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DPé bao dam do tin cay va hiéu qua cla qua trinh gia céng cét got khong thé thiéu cac thong

tin vé trang thai dao, cling nhu trang thai ctia ca qua trinh cét. Bai bao gi¢i thieu mé hinh
rng dung mang noron nhan tao trong dw bao mon dao khi tién, nham nang cao hiéu qua, do

To ensure the reliability and efficiency of the machining process, it is indispensable to inform

the state of the tool, as well as the state of the whole cutting process. The paper introduces
the model of artificial neural network application in tool wear prediction in turning to improve

Tom tat:
tin cay cda qua trinh gia cong.
Tw khoéa: mon dao, mang noron nhan tao (ANN)...
Abstract:
the efficiency and reliability of the machining process.
Keywords: tool wear, artificial neural network (ANN)...
1. DAT VAN BE

Quyét dinh thay dung cu phi hop va dung lac
la yéu cau cap thiét, nham tranh hu hong chi
tiét hoac thay dung cu khong can thiét. Du
bdo sy mon dao trong qué trinh gia cong la
mot bai todn quan trong trong viéc giai quyét
cac van dé lién quan dén dam bao do tin cay,
an toan cua may va dao cit, xac dinh trir
luong cua dao cat, cling nhu cac van dé vé
lién quan dén dam bao do chinh xac va chat
lugng gia cdng chi tiét trén cac day chuyén
san xuit tu dong héa nham tién téi giam séat
truc tuyén tinh trang caa dung cu la can thiét
di vai cac may cong cu hién dai.

Trong qué trinh cét, do khdng thé truc tiép
quan sat mién cat (mién tiép xuc giita dao va
phoi), nén thong thuong can phai xay dung
cac mo hinh, hoic do mot vai théng sé nao d6
ctia qua trinh cat, nhu luc cat, cong suat cat,

nhiét do, cac tin hiéu khi, rung dong, tin hiéu
dién... Cho du da dat dwoc cac thanh tuu to
I6n trong linh vyc giam sat dong trang thai
dao cat, song van dé md ta sy phat trién mon
dao dua trén su phan tich cac nguyén nhan
dau tién (nguyén nhan gc) gay ra sy mon dao
van con la van dé can thiét.

Hinh 1. Hinh @nh mon caa dao

Ung dung mang noron nhan tao vao hé théng
san xuat tu dong dem lai loi ich va hiéu qua
kinh té, do mang noron ¢6 kha ning hién thuc
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héa bang phan ciing va toc do tinh toan phu
thudc vao may tinh sé. Bai bao nay giéi thiéu
phuong phép nghién ctu tng dung mang
noron nhan tao trong du bdo mon dao khi tién.

2. PHAN TiCH QUA TRINH MON DAO

Phan tich cac két qua nghién cau thuc nghiém
mon dao tién trong [2] da chi ra riang, sy mon
dao duoc thiét 1ap boi hai khuynh huéng ddi
lap. Khuynh huéng thir nhat dic trung boi su
thich nghi cua cac bé mat tiép xuc, duoc thé
hién trong su thiét lap trang thai ding (qua
trinh cit 6n dinh). Khuynh huéng tha hai dic
trung bai sy pha huy cac tinh chat cua céc bé
mit tiép xuc, duoc thé hién trong sy tich liy
cac khuyét tat trén bé mat tiép xuc va dua dén
su mai mon khdc liét. Nhu vay, mon dao c6
thé chia ra 1am ba giai doan: giai doan bat dau
mai mon, giai doan mai mon o6n dinh va giai
doan mai mon khéc liét (hinh 2).
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Hinh 2. Qui luat mon dao theo th&i gian hoac theo
murc do thwc hién cong cua lwc cat: |- Giai doan bat
dau mai mon; Il - Giai doan mai mon én dinh;

1l - Giai doan mai mon khéc liét

Trong bai bdo nay gigi thié¢u md hinh thyc
nghiém va phuong phap nghién citu mon dao
khi tién. Qua thuc nghiém voi cac ché do cat
khac nhau, cac dir liéu thuc nghiém da chi ra
rang, mon dao phu thudc 16n vao téc do cit.
Ngoai ra, cac thanh phan cua lyc cit phu
thuoc khac nhau vao su phét trién mon dao.

3. CAC PHUONG PHAP DANH GIA MON
DAO

Hinh 3 giéi thiéu cac phuong phap nghién ctru
chuin doan mon dao, bao gébm cac phuong
phap do truc tiép va cac phuong phap gian
tiép.

Céac phuong phap truc tiép cho phép do truc
tiép cac tham sb cua mon dao (theo vét I6m
dugc tao thanh trén mat truéc cua dao).
Khoang céach tir lugi cit dén tam vét 16m,
chiéu sau vét 16m, do rong caa phan mon theo
mit sau cua dao, giam thé tich va khéi luong
dao, mon kich thuéc cua ludi cét, thay doi
kich thudc caa chi tiét... [1]. Cac tham sé chi
ra cd thé dugc xac dinh bang cac phuong
phap phéng xa, quang - truyén hinh, laser, co
dién, khi nén hoac siéu am... Cac phuong
phap do tryc tiép mon dao khong c6 do tin cay
cao, khé thuc hién. Do su phuc tap trong viéc
st dung cac phuong phap do truc tiép mon
dao trong cac diéu kién san xuét, cac nha
nghién ciru tim ra cac phuong phap gian tiép
danh gia trang thai cua dao théng qua cac
thong s do duoc cua cac qua trinh din ra khi
cat. Dua trén sy thay doi cac dic tinh cua cac
tin hiéu do dugc trong qua trinh gia cong, vi
du, lyc cat, nhiét do, rung dong, cong suat caa
truc chinh, mémen..., nghia la xac dinh su
tuong quan giita phéat trién mon dao va su
thay dbi cac dac tinh cua tin hiéu do.

| Cac phwrong phip do mon dao |
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Hinh 3. Cac phwong phap do mon dao

Do df nhim

Po tin hiéu || Do mé men
bé mat a

am thanh xoian

Phwong phiap
song siéu Am

Po céng
suat ciia cic
hé dan dong

A

2 TAP CHi KHOA HQOC & CONG NGHE . SO 32 - 2022



KHOA HOC & CONG NGHE

4. NG DUNG MANG NORON NHAN TAO
TRONG SAN XUAT THONG MINH

4.1. Téng quan mang noron nhan tao

Mang noron nhan tao (ANN) xuit phat tir su
bat chudc cau truc va co ché xur ly thong tin
ctia ndo nguoi. CAu tric cia ANN do ngudi
duoc xac dinh (thiét ké) truéc, nhung cac
théng s6 cia n6 thay doi trong qué trinh hoc.
ANN xt ly nhanh, khéng "ngai" di li¢u roi
rac, phi tuyén, nhiéu dau vao, nhiéu dau ra...
thuong gap trong nghién ctru qua trinh céng
nghé. Pac biét ANN c6 kha ning hoc dé tao ra

va bd sung tri thuc.

Heé sd higu
chinhb_

Céc tin
hiéu ddu
vao

Cdc trong 8
weights

Hinh 4. M6 hinh ciia mét noron nhan tao

4.2. ng dung giai thuat lan truyén

ngwoc trong chudn doan mon dao

Hoc trong mang noron 1a qué trinh thay doi
gia tri cua trong sé weights (w), dé mang c6
thé dua ra duoc két qua mong mudn tdi wu.
Su khéc nhau gitra gia tri that caa miu va két
qua dy doan ctia mang goi 12 sai s6. Qué trinh
hoc s& tim cac wi* dé sai s6 nho nhit. Lan
truyén nguoc (backpropagation) la giai thuat
cot 16i gidip cho cac mé hinh hoc sau c6 thé dé
dang thuc thi tinh toan dugc. V&i cdc mang
ANN hién dai, nho giai thuat nay ma thuat
toan t6i uu co thé nhanh hon nhiéu lan so véi
cach thuc hién truyén théng. Lan truyén
nguoc dugc su dung cho hoc s&u, nd la mot
ki thuat dé nhanh chong tinh dugc dao ham.

Hinh 5. Lan truyén ngwec cua tin hiéu
trong nhiéu I&p an

51 = W1454 + W1555

Hinh 6. Sw thay déi gia tri cta céc trong sé
dwa vao tin hiéu 18i

. df, (e)

W i = Wean + 1o, ée X
, df. (e

W' o1 = Wo +770; A X,

de

Hinh 7. Qua trinh hoc cua mang

\ df. (e
W's =Wy + 7705 s( )yl
df.(e)
W 'ss = Wyg + 77655 —
25 25 T 1705 de Y,
df.(e)
W' = Wy + 775, —
35 35 T 7705 de Y3

5. NGHIEN ClU THWC NGHIEM
5.1. Muc dich

Nghién cuu thyc nghiém mon dao chdng ta
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dia trén co so nghién cieu sy thay doi luc cit,
cling nhu sy phat trién mon dao trong qua
trinh gia céng. Bé lam diéu nay, trong qua
trinh thuc nghiém tién hanh ghi dong bo céac
tin hiéu mang thong tin vé sy thay doi 3 thanh
phan truc giao cua luc cit theo cac toa do
chuyén dich may tién 1a thanh phan luc cét
chinh, thanh phan lyc phap tuyén va thanh
phan lyc tiép tuyén trong thoi gian gia cong
thuec.

Trong giam sat tu dong hé théng céng nghé,
c6 mét s6 loai sensor hay dugc ding, véi mic
d6 khac nhau. Ta thay, luc ké thudong dugc sir
dung nhat, sau d6 1a AE.

Dé do luc cét theo 3 hudng truc giao, st dung
thiét bi do luc cat 3 thanh phan Kistler
9257-BA. Thiét bj do luc Kistler bao gom luc
ké, bo khuéch dai tin hiéu, bo dong bo tin
hiéu. Luc ké duoc ldp cb dinh trén ban may
nhu hinh 8.

Hinh 8. Cac thanh phan cua lwc cat
5.2. Diéu kién thi nghiém

M hinh thuc nghiém co ban nhu sau: Trén
may tién bo tri phdi, hinh dang cua phoi da
dugc xir 1y so bo dé nghién cau su thay doi
cua luc cat. Vat liéu: 9CrSi, dao cat (can dao
Walter turn DCLNR, manh dao CNMG vai
cac thdng s6 hinh hoc: gdéc nghiéng chinh:
95°, gdc nghiéng phu: 5°, goc trudc: —6°, goc
sau: —6°, duong kinh miii dao: 0,4 mm).

Turning Process

Dynamic signal of
cutting forces. Fx, Fy, Fy

Céc két qua do mén dao sau

mbi khodng thod gian cit

Hinh 9. S dd md hinh thwc nghiém

= Ché do cit: van toéc cat V. = [100,160]
m/phat; lugng chay dao doc f. = 0.15
mm/vong; chiéu sau cat t.= 2 mm..

Trong qua trinh thuc nghiém, do luc cit bang
sensor luc va tuong ng vai nd 1a do gia tri
mon dao (két qua thi nghiém bang 1, 2 phan
phu lyc). Xay dung so d& md hinh thyuc
nghiém hinh 9.

PRI
)

g
KR Y 10
S

Hinh 10. Sor d6 céu trlc va anh
cta mo hinh thwc nghiém
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6. CAC KET QUA NGHIEN CUrU

Céc thanh phan lyc dugc trung binh héa trong
moi khoang thoi gian dugc dua ra trén hinh11,
12, twong GNg Vai CAC gia tri cua van toc cit
V., =100,m/phut va V,=160,m/phut.
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Hinh 11. Sw thay déi gia tri trung binh
cuia cac thanh phan lwc cat nhan dwoc

bang thwc nghiém dwéi van téc cat V.=100 m/ph

M H i H H H H H L .
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Hinh 12. Sw thay déi gia tri trung binh
chia céac thanh phan lwc cét nhan dwoc
béng thwec nghiém dwéi van téc céat V.=160 m/ph

Tir ddc trung thay d6i cac thanh phan luc cat
trén hinh ta c6 thé thay theo mac 6 mon dao
va céc thanh phan cua lyc thay doi khac nhau.
Thanh phan lyc cat chinh F, thay dbi 16n nhét,
sau d6 dén thanh phan lyc tiép tuyén F,, con
thanh phan luc phap tuyén F, thay doi khong
nhiéu. Nhu vy, hudng cua luc b thay ddi khi
dao bi mon. Piéu nay dugc giai thich boi mon
dao anh huong dén goc hinh hoc cua dao, n6
1am thay doi goc hinh hoc cua dao, va vi vay,
lam thay d6i goc dinh hudng caa luc.

Céc thanh phan lyc duoc trung binh héa trong
mdi khoang thoi gian hinh 11, 12. Trén hinh
13 1a duong dic trung thay doi gia tri mon
dao theo thoi gian nhan dwoc bang thuc
nghiém. Ching ta thiy ring, khi ting van téc
cit dao s& bi mon rat nhanh. Nghia 13, mon
dao phu thugc 16n vao tdc do cat hinh 13.
Fc
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Hinh 13. Sw thay déi gia tri mon dao
theo th&i gian nhan dwec bang thwe nghiém
dwé&i céc gia tri van téc V.= 100 m/ph V. = 160 m/ph

7. XAY DUNG MO HINH MANG NORON
NHAN TAO TRONG CHUAN POAN MON
DAO

7.1.Xay dwng co s& dir liéu huan luyén
mang

Tuong ng VGi C4c gia tri cua van toc cit
V=100 m/phdt, tién hanh 10 lan thi nghiém
xdy dung co so dir liéu cho mang noron.
Trong mdi lan thi nghiém tién hanh do luc va
luong mon dao h (mm) tai 17 thoi diém khac
nhau cia qua trinh gia cong cho dén khi do
mon caa dao 16n hon 1.3 mm. 6 thi mon dao
theo thoi gian ddi véi dao manh dao CNMG
(hinh 14),

1.4

Lan do 1
T
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Luong mon dao h (mm)
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=
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Time (phut)

Hinh 14. D6 thi mon dao
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Tuwong tw, doi Véi ché d@é cong nghé thir hai,
Ve =160 m/phdt, tién hanh 10 lan thi nghiém
xay dung co so dir liegu mang noron.

o

4\ Custom Neural Network (view)

Hidden Layer Qutput Layer

Input

Hinh 15. C4u tric mang noron véi 30 noron 1&p an

Trong maéi lan thi nghiém tién hanh do lic va
lirong mon dao hg(mm) tgi 10 thoi diém khac
nhau Ciia qud trinh gia céng, dén khi dé mon
dao lon hon 1.3 mm. Tao va chay m.file trong
Matlab duoc nhan duoc ciu tric mang véi 3
input va 30 bo dir liéu, dau ra 1a gia tri mon
dao (hinh 15).
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Hinh 16. Két qua mé phéng mang sau 1000 epochs

Phan tich hiéu suit mang noron sau khi huan
luyén va tng dung no ta co thé kiém tra viéc
thuc hién nham phét hién nhiing thay d6i can
thiét trong quéa trinh huan luyén, cau tric
mang cling nhu tap dir liéu. Hiéu suit mang
noron V&i Cau trac di xdy dung thu duoc nhu
Sau:
trainFcn: 'traingdm'
trainParam: [lxlstruct]
performFcn: 'mse'
performParam: [1lxl struct]
derivFcn: 'defaultderiv'
divideFcn: 'dividetrain'

divideMode: 'sample'
divideParam: [1lxl struct]

trainInd: [1 2 345 6 7 8 9 10 11
12 13 14 15 16 17]

valInd: []

testInd: []

stop: 'Maximumepochreached."'
num_epochs: 1000 trainMask:{[11 1111
1111111111171}

valMask: {[NaN NaN NaN NaN NaN NaN
NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
NaN] }

testMask: {[NaN NaN NaN NaN NaN NaN
NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
NaN] }

best epoch: 1000

goal:1.0000e-10
states:{'epoch''time' 'perf''vperf''tp
erf''gradient''val fail'}

epoch: [1x1001 double]

time: [1x1001 double]

perf: [1x1001 double]

vperf: [1x1001 double]

tperf: [1x1001 double]

gradient: [1x1001 double]

val fail: [1x1001 double]

best perf: 8.3573e-04

best vperf: NaN

best tperf: NaN

= \/6i cu tric di cho, c6 thé thdy mang
noron dat tét nhit & chu ky tha 1000
(best_epoch: 1000) hinh 17. Nhu véy ting sb
lugng epoch cho mang noron chung ta sé thu
duoc két qua tot hon. Tuy nhién, diéu nay sé
anh huong dén thoi gian thuc hién cua mang
noron.

n Neural Network Training Performance (plotperform), Epoch 1000, Maximum epo.. /= (Sl |
File Edit View Insert Tools Desktop Window Help ]
. Best Training Performance is 0.00083573 at epoch 1000

Mean Squared Error (mse)

1 1 I I 1 1 1 1 |
0 100 200 300 400 500 600 700 8OO 900 1000

1000 Epochs

Hinh 17. B thi két qua thwc hién cia mang noron
sau 1000 chu ky
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Bang 1. Xay dung co sé dix ligu huan luyén mang

Théi | Van téc Lugng Chidu | Thanh Thanh Thanh | Lueng
gian citv. |chaydaof.| sfucit | phinluc | phin hec | phéin luc mén
(phit) | (m/phut) [ (mm/vong) | t.(mm) cét chinh liép phap dao h
. tuyén tuyén
Fz(N} {mm)
Fx(N) Fy(N)
0 100 0.15 2 800 550 494 [i]
2.5 100 0.15 2 1356 1001 700 0.20
10 100 0.15 2 1502 1094 800 0.38
15 100 0.15 2 1580 1153 802 0.47
20 100 0.15 2 1700 1200 810 0.55
25 100 0.15 2 1797 1250 870 0.60
30 100 0.15 2 1853 1342 890 0.62
as 100 0.15 2 1900 1402 902 0.68
40 100 0.15 2 2002 1454 210 0.74
45 100 0.15 2 2091 1493 957 0.78

7.2. Xay dwng giao dién chwong trinh
chuan doan moén dao off-line

B GLACDIEN B - ol RS

Help

Chuong Trinh Du Dodn Mon Dao

Huin luyén mang

Luong mon dao h (mm)

Du dodn d9 mdn cila dao 02

Hinh 18. Giao dién chwong trinh

» Giao dién chuong trinh du doan mon dao
Vv6i dau vao 1a 3 thanh phan luc cit hinh 18.
Qua trinh huan luyén mang Chon di liéu luu
dudi dang file.txt trong thu muc co s¢ dit liéu
bang cach kich vao nat huan luyén mang.

B Select the data file —t

-
|
( ' <« NCmangnoron » CHUANDOAN

v",”::—:hc

Organize v

New folder =« 1 @

/¢ Favorites Name Date modified Type

|| datal 5/3/2020 1241PM  Text Documen t
5/2/2020 1242PM  Text Document

=) Pictures
Videos

& Homegroup

1% Computer
&, Local Disk (C:)
s Studying (D2)
ca H&H (E) o[ <!

File name: | [con -

Hinh 19. Chon dir liéu dé huén luyén mang chuén doan

= Nhap dit liéu vé lyc cit vao cac muc trong
giao dién. Kich vao nat du doan do mon cua
dao mang noron ¢0 thé du doan mon dao.

7.3. T6i wu héa cau tric mang noron

Ham kich hoat Fast Elliot Sigmoid: Mot sé
phan cang tinh toan don gian khéng hd tro
ham sé mi diéu nay 1am cho phan mém thuc
thi bi cham khi chay chuong trinh. Ham Elliot
sigmoid c6 vai tro nhu ham sigmoid tansig ddi
xtmg nhung s& giap chuong trinh mé phong
mang noron tranh duoc cac ham sb mi khi
goi ham kich hoat ciia mang noron.

1

0.8

06

04

02

ol

10 5 0 5 10

Hinh 20. Dé thi ham Elliotsigmoid

elliotsig
tansig

-10 -5 0 5 10

Hinh 21. Bd thi ham elliotsig va ham tansig

Pé huan luyén mang noron thay vi sir dung
ham tansig lam ham kich hoat ta c6 thé thay
thé bang ham elliotsig.

Khi thuc hién huan luyén mang noron bang
ham elliotsig thoi gian thuc thi cua né nhanh
hon rat nhiéu lan so véi tinh toan bang
tansig.

n = rand (1000,1000;
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tic, fori=1:100,a=tansig(n;end, tansig
Time=toc;

tic, fori=1:100,a=elliotsig(n);end,ell
iotTime=toc; speedup=tansigTime/elliot
Time

speedup = 4.1406

Ta c6 thé thiy toc do thuc thi khi goi ham
elliotsig nhanh hon 4 1an so v&i ham tansig.
Tuy viéc m6 phong la nhanh hon nhung
khong ddng nghia voi viéc huan luyén s&
nhanh hon nguyén nhan 1a do hinh dang cua
hai ham kich hoat 14 khac nhau. Tién hanh
huan luyén mang noron d6i voi hai trudng
hop két qua thu duoc vé thoi gian huan luyén
nhu bang 2. Nhu vay rd rang 1a d6i véi bai
toan chuan doan mon dao chung ta c6 thé sir
dung ham elliotsig thay cho ham tansig sé
gilp cho qua trinh huan luyén mang nhanh
hon.

Bang 2.Thei gian huan luyén mang véi 2 trwong hop

Ham Sir dung ham Str dung
elliotsig ham tansig
Thoi gian huéan 1.3409 1.4606

luyén mang

8. KET QUA VA THAO LUAN

- Bai bao di trinh bay mot cach hé thong vé

y tuong, phuong phap tao 1ap mé hinh thyc
nghiém nghién ctu sy thay doi luc cit theo
Cac toa do trang thai may, va su phat trién
mon dao trong qué trinh gia cobng, lam co so
thu thap dit liéu huan luyén cho mang noron,
c6 #ng dung gidi thugt lan truyén nguwoc cho
bai toan chudn dodn mon dao tién.

= Xay dung phuong phap b tri thuc nghiém
va tién hanh nghién ctu thuc nghiém mon dao
cit. Trong qua trinh thuc nghiém tién hanh do
va danh gia su thay déi cua lyc cit theo muc
d6 phat trién mon dao. Cac két qua nhan dugc
lam co so cho cac bai toan nghién cau tiép
theo.

= Xay dung dugc giao dién chuong trinh
chuén doan mon dao tién off-line.

= Céc dir liéu thyc nghiém da chi ra rang,
mon dao phuy thudc 16n vao toc do cat. Ngoai
ra, cac thanh phan cua lyc cat phu thudc khéc
nhau vao sy phat trién mon dao trong qué
trinh gia cong.

= Xay dyng dugc mo6 hinh mang noron nhan
tao chuan doan mon dao va lwya chon ham kich
hoat tang kha nang huan luyén cia mang, diéu
nay dac biét c6 y nghia véi qua trinh xu ly
online.
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