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Toém tat:

DG bam dinh ciia 16p phit phun nhiét ¢6 vai tro quyét dinh dén tuéi tho lam viéc ciia chi tiét trong diéu
kién chiu mai mon. Ngodi cdc yéu t6 lién quan dén tinh chat vt liéu thi thong sé qud trinh phun dnh hirong
vt lém dén kha nang bam dinh ciia I6p phit véi kim loai nén. Bai bdo nay trinh bay két qua nghién cieu t6i
wu héa cdc théng sé phun Plasma bao gom: Cwong dé dong dién (1), Toc dé cap bot (M), khodng cach phun
(L) dén ds bam dinh ciia 16p phii ALO ~TiO, hé (60-40)% trén nén thép tam phang C45. Phwong phap
Taguchi va kj thudt ANOVA (Analysis of variance) dwoc sir dung dé t6i wu héa va danh gid anh hwéng ciia
cdc théng sé phun téi dé bén bam dinh ciia I6p phii véi nén kim logi. Két qua cho thay, véi b thong sé: I =
6004, M = 1,7 kg/h, L = 110 mm cho I6p phii ¢ @6 bam dinh én nhdt véi 58,2 MPa. Thir tw dnh hirong ciia
cdc théng s6 nghién civu dén d bam dinh dwoc véi I (73,6 %) > L (17,8 %) > M (8,3 %). Két qua thi nghiém
kiém chirng sau d6 duege so sanh véi gid tri toi wu va cho két qua véi sai s6 2 %. Nhw vay, ¢é thé khang dinh
rang két qua t6i wu la dang tin cdy. Ngodi ra, ham hoi quy todn hoc thé hién moi quan hé giita dg bén bam
dinh va cdc théng sé phun da dwoc xdy dung cho phép diw dodn gid tri do bam dinh dwa trén théng sé phun.

Tir khéa: Phun plasma, T6i uu héa, D6 bén bam dinh, Thép C45, 16p phii ALO - TiO,

1. Pit van dé

Phun pht nhiét dugc ing dung rong rai trong
cac nganh cong nghiép véi lich su hon 100 nam.
Cong nghé nay c6 thé ding dé ché tao méi hay phuc
hdi céac chi tiét may c6 yéu cau dic biét vé& bé mait,
nhu tinh chéng mai mon, chiu nhiét va cac thudc
tinh dic biét khac [1-4]. Dé tao ra duoc 16p phu c6
do xép thép, dd bén bam dinh cao phu thudc vao
rat nhiéu yéu t6 nhu: X 1y bé mat phun, vét liéu
phun va dic biét 1a ché do cong nghé phun. Trong
s6 cac phuong phap cong nghé phun phu nhiét thi
phun phu plasma ¢ nhiéu vu diém. Phuong phép
cong nghé nay sir dung nhiét ciia dong plasma dé
nung néng vat liéu. Plasma 13 chit khi ¢ trang thai
cac nguyén tir va phan tir bi ion hod, thuc chit 1a hd
quang kéo dai. Phun phi plasma ¢ cong suat nhiét
16n, cho nang suét cao, vat liéu phun da dang, chét
lwong 16p phu tét [5-8]. Nhitng yéu td gop phan tao
ra chat lugng 16p phu lién quan dén thiét bi phun,
vat liéu phun, ché d6 cong nghé phun.... Trong cac
yéu t6 do thi ché do cong nghé phun co vai tro rat
quan trong. Céac vt liéu phun gdm oxit trén co s&
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ALO, c6 nhiéu tinh nang k¥ thuat tt nhu do cing
cao, chiu mai mon, bén hoa chat va 1a 16p phu dugc
lwa chon tmg dung cho nhidu bé mit chi tiét chiu
mai mon va nhiét do cao tdi 500°C. Do do viéc tim
ra bo thong s6 phun cho chét luong 16p phu duoc
cai thién tinh chét 1a rat can thiét. Vi vay nghién
ctru tién hanh t6i wu hoa cac thong sé phun dén do
bén bam dinh cua 16p phu kim loai ALO,-TiO, h¢
(60-40)% [9-11]. Thiét ké thyc nghiém theo méang
L9 cia TAGUCHI két hop phan tich phuwong sai
ANOVA dé tim ra bd thong s6 téi wu va danh gia
anh huéng cua timg thong sb t6i d6 bén bam dinh.
Bén canh d6 mbi quan hé toan hoc gitta cac thong
s6 t6i do bén bam dinh duoc xéc lap, tir d6 chi ra
mdi quan hé gitra cac thong sé ciing nhu 1 cong
thirc cho ngudi thiét k& 16p phu tinh toan. Qua trinh
t6i wru, phan tich ANOVA, phép tinh toan xay dung
ham sb duoc thuc hién trén phén mém MINITAB
18. Két qua ti wu da dua ra duoc bd thong sé phun
tao ra dugc 16p phu co do bén bam dinh duge cai
thién cing véi sai s6 cua thyc nghiém kiém chimg
1a rat nho da chung to hiéu qua cia phwong phap
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nghién ciru cho bai toan phun phii nhiét bang cong
nghé phun plasma.

2. Qua trinh thyuc nghiém va phwong phap danh
gia
2.1. Vit liéu nén va 16p phi

Cac mau phun sir dung trong thi nghiém 1a cac
mau thép tm véi kich thude 50 x 50 x 6 mm duoc
phun tao nhdm bé mat can phu véi gia tri tir 8=10
pum. Qua trinh phun tao nham dugc thyc hién trén
méy phun cat TSA ctia Viét Nam va duoc do bing
dau do nham Mitutoyo 178-954-4E (Nhat Ban). Vat
liéu ché tao mau phun duogc lya chon 1a thép C45
v6i thanh phan héa hoc nhu Bang 1 [12].

Bdng 1. Thanh phan héa hoc thép C45

Mac thép C45
C 0.42-0.50

Ham S 0.17 - 0.37

luong Mn 0.50 — 0.80
cua cac P Khong 0.04
nguyén S |16nhon 0.04
t6 (%) Cr 0.25
Ni 0.25

Bot phun AL,O,-TiO, 1a bot thuong mai dugc
st dung 1am nguyén liéu phun dugc cung cip boi
tap doan Eutectic (My), v&i ¢& hat —45 £ 5 pm.

2.2. Qua trinh phun nhiét plasma

Qua trinh phun mau dugc thyc hién trén hé
thdng phun plasma PRAXAIR Model 3710 véi dau
sing phun SG100 dé ché tao 16p phi gdm. Chiéu
day 16p phu duoc thyc hién 1a 450 um véi do sai
léch tir 10 - 30 pm. Céc thong s6 phun duoc xac
dinh theo ba murc va duoc sip xép theo mang truc
giao L9 cua Taguchi (Bang 2). Mot s6 thong sb
phun khac dugc xac dinh qua céc gia tri dugc nha
san xuat khuyén cao (Bang 3).
Bdng 2. Cdc théng sé nghién ciu va cdc mike sir

dung trong nghién ciru

; Ky Muc
Thong so ph
ong so pautt hicu| 1 | 2 | 3
Tde do cap bot
0c 46 cap bO M| 1.7]19 |21
(kg/ gi0)
Khoang cach phun (mm)| L | 90 | 110 |130
Dong dién phun (A) 400 | 500 | 600
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Bdng 3. Cdc théng sé phun khdc sir dung trong

nghién ciru
Théng s6 phun Gia tri
Téc d6 dich chuyén dau phun (m/phut) 15
bién ap phun (V) 60
Ap suét khi So cap (I/phit) 50
Luu lugng Khi thir cAp (I/phit) 2
Ap suét khi ,
mang bot (I/phiit) 5.5

2.3. Phuong phap kiém tra

Céac phép do xac dinh do bén bam dinh 16p
phu bang phuong phép bam truot dugc thuc hién
theo tiéu chudn JIS-H-8666-1980 [13,14] véi so do
nguyén ly nhu Hinh 2. Trong phuong phap naay,
16p phu (c6 dién tich tiét dién bé mat - S) duoc lam
bong tach bai luc ép (P) tic dong 1én phan chiéu day
16p phu theo phurong vudng goc (Hinh 2). Ung suét
bam dinh (o, ,) duoc tinh bang cong thirc:

(1)

O =5

S

Pé dam bao duoc két qua do dat do chinh xac
thi mau phai dugc ché tao chinh xac, dam bao do
vuong goc va dugce kep chat. Luc ép khong tac dung
1én phan vat liéu nén. Trén co so do, tién hanh ché
tao mau va khudn dé kiém tra mirc 46 bam dinh cta
16p phu theo nguyén Iy trong Hinh 2. May kéo nén
MTS 809 dugc sir dung dé tao lyc ép P trong qua
trinh thuc nghiém.

| 20 =l

Hinh 1. Nguyén Iy va mau kiém tra @ bén bam dinh

3. Két qua va thao luin
3.1. Két qua thye nghi¢m

Qua trinh thuc nghiém dua trén thong $6 thuc
nghiém va s6 thi nghiém theo Taguchi L9 [11]. Cac
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mau duge chuin bi va duoc phun theo dung trinh
tu cua thiét ké thuc nghiém cho két qua nhu Hinh 3
(a), (b). Mau 16p phu sau khi phun dugc mai phang
dé dat chidu day dong déu 1a 0.4mm va duoc cat
nho vdi kich thuée va sb lwong cho méi mau phun
12 3 mau kiém tra d6 bén bam dinh (hinh 3). Dudi
tac dung cua lyc nén, cac mau 16p phu bi tach ra
nhu hinh 4 (a), (b), (¢). Tir dd, dua trén cong thirc
(1) tinh toan cac gia tri ung suat bam dinh cho c4
mau thir. Gia tri d6 bén bam dinh cia mdi mau 1a
trung binh cua ba miu thir dwoc kiém tra va trinh
bay trong bang 5.

ERRR

Hinh 2. Hinh dnh mau truée khi phun

Hinh 3. Hinh dnh mau sau khi phun

I III I|| I|| i
[T

Hinh 4. Anh mdu kiém tra bam dinh

A1 24 34 4 -1 22 3L 41 G.2

Rl Wnwin

51 Gl 3484 94 (1 32 F2 9T

AR
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T i i

Hinh 5. A)nh mau trude - sau khi phun va mau kiém
tra bam dinh

Bdng 4. Théng s6 thue nghiém theo mang L9 va
két qua do d@é bam dinh trung binh ciia cdc mdu thi

nghiém
Thi Thong s6 D6 bam
nghiém I M L dinh (MPa)
1 400 1.7 90 43.3
2 400 1.9 110 47.1
3 400 2.1 130 41.6
4 500 1.7 110 58.2
5 500 1.9 130 54.2
6 500 2.1 90 48.1
7 600 1.7 130 574
8 600 1.9 90 52.5
9 600 2.1 110 56.8

Két qua tir Bang 5 cho thay, mirc thong sb
phun LM L, twong tng véi 1 =600 A, M = 1.7 kg/h,
L =110 mm cho 16p phu ¢6 d6 bam dinh 16n nhét 1a
58.2 MPa. Su thay doi cac thong s6 phun lam anh
hudng rd rét dén cac gia tri do. Ching to cudong do
dong dién, téc do cip bot va khoang cach phun la
céc thong sé ¢6 anh huong 16n dén do bam dinh 16p
phu va viéc lya chon chiing dé nghién ctru 1a phu
hop. Trén co s6 két qua nhan duge tién hanh phan
tich t6i uu va danh gia anh huong cua cac thong sb
phun dén d6 bén bam dinh cua 16p phu.

3.2. Phan tich ti s6 S/N

Do bam dinh 16p pht dugc nang cao gitp 16p
phii cai thién do bén trong qua trinh lam viée, dic
biét véi cac 16p phu chiu mai mon, va dap,... Do do,
ty 18 S/N theo Taguchi v6i dic tinh 16n hon thi tot
hon duogc su dung dé tinh toan dua trén mdi két qua
thi nghiém bang phan mém Minitab va dugc trinh
bay trong Bang 5. Mirc tac dong trung binh ctia moi
yéu t6 trén cac mirc gia tri khac nhau ciing duoc tinh
toan dua trén gia tri S/N va dugc minh hoa trén biéu
dd phan muc (Hinh 4). Thong s t6i vu 13 cac mirc
ctia cac thong sb phun c6 gi tri S/N trung binh cia
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cac mirc tic dong la cao nhat. Cac dudng biéu dién
trong biéu d6 Hinh 4 thé hién su thay d6i tac dong
clia cac yéu to anh huong dén do bén bam dinh cua
16p phi va chi ra rang mirc thong sb phun tbi wu
duoc dy doan la LM L, (I =600 A, M= 1.7 kg/h, L
=110 mm). Két qua tdi uu du doan cho thay su cai
thién d¢ bén bam dinh.

Bdng 5. Gid tri S/N twong iing véi moi thi nghiém

Thi |00 v o5
nghiém| A B C dinh n=y

1 400 | 1.7 | 90 | 43.3 32.7298
2 400 | 1.9 | 110 | 471 33.4604
3 400 | 2.1 | 130 | 41.6 32.3819
4 500 | 1.7 | 110 | 58.2 35.2985
5 500 | 1.9 | 130 | 54.2 34.6800
6 500 | 2.1 | 90 | 48.1 33.6429
7 600 | 1.7 | 130 | 57.4 35.1782
8 600 | 1.9 | 90 | 52.5 34.4032
9 600 | 2.1 | 110 | 56.8 35.0870

Ticddngtrung binhela | T4c dong trung binh

Téc déng trung binh clia |

3500 m

cial

“3464

3460
3440
3420
3400
3380
3360
3340
3320

34,50
3400
33.50
33.00
3250
32,00

4.47

34.07

33.67

123456789

123456789

123456789

Hinh 6. Phén mirc tac dong ciia cdc thong s6 I, M, L
dwa trén ty $6 S/N t6i d¢ bam dinh I6p phi.

3.3. Phan tich ANOVA

Dé xac dinh mirc d6 anh hudng cua cac thong
s6 (I, M, L) t6i do bam dinh 16p phu, phan tich
phuong sai dua trén két qua thi nghiém va gia tri
S/N trong Bang 5 dya trén phan mém Minitab thu
dugc két qua thé hién trong Bang 6.
Bang 6. Két qud phén tich ANOVA dua trén 1y s6 S/N

Bic Tong | Trung Gia’i tri .

B i binh binh | thong | Gia
‘ig“ ;‘-(‘; phuong | binh | ke |t xdc
£ dd 1éch | phuong | Fisher | xuat P

- SS - MS -F

I 2 | 22831 | 114.15 | 294.38 | 0.003
M 2 25.89 | 12.95 | 33.39 | 0.029
L 2 5522 | 27.61 | 71.19 | 0.014

Error | 2 0.78 0.39 -- --

Total | 8 | 310.19 - -- --
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Két qua cho théy, gi tri cua sai s6 nho chimg
minh ring cac thong s6 phun da nghién ciru déu 1a
céc thong s6 phun chinh anh huéng dén do bam
dinh 16p pha va ching déu c6 ¥ nghia thong ké
voi d6 tin cay cao boi gia tri P < 0.05. Phin trim
anh huong cia cac yéu td dya trén gia tri tong binh
phuong d9 1éch & Bang 6 cho thiy: dong dién phun
1a yéu t6 anh huong 16n nhat dén d6 bam dinh 16p
phii v&i 73.6%, khoang cach phun 12 17.8%, Toc do
cép bot 8.3% va dugc minh hoa qua biéu dd Hinh 7.

B Phan trim anh hudng cia ]

¥ Phan trim anh hudmg coa M

M Phin tedm dnh huémg cua L
Phan trim anh huong cia sai s6

Hinh 7. Phan tram anh hwéng cia cdc thong so 1,
M, L dén dg bén bam dinh I6p phii.

3.4. Panh gia quan hé giira do bé bam dinh véi
cac thong s6 phun

Dé phan tich xu hudéng anh hudéng cua cac
thong s6 I, M, L t6i do bam dinh 16p phi (o, ), ham
hoi quy biéu dién quan hé toan hoc giira o, VOi cac
thong so phun I, M, L dudi dang tuyén tinh dugc
xdy dung. Cong cu hd tro xdy dung ham hoi quy
dang tuyén tinh trén phan mém Minitab v6i thuat
toan Gau-Newton dugc su dung gitip cho qua trinh
tinh toan nhanh chéng va chinh xac. Két qua thu
duoc la ham toan hoc (1):
c,, = -73 -0.330* -25.6*M +4.22*L +0.328*[*M
-0.00240*I*L -1.461*M*L (1)

V6i R2= 0,93, R2 .= 0,9, ham toan hoc nhan
duoc véi chi sé R? va R?, g cho d¢ tin cay cao khi

adj

chung déu c6 gia tri tiém cén 1. biéu nay ching to
md hinh toan cho d¢ tin cdy cao va phu hop véi bai
toan thuc nghiém.

Bo thong s6 phun téi wu cho d6 bén bam
dinh 16n nhét duoc xac dinh la LML,

phuong trinh hdi quy (2) cho phép tién hanh xac

két hop vai
dinh dwoc anh huéng cia timg thong sb phun t6i do

bam dinh 16p phu qua do thi cac Hinh 6 va 7.
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Hinh 6. 6 thi su phu thugc cua do bam dinh vao
tirng théng sé phun ¢ mirc t6i wu dang tuyén tinh 2D
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D6 bén bam dinhgg |
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b. Anh huéng ctia I va L

60
D6 bén bam dinhgs F 210
50

45 ] ;
105

L 90

£ 1195

¢. Anh huéng cia M va L

Hinh 7. Dé thi su phu thudc cua do bam dinh vao
tirng théng s6 phun & mirc t6i wu dang tuyén tinh 3D

Trén d6 thi biéu dién mbi quan hé gitra cac
thong s6 phun téi d6 bén bam dinh cua 16p phu
khi thong s6 ¢b dinh duogc gilt & muc do tdi wu cho
thdy: d6 bén bam dinh c¢6 xu huéng tang khi I tang.
Nguoc lai khi luu lugng phun gidm thi lam cho do
bén bam dinh giam (Hinh 6a, Hinh 7a). Diéu nay co
thé giai thich 1a do, khi dong han tang, cic hat phun
¢6 trang thai nhiét dé nong chay khi phun tt hon,
qua trinh bay va va dap tao 16p phu méc du nhiét do
giam nhung su tao thanh 16p phu té hon. Khi I cao,
M thap thi hiéu qua nung chay hat t6 hon, nén do
bén bam dinh ciing c6 xu huéng ting; O Hinh 6 (b)
va Hinh 7 (b) cho thay khi M ¢6 dinh, L va I ¢6 xu
huéng cung ting dé dat do bén bam dinh cao. Dicu
nay c6 thé giai thich 1a do khi ting khoang cach
phun, hiéu suit nhiét giam khi khoang cach giam
dan do vay I can tiang dé duy tri hiéu sudt va dap
tang do bén bam dinh; trudng hop khi I & muc cao
nhét, néu M 16n thi khoang cach phun phai nho boi
néu L tang thi hiéu suét nhiét giam. Nguoc lai khi
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luu Iuwong phun nho thi khoang cach phun tang thi
d6 bén bam dinh ting, boi nhiét ting do mat do hat
giam nhung khoang cach ting lam hiéu suét nhiét
tai thoi diém va cham cho d6 bam dinh tdt nhat nhu
md ta trong Hinh 6 (¢) va Hinh 7 (¢).

3.5. Thi nghiém kiém chirng

Dé xac minh céac thong sb qua trinh phun dwoc
t6i uu hoa, thi nghiém kiém ching véi mirc t6i wu
IM L, dugc thuc hién. Két qua do trén mau kiém
chimg va gié tri du doan tdi wu dugc trinh bay trong
Bang 7 cho thay d6 bam dinh trén mau kiém ching
16n hon cac gia tri tir thi nghiém ban dau va nho
hon gia tri tdi wu du doan v6i do sai 1éch 1a 2 %.
Sai s6 gitra tinh toan 1y thuyét va thyc nghiém la
van dé dugc dy bao trude. Tuy nhién, mirc sai 1éch
v6i gid tri nho da chimg t6 két qua cua bai toan tdi
uu la tin cdy.
Bdng 7. So sanh két qua ciia thi nghiém kiém chirng

V6i két qua toi wu

Thong sd Mtrc Gia tri
Tét nhat tir thi nghiém | I2M1L2 | 58.2 MPa
Tbi wu I3MIL2 | 60.5 MPa
Kiém ching I3MIL2 | 61.7 MPa
Sai 1éch gitra gia tri kiém
, . - 2%
chirng - Toi vu (%)

Tai liéu tham khao
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4. Két ludn

Trong nghién cuu nay nay, phuong phap
Taguchi - Ky thuat ANOVA duoc sir dung dé tdi
uu hoéa va nghién ciru sy anh hudng cta cac thong
sO phun bao gdom dong phun (I), khoang cach phun
(L) va toc do cp bot (M) dén d6 bam dinh cua 16p
phu ALO,-TiO, trén nén thép C45 bang phuong
phap phun PLASMA. Qua trinh tdi uru boi phuong
phap Taguchi di d& xuit ché d6 phun t6i wu (I =
600 A, M = 1.7 kg/h, L =110 mm) cho 16p pht c6
do bam dinh 16n nhat du doan 1a 66,9 MPa. Két
quéa phan tich ANOVA cho thiy thtr ty anh hudng
ctia cac thong sé dén d6 bam dinh 1a: dong phun
(73.6%) > khoang cach phun (17.8%) > toc do cap
bot (8.3%). Thi nghiém kiém ching véi do bam
dinh thu dugc 1a 61.7 MPa 16n hon cac gia tri do
bam dinh cia cdc mau thyc nghiém (Bang 4) va
c6 do sai léch 2 % so véi két qua dy doan. Diéu
d6 khing dinh théng sb tdi wu cho 16p phii c6 chat
luong tdt v6i d6 bam dinh duge nang cao. Su Kkét
hop gilta phuong phap Taguchi - ANOVA la mét
cong cu hiéu qua cho cac tmg dung toi wu hoa cac
bai toan ¢ nhiéu yéu té anh huong.
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OPTIMIZING PLASMA SPRAY PROCESS PARAMETERS
TO IMPROVE ADHESION OF AL,O,-40TiO, COATINGS

Abstract:

The adhesion of thermal spray coating has a decisive role in the longevity of the parts work in
conditions of abrasion. In addition to the factors related to the material properties, the spraying process
parameters greatly affect the ability of the coating adhesion to the base metal. This paper presents the
results of research on optimizing Plasma spray parameters including current (I), Powder feeding speed
(M), spray distance (L) to adhesion of A1,O -TiO, coating (60-40)% on flat steel plate C45. Taguchi method
and analysis of variance technique are used to optimize and evaluate the effect of spray parameters on the
adhesion strength of the coating to the metal substrate. The results showed that, with parameters: I = 6004,
M= 1.7 kg.h-1, L = 110 mm for the coating with the largest adhesion with 58.2 Mpa. The order of influence
of the study parameters to the adhesion to I (73.6 %)> L (17.8 %)> M (8.3 %). The result of the verification
experiment was then compared with the optimal value and gave an error of 2 %. In addition, a mathematical
regression function showing the relationship between adhesion strength and spray parameters has been
formulated to allow predictions of adhesion values based on spray parameters.

Keywords: Plasma spray, Optimization, Adhesion strength, C45 steel, AL,O-TiO, coating layer.
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