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DANH GIA CHAT LUONG MOI HAN KHI HAN MA SAT KHUAY CcO
HO TRQ DIEN AP

WELD QUALITY ASSESSMENT WHEN WELDING FRICTION STIRRING WITH
VOLTAGE

Lé Thai Son, Lé Phi Cwong
Truong Pai hoc Su pham K¥ thuat Vinh

TOM TAT

Bai bdo gici thiéu két qua nghién civu thwe nghiém nghién ciru anh hwong cia dién dp dén
chdt lwong moi han EAFSW trén may phay CNC c6 so sanh véi két qua han FSW khéng hé tro ciia
dién dp ciia nhém nghién ciru khdc. Cdc théng sé ché dé han dwoc khdo sat gom: Toc dg quay truc
chinh (S), vén toc han (F), lwong dich chuyén ciia dau khudy (1) va dién ap hé tro (U) ¢é anh hwéng
ddng ké dén co tinh moi han. Két qua danh gid chdt eong moi han EAFSW cho thdy dé bén kéo ciia
méi han tang lén tir 167 MPa dén 174 MPa so véi han FSW.

Tir khoa: FSW — Han ma sdt khudy; EAFSW — Han ma sdt khudy c¢é hé tro dién dp.
ABSTRACT

The article presents the results of experimental research on the influence of voltage on the
quality of EAFSW welds on CNC milling machines compared with the results of FSW welding
without voltage support of another research group. The investigated welding mode parameters
include: Main shaft rotation speed (S), welding speed (F), displacement of the stirring head (t) and
supporting voltage (U) which have significant effects on the mechanical properties of the weld. The
results of the evaluation of the quality of EAFSW welds show that the tensile strength of the weld
increases from 167 MPa to 174 MPa compared to FSW welding.

Keywords: F'SW — Friction stir welding; EAFSW — Voltage assisted friction stir welding.

1. PAT VAN PE dong gop 16n cho cac nganh cong nghiép [1],
[2]. O ngoai nudc, dé nang cao chat luong mbi
han khi han FSW d3 ¢ nhiéu cong trinh di sdu

nghién ctru nhu: Han ma sat khuady ho trg siéu

Han ma sat khudy dugc phat minh va
thuc nghiém vao nam 1991 tai Hoc vién han

ciia Vuong Qubc Anh (The Welding Institude
- TWI) boi John Wayne va cac dong su. Tur khi
ra doi cho dén nay, han ma sat khuay (Friction
Stir Welding - FSW) da tr¢ thanh mot linh vuc

am (UAFSW), Han ma sat khqu hd tro dién
ap (EAFSW) duoc phan tich ving khudy (SZ),
vung anh hudéng nhiét co hoc (TMAZ) va vung
anh huong nhiét (HAZ).
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Han ma sit khudy — Friction Stir
Welding (FSW) [2] ¢6 thé dugc cho 13 mot linh
vuc kha méi mé dang c6 nhitng budc tién 16n
gan day, 1a mot hudng cong nghé than thién
voi moi truong do khong tao khi doc khi han,
khong phat tia hd quang va ning lugng birc
xa. Ngoai ra, FSW khic phuc duoc nhiéu khé
khan ma nhitng giai phap han truyén théng méc
phai, khong can dung kim loai phy dé dién day
méi han, mbi han bién dang it va khong bi nit
khi két tinh [4], [5]. Tuy nhién, van d& can tap
trung nghién ctru dé dua cong nghé han FSW
sang cong nghé han EAFSW nham néang cao
chat lugng mdi han dang con 1a huéng mé. Tac
dung cua dong dién mdt chiéu tao nén sy dich
chuyén dién tich trong qua trinh han, di tham
gia lam néng phoi tao nén su khac bi¢t gitra han
FSW so v61 han EAFSW. Qué trinh st dung
mot dau khqu it bi an mon dé tao ra sirc nong
ma sat trong phoi [3]. Han EAFSW ciling dugc
hinh thanh theo 3 giai doan: Giai doan dau (1am
nong so bo); Giai doan chinh (khudy vat liéu);
Giai doan két thuc (1am nguoi va dong dic): vat
liéu han nguoi dan va két tinh thanh méi han c6
d6 bén cao [6]. Khi dugc hd trg dién ap, co tinh
moi han EAFSW duoc ting 1én dang ké so voi
han FSW.

O Viét Nam, cong nghé han FSW va
EAFSW dang duoc nhiéu nha nghién ciru dua
vao tng dung trén thuc té. Tuy nhién, nhiing
cong b vé van dé nay con it, vi viy nghién ciru
anh huong ciia mot s6 ché do han EAFSW dén
chat lugng mdi han trong cong trinh nay 1a can
thiet.

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét bi thi nghiém

Str dung may phay CNC, Vcenter-85
(DPai Loan), dau khudy duoc ché tao bang thép

hop kim 40Cr (Lién bang Nga) dugc boc cach
dién. Phoi dung thi nghiém Ia hop kim nhom
tam A5052 c6 chiéu day 5 mm (xuat xu tir
Malaysia). Kiém tra chat lwong mbi han bang
may siéu am OLYPUSEPOCH 600 (Hoa Ky).
Do bén kéo mbi han dugc xac dinh khi thuc
hién thir pha hity mau trén may kéo - nén TYE
— 2000 (Lién bang Nga). St dung may do rung
dong dé danh gia va so sanh d6i chimg chit
lwong mdi han khi han EAFSW so vé6i han
FSW.

Khi nghién ctru vé& han FSW, tac gia [1]
da chon cac s6 lidu trong bang 1. Tir cac nghién
ctru ctia [2], [3], [4] va [6] chon ché d6 han thur
nghiém nhu bang 2.

Bdng 1. S6 liéu thi nghiém khi han FSW

Toc do Vagln toe Lu:qng Dién 4p
i s b

phut) phat) | (t, mm) U, V)
01 800 50 0.15 0
02 800 100 0.15 0
03 800 150 0.15 0
04 800 200 0.15 0
05 1000 50 0.15 0
06 1000 100 0.15 0
07 1000 150 0.15 0
08 1000 200 0.15 0
09 1200 50 0.15 0
10 1200 100 0.15 0
11 1200 150 0.15 0
12 1200 200 0.15 0
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Bdng 2. Ché d¢ han EAFSW thir nghiém va két qua

Téc do Vin toc Lwong Dién dp
T qu‘:ly (S, | han (F, d;cl; h (;; tro

vong/ mm/ | chuyén (U V.)

phut) phut) | (t, mm) ’
01 600 50 0.15 3
02 600 100 0.15 6
03 600 150 0.15 9

2
04 600 200 0.15 12 - ; .
Hinh 2. Thiét bi cung cap dong dién mot chiéu:
05 800 50 0.15 3 1. Pong ho hién thi; 2. Niim diéu chinh.
1 .1 £ 2 s A
06 800 00 015 6 2.2. Két qua thi nghiém
07 800 150 0.15 9 )
* Tién hanh thyc nghiém theo bang 1 va bang 2,

08 800 200 0.15 12 thu nhan dugc cic két qua nhu sau:
09 1000 50 0.15 3
10 1000 100 0.15 6
11 1000 150 0.15 9
12 1000 200 0.15 12

Hinh 1. So do hé thong thuwc nghiém nghién ciru danh
hieong cua dién dp dén chdt livong méi han EAFSW:

1. Thanh kep; 2. Tt am cdch dién; 3. Phoi han, 4. Hinh 3. Két qua siéu am mau 06 khi han FSW so
Bac tiép dién; 5. Pau khudy; 6. Léi than chi; v6i han EAFSW: (a) Siéu am khi han FSW (b) Siéu
7. Bac phip; 8. Pau do rung; 9. Ddy dan dién dam khi han EAFSW
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Hinh 4. Két qud chup anh mau 05 va mau 06: (a)
Chup mat truoc, (b) Chup mat sau
khi han EAFSW

Hinh 5. Két qud chup danh mat truoc mau 07 va mau
12 khi han FSW

Hinh 6. Anh phoi dwoc chudn bi dé duwa vio kéo
theo TCVN 197-1:2014

* Két qua kiém tra 6 bén kéo khi S; F thay ddi
cta han FSW theo bang 1:

R~ R~
a8 8 8 # 8

gpem50 mm/ph
=100 mm/ph

-
n
o

S

G bitn kéo (MPa

]

—#—150 mm/ph
200 mm/ph

B
g e g
:

8 n & &

800 1000 1200
T&c d§ quay tryc chinh (vong/ph)

Hinh 7. Bg bén kéo khi S; F thay doi ciia han FSW

* Két qua kiém tra do bén kéo khi S; F; V thay
doi cua han EAFSW theo bang 2:

=
160

,E / \ —a—50 mm/ph
155

=z i 100 mmyph
150
145 —e—150 mm/ph
140 200 mm/ph
135
130

600 200 1000

Tée a6 quaytruc chinh (véng/ph)

Hinh 8. Bg bén kéo khi S; F thay déi ciia han
EAFSW

2.3. Thao luin két qua

Nhin vao két qua cta viéc do siéu 4m va
viée kéo dirt mau thir dé kiém tra chat lugng mdi
han trén hinh 7 va 8, ta thiy chat lugng mdi han
EAFSW di dugc tang 1én so v6i két qua khi han
FSW. Néu dugc dau tu nghién ctru s€ tim dugc
bd thong s t6i uu cho qua trinh han, nhom va
cac kim loai mau:

- Khi han ¢ ché d6 S = 600 v/phit; t =
0,15mm; F = 50mm/phut; 100mm/phut; 150mm/
phat; 200mm/phat, thay déi U tir 3V-12V. Tur
két qua trén cho thiy mdi han khong ngau, kim
loai chua dién ddy méi han, bén trong con cé
10 xbp, chat lwong mdi han chi dat 50% - 70%
so v6i tinh chat cua kim loai ban dau. O ché do
han nay, do khudy toc d6 khong cao, ché d6 dich
chuyén chdm nén khi kim loai bi khuay chay
lodng khong déu do chua du nhiét dé gitip phan
kim loai bi khudy hoa trén vao nhau. O ché do
han nay xay ra chim nén mot phan nhiét sinh
ra truyén vao mit de (phan dd ga), nhu vay dbi
v&i nhom AS5052 khi han EAFSW khong nén st
dung ché do nay.

- Khi han ¢ ché do S = 800v/phut; t =
0,15mm; F = 50mm/phut; 100mm/phut; 150mm/
phat; 200mm/phit, thay d6i U tir 3V-12V. Két

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
ICZ8  TAP CHI CO KHI VIET NAM, S6 331, thang 8 nam 2025

cokhivietnam.vn



NGHIEN CU’U - TRAO BOI

qua trén cho thdy chit lugng mbi han ting 1én,
tuy nhién kim loai van chua dién dﬁy mébi han,
bén trong con c¢6 1& xdp, chat lugng mbi han
da dat 80% - 90% so v6i tinh chat ctia kim loai
ban dau. O ché d6 han nay, do khqu tdc dd cao,
ché d6 dich chuyén tang 1én nén khi kim loai bi
khuay chay loang déu hon, do nhiét truyén vao
ving han nhiéu hon, phan kim loai bi khudy da
duoc hoa tron vao nhau. O ché d6 han nay xay
ra trung binh nén mot phan nhiét sinh ra truyén
vao mit de (phan dd ga), nhu vy ddi voi nhom
A5052 khi han EAFSW nén str dung ché do nay
dé han, dic biét khi S = 800 v/phit; F = 100mm/
phut; U =6V da thu dugc chét luong moi han tdt
nhat.

Tir két qua trén cho thdy thong s6 cong
nghé han ma sat s dung hop 1y s& giam thiéu
khoang cach vé nhiét giita ving tdm moi han
va ving anh huong nhiét, dong thoi khéng ché
nhiét d6 cua ving khudy 1 nhimg van dé dang
dugc quan tam. Nhiét d6 tai tam mbi han cang
cao gan dén nhiét do nong chay cua vat liéu nén
cang khién mbi han tré nén qua nhiét va gion
1a diéu ching ta khong mong mudn [2, 6]. Tuy
nhién ciing khong nén qua thap vi lac d6 vat lidu
s& khong du déo dé khudy 1an vao nhau nén rat
d& bi khuyét tat duong han.

- Khi han & ché d6 S = 1000v/phut; t =
0,15mm; F = 50mm/phut; 100mm/phut; 150mm/
phiit; 200mm/phut, thay d6i U tir 3V-12V. Tir d6
cho thay thiy chat lugng mdi han ting 1én nhung
kim loai van chwa dién ddy mdi han, bén trong
con ¢6 1o xép, chét luong mébi han da dat 70%
- 80% so voi tinh chét ciia kim loai ban dau. O
ché do han nay, do khqu tdc do cao, ché do dich
chuyén tang 1én nén khi kim loai bi khudy chay
lodng déu hon, do d6 nhiét truyén vao vung han
nhiéu hon, phan kim loai bi khudy da dugc hoa
tron vao nhau. O ché d6 han nay xay ra cham
nén mot phan nhiét sinh ra ciing truyén vao mat

de (phan db g4). Tuy nhién, do F tang nén kha
nang truyén nhiét giam, nhu vy ddi voi nhom
A5052 khi han EAFSW néu may du van toc
quay 16n thi ta c6 thé st dung ché do nay.

3. KET LUAN

Bang thuc nghiém trén may phay CNC
Vcenter-85 dd dua ra by thong s6 han EAFSW
hop 1y vat liéu nhom A5052 chiéu day 5 mm
goém: S = 800 v/phut; F = 100 mm/phit; t= 0,15
mm; U = 6V, ddm bao chit luong han ot nhat.
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