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TOM TAT

Han hd quang vonfram khi (Gas Tungsten Arc Welding — GTAW) 1a mot qua trinh han sir dung
hé quang giita dién cuc vonfram khong tiéu hao va chi tiét han dé thiét 1ap mot bé han. Qua trinh nay
dugce sur dung voi khi bao vé va khong can 4p sudt, va c6 thé dugc sir dung c¢6 hodc khong ¢6 thém kim
loai phu. Do chat lwong cao ctia mdi han dugc tao ra bang ‘phuong phap han ho quang vonfram khi nén
qua trinh ndy da tro thanh mot cong cu khong thé thiéu ddi v6i nhiéu nha san xuat, bao gom ca nhitng
nha san xuat trong nganh hang khong vi try, hat nhan, hang hai, hoa dau va chit ban dan, v.v. Trong
nghién clru nay, cac thong so chinh cua qua trinh han gobm dong dién han I (A), dién ap han U (V) va
tdc d6 han v (mm/s) dugc lya chon dya trén yéu cAu thuc té khi nghién ctru anh hudng cua chiing téi
kich thudc ving anh huéng nhiét (Heat Affected Zone — HAZ) khi han lién két giap mdi SUS304 bang
cong nghé GTAW. Qua nghién ctru thue nghiém va quy hoach thuc nghiém da c6 két qua vé thong sb
chi tiéu dAu ra 1a chiéu rong ving anh huéng nhiét (HAZ) dat gia tri nhé nhat Y i, = 0.6250 mm. Tir
d6, xac dinh dwoc bo thong sb t6i wu cho qua trinh han lién két giap mbi SUS304 bang cong nghé
GTAW nhu sau: dong dién han I =108.42 A; dién ap han U=14.977 V va tdc do han v = 3.1704 mm/s.

Twr khoa: GTAW, dong dién han, dién ap han, tdc do han, chiéu rong vung anh hudng nhiét.
1. GIOI THIEU

Qua trinh han hd quang vonfram khi (Gas Tungsten Arc Welding — GTAW), con duoc goi 1a han
khi tro vonfram (Tungsten Inert Gas —TIG), sir dung dién cuc vonfram khong tiéu hao dé tao ra mdi
han. Khi bao vé (thudong 1a khi tro nhu argon hodc heli), bao vé khu vuc han khoéi bi 6 nhiém khi quyén
va qué trinh nay thuong sir dung kim loai phy, mic du mot sé mdi han, dwoc goi 1a mdi han tu sinh
khong yéu cu kim loai phu [1-3]. Qua trinh GTAW c¢6 thé tao ra nhiét do 1én t6i 19.426 °C [1]. Mé
han dan dong dién han toi hd quang va dan khi bao vé dén khu vyc hd quang [2]. Néu can kim loai phu
dé tao mdi han, co thé thém kim loai phy thu cong theo cling cach nhu trong quaé trinh han oxy-acetylene.
Ngoai ra con ¢ mot s6 hé théng cép kim loai phu dé thuc hién nhiém vu tu dong. Hinh 1 mo6 ta qua
trinh han hd quang vonfram khi (GTAW).

Trong ba thap ky qua, mot luong 16n cong trinh da dwoc cong b nham muc dich hiéu cac hién
tuong co ban xdy ra trong qua trinh han hd quang vonfram khi [4-6]. Gan day, mot s6 mo phong han da
duoc thyc hién bang cach xem xét tat ca cac hién twong vat ly lién quan dén bé han [7]. T4t ca cic mod
hinh nay déu yéu céu chi dinh déu vao nhiét rong tir plasma | h6 quang dén bé mait chi tlet han. Rosenthal
[8] da dé xuat mot md hinh toan hoc vé ngudn nhiét chuyén dong theo cac gia dinh vé trang thai gan
nhur tinh va gia nhiét diém tap trung trong phan tich 3D. Pavelic va cong sur [9] da dé xuat mot mo hinh
nguén nhiét dia tron voi phan bd Gauss cua thong lugng nhiét trén bé mit phoi. Goldak va cong su [10]
da phat trién thém mot mo hinh phan bd mat d¢ cong suat hinh elip kép cia ngudn nhiét bén dudi ho
quang han dé mo phong chinh xac moi loai qua trinh han. Cac mé hinh nguén nhiét nay ciing da dugc
sir dung trong mod phong han dé du doan d6 méo méau va ng suat du ctia mbi han [11].
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Dién cyc vonfram

Vi phun khi bao vé
Ong tiép xtic

Kim loai tiéu hao
Khi bao vé

Chi tiét han

H6 quang
Hinh I. Quéa trinh han hd quang vonfram khi (GTAW) [2].

Thép khong gi SUS304 1a vt liéu duge sir dung ngay cang phd bién trong cac nganh cong nghiép
vi chung c6 kha nang chdng an mon va tinh chat co hoc tot. Tuy nhién, vét liéu nay doi hoi qua trinh
han va kiém tra nghiém ngat [12]. Qua trinh han hd quang vonfram khi dugc thyuc hién dé giam ving bi
anh huong nhiét ddi vai thép khong gi. Khi vat liéu dugc vén hanh 6 ap suét cao, no sé tang hiéu qua
nh¢ dic tinh 1am giam sy phat trién vét nut ¢ ap suat cao; trong nghién ctru ndy, cdc tac gia cho biét
dong dién dau vao va toc d6 han 1a nhimg théng sé quan trong nhét [13]. Cac thong sb ciia qua trinh
han va hd quang dién da dugc mo ta va dé xuit mot mé hinh toan hoc cho hé théng GTAW bdéi Petrovic
va cong su [14]. Theo d6, qué trinh dwoc mé phong bang cac thong sb thuc dé cac gia tri ddu ra ciia qua
trinh twong g véi cac gia tri thuc thu duge bang phuong phép do ludng. Dé xac dinh cac thong sb
thong luong nhiét trong qua trinh han hé quang vonfram khi (GTAW) duoc bao vé bang khi argon, cac
tac gia [15] da phat trién mot mo hinh da vat Iy ciia qua trinh GTAW dé danh gia thong lugng nhiét trao
dbi gitra ho quang plasma va vat liéu han.

T6m lai, cho dén nay, viée phat trién, t6i vu hoa va danh gia cac qua trinh han phan 16n duoc thuc
hién trén co so thir nghiém va sai s, gdy ra chi phi dang ké. M6 phong sé duoc cong nhan 1a mot giai
phap thay thé ddy htra hen cho cac thir nghiém va c6 thé cai thién su hiéu biét vé hanh vi qua trinh
phtre tap [16]. Vi vay, trong nghién ctru nay, hoat dong han hd quang khi vonfram (GTAW) di duoc
nghién ctru vé mét thyc nghiém, quy hoach thyc nghiém va m6 phong nham xac dinh anh huong cta
céc thong so qua trinh han lién két giap méi SUS304 bang qua trinh GTAW t6i kich thudc ving
anh huong nhiét (HAZ).

Nhiét can thiét cho han hd quang vonfram khi (GTAW) duoc tao ra boi hd quang dién duoc duy
tri gitra dién cuc vonfram khong tiéu hao va chi tiét cin han. Vung anh huéng nhiét (Heat Affected
Zone — HAZ), kim loai nong chay va dién cuc vonfram déu dugc bao vé khoi khi quyén bang 16p khi
tro duoc dua qua mo han GTAW. Vung anh huong nhiét cua mdi han 13 ving kim loai co ban xung
quanh mdi han, noi t6 chirc vat liéu bi bién dbi do tac dong nhiét trong qua trinh han nhung khong bi
nong chay. Ving nay co thé 1am thay dbi cac tinh chét co hoc, dn dén diém yéu va nguy co nut gy,
anh hudng 16n dén do bén cta toan bo lién két han.

2. LUA CHQON CAC THONG SO THUC NGHIEM

2.1. Céc thong s ciia qua trinh han va cac ving chinh trong méi ndi han

Céc thong s6 cua qué trinh han kiém soat hoat dong han va chét luong cua méi han dugc tao ra.
Viéc lya chon cac thong s6 han duoc thuc hién sau khi kim loai co ban, kim loai phu va thiét ké mbi
ndi dugc chon. Viée lya chon dlng cac thong s6 han s& gitip cho viéc han trg nén dé dang hon, ting co
hoi tao ra cac dic tinh mdi han cén thiét. Ba loai thong s6 han chinh 14 thong sb c¢b dinh, thong sb didu
chinh chinh va thong sé diéu chinh thir cap [2].

Céc thong sb ¢b dinh dugc chon trude khi qua trinh han thuc sy dién ra. Day 1a nhitng hang muc
nhu loai va kich thudce dién cuc, loai dong dién, loai khi bao v¢ va géc con cua dién cyc. Cac thong so
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nay khong thé dé dang thay doi khi qua trinh han bt dau [2].

Céc thong sb didu chinh chinh dugc st dung dé diéu khién qua trinh han sau khi cac thong s6 ¢b
dinh dé duoc chon. Chung kiém soat sy hinh thanh cua mdi han bang cach anh hudng dén chleu rong
va chiéu cao ctia mbi han, do ngau ctia mdi han, @ 6n dinh cta hd quang va do bén chic ciia mbi han
(Hinh 2). Céc thong s6 c6 thé diéu chinh chinh dbi véi han hd quang vonfram khi 1a dong dién han,
chiéu dai hd quang (hay dién 4p hd quang) va tdc do di chuyén [2].

Céc thong s diéu chinh thir cap dugc sir dung dé diéu khién qua trinh han. Nhimng thong sé nay
thuong kho do luong hon va tac dong ciia ching co thé khong rd rang. Trong qué trinh GTAW, cac
thong s6 diéu chinh thtr cap bao gdm goc lam viéc va chuyén dong ciia dién cuc va phan nho ra (tam
voi) cia dién cuc.

Chiéu réng
mai han

Chiéu cao méi han

Hinh 2. Chiéu cao, chiéu rong va do ngéu ciia méi han [2].

Hau hét cac mdi han 1a han noéng chay. Nhu dugc minh hoa trong mat cét ngang ¢ Hinh 3, mot
mdi han néng chay dién hinh trong d6 kim loai phu duoc thém vao bao gdm mdt s6 ving: ving nong
chay, giao dién moi han, ving bi anh huong nhiét va vung kim loai co ban khong bi anh hudng.

\Vung nong chay

. i Vlng anh hudng
G|ac3"d|§n nhiét (HAZ)
moi han

_Vungkim loai co ban
khéng bi anh huéng

Hinh 3. Mt cit ngang ciia mbi han nong chay dién hinh mé ta cac ving chinh trong médi ni han [17].

Ving nong chay bao gdm hdn hop kim loai phu va kim loai co ban di néng chay hoan toan. Ving
nay dugc dic trung boi mirc 4o dong nhat cao giita cac kim loai thanh phan di bi nong chay trong qué
trinh han. Sy pha tron ctia cac thanh phan nay chu yéu dugc thuc day boi sy ddi luu trong bé han néng
chay. Qua trinh dong dic trong ving nong chay c6 nhimg diém tuong dong véi qua trinh duc [17].

Vung thir hai trong mdi han 14 giao dién mdi han, mot ranh gi6i hep ngan cach ving néng chay
v6i ving anh hudng nhiét. Giao dién bao gdm mot dai kim loai co ban mong dé bi nong chay hoic nong
chay mot phin (ndng chay cuc bd bén trong céc hat) trong qué trinh han nhung sau d6 duoc dong dic
ngay lap tirc trudce khi tron 14n vé6i kim loai trong viing ndng chay. Do d6, thanh phan héa hoc cia ving
nay giéng véi thanh phan hoa hoc cta kim loai co ban [17].

Vung thir ba trong mbi han néng chay dién hinh 1a ving anh huong nhiét. Kim loai trong khu vye
nay da trai qua nhiét 4o thép hon diém nong chay cua nd, nhung du cao dé gay ra nhing thay dbi cau
trac vi mé trong kim loai ran. Thanh phan héa hoc trong ving anh huong nhiét giong nhu kim loai co
ban, nhung vung nay da duoc xu Iy nhiét do nhiét do han nén tinh chit va cdu tric ciia n6 bi thay doi.
Anh huéng dén cac tinh chit co hoc trong viing anh huéng nhiét thuong 1a tiéu cuc va chinh trong ving
nay cua moi han thuong xay ra khuyét tat han [17].

Vung cudi ciing 1a ving kim loai co ban khong bi anh huéng, trong d6 khong c¢6 thay giéi luyén
kim nao xay ra. Tuy nhién, kim loai co ban xung quanh HAZ c6 kha néng ¢ trang thai ing suat du cao,
két qua cia sy co rut trong vung néng chay [17].
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2.2. Lua chon thong s6 thwe nghiém

Qua phén tich anh huéng dén (;hiéu rong va chiéu cao cua mbi han, do ngiu cua mdi han, d6 6n dinh
ctia ho quang va do bén chac cua moi han cia cac thong s6 diéu chinh d6i voi han ho quang vonfram khi.
Trong nghién ctru ndy lua chon cac thong so dau vao phu hop véi qué trinh GTAW nhu sau:

+ Dong dién han I (A): anh hudng dén d6 ngau va thé tich kim loai méi han.

+ Dién ap han U (V): anh huong dén kich thuéec mdi han va do ngau.

+ Tbc d6 han v (mm/s): anh huong dén hinh dang mbi han va d6 ngéu.

Thong sé dau ra trong nghién ciru nay duoc chon 1a chat lugng mdi han thong qua kich thude
vung anh hudng nhiét (HAZ) véi yéu cau cuec ti€u, sao cho pht hop véi yéu cau vé déc tinh, chat luong
va hinh dang moi han, dong thoi co thé do luvong duoc chinh xac cac két qua thyc nghiém va kiém tra
ket qua vai cac phuong phap khac.

_ Sau khi xdc dinh thong s6 du vao, tién hanh thuc nghiém don yéu t6 1an luot véi cac thong )
dau Vin.’Mf)i mtc bién thién cua thong s§) dau vao dugc lap lai ba lan, cac thél}g s0 con lai dugc gitt o
gia tri ¢ dinh la mirc co s¢ da chon nham xac dinh anh huong cia ching dén kich thude ving anh
huong nhiét (mm). Micn quy hoach céc thong s6 dau vao duge gidi han gom: dong dién han I = 85-105
A; dién ap han U = 16-19 V; toc d6 han v = 2.5-3 mm/s.

Thuc nghiém han lién két giap mdi bang qua trinh GTAW trén vat liéu tim SUS304. Theo kinh
nghiém, cac phdi tim dugc cat theo kich thude 100 mm x 60 mm x 4 mm. Vat mép chir V ¢o goc vat
14 60°, chiéu day chd khong vat 1a 1,5 mm, khe ho giita hai tim 1a 1 mm (Hinh 4).

SUS304 SUS304

N

1,5

1
Hinh 4. Kich thudc cua phoi vat mép chit V khi han.

Céc thong sb qua trinh han lién két giap mdi SUS304 6 vi tri bang véi cac tim vat liéu day 4 mm
duoc trinh bay trong Bang 1.

Bang 1. Céc thong sé qué trinh han lién két giap mbi SUS304 & vi tri bang.

Théng sb Gia tri
Puong kinh dién cuc (mm) 24
Dong dién han (A) 85-105
Dién &p han (V) 16-19
Loai day han — Budng kinh day han 309L — 1.2 mm
Téc do han (mm/gidy) 2.5-3
Puong kinh st phun (mm) 9.55 (St s6 6)
Khi bao vé Argon tinh khiét (99.99%)
Luu lugng khi bao v¢ (lit/phut) 10
Goc nghiéng mo han (°) 45 va 65
Géc dau dién cyc (°) 60
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3. THIET BI VA PHUONG PHAP

3.1. Thiét bi han
~ Hinh 5 thé hién so d6 thiét bi dugc sir dung cho qué trinh GTAW thi cong. Mot h¢ thong GTAW
dien hinh bao gom cac bd phan sau [1]:
1 Ngudn dién han.
2 Mo han.
3 bién cuc vonfram.
4 Cap han.
5 Hg thong khi bao vé.

Bo diéu chinh/ Van khi

Luu lugng ké Nguon

nang lugng

- Day ngudn
Khi bao vé 2 hé théng lam ngudi

Diéu khién tirxa

Hé théng
1am nguoi

Nuwdrc lam ngudi vao

Hinh 5. Thiét bi GTAW [1].

3.2. Van hanh thiét bi
Nguoi the han nhét thiét phai c6 kién thirc co ban vé van hanh thiét bi dé thyc hién cac mdi han
dlng cach va hi€u qua. Qua trinh van hanh thiet bi GTAW theo trinh tu sau:
1 Chuén bi dau dién cuc.
Lip rap mo han (Hinh 6).
Thiét 1ap hé thong khi bao vé.
Thiét lap cac thong s6 han.
Tién hanh han tht va han trén cac mau.
Sau khi cong viéc han da hoan thanh, tit va thu don hé thong.

AN L bW N

Voi phun
/ Thén 6ng kep
X / Vonfram
=
7\ /

Nép sau

Hinh 6. Lip rap mo6 han [17].
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3.3. Thu thép s6 liéu thwe nghiém

Ving anh huong nhiét (HAZ) ctia mbi han dugce xéc dinh bang cach phén tich sy thay doi cia cdu
tric kim loai va co tinh ctia né do nhiét d6 cao trong qua trinh han, dua trén nhi¢t d¢ lam viéc cua tung
viing. C6 nhiéu phuwong phép dé phan tich ving anh huéng nhiét dua trén nhiét 4o, dac diém mau séc,
hoic sir dung thiét bi do luong chuyén dung.

Viéc phén tich dua trén nhiét do d6i voi thi nghiém nay 1a khong kha thi do can phai chia ving
anh huong nhiét thanh cac khu vyc dua trén nhiét do nong chay va nhiét d xur Iy nhiét nhu: ving vién
chay, ving qua nhiét va ving thuong hoa. Mt khac, do khong c6 céac thiét bi do chuyén dung dé phan
tich ving anh huong nhiét, nén trong thi nghiém da s dung phuong phap dua trén mau sac (sic thai
nhiét) dé phan tich két qua. Méau sic ciia mdi han khong nhimg cho biét nhiét d6 ciia timg ving, ma con
thé hién ca kich thude cua no.

Sau khi thyc hién tit ca cac m6i han cua qué trinh GTAW, cic mau duoc 1am ngudi trong moi
truong khong khi tinh, duoc lam sach va dugc cit vudng goc véi huéng han bang cach dung may cit
va d4nh bong bang gidy nham. Sau do, mau s& duoc 1am sach bang dung dich nital 2% dé 1am rd ving
kim loai han. Cac kich thude do sau ngau chidu cao, chiéu rong va chiéu rong ving anh hudng nhiét
(HAZ) s& duoc phén tich bang kinh hién vi quang hoc GX51 cua hing Olympus, méy c6 d6 phong dai
500 1an khi ding thi kinh 10x va vat kinh 50x.

4. KE HOACH THUC NGHIEM BAC HAI

4.1. Khoang bién thién cac yéu to diu vao

~ Dua vao bang théng s6 va mirc han (Bang 2) gdm ba yéu t6 nghién ctru va ba mirc cho mdi yé}l
t0, phuong an thyc nghiém béc hai duoc chon c6 dang phuong an béc hai quay la phu hop. Tinh chat
quay cuia phuong an cau truc c6 tim sé& dat dugc khi chon canh tay don sao (*) theo cong thuc [18]:

o = 2K/* = 23/ = 1,682 (1)
v6i k 14 s6 yéu té nghién ctru, k = 3.

Khoang bién thién va gié tri cic thong s6 dau vao dugc trinh bay trong Bang 3.

Bdng 2. Thong sé va muc han.

Théng s Mirc dudi Mirc co s6& Mirc trén
Dong dién han, I (A) 85 90 105
Dién ap han, U (V) 16 17,5 19
Tdc d6 han, v (mm/s) 25 2.75 3.0
Han tim day 4 mm.

Bdng 3. Mirc va khoang bién thién cac yéu t6 du vao.

Théng s6
Mibc 7
Dong dién han (A) | Dién ap han (V) Toc d§ han (mm/s)
Muc dudi -1 85 16 2.5
Mirc co s& 0 95 17.5 2.75
Mtc trén +1 105 19 3
Khoang bién thién 10 1.5 0.25

4.2. Lap ma trin thuc nghiém

Ma tran thuc nghi€m bac hai theo phuong an quay, ) luong thuc nghiém dugc xac dinh theo cong
thie [18]:
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N = 2K+ 2k +n, o
=234+2x34+6=20
trong d6: k — s6 yéu t6 nghién ciru, k = 3;
2k _gb luong thuc nghi¢ém & muc trén va muc dudi;
2k — s6 luong thuc nghiém ¢ mirc diém sao (*);
no — s luong thuc nghiém 1dp & muc co sd, ng = 6.

S6 lwong thuc nghiém va két qua do dac thuc nghiém duogc trinh bay trong Bang 4. Khi do cac gia
tri HAZ, dé dam be}o do tin cdy cua két qua do, moi thi nghiém dugc do ba lan va két qua 1a gia tri trung
binh cdng cua ba lan do.

Bdng 4. Két qua do dac thuc nghiém.

Yéu to dau vao Yéu t6 diu ra
TT Dong dién I (A) | Dién ap U (V) Téc d9 v (mm/s) HAZ 'Y (mm)
1 -1 -1 -1 0.88
2 1 -1 -1 0.93
3 -1 1 -1 0.71
4 1 1 -1 0.65
5 -1 -1 1 0.65
6 1 -1 1 0.58
7 -1 1 1 0.88
8 1 1 1 0.71
9 -1.68 0 0 0.89
10 1.68 0 0 0.88
11 0 -1.68 0 0.71
12 0 1.68 0 0.71
13 0 0 -1.68 0.71
14 0 0 1.68 0.53
15 0 0 0 0.53
16 0 0 0 0.65
17 0 0 0 0.53
18 0 0 0 0.53
19 0 0 0 0.53
20 0 0 0 0.53

4.3. Tém tit thiét ké theo phwong phap mit phing hdi dap trong phan mém Minitab
Sau khi thiét 1ap ma tran thyc nghiém, chung ta c6 Kkét qua sau:

Design Summary

Factors: 3 Replicates: 1
Base runs: 20 Total runs: 20
Base blocks: 1 Total blocks: 1
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Point Types

Cube points: 8

Center points in cube: 6

Axial points: 6
0

Center points in axial:
5. KET QUA VA THAO LUAN

5.1. Xdc dinh phwong trinh hoi quy

. Ma tran thyc nghiém ddi vei ving anh hudéng nhiét HAZ (mm) dugc 1ap va ngau nhién héa trat tu
bang chuong trinh MiniTab (Béang 5).

Bdng 5. Ma tran thuc nghiém va két qua thuc nghiém bac hai (HAZ).

+ i c2 C3 c4 cs Ccé c7 cn
StdOrder RunOrder PtType  Blocks I U v Y
1 19 1 0 1 95000 17.5000 2.75000 0.53
2 1 2 1 1 85000 16.0000  2.50000 0.88
3 15 3 0 1 95000 17.5000 2.75000 0.53
4 6 & 1 1 105.000 16.0000  3.00000 0.58
5 9 5 -1 1 78.182 17.5000  2.75000 0.89
6 8 6 1 1 105.000 19.0000  3.00000 0.71
7 4 7 1 1 105.000 19.0000  2.50000 0.65
8 12 8 -1 1 95000 20.0227 2.75000 0.71
9 2 9 1 1 105000 16.0000  2.50000 0.93
10 5 10 1 85000 16.0000  3.00000 0.65
n 20 1 0 1 95000 17.5000 2.75000 0.53
12 10 12 -1 1 111818 17.5000  2.75000 0.88
13 17 13 0 1 95000 17.5000 2.75000 0.53
14 7 14 1 85.000 19.0000  3.00000 0.88
15 1 15 -1 1 95000 149773  2.75000 0.71
16 13 16 -1 1 95000 17.5000 2.32955 0.71
17 18 17 0 1 95000 17.5000 2.75000 0.53
18 16 18 0 1 95000 17.5000 2.75000 0.65
19 14 19 -1 1 95000 17.5000 3.17045 0.53
20 3 20 1 1 85000 19.0000 2.50000 0.71

Dua vao két qua thuc nghiém, tién hanh phén tich phuong sai véi mé hinh dang da thitrc bac hai
day du (Bang 6).

Bang 6. Két qua phén tich phwong sai (ANOVA) ctia mé hinh bac hai ddy dii cho HAZ.

Model Summary

R- R-
S R-sq sq(adj) sq(pred)
0.0392437 95.93% 92.26% 88.59%
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Analysis of Variance

F- P-
Source DF Adj SS Adj MS Value Value
Model 9 0.362679 0.040298 26.17 0.000
Linear 3 0.037003 0.012334 8.01 0.005
I 1 0.005213 0.005213 3.38 0.096
U 1 0.000593 0.000593 0.39 0.549
\ 1 0.031197 0.031197 20.26 0.001
Square 3 0.231539 0.077180 50.11 0.000
I*1 1 0.201438 0.201438 130.80 0.000
U*u 1 0.045770 0.045770 29.72 0.000
v¥v 1 0.008676 0.008676 5.63 0.039
2-Way Interaction 3 0.094138 0.031379 20.38 0.000
I*U 1 0.005512 0.005512 3.58 0.088
[*v 1 0.006613 0.006613 4.29 0.065
U*v 1 0.082013 0.082013 53.25 0.000
Error 10 0.015401 0.001540
Lack-of-Fit 5 0.003401 0.000680 0.28 0.904
Pure Error 5 0.012000 0.002400
Total 19 0.378080

Két qua phan tich phuong sai cho thiy hé sé hoi quy khong dam bao d6 tin cay va bi loai gdm I,
U, I*U va I*v (P-value > 0.05).

Sau khi loai bo hé s hdi quy khong dam bao do tin cay (I, U, I¥U va I*v) ra khoi mé hinh va tién
hanh phan tich phuong sai 1an thir hai cho m6 hinh. K&t qua xir 1y so liéu xac dinh cac hé s6 hoi quy ¢o
y nghia (P-value < 0.05) dugc trinh bay trong Bang 7 va Bang 8.

Bang 7. K&t qua phan tich phuong sai (ANOVA) ctia m hinh bc hai day du cho HAZ sau khi
loai bo hé so hoi quy khong phu hop (I, U, I¥U va I*v).

Model Summary

S R-sq R-sq(adj) R-sq(pred)

0.0487938 91.18% 88.04% 84.51%

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value

Model 5 0.344748 0.068950 28.96 0.000
Linear 1 0.031197 0.031197 13.10 0.003
\ 1 0.031197 0.031197 13.10 0.003
Square 3 0.231539 0.077180 32.42 0.000
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I*1 1 0.201438 0.201438 84.61 0.000
U*u 1 0.045770 0.045770 19.22 0.001
vtv 1 0.008676 0.008676 3.64 0.077
2-Way Interaction 1 0.082012 0.082012 34.45 0.000
U*v 1 0.082012 0.082012 34.45 0.000

Error 14 0.033332 0.002381
Lack-of-Fit 9 0.021332 0.002370 0.99 0.537

Pure Error 5 0.012000 0.002400

Total 19 0.378080

Bang 8. Hé sb hdi quy va phuong trinh hdi quy ham Y (HAZ).

Coded Coefficients

Term Coef SECoef T-Value P-Value VIF
Constant 0.5500 0.0199 27.64 0.000

\Y -0.0478 0.0132 -3.62 0.003 1.00
I*1 0.1182 0.0129 9.20 0.000 1.02
U*u 0.0564 0.0129 4.38 0.001 1.02
vtv 0.0245 0.0129 191 0.077 1.02
U*v 0.1012 0.0173 5.87 0.000 1.00

Phwong trinh héi quy & dang thue
Y =0.5500-0.0478 v+ 0.1182 I*I + 0.0564 U*U + 0.0245 v*v + 0.1012 U*v 3)

Duya vao ham Y, tién hanh phén tich mic d anh hudng cia cic yéu té nghién ctru dén ving anh
hudng nhiét, ta c6 nhan xét:

« Déu cong (+) ding trudce 12 chimg t6 dong dién han va vung anh hudng nhiét c6 médi quan hé
ty 1€ thuan.

+ Dau cong (+) dung trudc U? ching to dién ap han va ving anh huéng nhiét c6 mbi quan hé ty
1é thuan.

«  Déu trir (+) dung truée v chimg to tdc dd han va ving anh hudng nhiét ciing c6 mbi quan hé
ty 1€ thuan.

Qua ham Y c6 thé v& dd thi theo ting cap yéu t6 anh hudng t6i ving anh huong nhiét (Hinh 7 dén
Hinh 9), cac d0 thi dugc vé khi gia tri ctia yéu t6 con lai dugce giit & mirc co so. Cac do thi cho thiy:

« B& mat hdi dép ciia ham Y c6 dang parabol elliptic (dang qua ddi) va déu ndm trong mién thi
nghiém.

+ Diém dimg ciia bé mat hoi dap (diém tai d6 mit phang dap tmg c6 do dc bang 0) nim sau
trong mién thi nghiém va dat gia tri cuc dai cua bé mat hoi dap.

+ Ving cho gi4 tri du bo cao nhat ciia viing anh hudng nhiét 1a ving trong ctia ellipse nho nhat.
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Chiéu rong viing anh huréng nhiét Y so véi Uva | Chiéu rong viing anh huéng nhiét Y so véi Uva |
va
< 0.6 Hold Values
M 06 - 07 = v 275
W 07- 08 [ ——
W 08 - 09 ——
HWo9- 10 }
n > 10
Hold Values
v 275
w | |
Y ‘ |
075 ) ‘
l /7 195
/180
050 l P, v
0 9; - =l ’ 165
" 150
1 1% 110
80 85 % 95 10 105 10
I
(a) (b)

Hinh 7. Db thi dang contour (a) va dang surface (b) mo ta quan hé gitra chiéu réng ving anh huéng
nhiét (HAZ) va cap thong s6 U-L.

Chiéu réng vung anh hudng nhiét Y sovéivva | Chiéu rong viing anh hudng nhiétYsovéivval
b 06 Hold Values
W o6 - 07 M r—— v s
M 07- 08 ! —
W 08 - 09 —_— N
W o9 - 10
| | > 10 !
Hold Values ‘
U s T3 JI ‘
] |
Y |
075 J ‘
325
/300
.//
e i,_' Sy
2 — s
2 w =
1 110
100 105 110
NG| (b)

Hinh 8. Db thi dang contour (a) va dang surface (b) mé ta quan hé giita chiéu réng ving anh huéng
nhiét (HAZ) va cap thong so v-1.
Chiéu réng ving anh hudng nhiétYso véivva U Chiéu rong viing anh huréng nhiét Y so véivva U

Hold Values
05 I 95

Hold Values
I 95

15 1 17 18 19 20

(@ (b)

Hinh 9. B4 thi dang contour (a) va dang surface (b) mé ta quan hé gitra chiéu rong ving anh huéng
nhi¢t (HAZ) va cép thong so v-U.
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5.2. Két qua giai bai toan toi vu
Xuét phat tir myc dich nghién ctru va ndi dung phan tich & trén, bai toan téi wu dugc xay dung
nhu sau:
Ham muc ti€u: Y — min, hay:
Y =0.5500 - 0.0478 v + 0.1182 I*I + 0.0564 U*U + 0.0245 v*v + 0.1012 U*v — min 4)
Ham diéu kién: +1.682 > X; > —1.682 (trong d6 X; 1a cac thong s6 dau vao I, U hay v)
~ Bang 9 trinh bay két qua m6 phong giai bai toan t6i wu bang phan mém Minitab. Hinh 10 1a do thi
toi uwu hoa cac thong s6 dau vao dé dat gia tri toi uu cia HAZ.

Bdng 9. Két qua mo phong giai bai toan t6i wu

Response Optimization: Y
Parameters
Response  Goal Lower Target Upper Weight Importance
Y Minimum 0.53 0.93 1 1
Solution
Y Composite
Solution | U v Fit Desirability
1 108.420 149773  3.17045 0.625006  0.827359
Multiple Response Prediction
Variable Setting
[ 108.42
U 14.9773
\% 3.17045
Response Fit SE Fit 95% ClI 95% PI
Y 0.6250 0.0709 (0.4729, 0.7771) (0.4404, 0.8096)
Opts  Hioh 111.13179 20.(L),227 31704
D:0.8274 "¢ [108.4204] [14.9773] [3.1704]
Low 78.1821 14,9773 2.3296
Composite e i
Desirability / ‘
| {
D: 0.8274 J L
Y
Minimum / \
y=0620 [\ _ _ LI 7 _|___
d = 0.76248 -

Hinh 10. B thi t5i wu hoa cac thong s6 dau vao dé dat gia tri t6i uu cia HAZ.

Qua nghién ctru quy hoach thyc nghiém (Hinh 8) da c6 két qua toi wu hoa vé thong so chi tidu dau
ra la chieu rong vung anh hudng nhiét (HAZ) nhu sau:

Chiéu rong ving anh hudng nhiét (HAZ) dat gia tri nho nhét Y min = 0.6250 mm.

_ Khi cac thong s6 dau vao tuong tmg 1a: dong dién han 1= 108.42 A, dién 4p han U = 14.9773 V
va toc d6 han v = 3.1704 mm/s.
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5. KET LUAN

Céc thong s6 cua qua trinh han kiém soét hoat dong han va chét lugng cua mbi han duoc tao ra.
Viée lya chon cac thong s6 han dugc thuc hién sau khi kim loai co ban, kim loai phu va thiét ké moi
nbi duoc chon. Viéc lya chon dung cac thong sO han s& gitip cho hoat dong han tré nén de dang hon,
tang co hoi tao ra cac dac tinh m6i han can thiét. Cac thong s chinh cta qua trinh han gom dong dién
han I (A), dién ap han U (V) va tdc d6 han v (mm/s) duoc Iya chon tir cac két qua & Muyc 2.1 va 2.2 dya
trén yéu cau thuc té khi toi uu chiéu rong viing anh huong nhiét (HAZ). Viéc nhan biét va hiéu r& ving
anh huong nhiét (HAZ) 1a rit quan trong, vi nhiing thay d6i trong viing nay c6 thé quyét dinh sy thanh
cong hay that bai ciia mot bd phén, dic biét 1a cac cau kién chiu lyc trong xay dung va ché tao may
moc.

Nhu véy, qua nghién ctru thyc nghiém va quy hoach thue nghiém da c6 két qua vé thong sb chi
tiéu dau ra la chiéu rong ving anh huong nhiét (HAZ) dat gia tri nho nhat Y min = 0,6250 mm:

. Tucac két qua & trén, x4c dinh duoc bo thong s6 ti uu cho qua trinh han lién két giap mbi SUS304
bang cong nghé GTAW nhu sau:

* Dong dién han1=108.42 A;
« Diéndphan U=14.9773 V;
+  Téc d6 han v = 3.1704 mm/s.
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ABSTRACT

STUDY ON THE INFLUENCE OF SUS304 BUTT WELDING PROCESS PARAMETERS
ON THE SIZE OF HEAT AFFECTED ZONE USING GTAW TECHNOLOGY

Trinh Tien Tho!, Vo Tuyen!”, Dang Van Hai', Phan Nhat Tuan?
'Faculty of Mechanical Engineering, Ho Chi Minh City University of Industry and Trade
Center for Vocational Education-Continuing Education District 10, Ho Chi Minh City

*Email: tuyenv@huit.edu.vn

Gas Tungsten Arc Welding (GTAW) is a welding process that uses an arc between a non-
consumable tungsten electrode and the workpiece to establish a weld pool. This process is used with
shielding gas and does not require pressure and can be used with or without additional filler metal. Due
to the high quality of welds produced by gas tungsten arc welding, this process has become an
indispensable tool for many manufacturers, including those in the aerospace, nuclear, marine,
petrochemical, and semiconductor industries, etc. In this study, the main welding process parameters
including welding current I (A), welding voltage U (V), and welding speed v (mm/s) were selected
based on practical requirements when studying their effects on the size of the heat affected zone (HAZ)
when butt welding SUS304 using GTAW technology. Through experimental research and experimental
planning, the output parameter results are the width of the heat affected zone (HAZ) reaching the
smallest value Ymin = 0.6250 mm. From there, the optimal parameter set for the SUS304 butt joint
welding process using GTAW technology is determined as follows: welding current I = 108.42 A;
welding voltage U = 14.977 V and welding speed v =3.1704 mm/s.

Keywords: GTAW, welding current, welding voltage, welding speed, heat affected zone width.
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