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DY DbOAN DO NHAM BE MAT NHAM TOI WU HOA CAC THAM SO
QUA TRINH TIEN CNC VOl THEP SUM24L

RESEARCH ON USING ARTIFICIAL NEURAL NETWORK TO PREDICT THE
SURFACE ROUGHNESS IN CNC LATHE WITH SUM24L STEEL
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TOM TAT

Bai bdo trinh bay mét phwong phép dé irmg dung mang no ron nhén tao dé dy dodn dé nham
bé mdt trong qud trinh tién CNC véi thép Sum24L. Céc két qud thuc nghiém sau qud trinh tién CNC
véi thép Sum24L da dwoc sir dung dé hudn luyén va kiém thir mang no ron nhan tao dé xudat. Céc
tham s6 dau vao dwoc lwa chon la chiéu sdu cdt, toc do cdt va mire chay dao. Mot mo hinh mang
no ron truyén thang nhiéu op dwoc dé xudt véi no ron sir dung ham kich hoat ReLU dé duw dodn d¢
nhdam bé mat sau qud trinh tién.

Tir khéa: DY nham bé mat; Mang no ron nhan tao, Qua trinh tién; Ham ReLU.
ABSTRACT

This paper presents a method for applying artificial neural networks to predict surface
roughness in the CNC lathe process with Sum24L steel. Experimental results from the CNC lathe
process with Sum24L steel were used to train and test the proposed artificial neural network. The
selected input parameters are cutting depth, cutting speed, and feed rate. A multilayer feedforward
neural network model is proposed with neurons using the ReLU activation function to predict
surface roughness after the process.

Keywords: Surface Roughness, Artificial Neural Network, Lathe; ReLU function.

1. PAT VAN PE

Trong nhitng ndm gan day, cac nha san
xuét da tap trung vao cac qua trinh ty dong hoa
trong san xuat cong nghiép dé nang cao ning
sudt va chat luong cua san pham. Cac tién bo
trong qua trinh ty dong hoa da gitip viéc quan
1y chit lwong dugc tich hop vao trong qua trinh
gia cong cua san pham. Véi yéu cau cang ngay
cang cao vé chat lugng san pham, cic nha san

xuat hién nay dang phai d6i mat voi thach thire
1a ting ning suit nhung khong lam giam chat
luong ciia san pham. Mot van dé thudng gip
clia cac nha san xudt 1a toi vu cac tham sé cia
qué trinh gia cong dé tao ra chat lugng san
pham t6t nhat. Mot chi tiéu quan trong trong
danh gia chat lugng san pham gia cong 1a do
nham bé mat (Ra). Pay 1a mot chi tiéu quan
trong nhung rat kho dé kiém soat boi vi phu
thudc vao nhiéu tham sb trong qua trinh gia
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cong cua chi tiét. Cac cong doan gia cong chi
tiét van phu thudc vao kinh nghiém cia ngudi
k¥ su van hanh may dé lya chon cac tham s t6i
uu cho ting chi tiét, do d6 do nham bé mat toi
wu ¢6 thé khong dat dugc. Hién nay, cac huéng
nghién ctru vé md hinh hoa va dy doén Ra trong
qué trinh gia cong cha yéu bao gém ba hudng
chinh: huéng nghién ctru sir dung md hinh thuc
nghiém, str dung mo hinh 1y thuyét va sir dung
mo hinh tri tué nhan tao.

Hién nay, huéng nghién ctru str dung
mo hinh tri tu¢ nhan tao dang nhan duoc rat
nhiu sy quan tim vé&i uu diém dat do chinh
xac cao va thoi gian hudn luyén ciing twong ddi
nhanh chong. Tuy nhién, cac cong trinh hi¢n
nay str dung da phan 13 cac mé hinh mang no
ron don gian véi it 16p va ham kich hoat don
gian. Nhom tac gia dé xuat mot mo hinh mang
no ron sau hon, v6i nhiéu 16p va danh gia do
chinh xac ctia mo hinh véi ham kich hoat ReLU
tién tién.

2. NGHIEN CUU THU'C NGHIEM

Ba yéu t6 duoc lya chon dé thay ddi
tham s trong qua trinh tién 1a tc do cat, luong
chay dao va chiéu sau cat. Cac gia tri cua ba
yéu t6 duoc trinh bay trong Bang 1.

Bang 1. Cac tham so dau vao cua qua trinh gia cong

Chidu sau cit | Técdpcit | Duocchay
(mm) t (m/mi'n) v dao
(mm/rev) s
0.05 1000 0.05
0.1 1500 0.1
0.2 2500 0.2

Mbi tham sé dau vao s& co 3 gia tri nén
tong cong c6 27 mau thi nghiém. Mai thi nghiém
s& duoc do d6 nham tai 5 diém phan biét. Bang 2
trinh bay cac két qua do 6 nham tai tong cong 27
mau thi nghiém. Mau thép dugce sir dung trong thi
nghiém la thép Sum24L.

Bdng 2. Cac két qua do do nham tai 5 diém ciia cdc mau thi nghiém

TT Ve}n toc Chiv’éu sau | Budc chay D6 nham Ra
cat (v) cat (t) dao (s) Ra2 Ra3 Ra4 Ras
1 1000 0.05 0.05 0.234 0.185 0.331 0.338 0.195
2 1000 0.05 0.1 0.567 0.531 0.559 0.577 0.632
3 1000 0.05 0.2 2.884 2.663 2.905 2.674 2.757
4 1000 0.1 0.05 0.282 0.296 0.298 0.22 0.239
5 1000 0.1 0.1 0.656 0.589 0.614 0.566 0.589
6 1000 0.1 0.2 3.061 3.037 2.905 3.085 2.876
7 1000 0.2 0.05 0.492 0.566 0.57 0.634 0.532
8 1000 0.2 0.1 0.633 0.643 0.607 0.641 0.658
9 1000 0.2 0.2 2.896 2.867 2916 2.897 2.929
10 1500 0.05 0.05 0.83 0.754 0.751 0.695
11 1500 0.05 0.1 0.772 0.729 0.736 0.736 0.733
12 1500 0.05 0.2 3.007 3 3.054 2.933 2.996
13 1500 0.1 0.05 0.594 0.791 0.737 0.723
14 1500 0.1 0.1 0.763 0.745 0.724 0.719 0.769
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15 1500 0.1 0.2 2.958 2913 2.969 2.926 2.93
16 1500 0.2 0.05 0.759 0.78 0.637 0.683 0.704
17 1500 0.2 0.1 0.847 0.878 0.87 0.811 0.786
18 1500 0.2 0.2 2.494 2.526 2.513 2.534 2.551
19 2500 0.05 0.05 0.622 0.668 0.586 0.574 0.596
20 2500 0.05 0.1 0.778 0.768 0.812 0.815 0.783
21 2500 0.05 0.2 2.382 2.448 249 2.375 2417
22 2500 0.1 0.05 0.619 0.603 0.625 0.665 0.535
23 2500 0.1 0.1 0.741 0.751 0.754 0.741 0.732
24 2500 0.1 0.2 2.667 2.479 2.449 2.485 2.446
25 2500 0.2 0.05 0.675 0.62 0.555 0.607 0.618
26 2500 0.2 0.1 0.669 0.736 0.708 0.7 0.709
27 2500 0.2 0.2 2.454 2421 2.396 2.534 2451

3. MO HINH MANG NO RON NHAN TAO

Hién nay, mé hinh mang no ron nhan
tao dd duoc ap dung rong rdi trong rt nhiéu
linh vuc trong cong nghiép va doi séng. Trong
nghién ctru ndy, nhém tac gia dé& xuat phuong
phap str dung mang no ron nhan tao dé du doan
d6 nham bé mat Ra sau qué trinh tién cta thép.
Mo hinh mang truyén thang, nhiéu 16p duoc
xay dung va hudn luyén dua trén nhiing két qua
cua nghién cuu thyc nghiém.

Mo hinh mang no ron truyén thang mot
mo hinh mang tri tué nhan tao gdom nhiéu 16p,
mdi 16p gdm nhiéu no ron. No ron trong mdi
16p déu duoc két ndi day du véi cac no ron &
16p ké sau. Tuy nhién, cic no ron trong ciing
mot 16p khong duoc két ndi voi nhau. Hinh 1
mo ta nguyén 1y hoat dong cua mdt no ron.

Hinh 1. So do nguyén ly hoat dong ciia mot no ron

MG&i no ron trong 16p dau vao nhan cac
gia tri dau vao tir dir liéu dau vao hodc tir cac no
ron trong 16p trudc d6. Cac gia tri nay thuong
dugc truyén qua cac trong sd, duoc biéu dién
bang céac sd thuc, va duoc tong hop trong no
ron. Céc gia tri dau vao duoc nhan véi trong
s6 twong Gmg cta chung va sau dé duoc tong
hop lai. Trong mot no ron trong mang MLP,
diéu nay thuong dugc biéu dién bang mot phép
cong co trong s6. Sau khi tinh téng, mot ham
kich hoat duoc ap dung cho gia tri tong. Ham
nay thuong 1a mot ham phi tuyén tinh nhu ham
sigmoid, ham tanh, hodac ham ReLU, va giup
cho no ron ¢ kha ning hoc duoc cac biéu dién
phuc tap. Gia tri dau ra sau khi qua ham kich
hoat duoc truyén t6i cac no ron trong 16p tiép
theo dudi dang du vao, tiép tuc qua trinh tinh
toan cho dén khi dat dugc 16p dau ra. Qua qua
trinh ndy, moi no ron trong mang MLP déng vai
trd nhu mot b loc thong tin, hoc cach biéu dién
dir liéu dau vao mot cach phirc tap va thuong
c¢6 kha nang phan loai, du doan hodc giai quyét
cac van dé ma mang duoc huin luyén dé thuc
hién.

Trong qué trinh huan luyén, dir lidu

huén luyén dugc dua vao mang, sau d6 thong &
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qua mot chudi cac no ron va cic 16p no ron
khac nhau. Mdi noron tinh toan gia tri dau ra
dua trén trong s6 ctia né va du vao nhan dugc
tir cac no ron trong 16p trudc. Sau do, 16i duoc
tinh toan thong qua so sanh giira d4u ra du doan
va dau ra mong mudn. Qua qua trinh lan truyén
nguoc, 16i duoc lan truyén tir 10p cudi cing tre
lai 16p dAu tién cta mang, va cac trong s6 duoc
cap nhat dua trén gradient ctia ham 18i. Qua
trinh nay lap lai qua nhiéu epoch dé mang co6
thé hoc dugc biéu dién dit liéu tot nhat cho myc
tiéu huan luy¢n, thuong la viéc phan loai hodc
du doan dau ra.

Trong nghién ctru nay, nhom tac gia dé
Xuét sir dung hai m6 hinh mang no ron dé thuc
hién viéc dy doan do nham sau khi gia cong.
Mo hinh mang thir nhat 14 mé hinh mang no ron
noéng goém 1 16p dau vao, 2 16p an, mdi 16p gdom
10 no ron, va 1 16p dau ra gdm 5 no ron tuong
{mg voi 5 dau ra. Cac no ron sir dung ham kich
hoat ReLU. M6 hinh nay duogc st dung dé danh
gi4 hiéu qua ciia mé hinh mang no ron nong it
16p. M hinh mang thtr hai dugc huan luyén 1a
mo hinh mang no ron séu véi 5 16p an, mdi 16p
gom 10 no ron. Nhom tac gia co sir dung ham
kich hoat ReLU va Sigmoid dé danh gia hi¢u
qua cua hai ham nay trong mo hinh mang. Bang
2 mod ta tom tat cac tham s ciia mang va qua
trinh huin luyén cia mang. Viéc hudn luyén va
thir nghiém danh gia két qua cua mang duogc
thuc hién vo1 bo thu vién Tensorflow.

Bdng 3. Cdc tham s6 ciia hai mé hinh mang dé xudt

) M6 hinh M6 hinh
Tham so
mang 1 mang 2
S6 no ron dau vao 27 27
S6 no ron dau ra 5 5
S6 no ron 16p 4n 10 10
S6 16p an 2 5

108

N Sigmoid/
Ham kich hoat RelLU ReLU
S6 mau huan luyén 20 20
S6 mau kiém tra 7 7
S6 chu ky huan luyén 1000 1000
4. KET QUA DU POAN

4.1. Két qua dy doan ciia md hinh mang 1

Hinh 2 md ta biéu do ciia ham mat mat
voi tdp huan luyén va tap kiém tra khi danh gia
v6&i mo hinh mang 1.
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Hinh 2. Ham mat mat cua moé hinh mang theo so
lan huan luyén

Ham mat mat duoc sit dung trong céc
danh gia 1a ham MSE (Mean Squared Error), 1a
ham réat pho bién trong céc nghién ciru vé mang
no ron nhan tao. Qua hinh 2 ¢6 thé thdy ham mat
mét da hoi tu kha nhanh véi ca tap dit liéu huan
luyén va tap kiém tra, voi trung binh tim 300
chu ky (epoch) huin luyén 14 mo hinh da hoi
tu véi mirc MSE < 0.01. Piéu nay ching t6 mo
hinh mang no ron ndng co thé duge huan luyén
kha nhanh va thich hop véi viéc trién khai trong
cac mo hinh san xudt von yéu cau ning suat va
san lugng cao.

Hinh 3 mo ta mirc d chinh xac ciia mo
hinh mang no ron véi 7 mau duoc st dung dé
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kiém tra do chinh x4c cia md hinh. M6 hinh s&
du doan do chinh xac tai 5 diém do.

NN N

Hinh 3. Két qud so sanh giita dit liéu dy dodn va dir
liéu trong tap kiém tra, mo hinh mang no ron thir
nhat tai 5 diem do

Qua hinh 3, ¢ thé thdy m6 hinh da du
doan voi do chinh xac cao tai 7 mau ding dé
kiém tra. 7 miu nay hoan toan khong duoc st
dung dé huan luyén mang va s& tuong duong
v6i cac mau méi trong qué trinh san xuét. Ty 18
chinh x4c trong du doan (sau khi lay trung binh
v6i ca 5 diém do) 1a khoang 88%.

4.2. Két qua dy doan ciia md hinh mang 2

Hinh 4 m6 ta biéu d6 cta ham mat mat
cta mo hinh 2 theo s6 lan huan luyén, voi ham
kich hoat 1a ReL.U va Sigmoid.
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Hinh 4. Biéu do cia ham mat mat theo sé lan hudn
luyén cia mo hinh 2, voi ham kich hoat ReLU va
Sigmoid

Qua hinh 4, ta ¢ thé thdy mo hinh mang
no ron tiép tuc hoi tu kha nhanh ddi véi ca ham
ReLU va ham Sigmoid. Tuy nhién, ham ReLU
c6 loi thé hon & viéc hoi tu rat nhanh, chi sau
khoang 50 chu ky huan luyén, so véi khoang
250 chu ky hudn luyén véi ham Sigmoid.

Hinh 5 mo ta do chinh xac cua mo hinh
mang no ron thr 2, va so sdnh do chinh xac gitra
no ron su dung ham kich hoat ReLU va ham
Sigmoid. Tap kiém tra van bao gom 7 mau va
duoc do tai 5 diém.
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Hinh 5. Két qua so sanh giita dit liéu dy dodn va
dir ligu trong tdp kiém tra, moé hinh mang no ron thir
hai tai 5 diem do, voi no ron sw dung ham RelLU va
ham Sigmoid

Két qua tir hinh 5 cho thdy mang no ron
sdu voi 5 16p van cho két qua tét va ham ReLU
c6 d6 chinh x4c 16n hon so v&i ham Sigmoid,
v6i d6 chinh xac 1an luot 1a 92% va 82%.

5. KET LUAN

Trong cong trinh nay, nghién ctru thuc
nghiém da dugc str dung dé xay dung bd dit licu
huén luyén va kiém tra cho mé hinh mang no
ron nhim du doan dd nham bé mit cua chi tiét
sau khi tién. Két qua xay dung va danh gia mang
cho thiy, cac mé hinh mang dugc danh gia déu
¢6 kha nang huan luyén nhanh, khong gy gian
doan néu dua vao qua trinh san xuat. Mo hinh
mang no ron néng van hoat dong hiéu qua voi
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dd chinh xac 88%. M6 hinh mang no ron sau
hon dat d6 chinh xac tot hon véi mirc 92% va
mo hinh sir dung ham ReLU té ra vuot trdi so
v6i mo hinh sir dung Sigmoid, vé mit thoi gian
hudn luyén 1an d6 chinh xac ctia mé hinh.
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