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TOM TAT

Cdc chi tiét cum con quay dwoc ché tao bang hop kim Titan Ti-541, ¢6 yéu cau cao vé chdt
lwong bé mat. Chat lwong bé mdt duoc danh gid thong qua do nham bé mdt, phu thudc vao cac
théng s6 ché dé cdt. Bai bdo gidi thiéu két qua nghién ciru dnh hwéng ciia mot so thong sé ché dg
cdt dén dé nham bé mat chi tiét hop kim Titan Ti-5Al khi gia cong trén may tién CNC. Tur két qua
thuwe nghiém da xdy dung dwoc phwong trinh hoi quy biéu thi dnh huwéng cia vin toc cat (V), heong
chay dao (S), chiéu sdu cdt (t) téi d¢ nham bé mdt khi tién CNC chi tiét hop kim Titan Ti-5Al véi
cic hé s6: K = 132,436; a, = -0,1579; a, = 1,791; a,= 0,0819. M6 hinh hoi quy da duoc kiém tra
bang céng cu thong ké todn hoc véi do tin cdy 16n hon 98,2%. Mé hinh dwoc dé xudt trong nghién
citu ndy cé thé dwoc vmg dung dé ndang cao chdt lwong bé mdt gia cong khi tién CNC chi tiét hop
kim Titan Ti-5AL

T khéa: Hop kim Titan; Ti-541; Tién CNC; Ché dé cdt; P6 nhdm.
ABSTRACT

The gyroscope components are made from Titanium alloy Ti-5Al, having high demands
on surface quality. Surface quality is evaluated through surface roughness that depends on
cutting regime parameters. This article introduce the findings of study on the influence of cutting
parameters on surface roughness of Titanium alloy Ti-5Al parts in CNC turning. Based on the
experimental results, a matematical model has been established to describe the effect of cutting
speed (V), feed rate (S), cutting depth (t) on surface roughness of Titanium alloy Ti-5Al parts with
their corresponding coefficients: K = 132,436, a, =-0,1579; a,= 1,791, a, = 0,0819. The regression
model was validated using statistical analysis tools with a confidence level greater than 98.2%. The
model proposed in this study can be applied to improve the surface quality during CNC turning of
Titanium alloy Ti-5Al parts.

Keywords: Titanium alloy, Ti-5A1; CNC turning; Cutting regime,; Surface roughness.
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1. PAT VAN PE

Hop kim titan da tro thanh vat liéu c6 vai
trd quan trong trong cac nganh cong nghiép do
c¢6 nhiéu dic tinh wu viét. Chung c6 khéi lugng
riéng thip, do bén riéng va kha ning chong an
mon cao [1, 2]. Trong nganh hang khoéng vii
try, hop kim titan dugc st dung lam canh quat,
canh may nén dong co tuabin da nang cao dang
ké ty sb luc ddy trén trong lugng va hiéu suit
tong thé [3, 4]. Trong linh vyc y té, cac hop
kim nhu Ti-6Al-4V, Ti-6Al-7Nb da dugc ung
dung trong nhiéu thap ky nho kha ning tuong
thich sinh hoc vuot trdi so vdi thép khong gi va
cac hop kim khac [5, 6]. Céc chi tiét cum con
quay tén lira phong khong tam thap dugc ché
tao tir hop kim Titan Ti-5Al, c6 yéu cau cao vé
d6 chinh xac gia cong va chét luong bé mit.

Di c6 mot s6 nghién ciru nang cao hiéu
suat gia cong hop kim titan, ti uu héa cac
thong sd cong nghé, phat trién dung cu cit,
d6i moi k¥ thuat 1am mat va boi tron. Nghién
ciru cua Salah Gariani va cong su [7] tap trung
thiét ké hé¢ thong cung cip dung dich tudi

ngudi. Guangping Wang va cong su [8] nghién
ctru cac phuong phap gia cong hop kim titan
nham giam chi phi, ning cao hiéu qua va cai
thién chat lwong. Nguyen V.C. va cong su [9]
nghién ctru t6i wu hoa thong sb cit trong gia
cong phay hop kim Titan Ti-6A1-4V trong diéu
kién boi tron tdi thiéu. Petr Masek va cong su
[10] nghién clru gia cong tién hop kim Titan
Ti-6Al-4V bing dao kim cuong da tinh thé két
hop tuéi ngudi ap suét cao. Kaynak va Gharibi
[11] nghién ctru anh huong cla cac thong sb cit
dén hiéu suat gia cong hop kim Titan Ti-5553.
Chua c6 cac nghién ctru thue nghiém ddi véi
céc chi tiét hop kim Titan Ti-5Al duoc cong bo.

2. THU'C NGHIEM

2.1. Vat liéu, thiét bi, tham sé nghién ciru,
dung cu va phwong phap do

2.1.1. Vit liéu

Vit liéu nghién ctru la hop kim Titan
Ti-5Al c6 thanh phan nhu trong Bang 1.

Bdng 1. Thanh phan héa hoc ciia hop kim Ti-5A1,

Ham lwgng nguyén to, %

Mac vat
liéu
Al Zr Mo Si Ni Fe Ti
Ti5 4,5+6,2 <0,30 <0,80 <1,20 <0,12 <0,05 <0,30 Con lai

Qua trinh thuc nghiém dugc thuc hién
trén phoi cdy duong kinh 32 mm (Hinh 1).

Hinh 1. Phéi nghién ciru thuc nghiém.

286

2.1.2. Thiét bi nghién ciru

Thiét bi nghién ctru duoc sir dung la
may tién CNC EMCO Maxturn45 (Hinh 2).
Trén may tién CNC EMCO Maxturn45 c6 thé
dung dao tién gia cong mat tru ngoai va trong,
mit c¢6n va mit dinh hinh, mat dau mut va g0,
cit ranh ngang, dung dao cit ren trong va ngoai,
dung miii khoan, miii khoét, miii doa, dung ta-

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S 337+338, thang 1+2 nim 2026

cokhivietnam.vn



NGHIEN CUU - TRAO DBOI

o va ban ren cit dudng ren trong va ngoai,
dung dau quay phu voi dao phay, ludi phay
dé gia cong mat phing nghiéng, ranh nghiéng,
dung mii khoan, miii khoét, miii doa, miii ta-r6
dé gia cong 16 ren trong mat phang nghiéng.

]
-

Hinh 2. May tién CNC EMCO Maxturn45

2.1.3. Dung cu gia cong

St dung dao tién gin manh hop kim
ctimg c6 cac kich thudc nhu hinh 3 va Bang 2.

V4] L

Hinh 3. Manh hop kim citng dung trong thuc nghiém

Badng 2. Cac kich thuoc cia manh hop kim cing.

Kich thudc cia manh hop
kim cting 1 (mm) d (mm) S (mm) d, (mm) r (mm)
DNGP150604 FN - EX 15,50 12,700 6,35 52 0,4

Trong do: 1, d, s la kich thudc manh hop
kim, mm; d, 1a duong kinh 16 g4 méanh hop kim,
mm; r 1a ban kinh miii dao, mm.

2.1.4. Cdc chi tiéu va tham sé nghién civu

Céc chi tiéu dic trung cho chat lugng
gia cong la d6 nham bé mat chi tiét; cac tham
s6 cua ché do cat duogc lua chon dé nghién clru
sy anh huong cua ching toi cac chi tiéu chat
luong gia cong 1a van toc cit V, luong chay dao
S va chiéu sdu cit t.

2.1.5. Dung cu va phwong phdp do

+ Kiém soat cac thong sb ché do cit
thong qua 1ap trinh di€u khién may.

+ Po do nham bé mit gia cong bang
thiét bi do d6 nham cam tay TR200 Surface
Roughness Tester (Hinh 4). Thiét bi do hang
Neurtek Instruments san xuat, do phan giai
hién thi Ra 0,001 pm. Phuong phap do theo
tiéu chuan ISO. Péanh gia cap do nham bé mit

chi tiét gia cong theo TCVN 2511-95.

Hinh 4. Thiét bj do do nham TR-200 Surface
Roughness Tester.

2.2. Thiét ké ma trin thwe nghiém

Str dung phuong phap tlen ngoai dé lam
thuc nghiém, lya chon ché do cat thuc nghiém
nhu sau:

+Van toc cit khi gia cong tinh trén may
tien CNC ung voi vat licu dao va vat li¢u gia
cong la: V=50 + 100 (m/phtt).

+ Chiéu sau cit tinh ldy trong khoang:
0,1 + 1,0 (mm).
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+ Luong chay dao: 0,05 + 0,2 (mm/vong). nghiém dé nghién ctu va xir 1y s lidu thuc
nghiém, khi d6 cac thong s6 dau vao duoc viét
Theo quy hoach thyc nghiém [12], ta dudi dang Bang 3.
chon mién quy hoach thuc nghi¢m la: )
Bdng 3. Bang tinh cdc thong so cong nghé.

V_ =100 (m/phat); S = 0,2 (mm/vong); —

t = 1 (mm). Céc yéu to X V)X ()] X (1

V_..= 50 (m/phat); S . = 0,05 (mm/vong); Murc trén +1 100 0,2 1,0

t . =0,1 (mm). Muc dudi -1 50 0,05 | 0,1

V,, =75 (m/phut); S, = 0,125 (mm/vong); Miic co s& 0 75 10,125| 0,55

t, = 0,55 (mm). Khoang bién thién 25 1 0,075| 045
Cac gia tri cua V, S va t dugc luya chon Chuyén cac bién tir tu nhién sang cac

trén co so cac cong trinh nghién cu’u vé nang bién ma hoa khong thir nguyén véi thure nghiém
suat, chat luong gia cong, do bén mady, kha 3 bién dau vao, lam thi nghiém v6i 8 thi nghiém
nang lam viéc cua mdy cong cu (Banh Tién tai cac dinh don hinh déu va 3 thi nghiém trung
Long, Tran Thé Luc, Tran S Tuay, 2001; 3opes tam. Sau khi tién thyc nghiém, tién hanh do do
H.H., 1956; Tarasov L.). nham bé mit tng véi timg thi nghiém, ta c6 cac
thong s6 dau vao va dau ra cia ma tran thuc

Su dung phuong phap quy hoach thue  pohig¢m nhu trong Bang 4.

Badng 4. Bang quy hoach thuc nghiém anh huong ché do cat dén do nham bé mat.

Bién ma hoa Bién thuwc nghiém P6 nhim

" X, | X, | X V (m/ph) S (mm/vong) t (mm) R, (pm)
1] -1 1 -1 50 0,05 0,1 0,29
2 |+ | a1 1 100 0,05 0,1 0,25
< S S 1 50 0,2 0,1 3,30
4 | +1 |+ 1 100 0,2 0,1 3,10
500 -1 1 +1 50 0,05 1 0,37
6 | +1 | -1 +1 100 0,05 1 0,32
7 0 a1 | o+ o+ 50 0,2 1 3,80
8 | +1 | +1 | +1 100 0,2 1 3,50
9 | 0 0 0 75 0,125 0,55 1,52
10 0 0 0 75 0,125 0,55 1,52
1| o 0 0 75 0,125 0,55 1,52
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3. KET QUA VA THAO LUAN

3.1. Két qua xay dung mé hinh hdi quy cia
do nham bé mat gia cong

Str dung phuong phap quy hoach thuc
nghiém truc giao [12] dé xac dinh anh hudng
ddng thoi cua cac yéu td ché do cat (van toc
cit V, luong chay dao S va chiéu sau cit t) dén
d6 nham bé mat chi tiét hop kim Ti5Al. Céc
nghién ctru [16, 17, 18] da chi ra mdi quan hé
gitra d§ nham bé mat véi céac yéu t6 ché do cét
12 ham s6 mil ¢6 dang:

R, = f(V,S,t) = K.Ve.8. (1)

Trong do: a, b, clahé s6 mil can x4c dinh.

Tuyén tinh hoa phuong trinh phi tuyén
bang cach logarit co sO e hai vé cua phuong
trinh, ta duoc:

In(R,) = In(K) + a.In(V) + b.In(S) + c.In(t) (2)

baty =In(R), a, = In(K), a, =a,a =b,
a, = ¢, x, = In(V), x, = In(S), x, = In(t).

Khi d6, phuong trinh (1) c6 dang:

y=a, +a;.X; + 25.Xp + a3.X5

3)

» apa,alacaché s0 ctia phuong
trinh hoi quy thyc nghiém.

Véi:a,a,,a

Ma tran thuc nghiém truc giao:

[X].[A]=[Y] 4

Ma tran thong s6 dau vao [X] 1a logarit
co sb e cac gia trji V, S, t dung trong thi nghiém.
Ma tran thong s6 dau ra [Y] c6 cac hé sb 1a
logarit co sb e cac gia tri 6 nham do dugc trén
mau thi nghiém.

Nhan ca hai v€ ctia (4) véi ma tran
chuyén vi ciia ma tran [X].

[X]".[X].[A] = [X]".[Y] (5)
bat [M] = [X]".[X],
ta c6 [M].[A] = [X]".[Y]

Gia st det(M) # 0 thi [M] 1a ma tran kha
nghich, khi d6 nghi¢m cua hé 1a:
[A] = [M]'[X]".[Y] (0)

Tir két qua Bang 4, cac thong sb cong
nghé dugc logarit hoa véi s6 liéu nhu Bang 5.

Bdng 5. Két qua logarit héa anh hwéng ché dé cat dén do nham bé mat R,

Bién thuc nghiém D5 nhim
TT A% S t R (um) In(V) In(s) In(t) In(R)
(m/ph) (mm/vong) (mm) 2
1 50 0,05 0,1 0,29 3,91202 | -2,95573 | -2,30258 | -1,23787
2 100 0,05 0,1 0,25 4,60517 | -2,95573 | -2,30258 | -1,38629
3 50 0,2 0,1 3,30 3,91202 | -1,60943 | -2,30258 | 1,19392
4 100 0,2 0,1 3,10 4,60517 | -1,60943 | -2,30258 | 1,13140
5 50 0,05 1 0,37 3,91202 | -2,95573 0 -0,99425
6 100 0,05 1 0,32 4,60517 | -2,95573 0 -1,13943
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7 50 0,2 1 3,80 3,91202 | -1,60943 0 1,33500
8 100 0,2 1 3,50 4,60517 | -1,60943 0 1,25276
9 75 0,125 0,55 1,52 4,31748 | -2,07944 | -0,69314 | 0,41871
10 75 0,125 0,55 1,52 4,31748 | -2,07944 | -0,69314 | 0,41871
11 75 0,125 0,55 1,52 4,31748 | -2,07944 | -0,69314 | 0,41871

St dung phan mém MATLAB R2024b
giai h¢, ta c6 nghiém:

a, 4.8861
a, | |-0.1579
A = =
a, 1.7961
a, 0.0819

Voi K =e" =132,436; a, = —0,1579;
a,=1,7961;a,= 0,081?, ta‘cc') phuong trinh hoi
quy thyc nghi€ém chuyén v€ bién ma hoa x , x,,
X, nhu sau:

»=4,8861-0,1579.x, +1,7961.x, + 0,0819.x; (7)

Vay phuong trinh quan h¢ gitta d0 nham
R, va cac thong so ché dg cat (V, S, t) la:

Ra — 132’ 436'V—0,1579 'Sl,7961't0,0819 (8)

3.2. Panh gia d¢ tin ciy ciia ham hdi quy

Theo tai li¢u [19], d0 tin cay cua ham
héi quy dugce danh gia theo cong thirc:

a1 )
Véi: O'y :mzl (yl _ytb)

\ 2 1 n '\2

va o, —mzl (yi_yi) (10)

Trong do: y. 1a ham In(R ) thuc nghiém

do duoc; y, la gia tri trung binh In(R ) theo

thuc nghiém do duoc; y' 1a In(R ) theo ham hoi
quy thuc nghiém; N 14 s6 thi nghiém.

Sau khi tinh toan két qua do tin cdy cua
cac thong so6 thuc nghiém theo cac bién ma hoa
duogc ghi trong Bang 6.

Thay vao cong thitc (9), ta co: o, =1,2139;
O'f =0,00301; d0 tin cay r=98,2%.

Xac dinh phuong sai du (S, ) theo cong
thurc:
S, — 5%(A)
de = N_k—1

(11)

Trong d6, N 1a s6 thi nghiém (N = 11);
k 1a s6 thong s6 can xac dinh trr a,.

o, o) ©
_ 2 T
S*(A)=(Y]-[Xx][4D" (Y]-[X].[4) (12)

Badng 6. Két qud tinh todan do tin cdy cua gia tri thuc nghiém.
STT X1 X2 X3 Yi yi’ yi-yi, (yl - yth)z (yl - yi’)2
1 3.91202 -2.996 -2.3026 -1.2379 -1.3008 | 0.0630 2.09160 0.02657
2 4.60517 -2.996 -2.3026 -1.3863 -1.4103 | 0.0240 1.15748 0.02677
3 3.91202 -1.609 -2.3026 1.1939 1.1891 0.0048 0.91162 0.00049
4 4.60517 -1.609 -2.3026 1.1314 1.0797 0.0518 1.03106 0.00152
5 3.91202 -2.996 0.0000 -0.9943 -1.1122 | 0.1180 1.10740 0.01728
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6 4.60517 -2.996 0.0000 -1.1394 -1.221 0.0823 1.44628 0.00392
7 3.91202 -1.609 0.0000 1.3350 1.3777 | -0.043 1.26931 0.00893
8 4.60517 -1.609 0.0000 1.2528 1.2682 | -0.015 1.11464 0.00040
9 4.31749 -2.079 -0.6932 0.4187 0.4127 | 0.0060 0.0443 0.00438
10 4.31749 -2.079 -0.6932 0.4187 0.4127 | 0.0060 0.0443 0.00438
11 4.31749 -2.079 -0.6932 0.4187 0.4127 | 0.0060 0.0443 0.00438

Tdong 1.40476 12.1392 0.03006

Trung binh = 0,12771

St dung phan mém MATLAB R2024b
giai bai toan vé ma tran, ta tinh dugc: S*(A) =
0,03006.

Thay vao (11), ta ¢6 S2 =0,00429 =>
S, =0,06553.

Su tOn tai cua h¢ so a. duoc xac dinh boi
cong thuec:

— | =ty W —k —1,7) (13)

|t .| =
tinh Sy Mg

Trong do, m_ 1a s6 hang tht ii cia ma
tran M™! véi [M] = [ X][X].

20,49818 —4,43769 0,5351 0,10443

[M]1 = —4,43769 1,03308 —0,00719 -—0,10443
0,69351  —0,00719 0,25336 —0,00507

0,10443 —0,00535 —0,00507 0,09053

Thay vao cong thuc (13), ta co:
=4,2369;

0 1
ttinh ttinh

=29,3983;

2
tinh

—94,3816; |12,

=7,4276.

t

Tra bang phan bd Student véi (N — k —
Lr):Dotincayr=982vaN-k—-1=7co L
=2,517.

Ta nhan thay [t [>t

e VO11=0 =3,
ang

Nhu vay, cac hé sb a thuc su tdn
tai hay phuong trinh hdi quy thuc nghiém:

¥ =4,8861-0,1579.x, +1,7961.x, + 0,0819.x,
ton tai. Quan h¢ gilra cac thong s6 ché do cat
(V, S, t) va d6 nham bé mit (R ) dugc biéu dién
qua phuong trinh:

Ra — 132’ 436'V—0,1579.S1,796l.t0,0819

Noi céach khac, moé hinh toan hoc nay
hoan toan phu hop véi thue nghiém.

3.3. Két qua nghién ciru anh hwong cia cac
thong s6 cong nghé¢ dén dd nham bé mit

St dung phan mém SigmaPlot V16 dé
minh hoa bang d thi anh hudng ctia cac thong
s6 ché do cat (V, S, t) dén d6 nham bé mat gia
cong (R ) nhu trén cac Hinh 5, 6, 7.

Hinh 5. D6 thi quan hé gitta R voi van toccatV
va luwong chay dao S khi t = 0,7 mm.
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Hinh 6. Do thi quan h¢ giita R voi vdn téccatV
va chiéu sdu cdat tkhi S = 0,1 mm/vong.

Hinh 7. D6 thi quan hé giita R, voi lwong chay dao
S va chiéu sdu cdt t khi V = 70 m/phiit.

Trén d6 thi trong cac Hinh 5, 6, 7 cho
thdy quy luat anh hudng cua cac thong s6 ché
d6 cit dén d6 nham bé mat chi tiét hop kim
Titan TiSAl khi gia cong trén may tién CNC
nhu sau: Khi van tdc cat thay doi tir 50 — 100
m/phit; lugng chay dao thay d6i tir 0,05 — 0,2
mm/vong; chiéu sau cét dao dong tur 0,1 — 1,0
mm thi d0 nham dao dong tur 0,25 — 3,8 um.

Tuy nhién, mirc d6 anh huéng ciia mdi thong s6
ché d6 cit 1a khac nhau. Két qua ¢ Hinh 5 chi ra
réng, khi tang luvong chay dao (S) thi 6 nham
bé mit (R,) tang, khi tdng van toc cat (V) do
nham giam. Trong Hinh 6, khi ting chiéu sau
cit (t) thi do nham (R)) tdng, khi tdng van toc
cat ) do nham giam. Trén Hinh 7, khi tang
chidu sau cit (t) va hmng chay dao (S) thi do
nham tang. T cac do thi ta thay rang, trong ba
thong sb ché do cit thi lwong chay dao (S) co
anh huong 16n nhat dén do nham bé mat.

4. KET LUAN

Bang thuc nghiém da xay dung duoc
phuong trinh hdi quy ciia @ nham bé mit (Ra)
phu thudc vao cac thong sb ché do cit (V, S, t)
khi gia cong chi tiét hop kim Titan Ti-5Al trén
may tién CNC EMCO Maxturn45.

Phuong trinh héi quy 14 ham mil cua
cac thong s6 ché do cit (van toc cit, lugng chay
dao, chiéu sdu cat). Phuong trinh hdi quy da
dugc kiém tra thanh cong bang cong cu thong
ké todn hoc voi dd tin cay 1om hon 98,2%.

ba xac dinh dugc anh huong ctia mot
) thong s6 ché do cit dén d6 nham bé mat khi
gia cong chi tiét vat liéu hop kim Titan Ti-SAL
Trong d6, khi ting van toc cét (V), lugng chay
dao (S) va chiéu sau cit (t) thi d6 nham bé mat
gia cong (R)) tang, tuy nhién anh huong cua
luong chay dao (S) 13 16n nhat.

Két qua nghién ciru lam co s& lya chon
thong s6 ché do cit toi uu phu hop véi yéu cau
vé d6 nham bé mat cua chi tiét can gia cong tir
hop kim Titan Ti-5Al trén may ti¢n CNC. <
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