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TOM TAT

Nbi dung nghién ctru dé xuat mot phuong phap chan doan tinh trang dao phay ngon lién
khéi phu AICTN khi gia cong thép SKD11 trén may phay CNC 5 truc HAAS UMC 1000SS.
Mot thiét bi gidam sat rung dong dung cu cit tich hop cong nghé truyén tin hiéu khong day
da duoc phat trién, mach vi diéu khién ESP 32 C3 super mini két hop cam bién gia toc 3
truc H3LIS331DL dé thu va truyén tin hidu. Phuong phap dugc dé xuét dya trén trich xuat
7 tham s6 dic trung mién tan sb cua tin hiéu rung dong dé danh gi tinh trang dung cu cit.
Két qua thue nghiém cho thiy mdi twong quan manh mé giita quy ludt mon dao va cac tham
sd ddc trung tiém ning. Tham s6 dic trung Tong bién d6 phd tan s phu hop nhat voi trang
thai mon cua dao, phan anh ro rét diém bt dau va két thuc cua qua trinh cat. Tham sb dic
trung Phuong sai pho tan s rat hiru ich cho viéc phat hién cc vét nirt mé dao, 1a ddu hiéu
nhan biét sy bit dau cia giai doan pha hity. Phuong phép dé xuit s& bo sung cho k§ thuat du
béo tudi tho dung cu cit va gitip nang cao hiéu qua gia cong phay CNC.

Tiur khoa: phay, chan doan, mai mon dung cu, mién tan so, trich xuat tin hi¢u.

ABSTRACT

This study presents a method for diagnosing the condition of an AICrN-coated
solid carbide end mill while machining SKD11 steel on a HAAS UMC-1000SS 5-axis
CNC milling center. A vibration monitoring device for cutting tools that incorporates
wireless signal transmission technology has been developed. This system employs an
ESP32-C3 Super Mini microcontroller alongside an H3LIS331DL 3-axis accelerometer
for signal acquisition and transmission. The proposed method involves extracting
seven characteristic frequency-domain parameters from the vibration signal to assess
the condition of the cutting tool. Experimental results indicate a significant correlation
between tool wear progression and essential characteristic parameters. The characteristic
parameter “Sum’ was determined to be the most appropriate for monitoring the tool’s
wear state, effectively indicating the initiation and conclusion of the cutting process. The
characteristic parameter “Variance” demonstrated significant utility in identifying tool
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chipping, acting as an indicator for the initiation of the catastrophic failure phase. This
proposed method will augment techniques for predicting cutting tool life and improve the

efficiency of CNC milling operations.

Keywords: milling, diagnostics, tool wear, frequency domain, signal extraction.

1. Pt van dé

Cong nghiép 4.0 thuc day qua trinh san
Xudt théng minh, giup céc qudc gia duy tri
loi thé canh tranh toan cau. Day ducc xem
nhu * ‘cong cu didc luc” ciia cac quoc gia
trén thé giéi dé phat trién dat nudc, ciing
nhu duy tri lo1 thé canh tranh ctia minh trén
truong quc té. Qua trinh hién dai hoa dang
dién ra nhanh chéng da dan dén nhu cau
ngay cang ting vé may moc hiéu suét cao,
cong nghé tién tién duoc thiét ké dé van
hanh hiéu qua dong thoi giam thiéu cac yéu
cau vé dich vu k¥ thuat va tong chi phi bao
tri. Bac biét, trong linh vuc gia cong co khi,
hé thong thiét bi giam sat dong mot vai tro
quan trong trong viéc ty dong hod va van
hanh qua trinh gia cong kim loai [1]. Hién
nay, voi sy phat trién nhanh chéng cua
cong nghé k¥ thuat cam bién va tri tué nhan
tao, nhu cau vé viéc giam sat tryc tuyén
qué trinh cat da dan tro thanh diém néng
nghién ctru [2, 3]. Giam sat hiéu qua co thé
giam dang ké chi phi san xuat trong khi van
duy tri cht luong ctia san pham [4]. Ngoai
ra, mot hé théng giam sat tu dong cling s&
giam chi phi nhin cong dé kiém soat day
chuyén san xuit va han ché dén muc t6i
thiéu tai nan lao dong [5].

Trong linh vuc gia cong co khi chinh
xac, mon dung cu cat 1a mot trong nhing
yéu t chinh anh huéng dén tinh toan ven
bé mit, d6 chinh xac kich thude va nang
suat tong thé trong gia cong CNC. Trong
san xuat hién dai, dic biét 1a khi gia cong
cac vat lidu kho cat nhu thép cling SKDI1,
viéc glam sat tinh trang dung cu tré nén cap
thiét de han ché hu hong dung cu cit mang
tinh ngiu nhién va dam bao chat luong san
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pham dong nhat [4].

Viéc str dung may trung tam gia cong
phay CNC da truc, dic biét 13 cAu hinh
phay ding 5 truc, mang lai tinh linh hoat
va d6 chinh xac dang ké trong san xuat cac
chi tiét co khi phirc tap. Tuy nhién, Gng xtr
dong luc hoc cia cac b phén trung tam gia
cong CNC glu’a dung cu cit va phoi gay ra
su thay doi vé lyc cat va rung dong, nhat 1a
khi dung cu cit bi mon. Mot trong nhiing
phuong phap giam sat tinh trang dung cu cét
dang tin cdy trong qua trinh gia cong phay
1a phan tich cac dac trung cua tin hi€u rung
dong véi thiét bi giam sat rung dong khong
day, sir dung loai cam bién gia toc [6]. Ban
chét cua qué trinh gia cong phay di duoc
xay dung trén cac md hinh dong luc hoc,
v6i hién twong vat Iy ndi bat 1a rung dong
do su tiép xtic khong lién tuc giira phoi va
dung cu cit trong qua trinh gia cong gay ra
[7]. Wang va cac cong sy di xac dinh rang
cac muc do rung dong duoc tao ra trong
qua trinh phay tang 1én khi tinh trang dao
phay mat dan kha ning béc tach kim loai
[8], va tinh kha thi cua viéc &p dung phan
tich tin hiéu rung dong cho chan doan tinh
trang dung cu cat trong cac quy trinh phay
da duoc chimg minh béi nhidu nghién ctru
sau do [9, 10]. Phuong phap giam sat tinh
trang dung cu cat dua trén viéc giam sat
tin hi€éu rung dong dac biét hiru ich do tinh
chat khong 1am thay doi két cAu hé thong
may, kha ning xtr ly dir li¢u theo thoi gian
thue va kha nang thich tng v6i nhiéu hoat
dong trong gia cong phay.

Mic du di co rat nhiéu nghién ciru vé
giam sét tinh trang dung cu cét trong qua
trinh gia cong phay, song viéc ing dung
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duogc cac két qua nay vao thuc té san xut
van con khoang cach 16n. Cac phuong
phap tiép can truyén théng thuong dua
vao luc cit, cam bién phat xa am thanh,
xt ly anh... mac du c6 do chinh xac cao,
nhung chi phu hop trong moéi truong thuc
nghiém, doi hoi phai tich hop sau vao hé
théng may coéng cu va kho ap dung trong
san xudt cong nghiép theo thoi gian thuc
[3, 11]. Giam sat dya trén phan tich rung
dong hé thong cong nghé tuy da dugc cong
nhan 13 mot giai phap thay thé tin cay do it
bi anh huong bdi moi truong gia cong va
khong 1am thay ddi két cau hé thong may
[3]. Tuy nhién, phuong phap nay dang ton
tai han ché do phwong phap va vi tri ga dat
cam bién chua phu hop, két qua do tin hidu
rung dong van con dang pha tron tin hiéu
tir nhiéu ngudn rung dong: truc chinh, co
cdu truyén dong, moi trudng... chua tach
duoc dang tin hi€u rung dong cudng buc
vo1 nguyén nhan mon dao [6]. Bén canh
d6, phan 16n cac nghién ctru chi tip trung
vao may phay CNC 3 tryc, chua khai thac
day du bdi canh dong luc hoc phirc tap cta
may phay CNC 5 truc [11, 12]. Ngoai ra,
phén tich tin hiéu rung dong véi cac tham
s6 ddc trung mién tan sb hira hen dem lai
méi twong quan chit ché hon véi qua trinh
mon dao, song chua c6 nhiéu nghién ctru
mot cach hé théng cho phuong phép nay,
ma hau hét chi dimg & phan tich phd FFT
(Fast Fourier Transform) thong thuong.

Bai bao dé xuat mot phuong phap chan
doan dung cu cit dugc thiét ké riéng cho
phay CNC 5 truc, cac dic trung trong mién
tan sb cua tin hiéu rung dong s& duoc phan
tich dé udc tinh @6 mon ciia dao phay ngon
theo thoi gian thyc. Phuong phap dé xut
dugc xéac thuc thong qua moé hinh thyuc
nghiém trén phoi thép SKD11, str dung dao
phay ngén hop kim lién khéi pha AICIN
cho qua trinh phay bé mit.
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2. Tong quan van deé nghién ciru

2.1. Moi quan hé giira bién d9 rung
dong va mon dao

Déi v6i phuong phép gla cong phay,
chuyen dong cua dung cu cat gay ra mot
s6 tac dong vat Iy 1én vang cét. Cac yéu
t6 nay bao gdm thong s cit, luc cit, rung
dong, v.v. Trong do, rung dong co thé dugc
coi 1a yéu té ndi bat nhat. Rung dong cua
dung cu cat 1a do sy twong tac ctia hé thong
dan hoi trong qua trinh cit. Trong qua trinh
tuong tac nay, co su dich chuyén tuong ddi
gitra dung cu cat va phoi [13]. Rung dong
chu yéu la do hanh vi dong lyc hoc cua
qua trinh cit trong cac diéu kién cit khac
nhau. Nguon rung dong tir ving cit 1a két
qua ciia cac qua trinh ma sat va bién dang
[14]. Trong qua trinh tao phoi, rung dong
duoc tao ra do nang lugng dan hdi duoc
giai phong tuc thoi khi vat liéu duge boc
tach pha v& lién két cu tric. Cac qua trinh
nay tao ra séng dan hoi lan truyén qua dung
cu cit, phoi va cac bd phan may. Chinh tu
nhitng thay ddi vé ban chat cta qua trinh
cit nay giy ra nhimg thay doi vé thong sd
cua tin hiéu rung dong [15, 16].

AA (Bién do rung dong, um)

|
1
1
|
|
I
|
I
I
!
t

0 M «u (1) 2 (1 t(?uéibe“ndao)

Hinh 1. 1 - Méi quan hé giia bién dé rung déng véi
cdc giai doan mon cia dao phay [6, 16]; 2 - Bién dé
rung cia hé théng céng nghé; a - Dung cu cdt hu
héng do mén, b - Dung cu cdt hu héng do phd hiy

Mait khac, su thay ddi hinh dang cua
dung cu cit khi bi mon lam gia tang dién
tich tiép xtc gitta dao va phoi 1a nguyén
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nhan chu yéu lam ting luc cit va gy ra
rung dong cudng buc [6]. Do d6, xem xét
mdi lién hé giita rung dong cudng birc véi
d6 mon cuia dung cu cat s& giup phat trién
va hoan thién hé thdng giam sat tinh trang
dung cu cat trong gia cong phay CNC.
MGéi lién hé chat ché giita bién do rung
dong va mon dung cu cat dugc thé thién
thong qua quy luat mon dao, gdm 3 giai
doan co ban (Hinh 1) [6, 16]. Giai doan (I)
dai dién cho qua trinh cit khi dao phay con
moi, giai doan nay véi dac trung la bién do
rung dong tang dot ngot va ludi cit mon
nhanh dén muc d6 nhét dinh. Khi dat dén
murc hao mon nay, dung cu cit s& budc vao
Giai doan (II) - giai doan mon on dinh. Giai
doan (IIT) dugc nhan dién: néu bién do rung
dong tang rat manh khong c6 diém dimg 1a
dAu hiéu nhan biét dung cu cit dang vao giai
doan mon tham khdc, trong truong hop bién
do rung dong gidm manh tuong Ung véi
dung cu cat dang trong tinh trang da bi hu
hong ning khong con kha nang cit got.

e
NP
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2.2. Phuwong phap giam sat rung
dong dao phay véi cong nghé¢ khong day

Cong viéc giam sat tinh trang dung cu
cét trén may phay CNC 5 tryc 1a tuong d6i
phl'Ic tap. Pac biét 12 cam bién phéi duogc
lap dat gan ving cat nhat c6 thé dé glam
thiéu sai s6 do muc t6i thiéu. Phu’(mg an toi
wu duge dé xut s& bé tri cam bién trén Dai
dao cung véi cac yéu cau sau:

- Cam bién cua thiét bi phai duoc dit
gan vung cat nhat c6 thé;

- Viéc lap dat va bo tri thiét bj khong
lam anh huong cac hoat dong cua trung
tam gia cong nhu: hé théng thay dao, hé
thdng lam mat;

- Thiét bj cung cdp cac thao tac do
nhanh va chinh xac;

- Thiét bi phai phu hop véi nhiéu loai
may phay CNC 5 truc phd bién trong san
Xuét;

- Thiét bi truyén tin hiéu bang cong
nghé khong day.

TP4056

Charging module

Battery

Sensor Al
H3LIS331DL

Sensor A,
H3LIS331DL /

e
{
e

Hinh 2. Cdu tao ciia thiét bj gidm sdt rung déng céng nghé khéng day
1 - Pau BT-40, 2 — Vong gd, 3 — Thiét bi gidm sat rung dong, 4 - Dao phay
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Vi phuong 4n thiét bi giam sat rung
dong duoc lép ¢ dinh véi Dai dao, c6 nghia
1a thiét bi s& quay cing v6i dung cu cit
trong qua trinh gia cong. Thiét bi bao gdm:
Cam bién gia toc 3 truc H3LIS331DL, vi
diéu khién ESP32-C3 Super mini, mach
sac TP4056 va Pin ngudn. Tin hiéu rung
dong sé dugc thiét bi thu va truyén tin hiéu
bang cong nghé khong day dén may tinh
cd nhan v6i phin mém Serial monitor/
Arduino cai sén, tai day dir liéu dugc ghi
lai va phan tich bang thuat toan phan tich
trén Matlab. Thiét bi giam sat dung cu cat
dugc dé xuét stir dung cam bién gia tdc c6
kha ning chéng lai cac tac dong bén ngoai
ma khéng anh huéng dén chéat luong tin
hi€u, nhu: qua trinh tao phoi c6 tac dong
dén thiét bi, chat lam mat dugc s dung
trong qua trinh gia cong.

Thiét bi d& xuét s& dugc ché tao bang
cong nghé gia cong boi dép vat liéu nhuya (in
3D nhya). Do do, mé hinh 3D sau khi dugc

ISSN 261 5-9945

thiét ké hoan chinh da dugc thuc hién céc
budc can bang dong trén phin mém Ansys
va Inventor nham t6i vu hoa hinh dang va
loai bo yéu td mat can bang dong cua thiét
bi do viéc bd tri cac bo phan gay ra.

Mot phuong phap hiéu chuan thiét b
sau khi duoc ché tao cling da duoc dé xuét.
Phuong phap sir dung bo sung thém 1 cam
bién gia téc A2 lap d6i xtimg véi cam bién
gia tbc A1 trén truc quay ctia thiét bi. Tham
s6 “Gia tri hiéu dung trung binh” ctia mién
thoi gian dugc lya chon dé tinh gia tri trung
binh tin hiéu cia cic mau. Két qua thuc
nghiém cho thay, tin hiéu dam bao d¢ on
dinh v6i 350 tin hi¢u/gidy, hi¢u gia tri tham
s6 dau ra cac cap truc doi xtimg cua 2 cam
bién nam trong dai bién do sai s6 cho phép
clia cam bién +1g [17], va sai s6 voi gia tri
rat nho. Do d6, thiét bi dam bao d tin cay
dé tmg dung cho cac md hinh thyc nghiém.

2.3. Pac trung tin hiéu rung dong
dung cu cat trong mién tan so

Bang 1. Cac tham s6 diic trung xir 1y tin hiéu trong mién tan sé

STT

Tham s6 diic trung

1 | Phé tan s6 16n nhat (maximum)

2 | Tong bién do phd tan sé (sum)

3 | Pho tan sb trung binh (mean) S, = ;Z; ),
n 2
4 | Phuong sai pho tan s6 (variance) = z":l(S(f)" _S")
n—1
n 3
. ‘ (S, =S
5 | Do léch pho tan so (skewness) = 1 2o (st)’ /)
n

6 | Do nhon phd tan s (kurtosis)

7 | Pho cong suat dinh twong dbi (relative spectral peak)
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Trong do: S(ﬂ phd cong suat & tan sb
thir i-th; n - s6 lugng bac tan sb trong pho.

Tin hi€u rung dong thu thap duogc tu
cam bién gia toc thuong & dang song phirc
tap, chira ca tin hiéu nhiéu va tin hiéu hiru
ich. Viéc chuyén d6i sang mién tan s
thong qua bién doi Fourier nhanh (FFT)
gitip trich xudt cic thanh phan dic trung
lién quan tryc tiép dén trang thai dung cu.
Hé thong xtr 1y tin hiéu ¢6 chirc ning cung
cip sd hoa va trich xudt dic tinh cua tin
hiéu nham phan anh tinh trang cua dung cu
cat Phuong phap de xuat su' dung 7 tham
sd ddc trung ctia mién tan sd dé trich xudt
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tin hiéu rung dong (Bang 1) [18]. Thong
qua két qua thue nghiém s& Iyra chon nhiing
tham s6 dic trung phi hop, phan anh duoc
tinh trang cta dung cu cit theo thoi gian
thuc nhu: mac do mon, vét nit, mé dao,
ning lugng rung dong... Nhiing théng s6
dic trung duoc lya chon s& bo sung vao
chuan do ludong cua ho chiéu rung dong
(vibropassport) ddi v6i may phay CNC 5
truc, hoan thién k¥ thuat chan doan tudi bén
dao phay va nang cao hi¢u qua gia cong.

3. Phuong phap thuc nghiém

3.1. Trung tim gia cong phay CNC 5
truc va phoéi thuc nghiém

a) Thiét 1ap thuc nghiem trén May phay HAAS CNC 5 truc
1- Thlet b1 glam sat rung dong, 2- Ph01

b) May do mon dao Camera
kinh hién vi kim tuong
Olympus GX51

¢) May tinh ca nhan thu nhan
tin hi¢u rung dong tur thiét bi
giam sat rung dong khong day

d) May do @6 nham
Mitutoyo SJ-210

e Dao phay X-Power
Sem811080

Hinh 4. Thiét Iap mé hinh thuc nghiém
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Thye nghiém duoc thuc hién trén May
phay CNC 5 truc HAAS UMC-1000ss
(Hinh 4). Téc d6 truc chinh tir 12.000 +
15.000 vong/phut, cong suat 22.4 kW, Loai
dau truc chinh 1ISO40 (BT40/CAT40), Bo
chinh xac dinh vi (X,Y,Z) = 0.005 mm, hé
diéu khién - HAAS CNC.

Phoi ding thuc nghiém chan doan tudi
bén dao phay duoc tién hanh trén thép chua
qua nhiét luyén SKD11 tiéu chudn nhat ban
(JIS-G4404). Thép SKD11 dugc chon nho
dac tinh co ly uwu viét, phan anh sat thuc
té gia cong. Thép SKDI11 1a loai thép hop
kim duoc st dung pho bién trong gia cong
khudén mau [19]. Thép SKDI11 c6 do cing
va do bén nén cao, do dai va dap va tinh
chéng bién dang tdt. Bén canh do, nd co
kha nang gitt dugc do cing ¢ nhiét do cao
trong thoi gian dai (Bang 2). Chinh vi vay
thép SKD11 thuong dugc dung trong san
xuét khudn dun, khudn ép nhua, khuon duac
ap luc... hodc nhitng chi tiét c6 yéu cau tinh
chét sir dung dac biét. Khi gia cong vat licu
nay, dao phay sé& phai chiu diéu kién lam
viéc rat khéc nghiét do luc cit va mai mon
16n, gitp phan anh rd rang sy thay doi tudi
bén cua dao theo thoi gian. Mat khac, do
qua trinh nhiét luyén dugc thuc hién theo
quy trinh chuan, thép SKD11 dat duoc cu
trac vi mo d@)ng déu, 6n dinh co tinh cao,
it bién dang trong qua trinh gia cong. Pidu
nay dam bao rang cac két qua do luong do
mon dao phay dugc chinh xac va tinh 1ap
t6t trong qua trinh thyc nghiém.

Bang 2. Tinh chit co Iy cia thép
SKD11 [18]

Dac tinh co' ly Gia tri
Khoi luong riéng (kg/m?) 8400
Nhiét d6 nong chay (°C) 1733
Hé sb gidn nd nhiét (10°9/k) 11
Nhiét dung riéng (J/kg°C) 461
Do dan nhiét (W/m.K) 20,5
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3.2. Dung cu cit va chién lwgc chay dao

Dung cu cit duoc luya chon dé chuan
doan tudi bén theo thoi gian thuc 1a dao
phay ngén hop kim nguyén khdi X-Power
Sem811080 (4 ludi cat, duong kinh @8
mm), 16p phu AICrN, chuyén dung cho gia
cong tinh va ban tinh ddi véi cac vat lidu
kho cat nhu: SKD11, SKH51, SUS304....
Chat luong cua dao phay dép tmg theo 5
tiéu chuan qudc té: ISO 9001, ISO 513,
DIN 6527 va DIN 7160, Tiéu chuan phu
AICrN [20].

Phuong phap chuin doan tudi bén dao
theo thoi gian thuc v6i ché do cit ban tinh
(TCVN 2511: 1995 — Cép d6 nham 5 — Ra:
5+2.5 umva Rz: 20 = 10 um) da dugc chi
dinh trong san xuét cong nghiép [21]: v =
1250 vong/phiit, chiéu sau cat a,=0.2 mm,
lugng chay dao rang /. = 0.05 mm/rang, bé
rong cat a,=16 mm (chleu day ph01) Thye
hién hang loat 1an cét theo chiéu rong cta
phoi (210 mm/mdéi lan cdt) cho dén khi vuot
gia tri d6 nham bé mit cho phép twong tng
tudi bén cua dao phay.

Hai thong s chinh duogc sir dung dé
danh gia d6 mon dung cu: 1. PO nham bé
mit (Ra) duoc do bang may do d6 nham
cam tay Mitutoyo SJ-210 (d6 chinh xéc
+0,01 um). Ba phép do dugc thuc hién tai
mdi vi tri trén bé mat gia cong va lay gia tri
trung binh. Khi gi4 tri Ra ting duoc hiéu
1a ti 18 thuan v6i dd6 mon cua canh cét; 2.
Do mon canh cit duoc do dudi kinh hién
vi k¥ thuat s6 Olympus GX51. Hai gié tri
ndy phai dugc do va luu dir liéu sau mdi
lan gia cong.

Céc tham s6 dic trung mién tan s sé
dugc phan tich va ddi chiéu véi cac gia tri
mon dao va Ra tuong tng trong subt qua
trinh thyc nghiém. Piéu ndy tao dleu kién
thuan loi cho viéc phat trién mdi tuong
quan du doan gitra hanh vi rung dong va
tudi tho dung cu cit.
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3.3. Hé théng do rung dong va xir Iy
tin hiéu

Hé théng do rung dong bao gdm cac
thanh phﬁn sau: cam bién ba truc, mo-
dun khuéch dai tin hiéu, mo-dun WiFi,
bd chuyén doi twong tu sang ky thuat sb
va may tinh (Hinh 5). Phidn mém xt 1y tin
hiéu rung bao gdm 2 module chinh, d6 la
phuong phap da tap tan s6 thoi gian va bo
loc Kalman dé giam nhiéu dir liéu.

et
‘ Bo xtr ly |—| Module Wifi | | (((- | | Module Wifi |—| Boxuly | '

B¢ chuyén doi tin hiéu tuong ty

sang tin hiéu so B6 khuéch dai tin hiéu
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| toan tiep |
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|
I |

May tinh ¢ nhan
Hinh 5. Hé théng do rung déng x ly tin hiéu
Hé thdéng xtr 1y tin hiéu c6 chirc ning
cung cap s hoa va trich xuat déc tinh cta
tin hiéu nham phan anh tinh trang cta dung
cu cit. SO lugng tin hiéu 1ay mau 1a 350 tin
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hiéu/gidy. Tin hiéu s& duogc xir 1y loc nhiéu
bﬁng thuat toan Kalman co6 sﬁn trén phan
mém Matlab d6i voi cac ngudn rung dong
c6 bién do rat thap nhu: truc chinh, co ciu
truyén dong, méi trudng. .. trudc khi duoc
thue hién phan tich bang cac tham sé mién
tan so.

4. Két qua va thao luin

Thuc nghiém danh gia tudi bén dao
phay trong su twong quan voi cac mdi
quan hé: bién do rung dong dao phay
theo 3 chiéu truc cua hé toa may CNC va
chat luong bé mit gia cong Ra. Két qua
thuc nghiém da xac dinh tudi bén dung
cu cat ding & s6 1an cit 1a 181 (s6 lan
1ap lai cua thi nghiém), twong ung chiéu
dai cit 1a 63,6m. Thiét bi giam sat rung
dong dao phay duoc thiét ké v4i cam bién
H3LIS331DL va ESP32-C3 da duoc kiém
chung d¢ 1ap lai va dd tin cdy trong nhiéu
chu ky cit, tin hiéu ludn dam béao sy 6n
dinh ngay ca trong mdi truong gia cong
khic nghiét ¢ giai doan cubi — Mon tham
khéc ctia tudi tho dao phay (giai doan nay
dugc ghi nhéan véi bién d§ va nang lugong
rung dong, nhiét cit tang dot bién).
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Hinh 6. Két qua trich xudt va xit Ii tin hiéu rung déng trong mién tdn sé theo cdc truc X, Y, Z
ctia hé toa dé mdy phay CNC 5 truc; a) Tuéi bén dao cta két qua thuc nghiém

——x Tin hiéu rung dong theo truc X twong g véi chiéu tién dao S.
=Y Tin hi€u rung dong theo tryc Y twong ung vai chi€u siu cat a,
~——27 Tin hiéu rung dong theo truc Z tuong trng vadi chiéu rong cat a,

Phan tich két qua xtr 1y dir liéu thuc
nghiém cua tin hiéu rung dong dugc trinh
bay trén hinh 5 cho thiy: mot s6 tham sb
dic trung phd tan sé duoc xem xét cia tin
hi€u rung dong theo céc truc X, Y, Z la
nhat quan va hoat dong theo cac giai doan
mon cua dung cu cat. Giai doan chay ra
ctia ludi cit con moi s& dimg & mire 28 um,
sau d6 chuyén qua giai doan mon 6n dinh
khi dat gia tri 80 um, vugt qua gia tri nay
s& chuyén qua giai doan mon pha huay véi
d6 nham bé mit Ra > Sum va Ra > 10pm
(Hinh 7). O giai doan mon tham khéc, ludi
cat mat hinh hoc tdi wu, xuét hién nhiéu
vét mé va dién tich tiép xtic ting, 1am rung
dong va nhiét cit tang gap 2+2.3 lan so voi
cac giai doan trudc.

Tham s6 Phé tan s6 16n nhat (Hinh 6b)
v6i bién d6 phd tan sé 16n nhat ting rd rét
O truc Y va Z. Nguyén nhan do sy mon dao
lam ting rung dong cudng buc tai tan sd
dic trung clia qua trinh cit (thuong 1a tan

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG

s0 an dao hoac boi so cua no).

Céc tham sd Pho tan sd trung binh
(Hinh 6d) va Do nhon phd tan sé (Hinh
6g) ting nhe & giai doan dau, sau do6 ting
nhanh khi mon dao > 100 um. Piéu nay cho
thiy khi dao mon ning, ning luong rung
dong dich chuyén 1én ving tan sé cao hon
(dac trung cua hién tugng bén dao gia, cac
manh vat li¢u bam gay mon lgo dao, mé vi
mo trén ludi cat).

Tham s Do léch phé tan sb (Hinh 6f)
¢6 xu huéng ting dan khi gia tri mon ting,
pho c6 sy bat d6i ximg 16n hon. Diéu nay
cho thdy mon dao lam léch ning luong
rung dong vé phia tan s cao.

Tham s6 Pho cong suét dinh twong ddi
(Hinh 64) voi dac trung 1a tang manh ¢ giai
doan cubi khi gia tri mon dao > 80 um. Thé
hién sy bién thién manh cta bién do rung
dong cuc tri theo tan sb, dac trung cho trang
thai cat khong 6n dinh.
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Hinh 7. Gid tri mon dao véi su’ chuyén tiép cua cdc giai doan tudi tho dao phay

Xét vé ty 1é tin hiéu trén nhidu va tinh
tién loi khi ap dung thuc té, cac tham sd
dic trung Tong bién do phd tan sb (Hinh
6¢) va Phuong sai pho tan sd (Hinh 6e) c6
thé duoc su dung lam co s¢ toan hoc cho
phuong phép trich xuat thong tin tir cac tin
hiéu rung dong. Tham s6 dic trung Tong
bién do tan s6 trong két qua phan tich phan
anh 6 rét diém bat dau va két thac cua qua
trinh cét, duoc xem xét trong mdi quan hé
chat ch€ voi gid tri do nham bé mat (Hinh
7). Bén canh d6, tham sd nay phan anh
nang lugng rung dong ti 1€ thuan véi muce
d6 mon dao: & viung qua do giira cudi giai
doan II va giai doan III ndng lugng rung
dong tang dot bién, phu hop véi tinh trang
mon dao c6 cling thoi diém gay mat 6n dinh
cit, rung dong manh hon & toan dai tan sb.
Tham s dic trung Phuong sai phd tan s6
rat hitu ich cho viéc phat hién cac vét nut
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mé dao xuét hién trong qua trinh cat, dac
biét 1a diu hiéu nhan biét sy bit dau cua
giai doan pha hity, dau hiéu gitip giam thiéu
phé phim va hoan thién quy trinh ty dong
hoa san xudt v6i diéu khién thong minh qua
trinh gia cong.

5. Két ludn

Phuong phap trich xuét tham sb dic
trung mién tan sd tir tin hiéu rung dong
cho thiy médi twong quan chit ch& véi qua
trinh mon dao. Thiét bj giam sat dung cu
cit khong day dugc phat trién c6 tinh mai,
pht hop vé6i xu thé san xuat thong minh.
Céc két qua nghién ciru dat dugc co thé
tmg dung rong rdi cho hau hét cac loai
may phay CNC 5 truc va cac loai dao phay
ngoén thong dung. Dé ting do tin ciy va
han ché nhidu dong do méi truong, can két
hop cac cam bién lyc va nhiét do, déng
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thoi Gmg dung cac thuit toan hoc may dé
tu dong hoa qua trinh nhan di¢n tinh trang
dao [22, 23].

Dua trén cac két qua da dat duoc,
phuong phap dugc dé xuit c6 thé duoc
trién khai trong cac trung tim gia cong
phay CNC 5 truc hién c6 ma khong can stra
d6i bat ky bo phan phan cimg nao. Phuong
phap trich xuat tham sb dic trung cua tin
hiéu rung dong trong mién tan sb véi thiét
bi giam sat khong day 1a mot cong cu hi¢u
qua dé chan doan mon dao trong gia cong
CNC phay 5 truc. Két qua chi ra rang tham
s6 dic trung Tong bién d6 phd tan sb phu
hop nhét véi trang thai mon cua dao, tham
s0 dic trung Phuong sai pho tan so rat hitu
ich cho viéc phat hién cac vét niit mé dao
xuat hién trong qu4 trinh cit, dic biét 1a ddu
hiéu nhan biét su bit dau cua giai doan pha
huy. Céac tham sb didc trung nay sé rat tiém
nang khi dugc sir dung lam co sé toan hoc
cho phuong phap trich xut thong tin tir
tin hi¢u rung dong phan anh qua trinh mai
mon cua dung cu cit. Viée tich hop phuong
phép nay vao hé théng CNC sé& gitp nang
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cao do tin cdy va hi¢u qua cua qua trinh san
xuat voi nhitng tiém nang:

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

- Tich hop hé théng canh bao ty dong
trén giao dién diéu khién cia may CNC s&
giup tang do chu dong cho nguodi van hanh,
giam thiéu rui ro, dua ra canh bao thay dao
kip thoi khi gia cong nhiing chi tiét dat tién,
nang cao chat lugng san pham.

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

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

Tuy nhién, ban chit cta phd tin hiéu
rung dong chi phan anh sy thay doi vé mit
tan s6 cua tin hiéu va khong cung cap bat
ky tham chiéu nao vé thoi gian gia cong
san pham. Han ché nay c6 thé duoc khic
phuc bang cach str dung mién két hop Thoi
gian - Tan s6 dé cung cép tham chiéu vé
phé ctia tin hiéu rung dong theo thoi gian.
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