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Tém tit

Han MIG la phuong phap han c6 d¢ chinh xdc va
tao ra chat luwong méi han tét cho kim logi dang
tam. Nghién cuu nay dwoc thuc hién dé t6i wu
théng s6 han MIG nham ting mét sé co tinh bao
gom d¢ dai va ddp va dg cimg Rockwell ciia moi
han gidp méi thép tam A36 sir dung trong ché tao
10 cuén cap. Nghién ciru thir nghiém trén cdc tam
thép A36 day 10mm bang cach sir dung ma trgn
triec giao L9 ciia thiét ké Taguchi két hop phan tich
quan hé xam. Cdc thong $6 han dwoc chon bao
gom dong dién han, dién dp han va heu lwong khi
bao vé. Dya trén phwong phap Taguchi - phan tich
xdm, cdc théng s6 t6i wu cho dg ciing va do dai va
dap 16t nhdt dwoc xac dinh voi cdc gia tri dong
dién 1804, dién ap 24V va luu lwong khi 20 I/phut.
Két qua phén tich ANOVA cho thdy dong dién han
duoe tim thdy la cdc yéu t6 ¢6 anh huong ding ké
nhat dén do cung va do dai va dap cua méi han,
tiép sau dé la dién dp han va luu heong khi Ar.
Tir khéa: Thép A36, han MIG, thiét ké Taguchi,
phan tich xam.

Abstract

Metal Inert Gas (MIG) welding is a precise
technique known for producing high-quality welds
in sheet metal applications. This research aimed
to optimize MIG welding parameters to enhance
mechanical properties, included impact toughness
and Rockwell hardness, in butt welds of A36 steel
plates, commonly used in wire rope winch
manufacturing. Experiments were conducted on
10mm thick A36 steel plates using the L9
orthogonal array from the Taguchi design,
integrated with gray relational analysis. The
included
welding current, welding voltage, and shielding

welding  parameters  investigated

gas flow rate. Through the application of the
Taguchi method and gray relational analysis,

optimal conditions for maximizing hardness and
impact toughness were identified, with a welding
current of 1804, voltage of 24V, and gas flow rate
of 20 Il/min. Analysis of variance (ANOVA)
revealed that welding current was the most
influential factor affecting both hardness and
impact toughness, followed by welding voltage
and shielding gas flow rate.

Keywords: A36 steel, MIG welding, Taguchi
design, gray relation analysis.

1. Mé dau

Trong cac nganh cong nghiép hién nay, viéc st
dung cac loai vat liéu co ty 18 d6 bén trén khéi luong
cao dang tré thanh xu hudng, trong d6 thép hop kim
thip do bén cao (HSLA) la vat liéu ndi bat. Thép
HSLA c6 d6 bén kéo 1én hon 450MPa va do déo co
thé dat t&i 30%. Su cdi thién vé tinh chit co hoc ciia
thép HSLA chu yéu 14 do cac nguyén t6 hop kim dwoc
thém vao gitp lam nho hat, tao sai 1éch trong mang
tinh thé [1]. Thép A36 1a mot trong s cac thép HSLA
dugc su dung rong rai trong ché tao cac chi tiét két
ciu v6i do déo, do dai, d6 bén va tinh han t6t [2]. Loai
thép nay thuong dwoc han bang ki thuat han hd quang
nhu han SMAW, GMAW, FCAW. Trong qua trinh han,
nhiét dugc cung cip boi hd quang s& tao ra cac ving
¢6 cau trac té vi khac biét do d6 anh huong dén tinh
chat co hoc ciia mbi han [3]. Mot trong nhimg quy
trinh han hd quang dugc sir dung nhidu nhét 1a han ho
quang kim loai trong mdi truong khi bao vé - GMAW
hay con duoc biét dén véi tén goi han MIG, MAG do
tde do san xuét cao nhét, chét lugng mbi han tét.

Mot sb nghién ciru da danh gia anh hudng ctia cac
thong s6 han dén co tinh ciia mdi han thép HSLA.
Nghién ctru cua tac gia Al-Saraireh da danh gia anh
huéng cia dong han va dién ap han dén co tinh médi
han thép cacbon thap [2]. Tac gia Alvaro da danh gia
anh hudng cta thanh phan va luu lugng khi bao vé
trong han GMAW d6i véi thép HSLA. Mot s6 nghién
khac da tap trung vao t6i wu cac thong sé han cua
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phuong phap GMAW cho thép HSLA dé dat co tinh,
d06 bién dang ot nhét [4], [5]. Nhimng nghién ctru nay
chu yéu sir dung phuong phap Taguchi truyén thong
hoic két hop Taguchi v6i phan tich logic mo dé tdi vu
céc thong s6 han. Taguchi 1a mot cong cu thiét ké thyc
nghiém manh m¢ cé thé duoc sir dung dé cai thién
hiéu suét quy trinh ma khong can phai thuc hién quéa
nhiéu thir nghiém. Theo phwong phap nay, mot chudi
thi nghiém dya trén ma tran tryc giao cuia Taguchi
duogc thuc hién, ddm bao cac cap trang thai cia yéu tb
diéu khién & moi cOt co xac suét xuat hién ngang nhau.
Tuy nhién, phuong phap nay xép hang bo thong sd
theo chi s6 S/N do vay chi tdi wu theo mot muc tiéu
don 1¢. Bbi voi truong hop can tdi wu da muc tiéu, mot
s6 nha nghién ctru da két hop Taguchi véi mot sé
phuong phép théng ké khac nhu phan tich logic m,
mang no-ron nhéan tao, phuong phap PSI [4], [6].

Phuong phap phan tich quan hé xdm (GRA) 1a mét
phuong phap théng ké hiéu qua dé do muc do gan
dung giita cac ddi tuong bang cach sir dung cip quan
hé xam. Phuong phap nay tao ra mot chudi y nghia
cho céc tinh nang dugc danh gia véi tap hop thir hang,
qua do6 cho biét cac tinh ning nay c6 anh hudng 16n
dén muc tiéu dang xét hay khong. Phuong phap GRA
dugc danh gia cao hon cac phuong phap khac vi no
cho phép phan tich dir li¢u cuc bd va rdi rac trong khi
van dam bao do tin cdy. Vi vay, nghién ctru ndy huéng
t6i sir dung két hop Taguchi va GRA nham giai quyét
bai toan toi wu da muc tiéu.

Trong diéu kién 1am viéc, toi cubn cap chiu ma sat
mai mon va tai trong dong khi nang ha hay phanh tai.
Céc lyc nay s& tac dung thong qua day cap 1én két cau
hd trg ctia toi. Do vay, méi han can phai dam bao dugc
kha ning chdng mai mon va va dap. Muc tiéu chinh
ctia nghién ciru nay 1a t8i wu hoéa cac théng sb han
MIG cho mbi han gidp mdi sir dung thép ASTM A36
dé cai thién d6 dai va dap va do cimg médi han. Phuong
phap quy hoach thuc nghiém sir dung thiét ké Taguchi
két hop phan tich GRA.

2. Nguyén li€éu va thi nghiém
2.1. Nguyén liéu va thiét ldp thong sé han

Nguyén liéu st dung trong thi nghiém 1a thép tam
ASTM A36 dugc san xuat tai Trung Qudc, co kich
thude 100x100x10 (mm) véi thanh phan hoa hoc nhu
trong Bang 1. Quy trinh han MIG str dung khi bao vé
Ar 99,99%, diy bu ER70S-6 duong kinh 1,2mm, mdi
han dugce vat mép theo tiéu chuidn AWS DI.1. Céc
thong s6 han dugc thay ddi trong nghién ctru nay bao
gdm cuong do dong han tir 180-220 (A), dién thé han
trong pham vi 16-20 (V) va luu lugng khi Ar tir 10-20

I/phut, tbe 6 han dugc duy tri ¢ gia tri khong dbi.
Bang 1. Thanh phén héa hoc thép ASTM A36

Fe C Mn Si P S Cu

98.0 025 1.03 040 0.04 0.04 0.2

2.2. Phwong phdp chudn bi méu va thiét bi do

Trong nghién ciru ndy, co tinh ciia mbi han dugc
danh gi4 bao gdm do cimg va do dai va dap. Cac mau
do dugc cit tir mAu han tai cac vi tri nhu Hinh 1. Mau
do d6 cting duoc chuén bi c6 kich thudc 40x30x10
(mm), bé mit dwoc 1am sach va danh bong dé loai bo
cac tap chét nhu ri sét, bui va dau. Phép do dugc thuc
hién trén may do d6 ciing Hard Rocker 150A, str dung
thang do B véi thiét 1ap tai trong 100kg, thoi gian dat
tai trong 15 gidy. Vi tri do d cung tai chinh gitta ving
kim loai nong chay ctia mbi han. Mdi mau do d6 cimg
dugc do 3 1an va st dung két qua trung binh.

Mau do d6 dai va dap dugc chuén bi theo tiéu
chuan ASTM E23 c6 kich thudc 55x10x10 (mm) va
thyc hién trén mdy do JBS-300 Jinan Precision
Testing Equipment Co., Ltd. M3i mau han dugc chuén
bi ba mau thir 46 dai va dap nhu Hinh 1, két qua cubi
cung duogc lay trung binh cac phep do.
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Hinh 1. Chudén bi méu do dj cieng va d dai va dip

2.3. Thiét ké thi nghi¢m va téi wu cdc thong sé

Thiét ké Taguchi dugc sir dung cho 3 yéu té dau
vao v6i 3 cip d6 nhu Bang 2. Cac bude thuc hién tdi
vu thong s6 han theo Taguchi - GRA dugc thé hién
trong so d6 Hinh 2.

Bing 2. Théng s6 han va cip dj

, Cép do
Thong so
1 2 3
Dong dién han (A) 150 180 210
bién ap han (V) 22 24 26
Luu luong khi Ar (I/phut) 10 15 20
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Hinh 2. Céc bwdc thwe hign t6i wu da muc tiéu cho théng
sé han MIG
Ty s6 S/N duoc tinh toan thong qua phin mém
Minitab 21 str dung cong thirc:

(s/N); = 1010g (%) (M)

Trong d6: %, 1a tin hiéu, s? 1a nhidu, i 1a sd thu
tu thi nghiém. Gia tri ty s S/N cang 16n thi tham sb
déu ra s& cang gan v6i gi tri tdi wu, tuy nhién chi ap
dung cho mdt muyc tiéu riéng Ié. bé x4c dinh duoc t6i
wu cho da myc tiéu can két hop phuong phap GRA.
Budc dau tién can chudn héa ty s S/N theo cong thirc:

(2)
Vi gi tri Xi1a ty s6 S/N thir i, X;* 1a gié tri chuan

héa. Tu gia tri chuén hoa xac dinh hé sé xam theo
cong thuc:

X-* _ Xi—-min X;
L

max X;—min X;

Amax + bmin
. — X Mmax  min 3
Vi Amax + 4 ( )

Véi gia tri A;1a chudi léch, ¢ 1a hé ) phén biét
nam trong pham vi tir 0 dén 1. D6 xam cudi clng s&
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duogc xac dinh theo cong thire:
¥ =Xiwi v “)
Trong d6: w; 1a trong s6 cua cac muc tiéu dén quan
hé xam, z 1a so thi nghiém.
3. Két qua va thao luin
3.1. T6i wu don muc tiéu

Két qua thyc nghiém theo thiét ké Taguchi L9 va
tinh toan ty s S/N dugc thé hién trong Bang 3. Pdi
v6i mdi han, d6 dai va dap cho thay kha nang chiu cac
tai trong va dap tot hon nén phan tich S/N s& lya chon
phuong an Ién nhat to6t hon. Tuy nhién sau han, do
ctg moi han ciia loai thép HSLA thuong tang 1én, do
cling cao sé& khién mdi han bi gion can phai xur Iy nhiét
phtrc tap hon sau khi han dé giam d¢ ctng va tmg suat.
Do vay d6 ctng mdi han duoc lya chon theo phuwong
an nhé hon thi tot hon. Két qua cho thiy gia tri do dai
va dap dat duoc cao nhét 80J/cm? véi thong s6 thir
nghiém sb 3. Trong khi thir nghiém s6 4 cho d6 cling
thip nhat dat 93 HRB.

Phan tich Taguchi dya trén cac ty sé S/N tinh toan
duoc, cac yéu t6 anh hudng nhiéu nhét dén do dai va
dap va dg ctiing mdi han duoc xac dinh cho cac mirc
t6i wu. Bang 4 va 5 xép hang céac thong s6 anh hudng
dén muc tiéu dau ra. Két qua cho thiy dién ap han c6
anh huoéng 16n nhat dén d6 dai va dap va dong dién
han 1a thong sé anh hudng nhiéu nhit &én d6 ctirng mdi
han. Trong khi luu luvgng khi Ar khong anh huéng qua
nhiéu dén ca hai tinh chat nay ciia méi han.

Diéu d6 c6 nghia khi thay déi cudong do dong dién
hodc dién ap, nhiét sinh ra thay ddi s& anh hudng dén
chu trac té vi cia mébi han trong qua trinh déng dic do
su phat trién ctia cac hat ciing nhu kha niang hinh thanh
cac khuyét tat.

Bing 3. Két qua do dé dai va dép, dé cirng va 1y s6 S/N

Thoéng s6 Két qua do Ty s6 S/N

STT Dong Dién ap Luu lugng D9 dai va dap Do cung )

: Do dai va dap Do cling

han (A) han (V) Ar (I/phuat) (J/cm?) (HRB)

1 150 22 10 725 97 37.207 -39.735
2 150 24 15 68.75 96 36.745 -39.645
3 150 26 20 80 96.5 38.062 -39.691
4 180 22 15 525 93 34.403 -39.370
5 180 24 20 78 95 37.842 -39.554
6 180 26 10 62.5 95 35.918 -39.554
7 210 22 20 58.75 97 35.380 -39.735
8 210 24 10 63.75 98 36.090 -39.825
9 210 26 15 71.25 101 37.056 -40.043
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Bing 4. Phan tich ty s6 S/N ciia dé dai va ddp

Ty s6 S/N trung binh
Cép do Dong o Luu lwong
. Dién ap han

dién han Ar
1 37.34 35.66 36.4
2 36.05 36.89 36.07
3 36.18 37.01 37.09
Delta 1.28 1.35 1.03
Xép hang 2 1 3

Bing 5. Phan tich ty s6 S/N ciia d¢ cieng

Ty s6 S/N trung binh

Cép d6 Dong . Luu
. Dién ap han
dién han luong Ar
1 -39.69 -39.61 -39.7
2 -39.49 -39.67 -39.69
3 -39.87 -39.76 -39.66
Delta 0.37 0.15 0.04
Xép hang 1 2 3
Dong dién han | Diéndp han | Luu luong khi
-395 in
z 98
A N
3 307 ./:
=
-39.8
-399
150 180 210 22 24 26 10 15 20
Hinh 3. Théng sé dau vao toi wu cho dj citng
375 Dong dién han [ Dién ap han Luu luong khi
370 o L2
Z
7]
"2 365
=
36.0
355

150 180 210 22 24 26 10 15 20
Hinh 4. Thong s6 ddu vao t8i wu cho dé dai va ddp
Céc dd thi trong Hinh 3 va Hinh 4 cho thdy tac
dong cua yéu td kiém soat 1én cac gia tri S/N. Cac mirc
¢6 tri s6 S/N cao hon sé& gﬁn voi thong s6 t&i wu, do do
thong s6 han ti wu ddi véi do dai va dap 1a dong dién
han la 150A tuong trng muc 1, dién ap han 26V tuong
ung muc 3 va luu luong khi Ar 1a 20 I/phut twong ung
mirc 3. Cac thong sb han téi wu dbi véi do cing mbi
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han 1a dong dién han 180A tuwong ng murc 2, dién ap
han 22V tuong ung murc 1 va luu luong khi Ar 1a 20
1/phut twong ung muc 3.

Phan tich phuong sai (ANOVA) dugc thuc hién &
mirc d6 tin cdy 95% va mirc y nghia 5% bang cong cu
Minitab dé xac dinh cac tuong tic va tac dong riéng
1é cua tat ca cac yéu tb kiém soat trong mot thiét ké
thir nghiém. Trong nghién ctru nay, két qua ANOVA
cho thay tham s6 anh huong nhat dbi véi do dai va dap
la di¢n ap han véi ty 1€ tac dong 1a 27,89%, dong dién
han c6 mirc tac dong gan tuong duong 13 26,67%.
Théng s6 luu lugng khi Ar ciing ¢6 mirc tac dong déng
ké 1a 16,32%. Dbi voi do cing, théng sb anh hudong
nhét 1a dong dién han dat 72,94%, trong khi tac dong
ctia dién ap han 1a 11,82% va luu lugng khi rat thap
chi 1,1%. Két qua phan tich ANOVA cho thiy tuong
tu v6i phan tich ty s6 S/N vé tac dong cua cac yéu td
dén muc tiéu.

3.2. Téi wu da muc tiéu

Phan tich ty s6 S/N trong phuong phéap Taguchi chi
xac dinh dugc cac thong s6 t6i wu cho don muc tiéu.
Trong khi chat lwong mébi han yéu cau do dai va déap
dat duoc 16n nht nhung d6 cung dat nhd nhét. Dé tdi
wu da muc tiéu, nghién ciru nay sir dung két hop phan
tich quan hé xam 1a mot phuong phap thong ké hiéu
qua dé do muc do gan dung gitra cac ddi tuong bang
cach sir dung cdp quan hé xam.

Ty s& S/N chuan héa, hé sb xam va cap do xam
cho mdi thi nghiém duoc xac dinh theo cong thirc (2),
(3), (4) twong tng thé hién trong Bang 6. Cap d6 xam
cao hon biéu thi cac két qua thi nghiém tuong img gan
hon véi cac gia tri chuén hoa 1y tuwong, tic 1a cac dac
tinh hiéu suét tdt hon duge xac dinh béng cac cép do
quan hé xam cao hon. Thi nghiém thir 5 c6 cac dac
tinh hiéu suat t6t nhat trong sb tat ca cac thi nghiém
do thi nghiém nay thu dugc cip d6 xam cao nhat. Néi
cach khac, thi nghiém thir 5 v&i dong dién han 180A,
dién ap han 24V va luu lugng khi Ar 20 I/phtt 1a bo
thong $6 t&i uu cho muyc tiéu d6 dai va dap cao nhét
va d6 cing thap nhét.

Phén tich ANOVA dé danh gid muc do tac dong
cac tham sb dén cip do xam thé hién trong Bang 7.
Két qua cho thiy murc d6 tic dong ciia dong han dén
muc ti€u 1a 60,18%, tiép theo 1a dién ap han 21,06%,
tac dong cua luu lugng khi Ar khong dang ké. Bang 8
so sanh két qua t6i wu don myc tiéu sir dung phuong
phap Taguchi truyén thdng va t6i wu da myc tiéu két
hop Taguchi va GRA.
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Bing 6. Cip dp xdm va xép hang théng sé toi wu

Ty s6 S/N Chuén hoa S/N Chudi 1éch Hg s6 x4m
. Do . . Xép
STT Do dai Do . bo Do dai o Do dai o Do xam
R , dai va , R D0 cliing R D0 cliing hang
va dap cing 4 cung vadap va dap
ap

37.207 -39.735 0.766 0.457 0.234 0.543 0.681 0.479 0.580
36.745 -39.645 0.640 0591 0.360 0.409 0.582 0.550 0.566
38.062 -39.691 1.000 0.524  0.000 0.476 1.000 0.512 0.756
34403 -39.370 0.000 1.000 1.000 0.000 0.333 1.000 0.667
37.842 -39554 0940 0.726  0.060 0.274 0.893 0.646 0.769
35918 -39.554 0.414 0.726  0.586 0.274 0.460 0.646 0.553
35.380 -39.735 0.267 0457 0.733 0.543 0.406 0.479 0.442
36.090 -39.825 0461 0.325 0.539 0.675 0.481 0.425 0.453
37.056 -40.043 0.725 0.000 0.275 1.000 0.645 0.333 0.489

© 00 N O o B W N
~N 00 © Ok W N O b

HSLA steels, in Engineering Mechanics 2022. doi:
10.21495/51-2-113.

Bing 7. Phén tich Anova va hé sé tic dpng

Thongs6 DF seg Ad] F U [2] FE. M. Al-Saraireh (2018), The effect of current and
SS  ss dong, % . o
voltage on mechanical properties of low carbon
Dong han 0071 0071 36  60.18 steel products, International Journal of Mechanical
Dién ap 0.025 0.002 0.12 21.06

Engineering and Technology, Vol.9, No.3.

2
2

Luu luong 2 0002 0.025 1.26 2.04 [3]H. Alipooramirabad, A. Paradowska, R.
8

L(jl 82?2 0.020 15(');1 Ghomashchi, and M. Reid (2017), Investigating
Tong . the effects of welding process on residual stresses,
Bing 8. So sdanh két qui t6i wu microstructure and mechanical properties in
, i A 4 HSLA steel welds, ] Manuf Process, Vol. 28, doi:
Phuong phap Muc tiéu Két qua .
_ 10.1016/j.jmapro.2017.04.030.
Taguchi dDAQ daiva 180A, 22V, 20l/phit [4] K. S. Y. N.Nandakumar (2021), Experimental
Taguchi DaP ) 150A. 26V 201/ohi validation and Parametric Optimization in MIG
agucht D? Zu.ng ' + 20liphdt welding of A-36 steel plate using Taguchi-Fuzzy
Taguchi+ o catva logic approach, Solid State Technology, Vol.64,
dap+do 180A, 24V, 20l/phat
GRA : No.2.
clm
: [5]D. P. V. P. Kapil B. Pipavat (2014), Optimization
4. Két luan of MIG welding Process Parameter using Taguchi

Nghién ctru ndy stt dung phuong phap Taguchi- Techniques, International Journal of Advance

GRA d& t5i uu céc thong s trong qué trinh han thép Engineering and Research Development, Vol.1,

ASTM A36. Két qué cho thiy c6 su khéc biét trong No. 05, doi: 10.21090/ijaerd.010595.
thong s& t6i wu khi thuc hién bing phuong phap  [6] K. N. Wakchaure, A. G. Thakur, V. Gadakh, and A.

Taguchi truyén thong va phuong phap két hop. Thong Kumar (2018), Multi-Objective Optimization of
s6 t6i ru cho da muc tiéu d6 dai va dap cao va do cling Friction Stir Welding of Aluminium Alloy 6082-T6
thap 1a dong dién han 180A, dién ap 24V va luu luong Using hybrid Taguchi-Grey Relation Analysis-
khi Ar 20 Uphut. Phan tich ANOVA cho thiy dong dién ANN Method, in Materials Today: Proceedings,
han 14 yéu t6 tic dong nhiéu nhat dén do ctmg va do dai doi: 10.1016/j.matpr.2017.11.380.
va dap.
TAI LIEU THAM KHAO Ngay nhan bai: 07/10/2024
[1] M. Frétrik, M. Mician, and J. Winczek (2022), An Nedy nhdn ban stra: 01/11/2024

. . . Ngay duyét dang: 11/11/2024

analysis of strengthening mechanisms of TMCP

SO 80 (11-2024)



