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Toém tit - Nghién ctru ndy xem xét anh hudng cua ba thong 50
khi tién 1a chiéu sdu cit (t), luong chay dao (f) va tbc do cit (n)
dbi v6i 46 nham bé mit (Ra), ddng thoi phat trién mot moé hinh
du béo khi gia cong thép AISI 304 bang hé théng mang no ron
thich nghi mo (ANFIS). Két qua phén tich ANOVA cho thiy, ca
ba thong sb cit déu cé tac dong dang ké dén Ra, trong d6 tham sb
f c6 anh hudéng manh nhét, nhan manh vai trd cia noé trong vigc
kiém soat d6 nham bé mit. M6 hinh dy doan ANFIS duoc phat
trién thong qua hai phuwong phdp dao tao Hybrid va
Backpropagation tuong tng v&i tim ham thudc khac nhau. Két
qué cho thiy, mé hinh diao tao Hybrid st dung ham thudc
Gaussmf dat hé s6 x4c dinh R? cao nhat 1a 0,986081 va can béc
hai cia sai sb binh phwong trung binh (RMSE) thip nhét Ia
0,013055. Nhiing két qua nay chirng minh ring, mé hinh ANFIS
¢6 kha ning du doan Ra mot cach twong déi chinh xac dua trén
cac thong s gia cong.

Tir khéa - Do nham bé mit; mang no ron thich nghi mo (ANFIS);
mo hinh dy bao; tién; thép AISI 304

1. Pit van dé

Trong linh vyc gia cong kim loai, dd nham bé mat la
mét trong nhimng yéu t6 quan trong anh huong dén chat
luong san pham [1]. Dic biét, trong qua trinh tién, d6 nham
bé mat khong chi quyét dinh tinh ning k¥ thuat cua chi tiét
ma con anh huong dén tudi tho va hiéu suét cua céc linh
kién méay méc. Do do, viéc du doan chinh xac do nham bé
miit cho phép cac nha sin xut tdi wu hda céc thong s6 gia
cdng nhu tdc do cét, tée do chay dao, chleu SAu cat, v.v. dé
dat dugc chat lugng bé mat mong mudn.

Hién nay, ngoai cac phuong phap truyen thong duogc st
dung dé du b&o 6 nham bé mit thi nhiéu k¥ thuat toi wu hoa
va tri tué nhan tao da dugc sir dung nhim nang cao d6 chinh
Xac va kha nang thich nghi cia mé hinh du béo. Misak va
cong sy da tich hop mot mo hinh dé phan tich vé d6 nham
bé mit va do ludng dir liéu khi gia cong trén méay tién CNC
nhiam phét trién mot phuong phap md hinh héa khong phu
thugc qua nhiéu vao dir liéu dwa trén phuong phéap
Co-Kriging [2]. Zain va cong sy da nghién ctru kha ning cua
mang no ron (ANN) trong viéc du doan cho d6 nham bé mat
dua trén thi nghiém gia cong phay thyc té. Ho két luan ring
ma hinh cho dd nham bé mat ¢6 thé dugc céi thién bang cach
stra d6i sb 16p va nit trong cac 16p 4n cua céu tric mang
ANN, dic biét 1a dé du doan gid tri ciia phép do hiéu suit do
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nham bé mat [3]. Wang va cong su da gidi thiéu két qua
nghién ctru khi xay dyng md hinh du bao d6 nham bé mat
str dung mang no ron dua trén kién thirc (knowledge-based
neural networks- KBaNN) va mang ham co s& ban kinh
(Radial Basis Functions networks - RBF). Két qua thuc
nghiém cho thay, KBaNN-RBF c6 hiéu qua cao trong viéc
cai thién d6 chinh xac du doan va so sanh cho thay hiéu qua
cia KBaNN_RBF vuot trdi hon nhiéu so véi cac phuong
phép truyén thong nhu mang no ron lan truyén nguogc
(BPNN) va may vecto hd trg (SVM) [4]. Nhiéu nghién ctru
khéc tmg dung ANN ciing nhu két hop céc thuat todn khac
cling da duoc cong bé [5-11]. Cac nghién ciru ndy da chimg
minh duoc hidu qua vuot troi trong du bao do nham bé miit.
Tuy nhién, ANN thudng yéu cau mét luong dit lidu 16n dé
dat dugce hiéu sut t6i ru va thoi gian dao tao c6 thé kéo dai.
Hon nita, ANN van gip kho khin trong viéc xtr Iy cac tinh
hudng bt dinh va phi tuyén manh, dic biét khi dit liéu khéng
day du hodc c6 tinh chat phuc tap.

Mot budc tién quan trong trong linh vuc nay l1a su két
hop giita mang no ron va hé mo, cu thé 1a mang no ron thich
nghi mo (Adaptive Neuro-Fuzzy Inference System -
ANFIS). ANFIS c6 khd nang xt ly tinh phi tuyen phirc tap
vatinh bt dinh trong mdi quan hé gura cac thdng so gia cong
va d6 nham bé mit. Kannadasan va cong su da phat trién
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mdt mo hinh dy doan thdng minh dya trén phuong phéap
ANFIS, md hinh ndy c6 kha ning du doan céc thong sé hiéu
suat nhu d6 nham bé mit va dung sai hinh hoc trong gia cong
CNC [12]. Stephen va cong su di ing dung ANFIS dé mo
hinh hoa cac thong s6 chat lugng gia cong chinh 1a ¢ nham
bé mat, toc do boc tach vat ligu va Iyc cat khi gia cong hop
kim titan bang cach sir dung da mai éng nano carbon tién
tién [13]. ANFIS ciing da dugc két hop véi nhiéu thuat toan
khéc nhu ANN, giai thuat bay dan (PSO), giai thuat di truyén
(GA), ... nham nang cao hiéu qua xay dung moé hinh [14-
16]. Tuy nhién, viéc mg dung ANFIS trong viéc xay dung
md hinh du b4o d6 nham bé mat tai Viét Nam con han ché,
ddc biét la cac nghién ciru trong viée xac dinh chinh xac cac
ham thudc va phuong phap dao tao khi xay dung mé hinh.
AISI 304 1a mét loai thép khong gi phd bién, thudng
duoc sir dung trong cac tng dung yéu cau do bén cao va
kha ning chong an mon 6t [17, 18]. Tuy nhién, viéc gia
cong loai thép nay lai gap nhiéu thach thirc do tinh chat co
hoc cua n6 [16, 19]. Do d6, nghién ctru nay tap trung vao
viéc tmg dung ANFIS dé xay dung md hinh du bao do
nham bé mat khi tién thép AISI 304. Cac muc tiéu chinh
bao gom: (1) thu thap va phan tich dir liéu thyc nghiém tir
qua trinh tién thép AISI 304; (2) phét trién mé hinh ANFIS
v6i cac thong sé dau vao 1a chiéu sau cit (t), lwong chay
dao (f), va téc do cit (n); va (3) danh gia hiéu suit cua cac
md hinh ANFIS théng qua viéc phén tich 8 ham thudc va
2 phuong phéap dao tao khac nhau, tir d6 lya chon duge mé
hinh t6i wu nhat cho viéc du bao chinh xac d6 nham bé mat.

2. Phwong phap nghién céu
2.1. Thiét ké thi nghi¢m

Vét liéu sir dung trong nghién ctru nay la thép AISI 304.
Thanh phan héa hoc va tinh chét co hoc theo nha san xuét
gidi thiéu trong Bang 1.

Nghién ctru truée day da tién hanh t6i vu hda da muc
tidu cac thdng sé gia cong dé giam thiéu do nham bé mat
trong khi t6i da hoa tbe d6 béc tach vat lidu trong qua trinh
tién tinh bé mat ngoai san pham chi tiét khép ndi chuyén
dung lam tir thép AISI 304 bang phuong phéap Taguchi,
RSM va NSGA-11 [20]. Trong nghién ciru ndy bo thong sb
ché do gia cong duoc st dung lai véi 3 théng s6 ché do cit
(t, f, n) dva trén mang tryc giao L25 (5"3) Céc mirc cy thé
dugc chi dinh cho timg théng sd Va c4c gié tri tuong tng
cua ching duogc lya chon dua trén dir liéu gia cdng san
pham trude d6 dwoc gidi thiéu trong Bang 2.

Bing 1. Thanh phan héa hoc va tinh chdt co hoc chinh ciia

thép AlSI 304
TT Thanh phin/ tinh chat Gia tri
1 C (%) 0,0-0,07
2 Mn (%) 0,0-2,0
3 Si (%) 0,0-1,00
4 P (%) 0,0-0,05
5 S (%) 0,0-0,03
6 Cr (%) 17,50 - 19,50
7 Ni (%) 8,00 - 10,50
8 N (%) 0,0-0,11
9 Do bén kéo (Mpa) 500 - 700
10 Gi6i han chay (MPa) 190
11 Do gian dai A50 (mm) Nho nhit 45 %
12 Do cimg 16n nhat (HB) 215

Bing 2. Ché dj cdt theo mang truc giao L25 (5"3)

STT t (mm) f (mm/vong) n (vong/pht)
1 0,2 0,1 600
2 0,2 0,15 650
3 0,2 0,2 700
4 0,2 0,25 750
5 0,2 0,3 800
6 0,4 0,1 650
7 0,4 0,15 700
8 0,4 0,2 750
9 0,4 0,25 800

10 0,4 0,3 600
11 0,6 0,1 700
12 0,6 0,15 750
13 0,6 0,2 800
14 0,6 0,25 600
15 0,6 0,3 650
16 0,8 0,1 750
17 0,8 0,15 800
18 0,8 0,2 600
19 0,8 0,25 650
20 0,8 0,3 700
21 1,2 0,1 800
22 1,2 0,15 600
23 1,2 0,2 650
24 1.2 0,25 700
25 1,2 0,3 750

May tién dugc sir dung trong nghién ciru nay la may
tién CNC EL 550TM (Hinh 2) véi dung cu cat 1a dao tién
ngoai manh hop kim cimg CNMG 120408-MG véi chiéu
dai canh ngoai la 12,9mm, do day la 4,76mm va ban kinh
mili 12 0,8mm. Tt ca c4c thi nghiém déu sir dung manh cit
méi hodc 6 mon cua mit bén nho hon 0,10 mm. Ngoai ra,
dung dich tron ngudi PV duogc sir dung trong qua trinh tién.
Gia tri d6 nham cua bé mit sau khi gia cong (Ra) dugc do
bang méy do do nham tiép xuc loai dau do SV3100 cia
Mitutoyo, Nhat Ban. Chi tiét dwoc dat trén khdi V va duoc
do doc theo duong tdm cta phbi [20].

Hinh 1. May tiégn CNC EL 550TM va sdn phdm duoc
su dung dé thuc nghiém [20]
2.2. Xay dung mo hinh du béo bang ANFIS
Mang no ron thich nghi md (ANFIS) la mét md hinh hoc
may manh mé két hop gitra mang no ron valy thuyet tap mo.
ANFIS duoc thiét ké nham tan dung nhung vu diém cua ca
hai phuong phap, cho phep né xu ly cac van dé phurc tap va
khong chic chin trong nhiéu linh virc, bao gom du doan, phan
loai va diéu khién. Cu the cac hé thong suy dién mo rt hiéu
qua trong viéc biéu dién ién thitc chuyén gia, nhung lai thiéu
kha nang ty dong hoc. Nguoc lai, mang no ron c6 kha ning
hoc hoi 6t tir dit liéu mau, diic biét khi kién thirc chuyén mén
han ché, nhung khdng c6 kha ning biéu dién kién thirc.
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Trong nghién ctru ndy, md hinh ANFIS bao gdm ba dau
vao la chieu sau cat (t), luong chay dao (f) va toc d6 cat (n)
clng v&i mét dau ra la dd nham bé mit (Ra) dugc gidi thiéu
trén Hinh 2. M hinh ANFIS duoc cau thanh tir nam 16p khac
nhau, moi 16p thue hién mot nhiém vu cu the trong qua trinh
xu ly dir liéu. Cu thé, 16p dau tién la cac nlt dau vao con duge
goi la 16p mo hoa. Moi quan h¢ thanh vién giita cac ham déu
vao va dau ra ctia 16p nay c6 thé dugc dinh nghia theo (1):
Ol,r = :u.Li (t)
O, =, (F) Q
O, = (n)

Trong d0, pii(t), pai(f), psi(n) 1a cde ham thudce (i=1, 2, 3).

Lop thir hai trong md hinh ANFIS 12 16p nit quy tac.
L(')*p‘néy bao gom IJai nat co dinh dugc gan nhan I1 va tao
ra dau raw, biéu dién cac trong so cta 16p thit ba dugc dinh
nghia theo (2):

Oz,r:Wr:,Lﬁi(t)xﬂzj(f)x,uak(n) (2)
véii, i, k=1,2,3.

Lép tht ba trong md hinh ANFIS la 16p nat trung binh
chiju trach nhi¢m tinh tgén gia tri trung binh tir cac dau ra
cuia cac quy tac duoc gan nhan N. Pau ra cua 16p thir 3 6
thé duoc tinh theo (3):

©)

— w
:Wr: 3

Sw,

r=1

o

» véir=1,2,3.

Lop thir 4 thyc hién phép toan cong cho cac gié trj dau
ra tir 16p trung binh, gilp tao ra mot gia tri tong hop.

O, =W, xY, =W, (pt+0,f+rn+s,) @

voir=l,2,3.

Lép dau ra thir 5 cung cap két qua cudi ciing cua mo
hinh. Cau tric nay cho phép ANFIS xtr Iy hi¢u qua cac moi
quan hé phuc tap gitta cac bién dau vao va dau ra, tir do
nang cao do chinh xac trong du doan.

O;, =Ra=2 (W, x,) )

Céc quy tic suy dién mo néu-thi duge trinh bay nhur sau
[21]:

Néu t 1a |J.11(t), f la |J.21(f), va n la }.131(“), thi
yi=piXt+qixf+roxn+ss.

Néu t 1a pa(t), f 12 px(f), va n 1a ps(n), thi
Vo= peXxt+Qexf+rpxn+s,,

Néu t la Mar(t), f 12 psa(f), va n 1& pas(n), thi
y3=psxt+Qsxf+r3xn+ss

Trong do, yi Ia tp dau ra ndm trong ving mo dugc Xac
dinh boi quy tac mo. Cac tham so pi, g, rivasi (i la cac bien
tir 1 dén 3) dugce xac dinh trong qua trinh dao tao md hinh.
Dé lia chon m6 hinh dy bao, nghién ctru nay lwa chon qua
trinh dao tao h¢ thong suy luan mo bang hai phuong phap
hoc lai (hybrid learning) va lan truyén nguoc
(backpropagation) tuong tng v4i 8 ham thudc Ia hinh tam
giac (TrimF), hinh thang (trapmf), hinh chudng (gbellmf),
ham Gaussian c¢é hai tham so6 (gaussmf), ham Gaussian hai

chidu (gauss2mf), dang pi (pimf), hiéu ham sigmoid
(dsigmf), tich ham sigmoid (psigmf).

n
P nham bé mat

Lirgng (Ra)

(U]

Hinh 2. So'd6 ANFIS véi ba dau vao (t, f, n) va mét dau ra (Ra)

Dé danh gia md hinh ANFIS, hai chi s quan trong dugc
lwa chon 12 hé s xac dinh R? (Coefficient of Determination)
va can bac 2 ctia trung binh binh phuong sai s6 RMSE (Root
Mean Square Error) dé do ludng mic do phi hop ciia md
hinh va y nghia ciia sy bién di tong thé trong bién phu thudc
[22, 23]. Néu chi sir dung R? thi khéng thé hién hodc XAc
dinh quy mé thuc té cua sai s6 du doan. Do d6, chi s RMSE
dugc ap dung dé kiém tra tinh chinh xé4c ctia két qua khi cho
phép do luong truc tiép sai sé du doan trung binh va c6 cling
don vi véi bién muc tiéu. Mot gia tri RMSE nhé cho thdy,
céc du doan ciia md hinh gan giéng véi gié trj thyc té hon.
Viéc két hop R? va RMSE mang lai su can bang giita quy
mo tong thé cia mo hinh va d6 chinh xéc trong cac du doén,
gilp danh gid mot cach toan dién chat luong va hidu qua ciia
md hinh ANFIS. Céng thirc tinh R2va RMSE dugc trinh bay
trong (6) va (7).

0<R’<1 (6)

RMSE = /12([:}3_ Ra)® 0< RMSE < +w 7)
n i

Trong do, n 1a sb dir liéu, Ra la gia tri thyc nghiém,
Ra lagid tri cua duw doan, Ra 12 gid tri trung binh thuc nghiém.

3. Két qua va thao luin
3.1. Phéan tich ANOVA

Phan tich ANOVA (Phan tich Phuong sai) dugc thuc
hién d€ dénh gia tac dong cua cac yeu o t, f va n dén Ra
trong qua trinh tién thép AISI 304. Két qua phan tich
ANOVA véi mic y nghia a = 0,05 duogc trinh bay trong
Béng 3.

Bdng 3. Phan tich ANOVA cho Ra

Ngudn DF AdjSS AdjMS F P
t 4 0933 0233 9360 0,000
f 4 71565 17,891 717,890 0,000
n 4 0601 0150 6,030 0,000
Sai s6 62 1545 0,025
LOF 12 0485 0040 1,910 0,056
Sai s6 thuan 50 1,060 0,021
Téng 74 74,644
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Bang 3 cho thiy, cac yéu td t, f va n déu cd anh hudng
dang ké dén Ra. Cu thé, yéu tb f c6 anh huong 16n nhat
(F(4, 62) = 717,89; p < 0,05), tiép theo 1a yéu to t
(F(4, 62) = 9,36; p < 0,05) va yéu t6 n (F(4, 62) = 6,03;
p < 0,05). Phan tich 18i cho thiy, phuong sai khong thé giai
thich duoc la 2,07%, véi gia tri P cho LOF la 0,056
(F(12, 50) = 1,91; p = 0,056). Két qua nay cho thiy, md
hinh phti hop véi dir liéu thyc nghiém va nhan manh vai tro
cua f trong viéc kiém soat d6 nham bé mat.

3.2. Md hinh di bao

Trong nghién ctru ndy, Fuzzy Logic Toolbox cua phan
mém Matlab R2018b (MathWorks, Natick, Massachusetts)
dd dugc s dung dé phat trién mot md hinh du béo. Md
hinh ANFIS duoc thiét ké véi ba dau vao va dua chling vao
mang (3*3*3) vgi cac ham thude khéac nhau. Ngoai ra, dao
tao md hinh ANFIS dugc thiét 1ap véi 1000 ky nguyén.

Tuy nhién, v&i 25 bo s6 liéu thi nghiém c6 thé khéng dam
bao do tin cay cho qué trinh dao tao. Bé ting d¢ tin cay cho
phuong phap dé xuat, m&i mau thi nghiém s& dugc do 3 lan
trén 3 vi tri cach nhau 120°. Do d6, téng sb bo sb liéu thi
nghiém la 75 va dugc chia ngau nhién thanh b dir liéu dao tao
(75%) va bo dir liéu kiém tra (25%). Day la mot trong nhimg
ti 1¢ da duoc &p dung rong rdi trong cac nghién ciru trude do,
cho thy tinh hiéu qua va c6 thé dugc coi la tiéu chuan trong
linh vic hoc méy [24]. Bo dit lidu dao tao duoc sir dung dé dao
tao md hinh ANFIS va bo dit liéu kiém tra dugc sir dung dé
danh gi& d6 chinh xéc va hiéu qua caa md hinh ANFIS da dao
tao trong viéc diéu chinh ndi dung dao tao.

Bing 3. Két qua ANFIS sau qua trinh ddo tao

TT Thong sb Gié tri
1 S6 lwong nat 78
2 S6 lugng tham sb tuyén tinh 27
3 S6 lwong tham sb phi tuyén tinh 18
4 Téng s6 tham s6 45
5 S6 cap dir liéu dao tao 56
6 S6 lwong cap dit liéu kiém tra 0
7 S6 lwong quy tic mo 27
Bing 4. Két qua khi dao tao bang phiong phép Hybrid

Ham thugc R? RMSE
TrimF 0,986075 0,013058
Trapmf 0,985990 0,013098
Gbellmf 0,986066 0,013062

Gaussmf 0,986081 0,013055
Gauss2mf 0,985275 0,013428
Pimf 0,985353 0,013393
Dsigmf 0,985766 0,013203
Psigmf 0,985766 0,013203

Bing 5. Két qua khi ddo tao bang phuong phép Backpropagation

Ham thugc R? RMSE
TrimF 0,849174 0,042977
Trapmf 0,941650 0,026731

Gbellmf 0,771027 0,052953
Gaussmf 0,305152 0,092245
Gauss2mf 0,934836 0,028249
Pimf 0,966112 0,020371
Dsigmf 0,861123 0,041239
Psigmf 0,863393 0,040901

Két qua phéan tich tir Bang 4 va Bang 5 cho thiy,

phuong phap dao tao Hybrid véi ham thude Gaussmf Ia lya
chon t6i wru nhét trong dy bao do nham bé mit. Cy thé, R2
dat gia tri cao nhat (0,986081) phan &4nh kha ning giai thich
su bién thién dir liéu thyc nghiém mot cach chinh xéc.
DPdng thoi, RMSE thap nhat (0,013055) chimg to chénh
léch giira gid tri du doan va gia tri thyc té dugc giam thiéu
dang ké. Phuong phap dao tao Backpropagation thuan tdy
v6i ham thuge Pimf ciing cho két qua tot (voi R?=0,966112
va RMSE = 0,020371) nhung vin kém hon so véi Hybrid.
Su vuot troi cia phuwong phap dao tao Hybrid co thé 1a do
su két hop gitra phuong phéap udc lugng binh phuong nho
nhit (LSE) dé t6i wu cac thong sb két qua va
Backpropagation dé diéu chinh céc tham sb dau vao. Trong
khi d6 néu phuong phép dao tao Backpropagation thuan
tdy md hinh c6 thé dé dang bi qua khép (overfitting) do hoc
Qua nhiéu tir dir liéu huan luyén. Ham thugc Gaussmf co
kha nang mo ta tt méi quan hé phi tuyén, duoc tdi wu hoa
hiéu qua hon trong phuong phap Hybrid gilp tang cuong
do chinh xac va d6 6n dinh cua md hinh. Do do, trong
nghién ctru ndy phuong phéap dao tao Hybrid véi ham thude
Gaussmf 12 lua chon t6i wu cho bai todn du béo d6 nham
bé mat, vira dam bao hiéu suat cao vira phll hop véi tinh
chat phirc tap ctia dir liéu (Hinh 3).

______ ™

IS Type sugens

Current Variable

Hinh 3. M6 hinh ANFIS du dodn Ra véi ham thuée Gaussmf
Hinh 4-a gidi thiéu két qua khi so sanh cac gi tri dy bao
tir md hinh ANFIS véi cac gid tri thuc té cua Ra trong tap dit
liéu dao tao. CAc gi tri du bao gan véi cac gia tri thyc té, diéu
nay cho thay cac md hinh ANFIS duoc dao tao c6 do tin cay
cao. Hinh 4-b ciing cho thay, két qua so sanh cua tap dit liéu
kiém tra. D& danh gia mirc d6 ph hop ctia md hinh ANFIS,
kiém dinh thong ké t-Test da duoc thyc hién trén bo dir liéu
nay. Két qua cho thay, khong c6 su khac biét dang ké giita két
qua thyc nghiém va két qua du doan tir md hinh (F = 0,954;
p = 0,465). Do d6, m6 hinh ANFIS trong nghién ctru nay dugc

xem 1 phu hop vé mit thong ké tir quan diém mé hinh héa.
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Hinh 4. So sanh két qud thiec nghiém va dy bao.
(a): Tdp dir liéu dao tao, (b) Tap dir liéu kiém tra

4. Két luan

Nghién ctru da chimg minh hiéu qua cta hé théng suy
luan than kinh mo thich tmg (ANFIS) trong viéc du doan
d6 nham bé mit (Ra) khi tién thép AISI 304. Két qua phan
tich ANOVA cho théy, ca ba thong sb gia cong t, f van déu
anh huong dang ké dén Ra, trong d6 f 1a yéu t6 quan trong
nhit. M& hinh ANFIS dugc xdy dung théng qua hai
phuong phéap dao tao, Hybrid va Backpropagation véi tam
ham thudc khéc nhau cho thdy, phuong phép dao tao
Hybrid két hop ham thudc Gaussmf thu duoc két qua tdt
nhat. Két qua nay khong chi khang dinh tinh chinh xéc cia
mod hinh ANFIS trong viéc du doan Ra ma con mé ra kha
ning Gmg dung rong rai trong cac quy trinh san xuét co khi.

Mic du két qua ndy khang dinh tinh chinh xé&c cia mo
hinh ANFIS va mé ra kha nang ung dung rong rai trong
san xuét co khi, nghién ctru van con mdt s0 han che nhu
md hinh hién tai chi xem xét ba thong s cit vai cau tric
cu thé. Do @0, céc nghién ctru trong twong lai can mo rong
bang cach xem xét tic dong cta nhiéu yéu t6 hon va thur
nghiém c4c cau tric khac nhau cho mé hinh ANFIS. Ddng
thoi ¢6 thé tich hop dit liéu trong thoi gian thyc nham cai
thién hon nita hiéu qua dy bao trong qua trinh san xuét.
Lo1i cdm on: TAc gia xin gui 101 cam on téi cac chuyén gia
d3 phan bién va c6 nhitng nhan xét, gop y rt co gia tri dé
ban thao dugc chinh stra dam bao chat lugng theo yéu cau.

TAI LIEU THAM KHAO

[1] N. H. Tran, X. T. Tran, and T. L. Nguyen, "Research on samples’
surface roughness of turning lathes when spindle driven by a
hydraulic motor”, The University of Danang - Journal of Science
and Technology, vol. 11, no. 120, pp. 22-25, 2017.

[2] T. Misaka et al., "Prediction of surface roughness in CNC turning
by model-assisted response surface method”, Precision
Engineering, vol. 62, pp. 196-203, 2020.

[3] A.M. Zain, H. Haron, and S. Sharif, "Prediction of surface roughness
in the end milling machining using Artificial Neural Network”, Expert
Systems with Applications, vol. 37, no. 2, pp. 1755-1768, 2010.

[4] J. Wang, T. Chen, and D. Kong, "Knowledge-based neural network
for surface roughness prediction of ball-end milling”, Mechanical
Systems and Signal Processing, vol. 194, p. 110282, 2023.

[5] A. Yeganefar, S. A. Niknam, and R. Asadi, "The use of support vector
machine, neural network, and regression analysis to predict and optimize
surface roughness and cutting forces in milling”, The International Journal

of Advanced Manufacturing Technology, vol. 105, pp. 951-965, 2019.

[6] T. Wu and K. Lei, "Prediction of surface roughness in milling
process using vibration signal analysis and artificial neural
network”, The International Journal of Advanced Manufacturing
Technology, vol. 102, pp. 305-314, 2019.

[7]1 S. A. Rizvi and W. Ali, "An artificial neural network approach to
prediction of surface roughness and material removal rate in CNC
turning of C40 steel”, International Journal of Industrial
Engineering & Production Research, vol. 32, no. 3, pp. 1-10, 2021.

[8] M. R. Phate and S. B. Toney, "Modeling and prediction of WEDM
performance parameters for Al/SiCp MMC using dimensional analysis
and artificial neural network”, Engineering Science and Technology, an
International Journal, vol. 22, no. 2, pp. 468-476, 2019.

[9] M. Ficko, D. Begic-Hajdarevic, M. Cohodar Husic, L. Berus, A.
Cekic, and S. Klancnik, "Prediction of surface roughness of an
abrasive water jet cut using an artificial neural network”, Materials,
vol. 14, no. 11, p. 3108, 2021.

[10] C. C. Tran, V. T. Nguyen, and C. L. Tran, "Prediction Model and
Optimization of Machining Parameters Using Integrated ANN-GA
Method on CNCMilling Machine”, (in Vietnam), TNU Journal of
Science and Technology, vol. 226, no. 11, pp. 20-29, 2021.

[11] C. C. Tran, "Modelling and Optimization of Surface Roughness and
Material Removal Rate in Milling SKD11 Using GMDH and
NSGA-11I”, International Journal of Mechanical Engineering and
Robotics Research, vol. 13, no. 6, pp. 618-627, 2024.

[12] K. Kannadasan, D. R. Edla, M. H. Yadav, and A. Bablani, "Intelligent-
ANFIS model for predicting measurement of surface roughness and
geometric tolerances in three-axis CNC milling”, IEEE Transactions on
Instrumentation and Measurement, vol. 69, no. 10, pp. 7683-7694, 2020.

[13] D.S. Stephen and P. Sethuramalingam, "ANFIS prediction modeling
of surface roughness and cutting force of titanium alloy ground with
carbon nanotube grinding wheel”, Multiscale and Multidisciplinary
Modeling, Experiments and Design, vol. 7, pp. 3285-3300, 2024.

[14] M. S. Alajmi and A. M. Almeshal, "Prediction and optimization of
surface roughness in a turning process using the ANFIS-QPSO
method”, Materials, vol. 13, no. 13, p. 2986, 2020.

[15] U. Natarajan, S. Palani, and B. Anandampilai, "Prediction of surface
roughness in milling by machine vision using ANFIS”, Computer-
Aided Design and Applications, vol. 9, no. 3, pp. 269-288, 2012.

[16] R. Kumar and N. R. J. Hynes, "Prediction and optimization of
surface roughness in thermal drilling using integrated ANFIS and
GA approach”, Engineering Science and Technology, an
International Journal, vol. 23, no. 1, pp. 30-41, 2020.

[17] T. Chaudhary, A. N. Siddiquee, and A. K. Chanda, "Effect of wire
tension on different output responses during wire electric discharge
machining on AISI 304 stainless steel”, Defence Technology, vol.
15, no. 4, pp. 541-544, 2019.

[18] M. Sarikaya and V. Yilmaz, "Optimization and predictive modeling
using S/N, RSM, RA and ANNSs for micro-electrical discharge
drilling of AISI 304 stainless steel”, Neural Computing and
Applications, vol. 30, pp. 1503-1517, 2018.

[19] T. Akasawa, H. Sakurai, M. Nakamura, T. Tanaka, and K. Takano,
"Effects of free-cutting additives on the machinability of austenitic
stainless steels”, Journal of Materials Processing Technology, vol.
143, pp. 66-71, 2003.

[20] C. C. Tran, T. T. Nguyen, and V. T. Nguyen, "Multi-Objective
Optimization in Turning AISI 304 Stainless Steel: An Integration of
The Taguchi Method, Response Surface Methodology, and NSGA-
11”, International Journal of Industrial and Systems Engineering,
vol. 1, no. 1, 2025.

[21] T. Takagi and M. Sugeno, "Derivation of fuzzy control rules from
human operator's control actions”, IFAC proceedings volumes, vol.
16, no. 13, pp. 55-60, 1983.

[22] C. C. Tran and V. T. Nguyen, "Surface roughness prediction for
CNC-turned C45 steel utilising adaptive neuro-fuzzy inference
systems”, Journal of Mechanical Engineering and Sciences, vol. 18,
no. 4, pp. 10222-10232, 2024.

[23] N. Senthilkumar, J. Sudha, and V. Muthukumar, "A grey-fuzzy
approach for optimizing machining parameters and the approach
angle in turning AISI 1045 steel”, Advances in Production
Engineering & Management, vol. 10, no. 4, pp. 195-208, 2015.

[24] G. Zhang, B. E. Patuwo, and M. Y. Hu, "Forecasting with artificial
neural networks: The state of the art”, International journal of
forecasting, vol. 14, no. 1, pp. 35-62, 1998.



