NGHIEN CUU - TRAO DOI

PHAN TiCH, THIET KE PAU RUNG CHO QUA TRINH TIEN
CO HO TRO CUA RUNG PONG SIEU AM

ANALYSIS, DESIGN OF HORN FOR ULTRASONIC VIBRATION ASSISTED
TURNING

Nguyén Thanh Trung*, Pham Vin Pam, Vii Toan Thing
Khoa Co khi Ché tao may, Truong Co khi, Pai hoc Bach Khoa Ha Noi

TOM TAT

C6 nhiéu ky thudt san xudt va vmg dung cong nghiép sir dung dao dong siéu am. Trong gia
cong co khi, ky thudt siéu ém dwoc dp dung dé hé tro qud trinh gia cong cdt got. Mot thanh phan
chinh ciia thiét bi sir dung hiéu tng siéu am trong qud trinh gia cong la dau rung siéu am (ultrasonic
horn) hay con goi la dau khuéch dai siéu am (ultrasonic booster). Tinh néing cua thiét bi siéu dm
phu thudc va thiét ké hop 1y hinh dang cia dau rung. Trong bai bdo ndy, cdc tinh chdt déng hoc
theo cdc hinh dang khac nhau cua dau rung siéu am dwoc trinh bay. Su phu thuoc cua cdc tinh chat
dong lyc hoc trong mién tan sé (Modal properties) vao thong s6 hinh hoc va tinh chdt vat liéu cia
dau rung dwoc phdn tich. Phan tich Modal (td‘n $6 tur nhién, hinh dang mode rung dong) duoc thuc
hién bang phwong phdp phan tir hitu han (FEM — Finite Element Method).

Tw khéa: Pau rung siéu am; Tién c6 hé tro cia rung dong siéu am; Phirong phdp phan tir
htru han; Phan tich modal,; Tan sé tu nhién.

ABSTRACT

There are many manufacturing techniques and industrial applications that use ultrasonic
vibration. In mechanical machining, ultrasonic technology is applied to assist the cutting process.
A main component of the equipment that uses the ultrasonic effect in the machining process is
the ultrasonic horn, also known as the ultrasonic booster. The performance of the ultrasonic
device depends on the appropriate architecture of the horn. In this study, the modal properties
of the ultrasonic horn according to different shapes are presented, the dependence of horn's
modal properties on the geometry and material properties of is analyzed. Modal analysis (natural
frequency, vibration mode shape) is performed using the Finite Element Method (FEM).

Keywords: Ultrasonic horn; UAT; Finite element method; modal analysis;, Natural
frequency.
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1. PAT VAN PE

Hién tuong rung dong siéu am dang
ngay cang dugc ing dung trong nhiéu linh vyc
cong nghi¢p khac nhau nhu lam sach siéu am,
han cac vat liéu nhya, phi kim, hd tro trong
gia cong chi tiét co khi. Sy cai thién dang ké
vé chat lugng va hiéu suit d3 dat duogc khi ap
dung si€u am vao trong qué trinh cong nghé¢
[1, 2]. Trong hd tro gia cong cat got, rung dong
siéu 4m duoc tao ra nho bd chuyén doi p dién
(piezoelectric transducer) dya vao viéc bién doi
nang luong dién (lay tir ngudn dién tan sd siéu
am) thanh nang lugng co hoc. Rung dong nay
duoc truyén vao dung cu cit (co thé truyén vao
phoi nhung it ding vi kho thiét ké va bién do
rung dong thay doi nhiéu) dé tham gia vao qua
trinh cat got.

Qua trinh gia cong c6 siéu am hd trg
thuong duoc ung dung trong ky thuat gia cong
chinh xac cao va cho céac vat liéu khong gion,
kho cat vi du nhu: Thép cimg, hop kim Titan,
Niken, vat liéu composite [3-5] .... Ché do
rung - va dap tan sd cao da mang lai nhimng cai
thién va tinh chét dic biét trong qua trinh cit
got, & déy, trong cac diéu kién rung dong va
ché d6 cat phu hop qua trinh twong tac giira dao
va phoi 1a sy cit got khong lién tuc va chuyén
thanh qua trinh vi va dap.

Céc chuyén ddi siéu m tao ra cac dao
dong & tan s6 20 kHz hodc cao hon, tuy nhién,
bién do dao dong lai chua phu hop dé hS tro
trong gia cong cat got. Bé khic phuc van dé
nay, nguoi ta can mot chi tiét de truyen va
khuéch dai bién d6 dao dong. Chi tiét nay cé
thé goi 1 ddu rung (horn) voi mot dau duoc ga
dat tryc tiép vao chuyén d6i ap dién va dau con
lai ga kep dung cu cat. Dau rung phai dugc thiét
ké dé tan sb cong huong tring véi tan s 1am
viéc chuyén doi ap dién, do vay, hinh dang va

vat liéu ché tao s& quyét dinh tan s6 riéng cua
dau rung. Tuy thudc vao tng dung cu thé ma c6
thé ché tao dau rung bang hop kim Titan, thép
hoic thép khong gi. Hinh dang chii yéu cua dau
rung si€u am la: Try, con, tru bac, ham ldy thura.
Trong cac bai bdo trudc day [6-8], viéc lua
chon hinh dang va kich thuéc dau rung duoc
xac dinh bang mo phong sé sit dung phuong
phap phan tir hiru han. Tuy nhién, hinh dang chu
yeu ca cac dau rung van ¢ dang tiéu chuan nhu
b6n hinh ké trén ma chua tinh dén cac ranh ga
dao. Trong bai bao nay, cac tinh chat dong hoc
ciia ddu rung siéu am tng dung trong nguyén
cong tién ngoai duoc trinh bay. Anh hudng cua
nhirng rinh vat va khéi luong khong dong tam
dén tan s riéng va hinh dang mode rung dong
dugc phan tich.

2. THIET KE PAU RUNG SIEU AM

Chtrc niang lam viéc cta dau rung la
khuéch dai bién d rung dong tir chuyén doi ap
dién dén dao tién & d6 16n hiéu qua dé hd tro
trong gia cong. Do vay, dau rung dong vai tro 1a
phuong tién truyén niang lugng rung dong dén
dung cu cit dé tuong tac v6i phoi. Pau rung
thuc hién dugc vai tro nay la vi no ¢ trang thai
cong huong véi chuyén doi ap dién, viy nén
viéc thiét ké va ché tao ddu rung phai dung
nguyén 1y va chinh xac. Dau rung dugc ché tao
khong dap mg diéu kién cong hudng s& lam
giam hiéu suét gia cong va co thé gay ra hong
héc cho hé thdng tao rung dong, pha huy ngudn
dién siéu am.

2.1. Nghiém gidi tich ctiia dao dong tu do cia
dau rung

Phuong trinh co ban dau rung dao dong
doc c6 tiét dién tron thay doi S(z) ap dung cho
moi truong lién tyc 1 chiéu (thanh dan hoi
mong) c6 dang nhu sau:
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0%u(z,t) o [L a5(z) du(zt)

82u(z t)]
at? Plsiz oz dz

(1

O day, z 1a toa d6 theo phuong doc.

u(z, t) - Dich chuyén doc truc cua mat
cat ngang;

S(z) = n(r(z)> — Dién tich mat cit
ngang;

1(z) — Ban kinh ctia mit cét ngang;

c,= \/(E/ p) - Van tdc ciia song doc trong
vat li¢u co mé dun dan héi E va trong luong
riéng p.

Do vay, dao dong tu do cua dau rung
dang try (r(x) = r) duoc mo ta bang phuong
trinh:

%u(z,r) 2 9%u(z,0) @)

at2 P 9z2

Nghiém cua phuong trinh (2) c6 dang
u(z, t) = U(z) T(t). Khi do, phuong trinh vi phan
riéng (2) dugc tach thanh hai phuong trinh vi
phan thong thuong sau:

LIS LM y(z) = 0 3)
P

d2T(t) .

— + wgT(t) =0 (4)

w, la tan s6 goc tu nhién.

Theo [6] ap dung cac dai lugong khong
thr nguyén sau:

Toa d¢ khong thtr nguyén theo phuong
doc: & = lii ¢ €[0;1],
0

Dich chuyén doc khéng thir nguyén cta

mit cit ngang: () = @,
lo

1, 1a chi€u dai toan by cua dau rung.

Vao phuong trinh (3), chung ta thu
duoc phuong trinh khong thtr nguyén:

dw(s’) 2 —
a2 TEFE)=0 5)

Nghiém cua phuong trinh (5) c6 dang:

Y(§) = Acos(BE) + Bsin(BS) (6)

voi B =1, Zo
tp
Ca hai miat ciia dau rung déu c6 kha
ning chuyén dong theo phuong hudng truc,
phia dau vao duoc gin v6i chuyén doi ap dién
tao ra dao dong si€éu am doc truc va dau ra kep
dung cu cat. Khi do, cac diéu kién bién dé 2 dau
ctia dau rung dao dong tu do 1a:

dy($) dy($)
—_ =0 —= =10 7
2 R I ™)

Ap dung diéu kién (7) vao phuong trinh
(6) thu duogc cac thong s6 modal nhu sau:

Tan sb tu nhién (Hz) cua mode thir k:

for =50 I ®

Dé dat duoc hiéu qua gia cong mong
mudn khi ¢6 hd tro cta song siéu am, chi co
dang mode thir nhat va tht hai cia dau rung
dugc str dung. Voi k =1 goi la dang nura bude
song, k =2 la dang budc song.

Su xé4c dinh hinh dang mode va tan s
tu nhién cua dau rung dang tru 1a tuong doi don
gian, tuy nhién, vi¢c xac dinh cac thong s6 nay
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d6i voi hinh dang khéng try thi phirc tap hon rat
nhiéu. Do vdy, dé tinh toan cac thong s6 modal
nay cta dau rung c6 dang hinh hoc phirc tap thi
sir dung phuwong phap phan tir hiru han (FEM)
1a cach t6t nhat.

2.2. Phan tich phan tir hitu han ciia rung
dong tu do ciia diu rung

Phuong trinh chuyén dong mé ta dao
dong tu do ctua dau rung theo md hinh phan tir
hitu han dugc biéu dién & dang sau:

Mi+Bu+Ku=20 )

O day, M, B, K 1an luot 1a ma tran khoi
luong, gidam chan va do cung,

U, u,u lan luot 1a véc to gia toc, véc to
van toc va dich chuyén cua cac node.

Gia thiét rﬁng, vat liéu ché tao dau rung
c¢6 kha nang giam chan rat thip nén cé thé bo
qua thanh phan giam chén trong phuong trinh
dao dong. Véi B = 0, phuong trinh (9) c6 thé
viét lai thanh:

Mii + Ku =0 (10)

Céc tinh chat dong hoc cua dau rung
duoc xac dinh bang bai toan tim nghiém riéng:

(K — wM)®; =0 (11)
O day, @i — Véc to dic trung thi i.
W, — Tan sd goc tu nhién ctia dang mode
thur 1.

3. KET QUA MO PHONG TAN SO RIENG
CUA PAU RUNG VA THUC NGHIEM

Cac phan tich bang phwong phap sb

dugc thuc hi¢n cho cac hinh dang dau rung
khéac nhau. Vat liéu ché tao dau rung dugc su
dung dé mo phong s6 1a thép khong gi co cac
thong s6 nhu sau: M6 dun dan hoi E = 1,93 x
10" Pa, khdi luong riéng p = 7750 kg/m?, hé
s6 Poisson v = 0,31. Pau rung duoc thiét ké
theo nguyén tic co chiéu dai ntra bude song,
duong k‘inh phan try 16n D, = 54 mm, dudng
kiqh phén tru nho D, = 31 mm, ngoai ra, c(?
phan tai kep duong kinh 63 mm, day 3,5 mm deé
g4 ¢6 dinh.

Chiéu dai 1 cua dau rung duoc tinh so
bo theo cong thurc:

l:&:f:_p_l E
°o 2 2f

2f 4l p
Véi tan s6 1am viée ciia chuyén doi ap
dién la 20 kHz.

. 1 193x1011
Ta co, I, = = 124,76 mm.
2X20Q00\ 7750

Tuy nhién, chiéu dai nay chua tinh dén céc 13,
rinh trén dau rung dé lap ghép. Sir dung phan
mém Ansys 2019 R3 dé mé phong céc tinh chat
Modal cta dau rung dé tim ra tan sb ty nhién
ctia dau rung. Hinh 1, thé hién mode rung dong
theo phwong doc truc voi chiéu dai 128,4 mm,
tan s6 tw nhién 20003 Hz.

R R

- “ix
0 i
B A
3 e 2
o s

Hinh 1. Hinh anh mé phong tan sé ti nhién ciia
dau rung bang Ansys 2019 R3
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Dé tmg dung dau rung trong hd tro qua
trinh tién truyén thong, phan dau try nho duogc
phay 2 ranh c¢6 kich thudc rong x sdu la 8 x 4
mm va lam 15 ren bét vit M4. Lic nay, két qua
md phong tan s6 ty nhién theo mode doc truc
tang 1én thanh 20538 Hz nhu hinh 2 mo ta. Tiép
tuc, 2 manh tién TCMT 16T304 dugc lip 1én
dau rung bang vit kep M4 va c6 tan s ty nhién
duge mo phong 1a 19846 Hz (hinh 3). Dé kiém
nghiém cac két qua mo phong, dau rung co kich
thude nhu mo phong duge ché tao va lap trén
chuyén doi ap dién. Ngudn dién siéu am cung
cép dong dién dé tao ra dao déng co hoc cho
dau rung thong qua chuyen d6i ap dién. Tan
s6 dép mg cua nguon dién siéu am dugc coi
la trung v6i tan s6 tu nhién cua hé dau rung va
chuyen ddi ap dién. Hinh 4, thé hién hinh anh
thuc té khi lap rap va tao rung dong cho hé rung
va tan sb dap ung cua ngudn dién 1a 19971 Hz.

Hinh 2. Hinh anh mé phong tan sé tw nhién ciia
dau rung sau khi phay 2 ranh doi xung kich thuoc
8 x4 mm.

Hinh 3. M6 phong tan sé tie nhién cia dau rung
sau khi phay 2 ranh va lap 2 manh tién doi xieng ¢
hai bén.

- Chuyén déi siéu am ap
dién (Piezoelectric

- ultrasonic transducer)

‘ L
L

’Dﬁu rung

=3

Manh tién cacbit § Ngudn dién siéu am
TCMT 16T304 (Ultrasonic generator)
Hinh 4. Hinh anh thyc té tan so dap wng cua

nguon dién siéu am khi ldp dau rung va hai manh
tién cacbit TCMTI16T304.

Su sai khac giita két qua mo phong
tan sb riéng ctia dau rung va tan sd dap ung
ctia ngudn dién 13 diéu dé hiéu vi khi gia cong
dau rung c6 dung sai ché tao, tinh chit vat liéu
khong 1y twong va tan sé dap ung ctia ngudn la
cho ca hé gém dau rung, chuyén doi ap di¢n,
céc chi tiét dung dé 1ap ghép nhu vit kep chit,
mat bich, day dién... cling lam cho tré khang
ctia ca hé thay d6i, nhung su sai khac 1a khong
nhiéu 125 Hz twong duong 0,63%.

4. KET LUAN

Bai bdo nay da thyuc hién viéc phan tich
va thiét ké ddu rung ung dung trong qua trinh
tién c6 ho tro ciia rung dong siéu am. Nguyén
tac thiét ké khi ddu rung c6 dang try 1y tudng
1a ntra hodc mdt budc song, khi tang chiéu dai
1én thi tan sé ty nhién cua dau rung giam di
va nguoc lai. Tuy nhién, dau rung hd tro trong
tién co két ciu phuc tap va khi khoét cac 10,
ranh 1am ting tin sb tu nhién (twong dwong
v6i viée 1am chiéu dai ngén lai), nguoc lai khi
thém vat liéu vao lam giam tan sb di. Két qua
mo phong so véi thue nghiém sai khac nhau
khong qua 1 %. %
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