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Abstract: Friction tight welding (FSW - Friction Stir Welding) is a new welding technology, does not
use filler metal to fill the weld, has almost no deformation and no crystallization cracks, environmentally
friendly There is no hot process, no toxic gas is created when welding, no arc rays or energy radiation,

high efficiency of energy and material use.

This article researches and designs friction welding tools for butt welding of parts made from aluminum
alloys, experimentally evaluates the quality of welding tools and the quality of friction welds when welding

aluminum alloys.
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1. Dit van dé

Ngay cang c6 nhleu phuorng phép han khac nhau
ra doi dé giai quyét van dé téi uu hoa sir dung nguyén
vat li¢u, nang lugng, bao v¢é mai truong,... Cac cong
nghé han néng chay nhu TIG, MIG/MAG, han tu
dong dudi 16p thudc,... dan boc 10 nhitng nhuoc
diém va it tmg dung dé han vat lidu hop kim
nhom. Han ma sat khudy (FSW) 1a mot cong
nghé han moi, khong str dung kim loai phuy dé
dién ddy mbi han, hau nhu khong bién dang va
khong co vét nut két tinh, than thién v6i moi
truong do khong c6 qua trinh nong chay, khong
tao khi doc khi han, khong phat tia hd quang
va nang lugng buc xa, hiu qua sit dung nang
lugng va vat liéu cao.

Nhém va hop kim nhém ngay cang dugc su
dung rong rai trong cong nghié€p do nhiing uu
diém nhu: khéi lwong riéng thip, gia thanh thip,
c6 hé sé dan dién, dan nhiét cao, d& cong tao
hinh, .... Pay la nhém vat li¢u kho han khi ap
dung cong nghé han nong chay, tuy nhién rat
phu hop khi han ma sat khudy (FSW).

Phan tich, nghién ctru va hé thong hoa céac kién
thirc cong nghé han FSW va thiét ké, thuc nghiém
dung cu han FSW tng dung trong han hop kim nhdm
la nd1 dung chinh ctia nghién curu nay.

2. N§i dung nghién ctru
2.1. Khdi niém cong nghé han ma sadt khud'y (FSW)

Han ma sat khudy 13 qua trinh sir dung dau khudy
(cong cu khudy) quay & toc do nhat dinh, tao ra nhiét
nhd ma sat trong phoi. Bang cach tic dong cua dau

Mép truee cia vai dau

khudy trén mot dudng dinh trudc trén phdi han, kim
loai co ban néng 1én lam chung chay déo, khuéch tan
vao nhau va tao ra dudng han sau khi dau khudy di
qua [1].

Hé thong han ma sat khudy hoat dong theo nguyén
1y nhu biéu dién trén hinh 1 [1]:

Ving 1ai mai han

Kheiry

Mep sou oa vai
Aau klvaay

Budc ren cia dan khuay

Hinh 2.1. Nguyén Iy han ma sdt khudy

Bing cach gitr cho dau khudy xoay va di chuyén
doc theo dudng han dé thyc hién qua trinh han, vat
liéu mém ra va khué tron voi nhau tao thanh mot mbi
han ma khéng nong chay. Nhimg méi han nay yéu
cau nang luong dau vao thap, khong can sir dung vat
liéu phu va hau nhu khong bién dang.

Mbi han ma sat khudy thuong bao gom 4 ving
(Hinh 2.2):
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Hinh 2.2. Cdc ving vdt liéu trong moi han ma sat
khudy

a) Kim loai co ban: khong bi anh huong nhiét

b) Vung anh huong nhiét (HAZ)

¢) Vung anh huong co nhiét (TMAZ)

d) Vung khudy bang ma sat (FSP).

Su hinh thanh céc viung nay bi anh hudng bdi su
chuyén dong ctia dong chay vat lidu dudi tic dung
ctia cong cu khong tiéu hao. Cac chuyén dong dong
chay chiu anh huong 16n boi cac thong sé hinh hoc
clia cong cu va cac thong s6 qua trinh han [2,3].

2.2. Uu nhwoc diém ciia céng nghé han ma sdt
khudy hop kim nhom
2.2.1. Uu diém:

- La qué trinh han & trang thai ran nén n6 dugc
ap dung cho tét ca cac hop kim nhom ma khong xay
ra nit nong, rd khi, mat mat phan ti,... dy 1a nhitng
van dé pho bién khi han nhiét hop kim nhom.

- Qua trinh han nhu mot qua trinh co hoc, it c6 su
can thiép thu cong nén né it phu thudc va tay nghé
tho han.

- Khéng can sir dung khi bao
vé va kim loai phu.

- Giam thiéu co ngoét kim
loai so v&1 han nong chay, do do
gian dang ké bién dang khi han.

- Linh hoat trong viéc c6 thé
han ndi cung lic voi mot, hai
hay nhiéu chi tiét va c6 thé han
0 moi vi tri khac nhau.

- Bac tinh co hoc cao hon so
v6i cac phuong phap han khac.

- Than thién moi truong: khong co6 tia UV hodc
cac mdi nguy han vé birc xa dién tir vi khong c6 hd
quang.

- Nang luong yéu cau tai mdi han & murc thap so
v6i cac phuong phap han khac.

- Toc d6 han cao hon cac phuong phéap han khac.

(a) Dau khay
dang 6 van
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(b) Dau khuay
dang méi chéo
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2.2.2. Nhuoc diém:

- Do sir dung may han chuyén dung nén han ché
trong viéc han cac mdi han nho 1¢, don chiéc.

- Ton tai vét 16m cudi dudng han.

- Khé ngin mot phan vat liéu theo dong xody
thoat 18n trén bé mat.

2.3. Thiét bi va cong cu han ma sdt khudy.

Hién nay, chua c6 thiét bi chuyén dung cho han
ma sat khudy ma chii yéu thyc hién trén may phay
dung. May phay dung truyén thong hodc may phay
CNC déu c6 cac thong sé ky thuat dam bao cho viée
thuc hién nguyén céng han ma sat khudy. Viéc thiét
ké cong cu han (dau khuéy) la n6i dung quan trong
duogc tap trung nghién ciru, phat trién. Tdi vu thong
s6 hinh hoc cua cong cu dé ning cao hiéu qua va chat
luong mbi han. Dung cu han ma sat khqu 6 cu tao
bao gdm 4 phan chinh (chudi, vai, ddu khudy va dinh
dau khuay) nhu biéu dién trén Hinh 2.3 [4]:

Hinh 2.3. Cdu tao chung cua dung cu han ma sat
khudy

Thiét ké vai va du khudy co vai tro hét strc quan

trong anh huong truc tiép dén chét luong mbi han.

Mot s6 thiét ké dién hinh dugc biéu din trén hinh 2.4.

'IIUC Vi EOC
xoén ting dan

(d) Dau khuay
cdt 3 rinh cin

(c) Bau khuay

, 2 (e) Dau khudy 6
vt 3 mit can

bude xodn thay doi

Hinh 2.4. Cdc dang thiét ké co ban ciia dau khudy
2.4. Thiét ké dung cu han ma sdt khudy hop kim
nhom
2.4.1. Lua chon vit liéu ché tao dau han ma sat khu-
dy

Hop kim nhom dugc Iya chon 1a tdm 5052 chiéu
day Smm vdi cac tinh chét co 1y hoa nhu Bang 1.
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Bdng 2.1. Tinh chat co' Iy ciia hop kim nhém A5052

Tinh chét S6 lidu
Khéi lugng riéng 2,713 g/em?
Nhiét dd nong chay 643-657 °C
Hé¢ s6 dan no nhiét 23,6.10/°C
Modul dan hdi 70-80 Gpa
Heé s6 dan nhiét 218 W/mK
Do bén 166 Mpa
Do bén kéo 152 Mpa
Do gian dai 5%
Do cliing 28 HB

Can ctr vao tinh chat ctia hop kim nhém A5052,
vat liéu ding dé ché tao dau han phai dam bao tinh
bén nhiét, kha ning chéng mai mon, khong tuong tac
v6i vat liéu phoi han, hé sd gidn nd nhiét thap, do dai
va dap tt, ... Tir d6, trong pham vi nghién ctru nay
sir dung thép SKD61 lam vat liéu ché tao dau han,
day la thep hop kim crém c6 do cling cap va kha
nang chdng mai mon tdt sau nhiét luyén (d6 cimg c6
thé dat 53HRC sau nhiét luyén).

2.4.2. Ché tgo dung cu han ma sat khudy

Cin cir vao cac nghién ctru vé cac loai dau khudy
va vat liéu kim loai han, thiét ké duoc dung cu khudy
nhu hinh 2.5.
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2.4.3. Thuee nghiém han ma sat khudy va xdy dung
quy trinh han.

Thuc nghiém dung cu han da ché tao véi toe do
dau khudy n=630 vong/phut va budc tién f=25mm/
phit. Hinh 2.6 biéu dién san pham ciia mdi han.

Hinh 2.6. Méi han ma sat khudy thuwc nghiém

Két qua cho théy chat luong mdi han t6t, bé mat
méi han c6 tinh thAm my cao nhung dung cu han
(d4u han) co hlen tugng madi do lam viéc voi diéu
kién md men xodn kha 16n.

3. Két luan

Han ma sat khudy ap dung phu hop véi vat
liéu hop kim nhdm, cho phép tu dong hoda va nang
cao chat lugng mdi han.

Chat lugng mdi han phu thugc vao két
cdu dau khudy va cac thong sb cong nghé
khi han. Trong d6 anh hudong 16n nhat 1a tc
d6 vong quay va budc tién ngang cua dau
khuéy.

Dung cu han duogc ché tao thanh cong,
két qua thyc nghiém cho chét luong mbi han
t6t, ¢6 tinh thim my cao.

i Tai liéu tham khao

B8 oy 5=
D o™ 2 Phay 3 rignh trin RZ
~ =
S e ®
©
wn
"
— — — — - — — NF
i
03 48%
161
275
7551

Hinh 2.5. Ban vé thiét ké va dung cu khucfy
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