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TOM TAT

Su phan bd tng suit trong mbi han ma sat cua hop kim nhém ASTM 1060 sir dung phuong
phap nhidu xa X-quang di duoc khao sat. Ving anh huong nhiét ¢ dd thi sin’ tuyén tinh, cho
thiy tinh thé co kich thudc hat nho, phan bd déng hudng ctia cac hat tinh thé, phu hop véi két
quéa do bang SEM. Do d6 qué trinh do mg suat bang tia X khong can dung phwong phap dao
dong goc . Vung anh hudng nhiét co tng suit lon hon cac ving khac. Gia trj ndy 13 rat nho so
v6i cac phuong phap han nong chay truyén thong.

ABSTRACT

The residual stress distribution in friction stir welding of aluminum alloy 1060 was
investigated by using X-ray diffraction. The heat-affected zone had linear sin® diagram, showing
that the crystal is isotropic having small size, which agreed to the microstructure using SEM.
Therefore the stress measurement can be carried out without using the oscillated- method. The
heat-affected zone had smaller stress value in comparison to other area. In general, the residual
stress of friction stir welding give small stress value in comparison to traditional welding
methods.
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1. GIOI THIEU mém va dé khuéch tan va két ndi véi nhau

Han ma sat (friction stir welding— diOI p luc kf':_p 2] ,Han’ ma sat co nhLTng u’u
FSW), duoc phdt minh béi Vién han Chau diém vuot tri so voi cac phuong phap han

Au vao nim 1991, 13 mét qua trinh han ndi truyén thong, cho chat lugng mdi han va bé

kim loai ¢ trang thai déo va dugc ung dung m‘at .t?t’ g,:?mA thlel,l hlhe_:n tu’(_z’ng .tqhoaf carboP
dau tién trén hop kim nhom [1]. Ban chét cia va bién doi cau tric tinh the, gidm img suat

phuong phép ndy 13 tao ra nhiét do ma sat du, von la moi nguy hai doi véi cac két cau

gifta dung cy han va dén luot gitta céc 16p vét han, hi€u qua nang lugng cao, than thién véi

liéu véi nhau, va khi dat dén khodng 80% cia MO truong [3, 4, 5], va dang duoc img dung

ngay cang rong rai trong nganh hang khong,

nhi¢t d§ nong chdy, lac nay kim loai tré nén )
tau cao toc [2, 3, 6].



Ciling nhu cac cong nghé han khac,
tmg suit du trong méi han anh hudéng dén
tudi tho va tinh nang lam vi¢c cua mdi han,
nén viéc xac dinh ung suat du ciia méi han
cling 1a mgt khau quan trong trong quéa trinh
kiém dinh mdi han. Tuy nhién, cac nghién
clru vé trng sudt ctia méi han ma sat van con
gi61 han. Hon ntra, Viét Nam dang trong qué
trinh dau tu xay dung dudng sit cao tdc, sir
dung hop kim nhom tiéu chudn ASTM 1060
dugc ung dung rong rai trong nganh hang
khéng, tau cao tdc...O nhitng noi ndy ¢ yéu
clu cao vé tinh 6n dinh cua kich thuée va co
tinh cua vat li¢u. Do d6 bai nghién ctu nay
tmg dung nhifu xa tia X d& muc dich xéac
dinh phan bd tng suit du ctia mdi han ma sat
cua hop kim nhom ASTM 1060, lam co so
cho viéc kiém dinh chat lugng mdi han va dé
xuat phuong phéap xir 1y can thiét.

2. PHUONG PHAP XAC PINH UNG
SUAT DUNG NHIEU XA X-QUANG

2.1 Méi quan hé ing suit-bién dang
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Hinh 1 Ung suét va bién dang trén bé
mat mau thir.

Hinh 1 cho thay tng suat va bién dang trén
bé mat mau thir, trong d6 OP 1a phuwong do
bién dang va tng suat, hop voi phap tuyén va
truc x mot goc lan luot 1a [0 va ¢. Vat li¢u tai
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cac ving cua mdi han duoc nung néng 1én
dén nhiét do déo, nén khi ngudi dén nhiét do
thuong, vat liéu c6 trang thai dang hudng.
Hon nita ta gia dinh hop kim nhom 13 dong
nhat nén tng suit du dugc xac dinh bang
phuong phap sin’y. Do tia X chi nhidu xa
trén 16p bé mit mong khoang vai pm, ta bo
qua cac thanh phan ung suit theo phuong
phap tuyén ctia bé mit mau va tinh theo cong
thire chi c6 thanh phan tng suit phang:

d¢v,_d0 1+v

. .0 _V( )
do = I a¢sm /4 EO'H-F(TZZ

(1)
trong do6: d,,

va d, la khoang cach mat
nhidu xa d6i véi truong hop co va khong co
ung suat; £ va v 1a mo dun dan hoi va hé sb
Poisson cua vat li€u, va o la thanh phﬁn ung
sudt doc theo phuong can do, dugc tinh theo
cong thic:

2 c o2
O, =0,,C08" @+0,,sm" @ (2)

Tir cong thire (1), Gmg suit theo phuong can
biét duogc tinh toan tir hé s6 goc cua dudng
thang dugc nodi suy tir cac dinh nhidu xa
trong db thi sin’y nhu sau:

2.2 X4c dinh mit nhiéu xa

Hop kim nhom 1060 c6 kiéu mang luc giac
xép chat, thong ) mang a va c. Khoang cach
nguyén tir dugc tinh bang cong thirc:

A=2d,,,sin0

trong do6 A la budc song tia X, 0 1a goc Bragg
(20 1a gbéc nhidu xa); hkl 1a cac chi sd
Miller. Tur cong thirc dinh luat Bragg, ta c6 6
= arcsin(M2d), ta xac dinh mit nhiéu xa cho
hop kim nhom 13 mit (422), ¢6 goc nhiéu xa
201a 137,5°.
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3. TRINH TU THU'C NGHIEM
2.1. Vat liéu hgp kim nhom

Thanh phan hoa hoc cta hop kim nhém
duoc trinh bay trong Bang 1. Vit liéu duoc
han trong nghién ctru nay la hop kim nhom
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1060 tiéu chuidn ASTM, c6 hé sb Poison v 1a
0,33 va mddun dan hdi £ = 75 GPa. MAu thi
nghi¢m co6 kich thudc 30x100x5 mm theo
nhu Hinh 2. Céu tric vi md tai mbi han cua
mau thi nghiém duoc quan sat trén kinh hién
Vi SEM.

Bang 1: Thanh phan hoa hoc ciia hop kim nhém ANSI 1060 (%).

Al Si Fe Cu Mn

Mg Cr Zn \Y Ti

99.7 0.08 0.12 0.01 <0.01 <0.02 <0.01 <0.01 <0.01 <0.01
Bang 2 Diéu kién thi nghiém han ma sat
Puong kinh chdt han dSmm
Téc d6 quay 650750 vong/phut
Téc d6 di chuyén dau han 0,5m/pht

Hinh 2: Mau hop kim 1060 sau khi han ma sat.

2.2. Thye nghiém nhiéu xa X-quang:

Mau hgp kim nhém 1060 sau khi han duoc
phay mdt 16p méng 0,5mm, sau d6 dugc mai
va danh boéng bang gidy nham dén cip do
2000 dé loai bo 16p bién cing bé mit co
chiéu day khoang 1pm. Trudc khi do bé mat
mau dugc tay sach bing dung dich axéton.
Diéu kién do Gng suat bang nhifu xa X
quang duoc cho trong Bang 3. Vi tri dinh

nhidu xa cua mit (422) duoc xac dinh bang
ham Gauss ndi suy tir cac diém nam trén
60% gié tri dém cyc dai [7]. Puong nhidu xa
X-quang duwoc hiéu chinh bang hé sb
Lorentz-phan cuc va hap thu LPA [8]. Vat
lidu sau khi han dwoc gia dinh 13 ddng nhat
va ding hudng, nén tng suat du dugc xac
dinh tir 46 déc cuia dudng thing ndi suy tir 46
thi sin® .
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Bang 3: Diéu kién do tng sut dung nhidu xa x-quang.

Phuong phap do
Pac tinh tia X
Mait nhiéu xa
Thoi gian do
Goc nhiéu xa
Pham vi do
Budc quet

Kiéu Q cb dinh n
Cu- Ky, A=1,542 A
(422)

3giay

137,5°
137,1°-137,8°

0,02°
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Hinh 3 13 vi tri bon ving cia méi han ma sat, dugc do Umg sudt bang nhidu xa X quang, bao
gom: vung kim loai co ban (basic metal-BM), ving anh huéng nhiét (heat-affected zone-HAZ),
vung anh hudng co nhiét (thermo-mechanically affected zone-TMAZ), ving khudy (nugget zone-
NZ). Buong nhiéu xa dugc do tai cac goc phuong vi y 1a 0°, 1 °, 17,5° va 25°.

NZ TMAZ HAZ BM
Mau hgp kim nhom
1060 ;
S B A
' : e ' '
- 10mm
:<—>
TAam mdi han / 20mm
B 30mm

Hinh 3 Dién tich nhiéu xa tai cac ving han trén mau 1060.

3. Két qua va Khao sat
3.1. Cau truc té vi ciia moi han

Han ma sat tao ra lién két khong c6 cac
khuyét tat va bién dang thuong thdy nhu
trong cac phuong phap han truyén théng.
Hinh 4 va 5 cho thiy céu trac vi md theo
phuong doc va ngang cta két cdu han. Hinh
4 cho théy cAu trac té vi ciia mat cat doc mdi
han, bao gdm bdn ving han NZ, TMAZ,

HAZ va BM. Hinh 5 14 c4u tric té vi clia bon
ving néu trén nhin theo miat phang ngang.
Kim loai co ban (trudce khi han) trong hinh 5-
a c¢6 cau trac hat 1on nhat khoang 100 pm do
qué trinh dtic va can tao hinh theo mit phang
ngang. Kich thudc hat nho dan & cac ving
anh huong nhi¢t HAZ (khoang 20-30pm),
vung anh huong co-nhi¢t TMAZ (khoang 15-
20 pum), va ving khudy NZ c6 kich thude hat
nho nhat (khoang 10um). Két qua nay 1a do
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vung khudy c6 téc d6 ngudi nhanh trong qua
trinh han, it xay ra hién tugng két tinh lai va
sat nhadp cac hat tinh thé lai v6i nhau, cho co

o ———
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tinh dong déu va tét hon kim loai nguyén
thuy.

iy %
Vune anh hudne co nhiét

Ving khudy

Hinh 5 Cau triic vi m6 céc vung ciia moi han

3.2. Tinh toan Ung suit trén miu thi
nghiém

Hinh 6 cho thdy duong nhifu xa cua
viung HAZ tai goc w = 0° duoc ndi suy bang
duong cong Gauss dé xac dinh vi tri dinh
nhiéu xa. Ung suat du tai cac vung dugc xac
dinh bang phuong phap sin’y. D thi sin’y
cua vung HAZ duogc trinh bay trén Hinh 7.
Pbi véi cac phuong phap han noéng chay
thong thuong cho két ciu hat 16n, yéu cau
viéc do ludong tinh toan tng suat gip kho
khan 16n néu khong st dung phuong phap
goc y dao dong dé ting sb luong hat tinh thé
nhidu xa, von di phic tap va khéng sin co
dbi véi cac thiét bi nhidu xa thong thudng.

Dbi v6i han ma sat hop kim nhom 1060, cac
dinh nhidu xa trong Hinh 7 phan bd trén mot
duong thing cho thiy vat liéu co tinh dang
hudéng phu hop véi hinh anh kim twong cho
thdy két ciu hat twong d6i nho. Do d6, trinh
tu thuc hanh do dac va cong thuc tinh toan
mg suat cho vat liéu ding huéng duoc don
gian rat nhiéu.

Két qua tinh toan tng suat du trong cac
vung han duogc thé hién trén Hinh 8. Két qua
thyc nghiém cho thdy trén mbi han ma sat
hop kim nhém 1060 Gmg suit thay dbi trong
khoang tir -31 + 0,99 MPa va nidm trong gi6i
han bén cua vat liéu. Ciing nhu kich thudc
hat tai cac vung han, Gng suat du tai vung
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HAZ c6 gia tri 16n nhit so v6i ving TMAZ.
Su thay d6i 16n nhat vé tmg suét trude va sau
khi han khoang chimg 31% va phan bé trong
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ving HAZ. Nhin chung, gi4 tri nay la rat nho
so v&i cac phuong phap han nong chay.

0.82736 4

0.82734 4 y =0.827352 - 0.000456x
0827324
082730

0.82728 -
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Hinh 7 Db thi sinw ctia

-28,79 MPa
0,99 MPa
-31,08 MPa

-23,82 MPa

| NZ  TMAZ HAZ

BM

Hinh 8: Ung suét du trong cac ving han.

4. KET LUAN

Qua nghién ctu khao sat tng suat moéi han

ma sat hop kim nhom 1060, cac két luan sau
duoc rat ra:

a.

Céc vung anh hudng nhiét, ving anh
huong co nhiét va ving khudy co kich
thudc hat nho dan, cho ra do thi sinzt//
tuyén tinh nén qua trinh do dac mg suat

LOI CAM ON

khong can s dung phwong phap dao
dong goc w.

Ung suét du tai vang anh huong nhiét 1a
cao hon céc vung khac, nhung nhin chung
cac ving ctia mdi han c6 gia tri twong dbi
nhoé so véi cac phuong phap han truyén
théng khac, khang dinh wu diém cua
phuong phép han mai nay.

Tac gia xin gti 161 cam on chan thanh dén TS. Luu Phuong Minh — Khoa Co khi, Truong
Pai hoc Bach Khoa Tp. HCM, di cung cip mau thi nghiém cho nghién ctru nay.
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