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Tém tat

Bai bao nay nghién ctru dnh hudng cta ché dé cat (van téc cét, chiu séu cat) dén céc dic tinh cda phoi va
luc cat khi phay cao téc hop kim nhém A6016 str dung phuong phap phéan tir hitu han véi phdn mém
thuong mai ABAQUS/Explicit. M6t mé hinh phén tir hitu han mé phéng qué trinh cat duoc xay dung dua
trén mé hinh pha hay Bao-Wierzbicki (B-W) mé rbng tir ti€u chi pha hiy Morh-Coulomb.Tinh chinh xac cla
mé hinh mé phdng dugrc xac thuce théng qua so sanh hinh thai hoc cda phoi thu dwge nho mé phdéng va énh
chup SEM. Sau d6 anh huéng clia céc théng sé céng nghé hinh thai hinh hoc ctia phoi, hé sé co rut phoi va
luc cét khi gia cong sé duoc khdo sat. Két qué mé phdng cho théy hinh thai hinh hoc la phu thuéc Ién vao
téc d6 cat. Nghién ctru ciing dé xuét mot s6 cong thirc thé hién méi quan hé giita ché do cat dén hé sé co
rat phoi va luc cét.

T khoa: Hé sb co rat phoi, mé hinh Bao-Wierzbicki, hop kim nhém A6061, lwc cat.
Abstract:

This paper studied the effects of cutting parameters (cutting speed, cutting depth, feed-rate) on the
characteristics of chip and cutting force in high-speed milling of A6061 aluminum alloy using FEM with
ABAQUS/Explicit commercial software. First, a FE model was created based on the Bao-Wierzbicki (B-W)
material fracture model, which was extended from the Morh-Coulomb criteria. The simulation model was
verified by comparing the morphologies of simulated chip and that obtained by SEM. Then, the effects of
cutting paramters on the chip morphology, chip shrinkage coefficient and cutting force were investigated.
The simulation results showed that the chip morphology significantly depends on the cutting speed. The
explicit formulae, which reflect the relationship between cutting parameters on chip chip shrinkage coefficient

and cutting force, were finally proposed.

Keywords: chip chip shrinkage coefficient, Bao-Wierzbicki model, A6061 aluminum alloy, cutting force.

1. Giéi thiéu

So v6i gia cong truyén théng thi gia cong cao
tbc ¢6 wu diém lam giam thoi gian gia cong dén 90%
va giam chi phi gia cong dén 50%. Tbc do boc tach
kim loai nhanh, luc cit thip, chit luong bé mit gia
cong tét [1], gia cong duoc vat liéu c6 do clmg cao,
chi tiét thanh mong va khong can tudi ngudi [2]. Khi
cét & tdc do cao thi phoi di chuyen ra khoi vung cit
nhanh hon lam giam dang ke nhiét cat vi trong qua
trinh gia cong nhiét s& truyen chu yéu vao pho1[3]
Ngiy nay gia cong cao toc dugc ung dung chu yeu
trong cong nghiép khuoén mau, cong nghiép 6 to,
cong nghi¢p hang khong, cong nghiép nhe... Sy khac
biét cua gia cong cao toc s0 VvOi gia cong truyén
thdng 1a gia cong cao tde co: van tde cét cao, luong
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chay dao cao va ning suit gia cong 16n [4]. Mot sb
nghién ctru vé& gia cong cao téc nhu: phay cao tdc
thép cang [5], thép AISI H13 [1], [6], Inconel 718
[7], hop kim nhom 7475 [8], Ti6AI4V[9] cac nghién
clru da danh gia chét luong bé mat gia cong va lyc
cit ciing nhu tu01 bén dung cu cit, vé co ché mai
mon dung cu cit khi phay gia cong cao toc Mot sb
cac nha nghién ciru ciing di tim hiéu vé co ché su
hinh thanh phoi va dic diém cta phoi lién quan dén
diéu kién cit khi sir dung phuong phdp mo phong
phan tir hitu han. Cac nghién ctru sir dung mé hinh
Johson-Cook (J-C) [10], mé hinh J-C cung v6i sy két
hop céc ti€u chi ving tmg suat Von-Mises, bién dang
déo tuong dwong, toc d6 bién dang va nhiét do [11].
Mot sb tac gia da sir dung cic mo hinh phé hiy khac
nhau dé mé phong qué trinh gia cong vat liéu ching
han nhu cac mé hinh bién dang pha huy [12], [13].
M6 hinh cia Wilkins [14], md hinh sira ddi cua
Cockcroft-Latham [15]-[17], hodc cac md hinh
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ngudn, tat ca cac md hinh c6 thé du doan vé luc cit,
chiéu day phoi, ing suit, bién dang va nhiét d9...Mo6
hinh Bao-Wierzbicki (B-W) thuong xuyén duoc sur
dung véi myc dich dé kiém tra dac tinh cua vat liéu
[18]-[21]. Gan day cac nghién ctru ciia Li va cac
dong nghiép [22], [23] da khao sat luc cat va chiéu
day phoi trong su6t qua trinh phay nhom Ti6Al4V va
vat liéu Inconel 718 véi viée st dung mo hinh J-C dé
xac dinh mg suit chay sinh ra trong qua trinh gia
cong. Nhu vay viéc st dung md hinh mé phong theo
phuong phap phan tir hiru han giup cho viéc mo ta
qué trinh cit ngay cang chinh xac. Sy da dang vé két
qua dau ra cua qua trinh gia cong kim loai nhu lyc
ct, ing suét, nhiét, hinh dang phoi...c6 thé du doan
bang md phong theo phuong phap phéan tir hitu han
ma khong cin dén nhitng thyc nghiém tuong tmg
[24]-[30]. O Viét Nam viéc sir dung phuong phap
phan tru hitu han vao moé phong qué trinh gia cong
van con rat han ché va chua c6 nghién ctru nao su
dung md phong theo phuong phap phan tir hitu han
vao mod ta va du doan cac hién tugng xdy ra trong
qué trinh phay cao tdc.

Nghién ctru nay sir dung mo hinh B-W sira doi
tir m6 hinh Mohr-Coulomb dé mé phong va kiém
chimg qua trinh hinh thanh phoi khi phay & téc do
cao va xay dung phuong trinh phu thudc cua cac
thong s6 cong nghé dén hé s co rit phoi va luc cit
khi m6 phong qua trinh phay cao tdc hop kim nhom
AB061.

2. Thiét ké md phéng va thuc nghiém qua trinh
tao phoi

2.1 Mo hinh mé phong

Chi tiéu pha huy ciia md hinh B-W stra d6i theo
md hinh Mohr-Coulomb 1a mét chi ti€u pha huy
duogc xem xét voi mot muc ti€éu mo ta chi tiéu pha
huy cua chat rin ddng chat va ding hudng. Mo hinh
sira d6i nay tinh dén anh hudng cua goc Lode- goc
nay cé vai tro quan trong trong viéc pha huy déo cua
kim loai. Pong thoi mé hinh xét téi mdi quan hé cua
hai tham s6: chi s6 trang thai Gmg suat va goc Lode.
Mo hinh stra d6i B-W dugc dua ra dudi dang sau
[31], [32]:

£t

M

Trong d6 & 1a bién dang pha hiy tuong duong,
n=0, 15 la chi s trang thai (mg suit, oy la Gmg
sudt twong duong, 6 1a tham sb goc Lode va duoc
dinh nghia:
— 2 r
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Trong d6 r 1a ba gia tri bét bién cua tenxo tng suit.
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Bing 1. Thong s6 pha huy vét liéu cia nhém A6061
[32]
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Dé don gian hoa mbi quan hé giita 7 va goc Lode la:
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Luc nay bién dang pha hily duoc viét lai nhu sau
[33]:
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Trong d6 cac thong sb f dugc xac dinh nhu sau:

f, = cos {%arcsin [—2—2777(772 —%)}} )
(1 [ 2r  , 1
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_ V6i A va Ci, Gy, Cg 1a céc tham s6 lién quan
dén chire nang chi s6 bién dang pha huy va dugc xac
dinh bang thuc nghiém.
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Hinh 1. Buong cong pha hiy cta hop kim nhom
A6061 dya trén cong thirc (6).
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Trén Hinh 2 md ta dang duong cong quy tich
pha huy cua m6 hinh phd huy B-W tir mé hinh stra
d6i (MM-C) cho boi phuong trinh (6) cua hop kim
nhoém A6061 (g véi chi sd trang thai ing sudt.

Quy tich pha hity Gmg v&i chi sd trang thai tmg
sudt n ndm trong khoang 1/ J3dén 2/3 thi chi sé
trang thai ing suét la khoang khong ddi va bién dang
twong duong téi pha hiy khong vuot qua 0,577.
Vung chi sb trang thai Gmg suit 0 dén 1/3 tham sb
bién dang twong duong ting dén gi4 tri 0,414 thi bit
dau trang thai pha hiy.

2.2 Thiét ké mé phong

Qua trinh hinh thanh phoi khi gia cong hop kim
nhom A6061 dugc moé phong bang phin mém
thuong mai Abaqus/Explicit 6.13. Piéu kién bién va
phan tir ludi duge thiét 1ap cho mé hinh mod phong
2D duoc thé hién trén Hinh 2. Trong d6 phdi cat
dugc mo hinh hoa bang 4 nit song tuyén (CPE4R),
dung cu cét dugc coi la phan tir cing.

Phoi w6 phoig
Dao ciit

Phan tao phoi  Phén phd hity Phan phéi con lai

Hinh 2. So d6 dinh vi va phan tir lugi khi mé phong.

Ph6i md phong duoc phéan chia thanh 3 phan dugc
nhu sau: Phan tao phoi, phan pha hity va phan phoi
con lai. Phan pha hay duoc md hinh héa bang ba 16p
phén tir v6i tong chiéu day 16n hon ban kinh dung cu
cit. Lop phoi duoc hinh thanh, bién dang chu yéu tir
16p phoi chua cét (16p chiéu day cit) va mot phan
dugc sinh ra tir cac phan tir trong 16p pha hiy, phin
con lai s& bi pha huy hodc bi x6a nhu Hinh 2. Dung
cu cit khi mé phong c6 goc trude 1a 5° va goc sau 1a
10°.
2.3 Thiét ké thwe nghiém

Dao phay mit dau dung cho thuc nghiém cé
duong kinh 40 mm, dung cu cit khong sir dung dung
dich boi tron 1am mat. Ludi cit c6 goc trudc va goc
sau ctia dung cu cit trong tng 1a 5° va 10°.

ody

| Kich thwéc (mm) 86 | Khoi
9D [6di|6da| a | D [L| I | I | ring | lugng
H 4016 9 [84[56[40[28 [ 18 4 | 0.16

Hinh 3. Thong s6 clia dung cu cét cho thuc nghi¢m

Thuc nghi€ém qua trinh tao phoi thyc hi¢n trén may

CNC MC 500, so dd ga dat khi gia cong va phoi hinh
thanh dugc cho trén Hinh 3.

Hinh 4. M6 hinh thuc nghiém va phoi hinh thanh
3. Két qua va thao luan

3.1 So sanh hinh thdi hinh hoc cda phoi gifa mé
phéng va thuc nghiém khi gia cong hop kim nhom
AB061

Hinh thai hinh hoc cua phoi tao thanh phu thudc
vao van tdc cit va chiéu sau cat. Khi mo phong hinh
thai hinh hoc cta phoi & téc do cat thap phoi hinh
thanh dang phoi day. Nghién ciru da so sanh gitra md
phong va thyc nghiém ¢ vén tbc cit V = 565 m/phiit
va chleu sdu cét t = 0,5 mm trén Hinh 5a. Quan sat
thdy rang hinh thai hinh hoc ciia phoi & ving toc do
cit 565 m/phut c6 sy twong dong giita md phong va
thuc nghiém, phoi hinh thanh la dang phoi day. Hinh
thai hinh hoc cta phoi tao thanh khi phay cao tdc hop
kim nhém A6061 1a phoi phéan 16p. Dé kiém chung
giita mo phong va thuyc nghiém hinh thai phoi ¢ tdc
cét cao, nghién ctru cling d thyc hién mé phong hinh
thai ctia phoi & toc do cat V = 1256 m/phut va chiéu
sau cat t = 1,5 mm. Két qua mo phong ciing cho thay
su phén 16p trén phoi ¢6 su trong ddng nhau.

Hinh thai
cua phoi

a) Phoi hinh thanh & van toc cit 565 m/phut

Vimng phoi
phia trong

b) Phoi hinh thanh & van téc cit 1256 m/phut
Hinh 5. Hinh thai hinh hoc cua phoi tao thanh khi
phay hop kim nhém A6061 gitta m6é phong va thuc
nghiém.
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Trén Hinh 5b thé hién hinh thai hinh hoc cua
phoi va so sanh thay sy tuong dong vé hinh dang va
sy phan 16p trén bé mat phoi. Sy phan 16p thé hién 16
& mit phia ngoai ctia phoi thiy 1 cac 16p hinh thanh.
Mat phia trong phoi lai cé chiu sttc ép va ma sat nén
su bién dang khong thanh sy phan 16p nhu Hinh 5b.

3.2 Anh hwéng ciia thong so cong nghé dén hé sé
co rut phoi (Ks) kKhi mé phéng qud trinh phay cao
toc hop kim nhom A6061

Dé du doan anh huong cua van toc cit va chiéu
sau cat dén Ks ¢ ving téc do cao mo hinh toan hoc
cia hé s co rat phoi phu thuoc vao V, t khi md
phong qua trinh phay cao t6¢ hop kim nhom A6061
c6 dang nhu sau:

K, =p,V™ " (10)

Trong d6 Ks 1a h¢ s co rat phoi, P1, P2, P3 1a cac
tham s0 phu thudc; V, t 1a cac thong so cong nghé
duoc xac dinh nhu trén Bang 2.

Phan tich phuong sai cho thay F 1y thuyét bang
0,00779 nho hon 0,5 [34] (bang 4) nhu vdy phuong
trinh hdi quy thu duoc phu hop Vi thuc té. Phuong
trinh phu thugc cua Ks véi cac thong s6 cong nghé V
va t luc nay sé la:

Kg =0,686) %% 102 (11)

1200 ¥ (m/phit)

_ ST e00
/' 1400

1,7 1,6

t (mm)

Hinh 6. Anh huéng cia V, t dén K.

1.5 14 13 1000

Bang 2. Két qua cua hé s6 co rat phoi khi mo phong
phay cao toc hop kim nhom A6061

T m\)’hﬁt) (mtm) (,*ff) In(v) | In@® | In(s)
1 | 1000 | 125 | 1,23 | 6,908 | 0,223 | 0,207
2 | 1512 | 125 | 126 | 7,321 | 0,223 | 0,231
3 | 1000 | 175 | 112 | 6,908 | 0,560 | 0,113
4 | 1512 | 175 | 118 | 7,321 | 0,560 | 0,166
5 | 1256 | 15 | 118 | 7,136 | 0,405 | 0,166
6 | 1256 | 15 | 119 7,136 | 0,405 | 0,174

Trén Hinh 6 cho thay van toc cat ting lam cho
hé so co rat phoi tang va chiéu sau cat tang thi h¢ so
co rut phoi gidam. Nhu vy toc do cat taing lam ting

su bién dang cua phoi lam cho hé sb co rat phoi ting.
Mat khéc khi chiéu sau cit ting thi hé s co rit phoi
giam vi luc nay chiéu day phoi it bi bién dang khi
chiéu chiéu siu cit 1on.

Bang 3. Phan tich hdi quy va phuong sai (ANOVA)
thong s6 cong nghé (V, t) anh huong dén Ks

Hé sb
Xac )
Céc thong so R R2 dinh | Sai o
ctia mé hinh hoi ??u chuan
u 1cu
aw chinh
0,980 | 0,961 | 0,934 | 0,010
Phan tich F Iy
anova | df | ss MS F ol
Dohdi |5 1 0078 | 0.0039 | 36,65 | 0.0078
quy_
Dongau |51 40003 | 00001
nhién
Téng 5 | 0,0082

3.3 Anh hwong ciia thong sé cong nghé dén luc cdt
Fs khi mé phong hop kim nhom A6061.

Dé dy doan anh huong cua luc cit dén van toc
cit va chiéu sau cat ¢ ving toc do cao khi mé phong
qué trinh tao phoi khi phay cao téc hop kim nhém
A6061. M6 hinh toan hoc cua luc ¢t phu thude vao V,
t c6 dang nhu sau:

F =Vt (12)

Trong d6 Fs 1a lyc it , 1y, Iz, r3 1a cdc ham s6
phu thugc V, t 1a cac thong s6 cong nghé dugc xac
dinh nhu trén Bang 4.

Bang 4. Két qua cua lyc cat Fs khi mé phong phay

cao toc hop kim nhom A6061.
1T ( m/;)/hﬁt) (mtm) (FNS) In(V) | In() | In(Fs)
1 1000 1,25 97,6 6,91 | 0,22 | 4,581
2 1512 1,25 93,6 7,32 | 0,22 | 4,539
3 | 1000 | 1,75 | 127,2 | 6,91 | 0,56 | 4,846
4 1512 1,75 | 112,2 7,32 | 0,56 | 4,720
5 1256 15 111,7 7,14 | 0,41 | 4,716
6 1256 15 111,7 7,14 | 0,41 | 4,716

Phan tich phuong sai cho thdy F 1y thuyét bang
0,0156 nho hon 0,5 [34] (bang 5) nhu vay phuong
trinh hdi quy thu duge phu hop véi thuc té. Phuong
trinh phy thudc ciia Fs téi cac thong sd cong nghé V
va t lac nay sé la:

Fg = 3357V 049 10612 (13)
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Bang 5. Phan tich hoéi quy va phuong sai (ANOVA)
thong s6 cong nghé (V, t) anh hudng dén Fs

’ H& $6 xac Sai 6
Cicthongsd | R R? | dinhmdu | 430
ctia md hinh hdi diéu chinh | ™"
quy
0,968 | 0937 | 0,89 0,036
Phan tich Fly
ANOVA df SS MS F thuyét
Dohoiquy | 2 | gosg | 0020 | 22,49 0,016
Do ngau
nhién 3 | 0004 | 0,001
Téng 5

0,061

1300
1200 ¥ (m/phiit)
1100

1000

f(mm). 14 13

Hinh 7. Anh huong cua V, t dén Fs.

Trén Hinh 7 cho thdy vén tdc cit ting lam cho
hé sb co rit phoi ting va chiéu sau cit ting thi hé sb
co rat phoi giam. Nhu vdy téc d6 cit ting lam ting
su bién dang ctia phoi lam cho hé s6 co rat phoi tang.
Mit khac khi chiéu sau cit ting thi hé s co rit phoi
giam vi lac nay chidu day phoi it bi bién dang khi
chiéu chiéu sau cat 1on. Mbi quan hé giira luc vai cac
thong sé cong nghé (V, t) dugc cho trén Hinh 7. Trén
hinh cho thdy toc do cat ting thi lyc cit giam va
chidu sau cit tang thi lyc cat ting nhanh. Muc do
tang cuia chiéu sdu cat 1a nhiéu hon véi van toc cit.
Van tde cit tang lam sinh nhiét va lam mém vat liéu
tir 46 qua trinh cét tro 1én d& dang hon din dén luc
cit giam. Chiéu sdu cit 16n lam ting cong boc tach
vat lidu luc cat 1on.

4. Két luan

Hinh thai hinh hoc cta phoi phu thudc vao tdc
d6 cat va phoi day hinh thanh ¢ toc do cat thap va
phoi phan doan hinh thanh & téc do cit cao. Tir két
qua mo phong duge kiém chimg bang thuc nghiém
cho két qua trong dong nhau.

Mo phong va khdo sat anh huong cia ché do
cit gom (téc do cat, chiéu sau cat) dén hé sb co rat
phoi va lyc cit. Tir phuong trinh (11) va (13) cho
thdy chiéu sau cit anh huéng dén hé sé co rat phoi va
luc cit nhiéu hon anh hudng cua van tdc cat. Tdc do
cit tang 1am ting su bién dang cua phoi lam cho hé
sd co rat phoi tang. Khi chidu sau cit tang thi hé sb
co rit phoi gidam vi lac nay chidu day phoi it bi bién
dang khi chiéu chiéu sau cat 16n.

30

Loi cam on

Nghién ciru nay dugc tai trg boi Quy phat trién
khoa hoc va cong nghé qudc gia (NAFOSTED) trong
dé tai mia sb “107.02-2016.01”; Va Trung tim
Nghién ctu Ung dung Khoa hoc va Cong nghé,
Trudng Pai hoc Su pham k¥ thuat Hung Yén, dé tai
ma s6 UTEHY.T016.P1718.02.

Tai liéu tham khao

[1] X. Cui and J. Zhao, Cutting performance of coated
carbide tools in high-speed face milling of AISI H13
hardened steel, Int. J. Adv. Manuf. Technol 71
(2014) 1811-1824.

V. Kauppinen, High-Speed Milling - a New
Manufacturing Technology, 4th Int. DAAAM Conf.
Ind. Eng. - Innov. as Compet. Edge SME, no. April
(2004) 131-134.

P. Lezanski and M. C. Shaw, Tool face temperature
in high speed milling, ASME J. Eng. Ind., vol. 112,
no. June 1988 (1990) 132-5.

[2]

(3]

[4] Z. Wang and M. Rahman, High-Speed Machining, in
Comprehensive Materials Processing, vol. 11,

Elsevier, (1992) 637-643.

C. Wang, Y. Xie, L. Zheng, Z. Qin, D. Tang, and Y.
Song, Research on the Chip Formation Mechanism
during the high-speed milling of hardened steel, Int.
J. Mach. Tools Manuf. 79, (2014) 31-48.

X. Cui, J. Zhao, C. Jia, and Y. Zhou, Surface
roughness and chip formation in high-speed face
milling AISI H13 steel, Int. J. Adv. Manuf. Technol.,
61 (2012) 1-13.

(5]

(6]

[7]1 B. Ramamoorthy and L. Vijayaraghavan, Effect of
High Speed Cutting Parameters on the Surface
Characteristics of Superalloy Inconel, Engineering,

111 (2010).

V. D. Calatoru, M. Balazinski, J. R. R. Mayer, H.
Paris, and G. L’Espérance, Diffusion wear
mechanism during high-speed machining of 7475-
T7351 aluminum alloy with carbide end mills, Wear,
26 (2008) 1793-1800.

S. Zhang and J. Li, Tool wear criterion, tool life, and
surface roughness during high-speed end milling Ti-
6Al-4V alloy, J. Zhejiang Univ. Sci. A, 11 (2010)
587-595.

(8]

[°]

[10] T. Data, Fracture characteristics of three metals
subjected to various strains, strain rates temperatures

and pressures, Eng. Mech 21( 1985).

[11] M. S. Swan, Incorpration of a general criterion into a
stress based plasticity model through a time to failure

by, Thesis Mech. Eng. - Univ. Utah, USA.(2012).

[12] O. Article, On predicting chip morphology and phase
transformation in hard machining, Int Adv Manuf

Technol, (2006) 645-654.
[13] J. Shi and C. R. Liu, Flow stress property of a



Tap chi Khoa hoc va Cong nghé 124 (2018) 026-031

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

hardened steel at elevated temperatures with
tempering e ect, Int. J. Mech. Sci. 46 (2004) 891-
906.

M. L. Wilkins, R. D. Streit, and J. E. Reaugh,
Cumulative-Strain-Damage  model of  ductile
fracture: Simulation and prediction of engineering
fracture tests, Lawrence Livermore Natl. Lab(1980)
1-68.

D. J L. M.G.Cockcroft, Ductility and
Workability of Metals . J Inst Metals, (1968).

E. Ceretti, M. Lucchi, and T. Altan, FEM simulation
of orthogonal cutting: serrated chip formation,
Juornal Mater. Process. Technol., 95 (1999) 17-26.

the

J. Lorentzon, N. Jarvstrat, and B. L. Josefson, Journal
of Materials Processing Technology Modelling chip
formation of alloy 718, J. Mater. Process. Technol,
209 (2009) 4645-4653.

A. Gilioli, A. Manes, M. Giglio, and T. Wierzbicki,
Predicting ballistic impact failure of aluminium
6061-T6 with the rate-independent Bao-Wierzbicki
fracture model, International Journal of Impact
Engineering, 76. (2015) 207-220.

M. Giglio, A. Manes, and F. Vigano, Numerical
simulation of the slant fracture of a helicopter’s rotor
hub with ductile damage failure criteria, Fatigue
Fract. Eng. Mater. Struct. 35 (2012). 317-327.

R. Stringfellow and C. Paetsch, Modeling Material
Failure During Cab Car End Frame Impact, in 2009
Joint Rail Conference, (2009) 183-192.

X. Teng and T. Wierzbicki, Effect of fracture criteria
on high velocity perforation of thin beams., Int. J.
Comput. Methods, 1 (2004) 171-200.

H. Z. Li and J. Wang, A cutting forces model for
milling Inconel 718 alloy based on a material
constitutive law,Proc. Inst. Mech. Eng. Part C J.
Mech. Eng. Sci. 227 (2013) 1761-1775.

Y. Chen, H. Li, and J. Wang, Analytical modelling of
cutting forces in near-orthogonal cutting of titanium
alloy Ti6Al4V, Proc. Inst. Mech. Eng. Part C J.
Mech. Eng. Sci.229 (2015) 1122-1133.

M. H. Ali, B. a. Khidhir, M. N. M. Ansari, and B.
Mohamed, FEM to predict the effect of feed rate on
surface roughness with cutting force during face
milling of titanium alloy, HBRC J., 9 (2013) 263—

31

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

269.

X. Cui, B. Zhao, F. lJiao, and J. Zheng, Chip
formation and its effects on cutting force, tool
temperature, tool stress, and cutting edge wear in
high- and ultra-high-speed milling, Int. J. Adv.
Manuf. Technol, 83 (2016) 55-65.

A. Davoudinejad, E. Chiappini, S. Tirelli, M.
Annoni, and M. Strano, Finite Element Simulation
and Validation of Chip Formation and Cutting Forces
in Dry and Cryogenic Cutting of Ti-6Al-4V,
Procedia Manuf. 1 (2015) 728-739.

D. Xu, P. Feng, W. Li, and Y. Ma, An improved
material constitutive model for simulation of high-
speed cutting of 6061-T6 aluminum alloy with high
accuracy, Int. J. Adv. Manuf. Technol, 79 (2015)
1043-1053.

M. Biker, Finite element simulation of high-speed
cutting forces, J. Mater. Process. Technol. 176
(2006) 117-126.

J. P. Davim, C. Maranhdo, M. J. Jackson, G. Cabral,
and J. Gracio, FEM analysis in high speed machining
of aluminium alloy (AlI7075-0) using polycrystalline
diamond (PCD) and cemented carbide (K10) cutting
tools, Int. J. Adv. Manuf. Technol. 39 (2008) 1093—
1100.

M. H. Ali, B. a. Khidhir, B. Mohamed, and a. a.
Oshkour, Prediction of High Cutting Speed
Parameters for Ti-6Al-4V by Using Finite Element
Modeling, Int. J. Model. Optim. 2, (2012) 31-35.

Y. Bai and T. Wierzbicki, “Application of extended
Mohr-Coulomb criterion to ductile fracture, Int. J.
Fract, 161 (2010) 1-20.

Y. Li, T. Wierzbicki, M. A. Sutton, J. Yan, and X.
Deng, Mixed mode stable tearing of thin sheet Al
6061-T6 specimens: Experimental measurements and
finite element simulations using a modified Mohr-
Coulomb fracture criterion, Int. J. Fract. 168 (2011)
53-71.

A. M. Beese, M. Luo, Y. Li, Y. Bai, and T.
Wierzbicki, Partially coupled anisotropic fracture
model for aluminum sheets, Eng. Fract. Mech. 77
(2010) 1128-1152.

Nguyén Dodn Y, Quy hoach thyc nghiém. NXB
Khoa hoc k¥ thuat, Ha N¢i (2003).



	1. Giới thiệu
	2. Thiết kế mô phỏng và thực nghiệm quá trình tạo phoi
	3.2 Ảnh hưởng của thông số công nghệ  đến hệ số co rút phoi (KS) khi mô phỏng quá trình phay cao tốc hợp kim nhôm A6061
	3.3 Ảnh hưởng của thông số công nghệ đến lực cắt FS khi mô phỏng hợp kim nhôm A6061.
	Để dự đoán ảnh hưởng của lực cắt đến vận tốc cắt và chiều sâu cắt ở vùng tốc độ cao khi mô phỏng quá trình tạo phoi khi phay cao tốc hợp kim nhôm A6061. Mô hình toán học của lực cắt phụ thuộc vào V, t có dạng như sau:


