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Bai bdo nay nghién ciu méi quan hé giita hé s6 co rit phoi va cdc théng sé cia qud trinh cdt nhi
toc dp cdt, chiéu sdu cdt dp dung khi gia cong hop kim nhém A6061. Hé sé so rit phoi dwoc xdc dinh théng
qua mé phong qud trinh cdt nho phan mém ABAQUS/ Explicit , dua trén mé hinh pha hiy vat liéu Bao-
Wierzbicki (B W), s dung phuong phap phan tur hitu han. Sau do, phu’o’ng phap bmh phmfng 161 thiéu dwoc
St dung dé xdc dinh moi quan hé gitka hé sé co rit phoi va cdc théng sé gom toc dg cdt va chiéu sdu cit.
Cdc két qua nghlen ctieu nay, két hop voi két qua thurc nghzem sé la co 56 khoa hoc dé gidi thich nhiéu hién

tuong va ban chat vt 1y trong qud trinh gia cong cao toc.
Tir khéa: Hé 56 co riit phoi, mé hinh Bao-Wierzbicki, hop kim nhém A6061, mé phéng qud trinh cat.

1. Giéi thiéu

Ngay nay gia cong cao toc giit vai tro quan
trong trong nganh cong nghlep co khi hién dai. Voi
nhitng wu diém vuot troi vé nang suat va cht luong
san pham, gia cong tdc d6 cao hién duoc ung dung
rong rai trong cic nganh cong nghiép hd trg nhu
gia cong cac chi tiét cua 6 t6, may bay, tau thuy
va nganh cong nghi¢p nhe... Trong qua trinh gia
cong cao toc, sy hinh thanh phoi ¢6 anh huéng mat
thiét ¢én mot loat thong sd ciia qué trinh cit nhu
lién quan dén nang suét, chat luong va higu qua gia
cong nhu: luc cit, nhiét cit, d6 6n dinh qua trinh
cit, sai s6 dai quan va té vi cua chi tiét gia cong;
dén hién tuong cac ving bién dang mai mon cua
dung cat[1,2]. Dé hinh thanh phoi can tac dung mot
luc dé phoi tach ra khoi vat liéu gia cong khi, qua
d6 phat sinh bién dang dan hdi cua vat liéu gia cong
tai viing tiép xuc vé6i dung cu cat. Bién dang dan hoi
nay nhanh chéng chuyén thanh bién dang déo va
mot 16p phoi dugce hinh thanh tir 16p kim loai nay
[2]. Nhu vy tai vi tri dao tiép xuc voi vat liéu gia
cong s& 6 16p vat lidu bi pha hity. Dé nghién ciru
trang thai Gng sudt tai 16p vat li¢u nay, cac mo hinh
pha hay vat liéu duoc nhiéu tic gia cong bd trén
céc tap chi qudc té. Tac gia McClintock quan sat va
phan tich sy 16n 1én ciia cac 16 trong hinh try sinh
ra do g suét kéo. Tir d6 tac gia két luan ring cac
16 tréng nay phat trién nhanh va 1a nguyén nhan gay
nén pha huy vat liéu [3]. Tac gid Rice va Tracey [4]
phat trién mé hinh ctiia McClintock, tir d6 két luan
rang nhiing 16 tréng hinh try va hinh cau déu phat
trién huéng kinh, chung thay ddi ca vé kich thudc
va hinh dang khi vat liéu chiu tai. Sy thay déi ay
phu thude rat 16n vao chi sé trang thai ing suat. Tac
gia Hancock va MacKenzie [5] thong qua nghién
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ctru thyc nghiém da chi ra rang sy phat trién cua 15
tréng khong chi theo mot huéng ma nhiéu hudéng
khéc nhau. Pdng thoi tée do phat trién cta ching
phu thudc chii yéu vao chi sb trang thai ing suét.

T cac nghién ctru trén, gidi han phéa huy
phu thudc chu yéu vao chi sb trang thai Gmg suit.
Ti s6 cuong do cua hai thanh phan nay dic trung
cho trang thai (mg suat dugc goi 1a chi sé trang thai
g suat duoc biéu dién trong cong thic: 6™ = %
trong d6 0y 14 (g suét tinh va & 1a tmg suit twong
duong. Cing véi do bién dang, trang thai ing suat
dong vai trd chinh trong sy hinh thanh va phat trién
cuia vét nirt trong vat li¢u kim loai. Déng thoi trang
thai nay con quyét dinh dang pha huy ciing nhu mirc
d6 pha huy vat heu Bién dang pha huy tuong duong
chiu anh huong rat 16n tir ch1 s trang thai (mg suét.
Tac gia Wierzbicki [6] da t1en hanh nghién ctru anh
huong clia trang thai ing suit bang mo phong 5O
két hop vé6i thuc nghiém. Két qua cho thay rang gidi
han phé hay phu thudc chii yéu vao chi sb trang thai
g suat. Nhu vay muc d6 bién dang, trang thai tmg
suét ¢6 vai trd chi yéu trong sy hinh thanh va phat
trién vét nut trong vat li¢u kim loai. Déng thoi trang
thai nay con quyét dinh dang pha huy ciing nhu mirc
d6 pha huy vat ligu.

Trong nghién ctru nay, phuong phép phan tir
hitu han dya trén mo hinh pha huly Bao-Wierzbicki
(B-W) duoc sir dung d& mo phong sy hinh thanh
phoi va hé s6 co rat phoi khi thay d6i tbe do cat va
chiéu sdu cat. Sau d6, mbi quan h¢ toan hoc gitra h¢
s6 co rut phoi voi cac tham sé trén s& dugce tim ra.

2. Vit liéu va mo hinh pha hiy B-W
2.1. Dac tinh cuaa vt liéu

Bai toan mo6 phong va thyc nghiém da dugc
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ap dung cho hop kim nhdm A6061 véi nhiing dac
tinh dugc thé hién ¢ Bang 1. Hop kim nhom A6061
¢ diic diém néi bat 1a hop kim 6 tinh linh hoat cao
va kha nang chdng an mon tot. Ngoai ra day ciing la
mot trong nhiing hgp kim da dung, c6 do bén cao,
va duoc su dung rong rai trong cong nghiép.

Béang 1. Ddc tinh vdt Iy cua hop kim nhom A6061

bac tinh Gia tri
Mo dun dan hdi E (GPa) 2.7
1\1’:; Khéi luong riéng, p (kg/m’) 7000

Mb dun dan hdi truot, G (Gpa) 69
0.33

Hé s6 Poison v

2.2. M6 hinh pha hay B-W

Mo hinh pha huy B-W dién ta sy pha hay
xay ra tai mot diém cua vat liéu khi su bién dang
déo dat dén mot gia tri gioi han.
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Hinh 1. S phu thudc ciia €; vao chi s trang thdi
ung suat [6, 7]

Hing sb vat liéu duoc tinh boi cong thirc sau [7]:

D[ Zi=(%) e 0

Trong d6 ( el )a 1a chi s6 trang thai ing suat,
£ 1a bién dang trong duong tai thoi diém
vat li¢u bi pha huy.
Sau khi thu dugc bién dang twong duong
t6i pha huy va chi s ing suat cho mdi truong hop

£ ,%, quy tich pha huy trong khong gian duoc
xay dung nhu Hinh 1.

Hinh 1 biéu dién sy phy thudc ctia bién dang
va chi s trang thai tmg suat. O gia tri trang thai img
suét nho, pha huy do bién dang truot xay ra, nhung
khi gia tri chi so tng suat lon pha huy Xdy ra do su
hinh thanh Va phat trién 15 tréng. Néu chi s6 trang
thai ng suit nho hon -1/3, vét liéu khong bi pha
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huy, nghia 1a vat liéu c6 kha ning bién dang 16n.
C6 thé thiy rd rang bién dang tuong duong
t6i pha huy cua cac mau khac nhau rat 16n dudi
chi sb trang thai g suit khac nhau Trong pham
vi 16n cua chi sé trang thai tmg suét, thi bién dang
twong duong t6i pha huy sé glam d6i v6i ing suit.

Bién dang twong dwong nho nhat bang 0.2 khi chi
sO trang thai ung suat bang =0 tuong Ung vadi

thi nghiém cit thuan tiy.

Sris |
16
14 | ——EQqs. (7-9)
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On
g
Hinh 2. D6 thi duwong cong cho boi cic phwong
trinh (2-4)

Sau d6, ting pham vi chi s6 trang thai ing
suat nho voi chi sd trang thai img suat dat dén dinh
diém 0.45 tai chi s trang thai tmg suat trung binh
% = 0.4 twong Ung véi cac thi nghiém kiém tra
dd bén kéo trén thanh tron tron. Cudi cung chi sb
trang thai (rng suat giam trong pham vi cta chi s
trang thai ing suat cao [8]

Puong cong pha huy phu hop véi bién dang
tuong duong cho pha hiy dugc cac tac gia dua ra
boi cong thic sau [5, 7]:
= on 1\ ow__1.
£/=0. 1225.<%+§> cho 2l =L <0 ()

£/=1.9. ( Z ) 0. 18(?H>+o.21

cho ZL=0+0.4 (3

Q\\Q\qqm

ow(%ﬂ) cho CL=04+0.95 (4)

D6 thi duong cong ciia phuong trinh (2-4)
dugc thé hién trén Hinh 2.

Trén Hinh 2 ciing cho thay giéi han pha huy
cua vat liéu cho boi phuong trinh 1 dugc thdéa man
va trong gi6i han nay khi mo phong qué trinh cit,
tai d6 phan tir ludi sé bat ddu qué trinh tach ra khoi
vat li¢u va hinh thanh phoi cit.
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3. M6 phéng qua trinh tao phoi

Phan mém Abaqus/Explicit 6.13.1 dugc sir
dung dé mo phong qué trinh tao phoi va do hé s6 co
riit phoi cho hop kim nhém A6061. M6 hinh phan
tor hitu han dugc st dung dé mo phong dugc thé
hién trén Hinh 3.

Vung tao phoi

2

Vung pha huy

Vung phéi

Hinh 3. M6 hinh phan tir hitu han trong qud trinh cdt

Trong d6 cac phan tir cimg tuyét dbi dugc
sir dung cho mo hinh dung cu cit. Phoi gia cong
lai dugc chia thanh 3 ving chinh gdm c6 ving tao
phoi, ving ph4 huy va vang phdi cit. Trong ving
pha huy dugce mo hinh héa thanh 3 phan tir vai tong
chiéu day 16n hon ban kinh miii dao. Phoi dugc tao
thanh quan trong 14 ving tao phoi va mot phan tir
trong ving ph4 hity ma chua bi pha hay. Cac phén
tir khac trong ving pha huy bi pha huy hoan toan s€
tu di chuyén.

Heé sb co rat phoi duge xac dinh bang cong

t,
thirc: K= TZ (5)
trong d6 £ 1a chiéu day phoi, 7, 1a chiéu sau cat.

3.2. Sur phu thudc ciia hé s6 co ritphoi K véi Vvat
Béang 2. Thong so sw dung dé mo phong quan hé
giita K voi Vva t

Céc cap do
1 2 3 4
V(m/phut) | 419 471 565 659
t(mm) 0.5 1.0 1.5 2.0

Bang 3. Két qud mé phong hé sé co riit phoi K véi
cdc gia tri cua V va t khac nhau

V (m/min)
t(mm)
419 471 565 659
0.5 1.74 1.74 1.67 1.76
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1.0 1.54 1.54 1.55 1.54
1.5 1.43 1.52 1.49 1.49
2.0 1.41 1.48 1.40 1.39
S, Mises
(Avg: 75%)

+5.856e+02

+4.392e+02
+3.904e+02
+3.416e+02
+2.928e+02
+2.4406+02
+1.952e+402

+4.880e401
+1.6096-12

Hinh 4. Phoi dwoc hinh thanh khi mo phong

Dé nghién ctru anh huéng cua vén toc cat
(V) va chiéu sau cit (¢) dén hé sb co rat phoi (K) sir
dung phan tir hitu han FEM mé phong véi cac tham
s6 cho trong Bang 2.

Phoi duoc hinh thanh thé hién trén Hinh 4.
Két qua md phong hé sé co rat phoi K phu thudce
vao V va ¢ cho trong Bang 4. Tir két qua mé phong
trong Bang 2 cong thuc cia K phu thudc vao V'va ¢
bing phuong phap xdy dung dudng cong phu hop.
Su phu thudc cua K vao V va ¢ dugc cho boi cong
thac:

K=a V. r (6)

Trong d6 ab,c 14 cac hing s6 phai xac dinh. St
dung cong cu Minitab17 cac hing s6 a, b, ¢ 1an luot
duoc xac dinh tuong tng 1a 1.64227, 0.00812381
va -0.138524. Khi d6 cong thuc (6) dugc viét lai la:
K: 164227 V—0.00812381 t-0.138524 (7)

Tir cong thirc (7) mdi quan hé giita K véi
V va t duoc thé hién trén Hinh 5. Nhu vay tu trén
Hinh 5 cho thy khi ting ¥ thi K thay d6i rit nho tuy
nhién K bi anh huéng dang ké khi thay déi chiéu sau
¢t 1. Vi ¢ tang tir 0.5 dén 2.0mm thi K giam tuong
mg tir 1.9 d&én 1.4. Cho thay khi cit chidu siu cat
moéng hé sé co rat phoi 16n hon khi cit chidu sau
cét day.

Khi gia cong v6i chidu siu cat day mirc do
bién dang cua 16p vat li¢u s€ kho khan hon vi dién
tich 16p cit lac nay 16n, va khi & ciing ché do cit khi
d6 cét voi chiu sau cét nho, luc cit, nhiét cit s& lam
cho 16p kim loai bién dang nhiéu hon 1am hé s6 co
rat phoi cling tang theo.
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4. Két luin

M6 phong FEM dia duoc ap dung dé mo
phong hé s6 co rat phoi cho hop kim A6061 sir dung
md hinh pha hiay B-W cho thay rang khi xét anh
huong dong thoi ctia van tdc cat, chiéu sau cit dén
hé sb co rut phoi. Vi chiéu sau cét trong khoang tir
0.5 dén 2mm thi thay rang chiéu siu cit mong, hé sb
co it phoi 16n va ngugc lai. Trong dai toc do cat tir
419 dn 659m/phut hé s6 co rit phoi khong bi anh
huong nhiéu. Trong dai téc do nay hé sb co rut phoi
phu thudc vao V va t thong qua phuong trinh sau:

K: 164227 V—0.00812381 [-0.133524.

t (mm) ¥ hg A®
Hinh 5. D6 thi biéu dién sw phu thugc cua hé $6 co

rut phoi K vao Vva t
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SIMULATION STUDY TO VERIFY THE EFFECT OF CUTTING PARAMETERS
ON CHIP SHINKEGE COEFICIENT DURING MACHINING PROCESS OFALUMINUM ALLOY

Abstract:

This paper predicted the relationship between chip shrinkage coefficient and cutting parameters such
as cutting speed, uncut chip thickness in a cutting process of A6061 aluminum alloy. The chip shrinkage
coefficient was determined through simulation using finite element method. The commercial software
Abaqus/Explicit is employed for simulation of the cutting process of A6061 alumium alloy based on the
Bao-Wierzbicki fracture model. Then, the least square method was used to derive the relationship between
chip shrinkage coefficient and cutting force. The above-mentioned relationship is believed to be useful in
determination of optimal cutting conditions in high-speed machining.

Keywords: Chip shrinkage coefficient, the Bao-Wierzbicki fracture model, A6061 aluminum alloy,
simulation of the cutting process.
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