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TONG QUAN VE CONG NGHE TIEN CO SU TRO GIUP CUA
RUNG DONG SIEU AM

REVIEW OF ULTRASONIC ASSISTED TURNING

Hoang Trung Kién
Truong Dai hoc Ky thut Cong nghiép, Pai hoc Thai Nguyén

TOM TAT

Bai bao nay gidi thigu mot cong nghé dioe thé givi réy quan tam trong nhiing nam gan day
trong viec gia cong nhitng vt liéu kho cdt got, do la tién cé tich h

lieu Op rung siéu am. Trong céng nghé
nay, mot rung dong siéu am tan so cao, bién dé nho duwoc cung ¢

ap cho dung cu cdt trong qud trinh

’ at lié : Xuc gitta dao va phéi nhé, leo dao
khong hinh thanh ma lyc cat giam déng ké, chdt hrong bé mat va dg chinh xac ché tao chi 1iés duwroc

nang cao, tinh gia cong cua vit liéu duoe cdi thién, mon dung cu giam kem theo mét sé loi ich dang
ké khac. Muc tiéu chinh cia bai bao nay la lam néi bat nhitng wu diém ciig UAT, chi ra nhiroe diém
1] % ’

xuat tham khao va timg

tién. Nho' co ché cdt gian doan thay thé cat lién tuc, ty lé tié:o

dong thoi dwa ra nhitng khuyén nghi dé cac cac nha khoa hoe, cée nhg san
buedc diea cong nghé nay vao ap dung trong san xuat tqi Viét Nam.

Tir khéa: Tién rung; Nham bé mdt; Phoi: Mon dung cu; UAT, I D UAT 2 D UAT.
ABSTRACT

This paper introduces an application Ultrasonic assisted turni

‘ 18 (UAT) of machining
difficult-to-cut materials. UAT adds small-amplitude, h igh-frequency tool displacement to the cuttin g

motion of the tool. Many researchers have reported that in UAT the usual continuous interaction
between the cutting tip and the work-piece was replaced by intermittent cutting, the tool-workpiece
contact ratio (TWCR) decreased, the built up edge (BUE) was absence, that why the cuiting forces

were decreased, tool life was extened, the surface quality and geometric accuracy weye improved

sent review article is to highlight the
advantages and disadvantages in UAT and give recommendations to apply in Vietnam

and other significant benefits. The main objective of the pre:

Keywords: Ultrasonic assisted turning, Surface roughne

s, Chip, Tool wear: Forces, UAT, 1
D UAT, 2 D UAT
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1. GIOI THIEU

Gia cong nhirng loai vat liéu moi ing
dung trong nganh Hang khoéng vu tru, quée
phong, y té, cong nghiép hoa chét...co do
ctng, kha nang chong mai mon, do bén nhiét
cao, kha ndng chéng dn mon hoa hoc t6t tao
ra nhimg thach thire 16n cho cac nha nghién
ciru. Tré ngai chinh trong viéc thuong mai
hoa nhitng loai vat liéu nay la tinh gia cong
kém. Mon dung cu qua lon, kho khéan trong tao
phoi, chét lugng bé mit thép, nhiét cit, luc cit
16n [1-4], 1a nhimg tré ngai khi gia cong béng
phuong phap tién truyén thong [5-8]. Hon nira,
tinh dén nhiét thép, nhiét dung riéng cao, va su
bién cling cao két hop véi phan ting hoa hoc
voi hdu hét vat lidu lam dung cu cit cling la
nguyén nhan gy kho khin trong viéc gia cong
cac vat liéu ky thudt nay.

Trong qua trinh tién truyén thong, khi
gia cong cac hop kim dg bén cao thudng phai
chon chiéu sau cit nho, lwong chay dao nho
lam anh huong dén toc do boc tich vat lidu
(MRR). Trong gia cong cac hgp k1m nhu vay,
Zhou va Hu (2015) [9] da chi ra rang luc cit
16n tac dung Ién dung cu cit lam lam tang dang
ké ng suét, khuyét tat va nhiét do trong vung
cit, diéu nay lam anh huong dén chét luong bé
mit da gia cong. Tinh ndng k¥ thuat cua cac Chl
tiét sir dung trong nganh cong nghiép cao cip
bi anh huong lon boi tinh chét cua 16p bé mat
duoc tao ra nhd qué trinh gia cong. Ahmed,
Mitrofanov, Babitsky va Silberschmidt (2006)
[10] da tim ra ring, Gmg suat du kéo di kem voi
bién dang déo trong tién truyen théng dan dén
su pha hong sém va giam tudi tho ctia cac chi
tiét gia cong. Hon nira, Maurotto, Muhammad,
Roy, Babitsky va Silberschmidt (2012) [11]
da chi ra dung cu cit chiu sy mai mon do
cdo xudc trén mit trude boi sy hién dién cua
cdc hat carbua siéu cing trong chu trac té vi
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clia hop kim Ni-based va mon khuéch tan di
kém véi leo dao (BUE) dan dén nhitng van dé
nghiém trong trong tién truyén théng hop kim
Ti-based.

Dé khic phuc nhimg han ché cua tién
truyén thong trong gia cong vat liéu kho cét
got, tién co tich hop rung siéu am dugc dé xuat
tir rat sém va ngay nay tlep tuc duogc quan tam
hoan thién va phat trién [12-15]. Ban chit cua
phuong phap nay la tich hop mot rung dong
sidu dm vai tan so va bién d¢ phu hgp [én phoi
hodc dung cu cat. Hai hudéng thudong dugce
khai thac la lua chon thong s rung (t?m s,
bién do) toi wu hodc chon phwong rung hop
ly. V61 qua trinh tién, viéc tich horp rung dong
1én phéi chuyén dong quay gap nhiéu kho khan
nén rung dong s& duoc cip cho dung cu cat.
Rung déng c6 thé duoc cung cép theo 1 trong 3
phuong: Phuong van toc cat, phuong chay dao
hodc phuong hudng kinh (Hinh 1) [16-19].
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Hinh 1. M6 hinh tién voi rung dong tro gitip
2. PHUONG PHAP NGHIEN CUU

Dé tim kiém dir liéu va xu 1y thong tin
lién quan dén nhimg cong trinh nghién ctu
cung linh vurc da duoc xuit ban, bai bio sir dung
phuong phap témg quan hé thong do Denyer
va Tranfeld (2009) dé xuit [20]. Phuong phap
nay lién quan dén viée x4c dinh céc nghién ctru

li€n quan da ton tai, xac dinh nhimg dong gop &
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cua cac tac gia khac nhau va cung cp nhiing
két luan 16 rang ciing nhu huéng nghién ctru
tiép theo trong twong lai. Phuong phap nay da
tro thanh phuong phép luan duoc st dung rong
rii trong cac bai bao tong quan.

a. Xac dinh cac nghién ciru truéce

Déi voi cac nghién chu tir Science
direct, scopus va web khoa hoc dd duoc
sir dung dé cac bai bao téng quan cung linh
vuc dua trén 2 tir khoa: 1D UAT, 2DUAT va
Ultrasonic Assisted machining. Viéc lua chon
tir khoa su dung trong co so dir liéu dién tuor dua
trén viéc gilt ban chat cua cac van dé nghién
cliru da duoc dé xuét. Bang 1, trinh bay bai bao
c6 san trong cac nguodn khac nhau mét cich rd
rang chinh xac.

Bang 1. Nhitng nghién ciru khao sat tir nhitng
nguon khac nhau:

Table 2. Locating studies in different electronic databases

Search strings in abstract, title ond keywords Eloclmmt datobase search

Science direct 'Webnlscaence S(npus
. {

b. Lira chon va xir Iy thong tin

Budce nay dua trén cac tiéu chi lya chon
rd rang dé tim cac tap chi hoc thuat ma c6 thé
dé dia chi céc vAn d& nghién ctru nhu trinh bay
& phén gidi thidu.

Bang 2 Tiéu chi dé phan loai bai bao:
Table 3. Criterion for the inclusion and exclusion of the research articles

Criterion Inclusion Exclusion
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3. HE THONG TIEN RUNG
3.1. Nguyén ly va thiét bi tao rung

Thiét bi tao rung bao géln Piezoelectric
tranducer, phé“m khuéch dai, ¢d dao va du dao
nhu trén Hinh 2. Vit liéu lam Piezoelectric 1a
thach anh, khi dit 1én ching mot hiéu dién thé
s€ tao ra rung dong siéu 4m véi tan s6 va bién
d6 theo yéu cau. Phan khuéch dai ¢6 chiic nang
phong dai bién do rung dong, dau dao khong
the lap truc tiép trén phén khuéch dai nén

c6 dao duoc su dung, nod cling c6 chirc ning
khuéch dai bién d¢ rung.

A I A
?OD‘.
HORN
BOOSTER

PIZOELECTRIC
TRANSDUCER

F

HF CABLE

Hinh 2. Cau tao cia dau rung
3.2. Hé thong cong nghé

Hé thong cong nghé khi tién rung noi
chung dugc thé hién trén Hinh 3, bao gom cac
thanh phan chinh 1a: May tién, dao tién, do ¢ ga,

ph01 may phat xung, thiét bi do luc, bd chuyén
doi, may tinh.

Hinh 3. Hé théng thiéy bi tién rung
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1. HMT NH-26 lathe

2

Workpiece rotate anti-clockwise

Anti-clockwise rotation of workpiece

n La et

Stepped hom connected to transducer
Transducer
L-shape bracket for holding transducer

ol

HF (high frequency) cable

4. PONG HQOC QUA TRINH TIEN TiCH
HOP RUNG SIEU AM

Phuong phap tién rung thuong duoc
phan loai dya trén hinh thirc cung cap rung
siéu am cho dung cu cat (Hinh 4).

- 1 D UAT: Hé théng nay hoat dong
trong mot mdt phang song song véi bé mat cua
phdi chira luc cit.

- 2 D UAT: Hé théng nay, tao ra mot
chuyén dong hinh elip ctia dung cu cit, trong
d6 truc 16n cua Elip cung phuong véi luc cit,
truc nho theo phuong luc diy. Bién d6 cua
rung déng trong moi truc cd thé gidng hoic
khong gidng nhau va duge md ta 1a bién do
rung cua truc A.

1D VAM 2D Elliptical
Tool
Tool o
—

‘7‘!- Y . ‘-\

- | B/ = e~ \ i
W - - \M, i

T B f

» . "ﬁ“_’ ke

Thrust
Cutung

Fig.1. Types of VAM based on modes of vibration (a) 1-Dimensional VAM, {b) 2-Dimensional VAM (33
Hinh 4. Phdn loai phirong phap tién rung
Hinh 5, thé hién h¢ truc toa dd su dung

trong nghién ciru, trong do true X theo phuong
vén toc cat, truc Y theo phuong chay dao va
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Carbide insert tool connected to stepped horn by screw

9. Ultrasonic generator
10. Dynamometer (Kistler model 9272)
11. Height adjustable cylindrical column
12. Charge amplifier model 5070A
13. Data acquisition system
14. PC (control system)
15. Power supply
16. Dynamometer cable
truc Z theo phuong lay chiéu sau cit.

Crossfeed Direction

Unfeed (cutting)
o0 Direction

Fig. 1. Coordinate system.

Hinh 5. Hé truc toa do sir dung trong nghién ciru
4.1. 1D UAT systems

Dong hoc qua trinh tién rung 1D 1y
tuong duoc thé hién trén Hinh 5, dung cu cit
rung di chuyén theo quy dao 1a mot duong
thang cing v0’1 phuong vén toc cit. Khi ph01
quay, 0 van tde cit V, vi tri cua dung cu cit va
vén toe duoce xéac dinh boi cong thirc:

x(t)=a.Sin(wt)+V.t (1)
X' (t)=w.a.Cos(wt)+V (2)

Voi x(t) va x*(t) 1a vi tri va van tdc tic
thot tai thoi diém t, a 1a bién d§ cua rung cua
dung cu, tan sb goc ® dugc xac dinh thong qua
tan sé rung f, o=2xf.

Chu ky gia cong bao gom 4 giai doan.

O giai doan 1, mit trude cua dao tiep Xuc voir &
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phoi va bat ddu qua trmh cit, t, 1a thoi diém bt
dau xay ra qua trinh cét. Sau do, ¢ giai doan
2, vao thoi diém t,, dung cu cit dat vi tri gidi
han 1on nhat trong quy dao chuyén dong rung
vGi van toc bang 0 va chuin bi chuyen dong
nguoc lai. 0 gial doan 3, dung cu cit duoc rut
ra khoi phoi va ¢ giai doan 4 dung cu lai tién
vao tiép xtic véi phéi dé bat dau mot chu ky
gia cong moi, t°, 1a thoi gian bat dau cia chu
ky gia cong moi. Thoi gian cua toan bd chu ky
1aT, banfI 1/f. Thot gian xay ra qua tlmh cit 1a
t,- L.

Hinh 5. Pong hoc qua trinh tién voi rung dong tro giip

Cac thong sé dic trung cua qua trinh
tién rung 1D:

Vién toc cit gigi han: Tir phuong trinh
(2) co thé rat ra khai niém vé van tdc cét 2101
han V_, ma ¢ gia tri do mat trudc cua dung
cu cat luon tiép xtc voi bé mit phoi chua gia
cong, oy = 2mfA. Néu V< V thl qua trinh
cit gian doan chu ky xay ra o tan s fva sé dat
duoc nhitng loi ich (kéo dai tudi tho cua dung
cu cit, cai thién chat luong bé mit chi tiét gia
cong...) cua qua trinh cat c¢o rung. Py 1a diéu
ching ta mong mudn. Néu V> Ve qua trinh
cat lién tuc xay ra khién viéc cung, cap rung
si€u am vao qua trinh tién khong mang lai hiéu
qua.

Su tiép xuc gian doan gitra dung cu cit
va phoi nhu trén hinh 2 ¢6 thé duoc xac dinh
théng qua 2 bién: t, khi dung cu cat tiép xtic
voi phoi va t, khi dung cu tach ra.
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. -V
A sin(27f1)) = A sin (arccos (
2afA

arccos(—V/2;
_v (“ _ arccos(—V/ 'rffl)) @
2af
arccos(—V/2xfA)
) = -—..i (5)

2nf

F,, la khoang cach gitra cac diém tuong
duong trén quy dao rung cua dung cu ct trong
chu ky ké tiép. N6 bing khoang cich dich
chuyén boi dung cu cit trong mot chu ky dao
dong.

HE sb van toc HSR la ty sd gitra vin

toc cit va &,la tri 16n nhét cua van toc rung cua
dung cu cat. ‘

V
F{'p = —
f @

HSR X
= f—;ﬁ (7

F,, va HSR 1a hai thong sé quan trong
ddc trung cho chu ky gia cong khi tich hgp
rung siéu am.

Hé s6 chu ky cua tién rung 1D xac dinh

dua trén thoi gian Xdy ra qua trinh cét trong ca
chu ky lam viéc [21- -23]:

I

D(,hk—r = f(ty - 1y) (8)

Hinh 6a giai thich chuyén dong tuong

doi gira dung cu cit va phéi trong thoi gian
Xay ra qui trinh cit, Hinh 6b thé hién anh
huong ciia HSR dép hé s6 chu ky.
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Fig.4 (b} Effect of HSR ca duty cvele [ 1]

Hinh 6a. Chuyén déng twong doi giita dung cu cdt va phéi;
6b anh hwong cua HSR deén hé so chu ky

4.2. 2D UAT system

Trong tién rung 2D, rung dong duoc
cung cép theo hai phuong dé miii dao chuyén
dong theo quy dao la 1 duong tron hoac elip
nhu mé ta trén hinh 7. Vi tri va van tdc cua
dung cu cit twong ddi so voi phdi lan luogt
twong Ung la z(t) va z'(t). B la bién do rung
dong theo phuong thang ding, A l1a bién do
rung theo phuong ngang; A, B lan luot 1a chiéu
dai mot nira cua truc 16n, truc nho cua quy dao
chuyén dong hinh Elip.

Vi tri twong dbi cua dung cu cat so vai
phoi dugc xac dinh nhu sau:
x(r) = —A cos(wr) + Vr 9

2(1) = — B sin(wi) (10)

Vin tde twong ddi so voi phdi:
X'(1) = wA sin(wr) + V (1)

Z'(1) = —wB cos(w!) (12)

Hinh 7 cho thiy mot cé vi tri 0 voi 0=wt.
Phuong trinh 9-12 dugc tham chiéu ti truong
hop 0=0 ¢ vi tri nhu trén hinh 4. Phuong tirc
thoi cua chuyén dong tuwong d6i cua dung cu
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cét so voi phoi y(t) dugce xac dinh nhu sau:

—wB cos(w!)
(13)

(1) = arctan | ————— —
g (wA sinfwt) + V

Goc trudce tire thoi y(t) va goc sau oft).

Fig$ 2DVAM and s o] pails (1]

Hinh 7. Quy dao chuyén dong cua miii dao trong
2D VAM

5. Lgi ich ctia UAT

Céc thuc nghi¢m trén thé gi6i chi ra
1ang, tién co tich hop rung dong cudng birc co
nhiéu vu diém vuot trdi so véi tién cing truyén
thong [24-37]: Giam 6 nhiém moi trudng, lirc
cat giam, san phdm dat d6 chinh xéac cao, nhiét
cit thap, tudi tho cua dung cu cit tang, qua
trinh ¢t 6n dinh, khong tao nén hién tugng leo
dao, ting d bén moi, kha nang chéng an mon,

mai mon cua chi tiét sau gia cong.
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5.1. Than thién véi mdi truong

Dé dap tmg nhitng yéu cau nghiém ngit
vé mit moi truong, cac nghién ctru khoa hoc
trong nhitng nim gan ddy, tip trung e'{p dung
nhing cong nghé gia cong tao ra san pham sach
hon va it anh huong t61 moi truong (Chetan,
Ghosh va Venkateswara Rao (2015) [38] va
Sharma and Pandey (2016) [39]. Vi tién rung,
Qua trinh gia cong thuong khong dung dung
dich bdi tron lam ngu01 nén co thé giam thiéu 6
nhiém moi truong, tiét kiém chi phi.

5.2. Lue cit

Co ché cta 1D-VAM va 2D VAM lam
thay d6i hinh thai phoi ciing nhu tuong tE:B.C gitra
phoi va va mit trude cua dung cu c’ét khién phoi
mong va ngén hon, vi vdy luc cat trung binh
can thiét de boc tach kim loai glam xuong. Hon
nira, luc cat giam lam ¢ ung suét giam va viéc cat
gian doan theo chu ky ciing gitp giam ting sut
trong diéu kién néng, két qua tang hiéu qua lam
nguéi. Ngoai ra, van toc cua dung cu cit vuot
qua van tde cua phoi tao ra mot lug ma sat theo
phuong nguoc lai gitta dung cu cat va phoi vi
vay lam giam luc day (luc doc truc).

5.3. Nham bé mit

VAM str dung dung cu véi miii cit tron
dé chanh va dap, luc doc truc nho hon lam
glam bién do cua rung dong dung cu cét tuong
ddi so v6i phéi. Chu ky luan phlen dong déu
glua dung cu va phoi tao ra nhiing vét niit dong
déu va tde do boc tach vat licu gi61 han. Ma sat
thap gay ra nhlet cat thap va giam sy nit bé
mat, phoi ngan hon lam giam nham bé mit.

5.4. Mon dung cu

Luc cat ,(mg suat giam va su khong tiép
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xtic dinh ky gitp dung cu cit gay ra (mg suét
ma s€ tao ra sy cai thién tudi bén dung cu, dic
blet la trong truong hop gia cong vt liéu kho
cit got. Su tiép xtic khéng lién tuc gitra dao va
vat ligu phoi trong VAM giam, thdi gian danh
cho cac phan g mon giam va cho phép lam
mat dung cu mét cac dang ké.

6. NHUQC PIEM CUA UAT

Bén canh nhng uu diém ndi bat, UAT
van con ton tai mot sé miit han ché [10] Nhuoc
diém cta UAT 1a chi phi dau tw ban ddu cho hé
théng thiét bj cao, théng s6 cua rung siéu am s¢
thay doi khi thay dung cy cat thay ddi, dmh dao
phai dugc diéu chinh phu horp voi tan sb rung.
Hé thong cong nghé yéu cu phai cting viing.

Khi tién tich hop rung theo phuong tiép
tuyen v6i phoi, van toc cit sé bi gidi han boi
van toc rung. Ve = frDN <Vt =2naf. Su giam
luc cit s€ it dan khi cét & tdc do cao va toi mot

toc do cit g,xorl han, v1ec tich hop rung khong
anh huong dén luc cit.

Khi tién UCh hop rung theo phuong
hudng kinh, lTuc cit giam mot chit nhung luc

day lai ting 1am anh huong x4u dén chit lugng
bé mat chi tiét g gia cong.

7. HUONG NGHIEN CU'U TIEP THEO

Dé khai théc triét dé uu diém, khic
phuc nhuoc diém va hoan thién cong nghé tién

tich hop rung si€ém am, cac hudng nghién ciru
sau 6 thé duoc khai thac:

Nghién ctru cu thé vé dong hoc, dong
Iwe hoe qua trinh tién rung tinh dén anh hudong
rung dong ctia hé thong cong nghé.

Hoan thién cac tinh toan, thiét ké dau

TAP CHI CO KHI VIET NAM, Sé 7 nam 2018
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rung vé hinh dang, kich thudc va sy thanh doi
twong tng khi thay doi vat licu lam dau rung.

Tép trung nghién cliu viéc st dung
dung dich boéi tron lam ngudi, lam nguoi tdi
thiéu, lam ngudi dong lanh dé nang cao hon
nira hiéu qua cua tién tich hop rung.

Dé xuat cac hé thong rung mdi co chi
phi thap, dé van hanh.

Anh huong cta rung siéu am dung
trong gia cong dén strc khoe con nguoi va thiét
bi trong hé thong cong nghé.

8. KET LUAN

Bai bao da hé théng lai kén thirc co ban
vé dong luc hoc, hinh thai phoi, cac van dé vé
thiét bi va thong sé rung, thong sé cong nghé
trong tién tich hop rung siéu am 1D UAT, 2D
UAT. Nhitng han ché trong gia cong céc vit
liéu kho cét got bing tién truyén thong dugc dé
c@p, su cai thién nhimg han ché d6 va ly giai
trong tién rung ciing dugc trinh bay dé khang
dinh UAT c6ng nghé phu hop trong gia cong
nhing loai vat li¢u kho cit got. Céc két luan cu
thé ¢6 thé rat ra tir viée tong hop nhitng nghién
cuiru da cong b vé UAT:

Luc cit giam khi tién cac vat liéu kho
gia cong bang tién co tich hop rung siéu am. Sy
giam luc cit 1a do co ché cét gian doan trong
tién rung thay thé co ché cit lién tuc trong tién
truyén thong.

Viéc lua chon thong s6 rung va thong
s6 cong nghé phu hop sé dong mét vai tro quan
trong trong viéc tao ra trang thai tach biét gura
dung cu ciit va phdi trong qué trinh cit.

Vi nhiing vat liéu gia cong co6 tinh dan

nhiét kém, van dé mon nhanh dung cu cat trong
tién thong thuong dugc khac phuc hiéu qua khi
dung cu cdt duoc tich hop rung siéu am.

Ung suat du nén duoc tao ra trong chi
tiét sau gia cong trong giup tang d§ bén moi
cua chi tiet may.

Nhimg phan tich vé phoi chi ra rang,
luc cit phat dugc tao ra nho hon va bién dang
déo tdi thiéu duge hinh thanh trong phéi khi
gia cong bang tién co tich hop rung. <
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