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Han TIG hay han hé quang dién cuwc von phram trong méi trwong khi la mot qud trinh han ho quang
sir dung dién cye khéng nong chay dé tao ra moi han. Pay la phwong phdp han phat trién manh mé trong
khoang ba thdp ky tré lai ddy va dwoc vmg dung réng rdi trong rdt nhiéu linh viee co khi. Mot trong
nhitng chi tiéu dé danh gid chdt lrong méi han la dé bén kéo phd hity mau. Bai bdo ndy trinh bay mét
nghién ciru vé anh hwong ciia mot so thong sé cong nghé dén dé bén kéo ciia mau han khi han TIG thép
cdc bon thip. Cdc théng sé cong nghé han khao sat & ddy gom c6: cwong do dong dién han (1)), luu
heong khi bao vé (L,), khe hé lip ghép (a). Ung dung phirong phdp Taguchi véi phan mém thong ké
Minitab, nghién ciru dd xdc dinh dwgc mirc d¢ dnh hwong ciia cdc thong sé trén dén giéi han chay, gidi
han bén kéo ciia mau han. Nghién ciru ciing lwa chon dwoc bé thong sé cong nghé phiv hop cho gidi han

chay, gioi han bén mau han la cao nhat.

Tir khéa: Han TIG,; Dong dién han; Luu heong khi bao vé; Khe hoé ldp ghép, Taguchi; Minitab.

1. bit van dé

Han TIG (Tungsten inert gas) hay han ho
quang dién cuc khong nong chay trong moi
truong khi tro (Gas tungsten arc welding -GTAW)
1a qua trinh han néng chay, trong d6 ngudn nhiét
dién cung cap boi hd quang dugc tao thanh giira
dién cuc khong nong chay va viing han (xem
Hinh 2). Ving hd quang dugc bao vé biang moi
truong khi tro (Ar, He hodc Ar + He) dé ngin can
nhiing tac dong c6 hai ctia oxi va nito trong khong
khi. Bién cuc khong nong chay thuong dung la
volfram, nén phuong phap han nay tiéng Anh goi
12 han TIG (Tungsten Inert Gas). C6 rat nhidu chi
tiéu dé danh gia chat lwong mdi han nhu kich
thudc mbi han, co tinh mau han, ...[1], [2]. Viéc
nghién ciru t6i wru hoa cac thong s6 cong nghé han
nhim dat duoc cac chi ti€u trén da duoc cac nha
khoa hoc quan tam tir lau. Sau day la mot sb
nghién ciru trén thé giéi da cong bd vé van dé
nay:

Trong cong trinh [4] Ajit Khatter, Pawan
Kumar, Manish Kumar da thuc hién tdi wu hoa
cac thong s6 cong nghé khi han TIG thép khong
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gi 304 bang phuwong phap Taguchi.

Trong cong trinh [5] Tadele Tesfaw, Ajit Pal
Singh, Abebaw Mekonnen Gezahegn ciing da su
dung phuwong phap Taguchi dé t6i wu héa qua
trinh han MAG thép cac bon thap

Trong coéng trinh [6] P Vasantharaja, M
Vasudevan da nghién ctru t6i uu héa cac tham sd
cong nghé han A-TIG khi han thép RAFM nhim
dat duoc cac thong s6 hinh dang mdi han mong
wdc nhu chidu sau, chidu rong ving han, chiéu
rong ving anh huéng nhiét bang phuong phéap bé
mat dap ung (RSM).

Trong cong trinh [7] Pushp Kumar
Baghel, Doddalahally Shivalingaiah Nagesh da
phéan tich va nghién ciru anh hudng cua cac thong
s6 cong nghé qua trinh han TIG dén co tinh cua
mdi han céc chi tiét bing nhom

Trong nghién clru nay céc tac gia da su dung
phuong phap Taguchi va phan tich phuong sai
ANOVA véi trg gitip boi phan mém Minitab 8.1
va Microsoft Excel dé thiét ké thuc nghiém va xur
ly s6 lidu thuc nghiém. Muc dich nghién ctu 1a
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danh gid muc d6 anh huong cua thong sé ché do
han (cuong d6 dong dién han, luu lugng khi bao
vé, khe ho lip ghép) dén gi6i han chay ciing nhu
giéi han bén kéo cua mau han biang thép CT3.
Qua d6 tim ra dugc cac by thong sb cong nghé
phu hop nhat nham dat duge chi tiéu giéi han
chay va giéi han bén kéo mau han 14 cao nhat.
2. Phuong phap nghién ciru
Phuong phap Taguchi [3] cho phép danh gia
muc do tac dong doc lap, tic dong lan giira cac
yéu to chinh, yéu té khong diéu khién duoc (yéu
t6 nhidu). Ty sb tin hiéu trén nhiéu S/N (Signal to
Noise) phat trién boi Taguchi duoc s dung dé
phan tich, nhim danh gia két qua qua trinh dam
bao chinh xac hon. Cong thirc tinh S/N phu thudc
vao tiéu chi t6i wu hoa két qua diu ra: S/N=-
10log(MSD); MSD 1a d¢ Iéch trung binh binh
phuong va tinh cho ba truong hop khac nhau:
- Pau ra cang nho cang tot:
MSD = lZn:(x,.)2 (D
nig
- Pau ra cang 16n cang tot:
MsD =L i(i)2 ()
n<= x,
- bam béo gia tri danh nghia:
1
MSD =;;(xj -x,) 3)
Trong do:
nla sq thi ngh‘iém,
x;1a két qua déu ra thi nghiém thu j,
Xo két qua dau ra mong muon. )
bé danh gid mtac do anh hudng cua cac yéu

t6 ta phai tinh gia trj phuong sai:
- Phuong sai tong:

Bdng 1. Thanh phan héa hoc ciia mdu thuwce nghiém

" 2
n T2 - |:Zyi:|
Sy =2y~ =2y =
i=1 i=1
trong do: y; - Gia tri S/N thtr i

T-Tong gid tri SN
- Phuong sai thanh phan yéu t0 A:

3o {Zy} (5)
—leyl-AA—T

L
k=L Ny, i=

4)

n

S, =

trong do: y, 4" Két qua thir i ctia A tai mirc k
n, - S6 lan 1ap lai cia A tai muc k.

Phuong sai thanh phan cac yéu t6 B, C ciing
xac dinh tuong tu. o

- Phuong sai ctia yéu t6 nhicu:

Se=S1-Sx-Sp-Sc (6)

- Mirc d6 (%) anh hudng cua cac yéu to
chinh va nhicu:

Ps=SA/St; Ps=Sp/St; Pc=Sc/St; Pe=S./St )

Chon b¢ thi nghiém mang truc giao Taguchi
gdm 27 thi nghiém, MSD tinh theo cong thirc (2)
dé dam bao gidi han chay va gi6i han bén kéo
cang 16n cang tt.

Cai dat cac cong thic trén trong Microsoft
Excel va sir dung phin mém théng ké Minitab 8.1
dé xtr 1y sb lidu thuc nghiém ta c6 két qua thyc
nghiém trinh bay trong muc 3.

3. Noi dung nghién ctru
3.1. Piéu kién thyc nghi¢m
a- Miu thye nghiém.

Vit liéu mau 14 thép cac bon thép mac CT3
¢6 thanh phan hoa hoc trinh bay trong bang 1.

Hinh dang vat liéu mau thi nghiém trinh bay
trén hinh 1, so d6 han TIG trinh bay trén hinh 2
va hinh 3 13 két qua 27 mAu thi nghiém.

Mac thép Thanh phin héa hoc(%)
T3 C Si Mn P (Max) S (Max)
0.14 - 0.22 0.12-0.30 0.40 - 0.60 0.045 0.045

b- Thiét bi han TIG

Méay han TIG EWMT- 350A nhin hi¢u
SAMHO do Han Quéc san xuat (hinh 4) c6 cac
thong s co ban trinh bay trong bang 2
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c-Thiét bi do dd bén kéo mdi han

May thir kéo van ning 30 tin cua phong thi
nghi¢ém truong Pai hoc Bach khoa Ha N§i dugc
trinh bay trén hinh 5.
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d =30 (mm), dy =20 (mm)
L=210 (mm), 1 = 90 (mm)
r=35 (mm), h=>5 (mm)

Hinh 1. Hinh dang mau thi nghiém.

Thén dudc han TIG

Hudng han Déy dan dién

Gng dan khi

Kep kim han

Que dép
Khe hé mbi
AT- han (a)

N

Kni bao vé

Hinh 2. So do qud trinh han TIG

Hinh ’4. May han TIG 3504

Céc thong s cong nghé chinh anh huong téi
d6 bén kéo cua mau han la: cuong d6 dong dién
han (I), luu lugng khi bao vé (L,), khe ho lip
ghép (a). Ngoai ba thong sb cong nghé chinh trén,
d6 bén kéo ciia mau han con chiu anh huong cua
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cac yéu t6 khac nhu: Puong kinh dién cuc, c&
chup khi, tde d0 han... Dién cuc han Vonfram &
day c6 ky hiéu WTh-2, duong kinh 2,4 mm; Que
han phu 1a que han thép ER70S-G duong kinh 2,4
mm. Khi bao vé 1 Ar. Céc thong sb nay duoc giit
khong ddi trong sudt qiia trinh thuc nghiém

Bdng 2. Bang théng sé k thudt mdy han TIG
3504

Théng sb Gia tri
Dién ap dau vao 380V, 3P, 50 Hz
Cong suit dau vao 9,3 kVA

Churc nang Han que, han TIG
Dong dién hanra AC/DC |5- 350 A

Dong han xung 5-300 A

Tan s6 xung AC 40- 250 Hz

Tan s6 xung DC 0.5- 10Hz

b6 rong xung AC/DC 15- 85%

Chu ki tai 40%

Kich thude (WxDxH) 400x600x550 (mm)
Trong lugng 45 kg

Hinh 5. May thir kéo van nang

Ngoai ra con c6 cac yéu té nhiéu nhu: chat
lugng phdi thép, tay nghé ctia tho han, chit lugng
khi bao v€, méi truong han...

3.2. Két qua thye nghiém

- V6i két qua dau ra mong mudn cang 16n
cang tdt, str dung cong thire (2) dé tinh ty sb S/N
cho gi¢i han chay va gi6i han bén.

- Ty s& S/N duoc thay thé cho gia tri trung
binh trong tinh todn phan tich phuong sai
(ANOVA). Tinh todn mtc d¢ anh huong cua cac
yéu t6 ché d6 cong nghé dau vao (dong dién, luu
lwong khi bao vé, khe hé ldp ghép) dén két qua
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dau ra (gi6i han bén, gidi han chay). thuc nghiém Taguchi ta c6 két qua tinh toan ty sb
- Tir két qua thuc nghiém do dugce, st dung S/N cho giéi han chay va gii han bén (d6 bén

cac cong thirc co ban ciia phuong phép thiét ké kéo) cua timg miu han nhu sau (Bang 3).

Bang 3. Két qua thie nghiém

Béang truc giao
TT Dong Luu Khe cﬁ;; (l;(agltl) S/N Gisi han chiy [(,211(1)‘1 (Egg S/N Gisi han bén
dién lwgng hé
1 70 4 1 3240 70.21 4030 72.11
2 70 4 1 3260 70.26 4010 72.06
3 70 4 1 3300 70.37 4020 72.08
4 70 8 2 3680 71.32 4110 72.28
5 70 8 2 3750 71.48 4140 72.34
6 70 8 2 3860 71.73 4190 72.44
7 70 10 3 3690 71.34 4270 72.61
8 70 10 3 3680 71.32 4280 72.63
9 70 10 3 3650 71.25 4290 72.65
10 100 4 2 3840 71.69 4380 72.83
11 100 4 2 3920 71.87 4360 72.79
12 100 4 2 3990 72.02 4350 72.77
13 100 8 3 4160 72.38 4410 72.89
14 100 8 3 4180 72.42 4430 72.93
15 100 8 3 4170 72.40 4390 72.85
16 100 10 1 4050 72.15 4490 73.04
17 100 10 1 4055 72.16 4480 73.03
18 100 10 1 3980 72.00 4500 73.06
19 130 4 3 3820 71.64 4370 72.81
20 130 4 3 3850 71.71 4380 72.83
21 130 4 3 3720 71.41 4390 72.85
22 130 8 1 3860 71.73 4170 72.40
23 130 8 1 3780 71.55 4150 72.36
24 130 8 1 3810 71.62 4180 72.42
25 130 10 2 4110 72.28 4500 73.06
26 130 10 2 4050 72.15 4510 73.08
27 130 10 2 4080 72.21 4520 73.10

Tt bang trén ta tinh dugce gia tri S/N trung dién, luu luong khi bao vé, khe hé lip ghép) cua
binh tai cdc muirc cta cac yéu té diu vao (dong giéi han bén (Bang 4), gi6i han chay (Bang 5).

Bdng 4. Két qua S/N trung binh ciia gidi han bén ¢ cdc mike yéu té dau vao

Mibc Dong dién Luwu lwgng khi bao vé Khe hé ldp ghép
1 72.36 72.57 72.51
2 72.91* 72.55 72.74
72.77 72.92* 72.78*
Bang 5. Két qua S/N trung binh ciia gidi han chay & cdc mike yéu té dau vao
Mirc Dong dién Luu lwgng khi bao vé Khe hé lip ghép
1 71.03 71.24 71.34
2 72.12* 71.85 71.86*
71.81 71.87* 71.76
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Dé danh gia mirc d6 anh hudng cua cac mirc
yéu td du vao dong dién, luu luong khi bao vé,
khe ho ldp ghép dén gidi han bén ciing nhu gidi
han chay ctia mau han, st dung phan mém
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(mm). St dung phin mém Minitab ta c6 két qua
dy doan gia tri d6 bén tdi wu: gidi han bén kéo 1a
4589.63 (kgf), twong tng véi S/N = 73.25.
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Hinh 6. Po thi anh hwong cia cdc mirc }{é’u 16 dau vio
dén ti s0 S/N cuia gioi han bén.
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Hinh 7. Do thi danh hudng cia cac mic Yéu 16 dau vao
dén gia tri gioi han bén

Minitab 18 ¢6 dugc biéu dd anh huéng cua
cac yéu td dau vao dén ty sb S/N va gia tri gioi
han bén nhu trinh bay trong hinh 6, hinh 7 va
biéu dd anh hudng cua cac yéu t6 dau vao dén ty
s6 S/N va gia tri giéi han chay nhu trinh bay trong
hinh &, hinh 9.

Téng hop cac dd thi trén hinh 6 va hinh 7 ta
¢6 do thi trén hinh 10 md ta anh hudng cia cac
mic ciia cac yéu to dau vao dén ty sé S/N trung
binh ctia gidi han bén.

Téng hop cac dd thi trén hinh 8 va hinh 9 ta
¢6 dd thi trén hinh 11 mo ta anh hudng cia cac
mirc cua cac yéu td dau vao dén ty sb S/N trung
binh cua gidi han chay. Tt bang 3 va hinh 10 cho
thiy gi4 tri t6i wu ciia gioi han bén Ung véi cac
gia tri S/N 16n nhit cia timg yéu td twong Gng:
dong dién ¢ murc hai 1a 100 (A), luu lugng khi
bao vé muc ba la 10 (L/ph), khe hé murc ba 1a 3
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Hinh 8. B6 thi dnh huong ciia cdc mirc Yéu 16 ddu vdo
deén ti s0 S/N cua gioi han chay

' Main Effects Plot for Means o @)=

Main Effects Plot for Means
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Hinh 9. D6 thi anh hwdng ciia cac mirc Yéu té dau vao
den gia tri gioi han chay. )

Tuong tu tr bang 3 va hinh 11 cho thay gia tri
t6i wru cia gi6i han chay tng véi cac gia tri S/N
16n nhit cia timg yéu t6 twong ung: dong dién
muc hai 1a 100 (A), luu lugng khi bdo vé muc ba
la 10 (L/ph), khe hé muc hai 1a 2 (mm). Str dung
phin mém Minitab ta c6 két qua du doan gia tri
giéi han chay tdi wu: gi6i han chay 1a 4216.30
(kgf), tng v6i S/N = 72.54.

Qua quan sit cac mau thi nghiém sau khi kéo
pha huy ta ciing ¢6 nhan xét 1a tit ca cac mau thir
sau khi kéo pha huy thi vi tri diém giy nit déu
nam phia ngoai vi tri méi han, tirc 1a & ving anh
hudng nhiét.

Str dung Microsoft Office Excel ta cling
tinh toan duoc mirc d6 anh hudng cua cac yéu t6
chinh va nhiéu dén gi6i han bén va giéi han chay
clia mau han nhu trinh bay trong bang 6.
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Hinh 10. D6 thi méi quan hé S/N trung binh cua gidi

han bén ¢ cac mirc yéu to dau vao

Hinh 11. D6 thi méi quan hé S/N trung binh ciia gidi
han chady o cdac murc yéu to dau vao

Bang 6. Mirc do dnh huwong cua cdc yeu to dau vaodeén gici han bén va gidi han chay mau han

Yéu t6 anh hwéng

Mikc d anh hwéng (%) dén

Gi6i han bén

Gi6i han bén

Dong dién 53.67 53.67

Luu lugng khi bao vé 28.17 28.17
Khe hé lip ghép 14.24 14.24
Nhiéu 3.91 3.91

4. Két luan

Trong bai bao nay cac tac gia di trinh bay
nghién ctu thuc nghiém han TIG thép cac bon
thdp nhim xac dinh mirc 46 anh huéng cua cac
thong s6 cong nghé chinh (cuong d6 dong dién
han, Iuu lwong khi bao vé, khe ho ldp ghép) dén
giéi han chay va giéi han bén cia mau han. Bing
viéc st dung phuong phap Taguchi véi cac cong
cu nhu ph?m mém Minitab 8.1, Mcrosoft Excel,
nghién cuu da xac dinh dugc trong cac diéu kién
thuc nghiém nhu trinh bay, mic d¢ anh huong
ctia cic yéu td khao sat dén gioi han chay ciing
tuong tu nhur mirc d6 anh hudng dén giéi han bén
theo thtr ty nhu sau: cuong d6 dong dién han I,

Tai liéu tham khao

anh huong 16n nhat tiép dén 1an luot 1 anh huong
ctia luu Iugng khi bao vé L,, khe ho 1ap ghép a va
cubi cung 1a anh hudng cua cac yéu tb nhidu. Két
qua nay cho thiy cuong d6 dong dién han c¢6 anh
huong quan trong nhat dén do bén kéo ciia mau
han. Nghién ctru cling xac dinh dugc hai b thong
s6 ché do han tdi vu cuc bod trong pham vi mién
gia tri thyc nghiém khao sat: bo thong s6 ché do
han nham dat dugc gidi han bén kéo mau han 1a
cao nhét: I,= 100 (A), L, = 10 (L/ph), a= 3 (mm)
va bo thong s ché @ han nham dat duoc gidi han
chay miu han 14 cao nhat: I,= 100 (A), L, = 10
(L/ph), a=2 (mm).
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THE INFLUENCE OF TECHNOLOGICAL PARAMETERS ON THE TENSILE STRENGTH
OF THE WELD SPECIMEN WHEN TIG WELDING MILD CARBON STEEL

Abstract:

Tungsten inert gas (TIG) welding, also known as Gas tungsten arc welding (GTAW) welding, is an
arc welding process that uses a non-consumable tungsten electrode to produce the weld. This is very
common welding process that rapidly develops in lately three decades and is applied in many fields of
mechanical engineering. One of norms to estimate the quality of the weld is its tensile strength. This
paper presents a study on the influence of technological parameters on tensile strength of the welding
sample when TIG welding mild steel. The investigated parrameters include welding current, gas flow
rate, and gap between two parts of the welding specimen. Using Taguchi method with Minitab 8.1
software, the study has defined the levels of the influence of the parameters on the yielding limit as well
as on the ultimate strength of the welding sample. The sets of appropriate parameters for yielding limit
and ultimate strength of the welding sample have been found here, too.

Keywords: TIG welding; Welding current, Gas flow rate; Gap between two parts of the welding
specimen; Taguchi; Minitab.
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