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D bam dinh ctia 16p phii phun nhiét ¢6 vai trd quyét dinh dén tudi tho 1am viée cia
chi tiét trong dléu ki¢n chiu mai mon. Ngoai cic yéu td lién quan dén tinh chat vat
li¢u thi thong so qua trinh phun anh hudng rat 16n dén kha nang bam dinh cia 16p phu
v6i kim loai nén. Bai bao nay trinh bay két qud nghién ctu t6i uu hoa cac théng so
phun HVOF (High velocity oxy fuel) bao gom: luu lwgng phun (A), khoang cach
phun (B), ty 1é hdn hop khi chiy gilta Oxygen va Propane (C) dén d¢ bam dinh cia
16p phu 16p phu WC-12Co trén nén thép 16Mn bang phwong phap Taguchi va k§
thuat ANOVA (Analysis of variance). Két qua cho thiy, véi thong s6 A = 32 gam/
phit, B=0,275m,C=5 cho 16p phii c6 @0 bam dinh 16n nhat va mic d¢ anh huong
clia cac yéu to dén d6 bam dinh l1an luot 1a B > C > A. Két qua thi nghiém kiém
chung sau d6 dugc so sanh voi gia tri t6i wru va cho két qua sai s6 13 0,5%. Nhu viy,
c6 thé khang dinh ring két qua toi wu 13 dang tin cay. Ngoai ra, ham hdi quy toan hoc
thé hién mdi quan hé giita 36 bam dinh va cac thong sO phun da dugc tim ra, n6 cho
phép du doan gia tri 6 bam dinh dya trén thong so phun.

Abstract
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Adhesion of heat-treated coatings has significantly role on the longevity of components
that works in wear - resistance conditions. Beside the factors related to material
properties, the spraying parameters greatly affect the adhesion of the coating to the
base metal. This paper aims to find optimal parameters of HVOF (High velocity oxy
fuel) process including spray distance (A), injection distance (B), rate of combustion
mixture between Oxygen and Propane (C) to the adhesion of WC-12Co coating on
16Mn steel by Taguchi method. ANOVA (Analysis of variance) is applied to evaluate
the effect of the spray parameters on the adhesion. Results indicate that with A = 32
g/min, B=0.275 m, C = 5, the adhesion can be achieved highest value and the order of
influence of the factors on adhesion is B > C > A. The experimental result is then
compared to optimal results and the error is only 0.5%. Hence, one can say that the
optimal results are reliable. In addition, a mathematical regression which shows the
relationship between the adhesion and spray parameters is found; it allows to predict
adhesion values based on spray parameters.
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1. GIOI THIEU

b6 bam dinh thép 1a nguyén nhan chu yéu dan dén hién tuwong bong, tréc 16p phu phun
nhiét ra khoi chi tiét nén trong qua trinh lam vi€c. Boi vay, viéc ndng cao kha nang bam dinh cua
16p phu phun nhiét la mét nhu cau rat can thiét. Mac du HVOF 1a phwyong phap phun nhiét véi
nhiéu wu diém nhu d6 x6p thap, d6 bam dinh ciing nhu do cung cao hon voi vat liéu tuong tng
s0 v6i cac phwong phap phun thong dung khac nhu: Plasma; HS quang dién; Phun khi chay [1].
Tuy nhién, dé c6 dugc chat lrgng 16p phu véi d6 bam dinh cao 13 rit khé khin, boi tinh chat cua
16p phi HVOF phu thuge rat nhiéu vao cic théng sd qua trinh phun [2]. Dya trén nghién ctru [3]
chi ra rang luu lwong phun (A), khoang cach phun (B) ty 1¢ hdn hop khi Oxygen/ Propane (C) 1a
cac théng s6 anh huong chinh dén chat lwong 16p phu HVOF.

Trong nhirng ndm gan day, nhiéu ang dung ciia phuong phap Taguchi trong viée téi wu cac
thong s6 phun HVOF di dugc bdo cdo. Ayyappan Susila Praveen va cac cong su [4] da si dung
phwong phép Taguchi dé t6i uvu héa cac thong sb phun va di xac dinh dwoc tht tw, mic d6 anh
hudng cua ching: khoang cach phun > luu lugng phun > luu lwong Oxy > luu lwong khi chdy
dén kha niang chiu x6i mon cta 16p phit NiCrSiB/WC-Co. W. Lih va cong su [5] da nghién ciru
anh huong cua cac thong s qué trinh HVOF 1én toc d6 hat ndng chay va nhiét do bé mit, va cac
dac tinh cta 16p phu CrC/20NiCr duya trén thiét ké thuc nghiém L9 cta Taguchi. Két qua da thiy
rang khoang cach va téc d6 dong Oxy 1a cac yéu t6 chinh dnh huong dén téc do hat. Thiét ké
thyc nghiém L9 da dugc W. Fang va cong su [6] st dung dé nghién ctru anh hudng cia toc do
dong oxy, tbc d6 dong khi Hydro, ty 16 cAp bot, khoang cach phun téi d6 ctng cua 16p phit WC-
CrC-Ni HVOF va xac dinh téc d6 dong oxy 14 thong sb anh huong cao nhat. O. Maranho va
cong su [7] da nghién ctru m01 tuong quan cia cac thong sO phun HVOF t6i do x6p va do cimg
ctia 16p phit trén nén gang tring va két luan rang pham vi kich thudc hat, khoang cach phun, ty 18
Oxygen va Propane anh huong dang ké trong viée xac dinh cac dic tinh cua 16p phil. S. Hong va
cong su [8] t6i uu héa cic thong so phun HVOF t6i 16p pha WC-10Co-4Cr HVOF dé dat duoc
d6 cting cao hon va thy rang toc d6 dong nhién liéu 1ong 1a thong sé quan trong, tiép theo 1a toc
d6 dong Oxygen va khoang cach phun...

Trén co so cac cong trinh da duoc cong bd co thé thiy 16p phu WC-12Co 1a mét trong
nhitng vét liéu phi rat duoc wa chudng, boi dy 1a 16p phit v6i thanh phin WC cao tao nén kha
ning chdng mai mon cao va chiu nhiét do (< 500°C) tt cho 16p phu. Viée téi wu hoa céc thong
s6 phun dén d6 bam dinh 16p phit WC-12Co van con han ché va chua cé nghién ciru nao dwoc
cong bo. Boi vy, nghién ctru nay da su dung phwong phap Taguchi, ky thudt ANOVA [9] dua
trén phan mém MINITAB phién ban 17 dé tién hanh t6i vu hoa cic théng sé phun (A B, C) va
danh gia mirc d6 anh hudng cta ching dén d6 bam dinh cua 16p pha WC-12Co trén nén vat lidu
16Mn [10].

2.COSO LY THUYET/ PHUONG PHAP NGHIEN CUU

2.1. Vit lidu nén va 16p phii

Céac mau phun st dung trong thi nghiém 13 cac mau thép tdm vdi kich thude 50 x 50 x 6
mm duoc phun tao nhidm bé mit cin phi v6i gia tri tir 8 + 10 pm. Qua trinh phun tao nham dugc
thyc hién trén may phun cat TSA cua Viét Nam va duoc do b%lng dau do nham Mitutoyo 178 -
954 - 4E (Nhat Ban). Vat li¢u ché tao mau phun dugc lya chon 13 thép 16Mn véi thanh ph?m hoa
hoc duoc thé hién trong Bang 1.

553



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

Bang 1. Thanh phan hod hoc thép 16Mn.

Ti

Thanh phan héa hoc C

Si Mn P S
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0,015+0.,06
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Ty 1 % nguyén to

0,2

0,55 | 1+1,6 | 0,04 | <0,04

0,02+0,15

Bot phun WC-12Co 1a bot thuong mai dugce su dung lam nguyén liéu phun dugc cung cap
bdi tap doan Eutectic (M¥), vdi cd hat tir 15um dén 45um dugce xadc minh va thé hién trong hinh

1 d tién hanh thi nghiém.

a. Hinh anh SEM cua bét
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b. Phan tich thanh phan héa hoc ciia bot

Hinh 1. Hinh dang cta hat va thanh phan héa hoc bot phun WC - 12Co

2.2. Qua trinh phun nhiét HVYOF

Qua trinh phun mau duge thyc hién trén hé théng phun HVOF General Metal Alloys -
Beglgum bao gom: Bang di€u khién MP - 2100; Sting phun HP - 2700M; B¢ phén cap bot phun
PF - 3350. Chi€u day 16p phi dugc thyc hién 1a 500pum véi 516 sa}i 1éch tir 10 - 50 um. Céac thong
s0 phun dugc xdc dinh theo ba mirc (Bang 2) va duoc sap xEp theo mang truc giao L9 cua
Taguchi (Bang 4). Mot s6 thong s6 phun khac dugc xac dinh qua cac nghién ctru tuong ty va cac
gia tri dugc nha san xuat khuyén cdo [11] (Bang 3).
Bang 2. Céc thong s6 nghién ciru va céc mirc sir dung trong nghién ciru

Théng s6 ph Ky hi¢ Mire
ong s6 phun i€u
gsop y hig 1 ) 3
Luu lugng phun(gam/ phut) A 26 32 38
Khoédng cach phun (m) B 0,2 0,275 0,35
Ty s6 Oxygen/ Propane C 4 5 6
Bang 3. Cac thong s6 phun khéc st dung trong nghién ctru
Thong Ap suét Luwu hrgng Propane | Ap suit khi | Luulwong Ap suat Luu lwgng
s0 phun [Propane (MPa) lit/phat (I/p) nén (MPa) | khinén (I/p) Nitrogen nitrogen (I/p)
Gia tri 0,686 60 0,686 550 0.4 20

2.3. Phwong phap kiém tra
Céc phép do xéc dinh do bén bam dinh 16p phi bing phwong phép bam truot dugc thyc

hién theo tiéu chuan JIS-H-8666-1980 [12] vdi so do nguyén ly nhu Hinh 2.
Trong phwong phap nay, 16p phu (c6 dién tich tiét dién bé mit - S) dugc lam bong tach boi

luc ép (P) tac dong 18n phan chiéu day 16p phu theo phuong vudng géc (Hinh 2). Ung sut bam
dinh (opq) dwoc tinh bang cong thirc:
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Oy = E (1)

Dé dam bao duoc két qua do dat d6 chinh x4c thi mau phai duogc ché tao chinh xac, dam

bao d6 vudng goc va dugce kep chat. Luc ép khong tac dung 1én phan vat lidu nén. Trén co s¢ do,

tién hanh ché tao mau va khuén dé kiém tra mic d§ bam dinh cua 16p phu theo nguyén ly trong
Hinh 2. May kéo nén MTS 809 dugc st dung d¢ tao luc ép P trong qua trinh thye nghiém.

Hinh 2. So d6 nguyén 1y kiém tra 6 bam dinh trén mau tim phing

3. KET QUA VA THAO LUAN
3.1. Két qua thye nghi¢m

Hinh 3 (a, b) 1 4nh chyp ctia chin mau tht trude va sau khi phun thye nghiém theo ding
thir ty cua mang tryc giao L9 (Bang 3). Cac mau duoc chuan bi va dugc phun theo dung trinh ty
theo thiét ké thyc nghiém va dugc cit miu nhu Hinh 3 (c) dé kiém tra bam dinh.

b. Hinh anh mau sau khi phun ¢. Anh mau kiém tra bam dinh

Hinh 3. Anh mu trudc - sau khi phun va mau kiém tra bim dinh

D6 bam dinh 16p phu cua mau 14 gi tri trung binh cta ba lan do trén ba mau thir dugc cat
ra tur rnau do6 va dugc trinh bay trong (Bang 4).

Két qua tir Bang 4 cho thay, mirc thong s6 phun A1B:C; tuong ung voi A = 26 gam/phut,
B =0,275m, C=5 cho 16p phu c6 d6 bam dinh l6n nhét 13 66,39 MPa. Sy thay doi cac thong s6
phun 1am anh hudng 6 rét dén cic gid tri do. Ching t6 Iwu lrgng phun, khoang cach phun, ty 18
Oxygen/ Propane 1 cac thong s6 c6 anh huong 16n dén d6 bam dinh 16p phi va viée lwa chon
chiing d& nghién ctru 1 hoan toan phu hop.
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Bang 4. Thong s6 thuc nghiém theo mang L9 va két qua do d¢ bim dinh trung binh ciia cdc mau thi nghiém

ngrfllilém A Thang = C P9 bam dinh (MPa)
1 26 0.2 4 52.11
2 26 0,275 5 66.39
3 26 0,35 6 62,50
4 32 0.2 5 59.53
5 32 0,275 6 66.13
6 32 0,35 4 58,30
7 38 0,2 6 53,45
8 38 0,275 4 54.15
9 38 0,35 5 57,17

3.2. Phan tich ti s6 tin hiéu trén nhiéu (S/N)

D6 bam dinh 16p phi duoc nang cao gitip 16p phii cai thién d6 bén trong qua trinh lam viéc,
dac biét voi cac 16p phu chiu mai mon, va dap,... Do do, ty 1& S/N theo Taguchi voi ddc tinh 16n
hon thi t6t hon dugc sir dung dé tinh toan dua trén mdi két qua thi nghiém bang phin mém Minitab
va duoc trinh bay trong Bang 5. Mc tac dong trung binh ctiia mdi yéu té trén cac mirc gid tri khac
nhau ciing dugc tinh toan dua trén gia tri S/N va dugc minh hoa trén biéu d6 phan mirc (Hinh 4).
Mirc ti ru cua ting théng s6 13 mirc ¢6 gia tri S/N trung binh thong sb d6 cao nhat. Cac dudng
biéu didn trong biéu dd Hinh 4 thé hién sy thay dbi tic dong cta cac yéu t6 anh huong dén do bam
dinh 16p phu va chi ra ring mic thong s6 phun t6i vu dugc du doan 1a A,B,C, (A = 32 gam/phut,
B =0,275m, C =5) véi gid tri d§ bam dinh cao dugc dy doan 1a 66,9 MPa. Diéu nay ching minh
rang phuong phap t6i wu dugc d& xuat trong nghién ciru ¢ hiéu qua cao.

Bing 5. Gia trj S/N tuong (g v6i mdi thi nghiém

L Théng s6 P . I 1
Thi nghiém A B C D bam dinh S/N= 1010g(n > ,-2)
1 26 0,2 4 52,11 34,34
2 26 0,275 5 66,39 36,44
3 26 0,35 6 62,50 34,40
4 32 0,2 5 59,53 35,50
5 32 0,275 6 66,13 36.41
6 32 0,35 4 58,30 35.31
7 38 0,2 6 53.45 34,56
8 38 0,275 4 54,15 34,67
9 38 0,35 5 57,17 35,14
g A B 6l
_E 358
E 2356
& 354
E 8352
Z ' 350
“B 348
;ﬁ _§ - ™
] g oF o Q_a‘
& Ty 56 S/N: Iom hom thi 16t hon

Hinh 4. Phan muc tac dong cua cac thong s6 A, B, C dua trén ty s6 S/N t6i do bam dinh 16p phu
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3.3. Phan tich ANOVA

Dé x4c dinh mic d6 anh hudng cia cac thong sb (A, B, C) téi d6 bam dinh 16p phu, phan
tich phwong sai dwa trén két qua thi nghiém va gia tri S/N trong Bang 5 dua trén phan mém
Minitab thu duoc két qua thé hién trong Bang 6. Két qua cho thay, gi4 tri cua sai s6 nho chung
minh ring cac thong sb phun da nghién ciru déu 14 cac thong s6 phun chinh anh huong dén do
bam dinh 16p phu va ching deu c¢6 y nghia thong ké vdi d6 tin cdy cao boi gia tri P < 0,05. Phan
trdm anh hudng cia cac yéu t6 dwa trén gid tri SS & Bang 6 chi ra ring: Khoang cach phun 14 yéu
t6 anh huong 16n nhat dén d6 bam dinh 16p phu véi 34,36%, ty 1& Oxygen/ Propane 14 32,85%,
lru lwong phun 13 31,68% va dugc minh hoa qua biéu d6 Hinh 5.

Bang 6. Két qua phan tich ANOVA dya trén ty s6 S/N

Yéu té Bic tw do Tong binh phwong| Trung binh | Gia tri thong ké| Gia tri xac suat
f dg léch - SS binh phwong - Fisher - F P
A 2 66,459 33,229 28,64 0,034
B 2 72,080 36,040 31,06 0,031
C 2 68,923 34,462 29,70 0,033
Sai 56 2 2,321 1,160
Tong 8 209,783

1,11%
o ‘ .

Hinh 5. Phan trim anh huéng cua cac thong s6 A, B, C dén d¢ bam dinh 16p phu.

®1 Anh hurdng cia hra hrong phun (A)

®2 Anh hrdng cia khoang cach phun (B)

3 Anh hudng cua ty 1é Oxygen/Propane (C)
m4 Anh hudng cia sai s6

3.4. Xay dung ham toan hoc thé hién mdi quan hé giira d9 bam dinh véi cic thong so6 phun

D¢ phan tich xu hudng anh huwong ciia cac thong s6 A, B, C t61 d6 bam dinh 16p pht (oba),
ham hdi quy biéu dién quan hé toan hoc giita opg vGi cac  thong s6 phun A, B, C dudi dang tuyen
tinh dugc xdy dung. Cong cu hd trg xdy dyng ham hdi quy dang tuyén tinh trén phan mém

Minitab dwoc st dung gitip cho qua trinh tinh toan nhanh chéng va chinh xac. Két qua thu duoc
1a ham toan hoc (2):

obd = 50,8 — 0,451A +28,6B +2,92C (2)
Dura trén mirc théng sé phun téi vu duge xac dinh 1a A,B,C,, két hop v&i phwong trinh hoi

quy (2) x4c dinh duoc anh hudng cua timg thong sd phun téi d6 bam dinh 16p phu qua do thi
Hinh 6 va Hinh 7.
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557



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

' 65
E E 625
y E 50 & 00.0
3
5 = = 505
€ g 035
; 55 55.0 0;0
v 5 ¢ 5 ¢
0.20 g 25 .

0.25 i o | 30 0.20
5 030 o35 % a5 4

= 62.5
< 60.0
575
2 55.0

¢ bam dinh

a. Anh hudng cua B, C b. Anh hudng cua A, C ¢. Anh hudng ciia A, B

Hinh 7. D) thi sy phy thudc ciia d6 bim dinh vao timg thong s6 phun ¢ mirc toi wu dang tuyén tinh 3D

Dua vao dd thi biéu thi sy phu thudc cua d6 bam dinh vao cac thong $6 phun va phuong
trinh hoi quy (2) cho thiy d6 bam dinh ty 18 nghich véi A va ty 18 thuan v6i B, C va (Hinh 6. a,
b, ¢). Diéu d6 c¢6 nghia: khi tang A thi d6 bam dinh s€ giam, khi tang B, C thi d6 bam dinh s&
tdng va nguoc lai. Tu biéu ¢ Hinh 7 chi ra ring: khi giir nguyén A 6 mturc t6i wu thi d6 bam dinh
s€ tang néu tang B va tang C (Hinh 7. a); Khi gitt B ¢ mirc t6i vu thi d6 bam dinh sé tang néu
giam A va tang C (Hinh 7. b); Khi giit nguyén C & murc t6i wu thi ¢ bam dinh s& ting néu giam
A va tang B (Hinh 7. ¢) va nguoc lai.

3.5. Thi nghiém kiém chirng

Dé xac minh cac thong s6 qué trinh phun dugc t6i wru hda, thi nghiém kiém chimg véi mirc
t61 wu A,B-C, duge thuc hién. Két qua do trén mau kiém ching va gia tri du doan t61 wu duge
trinh bay trong Bang 7 cho thiy d6 bam dinh trén miu kiém chimg 16n hon cac gia tri tir thi
nghiém ban dau va nho hon gia tri t61 vu dy doén véi do sai 1éch 13 0,5%. Sai sb gitra tinh toan ly
thuyét va thuc nghiém 1a vin dé duoc du bio trude. Tuy nhién, mirc sai 18ch vdi gia tri nho da
chirng to két qua ctia bai toan toi wu 1 tin cdy.

Bang 7. So sanh két qua cua thi nghiém kiém chimg véi két qua t6i wu

" P Tot nhat tir thi £ . . Sai 1€ch gitra gia tri kiem
Thong so nghiém Toi wu Kiém chung chitng - Téi wu (%)
Murc AB,C, A,B,C, A,B,C, -
Gia tri 66,39 66,9 66,58 0,5%
4. KET LUAN

Trong nghién ctru nay nay, phuong phap Taguchi - Ky thudt ANOVA dugc st dung dé tbi
uu hoa va nghién ctru sy anh hudng cua cic thong so phun bao gom lyu lugng phun (A), khoang
cach phun (B) va ty 186 Oxygen/ Propane (C) dén do bam dinh cua 16p phu WC-12Co trén nén
thép 16Mn bang phuong phap phun HVOF. Qua trinh t6i wu boi phwong phip Taguchi da dé
xuat ché d6 phun t6i vu (A = 32 gam/phut, B = 0,275 m, C = 5) cho 16p phii c6 d6 bam dinh 16n
nhit dy doan 1a 66,9 MPa. Két qua phan tich ANOVA cho thay thir ty anh huéng cua cic thong
sO dén d6 bam dinh 1a: Khoang cach phun (34,36%) > ty 18 Oxygen/ Propane (32,85%) > luu
lwong phun (31,68%). Thi nghiém kiém ching véi d6 bam dinh thu dwoc 13 66,58 MPa 16n hon
cac gia tri d6 bam dinh cta cic mau thuc nghiém (Bang 4) va ¢ d6 sai 1éch 0,5 % so v6i két qua
du doan. Piéu d6 khéng dinh thong s6 t6i wu cho 16p phu c¢6 chat lugng tot véi d6 bam dinh
duoc nang cao. Su két hop gitta phuong phip Taguchi - ANOVA la mét cong cu hiéu qua cho
cac tmg dung t6i wu hoa céc bai toan ¢ nhiu yéu t6 anh hudng.
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LOI CAM ON
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DANH MUC DANH PHAP/KY HIEU

S/N : Tin hiéu trén nhiéu (Signal to noise)
n : SO thi nhiém

Vi : Gia tri do ¢ thi nghiém thir i

Obd . B@ bam dinh

TAI LIEU THAM KHAO

[1]. Friedrich-Wilhelm, Andreas Laarmann and, Dipling, Thomas Wenz, Chapter 1.
Selecting Surface-treatment Technologies, Modern Surface Technology, 2006.

[2]. J. Stokes, “Theory and Application of the High Velocity Oxygen-Fuel (HVOF)
Thermal Spray Process”, Dublin City University, 2008, ISBN 1-87232-753-2.

[3]. Vikash Kumar Pandey, Antariksha Verma, An Experimental Study of Effect of the
Parameters of HVOF Coating of WC-10Co-4Cr on Mild Steel Plate, Imperial Journal of
Interdisciplinary Research, Vol-2, Issue-11, 2016

[4]. Ayyappan Susila Praveen, J. Sarangan, S. Suresh and B.H. Channabasappa, Optimizat-
ion and erosion wear response of NiCrSiB/WC-Co HVOF coating using Taguchi meth -od,
Ceramics International, http://dx.doi.org/10.1016/j.ceramint.2015.09.036.

[5]. W. Lih, S.H. Yang, C.Y. Su, S.C. Huang, I.C. Hsu, M.S. Leu, Effects of process
parameters on molten particle speed and surface temperature and the properties of HVOF
CrCr/NiCr coatings, Surface and Coatings Technology. 133-134 (2000) 54-60.

[6]. W. Fang, T.Y. Cho, J. H. Yoon, K. O. Song, S. K. Hur, S. J. Youn, H. G. Chun,
Processing optimization, surface properties and wear behavior of HVOF spraying WC-CrC-Ni
coating, J. Mater. Process. Technol. 209 (2009) 3561-3567.

[7]. O. Maranho, D. Rodrigues, M. Boccalini Jr., A. Sinatora, Influence of parameters of

the HVOF thermal spray process on the properties of multicomponent white cast iron coatings,
Surface and Coatings Technology. 202 (2008) 3494-3500.

[8]. S. Hong, Y. Wu, B. Wang, Y. Zheng, W. Gao, G. Li, High-velocity oxygen-fuel spray
parameter optimization of nanostructured WC-10Co-4Cr coatings and sliding wear behavior of
the optimized coating, Materials and Design. 55 (2014) 286-291.

[9]. Taguchi G, Konishi S, Taguchi Methods, orthogonal arrays and linear graphs, tools for
quality American supplier institute, American Supplier Institute, 1987, pp. 8 - 35.

[10]. Tiéu chuan thép cacbon két cau chat lwong tét, TCVN 1766 - 75, 2009.
[L1]. http://www.mecpl.com/pdf-files/ HIPOJET 2700 ONE.pdf
[12]. Test methods for build - up thermal spraying - JIS-H-8666,1980.

559



