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Tom tit

Bai b&o nay tién hanh nghién ciru két hop thuc
nghiém va sir dung phuong phdp quy hoach thuc
nghiém dé xdc dinh cac tham sé phun phii téi wu
khi ché tqo 16p phu ho quang dién thép khong gi
AISI 316 trén bé mat trong cc chi tiét thép khong
g7 AISI 316 dgng xy lanh. Thong qua x&y dung ma
trdn thuc nghiém va tién hanh thuc nghiém theo
ma trgn quy hogch nhom tac gid da xac dinh duwoc
bg tham sé cong nghé téi wu véi 4 tham sé chui
yéu quyét dinh chdt heong 16p phii: bao gom dién
ap ho quang 30V; Ap lyc khi nén 0,35MPa; Tac
@5 quay chi tiét 50 vong/phat; Toc dé dich chuyén
sting phun 21cm/phut khi ché tao 1op phii trén be
mat trong ong thép ¢é dwong kinh 128mm. Cac
tham sé nay la co sé cho iing dung vao thyc té dé
San Xudt méi ciing nhir sira chira phuc hoi céc chi
tiét dang try tron xoay véi dwong kinh trong bat
kp khéng nhé hon 100mm, ddp 1ng nhu cdu trong
nudc, giam chi phi san pham.

T khoa: Quy hoach thuc nghiém, phun phi ho
quang dién, ong dang xy lanh, thép AISI 316,
tham sé cong nghé.

Abstract

In this paper, a combination of experimental data
and Design of Experiments (DoE) software to
determine optimal technological parameters in
fabricating electrical arc sprayed AISI 316
coating on the inner surface of cylindrical tubes
was studied. Through building experimental
matrix and conducting detailed experimental
plan, the authors determined the optimal
parameter set, including arc load voltage of 30 V,
air pressure of 0.34MPa, the rotational speed of
workpiece of 50 rpm, the traverse speed of spray

gun of 21cm/min when fabricating the coating on
the inner surface of a cylindrical tube with a
diameter of 128 mm. These parameters are the
initial basis for practical applications to produce
and repair cylindrical tubes with inner diameters
less than 100 mm for meeting domestic demands
and reducing product cost.

Keywords: Design of Experiments, electrical arc
spray, cylindrical tubes, AISI 316 steel,
technological parameters.
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1. Pit véan dé

Trong nhitng nim gan day, céng nghé phun phu
kim loai ngay cang tré nén phd bién trong san xuit co
khi [1-5]. Cong nghé nay cd thé tao ra cac 16p phu trén
céc bé mat chi tiét ¢ chirc nang khac nhau nhu chdng
in mon, mai mon, trang tri... Nhiéu cong trinh nghién
ctru vé phun phu kim loai da duoc cong b ca trong va
ngoai nudc, nhung cac nghién ciru vé ché tao 16p phu
trén bé mat bén trong céc chi tiét van con khé han ché,
chua duoc cong bd rong rai. Cac nghién cau trong
nuée cha yéu 1a ché tao 16p phu trén bé mat ngoai.
Mot s6 cong trinh ché tao I6p pha bé mat trong cac chi
tiét dng nhung chua xem xét toi wu hoa cac tham sd
[6-7]. Bai béo nay s& tién hanh nghién ciru anh huéng
cua cac thong s cong nghé khi ché tao 16p phu thép
khong gi AISI 316 trén bé mat trong cac chi tiét thép
khong gi AISI 316 dang xy lanh bang phuong phap
phun phi hd quang dién trén co s& cac trang thiét bi
phun phi hd quang dién TAFA Praxair 8830 MHU
(MY9) hién co tai Hoc vién Ky thuat Quan su. Thong
qua ly thuyét quy hoach thuc nghiém va cac so liéu
thurc nghiém, cac téc gia da xac dinh cac tham s6 cong
nghé ché tao 16p phu ti wu, c6 thé ap dung cho san
Xuét thuc tién tai Viét Nam.
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2. Thye nghiém

Pé don gian cho qué trinh nghién ctru ché tao 16p
phii AISI 316, bai bao s& tién hanh giai quyét hai bai
toan quy hoach thuc nghiém: 1) trudce tién nghién cou
anh huong cua dién ap va ap luc khi phun dén chét
lugng 16p phu trén cac vat liéu phang va 2) trén co s&
cac tham s tdi wru trén mat phiang nghién ctru tiép anh
huéng cua tc d6 quay chi tiét va tbe do dich chuyén
sting phun trén bé mit trong chi tiét dang xy lanh dén
t6 chirc va tinh chét cua 16p phu AISI 316.

Vit lidu s dung dé nghién ciu gdm: vat lieu
nén: 1) thép tim AISI 316 co kich thudc 30x30x3
mm (dai x rong x day) va 2) dng thép khong gi AlSI
316 dang xy lanh c6 kich thuéc @128x6x230 mm
(dwong kinh trong x day x dai). Vat liéu phu dang
day AISI 316 dugc cung cap bai hing TAFA Praxair
(M¥) ¢6 duong kinh ®@1,6 mm va thanh phan hoa hoc
nhu trong Bang 1.

Bdng 1. Thanh phdn héa hec va dic tinh cria day
AlSI 316

C P S Mn | Ni Cr | Si | Mo Fe

Con
0,08 | 0,04 | 0,03 | 200 | 120 | 17,0 | 1,0 | 25 lai
ai

O day, chi tiét nghién ctru dang xy lanh c6 duong
kinh trong khong nhé hon 100mm dugc lya chon dya trén
khuyén cao cta nha san xuat do han ché cuia thiét bi [8].

Cong nghé phun phii hd quang dién ché tao 16p
phii chét luong trén mit trong chi tiét dang xi lanh,
bac 16t phu thudc vao rat nhiéu tham t6 cong ngh¢ nhu
goc phun, khoang cach phun, ap lyc khi phun, dién ap
hd quang, tde do quay chi tiét, toc do dich chuyén
sting phun. Két cdu cua sing phun dugc chi ra trén
Hinh 1. Trong qué trinh phun, phdi quay tron, sing
phun chuyén dong tinh tién bén trong va doc theo
duong sinh cua chi tiét dé tao ra 16p phu véi chiéu day
theo yéu cau. Pé dam bao khao sat dugc day du cac
yéu t6 anh hudng, can tién hanh kiém tra va xac dinh
cb dinh mot s6 tham s ctia qua trinh. Vi vat lidu phu
la thép khong gi AISI 316, goc phun lya chon theo
thiét ké cua thiét bi 1a 65°. Ap luc cip day duogc lya
chon theo hang TAFA 14 2 bar. Khoang cach sung
phun dén bé mit chi tiét trong qua trinh thir chum tia
hd quang két hop dé xuit cua nha san xuat duoc xac
dinh 12 100mm [8]. Nhu viy, cac théng sb cong nghé
chit yéu con lai can khao sat 1a ap lyc khi phun, dién
ap hd quang, tbc do quay chi tiét, toc do dich chuyén
sting phun.
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Hinh 1. Két ciu siing phun bé mdt trong cdc chi tiét

dang éng

Do ctng cua 16p phu dugce xac dinh trén may
do d6 cung Durajet (Hang Struers - Pan Mach) theo
thang do Rocwell bé mat HR30N, sau d6 quy doi truc
tiép trén may ra do cimg HRC. D0 sit chit cia mau
dugc xac dinh thong qua do ty trong ciia 16p phi bang
phuong phéap can trong lugng, st dung can k¥ thuat
TE612 ¢6 do chinh xac dén 10 gam (hdng Sartorius
AG - CHLB btrc) va so sanh véi ty trong cta vat liéu
nén AISI 316. T6 chirc té vi dwoc soi chup trén kinh
hién vi quang hoc Axio Imager A2M (Hing Carl
Zeiss).

3. Két qua va thao luin

3.1. Anh hwong cia dién 4p va &p lwe khi phun dén
tinh chat I6p pha thép khong gi AISI 316 trén nén
thép khong gi AISI 316 phing

Khi khao sat cac tham s6 ché tao l6p phu trén bé
mat phang, tham s6 khao sét x; (i = {1;2}) bao gom:
X1 - Pién ap hd quang (V), x2 - Ap lyc khi phun
(MPa). Ham muc tiéu yx (k = {1; 2}) duoc xac dinh
bao gdm: y1 - D6 sit chit (%), y2 - dd cing (HV).

Pé tim cuc tri caa ham hdi quy, trudc hét phai
ding md hinh toan hoc c6 dang da thuc bac 2, xay
dung quy hoach thuc nghiém truc giao bac 2 du [9].
Vi sb bién bang 2, tong s6 thi nghiém 1a 9, trong d6
4 thi nghiém co ban, 1 thi nghiém & tdm va 4 thi
nghiém trong khong gian ma rong.
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Tam thi nghiém xac dinh ¢ dién ap hd quang (U):
30V va ap luc khi phun (P): 0,34MPa.

Khoang bién thién trong thi nghiém co ban 1a:

AV =4 V; AP = 0,7MPa.

Mtrc trén trong thi nghi€ém co ban la: U =34V,

P =0,41 MPa.

Mtrc dudi trong thi nghiém co ban la: U =26V,

P =0,27 MPa.

Khoang bién thién cua cac bién trong khong gian
mo rong véi dién ap ho quang (U): 0.AV =1x4=4
va véi ap lyc khi phun (P): ©. AP =1x0,7=0,7.

Trén co s ly thuyét QHTN truc giao cip 2 véi sb
bién bang 2, tong sé thi nghiém can thyc hién la 9.

Ma tran trgc nghiém dugc xdy dung nhu trong
Bang 2.

Bdng 2. Ma trd@n thuc nghiém

TT | Xo | X1 | X2 | Xa.X2 | Xa.X1 | X2.X2 | Y1 | Y2

1 |+ | + + + 1/3 1/3
2 + - + - 1/3 1/3
3 |+ |+ - - 1/3 1/3
4 | + - - + 1/3 1/3
5 + | 0 0 0 =213 | -2/3
6 +|+0 | O 0 13 | -2/3
7 + | -0 | O 0 13 | -2/3
8 + 0 | +o 0 -213 1/3
9 +1 0 | -0 0 =213 | 13

Tién hanh thuc nghiém theo ma tran quy hoach,
xac dinh do sit chat va do cung cua I6p phu. Két
qua thyc nghiém duoc dua ra ¢ Bang 3.

Bdng 3. Két qud thgc nghiém

bién o .

s | Ap lyc khi - .

ap ho bo sit Do cing,
TT phun,

quang, chat, % HRC

MPa
Vv

1 26 0,27 84,4 32,1
2 34 0,27 87,0 335
3 26 0,41 86,7 34,1
4 34 0,41 85,0 32,5
5 26 0,34 86,2 35,0
6 34 0,34 88,0 34,7
7 30 0,27 88,5 351
8 30 0,41 88,9 35,6
9 30 0,34 90,5 36,3
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Sir dung phan mém tinh todn Modde 5.0 thu
duoc:

- Phuong trinh héi quy d sit chat:

y1=90,29 — 2,31x:2 — 1,11x2%2 — 0,81x1xz (1)

- Phuong trinh héi quy do cing:

y2= 36,68 — 1,51x:2 — 1,14x,% — 0,56X1X2 @)

Anh huéng cua dién &p hd quang va ap luc khi
phun dén do sit chat va dé cang cua lép pha duoc
mo ta trén Hinh 2. Cac gia tri do sit chat va d6 cang
I6n nhét xac dinh duoc 1 90,3% va 36,7 HRC, twong
tmg dién &p hd quang va ap luc khi phun la
(29,8-30,0) V va (0,34-0,35) MPa.

Ap Iyc khi phun, MPa

Dién ap hé quang, V

(@)

Ap Iwc khi phun, MPa

0.
I T T T T T T
27 2B 29 ElE 31 32 33 34

Dién dp hé quang, V
(b)
Hinh 2. Sy phu thugc ciia d9 sit chgt
(a) va dj cung
(b) ciia lép phii thép khong gi AISI 316 vao dién ap hé
quang va ap luc khi phun

3.2. Anh huéng cia tbe @ quay chi tiét va toe dé dich
chuyén sung phun dén tinh chit I6p phii trén mit
trong chi tiét dang dng

Tién hanh thuc nghiém ché tao I6p phii thép khong
gi AISI 316 trén bé mat trong chi tiét thép khong gi
AISI 316 tron xoay co kich thusc @128x6x230 mm
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(dudng kinh trong x chiéu day x chiéu dai) trén co s&
dién &p hd quang 30 V va &p lec khi phun 0,35 MPa tdi
wu vira x4c dinh duoc khi tién hanh ché tao I6p phu trén
bé mat thép khong gi AISI 316 phang.

Xay dung ma tran thuc nghiém véi cac thi nghiém
tuong ung nhu sau:

Tham sé khao sét x; (i = {3;4}) vai: x3 - Téc d6
quay chi tiét (vong/phat); x4 - Téc do dich chuyén
sting phun (cm/phut).

Ham muc tiéu yi (k = {3; 4}) véi: ys - Do sit chat
(%); ya - 6 cung (HV).

Toc d6 quay cua chi tiét va toc do dich chuyén
sting phun lién quan dén tc do luot trén bé mat chi
tiét phun caa sting phun. Sy chuyén dong tuong ddi
ciia dong hd quang va ving dugc phun (nén) duoc
thé hién thong qua toc do ludt (viwt) cta sing phun
trén bé mat chi tiét phun. N6i chung, toc d6 lust dbi
v6i hau hét cac ang dung phun phu nhiét 1a (0,2-0,4)
m/s, twong (ng (12.000-30.000) mm/phat. Khi d6,
tbc do dich chuyén sang phun (T) khi chi tiét quay
dugc 1 vong thuong nam trong khoang (3+5) mm,
do vay chon T trung binh la 4 mm/vong [1,8]. Nhu
vay, vai duong kinh trong caa xy lanh 1a 128 mm,
van toc quay cua chi tiét (Q) dugc xac dinh nhu sau:

_ Vit _ 12000 . . 24000 ~ (30 + 60)
z.D 3.14.128 3.14.128
(vong/phat).

Tbc d6 dich chuyén sing phun (vsp) dugc xac

dinh:
_ 12000, 24000

3.14.128 3.14.128
(mm/phat) = (12+24) cm/phut.

bé xdy dyng ma tran thuc nghiém, tdm thi
nghiém duoc xac dinh & tc do quay chi tiét (Q) 1a
45 vong/pht; toc do dich chuyén sing phun (vs) 1a
18 cm/phdt.

Khoang bién thién trong thi nghiém co ban la: AQ
= 15 vong/phut; Avsy = 6 cm/pht.

Mtec trén trong thi nghi€ém co ban la: Q = 60
vong/phdt; vsp = 24 cm/pht.

V,
Vsp — _luot x
z.D

L_JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Muc dudi trong thi nghiém co ban la: Q = 30
vong/phut; vsp, = 12 cm/pht.

S bién s6 trong thi nghiém 1a 2, khoang bién thién
ctia cac bién trong khong gian mé rong véoi o = 1 duoc
xac dinh véi toc d9 quay chi tiét (Q): ©.AQ=1x15=
15 va voéi ap lyc khi phun (P): ®. AP=1Xx6 =6.

Tién hanh thyc nghiém theo ma tran quy hoach,
xéc dinh d0 sit chat va do cing cia 16p phu. Két qua
thuc nghiém dugc dua ra & Bang 4.

Bdng 4. Két qud theec nghigm trén dng thép khong gi
AISI 316 tron xoay

. Técdd |Téc dd dich .
Mau uay chi chuyén | P sit b
€| (1)
TT | thi < Y , J ) cing,
. tiét, sung phun, | chat, %
nghiém| ; . HV
vong/phut | cm/phut

1 N1 30 12 834 31,8
2 N2 60 12 86,9 33,2
3 N3 30 24 85,5 32,9
4 N4 60 24 87,6 354
5 N5 30 18 84,4 32,6
6 N6 60 18 87,4 34,7
7 N7 45 12 86,3 33,5
8 N8 45 24 88,5 35,6
9 N9 45 18 88,9 36,0

x4 ~ (120 + 240)

Str dung phan mém tinh toan Modde 5.0 xac dinh
duoc:
Phuong trinh hoi quy dé sit chat:

ys = 88,26 + 1,24x5 + 0,73Xs — 1,53%5? (3)
Phuong trinh hdi quy dé cing:
ys = 35,5+ 0,87x3 + 0,80Xs — 1,20%5? (4)

Quan hé ham muc tiéu theo dién &p hd quang va
ap lyc khi phun nhu trén Hinh 3. Céac gia tri do sit
chat va d6 cang I6n nhat cua I6p phi thép khong gi
AISI 316 xac dinh dugc la 89,07% va 36,2 HRC,
twong tng véi dién ap hd quang va ap luc khi phun
14 50 vong/phat va 21 cm/phut.

Tién hanh kiém nghiém bang thyc nghiém ché tao
16p phu khong gi AISI 316 trén mit trong 6ng thép

Bdng 5. So sanh gia tri dé sit chét va dé cing ly thuyét véi thuc nghigm

Piénép | Apluc | Téeddquay | Téc dd dich D) sit chit, % Pj cing, HRC
TT | hd quang, | khi nén, chi tiét, chuyén sting Ly | Thuc | Saisé | Ly Thuc | Saisé
\% MPa vong/phat | phun, cm/phdt | thuyét | nghiém| (%) | thuyét |nghiém| (%)
30 0,34 40 18 87,56 87,3 0,31 35,0 33,6 4,17
30 0,34 45 21 88,54 87,0 1,77 35,8 34,5 3,78
30 0,34 50 18 88,51 89,1 0,67 35,7 36,3 1,68
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khong gi AISI 316 theo két qua tinh toan t6i wu nhu
trong Bang 5 cho thiy, cac gia tri so sanh gi4 tri do sit
chat va d6 ciing xac dinh duoc khi thyc nghiém véi
gia tri thu duoc khi tinh toan theo phuong trinh hdi
quy déu khong vuot qua 5% cho phép (a = 5%) [9].

24

Téc dd dich chuy&n sang phun, cm/phit

Téc dd dich chuyén sing phun, cm/phit

T T T T T
30 35 40 45 50 55 5]

Téc dd quay chi tiét, vong/pht

(b)

Hinh 3. Su phu thugc ciia dé sit chat (a) va do cirng (b)
ciia lop phii thép khong gi AISI 316 vao téc dg quay chi
tiét va tée dg dich chuyén siing phun

Kiém nghiém téc do an mon cua I6p phu 316
duge xac dinh théng qua viéc xac dinh cudong do
dong an mon bang phuong phap dién hoa theo theo
tiéu chuin ASTM G102 [10] trén may do dong an
mon Autolan (Ha Lan) cho thay, véi ché dé phun téi
uu, toc d6 an mon cua I6p pha trong dung dich 3,5%
NaCl khoang tir (0,012-0,015) mm/nam. Thir nghiém
xac dinh @6 bdm dinh cua l6p pha AISI 316 theo tiéu
chudn ASTM C633 trén mau c6 do sit chat cao
nhat cho gia tri cua d6 bam dinh xac dinh dwoc nam
khoang tir (28,7-29,4) MPa. Gid tri nay cling tuong
dbi phd hop voi cac tai liéu va cong trinh da duoc
cong bd [8,11,13]. T4 chic té vi cua Iop phu cua mau
¢b do sit chat cao nhét dugc cho trong Hinh 4. C6 thé
thay, 16p pha (Hinh 3a) c6 t6 chirc kha dong déu voi
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cac 15 x6p nho va thay rd su lién két chat ché gita
I6p phu v&i nén kim loai (Hinh 4b).

Hinh 4. Té chikc té vi lép phii (a) va mat phan cach
I6p phii-nén (b) ciia mdu sit chgt nhat, x100

4. Két luan

Trén co s& nghién ctu Iy thuyét va thyc nghiém
két hop voi phuong phap Quy hoach thuc nghiém,
cac tac gia da xac dinh duoc bo tham sé cong nghé
t6i uu khi ché tao I6p phu vat liéu thép khong gi
AISI 316 trén bé mat trong céc chi tiét thép khong gi
AISI 316 tron xoay. V&i chi tiét ng thép co dudng
kinh trong 128 mm, cac tham sé cong nghé phun
phu t6i wru x4c dinh dugc bao gom dién &p hd quang
30 V, 4p lyc khi nén 0,35 MPa, téc do quay chi tiét
50 vong/phat, tbc d6 dich chuyén sing phun 21
cm/phut. Véi cac chi tiét co duong kinh trong khéc
nhau khéng nhé hon 100 mm, cac tham sé cong nghé
phun téi wu 1 dién &p hd quang, &p luc khi phun
khong thay doi, con cac tham sb téc do quay chi tiét
va tée d¢ dich chuyén siing phun s& thay ddi phu hop
véi duong kinh trong cua chi tiét.
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