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Tom tat

May khudy siéu am la thiét bi ding d@é hoa trgn
cac hon hop chdt léng - chat long, chat léng - chat
ran rat hiéu qua. Qué trinh hoa trgn siéu am la 1
qud trinh co hoc d@é giam kich thuéc hat va phan
bé déu cac chat trong han hop chat léng. Trong
may khudy siéu am, dau rung déng vai tro rat
quan trong, dnh huong truc tiép dén chat leong
san pham va kha ndng cong nghé. Pau rung dwoc
thiét ké tiy thugc vao cac #ng dung. Moi may
khudy c6 thé duwoc trang bj nhiéu dau rung khéc
nhau tly theo cac madu khudy khdc nhau. Padu
rung duot ché tao tir hop kim cia Titan la cé dac
tinh ki thugt tot nhat. Tuy nhién gia thanh cua
bang hop kim Titan 14 rdt cao so véi cac vt liéu
khdc nhie thép, nhém. Bai bdo ndy trinh bay vé
nghién cizu ché tao thir nghiém dau rung bang hop
kim nhém cho may khudy ing dung cong nghé
siéu am thay thé cho dau rung bang hop kim Titan.
T khoa: May khudy siéu dm, dau rung/thanh
rung, hop kim nhém.

Abstract

Ultrasonic homogenizers are powerful tools to
mix and homogenize solid - liquid and liquid -
liquid suspensions. Ultrasonic homogenization is
a mechanical process to reduce particles in a
liquid so that they become uniformly small and
evenly  distributed. In The ultrasonic
homogenizers, homogenizing tool called a
sonotrode/horn, is very important part which
directly affect to mixing or homogenization
quality. The horn is designed depending on
certain application. A homogenize can be
equipped with a several horns for many cases of
working. The ideal material for manufacturing
horn is titanium alloy. However, Titanium alloy is
more expensive than iron or aluminum alloy. This
paper will present a study on developing the
aluminum alloy horn for ultrasonic homogenizers

which can be an option for replacing the titanium
alloy horn.

Keywords: Ultrasonic homogenizers, horn/
sonotrode, aluminum alloy.

1. Gigi thigu

Nguyén ly khudy siéu am thé hién & Hinh 1.
Ngudn phét siéu am nhan nguon dién xoay chiéu
220V/50Hz va bién chung thanh dao dong dién tan sé
siéu am (20, 30, 40,... kHz). Dao dong nay dwuoc
truyén téi bo chuyén dbi gém ap dién, gidp chuyén doi
dao dong dién thanh dao dong co cung tan sb. Bién do
dao dong co & dau ra caa bo chuyén doi lan luot duoc
khuyéch dai qua bo khuyéch dai (booster) va truyén
dén dau rung (horn). Dao dong véi tin sb siéu &m cua
dau rung dugc truyén téi chit 1ong can khudy. Dudi
tac dung cua dao dong siéu am cac thanh phan chit
long, chat rén trong hdn hop can khudy s& dugc chia
nho, hoa tron, khuéch tan vao nhau.
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Hinh 1. Nguyén Iy khudy siéu am
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Hinh 2. Céc dang dédu rung siéu am
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Dau rung la chi tiét tiép xdc truc tiép va truyén dao
ddng co hoc tir may khudy siéu am vao dung dich can
khudy. Tay thugc vao tng dung ma du rung dugc ché
tao theo kich thuéc va hinh dang khac nhau nhu trong
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Hinh 2. PAu rung la vat liéu tiéu hao, thuong duoc
thay thé sau khoang 6 thang dén 1 nam hoat dong. Vat
liéu ché tao dau rung thuong 1a hop kim titan.
2. Ché tao dau rung
2.1. Ly thuyét thiét ké dau rung

Nhiém vu chinh caa dau rung siéu &m la khuéch
dai bién do dao dong dén mic do phu hop tai bé mat
lam viéc. Dong thoi truyén niang luong co hoc tir hé
transducer/bd chuyén d6i va booster/bd khuéch dai
(néu c6) dén bé mat lam viéc. Khi hoat dong cac phan
ttr ciia dau rung co va gidn theo truc cua né va vai tan
s6 dao dong tuw nhién. Vi vay bo chuyén doi, bo
khuéch dai va dau rung can phai dugc cong huong véi
nhau. Tan s6 dao dong ty nhién cua dau rung phu
thuoc vao chiéu dai cua nd va duoc tinh theo cong
thac séng (1), nhur sau [1-3]:

ﬂ:czlf:m (1)
fo f\p

Trong d6, | 1a chiéu dai dau rung, A 1a budc song,
fo 12 tan s6 dao dong tu nhién, ¢ 1a van toc truyén séng,
E va p 1a md dun dan hdi va khéi lugng riéng cua vat
liéu lam dAu rung twong tng.

Tinh toan kich thudc chinh xac cua dau rung 1a vo
cling quan trong. Kich thudc dau rung lubn 13 boi s6
cua nira budc song.

Trong nghién ctru nay, dau rung dang buéc, Hinh
3, duoc thiét ké va ché tao sir dung hop kim nhém
A7075 véi cac thdng sé cong nghé nhu: tan sb 1am
viéc 20kHz, bién d6 dao dong la 65um, hé s6 khuéch
dai la 2,5 va dién tich lam viéc la hinh tron ban kinh
15mm. Bién d6 dao dong doc truc dau rung dugc phan
mém CARD (Computer Aided Resonator Design) md
phong nhu Hinh 4.

121,6
130,7

Hinh 3. Bién dgng dédu rung thiét ké
Dao dong doc truc ciia dau rung bao gom dao dong
nén va dao dong dan. Trong két qua mé phong, néu
chon diém s 2 1am gdc, chinh 14 diém gdc trong lap
ghép chi tiét, thi dao dong cua toan bo dau rung dugc
biéu dién nhu trén Hinh 4. O day bién d6 & diém 4 1a
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I6n nhat va bang 65 um, truc tung biéu dién ti s6 gitra
bién d6 dao dong doc truc tai cac diém trén dau rung
V6i bién d6 16n nhat. Két qua md phong ¢ Hinh 4 cho
thiy mau thiét ké dau rung bang vat liéu nhdm A7075
nay dap ung dugc yéu cau vé dao dong lam viéc.
Trong phan mém CARD, tan sé cua dau rung cé thé
diéu chinh bang cach diéu chinh céc théng s cong
huéng nhu: chiéu dai, chiéu day hoic duong kinh, va
vi tri ban kinh chuyén tiép. Ngoai ra, CARD ¢4 thé tu
dong diéu chinh tang va giam thiéu tng suat. Dya vao
cac théng s6 dau vao phan mém CARD s& tinh toén
theo mat cat ngang doc truc dao dong dé dua ra kich
thuéc chiéu dai dau rung phu hop voi tan s6 cong
huéng cia hé. Hinh 5 1a két qua mé phong trong
CARD ung suat doc truc cia dau rung. Ung suit toi
han khe va @ng suét téi han bo tron s& dugc xac dinh
bai cac dir liéu dau vao nhu vat liu, kich thude dau
rung, tan sb lam viéc,... Ung suit doc truc cua dau
rung phai nhé hon cac ng suét téi han dé tranh hién
tuong nit, pha hity dau rung khi 1am viéc. Trong Hinh
5, tng suét doc truc, dic biét tai cac vi tri cd khe ho
(diém c6 chiéu dai 30 va 121,6mm) va c6 su thay doi
tiét dién (tr 60 dén 90mm), da duoc diéu chinh lya
chon théa man nho hon Gng suit téi han.

2.2. Két qua thiét ké
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Hinh 4. Phan bé dae déng doc truc ciia ddu rung
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Hinh 5. Phan bé sing sudt dec truc ciia dédu rung
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Thong thudong dau rung duoc ché tao tir vat ligu
tiéu chuan 1a hop kim titan. Trong nghién ctu nay
nhém tac gia da chon hop kim nhém A7075 véi cac
ddc tinh nhu Bang 1 va Bang 2 [4].

Bdng 1. Thanh phén héa hec ciia nhém A7075

Nhom/ Aluminium (Al) 87.1-914%
Crém / Chromium (Cr) 0.18-0.28%
Ddng / Copper (Cu) 1.2-2.0%
Sét/Iron (Fe) 0.5 max
Magié / Magnesium (Mg) 21-29%
Mangan / Manganese (Mn) 0.3% max
Silic / Silicon (Si) 0.4 max
Kém / Zinc ( Zn) 5.1-6.1% max
Titan/ Titanium ( Ti) 0.2 max

Bdng 2. Ddc tinh co Iy ciia nhdm A7075

7075 Aluminium/ Physical and Mechanical property / Minimum Properties
Coly tinh
Gi¢ han bén kéo / Ultimate Tensile Strength, psi 83,000
Do bén nén / Yield Strength, psi 73,000
6 cling Brinel/ Brinell Hardness ( HB) 150
D0 eling Rocwel / Rocwel Hardness ( HRC) B87
Mat d thé tich/ Density (Ib / cu. in.) 0.101
Trong lugng riéng / Specific Gravity (kg/m3) 280
Nhit o néng chéy / Melting Point (Deg F) 900
Modun kéo dan hai / Modulus of Elasticity Tension 10.4
M8 dun xoan dan hdi / Modulus of Elasticity Torsion 38

Cac két qua mod phong trong CARD cho thay ring
dau rung bang hop kim nhém 7075 hoan toan c6 thé
sir dung lam dau rung cho may khudy siéu &m thay thé
dugc dau rung bang hop kim titan trong mot sé ung
dung khudy siéu am [2]. Tur két qua tinh toan, md
phong va lua chon vat liéu, phoi dugc tién hanh phay,
mai va ma dé thu duoc dau rung nhu Hinh 6.

Hinh 6. Pdu rung sau khi gia cong

2.3. Két qud thec nghiém

Dau rung sau khi gia cong duoc lap dit thir nghiém
trén may khudy cua Cong ty TNHH Mecstech Vina,
nhu Hinh 7.

Tién hanh khudy tron bang may khudy thuc té, so
sanh két qua giita khudy tron hdn hop chét long bang
may khudy siéu &m véi phuong phap khudy tron
truyén thdng. Tur d6 cho thdy diém vuot troi cua
phuong phap khudy tron bang siéu am. Trong thi
nghiém c6 02 mau hdn hop chat long dugc khuay, két
qua dugc tom tat trong Bang 3 va Bang 4.
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Hinh 7. May khudy siéu am 20kHz véi khuon han

Bdng 3. Mdu 01: Hén hgp nuwéc tra - Dau diesel

Méiu  Thanh Hon hop Hoén hop Hon hop
phan ban diu Khudy tay Khuiy bang
may
1 Nude tra
va Dau
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diesel

Bdng 4. Mdu 02: Hén hep Sira tdm - Siza cam - Dédu
diesel
Miu  Thanh Hoén hop Hoén hop Hoén hop
phin ban dau Khudy tay Khuﬂy bing
may

3 Sira tim,
sira cam — ——= — !—-a >
va dau L = j 2

ey A T

diesel

Céc mau s& duoc khudy bang dung cu khudy co
hoc trong 05 phut (300 gidy), cac mau khudy bang siéu
am sé duoc khudy 15 gidy (mau 01) va 20 gidy (mau
02). Tir cac mau thi nghiém trén rat dé dang dé danh
gid bang mét thuong rang hiéu qua khudy biang may
siéu am la ndi troi hon rat nhidu so véi phuong phap
khudy dung cu khudy thong thuong vé ca thoi gian 1an
d6 hoa tan. Sau khi khuay tir 5-10 phat thi mau khudy
thong thuong s& bi tach pha tré lai trong khi mau
khudy bang méy siéu am hau nhu khong tach pha va
sau 25 ngay thi mai bat ddu cé hién twong téach pha.

3. Két luan

Bai bao da tong hop cac kién thirc vé nguyén Iy
hoat dong, tng dung ciia cong nghé khudy siéu am;
dua ra phuong phap thiét ké dau rung. Cac téc gia da
sir dung phan mém CARD dé thiét ké ché tao dau rung
hop kim nhém A7075. Dau rung duoc gia cong va thi
nghiém trén mot s6 mau hdn hop dung dich cho két
qua t6t vuot troi so véi khudy thii cdng ca vé thoi gian
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va chat lwong dung dich thu dugc.

Két qua nay c6 thé hudng dén viéc san xuat va nji
dia hoa san pham dau rung siéu &m véi vat liéu thay
thé 1a hop kim nhom A7075. Bong thoi c6 thé nghién
ctiu ché tao cac ung dung khéc cua khudy siéu &m
nhu:

- Ché tao bo hoa tron nhién liéu online cho dong
co diesel sir dung nhién liéu hon hop;

- Ché tao cac méy pha ché siéu am;

- May trich ly st dung céng nghé siéu am.
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