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Trong Iinh vic gia céng co khi, k§ thuat phun phi nhiét téc d6 cao, High-Velocity Oxy-Fuel
(HVOF) dwoc s dung phd bién nhdm slra chira va tang cuéng tudi tho siv dung clia cac
bd phan bi mai mon do tiép xtc nhw ban xe dao may tién. Nghién ciru ndy nham danh gia,
phan tich tdc déng cla cac théng sb k§ thuat HVOF lén d6 cirng cla I¢p phd hop kim
WC-12Co duwogc phi lén vat liéu gang xam GX 15-32. Ba yéu t6 chinh dwoc nghién ciru
thwe hién dé danh gia, khao sat gébm: Khoang cach phun (L), lwgng bdt cung cap (m) va
cudi cung 1a van téc phun (V). Két qua thir nghiém dd cirng Vickers (HV) chi ra réng
khodng cach phun va téc dd hat cé tac dong ré rét dén dac tinh Iop pha. O didu kién
khodng cach phun téi wu va van téc phun cao, I&p phi dat dwoc do clrng cao nhét, déng
thoi gidm thiéu do rd va cai thién kha nang bam dinh. Nguwoc lai, néu cac thong sé khong
duoec thiét 1ap chinh xac, |&p phi dé xuét hién cac khuyét tat nhw ran nét hodc bong bat.
Két qua nghién clru 1a rat quan trong cho viéc t6i wu héa quy trinh phun phi HVOF, tir d6
&ng dung vao viéc phuc hdi ban xe dao may tién, cai thién do bén va tudi tho, gitp gidm
chi phi bdo tri, bdo dwdng va nang cao hiéu qua qua trinh gia céng.

HVOF, WC-12Co, d cirng, dd xdp, dd bam dinh.

In the field of mechanical processing, high-velocity Oxy-Fuel (HVOF) thermal spraying
technique is commonly used to repair and increase the service life of parts that are worn
due to contact such as lathe tool carriages. This study aims to evaluate and analyze the
impact of HVOF technical parameters on the hardness of WC-12Co alloy coatings applied
to GX 15-32 gray cast iron. Three main factors were studied and investigated: Spray
distance (L), powder supply amount (m) and finally spray velocity (V). The Vickers
hardness (HV) test results indicate that spray distance and particle velocity have a
significant impact on the coating properties. Under the optimal spray distance and high
spray velocity conditions, the coating achieves the highest hardness, while minimizing
porosity and improving adhesion. On the contrary, if the parameters are not set correctly,
the coating is prone to defects such as cracking or peeling. The research results are very
important for optimizing the HVOF coating process, thereby applying it to the restoration of
lathe tool tables, improving durability and service life, helping to reduce maintenance and
repair costs and improve machining efficiency.

HVOF, WC-12Co, hardness, porosity, adhesion.

1. GIO1 THIEU CHUNG cac may tién, bd phan ban dao thudng xuyén
Trong hoat dong gia cong co khi, nhat 13 trén tiép xtic v6i lyc ma sat va bi mai mon sau thoi
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gian dai van hanh. Tinh trang nay lam giam
d6 chinh xé4c khi gia cong, dong thoi lam ting
chi phi sira chita va rat ngin tudi tho ciia may
[1]. Phuong phép phun phu nhiét da giai quyét
van dé nay rat hiéu qua, trong d6 nbi bat 1a ky
thudt phun phu HVOF (High-Velocity Oxy-
Fuel). Cong nghé nay giup tao ra mot 16p phu
climg trén bé mat chi tiét tir d6 ting kha ning
chéng mon ma khong 1am bién d6i didc tinh
quan trong ctia vat liéu goc [2].

K¥ thuat phun pha nhié¢t HVOF hoat dong
theo nguyén 1y dot chay hdn hop oxy va nhién
liéu, tao ra ludng khi téc do siéu am dé day
céc hat bot vat liéu bam vao bé mait can phu.
Qua trinh nay tao ra 16p pha c6 tinh két dinh
chat ch& va mat do vat liéu cao, dong thoi
giam thiéu déng ké cac 16 rdng bén trong [4].
Trong bdi canh cong nghé phun phi khong
ngimg phat trién, hop kim WC-12Co da khang
dinh vi thé hang dau nho s& hitu céac dac tinh
co hoc wu viét, d6 1a kha nang chong mai mon
t6t va do cting dic biét cao [5].

Hop kim WC-12Co hién nay la vat liéu dugc
stt dung pho bién khi phun phit HVOF do vira
cO dac tinh cung cua vonfram cacbua (WC)
vira c6 do déo ctia coban (Co). Su két hop nay
mang lai cho 16p phii ¢6 kha nang lam viéc tot
ngay ca trong nhiing diéu kién khic nghiét
[6]. Khi ng dung trén vat lidu nén gang xam
GX 15-32, 16p phu WC-12Co giup cai thién
r0 rét do cung bé mat, tir d6 kéo dai thoi gian
sir dung va ting cuong kha ning chéng mai
mon cho chi tiét [7]. Chét luong 16p phu chiu
anh huong 16n tir cac yéu td cong nghé nhu:
Nhiét dd ngon Iura, van tdc hat phun, khoang
cach phun va luu luong bot. Viéc thiét lap
khoéng chinh xac cac thong sé nay co thé dan
dén cac khiém khuyét nhu ting d6 rdng, giam
do bam dinh hoac hi¢n tugng bong troc 16p
phu [8]. Vi vay, nghién ctru tac dong cua cac
thong s6 nay 1a vo ciing quan trong.

May tién 14 thiét bi chinh trong gia cong cit
got kim loai. Sau thoi gian dai van hanh, ban
xe dao may tién thudng bi hao mon do tan
sudt sir dung cao va tiép xtic thudng xuyén
voi phoi kim loai cliing cac tic nhan khac, dan
dén suy giam chat luong bé mit chi tiét. Thay
vi thay thé hoan toan bd phan nay, phuong
phap phuc hoi bang coéng nghé phun phu
HVOF duogc xem 1a giai phap t6i wu, gitip kéo
dai thoi gian st dung thiét bi, giam duoc
chi phi bao tri va han ché thoi gian ngimg
may [9].

Trong khi dd c6 nhiéu cong trinh nghién ctru
vé 16p pha WC-12Co tng dung trén céac loai
thép, hién chua co nhiéu nghién ctru vé anh
hudng cua cac théng sb phun phu dén do cimg
16p phu khi sir dung nén gang xdam GX 15-32
van con han ché. Nghién ctru ndy nhim bd
sung co so dir lidu khoa hoc giup kiém soat
qué trinh phun phu, tir d6 dat duoc chat lugng
16p phit tot nhat khi ap dung cho viéc phuc hoi
ban xe dao may tién. Trong tdm cua nghién
ctru 1a phan tich, danh giad anh hudng cua cac
thong s6 k¥ thuat bao gom: Khoang cach
phun, van tbc hat va luu luong bot dén do
ctmg caa 16p phit WC-12Co khi phu trén nén
vat liéu gang xam GX 15-32. Nhiing phat hién
tr nghién ctru s€ 1a minh chung thyc nghiém
gia tri khi danh gia phan tich méi quan hé
giita cac thong sd cong nghé¢ HVOF va do
cung 16p phu tr d6 nang cao dugc hi¢u qua
quy trinh phun pha trong thuc tién san xuét.
Hon nita, két qua nghién ctru nay ciing c6
tiém ning ap dung cho cho cac bo phan may
moc thiét bi khac nhu: khuon dép, truc quay
va cac chi tiét may chiu mai mon nghiém
trong.

2. VAT LIEU VA THIET Bl THi NGHIEM

2.1. Vvat liéu

Gang xam GX 15-32 duogc st dung lam vat
liéu nén trong nghién ctru nay c6 thanh phan
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hoéa hoc va cac dac tinh co hoc dugc mo ta chi
tiét tai bang 1 va bang 2.

Bang 1. Cac thanh phan héa hoc clia gang xam

GX15-32 [3]
Nguyén t6 Ham lwgng (%)
C (carbon) 2,5-4,0
Si (silic) 1,0-3,0
Mn (mangan) 0,5-1,6
P (phét pho) <0,65
S (luu huynh) <0,15
Fe (sit) Con lai

Bang 2: Co tinh cia gang xam GX15-32

phu thudc vao dang td chirc té vi chia nén [3]

T6 chirc | Gi6i han bén | P cting, | Do
kéo, MPa HB déo, %

Ferit <150 150 0,5

Ferit

Peclit 150 - 200 200 0,5

Peclit 210-400 |200-250| 0,2

Bang 3. Cac thanh phan hoa hoc ctia bat hop kim

WC-12Co
Element | Co C S (0 w
Wt% 13,27 | 5,45 | 0,07 | 1,62 | Remaining

2.2. Thiét bi thir nghiém

Hé théng phun HVOF st dung cho thir
nghi¢m la MP-2100 Manual HVOF Control
Panel do hang Metallizing Equipment Co.
Pvt. Ltd (Jodhpur, An Dg) san xué‘g da duoc
su dl_mg trong nghién Cl:I'u’ nay. Thiét bi MP-
2100 gom cac hé thong thiét bi sau:

= Hé thong khi (oxy, propan, khi nén);

= B0 phan cip bot PF-3350;

Heé théng diéu khién luu luong MP-2100;
Pau phun HVOF HP-2700-M;

Céc thiét b hd tro khac.

Thong sé k¥ thuat ciia hé thong phun HVOF
duoc giit 6n dinh trong toan bo qué trinh thyc
hién phun phu nhu trong bang 4.

Bang 4. Thong s6 ky thuat hé théng phun HVOF

MAu thi nghiém gdom céc tdm cé kich thudc
100 x 100 x 6 mm. S6 luong mau duogc tién
hanh thyc hién trong nghién ctru ndy 1a 9 mau.

Str dung bot hop kim WC-12Co lam vat li¢u
cho qué trinh lam thyc nghiém. Vat li€u nay
do PAC Powder Alloy (Hoa Ky) cung cép c6
dang hinh cau véi kich thuéc hat tr 5 dén
45 pum. Thanh phan bot gdm 88% cacbua
vonfram (WC) va 12 % coban (Co).

X2000

Hinh 1. B6t phun WC-12Co

TT Khi Luu hrong | Ap suét
(LPM)
1 | Oxy 250-350 10,0 kg/cm®
2 | LPG/Propane | 60-80 07,0 kg/cm’
3 | Khinén 600-700 07,0 kg/cm’

Nghién ctru tdp trung khao sat ba théng sd
cong nghé chinh: (1) khoang cach phun (L),
(2) luu luong bot (m), va (3) van tdc phun
(V). M&i thong sé dugc thiét 1ap ¢ ba muc gia
tri khac nhau va b tri theo phuong an thi
nghiém truc giao L9 [10], nhu trinh bay chi
tiét trong bang 5.

Bang 5. Ma tran trwc giao L9

theo phwong phap Taguchi

So6 thue Théng s6 phun
nghiém | [ ) | M(gphin | V(mb)
1 0.20 25 200
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S6 thue Théng s6 phun

nghiém | L) | M (gphin | V(ms)
2 0.20 30 1000
3 0.20 35 1200
4 0.25 25 1000
5 0.25 30 1200
6 0.25 35 800
7 0.30 25 1200
8 0.30 30 800
9 0.30 35 1000

2.3. Phwong phap kiém tra doé cieng cua
I&p phu

Do cimg 1a tinh chét co 1y quan trong cua vat
liu, phan 4anh kha ning chéng lai sy bién
dang, mai mon ciing nhu trdy xudc trén bé
mat. Véi su phat trién khong ngimg cta nganh
khoa hoc vat liéu, ngay nay dd c6 nhiéu k¥
thudt dugc ung dung dé do luong dac tinh
nay. Trong s6 d6, ba phuong phap thong dung
nhat hién nay str dung céc thang do chuan hoa
v6i don vi do dugce xé4c dinh r6 rang:

* Phuong phap Brinell — thang do HB;

* Phuong phap Vicker — thang do HV;

* Phuong phap Rockwell — thang do HRC.

Quy trinh xac dinh d¢ cing 16p phu thuc hi¢n
nhu sau: dau tién, cac miu phu duoc cit
ngang dé 16 mat cét 16p phu. Bé mit mau sau
d6 dugc mai bong ky ludng dén khi loai bod
hoan toan cac vét xudc, dat yéu cau k¥ thuat.
Phép do do cimg duoc thuc hién bang may
Indentamet 1106 nhu hinh 2a 4p dung phuong
phap Vickers, tuan thii nghiém ngit tiéu chuin
ASTM E384-17:2011 [9] v6i thong s6 do HV
0,1, tuc 1a st dung tai trong 100 gram va duy
tri Iyc tac dung trong vong 15 gidy. Cac diém
do duoc phan bd déu doc theo chiéu day 16p
phu tir b& mit hop kim WC-12Co (phia ngoai)
dén vung tiép gidp véi nén gang xam GX

15-32 (phia trong) nhu minh hoa tai hinh 2b.
Phuong phdp nay danh gia dugc cd do cung
trung binh cta 16p phu va sy chénh Iéch so

voi vat liéu nén.

a. May do d6 ctrng Indentamet 1106

b. Cac vi tri do d6 cirng I&p phu

Hinh 2. Thiét bi va mau do d6 citerng I1&p phu

Mau phu duoc ¢b dinh chic chan trén gia d&
chuyén dung, dam biao bé mit hoan toan
phiang dé ning cao d6 chinh xac khi do. Vi tri
do dugc xac dinh thong qua hé thong kinh
hién vi, dong thoi cac thong sé ki thuat dugc
thiét 1ap trén man hinh diéu khién cam tung.
Miii do kim cuong hinh chép tir dién ti€u
chuan (goc gitra cac mat ddi dién 136°+30°)
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s tu dong dinh vi, tiép can va tac dong lén bé
mat mau véi lyc 4n 100 g. Sau khi do tai, h¢
thong tién hanh do d6 dai hai duong chéo (d)
ctia vét 16m tao thanh. Nguyén 1y do d6 cimg
nay duoc minh hoa chi tiét trong hinh 3.

square based - ——-
pyramidal indenter

- - d, »
__p/\ ds
5 /

Impression

-

i
sample -~

[a) Vickers indentation {b) measurermnent of impression

diagonals

Hinh 3. Phwong phap do dé cirng HV

Do ctng Vickers dugc tinh bang cach lay luc
tac dung F chia cho dién tich vét 1dm S, trong
d6 S dugc xac dinh dya trén d¢ dai trung binh
hai dudng chéo d; va d, cta vét 16m tao ra boi
miii kim cuong hinh choép khi tdc dong luc F.
Goc gilta hai mat dbi dinh cta chép duoc
minh hoa & hinh 3.

Cong thuc tinh do cting Vickers:

]
HV = kE = 01025 = 01022502 =
S S d2

0,1891— (1)

Trong do6 cac thong s6 duoc xac dinh nhu sau:
HV: chi s6 do cung Vickers;

k: hing s6 chuyén d6i don vi (k = l/g, =
1/9,806650 = 0,102);

F: luc tac dung trong qua trinh thi;

S: dién tich bé mat 16m;

d: chiéu dai

d= dl _dz .

2 b
@ goc hop boi hai mit phang ddi dién =
136°;

On: gia toc trong trudng.

3. KET QUA VA THAO LUAN

duong kinh trung binh,

3.1. Két qua do dd cteng I&p pha

Thong s6 do do cing 16p phu duogc trinh bay
trong bang 6, cac ty so tin hidu trén nhiéu
(S/N) dugc tinh toan theo dic tinh chat lugng
"l6n-hon-tot-hon". Nhiing gi tri nay c6 gié tri
quan trong khi t6i vu bo thong sd cong nghé
dé dat duogc do ctmg 16p phii cao nhat.

Bang 6. Két qua do do6 cirng cua Iép phit WC-12Co trén nén gang xam GX15-32 bing céng nghé phun HVOF

S6 thue Théng s6 phun Két qua

nghi¢m L (m) M (g/phut) V(mis) | Déciing (HV) | Ty lé S/N
1 0.20 25 800 1153,9 61,2434
2 0.20 30 1000 1007,3 60,0632
3 0.20 35 1200 11278 61,0446
4 0.25 25 1000 1237,6 61,8516
5 0.25 30 1200 1063,1 60,5315
6 0.25 35 800 1207,2 61,6356
7 0.30 25 1200 1210,7 61,6607
8 0.30 30 800 1071,2 60,5974
9 0.30 35 1000 1010,7 60,0924
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Theo sb liéu trinh bay trong bang 6, phép do
d6 cimg 16p phit WC-12Co duoc ché tao bang
phuong phap HVOF trén nén gang xam GX
15-32 cho thiy do cung do duoc 1a 1007,3-
1237,6 HV. Trong do, gia tri cuc dai 1237,6
HV dat duoc khi 4p dung cac thong sb k¥
thuat: Khoang cach phun L=0,25 m, luu lugng
bt m=25g/phut va van téc phun V=1000 m/s.
Cac két qua nay dugc giai thich do co ché
hinh thanh 16p phu va dic diém phan bd cia
cac hat WC-12Co trén bé mat vat liéu nén.

Phén tich phuong sai (ANOVA) trén cac ty sd
S/N dugc thuc hién nham xac dinh bo thong
s6 phun téi wu dé dat d6 cung 16p phu cao
nhat. Két qua tir bang 6 cho thay, t6 hop thong
s6 t6i wu gdm: Khoang cach phun L mirc 2
(0,25 m), luu lugng bot m muc 1 (25g/phut)
va van toc phun V muac 2 (1000 m/s). B
thong s6 nay dugc xac nhan mang lai do cing
16p phii cao nhat trong nghién ctru.

3.2. Phan tich két qua va thao luan

1300.---"""5 1250
1200

1150

Do cung (HY)

1100
1000

Wimis)

00 25

mig/phut)

1400

1300

1200

1100

Do cung (V)

1000

900 H H H H H
0.2 022 024 0.26 0.28 0.3 0.32

L{m)

Hinh 4. D thi thé hién tac déng cta cac tham sb
ky thuat dén tinh chat co’ hoc cta I&p pha

Phan tich tor Hinh 4 cho phép danh gia, phan
tich tac dong cua cac thong sb cong nghé 1én
dd cting 16p phu theo céc khia canh sau:

Anh hieong ciia khodng cach phun (L)

Khi L = 0.20 (m), 16p phu c6 dd cung tuong
dbi thap, c6 thé 1a do khoang cach phun qua
gan din dén hat chua néng chay hét hoic bi
phan xa ra khoi bé mat nén, lam giam do bam
dinh va dong nhét trong 16p phu. Khi L= 0.25
(m), do clmg dat gia tri cao nhét (1237,6 HV).
Pay 1a khoang cach tdi wu gitip hat phu c6 du
dong ning, nhiét 4o va thoi gian dé bam dinh
t6t 1én nén gang xam. Con khi L = 0.30 m, do
cimg c¢6 xu hudéng giam nhe c6 thé 1a do
khoang cach xa lam cho nhiét do hat phun
giam khi dén bé mat nén, dan dén giam tinh
lién két giita cac hat phu, 1am giam do cung.

Anh hieong ciia luu heong cdp bot (m)

Khi m = 25 (g/phut), 16p phu dat dd cing cao
nhit, c6 thé 1a do luu lugng bot thip gitp hat
néng chay dong déu hon va phan bd tbt trén
bé mit, tao 10p phu it khuyét tat. Khi m = 30
(g/phut), do cimg c6 xu hudng giam (1007,3
(HV) ¢ L = 0.20 (m)), co thé do luong bot
nhiéu hon muc can thiét, dan dén hién tuong
hat chua nong chay hoan toan hodc tich tu hat
gdy x6p. Khi m = 35 (g/phut), do cung tiép
tuc giam ¢ mot sd truong hop, cho thiy ring
luu luong bot quéa 16n co thé gay ton that vat
liéu va mét 6n dinh qua trinh phun.

Anh huéng cia théng sé Van téc hat phun (V)

Khi V = 800 (m/s), 16p phu dat d§ ctirng trung
binh nhung khong phai tdi wu nhat. Van tbc
thip c6 thé dan dén viéc hat phu chua dat du
dong ning dé bam dinh t6t 1én bé mat. Khi
V = 1000 (m/s), d6 cimg dat gia tri cao nhit
(1237,6 HV). Diédu nay cho thiy véi toc do
nay giup hat phi c6 dong ning du 16n dé bam
chit vao nén ma khong bi niit gdy. Nhung khi
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V =1200 (m/s), do cting 16p phu c6 xu hudng
giam, co thé do téc do qué cao lam hat bi phan
xa khi cham vao bé mat hodc tao ra ung suét
du 1én, 1am 16p pha dé bi nit.

bd cung 16p phu khong chi phu thudc vao
timg thong s6 cong nghé riéng 1¢ ma con chiu
anh huong béi sy twong tic tong thé giira
chung. Bo thong s6 toi wu bao gdm L=0,25 m,
m=25 g/phit va V=1000 m/s da gitp dat dugc
d6 ctmg 16p phu cao nhat nho tao diéu kién tét
nhit cho qué trinh phun: Céc hat phu dat trang
thai nong chay tdi wu, s& hitu di dong ning
can thiét va phan b6 déu trén mat vat liéu nén.
Néu khoang cach phun qua gin hodc qua xa,
tbc 46 qua cao hodc qua thip hodc luu luong
bot quéa nhiéu, chit lugng 16p phu s& bi suy
giam.

Khi ddi chiéu véi cac nghién ctru di cong bd
[6], c6 thé nhan thdy sy tuong dong vé anh
huong dang ké ciia khoang cach phun va toc
d6 hat t6i do ctmg 16p phu WC-12Co. Piéu
nay hoan toan phu hop véi két qua thu duge
trong nghién cuu hién tai, déng thoi két qua
nghién ctru cta [9] ciing canh béo rang viée st

dung van tdc phun vuot qua 1200 m/s co thé
dan dén suy giam do bam dinh va xuét hién
cac vét niit vi md - hién tuong nay tring khép
v6i xu hudng gidm do cliing quan sat dugc khi
V = 1200 m/s trong cac thi nghiém cta chung
toi.

4. KET LUAN

= Két qua nghién ctu khiang dinh do cing
16p phu chiu anh huéng ddng thoi boi ca ba
thong sd cong nghé chinh bao gom L (khoang
cach phun), m (lvu luong bot cip) va V (van
téc dong phun), Trong dé, timg thong sé déu
¢6 vai tro nhét dinh va anh huong & mirc do
khac nhau dén tinh chit co hoc cua 16p phu
sau khi hoan thién.

= Khi thyc hién viéc phun phu v6i cac thong
s6 nhu: L= 0,25 m, m = 25 g/phit, V = 1000
m/s, s€ cho dJ cing 16p phu cao nhét 1237,6
(HV).

= Kiém soat hiéu qua cac thong sb ky thuat
trong quy trinh phun phu 1a yéu té then chdt
dé nang cao ca do bén 1an kha nang chiu mai
mon cua san pham.

(1]
(2]

(3]
(4]

(5]
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