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TOM TAT

Viéc str dung dao phay dau céu, dic biét la dao phay phi bay hoi céc véat liéu CBN, TiAIN,
TiN... trén cac méy phay CNC nhiéu truc cho phép gia céng céc bé mét phirc tap véi ndng suét va gia
thanh ha hon so véi cac phuong phap gia céng khéng truyén théng nhw: Gia céng béng tia Itva dién,
gia céng dién hoa, gia cong bang siéu am...Tuy nhién, mbi quan hé gitra ché d6 cat va tudi bén cua
dao phay dau céu khi phay thép hop kim cao con nhiéu van dé can nghién ctru. Bai bao nay trinh bay
két qué nghién ctru vé méi quan hé gitka ché do cat va tudi bén cta dao phay dédu céu khi cét & dinh
dao khi gia céng vét liéu Cri2MoV qua téi. Két qua nghién ctru gitp céc nha ky thuat cé thé tham
khao dé str dung dao phay déu cau phid TiAIN mét céch hop ly.

ABSTRACT

In practice, the use of ball end mills especially coated ones with different coated materials such as
CBN, TiAIN or TiN... permits to machine extremely complicating surfaces, increasing the cutting tool
performance, reducing the machining cost in comparison with advanced machining methods such as
electrodischarge machining, electrochemical machining, ultrasonic machining... However, the relation
between the cutting parameters and life of a such tool has not been well understood. This paper
presents a research involving with the relation between the cutting parameters and the ball endmill life
when machining hardened Cr12MoV steel at the tool top. The results of the research allow technicians
to use as a reference for a better performance of the ball end mill.

I. PAT VAN PE phay dau cau, dic biét 1a dao phay dau cau phu

Trong nganh ché tao may va nganh cong o6 gia thanh cao hon nhicu.

nghiép khudén mau nhiéu chi tiét co bé mat cong Dao phay
phurc tap dugc st dung. Khong nhitng c6 bé mat A
phirc tap ma nhirng chi tiét ndy con lam bang
vat liéu khé gia cong nhu hop kim co do bén
cao, thép chiu nhiét, thép khoéng gi, thép da
t6i...Hién nay, viéc gia cong nhiing bé mit phirc
tap ndy c6 mot s6 phuong phap nhu: Gia cong
bang dién hod, gia cong bang siéu am, gia cong
bang tia lira dién [1]. Nhitng phuong phap gia
cOng nay tdn tai mot s6 nhuoc diém dé 1a: Gia
thanh dau tu cao, ning suat gia cong thap dan

Bé mat chua
gia cong

A .y N ) Y n Chiéu
dén gia thanh cua chi tiét gia cong cao. sAu cit Phoi
Viéc ché tao ra dao phay dau ciu, dic Id‘u(-mg dich B2 mat mong muén
ao ngang

biét 1a st dung dao phay dau cdu phu cic vat
licu CBN, TiAIN, TiN...trén cic may CNC . .
nhiéu truc cho phép gia cong cac bé mat phirc Hinh 1. Phay bang dao phay cau
tap, vi ning suat gia cong cao hon rat nhiéu so
v6i cac phuong phip gia cong khong truyén
théng. So v6i dung cu cit thong thuong thi dao

Qué trinh cit bang dao phay dau cau rat
phirc tap vi ludi cit cua dao phay dugc bd tri
trén mat cau. Khi gia cong bé mit phirc tap
bang dao phay dau cau, bé mit gia cong dugc
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hinh thanh theo sy diéu khién vi tri twong dbi
gitta dao va phdi nhu ¢ hinh 1. Do dao c6 hinh
dang chom cau nén trén bé mit cua chi tiét gia
cong gilta 2 duong chay dao con mot dai kim
loai khong cat dugc tao nén giira hai duong cit.
Gidm lugng dich dao ngang va tang duong kinh
dau ciu s& giam duoc chiéu cao nhap nho.

Khi cit biang dao phay dau ciu, thudng it
khi dudng kinh 16n nhit ctua dao tham gia ct
got, ma chi co chiu dai ngan cua ludi cit tham
gia vao qua trinh cat got & dudng kinh hiéu qua,
duong kinh nay duoc ding dé tinh toan toc do
quay cia truc chinh va dé xac dinh duong kinh
cit got thuc té & chiéu siu cét ap nhu duoc mod
ta o hinh 2, theo [2] toc do cit thé tinh toan
theo cong thirc sau:

- Voi ki€u cat dung ludi cat bén dé cat, tinh
toan toc do cat 6 diem P ta co :

7.D,.siné.n
=—————(m/ phut 1
1000 (m/phut) (1)
-1 Dl_ ap
6 =cos ( )+90—-a (2

1
- Véi kiéu cat dung dinh dao cét, tinh toan ché
d0 cat cho diém Q ta co:
_ m.D;.sindn
1000
O day: n la toc do quay cua truc chinh
(vong/phnt).

(m/ phut) (3)

D; 14 dudng kinh dao phay dau cau.
ap 1a chiéu sau cat.

oD1

—

Hinh 2. So do xdc dinh téc dé cdt
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Nhu vay, néu véi cling mét sb vong quay
ctia tryc chinh thi khi vi tri cit thay doi toc do
cit ciling thay d6i, dé toc do cat khong thay doi
thi phai thay doi s6 vong quay cua truc chinh.
Trong qua trinh cét got tdc dd cit tai dinh dung
cu luon bang khong [3]. Day 1a ly do tai sao khi
gia cong bé mit bang dinh dao thi dung cu cit
nhanh mon va khi gia cong tinh st dung may
phay CNC ba tryc thi vi tri tuong quan giira truc
dung cu va bé mit gia cong la rat quan trong dé
dat dugc chat luong bé mit t6i wu, tudi tho
dung cu l6n nhét.

Trong cong nghiép khudn mau, vat lidu
Cri2MoV duoc dung phé bién. Dé dat duogc
yéu cau k¥ thuat cua khuén mau, nhiéu khi phai
gia cong khi phoi da dugc toi cting dat 4o cing
HRC40-45, gia cong vat lidu nay c6 thé sir dung
cac loai dao phay dau ciu phu CBN, TiAIN [2].
Loai dao phi TiAIN duoc ding nhiéu vi c¢6 gia
thanh thap hon loai phu CBN. Ché d6 cit cua
dao phay phu TiAIN di dugc nha san xuit dung
cu hudng d?in sir dung, tuy nhién ché do cit nay
¢6 khoang rét rong va khong c6 tmg dung cu
thé. P c6 mot sd nghién ctru vé mon va tudi
tho cua dao phay dau cau [4, 5], nhung nghién
clru mon va tudi bén cua dao phay dau cau phu
TiAIN khi gia cong thép Cr12MoV da toi ciing
thi chua c6 tai liéu néi dén. Bai bao nay chi
trinh bay nhimg nghién ciru vé mdi quan hé
gilta ché do cat va tudi bén cua dao phay dau
cau phu TiAIN khi cét & dinh trong truong hop
gia cong thép Crl2MoV da toi, tur do phép chon
ché d6 cat hop 1y dé nang cao tudi bén cua dao,
ha gi4 thanh san pham.

Il. PIEU KIEN PE DINH DAO CAU
THAM GIA CAT

Nhu trén d3 noi, doan ludi cit cua dao
phay dau cau tham gia cit phu thudc vao vi tri
tuong quan giira truc dao va bé mit gia cong.
Pé xac dinh diéu kién dé dinh dao tham gia cat
¢6 thé sir dung so dd cat hinh 3. O so db nay vi
tri ciia dao phay dugc xac dinh trong hé toa do
dé cac theo tiéu chuén I1SO R-841-1968 ddi véi
méay phay CNC, gbc toa do 1a tim cua chom
ciu. Vi tri twong quan giira dao va phéi duoc
xac dinh thong qua goc nghiéng Oy la goc hop
boi bé mit phap tuyén voi bé mat gia cong va
truc dao phay (quay quanh truc Y).
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Hinh 3. Phuong thirc chuyén dao khi phay bang
dao phay cau.

a- Chuyén dao tir dudi lén.
b- Chuyén dao tir trén xuong.

Diéu kién cia goc nghiéng dé dinh dao
phay dau cau tham gia cat la:

- Truong hop chay dao theo duong nam ngang,
hudng cat tir duoi 1€n trén (Hinh 2a).

t9y <arcsin 2 ,
2R

- Truong hop chay dao theo duong nam ngang,
hudng cat tir duoi 1€n trén (Hinh 2a).

) (R—ap]
HySarcsm ,
R

O day: a, la lugng dich dao ngang, R la
ban kinh cta dao phay déau cau, ap la chiéu sau
cat.

(4)

(®)
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I1l. THUC NGHIEM XAC PINH MOI
QUAN HE GIUA CHE PQ CAT VA TUOI
BEN CUA DUNG CU CAT

3.1 Trang thiét bi thi nghi¢m

Thuc nghiém duoc tién hanh trén Trung
tam gia cong VMC-85S cua hang Maximart;
Dung cu cét duoc st dung 1a dao phay dau cau
$10 phu TiAIN hai ludi cit VP15TF cia hing
Mitsubishi - Nhat Ban, sb ludi cat Z = 2, théng
s6 hinh hoc Y= 0° o =5°% Dung cu do kiém st
dung cho thi nghiém gdm may do nham bé mit
SJ 201 cta Mitutoyo va kinh hién vi dién tur;
Vat li¢u phoi la thép hop kim Cri2MoV, co
thanh phan hod hoc (%) nhu bang 1. Phéi dugc
t6i thé tich, do ctng cua phoi khoang HRC 40 -
45.

Bing 1. Thanh phan hod hoc ciia thép
Crl12MoV.

C |si [P |S |cr |[Cu|V
1.57|0.29]0.020|0.019|11.46|0.19|0.19
3.2 Ché d cong nghé

- Van tbc cat V = 50 + 110(m/phut).

Mn
0.25

Mo
0.44

- Lugng chay dao S = 0,1 + 0,3 (mm/rang)

- Nghién ciru tudi b@;n cua dao tai dinh
cta dao ing v6i chiéu sau cat a, =t = 0,5 mm.

- Str dung tudi ngudi dung dich Emusil:
Mira EM40 5%.
3.3 Mo hinh toan hoc

Mb hinh toan hoc dé xac dinh tudi bén
cua dao phay dau cau phu TiAIN khi gia cong
thép hop kim Crl2MoV trong nghién ctru nay
duoc }ua chon trén co s& phuong trinh co ban
tudi bén cua Taylor [6]:

V.T"=C,
trong do6:

- T 12 tudi bén (phut)

-V 1a vén tbc cit (m/phit)

- C; 12 hang s6.

(6)

Phuong trinh Taylor mé rong bao gém
ca anh hudng cta lugng chay dao va chi€u sau
cat dugc viét nhu sau phuong trinh sau:

T=aV*Ss%t® @)
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Trén co s& d6 khi ¢6 dinh chiéu sau cét t
=0,5 (mm) ta co:

LnT =a, + a;InV +a,InS

(8)

Phuong trinh 8 1a m6 hinh toan hoc dugc
lua chon dé xac dinh tudi bén cua dao phay dau
cau.

Tudi bén cua dao phay dau cau co thé
duoc xac dinh bat dau tir khi dao bat dau cat
cho dén khi bat dau dién ra giai doan mon khdc
liét ung v6i mdi ché do cat xac dinh. Qua trinh
mon cua dung cu anh hudng truc tiép dén chat
lugng bé mat gia cong va dugc thé hién rd qua
su thay d6i vé do nham bé mat. Khi dao tién
dén giai doan mon khéc liét 1a lac gia tri do
nham bé mit c¢6 sy thay doi 16n. D6 1a co so
dung dé xé4c dinh tudi bén cua dung cu.

Bdng 2. PG nham cia chi tiét gia cong iing voi
cac ché dé cat khac nhau.

. v = 50(m/p) . v =110(m/p)
gla(;]l s =0,1(mm/r) gla(:: s =0,1(mm/r)
(Phut) Ra Rz (Phut) Ra Rz
(pm) | (um) (um) | (um)
0,5 1,12 4,17 0,5 0,76 | 2,15
15 1,21 4,29 15 0,85 | 2,57
3,0 1,36 4,57 25 0,98 | 3,02
5,0 1,78 5,27 3,0 112 | 3,67
6,0 1,85 6,89 3,5 129 | 4,43
7,0 2,18 7,45 4,0 148 | 574
7,2 2,31 8,12 4,5 1,86 | 7,08
7,5 3,35 13,06 4,8 3,32 | 1354
Thei v =50(m/p) Thei v =110(m/p)
gian s = 0,3(mm/r) gian s = 0,3(mm/r)
(Phut) Ra Rz (Phut) Ra Rz
(um) | (um) (um) | (um)
0,5 5,67 24,76 0,5 167 | 7,79
1,0 5,76 25,17 1,0 185 | 8,37
2,0 6,03 25,75 2,0 209 | 974
3,0 6,31 26,21 2,5 2,45 | 11,07
4,5 6,78 27,56 3,0 2,84 | 1311
5,0 7,15 28,71 3,5 3,68 | 1521
52 8,09 29,87 4,0 539 | 17,28
55 16,12 | 44,68 4,1 9,74 | 39,75
V= m =
o | ) | e | o
glan ! gian - Y
(Phut) | Ra Rz (Phat) | Ra Rz
(pm) | (um) (pm) | (um)
0,5 0,57 4,52 0,5 0,58 | 4,54
15 0,81 4,87 15 0,85 | 4,88
2,5 1,26 5,46 2,5 1,29 | 549
3,5 1,84 6,75 3,5 191 | 6,79
4,5 2,67 7,84 4,5 2,67 7,94
5,0 3,08 9,05 5,0 3,08 |915
6,1 3,85 10,67 6,0 3,85 | 10,87
6,2 9,98 28,58 6,1 9,98 | 29,53
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3.4 Thi nghiém va xir Iy két qua.

Bang 2 1a két qua do do nham trén chi
tiét gia cong theo phuong chuyén dong chay
dao g v6i cac ché do cit khac nhau va thoi
gian gia cong khac nhau.

Trong qué trinh gia cong dinh cua dao
phay dau cau bi mon, cac hinh 4 a, b, ¢, d 13 anh
chup bang kinh hién vi dién tir & mot sé ché do
cit va thoi gian cét thi nghiém.

20090417 0800

2mm  T)-1000.0349 d 20000

Hinh 4. a - Binh dao khi chua gia cong;
b-Binh dao sau 3,0 phit gia cong voi

V =110 (m/phut), S = 0,3(mm/ rang);
C-Dinh dao sau 4,1 phut gia cong voi

V =110 (m/phut), S = 0,3(mm/ rang);

d -Binh dao sau 7 phit gia cong voi

V =50 (m/phut), S = 0,1(mm/ rang).

Qua thi nghiém va anh chyp bang kinh
hién vi dén tir cho thiy viéc xac dinh tudi bén
ciia dao phay dau cau thong qua chi tiéu do
nham bé mat 1 hoan toan hop 1y. Cac anh chup
vét mon cua dinh dao phay dau cdu bang kinh
hién vi (Hinh 4) va bang 2 cho thiy ¢ ché do cat
V = 110 (m/phat) S = 0,3(mm/ rang), t =
0.5mm, khi cat dén thoi gian 3,5 phut Rz
15,21um; khi cit dén thoi gian 4,0 phut Rz
17,28 um; khi cat dén thoi gian 4,1 phut Rz
thay d6i dot ngot Rz = 39,75um. Nhur vay, tudi
bén ctia dao 1a 4,0 phit, khi nay dao mon dén
cubi giai doan 2 cua qua trinh mon, néu cit
thém mot thoi gian ngin nira thi phoi s& bi pha
huy. Hinh 4d khi cat dén thoi gian 4,1 phat thi
ludi cét bi pha huy.
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Bang 3 1a cac thong sb thi nghiém ap
dung phuong phap binh phuong cuc tiéu. B6 tri
thi nghiém sao cho c6 tinh chit ctia ma tran truc
giao cdp 1. TUr cac thong sd thuc nghiém xéac
dinh dugc phuong trinh héi quy (11) va xay
dung duoc dd thi (hinh 5) thé hién quan hé gitra
ché d6 cit V, S vé6i tudi bén cia dao phay cu
phu TiAIN, trong truong hop gia cong thép hop
kim Cr12MoV qua t6i dat do ciing 40—-45HRC
khit=0,5 (mm).

T = 5875 \/ 0925 G087 (11p) (11)
Bdng 3: Cdc théng so thi nghiém.

Bién thuc nghi¢m
STT X1 Xo Vv S T
(m/p) | (mm/r) (phtit)

1 -1 -1 50 0,1 7,2
2 +1 ] -1 110 0,1 4,5
3 -1 +1 50 0,3 5,2
4 +1 | +1| 110 0,3 4,0
5 010 80 0,2 6,1
6 010 80 0,2 6,0

P
— |
15— | A/ |
4‘//// |
[ |
S0l ! /’/ |
3 |
c 4// —1 |
- L=
o )
(5]
i)
So
[—1

% 100 1o
80

Luong chay ' 70 Van toc
dao s (mm/r) 0.1 50 cat v(m/ph)

Hinh 5. Do thi biéu thi quan hé giita v, s khi t =
0,5 mm voi tuoi bén cua dao

IV. KET LUAN

Nghién ctru mdi quan hé giita ché do cat va
tudi bén ciia dao phay dau cau pha TiAIN khi
cit ¢ dinh trong trudng hop gia cong thép hop
kim X12M qua t6i dat d¢ ctg 40 — 45 HRC c6
nhan xét sau:

R/

% Dao phay du cau phu TiAIN c6 kha ning
gia cong dugc thép da t6i, c6 thé sir dung t6t dé
gia cong cac bé mit phirc tap trong linh virc ché
tao may, dac biét la trong linh vyc ché tao
khuon mau khi vat liéu gia cong da duogc toi
cung.

< Xac dinh dugc diéu kién dé tranh hién
tugng dinh dao phay dau cau tham ra vao qua
trinh cit got.

% Xac dinh dugc mdi quan hé giita ché do cat
va tudi bén cua dao phay dau cau phu TiAIN
khi cit ¢ dinh trong trudong hop gia cong thép
hop kim Crl2MoV qua t6i dat d6 cing 40 — 45
HRC (cong thirc 11), tir d6 c6 thé khai thac viéc
sir dung dao cau mot cach hop 1y.

K/

% Co ché cit cua dao phay dau cau réat phirc
tap, vi tri cua ludi cat thay ddi phu thudc vao vi
tri tuong ddi giita dao va phdi, qua trinh mon
cua tung vi tri cua ludi cit khac nhau. Vi vay,
dé sir dung hiéu qua dao phay du cau can xéac
dinh mbi quan hé giita tudi bén ciia dao va ché

dd cat cho tung vi tri trén chi€u dai cua ludi cat.
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