NGHIEN CU’U - TRAO DBOI

TOI WU HOA DAC TINH MA SAT HOC CUA LOP PHU GOM HE
AlLO, - TiO,BANG CONG NGHE PHUN PLASMA, NG DUNG CHO
CHI TIET MAY CHIU MAI MON CO HOC

OPTIMIZATION OF THE TRIBOLOGICAL PROPERTIES OF Al O, — TiO, CERAMIC
COATINGS USING PLASMA SPRAYING TECHNOLOGY FOR APPLICATIONS IN
MECHANICALLY WORN MACHINE COMPONENTS

TS. Bui Van Khoan
Truong Pai hoc Su pham K§¥ thuat Hung Yén
Email: buivankhoan.utehy@gmail.com

TOM TAT

Bai bdo trinh bay két qua nghién ciru co sé khoa hoc, thuc tién vé vin dé ddic tinh 16p phii
gom trén thé gidi va vmg dung phirong phdp thiét ké thwc nghiém Taguchi dé xdy dung ché do phun
phii plasma tao 16p phii gom AL,O-40TiO, nhdam ndng cao tuéi tho lam viéc ciia chi tiét may théng
qua hé s6 ma sdt cia I6p phii. Trong nghién civu ndy c¢é ba thong sé cong nghé dwoe khao sat, bao
gom dong dién, toc do cap bot va khodang cdach phun. Hé s6 ma sat dwoc do trén bé mdt I6p phii, véi
thiét ké thuc nghiém Taguchi da phan tich va tim ra dwoc bo thong 56 ché do phun nham tao ra lop
phii ¢6 hé s6 ma sat téi wu. Céc két qua nghién ciru dwoc la co sé dé thiét ldp quy trinh cong nghé
phun phii phuc héi cdc chi tiét méy chiu mai mon ¢ Viét Nam, cdc chi tiét van dang trong qud trinh
s dung va theo doi.

Tir khéa: LSp phii plasma; Hé gom ALO ~40TiO,; Hé s6 ma sat.
ABSTRACT

This paper presents the scientific and practical research results on the characteristics of
ceramic coatings worldwide and applies the Taguchi experimental design method to establish
plasma spraying parameters for producing Al,0-40TiO, ceramic coatings in order to improve
the service life of machine components through the coatings friction coefficient. In this study,
three technological parameters were investigated, including spraying current, powder feed rate,
and spraying distance. The friction coefficient was measured on the coating surface, and the
Taguchi experimental design method was employed to analyze and determine the optimal spraying
parameters for obtaining a coating with the desired friction coefficient. The research results provide
a basis for establishing plasma coating technological processes for restoring machine components
subjected to mechanical wear in Vietnam, the components are still in use and under monitoring.
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1. PAT VAN PE

Kha nang chiu mai mon la chu dé duoc
nhiéu nha khoa hoc quan tdm, c6 nhiéu coéng
nghé tién tién duge ung dung nhim tao ra cac
bé mait chiu mai mon co hoc tdt. Cong nghé
phun phu nhiét duoc xem 1a phuong phap kha
hiéu qua trong viéc ché tao moi hay phuc hoi
cac chi tiét may c6 yéu cAu dic biét vé bé mat,
nhu tinh chéng mai mon, chiu nhiét va cac
thudc tinh dic biét khac [1-2]. C6 nhiéu nghién
ctru chi ra mbi quan hé vé kha nang chiu mai
mon voi do cung, do xép, hé sb ma sat cua 16p
phu [5-6, 9-11].

Pé tao ra dugc 16p phu co kha ning
chiu mai mon cao phu thudc vao rat nhiéu yéu
t6 nhu: X 1y bé mat phun, vat liéu phun va dic
biét 1a ché d6 cong nghé phun.

Trong sb cac phuwong phap cong nghé
phun phu nhiét thi phun phu plasma c6 nhiéu
wu diém. Cong nghé phun plasma, st dung
nhiét cua dong plasma dé nung néng vat liéu.
Plasma 1a chat khi & trang thai cac nguyén tir va
phan tr bi ion hod, thuc chét 1a hd quang kéo
dai. Phun phu plasma c6 cong suat nhiét 16n,
cho nang suét cao, vat liéu phun da dang, chét
lwong 16p phu tot [3]. Nhimng yéu td gop phan
tao ra chat luong 16p phu lién quan dén thiét
bi phun, tinh chit bé mat nén, vat li¢u phun,
ché d6 cong nghé phun... Trong cac yéu t6 do
thi ché do cong nghé phun co vai tro rat quan
trong.

Vat liéu phu~n plasma hé AL,O, c6 nhiéu
ty 1¢ khac nhau, moi ty 1€ lai cho mét co tinh
khac nhau, trong nghién ctru nay lya chon ty 1€
bot AL,O,-40TiO, [7-8].

Trong cic nha mdy sira chita, phuc hdi
chi tiét may cho nganh nhiét dién, viéc ap dung
cong ngh¢ phun phu plasma tao 16p phu ALO,-

40TiO, nham phuc hdi, nang cao tudi tho cua
cac chi tiet may co thé giai quyét dugc nhirng
van dé nay. Véi uu diém cong nghé vuot troi,
viéc phén tich t6i uu hoa cac thong s6 phun phi
dé dua ra dugc ché do cong nghé phu hop s&
gitip qua trinh phuc héi ra dugce san pham tdi
uu.

2. THUC NGHIEM CHE TAO LOP PHU

Thiét bj phun plasma PRAXAIR Model
3710 voi dau sung phun SG100 (Hinh 1) dugc
stt dung trong nghién ctru nay dé ché tao 16p
phu gdm.

Hinh 1. Thiét bi phun plasma Model 3710

Nghién ctru sir dung vat li¢u nén la thép
cacbon C45 dang tim c6 kich thudc 50x50%6
mm. Vat li¢u phu la bot ALO,-TiO, ma hi¢u
P220/35 cua hang Metallisation, vdi ¢d bot
-45+5um [4].

Sau khi ¢t mau, ta tién hanh lam sach
va tao nham bé mat bang phuong phap phun
hat mai, st dung hat corindon.

Ba thong s6 cong nghé phun dé tién
hanh thi nghiém l,é: d(‘)ng dién phun Ip, khoéng>
cach phun L vatoc dd cap bot N. Moi thong so
chon 3 muec, gia tri cac mic duoc xac dinh dya
trén khuyén cao cua hing cung cip bot dé thi
nghiém (Bang 1).
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Bdng 1. Cdc thong s6 cong nghé thi nghiém

Tr | TROMESO nre 1| Mie2 | Mie3
cong ngh¢
1 L (A) 400 500 600
2 L, (mm) 90 110 130

3 M (kg/h) 1,2 1,6 2,0

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

- Téc d6 dich chuyén dau phun: 15 m/phit;
- Dién &p phun: 60 V;

- Ap luc khi so cap: 50 Uphut;

- Ap luc khi thir cp: 2 1/phit;

- Ap Iyc khi mang bot: 5,5 I/pht;

- Chiéu day 16p phun: 0,4 mm.

Tham khao phuong phdp thuc nghiém
Taguchi véi 3 thong s6, mdi thong sé 3 muc,
ta chon mang truc giao L9 va tién hanh 9 thi
nghiém (phun phii 9 mau) [12].

3. KET QUA PANH GIA CHAT LUQNG
LOP PHU

Trén co so 1a kha nang chiu mon kho
va mon truot cta 16p phu tr bot phun AL O -
4OTiO,2 cung véi nguyén ly tao mai mon bang
mot sO phuong phap [5, 6]. Qua trinh do duoc
thuc hién tai Phong Thi nghiém Kim loai hoc
va Nhi¢t luyén - Vién Khoa hoc va Ky thuat vat
liéu — Pai hoc Bach khoa Ha Noi. Qua trinh do
hé s6 ma sat khong c6 chat boi tron (thir kho),
luc dit 1a 10 N, ¢ diéu kién nhiét do phong.

- rd

I. ! -

Hinh 2 Thiét bi do hé s6 ma sat (Ma sdt nghi)
* Quy trinh do:
Buéc 1 — Chuan bj mau:
- Mau do: Dang khdi, bé mit phing;

- Kich thude: @ (20 = 200) mm, day (2
+ 50)mm;

- Yéu cau: B& mat phflng, can lam sach;
- Moi truong: Kho.

Budc 2 — Chuén bi do:

- G4 mau trén mam kep mau;

- Thiét bi thir nghiém sir dung & may
TRIBO-Tester cua hang Tribotechnic, Cong
hoa Lién bang Pirc ché tao (Hinh 2). Pic tinh
ma sat hoc cua vat liéu 16p phu nay dugc danh
gi4 thong qua tiéu chi hé s6 ma sat dudi ché do
tai trong P = 10 N dit tai 1én dau try dbi ung
trong by do1 ma sat, moi truong thir 1a khong
khi ¢ 25°C, quang duong thir L =200 m, 46 am
80% RH, téc d6 quay cua dia gin mau thir v =
88 mm/s, ban kinh quay r = 6,0 mm ghi nhan
duoc ¢ cac thoi diém khoi dong, chay 6n dinh

va két thuc thir nghiém trong phong thi nghiém. &
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Bdng 2. Bang két qua do hé s ma sdt

Thi Théng sb Gia tri h¢ s ma sat ¢ cic lan do Trung
nghi¢m I(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
Tiic déng trung binh cia | Tac dong trung binh cua L
L Ye] 4.0G i e
o0 a._____.--" 238 LAG
g e
L =S85 1 i 140 -
.00 Seridl
| -1 r ]
10O
| . 100 ST R ,
el o rjajafs|eflrinls]|  — 1 | | 1;’ '..."E'..:..;:#F.h
ieealisa] | Jaua] | fsa] | | e |

396

100
Ll == lpiriin 1
200
1.00
. 1113 G| T 8|9
] 34 43

Hinh 3. Biéu d6 phdan mitc tac dong ciia cac thong sé 1, L, M t6i hé sé ma sdt
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Cin ctr vao két qua trong Bang 2, ta tién
hanh phan tich phuong sai cho phép danh gia
duoc muc tac dong trung binh ctia moi thong
s6 phun nhd ty sé S/N, ta xac dinh phan b
anh huong cua thong sé cong nghé phun téi hé
s6 ma sat cua 16p phu, két qua dugc tong hop
trong Bang 3.

Bdng 3. Phdn tich anh huéng cia cdc tham s6 theo

va dam bao cac yéu cau ky thuat dé tién hanh
van hanh chay thtr. Két qua chay thir sau 6 thang
khiang dinh quat Roots sau khi phuc hoi chay
6n dinh, dat duoc chi tiéu k¥ thuat va dugc don
vi sit dung xac nhan két qua nghién cru.

Bdng 4. Ché d¢ phun gom AL, O -40TiO, cho roto
quat Roots CHANGSHA ARF 245W

phan tich phuong sai ANOVA Théng s6 phun phi Gia tri
. bién ap (U) 40V
Tong T 5
binh TUng ' M Cudng d6 dong dién (1) 600 A
Y,( X B@C h binh anh B P
Cuto | o do |Phuong ik an Vin tbe (V) 100 mm/s
: cicyeu | huwéng P
to phuong Khoang cach phun (Lp) 130 mm
I 2 0,053 | 0,026299 | 80,1% Téc dd cAp bot (M) 2,1 kg/h
0
L 2| 0005 | 00025 | 7.6% Luu luong khi Ar 50 1/pht
M 2 0,008 | 0,004034 | 12,3%

Qué trinh tinh toan dwge tién hanh
tuong ty nhu cach tinh cho céac tinh chét khac
ctia 16p phu, cho két qua nhu dugc trinh bay
trong Bang 3. Két qua tinh toan t6i wu cho thiy
gia tri hé s6 ma sat nho nhat theo du doan 1a
0,4‘9 mg véi muc thong s6 phun la LL.M,.
Phan tram anh hudng cua cac thong s6 phun
t6i hé s6 ma sat twong d6i 16n véi thtr ty anh
hudng dugc xac dinh: Dong dién phun (80,1%)
> Luu lugng cap bot (12,3%) > Khoang cach
phun (7,6%).

Ché d6 phu tdi wu, tir 46 cing cb thém
co s¢ khoa hoc cho viéc tng dung phun phu
tao 16p phu A1203—40Ti02 chiu an mon mé}i mon
nang cao tudi tho lam viéc cua cac chi tiét may
trong nha may nhi¢t dién Uong Bi (Bang 4).
Hinh anh qua trinh ché tao 16p phu dugc dua ra
0 Hinh 4.

San pham quat Roots da dugc lip ghép
thanh cong vao hé thong ctia T6 may 330 MW

Bdng 5. Bang két qua do dg ciing 16p phii

Théng s6 P ciing
Thi (gia tri
nghiém L trung binh

1(A) (mm) M (kg/h) HV)

1 400 90 1,7 443,8
2 400 | 110 1,9 464,2
3 400 | 130 2,1 477,0
4 500 90 1,9 441,8
5 500 | 110 2,1 5214
6 500 | 130 1,7 5418
7 600 90 2,1 602,0
8 600 | 110 1,7 523,6
9 600 | 130 1,9 593,2

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 342, thang 6 nim 2026 EEM

cokhivietnam.vn



NGHIEN CUU - TRAO DOI

Bdng 6. Bang két qua kiém chimg

A Két qua t6i wu du doan | Két qua tinh toan | Két qua trén mau A e -
Chi tiéu theo ting ti€u chi don 1¢ | theo ham ngi suy kiém chting Phan trim sai Iéch
Hé s6 ma sat 0,49 0,495 0,510 4,08%
Hinh 4. Qua trinh phun phu A1,0 -40TiO, lén roto canh quat Roots
4. KET LUAN gia, danh gia mbi quan hé giita lwong mon va

Tur thyc nghiém, bai bdo da xay dung
dugc mdi quan hé giita hé s6 ma sat cua 16p
phu ALO,-40TiO, va 3 thong s6 cong nghé
phun phu plasma dau vao I,L,M.Cac két qua
chinh thu duoc nhu sau:

- Mtic cac thong s6 cong nghé hop 1y
nham dam bao tiéu chi hé s ma sat nho nhat 1a:
1 =600A,L =130 mm, M=2,1 kg/h.

- Céc thong s6 cong nghé c6 anh huong
khac nhau dén hé s6 ma st cua 16p ph, trong
do6 anh huong cuia dong dién phun I 13 16n nhat
(80,1%); anh huong cua toc do cap bot M va
khoang cach phun L thap hon, két qua kiém
ching cho thdy do t1n cdy cta nhitng két qua
tinh toan don 1é. Két qua nghién ctru nay ciing
s& mo ra hudéng nghién ctru tiép theo cho tac

hé s6 ma sat cua 16p phu hodc bai toan téi uu da
muc tiéu.

Trén co s& cac két qua thuc nghiém thu
dugc d6i sanh véi nhig két qua nghién ctru
trude d6 vé do cing 16p phii cho thay két qua
kha tuong dong (hé sb ma sat nho thi do cimg
16p phii ting (bang 5)), két qua nay cing cd
thém cho nhitng tng dung ctia nhom tac gia
da tng dung 16p phu gdm oxit ALO,-40TiO,
de phuc hoi cho roto quat Roots CHANGSHA
ARF 245W va da thu duoc nhiing két qua kha
quan, nhitng san pham van dang trong qua trinh
st dung va theo doi, danh gia cua nhom nghién
cliru. <
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