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Trong qua trinh phay cac thong sO cit co anh hudng quan trong dén chat luong
va ning suit gia cong. Cac hién tuong xdy ra trong qud trinh gia cong déu thé
hién trén bé mat chi tiét sau gia cong dugc thé hién bang d6 nham bé mit va
hinh thai hinh hoc ciia phoi hinh thanh. Chi tiéu danh gia mirc d6 bién dang cua
phoi 14 chi tiéu hé s6 co rit phoi. H¢ s6 co it phoi va do nham bé mit phan anh
anh huong cua cac thong s6 cit trong qua trinh gia cong. Do vy nghién ctru
nay tién hanh danh gia anh hudng cua cac thong so van toc cat, lugng chay dao
va chiéu sau cit dén hé sb co rat phoi va d6 nham bé mit bang thuc nghiém khi
phay hop kim nhom A6061. Phan tich hinh thai hinh hoc cua phoi hinh thanh
khi thay ddi cac thong s6 cit khac nhau. Két qua nghién ciru danh gid xu thé
anh huong cua cac thong sb cit dén hé sb co rat phoi, d6 nham bé mit va hinh
thai hinh hoc phoi hinh thanh. Lya chon dugc cac thong s cong nghé phu hop
cho ning suit va chat lwong gia cong 1a tot nhat.
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In milling process, cutting parameters have an important influence on quality and
machining productivity. The phenomena occurring during the milling process are
shown on the surface of the workpiece being represented by the surface
roughness and the geometrical geometry of the forming chip. A criterion for
determining the degree of deformation of the chip is the chip shrinkage
coefficient. Chip shrinkage coefficient and surface roughness reveal the effect of
the cutting parameters during machining. This study examines the effects of the
cutting speed, the feed rate, and the uncut chip thickness on the chip shrinkage
coefficient and the surface roughness in the experimental aluminum alloy milling.
By analyzing the geometry of the chip formed when changing the cutting
parameters, the results show that the chip shrinkage coefficient, the surface
roughness and the shape morphology of chip formation are influenced by the
cutting parameters including ¥, S, and ¢. Base on the best productivity and quality
of the work, the appropriately technical parameters will be selected.
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1. GIOI THIEU

Khi gia cong cit got, cac hién tuong xay ra trong qua trinh cit anh hudng dén ning suat va
chét luong san phﬁm chi tiét chi gia cong. Su bién dang cia phoi trong qua trinh cit phy thudc
rat nhidu cac yéu t6 nhu: Pic tinh ciia vat liéu gia cong (thanh phan hoa hoc, cac co tinh vat 1y
cua vat liéu), dleu kién gia cong (cac thong sO cong nghé cua ché do cit, moi truong gia cong...),
nhitng thay d6i vé& dic dlem cla vung cét co s6, su thay doi trong ving tiép xtc giita dao - phoL.
Cac tuong tac gitra ving cét thir nhat va vung cat thir hai, dong hoc cua hé thong may-dao- do ga
va moi quan h¢ ciia n6 véi qua trinh cat [1]. Hé s co it phoi (K) 1a mot thong sb quan trong
quyet dinh su tién trién cua qua trinh cit. Sy thay ddi cuia K ciing kéo theo sy thay doi clia cac
yeu to trong qua trinh cit nhu (luc cit, nhiét cat, vat liéu gia cong, vat liu dao...). Cac nghién
ctru gan ddy ciing da dé cap nhiéu dén qua trinh hinh thanh va bién dang cua phoi nhu nghién
ciru nhom tac gid A.Rathi [2] da phan tich hinh thai hinh hoc cta phoi hinh thanh khi gia cong
ADC12-10SiC. Nghién ctru ciing dua ra cic biéu d6 anh hudng cua cac kich thude chiéu dai,
chiéu rong phoi voi cac thong sb cat. Aykut cung nhom tac gia [3] da dua ra mbi quan h¢ gitra
hinh thai hinh hoc ctia phoi hinh thanh véi lyc cit khi gia cong khi st dung cac dung cu cit khac
nhau. Cac nghién ctru [4][5][6] phan tich hinh thai cta phoi anh hudng dén luc cit, nhiét do, mai
mon... Xay ra cia qua trinh gia cong.

Qué trinh gia cong déu thé hién trén bé mat gia cong va danh gia bang d6 nham bé mit.
Nghién ciru vé d6 nham bé mit 1a van dé cap thiét ma rat nhiéu cac nha khoa hoc quan tam vi
mbi diéu kién gia cong va vt liéu gia cong khac nhau thi d§ nham bé mit lai c6 cac két qua
khong gibng nhau. Nghién ciru cua Felho [7] dd dua ra mo hinh tinh toan d6 nham bé mit khi
phay mat phang Cui cung nhom tac gia [8] da danh gid anh huéng cua nham bé mit véi cac
thong s6 ché d¢ cat, tuong Gmg vai cac thong s6 cit nghién ctru ciing dd phan tich qua trinh hinh
thanh va hinh thai ctia phoi khi gia cong thep AISI H13. Trong cac nghlen ctru [9][10][11] cling
dua ra anh huong cua cac thong so cit dén do nham bé mit va mot sd cac hién tuong xay ra
trong qua trinh cit nhu lyc cit, mai mon. .

Nghién ctru nay phan tich hinh thal hmh hoc cua phoi hinh thanh trong qua trinh gia cong
hop kim nhém A6061 v6i sy thay d6i caa cac thong s6 cong ngh¢. Cu thé 1a dua ra cac biéu do
thé hién quy luat anh hudng ciia cac thong sd cat dén hé sd co rit phoi va do nham be mat. Tu
viéc phan tich sy anh huong d6 gitip cho nha cong ngh¢ lira chon duoc cac thong s6 cét phu hop
cho ning suat va chit luong gia cong tot nhat.

2.CO SO LY THUYET VA PHUONG PHAP NGHIEN CUU
2.1. Diéu kién thye nghiém
2.1.1. Co sé qud trinh tao phoi va cdch xdc dinh hé sé co rit phoi

Qua trinh tao phoi

Pé tao phoi khi gia cong can mot lyc tac dung vao dao phai du lon dé tao ra trong 16p
kim loai mdt ing suat 16n hon suc bén cua vat li¢u bi gia cong. Ban dau do tac dung‘ cua luc P
dao bat dau nén vat li¢u gia cong theo mat trudc cua dung cu cat. Luc P nay yéu cau phai du
16n dé tao ra trong vat liéu gia cong mot ung suét 16n hon stic bén ciia n6 - tirc 1a 16n hon kha
ning lién két cia cac tinh thé kim loai, dong thoi phai thiang dwoc Iyc can do ma sat trong quéa
trinh gia cong (ma sat gitta cac tinh the truot 1én nhau, ma sat gitra phoi va dao, ma sat gitra

dao va vat liéu gia cong). Khi dao tiép tuc chuyén dong tuong d6i trong vat liéu gia cong phat
sinh bién dang dan hoi, bién dang nay nhanh chéng chuyén sang bién dang déo va mot 16p
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phoi ¢6 chiéu day 7 dugc hinh thanh tir 16p kim loai bi cit co chidu day ¢, di chuyén doc theo
mat trudc cua dao (Hinh 1). Pé hinh thanh duoc phoi trudc do 16p kim loai bi cat da trai qua mot
qua trinh bién dang nhét dinh, nghia la gilta 16p kim loai bi cit va phoi luén c6é mdt khu vyce bién
dang. Khu vure ndy c6 thé goi 1a mién tao phoi. Mién tao phoi dwoc gidi han boi mién AOE trong
do: duong OA la dudng phat sinh nhiing bién dang déo dau tién, dudng OF la duong két thuc
nhitng bién dang déo, duong AE ndi lién khu vuc chua blen dang cua kim loai va phoi. Mién tao
phoi AOE s& di chuyén cung dao trong qua trinh cat. Mién nay duoc so d6 hda nhu Hinh 1. Trén
mién ndy cd nhirng mat trugt OA, OB, OC, OD, OE khi hinh thanh phoi vat li¢u gia cong truot
trén nhitng mat do.

Hinh 1. So db tao phoi khi gia cong [13]

Cdch xdc dinh hé sé co rit phoi
Heé sb co rat phoi thuc hién bang cach can trong lwong phoi va duoc tinh theo cong thirc:
_1000.0

" PLSt

Trong do: Q: La trong lugng cua phoi (gram) P: Khé‘i luong riéng cua vat liéu (g/cm3);/;:
Chiéu dai phoi (mm); S: Luong chay dao (mm/vong); #: Chi€u sau cat (mm)

(1

2.1.2. Vit liéu thi nghiém

Nghién ctru st dung vat liu gia cong 1a hop kim nhom A6061, vat liéu nay c6 nhiing dac
diém sau: tinh chéng dn mon t6t, nhiét d6 nong chay va do ctng thap. U dong déu ¢ nhiét do
5400°C trong 5 gio. Nung ndng thoi dic trude khi ép téi 5000°C va dwoc lam ngudi trong khong
khi ngay khi ép. Tinh chdt co hoc bao gom: do bén kéo 291 MPa, gi6i han chay quy udc
241MPa, d6 cung cua nhom 1a 97HB.

Bang 1. Thanh phan héa hoc ctia nhom A6061 [12]

Si Fe Cu Mn Mg Cr Zn Ti Al
0,4-0,8 0,7 0,15-0,4 0,15 0,8-1,2 0,04 - 0,35 0,25 0,15 Con lai

2.1.3. Théng so6 hinh hoc ciia dao

Thyc nghiém ding dao phay mit dau co duong kinh 40 mm, st dung mdt manh hop
kim cing cua hang THREADEX USA v61 ma san pham APMTI1604PDTR TC300, vat liéu
ludi cat 1a hop kim cting c6 do cung 35 dén 45 HRC (Hinh 2). Trong qua trinh phay cao toc
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dung cu cit khong sir dung dung dich boi tron 1am mat. Ludi cét c6 goc trude 1a 5° va goc sau
cta dung cu cat 1a 10°.

0ds
a
g
S
. - o Kich thude (mm) S6 | Khéi
oD | 0d; |0d2] a | b | L| L | L, | rang | luong
40 16| 9 [84[56[40[ 28] 18] 4 | 0,16
—
f-— d)_
D¢

Hinh 2. Thong s6 dung cu cét

2.1.4. Thiét bi thi nghi¢m va dung cu do

Thye nghiém dugce thyc hién trén may phay CNC ba truc VMCO0641 (hinh 3). Péc tinh co
ban ciia may bao gdm: Kich thuéc ban may: 700 x 410mm.Tai trong cho phép 16n nhat: 300 kg.
Kich thuéc khe T: 18 x 3mm. Hanh trinh ban 1am viéc 16n nhit truc X: 610mm. Hanh trinh ban
lam viéc 16n nhat truc Y: 410mm. Hanh trinh truc Z: 410mm. Khoang céch lon nhat tir dau truc
chinh dén mit ban mdy: 540mm. Khoang cach nhé nhit tir ddu tryc chinh dén mat ban may:
130mm. D¢ con truc chinh BT40. Pham vi téc d tryc chinh: 60 dén 8.000 vong/phit. Cong suat
dong co chinh: 7,5/11 KW.

B EEEES

Hinh 3. May phay CNC VMC0640

Cic thiét bi do: Thiét bi do khdi luong Sartorius cua Puc véi cac thong s‘(‘) sau: Khd nang
can 16n nhét 220g, d6 chinh xac 10™g, dia can lam bang thép khong gi, ngudn dién dau vao
220V/50Hz (hinh 4).
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VMI-TS04-011(1)

Hinh 4. Thiét bi do khéi luong

Ngoai ra do chiéu dai con st dung: Pame, thude cdp, soi chi... Thiét bi do nham bé mat
Mitutoyo SJ - 400.

2.2. Phuwong phap thuc nghiém

Tir nghién ciru 1y thuyét vé qua trinh cat va viéc phan tich cac yéu t6 anh huong dén qua
trinh phay nhu: bién dang phoi, luc cit, nhiét cit.., kha nang lam viéc va tudi tho cua dung cu
cit. Déng thoi can ctr vao mot sé diéu kién khac nhu: Cong suét cét cua may, diéu kién boi tron,
rung dong...

70 mm - Hudng dung cu cit
’._l-\ —_—l—— Dao cat
P ~ ~ Ny
\ // \\
/ / .
/ \ / \
fl i Bl ¢ . | .
1 ,l a \ ’l
5\ \ .
/ \ /I
N - . =7
\.-'}' - Dao cat ¢40 mm I

Hinh 5. So d6 phay ddi ximg khi phay cao tc hgp kim nhom A6061

Thong qua viéc tham khao céc diéu kién thuc nghi€m tr nghién curu trudc d6 va thong
qua viéc thi nghiém thir dong thoi cin ctr gidi han ma thiét bi c6 thé gia cong tdt nhat, tac gia
lya chon cac théng sé cit khi phay hop kim nhém A6061 nhu sau: Vén tdc cit (V) duoc chon
trong khoang: 376 + 659 m/phit. Chiéu siu cit () tir 0,5 + 2,25 mm. Budc tién (S) nim trong
khoang: 100 + 500 mm/phit. Thyc nghiém qua trinh phay cao téc hop kim nhom A6061 sir
dung dao phay mit dau va phwong phap phay déi ximg, so dd phay dugc mé hinh hoa thé hién
trén Hinh 5.
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3. KET QUA VA THAO LUAN
3.1. Anh huéng ciia van tdc cit dén hé sé co riit phoi va dd nham bé miit

Thyc nghiém anh huéng cua ¥ t6i hé sb co rat phoi K va nham bé mat R, khi phay hop
kim nhom A6061. Gia cong duoc thuc hién & didu kién khong sir dung dung dich tron ngudi, giit
c¢b dinh ¢ = 1mm, S = 250mm/phit dong thoi thay ddi cac gia tri khac nhau cia V. Thong sb va
két qua thuc nghiém cho trén Bang 2.

Bang 2. Anh hudng cua vén toc cit dén K va R,

S(mm/phut) t(mm) V(m/phiit) K R,
376 1,78 1,66
419 1,75 1,62
250 1,0 471 1,73 1,57
565 1,7 1,51
659 1,68 1,37

Khi thay doi ¥ hinh thai ciia phoi hinh thanh ciing thay d6i cu thé hinh thai hinh hoc phoi
thu duoc & tbc do cit 376m/phut (hinh 6) c6 dang manh, do xodn nho. Khi & tbc do cit
659m/phit phoi thu dugc c¢6 phoi cong nhiéu hon, bé rong phoi ciing ting va mat khong tiép xuc
ctia phoi véi dao bi gon nhiéu hon.

a) b)
Hinh 6. Hinh dang phoi thu dwoc khi thay ddi vén toc cit a) =419 m/phit b) V= 659m/phut

1.9

SRR
7 - * -
16 - -
31 - ¢ K
ol " | = Rm
13 -
12 -
11 -

1 : : :

300 400 500 600 700 (m/phiiz)

Hinh 7. Anh huong cua van tdc cit dén K va R,
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Mit khéc khi do hé sb co rat phoi va d§ nhdm bé mat, mirc do giam cua K nhé hon muc do
giam cta R, (Hinh 7). Két qua nay dugc giai thich nhu sau: Khi gia cong hop kim nhom A6061
do tinh chat vat Iy ciia nhom dan nhiét tot va c6 do cting cao dé qua trinh gia cong thuén loi. Khi
cung dleu kién cit, tdc do cét tang lam mat di hién tuong leo dao, Vung tlep xuc cua dao va phoi
khl cit giam do d6 hé sb co rut phoi va d6 nham bé mat chi tiét gia cong giam. Mat khac tbc do
cit anh huong dén nhiét cit va Iyc cit trong khu vuc cat chinh. Khi ting tc do cat s& lam cho
qué trinh nhiét ting nhanh, nhiét gia ting nhu vy lam cho do bén cuia vat liéu giam di va luc cat
cling giam, mat khac téc do cit ting nhanh dan dén sy tiép xuc giita dao- phoi, dao va pho1 xay
ra trong thoi gian ngan diéu d6 1am cho céc tinh thé trong ving nay bi anh huong dan dén hién
tugng bién ctng bé mat [13].

3.2. Anh huéng cia lwgng chay dao dén hé s6 co rit phoi va d nham bé mit

Thuc nghiém duogc thyc hién trong diéu kién khong sir dung dung dich lam mat, chiéu sau
cat va van toc cat dugc gitr ¢6 dinh twong Ung 1a 1mm, 471m/phit. Luong chay dao thay doi
tuong ung tu 100 dén 500 mm/phuit. Bang thong so cat va két quéa do thé hién trén Bang 3.

Bang 3. Anh huéng ciia lugng chay dao dén K va R,

V(m/phiit) t (mm) S (mm/pht) K Ra
100 1,86 1,98
200 1,797 2,21
471 1,0 300 1,531 2,22
400 1,481 2,25
500 1,472 2,55
3
25 A u
m |
24
LN
15 4 * . * * K
B Rq (um)
l -
0.5 1
0

0 100 200 300 400 500 600 (mm/vong)
Hinh 8. Anh huéng cta lugng chay dao dén K va R,

Luong chay dao anh huong déng ké dén chit luong bé mat gia cong, khi ting lwong chay
dao thil chat lugng bé mat giém la vi khi téng luong chay dao tuc chiéu day cat tang, luc cat,
nhiét cat, rung dong tang dic¢u do lam gidm chat lugng bé mat gia cong (hinh 8).
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a) b)
Hinh 9. Hinh dang phoi thu dwoc khi thay dbi luvong chay dao a) $= 100 (mm/phut), b) S = 500 (mm/phiit)

Hinh dang phoi thu dugc khi phay hop kim nhém A6061 voi cac luong chay dao khac
nhau cho trén hinh 9. Lugng chay dao thip (S = 100 mm/phut) phoi c¢6 dang méanh, chiéu day
phoi va chiéu rong phoi nho, phoi khdng bi cong nhiéu. Nguzoc lai khi lwong chay dao dat 500
mm/phut phoi cé chleu day l6n, do xoan nhleu hon, ngoai ra do lugng chay dao tang cling thi
hién tuong dao xué hién va lac d6 ludi dao bi cit lai tao ra nhitng bavia mong kém theo phoi. H¢
s6 co rat phoi giam dan khi ting luong chay dao vi khdi lwong phoi ting 1én nhung chiéu dai
phoi ting khong dang ké. Do c6 sy bién dang khong déu khi luong chay dao tang vi su tiép Xuc
gilta mat trudc cua dao vdi phoi tang 16p phoi cang gan mit trude cua dao cang chiu bién dang
16n nhu vay trong cung didu kién cat phoi mong ¢6 hé so co rut phoi 16n hon phoi day [13]. Ung
v61 h¢ s6 co rut phoi giam thi do nham bé mit R, lai ting lén. D1eu nay giai thich rang khi luong
chay dao cang 16n thi chiéu day cét cang tang do vay dién tich tiép xuc giita dao va phoi cung
tang 1én, mat khac diéu kién cat khac van gilr nguyén nén viéc boc tach kim loai ra khoi bé mit
kim loai s€ phtrc tap hon dan dén viéc Xuét hién su cao xudc trén bé mat chi tiét gia cong.

Bang 4. Anh hudng cua chidu sau cit dén K va R,

V (mm) S (mm/pht) t (mm) K R,
0,5 1,75 0,84
1,25 1,707 1,05
565 250 1,5 1,681 1,37
2 1,598 1,44
2,25 1.583 1,51

3.3. Anh huwéng cia chiéu siau cat dén hé so co rut phoi va do nham bé mat

Thuc nghiém anh huong cua chiéu sau cit dén hé sb co rat phoi va chat lugng bé mit gia
cong duogc khi gitt nguyén téc do cit 565m/phit, lwong chay dao 250mm/phut véi diéu kién cat
kho. Chiéu sau cat thay d6i tir 0,5mm dén 2,5mm. Bang thong sb anh huéng cua chiéu sau cat
dén K va R, thé hién nhu trén Bang 4.
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a) b)
Hinh 10. Phoi tao thanh khi thay d6i chiéu sau cit a) 7 =1,25 mm va b) #=2,5 mm.

Hinh dang phoi thu dugc nhu Hinh 10 cho thdy khi chiéu sau cit ting, chidu rong ctia phoi
va d6 xodn cua phoi ciing ting 1én, diéu nay cho thay su bién dang 16p kim loai da chiu bién
dang nhiéu hon cung v61 dé luc cit cling nhu nhiét cit can thiét ting 1én. Hé sb co rat phoi giam
khi chiéu sau cit ting, vi chiéu sau ting dién tich phoi ciing ting lam cho kha ning bién dang cia
phoi giam (Hinh 11).

18 -
16 - . 3
1.4 ™

13 -
n B Ry (um)
08 - u
0.6
04

0.2

0 05 1 15 . 2.5 (mm)
Hinh 11. Anh huéng cia chiéu siu cit dén K va R,

D6 nham bé mit ting nhanh khi tang chiéu sau cit do xuat hién nhiét va rung dong trong
qué trinh cit dong thot véi viée d6 tinh cit cua hop kim nhom A6061 cling bi anh hudng khong
¢6 loi cho qua trinh cit. Bén canh d6 viéc tang chidu sau cit ciing lam cho phan tiép xuc giita
phoi va mat trude cua dao tang, qua trinh bién dang xay ra kho khin hon trong khi cac diéu kién
cit khong thay doi.

4. KET LUAN

Khi phay hop kim nhém A6061 giit nguyén diéu kién cit, khao sat thay d6i van toc cit,
chiéu sau cat, luong chay dao thi hé¢ so co rtt phoi va d0 nham bé mat thay doi nhu sau:
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- Khi thay d6i van tdc cat trong ving tdc do tir 356 m/phit dén 659 m/phit khi cac diéu
kién cit giit nguyén, thi hé s6 co rat phoi va do nham bé mat giam.

- Lugng chay dao va chiéu sdu cat tang thi h¢ s6 co rat phoi gidm, d nham bé mat tang.

Két qua nghién ctru giup cac nha céng nghé didu chinh cac thong sb cong nghé phu hop dé
cho ning suat va chit lugng chi tiét gia cong 1a 16n nhat khi gia cong hop kim nhém A6061.

LOI CAM ON

Nghién ctru nay dugc tai trg boi Trung tdm Nghién clru Ung dung Khoa hoc va Cong
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