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OPTIMIZATION OF THE PARAMETERS MILLING OF SUFACE FESUSH OF 
40X STEEL USE BALL NOSE END MILL ENSURES THE MINIMUM VALUE 

OF SURFACE ROUGHNESS USESIG GENETIC ALGORITHM 
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TOM TAT 

Bdi viet ndy trinh bay vi toi uu hoa cdc thong so cong nghe khiphay tinh thep 40X bdng dao 
phay cdu, ung dung quy hogch thuc nghiem vd gidi thugt todn di truyen (GA). Cdc tac gid dua ra 
mo hinh xdc dinh cdc thong so cong nghe toi tm (tdc dg quay true chinh n; chieu sdu cat t; budc 
tiin dgo Sz; goc nghieng true dao a vd duang kinh dao phay cdu D) dam bdo do nhdm bi mat gia 
cong toi thieu. Gid tri toi icu cua do nhdm be mat dugc dy: dodn bai GA la 0,481 fim (Ra). Cdc thi 
nghiim dugc tien hdnh voi cdc thdngsd toi uu cho thdy suphU hgp dia mo hinh. Vi vgy, mo hinh 
ndy se giup cdc nhd sdn xudt lua chgn cdc thiit lap toi uu di dgt dugc chat lugng bi mat mong 
muon cua sdn phdm hodn chinh. 

Tir kh6a: Nhdm bi mat, dao phay tinh ddu cau. thep 40X, thugt todn di truyen. 

ABSTRACT 

This paper presents optimization of the parameters milling of suface finish of 40X steel use 
ball nose end mill, application experimental planning and solutions genetic algorithm. The authors 
offer a model determined the optimal technological parameters (spindle rotation speed n; depth of 
cut t;feed rate Sz; angle tool axis a and ball nose end mill diameter D) ensures the minimum value 
of surface roughness. The minimum optimised value of surface roughness predicted by GA was 
0.481 pm (Ra). Validation experiments at optimal parametric settings showed the appropriateness 
of the model. Thus, this model helps manufacturers to select optimum settings for achieving desired 
surface quality of finished products. 

Keywords: Surface Roughness, Ball Nose End Mill, 40Xsteel. Genetic Algorithm. ^ 
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NGHIEN CUU-TRAO D O I 

1. D ^ T VAN DE 

Nham he mat la mgt chi s6 duac sii dung 
r6ng rai dB danh gia chit luong san pham va 
trong hhx h i t cac truong hop yeu can ky thuat 
cho cac cac san phim co khi. D^m bao dugc 
chit lugrng hh mat mong muon c6 tam quan 
trong ri t Ion cho chit lugng che tao cua mgt 
chi tilt [1]. Lam giam do nham b i mat la m6t 
viec t6n kem, nhung do la van dS song con 
trong thi trucmg ngay nay. 

Nham hk mat dugc tao ra trong hoat 
dgng gia cong bi dnh huong bcfi cac yeu to 
nhu thdng so cat, dac di€m dung cu cat, dac 
tinh phoi v^ cac hien tugng cat... Co ri t nhiiu 
yeu to lam cho no gSn nhu khong the dat dugc 
mgt giai phap toan dien dS giam do nhdm hh 
mat gia cong de dam bao dat dugc cac b i mat 
mong muon [1], [2]. 

Trong nghien curu nay, thiit k i thuc 
nghiem su dung quy hoach thuc nghidm nhan 
t6 rieng phin [3] vdi cac thong s6 gia c6ng: 
T6C do quay true chinh n; chiiu sdu ci t t; budc 
tien dao rang S; goc nghieng true dao a; duong 
kinh dao phay ciu O, d i thu dugc gia tri do 
nham b i mat ttieo th6ng s6 (Ra). TiJr cac kit 
qua thu dugc tu cac thi nghiem se dua ra mgt 
mo hinh tOMi hoc. Tiip theo, ta six dung thuat 
toan di truyin d i t6i uu hoa mo hinh toan tim 
dugc de tun ra gia trj cua cac thong s6 gia cong 
ma dp nham be mat dugc t6i iru. 

2. THI NGHIEM 

2.1. Thi i t hi thyc ngtiiem 

2.1.1. Mdy: Thi nghiSm dugc tiin hanh tren 
may phay CNC nam true SPINNER U-620 cua 
hang SIEMENS - Due, tai Phong Thi nghiem 
Bg mon Chi tao may, Khoa Co khi, Hgc vien 
Ky thudt Quan su. 

Bdng 2.1. Thdng sd cong nghe m^, ' 

Model 

Kich thuac (L*W*H) 

Trgng lugng 

SS dau dao 

Con true chinh 
Dgng CO tmc chinh 

T6c dp tryc chinh Ion 
nhat 

B^may 

Toe &Q quay ban may 

Dich chuyfin theo Ouc X 
Dich chuyen theo triic Y 

U-62fl ' '" -jj 

2.600x2.350x2.750 • 
mm 3 
6.500-8.500(1^) m 
32 • ! 

SK40 (HSK63 - 20.000), 
11/29 kW ^ 

12.000 (vong/phut) 

720 x520 mm 

15/25/50/250 (v6ng/ 
phut) 

620 (mm) 

520 (mm) 

Hinh 2.1. Mdy phay CNC ndm true SPINNER ^ 
U-620 

2.1.2. Diing cyi cat: Dao phay hgp kim dau cau. 

Bdng 2.2. Thdng sd hinh hoc cua dao: 

Thlin dao 

LirM dao 

(2 luoi) 

Lc (mm) 

Lt(mm) 

D(mm) 

Goc tnidc 

Goc sau 

Ban ldnh mui 
dao 

20 

50-100 

8; 12; 16 

5" 

T 

4; 6; 8 (mm) 

ISSN 0866-7056 

TAP CHl CO KHf V I £ T NAM, S6 1+2 nam 2017 

www.cokhivietnam.vn 



NGHIEN cuu-TF" 

Hinh 2.2. Dao phay cdu 

2.1.3. Phoi: Vat heu M nghiSm la thep 40X sau khi toi va ram co do b in cao, dugc sii dung r6ng 

rai trong gia cong ya che tao cac chi tiit, sdn p h ^ trong ca khi, 

Bdng 2.3. Thdnh phan vdt lieu thep 40X: 

1 Thanh ph4n 
fc.Ty trong (%) 

C 

0,36+0,44 

Cr 

0,8+1,1 

Mn 

<0,8 

Si 

<0,4 

Ni 

<0,3 

P 

< 0,035 

S 

< 0,035 

- Xkhfliii^^i6i:30z50xlli 
-SSbip^l lcaL 

Hinh 2.3. Phoi thi nghiem 

2.1.4. Thih hi do do nhdm: May do nham 
Mitutoyo SJ-301. 

- Ddi hiin thi ciia Ra: p,01-100Mm. 
- He don vi: Mettic, inch. 
- NhiSt d6 lam viec: (K40°. 
- Kh6i tugng: 1,2kg. 

2.2. Fhiromg phap thi nghifm 

Trong nghien cuu nay, cac tdc gia su 
dung phuoDg phap quy hoach thuc nghiem 
nhan t6 rieng phin kSt hop voi su dung thudt 
todn di truyen de tim ra bg thong so toi uu. Cdc 
thong so dua vao tiii nghiem dugc tham khao 
gid tri cua cac nghiSn ciiu trudc [4], [5] va 
khuyen cao ciia cac nha xan xuat dung cu cho 
gia cong tinh bang dao phay cdu, ta chgn cac 
thong s6 cong n ^ S de tiSn hanh thuc nghiem 
theo bang 2.4. 

Theo thiet kS nay tong so Ihi nghiem la: 
N = 2^-^3-11 (8 thi nghiem co bdn va 3 dii 
nghiem Cf tdm) [3]. 

Bdng 2.4. Cdc thdng sd thi nghiem: 

Hinh 2.4. Mdy do do nhdm Mitutoyo SJ-301 

Cac yeu th 

Toe do tryc chinh N (Vg/ 
pMt) 

Chieu sau ctt t (mm) 

LiroDg tlfin dao Sz (mm/rang) 
Goc nghieng dao a (dO) 

Bucmg kinh dao D (mm) 

MIIC 

tr&n 

5000 

0,3 
0,2 

35 

16 

MiJC 

cff siy 

4000 

0,2 
0,15 

25 
12 

Mlrc 
d i r ^ 

3000 

0,1 

0,1 
15 
8 
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NGHIEN CLfU-TRAOeOl 

V(5i cac bidn dugc ma hoa nhu sau: 

_y. 2(/>.(.)-fa("...)),l. 2(ln<-lnf.„) ^,. y _2(fa&-h&_)^j._y ^ 
lnin^)-Hn^) 

2{lna-lna^) . _2(li]D-lnD 

Kit qua thi nghiSm va ma trdn tiiuc nghiSm trong bang 2.5. 

Bang 2.5. Bdng ma trdn thuc nghiem vd kit qud thi nghiem: 

STT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Xj 

+ 

-
+ 

.-
+ 

-
+ 

-
0 

0 

0 

\ 
+ 

+ 

-
-
+ 

+ 

-
-
0 

0 

0 

^ 
+ 

+ 

+ 

+ 

-
-
-
-
0 

0 

0 

x̂  

+ 

-
-
+ 

-
+ 

+ 

-
0 

0 

0 

^s 
+ 

+ 

-
-
-
-
+ 

+ 

0 

0 

0 

0 3 nhdm Ra (fim) 

1,08 

0,64 

0,87 

0,73 

0,58 

0,65 

1,25 

0,65 

0,53 

0,55 

0,54 

YLn(Ra) 

0,076961. 

-0,44628 

-0,13926 

-0,31471 

-0,54472 

-0,43078 

0,22314 

-0,43078 

-0,63487 

-0,59783 

-0,61618 

3. KET QUA VA THAO LUAN 

3.1. Mo hinh toan htjc 

Sau Idii tinh toan va Id&n tra tinh co 
nghia cua cac hS so ta dupe phuong trinh h6i 
quy: 

Y = - 0,251-I-0,155X, - 0,085X,4-0,045X, -
0,I39X, + 0,107X,-0,053X,X^ 

Chuyen ham h6i quy v8 h t o bi6n s6 
thuc voi: Y = Ln(Ra) va chuySn d6i cac biSn 
X dugc ma hoa v8 bite so thuc. Ta tim dugc 
met lieii he giiia do nham hi mat (Ra) voi c4c 
thong so cong nghS gia con^ (tdc dg true chinh 
n, chieu sau cat t, lugng tien dao rang Sz, goc 
nghieng gia cdng a, duong ldnh dao D) nhu 
sau: 

& = 0,0781 • n-""»{»"••!"•«•)t.m, o,s«,no,j«i7 

3.2. Toi uTi hoa 

Hinh 3.1. Kit qud GA (ddp img tot nhat) 
(Coil: n/10: cot 2: t*10: cot 3: Sz'lO: cot 4:2*a: 

cot 5: D) 

De toi thiSu hoa cac Icit qua vh nham 
be mat (Ra), cac tac gia su dying chuong trinli 
Matlab (R200I2b) sau do nhap mo hinh toan 
v4o hop cong cu GA cOa Matlab. Gioi han trSn, 
duoi va s6 lugng cac biSn dugc dat theo bang 
2.4. Sau nhieu 13n chay cAc gia tri dap ring tot 
nhit theo hinh 3.1 va bang 3.1. 
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NGHIEN CO'U - TRAO BOi 

Bang 3.1. Gid tri cdc thong so cong nghe toi im 

Tham so 
Gia tri 

n (V6ng/phnt) 

3000 

t(mm) 

0,3 

Sz (mm/rang) 

0,1 

a (do) 

15 

D(nmi) 

8 

33. So sanh kit qua 

Sau khi t6i mi h6a, kit qua vi dg nham bi mat (tini nghifm) dugc so vdi du doan cua GA va 
16i ty le da dugc tinh toan trong bang 3.2. 

Bdng 3.2. So sdnh ket qud do nhdm du dodn vd thi nghiem 

STT 

1 

^ 
â  ^^4 

5 

6 

7 

8 

n 

5000 

3000 

5000 

3000 

5000 

3000 

5000 

3000 

f 

0,3 

0,3 

0,1 

0,1 

0,3 

0,3 

0,1 

0,1 

Sz 

0,2 

0,2 

0,2 

0,2 

0,1 

0,1 

0,1 

0,1 

a 

35 

15 

15 

35 

15 

35 

35 

15 

D 

<J>16 

*16 

©8 

* 8 

4>8 

0S 

0 16 

« 1 6 

Bd nham thnc nghiem 
Ra (|im) 

1,08 

0,64 
0,87 

0,73 
0,58 
0,65 

1,25 

0,65 

DO nham dy dodn 
Ra(^m) 

1,06 

0,63 

0,85 

0,75 

0,59 

0,64 

1,27 

0,64 
L6i t n m g binh 

% l5i 

0,93 
1,56 

2,3 
2,74 

1,72 

1,54 

1,6 

1,54 

1,86 

3.4. Ban lu$n 

Voi chieu sdu cat 0,3 mm, lugng tiSn dao 
0,1 mm/rang va goc nghieng dao 15 do cho thiy 
lugng Viit Ueu phdi cat la it hon so voi cac goc 
nghieng khac cho thdy su phii hgp ciia ket qua 
tiiuc n ^ e m voi ly thuydt Tu: bang 3.2 cho thdy 
ty 1$ p l ^ tram 16i la 1,86%, hay dg chinh xac du 
doan dat dugc cua mo hinh todn la 98,14%. 

4.KETLU^ 

N ^ e n ciiu nay su dung thuat toan di 
tmy6n de toi uu hoa cac thong so cong nghe nhim 
du doan gja tri do nham be mat thap nhat (Ra ^ 
0,48 rnicron), voi cac gia tri toi xm trong bdng 3.1. 
Cac ket qua thu dugc tir nghien cixu nay la co sd 
de nghien ciiu iing dung thudt toan di tmyin vao 
toi uu hoa che do gia cong cat ggt ca: loai vat 
heu khac nham toi thieu hoa do nhdm be dam bao 

chat lugng chi tao cua san phdm gia c6ng.<* 
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