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PO THUC NGHIEM

SU PHAN BO UNG SUAT DU TRONG
QUA TRINH HAN HO QUANG TRONG
MOI TRUONG KHi BAO VE BANG
PHUONG PHAP NHIEU XA NEUTRON

® Ha Xuan Hung

ABSTRACT

Residual stresses are those stresses that would exist in a body if all external loads were
removed. Three different sources of residual stresses due to welding can be identified
according to Macherauch and Wohlfahrt [1], all contributing to the inelastic strain.
One is the difference in shrinkage of differently heated and cooled areas of a weld joint.
This caused a formation of high longitudinal stresses, o1, in the weld metal. Smilar
tensile stresses, o, arise in the transverse direction too, but of smaller magnitude. A
second source is the uneven cooling in the thickness direction of the weld, which can
lead to heterogenous plastic deformations and hence to residual stresses (normal
residual stresses, on,). The final source of residual stresses will come from the phase
transformations of austenite to ferrite, bainite, or martensite occurring during cooling.
These transformations are accompanied by an increase in specific volume, resulting in
compressive stresses of the transformed material and tensile in the other regions.The
total residual stresses will thus be a combination of the above. These stresses can affect
the structure life in service as they may add to applied loads causing fatigue and
failure.

In this study, the automtic GMAW was used to create multi-pass weld of API 5L X70
pipeline steel of thickness 14.7mm. Experimental measurements on the residual stress
distributions were carried out using neutron diffraction technique, which is non-
destructive method and enables in-depth measurements. Therefore, the residual stress
distributions at near-surface plane, middle-plane and near-bottom plane of welded
specimen were completely investigated. The residual stress distributions of longitudinal
direction (welding direction), transverse direction (perpendicular to welding direction)
and through-thickness direction were measured.

Key words: Neutron diffaction method; Residual stress; GMAW; API 5L X70 pipeline
steel; Longitudinal, Transverse and Through-thickness directions.

Trong ba viét nay, phu:ong phap nhleu xa
neutron dugc dung dé xac dinh tng suit du
trong qua trinh han s& dugc miéu ta. Ky

1. LOI MO PAU

Kha ning x4ac dinh (mg sudt du bén trong va

xung quanh méi han da tang |én dang ké vao
dau nhimng nam 80 cua théNk}’f trude khi viéc
str dung phuong phép nhiéu xa neutron cho
phep x&c dinh dugc nhimg bién dang dan
h01 ¢ trong (dudi mot do sdu 16n) nhing
mau thir bang thép ma khéng cin phai pha
hiy mau thir.

thuat ndy |an dau tién dugc phat trién vao
nam 1980 vadugc thire hién clng lIGc & Anh
[2,3], 6 buc [4] va 6 My [5]. Ngay nay,
phuong phép nhiéu xa neutron duoc st dung
rong réi trén toan thé gioi vaung dung cia
NG ngay cang mat gia tang.
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Nhitng k¥ thuat khac thuong duge sir dung
dé nhan biét nhimg thong tin vé ing suat du
cod the l1a nhitng phuong phap Can phai pha
hiy miu thir nhu: phuong phép cat mau thir,
phuong phédp khoan 13,... hoic ciing c6 thé
la nhig phwong phép khéng can pha huy
mau thu khac nhu: phuong phdp siéu am,
phuong phap nhidu xa tia X quang, phuong
phép turtinh, ...

So sanh véi cac phuong phép ké trén,
phuong phap nhiéu xa neutron gan giii va co
phan bd khuyét cho phuong phdp nhiéu xa
bang tia X quang [6]. Su khic biét 16n nhat
gitra hai phuong phap nay la khd ning xac
dinh duoc nhing bién dang dan hdi ¢ cac do
sau khéc nhau do kha nang xuyén qua vat
thé cua tia neutron vatia X c6 sy khac nhau.
Néu nhu phuong phdp nhidu xa bang tia X
chi cho phép xéac dinh duoc nhitng bién dang
& 16p gan bé mat cia mau thir (do sau tbi da
khong gqué 100 um) thi phuong phap nhiéu
Xa bang tia neutron cO thé cho phép xac dinh
duoc cac bién dang ¢ d6 sdu lon hon rit
nhiéu. Nhung dé xuyén qua dugc nhitng
mau thir c6 chiéu day |én can phai co chum
tia neutron c6 cuong do manh va didu ndy
chi c6 thé thyc hién dugc bén Canh nhirng 10
phan tmg hat nhan c6 cong Ssuit trung binh
vacong suat 16n. Pay cling chinh 1a han ché
lam cho phuong phdp nhicu xa neutron chi
c6 thé thuc hién duge doi voi cdc mau thir
c6 thé di chuyén dé dang va théo lip thuan
tién (kich thudc 16n nhat khoang 50~100
cm).

II.NGUYEN LY CHUNG

Trong phan ndy, nguyén ly chung cua
phuong phap nhiéu xa neutron dung dé xac
dinh Umg suat du S€ dugc mod ta thong qua
Hinh 1.
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Hinh 1. Nguyén ly chung ciia phwong
phéap nhiéu xa neutron

Chum tia neutron phat ra tir 10 phdn g du
tién s8 di qua mét quang phd ké dé chon ra
chum tia don sic ¢6 bude song A. Chum tia
nay (chum tia toi mau thi) cO kich thuéce
duoc xac dinh boi chiéu cao va chiéu rong
ctiia khe hé mano duoc di qua ¢ quang pho
ke Tiép theo, chum tia toi s€ di xuyén vao
mau tha va tai vi td cAn xac dinh ung suét
du nguoi ta ding mot dau do dé thu lai cac
chum tia bi nhidu xa duéi mot goc nhiéu xa
¢. Pau do st dém céc neutron bi hap thy bai
mat na 1am bang catmi. O day c6 mot khai
niém “thé tich do” hay |&a “thé tich thi”,
duoc xac dinh l1a phan giao nhau cua hai
chim tia téi (mau thir) vachum tia nhiéu xa.

Vat liéu kim loai ndi chung va vat liéu han
ndi riéng déu c6 cdu trac mang tinh the véi
dic trung la cac nguyén tor duoc bd tri tai
ca&c nut mang va khoang cach gitta cac nat 1a
kich thude mang hay hing s6 mang d. Khi
chum tia neutron xuyén vao vat liéu loai nay
nhiig tia ddp vao cac nit cd nguyén tir sé bi
nhidu xa va chuyén dong léch di dudi mot
goc ¢. Mbi quan hé giita kich thuéc mang va
géc nhiéu xa dugc xac dinh boi dinh luat
Bragg: 20 SiNOpq = A

Trong do:

®* dhq lakich thuéc mang trong nhitng mét
phiang c6 chi s6 Miler 1 hkl;

dra = 20na 12 goc nhicu xa va
= ) labudc song ciia chum tia neutron.

Nhin vao cdng thirc trén tathdy: vi A luén la
mét hang s, do do bét clr sy thay doi nho
nao caa kich thuwdc mang d ciing gy ra su
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thay d6i ctia goc nhiéu xa ¢ (twong ing véi
goc ).

Néu mot mau thir khong ¢ g suét dur thi
khoang cach mang s& 14 dOhkl va gdc nhiéu
xa 1a ¢Ohkl, nhung néu trong vat c6 ton tai
mg sut du thi duéi tic dung cta tmg sut
ndy, kich thuéc mang sé thay ddi thanh dhkl
va dé bao toan dinh luat Bragg, goc nhidu xa
s& thay doi thanhghkl Nhu vay, nguyén ly
Clua phuorng phap nhidu xa neutron la do su
thay ddi cua goc nhidu xa cua vat ¢ ung
suit du vavat chuin khong co6 ung suat du,
tir d6 tinh dwoc sy bién dang dan hoi cia
mang tinh thé (su thay ddi kich thudc mang)
vatrén co so cua su blen dang nay tinh dugc
g suat du trong mau thir.

Ung suat du khong thé do duoc ma chi co

thé tinh duoc théng qua viée do bién dang
dan hoi.

Trong Hinh 1, viéc thu nhan cac sé do dién
ra d6i véi ca mot “thé tich do”, do vay kich
thuéc mang ¢ day dugc hiéu 1a gia tri trung
binh cua ca khéi “thé tich do” va nhu vay
bién dang trung binh ciia “thé tich do” duoc
tinh nhu sau:

e = (Chii - donia)/ Doni

= - (cotBon) - Drii = Pork)/2

Trong d6 dona Va dona = 200na la kich thude
mang va goc nhiéu xa tuong Umg cua mau
thir “khong c6 Gmg suét du”.

Hudng tic dung cta bién dang ew dugc do
chinh la huéng ciia vecto nhiéu xa Q. Trong
phan 16n cac truong hop, bién dang va tng
suit 1a nhitng dai luong ba chiéu vaduoc dai
dién bang tensor bién dang & va tensor ting
suat o Trong truong hop, hé truc toa do
Oxyz dugc dua vao trong mau thir va cac
thanh phan chinh cua tensor tmg sudt va
bién dang trén tring véi cac huéng x, y vaz
cua hé truc toa do Oxyz, khi do6 cac ing SUAt
chinh duoc xdc dinh nhu sau:

E

o, = m[(l—")gx +v(e, +e,)]

o, = m[( —V)S +(€ +é& )]

E

o, = m[(l—V)SZ-I-(&‘X +8y)]

Trong d6 : E lamédun dan hoi.

v1asd truyén Poisson.
I11. TIEN TRINH THU'C NGHIEM

1. Chuén bi méu thir

Pé két qua cua phép do nhiéu xa neutron
khong bi anh huong, mau thir sir dung trong
thi nghiém nay la vat han nguyén thay cé
kich thudc 130 x 154 x 14.7 mm (xem Hinh
2).

Hinh 2: M 4u thir 130x154x14.7 mm

Mau thr dugc han tr hai miéng thép
AIP5L70X d& dugc vat mép chit V (goc vat
60°), kich thuge 130 x 76 x 14.7 mm. Déy 1a
loai thep c6 do bén cao, chuyen dung dé ché
tao cac ong dan khl ddt xuyén quoc gia, lam
viéc dudi ap su~at cao. Thanh phan hoa hoc
cua kim loai mau thir (%): 0.061 C; 0.2 Si;
1.6 Mn; 0.344 (Nb+V+Ni); 0.018 Ti; 0.018
N va 0.22 Mo. Day han dugc su dung la day
E70S-6 c6 duong kinh 1.2mm vathanh phan
hod hoc nhu sau (%): 0.07 C; 0.52 Sival.l
Mn.

Phuong phdp han dugc sir dung 1a phuong
phap han ty dong trong mdi truong khi bao
vé Argon (Ar). Cac théng s6 han duoc trinh
bay tai Bdng 1.
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Bang 1: Cac thong s han
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2. Vitrido va hwong do

Phuong phép nhidu xa neutron can phai thuc
hién phép do trong mot “thé tich do”, do vay
phép do nay khong thé thyc hién trén bé mat
mau thu. Trong thi nghiém nay, phép do
dugc thyc hién tai cac vi tri trén ba mat
phang nim siu trong mau the: 1) Mat
phing A (cach bé mdt mau thie 2mm) ; 2)
Mat phing B (gdn gitta mau thir, cach day
madu thie 7.4mm) va 3) Mat phang C (cach
day mau thir 2 mm). Tai mdi mat phang,
phép do duogc tlen hanh & 20~24 diém, trong
d6 céc diém nam trong ving kim loai méi
han va vung anh huong nhiét (HAZ) cach
nhau 2 mm; c&c diém & ngodi khu vyc ndy
cach nhau 5 mm (xem Hinh 3).

\e Céch 2mm , 4 Céch 5mm
2mm \ 4 _/
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Hinh 3: So d6 sip xép vi tri do

Viéc do bién dang trong mau thir dugc tién
hanh trén mat cat vudng goc voi truc duong
han va di quatam caa mau thi.

Céch ga miu thir dé do bién dang theo cac
huong doc truc duong han (oL), hudng
ngang duong han (o) vavudng goc voi mat
phang vat han (oy) dugc mo ta trong Hinh 4.
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Hinh 4 : Huéng ciia miu thir trong moi
twong quan véi chum tia neutron
M3u so sanh - mau “khéng c6 g sudt du”,
dugc 1am tir cung loai vat liéu va co kich
thudc 4x4x50 mm. Mau ndy phai duoc do
ngay sau khi do céc bién dang theo hudng

ngang va hudng phap.

3. Sip dit phép do

Phuong phép do nhiéu xa neutron trong bai
viét ndy duogc thyc hién tai Vién nghién ciru
nang heong nguyén tir Han Qubc (KAERI —

Degjon).

Hinh 5.L0 phan wrng hat nhan vathlet bi
do tai KAERI - Deajon, Han Quéc

Chum tia neutron co budc song A = 0.1835
A° sau khi di quatinh thé Ge duoc chiéu vao
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mau thir s& bi nhidu xa dudi mot goc 26 =
103.5° trong mat phang [112] ddi voi thép
ferit o céu tric mang lap phuong thé tam
(truong hop thép APISL70X).

Chum tia neutron nhiu xa duyc dém boi
thiét bi PSD (position sensitive detector) c6
chiéu da 100mm vadit cach tam cua ban ga
1140mm. Dau do PSD s& do tt ca cac goc
nhi éu xa dudi dang cac dinh chdng 1én nhau
trén mot duong doc. bé phép do duoc chinh
X&c Can phai dém it nhat 200 dinh tai mdi
diém can do. Thoi gian do tai mdi diém s&
kéo dai 3 phat dbi voi hudng ngang va
huong phap (do thé tich do 122 x 2 x 4mm);

con dbi véi huong doc truc 1a 40 phit (do
thé tich do 122 x 2 x 24mm). Céc dit liéu thu
duoc s& duge xu 1y bang ham diéu chinh
Gaussian/Lorientzian.

Mau thir duoc kep chit vao ban ga co thé
dich chuyén theo cac huéng XYZ nho Vao
céc mo to dugc diéu khién bang phan mém
Labview Chay trong moi truong Macintosh.
Vi tri cia mau tht dugc thict dat dat do
chinh x&c t6i 0.0l mm.

IV.KET QUA VA THAO LUAN

Muc dich cua thi nghi¢m nay la xac dinh do
I6n va sy phan bo tmg suat du trong qua
trinh han méi han nhiéu 16p thép AIPSL70X
bang phuong phap han tu dong GMAW.

H|nh 6a bvacmobta cac két qua thu duoc
vé sy phan bd ung suit du tl’ong cac mit
phing A, B va C. O day can luu y rang: khi
han 16p thir 4 cia duong han nhiéu 16p, tAm
cua nguén nhiét ndm céch truc duong han 4
mm vé phia bén phai. Do vay, gia tri cuc dai
cua ung sudt doc truc (o ) nam céach truc
duong han 12 mm.

O mit phang A - s& V6i bé mat mau thu
(Hinh 6a), thanh phin tmg suat doc truc mbi
han bién thién tir kéo sang nén véi cac gia tri
cuc dai 1a (+509 Mpa) va (-192 Mpa). Ung
suit doc truc & khu vuc tam moi han va
ving lién ké latmg suat kéo, di dan vé phia
hai bién ung suat chuyén thanh nén. Thanh
phan g suat ngang, dung nhu dy doan, 1a
mg suit kéo véi gia tri cyc dai dat duoc la
(+196Mpa) tai diém cach truc duong han
8mm. Ung suit phap (theo chidu day cia vt

han) co d6 16n khong dang ké va tinh chét
ciiand gan nhu laung suét nén.
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Hinh 6b : Ung suit du phan bb tai

mit phing B
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Hinh 6¢: Ung suat dw phan bo tai
mat phiang C

O mit phing trung tim (B) v mit phang sat
déy (C) cia mau thir (Hinh 4b,c), hinh dang
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cla cac duong miéu ta cac thanh phin tng
suit khéng c6 gi thay doi 16n nhung do 1én
cuc dai cua thanh phan tng suit doc truc
giam manh (+409/-182 Mpa va +399/-192
Mpa). Trong khi d6 céc thanh phan tmg suat
ngang va ting sut theo chidu day vat han
tang dang keé gia tri cuc dai cua minh.

Trong ca ba hinh v& trén, &€ dang nhan thiy

su hon loan, 16n xon cua céc gia tri ung suét
6 khu wvuc klm loai mdi han va ving anh
huong nhiét. Diéu nay khang dinh anh
huong cua cac chuyén bién pha trong kim
loai méi han va ving anh hudng nhiét dén
trang thai cudi cling cia tng suét du.

V.KET LUAN

= Trong quatrinh han, img suat du doc truc
du:orng han cd gia tri tuyét ddi 16n nhat.
N6 c6 thanh phan tng suét kéo phan bd
doc truc duwong han va vung lan can,
thanh phan tng suat nén phan bd & hai
bién miu thir (khu vuc xa tryc dudng
han).

= Ung suét kéo cuc dai dat dén gia tri
+509Mpa va xuit hién tai diém cach truc
duong han khoang 10mm — la ranh gi6i
gitra ving médi han va vang kim loai co
ban.

= Ung sudt ngang va tmg suat huéng theo
chiéu day vat han xuat hién nhu |a céc
{mg suat nguoc, dbi lai voi tmg suat doc
truc. Trong phan 16n cac tredng hop tng
suit ngang thuong 12 tmg suét kéo.

= Sy hoén loan, 16n xn trong sy phan bd
tmg sudt & ving mdi han va vung anh
hu’orng nhi¢t duoc quan sit thiy va
nguyén nhan 1a do sr bién ddi pha trong
guatrinh nung néng valam lanh vat han.
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