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TOM TAT

Ning cao chat ll.m‘ng bé mait san pham la mét trong nhitng van dé rit quan trong cla nganh
cong nghé ché tao may nham tao ra Cac san pham may méc thiét bj dat dé chinh xac cao, bén
ldu va dat cdc hiéu qua vé kinh té va ki thuit.

Phirrong phép phay cao toe (PCT) chﬁng nhitng ¢ nﬁ_ng\suﬁt vuot trol, ma con dat dd chinh
xac va do bong bé mait cao ngay ca khi gia cdng cac chi tiet bang vat Liéu cimng.
Trong thuc nghiém nay ching t6i tién hanh danh gia anh hudmg ciia cac thong sb ché dg cit

v(200 + 400 m/ph), s(0,03 + 0,07 mm/rang), (0,4 +~ 0,6) dén d6 nham bé mit Ra khi gia ¢ong
thép 1am khudn SKD11 bing dao phay mat diu cao tdc cua hang Sandvik.

Tir khoa: phay cao tdc, 36 nham bé mat.

1. VAINET VE PHAY CAO TOC

Phay cao tuc (PCT), la mdt phuong phap gia cdng déc biét, khong chi la vé the db cit
cao. Trén thuc té, né chi c6 thé duoc thue hién mot cach hiéu qua v&i thiét bi san xuit dic biét.
PCT 1& mét trong nhimg cong ng,he hién dai, co nhiéu diém khic biét so v&i cac phuong phap
gia truyen thdng. Trong qua trinh gia cbng tdc dd cao, hau hét luong nhiét smh ra tdp trung vao
phoi, do d6, nhiét d cla dung cu va phdi kh-:rng ting nhiéu [1]- Piéu nay rat ¢ lgi vi sé kh{::ng
tang nhiét va luc cét thc déng vao chi tiét gia cdng, nén ¢o thé dé dang dat d6 bdng, dd chinh xac
kich thude va hinh déng cua chi tiét trong qua trinh gia cdng.

M6t s6 wru diém cia PCT [2]:
- Céc luc cit ¢6 thé giam do chiéu sdu cat nhd, do d6, su bién dang hé thong ciing it. Két qua Ia
ting c4 d6 chinh xac gia céng va gia ting tudi tho dao cu. Hom nira, viéc bao tri may cong cy
ciing dé dang,
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- Trong phay cao tbc, do rit ngan duwge thdi gian tiép xic, nhiét d6 coa cac dung cu cit va phdi
giam,

- Dat dugc hi€u qua cao khi tién hanh cac nguyén cong gia ¢6ng tinh va cé thé dat dwoc chét
lugng bé mét tot (thuomg 12 nd ¢é thé dat dén R, = 0,2 um).

- (o kha néng dat dugc hinh dang chinh xac cao ma khong can qua mai. Homn nita, no ciing lam
giam dang ké thdi gian ciia qua trinh danh béng bing tay cho cac bé mit can co dd béng cao.

- Trong gia cong khudn, né cé kha ning gia cong dat hidu qua kinh té tir thd dén tinh trén thép
cirng va vt hi€u kho gia cong.

- 0 kha nang gia cong cac san phim phrc tap (gta cdng cac vich siéu mong vdi bién dang
phirc tap) va bé mat 1ém.

- Co kha néng phat huy loi thé cia cac thiét bi, dung cu cit hién dai nhu: vét liéu ludi cit, co
ciu kep dao va cdc mdy cong cu voi tinh nang CAD/CAM déc biét, cé thé dap (mg cic cong
nghé mé&i va phuong phap cat méi.

2. MOT SO YEU TO ANH HUONG EEN PO NHAM BE MAT TRONG QUA TRINH
GIA CONG CAO TOC

Vé co ban, cic yéu t6 hinh thanh be mét trong gia cong toc dd cao ‘tuong tu nhir gia cong
thong thuong. Tuy nhién, cd khac biét vé sur phan bd nhiét trong ving cat (chi tiét - phoi- dung
cu} cling nhu sy giam lyc cit khi tde do vuot qua mét gidi han cu thé. N6 & giup lam giam d6
nham bé mit cling nhr ting dd chinh xac gia cong.

2.1. Pé nham bé miit gia cdng

Vét gia cOng tao ra khi phay bang dao mit dau c6 gﬂc luon & ludi cit duoc blE:ll dién trong
Hinh 1. Chleu cao nhip nhd bé mit duoc tao ra do sy in ddp hinh hoc cia ludi cit trén cb thé
duoc tinh gin ding ¢ong thire: [3]

VE 2
F=CR—\/CR fo . L (1)
4 S8CR

trong d6 y 1a chiéu cao nhip nhs, CR 14 ban kinh géc dao va F, 1a lugng tién dao ring. Dé cai
thién dd nham bé mit, nén dugc giam luong tién dao va tang ban kinh gbc luon.

et

CR

YT NIAINAN

Hinh I. Luong tién dao va ban kinh ciia cdc dung cu cit anh hudng dén d6 nham bé mit.

Cac yéu t6 khac, ké ca sir hinh thanh leo dao, d6 sic cua ludi cit va 43 mon & mit sau dao
ciing anh huong dén bd mjt trong phay mat dau. Pic biét su mai mén mit sau va leo dao c6 thé
¢ tac ddng tong hop dén do nham bé mit [4].

Trong PCT, su hinh thanh leo dao dugc loai bd béi vi téc d6 cat duoc sir dung la cac hon
nhiéu so vai téc d6 ma leo dao ¢o thé duge tao ra. Nhu vay, d6 nham bé mit trong PCT ¢6 thé
duge giam dang ké so voi phay thong thuong.
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2.2. Nhiét ciit va luc cit trong gia cong cao toe

Qua trinh gia cong cat got kim loai chi ¢6 hiéu qua khi do cung va do 0 6n dinh nhiét do cua

vat liéu dung cu cit vuot tri so voi vat liu gia cong. Tang téc do cat cling dan dén su gia tang
cua nhiét dd & ving cit, nd phu thudc vao toc do cat kim loai va cudng do cua lyc ma sét gitra

phoi va dung cu. Khi phoi bi bién dang trén mat phang truot, nhiét do cua no thay dﬂl dét ngdt.
Nhiét d6 cung duoc tang thém boi su ma sat giira cac phoi va mat trude cua dao cat. Su hinh
thanh phoi va phan bd nhiét trong ving cét khi PCT co thé duge thay rd khi so sanh voi qua
trinh gia cong truyén thong (Hinh 2) [5].

Sl Vatlicu gia cong

Gia cong truyén thong Gia céng cao toc

Hinh 2. So sanh giira gia céng truyén thong va PCT.

Gia cong cao toc dugc thuc hién boi nhl.rng dung cu cat dugc che tao tir nhitng vat liu
cirng, ¢6 lop phu, khoe va chiu nhiét tot, qua trinh cét dlEI’l ra trong diéu kién nhiét do phoi gan
v&i nhigt dd ndng chay cua vat li¢u gia cong. Téi mot tde dd cét got nhat dinh, ¢6 su thay doi dot
ngot trong tinh chat co, li hoa cua phoi, lam giam ap luc ctia phoi trén mit trude cia dao cat.
Luc ma st va tat ca cac yéu td can trdr su hinh thanh phoi cling dugc giam di, goc cua mét phing
truot ting 1én, mat cat phoi mong hon va toc do thoat phoi & khu vuc tiép xlc tang lén. Phoi
dugc boc tach chu}ren thanh “mau do” va do do luc phap tuyén trén mat truoc cua dao giam. Mat
khac, khi dién tich tiép xtc giam, su ting nhiét d§ sinh ra boi ma sat cua phoi vo1 mét trudc cling

nho di.

PCT nang cao kha nang cit vt liéu, chat luong bé mit va do ben cta dung cu cat nhd viéc
tang toe do cét, giam tiét dién phoi ciing nhu luc ma sat. O van téc cat thuong, khi tang mc do
cit luc cat ciing tang theo. Tuy nhién, khi tc:rc d6 vuot qua mdt gidi han nhat dinh, cac luc cat bat
dau giam [6]. Nguyén nhén la do cac luc cit chiu tac dong dﬂng thoi cua ca hai yéu to nhiét do
va bién dang, két qua cudi ciing do anh hudng tdng hop cla bién dang, d6 dan hoi cua vat liéu.

3. THUC NGHIEM PANH GIA ANH HUONG CUA CHE PQ CAT TOI CHAT LUQNG
BE MAT KHI GIA CONG CAO TOC
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Muc tiéu cia thuc nghiém la xac dinh anh hudng cua ché dé cat khi gia cong cao tc 1o

chit luong bé mit gia cOng ma o day la sai l¢ch profile trung binh R, bing cach thay d6i cac
thnng s& cia ché d6 cét s, t, v tién hanh phay cac mdu thi nghiém sau d6 do Ra cua cac bé mat

gia cong.
3.1. Mo hinh thye nghiém

Thye nghiém duge tién hanh dudi cac diéu kién sau:
- M4y gia céng: May phay cao tdc CNC 5 truc Mikron UCP600. Tée 86 truc chinh tir 1-
19600 vong/phit. Hé diéu hanh cia may la Heidenhain iTNC530.

- Dung cu cét: Dung cu cit duge st dung 13 dao phay mit diu cia hing Sandvik. Cic
thdng sb ciia dao duge thé hién & Bang 1.

Bang 1. Céac thong sé cia dung cu cit.

Tén goi Ki hiéu
Can dao 345-040A32-13L
Manh ludi cat 345-1305M-PM 4230
Puédng kinh dao 32
Téc 45 cit khuyén cao 180-400 m/pht

- May do d nham: May Mitutoyo SI1301.
- Miu thi nghiém: Cac thong s ciia miu thi nghiém dugc chi ra trén Bang 2.

Bang 2. Cac thong sé cia miu thi nghiém.

Vit liéu SKD 11
Kich thude (Da1 x Réng x Cao) 70 x 70 x 100
S6 mau 8

3.2, Két qua thwe nghiém

Mau gia cdng dugce ga [én may bing & t& va tién hanh phay véi cac ché do cat khac nhau
trong pham vi diéu chinh dugc chi trong Bang 3.

Bang 3. Thong s6 ché o cit thuc nghiém.

Théng sb cit got Pham vi diéu chinh
Tée d6 cat (m/phat) 200, 300, 400
Bude tién dao S (mm/r) 0,03, 0,05, 0,07
Chiéu sau cit t (mm) 0.2,0.4, 0.6
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a:? ;2?::; Gié tri cac yéu t0 dau vao cua thi nghiém duge lyra chon cdc mire nhur trong Bang 4.
“ﬁﬁbém@[ Bang 4. Qid tri cac yé‘u td bién thién trong thuc nghiém.
Céc yéu to Xi(t) Xa(s) Xi(v)
Mirc trén +1 0,6 0,07 400
Mirc dudt -1 0,2 0,03 200
iy Murc co sé 0 0,4 0,05 300
‘ Khoang bién thién 0,2 0,02 100
i Chuyén_ cac bién tur pién tir nhién sang bién ma hoa khdng thir nguyén. Véi thi nghiém dau
vio la ba yéu t& gom; tdc d9 cat v, lugng chay dao s, chidu siu cat t, theo quy hoach thuc
nghiém 1a s& thue nghi¢ém véi 8 thi nghiém véi cac gla tri nhu Bang S,
—_— D& thong nht ki higu va thudn tién trong qué trinh thiét lap thir nghiém, tién hanh ma hoa
voi X, lat, XolasvaXylav.
T Bdng 5. Ma tréin thi nghiém c4c théng s diu vio.
T—— 7 y
| TT Bién mi hoa Bién thuc nghiém
T X, X X t(mm) | S{mm/r) | V(m/ph)
_— 1 -1 -1 -1 0,2 0,03 200
— 2 +1 -1 -1 0,6 0,03 200
3 -1 +] -1 0,2 0,07 200
4 +] +1 -1 0,6 0,07 200
3 -1 -1 +1 0,2 0,03 400
6 +1 -1 +1i 0,6 0,03 400
— 7 -1 +1 +1 0,2 0,07 400
— 8 +1] +1 +1 0,6 0,07 400
— Saurkhi gia cOng xong, bé mat chi tiét duge lau sach va do d6 nham bing may Mituyo
. 81301, két qua do nhu trong Bang 6.
Bang 6. Két qua do nham bé mit Ra.
- - Bién mi ho Bién thuc Két qua do nham b mit Ra(um) |  Ghi chil
‘ X X X [ timm) |S(mm/ | V(m/p | Ry Raz Ra Raw
-1 -ty -1 02]003] 200 |0,1620 10,1624 [0,1625 |0.1623
21 41| -1 -] 06 1003 200 (04481 |0,4487 |0,4490 |0,4486
3| -l | +#1 ] -1 ] 02 1007 | 200 94092 [0,4095 [0,4101 |0.4096
. 40 1) | -1 | 06 | 007 | 200 161334 [0,1336 |0,1338 |0,1336
§ S| -1 [ -1+l 021003 | 400 194425 |0,4434 |0,4446 |0,4435
# 6 | +#1 | -1 | +1| 06| 003 | 400104142 0,153 |0,4149 [0.47143
T L] #r) 4] 02 | 007 | 400 16,1287 |0,1281 |0,1292 [0,1285
1 8 [ +1 ] 41| +1] 06 | 007 | 400 /051673 |0,1678 0.1674 0,1675
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M5 hinh toan hoc nham bé mat khi gia cong cao toc bang dao phay mat dau c6 dang nhu
sau:
R=C.t".s".vf (1)

trong d6: Ra: d6 nham bé mat; t: chiéu sau cit (mm); s: lugng chay dao (mm/r); v: téc_dé cﬁ:[
(m/p). C, m, n, k: hé sé duoc xac dinh trong qua trinh thuc nghiém. dé xac dinh hang sb va s6
mii ciia phwong trinh, mé hinh toan hoc nay duoc tuyén tinh héa bang ham logarit va phuong
trinh duoc viét lai nhu sau:

InR, = InC + m.Int + n.Ins + p. Inv (2)
Va mé hinh tuyén tinh ctia phuong trinh ¢é dang nhur sau:
Y = bg + b|.X] o bg.}{g + h3.X3 (3)

Su dung phuong phap qui hoach thye nghiém [7] dé nghién ciru va xur li sO liéu thi nghiém,
Tuy nhién dé rut ngan thoi gian tinh toéan tac gia da sir dung phan mém quy hoach thuc nghiém
DX6. Két qua tinh toan cac gia tri bj bang phan mém dugc thé hién nhu trén Bang 7.

Bang 7. Céc gia trj b, tai toc do 400 m/p.

bn b] bg b‘_’.

0.2930 0.02275 0,00975 -0.1465

Nhur vy ham s6 d6 nham phu thudc chiéu sdu cat, lugng chay dao va téc do cét tai toc do
v =300 m/ph dugc thé hién nhu cong thirc sau:

Ra = 10,2930 +0,02275 X, + 0.00975 X, - 0,1465X;. (4)

! Kiém tra su phit hop clia md hinh theo chuan Fisher, két qua tinh todn tir phdn mém cho
thay Ftn = 351,97 < 5624,5833. Nhu vdy md hinh toan hoc da lua chon la phiu hop voi thuc
nghiém.

Quy doi tir gia tri ma hoa sang gia tri thuc thi phwong trinh (4) c6 dang nhu phuong trinh
(3)

Do vay, moi quan hé gira Ra va t, s, v dugc thuc hién theo phuong trinh (5)

R s D 2871 tﬂ.llaﬂsﬂﬁﬂ?ﬁv—ﬂ.ﬂDIE (5)
a i L]
D6 thi anh hudng cua ché do cit téi R, ciia phuong trinh (5) duoc thé hién & Hinh 3, 4, 5.

- e

=& pham FAs

Erd wiu it | e 0 Vi it ool v (g

Hinh 3.Anh huong cia v,s dén R,  Hinh 4 Anh hudng ctia v, t Hinh 5. Anh huéng cta s, t
khit=02. dén R, khi s =0,03. dén R, khi v =400 m/ph.
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4, KET LUAN

Trong thuc nghiém vé anh hm:rng ciia ché do cat dén do nham bé mit khi PCT, ta thiy khi
tang lwong chay dao s, va chteu sdu cit t thi chiéu cao nhip nhd té vi bé mit R, ting. Tuy nhién
anh hudng cda chiéu siu cit t den do nham bé mit nhd hon so v&i anh hucmg cia s va v. Piéu
nay ¢6 thé I giai vi khi phay cao téc lyc cat nhd hon phay thung thuong ma dnh hudng ciia t dén
d9 nham chu yéu do yéu té bién dang. Con khi ting van toc cat thi 4§ nham bé mat giam di.

Diéu nay cing phu hgp vdi nhitng phén tich ¢ trén ve anh hmmg tong hop cia cic yéu t6 lye cit
va nhiét cit khi PCT. Pay chinh 12 ru diém cha gia cong cao téc, khi ting v vira ting dm;m nang
suat cat va lai ting duge dd bnng bé mat. O dai PCT chang t6i khao sat thi 36 nham bé mit x4p

xi bang d6 nham bé mat khi gia cong bang phuong phap mai (cao hon hin so véi phay trén may
CNC thong thuéng).

Néu sir dung dao cit & dai téc dd cao hon nita thi PCT c6 the la phucmg phap gia cong lan
cudi hiru hidu, n6 ¢ thé thay thé cho nguyén cOng mai va rit ngan thoi gian danh béng bang tay.
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ABSTRACT

AN INVESTIGATION ABOUT THE EFFECT OF CUTTING CONDITIONS TO SURFACES
ROUGHNESS WHEN HIGH-SPEED MILLING ON THE 5-AXIS MACHINE UCP600

Nguyen Thanh Binh" ", Nguyen Huy Ninh?, Hoang Tien Dung’
"Vinh University of Technology Education, No. 117, Nguyen Viet Xuan, Hung Dung,
Vinh City, Nghe An
?Hanoi University of Science and Technology, No. 1, Dai Co Viet, Hanoi
I Hanoi University of Industry, 1 3" km 32 Road, Minh Khai commune, Tu Liem District, Hanoi

"Email: ntbinhispktvinh@gmail.com

Improving the machining surface quality is one of the most significant aspects in the field
of manufacturing technology and only by improving it, machines can achieve high accuracy,
long duration and high efficiency in both economic and technological aspects. The High Speed
Machming (HSM) can deliver not only outstanding productivity but also high accuracy and
required roughness even in the condition of hard materials.

In this report, we evaluate the effect of the cutting conditions: v(200 + 400 m/min), s(0.02 +
0.06 mm/tooth), t(0.3 + 0.7 mm) to surface roughness Ra when machining SKD11 steel by the
Sandvik face milling tool.

Keywords. high speed milling, surface roughness.
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