KHOA HOC & CONG NGHE

TOI 0’'U HOA CAC THONG SO CONG NGHE

TRONG QUA TRINH GIA CONG KHOAN VAT LIEU NHOM A6061

BANG PHU'ONG PHAP PHAN TU H'U HAN

OPTIMIZATION OF TECHNOLOGICAL PARAMETERS IN THE DRILLING PROCESS

Tém tat:

T khoéa:
Abstract:

Keywords:

OF A6061 ALUMINUM USING THE FINITE ELEMENT METHOD

Lé Huynh Pirc, Lwong Qudc Viét, Pham Vin Manh
Khoa Co khi, Truong Pai hoc Kinh té - Ky thudt Cong nghiép
Dén Toa soan ngay 03/10/2025, chap nhan ding ngay 27/10/1025

Khoan hop kim nhém A6061 la nguyén céng phd bién trong ché tao co khi nhwng thuéng
gap cac van dé& nhw nhiét sinh ra 1&n, bam dinh phoi, sai Iéch kich thwdc va mon dung cu
nhanh khi lwa chon théng sé cdng nghé chwa phi hop. Nghién clru nay s& dung phwong
phap phan t& hiru han (FEM) dé mdé phéng qua trinh khoan A6061 bang phan mém
Abaqus. M6 hinh vat liéu phéi dwoc xay dwng theo tiéu chudn Johnson-Cook, dung cu
khoan 3D duworc thiét lap v&i cac diéu kién bién va thdng sb cdng nghé thay déi gédm tbc do
cat, lwgng chay dao va chiéu sau khoan. Két qua mé phdng cho phép phan tich qua trinh
hinh thanh phoi, phan bd rng suét - bién dang, déng thoi xac dinh méi quan hé gita
thong s6 cong nghé véi luc cat va chéat lwong 16 khoan. Trén co s& dd, nghién clru dé
xuét bd théng sb khoan téi wu nham gidm lwc cét, han ché moén dao va nang cao dé chinh
xac gia cong, gop phan tdng nang suét va chéat lwong trong san xuét co khi.

Phwong phap phan t& hiru han, mé hinh Johnson-Cook, lwc cat, trng suét, bién dang.

Drilling A6061 aluminum alloy is a common operation in mechanical manufacturing but
often encounters problems such as large heat generation, chip adhesion, dimensional
deviation and rapid tool wear when selecting inappropriate technological parameters. This
study uses the finite element method (FEM) to simulate the A6061 drilling process using
Abaqus software. The workpiece material model is built according to Johnson-Cook
standards, 3D drilling tools are set up with variable boundary conditions and technological
parameters including cutting speed, feed rate and drilling depth. Simulation results allow
analysis of chip formation, stress-strain distribution, and at the same time determine the
relationship between technological parameters and cutting force and quality of drilled
holes. On that basis, the study proposes an optimal set of drilling parameters to reduce
cutting force, limit tool wear and improve machining accuracy, contributing to increased
productivity and quality in mechanical manufacturing.

Finite element method, Johnson-Cook model, shear force, stress, strain.

1. DAT VAN BE

Khoan 1& mét trong nhitng nguyén cong ct
got phd bién va quan trong nhat trong ché tao
co khi, chiém ty 1& 16n trong cac cong doan
gia cong chi tiét co 16. Qua trinh nay dong vai
trd then chét trong viéc dam bao do chinh xéc

kich thudc, do déng truc va chét lugng bé
mit, dic biét ddi v6i cac chi tiét lam viéc
trong moi truong chiu tdi va nhiét cao nhu
linh kién 6 t6, voO may bay hay cac bd phan
dién to. Tuy nhién, qué trinh khoan thuong
tiém 4n nhiéu thach thic k¥ thuat do su tuong
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tac phuc tap gilta dao cat, vat liéu phoi va
diéu kién gia cong. Khi lya chon ché do cat
chua phtt hop, cac hién twong bt loi nhu sinh
nhiét qua muc, bién dang déo cuc bg, phoi
dinh bam, hodc mon dao nhanh c6 thé Xay ra,
anh huong dang ké dén chat luong 16 va tudi
tho dung cu [1, 2].

Trong béi canh do, viéc nghién ciru co ché cit
va t6i vu héa thong sé khoan tré nén can thiét
nham cai thién hiéu qua gia cong. O Viét
Nam, mot sb cong trinh dd hudng t6i giai
quyét van dé nay. Tiéu biéu 1a nghién ctu cua
Chu Ngoc Hung va cong sy [1] vé khoan 15
sau hop kim nhém c6 hd trg rung dong tan sb
thap, gitp cai thién kha niang thoat phoi va
giam nhiét cat; hay cong trinh ciia Bui Ngoc
Tuyén va cong su [2] phan tich anh hudng ctua
ché d6 cat khi khoan thép da toi, cung cap di
li¢u thyc nghiém quan trong cho viéc lya chon
thong sb hop 1y.

Trén thé gidi, nhiéu tic gia da khai thac
phuong phap phan tir hitu han (FEM) dé mo
hinh héa va m6 phdéng qua trinh khoan, cho
phép khao sat sau hon vé co ché hinh thanh
phoi, phan bd tng suit va nhiét do trong ving
cit. Nghién ctru ciia Davoudinejad va cong su
[3] d@ m6 phong qua trinh khoan hop kim
nhém 2024-T3 bang moé hinh 3D, trong khi
Lotfi va cong su [4] tdp trung vao dy doan
nhiét d§ va mon dao khi khoan thép. Bén canh
do6, Shih va Chen [5] da chi ra kha nang cua
FEM trong viéc dy doan luc cit va ung sudt
du, con Ozel [6] va Umbrello [7] chimg minh
tinh hiéu qud cia mo6 hinh FEM trong mo
phong qua trinh mon dao va anh hudong hinh
hoc ludi cat dén chat lugng gia cong.

Tir nhitng két qua nghién ctru trén, co thé thiy
rang FEM 14 cong cu manh mé& dé hiéu rd co
ché vat 1y trong khoan va hd tro t6i uu héa
thong sd cong nghé. Do d6, nghién ctru nay
tap trung xay dung mo hinh moé phong 3D qua

trinh khoan hop kim nhém A6061 bang phan
mém Abaqus, st dung moé hinh vat li¢u
Johnson-Cook nhim mé ta ung xir ciia phdi
dudi tdc dong nhiét - co phic tap. Muc ti€u
cua nghién ctu la phan tich anh hudng cua
cac thong s6 nhu tbe do cit, lugng chay dao
va chiéu sau khoan dén tmg sut, bién dang va
sy hinh thanh phoi, qua d6 dé xuét ché do
khoan hop ly gip gidm mon dung cu, cai
thién do chinh xé4c 16 va nang cao hiéu qua gia

cong.
2. POl TUONG VA PHUONG PHAP
NGHIEN clU

2.1. M6 hinh phan ttr hiru han

Trong nghién clru nay, qué trinh khoan hop
kim nhém A6061 dugec mod phong bang phan
mém Abaqus/Explicit, cho phép mé ta chinh
xéac cac hién tuong phi tuyén phirc tap xay ra
trong viing cit got nhu tiép xuc dao - phéi lién
tuc bién d6i, bién dang déo cuc bd 1on, su
hinh thanh va tach phoi, ciing nhu su phan bd
mg suit - nhiét dong trong qué trinh cat.
Phuong phap explicit dugc lya chon vi c6 kha
ning xur 1y hiéu qua cac bai toan bién dang
16n va va cham nhanh, vén dic trung trong
qua trinh khoan kim loai.

M6 hinh miii khoan dugc xay dung véi duong
kinh danh nghia 12 mm, géc dinh 118°, goc
xoan 30°, vat liéu cacbua vonfram (WC-Co),
mo phong diing véi hinh hoc dung cu cét pho
bién trong thyc té. Phoi vat liéu nhom hop
kim A6061 dugc mo ta & dang hinh tru kich
thudc 30x50 mm, c6 cac dac trung co hoc
dugc dinh nghia theo md hinh vat li¢u
Johnson-Cook dé phan anh ding tng xtr cua
vat liéu dudi tac dong cua ng suét va nhiét
do cao.

Pé giam thoi gian tinh toan va ting do 6n
dinh cua bai todn, hinh hoc dao va phdéi dugc
don gian hoéa dbi xtng theo truc khoan, dong
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thoi ludi phan tir duoc chia min tai vung tiép
xtc gitra miii khoan va phdi - noi xay ra bién
dang déo 16n va phat sinh nhiét cao (Hinh la,
1b). Phan con lai caa phoi dugc chia ludi thua
hon nham t6i uu héa toc d6 xu ly. Cac diéu
kién bién, ma sat va téc do cit duoc thiét 1ap
dua trén gid tri thuc nghiém trong pham vi
nghién ctru, ddm bao mod hinh phan anh dung
thuc t& qua trinh khoan.

Hinh 1. M4 hinh hoa. a) Dung cu céat; b) Phoi

2.2. Chia luéi

Hinh 2 minh hoa qua trinh chia ludi cho dao
va phoi trong mo hinh phan tir hitu han. Viéc
chia ludi dong vai trd quan trong trong do
chinh x4c va hiéu qua cua bai toan mo6 phong,
dic biét d6i vai cac hién tuong phi tuyén nhur
tiép xuc dao - phdi va bién dang déo cuc bo
trong ving cat. Nguyén tic duoc ap dung 1a
tdng mat do ludi tai vung chiu tdc dong co hoc
manh, noi cé sy hinh thanh phoi va tép trung
g suét cao, trong khi cc ving xa mat cit
dugc chia ludi thua hon nham giam sé lugng
phan tu, tiét kiém thoi gian tinh toan ma van
dam bao do chinh x4c can thiét.

Dao khoan duoc gia thiét 1a vat rin tuyét ddi
(rigid body), si dung phan tor dang Hex
(C3DSR) véi kich thude trung binh ciia phan
ttr 14 1,4 mm, giap dam bao tinh 6n dinh trong
qué trinh cit. D6i v6i phdi hop kim nhom
A6061, do hinh hoc cong va vung khoan c6
dang xodn phtic tap, mé hinh str dung phan tir
dang Tet (C3D10) v6i mat d6 ludi cao hon tai

vung tiép xuc, khoang 150 phan tir duoc chia
trong vung cit v6i kich thude phan tir trung
binh 0,5 mm.

Céu trac luéi duoc thiét 1ap nhu vay cho phép
m6 hinh mé phong chinh x4c su phat trién cua
mg suat, bién dang va qud trinh hinh thanh
phoi trong khi van duy tri thdi gian tinh toan

b)

Hinh 2. Tao Iwéi cta dung cu (a) va phoi (b)
2.3. Cac thong s6 gia cong va diéu kién bién

Viéc lya chon théng sd cit co ¥ nghia quan
trong trong mod phong bang phuong phap phan
tr hiru han, boi day 1a cac yéu td truc tiép chi
phéi qua trinh hinh thanh phoi, mic do bién
dang déo, luc cit va su phan bd ung suat -
nhiét trong vung cit. Cac thong sd gia cong
trong nghién cuu nay dugc lya chon dya trén
khuyén nghi tir cic tiéu chuan cat got va bang
tra ché do cat danh cho vat liéu nhom A6061
do Mitsubishi Materials va Sandvik Coromant
cung cip [8, 9]. Theo hai ngudn tai liéu nay,
vén tdc cat ph hop khi khoan nhom bang miii
khoan WC-Co duong kinh 12 mm thuong
nam trong khoang 60-180 m/ph, dam bao kha
ning thoat phoi tot, giam ma sat va han ché
bam dinh phoi 1én dung cu [8, 9].

Ngoai ra, khoang gia tri thong sb cit duoc
chon ciing dua trén dai van tdc cat dang duogc
str dung phd bién trong thuc té gia cong, dic
biét trong khoan nhdm A6061 cho cic Ung
dung co khi chinh xac va cong nghi¢p khudn
mau. Cac nghién ctu thuc nghiém gan day
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cho thdy van tdc cat tir 70-150 m/ph cho két
qua 6n dinh vé lyc cit va d6 nhin bé mat,
ddng thoi giup giam hién tuong leo dao khi
khoan nhom hop kim [8].

Bén canh yéu td thue nghiém va tiéu chuén,
cac thong sd gia cong con duoc xét dén
dudi goc d6 6n dinh mé phong trong
Abaqus/Explicit. Viéc lwa chon van tbc cit
qué cao c6 thé khién budc thoi gian trong
explicit trd nén rat nho, dan toi tang 16n thoi
gian tinh toan hodc gay mat 6n dinh lu6i phan
tr. Do d6, dai van tdc cit 70-180 m/ph duoc
lua chon nhim dam bao mo phéng hoi tu tdt,
mo ta dang hién twong vat 1y va van nam
trong pham vi tng dung thuc té [9].

Trong nghién ctu nay, lwong chay dao duogc
¢b dinh & muc 0,35 mm/vong, phu hop véi
khuyén nghi khi khoan nhom bang miii khoan
cacbua dudng kinh 12 mm dé giam sinh nhiét
va ma sat tai mép cat [8]. Chiéu siu 16 khoan
dugc thiét 1ap 50 mm, twong tng véi kich
thude gia cong tiéu chuan trong thyuc té. Thoi
gian gia cong trong mo phdéng dugc dat 1a 0,1
gidy dé dam bao mé hinh bit dugc qua trinh
6n dinh ciia ving cét trong giai doan khoan.

Thong sd van tc cat ding trong mo phong
duoc thé hién trong Bang 1, bao gdm sau
muc van tbc nhim khao sat toan dién anh
huong cua tbc do dén ung suét, bién dang,
luc cit va kha niang hinh thanh phoi. Bo
thong sd nay gitip danh gia chinh xac co ché
cat got trong khoan A6061, déng thoi dam
bao su 6n dinh ctia md phong theo yéu cau
cua Abaqus/Explicit.

Bing 1. Théng sé gia cong cho cac 1an mé phéng

Vin tc cat (m/ph)
70
80
100
120
150
180

S6 14n mé phéng

NN | |W N | —

Pé mo ta dudng cong ng suit bién dang dudi
cac ham toan lién tuc, mdé hinh Johnson -
Cook duoc lia chon dya trén mdi lién hé giira
mg suit tuong duong véi bién dang tuong
duong, tbc do bién dang va nhiét do [3].
Pudng cong mé ta ing suat twong duong voi
cac tham bién dugc biéu dién trong phuong
trinh dudi day:

5 = [A + B()"] [1+CL (6)] [1 ( -1 )]
g = £ ni|— —
£, Tmelt - To

[3]

Trong d6 A 13 ting suét chay ban dau; B 1a hé

s6 cing hoa; n 14 s6 mil cua do cung khi gia

cong; C la h¢ ) phu thudc vao tdc do bién

dang va m 1a h¢ s6 mém vi nhiét.

Trong qua trinh m6é phong gia cong phodi 6 s&
dugc kep chit dang d6 ga nén ta s& can han
ché 6 bac tu do, dao s& thuc hién qua trinh
khoan vé&i chuyén dong chinh 1a quay va tinh
tién lén ta rang budc dao 1a 4 bac ty do.

2.4. Phwong phap mé phong phan tich

Sau khi m6é phong tai tbc do cat 80 m/phut,
luong chay dao 0,35 mm/vong va chiéu siu
khoan 50 mm, két qua duoc luu va hién thi
trong moi truong Visualization cua Abaqus
(Hinh 3). Dt liéu thu dugc s€ dugc phan tich
dé danh gia co tinh qua trinh khoan - bao gém
su hinh thanh phoi, phan bd tmg suat va anh
huong cua thong sd cong nghé dén co ché
cit got.

S, Mises
(Avg: 75%)

+5.961e+02
+5.464e+02
+4.968e+02
+4.471e+02
+3.974e+02
+3.477e+02
+2.981e+02
+2.484e+02
+1.987e+02
+1.490e+02
+9.935e+01
+4.968e+01
+0.000e+00

Hinh 3. Két qua (rng suét khi s = 0,35 mml/v,
v = 80 m/ph, t= 50 mm

TAP CHi KHOA HOC & CONG NGHE . SO 51 - 2025



KHOA HOC & CONG NGHE

2.5. Phwong phap tinh toan phan tich

Dé ddi chiéu véi két qua mo phong, nghién
ctru trinh bay phuong phép tinh toan phan tich
g suat cat va so sanh cac gia tri phan tich
v6i két qua FEM. Dé rat ngin thoi gian tinh
todn, chi khao sat mot truong hop véi mot bod
thong s cong nghé (xem Bang 2) va tién
hanh so sanh truc tiép giita hai phuong phap.

Bang 2. Théng s6 cong nghé cta qua trinh gia cong

Lwong chay Puwong kinh | Vin tdc cat
dao (mm/vong) (mm) (m/ph)
=0,35 D=12 V=80

Tinh toan sb vong quay:
1000 - v,
"D
Cong suat cat:
fn-vc-Dc-kc
Fe=""74010°
Moment xodn:
P; -30.103
T T
Luc cit:

D
Fr = 0.5-kc-5-fn-sinkr
Ung suét phap doc truc:
4F L.
o= m(vold = 0,35D)

Ung suét cat do xodn:
16M
wd3

Ung suat Von-Mises:

Opm =\ 0% + 372

Sau khi thay cac thong s va tinh toan ta dugc
két qua Gmg suat: o, ~ 566,4 Mpa.

Tmax =

3. KET QUA VA THAO LUAN

3.1. So sanh qua trinh mé phéng phan tich
va tinh toan phan tich

Trong nghién ctru nay, (mg suét khi khoan hop

kim nhém A6061 dugc xac dinh biang hai
phuong phap: tinh toan 1y thuyét va mé phong
s6 bang phan tir hiru han (Abaqus). Két qua so
sanh cho thiy co sai khac khoang 4.,4%.
Nguyén nhén chinh 1a do mé phong gia thiét
vat liéu déng nhét, déng hudéng, hé s6 ma sat
va diéu kién bién cd dinh, trong khi thuc té
cac yéu td nhu nhiét do, rung dong va thong
s6 pha huy trong mé hinh Johnson-Cook lai
bién thién. Tuy véy, muc sai khic nho cho
thdy mo hinh 1y thuyét va mo phong co do
phtl hop cao, hoan toan c6 thé dung cho thiét
ké so bo va dbi chiéu két qua thuc nghiém.

3.2. Phan tich (rng suat khi thay d6i van
toc cat

Pé danh gia anh hudng cua van toc cit dén
trang thai ing suit trong qua trinh khoan, tién
hanh khao sat sau gia tri van toc tir 70-180
m/ph. Két qua md phong (Hinh 4) cho thiy
ung sudt Von-Mises cuc dai bién thién phi
tuyén theo vén tdc cit.

Biéu d0 mg suat

650
640
630

620

610

& 600

5 590

7 580

5570
560
550
540

636.7

v1=70 v2=80 v3=100 v4=120 v5=150 v6= 180

Van tbe cit (m/ph)

Hinh 4. Biéu d6 trng suét khi thay dbi van téc cat

O van tbc 70-80 m/ph, miii khoan kho tao
phoi lién tuc, ddn dén hién tuong truot va cay,
chén de vat licu. Khong x4y ra qua trinh hinh
thanh phoi lam ma sat tang, vat liéu chiu bién
dang déo 16n, lam chat luong bé mit suy
giam.
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Khi ting van toc dén khoang 100-120 m/ph,
qua trinh cét dién ra hiéu qua hon, bat dau xay
ra qué trinh hinh thanh phoi lam cho ma sat va
luc cit giam, ung suit cuc dai dat gia tri thép
nhit vao khoang 5779 MPa. Chit lugng bé
mat ¢ giai doan nay tdt nhét.

Tuy nhién, tai van tdc cao 150-180 m/ph,
lvong nhiét sinh ra 16n gdy mém hoa ving
tiép xtic va lam giam do bén dao. Qua trinh
mon dao, tding ma sat va hién tugng dinh bam
phoi xay ra, khién (mg suét trong phéi ting tro
lai, dat cuc dai 636,7 MPa ¢ 180 m/ph.

4. KET LUAN

Nghién ctru da tién hanh mé phong qué trinh
khoan hop kim nhém A6061 bing phuong
phép phan tir hiru han (FEM) trén phan mém
Abaqus, dong thoi d6i chiéu véi két qua tinh
toan 1y thuyét dé kiém ching do chinh xac
cua mod hinh. Sai khac gifta hai phuong phap
chi khoang 4,4%, chimg té m6 hinh mé phdong
c6 do tin cdy cao va hoan toan co thé tmg
dung trong phan tich, du doan co ché cit got.

Két qua mo phong cho thdy umg suit Von-
Mises cuc dai bién thién phi tuyén theo van
tbc cat. O vang van tdc thap (70-80 m/ph),
mg suét 16n do ma sat va bién dang déo cao
khi phoi chua hinh thanh hoan chinh. Khi tang
van téc dén khoang 100-120 m/ph, qua trinh
tao phoi dién ra 6n dinh, tmg suét cuc dai dat
gi4 tri nho nhét (577,9 MPa), cho chat luong
bé mat tdt. Tuy nhién, khi van tde vuot qua
150 m/ph, nhiét sinh ra nhiéu lam giam do
cung vat li¢u, tding mon dao va dinh bam phoi,
khién tng suét ting tro lai (636,7 MPa).

Két qua nay cho thdy van tdc cit trung binh 1a
vung tdi wu dé dat duoc su can béng gitra hiéu
qua cit got, do bén dung cu va chét luong bé
mat. Pong thoi, nghién ctru khang dinh tinh
phu hop cua mé6 hinh Johnson-Cook trong mo
phéng qué trinh khoan, m¢ ra hudéng tng
dung FEM trong viéc t6i uwu hoa ché do cit va
thiét ké quy trinh gia cong chinh xac cho cac
vat liéu hop kim nhom trong san xuét thuc
tien.
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