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NGHIEN CU'U TOI WU HOA BQ BEN BAM DINH LOP PHU
WC-12Co TREN BE MAT TRU TRONG BANG CONG NGHE PHUN
PHU NHIET KHi TOGC PO CAO HVOF

OPTIMIZING THE ADHESION STRENGTH OF THE WC-12Co COATINGS ON THE
INTERNAL SURFACE USING THE HIGH-VELOCITY OXYGEN-FUEL (HVOF)
THERMAL SPRAY TECHNOLOGY
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TOM TAT

Muc dich cua nghién ciru nay la 16i wu héa dé bam dinh ciia 16p phu dwoc tao ra o bé mat
tru trong bang céng nghé phun phii HVOF. Vit liéu phii la bt WC-12Co trén nén thép ong 20Cr.
Cdc théng s6 chinh ciia qud trinh phun dwoce nghién ciru bao gom leu lwong phun, khodng cach
phun va vin toc twong doi cia sing phun. Céc thi nghiém dwoc bo tri theo thiét ké Taguchi L9. Két
qua nghién civu cho thdy cdc tham sé qud trinh phun dwoc lwa chon trong thi nghiém dnh hwéng
ddng ké dén dé bam dinh ciia 16p phii v6i bé mdt nén thép éng 20Cr. Theo phan tich Taguchi va
ANOVA trong cdc thir nghiém, cdc gid tri théng s6 phun t6i wu dat dwege ¢ khodng cach phun 0,25
m, e leong bét 26 g/phiit va vin toc twong doi cia sing phun la 0,15 m/s. Véi cac théng sé nay,
gid tri A6 bam dinh t6i wu dat dwoc la 66,47 MPa. Két qua nghién ciru ciing cho thday anh hwong
ciia cdc thong sé qud trinh phun dén do bam dinh, trong dé khoang cdch phun anh hwéng 38,4%,
T lwong bot 34,7% va van toc twong doi sing phun 25,7%.

T khéa: Phun phii nhiét khi toc do cao; P bam dinh; Théng so phun; Cdc-bit vonfram.

ABSTRACT

The purpose of this study is to determine the adhesion strength characteristics of the coating
layer created inside cylindrical surfaces using HVOF technology. The coating material is tungsten
carbide powder on a 20Cr steel substrate. The main parameters of the spraying process studied
include spray flow rate, spray distance, and relative velocity of the spray gun. The experiments are
arranged according to Taguchi L9 design. The research results show that the selected spraying
process parameters in the experiment significantly affect the adhesion strength of the coating to
the substrate. According to Taguchi and ANOVA analysis in the experiment, the optimal spray
parameter values are achieved at a spray distance of 0.25 m, powder flow of 26 g/min, and relative
velocity of the spray gun at 0.15 m/s. With these parameters, the optimal adhesion strength value
obtained is 66.47 MPa. The analysis results also indicate the influence of the spraying process
parameters on adhesion strength, with spray distance contributing at 38.4%, powder flow rate at
34.7%, and spray gun velocity at 25.7%.

Keywords: High-velocity oxygen-fuel; Adhesion,; Process parameters, Carbide wolfram.
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1. PAT VAN PE

Cong nghé phun nhiét nhién liéu oxy
toc d6 cao (HVOF) duoc phat minh vio nhiing
nam 1980 va 1a cong nghé phu bé mit ¢ thé
thay thé 16p phii crom ctig do 16p phii phun
nhiét HVOF c¢6 hiéu suit mai mon va dn mon
t6t hon [1]. Tuy nhién, cac quy trinh HVOF bj
gidi han boi tinh chit khong gian 1am viéc cua
chung, nghia 13 viéc phun bé mit ¢ nhitng khu
vuc chat hep 1a mot thach thac khi so sanh véi
cac quy trinh ma crom cung truyén thong. Viéc
tao 16p phu trén cic bé mit bén trong chi tiét
c6 khong gian chat hep véi cac hinh dang phirc
tap su dung cac hé théng HVOF thuong mai bi
nhiéu han ché do kich thudc cia sing phun va
khoang cach phun can thiét dé c6 nhiét do va
van tdc hat t6i wu. Trong nghién ciru ndy, phun
phu nhiét bé mat trong HVOF dugc nghién ctiu
va phat trién v6i myc dich nang cao chat lugng
16p phua khi cac thong sé phun ctia hé thong
hoat dong ¢ mirc nang lwong téi ru nhung dong
thdi van giir duoc dong niing cao cho phép phu
nhiéu bé mat bén trong mot cach hi¢u qua hon.

Vat liéu cac-bit WC-12Co 1a Iya chon
hang dau trong cac tng dung chéng an mon va
mai mon do sy két hop giita d6 cing cao cia
cac-bit vonfram va tinh linh hoat ctia coban.
WC-12Co thé hién d6 bén va do cung cao, tang
cuong kha nang chéng mai mon, in mon va va
dap bé mat. Piéu nay gitip cho chi tiét dugc phit
c6 kha nang chiu dugc ap luc va moéi truong
lam viéc khac nghiét [2].

Luc lién két gifra vat liéu nén va 16p phu
dac trung cho do bam dinh cua 16p phu. Viéc
kiém tra do bén nay rat quan trong dé kiém soat
chat luong cuia thiét bi phun va quy trinh phun.
Uu diém cua HVOF so véi cac ki thuat phun
nhiét khac 1a van tdc hat cao hon so véi cac
cong ngh¢ phun phu khac nhu phun ngon lira
va phun nhiét h6 quang day. Két qua 12 16p phu
cudi cuing thuong c6 d6 xp thap hon. Hon nita,

do nhiét do ngudn nhiét thap hon nén sy thay
doi pha cua céc hat trong qua trinh bay it xay ra
hon véi phun nhi¢t HVOF [3-4].

Dua trén nghién ctru da cong bd, viée
tao 16p pht bé mat trong phat sinh nhiéu van
dé vé thiét bi ciing nhu ché do van hanh so voi
qua trinh phun tiéu chuin bé mit ngoai va chua
¢6 nhidu nghién ctru danh gia. Bé tao 16p phu
bé mit trong chi tiét lam viéc trong diéu kién
khic nghiét thi vat lidu cacbit thuong sir dung.
Trong nghién ctru nay st dung vat licu WC-
12Co dé tao 16p phii bé mat trong va danh gia
d6 bam dinh 16p phu t6i wu thong qua ché do
phun. Nghién ctru st dung k¥ thudt phan tich
Taguchi-Anova dé quy hoach ti wu hoa thuc
nghiém.

2. NOI DUNG NGHIEN CUU
2.1. Phuwong phap nghién ciru

Thiét ké thi nghiém dya trén phuong
phap Taguchi dugc sir dung trong nghién ciru.
Phuong phap Taguchl cho phép tao ra to hop cac
thi nghlem theo sap Xep mang truc giao (OA)
nhim c6 duoc to hop tdi wu ma tiét kiém thoi
gian va chi phi thi nghiém thay vi phai kiém tra
tat ca cac td hop co thé c6 cua cac tham sé dau
vao. Mot dic diém quan trong khac ctia phuong
phap Taguchi 14 ty s tin hiéu trén nhidu (S/N)
duogc st dung lam thudc do mirc d6 anh hudng
ctia cac yéu t6 nhidu dén dic tinh chat luong
dau ra. Trong nghién ciru nay, khoang cach
phun, lru lwong phun va tbe d6 trong d6i sung
phun duogc coi la cac yéu td anh huong. S6 mirc
d6 ctia mdi yéu t6 anh huong 1a ba murc d6. Vi
vay, thiét ké thi nghiém L9 theo Taguchi dugc
str dung dé bd tri thi nghiém (Béang 2, Bang 4).
Do bam dinh cua 16p phu 1a dép tng dau ra bi
thay d6i boi cac yéu td anh huong. “Cao hon 1a
t6t hon” 1a dic tinh chit lugng cua ty s6 S/N do
Taguchi xac dinh theo phuong trinh (1):
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S/N = —10log (12%) 1)
n yi

Trong phan tich phuong sai (ANOVA),
cac cong thirc toan hoc chinh dugc st dung cho
nghién clru nay la cac phuong trinh (2), (3), (4),
(5), (6). Gia tri trung binh cua cac ty so S/N d6i
v6i timg murc cia timg yéu té dugc xac dlnh
theo cong thirc (2). Cong thic (3) biéu thi tong
binh phuong d6 1éch cua cac mirc (SS). Tong
binh phuong do Iéch gitra cac mire (SS)) duoc
bleu thi bang cong thirc (4). Dé xac dinh tham
sO toi uu, ty 1& phan trim anh huong cia timg
yéu t6 (%E) dén cac tham sé da chon s& duoc
danh gia va tinh toan bang phuong trinh (5).
Gi4 tri d6 bam dinh t6i wu t__do Taguchi du

doan duogc xac dinh theo cong thure (6) [5].

S/N = 5 Yaey (S/N)i @)

— /M) 3)
3 (/N — /D) @

ss1

SS = M=1((S/N);;
SSi ==

%E=—.100% (5)

Tmax = 1 + E 1(T —T) ©®

Ky hiéu j la cac yéu t6 duoc chon; i 1a
muc do cua cac yeu t6; E 1a phan traim dong
gop cua timg yéu t6, T 1a két qua trung binh thu
dugc tr cac thi nghiém; T, dai dién cho gia tri
trung binh cta cac thi nghiém.

2.2. Vat li¢u thir nghiém

Trong nghién ctru nay, bot phun nhi¢t
WC-12Co do cong ty Eutectic cung cap duoc
su dung lam vat li¢u phun. Bt nguyén li¢u co
hinh dang va kich thudc tir 15 dén 45 pm da
duogc phan tich va quan sat nhu trong Hinh 1.
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L6p phut duge phun bang cach phun HVOF 1én
bé mit bén trong ctia dng thép DN400 lam bang
vat liéu 20Cr c¢6 thanh phén dugc mo ta trong
Bang 1. Bé mat vat liéu nén duge 1am nham
dén Ra = 10 um trude khi phun dé ting cuong
kha nang bam dinh cia céc hat véi vat liéu nén.
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Hinh 1. Anh SEM va phan tzch EDX cua bot
WC-12Co

Bdng 1. Thanh phan cia thép 20Cr
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2.3. Ché tao 16p phi

Thiét bi phun HVOF véi sing phun
HP-2700M do cong ty MEC — An D6 cung cap
két hop véi dd ga phun bé mit bén trong duoc
st dung dé tién hanh thi nghiém. Céc thong sb
phun dugc thiét ké ¢ ba mirc do (Bang 2) va
duoc thiét ké thir nghi¢m theo theo mang truc
giao L9 (Bang 4) cta phuong phap Taguchi.
Céc thong ) phun con lai dugc lya chon theo

khuyén céo ciia nha san xuit (Bang 3).
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Bdng 2. Théng s6 phun va cdc mike thir nghiém

Théng s6 L yen Mirc do
ché d9 phun Ky higu 1 2 3
Khoang cach phun (m) L 0.2 0.25 0.3
Luu lugng phun (g/phut) P 20 26 32
Tdc d6 twong ddi sting phun (m/s) \Y 0.1 0.15 0.2
Bdng 3. Cdc théng sé6 phun HVOF khdc
. A Tri s6 ap suit (MPa) Gia tri luu lwgng (I/phut)
Thong so . -
0, C,H, N, Air C,H, Air N,
Gia tri 0.98 0.69 0.4 0.69 40 550 20

2.4. Do do bam dinh

Do bam dinh cua 16p
phu voi bé mit vat liéu nén
duoc xac dinh dua trén tiéu
chuén JIS-H-8304-2017 [6].
Trong d6, mau thtr duoc gia
cong theo hinh vanh khan va
bé mit cta 16p phu duge mai
dé dam bao do day 16p phu
1 500 um. Viéc kiém tra do
bam dinh cta 16p pha v6i bé
mit nén duoc thuc hién trén
may thir kéo nén dé xac dinh
luc nén P, (N) theo nguyén
1y thé hién trén Hinh 2.

Do bam dinh 16p phu
t© dugc tinh bang ty sb giita
P, va dién tich bam dinh cua
16p phu v6i bé mat nén F
(mm?):

R (7)

=

Fuimh
= ey | didn
hurcmig

Hinh 2. Nguyén 1y kiém tra do bam dinh cia 16p phii
3. KET QUA VA THAO LUAN
3.1. Két qua thir nghiém

Duya trén cac thong sb thi nghiém va két qua thuc nghiém
dugc tinh toan dé xac dinh do bam dinh cuia 16p phii (mau thir d6
bam dinh va d thi bién dang Hinh 3, 4) va gi tri d6 bam dinh
thu dugc trong Bang 4. Gi4 tri S/N cting dugc tinh tuong g voi
tung thi nghiém.

Tir Bang 4 cho thay: gia tri d6 bam dinh cta 16p phu thay
doi trong khoang 52,1-65,6 MPa, mau tht 5 véi thong sb phun
L,PV,(L=02m, ’P =26 g/phut, V = O,; m/s) c6 muc cao nhat
la 65,6 MPa. Tt két qua thu dugc, ta thay do bam dinh cua lop
phu bi anh hudng boi su thay d6i cac thong sd phun, chimg to cac
thong s phun duoc lua chon cho nghién ctru 1a phu hop.
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Bdng 4. Két qua thir nghiém dg bam dinh

TN Théng s6 phun Py bam dinh S/N
L P A% (MPa)
1 0.20 20 0.10 52.1 34.5671
2 0.20 26 0.15 65.3 36.0281
3 0.20 32 0.20 61.2 35.7350
4 0.25 20 0.15 59.5 35.4903
5 0.25 26 0.20 65.6 36.3645
6 0.25 32 0.10 58.3 35.2235
7 0.30 20 0.20 53.8 34.3534
8 0.30 26 0.10 55 34.7439
9 0.30 32 0.15 57.5 35.1631

(Lt
(Lt
([ {

Hinh 3. Mau thir d6 bam dinh

Hinh 4. Biéu do thir @6 bam dinh
3.2. Xac dinh cac ché @ phun t6i vu

Viée tang cuong do bam dinh cua 16p
phu gitp cai thién tinh chit co tinh bé mit bén

trong cta hé thong dudng dng trong qua trinh
van hanh, dic biét ddi voi 16p phu c¢6 kha ning
chéng mai mon, an mon, v.v. Do do, ty s6 S/N
theo Taguchi gi4 tri cang cao biéu thi dic tinh
d6 bam dinh 16p phu cang tét (cang cao cang
tét). Dua vao két qua thyc nghi¢m tr Bang 4,
bang cong cu phan mém tinh toan Minitab tinh
duoc gia tri ti s6 S/N cho ting thong sé ché do
phun Ung voi timg muc do, dé thi minh hoa
Hinh 5. Két qua cho thy (mg voi cac muc ti s6
trung binh S/N cao nhat cta cac thong sé phun
s& cho du doan vé dd bén bam dinh t6i wu cta
16p phii 1a 66.47 MPa tai thong s6 phun téi wu
dugc duwdoanlaL, P,V (L,=0,25m,P,=26
g/phat va 'V, = 0,15 m/s).

03 03 oW M 3 13 ol olf 03
SN Loy Trcy pivl sy boows

Hinh 5. Phdn mirc tac dong cia cdc thong sé phun
dira trén ty s6 S/N t6i d¢ bam dinh 16p phii
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3.3. Phéan tich phwong sai

Bang 5 thé hién phan tich phuong sai
ctia thi nghiém, két qua cho thiy cac thong sb
phun dugc chon trong thi nghiém 1a cac thong
s6 anh hudng chinh dén dic tinh bam dinh cta
16p phu véi chat nén thé hién qua do sai s6 nhod
va do tin cdy thong ké cao (P < 0.05). Két qua

phan tich phuong sai thé hién van tdc twong
d6i sung phun 12 anh hudng it nhit dén do bam
dinh 16p phu trong 3 thong s6 khao sat voi mirc
anh huong 1a 25.7%, ké tiép 1a luu luong phun
v6i gia tri anh hudng 1a 34.7% va thong sb
anh hudng 16n nhit dén do bam dinh 16p phu
la khoang cach phun véi gid tri anh hudng la
38.4%.

Bdng 5. Két qua phdn tich phwong sai diea trén dg bam dinh 16p phit.

Thamsé | Bactwdo | GiatriSS | GiatriMS | Tris6F | TriséP lxg;;:: ’;f,‘/i‘)
L 2 63.936 319.678 32.58 0.030 38.4
P 2 57.722 288.611 29.42 0.033 34.7
% 2 42.762 213811 21.79 0.044 25.7
Sai sb 2 1.962 0.9811 1.2
Tong 8 166.382 100
4. KET LUAN

Trong nghién cltru nay, phuong phap
Taguchi va phan tich ANOVA duoc sir dung dé
nghién ctru anh hudng cta cac théng sd phun
dén do bam dinh bé mit cua 6ng thép véi vat
liéu phu WC-12Co béng phu’orng phép HVOF.
Téi wu hoa cac thong sO phun bang phuong phap
Taguchi bao gom céac thong so6 khoang cach
phun, luu lugng phun Va van toc tuong dbi cua
sting phun. Cac thong sé phun tdi wu dugc xac
dinh 1a khoang cach phun L = 0,25 m, luu lugng
phun P =26 g/phut va van toc twong dbi cua sing
phun ¢ V=0,15 m/s. Két qua d6 bam dinh ti uu
theo dy doéan cuia 16p phu dat duoc la 66,47 MPa.
Phan tich ANOVA chi ra rang khoang cach cé
anh huong dang ké nhat dén do bam dinh cua 16p
phu voi mirc 38,4%, tiép theo 1a luu luong phun
& mirc 34,7% va cudi cing 1a van tdc trong doi
cta sung phun & murc 25,7%. %
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