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DEN DO NHAM BE MAT (R,) KHI PHAY MAT ARCHIMEDES
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TOM TAT

M3t cong Archimedes ¢ vai trd quan trong trong ché tao dung cu ct, dic
hiét 1a dung cu gia cong banh rang. Ngay nay, cling voi sy phat trién clia khoa
hoc cong nghé, viéc gia cong bé mét Archimedes khong chi sk dung phuong
phap gia cong hot lung trén may truyén théng ma con st dung cac phuong phap
gia cong hién dai, diéu khién bang ky thuat so nhu: cat day tia lira dién, trung
tam gia cng CNC.... Bang nghién ctu thirc nghiém anh hutng cla van toc cét
(V) va chidu su ct (t) dén do nham bé mt (R,) khi phay mét Archimedes rang
dao phay banh rang cdn cong trén trung tdm CNC Super MC d& xay dyng dugc
mdi quan hé toan hoc gita cac thong 6, gilip cac nha cong nghé lwa chon bd
thong s6 hop Iy, gép phan nang cao chat lrong, ndng suét, do chinh xac va gidm
chi phi khi gia cong bé mat Archimedes.

Tl khoa: Ché do cét, do nham, Archimedes, trung tam CNC Super MC, hot
lung.

ABSTRACT

Archimedes arches play an important role in the manufacture of cutting
tools, especially cuuting tools for machining gears. Today, along with the
development of science and technology, machining of Archimedes surface not
only using backed machining method on traditional machine but also uses
modern, digital-controlled methods by a wire cutter or CNC Machining Center...
By empirical research the effects of cutting velocity (V) and cutting depth (t) to
surface roughness (R,) when milling the Archimedes ' surface with curved knife
cutters on the CNC Super MC Center, the results of the research have found the
relationship between the parameters, enabling the technologists to select the
appropriate set of parameters, contributing to the improvement of quality,
productivity, accuracy and cost reduction when machining Archimedes' face.

Keywords: Cutting parameters, roughness, Archimedes, CNC  Super MC milling
machine, Reliving.
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1.DAT VAN BE

Trong ché tao dung cu cat banh rang, dac biét 1a dung
cu gia cdng banh rang cdn xodn, bé mat hét lung can gia
cong la méat Logarit, Archimedes,... Bé mat hét lvng cla
dung cu cét tao diéu kién thuan loi cho viéc gia cong banh
rang, dong thoi con nang cao chat lvgng bé mét swon rang
cla banh rang gia cong [1].

Banh rang con xoan cé nhiéu loai [2] nhu: Klingelnberg,
Oerlicon, Craven Brother, Gleason... B gia céng dugc cac
loai banh rang trén phai c6 may, thiét bi va dung cu cét banh
rang pht hop. O Viét Nam hién nay, may, thiét bi va cac diéu
kién khac chu yéu chi dap ing dugc dé gia cong loai banh
rang cdn cong hé Gleason. Khi dé can st dung dung cu gia
cong banh rang c6 bé mat hét lwng Archimedes.

B& mat hét lung Archimedes c6 vai tro quan trong doi
vGi dung cu cat banh rang hé Gleason. Mt sau clia ring
dao (hinh 1) I& dang mat cong Archimedes. Do nham mat
sau cla rang dao c6 anh hudng plén dén dd nham suon
rang clia banh rang sau khi gia cong, do dé viéc giam gia tri
dd nhdm mat sau clia rang dao la rat quan trong, gép phan
dam bao chéat lvgng bé mat sion rang ctia banh rang.

Mat sau phia trén

Mat sau

phia ngodi Mat sau phia trong

Lwi cat chinh

Lw&i cat ngang phia trong

Lui cat chinh

sl Mat trwéc

Hinh 1. Réng dao cat bAnh ring con cong hé Gleason

Theo két qua da cong bd, cac tac gid da danh gia dwoc
anh hudng cla théng s6 van téc cat (V), budc tién (S) va
théng s6 budc tién (S), chiéu sau cat (t) dén dé nham bé
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mat khi phay mat cong Archimedes trén trung tam CNC
Super MC [3, 4]. Viéc danh gid dugc muic dé anh hudng clia
thong s6 ché doé cat dén do nham bé mat khi phay mat
cong Archimedes trén trung tam CNC Super MC cé y nghia
thuc tién cao, gitp lua chon théng sé ché dé cat hop ly dé
nang cao chat luong bé mat sdn pham. Nghién ctu nay
danh gid anh hudng clia van téc cat (V), chiéu sau cat (t)
dén do nham bé mat khi phay mat cong Archimedes trén
trung tam CNC Super MC.

Mai quan hé gilta d& nham bé mat (R,) vai ché dé cat (V, S, 1)
th& hién [5, 6] bi cong thic: R, =C,. V. S°. t° (1)

Trong dé: + C, la hang s6;

+a, b, clacacsémai.

Dé xac dinh hang s6 C, va cac s6 mi a, b, ¢ nhom tac gia
st dung phuong phap thuc nghiém. Trong nghién ctu nay,
nhom tac gia nghién ctu anh hudng cta van téc (V) va
chiéu sau cat (t) dén dé nham bé mat (R,) véi budc tién
khéng déi S = 250 mm/phut.

2. THUC NGHIEM
2.1. Thiét bi thuc nghiém va vat liéu gia cédng

2.1.1. Mdy gia céng va dung cu cdt

- Mdy gia cdng: SU dung trung tam CNC Super MC do
DPai Loan san xuat (hinh 2).

Hinh 2. Trung tam CNC Super MC

c)

Hinh 3. Dung cu 3t dung trong thuc nghiém
a) Dao phay thd, b) Manh chip dao cdt tho,
¢) Dao phay cu dung dé cit tinh

- Dung cu cat (hinh 3):

+ Phay thé bang dao phay ngén D = 17mm, gan 02
manh hop kim cting nhém 3 céc bit, pht bé mat; ky hiéu:
APMT 1135 PDER M2, hang Mitsubishi - Japan.

+ Phay tinh bang dao phay cau, ban kinh r = 4mm,
2 ludi cat lién, ky hiéu: J01055318, hang NACHI - Japan.

2.1.2. Mau thi nghiém va dung dich tron nguéi

- Hinh anh méau dung dé thuc nghiém thé hién trén hinh
4vabs.

- Vat liéu gia cong la thép gié P18, thanh phan hoa ho,
tinh chat co ly va dé cling theo tiéu chudn clia nha san xuét.

Hinh 4. Hinh &nh mau diing trong thuc nghiém

Hinh 6. Mdy d6 nham SJ-400
- Dung dich tuéi ngudi: Emunxy 4%, tudi truc tiép, luu
lugng 20 lit/phut.
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2.1.3. Thiét bi do dd nham

- May do dd nham Mitutoyo SJ - 400 (hinh 6). Hinh &nh
g4 mau trén may do do nham thé hién trén hinh 7.

- Panh gia dé nham theo chi tiéu R,, tiéu chuan ISO;
chiéu dai do: 4 mm, chia lam 5 khoang; dau do kim cuong,
do ti€p xuc; ap lwc do 0,75N; téc dd 0,05mm/s.

b)
Hinh 7. Hinh &nh g4 mau trén méy do do nham
a) Vitrican démtrénbanmdy b) Hinh &nh do d9 nham

2.2. Phuong phap thuc nghiém

Nghién ctru dugc thyc hién béi 05 thi nghiém, voi 15
mau thuc nghiém. M6i thi nghiém thuc hién trén 03 mau.

Str dung phan mém Solidworks dé thiét ké chi tiét gia
céng, phan mém MasterCAM Mill X5 dé 1ap trinh gia cong
phay thd, phay ban tinh va phay tinh, ché dd cat khi phay
tinh: 50 (m/ph) <V < 63 (m/ph); 0,2 mm <t <05 mm;
S = 250 mm/ph. Sau khi phay, chi tiét duoc do, kiém tra,
danh gia dé nham, méi mau dugc do & 3 vi tri, moi thuc
nghiém dugc do trén 03 mau va ldy gia tri trung binh.

Ung dung quy hoach thuc nghiém tryc giao, phuong
phap binh phrong nhd nhat va phan mém Matlab dé xay
dung cong thirc toan hoc biéu thi méi quan hé gitra van toc
(V) va chiéu sau cét (t) voi do nham (R,).
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2.3. 56 liu thuc nghiém

2.3.1. Xac dinh dang phwong trinh héi quy va s6 lvgng
thinghiém

Khi nghién cttu mdi quan hé gitta ché do cat va do
nham bé mat chi ti€t gia cong v6i s dung quy hoach thuc
nghiém tryc giao ta c6 phuwong trinh héi quy nhw sau [7, 8]

Y= ag+ag Xp+ta, Xot... + 3 X 2

* 36 lwgng thinghiém

- M6i quan hé gitia cac théng s6 dwgc mo ta theo so do

hinh 8.
l g
X,(V)

—
X, (©)
—

y (Ra)

S = constant
e

Hinh 8. So do thé hién mdi quan hé giira thong s6 dau vao va dau ra
+ Thoéng s6 dau vao X;
X,: Van téc cét (m/ph)
X,: Chiéu sau cat t (mm)
+ Thong s6 dau ra bi diéu khién:
y: D6 nham bé matR, (um)
+ Thong s khong diéu khién duoc: £ 1a bién ngau nhién
- S6 thi nghiém duoc xac dinh [8] theo cong thirc: N = 2¢
Vi bién dau vao k = 2 ¢6 s6 thi nghiém chinh N = 2°=4.
Pé nang cao do chinh xac thuc hién can c6 thém 1 thi
nghiém & tam. Téng s6 thi nghiemN =4 +1 =5,
2.3.2. Chuan bi thic nghiém
*Thong s6 thic nghiém
Can clr vao théng s6 ky thuat cda may, pham vi cho
phép st dung ché do cat cla dung cu cat, vat lieu gia
cong... théng s6 ché dd cat dugc chon nhu sau:

+ Van téc cat (V): 50 + 63 m/ph.
+ Chiéu sau cat (t): 0,2+0,5mm.
+ Buoc tién (S): 250 mm/ph

Thong s6 ché do cit dung cho thuc nghiém dugc thé
hién trong bang 1.
Bang 1. Thong s6 ché d6 cat diing cho thuc nghiém

~ . | VantoccatV | Chidusaucat t | BugctiéndaoS
Thong s6
g (m/ph) (mm) (mm/ph)
Gia tri min 50 0,2
Gia trj max 63 0,5 20

M@&i quan hé gitta dd nham va ché do cét thé hién qua
cong thire: R, = C,.V28°.t°
\ Vi gia tri S = constant mdi quan hé dé duoc biéu thi
bang cong thc:
R,= C,.\VAt° ©)
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Logarit co s6 e phwong trinh (3) ta dugc:
In(R,) = In(C,) + a.In(V) + c.In(t)

baty =In(R,); a,=In(C,); a; = &; a, = ¢; X, = In(V); X, = In(t);

Taduoc: y=a,+a. X +a,X,
Muc trénlax®taco:  x©=Inx
Murc dudi la x@: x@ = Inx;

max»
miny

. 2 1 i 1
Mtrc co & la x©: x(© = > (MK +10%

Imax

Gia tri logarit cac thong s0 dau vao dung dé thuc

nghiém dwgc thé hién trong bang 2.

Bang 2. Gid tri logarit cac thong s6 dau vao

4)

|min);

Cacyéutd X X,
Mrc trén 3,91202 -1,60943
Mc duwoi 4,14313 -0,69314
Mirc o so 4,02535 -1,13943

* Chay md phong

Sau khi thi€t ké rdng dao phay banh rang cén cong loai
9” hé Gleason, st dung phan mém MasterCAM Mill X5 dé
lap trinh va chay mé phéng. Hinh &nh m6 phéng qua trinh
phay dugc thé hién trén hinh 9, chi tiét sau khi gia cdng thé

hién trén hinh 10.

P =
Fie_€an

*-N
sas7)

@
'y

PEE40E MIPLE BeNED g B

ool W[ D) fos sprors 266 T 6-0-9

s i

, BV Lo 1
b) M6 phéng churong trinh phay tinh
Hinh 9. Hinh dnh md phdng chuong trinh phay mét Archimedes

Hinh 10. Rdng dao phay béanhrang cénrco;]/g sau khi giac()ﬁg
2.4. Két qua thuc nghiém

Chuyén céc bién tir tv nhién sang cac bién ma hoa
khong thtr nguyén. V&i thic nghiém 2 bién dau vao thay
déi (V, t) tién hanh lam 4 thi nghiém tai cac dinh don hinh
déu va 1 thi nghiém & tam; sau khi gia céng, ti€én hanh do
dd nham trén may Mitutoyo SJ - 400. KEt qua do dd nham
dugc thé hién trong bang 3.

Bang 3. K&t qua do d9 nham

Bién mé hoa Bién thuc ~ Giatri

Mau R trung

™ Voot s | um) | binnR

% | iy () (um) (um)am
1 1,90

1 -1 -1 50 0,2 2 1,44 1,58
3 1,39
4 0,85

2 +1 -1 63 0,2 5 1,05 0,98
6 1,04
7 2,98

3 -1 +1 50 05 8 2,14 2,82
9 2,14
10 1,55

4 +1 +1 63 05 11 1,63 1,67
12 1,82
13 1,82

5 0 0 56 0,32 14 1,84 1,76
15 1,63

2.4.1. Quy hoach thiyc nghiém
Theo phuong phap binh phrong nhé nhéat ta cé ham
hoi quy thuc nghiém téng quat:
Y =ay+a X+ a, Xt + 3y X,
Xac dinh a, a, a,... a,sao cho S dat gia tri nhd nhét:
S i[yi -y (5)

Céac gia tri ay, a;, a,,... a la cac hé sb twong ng clia ma
tran [A]:
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2
[A]=| &
a

voi:[X]. [A1=[V] )

- Ma tran théng s6 dau vao [X] la logarit co s6 e cac gia
tri V, t s dung trong thi nghiém.

- Ma tran thong s6 dau ra [Y] ¢4 cac hé s6 1a logarit co s6
e C&c gia tri dd nham do duoc trén cac mau thi nghiém.

Nhan hai vé clia (6) véi ma tran chuyén vi X" clla ma tran
X IXTUIXLIAT = [XT". [Y]

bat [M] = [X]". [X] taco: [M] . [A] = [X]".[Y]

Gia st det(M) # 0 thi [M] la ma tran kha nghich, ta co:

[A] = MI.[X]".[Y] 7

Logarit co sO e cac gia tri V, t va R, ta duoc két qua thé
hién trong bang 4.

Bang 4. Két qua tinh logarit cac thong s6 thi nghiém

BIENMA | gign thye ) | I | IRy
™ hoa R,

X X v t (Hm) X X

1 2 | (m/ph) |(mm) 1 2 y
1[4 1| 50 |02 158 |391202|-160043] 045531
2 [+1| 1| 63 | 02| 08 |414313-160043] 002020
3| [+ 50 |05 | 282 |391202-069314| 1,03674
4 [+t +1| 63 | 05 | 167 |414313]-069314] 051083
50| 0| 5 |032]| 176 |40253%-113943] 056531

T&r bang 4 va phuong trinh héi quy thwc nghiém (2) ta
co:

I Xy Xppooo Xy
[X]=
1 Xnt Xn2 Xnk
1 3,91202 -1,60943 0,45531
1 414313 -1,60943 -0,02020
- X=|1 3,91202 -0,69314|; Y=| 103674
1 414313 -0,69314 0,51083
1 4,02535 -113943 0,56531

Slr dung phan mém Excel dé tinh toan ta dwgc ma tran
[A]:
9,94053
A=|-2,16848
0,60769

Ta c6 cac hé s6 cda phuong trinh héi quy thwc nghiém:

3, = 9,94053 —> C, = e %% = 20754,8331; a, = -2,16848;
a, = 0,60769;

Phuwong trinh hoi quy thuc nghiém la:
y =9,94053 - 2,16848.x, + 0,60769.x, (8)
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Phuwong trinh quan hé gitta d6 nham (R,) v6i van t6c (V)
va chiéu sau cat (t) nhu sau:

R, =20754,8331.216843 1050769 )

2.4.2. Banh gia do tin cay ctia ham hoi quy thuc
nghiém

*Panh gia do tin cay

D6 tin cay dwoc danh gia [7] theo cong thirc:

‘2
9 b (10)
Oy
1 n
Trong 6: oy == (¥ Vi)
41
o2=1

L "2
N—1§(y‘ -Yi)
Véi: y; - logarit co s6 e gia tri d6 nham R, do duoc cla
thyc nghiém thi i;
Vi, - 0id tri trung binh cla cac y;
y'; - logarit d6 nham R,theo ham héi quy thuc nghiém;
N -s6 lugng thi nghiém.

St dung phan mém Excel tinh dugc do tin cay r:

oy -0o's 0,14110-0,00078

o; 0,14110

*Kiém dinh cac hé s6 a,

r=

=0,995=99,5%

S°(A)

- Xac dinh phuwong sai dw Sy,: S, =
prveng WSMTN k-1

(11)

Trong do: N - s6 lvgng thi nghiém,;
k -s6 lugng thong s6 can xac dinh trir a;

S*(A) = (IYIIXLIAD". ([Y)-[XL[A])
- Xac dinh s ton taiclla cac hé sb a;:
Céac hé s a, ton tai [7] xac dinh theo cong thic:

_ 4
Sauy/Mi
Trong dé: m; la s6 hang thi ii cia ma tran M? véi
M]=[X]". [X];
Tk d6 ta tinh dwoc cac gid tri

=12,3547, =13,7274

‘titinh 2 tbang(N_k_lr) (12)

= 14,0227,

0
ttinh

2
ttinh

1
ttinh

- Tra bang phéan b6 Student [7] VGi tyg (N - k - 1; 1);
N-k-1=5-2-1=2,d6 tin cayr=99,5%

Nhan théy:

T > tyang(N—k—11) V6ii=0+2

&
Squ/M

Do dé céc hé s6 a; thuce sy ton tai, phuong trinh hoi quy
thuc nghiém (8) ton tai, nén tén tai moi quan hé gita do
nham bé mat R, v&i van toc cat (V) va chiéu sau cat (t):

R, =20754,8331.\/ 21684, 060760
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2.5. D0 thi quan hé gitra dd nham va ché dé cét

S dung phan mém Matlab v& do thi biéu dién mdi
quan hé gira dd nham R, v&i van téc (V) va chiéu sau cét (t)
(hinh 12).

. 50 02 t

Hinh 11. D3 thi quan hé giira R, véi van tdc cat (V) va chigu siu cat (t) khi
$=250 mm/ph

Nhan xét: Tir do thi hinh 11 va cdng thtrc (9) cho thay
van tdc cét V ti 1é nghich voi gia tri dd nham, chiéu sau cat
(t) ti 1& thuan voi gia tri d® nham; van téc cat anh hudng
nhiéu hon dén dd nham bé mat R, so v&i chiéu sau cat (t).
K&t qua nghién ctru phu hgp voi két qua nghién ctru cta
cac cong trinh khoa hoc da cong bé.
3. KET LUAN

- Bang thuc nghiém da xac dinh dugc méi quan hé toan
hoc gitta cac thong s& ché do cat (V, t) va dd nham bé mat
Archimedes sau khi phay :

R, =20754,8331.\/ 21684 060760

Panh gia dugc sy ton tai clla cac hé s6 cua phuong
trinh hoi quy thuc nghiém véi do tin cay r = 99,5%.

- Khi phay bé mat Archimedes trén trung tam gia cong
CNC Super MC thi Van téc cét (V) ti Ié nghich va Chiéu sau
cat (t) ti 1é thuan vai gia tri dd nham, trong d6 Van téc cat
(V) &nh hudng dén dd nham bé mat (R,) chi tiét sau khi gia
cdng nhiéu hon Chiéu sau cat (t).

- K&t qua nghién ctu gitp cho nguoi can bd ky thuat
tinh toan, lya chon Van téc cit va Chigu sau cat hop Iy
nham nang cao nang suét, chat lvong bé mat va do chinh
xac gia cong khi phay bé mat Archimedes trén trung tam
gia cong CNC Super MC.

- K&t qua nghién clru la co s& dé tién hanh xac dinh anh
hudng dong thoi cta 3 théng s6 ché do cat (V, S, t) dén do
nham bé mat khi phay mat Archimedes trén trung tdm gia cong
CNC.
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