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NGHIEN CU’U PAC TiNH MA SAT CUA LOP PHU GOM AL,0, - TIO,
PUOC TAO BOI PHUONG PHAP PHUN PLASMA

STUDY ON FRICTION CHARACTERISTICS OF PLASMA-SPRAYED AL O, - TIO,
COMPOSITE COATINGS

Bui Van Khoan
Truong DPai hoc Su pham K¥ thuat Hung Yén

TOM TAT

Bai bdo trinh bay két qua nghién civu ddc tinh va két qua t6i wu hod hé sé ma sdt cia 16p
phii phun nhiét plasma véi bot phun ALO, — TiO, trén bé mdt nén thép tam C45. Tir két qua do, kha
nang chiu mai mon co hoc cua lop phu dwoc dy bdao thong qua viéc cai thién hé so ma sat. Thiét
ké thire nghiém L9 theo Taguchi dwoe xdy dung dé nghién citu anh hwéng cia cac thong sé6 phun
plasma gom: dong dién phun (1), khodng cdch phun (L), leu heong cap bot phun (N) dén hé sé6 ma
sdt 16p phii. Nghién ciru ddc tinh ciia hé s6 ma st khé trén 16p phii cho thdy, khi dg cimg tang thi
hé s6 ma sdt cé xu hiedng giam dan. Két qud toi wu xdc dinh b thong so: I = 6004, L = 130mm, N
= 2,1 kg/h, la théng s6 phun cho hé sé6 ma sdt nhé nhdt véi gid tri dodn la 0,49. Thire nghiém kiém
chitng hé s6 ma sat 16p phii véi théng sé phun t6i wu cho két qua hé sé ma sdt la 0,51, gid tri trén
hoan toan twong dong véi gid tri dw dodn (sai 56 4,08%) chitng t6 két qua nghién cieu c6 dé tin cdy
cao, hé s6 ma sat da dwoc cdi thién (giam). Phdn tich phwong sai dwa trén cdac két qud thuc nghiém
da xdc dinh mike @6 anh hiedng ciia cdac thong sé phun dén hé s6 ma sat véi: 1 =80,1% > N = 12,3%
> N = 7,6%. Két qua ciia nghién ciru la co s6 xdc dinh théng s6 phun phit hop cho 16p phii nhén
dwoce c6 hé sé ma sat thcfp, cdi thién kha nang chiu mai mon.

Tw kKhoa: Plasma; Lop phu AL,O,— TiO,; Phun plasma; H¢ $6 ma sdt.
ABSTRACT

This paper presents the research results on the characteristics and optimization of the
friction coefficient of a plasma-sprayed thermal coating with Al,O, — TiO, powder on the surface of
C45 steel plate. Based on these results, the mechanical wear resistance of the coatings is predicted
through the improvement of the friction coefficient. L9 experimental design according to Taguchi
was built to study the influence of plasma injection parameters including spray current (1), spray
distance (L), and powder feed rate (N) on the friction coefficient of the coatings. The research on the
dry friction coefficient of the coating indicates that as the hardness increases, the friction coefficient
tends to decrease. The optimized results determined the parameter set as follows: I = 6004, L =
130mm, N = 2.1 kg/h, which yielded the smallest friction coefficient with a predicted value of 0.49.
Experimental verification of the friction coefficient with the optimized spraying parameters resulted
in a friction coefficient value of 0.51, which closely matched the predicted value (4.08% error),
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demonstrating high reliability of the research results and an improved (reduced) friction coefficient.

Variance analysis based on the experimental results determined the influence level of the spraying

parameters on the friction coefficient as follows: I = 80.1% > N =

12.3% > N = 7.6%. The results

of the study are the basis for determining suitable spray parameters for the received coating with

low coefficient of friction and improved wear resistance.

Keywords: 41,0, TiO, coatings, Plasma spraying; Friction characteristics.

1. PAT VAN PE

Cong nghé phun pht nhiét plasma hién
nay dugc g dung rong rii trong viéc ché tao
va phuc hdi cac bé mat chi tiét may, boi vat
liéu phun sir dung da dang, thich hop v6i nhiéu
loai vét liéu phun, nht 1a vat liéu c6 nhiét do
nong chay cao. Cong ngh¢ phun plasma c6 thé
tao hinh 16p phu gom trén bé mat chi tiét may
nham nang cao do ben, tinh chong mai mon,
chiu an mon, lam viéc trong cdc mdi trudng
khic nghiét nhu chiu ap suit cao, nhiét do cao,
moi truong hoa chit,... Do vay, phun plasma la
giai phap pht hop dé tao 16p phu gébm ALO, -
TiO,, boi nhigt do cao ctua dong plasma co the
nung chay vat liéu phun véi thanh phan ALQO,,
tao diéu klen t6t cho qua trinh hinh thanh lop
phu. Mot $6 nghién cuu da thuc hién dé xem
x¢ét dac tinh cﬁng nhu thong sé cua 16p pha trén
co s6 thanh phan AlO, da dugc thyc hién VO'l
bot NiSAl; Ni20Cr; 67N11 8Cr5Si4B va hé gbm
trqn co s8¢ oxit Al O, v6i ham luong khac nhau.
Két qua cho gia thanh phun ré, dam bdo cac
tinh nang k¥ thut cao cua bé mit dugc phuc
héi voi do cing, dd bén mai mon co hoc, do
bén an mon hoa hoc va chiu nhiét do cao. Do
vay, ching duoc tng dung rong ri trong nhidu
linh vuc san xuit co khi. Mot s6 dinh hudéng
nghién ctru vé tinh ning cta 16p pht nhan du’O’c
bang cong ngh¢ phun plasma 1a xac dinh hé sb
ma sat trong mot s diéu kién thir nghlem nhat
dinh [1] = [6]. O Viét Nam, viéc ché tao 16p phu
gbm 1én bé mat 16p thép nén di thu duogc cac

két qua kha quan nham muc dich bao vé, chong
an mon, chiu mai mon cho céc san pham co khi

[91+[11].

Trén co so d6, nghién ciru tién hanh
nghién ctru dac tinh ma sat, xac dinh anh huéng
ctia cac thong s phun téi hé sé ma sat, t6i uu
hoa cac thong s6 phun dé cai thién hé s6 ma
sat cua lfﬁ’p phu v6i bot phun ALO, - TiO,,. Qéc
thong s6 phun chinh dugc nghién cltru gom:
dong dién phun, khoang cach phun, luu lugng
cap bot phun. Thiét ké thyc nghiém Taguchi
v6i mang truc giao L9 duogc st dung dé xay
dung céac thong s6 thuc nghiém [7, 8].

2. VAT LIEU VA QUA TRINH THUC
NGHIEM

2.1. Vat ligu

Nghién ctru str dung vat liéu nén 1a thép
cacbon C45 dang tdm c6 kich thudc 50x50x6
mm. Vat liéu phu la bot ALO,-40TiO, ma hiéu
P220/35 cua hang Metallisation, véi cd bot:
45+5um. Sau khi cat mau, ta tién hanh lam
sach va tao nham bé mit bang phuwong phap
phun hat mai, st dung hat corindon.

2.2. Thiét bi thye nghiém
Hé théng phun plasma PRAXAIR

Model 3710 véi dau sung phun SG100 (Hinh
1) duoc str dung dé ché tao 16p phu gbm.
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Hinh 1. H¢ thong phun plasma Model 3710

2.3. Qua trinh thyc nghiém

Ba thong sd cong nghé phun dé tién
hanh thi nghiém trong nghién ctru nay la: dbng
dlen phun L , khoang cach phun L va toc do
cap bot N. M01 thong s6 chon 3 muc gia tri cac
muc duogce xac dinh dua trén khuyen cao cua
hang cung cip bot dé thi nghiém (Bang 1).

Bdng 1. Céc théng sé cong nghé thi nghiém

Céc thong sé phun con lai ¢6 dinh nhu
sau:

- Tbc @6 dich chuyén dau phun: 15 m/phut;
- Dién ap phun: 60 V;

- Ap luc khi so cap: 50 I/phut;

- Ap lyc khi tha cap: 2 1/phut;

- Ap luc khi mang bot: 5,5 1/phut;

- Chiéu day 16p phun: 0,4 mm.

Tham khao phuong phép thuc nghiém
Taguchi v6i 3 thong sd, mdi thong sb 3 mic,
ta chon mang truc giao L9 va tién hanh 9 thi
nghiém (phun phu 9 mau) (7, 8].

3. KET QUA VA BAN LUAN

3.1. Két qua thye nghiém
Tac gia tién hanh do hé s6 ma st cia

cac miu phun, két qua do nay lam co sé cho
viéc danh gid kha ndng chiu mon cho 16p phu

TT 'l:h(‘)ng SéA Mitc1 | Mtec2 | Mike 3 va mé rong hon 1a kha niing chiu mon cho cic
cong ngh¢ chi tiét may. Viéc do cling dugc thyc hién theo
! L(A) 400 >00 600 mang tryc giao L9 va két qua duoc trinh bay
2 | L (mm) 90 110 130 trong Bang 2.
3 | N(kgh) 1.2 1.6 2.0
Bdng 2. Bang két qua do hé s ma sdt
Thi Théng s6 Gia tri hé s6 ma sat & cac lan do Trung
nghiém I1(A) L(mm) | M (kg/h) 1 2 3 binh
1 400 90 1.7 0.749 0.797 0.725 0.757
2 400 110 1.9 0.684 0.685 0.758 0.709
3 400 130 2.1 0.669 0.742 0.653 0.688
4 500 90 1.9 0.814 0.791 0.753 0.786
5 500 110 2.1 0.610 0.642 0.632 0.628
6 500 130 1.7 0.735 0.668 0.664 0.689
7 600 90 2.1 0.529 0.521 0.522 0.524
8 600 110 1.7 0.621 0.549 0.576 0.582
9 600 130 1.9 0.556 0.500 0.558 0.538
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3.2. Nghién ciru tdi wu va danh gia anh
hwéng cac thong s6 phun dén hé so0 ma sat
cia lop phu

Trén co so két qua danh gia hé s ma sat
ctia 16p phu nhu bang 2, tién hanh téi vu hoa
cac thong s6 phun dén hé s ma sat caa 16p phu.
Tiéu chi chat luong nho hon thi tdt hon duogc
lua chon dé tién hanh tbi vu theo Taguchi. Qua
trinh tinh toan dugc thuc hién trén phﬁn mém
Minitab 18 cho cac két qua nhu hinh 2.

Qua trinh danh gid mtrc d§ 4nh hudng cta
cac thong s6 phun dén hé sd ma sat cia 1op
phfl ta tién hanh phan tich phuong sai xac dinh
tong binh phU:O‘ng clia cac thong sb phun két
qué tinh toan t6i uu cho thay gia tri h¢ s6 ma sat
nho nhat theo dy doén 1a 0,49% ung v&i mic
thong s6 phun la LLM.. Phan tram anh huong
clia cac thong sb phun torl hé sb6 ma sat tuong
ddi 16n véi tht tu anh huéng duge xac dinh:
Dong dién phun (80,1%) > Luu luong cip bot
(12,3%) > Khoang cach phun (7,6%).

Tac doéng trung binh cta |
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1.00
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Tac déng trung binh cia M

3.00 4
3.49

4.3
4,00 + —

3.00 4 . —+—Seriesl
3.45

2.00 4
1.00 4

0.00

1l2]z]a]s]e[7]s]9
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c, Anh huong cia M
Hinh 2. Biéu do phan murc tac dong cia cdac thong
s0 I, L, M toi hé so ma sat

Bdng 3. Phan tich ANOVA két qua do hé s6 ma sat
16p phii cdc mau thwe nghiém

Téng

Yéu Béac binh Trung Murc
) tw | phwong | binh binh anh

to X -
do | cacyéu phuong hudng

to

I 2 0.053 0.026299 80.1%
L 2 0.005 0.0025 7.6%
M 2 0.008 0.004034 12.3%
Téng | 8 0.066 - 100%

6% _

80,1%

Hinh 3. Biéu dé anh hwong cua cdac thong 61 L,
M t6i hé so ma sat lop phu

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 304, thang 6 nim 2023 BRGE
cokhivietnam.vn / tapchicokhi.com.vn




NGHIEN CUU - TRAO DOI

Cin ctr vao dd thi phan muc cia cac yéu
t6, co thé nhan thiy: Vi yéu cau vé dic trung
chat luo’ng nho hon thi tét hon thi muc t6i uu
ctia cac yéu t6 dé co hé s6 ma sat nho nhat 1a (L,

L,,N)), cu thé: I,=600A; L, =130 mm; N, =
2, 1 kg/h. Xay dung quan hé toan hoc gitra cac
thong s phun téi hé s6 ma sat 16p phi.

Phuong trinh toén hoc bac hai dugc tién
hanh x4y dung bang phuong phap binh phuong
nho nhit dé xay dung mo hinh hé s6 ma sat 16p
phu H c6 dang:

H=-7,6082.10°.1> + 9,6476.10°.L> — 0,7623.
—0,0012.LM + 0,0051.L.M + 0,0092.1 -
0,0327. L +2,7972.M — 2,0411 (1)

Sau khi tinh toan ti wu don muc tiéu,

thu duoc két qua do hé s6 ma sat tbi vu 0,49,

U:ng v6i bo thong sé phun LLM, (I =600 A;

=130 mm; M = 2,1 kg/h) tac gia tién hanh

lam thi nghiém kiém chimg voi bo thong sb
trén theo trinh tu sau:

- Thtr nhat: tién hanh phun méiu véi bd
thong s6 phun [LL M, cac thong s6 phun khac
van dugc gilt nguyén.

Bang 4. Két qua do hé s6 ma sdt trén mau

kiém chitng
Két p
qua tbi Kef Két
wu du qua qua A
, , " tinh A Phan
Chi doan , trén .
oA toan X tram
tiéu theo mau . 1A
. theo <X sai léch
tung \ kiém :
o , | ham ,
tiéu chi n6i su chirng
donle | "OSW
Hé¢ s6
. 0.49 0.495 0.510 4.08%
ma sat

4. KET LUAN

Bai bao nay trinh bay két qua nghién
ctru anh huong cua cac thong sd phun plasma
t6i hé sb ma sat cta 16p phu gbm hé ALO, -
wt.40% T10 Bang thuc nghlem da xac dlnh
duge moi tuong quan gura hé s6 ma sat vat liu
16p phu plasma hé gom Al O, — wt.40% TiO,
v6i bd thong s6 phun phu plasma

1) Qua trinh ti vu hoa, V(Yl bo thong 5O
t6i uru LL.M, s€ cho két qua hé s6 ma sat toi uu
duoc dl_I doan theo ham toan hoc (1) la: 0,495,
thi nghiém kiém chimg (Bang 4), v6i bo thong
s trén cho két qua 0,510 v6i do sai 1éch 4,08%
so voi gia tri du doan theo tiéu chi don 1€. Véi
cac gia tri do dugc ctia hé s6 ma sat co thé lua
chon umg dung cho chi tiét may chiu mai mon
co hoc phut hop véi diéu kién ma sat trén thuc
tién ctia may moc thiét bi;

2) Hé s6 ma sat (f) cua vat liéu 16p phu
gém nay co xu hudng tang ty 1¢ thudn cung voi
chiéu tang ctia d6 clng trung binh (HV ) trong
qua trinh thir nghiém, diéu d6 dan dén c6 thé du
bao kha ning ting hodc giam tiy theo do xdp
trung binh ctia né giam hoac tang tuong Gng
v6i ché o phun plasma khi tao mau phun phu.
Két qua thi nghiém kha phu hop véi quy luat
chung do céc nha nghién ctru ngoai nudc cong
b6 gan day vé 16p phil gdm. <
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