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Tém tit

Dong nang cua cac hat trong phun nhiét dong vai tro quan trong trong vi¢e thlét 1ap lién két bam dinh manh trong quéa
trinh va cham v&i chét nén. Nhiéu déc tinh cua 16p phu phu thudc vao van tdc hat. Muc dich ctia nghién ctru nay la xem
x¢t anh huong ciia mot sO thong s trong phun plasma str dung khong khi théng thuong lam khi tao plasma déi voi gia
tri van toc. Vat liéu nguyen liu 1a hop kim v6 dinh hinh dya trén Fe, mft nhom vét li€u canh tranh m6i. Mot phan tich
ngan gon cac 4n pham vé vén toc hat trong phun nhiét dugc trinh bay trong phan gi6i thiéu. Phan phuong phap luan bao
gom mo ta vé hé théng phun plasma, camera toc do cao dé do van toc hat va xu 1y dir liéu cho dd 1éch so véi phuong
trinh hdi quy. Loat phun plasma xay ra trong doan thi nghiém khi tat ca cac thong s6 chinh, chiang han nhu dong dién,

tiém ning cua ning lugng plasma va toc do dong chay cua khong khi, dang thay doi dé diéu tra hanh vi ctia hat bt X-5.

Qua phan tich sy thay dbi cuia cac thong s0 g1up danh gia trong lu’ong cua ching. Céc phat hi¢n va thdo luan trong phan
sau giai thich m01 quan hé glua cac tham soO chinh cua quy trinh. Tém lai, mot so khuyen nghi cho viéc thiét ké dong
plasma duoc dé cap va cac giai phap trong tuong lai dé ting vén tdc hat d3 dwoc d& xuét.

Tir khéa: DO bam dinh; camera téc d6 cao; phuong trinh hdi quy; hop kim vé dinh hinh; tinh ning 16p phun.
Abstract

The kinetic energy of the particles in the thermal spraying plays an important role in establishing a strong adhesion bond
in the collision process with the substrate. Many characteristics of the coatings depend on the particle velocity. The
purpose of this research is to look into the effect of some parameters in plasma spraying using ordinary air as the plasma
generation gas on velocity behavior. The feedstock material is a Fe-based amorphous alloy, a new competitive group of
materials. A brief analysis of the publications on particle velocity in thermal spraying is presented in the introduction
paragraph. The methodology paragraph consists of a description of the plasma spray system, the high-speed camera for
measurement of the particle velocity, and the data processing for deviation from the regression equation. The series of
plasma spraying occurs in the experiment paragraph when all of the main parameters, such as the current, the potential of
plasma power, and the flow rate of the air, are changing to investigate the behavior of the particle of powder X-5. The
analysis of the variation of parameters helps to evaluate their weight. The findings and discussions in the following
paragraph explain the relationships between the process's main parameters. In conclusion, some recommendations for the
design of the plasma torch are mentioned, and future solutions to increase particle velocity are proposed.

Keywords: Adhesion bond; high-speed camera; regression equation; amorphous alloy; performance of coating.
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1. Pit van dé
So véi ciu triic pho bién ctia mot dau phun
plasma, cac nha phat minh trong [1] da phat
trién mot dau phun plasma déc biét voi thiét ké
hai buéng tron, va van toc hat c6 thé dat t6i 500
m/s. Piém mai la khac biét 1a 16i ra budng x4
vudng goéc v6i huéng phun bot. Boi lai, hudng
phun bot dugc can chinh véi hudng tia plasma.
Céu trac tinh té dat dugc bang cach giit dong
h6 quang thap (100 A) nhung ting dién ap hd
quang 1én 370 V da cai thién kha nang buc xa
cua cac dién cuc. Nhung khi tao plasma trong
thi nghiém 1a nito va tac gia chi trinh bay anh
hudng cua khoang cach phun dén su phan bd
van tdc. N6 han ché kha nang ung dung vé mat
phan tich cac thong sé chinh khéac, ching han
nhu coéng suit plasma va toc do dong khi.
Nghién ctru khong dé cap dén so do do ludng
chinh béng camera toc d6 cao. M6 hinh khac,
c6 tinh dén tit ca cac thong sd chinh ciia phun
plasma siéu am [2], 12 mot cai tién dang ké,
nhung ho khéng ap dung phan tich bién thé
bang phwong trinh héi quy. Trai ngugc voi
cong trinh [1], cac tac gia trong [2] di dé xuit
bién dang cu thé cua dau phun, va van tdc hat
cling da dat dugc & muc 500 m/s & khoang cach
100 mm tir 16i ra cua dau phun. Sy tién bo trong
nghién ciru nay 1a trinh bay chi tiét mé hinh mo
phong van téc hat bang 1y thuyét nhiét dong luc
hoc. Du sao, dbi véi mot sb thong s6 van hanh
dau phun plasma chiém wu thé, ho da trinh bay
mdt cong thue thye nghi€ém nhu sau:
Vimax =243 x 103 x ¥ x a1 x G*2! (1)
Trai nguoc voi cong trinh [1], cac tac gia
trong [2] dd d& xuat profile cu thé cua dau
phun, va van tdc hat cling da dat dugc & muc
500 m/s, & khoang cach 100 mm tir 1i ra cua
dau phun. Sy tién bo trong nghién ciru nay 1a
trinh bay chi tiét m6 hinh mé phong van toc hat
bang 1y thuyét nhiét dong luc hoc. C6 nhiéu
cong trinh nghién ctru da x4c nhén vai tro cla
tdc do hat anh huong dén do bam dinh 16p phun
va xay dung mo hinh ludng plasma khi va dép
véi nén [3,4,5,6,7], tuy nhién khong é&p dung

cho dong vat liéu vo dinh hinh.

Trong [8], Tatyana et al. da st dung goi
ANSYS Fluent dé mé phong dong chay trong
qué trinh phun lanh vat liéu composite. Ho
khong tién hanh do van tdc, vi vay viéc tinh toan
phéi dugc xac minh. Bartosz va cong su, trong
thi nghiém cua ho vé viée phun bdt FeAl, da
ching minh kich thudc hat t6i wu nim trong
khoang 4063 m va 38-75 m [9]. Ho d& xuét
hién tugng mdi dya trén duong kinh t6i han cia
hat lién quan dén mure do néng chay cua bot. Do
khong thé do van tdc truc tiép trong qua trinh
nay, tinh toan s dugc wu tién. TAm quan trong
cua quy trinh do van tdc hat da dugce trinh bay
chi tiét boi Uroz Hudomalj et al. [10]. Ho d str
dung thiét bi Accuraspray-G3C dé ghi lai dong
plasma. D§ chinh xac cua phép do phu thudc vao
thoi gian 6n dinh cua dong hat. Cac phuong phap
xtr 1y dir liéu khac nhau ciing anh hudng dén do
chinh xac. Cho nén, muc ti€u cua nghién ctu
nay 1a diéu tra anh hudng cua cac thong sb
chinh trong vi¢c phun plasma bdt vo dinh hinh
dua trén Fe dén van tdc hat dé tiét 16 nhiing
phat hién moi vé vat liéu méi véi cac tinh chét
vat ly va co hoc cu thé. Mot cong thuc thuc
nghiém maoi dé du doan van tdc hat d3 duoc
trinh bay. Két qua cua nghién ciru co thé dugc
stt dung dé dua ra cac khuyén nghi cho quéa
trinh k¥ thuét.

2. Vit liéu va phwong phap nghién ciru

Phun plasma trong khi quyén di duoc st
dung trong thi nghiém cua chung t6i (SG-100
TAFA-Praxair, Hoa Ky). Khong khi thong
thuong dong vai tro 1a khi chinh, trong khi nito
dong vai tro 1a khi mang. Trong [11], Vil et, al.
trinh bay thanh phan hoa hoc ciia bot X-5. Thanh
phan hoa hoc cua bot Fe-bazo (X-5) dugc phan
tich bang quang phd phan tan ning lugng véi
thiét bi SEM, SM-6510LV, Nhat Ban. Lép phu
tr bot X-5 ¢6 do ctiing canh tranh, dac biét 1a sau
khi xtr 1y nhiét dat téi 54-56 HRC [11] va c6 thé
dugc dung dé thay thé bot ty thong lugng dit tién



truyén théng dé ling dong cac 16p chdng mai
mon trén bé mit cta cac bo phan lam viéc trong
diéu kién nang voi kha nang boi tron han ché.
Kich thudc hat cia bot dugc xac dinh béng dung
cu Cilas-1090 [11].

Bang 1 Thanh phan héa hoc ciia bot X-5
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Bang 1 cho thiy thanh phan hoa hoc ciia bot
X-5. Bang 2 trinh bay su phan bé kich thudc cta
cac hat bot X-5. May anh tdc do cao Shimadzu
HPV-1 duogc st dung dé theo ddi van toc phun
cac hat [12]. Phuong phap ANOVA dugc st
dung dé phan tich dir liéu do van tdc hat

Ma C Cr B Mo Ni Mn Si Nb \Y W Fe
X-5 073 50 025 420 - 1.25 0.84 0.54 1.20 - Conlai
Bang 2 Phan bd ¢ hat bot X-5
Dai phan bd theo c& hat, %
M3 Puong kinh trung binh 0 1 1.5 12 16 24 32 48 64 96 128
1 1.5 2 16 24 32 48 64 96 128 192
X-5 72.5 09 02 06 05 - - 145 45 434 50 138

3. Thir nghiém va két qua

3.1. Phwong trinh hoi quy va phén tich bién thién.

Béng 3 cho thiy két qua cia mot loat cac thi nghiém véi cac cai dat phun dau vao khac nhau va

cac phép do van tdc hat.

Bang 3 Két qua phun plasma bot X-5

No Dong plasma, I  Di¢n ap, U  Luu luong, Van tdc hat, V
[A] [v] G [g/s] [m/s]
1 120 140 0.46 15
2 120 160 0.55 23
3 120 170 0.75 31
4 120 180 0.94 39
5 120 195 1.42 56
6 120 205 1.76 67
7 120 215 1.85 71
8 120 225 2.6 89
9 150 145 0.55 20
10 150 155 0.76 29
11 150 200 1.13 53
12 150 210 1.76 72
13 150 240 1.95 84
14 150 250 2.92 107
15 180 145 0.55 22
16 180 155 0.75 32
17 180 170 0.94 42
18 180 200 1.13 56
19 180 210 1.42 67
20 180 220 1.76 79
21 180 240 1.95 90
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22 180 250 2.92 117
23 200 145 0.55 28
24 200 160 0.75 39
25 200 170 0.94 48
26 200 200 1.13 63
27 200 205 1.42 73
28 200 210 1.76 84
29 200 240 1.95 98
30 200 250 2.92 117
31 220 145 0.55 31
32 220 160 0.75 42
33 220 170 0.94 51
34 220 180 1.13 60
35 220 195 1.42 73
36 220 207 1.76 86
37 220 225 1.85 95
38 220 240 2.6 117
39 220 250 3.17 132

Céc két qua thi nghiém da dugc xur Iy (Bang  cong sy di gidi thiéu minh hoa do thi va cong
4) bang phan mém Minitab va duoc phan tichso  thtc thuc nghiém (2) dé du doan van tdc hat cta
bd. Trong [11] st dung dir li€u tuong ty, Viiva  bot X-5.(Hinh 1).

200

o -o—-1=120 A r)/o

€ 5| —-1=150A o—"¢

> 1=180 A /

Py —o—1=200 A

8 ’/V

— 100 | SVassere

(] QV%

> 5

P / /

© 7 O

£ 50 /

© Coating material: X-5

o = Particle size: 40-100 ym

Nozzle diameter: 7 mm

0 L L N L
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Gas flow rate G, g/s

Hinh 1. Anh huong cua dong plasma va luu lugng khi dén toc do hat

V=11x1"xG» 2)
Bang 4. Phan tich hé s6 1an thir nhét

Term Coef SE Coef T-Value P-Value

Constant 71.29 1.22 58.66 0.000

I 9.065 0.545 16.65 0.000

u 18.71 4.68 3.99 0.000

G 30.39 4.77 6.37 0.000

I 2.848 0.549 5.19 0.000

U? -2.45 5.35 -0.46 0.651

G? -7.10 6.11 -1.16 0.254

U 3.20 1.73 1.85 0.075

1G 0.12 1.91 0.06 0.951

UG 5.1 11.8 0.43 0.668
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Tir Bang 4, d6i voi twong tac hai chiéu gitta I va G va U va G, gia tri p 16n hon d6 chinh xac cia
a = 0,05, cu thé 1a p-Value I*G = 0,951 va p-Value I*G = 0,668. Ching c6 thé duoc loai bo trong
phuong trinh hdi quy va vong phan tich tiép theo.

Bang 5. Phan tich hé sb trong vong phan tich tht hai

Term Coef SE Coef T-Value P-Value

Constant 71.573 0.876 81.71 0.000
1 9.048 0.271 33.40 0.000

U 16.85 1.47 11.44 0.000

G 32.31 1.44 22.45 0.000

I 2.864 0.529 541 0.000

U? -0.22 1.03 -0.21 0.835
G? -4.42 1.37 -3.22 0.003
U 3.342 0.507 6.60 0.000

Trong Bang 5, hé sb tuong tic U? c6 thé dugc bo qua vi gid tri p cho U? 1a 0,835. Can phai loai bo
hé sb nay va tiép tuc vong tiép theo ctia phan tich bién thién trong phuong trinh hdi quy (xem Bang 6).

Bang 6. Phan tich hé s6 lan cudi cung

Term Coef SE Coef T-Value P-Value
Constant 71.547 0.854 83.78 0.000
I 9.042 0.265 34.08 0.000
U 16.81 1.44 11.70 0.000
G 32.29 1.41 22.83 0.000
I*1 2.895 0.500 5.79 0.000
G*G -4.627 0.937 -4.94 0.000
I*U 3.341 0.499 6.70 0.000

Can luu ¥ rang tat ca cac hé sd trong phuong trinh hdi quy déu c6 gid tri. Két qua phan tich bién
thé duoc trinh bay trong Bang 7.

Bang 7. Phan tich bién thién (ANOVA)

Source DF  AdjSS Adj MS F-Value P-Value
Model 6 36488.7 6081.44 4302.16 0.000
Linear 3 27602.7 9200.89 6508.93 0.000
I 1 1642.1 1642.08 1161.65 0.000
U 1 193.5 193.49 136.88 0.000
G 1 736.6 736.61 521.10 0.000
Square 2 113.3 56.63 40.06 0.000
I 1 47.4 47.41 33.54 0.000
G’ 1 34.5 34.45 24.37 0.000
2-Way Interaction 1 63.4 63.37 44 .83 0.000
U 1 63.4 63.37 44 .83 0.000
Error 32 45.2 1.41
Total 38  36533.9

Phuong trinh hoi quy trong don vi khong duoc ma hoa:

V =3.39-0.4498 I + 0.0992 U + 32.98 G + 0.001158 I> — 2.520 G*> + 0.001215 TU 3)
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Phén tich cac hé s6 dé danh gia tinh nhat quan ctia phuong trinh hoi quy (3) dugc trinh bay trong

Bang 8.
Bang 8. Phan tich phuong sai
S R-sq R-sq(adj) R-sq(pred)
1.18894 99.88% 99.85% 99.82%
Biéu dd Pareto (Hinh 2) giup danh gia trong sé anh hudng cho timg tham sé trong phuong trinh

hoi quy dua trén d6 dai ctia hang va duong mau do.
Pareto Chart of the Standardized Effects

(response is V, a » 0.05)
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Hinh 2. Biéu db Pareto [13].
Xu hudng nay cling duoc thé hién bang biéu  16n véi dudng mau do chi ra ring cac yéu td nay
dd binh thuong (Hinh 3). Két qua 13, cac thong  ¢6 anh hudng dang ké dén phuong trinh hoi quy.

s6 k¥ thuat I, U va G ¢6 mau d6. Sy khac biét
Normal Plot of the Standardized Effects

(response is V, a = 0.05)
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Hinh 3. Bi€u d6 cac hiu tng tiéu chuan
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Hinh 4. Anh hudng ctiia U vaIlén V
Surface Plot of Vvs G, |
Hold Values
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Hinh 5. Anh hudng ciia G vallén V
Surface Plotof Vvs G, U
Mold Valyes

I

Hinh 6. Anh huéng ciia G va U lén V

Biéu d6 anh huong timg cap thong s6 (U,]), S& rat hitu ich khi phén tich cac diéu kién dé
(G,I) va (G,U) 1én V dugc md ta trén cac Hinh  noi dia hoa dién tich t6i wu cho vén tdc hat vi no
4,5vab6. cung cép chét lugng 16p phu tdt, chfmg han nhu
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mat do, 46 bam dinh, cuong do két dinh, v.v.
[13]. Dya trén dit liéu thi nghiém, cac diéu kién
bién sau day da duoc chon theo (2):

Bang 9. Tdi uu hoa két qua

120 < I < 220
140 < U < 250 3)
0.46 < G < 3.17

Két qua toi uu hoa so bd bang phan mém
Minitab, thé hién trong Bang 9 va Hinh 7:

Solution | U G V Fit
1 220 250 3.17 131.297
Optimal h L G1
B 7:'5? ;g] :ﬁg:g] :ig]
Low 40 510.0 40

Hardness
Maximum
y = T15.8759
d = 0.98678

Hinh 7 Két qua t81 uu hoa so bd van tde hat

Khoanh vung so bo dau tién cua to1 uu trong

khu vuc quy hoach:
1 =220
U =250
G =317

4. Phan tich va thio luan

Theo phuong trinh hdi quy, tdc d6 dong chay
¢6 anh hudng 16n nhat dén van tbc hat (1). Dong
plasma va dién ap chiu trach nhi€ém cho mtrc do
tac dong thtr hai. Toc do dong khi ciing c6 anh
hudng phirc tap dén van tdc hat. Sy gia ting
dong dién plasma tao ra sy gia ting sd luong
electron, lam tang ion hoa va tao ra nhiéu nhiét
hon. Nhiét dJ tang tao diéu kién cho su gian no
khi va ting van tbc cua dong plasma, c6 chira
cac hat. Do van téc dong plasma cao, hat s&
chiu luc kéo manh, khién no tang tbe. Tuy
nhién, diéu quan trong can nhd 1a van tdc hat
nho hon van tdc tia plasma [14]. Khi téc do
dong khi ting, d0 nén co hoc, mat d§ nang
luong va do dan nhiét cua dong plasma déu
tang, khién van toc ctia dong plasma ting tdc

nhanh hon. Theo thuyét tuong tac dong luc , su
gia ting bién d6 tdc do dong khi din dén sy gia
tang tong dong lugng ciia dong plasma, gitp
tang cuong van tdc hat. Béi vi mo hinh toan hoc
khong chira mot s yéu td, dang chu y nhét 1a
phan b kich thudre, kich thudc va mat do cua vat
liéu hat, cling nhu phan bé kich thuéc phan doan,
van con gy tranh cai [15]. Tuy nhién, khong co
nha san xuit bot ndo cung cap mot tiéu chuan
phan phéi kich thude ky ludng. Chi phi san xuét
va phan phéi kich thude duge két ndi chat ché.
Trong twong lai, rat nhiéu nghién ctru lién quan
dén viée phun plasma cac vat li¢u bot khac nhau
s& ¢6 loi dé 6 duogc thong tin vé cac dic tinh co
hoc va vat 1y cta chiing dé cai thién k¥ thuat udc
tinh van tdc hat vé mat tdi uu hoa. Dé gitr cho
moi thir don gian, tat ca cac mé hinh toan hoc
déu gia dinh rang cac hat c¢6 hinh cau. Tuy nhién,
hinh thai da dang cua cac hat phun c6 thé dugc
tao ra. Van dé nay ciing lam ting thém mot sb
sai 1am trong tinh toan vén toc 1y thuyét. Cong
thirc thuc nghiém cé thé dugce st dung nhu la cau
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tra 101 hop 1y trong bdi canh dé thu hep khoang
cach gitta du doan 1y thuyét va thi nghiém.

5. Két ludn

Tac dong cta cac yéu tb thiét yéu khac nhau,
chang han nhu ning lugng tia plasma, toc do
dong khi va kich thuéc trung binh cua hat, dén
van toc hat trong phun plasma khi quyén sir dung
khong khi thong thuong nhu khi san xuat plasma
duoc nhin thiy trong truong hop ling dong bot
vO dinh hinh X-5. Su gia tdng nang lugng plasma
va toc do dong khi hd trg tang van toc hat trong
chuyén bay. Van tdc toi han 1a didu kién thiét
yéu dé lang dong va gia tri cta nd quyét dinh
hiéu quéa cua qua trinh. M6 hinh toan hoc su
dung phuong phép 1ap ké hoach va thiét ké thi
nghiém da tiéu chi thich nghi t6t véi dir liu thi
nghiém va c6 thé dugc khuyén nghi dé tim ra van
tdc hat toi wu khi mot s tham sb lién quan khéc
s€ tham gia va mdt thi nghi¢ém lap ké hoach hoan
chinh hon c6 thé dugc thiét ké trong mot nghién
ctru trong tuong lai. That hitu ich khi thuc hién
mot s6 chinh sira d6i v6i cac tinh toan 1y thuyét
vé van tdc hat, ¢ tinh dén hinh thai cla cac hat
va sy phan bd kich thudc ciia ching trong nghién
ctru trong tuong lai. Két qua la phu hop véi cac
gia dinh dugc cong bd trong [9]. Pé lip day
khoang cach giita du doan 1y thuyét va thi
nghiém, chung toi dic biét khuyén nghi rang
cong thirc thuc nghiém 1a giai phap chu yéu vi
phun plasma 14 mot qua trinh rat phtrc tap va rat
kho dé thiét ké mot mo hinh toan hoc thanh cong
dé dy doan van toc hat cho dén nay.
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