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STUDY ON THE INFLUENCE OF TECHNOLOGICAL PARAMETERS ON 
SURFACE ROUGHNESS IN HIGH SPEED TURNING TITANIUM ALLOY ;% 

BT14 USING THE RESPONSE SURFACE MENTHODOLOGY (RSM) ^ 
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T6MTAT 

Bdi bdo trinh bdy kit qud nghien cuu dnh hudng cua cdc thdng sd cdng nghe den do nhdm be 
mat chi tiit khi tien cao toe hop kim Titan BTI4 tren mdy tien CNC. Cdc thdng sd cdng nghe dnh 
hudng den do nhdm be mat duoc nghien dm trong bdi bdo la toe dp cdt, luong chay dao vd chieu 
sdu cdt. Cdc tdc gid da su dung phuang phdp be mat ddp ung (RSM) vdi thiet ke cdu true cd idtn 
(CCD) de xdc dinh phuong trinh quan he cua 3 thdng sd tren vdi do nhdm. Ket qua nghien cuu la 
cdc do thi dnh hudng cim cdc thdng sd cdng nghe den do nhdm be mat chi tiet gia cdng. Phdn tich 
cho thdy, cdc thdng so cdng nghe tren deu co dnh hudng den do nhdm be mat Ra, trong do luang^,. 
chgy dao co dnh hudng lan nhdt. Gid tri Ra nhd nhdt dat duac theo du Soan cua mo hinh Id 0,25 
tm trong khi gid tri nay thu duac tu thuc nghiem kiem chimg la 0,259 fim, sai lech nhd hem 5% cho 
thay su tin cdy cda ket qud nghien citu. 

Tir khoa: Hap kim titan, hap kim titan BT14, tien cao toe, do nhdm bi mdt, thong so cong 
nghe, RSM, CCD, toi uu hda. 

ABSTRACT 
This paper presents the research results about the influence of technological parameters on tlie 

surface roughness with high speed turning Titanium alloy BT14 on a CNC lathe. The technologicd 
parameters studied in the paper are cutting speed, feed rate and depth of cut The authors have 
used Response Surface Methodology (RSM) with central composite design (CCD) to determine 
the relationship of three above parameters and the surface roughness. The research results are 
the graphs, which show the influence of technological parameters on the surface roughness of 
theworkpiece. Analysis showed that all of the above technological parameters have effect on the 
surface roughness Ra,but the feed rate has the greatest effect. The minimum value Ra is predicted 
by the model IS 0,25 ̂ m, while the value of examining experiment is 0,259 ̂ m, the 5% less deviation 
indicates the reliability of the research results. 

Keywords: Titanhmi alloys, titanium alloy BTI4, high speed turning, surface roughness, 
technological parameters, RSM, CCD, Optimization. 
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1. MO DAU 

Nhd cac dac tinh nhu: Do ben rieng cao, 
dp ben nhiet cao, chdng an mdn, khang tu... 
nen hgp kim titan dugc iing d\mg ngay cang 
nhieu trong cac nganh Cdng nghi^ hang 
khdng, khdng gian, vii khi, d td, y ti...Tuy 
nhien, do modun dan hdi nhd, he sd truyin 
nhiSt thap, dd ben va ben nhiet cao nen hgp 
kim titan la vat U6u khd gia cdng bdi dao bi 
mdn nhanh < ^ dSn chit lupng bi mat thip... 
Mpt giai phap da dupe cac nha nghien cuu ling 
dung de khac phuc nhupc diem nay la cdng 
nghe gia cdng cao tdc. 

Da cd kha nhieu cdng trinh nghien cuu 
vS gia cdng cao tdc hpp kim titan, trong dd cd 
nhimg nghien ciiu ve anh hudng cua cac thdng 
sd cdng nghe den dp nham be mat. Che-Haron 
[1], thuc hien cac nghiSn cum thuc nghiem ve 
gia cdng hgp kim titan sii d\mg dyng cu cacbit 
vonfram dem thuan. Khi danh gia anh hudng 
cua che dd cat den dp nham be mat, nghien 
cdu da cho thay rang, dp nham be m^t se cao 
han ndti gia cdng d tdc dp cat nhd hofn 60 m/ 
phut. Ngugc lai, tdc dp cat tang len den 90 m/ 
phut, dp nham se giam. Cac phan iing hda hpc 
cua vSt hSu gia cdng tiSp tuc tang len vdi tdc 
dp cat cao hem 110 m/phut va do do dSn den su 
pha huy nhanh chdng ciia dung cii cat. Ket qua 
la dp nham be mat tang l§n. Zoya va Kiishna-
murthy [2] khi nghien ciiu ve tien cao tdc hgp 
kim titan da luu y- rang, cac be mat gia cdng 
tinh se dugc nang cao chit lugng vdi tdc dd 
cat 185 m/phut. Nhung tren tdc dp cat nay, dp 
nham bi mat tang theo cip sd nhan. Ribeiro 
et al [3], trong khi gia cdng vdi dung cu hpp 
kim cting khdng trang phu da cho thay ring 
dp nham be mat giam khi tdc dp cat tang tu 
55 m/phut den 90 m/phut Ngugc lai, cac tac 

gia ciing da nhlui thiy sg gia tang dot ngdt cua 
dd nham bi mat d tdc dp Idn horn 110 m/phiit. 
Nabhani [4] nghien ciiu tac ddng cua cac loai 
dimg cu cit din dp nham bi mat khi tien hpp 
kim titan TA48 can va u vdi cac dung cu la 
PCBN va PCD. Kit quS cho tiiiy chit lugng 
bi mat cua phdi dat dugc bang dung cii PCD la 
tdt horn so vdi PCBN va cac loai hpp kim ciing 
cd ldp phu khac. 

Cd thi nhan thiy, do cac thi nghidm dugc 
tiigc hien chu ydu vdi mac hgp kim Ti6A14V 
(BT6) nhung tren cac md hinh khac nhau, 
nen cac nhan dinh dua ra chi cd su thdng nhat 
tuong ddi vd dinh tinh. Dd cd the iing d^ng cac 
nghien ciiu nay vao mpt md hinh gia cdng cu 
thi vdi mdc hgp kim Idiac nhau, bing nhiing 
dung cu thae nhau can thiet phai cd nhiing thd 
nghiem rieng. 

Vdi muc dich dd, tac gia bai bao da thuc 
hien nghien ciiu nay nhim gdp phan giiip cac 
nha may qudc phdng lam chii cdng nghe che 
tao cac chi tiit dugc chd tao tu hgp kim tit^i 
BT14 ciia Tdn liia IGLA va mdt sd loai Tdn Ivca 
khac, rdng hon niia la cac ehi tiit trong ngdnh 
Hdng khdng, vii tru, y ti v..v.. 

2. PHirONG PHAP NGHlfeN CUtl 

Vat lidu ciia mau su dung cho nghien 
cuu nay la hpp kun titan BT14, thudc nhdm 
(a+p), dp Cling do theo thang Brinen la 320 
HB. Thanh phin hda hpc theo Bang 1, co thih 
theo Bdng 2. Miu cd dudng kinh <l>50mm. 
Mdt dau dupe tidn ha bac di ga tren mam cap, 
mdt dau cd 1§ chdng tam, chiiu dai phin dung 
cho tidn thgc nghidm la 40mm. Ldp ngoai 
dugc tifn tring, hit cac khuyit tat trudc khi 
tiin hanh thi nghidm. ^ 
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Bang I. Thdnh phdn hoa hgc da hop kim BTI4 

Fe 

max 
0,25 

C 

max 
0,1 

Si 

max 
0,15 

Mo 

2.5-3,8 

V 

0.9-1.9 

N 

max 
0,05 

Tl 

86.85-
92.8 

AI 

3,5-6,3 

Zr 

max 
0,3 

O 

max 
0,15 

H 

max 
0,015 

T9P 
ch^t 

max 
0,3 . 

Bdng 2. Ca tinh dia phdi cdn thanh hap kim BT14 

ô  (Mpa) 

865-1080 

8(%) 

>8 

V{%) 

25-35 

a^(KJ/m=) 

450-500 

Dung cu dung cho tlii nghiem la miii 
dao CO ky hieu *WNMG 080408-ZF ciia hang 
Tungaloy (hinh 1). MOi dao co phu lop TiCN + 
Alj03(a), duoc thiet k6 dung cho gia cong tinh 

4 h^M 
T 

• ^ 
t 

1=8,7 d=ll,7 S=4,76 

Hinh I. Mm dao *WNMG 0S0408-ZF vd cdc 
thong so chinh 

Thiet bi dung cho thi nghifim la may tiSn 
CNC Takisawa EX-108. May dung he diSu 
khien Fanuc 21i-TB. tdc do t6i da cua hiic 

chmh la 4200 vong/phiit. ThiSt bi do dO nham 
c6 ky hieu TR200. Cac thi ngtiiSmdugc thuc 
hien trong dieu ki8n co su dung phuong phap 
boi tron, lam nguoi d^g IG voi dung dich din 
khoang hoa tan trong nuoc. 

Thiet ke thuc nghiem sur dung phuong 
phap be mat dap iing (RSM - Response Surface 
Methodology) voi thidt kS ciu tnic c6 tSm 
(CCD - Central Composite Design) duac tich 
hop trong phin mSm Design Expert. Trong tuy ' 
chpn ciia CCD, chgn phuang an true giao cap 
hai (Orthogonal Quadratic) voi s6 diSm tam 
la 1, gia tri ma rong a se dugc tu dong tinh 
toan bang 1,215. Tri s6 cac muc cua cac thong 
sa chS do cit theo CCD dugc trinh bay hong 
Bang 3. 

Sdng 3. ndng so che So cat vd cdc mite cda no dimg trong thuc nghiim 

Bi^n thirc 

Van toe cat Vc 

Luong chsiy dao: S 

Chieu s^u cat: t 

Biln ma hoa 

A 

B 

C 

Dffnvj 

m/phiit 

nim/v6ng 

mm 

Mu-c nghign ciru 

-1,215 

95 

0.023 

0.025 

-1 

110 

0.05 

0.1 

0 

180 

0,175 

0,45 

+1 

250 

0,3 

0,8 

+1,215" 

265 

0,327 

0,875 
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3. KET QUA VA THAO LUAN 

3.1. IMa tr|n vk kit qui thyv nghifm 

De dam bao s6 bdc tu do ciia 16i thuin 
(pure error) Ion hon 4 va tang do chinh xac khi 
tinh toan d§ cong cua be mat dap iing. s6 diSm 
tam se dugc chen thenlS diSm so voi ban diu. 
Nhu vay, se co 20 thi nghiem cto phai thuc 
hien. K6t qua thuc nghiem dugc thj Men trong 
Bang 4. 

Bdng 4. Bdng ma trgn vd kit qud thuc nghiem 
theo thiet ke cdu true co tdm: 

TT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

14 

15 

16 

17 

18 

19 

20 

A 

-
+ 

-
+ 

-
+ 

-
+ 

-a 

+a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

B 

-
-
+ 

+ 

-
-
+ 

+ 

0 

0 

-a 

+a 

0 

0 

0 

0 

0 

0 

0 

0 

c 
-
-
-
-
+ 

+ 

+ 

+ 

0 

0 

0 

0 

-a 

• + a 

0 

0 

0 

0 

0 

0 

Ra (pm) 

0.393 

0.344 

1.825 

1.715 

0.362 

0.305 

2.237 

2.176 

0.905 

0.723 

0.309 

2.437 

0.657 

0.945 

0.805 

0.785 

0.836 

0,743 

0,857 

0,812 

Kit qua nghien cihi dupe phan tich bang 
phin mem Design- Expert 8.0.5, Stat- Ease, 
Inc., Minneapolis, USA. 

3.2. Phan tich ANOVA 

Phan tich s\r phii hpp cua md hinh va su 
cd nghia cua md hinh dupe danh gia qua ph&i 
tichANOVA(bang 5) va cdc chi sd tuong quan 
(bang 6). Su cd nghia cua cac he sd hdi quy 
duac kidm dinh bdi chuSn Fisher: F, vdi cac 
gia tri P < 0,05 cho biet cac he sd hdi quy cd 
nghia. Nhu v^y, bang 6 cho thSy gia tri Fcua 
md Mnh la 486,34 va md hinh hodn toan cd y 
nghia thdng kd vdi d0 tin cay Idn hon 99,99% 
(P<0,0001). Cac yiu td A; B; C; BC; B^ cd gia 
tri P < 0,05 la cac ydu td cd nghia. Cac ydu 
td AB; AC, A ;̂ Ĉ  cd gia tri P > 0,05 la cac 
ydu td khdng cd nghia. Thdm vao do, chuin F 
cho su khdng tuong thich (Lack of Fit) bang 
1,52 umg vdi gia tri P = 0,3294 > 0,05, didu dd 
chdng td md hinh hoan toan tuong thich vdi 
thuc nghiem. Kdt qua p h ^ tich ANOVA cung 
cho tiiiy gia tri R̂  (R- Squared) bang 0,9977 
(bang 6) gin b ^ g 1, hon niia gia tri R̂  du doan 
(Pre R- Square) la 0,9878 phu hpp vdi R̂  hidu 
chmh (Adj R- Squared) la 0,9957 (dp lech la 
0,0079 < 0,2) chiing td md hmh tiiang thich, 
vdi thuc nghidm. Ty Id tin hieu so vdi nhieu 
(Adeq- Precisior) la 65,949 > 4, thd hidn tm 
hieu da day du. Md hinh nay cd dd diiu kien 
dd ling dyng. 
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Bang 5. Bdng phdn tich ANOVA 

Ylnt6 

Mn hinh 

A-Vc 

B-S 

C-t 

AB 

AC 

BC 

A^ 

B^ 

C^ 

Ph§ndu 

Khong tuong thich 

Sai so thu§n 

T6ng tuong quan 

TSng binh 
phiTffng 

8.75 

0.023 

7.62 

0.12 

5.281E-004 

2.101E-004 

0.11 

3.251E-005 

0.76 

6.847E-004 

0.020 

0.012 

7.947E-003 

8.77 

BSctf 
do 

9 

10 

5 

5 
19 

Trung binh 
binh phinmg 

0.97 

0.023 

7.62 

0.12 

5.281E-004 

2.101E-004 

0.11 

3.251E-005 

0.76 

6.847E-004 

2.000E-003 

2.411E-003 

1.589E-003 

Giatr|F 

486.34 

11.33 

3809.12 

60.68 

0.26 

0.11 

55.58 

0.016 

382.19 

0.34 

1.52 

Gia trip 
Prob > F 

< 0.0001 

0.0072 

< 0.0001 

< 0.0001 

0.6185 

0.7525 

< 0.0001 

0.9011 

< 0.0001 

0.5714 

0.3294 

Tincly 

IChdng ' 
tinc^y 

Bdng 6. Kit qud phdn tich suphu hap cua md hinh vai thifc nghiim: 

Th6ng so 
Do lech chain 

Gia tri tnmg binh 
He s6 bien thien % 

Tong binh phuong phin du du doan (PRESS) 

Gia tri 
0.045 

1.01 

4.43 

0.11 

ThSng s6 
R̂  

R̂  hieu chinh 

R̂  du doan 

Ty le linhieu so voi nhieu (Adeq Precision) 

Gia trj 
0.9977 

0.9957 

0.9878 

65.949 

Ket qua so sanh gia tri do nham bS mat 
Ra theo dir doan ciia mo hinh v^ kSt qua thuc 
ti dugc cU ra theo Hinh 2. 

Hinh 2. So sdnh kit qud Ra du dodn 
vd thuc nghiem 

Phuong ttinh h6i quy: Sau khi Io?i di 
cic y6u to khong co nghia. phln m^m Design-
Expert dua ra phuang trinh h6i quy nhu sau: 

Ra = 0.81 - 0.045.A + 0,83.B + O.ll.C + 0,12 
B.C + 0,38.6^ (1) 

Khi doi tii biSn ma hoa sang bi8n thuc, phuong 
trinh (1) se tra thanh phuang trinh (2). 

Ra = 0,52617 - 0,0004,01205.Vc - 2,795248 
- 0,12575.1 + 2,69429.S.t + 24,06145.8^ (2) 
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3.3. Phan tich anh hirdng cua chi dg cit din 
dg nham hk m t̂ 

3.3.1. Anh hu&ng doc lg.p cua cdc thong sd 

Xet su anh hudng cua mpt thdng sd din 
dd nham be mat Ra khi hai thdng sd cdn lai giu 
nguydn gia tri d t ^ . Miic dp anh hudng ciia 
cac thdng ddc ISp cd thd duofc so sanh dua trdn 
dp ddc cua cac dudng biiu didn: Viin tdc cit 
Vc: A, luong chay dao S: B, chidu sau cit t: C 
(hinh 3). Chung ta cd thi dd dang nhan ra ring 
S cd anh hudng quyet djuh din Ra tiong khi 
Vc v^ t cd anh hudng tuang ddi nhd din Ra. S, 
t tang ty Id thudn vdi Ra, Vc ty Id nghich vdi 
Ra. Mdc dp dnh hudng ddn Ra tang Idn Idii S 
va Vc tang len trong Idii didu nay l?i nguac lai 
vdi t. Su anh hudng cua S va Vc din Ra cho 
tiiay su phu hpp vdi ly thuyet gia cdng kim 
loai cimg nhu ly thuydt vd cdng nghe gia cdng 
cao toe. Su anh hudng cua t ciing chiing minh 
rang: vdi he thdng cdng nghe ciing viing thi 
anh hudng cua t ddn dp nhdm bi mat la khdng 
dang kd. 

3.3.2. Anh hir&ng cua v^n tdc cat vd lu&ng 
chgy dao 

Cd the nh$n thay d tiong ca ba gia tri 
khac nhau cua chidu sau cat t, dd thi bieu diln 
su anh hudng cua van tdc cat Vc va lupng chay 
dao S den dp nham be mat Ra deu cd chung 

mdt quy luat (hinh 4). Ra cao nhat khi Vc nhd 
nhit va S Idn nhit, Idii Vc tang len, Ra cd xu 
hudng giam din. Ra dat gia tri thip nhat khi 
Vc Idn nhit, S nhd nhat. 

3.3.3. Anh hu&ng c&a vgn tdc c&t va chieu 
sau cat 

Tu Hinh 5 cd thd nhan thdy, vdi ba miic 
khdc nhau cua luong chgy dao S thi do thi bidu 
didn su dnh hudng cda vmi tdc cat Vc, chieu 
sau cat t den dd nhdm be mat Ra deu cd do ddc 
kha nhd, didu dd cd nghia la su anh hudng cua 
hai yiu td nay ddn Ra Id khdng Idn. 6 gia tri 
S^,023, Ra cd xu hudng gidm xudng khi t va 
Vc tang Idn, Ra dat gia tri nhd nhdt klii Vc va 
t Idn nhat. 6 hai gid tri cdn lai Id S = 0,175 vd 
S = 0,372 thi khi t tang Ra tang, Vc tang Ra 
giam, trong hai trudng hpp nay, Ra nhd nhat 
khi t nhd nhat va Vc Idn nhit. 

Hinh 3. So sdnh muc do dnh hu&ng cua cdc yiu to 
ddc lap vai chi do cdt a tdm thy:c nghiem 

X = 0.023 t = 0,45 t = 0.875 

Hinh 4. DS thi 3D biiu thi dnh hudmg cua Vc vd S din Raa 3 mice t khdc nhau 
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S-0,175 S-0J27 

Hinh 5. Dd thi 3D biiu thi dnh huong cua Vc vd t den Ra&3 muc S khdc nhau 

3.3.4. Anh hu&ng cua luffng chgy dao vd chiiu sau cat 

Td Hinh 6 cd the nhan thay: 0d nhdm bd mat Ra Idn nhat khi lupng chay dao S Idn nhit va 
chieu sau cat t nhd nhat. Ra giam nhanh khi S giam. Ndu S d gid tri Idn nhat khi dd t giam thi Ra 
cung gidm tuong ddi rd ret trong khi vdi S nhd nhit tiii su dnh hudng do su thay ddi cua t din Ra 
la khdng rd net. 

•p 

^^TJ^i"" 
^̂ -̂̂ .̂..̂^ ̂ -̂ "̂'̂  ° Isa s=i ^ 

" " Vc-lSO , VC-2S5 

Hinh 6. Bd thi 3D bieu thi dnh hudng cda S vd t din Raa 3 miic Vc khdc nhm 

4.T6ir ruH6A 

* T6i im hoa: Tmh toan t6i uu 
hoa chS do cat &i iai dugc do nham 
be mat nho nhit bang phSn m4m 
Design- Expert, kSt qua phta mim 
tim dugc la; 

Ra = 0.25 pm ling voi Vc = 265 ml 
phut; S = 0.023 mm/vong; 

t = 0.875 mm (hinh 7). 

J lies 
"0 !» 1 

0.M5 J4Sr 

Ri=0,J4M67 

023 1 1)327 0035 1 

0,050 OJOO 0.100 

&S-OOB Ct 

Dcsirability = 0.938 

* 

'' lb 
OJOO ' 

= OB75 

, 
i 

Hinh 7. Biiu kien lot uu hoa do nhdm bi mqi 
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* Thuc nghidm kidm chiing: Thyc 
nghidm kiim chung duac thuc hidn lap lai 3 
lan d cung md hinh thuc nghidm, didu kidn 
thuc nghidm nhu da tiin hanh. Kit qua dupe 
thi hidn tiong Bang 7. Dp l$ch cua gia tri Ra 
dy dodn so vdi ket qud kidm chung la 0,009 
bang 3,47% gid tri kiem chiing. Diiu ndy mdt 
lan nua khang dinh tinh diing din cda md hinh 
du doan. 

Bdng 7. Bdng ket qud thuc nghiem kiem chung 

che dg tdi uu 

TT 

1 

2 

H 

Vc 
m/ph 
265 

265 

S 
mm/vong 

0.023 

0.023 

265 1 0.023 

t 
mm 

0.025 

0.025 

0.025 

Trung bhih 

Ra 
pm 

0.238 

0.263 

0.275 

0.259 

5. KET LUAN 

S\r anh hudng cua chiiu sau cit din dd 
nham bd mat Id khdng Idn khi he thdng cdng 
nghe cdn ddm bao su ciing viing. Dd thi anh 
hudng cua chidu sdu cat ciing nhu kdt qua tdi 
uu hda dd dat dp nhdm nhd nhat da chiing minh 
dieu nay. Nhu vay, kinh nghiem nit ra cho qud 
trinh gia cdng la: Nen chon chidu sau cat theo 
dp cung viing cua he thdng cdng nghe, khdng 
nhat thidt phai chpn chieu sau cat nhd khi gia 
cdng tinh. Mudn cd nang suat cao, can thidt 
phai thidt ke he thdng cdng nghd dam bdo dd 
Cling vimg. 

Khi dung cu cit cd kha nang chiu mdi 
mdn, chiu nhidt tdt ndn chpn van tdc cat Idn 
dd tang nang suit cung nhu cdi thidn dp nhdm 
bdmat. 

Lupng chay dao cd dnh hudng rat Idn 
den dp nhdm bd mat, khi lupng chay dao 
khdng qud nhd, hai yeu td nay cd su thay ddi 
ty Id thuan vdi nhau. Mudn thay ddi dp nhdm 

bi mat, cdch hidu qua nhit la diiu chinh lai 
lupng chay dao. 

Hop kun titan BT14 vi ly thuyit la vat 
Ueu khd gia cdng nhung neu he thdng cdng 
nghe Cling vung, chpn dung cu cd dd ben nhidt 
cao, chpn chd dp cat hop ly thi van cd thd gia 
cdng tuang ddi dh dang. Didu dd dupe chiing 
minh bdng dp nhdm cd thd len ddn cap 9; 10 
ma cac thi nghidm da dat dupe. 

Tinh chinh xac cua md hinh da xay dung 
da dupe chiing minh qua phan tich ANOVA 
cung nhu qua su so sdnh ket qud giiia du dodn 
vd thuc nghiem. Md hinh ndy hoan toan cd the 
ling dung ttong thirc te dd dy doan gia tri dp 
nham Ra dya tten cac thdng sd cua chd dp cat 
khi gia cdng hop kim BT14. Ndu ddm bdo su 
tuang ddng cua md hinh gia cdng vdi md hinh 
thuc nghidm thi cd thd dat din dd nhdm cip 
10. • 
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