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Tém tit - Han vay thiéc co hd tro siéu am dugc timg dung dé han
céc vat liéu kho han bang céng nghé han vay mém nhu dong véi
nhom, nhém véi kinh. Dudi tac dung cua song dao dong siéu &m,
16p oxit trén bé mat vat lidu nén bj xdm thuc do hién tuong
cavitation. Vay thiéc khi d6 s& bam va dinh chit trén bé mit kim
loai nén xam thuc, tao thanh mbi han vay thiéc. Bai bao nay trinh
bay phuong phap thiét ké dau rung siéu 4m bang vét liéu thép hop
kim crom d6 bén cao. Pu rung si€u am hoat dong & thn s 28kHz,
chiéu dai d4u rung 14 bdi s6 cua nita bude séng duge tinh toan va
mb phong bang phin mém Abaqus. Pau rung siéu &m dugc ché tao
va kiém tra hoat dong trén ngudn phat siéu 4m cong sudt 400W. Két
qué mdi han vay thiéc siéu 4m dinh chit trén bé mit kinh.

Tir khéa - Han vay thiéc; siéu &m; dao dong; day nhém; Abaqus

1. Gioi thiéu
Han vay thiéc han cac vat lidu kh(") han nhu nhoém-
nhoém, kinh-day dong, tam solar — ddy déng, Hinh 1.

Hinh 1. Ung dung ciia han vay thiéc cam tay
Han vay thiéc siéu 4m tao ra lién két lién kim dwoc hinh
thanh khi 16p oxit ctia vat liéu nén bi xam thyc thong qua
tc nhén siéu &m, Hinh 2.

Dau rung siéu am

Phuong dao dgng

Bién dd dao ddng dau ra
Kim loai nong chay

Bot xam thuc

KL ddng cling

V3t lidu nén

Hinh 2. Nguyén Iy han vay thiéc siéu am

Abstract - Ultrasonic-assisted soldering welding is widely applied
in joining tough materials using the soft joint technology such as
copper-aluminium, aluminium-glass wires or plates. Under the
impact of ultrasonic vibration, the oxide layer on the surfaces of the
materials are eroded by cavitation, thus forming ultrasonic soldering
joints. This article presents a method for designing the ultrasonic
vibration horn using high strength chromium steel alloy. The
ultrasonic horn operates with its frequency of 28 kHz and its length
equal to a multiple of a half-wavelength by means of the Abaqus
software. The ultrasonic horn is fabricated and controlled via a
source of ultrasonic emission with a capacity of 400W. As a result,
ultrasonic soldering welding joint stick closely to the glass surface.

Key words - Tin soldering welding; ultrasonic; vibration; Al
wires; Abaqus

Trén thé gidi, viéc han khong chat khir oxit bang siéu
am duong nhu da dugc thir nghiém 14n dau tién & Plrc vao
nam 1936. K& tir 46 nhiéu thiét bi da duge ché tao v6i muc
dich chinh 14 loai bo chat khir oxit trong qua trinh han thong
thuong [1]. Nam 1996 nhom ctia Vianco [2] da nghién ctru
vi€c sir dung xam thyc siéu am dé han pht [én mat kim loai
ma khong can sir dung chat khir oxit. Cac nghién ctru co
ban trén dong cho thiy viéc loai bo oxit va han nhing 1a
két qua ctia ca sy an mon co hoc va cua ning lugng siéu
am tir dau rung vao chat nén. Hiéu qua han phy thudc vao
mirc cong suét, khoang cach dau rung va hinh dang hinh
hoc. Nghién ctru truong hop st dung han vay si€u am trong
bang dong cua mach in va linh kién dién tir. Nam 2012,
nhom caa Hahnlen [4] nghién ctru han hop kim niken-titan
(NiTi) tmg dung trong cac bo nhé ban din. Nghién ctru nay
khao sat sy lién két ciia NiTi va Al 2024 bang phuong phap
han vay siéu am. Cac mdi han vay dugc danh gia thong qua
kiém tra do bén, kinh hién vi quang hoc, kiém tra do cing
va tmng sudt tuong duong Von-Mises. Nam 2017, thiét bi
han vay thiéc duoc thiét ké va ché tao tai Viét Nam [5].
Nim 2019, nhém ciia Maassen [6] da phan tich phan tir hitu
han ctia dao dong siéu 4m va so sanh véi thuc nghiém. Tiép
can qua 2 cach: (1) Str dung mé hinh hoa mét chiéu dé toi
wu ho4 hinh dang dau han, cong hudng vé6i bd chuyén doi
dao dong siéu 4m, dé nang luong truyén tbi da; (2) Str dung
moé hinh ba chidu dé tinh toan dap tng tin s trong cum
chét han va ap lyc song am trong chit han long. Ap luc
song am la dai lugng cho sy xam thyc va do d6 anh hudéng
dén d6 bén cua lién két. Cac mod phong cho thdy, ap luc
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song am giam khi chidu cao ciia dau han tang, didu nay
tuong quan voi thuc té khi chat lwong lién két moi han ciing
giam khi chiéu cao dau han tang lén.

Thiét ké may han siéu 4m vay thiéc, chi tiét quan trong
nhét 1a dau rung si€u am. Do do, viéc nghién ctru thiét ké
dau rung siéu am la thyc sy can thiét.

2. Thiét ké dau rung siéu am

Nguyén Iy hoat dong ctia hé siéu 4m nhu Hinh 3: Ngudn
phat si€u am nhén nguén dién xoay chiéu 220V/50Hz va
b1en chung thanh tan s 28 kHz. Nang luong nay duoc
truyén téi bo chuyén doi gébm éap dién, gitp chuyén d6i dao
dong dién thanh dao ddng co cung tan s6. Bién do dao dong
co & dau ra ciia by chuyén doi dugc khuyéch dai va truyén
qua dau rung dén bé mat lam viée.

ZZIZI\LSQ.‘EQH.Z- 7 28kHz _ "L\
Nguon phat
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e

Hinh 3. Nguyén ly phét siéu am

Diu rung dong vai tro rit quan trong, anh hudng truc
tiép dén chét luong san pham va kha ning cong nghé. Pau
rung duogc thiét ké tiry thude vao vi tri ga dat, khong gian
sir dung va san pham tng dung.

O day, dau _rung siéu 4m dang thanh lam viéc theo
nguyén ly truyen song doc trén thanh try tron tai tan s
28kHz, hé sé khuéch dai (gain) dugc xac dinh boi ty 18 giira
bién do dau ra so véi bién do dau vao béng céch diéu chinh
mit cit & dau vao va dau ra. Di voi mot tan sb 4m cd dinh,
chiéu dai dau rung siéu am duoc tinh nhu sau:

n E

=05 [3]

2fn

Trong do, tan s tu nhién fn phu thudc vao module dan
héi E va khéi lugng riéng cua vat lidu p. Cong thirc chi
chinh x4c dbi véi chi tiét mode-order (n) thip tirc 1a c6
chiéu dai thanh gp nhiéu lan duong kinh.

Pau rung siéu 4m duoc thuong duoc ché tao bang hop
kim titan, hgp kim nhém hodc thép hop kim crom. Trong
d6 thép hop kim crom 1a loai vat liéu dé tim & Viét Nam,
duoc do bén moéi va mai mon trong thoi gian dai nén duogc
chon lam vat liéu chinh trong nghién ctu.

Thiét ké cta bd chuyén doi 1a thiét co tiéu chuan cho
tan s6 28kHz, ddu ra kich thudc 20mm, kich thudc lam viée
ctia dau rung chon 5mm, hé s6 khuéch dai tinh dugc 1a 1,5.
Dau rung siéu am duoc thiét ké va két qua mo phong Modal
Analysis trén phin mém Abaqus, v6i lan lugt cac budce
song 1a 0.5, 1A, 1.5% va 2\ — Hinh 4-7.

Bing 1. Céc théng sé sir dung trong mé phéng

Vatliey | Moduledan Khdi lwgng Hé s6
R hoi (GPa) riéng (Kg/m?3) poisson
Thép

SCM440 210 7850 0,3

220 o882

U, Magnitude
+1,0008+00
+9,16%01
+8.33%01
+7.508e01

- +6.678&-01
+5.8470-01
+5.017e01

+44,186e-01
43,356e-01
42,525¢-01
+1.695e-01
48.640e-02
43.347e-03

Hinh 4. Thiét ké va két qua mé phong dau rung 0.5\ — mode dao
dong tai 27916 Hz
#20 882

= 5

185

Hinh 5. Thiét ké va két qua mé phéng dau rung A — mode dao
dong tai 28259 Hz
420 98,82

Hinh 6. Thiét ké va két qua mé phéng dau rung 1.5} — mode dao
dong tai 27990 Hz
920 9882

373

Hinh 7. Thiét ké va két qua mé phong dau rung 24 — mode dao
dong tai 27793 Hz

Két qua mo phong cho thiy, dau cudi cung s& co bién
d6 dao dong I6n nhat va 1a noi c6 (ng suit nhé nhat. Cac
dlem nat glua cua thanh c6 bién d6 dao dong thip véi ung
suét 16n nhét va 1a khu vuc dé hu hong cua diu rung, ciing
12 noi hinh thanh cac vét nut. DSi v6i cac dau rung véi cac
budc song khac nhau, cho ra cac kich thuge chiéu dai khéc
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nhau, tir d6 ¢ thé chon duoc dau rung chiéu dai 1,5 A do
c6 vi tri (ng suat 16n nhat vira phai — 2 vi tri, kich thudc
phi hop Vvéi co cdu ga dat va khdng qua 16n so voi mot
stng han nhiét thuan tuy.

Dau rung dugc thiét ké 1ap vao sung han, Hinh 8, véi
cic bo phan chinh: (1) Cong két ndi; (2) Pai 6c M10;
(3) Vong thach anh 25x10x5; (4) Dai 6¢ M35; (5) Khéi
nhoém 02; (6) Pau truyén nhiét trung gian; (7) Trd nhiét;
(8) Pau rung siéu am; (9) Ong inox; (10) Dém nhua;
(11) La dong; (12) Khéi nhém 01; (13) Vo nhuyra.
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Hinh 8. So dé cdc bé phdn chinh ciia sing han
3. Ché tao

Fa: 28.065 kHz

b)

|Za|: 114.37 kOhms

| Fr: 27.654 kHz
“\ |2r: 17.20 Ohms

{ “\ Fo: 27.859 kHz
g ’-"\\ - Qm: 2933
3 !

258 26 265 27 215 28 285 29 20529.7
Frequency (kHz)
Fa
€) Log(z)i&
Fa: 28.004 kHz
|2aj: 34.04 kOhms
Fr: 27.823 kHz
@ Fe [Eri: 52.60 Ohms
8 Fo: 27.964 kHz
Qm: 4586
nited A
w82 285w ws s 2 dgsey

Frequency (kHz)

, Hinh 9. Pdu rung thép 1,54 (a), va
ket qua do impedance trudc (b) - sau (c) khi nhiét luyén

Dau rung siéu am dugc gia cong tir thanh thép tron
SCM440, d6 vudng goc 16 ren va do nham bé mit giita
phan tiép xtc bo chuyén dbi va dau rung rat quan trong.

Nham tang do ben dau  rung dugc nhiét luyén. Sau khi
nhiét luyén, tan sO giam xap xi 200Hz, két qua md phong
va thuc té 1a gan nhau, do c6 sai s trong cac thong sb
vat liéu.

a)

Resurts

b) T B

Fa Ik 114.37 kOPms
vog (7)) 1 o -

Log (121}
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Hinh 10. Pdu rung titan 0,5 1 (a) va két qua do impedance (b)

4. Két qua

_May duogc gia cong va lap rap, Hinh 11. Bao gdm bd
diéu khién nhiét (a), nguon phat siéu d&m (b) va sing han
cam tay (c).

Hinh 11. Mdy han vay thiéc cam tay 28kHz
HE si€u am 28kHz vdi cong suét 400W, »ngu(‘")n dién
229V/50Hz, bao gom nguon phét, bd chuyén d6i dugc phat
trién boi Cong ty TNHH Thiét Bi Siéu Am Viét Nam.
B6 diéu khién nhiét duoc thiét ké va 1ap rap bang cac
linh kién tai Viét Nam, cong suat trd nhiét 100W, nhiét d
toi da 400°C.

4.1. Cdc nguyén tic vin hanh

Khi bit dau thi nghiém, b gia nhiét s& dugc khoi dong
trude 15°. Sau khi dau rung duge nung néng va c6 kha nang
lam thi€c chay long khi tiép xuc. Trudce khi bat dau quy
trinh han, thoi gian dao ddng si€u am cua dau rung s€ dugc
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cai dat trén timer ¢ b phat si€u am, dao dong s€ ty tat sau
mot khoang thoi gian nhat dinh. Dau rung sé tiép tic voi
thiéc han trude, tao ra thiéc han chay long tiép xuc véi vat
han trudce khi phat siéu am.

Céc thong s cong nghé: Thoi gian chd trude khi han
tir > 3s, thoi gian phat siéu am tir 0,1s dén 40s, nhiét do dau
han tir 250- 350°C.

Hinh 12. Qud trinh han vay thiéc trén manh kinh
4.2. Méu han

Hinh 13. Mdu han vay thiéc (a) c6 sidu am va (b) khdng siéu &m

Keét qua thé hién trong Hinh 13, v6i vét han ¢6 siéu am,

thiéc han bam dugc 1én cac bé mat cua tim kinh. Khi khdng
6 siéu am, thi€c han tao thanh khoi cau, khong bam 1én bé
mat kinh.

5. Két luin

Nhom tac gid da thiét ké va ché tao dau rung siéu am
cho phuong phap han vay thiéc. Qua trinh thiét ké va mo
phong dugc thyc hién biang phan mém Abaqus. Nghién clru
da thiét k& va ché tao thanh cong dau rung siéu 4m véi tin
s6 28 kHz. Pau rung siéu am sau d6 dwoc tmg dung cho
han vay thiéc trén nén kinh budc du cho két qua tot.

Loi cam on: Nghién ctru duoc tai trg baoi Pai hoc quéc gie}
Thanh pho H6 Chi Minh (PHQG-HCM) trong khudn kho
dé tai ma so B2019-20-08.
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