - & =0 NEEFIAS AL
LB o, Fl G, B RE,



5 8 1]

B4, &, T SSA-SVM 1y JJ E 5 A 1 117

B () ARAZ(2), 0 SVM (8] 5 (1 f 7 an =X
(13) /s

)= X (& —a)x+h (1)

o (75 a, — a, # 0 BUREAEN Ry S H i o 45
VR AE PR AN AT A g

M (12) ATE I, X TENEREA (C -
a)é =0Ha,(f(x,) -y, —& -€&) . HILEST o,
Ja, 40 < a, < C,NF & =0, A .

b=y, +&- Y (a -a)xx (14)
i=1

PRIHCR AR (1) 748 o, , BE FoRUE, PR
BP0 < a; < CHREAEIEA(14) REFb, K
PG TT 1 SRS 2 ARy b 5 B2
fi,

R WLTRAE | TERRIE 25 (8] v ) 43 - 1 T X
IO (AR AT 7

S(x)=w'd(x) +b (15)

SUPARL R Y (7 ) KT

w = i<&i_ai)d)<x£> (16)
B (16)FRAK(15) 0] SVM [BIH AT KR A

f(x) = 2 (o, —a)k(x,x) +b  (17)

Horr, k(x,x) = d(x,) " (x;) FIZHREL
2.3 ETF SVM K71 B FATEE

it bR 77 L 7 i s e PR 2R RN S e S AL
(SVM) BEZEE AT, ASCH 73T SVM 7 B
FH A AR AR AT .

Step 1 M4 A SCHT Y J1 H 75 A o0 A, BB
JIREAZ (D,) DIEIREE (v,) FFIZTT 5 (e,) DIHI
Sl (a,) LR () JTEEE(Z) TR A
i ASH BRI 28O ) B R T

Step 2 MFEAEHE 7317, g ABAL G S5, 1]
MYIKIFEEE (a,) L & () FSEA R WA 3
SN RURE FE 1 W% ), T DA BOH R R AR iR 47 00—
AL B, JRERANT

x = xmin
x.\’cule = ( 18)

Xmax ~ Fmin
Hob ) w e LS AR S REAS Bidl 5
{850, NWIZIVEARLE e KA %, A IZIVEEA BT
S BCUNIER
Step 3 EFEAIEM SVM AZpREL, X A
A, e A 22 U AT R AN O 1) B A R

K(x,y)=exp[— ||x—y||) (19)

20

Step 4 SVM (A ML FIET R C, 12
EE=EATE GO P O DA R = T gl 2 S o
ARIEAE LRI w SHGEPE I — AN, e IR
PR RS XS TS 1 S

Step 5 i o A S A ACAG: 55 00N 4S8 1Y) 32 fk.RE
J1o TR A S HE AN E B3 E SVM
1 TR B
2.4 ET SSA filk SVM 7] B FE M THNAREIE L

JWR4E 8 2R 5.7k (sparrow search algorithm , SSA )
H Xue S55735 T 2020 R4 1 R 2 AR i PR 42 36
EIF kR B B AT M B D A R RE L AR AR
SSA FELRZFRE M BT NI E1T G &
ML, 2Rk RS, B a8 0w sk
BB AL, RS 0 R 2 ke I — B
I — R R BFR B i T T A BUE AL, RS
SREREINERY/Ed SRR N (ES -8 e R R N (B
PR B, [REE R v 328 B 7 BB ) A AR 4T T A
T R R G BB, Z e —, R
AT RN SVM B T4k, HFE
SRS SVM AR R AL C FNAE 1) A R
TEPESH g VRN IRAE B, 3 3 X 4 Jag 114 386 7
EHEY SR UE A i & 15 2RS4, SSA
Ak SVM S Hi A& 2 iR, 3T SSA-SVM (1)
PARER g BN E VAT RE ST/ N

Step 1 ¥ WGk, PIIR1L SSA FhFS 4K,
I RIERSEL iterma VL SR E# FINA L 19 LA,
Wi SVM BT S5 C AR n] A% pR BT 98 FE ¢ IR
(=R

Step 2 THAIE N M IFHET . AR (20)
THIAL ARy (9 38 1 BE R/ I FHERF , B I R Sy Rk 2
MR B O B, 15 R AR B SYM YIRS
) MSE 1322

fitness = argmin( MSEpridect) (20)
Step 3 fHEH NI EEH AN,
-1
X . if R, < ST
xl= eXp(a - itermxj Bs (21)
Ly
X, +Q-L if R, = ST

o) ¢ R Y EE AR dter,, B EEL R
ANERIERUAL X! FRIRE o UGEARETER @ AR
T8 AP SR a e (0,1] 22— HEHLEL
Q FTR—NMMIES A HEHLEL; R, (R, €[0,
1]) MST(ST e [0.5,1]) Z il A FUE(E L2 AH



118 B o /5 M5 MM

ERRES

LR xdWa 1R, 2R, < STH,EWRER
BEBBEAHEE, KET LA Z R
Ee ey | I T b A ol P

Step 4 A E O E B H AN

Xivnrxt - Xi J
Q-expl— 5 ifi > n/2
l

Xy 4l X =X AT L

Hor, X, & H AT & BLE B U5 i s 8
X,w FRYA R RRENMNE ;A FR— 1 xd M
M, o A S RV N 15k - 1, P H A" =
AT(AAY) TN M > n/2 B 3 W N B AR
M NMIMAF & SRR EY, kT oUkmek
B, AT E R e T R, DR E 2N
B,

Step 5 EHA L B BT AN

t+1 _
X = (22)

>

X;IR\'T + B .l Xi,j - X?)m'r | f; > fg
ij-]] = 1 | Xj] - X;:m'st | (23>
X+ K| ——— =/,
(fi =f) te

2 SSA it SVM SR E R

Fig. 2 SVM parameter optimization flow chart based on SSA

3 (FESBSSH

3.1 LIGHEE

ARSI R G h I BRI BE T 5
BREAR Y s 2] LB SR s AN e AR I T T
7 B HAE AT T 00, T 5 AR YTIS 68 &
&, TAPROR R 45 89, et SCRR[ 21 )l g, bkt
AR T R B0 1.0~ 1.6, SEIRAIIIZREER 22 4]
FEARBE WU E 17 HFEARE R, £ 1 HIJ B
iy U 3 55 E AR A

®1 JTEFGTNEBSHEELE
Tab. 1 Partial sample data of tool life prediction

FoD/ e/ af f G /(e T
S mm mm  mm tooth™") min~") ' min
1 80 4 2 40 0.12 183 1.1 72
2 80 4 3 50 0.10 175 1.2 85
3 100 5 4 60 0.13 150 1.1 98
4 100 5 5 75 0.15 130 1.2 107
5 100 5 7 60 0.07 173 1.2 125
6 125 6 5 75 0.10 144 1.1 180
7 125 6 7 80 0.11 140 1.3 136
8 125 6 6 90 0.13 135 1.0 113
9 160 8 3 96 0.10 150 1.1 190
10 160 8 5 100 0.13 130 1.1 171
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Tab. 2 Statistics of prediction results

R? RMSE MAE Time/ s

BP W% 0.915 1 156119  11.2822 55167
LSTM 0.997 2 3.819 6 28361 1171.6213

SVM 0.943 5 5.524 5 3.227 3 3.867 2

SSA-SVM  0.998 4 2.783 5 1.734 8 4.274 2
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Fig. 5 Comparison of tool life prediction results
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