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GIAM SAT TRUC TUYEN VA DU BAO TRANG THAI MON DAO
KHI TIEN THEP 9XC TREN MAY TIEN CNC

bédng Van Thl'rc*, Pham Pinh Tung, DPd Tién Lap, Ta buc Hai

Tém tit: Gidm st va dw bdo trang thdi qud trinh cdt la mét trong nhitng bai
todn quan trong ciia san xudt tw dong héa hién dai. Gidm sdt qud trinh gia céng
khéng chi lam gidm cdc yéu cau vé kinh nghiém va trinh dé doi véi cong nhan, ma
con gidm xdc sudt hong héc khéng mong doi ciia dao va chi tiét. Nghién ciru ndy
trinh bay thudt toan giam sdt va du bao trang thdi mon dao sw dung mang no ron
nhan tao khi tién thép 9XC. Thép 9XC la logi thép thuong duoc dung lam dung cu
cdt ¢ nwée ta. Ngodi ra, trong nghién civu nay tdp trung nghién ciru mon mdt sau
dao vi né la mét trong cdc théng sé cé ¥ nghia quan trong khi phan tich hiéu qua
trang thai gidm sdt, ciing nhuw danh gid chat lwong hinh hoc cia chi tiét. M6 hinh
mang no'ron nhdn tgo dwoc xdy dung voi cac ddu vao la ché dé cat va cdc thong tin
ve 3 thanh phan cia lyc cdt. Sir dung phu’o‘ng phadp quy hoach thuc nghiém Taguchi
16i wu héa mang no ron va lam co so huan luyén mang. Cdc két qua nghién ciru Iy
thuyet va thuc nghiém da chi ra, sai s6 dw bdo mon dao khi tién sv dung mo hinh
mang no ron nhan tao co gia tri nho, dam bdo do tin cdy.

Tiwr khoa: Giam sat, Dy bao, Mon dao, Mang no ron nhan tao.
1. PAT VAN PE

Bao dém do tin cdy va hiéu qua cua qua trinh gia cong cat got khong thé thiéu cac
thong tin vé trang thai dao, ciing nhu trang thai cia ca qua trinh cat trude hét 1a danh gia
s0 luong cuong do mon dao. Do khong thé tryc tiép quan sat mién cat (mién tiép xuc
gilra dao va phoi), nén thong thuong can phal xay du’ng cac mo hinh, hodc do mdt vai
thong sb nao d6 cia qua trinh cit, nhu luc cit, cong sudt cit, nhiét do, cac tin hiéu khi,
rung dong, tin hiéu dién v.v... Thong qua viéc danh gid cac dac tinh cla céc tin hiéu nay
chung ta c6 thé danh gia trang thai ciia dao cit, sy thay doi cc thong s6 chat lugng hinh
hoc cua chi tiét.

Cho dén nay cac cong trinh trong linh vire nghién ciru van dé chan doan va duy béo trang
thai qua trinh cit, trong do, chén doan va du bao su tién trién mon dao da dat duoc nhiéu
thanh tuu to 16n [1-5]. Trong cac nghién ciru ndy dwa ra cac phuong phép chian doan khac
nhau dya trén sy phan tich céc tin hiéu rung dong, cac tin hi¢u dién, tin hiéu khi, luc cit,
nhiét d¢ trong mién cit,... 1am co s dé xay dung cic hé thong giam sat trang thai dao cat,
ciing nhu trang thai qua trinh cat. Kurada S. va dong nghiép (1997) trong nghién ctru tong
quan cua minh di dua ra cac dang cam bién dugc dung trong viée gidm sat trang thai mon
dao. Mon dao c6 thé duoc xac dinh truc tiép bang cac cam bién nhu cam bién do muc phong
xa, camera,... hodc cac cam bién gian tiép (luc cit, rung, am thanh) thong qua mébi lién hé
giita cac dai luong cam bién do duoc véi gia tri mon dao. Sick B. (1998) nghién ciru du bao
mon dao trén co s& luc cit 3 thanh phan. Karali Patra va dong nghiép (2007) da dwa ra mo
hinh mang no ron dy bao mon dao tién béng tin hi¢u dong dién dong co. Asafa T.B. va déng
nghiép (2012) xay dung mang no ron dya trén cac thong sd ché do cit, chidu dai cat, cong
sut dong co dé dy bao gia tri mon dao mit sau va mit trude khi tién thép NST 37.2. Phuong
phap Taguchi duogc sur dung trong nghién ciru  nay dé t6i vu hoa cu triic mang no ron. Antic
A. va d6ng nghiép (2006) sur dung cac kiéu cdu tric khac nhau cua mang no ron tri tue nhan
tao, trén co s¢ cac tham sb dau vao va dau ra di lya chon mot kiéu cau trac mang toi wu dé
xay dung mo hinh giam sat gia tri mon dao khi tién ctimg thép C.4730.
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Nghién ctu trong bai bao nay dua ra mot mo hinh giam sat va du bao trang thai mon
mit sau cua dao cdt trén co so thu thip thong tin nhan dugc tir cam bién do luc cat 3
thanh phan. M6 hinh giam sat dua ra thong tin trang thai dao tai thoi diém giam sat va
du bao trong tuong lai. Gia tri trung binh cua luc cit trong khoang thoi gian lay mau
dugc st dung cung véi cac thong sé ché do cit dé du bao dai lwong mon dao. Mang no

ron nhén tao dugc chon dé xay dung thuat
toan nho kha ning xap xi ham tiy y ma
mang “hoc” dugc tir cac dir liéu quan sat
duoc voi do chinh xac cao. Thyc nghiém
kiém tra thudt toan khi tién thép 9XC
béng dao tién manh duoc thuc hién trén
may tién EMCOMAT 20D.

2. THUAT TOAN GIAM SAT VA DU
BAO TRANG THAI QUA TRINH CAT

Trong qua trinh gia cong cat got, dung
cu cit bi mai mon anh hudng dén chét
lwong hinh hoc cua chi tiét dugc gia cong.
C6 mot sb dang mai mon dung cu cat nhu:
mai mon theo mat trudc, mai mon theo
mit sau, mai mon dang ludi liém (crater).
Trong cac nghién ctru chi ra mon theo mat
sau anh huong nhiéu nhat dén chét luong
gia cong chi tiét.

Bai toan giam sat trang thai qua trinh
cit bao gdm bai toan gidm sat trang thai
dao tai thoi diém giam sat, dy béo trang
thai trong twong lai va dua ra nhiing canh
bao cho nguoi sit dung. Thuat toan giam
sat trang thai qua trinh cit dugc chi ra
trong so do hinh 1.

Mo hinh giam sat chi ra trén hinh 1
thyc hién cac cong viéc: huén luyén mang
no ron tir cac gia tri luc cit, théng sb ché
do cit va gia tri mon dao mat sau (k) do
duoc tur thyc nghiém, thu thap truc tuyén
dit liéu tir cac cam bién (& day 14 cam bién
do luc cat), tién hanh xir 1y tin hiéu, dua
gia tri tin hiéu do dugc vao moé hinh du
bao mon dao, hién thi gia tri du bao, kiém
tra gid tri dy bao hdb ¢6 16n hon gia tri cho
phep [h] khong, néu c6 hién thi thong bao
can thay dao, néu chua thay doi thoi gian
At &n khi nao hg>[h] dua ra thong bao
tinh trang cua dao (dao con st dung dugc
khong, bao gio can thay dao,...).
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qud trinh cdt.
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2.1. M6 hinh thuc nghiém

Thyuc nghiém duogc tién hanh trén may tién EMCOMAT 20D, st dung dao ti¢én manh
(can dao PTTNR2020 K16, manh dao TNMG160304-GM) tién cac doan thép 9XC dai
350 mm. Ché d6 cit dugc chon nhu sau: vén toe cit V, duge xac dinh ¢ 3 muce (110, 90 va
70 m/ph), luong tién dao S, & 3 muc (0,12, 0,1 va 0,08 mm/vg), chiéu siu cit 7, 3 mic
(1,2, 1,6 va 2 mm). So dd thuc nghiém dugc chi ra trén hinh 2. Luc cit dugc do véi sy tro
gitip cua luc ké Kistler 9257-BA. Tin hiéu tir lyc ké thong qua bd thu thap dir liéu NI USB
6009 dwa vao may tinh dé xtr 1y. Méy tinh s& tinh gi4 tri trung binh ciia lyc trong khoang
thoi gian léy mau s voi tde do léy mau 1000 mau/s. Gia tri mon dao mit sau duge do
bang may do dao DMG VIO 210 Microset. Str dung phuong phap Taguchi ta xiy dung
dugc bang truc giao Lo cac thong sd 3 mirc ¢ trén (bang 1). Trong bang 1 dua ra vi du cac
gia tri do dugc cua 3 thanh ph?m luc cat (F, F,, F.) va lugng mon dao mat sau (/) cua
manh dao tién tai thoi diém t=10ph:

Tin hiéu hec cat Fx,
Fy, Fz

Céc ket qua do mon dao san

mbi khoang tho gian cat
Hinh 2. So dé thuc nghiém.
Bing 1. Ma trdn truc giao cdc théng sé ché do cdt.
Thi S. t. Fy Fy F, h,
oA V. (m/ph
nghigm | V<P mvgy | mm) | &y | ) | & | (om)
1 110 0,12 2 518,72 | 364,22 | 646,97 | 0,210
2 110 0,1 1,6 506,69 | 360,12 | 640,87 | 0,203
3 110 0,08 1,2 499,97 | 335,41 | 639,97 | 0,201
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Thi |y oh) S. t. F, F, F, h,
nghiém (mm/vg) | (mm) | (N) N) N) | (mm)
4 90 0,12 1,6 | 489,69 | 348,37 | 613,36 | 0,162

5 90 0,1 1,2 | 490,63 | 348,71 | 568,76 | 0,164

6 90 0,08 2 | 466,98 | 342,96 | 576,94 | 0,161

7 70 0,12 1,2 | 456,43 | 337,08 | 567,85 | 0,143

8 70 0,1 2 | 465,67 | 341,36 | 570,02 | 0,153

9 70 0,08 1,6 | 472,63 | 338,43 | 562,57 | 0,142

Két qua luc cat thu dugc tir cam bién, gia tri cua thong so che do cat va gia tri mon dao
mat sau dugc dua vao dé huan luyén mang no ron.

2.2. Mang no ron tri tu€ nhén tao

Cac nghién ctru vé du bdo mon dao da chira rﬁng st dung mang no ron tri tu¢ nhan tao
MLP véi 2 16p an cho két qua du bao chinh xac hon mang chi véi 1 16p an. Do vay, trong
nghién ctru nay lya chon mang no ron ¢6 ciu trac 2 16p an dé xay dung thuét toan dy bao.
Céc thuét toan huin luyén mang nhu thuét toan Levenberg- Marquart (LM), phuong phap
vec to gradient lién hgp (Scaled Conjugate Gradient - SCG) va hi¢u chinh Bayes
(Bayesian Regularization - BR) s& dugc xem xét dé tim ra céu trac va luat hoc tdi wu nhat
cho sai sb nho nhat.

Pau vao

Lép an

Paura

Hinh 3. Cau tric mang no ron MLP dy bdo mon dao.

Xem xét cau tric mang no ron véi cac thong so6 3 muc chi ra trong bang 2.

Bdng 2. Cdc thong so cua mang no ron.

Mitc S6 no ron lop an thir | S6 no ronlép 4n | Thuit toan huin
nhat (A) thwr hai (B) luyén (C)
3 4 LM
13 18 BR
7 10 SCG
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St dung phwong phap Taguchi dé tdi wu hoa mang no ron, trong d6 str dung ty so S/N
(Signal to Noise — Bg sach cua tin hiéu) dé danh gia [5]. Phu thudc vao cac yéu cau t6i wu
c6 cac ty s6 S/N nhu sau: “Lén hon tot hon” (higher is better - HB), “Dinh mirc tot nhat”
(nominal is best - NB), “Nho hon t6t hon” (lower is better — LB). D6i voi thi nghiém nay
cac thong sd nhu sai s6 quan phuong, sb bude lip va thoi gian huan luyén déu phai nho
nhit nén ty s6 S/N “nho hon tét hon” dugc st dung theo cong thirc:

1 n
S/N,, =—1010g(;2yi2] (1)
i=1

Gia tri cua ty 1&¢ S/N duqc tinh toan theo cong thirc (1) va dua vao bang 3 va duoc thé
hién trén do thi hinh 4. Ty s6 S/N dugc tinh theo dB.
Bing 3. Ty 1¢ S/N ciia cdc théng so.

Mikc (dB)
Phamvi | Hang
1 2 3
A -31,37 -16,99 -28,50 14,38 2
B -32,09 -18,71 -26,07 13,37
C -16,18 -20,22 -40,47 24,29 1
. A T B | [
=20 4 c = .
-39 = E = ; 3 =
ma _ . I _ ] i 1 ] i »
1 3 3 1 2 3 1 z 3

Hinh 4. Ty s6 S/N véi méi théng s6 (dB).

Ttr hinh 4 ta thdy cAu tric mang no ron tbi uu cho sai s6 nho nhat va thoi gian huin
luyén thap nhat 12 mang A2B2C1 (mang no ron cé cau tric 6-13-18-1 st dung thuat toan
Levenberg- Marquart € huan luyén).

2.3. Du bo tién trién mon dao

Bé gidm sat trang thai ctia dao (hay gia tri mon dao A(?)) tai thoi diém 7, cac thanh phén
luc cat (F,, F,, F,) duoc do dé xac dinh gi trj trung binh trong khoang thoi gian ldy mau
va dugc dua vao diu vao cia mang no ron du bao. Bai toan dt ra can xdc dinh trang thai
dao ¢ thoi diém tuong lai sau thoi diém giam sat  don vi thoi gian hay can dy bao su tién
trién mon dao.

Dé dy béo sy tién trién mon dao tai thoi diém can phai biét thong tin dy béo vé gia tri
cua luc F(t+At), Fy(t+At), F.(t+ At) tai thoi diém ¢+ Af. Béi vi luc cat 1a ham thay
doi “chdm”- gia tri trung binh cua luc thay d6i chdm theo thoi gian, vi vay, c6 the st dung
phuong phap tuyén tinh hoa tirng doan (hinh 5) dé du bao sy thay doi gia tri cta luc cat tai
thoi diem ¢ + At khi do:

F(t+A) = F (t)+k, At
F(t+A)~ Fy(t)+k@At )
F.(t+At) = F.(t) +k, At
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Hinh 5. Tuyén tinh héa tirmg doan lyec cdt.
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Hinh 6. Dy bdo tién trién mon dao trén co sé phwong phép tuyén tinh héa tirng
dogn ham lyc cat theo thoi gian.

Do lyc cit 1a gia trj thay d6i “cham” nén ta xac dinh cac gia tri k. , k. , k. gan dung
x v z

GFrj AF.

kp, =| —=| = :

; or ), \At, )

P i 3

e ) A, ) ©
an) AF,

k, = ~

: or ), \At, )

trong d6, AF,, AF,, AF, la thay d6i cua cac luc thanh phan F,, F ), F. tuong ung trong

nhu sau:

khoéang thoi gian Alm giita 2 lan liy mau:
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AF, = F® —F(

. Al M
AF, =F," - F, 4)
AFz — F'Z(2) _Fz(l)

Tir gia tri luc cit du bao nay ta dua vao mang no ron dé xac dinh gia tri mon dao
h(t + At) 6 thoi diém ¢+ Af (hinh 6).
2.4. Kiém tra danh gia thuit toan giam sit va du bao mon dao

Nghién ctru thuc nghiém danh gia chét lugng giam sat va du bdo cua thuat toan dugc
thuc hién theo so do thuc nghiém nhu hinh 2 theo cac thong s ché do cat: (H) V=110
m/ph, t.=2 mm, S,=0,12 mm/vg va (2) V.=90 m/ph, t.=2 mm, S.=0,08 mm/vg. Két qua
giam sat duoc chi ra trong hinh 7. Trong d6, thoi diém bat dau giam sat d6i véi ché do (1)
1a phit thtr 8, ddi voi ché d (2) 1a phut thir 11 cua qué trinh gia cong, la thoi diém te do
mai mon dao dd bit ddu 6n dinh. Tién hanh do va dy bao luong mon dao (hy), so sanh voi
giad tri mon dao do duoc (). Gid st lugng mon dao cho phép [h]=0,5mm, khi d6, md
hinh giam sat s& canh bao thoi diém can thay dao khi &> [h].

Du bao mon dao Vc=110m/ph tc=2mm,Sc=0,12mmivg Du bao mon dao Vc=90m/ph,tc=2mm,Sc=0,08mm/vg
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Hinh 7. Sai s6 gia tri dy bao so vdi gid tri thuc nghiém
a) V.= 110m/ph, t.=2 mm, S.=0,12 mm/vg;
b) V.= 90m/ph, t.=2 mm, S.=0,08 mm/vg.
T d thi sai s6 du bao cua mang no ron ta théy trong giai doan mai mon 6n dinh md
hinh du doan kha chinh xac (sai s6 e=harha<0,05mm), dén giai doan mai mon khdc liét
sai s6 tang nhanh do lyc cat lic nay khong con thay d6i tuyén tinh.

Sai so du bao mon dao Ve=110miph,tc=2mm,Sc=0,12mm/ivg 2 Sai so |:!u bao mon dao V|c=90mlpr|,t:=2mrv.Sc=0,0§mmlvg
18 . T . T
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0.02 [ 0.02
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Thoi gian t, ph Thoi gian t, ph
a) b)

Hinh 8. Sai s6 gia tri dy bao so voi gia tri thuc nghiém
a) V.= 110m/ph, t.=1,2 mm, S.=0,12 mm/vg;
b) V.= 90m/ph, t.=2 mm, S.=0,08 mm/vg.
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Sai s6 du bao cua thuit toan phu thudc vao thoi diém giam sat. Hinh 9 chi ra sai sb
twong doi gitra gia tri mon dao du bao vdéi gia tri mon dao do dugc theo tung thoi di€m
giam sat vdi bo thong s6 che do cat V.= 110m/ph, t.=1,2 mm, §.=0,12 mm/vg.

Sai s0 du bao mon dao Ve=110m/ph,te=2mm,Sc=0,12mmivg Sai 50 du bao mon dao Vc=110miph,tc=2mm,Sc=0,12mmivg
Sai 50 du bao mon dao Ve=110m/ph,tc=2mm,Sc=0,12mmivg 8

° 2
15 20 . 3 1 18 2 ) P % 28 3 24 245 25 255 26 265 27 275 28 285 29
Thoi gian t, ph Thoigian t, ph Thoi gian t, ph

a) b) c)
Hinh 9. Sai s6 dy bdo tién trién mon dao tity thugc vao thoi diém bat dau gidm sdt
a) t=8ph; b) t =17ph; c)24ph.
3. KET LUAN

Bai bao d d& xuat mot mo hinh gidm sat truc tuyén va du béo trang thai qua trinh cat
trong hé théng co dién tir clia may cong cu. Do dai lugng mon dao rat kho dé do truc tiép
trong qué trinh gia cong nén nghién ctru sir dung tin higu lyc cét 3 thanh phan thu duoc tir
cam bién do luc dé tién hanh gidm sat. Dé du bao sy tién trién mon dao /(¢ + Af) tai thoi
diém ¢+ At can phai biét thong tin du bao vé gid tri cla luc Fo(t+Af), Fy(t+Af),
F.(t+At) tai thoi diém ¢+ Af. Béi vi luc cat 1a ham thay d6i “chdm”, vi vay c6 thé sir
dung phuong phap tuyén tinh hoa timg doan dé du bao sy thay ddi gia tri ciia cac thanh
phan Iyc cit tai thoi diém ¢+ Az . Tién hanh thyc nghiém véi timg b thong sé ché do cit,
thu thap dir liéu luc cit va do gia tri mon dao. Mang no ron tri tué nhan tao dugc st dung
dé thiét lap mdi quan hé gitta luc cét, cac thong sé ché do cit voi gia tri mon dao. Mang no
ron duoc t6i wu hoa nhd phuong ‘phap quy hoach thuc nghiém theo Taguchi. Tur do thi sai
s6 du bao cua mang no ron ta thay trong giai doan mai mon 6n dinh m6 hinh dy doan kha
chinh xé4c (sai s6 <0,05 mm), dén giai doan mai mon khdc liét sai s6 ting nhanh do lyc cit
lic nay khong con thay doi tuyén tinh. Thyc nghiém ciing chi ra rang sai s twong ddi giita
2 gia tri nay con phu thudc thoi diém bat dau tién hanh giam sat. M6 hinh giam sat va dy
bao duoc dé xudt co thé dugc phat trién va dua vao bo didu khién thich nghi va diéu khién
thong minh trong h¢ thong co dién tir cia may cong cu.
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ABSTRACT

MONITOR AND PREDICTION OF TOOL WEAR WHEN TURNING 9XC STEEL
ON CNC TURNING MACHINE

Monitor and prediction of the cutting condition is one of the important problems
in modern production. Monitor of the machining process not only reduces the
experience and skill requirements of workers, but also reduces the probability of
unexpected fail of the tool and details. This paper presents an algorithm of online
monitoring and prediction of tool wear condition in mechatronic system of machine
tools when turning 9XC steel. 9XC steel is commonly used to product cutting tools
in our country. In addition, this study focuses on flank wear of turning tool because
it is one of the important parameters which are used to analyze the effectiveness of
monitoring condition andestimate the geometric quality of detail. Information of
three components of cutting forceswere used to monitor and predictwear condition
of cutting tools. Neural network artificial intelligence is used to establish the
relationship between the tool wear and cutting forces. Method Taguchi was
considered to optimize neural network. The results of theoretical and experience
research have shown that the predicted error of the toolwear when using artificial
neural network model is small value, ensuring reliability.
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