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Ché do cat, do nham, bé
mat Archimedes, trung tdm

Ngay nay, gia cong cac bé mat dinh hinh nhu bé mat Archimedes tré nén don
gian hon so véi viéc str dung cac may chuyén ding truyén théng khi sir dung
chc thiét bi gia cong diéu khién sb. Viéc tmg dung may, thiét bi diéu khién sb
vao gia cong cac bé mit dinh hinh nhu mit Archimedes khong nhiing cho
nang suat cao, han ché sir dung d6 ga, giam chi phi ma van dam bdo do chinh
x4c va cht luong bé mat gia cong. Tuy nhién, co s& dir licu dé lua chon
thong s6 ché do cat hop 1y con rat han ché. Bai bao trinh bay két qua nghién
ctru anh hudng cta bude tién (S) va chiéu sau cit (t) dén d6 nham bé mait khi
phay mit Archimedes trén may CNC Super MC. Két qua nghién ciru 14 co s&
cho cac nha céng nghé lya chon ché do cit hop 1y khi phay mat Archimedes
trén trung tdm CNC Super MC.
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milling machine.

Nowadays, the machining of shaped surfaces such as the Archimedes
becomes more simple than using traditional machines when numerically
controlled mechanical equipments/machines are employed. The use of
numerically controlled machines in machining surfaces such as Archimedes
not only brings high productivity but also reduces the use of fixtures and costs
while still ensuring accuracy and surface quality. However, the database for
selecting appropriate cutting mode parameters is very limited. The paper
presents the effect of step (S) and cutting depth (t) on surface roughness when
milling Archimedes on CNC Super MC machine. The research result is the
basis for the technologists to choose the suitable cutting mode when milling
Archimedes face on CNC Center Super MC.
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1. PAT VAN PE

Bé mat hot lung c6 vai trd quan trong trong ché tao dung cu cit, dic biét la mat sau
Archimedes cua rang dao gia cong banh rang con cong (hinhl). Giao tuy€n cia mat sau véi mat
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truc tao thanh ludi cat. Chat lugng cta ludi cit anh hudng truc tiép dén d6 nham suon ring cua
banh rang. Boi vay, d0 nhdm mat sau cia rang dao 1a yéu t6 anh hudng 16n dén d6 nham suon
ring clia banh ring sau khi gia cong, viéc giam gia tri d6 nham khi gia cong mit sau 1a rit quan
trong, gop phan dam bao chét lwong bé mit suon ring cua banh ring. Do do, viéc ning cao chat
lwong d6 nham mit sau ctia rang dao 1 yéu t6 quan trong gop phan dam bao chit lwong bé mit
suon rang cua banh rang.

&t sau phia trén

IMat sau s o

ol ey INat sau phia trang
R Luw#i cat chinh

Lui cat ngang ohia trong

Luwii cat chinh Wit trree

phia ngoai

Hinh 1. Ring dao cit banh ring con cong hé Gleason

Chat Iugng bé mit chi tiét sau khi gia cong trén may phay CNC phu thudc vao nhleu yéu
t6, nhu: vat liéu, phu:ong phap gia cong, dung cu cit, hé thong cong nghé va ché do cit... Khi
diéu kién va thiét bi gia cong khong doi, muon nang cao chit luong bé mat va do chinh xéac cta
chi tiét gia cong thi viéc lwa chon ché do cit hop 1y 1a giai phap hitu hiéu. Theo [4], cac tac gia
da danh gia duoc anh huong ciia V va S dén d6 nham bé mit khi phay mit cong Archimedes trén
trung tim CNC Super MC. Nghién ctru ndy danh gia anh hudng cta S va t (budc tién va chiéu
sdu cat) dén d6 nham bé mat khi phay mit cong Archimedes trén trung tim CNC Super MC.

Theo [1], mbi quan hé giira d6 nham bé mit (R,) voi ché do cat (V, S, t) thé hién boi cong
thuc:

R,=C,. V*.S". (1)

Trong do +C, la hang sé;

+ a, b clacacsomu

Pé x4c dinh hing sb C, va céac s6 mii a, b, ¢ nhém tac gia sir dung phuong phéap thuc
nghiém. Trong nghién ciru nay, nhom tac gia nghién ctru anh hudng cua budce tién (S) va chiéu
sdu cit (t) dén d6 nham be mit (R,) véi vén tde cat khong d01 V =50 m/phut.

Xay dyng dugc mbi quan h¢ gitra thong s6 che d6 cét va d6 nham bé mit s& gitip nha cong
ngh¢ tinh toan, lya chon ché do cit hop 1y theo yéu cau.

2. THUC NGHIEM
2.1. Thiét bi thwe nghiém va vat li¢u gia cong
2.1.1. Mdy gia céng va dung cu cit
- May gia cong: St dung trung tim CNC Super MC do Pai Loan san xuét (hinh2).
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r (b)

Hinh 2. Trung tdam CNC Super MC Hinh 3. Dung cu cit ding trong thuc nghiém
a) Dao phay tho, b) Dao phay cau dung dé cat tinh

- Dung cu cit:

+ Phay tho bang dao phay ngéon D = 17mm, gan 02 manh hop kim cimg nhém 3 cac bit,
phu bé mit; ky hiéu: APMT 1135 PDER M2, hang Mitsubishi - Japan.

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

2.1.2. Méu thi nghiém va dung dich tron ngugi

- Hinh anh mau dung dé thuc nghiém thé hién trén hinh 4 va hinh 5.
- Vat li¢u gia cong 1a thép gido P18, thanh phan hda hoc, tinh chat co Iy va d§ ctimg theo
tiéu chuan ctiia nha san xuat.

Hinh 4. Hinh anh mau dung trong Hinh 5. Kich thuéc mau ding Hinh 6. May d6 nham SJ-400
thuc nghiém trong thuc nghiém

- Dung dich tudi ngudi: Emunxy 4%, tuéi tryc tiép, luu lwong 20 lit/phut.

2.1.3. Thiét bi do d¢ nhdm

- Méy do d6 nham Mitutoyo SJ - 400 (hinh 6). Hinh anh g4 miu trén may do d6 nham thé
hién trén hinh 7.
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- Panh gia d§ nham theo chi tiéu R, tiéu chudn ISO; chiéu dai do: 4 mm, chia lam 5
khoang; dau do kim cuong, do ti€p xtc; ap luc do 0,75N; toc d6 0,05mm/s.

Hinh 7. Hinh anh g mau trén may do d6 nham

a) Vi tri can dém trén ban may b) Hinh anh do d0 nham

2.2. Phwong phap thuc nghiém

Nghién ciru duge thuc hién boi 05 thi nghiém, véi 15 mau thuc nghiém. Mdi thi nghiém
thue hién trén 03 mau.

St dung phan mém Solidworks dé thiét ké chi tiét gia cong, phan mém MasterCAM Mill
X5 dé lap trinh gia cong phay thd, phay ban tinh va phay tinh, ché do cét khi phay tinh 250
(mm/ph) < S <300 (mm/ph); 0,2 mm < t < 0,5 mm; V = 50 m/ph. Sau khi phay, chi tiét dugc do,
kiém tra, danh gia d§ nham, mdi mau duoc do ¢ 3 vi tri, mdi thuc nghiém dugc do trén 03 mau
va lay gia tri trung binh.

Ung dung quy hoach thyc nghiém tryc giao, phwong phap binh phwong nho nhét va phan
mém Matlap dé xay dung cong thirc toan hoc biéu thi mdi quan hé giita bude tién (S) va chiéu
sdu cdt (t) v6i do nham (R,).

2.3. S6 li¢u thue nghiém
2.3.1. Xdc dinh dang phwong trinh hoi quy va so lwong thi nghi¢m
Khi nghién ctru moi quan h¢ giira ché d¢ cat va do nham bé mat chi tiét gia cong véi six
dung quy hoach thyc nghi¢m truc giao ta c6 phuong trinh hoi qui nhu sau [2]:
y=apta; xj+axpt+..... +agxx (2)

* Sé lwong thi nghiém ) .
- Moi quan h¢ gitra cac thong s6 dugc mo ta theo so @6 hinh 8.

g
Xa()

¥ (Ra)
X, (t)
—_— —
V = constant
—_—

Hinh 8. So d6 mbi quan hé giita thong s dau vao va dau ra
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+ Thong sé dau vao x;:
X: Budc tién dao S (mm/ph)
X5: Chiéu sau cit t (mm)
+ Thong s6 dau ra bi diéu khién:
y: Do nham bé mit R, (um)
+ Thong s6 khong diéu khién duoc: ¢ 1a bién ngiu nhién
- S6 thi nghiém dugc xac dinh [2] theo cong thirc: N = 2k
Vi bién ddu vao k = 2 ta ¢6 sb thi nghiém chinh N = 2°=4.Pé nang cao do chinh xac thuc
hién can ¢ thém 1 thi nghiém & tam. Tong s6 thi nghiém N=4+1=15.
2.3.2. Chudn bj thwe nghiém
* Théng so thwe nghiém
Can cir vao thong s6 k¥ thuat ctia may, pham vi cho phép sir dung ché do cit cua dung cu
cat, vat liéu gia cong... thong s6 ché do cit duge chon nhu sau:
+ Budc tién (S): 250 + 300 mm/ph.
+ Chiéu sau cit (t): 0,2 + 0,5 mm.
+ Van toc cit (V): 50 m/ph ‘
Thong s6 ché do cat ding cho thyc nghiém duge thé hién trong bang 1.

Biang 1. Thong s6 ché do cit dung cho thuc nghiém

Théng s6 Vin téc cat V (m/ph) | Buwéc tién dao S (mm/ph) |  Chiéu siu cit t (mm)
Gia tri min 50 250 0,2
Gia tri max 300 0,5
Mbi quan h¢ gitra d nham va ché d6 cat thé hién qua cong thac [1]:
R, =C,.V.S"t°
Véi gia tri V = constant mdi quan hé d6 dwogc biéu thi bang cong thirc:
R,= C,.S" 1" 3)
Logarit co sd e phuong trinh (3) ta dugc:
In(R,) = In(Cp) + a.In(S) + b.In(t) 4)
Dit y = In(R,); ap= In(Cy); a1 = a; a3 = b; X; = In(S); X5 = In(t);
Ta duoc: y=ap+ a; X+ aXs
Mirc trén 1a x;¥ ta co: X = X max;
Mirc dudi 1a x;?: XY = 10X min;
Miic co s6 1a 50 — l(ln X, +lnx_ )
1 2 1max min
Gia tri cac thong so thye nghiém dugc thé hién trong bang 2.
Bang 2. Gié trj cac mi hoa thong sb thi nghiém
Cac yéu té X] X2
Murc trén 5,52146 -1,6094379
Murc dudi 5,70378 -1,6094379
Murc co so 5,61313 -1,1394343
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* Chay mo phong

Sau khi thiét ké rang dao phay banh ring con cong loai 9” hé Gleason, ta st dung phan
mém MasterCAM Mill X5 dé lap trinh va chay md phong. Hinh anh mé phong qué trinh phay
duoc thé hién trén hinh 9.
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a) M6 phéng chuong trinh phay tho b) M6 phéng chuong trinh phay tinh
Hinh 9. Hinh anh m6 phéng chuong trinh phay méat Archimedes

2.4. Két qua thue nghiém

Chuyén cac bién tir ty nhién sang cic bién md hoa khong thir nguyén. Véi thuc nghiém 2
bién dau vao thay di (S, t) tién hanh lam 4 thi nghiém tai cic dinh don hinh déu va 1 thi nghiém
& tam; sau khi gia cong, tién hanh do d6 nham trén may Mitutoyo SJ - 400. Két qua do d6 nham
duoc thé hién trong bang 3.

Bang 3. Két qua do do nham

Bién mi héa Bién thuc Gid trj trung
b Xi X (mn?/ph) (mtm) A ) binh Ry, (pm)
1 1,90
1 -1 -1 250 0,2 2 1,44 1,58
3 1,39
4 3,89
2 +1 -1 300 0,2 5 3,93 3,98
6 4,13
7 2,98
3 -1 +1 250 0,5 8 2,74 2,82
9 2,74
10 4,43
4 +1 +1 300 0,5 11 4,45 4,22
12 3,78
13 2,97
5 0 0 274 0,32 14 2,96 2,99
15 3,01
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2.4.1. Quy hoach thwc nghiém
Theo phwong phap binh phuong nhé nhit ta ¢6 ham hdi quy thuc nghiém tong quat:
y=ao+ a x1+a2 X2+...+ ax Xk

Xac dinh ag_a;. ;... a, sao cho S dat gi4 tri nho nhat:
5 i=k

S°= z [)/[ - y'i]
i=1

Céc gia tri ag, aj, a,... a la cac hé s6 twong ung cuia ma tran [A]:

2

[A] = Z Véi: [X] . [A] =[Y]

a,

- Ma trén thong sé dau vao [X] 1a logarit co s6 e cac gid tri S, t st dung trong thi nghiém.

- Ma tran thong so6 dau ra [Y] c6 cac hé so 1a logarit co sO e cac gid tri d0 nham do duogc

trén cac mau thi nghiém.
Nhan hai vé ctia (6) voi ma tran chuyén vi X' ciia ma tran X: [X]".[X].[A] =[X]". [Y]
Pat [M] = [X]". [X] ta co: [M] . [A] = [X]".[Y]
Gia str det(M) # 0 thi [M] 1a ma tran kha nghich, ta c6:

[A] = [M]".[X]".[Y]

4

Logarit co sd e cac gia tri S, t va R, ta duwoc két qua thé hién trong bang 4.

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

Bién mi héa Bién thuc Ln(S) Ln(t) Ln(R,)
TTN S t R, (um)
X X2 (mm/ph) (mm) X1 Xz Y
1 -1 -1 250 0,2 1,58 5,52146 -1,60944 0,45531
2 +1 -1 300 0,2 3,98 5,70378 -1,60944 1,38212
3 -1 +1 250 0,5 2,82 5,52146 -0,69314 1,03674
4 +1 +1 300 0,5 4,22 5,70378 -0,69314 1,43984
5 0 0 274 0,32 2,99 5,61313 -1,13943 1,09527
Tir bang 4 va phurong trinh hdi quy thuc nghiém (2) ta co:

1 x, x, - .x 1 5,52146 —1,60944 0,45531

1 5,70378 —1,60944 1,38212

EEN > [X]=|1 552146 -0,69314 [¥]=]1,03674

: 1 5,70378 -0,69314 1,43984

X, X oo Xy 1 561313 —1,13943 1,09527

Str dung phén mém Excel dé tinh toan ta dugc ma tran [A]:
—18,98860
[4]=| 3,64730
0,34889
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Tir d6 ta c6 cac hé s6 cua phuong trinh hdi quy thuc nghiém:
ap = -18,98860 — C, = ¢ '**% =5667.10”

a; = 3,64730; a, = 0,34889;

Phuong trinh hdi quy thuc nghiém 1

y=-18,9886 + 3,64730X, + 0,34889X, (8)
Phuong trinh quan hé gitta d6 nham (R,) v6 budc tién (S) va chiéu siu cit (t) nhu sau:
R.=5 667 10-9 S3,64730 t0,34889 (9)

2.4.2. Pdnh gid dé tin cdy ciia ham héi quy thwe nghi¢m
* Panh gia do tin cdy

o
Do tin cdy dugc danh gia theo cong thirc [2]: r = ——— (10)
o
Trong do: o7 = N;Z (V= Vin)’
- 1

1 n
12 12
G.——.E . i

Véi: yi - logarit co s6 e gié tri d0 nham R, do dugc cua thuc nghiém thu i;
Vit - gia tri trung binh cia cac yj;
i’ - logarit 6 nham R, theo ham hoi quy thuc nghiém;
N -sb luong thi nghiém,

Str dung phén mém Excel tinh dugc do tin cay:

2 1

» N-1
L

YON-1 T8 7 5-1
o, o', 0,15305-0,01336

Yy Yy

o 0,15305

30, 1Y :i-o,mzm ~0,15305

¢(,05078 =0,01336

Vay do tin cay r la: r= =0,913=91,3%
* Kiém dinh cdc hé s6 a;
S*(4)
) N—-k-1
Trong do: N - 50 luong thi nghiém;
k -s0 lugng thong s6 can xac dinh tru ay;

S*(A)= (IYIXLIAD". ([Y]-[X].[A])

- X4c dinh phuong sai du: S, = (11)

Dung phan mém Excel gidi cac bai toan ma tran, tinh dugc: S2(4)=0,06866

S*(4) _ 0,06866

Dod6: S, =
N-k-1 5-2-1

=0,03433 = S4,=0,18528
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- Xac dinh su ton tai cua cac hé so a; :
Céc hé s0 a; ton tai [3] xac dinh theo cong thic:

=Y sy (N—k-1r) (12)

ti
bang
Sdu

tinh

Trong d6: my 13 s6 hang thir ii cia ma tran M voi: [M] = [X]". [X];

49,4848  —168,85064  1,36922
[M] " =|-168,85064 30,08352  ~0,00017
1,36922  —0,00017  1,19090

0 1 2
t ttz’nh ’ ttinh

tinh | >

Tur d6 ta tinh duoc céc gia tri :
- Tra bang phan bd Student [4] vOi tpang (N-k-1; 1); N-k-1=5-2-1=2,d0 tin cdy r = 91,3%

Nhan théy: |ff}nh| % s tyang (N =k = 1,7) voii=0-2

du m

ii

Do d6 cac hé s6 a; thyc sy ton tai, phuong trinh hoi quy thuce nghiém (8) ton tai, nén ton tai
mdi quan hé gitta d6 nham bé mit R, véi budc tién dao S va chiéu sau ct (t):

Ra — 5,667.10-9. S3’64730. t0,34889

2.4.3. Do thi quan hé giita dp nhdm va ché dp cit

* Sir dyng phan mém Matlab v& do thi biéu dién mdi quan h¢ giita do nham R, véi bude
tién dao S va chiu sdu cit (t) (hinh 10).

=N
chaat
\\\\\\\\\\\\\\\\\\\\\\\\\\

g ;
5 S

Hinh 10. D6 thi quan hé giira R, véi budc tién dao (S) va chiéu sau cat (t) khi V =50 m/ph

Nhén xét: Nhin 1én d0 thi hinh 10 va cong thire (9) cho thiy budc tién S va chiéu sau cit
() ti 16 thuan v&i gia tri d6 nham; budc tién dao (S) anh hudng nhiéu hon dén d6 nham bé mit R,
so voi chiéu sdu cat (t). Két qua nghién ctru phi hop vé6i két qua nghién ciru ctia cac cong trinh
khoa hoc di cong bb.
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3. KET LUAN

- Béng nghién ctru thyc nghiém da xac dinh duoc mbi quan hé toan hoc giira cac thong s6
che do cit (S, t) v6i do nham bé mat Archimedes sau khi phay, the hi¢én qua cong thirc:

= 5,667.107. $¥7°, %35 Panh gia duoc sy ton tai cua cac hé sb ciia phuong trinh hoi
quy thuc nghiém vai d(_) tin cdy r = 91,3%.

- Két qua nghién ctru cho thdy: khi phay bé mdt Archimedes trén trung tim gia cong CNC
Super MC thi buéec tién (S) va chiéu sau cit (t) ti 1& thuan voi gia tri d6 nham, trong d6 budc tién
(S) anh hudng dén d6 nham bé mat (R,) chi tiét sau khi gia cong nhiéu hon chiéu sdu cit (t).

- Ket qua nghién ctru lam co s¢ giup cho nguoi can b ky thuat tinh toan, lya chon ché do
budc tién va chiéu sau cit hop 1y dé nang cao nang suét, chit lwong bé mit va do chinh xac gia

cong khi phay bé mit Archimedes trén trung tdm gia cong CNC Super MC.

- Két qua nghién ciru 14 co s dé tién hanh nghién ctru anh huong dong thoi cia 3 thong sb
ché 6 cat (V, S, t) dén d6 nham bé mat khi phay mit Archimedes trén trung tim gia cong CNC.
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