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ANH HUdNG COA GAG THAM S6 GONG NGHE DEN NHAM 
Be MAT KHI PHAY GAO T6C BANG DAO PHAY NG6N 

TREN MAY PHAY GNG 

EFFECT OF MACHINING PARAMETERS ON THE SURFACE ROUGHNESS DURING 
HIGH SPEED MILLING BY THE END MILL ON CNC MACHINE 

Hb Vidt H4i, Sy Pa Seuth Xay Pan Ya 
Khoa Co khi, Hpc vien Ky thuat Quan su 

TOM TAT 

Bdi bdo nghien ciru su dnh huong cua tham sd cong nghe: Toe do true chinh n, toe do tien dao 
rdng Sz, chieu sdu cat t vd dudng kinh dttng cu D den do nhdm be mat gia cong (Ra) khi phay cao 
tdc bang dao phay ngdn tren mdy phay CNC bdng phuang phdp thuc nghiem. Thifc nghiem da sic 
dung phuong phdp quy hogch thuc nghiem nhdn to rieng phdn. Tren xdc dinh so lieu thtcc nghiem 
dd tinh todn xdc dinh cdc he so cuaphuong trinh hoi qui vd tim ra bg tham s6 cong nghe tdi icu ddm 
bdo do nhdm be mat toi thieu. Ket qud cho thdy, toe do cat vd lugng tiin dao co dnh huong ddng ke 
den do nhdm be mat khiphay. Tham sd cong nghe tdi uu dgt dugc vdi tic do tnic chinh 8000 vdng/ 
phiit, toe do tiin dao 0,1 mm/rang, chieu sdu cat 0,1 mmvd dudng kinh dung cul6 mm v&i dg nhdm 
Ra=0,33 /cm. 

Tir khoa: Gia cdng cao tdc, tham sd cdng ngh$, do nhdm be mat, nhdn td rieng phdn. 

ABSTRACT 

This paper shidy the effect of machining parameters: Spindle speed n, feed per tooth Sz, depth cut 
t and diameter D on surface roughness (Ra) during high speed milling with end mill on CNC machine 
by experimental method. Experimental setup was determined by using experimental planning method 
parttalfactor. Own experimental data were calculated and determined the coefficients of the regression 
and find the optimal technological parameters ensures surface roughness minimum. According to 
experimental results, cutting speed and feed rate had t^ect to surface roughness. Optimum machining 
conditions was obtained at spindle speedof 8000 rev/min,feed rate of 01 mm/tooth, depth cut of 0.1 
mm and tool diameter of 16 mm with average surface roughness reach 0.33 fim. 

Keywords: High speed machining, machining parameters, surface roughness, partial factor 
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I.D^TVANDE 

Chat lugng bd mat gia cdng la tap hgp 
cac chi tidu vd cac yen td hinh hoc, tinh chit 
CO ly, nd la ket qua de lai sau tuang tac giiia 
dung CU cit vdi be mSt chi tiet gia cdhg. Chat 
lugng be mat dugc dac trung bai bon yeu td: 
Dp nh^p nhd td vi, dp sdng be mat, dp ciing 
16p bd mEit v^ ling suat du. Trong do, dp nham 
b l mat dugc dac trung bdi sai Ifch trung binh 
sd hpc Ra (fim) la mpt chi tieu xac dinh chat 
lugng cua cac san pham gia cdng va chiu dnh 
hudng cua cac thdng sd gia cdng [1]. 

Gia cdng cao tdc (HSM) la mdt ttong 
nhuhg cdng nghe hien dai, cho phdp tang hidu 
qua, dd chinh xic va chSt lugng gia cdng, gi^m 
chi phi yh thoi gian gia cdtig so vcri cat thdng 
thudaig. Cac dinh nghia diu tidn vd HSM da 
dugc dd xu§t bdi Carl Salomon vao nam 1931.. 
Ong da thua nhan rang, d mpt tdc dp cat nao 
dd cao g3.p 5-^10 13n tdc dp cat ttong gia cdng 
thdng thudng, nhidt dd ttdn luoi cat dung c u s a 
giam [2], [3]. 

Hidn nay, ttdn thd gidi da cd nhieu nghien 
ciiu quan ttpng vd gia cdng cao tdc, tap trung 
chu yeu vdi v | t lidu nhdm dd san xuit linh kien 
d td, hnh kien may tinh nhd hoac cac thidt bj y 
te [3]. CJ Viet Nam, khai niem vd HSM cdn kha 
mdi, cac nghien ciiu ve HSM cung cdn tuang 
ddi it. Trong bai bao nay, cac tac gia dd cSp ddn 
van de anh hudng cua cac thdng sd gia cdng 
khi phay tinh cao tdc bang dao phay ngdn ddn 
dp nham bd mat cua chi tidt thep 40X. Six dung 
phuang phap quy ho^ch thuc nghiem nhan td 
ridng phan dd xac dinh phuang trinh hdi qui va 
giai bai toan toi uu bang cdng cu MatLab tim 
ra bd tham sd cdng nghe tdi uu dam bao nham 
be mat tdi thidu. 

2. THI NGHIEM 

2.1. Thidt bi va v3it U$u thi nghifm 

2.1.1. Thiet bi thi nghiem 

• May gia cdng: Thi nghidm dugc thvc 
hifn ttdn may phay CNC Spinner U5-620 tai 
Phdng Thi nghi?m, Bd mdn Chd tao May, 
Khoa Ca khi, Hgc vi$n Ky thuSt Quan su. 

Bdng 1. Cac thong so ca bdn cua mdy phay CNC 
Spinner U5-620 

Model 

Kich thudc (L*W*H) 

Trpng lugng 

si eku dao 
B$ng cc triJic chinh 

T6C a$ true chinh ldu nhat 

Djch chiiy^n theo tryc 
X,Y^ 

U5-620 

2600x2350x2750 
mm 

6,500+8,500 (kg) 

32 

ll/29kW 

12000 vdng/phut 

620/520/460nmi 

• Dung cu cat: Thi nghiem sii dung dao 
phay ngdn dugc chpn tbeo tidu chuan ISO cd 
sd rang la 4 nhu thd hidn ttdn hinh 1. Tdc dp 
cat nam ttong khoang 60-^750 m/phiit va tdc 
dp tidn dao la 0,03-^0,3 mm/rang. 

Pham vi cac tham s6 cdng nghe xac dinh 
dua ttdn nhung thi nghidm co sd nhu thd hidn 
ttong bang 2. 

Bang 2. Bdng tham so cong nghe thi nghiem 

Tham s6 c6ng nghe 

Tdc dp tnic chinh n(v6ng/phut) 

Tdc dd tien dao SJirnnJiang) 

Chieu sau cat t (nun) 

Dudng ldnh dao d(mm) 

Gia tri 

7000 - 8000 

0,1-0,2 

0,1-0,3 

1 2 - 1 6 

Hinh 1. Dung cu cdt 
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• Thidt bi do: Su dung m4y do dd nham 
Mitutoyo SJ-301. Diu dd flat tai vi tri gia cdng 
trdn bd matmau, dich chuydn theo phuomg cua 
dudng dao gia cdng. Mdi vi tri do 3 lin, l iy gi4 
tri trung binh cM ba lan do. 

2(hW-h(» .„) ) ^ 

M"™,)-h(nj.) 

_ 2 ( t a ( - h £ j 
ln/;_-lnf 

^ 2 ( l n S z - l n 5 0 ^ ^ ; ^ _ 2(toJ-lnO^) ^ .̂ 

2.1.2. Vdt lieu thi nghiem 

Vit lidu thi nghiem sii dung thep hpp 
kim 40X (hay 40Cr), cd thanh phin nhu trong 
bang 3 thd hidn. 

Bdng 3. Thdnh phdn vgt lieu vd ca tinh thep 40X 
(Gost 4543-71) 

Tbimli 
p b i n 

TJ 

C Mn 

036-0 ,44 0.5*0.8 

P 

0.03S 

S 

0,035 

Si 

0,17-K1.37 

Cr 

0,R*1,1 

2.2. Fhu-ong phap thi nghifm 

Sii dung phucmg phap quy hoach thuc 
nghidm nhan td rieng phan nghidn ciiu su anh 
•hudng cua cac tham sd cdng nghd ddn dp nham 
be m^t gia cdng khi phay cao tdc vdi cac gia 
tti theo bang 4. 

Bdng 4. Cdc yiu to vd muc do 

Ket qua thi nghiem va ma frjin thirc 
nghidm ttong bang 5. 

Bdng 5. Bdng ma tran thi nghiim vd cdc ket qud do 

TT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

XI 

+ 

-
+ 

-
+ 

-
+ 

-
0 

0 

0 

X2 

+ 

+ 

-
-
+ 

+ 

-
-
0 

0 

0 

X3 

+ 

+ 

+ 

+ 

-
-
-
-
0 

0 

0 

X4 

+ 

-
-
+ 

-
+ 

+ 

-
0 

0 

0 

Do as 
nham 

R a ^ m 

0,46 

0,91 

0,81 

0,44 

0,53 

0,35 

0,33 

0,39 

0,81 

0,77 

0,79 

Y 
Ln(Ra) 

- 0,7765 

- 0,0943 

- 0,2107 

- 0,8209 

- 0,6349 

-1,0498 

-1,0886 

- 0,9416 

- 0,2107 

- 0,2614 

- 0,2357 

TT 

1 

2 

3 

4 

Thdng s6 
gia cdng 

Tdc do true chinh 
n, vdng/phut 

Chieu sau cat t, 
mm 

Tdc do tien dao 
Ŝ , mm/rang 

Duong kinh dao 
D, mm 

Mircl 

7000 

0,1 

0,1 

12 

Muc2 

7500 

0,2 

0,15 

14 

Mu-c3 

8000 

0,3 

0,2 

16 

Theo thidt kd quy hoach thvrc nghidm 
nhin ta ridng phin, tdng sd thi nghiem la 
n = 2 " + 3 = l l vdi 8 thi nghiem ca ban va 3 thi 
nghiem d tam vdi cac gia tri ma hda [4]: 

3. K E T QUA VA T H A O LUAN 

3.1. Md hinh toan hoc 

Sau khi tinh toan va kidm tra tinh cd 
nghia cua cac he sd trong ham hdi quy ta dupe 
phuong trinh: 

Y = - 0,512 + 0,0658X, + 0,229X, -
0,234X, - 0,089X, X,- 0,043X,X, (1) 

Chuyen ham hdi quy vd ham bidn s6 
thuc vdi: Y = ln(Ra) 

_2(h(>,)-ln(>z.„)) 
ln(n.„)-ln(7i„) In/^-Inf 
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* ln&_. -hiS'z^ ' ~ InO„ -liiD_ 

Ta thu dugc ham the hidn mdi hen he 
giira dp nham be mat Ra vdi cac thdng sd cdng 
ngh? nhu sau: 
Ra=l 5944n'-̂ **̂ >'"̂ '̂°'*'''"'=*/-̂ •̂ '"_y -Mutn j^-ia.6if2\ 

3.2. Tdi ira hoa 

Sau khi tien hanh giai bai toan tdi uu bing 
phin mdm MatLab, ta tim ra dugc bd thdng sd 
tdi uu vdi dp nham hh mat thip nhit dugc du 
doan la Ra = 0,33 pm tai vdi tdc dp true chinh 

8000 vdng/phut, chidu sau cat 0,1 mm, lugng 
tidn dao 0,1 mm/rang va dudfng kinh dao phay 
16 mm dugc the hien ttong bang 6. 

Bdng 6. Gid tri toi icu ciia cdc thdng so cong nghe 

1 Tham 
so 

1 Gia tri 

n 
(vdng^ut) 

8000 

t 
(mm) 

0,1 

Sz 
(mm/rang) 

0,1 

D 
(mm) 

16 

3.3. So sanh kit qua 

Kdt qua thuc nghiem dp nham bd mat da 
dugc so vdi gia tri tinh toan theo md hinh toan 
hpc thdng qua tri sd phan ttam sai sd nhu ttong 
bang?. 

Bdng 7. So sdnh ket qud dg nhdm du dodn vd thi nghiem 

STT 

I 

2 

3 

4 

5 

6 

7 

8 

n 

8000 

7000 

8000 

7000 

8000 

7000 

8000 

7000 

t 

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 

D 

0 16 

4)12 

il>12 

<S16 

4112 

4>16 

4)16 

4112 

Phan tram 

Ra (|im) thiTc nghiem 

0,46 

0,91 

0,81 

0,44 

0,53 

0,35 

0,33 

0,39 

ai so trung binh (%) 

Ra (^m) du doan 

0,48 

0,89 

0,82 

0,42 

0,51 

0,37 

0,31 

0,40 

% sai s^ 

4,35 

2,20 

1,23 

4,55 

3.77 

5,71 

6,06 

2,56 

3,80 

3.4. Ban luan 

Tii kdt qua d\r doan cho thay tdc do cit 
cang cao ket hpp vdi lugng tidn dao va chidu 
sau cat nhd tiii dp nham Ra cang giam cho 
thay su phu hgp cua kdt qua thuc nghiem vdi 
ly thuydt. 

4 , K E T L U ^ 

Trong bai bao nay da su dung quy hoach 
thuc nghidm nhan td rieng phan de tien hanh 
thiet lap cac thi nghiem gia cdng va xac dinh 

phuang trinh hdi quy. Sau khi giai bai toan tdi 
uu da du doan gia tri thdng sd do nham be mat 
thip nhit (Ra = 0,33 pm) tuong ung voi gia 
tri tdc dp true chinh: 8000 vong/phiit; lugng 
tidn dao: 0,1 mm/rang; chieu sau cat: 0,1 mm; 
dudfng kinh dao: 16 mm vcd ty Id phan ttam 
sai sd la 3,80%, hay do chmh xac du doan dat 
dugc 1̂  96,20%. 

Cac kdt qua thu dugc tu nghien ciiu nay 
la CO sd khoa hpc quan ttpng dd tidn hanh cac 
nghidn ciiu tiep theo vd chd dd cdng nghd gia 
cdng vat heu thep 40X, va lam co sd cho cac'^ 
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nghien cuu ung dung tdi im hda chd do cat cho cac loai vat lieu khac dam bao chat lugmg bd mzit 

tdt nhit.O 
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