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NGHIEN ClrU ANH HWONG CUA CHE PO CAT PEN NHAM
BE MAT KHI PHAY CAO TOC THEP P20 TREN MAY PHAY
CNC SK-V85

RESEARCH ON EFFECT OF CUTTING MODE ON SURFACE ROUGHNESS WHEN
HIGH-SPEED MILLING STEEL P20 WITH SK-V85 CNC MILLING MACHINE
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Trudng Dai hoc Kinh té K§ thuat Cong nghiép

TOM TAT

Trong nghién ciru ndy, anh hiéng ciia cdc théng sé ché dé cdt (V, S, t) dén do nham bé mat
gia cong (Ra) dwoc xdc dinh khi phay cao téc thép P20 bang dao phay ngén ciia hang SKEYE trén
may phay CNC SK-V85 da dwoc trinh bay. Bang nghién civu thire nghiém, mé hinh hoi quy ciia dg
nham da dwoc xdy dung la mot ham mii cua cac thong 56 ché do cat (van téc cdt, chiéu sdu cdt,
leong tién dao). Mé hinh héi quy nay da dwoc kiém tra bang céng cu thong ké toan hoc véi do tin
cdy 1om hon 94,8%. Ngodi ra, anh hidng ciia cdc thong sé ché dp cat dén dé nham bé mat khi gia
céng ciing da dwege xdc dinh. Trong dé, khi tang lwong chay dao (S) va chiéu sdu cdt (1) thi do nham
(Ra) tang, con khi tang van toc cdt (V) thi d¢ nham (Ra) giam. Mé hinh dwoc dé xudt trong nghién
cibu nay cé thé duge g dung dé nang cao chat lirong bé mat gia cong khi phay cao toc thép P20.

T khoa: Ché dg cdt; P6 nham bé mat; Phay toc do; Thép P20.
ABSTRACT

In this study, the influence of cutting mode parameters (V, S, t) on the machined surface
roughness (Ra) was determined when high-speed milling of steel P20 with SKEYE end mills on
milling machines CNC SK-V85 was presented. By experimental research, the regression model of
roughness has been built which is an exponential function of the parameters of the cutting mode
(cutting speed, depth of cut, feedrate). This regression model has been tested by mathematical
statistical tools with confidence greater than 94.8%. In addition, the effect of cutting mode parameters
on surface roughness during machining has also been determined. In particular, when increasing
the amount of feed (S) and cutting depth (t), the roughness (Ra) increases, and when increasing the
cutting speed (V), the roughness (Ra) decreases. The model proposed in this study can be applied to
improve the quality of the machined surface when high-speed milling of P20 steel.

Keywords: Cutting mode,; Surface roughness; Speed milling, Steel P20.
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1. PAT VAN PE

Trong gia cong cao toc, nang sudt va
chat lugng gia cong phu thudc vao rat nhidu
yéu td, anh hudng cia cac yéu t6 vat liéu dung
cu cit va thong s6 hinh hoc cua dung cu da
duogc hang ché tao dung cu cit nghién ctru va
ching minh [1]. Pi v6i mot hé théng cong
nghé nhit dinh thi ning suét hay chit lugng bé
mat phu thudc chu yéu vao thong s6 ché do cat
duogc cai dat. Vi vay, diéu khién thong s6 ché do
cit 1a phuong phap co ban va hiéu qua dé kiém
soat chat luong gia cong va nang cao hiéu qua
sir dung thiét bi. Pac biét hon nita bé mat chi
tiét sau khi gia cong cao tdc c6 thé dat d6 bong
bé mat twong dwong v4i phuong phap gia cong
mai, thoi gian ddnh bong bé mit sau khi gia
cong cao tdc nho hon rat nhiéu so véi phuong
phap gia cong truyén thong, ning suat boc tach
vat liéu cao hon phuong phép gia cong truyén
théng [2].

Thuec té cho thay chét luong ciia bé mat
gia cong ctia chi tiét khong nhimg phu thudc
vao tinh chét co Iy cua vat liéu, ma con phuy
thudc vao trang thai cua 16p bé mat, cac chi
tiét duoc ché tao tir mot loai vat liéu nhu nhau
nhung theo cac phuong phap cong nghé va ché
dd cét khac nhau s& o tinh chat cua 16p bé mit
khéc nhau, va do nham bé mat 1a mot trong cac
chi tiéu danh gia chét luong bé mat dic trung
cho tinh chat hinh hoc ciia bé mit gia cong [3].
Phay cao tc 1a mot phuong phép gia cong dic
bi¢t nang cao kha nang cit vat liéu, chat luong
bé mit va do bén cua dung cu cit nho viée tang
toc do cit, giam tiét dién phoi ciing nhu luc ma
sat. O van tdc cét thuong, khi ting tde do cét
lyc cit ciing tang theo. Tuy nhién, khi toc do
cit vuot qué mdt gidi han nhét dinh, céc luc cat
bat dau giam [4].

Trong cong nghé ché tao may, viéc

nghién ctru vé dd nham bé mat ludn 1a mot van
dé cap thiét ma rat nhiéu cac nha khoa hoc quan
tam vi mdi diéu kién gia cong va vit liéu gia
cong khac nhau thi do nham bé mat lai co céc
két qua khong gidng nhau. Cac nghién ctru cia
cac tac gia Nguyén Thanh Binh (va cac cong
su) [5], Pham Minh Hué (va cong su) [6] da tim
ra dugc mo hinh hoi quy cia do nhdm va danh
gia duoc anh hudng ciia ché do cat dén nham
bé mit khi phay va tién thép khong gi SUS 304,
Nghién ciru cua tac gia Nguyén Thanh Binh
(va cac cong su) [7] cling da khao sat dugc anh
huong cta cac thong s6 ché do cat (V, S, t) dén
nham bé mit khi phay cao tdc thép lam khuon
SKD,,.

Pé danh gia anh huong cua cac thong
sO ché do cit dén nham bé mit khi phay cao
tdc, nghién cru di dugc tién hanh trén miu
thép P20, may phay CNC SK-V85 va st dung
dung cu do do nham chuyén dung.

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét bi, dung cu va phéi thwe nghiém

Pé xéc dinh sy anh hudng cua ba thong
s6 ché @6 cat 1a van toc cat (V), luong chay dao
(S) va chiéu sau cit (t) dén d6 nham bé mit khi
phay cao tdc thép P20 thi qua trinh thyc nghiém
duoc tién hanh trén may phay CNC SK-V85
cia hing “Skeye” v6i hé diéu khién FANUC
0i c6 toc d6 di chuyén truc X/Y/Z 1a 48/48/48
m/ph va tdc do truc chinh 13 100-10.000 vong/
phut.

Dung cu cat duogce st dung 1a dao phay
ngoén ¢ gan manh hop kim ctng cua hing YG
v6i cac thong sb ciia dao dugc thé hién & trong
bang 1.
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Bdng 1. Cdc théng s6 ciia dung cu cdt

Tén goi Ky hiéu
Can dao 32x150L
\ . 2 R390-11 T3 08M-PL
Manh ludi cat 4220
Puong kinh dao 32

Trong qua trinh phay cao toc, dung cu
cat dugc boi tron 1am mat bang cach dung dung
dich tudi ngudi Emunxi 4%, luu luong 20 lit/
phut phun tryc tiép vao ving dang gia cong.

Thiét bi do nham bé miat MITUTOYO
— Surftest SJ — 210 cta Nhat tai Phong K¥ thuat
Do luong Truong Pai hoc Cong nghiép Ha Nai.

- Thapg do: Ra/Rq/I}z/Ry/Rp/Rt/RSZ/ Sm/...;

- Chiéu dai tiéu chuan khi do: 0,08; 0,25; 0,8;
2,5; 8mm;

- Khoang cach dich chuyén tdi da: Truc X:
25mm, truc Z: 800mm,;

- Pau do loai tiép xuc dua trén do chénh léch
dién cam, ap lyc do 0,75N;

- Loai ddu do: Kim cuong (r = 2);

- Téc do: 0,05; 0,1;0,5; 1 mm/s khi do;

- Tiéu chuan d6 nham: JIS, DIN, ISO, ANSI;

- Phan mém diéu khién va xur Iy sé lidu:
Matlab, Excel.

Vit li€u va phoi thuc nghiém: Vat li¢u
dugc chuan, co thanh phan hoa hoc cua thép
khi ra 10 st dung trong thi nghiém la thép P20
phu hop véi cac chi tiéu ghi trong bang 2.

Bdng 2. Thanh phan héa hoc ciia thép P20 [8]

o Thanh phin héa hoc (%)
Mac thép .
C Mn P S Si Cr Mo
P20 0.28-0.4 0.6-1.0 <0.03 <0.03 0.2-0.8 1.4-2.0 0.3-0.55

Phoéi thi nghiém c6 kich thude dai x
rong x cao 1a: 90 x 90 x 35 (mm) va sb luong
phoi 1a 11 nhu trén hinh 2.

Hinh 2. Hinh anh cua phoi thuc nghiém
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2.2. Thiét ké ma trin thye nghiém

Str dung phuong phap phay mit phing
bang dao phay ngon dé lam thuc nghiém, cin
¢t vao ché do cét khi gia cong [3, 9], ta lya
chon ché d6 cit thuc nghi¢m nhu sau:

- Van tdc cat khi gia cong cao tdc trén
may phay CNC tng vai vat ligu [am dao va vat

li¢u gia cong la: V = 800-1000 (m/phut).

- Chiéu sdu cit tinh 13y trong khoang:

0,1-0,5 (mm).
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- Budc tién dao: 0,05-0,15 (mm/ring).

Theo quy hoach thyc nghiém [6], ta chon mién nghién ctru thuc nghiém la:

V_..=1000 (m/phat); S = 0,15 (mm/rdng); t = 0,5 (mm).

mq

V_. =800 (m/phut); S . = 0,05 (mm/rang); t . = 0,1 (mm).

Bdng 3. Bang tinh todn théng sé cong nghé

Cic yéu td X1 (V) X2 (s) X3 (t)
Mitrc trén +1 1000 0,15 0,5
Mirc dudi -1 800 0,05 0,1
Miic co s6 0 900 0,1 0,3
Khoang bién thién 100 0,05 0,2

Str dung phuong phap quy hoach thyc nghiém dé nghién ciru va xir 1y s6 liéu thuc nghiém,
khi d6 cac thong s6 dau vao dugce viét lai dudi dang bang 3.

Chuyén cac bién tir ty nhién sang cac bién ma héa khong thir nguyén véi thuc nghiém ba
bién du vao, 1am thi nghiém véi 08 thi nghiém tai cac dinh don hinh déu va ba thi nghiém trung
tam. Sau khi phay thuc nghiém, tién hanh do d6 nham bé mat ung voi tung thi nghiém, ta c6 cac
thong s dau vao va dau ra ciia ma tran thyc nghiém nhu trong bang 4.

Bang 4. Cdc thong so dau vao va dau ra cia ma trdn thuc nghiém

Bién ma héa Bién thue Gia tri do

STT X1 X2 X3 V (m/ph) nghiém S | t(mm) | do nhim

(mm/r) Ra (gm)
1 -1 -1 -1 800 0,05 0,1 0,12
2 +1 -1 -1 10000 0,05 0,1 0,15
3 -1 +1 -1 800 0,15 0,1 0,19
4 +1 +1 -1 1000 0,15 0,1 0,16
5 -1 -1 +1 800 0,05 0,5 0,17
6 +1 -1 +1 1000 0,05 0,5 0,13
7 -1 +1 +1 800 0,15 0,5 0,21
8 +1 +1 +1 1000 0,15 0,5 0,17
9 900 0,1 0,3 0,17
10 900 0,1 0,3 0,19
11 900 0,1 0,3 0,18
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3. KET QUA NGHIEN CUU VA THAO
LUAN

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

- Xac dinh cac hé sé ctia phuong trinh
hoi quy:

Str dung phuong phap quy hoach thyc
nghiém tryc giao [9] dé xac dinh anh hudng
ddng thoi ciia van toe cat (V), lugng chay dao
(S) va chiéu sdu cét (t) dén d6 nham bé mit
thép C45 khi phay cao toc. Pong thoi, theo cac
nghién ctru [5-7] ciing da chi ra mdi quan hé
giita cac yéu t ctia ché do cat v6i do nham bé
mat khi gia cong 1a mot ham s6 mii c6 dang;

Ra =C1.Va.Sb.tc (1)

Logarit co so e cd hai vé phuong trinh,
ta co:

In(Ra) = In(C1) + a.In(V) + b.In(S) + c.In(t) (2)

bitIn(Ra)=y; a0 =In(Cl);a=al; b=
a2;c=a3; In(V) =x1;

In(S) = x2; In(t) = x3. Khi d6, phuong
trinh (1) c6 dang:

y=al0+al.x] +a2.x2+a3.x3 3)

Véi a0, al, a2, a3 1a céc hé s cua
phuong trinh hdi quy thyuc nghiém.

Ma tran thyc nghiém truc giao:

[X].[A]=[Y] 4)
Trong do:

Ma tran thong s dau vao [X] c6 cac hé
s0 la logarit co so e cac gia tri V, S, t dung trong
thi nghiém.

Ma tran thong s6 dau ra [Y] c6 céc hé¢
s0 la logarit co sO e cac gia tri d6 nham do duoc
trén cac mau thi nghiém.

Nhan ca hai vé ctia phuong trinh (4) v&i
ma tran chuyén vi ciia ma tran [X]:

[XIT.IX].[A] = [X]T.[Y] )

bat [M] = [X]T.[X] va gid su det (M) i
0 thi [M] l1a ma tran kha nghich. Khi d6, nghiém
cua hé la:

Tir céc thong sb thuc nghiém trén Bang
[A] = [X]-1.[X]T.[Y] (6) 4, cac thong s6 dugc
logarit hoa véi s6 liéu theo Bang 5.

Bang 5. Logarit héa cdc théng sé ché do cdt va gid tri do nhdam Ra

Bién thyc nghi¢m Gia tri do
dé nh Ln(V Ln(S Ln(t Ln(R
V(m/ph) | S@mm/r) | t(mm) | 0 p n(v) n(s) n(®) n(Ra)
800 0,05 0,1 0,12 5,991465 | -2,995732 | -2,302585 | -1,771957
1000 0,05 0,1 0,15 6,396930 | -2,995732 | -2,302585 | -1,897120
800 0,15 0,1 0,19 5991465 | -1,897120 | -2,302585 | -1,560648
1000 0,15 0,1 0,16 6,396930 | -1,897120 | -2,302585 | -1,660731
800 0,05 0,5 0,17 5,991465 | -2,995732 | -0,693147 | -1,714798
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1000 0,05 0,5 0,13 6,396930 | -2,995732 | -0,693147 | -1,897120
800 0,15 0,5 0,21 5,991465 | -1,897120 | -0,693147 | -1,427116
1000 0,15 0,5 0,17 6,396930 | -1,897120 | -0,693147 | -1,560648
900 0,1 0,3 0,17 6,214608 | -2,302585 | -1,203973 | -1,660731
900 0,1 0,3 0,19 6,214608 | -2,302585 | -1,203973 | -1,714798
900 0,1 0,3 0,18 6,214608 | -2,302585 | -1,203973 | -1,660731
Bdng 6. Két qua tinh todn do tin cdy cua gid tri thue nghiém
STT Rai (um) ai (um)

1 0,12 0,166735 -1,771957 -1,791347 0,007698 0,000376

2 0,15 0,145382 -1,897120 -1,928389 0,045327 0,000978

3 0,19 0,216974 -1,560648 -1,527979 0,015270 0,001067

4 0,16 0,189187 -1,660731 -1,665021 0,000552 0,000018

5 0,17 0,178162 -1,714798 -1,725063 0,000935 0,000105

6 0,13 0,155345 -1,897120 -1,862105 0,045327 0,001226

7 0,21 0,231843 -1,427116 -1,461695 0,066101 0,001196

8 0,17 0,202152 -1,560648 -1,598737 0,015270 0,001451

9 0,17 0,191024 -1,660731 -1,655354 0,000552 0,000029

10 0,19 0,191024 -1,714798 -1,655354 0,000935 0,003534

11 0,18 0,191024 -1,660731 -1,655354 0,000552 0,000029

Téng 1,84 0,198518 0,010009

Trung binh 0,1673 -1,684218
Vay do tin cay r 1a: Tong du binh phuong:
2 g2 S(A=(YI-X]IADT.([Y]-[X].[A]) (13)
r=-Y—%=9480% . o X
gy Dung Excel dé giai bai toan vé ma tran,

- Kiém dinh cac tham so ai:

Theo tai liéu [10], phuong sai du Sdu
duogc tinh theo cong thure:

S(A)
N—K—1

53, = (12)

Trong d6: N 1a s thi nghiém; k 1a sb
luong thong s6 can xac dinh, trir thong sb a0.

tinh duoc: S(A) = 0,010009.

Thay vao (12) c6: Sdu = 0,03781. Sy
tdn tai cta cac hé sb ai duoc xac dinh boi cong
thire:

—“"‘_| = tyang (N —k —1,7)(14)

|ti . | =
tinhs Sdu*\-'lm

Trong d6 mii 1a s6 hang th{r ii cia ma
tran M-1 voi [M] = [X]T.[X].
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'119,725613  -18,834893  1,017010
-18,834893  3,033378 -0,007629
[M]"
1,017010 -0,007629 0,406944
0,292496 -0,007263 -0,006972
Thay vao cong thuce (14) co:
|8 .| =2,52996 |[tl ,|=5.13251 [tZ,

Tra bang phan bd Student voi toane (N
k-1;1): Do tin cay r=95% vaN -k -1="7 co:
tbang = 1,895.

Ta nhan thiy: L™ Tpang VO11=0- 3.

Nhu vay, cac h¢ s6 ai thuc sy ton tai hay
phuong trinh hdi quy thuc nghiém:

y=1,046678-0,337887x1+0,238727x2+0,041155x3

Tdn tai va quan hé giita cac yéu to ché
do cat (V, S, t) va d6 nham bé mat (Ra) duoc
biéu dién qua phuong trinh :

Ra= 2,848174‘\]-0,337887. SO,238727_ ’I‘0.041155

Hay noi cach khéc 1a mo6 hinh toan hoc
nay hoan toan phu hop voi thuc nghiém.

3.2. Két qué nghién ciru anh hwéng cia cac
thong so ché d cat dén do nham bé mat

Str dung phan mém Matlab dé minh hoa
bang d6 thi anh hudng cia cac thong s6 ché do
cat (V, S, t) dén do nham bé mit gia cong (Ra)
nhu trén cac Hinh 3, 4, 5.
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0,186391

.| = 2,52305
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Hinh 3. Do thi quan hé gitta Ra voi van toc cat V
va buoc tien S

Hinh 4. D6 thi quan hé giita Ra voi van toc cat V
va chiéu sau cat t

~ G0

L L
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Hinh 5. D6 thi quan hé giita Ra véi chiéu sdu cdt t

va bude tién S
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Trén do thi trong cac Hinh 3, 4, 5 cho
thiy quy ludt anh hudng cua cac yéu t6 dau
vao dén ham muc tiéu nhu sau: Khi van tdc cat
dao dong tir 400-600 m/phut; lwong chay dao
thay d6i tir 0,05-0,15 mm/ring; chiéu sdu cit
dao dong tir 0,1-0,5 mm thi d6 nham bé mit gia
cong cua thép P20 khi phay cao toc dao dong tir
0,15-0,24 pm.

Tir két qua nghién ctru c6 thé thay ring,
cac thong s6 ché do cit c6 anh hudng dén do
nham bé mit. Tuy nhién, anh huong ciia mdi
thong s6 ché cit dén do nham bé mit gia cong
1a khac nhau. Két qua & Hinh 3 chi ra rang khi
tang luong chay dao (S) thi dd nham (Ra) tdng
nhung khi ting van tbc cat (V) thi d6 nham
(Ra) lai giam. Trong Hinh 4, khi ting chiéu sdu
cit (t) thi do nham (Ra) ciing ting, con khi tang
van toc cit (V) thi d6 nham (Ra) lai giam. Con
trong hinh 5, khi ting chiéu sau cit (t) va luong
chay dao (S) thi d6 nham (Ra) tang. Ta nhan
thdy trong ba yéu t6 cua ché do cat thi luong
chay dao (S) 1a yéu t6 c6 anh huong 16n nhat
dén do nham bé mit.

4. KET LUAN

Bang thuc nghiém, nghién ciru da xay
dung thanh cong mé hinh hdi quy cua d6 nham
bé mit gia cong (Ra) phu thudc vao ba thong
s6 ché do cat (V, S, t) khi phay cao tdc thép P20
trén may phay CNC SK-V8S5.

Mo hinh hoi quy cua do nham da duoc
xdy dung thanh cong la mot ham mi cua céc
thong sd ché do cat (van tdc cat, chiéu sau cat,
luong tién dao). Mo hinh hdi quy nay di dugc
kiém tra thanh cong bing cong cu thong ké
todn hoc véi do tin cay 1on hon 94,80%.

Anh hudng ciia mdt so thong so ché do
cat dén do nham bé mat gia cong da dugc xac

dinh. Trong do, khi tdng lugng chay dao (S) va
chiéu sdu cit (t) thi 6 nham bé mit gia cong
(Ra) tang, tuy nhién anh huong cia luong chay
dao (S) 1a 16n hon. Nguoc lai, cung voi mot
lugng chay dao (S) va chiéu sdu cit (t) khong
d6i thi khi ting vén toc cat (V) do nham bé
mat (Ra) lai giam. Pay chinh 1a uu diém cua
gia cong cao tdc, khi ting van tdc cit vira ting
duoc nang suét cit va lai tang duoc do bong bé
mat.

Két qua nghién ctru c6 thé lam co so
cho viéc lya chon ché do cat hop 1y, tan dung
dugc kha ning va cong suat hitu ich ctia may
khi gia cong cao tdc trén may phay CNC va tién
t6i toi wu hoa qué trinh phay. <
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