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TOM TAT

Nghién ctru dé xuat mot phuong phap chan doan tinh trang dao phay ngoén hop kim
lién khéi theo thoi gian thuc trong qua trinh gia céng trén may phay CNC 5 truc. M6 hinh
chan doan bao gdm: Mot thiét bi giam sat rung dong dao phay tich hop cong nghé khong
day sir dung cam bién gia tc 3 truc H3LIS331DL; Mot hé thong thu nhan, luu trit va phan
tich tin hidu rung dong sir dung 10 tham s6 dic trung trén mién thoi gian dé danh gia tinh
trang dung cu cat. Két qua cho thiy cac tham sb dic trung tiém nang: ham do nhon va gia
tri hi€u dung trung binh phan anh ro rét diém bat dau va két thuc cua qua trinh cit, hé sb
dinh pht hop dé phat hién dao bj mé hoic mon cuc bd. Phuong phap dé xuét s& bd sung
cho viéc xay dung chuan do luong cua ho chiéu rung dong (vibropassport) dbi v6i may
phay CNC 5 tryc, tir 46 hd trg du bao tudi tho dao phay va nang cao hiéu qua gia cong.

Twr khoa: phay, chan doan, mai mon dung cu, mién thoi gian, trich xuat tin hi¢u.

ABSTRACT

Keywords: milling, diagnostics, tool wear, time domain, signal extraction.
The study proposes a method for diagnosing the condition of solid end mills in real time
during machining on a 5-axis CNC milling machine. The dia i mwﬂﬁﬁ 614
26 wireless-integrated milling cutter vibration monitoring devicegf&ﬁpw H Théng 12/2025
acceleration sensor (H3LIS331DL) and a vibration signal acquisition, storage and analysis
system. This system evaluates the condition of the cutting tool using ten characteristic

parameters in the time domain. The results show that the characteristic parameters, namely
kurtosis function and root mean square effectively reflect the initiation and completion of the
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The study proposes a method for diagnosing the condition of solid end mills in real time during machining on a 5-axis CNC milling machine. The diagnostic model includes a wireless-integrated milling cutter vibration monitoring device equipped with a 3-axis acceleration sensor (H3LIS331DL) and a vibration signal acquisition, storage and analysis system. This system evaluates the condition of the cutting tool using ten characteristic parameters in the time domain. The results show that the characteristic parameters, namely kurtosis function and root mean square effectively reflect the initiation and completion of the cutting process. The crest factor is suitable for detecting chipped or locally worn tools. The proposed method contributes to the development of a vibration passport standard for 5-axis CNC milling machines, thereby supporting the prediction of milling cutter life and improving overall machining efficiency.
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1. Pit van dé

Canh tranh qudc té ngay cang khéc liét
trong nganh san xuat va ché tao co khi da
khién tat ca cac doanh nghiép phai lién tuc
tim kiém céc giai phap k¥ thuat dé cai thién
hiéu qua san xudt, giam chi phi va nang cao
chat luong san pham [1]. Véi sy phat trién
nhanh chéng cta céng nghé cam bién va
cac thuat toan tri tué nhan tao, viéc giam
sat tryc tuyén qua trinh cét dang nhan duoc
sy quan tam rat 16n ctia cac nha nghién ctru
khoa hoc. Trong linh vuc gia cong cit got
kim loai, tinh trang mai mon cua dung cu
cat anh hudng truc tiép dén chét lugng gia
cong va hiéu qua san xuét [2]. Tinh toan
ven bé mit gia cong bi anh hudng cha yéu
boi tinh trang ctiia dung cu cit, diéu nay rat
kho phat hién trong qua trinh gia cong. Viéc
khong giam sat tinh trang ctia dung cu cit
c6 thé tao ra mot luong 16n phé pham, chi
tiét gia cong kém chét luong gy lang phi
va lam tang chi phi san xuit khong mong
muén [3].

Quy trinh gidm sat tinh trang dung cu
cit bao gdm céac giai doan: thu thap tin
hiéu, trich xuét dic trung tin hiéu va thiét
1ap mo6 hinh giam sat [4]. Cac phuong
phap gidm sat tinh trang dung cu cit dang
dugc tap trung nghién ctu thuc nghiém
theo hai hudng chinh: phuong phap truc
tiép va gian tiép [2]. Tuy nhién, mot van
dé 16n trong phuong phap nghién ctru thuc
nghiém vé dong luc hoc cua dung cu cit
trong qua trinh phay 1a thiéu cach tiép can
phd bién dé do cac thong sb rung dong.
Trong nghién cuu vé dong luc hoc may
cong cu, mot s6 luong 16n thiét bi, cam
bién va dung cu chuyén dung da dugc tao
ra. Tuy vay, hau hét cac chung loai nay
khong thé dap tng cic yéu cdu co ban
trong nghién ciru thyc nghiém vé do rung
dong ctia dao phay. Nguyén nhan cha yéu
do cac phép do v6i hai thong sé ddc trung
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ctia rung dong 1a bién d6 va tan sd khong
dam bao sy tuong thich [5, 6]. Mot k¥ thuat
do gian tiép ciing da duoc thuc hién théng
qua xac dinh céc gia tri d gon song va do
nham ctia bé mat gia cong dé tinh toan céac
gia tri tan sd va bién do rung dong dung
cu cat [7, 8]. Tuy nhién, k¥ thuat do gian
tiép ndy véi do chinh xac mang tinh chat
tuong dbi. Do d6, nghién ciru rung dong
dung cu cit trong qué trinh phay, doi hoi
phai phat trién mot thiét bi chuyén dung va
phuong phép xur 1y tin hi¢u theo thoi gian
thuc phan anh duogc tinh trang cia dung cu
ct, 1a mang tinh cap thiét véi gia tri thuc
tién cao. Bén canh d6, cac thiét bi nay phai
kiém soat hiéu qua rung dong dung cu cit
trong qué trinh phay va dép tmg céc yéu
cau dic biét lién quan dé thuan tién khi st
dung trén may phay CNC [9].

Trong linh vuc gia cong chinh xéc, dac
biét la trong nganh ché tao khudn mau, viéc
su dung trung tam gia cong phay CNC 5
truc da tro nén pho dung. Dao phay ngén
thuong duoc st dung cho nhiing nguyén
cong ban tinh va tinh trén cac bé mit 3D
phtic tap, d& bi mai mon va giy do lyc cat
16n va su tiép xuc khong lién tuc véi phoi.
Su mai mon cua dao khong chi lam gidm
chat luong bé mit san pham ma con giy
ra sai léch kich thudc va lam tang nguy co
hong hoc nghiém trong cua dao. Do do, bai
bao dé xuat phuong phap chan doan tudi
tho dao phay ngon theo thoi gian thuc, st
dung cac thuat toan dé trich xuét dic trung
tin hiéu trong mién thoi gian cia thiét
bi giam sat rung dong dung cu cét bang
cong nghé khong day. Két qua nghién ctru
s& dong gop, bd sung cho viéc xay dung
chuin do ludong cua ho chiéu rung dong
(vibropassport) d6i v6i may phay CNC 5
truc, tir d6 hoan thién k¥ thuét dy bao tudi
tho dao phay va nang cao hi¢u qua gia cong
trong san xuat cong nghiép.
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2. Co s6 1y thuyét

2.1. Quy luit mon dao phay

Trong qua trinh gia cong, h¢ thong
cong nghé “may — do ga — dung cu cat —
phoi” trai qua dao dong cudng buc do luc
cit. Nhirng dao dong nay Xay ra do sai s6
khi bat dau gia cong, sai sb cong nghé va
su thay d6i hinh dang cta dung cu cat khi
bi mon [10, 11]. Trong truong hop nay,
dung cu cit thudng dugc coi 1a Iy tudng va
khong duoc tinh dén khi danh gia trang thai
ctia hé thdng cong nghé [12, 13, 14]. Quy
luat mon dao phay gém 3 giai doan co ban
va c6 mdi lién hé chat ché dén bién d6 rung
dong dung cu cat (Hinh 1) [9].
A4

0 (O 1 (1) P ]
Hinh 1. 7 - Méi quan hé giia bién dé rung déng véi
cdc giai doan mon ciia dao phay; 2 - Bién d6 rung cua
hé théng céng nghé; a - Dung cu cdt hu héng
do mén, b - Dung cu cdt hu héng do phd hiy

Giai doan (I) dai dién cho qua trinh cit
khi dao phay con méi, giai doan nay véi dac
trung 1a bién dg rung dong tang dot ngot va
ludi cat mon nhanh dén mirc do nhét dinh.
Khi dat ¢én mic hao mon nay, dung cu
cit s& budc vao Giai doan (II) - giai doan
mon 6n dinh. Giai doan (III) duoc nhan
dién: néu bién d6 rung dong ting rit manh
khong c6 diém dung 14 dau hién nhan biét
dung cu cit dang vao giai doan mon tham
khéc, trong truong hop bién do rung dong
giam manh tuong tng véi dung cu cét dang
trong tinh trang da bi hu hong nang khong
con kha ning cat got.

Xem xét moi lién hé gitra bién do rung

28
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dong véi @6 mon cua dung cu cit s& giup
phat trién va hoan thién hé théng giam sat
tinh trang dung cu cit.

2.2. Mdi quan hé giira mon dung cu
cit va tin hiéu rung dong

Trong qué trinh gia cong, dao phay
thuc hién qua trinh boc tach loai khi tiép
xuc v6i bé mat phoi mang tinh chu ky. Céc
tin hiéu rung dong bat dau xuat hién véi tan
s6 va bién do phu thudc vao diéu kién cit
va trang thai cua dao. Khi dao bi mon, bién
d6 rung dong c6 xu hudng ting do luc cat
chinh ting va hién tugng cong hudéng dé
xay ra hon [9].

Nhiéu nghién ctru da chi ra rang cac
tham sb thong ké cua tin hiéu rung c6 thé
dung dé danh gia trang thai cua dung cu cit
[17, 18]: gia tri hiéu dung trung binh (root
mean square), tin hiéu tic thoi 16n nhat
(maximum) - Phan anh muc ndng lugng
rung dong; phuong sai (variance), do 1éch
(skewness) - Mo ta tinh bat d6i xing cua
phan b6 rung dong; hé s6 nhon (kurtosis),
dinh dang song (peak to-peak) - G1up phat
hién cac bién ¢ dot bién nhu su xuat hién
cta vét nirt, mé dao.

2.3. H¢ théng giam sat rung dong
dao phay véi cong nghé khong day

Viéc dat cam bién gan ving cat 1a can
thiét vi tin hiéu giam manh khi qua cac khop
dan hoi cua may. Trén may tién, lép dat cam
bién dé& dang hon do dung cu dimg yén [15],
nhung trén may phay, cong viéc nay phuc
tap hon rat nhiéu. Pbi véi may CNC 5 tryc,
néu 4ap dung theo theo phuong phap truyén
thdng, cam bién s& dugc dit trén truc chinh
(S1, S2, S3) hoac ban may (S4, S5, S6)
[16], nhung vi tri nay van chua t6i vu do hé
s6 d6 ctng khac nhau dan dén tin hiéu rung
dong bi hap thu va khoang cach van con xa
ving cat (Hinh 2). Vi vay, voi phuong an
t6i wu 14 s& b tri cam bién trén Pai dao dé
thu thap dit liéu rung dong twong dbi chinh
xac va giam thiéu sai s6 do nho nhét c6 thé.
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Hinh 2. Mé hinh phan tich déng luc hoc va Idp ddt cam bién rung déng dp dung theo phuong phdp
truyén thé'ng trén mdy phay CNC 5 truc

Pé dap tng dugc nhiing yéu cau ve
thiét bi giam sat tinh trang dung cu cit theo
thoi gian thue khi gia cong trén may CNC
5 truc, nhom tac gia dé xuat mot thiét bi
chuyén dung véi cac yéu cau k§ thuat (Hinh
3): 1. Cam bién cua thiét bi phai duoc dat
gin ving cat nhat c6 thé; 2. Viéc lap dat
va bb tri thiét bj khong 1am anh hudng cac

:

1

hoat dong cua trung tdm gia cong nhu: hé
thong thay dao, hé thong lam mat; 3. Thiét
bi cung cip cac thao tic do nhanh va chinh
xac; 4. Thiét bi phai pht hop véi nhiéu loai
may phay CNC 5 tryc phd bién trong san
xuat; 5. Thiét bi truyén tin higu bang cong
nghé khong day.

Hinh 3. Mé hinh 3D cua thiét bi gidm sdt rung déng cé6ng nghé khéng ddy trén Pai dao
1 - Pai dao BT-40, 2 — Vong gd, 3 - Bulong-Pai 6c M4x4, 4 - Céng tdic, 5 - Cong sac, 6 -Pin,
7 - Than thiét bi, 8 - Cam bién gia toc 3 truc H3LIS331DL, 9 - Mach sac, 10 - ESP32-C3 Super mini,
11 - V6 thiét bi, 12 - Dao phay ngon

Thiét bj hoat dong nhu sau: Thiét bi
duoc lap c¢b dinh v6i Dai dao. Diéu nay co
nghia 1a n6 s€ quay cung véi dung cu cat

trong qua trinh gia céng. Cam bién gia tdc
3 truc H3LIS331DL sé€ ghi lai tin hi¢u rung

dong theo sy thay ddi hanh vi dong luc
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hoc cua dao phay trong qua trinh gia cong.
Tin hi¢u rung dong s€ duoc vi diéu khién
ESP32-C3 Super mini xur 1y va truyén dén
dén may tinh c4 nhan dugc trang bi phan
mém Serial monitor/Arduino, tai day dir
li¢u dugc ghi lai va phan tich bﬁng thuat
toan da xay dung trén Matlab. Ngoai ra,
tinh nang doc déo cua thiét bi nay la né
phat hién rung dong truc tiép tai Dai dao
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dé giam thiéu sai s do. Thiét bi giam sat
rung dong duoc dé xuit s dung cam bién
gia toc c6 kha ning chéng lai cac tac dong
bén ngoai (phdi thoét ra tac dong vao thiét
bi va chit 1am mat dugc st dung trong qua
trinh gia cong) trong viéc thu nhan tin hiéu
mot cach dang tin cay.

3. Phuwong phap nghién ctru

3.1. Xay dung mo6 hinh thuc nghi¢m

Thiét 1ap thuc nghiém trén M4y phay HAAS CNC 5 truc
1 — Thiét bi giam sat rung dong, 2 - Phoi

Dao phay ngén X- Power
Sem811080

Thuc nghiém dugc thuc hién trén May
phay CNC 5 truc HAAS UMC-1000ss
(Hinh 4). Dung cu cét 1a dao phay ngén hop
kim nguyén khdi X-Power Sem811080 (4

30

May do mon dao - Camea k ién

vi Olympus GX51

May do do nham Mltutoyo SJ-210
Hinh 4. M6 hinh thuc nghiém

ludi cat, duong kinh @8mm), véi 16p phi
AICrN, chuyen dung cho gia cong tinh va
ban tinh d6i voi cac vat liéu kho cat nhu:
SKD11, SKHS51, SUS304... Phéi dung
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cho thyc nghiém chuén doan mon dao 1a
thép dung cu SKD11 tiéu chuan Nhat Ban
(JIS-G4404) véi thanh phan chu yéu la
Crom (Cr), Cacbon (C), Molipden (Mo),
Vanadi (V), kich thuéc 16x200x600 mm.
Thép SKDI1 1a mdt loai vat liéu kho gia
cong nhung duogc st dung rong rai trong
nganh cong nghiép khudén miu va cong
nghiép 6 t6 v6i do bén, do déo va do cling
duoc duy tri tai diéu kién 1am viéc & nhiét
do cao [19].

Hai thong s6 chinh dugc st dung dé
danh gia 6 mon dung cu: 1. D§ nham bé mat
(Ra) dugc do bang may do do nham cam tay
Mitutoyo SJ-210 (do chinh xac £0,01 um).
Ba phép do dugc thuc hién tai mdi vi tri trén
bé mat gia cong va ly gid tri trung binh. Khi
gia tri Ra tdng duogc hiéu 14 ti 18 thuan véi do
mon cta canh cit; 2. D6 mon canh ct duoc
do dudi kinh hién vi k¥ thuat s6 Olympus
GXS51. Hai gia tri nay phai dugc do va luu
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dir liéu sau moi lan gia cong.

Phuong phap chuin doan tudi bén dao
theo thoi gian thuc véi ché do cat ban tinh
(TCVN 2511: 1995 — Cép d6 nham 5 — Ra:
5+ 2,5um va Rz: 20 + 10pum): v = 1250
vong/phiit, chidu sau cit a,=0,2 mm, luong
chay dao rang /.= 0,05 mm/rang Thuc hién
hang loat 1an cit cho dén khi vuot gia tri do
nham bé mit cho phép twong tng tudi bén
cua dao phay.

Cac dac trung mién thoi gian s& dugc
phan tich va dbi chiéu voi cac gia tri mon
dao va Ra tuong Ung trong sudt qua trinh
thuc nghiém. Dicu nay tao diéu kién thuan
loi cho viéc phat trién mdi twong quan du
doan gitra hanh vi rung dong va tudi tho
dung cu cit.

3.2. Xir ly tin hi¢u
Béang 1. Céc tham sb dic trung xir 1y
tin hi€u trong mién thoi gian

STT Dac trung tin hi¢u Mo ta
1 | Tin hiéu tirc thoi 16n nhit (maximum), m/s? A=max(A)
n
2 | Gia tri trung binh (mean), m/s? JZ =;i§1 ;
n
3 | Gia tri hiéu dung trung binh (root mean square), m/s ARMS = %El"‘iz
2
4 | Phuong sai (variance), m?%/s* Do 2% 1” )
-
5 | Do léch chuin (standard deviation), m/s? ™ ;IA) -
n-1
’ 7 o
6 | Hé s0 bién thién (coefficient of variation) K, "
> (A
7 | B0 1éch (skewness) " 1;( “
‘on o’
, (A w)
8 | Do nhon (kurtosis) K 1;( e
k n 0_4
9 | binh dang song (peak-to-peak), m/s? A,,, =max(A,)—min(4,)
o A
10 | Hé s6 dinh (crest factor) f /lz e
niig
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H¢ thong xtr ly tin hi€u c6 chuc nang
cung cap s6 hoa va trich xuit dic tinh cia
tin hiéu nham phan anh tinh trang cta dung
cu cat. SO luwong tin hiéu 14y mau 1a 350 tin
hiéu/ glay (Hinh 5). Tin hiéu s€ duoc xur ly
loc nhleu tir cac nguon rung dong co blen
do rat thap nhu: truc chinh, co cau truyen
dong, moi truong... trude khi duge thyc
hién phan tich bang cac tham sé mién thoi
gian thong qua thuat todn Kalman c6 sin
trén phan mém Matlab. Phuong phap dé
xuét str dung 10 tham s6 dic trung dé trich

bration amplitude, g

Vil
T

»U HM ! J' el
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xuét tin hiéu rung dong trong mién thoi gian
(Bang 1). Thong qua két qua thuc nghiém
s& Iya chon nhiing tham s6 dic trung phu
hop, phan anh dugc tinh trang ctia dung cu
cit theo thoi gian thyc nhu: mtic d§0 mon,
vét nit, mé dao, ning lugng rung dong ...
Nhiing thong sb dic trung dugc lya chon
s& bd sung vao chuan do ludong cua hod
chiéu rung dong (vibropassport) ddi véi
may phay CNC 5 truc, hoan thién ky thuat
chan doan tudi bén dao phay va nang cao
hi€u qua gia cong.

a) Tin hiéu rung
dong trén mién thoi
gian theo truc Z cta hé
toa do may phay CNC 5
truc, phan anh tin hiéu
. rung dong tuong Ung
] v6i chiéu rong cat a

fion amplitude,
T
—£
=
=
=
———

Vibs
I

b) Tin hiéu rung
dong trén mién thoi
gian theo tryc Y cua hé
toa do may phay CNC 5
truc, phan anh tin hiéu
rung dong tuong Ung
v6i chiéu tién dao S_

on amplitude, ¢

ati

Vibr
I

¢) Tin hiéu rung
dong trén mién thoi
gian theo truc X cua h¢
toa do may phay CNC 5
truc, phan anh tin hi¢u
] rung dong twong ung
] v6i chiéu sdu cit a

Hinh 5. Tin hiéu rung déng thu dugc tit cdm bién gia téc 3 truc H3LIS331DL

32
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4. Két qua va thao luin

Thuc nghiém dénh gia tudi bén dao
phay trong sy tuong quan voi cac mdi quan
hé: bién do rung dong dao phay theo 3 chiéu
tryc ctia hé toa may CNC va chét luong bé
mit gia cong Ra. Két qua thyc nghiém da
xéac dinh tudi bén dung cu cit dung & sb 1an
cit 1a 181 (sd lan lap lai cua thi nghiém),
tuong tng chiéu dai cit 1 63,6m. Phan tich
két qua xir Iy dir liéu thuc nghiém cua tin
hiéu rung dong dugc trinh bay trén hinh 6
cho thay: mot sé tham sb dic trung duoc
xem x¢€t cua tin hi€u rung dong theo céc
truc X, Y, Z 1a nhat quén va hoat dong theo

14.5 ]
3 /
2125
E 11
2105 /——/ /
}5 85
3 / /
o 6.5 —T
55 4.5 /
=25 —
= T 7
0.5 ' T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12
Gia tri mon dao, mm
2
: |
_é /
3
2 3 /
g
20
C) = _J
Z \#/’-—
=1 /
] — /
C]
0 T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12
Gia tri mon dao, mm
%
2, i
E /
3
20 3 /
g
0
= 2
e) z —./
f. 1 /
] /
C]
0 T T

T r T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12
Gia tri mon dao, mm
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cac giai doan mon cua dung cu cat. Giai
doan chay ra cua ludi cat khi con moi s&
dung & mirc gia tri mon 0,02 mm, sau do
chuyén qua giai doan mon 6n dinh khi dat
gia tri 0,095 mm, vuot qua gia tri nay sé
chuyén qua giai doan mon pha hiy véi do
nham bé mat Ra > 5um.

Hé sb bién thién (Hinh 6f) do gia tri
trung binh cua tin hi¢u 16n dao dong xung
quanh gié tri 0 nén khong c6 nhiéu y nghia
thyc tién trong phan tich.

Gia tri trung binh (Hinh 6b) va hé s
d6 léch (Hinh 6g) khong c6 gi tri chan
doan.
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Hinh 6. Két quad trich xudt va xit Ii tin hiéu rung déng trong mién théi gian theo cdc trucX, Y, Z
ctia hé toa d6 mdy phay CNC 5 truc
X Tin hiéu rung dong theo tryc X twong ing véi chiéu sau cat a,
Y Tin hiéu rung dong theo truc Y twong tng véi chiéu tién dao S.
Z Tin hiéu rung dong theo truc Z tuwong tmg voi chidu rong cit a,
® l Tin hi¢u tirc thoi 16n nhat (Hinh 6a),
2 hé so dinh dang song (Hinh 67) va hé so
ff‘ " dinh (Hinh 6/) chi déc trung cho céc gid tri
F / ﬂ tin hi¢u rung dong cuc dai va cuc ti€u. Do
= 10 r r A A or [N A B 2
< i 7 do6 cac thong so tin hi¢u rung dong nay chi
5 15T duogc quan tam khi tién hanh thi nghiém,
0 con trong thuc t€ san xuat viéc sir dung céc

S 7 0% 00 0% G ien  tham sO ddc trung nay co thé dan dén két
pha huy

Giai doan ludi
dao con moi

Gia tri mon dao, mm

qua khong chinh xéc.

0.028 mm

Gid tri hiéu dung trung binh, phuong
T ——T sai, dd léch chuén c6 hinh dang tuong
ddng, nhung gia tri hiéu dung trung binh
thuan tién hon vé mat tinh toan.

L TTHTH-TTA Hé sd dinh va ham d6 nhon duoc st
¢ VO [T dung dé mo ta dic diém hinh dang cua tin
5

/ / hiéu va sy thay ddi cung véi cac rung dong
1/ do qua trinh gia cong tao ra. Phép tinh hé
000 ooz oos oo  oos  ow o SO dinh cho biét mic 4 va cham giita dao
Kiisitrmn Cagy nivg va phoi dang dién ra ¢ dang song, nhat la

Hinh 7. Suphit hop cia 2 tham s6 d6 nhonvahésé  chi dao bj mé hodc mon cuc bo. Hé s6 do
dinh véi cdc giai doan mon dao ) ) ) T )

Hé sb dinh
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nhon trong két qua phén tich phan anh rd
rét diém bat dau va két thic cua qué trinh
cit. Do nhon nhay cam voi tinh xung dong
hodc “dd nhon” cua dir liéu. B nhon cua
tin hi¢u ngau nhién 14 5,0 = 7. Tin hiéu rung
dong ctia dao phay trong diéu kién tét duoc
ky vong s€ ¢ gid tri nay. Murc dd nhon tang
manh 1én khoang 8 khi dao phay bat dau
hu hong roi1 rac nhu: mon cuc bo, xuét hién
cac vét niit va mé nho, gia tri mon dao da
dat muc 0,085mm. Khi do nhon tang trén
gia tri 10, tinh trang dao cit da bi hu hong
rat nang, canh mon 16n, do nham bé mit
tang manh (Hinh 7).

5. Két luin

Phan tich tin hiéu rung dong trong
mién thoi gian véi thiét bi giam sat khong
day 1a mot cong cu hiéu qua dé chan doan
mon dao trong gia cong CNC 5 truc. Két
qua chi ra réng cac tham sb ham do nhon
va gia tri hi€u dung trung binh Ia hai chi
tiéu nhay nhat véi trang thai mon cia dao
theo thoi gian thyc, hé sé dinh rat phu hop
dé phat hién dao bi mé hodc mon cuc bo.

ISSN 261 5-9945

Céc tham sb dic trung nay sé rat tiém ning
khi dugc st dung lam co so toan hoc cho
phuong phép trich xuat thong tin tir tin hiéu
rung dong phan 4nh qua trinh mai mon cua
dung cu cat. Viéc tich hop phuong phap
nay vao hé théng CNC sé& gitip nang cao do
tin cdy va hiéu qua clia qué trinh san xuat
v6i nhing tiém nang:

- Xay dung vibropassport cho tung loai
trung tam gia cong phay CNC.

- Tich hop hé thong canh bao trén giao
dién diéu khién may CNC dya trén cac
tham sé dic trung tiém ning, dé tu dong
tam dirng may khi dung cu di vao ving mai
mon quan trong, dua ra nhirng canh bao
thay dao kip thoi d6i voi gia cong nhimng
chi tiét dat tién.

- Giam ty 1& phé pham va khai thac t6i
uu tudi bén dao.

- Két hop v&1 mo hinh tri tué nhan tao
(AI) dé phat trién mo hinh du bao tudi tho
dao.

TAI LIEU THAM KHAO

[1] Lauro, C.H., Brandao, L.C., Baldo, D., Reis, R.A., Davim, J.P. (2014). Monitoring
and processing signal applied in machining processes — A review. Measurement, vol

58, pp. 73-86.

[2] Shaw, M.C. (2005). Metal Cutting Principles (2nd edition). Oxford University Press,

New York, America.

[3] Chang’an Zhou, Kai Guo, Jie Sun (2021). An integrated wireless vibration sensing tool
holder for milling tool condition monitoring with singularity analysis. Measurement,

vol 174 p. 109038.

[4] Zhu, K.P., Wong, Y.S., Hong, G.S. (2009). Wavelet analysis of sensor signals for tool
condition monitoring: A review and some new results. Int. J. Mach. Tool. Manuf., vol

49 (7), pp. 537-553.

[5] Lei Ma, Shreyes N. Melkote, John B. Morehouse, James B. Castle, James W. Fonda,
Melissa A. Johnson (2012). Thin-Film PVDF Sensor-Based Monitoring of Cutting
Forces in Peripheral End Milling. Journal of dynamic systems, measurement, and
control., Vol 134, Num 5, pp. 051014.1-051014.9.

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG 3 5




JOUPI’]C]I ol( Science - \/ L U T E ISSN 2615-9945

[6] Faassen, R. (2007). Chatter prediction and control for high-speed milling modelling
and ex-periments. Technische Universiteit Eindhoven, p. 6.

[7] Suprock, C.A., Jerard, R.B., Fussell, B.K. (2009). In Situ Chatter Fre quency Prediction
Using Torque Data From a Wireless Sensor Integrated Tool Holder. Proceedings of
the ASME International Manufacturing Science and Engineering Conference, West
Lafatette, IN, Paper No. MSEC2009-84357, vol 2, pp. 129-136.

[8] Munoa, J., Beudaert, X., Dombovari, Z., Altintas, Y., Budak, E., Brecher, C., Stepan,
G. (2016). Chatter suppression techniques in metal cutting. CIRP Annals, vol. 65, p.
785-808.

[9] Huu Trong Dang, Vinh Phoi Nguyen, Hoang Thien Nguyen, Thien Ngon Dang (2025).
Development of a Device for Diagnosing Cutting Tool Life in Surface Milling Based
on Vibration Monitoring During Machining. Mechanisms and Machine Science, vol
177, pp. 494-503.

[10] Budak E., Altintas Y., Armarego EJA (1996). Prediction of milling force coefficients
from orthogonal cutting data. J] Manuf Sci E-T ASME, vol 118(2), pp. 216-224.

[11] Gao G., Wu B.H., Zhang D.H., Luo M. (2013). Mechanistic identification of cutting
force coefficients in bull-nose milling process. Chin J Aeronaut, vol 26(3), pp. 823—
830.

[12] Campatelli G, Scippa A. (2012). Prediction of milling cutting force coefficients for
alumi-num 6082—T4. Procedia CIRP, vol 1(1), pp. 563-568.

[13] Wang J.J., Zheng C.M. (2002). Identification of shearing and ploughing cutting
constants from average forces in ball-end milling. Int J Mach Tool Manuf, vol 42(6),
pp. 695-705.

[14] Gonzalo, O., Beristain, J., Jauregi, H., Sanz, C. (2010). A method for the identification
of the specific force coefficients for mechanistic milling simulation. Int J] Mach Tool
Manuf, vol 50(9), pp.765-74.

[15] Abimbola M. Jubril (2012). A nonlinear weights selection in weighted sum for
convex mul-tiobjective optimization. Facta Universitatis, vol. 27, pp. 357-372.

[16] Cao, H.R., Zhang, X.W., Chen, X.F. (2017). The concept and progress of intelligent
spin-dles: A review. Int. J. Mach. Tools Manuf., vol 112(5), pp. 21-52

[17] Cai, W., Zhang, W., Hu, X., Liu, Y. (2020). A hybrid information model based on
long short-term memory network for tool condition monitoring. J. Intell. Manuf., vol
31, pp. 1497-1510.

[18] Jinjiang Wang, Junyao Xie, Rui Zhao, Laibin Zhang, Lixiang Duan (2017).
Multisensory fusion based virtual tool wear sensing for ubiquitous manufacturing.
Robotics and Computer-Integrated Manufacturing, vol 45, pp. 47-58

[19] Nghiém Hung (1997). Sach tra ciru Thép & Gang thong dung, Nha xuét ban Bach
khoa Ha Noi.

36 TAP CHi KHOR HOC | s sons




