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TOM TAT

Nghién ciru nay diéu tra va danh gid chat lirong bé mdt cia cdc chi tiét gia cong trong qud
trinh phay dwoc hé tro boi rung dong siéu am. Phay c6 ho tro siéu am (UAM) la mot kj thudt gia
cong tién tién tich hop cac rung dong tan sé cao vao quy trinh phay théng thuong dé nang cao hiéu
sudt. Nghién ciru tdp trung vao viéc kiém tra, danh gia chat lwong bé mat khi gia cong cé ho tro
rung siéu dm va gia cong thong thuwong. Qua hang loat thir nghiém, c¢é thé danh gid phwong phdp
rung siéu am cé chat lwong bé mdt tot hon phiong phdp gia cong thong thwong. Cdc phat hién cho
thdy rdng viéc ap dung rung dong siéu am givp cdi thién dang ké do hoan thién bé mat, gidm mdi
mon dung cy va ndng cao do chinh xdac cua cdac bo phdn gia cong so voi cac phwong phdp phay
truyén thong. Nghién ciru nay gép phan nang cao s hiéu biét vé UAM va irmg dung céng nghiép
nham dat dwoc chdt lwong bé mdt trong gia cong chinh xdc.

Tw khéa: Phay co hé tro siéu am; Chat luong bé mat; Bo nham bé mat; Pé chinh xdc gia
cong; Do rung siéu dm; Thong so phay; Do mon dung cu,; Gia cong chinh xdc.

ABSTRACT

This research investigates and evaluates the surface quality of machined parts during
ultrasonic vibration-assisted milling. Ultrasonic-assisted milling (UAM) is an advanced machining
technique that integrates high-frequency vibrations into conventional milling processes to enhance
performance. The research focuses on testing and evaluating surface quality when machining
with ultrasonic vibration support and conventional machining. Through a series of tests, it can
be evaluated that the ultrasonic vibration method has better surface quality than the conventional
machining method. The findings show that applying ultrasonic vibration significantly improves
surface finish, reduces tool wear, and enhances the precision of machined parts compared to
traditional milling methods. This study contributes to improving the understanding of UAM and its
industrial application to achieve surface quality in precision machining.

Keywords: Ultrasonic-assisted milling; Surface quality;, Surface roughness, Machining

accuracy, Ultrasonic vibrations, Milling parameters, Tool wear, Precision machining. &
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1. PAT VAN PE

Trong nganh cong nghiép ché tao, chat
luong bé mit cua céc chi tiét gia céng déng vai
trd quan trong, anh huong truc tiép dén tinh
nang va tudi tho cta san pham. Cac phuong
phap gia cong truyén thong mic du da dat dugc
nhiing tién bo dang ké nhung van gip nhiéu
han ché, dic biét 1a khi gia cong cac vat lidu
ctimg hodc khi yéu cdu d6 chinh xac cao. Bé
khic phuc nhing han ché nay, cong nghé phay
c¢6 su hd trg cua rung siéu am (UAM) di duoc
phat trién va tng dung r6ng rai. UAM la kS/
thuat gia cong tién tién két hop rung dong tan
s6 cao vao qua trinh phay thong thuong nhim
cai thién hiéu suét gia cong. Mac du UAM da
dugc nghién ciru va ap dung trong nhiéu linh
vuc, van can c6 nhiing nghién ctu chi tiét
va toan dién dé danh gia cu thé hiéu qua cua
phuong phap nay ddi vi chat luong bé mit chi
tiét. Viéc hiéu rd hon vé cach thirc rung siéu am
anh huong dén qua trinh gia cong Va két qua bé
mat s& gitp toi wu hoa cac thong so gia cong,
nang cao chat luong san pham va giam chi phi
san Xuat.

Bai b4o nay tap trung nghién clru va
danh gia chat lugng bé mat chi tiét khi phay
c6 su hd tro cia rung siéu am, so sanh véi
phuong phap phay thong thuong. Thong qua
cac thi nghiém va phan tich két qua, bai bao s&
lam sang to nhitng vu diém cta phuong phap
UAM, cung cap co s& khoa hoc va thuc tién
cho vi¢c ing dung cong nghé nay trong nganh
cong nghiép ché tao. Nam 2019, V.S. Sohna va
cong su da nghién ctru anh hudng cua rung siéu
am dén chat lugong bé mat va dd mon cua dao
cu trong qua trinh gia cong hop kim Ti-6Al-4V
[1], cling trong ndm nay thi tac gid R. Kozak va
cong su cling nghién ctru vé tac dong ciia rung
siéu Aam dén dic tinh bé miat va lyc cit trong
qua trinh gia cong vat liéu kho cdt [2]. L. Lu va

cong su thi tap trung vao viéc nghién cuu cai
thién chat luong bé mit san pham va ting tdc
qué trinh gia cong bang rung siéu 4m trong qué
trinh tién vat liéu Al6061 [3], Rudranarayan
Kandi va cong sy da mo phong luc cit va nhiét
& dau dung cu anh hudng dén d6 nham bé mat
cling nhu mot sb tac gia khac ciing da chimg
minh rung siéu 4m lam cho lyc cit giam di
dang ké va cai thién duoc chit lugong bé mat

[4], [5], [6].
2. NGUYEN LY HO TRQ RUNG SIEU AM

UVM doc tryc la cong nghé gia cong
dya trén phay thong thuong (CM) véi su hd
trg cua rung dong siéu am phoi rung doc theo
huéng nap. Trong nghién ctu nay, dao dong
siéu am voi tin hiéu hinh sin dugc tdc dong 1é€n
phoi, c6 thé 1am cho phéi dao dong véi tan s6
cao va bién do thap trong qua trinh gia cong.

Nguyén ly hoat dong cua phuong phép
gia cong phay voi sy gip do cua rung siéu
am (utrasonic vibration-assisted milling) 1a st
dung dao cat dé cat chat liéu trong khi 4p dung
rung siéu 4m c6 tan sb cao.

Khi dao cit tiép xtic voi bé mat gia
cong, rung siéu &m duoc truyén vao phoi va tao
ra dao dong nho, ting cuong kha ning cit cua
dao. Vi rung siéu am, luc cit tré nén nho hon
va dé dang hon dé dao cit bi mai mon va giam
d6 bén. Ngoai ra, ap dung rung siéu am ciing
gitip tao ra bé mit gia cong min hon, giam do
Xudc va cai thién chit lugng san pham.

Céc tham sb quan trong trong qua trinh
phay co sy trg gitp do cua rung si€u am bao
gdm tan s6 rung siéu 4m, bién d6 dao dong, tbe
do cat, do sau cat va do day cua 16p cit. Viéc
diéu chinh cic tham sb nay sé anh hudng dén
hiéu qua ctuia phuong phép gia cong nay.
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Nhu trong hinh 1, dao phay ding dung
dé phan tich qua trinh phay, quy dao dau dao 1a
mot duong cong xyclo, nhu hinh 2, trong d6 A
1a diém bat dau ctia qua trinh cat, O 1a tam dao
phay trong thoi diém nay Trong mot chu ky
cit, diém chay dao dat dén diém B va tdm dao
di chuyen dén diém O,, sau do khoang cach tir
diém A dén diém B la bude tién dao trén mdi

vong quay.

Hinh 1. Huong rung dong chinh trong qua trinh
phay co ho tro rung siéu am

‘

Hinh 2. BPuong di cua dao phay mot canh trong
1,5 chu ky

Trong hinh 2, tdc do tién dao va thoi
gian cit c6 thé anh hudng truc tiép dén quy dao
chuyén dong cia tdm dao phay. Bén canh do,
quy dao dau dao con bi anh hudng bai toc do
truc chinh va ban kinh dao phay.

Phuong trinh quy dao cua tdm dao phay
la:

xg=fz-N.n.t,
}Jn —
Phuong trinh quy dao ctia miii dao la N*:

Xp = fo-N.n.t +7r.5in(w.t — n.¢@),
Vo =71.cos(w.t — 1. @),

Trong do:

- f,1a budce tién dao trén mdi ring;
-1 1a téc d¢ tryc chinh;

- t 1a thoi gian cit;

- r 1a ban kinh dao phay;

- ® 12 tan sb goc quay cua dao;
-opla goc giita cac rang lién ké;

- N 1a s6 cua céc canh cit.

Dao phay loai 3 canh dugc xem xét, do
d6n =0, 1 va 2. Pé quan sat chuyén dong cua
ludi dao trong qué trinh phay mdt cach truc
quan hon, tde do tién dao duge dat 1a 40 mm/
phut va ban kinh dao 1a 8 mm.

Ngoai ra, phuong trinh quy dao cua tim
dao phay la:

xg = fobNnt + Asin(2nft + ),

v = 0.

Phuong trinh quy dao ctia miii dao la:

Xp = fpNnt + Asin(2uft + ¢¥) + rsin(wt — N¢),
Vv, = T cos(wt — N¢p),

Trong do:

- Ala bién d¢ dao dong;

- f1a tan sb dao dong;

- ¥ 1a goc pha ban dau cua tin hiéu dao
dong.
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Quy dao phay c6 hd tro rung dong cua
mdt trong cac miii dao don dugc md phong
bang Matlab nhu thé hién trong Hinh 3. Cong
viéc nay chu yéu tip trung vao rung dong
huéng tién dao, bao gdm anh hudng cua bién
d6 rung siéu am, tién dao trén mdi ring va tbc
do truc chinh d6i véi luc phay, do chinh xac gia
cong phoi va do chinh xac kich thudec.
"r-_-""l

i
1
1
[ ]

h Pyl B phang Y jnes

4 e
] ] | ] i
AN s Pl B BEES B PRE

Hinh 3. Quy dao cua dao

Gia cong phay c6 hd trg clia rung siéu
am doc truc la cong ngh¢ gia cong dua trén phay
thong thuong véi sy hd tro clia rung dong siéu
am phoi rung doc theo huéng chuyén dong.
Trong nghién ctru nay, dao dong si€u am véi
tin hiéu hinh sin dugc tac dong 1én phéi, co thé
lam cho phéi dao dong véi tan sé cao va bién
d6 thap trong qua trinh gia cong.

Nguyén 1y hoat dong cua phuong phap
gia cong phay voi su gitp d& cua rung siéu
am (utrasonic vibration-assisted milling) 1a st
dung dao cit dé cat chat lidu trong khi ap dung
rung siéu 4m c6 tan sb cao.

Khi dao cat tiép xuc v6i bé mit gia
cong, rung siéu am duoc truyén vao phoi va tao
ra dao dong nho, ting cudng kha ning cit cla
dao. Véi rung siéu am, luc cit trd 1én nho hon
va dé dang hon dé dao cit bi mai mon va giam
d6 bén. Ngoai ra, ap dung rung siéu am ciing
gitip tao ra bé mit gia cong min hon, giam do
xude va cai thién chét luong san pham.

Céc tham s quan trong trong qua trinh
phay c6 su trg gitip d& cua rung siéu am bao
gdm tan s6 rung siéu am, bién d6 dao dong, tdc
do cat, do sau cat va do day cua 16p cit. Viée
didu chinh cic tham sb nay s& anh huong dén
hiéu qua cua phuong phép gia cong nay.

3. NGHIEN CUU THUC NGHIEM

- Lap dat hé théng rung siéu 4m 1én may
phay CNC OKK, két n6i dau rung si€éu am voi
nguodn phat siéu am.

- Hé théng rung si€u am dugc kep chat
trén eto, phoi dugc kep chat nhu trén hinh vao
d6 ga va rung dong siéu am duoc truyén truc
tiép vao phoi.

* Thong s ky thuat

« Ngudn phat siéu am:
+ Cong sut: 1,5kW;

+ Dién ap: 220V;

+ Trong luong 6kg;

+ Xuét xtr: Trung Qudc.

« Diu phat song siéu am:

+ Cong suit: 60W;

+ Tan s6 phat song siéu am: 20kHz;
+ Trong luong: 1kg;

Hinh 4. Hé thong gia cong phay cé hé tro rung
siéu am
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- Sau khi lap dat xong, tién hanh thyc
nghlem 14 1an gia cong d6i voi g1a cong phay
c¢6 hd trg cla rung siéu am va 14 1an gia cong
phay khong c6 hd tro cta rung siéu am véi
cung ché do cit.

Do chat lugng bé mit sau khi gia cong
duoc danh gia két qua trén may do do nham SJ-
310 Mitutoyo voi thong so k¥ thuat:

- Pham vi do: Tir 0 dén 160 pm;

- B9 chinh xac do: £0,005 pm;

- Bo lap lai: £0,001 um;

- Chu triic cam bién: Cam bién dién

- PAu do: Phan diu do c6 kich thudc
4mm x 48mm
- Toc @6 di chuyén: 0,5mm/s.

Hinh 5. Po bé mat chi tiét sau khi gia cong

dung;
Céc thong sb gia cong duoc thé hién ¢ bang dudi day:
Téc dd quay Téc dd tién Chiéu siu cit | Phay thwong | Phay siéu am
dao v/p dao (mm/rang) (mm) Ra Ra
Lan 1 1000 0,3 0,1 1,551 0,542
Lan 2 1100 0,3 0,1 1,226 0,521
Lan 3 1200 0,3 0,1 1,223 0,508
Lan 4 1300 0,3 0,1 1,188 0,236
Lan 5 1100 0,3 0,2 1,830 0,466
Lan 6 1000 0,3 0,2 1,984 0,547
Lan 7 900 0,3 0,2 2,063 0,588
Lan 8 800 0,3 0,2 2,250 0,659
Lan 9 1200 0,3 0,3 2,207 0,755
Lan 10 1100 0,3 0,3 2,215 0,652
Lan 11 1000 0,3 0,3 2,711 0,617
Lan 12 900 0,3 0,3 2,935 0,588
Lan 13 700 0,2 0,4 3,547 0,881
Lan 14 800 0,2 0,4 3,445 0,755
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Tu bang trén, ta co dd thi quan h¢ do
nham giita phuong phap gia cong phay c6 hd trg
cua rung si€u am va phay thong thuong nhu sau:

Hinh 6. P6 thi so sanh gid tri dj nham

Nhan xét: T d6 thi so sanh gia tri do
nham, ta nhan thay khi gia cong c6 hd trg cua
rung siéu am, chét lugng do nham Ra dugc cai
thién 1o rét. Cu thé, tit ca cac gia tri d0 nham &
bang va d6 thi cua gia cong c6 hd tro cua rung
siéu am déu nho hon gia tri 46 nham cua gia
cong khong co6 hd trg ctia rung siéu 4m & cung
diéu kién gia cong.

Ngoai ra, khi ¢d dinh budc tién dao
va chiéu sdu cat, s6 vong quay ting 1én thi do
nham bé mat cling duoc cai thién, tc la gia tri
d6 nham giam dan; tuong tu d6i v6i giam chiéu
sdu cit, gid tri d6 nham ciing giam; va giam
budce tién dao, gia tri do nham ciing giam dan,
diéu nay ciing phu hop véi ly thuyét nham bé
mat [7] va phu hgp véi céc cong trinh nghién
ctru da cong bd trude day.

4. KET LUAN

No6i dung chinh cua chuong nay la tap
trung vao thyc nghiém va phan tich xtr ly s6
liéu tir anh huong cua cac thong sb van tdc cat
cuia hai phuong 4n phay thuong va phay c6 hd
trg clia rung siéu am thi ta thdy phuong phap
phay c6 hd trg ciia rung siéu am c6 dd bong cao
hon, chét lugng bé mit t6t hon. Khi thay dbi
tdc do truc chinh vong quay ting lén tir 700 —

1300 (vong/phit), toc do tién dao tir 0,3 — 0,2;
chiéu sdu cdt tir 0,1 — 0,4mm thi d6 nham bé
mit Ra d6i véi phuong phap gia cong phay co
hd tro cua rung siéu am déu cai thién so voi
phuong phép phay thong thuong.

Nhu vay c6 thé thay rang, phuong phap
gia cong c6 hd trg ctia rung siéu am 1a phuong
phap gia cong méi cai thién chat lugng bé mat
hon so v&i phuong phép gia cong thong thuong.
Pay ciing 1a tién dé dé nghién ctu sau hon
phuong phép nay ung dung trong giang day va
nghién ctru tai Truong Pai hoc Kinh té — Ky
thuat Cong nghiép cling nhu Ung dung trong
diéu kién san xuét gia cong ¢ Viét Nam. <
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