NGHIEN CU'U - TRAO DBOI
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NGHE DEN DO NHAM BE MAT KHI TIEN CAO TOC HOP KIM
TITAN BT14 BANG PHIPONG PHAP BE MAT DAP (NG (RSM)

STUDY ON THE INFLUENCE OF TECHNOLOGICAL PARAMETERS ON
SURFACE ROUGHNESS IN HIGH SPEED TURNING TITANIUM ALLOY 4.
BT14 USING THE RESPONSE SURFACE MENTHODOLOGY (RSM) .

KS. B3 Viin Toan )
Nhi méay Z183, Tng cuc Cong nghigp Qudc phong

TOM TAT

Bai béo trink bay két qud nghién ciru dnh hudng ciia cdc théng 56 céng nghé dén dp nham bé
mdt chi tiét khi tién cao 16c hop kim Titan BT14 trén méy tién CNC. Céc thong sé cong nghé dnk
huedng dén di nhim bé mét dwge nghién ciu trong béi bdo 14 e &9 cdt, lrgng chay dao va chiée
sdu et Cde tdc gid da st dung phuwong phap bé mér dip g (RSM) véi thiét ké cdu tric o6 tim
(CCD) dé xde dinh phicong trink quan hé cua 3 thong 6 trén véi 46 nham. Két qud nghién citn It
cdc d6 thi dnh huéng ciia cdc thong s6 cong nghé dén db nhdm bé mat chi tiét gia edng. Phdn tich
cho thily, chc thong s8 cong nghé trén déu cé anh huomg dén @G nhém bé mat Ra, trong do leong®.
chay dao c6 dnh huong lém nhdt. Gid tri Ra nko nhdt dat duoc theo die dodn cia mé hink 1 0,25
pm trong khi gid i ndy thu dueoc tit thyc nghiém kiém chimg Ia 0,259 pm, sai léch nhd hon 5% cho
thdy s tin cgy ctia két qud nghién ciou.

Tir khéa: Flop kim titan, hop kim fitan BT14, tién cao 1dc, dé nhm bé mat, théng 56 cong
nghé, RSM, CCD, t6i wu héa.

ABSTRACT

This paper presents the research results about the influence of technological parameters on the
surface roughness with high speed turning Titanium alloy BT14 on ¢ CNC lathe. The technological
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 resulis are
the graphs, which show the influence of technological parameters on the surface roughness of
the workpiece. Analysis showed that alf 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 predicled
by the model is 0,25 um, while the value of examining experiment is 0,259 um, the 5% less deviation
indicates the reliability of the research resulss. ’

Keywords: Titanium alloys, titanium alloy BTI4, high speed turning, surface roughness,

technological parameters, RSM, CCD, Optimization.
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1. MO PAU

Nhés céc dic tinh nhw: D bén riéng cao,
46 bén nhiét cao, chéng in mon, kbang tir...
nén hop kim titan duge img dyng ngay cing
phidu trong cic nganh Céng nghiép hang
khéng, khdng gian, vii khi, 6 16, y ... Tay
nhién, do modun dan hdi nhé, hé sb truyén
nhigt thép, 46 bén va bén nhiét cao nén hop
kim titan 13 vat liu khé gia cong béi dao bi
mén nhanh dén dén chét lugng bé mit thip...
Mot giai phap dé dugc cic nha nghién cim img
dung dé khic phuc nhuge diém ndy 13 cong
nghé gia cong cao tdc.

P c6 kha nhidu cong trinh nghién cé
v& gia cong cao tbe hop kim titan, trong d6 cb
nhitng nghién ciru v& anh hwéng cla céc thong
6 céng nghé dén d5 cham bé mat. Che-Haron
[1], thwe hign cac nghién ciru thure nghiém vé
gia cOng hop kim titan sir dung dung cu cacbit
vonfram don thudn. Khi d4nh gid dnh huéng
cita ché dd cét dén d6 nham bé mit, nghién
cim dé cho thiy ring, d6 nhéam bé mjt s& cao
hon néu gia cdng & tée d6 cht nhé hon 60 m/
phitt. Nguoe lai, tdc d cit ting 1én dén 90 m/
phit, 46 nhém s& giam. Cac phan vmg héa hoc
ciia vat liéu gia cong tiép tuc ting 1én véi tbe
8 cit cao hon 110 m/phit va do 36 din dén sy
pha hity nhanh chéng ciia dung oy cht. Két qua
13 & nham bé mit ting 1én. Zoya va Krishna-
murthy [2] khi nghién ciru v& tién cao téc hop
Lim titan d& hru ¢ ring, cic b& mit gia cong
tinh s dugc nang cao chit Iwgng véi the do
cit 185 m/phat. Nhung trén téc db cit ndy, d6
nham bé mit ting theo cp s6 nhin. Ribeiro
et al [3], trong khi gia cOng vdi dung cu hop
kim ctmg khéng trang phd di cho thdy ring
d6 nham b3 mat giam khi the d6 cét ting tir
55 m/phit dén 90 m/phit. Nguoe lai, cic tic
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gi4 ciing d4 nhan thiy sy gia ting dt ngdt coa
&6 nhém bé mit & tée d6 16m hon 110 m/phit.
Nabhani [4] nghién ciru tic dong cia céc loai
dung cu cit dén d6 nham bé miit khi tién hop
kim titan TA48 c4n v 11 v6i céc dung cu la
PCBN va PCD. K&t qui cho thiy chét legng
bé mit cia phéi dat duge bing dung cy PCD 14
5t hon so véi PCBN v céc loai hop kim cimg
¢6 16p phit khéc.

C6 thé nhan thiy, do cac thi nghiém dugc
thirc hién chii yéu véi mac hop kim Ti6A4V
(BT6) nhung trén cic md hinh khic nhau,
nén cdc nhin dinh dua ra chi c6 sy théng nhét
twong déi v& dinh tinh. D& c6 thé ing dung cdc
nghién ciru ndy vio mdt mod hinh gia cdng cu
thé véi méc hop kim khic nhau, bing nhimg
dyung cy khéc nhau cin thiét phai co nhiing thir
nghiém riéng.

V& muc dich d6, the gia bai bao di thue
hién nghién ciru niy nhim gép phin gitp cdc
nha mAy quéc phang lam chit cong nghé ché
120 céc chi tiét duge ché tao tir hop kim titan
BT14 clia Tén hra IGLA va mét s6 loai Tén lira
khéc, rong hon nita 14 cic chi tiét trong nganh
Hang khéng, vii try, y t& v..v..

2. PHUONG PHAP NGHIEN c0'U

Vit ligu clia miu sit dung cho nghién
ciru nay 12 hop kim titan BT14, thudc nhém
(a+B), d0 clmg do theo thang Brinen 1 320
HB. Thanh ph?m hoa hoc theo Bang 1, co tinh
theo Béng 2. Miu ¢6 dudng kinh ®50mm.
Mat du dwge tidn ha bic ¢ ga trén mam cip,
mot ddu c6 1§ chéng tam, chiéu dai phin ding
cho tién thyc nghiém 13 40mm. Lép ngoai
duge tign tring, hét cic khuyét tit truge khi
tién hanh thi nghidm. &
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Bing 1. Thanh phdn hoa hoc ciie hop kim BT14

] s 7 Tap
Fe [ Si Mo v N Ti Al Zr ! o H chie
max max max max | 86,85- _ max max max max
025 | 01 | 015 2538[09-L9| ooc | g [3963] 93 | 015 | 0015 | 03
Bang 2. Co tinh ctia phii cdn thanh hop kim BT14
6, (Mpa) 8 (%) v (%) a, (KJ/m®)
865-1080 >8 25-35 450-500

Dung cu dung cho thi nghiém [& mili
dao cé ky hiéu *WNMG 080408-ZF cua hing
Tungaloy (hinh 1). M{ii dao ¢6 phti 16p TiCN +
ALO (@), dugc thiét ké diing cho gia cong tinh,

sit @

=127

1=87 §=4% =08 dI=315

Hink 1. Mii deo *WNMG 080408-ZF va cde
théng s3 chink

Thiét bj ding cho thi nghiém 13 méy tién
CNC Takisawa EX- 108 May dung hé diéu
khién Fanuc 21i-TB, tbc &6 téi da cua true

chinh 1 4200 vong/phixt. Thiét bi do db nhim
¢6 ky hiéu TR200. Céc thi nghiém duge thyc
hién trong didu kién c6 sir dung phuong phap
boi trom, 1am ngudi dang 1 véi dung dich dn
khoang hoa tan trong nudc.

Thiét ké thie nghiém sty dung phuong
phép bé mat dép tng (RSM - Response Surface
Methodology) v6i thiét k& céu tric c6 tim
(CCD - Central Composite Design) duge tich
hop trong phin mém Design Expert. Trong thy
chon ciia CCD, chon phuong an tryc giao cap
hai (Orthogenal Quadratic) véi s& didm tim
Ial, gla tri mor rong a s duge tu déng tinh
toan bang 1 215 Tri 56 cdc méc cva cc thong
86 ché d¢ cat theo CCD duge trinh bay trong
Bang 3.

Bdng 3. Théng 58 ché d cdt vi cc mite cia né ding trong thyc nghiém:
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Bién thyc Biénmihoa| Don Vi . Mikrc nghién ciru
1215 | 0 +1 | +1,5]
Vi o cht ve A miphit | 95 | 110 | 180 | 250 | 265
Linong chay dao: § [ mnrvong | 0,025 | 0,05 [ 0175 | 03 | 0271
Chiéu shu cit: t c J mm 0025 | 0,1 045 08 0875
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3. KET QUA VA THAO LUAN
3.1. Ma trn va két qua thrre nghiém

DE dim bao sb bic tu do cita 151 thudn
{pure error) lén hon 4 va ting d9 chinh x4c khi
tinh todn 48 coug ctia b mit dap img, sb didm
tim s& duge chén thém 5 diém so voi ban dau.
Nhu vay, sé ¢6 20 thi nghiém cn phai thue
hign. Két qua thye nghiém duge thé hign trong
Béng 4.

Béng 4. Bang ma trin va két quei thuc nghiém
theo thiét ké cdu tric co tam.:

TT| A B C Ra (pm)
1 - - -1 0.393
2 + - - 0.344
3 - + - 1.825
4 + + - 1.715
5 - - + 0.362
6 + - + 0.305
7 - + + 2.237
8 + + + 2.176
9 -a 0 0 0.905
10 | +o 0 0 0.723
11 0 -a 0 0.309
12 0 +a 0 2437
13 0 0 -a 0.657
14 0 0 +a 0.945
15 0 0 S0 0.805
16 0 0 0 0.785
17 0 0 0 0.836
18 0 0 0 0,743
19 0 0 0 0,857

20 0 0 0 0,812
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Két qua nghién ciru duge phén tich bing
phin mém Design- Expert 8.0.5, Stat- Ease,
Inc., Minneapolis, USA.

3.2. Phan tich ANOVA

Phan tich syt phv hop ctia md hinh va sy
c6 nghia clia mé hinh dwge danh gid qua phan
tich ANOVA (bang 5) v cac chi sé trong quan
(bang 6). Su c6 nghia ciia céc hé sb hoi quy
dwgc kiém dinh béi chudn Fisher: F, véi cdc
gi4 tri P < 0,05 cho biét céc hé sb héi quy cb
nghta. Nhu viy, bing 6 cho thiy gi4 tri Feia
md hinh 13 486,34 va m6 hinh hodn todn c6 ¥
nghia théng ké véi d6 tin cdy 1on hon 99,99%
{P<0,0001). Céc yéu té A; B; C; BC; B? ¢6 gia
i P < 0,05 12 céc yéu 16 6 nghia. Céc yéu
6 AB; AC, A% C? ¢6 gi tri P > 0,05 1 cic
yéu t6 khéng ¢6 nghia. Thém vao d6, chuén F
cho sy khéng twong thich (Lack of Fit) bing
1,52 fmg véi gi tri P=0,3294 > 0,05, didu d6
chitng t6 md hinh hoan todn twong thich véi
thire nghiém. Két qua phan tich ANOVA ciing
cho théy gi4 tri R? (R- Squared) bing 0,9977
(béang 6) gin bing 1, hon nira gid t R? dy dodn
(Pre R- Square) 14 0,9878 phit hop véi R? hidu
chinh (Adj R- Squared) 1a 0,9957 (&& 1ech 1a
0,0079 < 0,2} chimg t6 md hinh twong thich.
véi thuc nghigom. T¥ 18 tin hiéu so véi nhifu
{Adeg- Precisior) 14 65,949 > 4, thé hién tin
hiéu d3 ddy 4. Mo hinh ndy ¢6 da didu kién
8 tmg dung.
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Béng 5. Bing phdn tich ANOVA

Yéu 66 T?Tg bioh Bsdcnn_r b’:::nrg binhu Giftri F 1?:: btx:. g
M3 hinh 8.75 9 0.97 486.34 < (.0001 Tin cfy
A- Ve 0.023 1 0.023 11.33 0.0072
B-§ 7.62 1 7.62 3809.12 | <0.0001
C-t 0.12 1 0.12 60.68 < 0.0001
AB 5.281E-004 1 5.281E-004 0.26 0.6185 B
AC 2.101E-004 1 2.101E-004 0.11 0.7525
BC 0.11 1 Q.11 55.58 < 0.0001 -
A? 3.251E-005 1 3.251E-005 0.016 0.9011
B? 0.76 1 0.76 382.19 <0.6001
c 6.847E-004 1 6.847E-004 0.34 0.5714
Phiéin du 0.020 10 2.000E-003
5 " Khéng 1*
Khéng twong thich 0.012 5 2.411E-003 1.52 0.3294 tin cdy
Sai 56 thudn 7.947E-003 5 1.589E-003
Téng tuong quan 8.77 19
Bdng 6. Két qud phan tich s phit hop ciia m6 hinh voi thue nghiém:
__ Thongsb Gid trj Thong s8 Glat
D4 1éch chuéin 0.045 R 0.9977
Gid tfl trl:lng binh 1.01 | R* hiéu chinh 0.9957
H# 56 bién thién % 443 | R?dy dodn 0.9878
‘Téng binh phuong phin du du dods (PRESS)|  0.11 | T918 tinhiéu sovéi nhiga (Adeq Precision) | 65.949

Két qua so sénh gid tri 46 nham b mt
Ra theo dv doén ciia m hinh va két qua thuc
€ duge chi ra theo Hinh 2.

Predicted vs_Actuat

Pdend

Hinh 2. So sénh kdt qué Ra dy dodn
vd thyc nghi¢m
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»
'Phqcng trinh hdi quy: Sau khi logi di
che yéu t6 khong ¢6 nghia, phin mém Design-
Expert dira ra phwong trinh hdi quy nhw sau:

Ra=0,81-0,045.A+0,83.B +0,11.C + 0,12
B.C +0,38.B2 1)

Khi d8i tir bién ma héa sang bién thyc, phuong
trinh (1) s& tr& thanh phuong trinh (2).

Ra=0,52617 - 0,0004,01205.Vc — 2,79524.8
~0,12575.t+ 2,69429.5.t + 24,06145.8*  {2)
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3.3. Phén tich inh hwémg ciia ché df cit dén
d6 nhim bd mit

3.3.1. Anh hudng doc lp ciia cdc théng sé

Xét sir anh hudng cia mt thong sb dén
6 nhAm bé mit Ra khi hai théng sb con lai gilt
nguyén gid tri & tim. Mic d6 4nh hudng cia
cic thong ddc 1ap c6 thé duoc so sénh dyra trén
o déc cia céc dudng biéu didn: Van tée cht
Ve: A, wgng chay dao S: B, chidu sau cét t: C
(hinh 3). Chiing ta c6 thé d& dang nhan ra ring
S ¢6 anh hudng quyét dinh dén Ra trong khi
Ve va t c6 dnh huéng tuong dbinhé dén Ra. S,
t ting ty 1€ thuén véi Ra, Ve ty 18 nghich véi
Ra. Mirc d anh hwéng dén Ra ting 1én khi S
va Ve ting Ién trong khi diéu nay lai nguoo lai
v6i t. Sur dnh hudng cua S va Ve dén Ra cho
thiy sur pht hop véi ly thuyet gia cong kim
loai ciing nhur 1 thuyét vé cong nghé gia cong
cao téc. Su anh hudng cia t ciing chimg minh
ring: véi hé théng cong nghé cu‘ng vimg thi
dnh huéng ctia t dén do nhém bé mat la khong
dang ké.

3.3.2. Anh huwéng cia vin téc cit va lugng
chay dao

C6 thé nhan thiy & trong ca ba gid tri
khic nhau ciia chidu sau cét t, d6 thi biéu dién
sir dnh hudng cta van tée cit Ve va lugng chay
dao S @n do nhém bé mit Ra déu c6 chung

t=045

Hinh 4. DG thi 3D biéu thi anh hudng cia Ve va S dén Ra ¢ 3 mite t khic nhau
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mét quy lut (hinh 4). Ra cao nhét khi Vc nhé
nhét va S 16n nhét, khi Vc ting 1én, Ra c6 xu
huéng gidm din. Ra dat gid tri thip nhét khi
Ve 16n nhét, S nhé nhét.

3.3.3. Anh huong ciia vin téc cdt va chidu
sdu cat.

Tir Hinh 5 ¢6 thé nhan thay, véi ba mirc
khac nhau ciia hrgng chay dao S thi db thi bisu
dién sy nh huéng cta vén tdc cét Ve, chidu
su cét t dén d6 nham bé mit Ra déu c6 @6 dbc
kha nho, dleu dé co nghia 13 sir anh hu'(mg cua
hai yéu t6 nay dén Ra Ia khéng 16n. G gia tri
$=0,023, Ra 6 xu huéng giam xudng khi t va
Ve tang lén, Ra dat gié tri nhé nhét khi Ve va
t 16m nhét. & hai gid tri con lai 14 S = 0,175 va
S = 0,372 thi khi t tang Ra ting, Vc ting Ra
giam, trong hai trudng hop ndy, Ra nhé nhit
khi t nhé nhét va Ve 16n nht.

0

Egg'

1an sl ass s 109

Devintion from Refarence Point (Codsd Unfs)

Hinh 3 .S‘o sanh mic di dnh hudng ciia cdc yeu 0

t=0.875
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$=0178
Hinh 5. D6 thi 3D biéu thi dnh hudng cita Ve va t dén Ra & 3 mite S khic nhau
3.3.4. Anh huéng ciia eong chay dao vé chiéu sdu ciit
Tir Hinh 6 c6 thé nhén thiy: D6 nhém bé mét Ra [6n nhét khi luong chay dao S 16n nhét vi
chiéu su cft t nho nhit. Ra gidm nhanh khi S gidm. Néu S ¢ gi trj 16n nhét khi 46 t gidm thi Ra
ciing gidm tuong d6i rd rét trong khi véi S nhé nhat thi sy anh hudng do sy thay ddi cia t dén Ra
12 khéng rd nét.

Ve= 98

Ve =180

Ve =265
Hinh 6. D8 thi 3D biéu thi nh huong ciia S va t dén Ra ¢ 3 mite Ve khéc nhau

4.TOI UU HOA

* Téi uu héa: Tinh todn thivu | 9| b ol b ous | [fes
héa ché 6 cit dé dat duoc d6 nh4m 0 By om om0 oaw 00
bé mit nho nhét bing phin mém > r
Design- Expert, két qua phin mém Rt e Ees
tim duge 1a: 0 ) - b
Desirability = 0.938

Ra =0,25 pm {mg véi Ve = 265 m/
phit; S = 0,023 mm/vong;
t=0,875 mm (hinh 7).

0.305 2437

Ra =0.249867

e

»

Hinh 7. Diéu kign t6i wu héa 36 nhdm bé mat
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* Thyc nghiém kiém chimg: Thye
nghigm kiém chimg dugc thue hién Ip lai 3
Tin & cling m6 hinh thyc nghidm, didu kién
tharc nghiém nhr d4 tién hanh. Két qua duoc
thé hién trong Bang 7. DO 1&ch ciia gi4 tri Ra
dy doin so véi két qué kiém: chimg 12 0,009
bing 3.47% gia tr kiém chimg, Piéu niy mét
lin nita khing dinh tinh dting dfn cia mé hinh
du doén.

Bdng 7. Bdng két qua thuc nghiém kiém chimg

ché do 16 wu

T Ve S t Ra

m/ph | mm/vong mm pm
1 265 0.023 0.025 0.238
2 265 0.023 0.025 0.263
B 265 0.023 0,025 | 0275
Trung binh 0.259

5.KET LUAN

Sy 4nh hudng cia chidu siu cét dén dd
nhém bé mit 13 khong 16n khi hé théng cong
nghé cén dam bao sur cimg viing. DS thi anh
hudng cia chidu séu eft ciing nine két qua toi
1 héa dé dat 46 nham nhé nhét 44 chimg minh
diéu ndy, Nhu vy, kinh nghiém ritt ra cho qué
trinh gia cong Ia: Nén chgn chiéu sau cét theo
a6 cu-ng vimng cia hé thong cong nghé, khong
nhét thiét phai chon chifu sdu cit nhé khi gia
cdng tinh. Mudn c6 ning sudt cao, cin thiét
phai thiét k& he théng cong nghg dam bio ¢
cing ving.

Khi dung cu cit c6 kha nding chiu mai
mén, chiu nhigt 1t nén chon van tbc cét 1ém
dé ting niing suft ciing nhu cai thién do nham
bé mit.

Lugng chay dao c6 anh hréng rét 16n
dén d¢ nham bé mit, khi lugng chay dao
khdng qué nh, hai yéu 5 ndy cb sy thay dbi
ty 1¢ thudn v6i nheu. Mudn thay dbi do nham

bé mat, cach hiéu qua nhét 13 didu chinh lai
Irong chay dao.

Hop kim titan BT14 vé& Iy thuyét 13 vat
liéu khé gia cong nhung néu hé théng cong
nghé cimg vitng, chon dung cu 6 46 bén nhigt
cao, chon ché 6 cit hop 1y thi vn co thé gia
cong tuomg dbi d& dang. Pidu @6 duge chimg
minh bing @3 nhém c6 thé én dén cip 9; 10
ma céc thi nghiém d3 dat dwgc.

Tinh chinh xdc cia mé hinh 3 x8y dung
d3 duoc ching minh qua phén tich ANOVA
ciing nhw qua sir so sanh két qué giita dir dodn
va thyc nghiém. M#é hinh nay hoan toan c6 thé
{mg dung trong thue & d& du doin gi4 tri 48
nhém Ra dya trén cc thong sé clia ché dd cit
khi gia céng hop kim BT14. Néu dam bio sir
trong ddng etia mé hinh gia cdng véi mé hinh
thire nghiém thi c6 thé dat dén 4 nham cdp
10,
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