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Tom tat

Thép khong g7 316L 1a logi vt ligu ¢ kha ndang
chong an mon t6t khi dwoc tiép xdc véi nhiéu logi
héa chat khdc nhau, ¢6 dé bén twong doi cao va
thwong duwoc sir dung d@é 1am thung, bon bé chira
héa chat,... Nhu chiing ta biét, Vit han dwot nung
néng bsi nguon nhiét cia ho quang han va cac
diéu kién ga kep,... dan dén su xudt hién ing suat
duw trong bé phdn hogc toan két cdu han. Chinh vi
vdy, viéc kiém soat ing sudt dir va bién dang han
1& vdn dé dang duwoc rat nhiéu nha khoa hoc trong
va ngodi nwdc quan tam. Bai bao nay, s dung
phirong phdp phan ti hitu han d@é mo phong #ng
sudt dw va bién dang khi han giap méi hai tam
thép khong g7 316L, c6 chieu day 10mm bang
phirong phép han Plasma véi cac nguon nhiét lan
lwot 1a: 1000J/mm va 1200J/mm, 1400J/mm.

Tuw khoa: Han Plasma, thép khong g/ duplex,
phwong phdp phan tir Wit han, ning heong duwong.
Abstract

Stainless steel 316L is a material that has
demonstrated excellent corrosion resistance when
exposed to a variety of chemicals, has relatively
high durability, and is often used to make
chemical tanks and tanks,.. As we know,
weldment is heated by heat source of arc
welding, and clamp conditions,... leading to the
occurrence of residual stress in the part or whole
welded structure. Therefore, the control of
residual stress and deformation is a problem that
many domestic and foreign scientists are
interested. This paper, using the finite element
method to simulate the residual stress and
deformation when welding two plates of 316L
stainless steel with 10mm of thickness by Plasma
welding process with heat input respective:
1000J/mm and 1200J/mm, 1400J/mm.
Keywords: Plasma arc welding, duplex stainless
steel, finite element method, heat input.

1. Mé dau

Thép 316L [1] 1a loai vat liéu c6 thé lam viéc trong
mdi trudng chiu dn mon héa hoc, co d bén cao va
thuong duoc st dung dé 1am thing, bon bé chira hoa
chat, c4c loai dung cy, thiét bi y té,..

Nhu da biét, su co ngot khong ddng déu hinh thanh
khi kim loai vat han bi nung néng cuc bo boi ngudn
nhiét han. Kim loai mbi han (KLMH) thudng bj nung
t6i nhiét d6 cao nhat va khi ngudi c6 xu huéng co
nhiéu hon kim loai viing anh huong nhiét (VAHN) va
kim loai co ban lién ké. Su co ngét cia KLMH bj han
ché bai cac ving kim loai lién ké c6 nhiét d6 thap hon.
Vi vdy, KLMH s& chiu tng suit kéo theo chidu doc
duong han ngay khi nhiét d6 ha xudng du thap dé cho
gi6i han chay ciia n6 bat dau phuc héi. Ung suat kéo
nay tiép tuc ting trong khi nhiét do giam dan t&i nhiét
d6 mai truong. Didu nay c6 thé tao ra bién dang déo
néu nhu wng suit nhiét kéo hinh thanh cé tri sé lon
hon gidi han chay cua vat liéu [1].

Thém vao do, phuong phap han ciing anh hudéng
t6i qua trinh hinh thanh va phan bé wng sut va bién
dang han. Chinh vi vay, kiém soat tng suat du va bién
dang han 13 van dé dang duoc rat nhiéu nha khoa hoc
trong va ngoai nudc quan tdm. Han hd quang Plasma
(PAW) c6 thé duoc st dung cho moi kim loai va hop
kim thuong duoc han bang qua trinh TIG, phuong
phép nay c6 tinh linh hoat cao hon, chét lugng 6n dinh
va cao hon, tiét kiém nang luong va chi phi. Day la
quy trinh duoc sir dung nhiéu trong dong tau, ky thuat
hat nhan, dién tir, khdng gian va nhiéu linh vuc cong
nghiép khéac. Han ho quang Plasma cd thé co khi hoa
cho ning suét, chat lugng cao, cho phép ung dung
trong nhiéu linh vyc.

Bai bao nay sir dung phwong phap phan tir hitu han
dé phan tich, dy doan sy phan b truong nhiét do, tmg
suat va bién dang du han trong lién két han giap méi hai
tAm thép khong gi 316L bang phuong phap han Plasma.
2. Ky thuat mo phéng
2.1. M hinh nguén nhigt han Plasma

Ngudn nhiét hd quang 1am néng chay vat han va
day han dugc tinh theo cong thac P=n.Un.lx (W),
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trong d6: Un - 1a dién ap hd quang (V); In - 1a cuong
d6 dong dién han (A) va n 1a hiéu suat hd quang han.
Goldak va cong su [3, 4, 5] di dua ra mo hinh ngudn
nhiét c6 mat o phan bd ellipsoid kép duoc xac dinh
khi két hop hai khdi ban ellipsoid khac nhau dé tao
thanh mot ngudn nhiét (Hinh 1).

Hinh 1. M6 hinh nguén nhigt han Plasma

Mat d6 ngudn nhiét bén trong khéi ban ellipsoid
phia truée ngudn nhiét duoc biéu dién boi phuwong
trinh (1).

_ Xy 7 @)
@(x,y,z)—Qfex:{ 21 Czj

Mat d6 ngudn nhiét bén trong khéi ban ellipsoid phia
sau ngudn nhiét dwoc biéu didn boi phuong trinh 2.

2 2 2
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Trong do: ay, ar, b va ¢ 1a cac thong sb hinh hoc cua
ngudn nhiét, Hinh 1; Qg Ia ham mat d6 ngudn nhiét [4, 5].

Hinh 2 1a trinh tu thuc hién mé phéng qua trinh
han Plasma. Dya trén quy trinh han dwoc xay dung
theo chuan AWS. Vit han duoc chia luéi phan tir va
mo phong sb bang phan mém Sysweld [6].

)

Bdng 1. Thong sé nguén nhigt han mé phéng

Thong s6 Giatri
af 6mm
ar 10mm
b 6,5mm

4mm

2.2. M hinh truyén nhigt

Trong cdng thirc 3 1a mé hinh truyén nhiét theo 3
chiéu (3D) & trang thai gia 6n dinh. Céng thic 4 mod
ta sy mét nhiét do trao dbi va buc xa nhiét ra moi
truong xung quanh [3].

k52T k‘;z k52T Dol @
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Trong do6: Q la nang lwgng duong (J/mm), gs la
nhiét lugng that thoét, T 1a nhiét d6 nong chay cua vat
liéu, To la nhiét @6 moi truedng, t la thai gian (s), k 1a
h¢ sb dan nhiét (W/mm.°C), p la khéi luong riéng, C
1a nhiét dung riéng (J/g °C), h 1a hé s6 nhiét dbi luu, g
1a hang sb Stefan-Boltzman, [4] va e 1a hé sb phat xa.
Lién quan dén trang thi gia on dinh, cong thirc 3 dugc
viét lai nhu sau:

ST
k?
2.3. M6 hinh bién dang

Ung suat nhiét hinh thanh trong vat han duoc xac
dinh trén co so cac ng suat thanh phan theo 3 chiéu
(X, y, z) nhu céng thac (6).

Oy Z\/% [(0'1 —0'2)2 +(0; 03 ) +<03 —01)2] ©)
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Tiéu chudn AWS

CAD

Quy trinh hdn (WPS)

Mé hinh
vat han

Mo hinh
VISUALMESH hod

Mo phéng | {Truyén nhiét

VISUALWELD hdn

K&t qud
mé phéng

Hinh 2. Trinh te thuc hign mé phéng

Bi€n dang nhiét

Phan b nhiét do

Ung sudt du

Bi&n dang han

Bién dang dan hdi tong (¢) tuan theo dinh luat
Hook [3, 7] gdm: Bién dang dan hoi (c?), bién dang
déo (eP) va bién dang nhiét (¢) duoc xac dinh theo
cong thuec (7).

g=e*+el+glh (7)
2.4. Céc thdng sé cia vt ligu

Thanh phan hda hoc va co tinh ctia thép 316L dugc
cho trong Bang 2 va 3. Trong nghién ctu nay vat liéu
duoc coi ¢ tinh lién tuc va dang hudng.

Bdng 2. Thanh phdn hoa hec ciia thép 316L

Thanh phan hoa hgc, %

Mg | P S Cr Ni

Mo

0,03 |0,75|20 | 0,04 |003 | 16+18 | 10+14

2,0
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Bdng 3. Tinh chdt vat Iy cia thép 316L

Dic tinh Gia tri
Mo dun dan hdi (GPa) 193
Gigi han chay (MPa) 290
Gigi han bén (MPa) 627
Nhiét do6 ndng chay (°C) 1399
Nhiét do dong dac (°C) 1350

2.5. Thiét ké va chia lwéi vt han

M&bi ghép han dugc thiét ké bing phin mém
VisualMesh [6], dya theo tiéu chuan AWS [8], xem
Hinh 3. Sau d6 vét han dugc chia lugi véi 44558 phan
tir (element) va 35352 nit (node).

le— 100 mm

Hinh 3. Lién két han giap méi

Dé két qua md phong dugc chinh xac vang méi
han va vung anh huéng nhiét s€ dugce chia lugi min
hon, cac ving con lai it chiu tac dong baéi nhiét d6 cao
s& dugc chia ludi thua hon, Hinh 4.

HAN PLASMA THEP 316

Hinh 4. Md hinh hod lién két han

2.6. Diéu kign ga kep

Lién két han dugc kep chat theo 3 chiéu x, y, z mot
tam, trong tat ca cac truong hop, xem Hinh 5.

Hinh 6, minh hoa mé hinh ngudn nhiét Plasma,
duong han, duong dan; diém bat dau va két thic
duong han va duong dan.
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Hinh 5. Vj tri g4 kep khi md phéng

Ngudn nhiét

/

MENT

Bt ddu duong

han, duong Pudng han

Két thiic dudng
han, dudng din

Hinh 6. Quy dao dwing han va dwong dén
2.7. Thong sé md phéng

Bdng 4. Thong sé han mo phéng

Truong Ning luong Van téc han
hop han duwong (J/mm) (mm/s)
1 1000 5
2 1200 5
3 1400 5

Ché @6 md phong bang phuong phap han Plasma
dugc md ta trong Bang 4.
3. Két qua va luan ban

Sau khi chia ludi xong, luu file dugi dinh dang
**ydb va chuyén sang modul Visualweld dé mod
phong qua trinh han Plasma. Giai bai toan ta thu dugc
két qua sau:
3.1. Trwong nhigt dé

HAN PLASMA THEP 316L
o 5 / 21500000

]| p—

N R NI B I IO kbt st

>

Hinh 7. Hinh dgng bé han

Hinh 7, thé hién hinh dang kich thuéc bé han khi
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m6 phong véi ngudn nhiét 1200J/mm. Nhiét do tai nt ~ Nhan thiy rang, khi han Plasma véi ngudn nang luong

8376 (tAm viing han) khoang 2578°C va nhiét do phia  thap bién dang & mép ngoai ciing ctia tim han cao hon

truéc ngudn nhiét han 1a 20°C tai nat 525. 2 truong hop con lai. Nguoc lai, tai ving méi han va
viing HAZ lai nhé nhét.

HAN PLASMA THEP 316L
Stress : Stress_NOD Von Mises
Min = 3691897t Node 18500
Max = 341481 at Node 9074

341.48102
1000J/mm 318.96176
29644247

=

=
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12003/ mm
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48,7304
2621117
369189

14001/mm xnj\t v

a)
N N A ha HAN PLASMA THEP 316L
Hinh 8. Hinh dgng bé han Stress : Stress_NOD Von Mises
Min = 430383 a1t Node 18499
Max = 279.735 at Node 33426

Hinh 8 thé hién hinh dang bé han véi 3 nguon nhiét gre73514
lan Iuot 12 1000J/mm, 1200J/mm va 1400J/mm. Nhan l ;
thdy rang, voi nang lugng nguon nhiét hop ly E
1000J/mm la vira du dé ngau subt chiéu day tim han. i

Con cé&c nguon nhiét khac cho kich thudc bé han va
chiéu sau ngau Ién hon.

Hinh 9 m6 ta treong nhiét do tai nat 2889 thudc A b
moi han va nut 514 thugc vung HAZ cach chan moi o PLASYA THER $18L
han 2mm. Nhan thay rang, nhi¢t o tai nat 514 dat den i 4 T 3 oo TR
nhiét do cua trang thai bién dang déo. 5154504
44 4.

I 82409
g xnj\, c)
. xa‘ Hinh 11. Phan b4 sing sudt Von mises

TiErsec)

Hinh 9. Nhigr 4 tai ndt 2889 va nit 514

3.3. Ung suat
3.3.1. Ung sudt Von mises
Sy phan bb wng suit du Von mises cua 3 truong
hop duoc mo ta trén Hinh 11. Ta nhan thdy ring, voi
nguon ning luong 1a 1000J/mm tng suat du 1a 16n
nhat. Tuy nhién, chi tap trung tai phia dugi méi han,
Hinh 1l.a. Truong hop 3, Gng suat nho nhat
(261,5MPa), Hinh 11.c nhung lai phan b sudt chiéu
; % B tancemm s \1?0 day tam han va cling twong tw nhu trudng hop thi 2,
Hinh 11.b v&i nguén nang lugng duong 1a 1200J/mm.
3.3.2. Ung sudt phdp theo phwong Y
3.2 Bién dang ADue} Yao phf) mau, ﬂinh 1; cho ta biét dugc su
. phén bo tng suat du phap tuyén theo phuong Y (doc
Hinh 10 m6 ta bien dang cua ca 3 truong hop han  tryc dwong han) cia 3 trudong hop han. Nhan théy ring,
Véi cac nguon nang luong duong nhu da noi o trén. g phan bé tng sudt du kéo ctia truong hop 1 dat

WVirtri khing kep

DISPLACEMENT(mm)
2

Vit kep

Hinh 10. Bién dang han
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358,6MPa, 16n hon so voi truong hop 2 1a 61MPa va
truong hop 3 12 78,8MPa. Tuy nhién, (ng suat du nén
cua ca 3 truong hop chénh léch nhau khong dang ké,
gia tri dat dwoc khoang ~ 160Mpa.

HAN PLASMA THFF’ 31 L

Strass @ Stress
Mwn -159.207 at Node 9863
= 358 603 at Node 5720

358.60303

HAN PLASMA THEF’ IbL

Stress : Stress_NOD
MH 160 3@&[ lodv %87

297.32089

= 144
— 53184
I -785014

‘LSO 43567
I b)

HAN PLASKA THEP 316L

Slregs Stress_NOD YY.
-160.88 at Node 968

Max 279702 at Node 14490

279.70325
250.33104
220.95885
191.58659
162.21440
132.

1160 87993
x.i- v c)

Hinh 12. Ung sudt phdp theo phwong Y

4. Két luan

Duya vao phan mém Sysweld tac gia dd mo phong
dugc hinh dang kich thuéc bé han, trudng nhiét do,
{rng suét du va bién dang khi han Plasma hai tim thép
khéng gi 316L. Nhan thay rang, sy phan b ing suat
du phu thudc rat nhiéu vao cong suat ngudn nhiét, mac
du ning lwgng ngudn nhiét thap ung suat du cao nhu
truong hop 1 (Hinh 11.a) nhung tng suat du chi tap
trung & phan mat dudi cua méi han. Didu nay rat dé
dang cho viéc 4p dung phuong phap rung khur ung
suat du. Vi 2 truong hop con lai, tng suat du ngoai
viéc phan b nhur truong hop 1, lai phan b theo chiéu
day tim han dan dén viéc khir tng suét 1a twong ddi
phtrc tap, mat nhiu thai gian, tbn kém vé kinh té.

Bai béo nay, sir dung phuwong phap phan tir hiru
han d¢& mo phong tng suat du va bién dang khi han
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giap mdi hai tam thép khdng gi 316L. Thong qua phan
mém mo phong, ta c6 thé quan sat dwoc sy phan b
{ing suét du kéo (nén) trong két cau han. Tir d6, c6 thé
bé tri cac duong han cho phu hop nham giam ang suat
va bién dang han.

Vi céc két qua nghién ciu cua minh, tac gia hy
vong sé& &p dung vao thuc té san xuat nham giam bét
nhiig tac dong dén méi truong, suc khoe nguoi lao
dong va tiét kiém chi phi san xuét.
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