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TOM TAT

D6 nham bé mat la mét chi s6 chat lugng quan trong trong gia cong cac chi tiét co khi, ddc biét
3 giai doan gia cong tinh. Viéc dp dung rung déng siéu am hé trg trong qua trinh phay tinh da
dugc chiing minh la cé &nh hudng déng ké dén dd nham bé mat thu dugc. Cac thong s chinh
anh hudng dén qua trinh nay bao gém tan sé va dién dp cap cho co ciu rung ap dién, cling nhu
t6c d6 quay truc chinh clia may cong cu. Trong nghién ctu nay, nhém tac gia da thiét ké va quy
hoach thi nghiém dé khao sat méi quan hé gitra cac thong s6 nay véi d6 nham bé mat, dong thdi
xay dung hai m6 hinh dy dodn: mét mo hinh héi quy tuyén tinh st dung phan mém Minitab va
mot mo hinh héi quy phi tuyén dua trén thuat toan Random Forest (RF). Cac mé hinh duoc huan
luyén va kiém thi trén bo dir liéu thu duac tir cac thi nghiém vai nhiéu t6 hop thong s6 dau vao
khac nhau. Két qua cho thay, véi bd dir liéu nhod (18 méau quy hoach thuc nghiém), mé hinh hoi
quy tuyén tinh thé hién kha nang du doan dé nham bé mét tét hon trong qud trinh phay tinh c6
hé trg rung siéu am. Cu thé, mé hinh héi quy tuyén tinh dat d6 chinh xac khodng 80%, cao han
muc 72,37% dat dugc khi st dung thuat todn Random Forest. Nhiing phat hién nay cho thdy rang,
trong diéu kién dirliéu han ché, héi quy tuyén tinh c6 thé mang lai hieu qua du doan tét han so vdi
cac thuat todn hoc may phuc tap. Nghién ctu gép phan lam ro vai tro clia viéc lua chon ky thuat
mo hinh héa phu hop véi dung lugng dir liéu va dé phuc tap cda qua trinh, tU dé nang cao kha
nang du doan va kiém sodt trong san xudt ca khi hién dai.

Tu khoa: Mo hinh héi quy tuyén tinh, mé hinh héi quy khong tuyén tinh, thuat toan Random
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Forest, du dodn do nham bé mat

GIGI THIEU

Gia cong tinh bing cdc qud trinh tién, phay, maila cac
phuong phép gia cong phé bién vi tinh linh hoat trong
viéc tao ra sy da dang hinh hoc ctia chi tiét. Dic biét,
khi cac qué trinh gia cong tinh trén dugc van dung
theo hudng tiép can mdi nhu Nam va cic cdng su da
trinh bay trong nghién ctiu'»2:3 da chting minh hiéu
qua cta hd trg rung siéu am trong viéc hoan thién
nhiing bé mit nho hep, hinh déng phuc tap, véi chit
lugng nhdm bé mat t6t ma khong cin trang bi thém
céc thiét bi chuyén dung d€ tao ra s§ vong quay truc
chinh 16n (thuong trén 10,000 vong/phut), va phithop
dé lap dit trén hau hét cdc mdy cong cu. Ngoai ra
rung siéu am bg sung con c6 thé giup cai thién mot s6
thong s6 cong nghé nhu tang do bén ctia dung cu gia
cong, gidm lyc cdt, va gidm nhdm bé mit. Cang trong
nghién cu'>2:3 , bg ba thong s6 cong nghé bao gom
tan s6 f (kHz), dién ap V' (v6n) ctia dau rung, va toc
do vong quay n (vong/phit) cta truc chinh mdy cong
cu dugc xdc dinh cd vai trd quan trong anh hudng dén
d6 nhadm bé mat chi tiét gia cong.

Khi thuc hién qu4 trinh gia cong tinh ndi chung, viéc
du doan dugc gid tri do nhdm bé mat khi gia cong

v6i cdc bd thong s6 cong nghé khac nhau 1a diéu quan
trong va cin thiét d€ xdc 1ap trude ché do gia cong
phtt hop cho mdy cong cu. D€ lam viéc d6, modt cach
tiép can mang tinh truyén théng la ngusi van hanh
may sé stt dung phuong phéap “thu va sai” hodc theo
thong ké kinh nghiém. Tuy nhién, cac phuong phap
nay lai cho hiéu qua khong cao, phu thudc phéan l6n
vao kinh nghiém ctia ngudi van hanh va ton thai gian
cho rét nhiéu lan thtt nghiém. Véi sy phat trién nhanh
chéng va manh mé ctia cac mo hinh hoc may (ma-
chine learning), mot giai phap hiéu qué hon dé€ giai
quyét vin dé€ nay dugc dé xudt bang cach thay déi cai
dat mdy trudc khi thuc hién cac thao téc thuc té.

Hoi quy 1a moét phuong phép thuong dugc st dung
trong céc phén tich dy doan. O phuong phép nay, s8
liéu qua khti, dit liéu da dién ra theo thoi gian hodc
dién ra tai cing mot thoi diém dugce st dung dé thiét
14p m6i quan hé gitia cac hién tugng va su kién 6 lién
quan. Thuét ngii toan goi la sy nghién ctiu muc do
tac dong ctia mot hay nhiéu bién doc lap (bién dau
vao) dén mot bién s6 goi 1a bién phu thudc (bién két
qua, bién diu ra). Moi quan hé nay dugc biéu dién
dudi dang phuong trinh goi la phuong trinh héi quy.

Trich dan bai bao nay: Huyén Lynh D, Dinh Tuan L. Du doan d nham bé mat chi tiét trong gia cong
tinh c6 hé trg rung déng siéu am. Sci. Tech. Dev. J. - Eng. Tech. 2025; 8(3):2579-2583.
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Dua vao phuong trinh héi quy ngudi ta c6 thé giai
thich két qua da dién ra, udc lugng va du béo nhiing
su kién sé xdy ra trong tuong lai. Trong nghién ctiu
nay, hai moé hinh héi quy: héi quy tuyén tinh (linear
regression model), va hdi quy khong tuyén tinh (non-
linear regression model) sé dugc st dung d€ du béo
d6 nhdm bé mit cho qua trinh gia céng tinh trén may
cdng cu c6 st dung dung cu hé trg rung siéu am. Tinh
chinh x4c ctia cdc m6 hinh du doan dugc danh gia dya
trén viéc tinh d¢ 1éch cac gia tri du dodn véi cac gid tri
thuc sy nhan dugc ctia mdi b kiém tra X (b6 thong
s6 cong nghé), ti d6 danh gid tinh hiéu qua cua hai
mod hinh dua ra.

PHUONG PHAP

Thiét ké va tién hanh quy hoach thuc
nghiém

Céc mau thti nghiém (gia cong trén nén vét liéu nhom
dinh hinh 6063-T5) duing trong nghién ctiu nay dugc
phay tinh trén trén médy phay CNC Bridgeport VMC
500 - 16 thong dung, v6i dung cu dugc mo ti trong
Hinh 1, va hé théng gia cong dugc mo ta trong Hinh 2.
B¢ dinh vi gom cdc bo phan (8), (9) va (10) dugc dung
dé c6 dinh vo ngoai (7) clia bo gbép dién goém céc chi
tiét tli (12) dén (18) v6i phén tinh tién caa truc chinh
nhdm cach ly chuyén dong quay tron cta truc chinh
may phay va truyén tin hiéu dién dén cho dau rung
(5). Muc dich lya chon mau nhu vay tao diéu kién
thuan 1gi cho viéc ga dat va do dac gid tri d6 nham
dugc dé dang nhung van khong lam thay déi ban chat
ctia nghién cttu. BO méu thi nghiém dugc mé ta nhu
trong Hinh 3.

@@

Hinh 1: Dung cu gia c6ng ¢6 hé trg rung dong siéu
am(Ultrasonic Vibration-Assisted Machining tool,
UVAM)3

Trong nghién cdu nay, phuong phap Taguchi* dugc
st dung dé€ thiét ké thyc nghiém, va tao diéu kién cho
viéc hé trg phan tich két qua. Ma trin truc giao 4 dugc
st dung d€ khao sat 3 thong s6 cong nghé f, V, van véi
cac muic gia tri khac nhau dugc trinh bay & Bang 1.
Tt cich bé tri thuic nghiém trén, sau khi qud trinh gia
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Hinh 2: Hé théng gia cong3

cong hoan thanh sé c6 18 mau thi nghiém. Gia trj do
nhdm trung binh Ra (m) ctia 18 mau thi nghiém nay
sé dugc do bang méy do dd nhdm thong thudng.

Bang 1: Théng S Cong Nghé Trong Thuc Nghiém

ST” Nhén t6 Kihiéu  Muc gia tri

1 2 3

1 Tén s6 f 38 40 42
dau rung
(kHz)

2 Dién dp V 200 - 240
cdp cho
dau rung
V)

3 Téc do 300 330 360
vong
quay truc
chinh
(vong/phut

Phan tich héi quy tuyén tinh

Phan tich héi quy tuyén tinh la mét phuong phap
phén tich quan hé gitia bién phu thudc Y v6i mot hay
nhiéu bién doc lap X. M6 hinh hoa trong nghién ctiu
nay st dung ham tuyén tinh (da thicbéic 1). Cac tham
s6 ctia md hinh (hay ham s6) dugc udc lugng tu di
liéu. Trong thuc té, héi quy tuyén tinh thudng dugc
sti dung rong rai do tinh chit don gian héa cta hoi
quy. Phuong trinh héi quy dua ra nhu mo ta:

Y = Bo + BiXi + BaXa + B3X3 (1)
trong do:

- Y dai dién cho gia tri phan hoi,

- (X1, X2, X3) dai dién cho céc gia tri dugc ma hoa
ctia cac thong s6 qua trinh,

- (Bo, B1, B2, B3) dai dién cho hé s6 hoi quy cin xéc
dinh.
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Cu thé, gid tri Y chinh la gid tri d6 nhdm bé mit chi
tiét, X; mé hoa cho théng s6 f (tdn s6 dau rung), X,
ma hoda cho thong s6 V (dién 4p dau rung), va X3 ma
hoa cho théng s6 n (s6 vong quay truc chinh).

Trong nghién cttu nay, cic gia tri bo tham sd (B,
B1, B2, B3) dugc tinh toan bang phan tich thong ké
sti dung phdn mém Minitab. Minitab 1a m¢t phin
mém théng ké dugc st dung rong rai bsi cac nha
phén tich di liéu, chuyén gia kiém sodt chit lugng
va nha nghién cttu d€ phén tich di liéu, tryc quan
héa va cai thién chét lugng®. Nhu vita trinh bay &
trén, cc gid tri bo tham s6 (B, B1, B2, B3) dugc tinh
toan trong Minitab dya trén moé hinh “Fitted model’,
st dung phuong phdp binh phuong cuc tiéu (Least
Mean Square, LMS). Phuong phap binh phuong cuc
tiéu cho rang dudng cong phit hgp nhét véi mot tap
hop céc dii liéu quan sat nhat dinh, sé la mot duong
cong c6 tdng tdi thiéu cac binh phuong d9 léch (hay
sai s0) tii cdc diém dii liéu da cho. Dy dugc xem 1a
mot phuong phép t6i uu hoa dé Iya chon moét duong
cong phan anh sat nhat cho mét dai di liéu tng véi
cyc tri clia téng cac sai s6 thong ké gitta dudng cong
néi suy va dit liéu thyc nghiém©.

Cu thé, khi do dac, bang cac gia tri x;, y; dugc thu
thép. D€ tim ra mdi quan hé y = f(x), phuong phép
LMS dugc st dung bang cach xuit phét ti viéc tim
cuc tiéu ctia ham:

8(f) = Ly [f () — w* = min (2)
Dang ham don gian nhat thuong dugc chon trong
thuc t€1a ham da thic bac n, dugc biéu dién nhu sau:
() = Thgar (3)

VGi ay 1a cdc hé s6 cin xdc dinh.

béxdc dinh gy, tim nghiém ctia dao ham ham s6 g(f)
lan lugt theo tiing bién a; bing 0 cho phép thu dugc
hé (n+1) phuong trinh véi (n+1) 4n a:

F=0 e M) —y) =0 @)
hodc & dang ma tran:
m Y Z;":lxiz... )
er‘i]xi : a B
Z;rlzl)’i
YiZixvi | (5)

Giai hé nay, ta tim dugc cac hé s6 cta da thic (ay).

Phan tich héi quy khéng tuyén tinh va thuat
toan Random Forest

Thuét todan Random Forest (RF) (hay tam dich 1a Reing
ngdu nhién) dugc Leo Breiman trinh bay nim 20017,
DPinh nghia ctia thuat todn RF c6 thé dugc biéu dién
duéi dang sau:

{h(x, 6,),t =1,2..,T} (6)

trong do:

- h(x, 6;) la mot bo phéan loai cd cdu truc cay;

- {6} 1a cac véc to ngdu nhién dugc phan phdi gidng
hét nhau mot cach doc lap;

- x la bién doc lap;

- 6,12 bién ngiu nhién dugc phan bé mot cach doc lap;
- T dai dién cho s6 lugng ciy quyét dinh (Decision
Tree) trong “rling” 8.

Thuit todn RF stt dung k¥ thuét hoc tip téng hop, hay
con goi la hoc tap thé (Ensemble learning) bang cach
két hgp dy dodn ctia nhiéu cay quyét dinh dé cai thién
d0 chinh xdc va d¢ tin cdy tong thé ciia mo hinh. Mot
cay quyét dinh 13 mot cach don gian d€ biéu dién mot
giao thtc. Noi cach khéc, cay quyét dinh biéu dién
mot ké hoach, tra 16i cau hoi phai lam gi trong mot
hoan canh nhét dinh. Méi nut ctia ciy sé 1a cac thudc
tinh, va cac nhanh la gia tri lua chon ctia thudc tinh
d6. Bang cach di theo cac gid tri thudc tinh trén cay,
ciy quyét dinh sé cho ta biét gi4 tri du dodn®. Nhém
thuat todn cay quyét dinh c6 mot diém manh dé 1a ¢
thé st dung cho ca bai todn Phén loai (Classification)
va Hoi quy (Regression), chinh vi vy ma thuét toan
RF c6 thé dugc sti dung cho ca hai muc dich néu trén.
Vé mit phuong trinh, thuat toan RF khong c6 mot
cdng thiic toan hoc duy nhat mo ta toan b thuat toan.
Thay vao do, né lién quan dén viéc xay dung cic ciy
quyét dinh va két hgp cac du dodn ctia ching thdéng
qua biéu quyét (d6i v6i nhiém vu phan loai) hodc tinh
trung binh (d6i v6i nhiém vu dy dodn). Vi du: tiéu chi
phén chia trong cay quyét dinh c6 thé dya trén ham sai
s6 tuyét déi trung binh (Mean Absolute Error, MAE)
dugc bi€u dién bang cong thiic (7) nhu sau:

MEA = Zabiodl (7)

trong d6 N 1a tdng s6 diém di liéu, la gid tri thuc (gid
tri do dugc), con y;1a gi4 tri du doan 1°.

Mot cich tdng quat, cac budc thuc hién thuét todn RF
cho viéc du dodn dii liéu c6 thé dugc tém tit nhu sau:
Budc 1: Bit dau tu tip di liéu hudn luyén S, ta tao
cdc mau di liéu ngiu nhién. Ky thuat nay dugc trinh
bay nim 19968, véi gia st S 12 miu ban d4u, va N 1a
s6 lugng mau trong S. Xac xudt ma moéi mau trong S
khong dugc trich xuat lé(l — %)N Néu N — oo, thi
fimy e (1 — )Y = 1 ~ 0368 (8)
Biéu thuic (8) cho thiy c6 khoang 36.8% s6 mau khong
dugc trich xudt trong méi lan tao mau, diéu nay goi la
nim ngoai tai dit liéu®. Mic khéc, trong cac miu dit
liéu tao dugc, bén canh mot s6 diém di liéu khong
dugc xudt hién trong mau thi ciing c6 nhiing diém di
liéu co thé xuat hién nhiéu lan.

Budc 2: St dung céc tép con dit liéu 14y miu ngiu
nhién S1, S2,..., Sk xay dung nén cac cay T1, T2,...,
Tk.
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Budc 3: Két hgp du dodn tii cac cdy va duara du doan
cudi ciing bang céch 14y trung binh cic gid tri du doan
tli cac cay.

C4u truc cta thuat todn RF dugc mo tad nhu trén
Hinh 3. Nhiing nim gan day, RF trg thanh thuat toan
ly tudng cho cac nha phat trién vi né giai quyét dugc

21

van dé trang bi qua mic (overfitting) cic b di liéu

Raf 10~ 6 m)

(thuong gay nén bai cac tp dii liéu hudn luyén cé kich
thudc nhoé va khong chia du mau dii liéu dé thé hién "
chinh xdc tit ca cac gid tri di liéu du vao c6 thé co).

Pay 1a mot cong cu rat hiéu qua d€ dua ra nhiing du w : - - = = =
dodn chinh xdc cin thiét cho viéc ra quyét dinh chién 4 thi &1 that nghism

luge trong cac t6 chic. Hinh 4: Gi4 tri d6 nham bé& mat Ra cGia 18 mau thi

O nghién ctiu nay, c6 tdng cong 18 mau do ting véi 18 nghiem 11
dii liéu vé€ do nham bé mit tai cac b thong s6 cong
nghé khéc nhau. Trong 18 dii liéu d6 sé chia ra tap dit
liéu dung d€ huén luyén va tip di liéu dung dé€ kiém
tra mot cdch ngiu nhién theo ti 1& 7/3 (70% di liéu
st diing d€ hudn luyén, va 30% dii liéu dung dé kiém

tra).
_ _ Bang 2: Gia tri @6 nham do dugc va gia tri du doan khi
TAP DU LIEU HUAN LIEU 5 2 N ..
= st dung phan mém minitab 19
.
E I STT f Dién Ra Ra du
= Tap con mx ligu|  [Tép con di liul ‘ \«_pon dir lig] N ) i ;
y huén luyén huén luyén huin luyén | mau (kHz) & V  a(v/pht thuc doan
£ ﬁ) m do ) (Minitab)
S AC Z @ A 1 38 200 300 1.607 1.734
Ciy quyét dinh | Ciy quyudmhz Ciiy quyét dinh »
0 TAPDU LIEU KIEM TRA 2 38 200 330 1.332 1.746
£ ¥ —
E ) ) 3 38 200 360 1.921 1.758
gAQZ%A 5’1/%’\1 /8\/%\3\ 4 38 240 300 1127 1.399
E mquyu dinh 1 cay qu).mlmh’ . Cy quyét dinh
= ' 5 38 240 330 1.753 1.410
"E [ Ly trung binh tit ca gid tri du dodn |
K] 6 38 240 360 1.706 1.422
& : -
[ Kétquady doin cudicang |
7 40 200 300 2.327 1.907
Hinh 3: Cau tric thuat todan Random Forest [11
i [l 8 40 200 330 2.572 1.919
9 40 200 360 1.283 1.931
1 A A A A 10 40 240 300 1.178 1.572
KET QUA VA THAO LUAN
11 40 240 330 1.795 1.583

Két qua thuc nghiém vdi gia tri d6 nhdm bé mat Ra
clia cdc mau thi nghiém dugc danh s6 tuong ting sau 12 40 240 360 1.400 1.595
khi do dac dugc md ta trong Hinh 4 va Bang 2.

‘ ; - 13 42 200 300 1513 2.080
Phuong trinh héi quy tuyén tinh st dung phan mém
Minitab dua ra phuong trinh hoi qui tuyén tinh: 14 42 200 330 2.787 2.092
Ra = 0,01 + 0,08655f — 000839V + 15 4 300 360 1929 2104
0,000391  (9)

16 42 240 300 2.028 1.745

Tu phuong trinh nay, cac gia tri d6 nhdm bé mit dy
dodn dya vao phin mém Minitab dugc thé hién & 17 42 240 330 1.586 1.756

Bang 2. Bang 3 thé hién két qua du dodn d6 nhdm
18 42 240 360 1.679 1.768

bé mit bang cich stt dung thuat todn Random Forest.
Gid tri sai léch ctia hai moé hinh du dodn dé xuat dugc
tinh nhu sau:
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 a Gia tri thwe - Gia tri dw dean
%Sai léch=" e B A D08l % 100%

Két qua cho thdy, d¢ sai léch trung binh ctia dy doan
khi st dung thuét todan Random Forest1a 27,631%, cao
hon 7,495% so v6i muc sai 1éch du dodn khi stt dung
phin mém Minitab 1a 20,136%. Mit khéc, khi so sanh
két qua du dodn ti Minitab va Random Forest trén
cing mot tap di liéu nhu thé hién trong Bang 3, do
sai 1éch du dodn trung binh cta RF 13 van cao hon
5,601% so vé6i két qua 22,030% tii Minitab. Két qua
nay cho thdy, mé hinh héi quy tuyén tinh c¢6 kha ning
cho rakét qua du dodn cao hon so v6i md hinh hoi quy
khong tuyén tinh st dung thuat toan Random Forest.

Bang 3: Bang so sanh gia tri @ nham du doan biang
minitab va thuat toan Random Forest (RF)

STT Ra Ra Ra %Error  %Error
mau thuc (RF) (Minitab) (RF) Minitab
do
17 1.586 1.651 1.756 4.151 13.940
16 2.028 1.552 1.745 23.480 9.053
15 1.929 1.553 2.104 19.493 24.946
14 2.787  1.568 2.092 43.763 33.484
10 1.178  1.679 1.572 42.594 25.379
8 2,572 1.741 1919 32.304 25.379
KET LUAN

Trong nghién ctiu nay, nhom tac gia da thiét ké va tién
hanh thyc nghiém dé€ 14y dii thiéu cho viéc du doan
d6 nham bé mat khi gia cong tinh c6 st dung dung
cu hé trg rung siéu 4m trén mdy céng cu. Hai mo
hinh dy dodn khac nhau da dugc trinh bay va danh
gid hiéu qua bao gébm mo hinh héi quy tuyén tinh st
dung phan mém Minitab (phuong phap binh phuong
t6i thi€u), va mo hinh hoi quy khong tuyén tinh st
dung thuét toan Random Forest. Két qua cho thay, véi
mot tap dii liéu nho (18 mau quy hoach thuc nghiém),
mo hinh hoi quy tuyén tinh cung cép kha ning dy
doan d6 nham bé mit khi phay tinh c6 hé trg rung
dong siéu 4m cao hon. Cu thé, do chinh xdc khi su
dung mo hinh hoéi quy tuyén tinh cho d¢ chinh du
ddan gin 80%, cao hon mic chinh xdc khi st dung
thuat toan Random Forest la 72,37%.

XUNG DOT LO1iCH

Nhoém téc gia xin cam doan réng khong c6 bat ky xung
dot lgi ich nao trong cong bd bai bao.

PONG GOP CUA TAC GIA

Tac gia Duong Huyén Lynh dua ra y tuéng viét bai, xt
ly 56 liéu dung thuat toan Random Forest, va viét ban
thao. Téc gid Lé Dinh Tuén tinh todn dy dodn béing
Minitab va stia ban thao.

LO1 CAM ON

Nhoém nghién ctiu xin cdm on Trudng Dai hoc Bach
Khoa, PHQG-HCM d4 hé trg thoi gian, phuong tién
va co s§ vat chét cho nghién ctu nay.

DANH MUC TU VIET TAT

ML: Hoc mdy - Machine Learning

RF: Riing ngu nhién - Random Forest

LMS: phuong phdp binh phuong cuc tiéu - Least
Mean Square method
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ABSTRACT

Surface roughness is a critical quality indicator in the manufacturing of mechanical components,
particularly during finishing processes. The incorporation of ultrasonic vibration assistance in finish
milling has been shown to significantly influence surface roughness outcomes. Key parameters
affecting this process include the frequency and voltage applied to the piezoelectric vibration ac-
tuator, as well as the spindle rotation speed of the machine tool. In this study, an experimental
design was implemented to investigate the relationship between these parameters and the result-
ing surface roughness. The authors developed and compared two predictive models for surface
roughness: a linear regression model created using Minitab statistical software, and a non-linear
regression model based on the Random Forest (RF) algorithm. These models were trained and
tested using data collected from machining experiments under various combinations of input pa-
rameters. The results indicate that, with a small dataset (18 experimental design samples), the linear
regression model demonstrates better predictive performance for surface roughness in ultrasonic
vibration-assisted finish milling. Specifically, the linear regression model achieves an accuracy of
approximately 80%, which is higher than the 72.37% accuracy obtained using the Random For-
est algorithm. These findings suggest that, under conditions of limited data, linear regression can
outperform more complex machine learning algorithms. The study highlights the importance of
selecting an appropriate modeling technique based on data volume and process complexity, con-
tributing to improved prediction capability and process control in advanced manufacturing appli-
cations.

Key words: Linear Regression Model, Non-linear Regression Model, Random Forest Algorithm,
Surface Roughness Prediction

Cite this article : Duong L H, Le T D. Surface Roughness Prediction of mechanical parts in ultrasonic

I vibration-assisted finishing machining. Sci. Tech. Dev. J. — Engineering and Technology 2025; 8(3):2579-
VNUHCM PRESS 2583,

2584


https://crossmark.crossref.org/dialog/?doi=10.32508/stdjet.v6iSI2.1313&domain=pdf&date_stamp=2025-08-06

