CONG NGHIEP [/ [1) CO KHi, BPIEN - PIEN TU - TU BPONG HOA ﬁ}

ANH HUONG CUA THONG SO CONG NGHE BEN LUC CAT
VA B0 MON DUNG CU TRONG PHAY CNC THEP AISI 1043

Nguy&n Quang Vinh

Trudng Dai hoc Giao théng van tai, s6 3 Phd Cau Gidy, Ha Nbi, Viét Nam

THONQ TIN BAI BAO
CHUYEN MUC: Céng trinh khoa hoc

Ngay nhan bai: 13/4/2025
Ngay nhan bai stra: 18/5/2025
Ngay chap nhan dang: 20/5/2025

"Téac gia lién hé:
Email: vinhnguyen.tkm@utc.edu.vn

TOM TAT

Nghién cuu tap trung khao sat anh hudng cua cac thong sé cét trong qué trinh phay CNC thép AISI
1043, gébm: vén téc cat, luong chay dao va chiéu sau cét theo phuong huwéng Kinh, dén Iyc cét va dé mon
dung cu. Céc thi nghiém duoc tién hanh trén may phay CNC TC500. Luc cét dwoc do bang luc ké Type
9139AA, d6 mon dung cu duwoc phén tich bang kinh hién vi ky thuét sé VHX-7000. Phuong phép thiét ké
thi nghiém Taguchi véi ma tran L9 duoc st dung nhdm dénh gia mirc dé dnh hudng cda tirng théng sé
gia céng dén céac bién déau ra. Két quéa thi nghiém cho thay, chiéu séu cat theo phuong huéng kinh la
théng sb c6 anh hudng I6n nhéat dén luc cat, trong khi van toc cét la yéu t6 chinh tac déng dén dé6 mon
dung cu. Luong chay dao cho thdy dnh hudng khéng dang ké dén ca lurc cat va dé mon dung cu. Nghién
ctru nhdn manh vai tré quan trong cta viéc téi vu héa cac thong sé cat nham kéo dai tudi tho dung cu va
néng cao hiéu qua qua trinh gia céng.

T khéa: théng sé cét, luc cét, d6 mon dung cu

1. DAT VAN BE

Trong qua trinh gia cdng, co6 nhiéu yéu t6 anh
hwéng dén rung déng trong hé théng cong nghé
[2], [4], [6], [10]. Sw twong tac gitra lwdi cat va bé
mat gia cdng lam gia tdng d6 mon cla dung cu [1],
dan dén sy thay ddi nhw lwc cét tang [3], bién dang
dan hdi ctia dung cu [7], hién twong rung déng tw
kich thich [11]. Nhitng yéu t& nay anh hwéng dén
do chinh xac gia cong, gay ra sai léch hinh hoc nhw
dd phang [8] va lam gidm chat lwong bé mat [9].
Ngoai ra, d6 mon dung cu I&n con lam tang nguy
co héng héc dung cu [5]. Do dé, viéc theo ddi tinh
trang dung cu trong qua trinh gia céng la rat can
thiét nham giadm thiéu cac tac déng bat loi nay.

Cac phwong phap giam sat tinh trang dung cu
dwoc chia thanh hai nhém chinh: phwong phap
truc tiép va phwong phap gian tiép. Phwong phap
trwe tiép thu thap dir liéu ngay tai vang hinh thanh
phoi, phan anh truc tiép trang thai ctia dung cu cat
trong qua trinh cat. Ngwoc lai, phuwong phap gian
tiép st dung di¥ liéu tir cac tin hiéu bén ngoai viing
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cat, phan anh gian tiép tinh trang dung cu théng
qua phan &ng clia may cong cu truéc cac thay doi
trong qua trinh gia cdng. Ca hai phwong phap déu
hd tro hiéu qua trong viéc danh gia tinh trang dung
cy, qua do gitip gidam thiéu rdi ro va t6i wu hoa chét
lwong san pham

Trong s6 cac phwong phap gian tiép, mot sb ky
thuat tién tién nhw mé hinh bé mat dap &ng va
phan tich nghich ddo da dwoc phat trién nham wéc
tinh cac dai lwong quan trong nhw ng suét dw,
tudi tho dung cu, d6 nham bé mat trong gia céng
théng, cling nhw lwc cat trong cac loai hinh gia
cbng nay.

Mot sb ky thuat giam sat dung cu cat phd bién
bao gébm do lwc cat bang lwc k&, do nhiét dd dung
cu béng cap nhiét dién hoac camera héng ngoai,
phan tich rung déng, phat xa &m thanh, va theo doi
mec tiéu thu nang lwong dién. Ngoai ra, cac
phwong phap danh gia tinh toan ven cia bé mat
phéi va lop bé mat phu, dac tinh co hoc, va phan
tich & mon dung cu cét théng qua kinh hién vi dién
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t&r quét va quang hoc ciing dwoc ap dung dé suy
luén tinh trang dung cu.

Trong nghién ctru nay, phwong phap giam sat
truc tiép dwoc st dung nham danh gia tinh trang
dung cu cat trong qua trinh phay tbc do cao. Anh
hwdng clia cac thong sb cat chinh gdm van tbc cat,
lwong chay dao va chiéu sau cat dén luc cat va do
mon dung cu trong qua trinh phay thép AISI 1043
da duwoc khao sat mot cach hé thong.

2. DU LIEU VA PHWONG PHAP NGHIEN CUPU

Dé danh gia anh hwéng cla ba théng sb cét 1a
van téc cét (v¢), lwong chay dao (f) va chiéu sau
cat theo hwéng kinh (a;) dén lwc cat va dd mon
dung cu trong qua trinh phay thép AISI 1043, cac
thi nghiém da dwoc tién hanh trén may phay CNC
TC500 (Hinh 1). May dwoc trang bi bd didu khién
FANUC 0i, c6 kha nang di chuyén truc X/Y/Z véi
tbc d6 48/48/48 m/min, pham vi tbc dd truc chinh
ttr 100 dén 20.000 r/min. Lwc ké loai 9139AA (Hinh
2) dwoc st dung dé do lwc c4t. Cam bién lyc ba
thanh phan nay rét phu hop cho cac ¢ng dung do
lwc déng. B6 mon dung cu dwoc phan tich béng
kinh hién vi k§ thuat s6 VHX-7000 (Hinh 3). Kinh
hién vi nay phat hién cac khuyét tat nhw vét xwéc,
vét nirt va cac diém khong déu trén bé mat, bao
gdm do6 gon séng va dd nham, theo cac tiéu chuén
nhw ISO 4287, JIS-G0551, 1S0O-643, ASTM-
E1382, ISO-16232 va 1S025178. V&i pham vi
phoéng dai tlr 1 dén 5000 1an va dod chinh xac do
lwong la 0,12 um & dd6 phong dai 5000 lan, kinh
hién vi cung cap cac phép do chinh xac. N6 c6
pham vi chuyén dong truc Z tir 0-46 mm, chuyén
déng truc X tir 0-100 mm va chuyén dong truc Y
tr 0—100 mm. Dau do c6 thé xoay doc theo truc Y
trong khoang tir 60° dén 90° va mau co6 thé xoay
1+90° doc theo ca truc Y va X. Cac kha nang nay
cho phép VHX-7000 cung cép kha nang kiém soat
chét lwgng nhanh chéng va chinh xac. Voi thoi
gian do ngan va tdc d6 thu thap dir liéu 1&n dén 20
fps, ly twédng cho cac (rng dung kiém soat chat
Iuong trong xu’ong Cac phép do dwa trén dac
diém quang hoc ctia mau.

Trong nghién cu nay, phwong phéap thiét ké
th&r nghiém Taguchi L9 dwoc str dung dé danh gia
anh hudng cla cac thong sb cat 1a van téc cat,
lwong chay dao va chiéu sau cat theo hwéng kinh
dén Iwc cat va dd mon dung cu. Tdng cong N=33%
=9 thi nghiém dwoc tién hanh, méi thi nghiém Iép
lai ba lan. Cac ky thuat phan tich thong ké duoc st
dung dé danh gia tac dong cta cac théng sbé 1&n
cac bién dau ra cling nhw cac tac déng twong tac
clia chung.
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Hinh 2. Cam bién do Iwc dwoc Iap trén
may phay CNC TC500

Hinh 3. Do d6 mén cua dung cu béang kinh
hién vi ky thuat s6 VHX-7000
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Bang 1. Thong s va gia tri cac bién dau vao
. % L Bién chuan . Mtrc gia tri

Thbéng s6 Ky hiéu hoa bon vi ] > 3
Tbc do cat Ve x1 R/min 2310 5095 7450
Lwong chay dao f x2 mm/min 1146 2580 3725

. . x3

Chiéu sau cat ar mm 0,2 0.6 1

Céac mau thir thép AISI 1043 c6 kich thwéc dai
120 mm, réng 50 mm va cao 20 mm (Hinh 4). Dung
cu la dao phay ngéon GUHRING Model 6710, vi
cac thong sb ky thuat: dwong kinh 20 mm, vat liéu
cacbua, |&p pht FIREX, c6 ndm me cat. Loai dung
cu cat nay c6 do bén nhiét cao va da duwoc chirng
minh la hiéu qua khi gia cong thép AISI 1043.
Trong nghién ctru nay, khong st dung twéi ngudi.

)

[ =3
Cam bién do rung dong

Dao phay ngén -

May tinh va phan mém xr ly £

Quy trinh phay dwoc minh hoa trong Hinh 4 va
Hinh 5. D& giam thiéu anh hwéng ctia qua trinh cét
khong lién tuc, cac thir nghiém gia cong dwoc thue
hién trong thoi gian cat rat ngan va lwc cét duwoc
tinh trung binh trong qua trinh cét 6n dinh.

Dwa trén phan tich nay, ma tran thir nghiém da
duoc thiét k& bang phwong phap Taguchi, bao
gdm téng cong 9 thi nghiém (Bang 2).

Hinh 5. Hé théng thu thap dir liéu
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3. KET QUA VA THAO LUAN
3.1. Anh hwéng cla cac théng sé cat dén lyc
cat

Lwc cét tdng F dwoc phan tich thanh ba thanh
phén theo hwéng X, Y va Z, dwoce ky hiéu la Fy, Fy
va F.. Sau khi xac dinh cac thanh phan lyc riéng
18, lwc cét tbng F dwoc tinh todan bang cac phwong
trinh sau:

F=FE+F+E (1)
Do I&n cla luc cét tdng dwoc xac dinh

F:/§+$+¥ (2)

~ Cac thi nghiém duoc tién hanh dua trén thiét
ké thi nghiém trong Bang 2. Thiét lap gia cong va

do lwong thé hién trong Hinh 4. Cac gié tri lwc cat
do trong méi thi nghiém dwoc tinh trung binh va
lwu trir trong tép Excel. Gia trj lwc cat trung binh
duoc tinh toan trong subt qua trinh cat. Lyc cat
trung binh va cac thong sé cong nghé twong rng
duoec trinh bay trong Bang 2. Biéu dd lwc cat dwoc
minh hoa trong cac Hinh 6, 7. Anh huéng cta cac
thdng sb cong nghé chinh dén lwc cét dwoc minh
hoa trong Hinh 8 va Bang 3. Sy khac biét gilra cac
diém biéu thi mirc 1 va 3 trong Hinh 8 cho thay
chiéu sau cat theo huéng kinh (ar) c6 anh hwéng
dang ké nhéat dén luc cat, tiép theo 1a van tdc cat
(ve), lwong chay dao (f) cé anh hwéng it nhat

Cutting force measured in machining mode 1

——Time (s) Fx(N) ——Fy(N) Fz(N) ——F(N

Hinh 6. Biéu do lwc cat & ché do cat thir nhat

Cutting force measured in machining mode 2

—Time (s)

Fx(N) ——Fy(N

Time (s)

Fz(N) ——F(N

Hinh 7. Biéu dé lwc cat & ché do cat thir hai

Main Effects Plot for Means
Data Means
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Hinh 8. Anh hwéng ctia cac thong s6 cong nghé dén lwc cat
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Cac gia tri Rank trong Bang 3 xac nhan chiéu  theo la van téc cat (ve), trong khi lvong chay dao
sau cat (ar) céd anh hwdng Ién nhat dén lwc cat, tiep  (f) ding thir ba.

Bang 2. Ma tran va két qua thwe nghiém

Blén chuén hoa Bién thuc
. ; Luc cét trung binh F (N)
Run x1 x2 x3 Ve (r/min) (mm/min) ar (mm)
1 -1 -1 -1 2310 1146 0,2 26,85
2 -1 0 0 2310 2580 0,6 131,98
3 -1 1 1 2310 3725 1 139,82
4 0 -1 0 5095 1146 0,6 64,05
5 0 0 1 5095 2580 1 83,35
6 0 1 -1 5095 3725 0,2 42,39
7 1 -1 1 7450 1146 1 82,02
8 1 0 -1 7450 2580 0,2 35,90
9 1 0 7450 3725 0,6 58,02

Bang 3. Anh hwéng clia cac thong sé cong nghé dén lwc cat

Level Ve f ar
1 99.55 57.64 35.05
2 63.26 83.74 84.68
3 58.64 80.07 101.73
Delta 40.91 26.10 66.69
Rank 2 3 1

Anh hwéng tac gitra cac thdng sb cat trén lwc cat, dwoc thé hién trong Hinh 9

Interaction Plot for F

Data Means
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Hinh 9. Anh hwéng twong tac clua cac thong sé téi lwc cat
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3.2. Anh hwéng cta cac théng sé dén dé mon
dung cu

D6 mon dung cu cat khong chi anh hwéng dén
chét lwong bé mat clia cac chi tiét gia cong va tudi
tho ctia dung cu cit ma con anh hudng dén muc
tiéu thu ndng lwong. D& danh gia anh huéng cla
cac thong s6 cong nghé dén d6 mon dung cu cét,
st dung dao phay ngén GUHRING Model 6710,
v&i méi dung cu gia cdng mot phdi hoan chinh, dam

bao duy tri thé tich loai bé vat liéu khéng dbi trong
moi diéu kién gia cong. Ché do thuc nghiém dwoc
thyc hién nhw trong Bang 4. D6 mon dung cu do
bang kinh hién vi kj thuat sé VHX-7000 tir
Keyence, Nhat Ban. Thiét lap do lwong duoc thé
hién trong Hinh 10. Cac gia tri d6 moén dung cu
trong cac ché do gia cong khac nhau dwoc trinh
bay trong Bang 4.

- r T

Kinh hi€n vi dién t&r VHX7000

Dao phay ngdén sau gia cong
y 2 = o

Hinh 10. S’ d6 do mon dao bang kinh hién vi ky thuat s6 VHX-7000

Bang 4. Ché do thwc nghiém va két qua do mon dao

Ché dd thyc | Lwongchaydao | Chiéusaucat | Vantdccat | Mon ban dau |Gia tri mon do duwoc
nghiém (mm/min) (mm) (r/min) (mm) (mm)
1 1146 0.2 2310 0 0.017
2 1146 0.2 7450 0 0.039
3 2580 0.2 2310 0 0.051
4 2580 1.0 7450 0 0.102
5 3725 1.0 2310 0 0.161
6 3725 1.0 7450 0 0.267

Két qua trinh bay trong Bang 4 cho thdy cac
théng sb gia cong nhw van tc cét, lwong chay dao
va chiéu sau cat hwéng kinh déu c6 anh hwéng
dang ké dén do mon cla dung cu trong qua trinh
phay.

Cu thé, khi tdng van tdc cat ttr 2310 r/min 1&n
7450 r/min trong cung diéu kién gia cong, d mon
dung cu c6 xu hudng tang ré rét. Vi du, voi lvgng
chay dao 1146 mm/phut va chiéu sau cat 0,2 mm,
dd mon dung cu tang tr 0,017 mm tai 2310 r/min
lén 0,039 mm tai 7450 r/min. Xu hwéng nay cho

m SO 4 -2025

thay rang van tbc cat cao lam tang nhiét sinh ra
trong vuing cét, tlr d6 thac day qua trinh mon nhiét
va lam gidm tudi tho dung cu.

Twong tw, khi tang lwgng chay dao tr 1146
mm/min [&n 3725 mm/min (v&i van tc cat c¢d dinh
& 2310 r/min), d mon dung cu ciing tdng manh, tw
0,017 mm lén dén 0,161 mm - tirc gan gép 10 lan.
S gia tdng nay cé thé ly gidi do luc cét tang dang
ké khi lwong chay dao I6n hon, dan dén mon co
hoc manh hon va rat ngan dang ké thdi gian lam
viéc hiéu qua cta dung cu.
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Ngoai ra, chiéu sau cat cling 1a mét yéu tb anh
hwéng I&n. Khi tang chiéu sau cét tr 0,2 mm én
1,0 mm, d mon dung cu tdng gan gép doi, tir
0,051 mm I1&n 0,102 mm, trong diéu kién van tbc
cat 2310 r/min va lwong chay dao 2580 mm/min.
Nguyé&n nhan chinh 1a do chiéu sau cét I&n tao ra
lwc cat Ién hon va téc dd loai bd vat liéu cao hon,
dan dén tai trong co hoc va nhiét trén dung cu gia
tang, lam tang toc dd mon.

4. KET LUAN

Nghién ctru da phan tich mot cach hé théng
anh hwdng cla ba thong sé cong nghé chinh gdm:
van téc cat, lwong chay dao va chiéu sau cét theo
hwéng kinh dén lwc cat va d6 mon dung cu trong
qua trinh phay thép AISI 1043 b&ng may CNC
TC500. Cac phép do dwoc thuwc hién véi lwc ké
Type 9139AA va kinh hién vi ky thuat sé VHX-
7000, theo thiét ké thi nghiém Taguchi L9 va phan
tich thdng ké. Chiéu sau cat theo hwéng kinh (ar)
la yéu t6 cé anh hwédng I&n nhéat dén luc cét, voi
mtrc lwe trung binh tang tr 26,85 N & chiéu sau 0,2

TAI LIEU THAM KHAO

mm |én dén 139,82 N & chiéu sau 1,0 mm. Pay la
théng sb can dwoc dic biét chu trong khi thiét 1ap
ché d6 cat nham kiém soat luc tac dong va tai trong
lén dung cu. Van tbc cét (vc) cé dnh hwdng 16N nhat
dén dd mon dung cu, dac biét & tbc do cao. Trong
didu kién cung lwong chay dao va chiéu sau cét,
khi tang van toc tr 2310 r/min [&én 7450 r/min, do
mon tang ttr 0,017 mm 1én 0,039 mm, do nhiét sinh
ra trong vung cét I&n hon, thuc day qua trinh mon
nhiét. Lwong chay dao (f) cé anh hwéng thp nhat
trong ba théng sd, nhung khi tdng tr 1146 mm/min
lén 3725 mm/min, d0 mon dung cu ciing tang
manh, tr 0,017 mm lén dén 0,161 mm - gan gap
10 1an, cho thay vai trd khéng thé bd qua trong didu
kién cat & tdc do cao.

Nhirng két qua trén cho thay, dé tbi wu hda qua
trinh phay CNC thép AISI 1043, can lwa chon hop
ly cac thong sé gia cong. Cu thé, nén han ché chiéu
sau cat qua Ion dé gidm luc cat, kiém soat van tbc
cat trong pham vi cho phép dé& han ché mon nhiét,
va diéu chinh lwong chay dao hop ly dé can bang
gitra ndng suét va tudi tho dung cu O
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ABSTRACT
This study investigates the effects of cutting parameters— cutting velocity, feed rate, and radial depth of

cut on cutting forces and tool wear in CNC milling of AISI 1043 steel. Experiments were performed on a
TC500 CNC milling machine, with a Type 9139AA dynamometer used for cutting force measurement and a
VHX-7000 digital microscope employed for tool wear analysis. The Taguchi L9 experimental design was
applied to systematically assess the influence of machining parameters, and statistical analysis was
conducted to evaluate their impact on the output variables. The results indicate that radial depth of cut has
the most significant influence on cutting forces, while cutting velocity is the primary factor affecting tool wear.
Feed rate plays a secondary role in both cutting forces and tool wear. The findings emphasize the
importance of optimizing machining parameters to enhance tool life and improve machining efficiency.
Keywords: cutting parameters, cutting forces, tool wear
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