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TOM TAT

Han ma sat khudy (FSW) 1a mot cong nghe han tién tién, noi bat nhd kha nang tiét
kiém nang lugng, bao vé moi tru’ong Va tao mdi ndi ¢ trang thai ran voi chit lugng cao.
Tuy nhién, khi 4p dung cho cac két cau goc bang hop kim nhom, phuong phap nay
thudng gip han ché vé phan bd nhiét va dong chay vat liéu, d& phat sinh khuyét tat. Trong
nghién ciru nay, phuong phap han ma sat khuay c6 gia nhiét truéc (HFSW) dugc ap dung
nham cai thién diéu kién nhiét va 6n dinh dong chay, giup ning cao co tinh va tinh toan
ven ciia moi han. Thuc nghiém dugc thuc hién trén mbi han géc ngoai hop kim nhom
AA5083-H116. Bang phép quy hoach thyc nghiém, nghién ctru da thiét 1ap phuong trinh
hdi quy thé hién mbi quan hé giita cac thong sb cong nghé (téc dd quay, van téc han va
duong kinh vai), tir d6 toi vu hoa ché dd han nham dat dugc chét lugng mbi han cao nhat.
Két qua nghién ctru 1a co s¢ khoa hoc quan trong dé tmg dung HFSW trong ché tao va
stra chita két cdu hop kim nhém trong cac nganh cong nghiép trong diém nhu dong tau,
hang khong va 6 to.

Tir khéa: Han ma sat khudy (FSW), Han ma sat khudy c6 gia nhiét TIG hd trg
(HFSW), Hop kim nhom AAS5083.

ABSTRACT

Friction stir welding (FSW) is an advanced welding technology that stands out for its
energy efficiency, environmental friendliness, and ability to produce high-quality solid-
state joints. However, when applied to corner joints of aluminum alloys, conventional
FSW often encounters limitations in heat distribution and material flow, which may lead
to defects and reduced mechanical performance. In this study, preheated friction stir
welding (HFSW) was employed to improve thermal conditions and stabilize material
flow, thereby enhancing the mechanical properties and integrity of the weld. Experiments
were conducted on external corner joints of AA5083-HI116 aluminum alloy. Using
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experimental design methodology, a regression model was established to describe the
relationship between process parameters (rotational speed, welding speed, and shoulder
diameter), enabling the optimization of welding conditions to achieve the highest joint
quality. The findings provide a scientific basis for applying HFSW in the fabrication and
repair of aluminum alloy structures in critical industries such as shipbuilding, aerospace,
and automotive manufacturing.

Keywords: Friction Stir Welding (FSW), TIG-assisted Heated Friction Stir Welding
(HESW), AA5083 aluminum alloy.

1. GIOI THIEU \ een

Han ma sat khudy (FSW) dugc Vién
Han TWI (Anh) phat minh ndm 1991 [1],
1a cong nghé han ¢ trang thai rin, lién két
vat liéu nho ma sét va bién dang déo thay vi
néng chay. FSW c6 thé han hau hét cac hop
kim, ké ca hop kim nhom 2xxx va 7xxx von
kho han bang phuong phép hd quang, ciing
nhu han composite va kim loai khac nhau.
M&i han FSW ¢6 chit lugng cao, khong nit
két tinh, d6 bén 16n va it khuyét tat.

Vit liu han co bin

Tai Vi¢t Nam, Truong Dai hoc Bach
khoa TP. H6 Chi Minh la don vi tién phong Hinh 1. So @6 nguyén Iy han HFSW (Al-AA5083).
nghién cttu FSW, v&i nhiéu cong trinh ban

: 2. NOI DUNG
dau thanh cong trén hop kim nhom [2]. Tuy )
vay, khi ap dung cho két cdu goc ngoai bang 2.1. Thye nghi¢m
hop kim nhém bien dang, FSW thuong gép 2.1.1. Thiét bj diung dé thuc nghiém

kho khin do phan bd nhiét khong dong déu
va dong chay vat liéu kém on dinh, dé phat
sinh khuyét tat va suy gidm co tinh.

Ung dung tlr cac c& so nghién ctru k§
thuat lai HESW [6],[7],[8] do diéu kién thuc
o té tai nha xuong ciing nhu t6i wu cac yéu

Mot giai phap dugc dé xuat 1a han ma  ciu vé kinh té nén da chon thiét bi gia nhiét
sat khudy c6 gia nhiét trudec (HFSW), trong  cho qua trinh han FSW la may han TIG hd
d6 b6 sung ngudn nhiét phu nhu hd quang  tro trong sudt qua trinh thuc nghiém.

TIG dé cai thién diéu kién nhiét va on dinh ,

dong chay vat liéu [3]. Trong nghién ctu
nay, hop kim nhom AA5083-H116 duoc
khao sat v6i ba thong sd cong nghé chinh:
tde do quay, van tdc han va duong kinh vai
[4].[5]. Bang quy hoach thuc nghiém, méi
quan hé giita thong s6 han va do bén kéo
ctia mbi han gdc ngoai dugc thiét lap, tur
d6 t6i uu ché do han nham dat chat luong Hinh 2. Mdy han EVO20 TIG 200PACDC PFC LCD
cao nhat. E2523.
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Phéi duoc dinh vi va kep chit bang dd
ga. Do ga duoc thiét ké va ché tao dé dé
thao tac ga lap phéi, lap dat truc tiép trén
ban may va phu hop cho viéc thyc hién han
ma sat khudy c6 gia nhiét trudc.

Thue nghiém thuc hién trén may phay
ding van nang HHM (Vertical Milling
Machine HHM) tai xuong co khi truong

Hinh 3. Mdy phay van nang Vertical
Milling Machine HHM

ISSN 261 5-9945

Paihoc SPKT Vinh Long. Truyén dong truc
chinh dugc diéu khién bang dong co bién
tan hodc budc, kich thuée ban 1370x300
mm, téc do quay truc chinh dimg 75-3600
vg/ph, tbc d6 quay truc chinh ngang 65-
1500 vg/ph, toc do tién dao ngang, doc 22-
380 mm/ph, goc nghiéng truc chinh 0-45°,
may c¢6 cong suat hoat dong khoang 2 — 3,7
kW (2 - 5 HP).

Dl_mg cu han

Hinh 5. Thuc nghiém han FSW c6 gia nhiét.

2.1.2. Dung cu va phéi han

Dung cu han ma sat khudy (Friction
Stir Tool) 1a bd phan then chdt trong FSW,
c6 nhiém vy tao ma sat va ap luc dé lam vat
liu chay déo, dong thoi khudy tron va tao
lién két vat liéu ma khong can dién cuc nhu
cac phuong phap han truyén thong.

Trong qua trinh han FSW, dung cu han

phai chiu céc luc: lyc doc truc, luc hudng
kinh, luc tiép tuyén do anh hudng cua do
nhdt vat liéu va quan tinh dong chay [4].
Tir cac co so 1y thuyét va qua cac dé tai
nghién ctru [5], [9], [10], dung cu co dau
khuay hinh tru, c6 ren (phai), chiéu dai
dau khudy 1a 4,75 (mm); dudng kinh dau
khudy 12 5 (mm), duong kinh vai 1a 10, 12,
14 (mm), goc 16m ¢ vai la 3°.
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Hinh 6. Ban vé dung cu han.

Hinh 7. Dung cu han SKD61.

ISSN 2681 5-9945

Dung cu han dugc ché tao tir thép dung
cu SKD61 (tiéu chuédn JIS) hodc c6 thé dung
H13 (tiéu chudn AISI). Thanh phan chinh
ctia vat liéu han gdm cé: Crom (Cr), Mangan
(Mn), Molypden (Mo) va Vanadi (V).

Bdng 1 thanh phan héa hoc cia thép

SKDG61.
Thanh phan héa hoc ciia thép SKD61
Ng%yen C | Cr|Mo|V|SiMn| P|S
Ham
luong 10,39/0,15/1,4(0,8/1,0/0,4/0,03(0,01
(%)

Mau thi nghiém duoc thuc hién trén
hop kim nhém 5083, c6 kich thuéc mau
han 150x70x5 mm. Thuc hién thi nghiém
trén 2 tim kim loai dong chat, mdi ghép
han thudc lién két goc va duoc gia nhiét
trong sudt qua trinh han.

Bang 2 Thanh phdn hoa hoc cua vat liéu hop kim nhom 5083.

Thanh phan hoéa hoc (%)

Nguyéntd | Al Cu | Mg | Si Fe Cr | Mn | Zn | Ti
Ham luong | 92,4 Max Max | Max | 0,05- Max | Max
(%) 95,6 0,1 4-4.9 0,4 0,4 0,25 Max 1 0,25 | 0,15
Bang 3 DPac tinh co hoc cua vat lieu hop kim nhom 5083.
Pac tinh co hoc

Khéilwong | Ung | Gidi han | Nhiét dung |Hé s6 dan| Do dan | Modul | Nhiét do
riéng suat kéo | dan hoi riéng nhiét dai | dan hoi | néng chay
(g/ce) (MPa) | (MPa) | (J/kg.K) |(W/m.K) % GPa °C
2.66 317 228 900 117 16 70 -71 | 580 - 650
g/cm? MPa MPa JkgK) |(WmK)| % GPa °C

2.1.3. Phuong phap va ché @9 han

Thyc hién chon thong s6 dau vao cho
gia nhiét bang TIG [3],[10] va md phong
nhiét két hop véi thuc nghiém gia nhiét
trén miu thir, cac thong sb diéu chinh nhiét

40

d6 cap vao TIG gia nhiét véi U = 12(V),
I =140 (A), t = 6(s) khoang 550 - 570°C
thuc hién trén mo phong va thuc nghiém
thuc té do dugc tir 520 - 530°C trén vat
liéu nhom 5083.
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Hinh 8. Gia nhiét TIG trong han FSW.

Su khac biét vé nhiét d6 nay la do
hiéu sudt lam viéc cua may con chua on
dinh, nhiét d6 sinh ra & nhom tai diém TIG
truyén di rat nhanh v6i nhom hé sé dan
nhi¢t cao k = 117 (W/m.K). Nhiét do TIG
mo phong gia nhiét cach tdm dau 20mm
khuay khoang T° = 196°C ¢ bé mit phoi,
vung tam phdi nhan duoc trong khoang
150 - 200°C nhiét do tim thap hon nhiét bé
mit phdi (do tinh chat truyén nhiét khong
d6i xtng cia nhom), pht hop voi mic do
gia nhiét cia nhom 5083.

Phéi duoc dinh vi bang db ga chuyén
dung, lép truc tiép trén ban may dé thuan
tién cho han ma sat khudy c6 gia nhiét trudc,
v6i moi han lién két goc ngoai. Ché d9 han
gdm ba thong s6: téc do quay, toc do tién va
duong kinh dung cu; s6 lan thue nghiém xac
dinh theo quy hoach Box-Behnken. Thong
s6 co so dugc chon theo [5], [9] va thu
nghiém tham do gém n = 990 Vc‘)ng/ph, v,
=115 mm/ph, D = 12 mm, dau khuay tru c6
ren, goc nghiéng 2° va do sau nhan vai 0,15
mm dugc giit ¢ dinh trong sudt qua trinh.

Hinh 9. Lién két han géc dé dugc thuc hién.

Vi 3 thong sé nghién ciru, mé hinh bai toan c6 dang:

Tbc dd quay (n) — »
Téc do tién dung cu (Vi)———»

buong kinh vai dung cu (D) —————»

Qua trinh han
ma sét khudy
c6 gia nhiét
truge

Do bén kéo cua
mdi han (y)

Hinh 10. Mé hinh bai todn hép den.

Mién quy hoach ctia cac thong sb dau vao  te do tién dung cu V,: 100; 115; 130 (mm/ph),

nhu sau: toc do quay n: 800; 900; 1000 (vg/ph),

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG

duong kinh vai dung cu D: 10; 12; 14 (mm).
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2.1.4. Phuwong phap kiém nghiém

Cac mau thir kéo duogc cat bang may
cat day, lam sach bavia va gia cong theo
tiéu chuan ASTM EO08. Thi nghiém do do
bén kéo duogc thuc hién trén may Instron
3369 tai Phong dich vu kiém tra vat liéu,
Truong DPH Xay Dung Mién Tay. Tc do
kéo duogc thiét 1ap bang phan mém Bluehill
LE trong dai 0,0005-500 mm/min dé dam
bao tai ting déu.

Hinh 11. Mdy Instron 3369.

2.2. Két qua va thao luin

Thong s han va gia tri trung binh do
bén kéo dugc trinh bay trong Bang 4. Mbi
méi han duogc cit tai 3 vi tri (dau, giira, cudi)
dé 1ay mau thir kéo 6k va tinh gia trj trung
binh, dam bao danh gia chinh xac. Két qua
cho thay thong sé cong nghé anh hudng phi
tuyén dén ham muc tiéu, do d6 tién hanh
quy hoach thyc nghiém toan phan.

ISSN 2681 5-9945

a) Pau, b) Giita, ¢) Cudi doan han, d) Géc cdt mau

Hinh 12. Cdc mau han sau khi cat & cdc vi tri.

Hinh 13. Mdu sau khi kéo dut.

Vc’rir s6 lriéu o, do dugc thdy rang cgic
thong sO ché d6 han anh huong phi tuyén
dén ham muc tiéu tir d6 phai tién hanh quy
hoach thyc nghiém toan phﬁn. Két qua
kiém tra ¢ bén kéo khi n, V, , D thay doi
(bang 4).

Bang 4. Két qud kiém tra do bén kéo khi n, V., D thay doi.

Téc dd | Van toc | Puong | Két qua Két qua Két qua Gia
quay han kinh vai | thi nghiém | thi nghiém | thi nghiém | tri TB
STT| (v/ph) |(mm/ph)| (mm) | 1(Mpa) | 2(Mpa) | 3(Mpa) | (Mpa)
n \% D Y, Y, Y, Y

1 800 100 12 250,03 249,12 248,63 249,26

2 1000 100 12 233,97 234,85 231,83 233,55

3 800 130 12 257,22 258,45 260,1 258,59

4 1000 130 12 244,54 245,73 246,65 245,64
42 TAP CHi KHOA HOC | thang o025
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Téc dd | Vantoc | Puong | Kétqua | Kétqua | Kétqua Gia

quay han kinh vai | thi nghiém | thi nghi¢ém | thi nghiém | tri TB
STT| (v/ph) |(mm/ph)| (mm) | 1(Mpa) | 2(Mpa) | 3 (Mpa) | (Mpa)

n \4 D Y, Y, Y, Y

5 800 115 10 263,56 265,83 263,6 264,33
6 | 1000 115 10 248,39 248,17 24552 | 247,36
7 800 115 14 242,87 243,54 257,74 | 248,05
8 | 1000 115 14 235,44 234,02 236,38 | 235,28
9 900 100 10 253,67 251,49 25225 | 252,47
10 | 900 130 10 264,32 261,05 262,25 | 262,54
11 | 900 100 14 245,58 244,04 23929 | 242,97
12 | 900 130 14 252,63 251,72 247,63 | 250,66
13 | 900 115 12 252,76 251,82 26525 | 256,61
14 | 900 115 12 255,67 256,03 256,24 | 255,98
15 | 900 115 12 255,73 253,27 260,26 | 256,42

Céc phép bién ddi va tinh toan phan
tich s& duoc giai quyét bang phan mém
Minitab, ta nhan thay véi mic y nghia

p = 0.05, ching ta loai duoc cac hé s D2,

n*v, n*D, v*D vo6i cac P-value > 0.05.
Phuong trinh lién hé gitra 3 thong so6 han
va chat luong moéi han nhu sau:

y=-374.3 4+ 1.080n + 3.395v — 3.109D — 0.000641n° — 0.01334v* (1.1)
Bdng 5. Phén tich phwong sai ANOVA phuwong trinh hoi quy.

Source DF Adj SS Adj MS F-Value P-Value
Model 9 3348,66 372,07 35,17 0,000
Linear 3 2782,39 927,46 87,66 0,000
n 1 1278,96 1278,96 120,88 0,000
\% 1 575,65 575,65 54,41 0,000
D 1 927,78 927,78 87,69 0,000
Square 3 543,08 181,03 17,11 0,000
n*n 1 466,68 466,68 44,11 0,000
v¥v 1 105,48 105,48 9,97 0,003
D*D 1 13,18 13,18 1,25 0,272
2-Way Interaction 3 23,19 7,73 0,73 0,541
n*v 1 5,71 5,71 0,54 0,467
n*D 1 13,23 13,23 1,25 0,271
v¥D 1 4,25 4,25 0,40 0,530
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Source DF Adj SS Adj MS F-Value P-Value
Error 35 370,31 10,58
Lack-of-Fit 3 23,73 7,91 0,73 0,541
Pure Error 32 346,58 10,83
Total 44 3718,97

Ta kiém tra tiép do phu hop ctia mo
hinh bang cac théng sé R2, R? hiéu chinh,
R? dy doan. Cac thong sb nay co gia tri 16n
hon 85% nghia la md hinh phu hgp voi dix
liéu dau ra.

Bdng 6. Bang kiém tra tiép do.

20 |

Gia tri D =12 (mm)

Tur day, cac biéu do Surface plot va
Contour plot trén Minitab dugc xay dung
dé thé hién mdi quan h¢ gitra ting cap
thong s6 han va ham muc tiéu, qua doé danh
gia anh hudng cua ba yéu td cong nghé
gdm tdc do quay (n), toc do tién dung cu

S R-sq |R-sq(adj)|R-sq(pred)| (Vh)vaduong kinh vai dung cu (D) dén do
3,22920(89,06% | 87,66% | 85,73% bén moi han FSW.
Mit phing dip tmg cia Y vs cic ttham s6 v, n, D Biéu @6 dwomg quanh cia Y vs cic tham s v, n, D
Je-t
-
i‘ ] 205
Gid trj D = 10 (mm) E /
0 % G i D = 10 (mm)
P bén kéo Y (MPa) ¥
350 " &
240 {
i 0 Vin toc han V (mm/ph) /
%0 10
. 1000 a) 950
S0 vong quay n (vg/ph) S6 vong quay n (vg/ph)
. ) Biéu db dwong quanh cia Y vs cic tham sév,n,D
Mit phang dap #ng cia Y vs cac tham so v, n, D
. =
‘ 2
]
260 5
Do bén kéo Y (MPa) ., | ‘ é
%
=

~ 10

~ 120
800 2
= 10
%00 S
0

1000

Sérvbng quay n (vg/ph)

Mit pln:mg dap \mg cia Y vs ciac tham sb v,n,D

Po bén kéo Y (MPa)

/13
10

1000

S6 vong quay n (vg/ph)

Vin te han V (mm/ph)

Gid tri D = 14 (mm)

vi Vin tdc han V (mm/ph)

850 900 w0
b) S6 vong quay n (vg/ph)

Biéu do dwing quanh ciia Y vs cic tham sé v, n, D

Viin téc han v (mm/ph)

850 900 950
C) S6 vong quay n (vg/ph)

Hinh 14. Mdt phdng ddp ting ctiia y véi dén ham muc tiéu.
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- Dua vao cac dd thi ta nhan théy:

a) Khi duong kinh vai dung cu giir ¢6
dinh & mic 10 mm, bé mat hdi quy cho
thidy do bén kéo Y ting dan khi téc do
quay n ting tir 800 — 950 (vg/ph) két hop
v6i van toc han v trong khoang 120 ~ 130
(mm/ph). Gia tri cyc dai Y dat khoang 6,
=265 (Mpa).

Néu n qua thap (< 850 vg/ph) hoic qua
cao (> 1000 vg/ph), d6 bén kéo déu co xu
huéng giam, do mét can bang giita nhiét
dau vao va tdc do dich chuyén, dan dén cu
trac han khong dong nhat. Tuong tu, v thip
hon 100 (mm/ph) hoac vuot qua 130 (mm/
ph) ciing 1am Y suy giam. Diéu nay chimg
t6 tai D = 10 (mm), t6 hop thong s6 tdi uu
la n =900 - 950 (vg/ph) vav=115-125
(mm/ph).

b) Xu huéng bién d6i Y twong ty nhung
murc cuc dai giam nhc, chi dat khoé{lg 6,=
255 (Mpa). Vung toi vu dich chuyén sang
n ~ 880 — 940 (vg/ph) va v = 105 — 110
(mm/ph).

Do bén kéo suy giam khi D ting tir
10 — 12 (mm), nguyén nhan la di¢n tich
tiép xtc 16n hon dan dén sy phan tan nhiét
khong dong déu, dong thoi ma sat tang lam
bién dang déo kém dong nhat hon.

ISSN 261 5-9945

¢) Bé mit hoi quy cho thdy do bén kéo
t6i da chi dqt khoang 6, = 250 (Mpa), thap
hon dang ké so vdi cac truong hop trudec.
Vung tdi wu bi thu hep lai, tdp trung & n
~ 900 (vg/ph) va v = 110 (mm/ph). Ngoai
ving nay, Y nhanh chéng giam xudng dudi
6, = 240 (Mpa).

Vai tro cua nhiét TIG (520-530°C)
trugce gitp vat licu AA5S083-H116 dat trang
thai 6n dinh duy tri htru ich nhiét cho cap
cho ving khué'ly, giam lyc xuyén va han ché
cac khuyét tat trong vung tién — ving lui
nhitng diéu kién nhiét co so trén cho thay
yéu t can giam sd vong quay (n) va ting
téc d6 han (n) khi c6 gia nhiét trudc trong
han ma sat la t6i wu nam trong khoang (0,7
- 0.8T ) céc ché do han sinh ra du luong
nhiét dé lam déo vat lidu gia cong bién
dang ép luc.

Thong sé toi wu xac dinh trong diéu
kién HFSW: n ¢ muc thap hon so véi FSW
truyén thong (khoang 850 ~ 900 vg/ph),
v & muc cao (115 ~ 130 mm/ph), D =10
(mm) cho gia tri y cuc dai va on dinh nhat.

Phan mém Minitab tinh toan thong sd
t6i wu, cac thong sd ndy s& anh huong dén
viéc cho ra nhirng thong sb dé co do bén
kéo t6t nhat

Optimal n v D
o oo | g 1000.0 130.0 14.0

i Cur [842.4242) [127.2727] [10.0]

Low 800.0 100.0 10.0
I ;ﬂ"_‘-_\_‘ ________________ ’__,__a—=“— 7] ?\ ___________
- . N
\\\ / \\
v P ™

Maximum / \
y = 25,9595 s .

d = 1.0000 ™

\

\

Hinh 15. Téi uu cdc théng sé han.
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Qua d6, khiang dinh bo sb cong nghé
t6i wu cho nghién ctru khoa hoc nay 1a: tc
d6 quay n = 842,42 (vg/ph), van toc han
v = 127,27 (mm/ph), duong kinh vai dung
cu D = 10 mm, véi gia tri do bén kéo y =
265,95 (MPa).

Két qua phan tich cho thay, voi bo
thong s6 toi wu gdm tdc do quay n = 842,42
vg/ph, toc d6 tién v = 127,27 mm/ph va
duong kinh vai D = 10 mm, ving khudy
nhan dugc muc nang lugng nhiét vira du
dé vat liéu dat trang thai déo hoan toan,
khong xdy ra hién tugng qué nhiét hodc
tho bién hat. O ché do nay, téc do quay
thép giip gidm ma sat cuc bd, han ché su
phat sinh nhiét tap trung gly tang trudng
hat tho, trong khi tdc do han cao dam bao
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toc do chuyén dong du 16n dé duy tri phan
bd nhiét déng déu doc theo mbi han. Béng
thoi, duong kinh vai nho (D = 10 mm) tao
ra ving anh huong nhiét hep, rat ngan thoi
gian luu nhiét, tr d6 gidam xu hudng phat
trién hat sau t4i két tinh.

Hat trong kim loai mdi han c6 kich
thudc nho, déng déu va min hon rd rét so
v6i kim loai co ban va dugc tai két tinh hoan
toan, phan anh sy twong tac hiéu qua gitta
bién dang déo manh va nguf‘m nhiét on dinh.
Cac bién hat rd nét va hudng két tinh dong
nhét chimg t6 dong vat liéu trong ving khu-
ay dat trang thai 6n dinh. Hinh 16 thé hién o
t6 chue té vi cia mdi han c¢6 d6 bén kéo cao
nhét, quan sat & do phong dai 100 lan cung
vo1 hinh anh cua kim loai co ban.

iy T - A AT

a) Kim logi co ban b) Viing tién c) Ving tam d) Ving i

Hinh 16. Cdc viing té chirc kim loai méi han.

Vung anh hudng nhiét tai phia viung
tién va vung lui, cAu trac hat c6 su khac
biét dang ké; xuat hién hién tuong hat
xoay mot goc nhét dinh duédi tac dong cua
luc khudy, chiéu quay dung cu va hudng
tan nhiét. Sy hinh thanh céu tric hat min
va dong nhét tai ving tim modi han 1a
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nguyén nhan truc tiép gip mdi han dat
d6 bén kéo cao nhét (265,95 MPa), tuong
duong 84% d6 bén cua vat liéu nén. Cau
hinh nay bao dam phan b tng suat dong
déu khi chiu tai, han ché nat vi mo, va
chting minh rang bo thong s tdi wu da dat
duoc su can bang hop 1y gitta nang lugng
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nhiét va bién dang co hoc trong qua trinh
HFSW.

3. KET LUAN

Véi bai bai bao nghién ctru anh hudng
cta viéc thay ddi cac thong s trong qua
trinh han ma sat khudy: toc d quay (n), toc
do tién dung cu (V,), duong kinh vai dung
cu (D) c6 anh huong dén do bén kéo khi
thuc hién ¢ gia nhiét trudéc cho méi han
ma sat khudy.

Két qua thir kéo cho thay do bén moi
han dao dong trong khoang 233,55 ~ 265,95
MPa, dat 74-84% so v&i do bén kéo cua
hop kim nhém 5083 (o, =317 MPa). Trong
d6, mau cao nhat dat 265,95 MPa, tuong
duong 84% kim loai co ban. Phan tich hoi
quy va db thi dap Gmg 3D cho thay:

« Khi D = 10 (mm), d6 bén kéo ting
khi n tang tir 800 — 950 (vg/ph) va v trong

ISSN 261 5-9945

khoang 115 — 125 (mm/ph), dat cuc dai =
265 MPa.

« Khi D = 12 (mm), d6 bén cuc dai chi
con = 255 MPa tai n = 880 ~ 940 (vg/ph)
vav = 105-110 (mm/ph).

o Khi D = 14 (mm), d6 bén giam xudng
~ 250 (Mpa), vung tbi wu bi thu hep.

Tt phan tich t6i wu biang phin mém
Minitab, bd thong sb t6i wu xac dinh cho
qué trinh HFSW la: n = 842,42 (vg/ph),
v = 127,27 (mm/ph), d = 10 (mm), cho
gi4 tri bén kéo trung binh 265,95 MPa (~
84% o,). So sanh voi nghién clru trude [9]
khong c6 gia nhiét (46 bén ti da chi dat
60% o,), cO thé khing dinh rang gia nhiét
TIG da gitp nang cao dang ké hiéu qua
han, dong thoi cho phép van hanh ¢ téc do
quay thap va van toc han cao hon ma van
dam bao chét lugng.

TAI LIEU THAM KHAO

[1]. W. M. Thomas et al. (1991), “Friction Stir Butt Welding”, GB Patent Application

9125978.8.

[2]. W.Tang, X.GuO va Nunes (1998) “Heat input and Temperature Distribution in FSW”,

J.mater, Process, Manuf.Sci, Vol 7.

[3]. H. Bang, H. S. Bang, J. H. Hong, G. H. Jeon, & G. S. Kim, “Effect of Tungsten-Inert-
Gas Preheating on Mechanical and Microstructural Properties of Friction Stir Welded
Dissimilar Al Alloy and Mild Steel,” Strength of Materials, vol. 48, pp. 152—159, 2016.

[4]. R. Palanivel & P. Koshy Mathews, “Prediction and optimization of process parameter
of friction stir welded AAS5083-H111 aluminum alloy using response surface
methodology,” Journal of Central South University, vol. 19, no. 1, pp. 1-8, 2012.

[5]. Mai Pang Tuén, “Nghién ciru itng dung phirong phdp han ma sat khudy cho cdc
két cdu dang tam bcing hop kim nhom”, Luan van thac si, Truong PHBK TPHCM,

TP.HCM, 2008.

[6]. Zaeh, M. F., & Gebhard. Preheating assisted friction stir welding of high-strength
aluminium alloys. Production Engineering, 1(4), 343-347,2007.

[7]. Riichi, S., Takehiko, T., Susumu, H., Naoki, Y., & Yuuta, K. On Preheating Effect
for Friction Stir Welding of Aluminum Alloy—A Feasibility Study of Friction Stir

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG 47




JOUPI’ICII ol( Science - \/ L U T E ISSN 261 5-9945

Welding with Heating of Aluminum Alloy (Report 1). Journal of the Japan Welding
Society, 24(3), 281-286, 2006.

[8]. T. Takahashi, Y. Sato, Y. Kaneko, R. Suzuki, J. Kobayashi, and S. Hioki, “Numerical
analysis of pre-heating by solid friction process: a study on friction stir welding with
heating,”Welding International, vol. 24, no. 8, pp. 620-626, Aug. 2010.

[9]. Huynh Thanh Tam, Mai Dang Tuan, Luu Minh Phuong, “Anh hwéng ciia céc théng
$6 cong nghé dén co tinh va té chire moi han ma sat khudy cho cdc két cdu géc bang
hop kim nhom bién dang”, Luan van thac si, Pai Hoc SPKT Vinh Long, 2021.

[10]. Truong Minh Nhat, “Nghién ciru han két cdu dang tam phang giita thép khong gi
304 va hop kim nhém 6061 bang phwong phdp ma sat khudy”, Luan vin thac si,
Truong PHBK TPHCM, TP.HCM, 2018.

48 TAP CHi KHOR HOC | s sons




