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M6 phéng va phan tich trng suat, bién dang trén dao phay
carbide K10 khi phay mat bén thép SKD61 theo hai so’ do
tiép xuc
Simulation and analysis of stress and strain on carbide K10 end mills
for SKD61 steel side milling under two contact schemes

Mac Thi Nguyén*, Mac Van Giang

Trwdng Pai hoc Sao o
*Tac gia lién hé: nguyenmacthi@gmail.com
Ngay nhan bai: 21/03/2025

Ngay nhan bai stra sau phan bién: 02/11/2025
Ngay chap nhan dang: 26/11/2025

Tom tat

Nghién ctru nay phan tich anh hwéng clia hai so dd tiép xuc dao (hwéng kinh va doc truc) dén trng suét va bién
dang trén dao phay ngén carbide K10 trong qua trinh phay mét bén thép SKD61. Trong nghién clru, luc cat phat
sinh trong qué trinh phay duwgc mé phdng sb bang phan mém Altair Inspire, sau d6 (rng suét va bién dang trén
dao cat dwoc phan tich badng phwong phap phan ti hiru han (FEM) dwa trén céac lwc md phdng nay. Két qua cho
thay so d6 tiép xuc hwéng kinh giup gidm dang ké lwc cét tbng hop (131,213N so véi 2341N), tng suét I&n nhat
(112,2 MPa so véi 528,3MPa) va bién dang (3,62.10 mm so véi 3,2478.102 mm) so v&i so do tiép xuc doc tryc.
Cac phat hién nay cung cap co s& khoa hoc quan trong cho viéc Iwa chon chién lwoc gia cong téi wu trén may
phay CNC, nham kéo dai tui tho dao, cai thién chat lwong chi tiét va nang cao hiéu qua san xuét.

Tir khéa: M6 phong s6; phuong phap phan ti hiru han (FEM); (ng sudt; bién dang; luc cat; may phay CNC;
chat lwong gia cong.

Abstract

This study focuses on analyzing the influence of two tool contact schemes (radial and axial) on the stress and
strain on carbide K10 end mills during the side milling process of SKD61 steel. In this study, the cutting forces
generated during the milling process were numerically simulated using Altair Inspire software, and subsequently,
the stress and strain on the cutting tool were analyzed using the Finite Element Method (FEM) based on these
simulated forces. The results show that the radial contact scheme significantly reduces the resultant cutting
force (131,213N compared to 2341N), maximum stress (112,2 MPa compared to 528,3 MPa), and deformation
(3,62.10°°* mm compared to 3,2478.102 mm) compared to the axial contact scheme. These findings provide an
important scientific basis for selecting optimal machining strategies on CNC milling machines, aiming to extend
tool life, improve part quality, and enhance production efficiency.

Keywords: Numerical simulation; finite element method (FEM); stress; strain; cutting force; CNC milling machine;
machining quality.

1. DAT VAN BE

Phay 1a phwong phap gia cong cat got phd bién va
hiéu qua, tuy nhién khi (rng dung vé&i vat liéu co dé
cling cao nhw thép SKD61 (dwoc st dung chd yéu
trong ché tao khuén mau), qua trinh gia cong thwdng
gdp nhiéu kho khan. Véi do clrng dao dong tir 50 dén
55 HRC, khi gia cong thép SKD61 co lwc cét I6n va
nhiét do gia céng cao, dan dén dao cat nhanh bi mai

Nguwoi phan bién: 1. TS. Nguyén Van Hinh
2. PGS.TS. Ng6 Hiru Manh

mon va bién dang. Nhitng yéu té nay khéng chi lam
gidm tudi tho dao cat ma con anh hwéng tryc tiép dén
chét lwong san phdm va hiéu qua kinh t& cta qua trinh
san xuét.

Trong cac nguyén cdng phay, phay mat bén la nguyén
cbng quan trong nhwng it dwgc nghién clru sau so
v&i phay mét phéng hay phay ranh, dc biét véi thép
SKD61. So db tiép xuc dao (theo hwéng kinh hodc
doc truc) tac déng manh dén lwc cat, tv d6 dnh huéng
dén (rng suét va bién dang trén dao. Luc cét 16n cod
thé gay rung dong, mai mon, bién dang, tham chi gay
dao, lam gidm nang suét va do chinh xac gia céng. Do
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do, viéc kiém soat lyc cat théng qua lwa chon so dd
tiép xdc phu hop 1a rat quan trong, dac biét trong gia
céng CNC.

Do dé, viéc nghién ctru va mo phong lwc cat dwdi cac
diéu kién tiép xtc khac nhau cla dao cat la can thiét dé
nang cao hiéu qua kinh t& va ky thuat trong qua trinh
gia cdng, nhét 1a trén may phay CNC. Nhiéu nghién ctru
trwdc day da dat nén tang quan trong cho van dé nay.

No6i dung bai bao [1] da dw doan va xac nhan lyc cat
trong phay vi mé thép AISI H13 (twong dwong SKD61)
bang dao phay ngén cacbua K10, st dung mé hinh
phan t& hiru han (FEM) trén phdn mém ABAQUS/
Explicit. Nghién clru nay tich hop tinh chat vat liéu
dan hdi-nhya déo, véi cac théng sé nhw dé day phoi
(£ 20 ym) va van téc cat (104,7+4,723 mm/s). Thuc
nghiém dwoc thyc hién véi dao dwong kinh 0,4 mm,
tdc do truc chinh ttr 10.000+30.000 vong/phut va lwong
chay dao 2+8 ym/rang. Két qua cho thay lyc cat tang
theo dd cing vat liéu, nhiét d6 cat dat 200+450°C va
phoi chuyén tir trang thai lién tuc sang phan doan & do
clrng cao, véi sai sb gitra md phéng va thuc nghiém
tr 5+15%.

Theo [2] Malekian et al d& mé hinh héa lwc cat doéng
trong phay vi mé trén vat liéu cirng bang dao phay
ngén cacbua K10, két hop co hoc cat got va FEM dé
phan tich cac yéu té dong lwc hoc nhw dao léch va
rung dong. Thwc nghiém st dung dao dwdng kinh
0,5 mm, tbc dé truc chinh tr 20.000+60.000 vong/
phat, lwgng chay dao 0,5+2 um/rang va chiéu sau cét
10+50 pum. Lwc cat do dwoc bdng dynamometer
Kistler ndm trong khoang Fx: 0,1+1,5 N, Fy: 0,2+2,0 N,
F: 0,05+0,8 N, v&i sai sO md phéng-thyc nghiém tir
5+15%. Nhitng két qua nay hé tro viéc tdi wu héa
thong sbé gia cong vi mo.

Tuy nhién, cac nghién ctu trén chi yéu tap trung vao
phay vi mé v&i dao dwong kinh nhd (0,4+0,5 mm) va
chiéu sau cat han ché (dwéi 50 um), trong khi thyc té
gia cong thép SKD61 thuwdng st dung dao phay ngoén
I&n hon (6+12 mm) va ché doé cat nang hon (chiéu sau
cat 0,5+2 mm). Sw khac biét nay doi hai phai mé rong
nghién clru d& md phoéng lwc cét trong diéu kién phay
théng thwérng, nham du doan chinh xac lyc cét, toi wu
héa théng sb gia cong, gidm mai mon dao va nang cao
chét lwong chi tiét.

Bai bdo nay s dung phan mém Altair Inspire md
phdng s6 lwc cat theo hai so dd tiép xic huéng kinh
va doc truc khi phay mat bén thép SKD61 bang dao
phay ngon carbide K10, dwdng kinh dao la ®12 mm.

Phwong phap phan tir hiru han (FEM) dwoc ap dung
dé phan tich phan b (rng suat va bién dang trén dao
cat dwdi tac dong clia cac lwc nay. Nghién clru nhdm

cung cép d@ liéu khoa hoc, lam co s& cho viéc chon
chién lwoc gia céng tdi wu, tir d6 nang cao tudi tho ctia
dao cat va hiéu qua san xuét.

2. MO HiNH BAI TOAN
2.1. So’ dd lwc cat

Hinh 1. Lwe cat do téc dung tir phéi 1én dao

Lwec cét trong qué trinh phay la luc téng hop tac dong
tr dao cét 1én phoi dé boc tach vat liéu. Trén hinh 1
trinh bay phwong va chiéu cla cac luc tac dung, bao
gbm ba thanh phan chinh: Lwc c&t chinh (F), luc doc
truc (F,) va luc tién dao (F), khi phay bang dao phay
ngon, lwc cat phuy thudc vao cac yéu td6 nhw hinh hoc
dao (dwong kinh, sb lwdi cat, géc xoan), thong sb gia
cobng (S6 vong quay truc chinh S, lwgng chay dao F,
chiéu sau cat a  va buoc dich chuyén ngang a,), dac
tinh vat liéu phdi...

2.2. Diéu kién bién ctia mé phéng
2.2.1. So' do gia céng

Theo [3] chon dao cét cé dwérng kinh d = 12 mm, chiéu
dai phan lw&i cét e = 30 mm, vat liéu ché tao dao cét la
carbide K10, chiéu dai cong xén ga dao la ¢ = 35 mm,
chon phéi co kich thuwdc 150x175%70 mm, vat liéu phoi
la thép SDK61, tra dwoc ché do cét theo 2 so db trinh
bay trén Bang 1 nhuw sau:

Bang 1. Ché dé cat theo so db tiép xtic huéng kinh va
doc truc

Loai so d6 3 F a, a,
: (va/ph) | (mm/ph) | (mm) | (mm)
So db tiép xuc dao
theo huéng kinh 12 | 0,24
W 800 300
So do tiep xuc dao
theo doc truc 0,24 12

Chon chiéu dai dwdng chay dao trén hai so dd gia
cébng cung la L =200 mm

So dd gia cong tiép xuc hwéng kinh dwoc trinh bay
trén Hinh 2, so dd gia codng tiép xtc doc truc dwoc trinh
bay trén Hinh 3.
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Hinh 3. So dé tiép xtic dao theo doc truc
Nhan xét:
Trong 2 so dd gia cong trén thi ndng suét gia cong

twong tw nhau do phan thé tich phan vat lieu dwoc cét
di trong 1 hanh trinh cGa dao cat nhw nhau.

2.2.2. Xay dwng mé hinh mé phéng dang 3D

Dwa trén so do gia cong va theo tai liéu tham khao
[4], cum truc chinh clia may phay CNC s dung hé
diéu hanh Fanuc v&i badu dao BT40 da dwoc s dung
dé xay dwng md hinh mé phéng, duoc trinh bay trong
Hinh 4.

LIEN NGANH CO KHI - PONG LUC

Hinh 4. M6 hinh két cdu mé phéng

Gan vat liéu: Vat liéu cla dao cét la carbide K10, vat
liéu cta phdi 1a SKD61, cac chi tiét khac vat liéu gan
theo [4].

Theo [5] dac tinh vat liéu carbide K10 va SKD61 duwgc
trinh bay trén Bang 2 nhw sau:

Bang 2. Ddc tinh cia vét liéu carbide K10 va SKD61

Théng s6 Carbide K10 | SKD61
E - M6 dun dan héi) (Mpa) ~650000 | ~210000
Nu - Hé sb Poisson) ~0,22 ~0,27
Density - Khéi lwgng riéng (kg/| _ 6 | "
mmd) 14,7.10 7,8.10
Yield Stress- Gi¢i han chay

: ~1500 ~1000

(Mpa)
a - Hé sb gian né nhiét (/K) ~4,510° |~11,5.10°
A - D6 dan nhiét (W/(mm.K)) ~0,0975 ~0,028
C, - Nhiét dung riéng (J/(kg-K)) ~250 ~480

Theo [6], bd xung vat liéu dao cat va phdi cho thw
vién trén phan mém Altair Inspire, dwoc thé hién trén
Hinh 5.

Parts and Materials -0ttt
Parts Material Library - My Materials

=B+ w

Material E Mu Density Yield Stress a X Cp ~
12100e5MPa 0270 7.800e6kg/mm3  1.000e3 MPa 1.150e-5 /K 2.800e-2 W/mm'K)  4.800e2 J/fka"K)
Carbide K10 6.500e5MPa  0.220 1470c5kg/mm3  1.500e3 MPa 450006 /K 975062 W/mm*K)  2.50062 J/fkaK)

Hinh 5. Dac tinh vat liéu carbide K10 va SKD61

2.2.3. Thiét Iap cédc théng s6 déng Iurc hoc va mé phéng
a. Bac tinh diéu khién déng co truc chinh
- Tinh toan chu ky hanh trinh

t=L/F (s) )
Trong do:
+ Chiéu dai hanh trinh: L = 200 mm.

+ Budc tién: F = 300 mm/ph = 5 mm/s.

Thay sb vao (1) dwgc: t =40 s.

- Theo [4] thoi gian 6n dinh téc do va thdi giam ham
clia dong co servo truc chinh 1a 0,5 s, vay thoi gian toc
dé truc chinh én dinh véi S = 800 vg/ph 12 39 s

- Chon s6 hinh anh hién thi trong 1 s la 50.

Cac dac tinh didu khién dong co truc chinh dwoc thé
hién trén Hinh 6.
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Profile Editor <%
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Value: 800.0pm | ik~
Start Time: 00s 8000
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Step OF 05s _. 6000
Convet o Table 3
z
£ 000
i
3
E)
é 2000
0o
End Time
Reset Orchestrate | | Qutput Rate:

10 20 30 40
Time (s)
B Motor 1
400s|# 1 2 5 10 3 80
50 Hz 10 3 50 100 300 500

Hinh 6. Péc tinh diéu khién déng co truc chinh

b. Bac tinh diéu khién ban may

Déc tinh diéu khién chuyén dong tinh tién déu cta ban
may dwoc trinh bay trén Hinh 5 vé&i chiéu dai hanh
trinh L = 200 mm va dwoec trinh bay trén Hinh 7.

Profile Editor
Function: /. Actuator 1 - Displacement
Value: 200.0mm | flxbv
Start Time: 00s 200.0
Duration: 400s Start Time = 0
St
1500
3
E
£ 1000
R
g
500
0o
o 10 20 30 40
Time (5)
M Actuator 1
End Time: 400s|# 1 2 5 10 30 60
Reset Orchestrate | | Output Rate: 50Hz 030 [EF100 300 500

Hinh 7. Béac tinh diéu khién ban may

c. Thiét lap twong tac cat got

Dao cét va phoi co twong tac cét got theo tinh chat vat
ly cia 2 vat rén, trong diéu kién cé ma sat, cac théng
sb twong tac cat got dwoc trinh bay trén Hinh 8.

Property Editor

MName

Collision
Enable Fri
~ Properties
Stiffness
Damping
Exponent
Penetrati_
~ Friction
Friction T_.
Static Co_
Dynamic
Stiction T_
Friction Tr_
~ Advanced
Precise C_
Refine St_
Keep For_
Farce Ca_

Value

Motion Contact 1
Solid2
Solid1
Impact

1000.0 Msmm
0.1 N*s/mm
21

0.1 mm

Static and Dynamic
02

01

1.0 mm.s

1.5mm/s

Default
Element Center

Hinh 8. Tuong téc cét got

Tién hanh moé phéng va xac dinh dwoc cac dd thi luc
cat trong trwdng hop 1, theo so dd tiép xuc dao theo
phwong hwéng kinh dwoc trinh bay tr Hinh 9 dén
Hinh 12 nhw sau:

HLLLI.LLI.I.I.LLI-LLLI.IJI-IJLI.I.I.LI.I.I.I.I.I-LLLLH
I

Force (N)

-25.0 X = 48043
Y= -30859

5

0 H 10 15
Time (s)

Hinh 9. D6 thj luc doc truc F,,

100

00

-10.0

Force (N)

)LLI-LI.-I.I-I-I-LI-IdnlnhIahlnhhhl.hh‘-hl.l.hl.hl.hl.hl
X

Time (5)

Hinh 10. D thj Iuc tién dao F,,

Force (M)

Time (s)

Hinh 11. B6 thj luc cét chinh F_,

[+

oy .@GTEAD D = 19@ b b 2ot 6 @

Hinh 12. D4 thj Iurc cét téng hop F,

Tién hanh md phéng va xac dinh duwoc cac do thi luc
cat trong trwéng hop 2, theo so db tiép xuc dao theo
phwong doc truc duoc trinh bay ti» Hinh 13 dén Hinh
16 nhw sau:
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3 0e04

2.0e04

1.0e04

Force (N}

0o

X= 494
Y= 199604

LIEN NGANH CO KHI - PONG LUC

Nhan xét:

Phwong an gia cong theo ca 2 so dd tiép xtc dao trén
thi c6 ddc diém gibng nhau la thoi diém bat dau qua
trinh cat got, lwc cat tdng manh do s tiép xdc dot ngot
gitra cong cu cat va phoi. Ngoai ra, khi dao cét tiép xdc
vao bé mat chi tiét gia cdng, lwc cét cling tang dot ngot
do ma sat va bién dang cta vat liéu. Trong cac giai
doan tiép theo, lwc cat dao dong theo chu ky, twong
&ng v&i mbi vong quay cla dao cét. Tuy nhién lyc cét
khi gia cong theo so' db tiép xtc dao theo hwéng kinh
c6 gia tri lwc cat nhé hon khi gia cong theo so db tiép
xUc dao theo doc truc tinh theo gia tri lwc cat tbng hop
I&n nhét thi F/F, = 2341/131,213 =17,8 lan, nguyén
nhan khi st dung so db tiép xuc dao theo hwéng kinh
tdng lwc cét dwoc phan bd trén chiéu dai lwdi cat [én
lwe cét tai mot vi tri gidm nhiéu 1an nhw trén

3. PHAN TiCH PHAN TU HO'U HAN CHO DAO CAT

Theo [6], xuét file CSV dwoc két qué cac thanh phan
lwe cé gia tri tbng hop 16 nhat trong 2 so' d6 gia cong
dwoc trinh bay trén Bang 3.

Bang 3. Céc thanh phan luc cat

2 F F F F
Loai so’ do a i G
: (N) (N) (N) (N)
So db tiép
xuc dao theo 3,241 3,7 131,127 | 131,213
hwéng kinh

Time (s)

Hinh 16. D4 thj Iurc cét téng hop F,

1004 |
0 10 20 0
Time (s)
Hinh 13. D0 thj Iurc doc truc F,
X = 47873
1.5¢03 1 Y = 126703
1.0e03
5.0e02
00
-5.002 |
-1.0e03 |
0 10 20 30
" Time (s)
Hinh 14. D4 thj I tién dao F,
20e03
00
-20e02 |
S -40e02
g
'® -60e02
-8.0e02 |
X = 48849
-1.0e03 Y= -1111e03
-1.2¢03
0 10 20 30
) Time (s)
Hinh 15. D4 thj Iurc cét chinh F,
X= 494
2.5e03 Y = 2.341e03
i
20e03 |
1.5€03
z
g
S 1.0e02
5.0e02
00
0 10 20 30

So db tiép xuc
dao theo doc | 1996,485 | 997,4254 | 708,273 | 2341,466
truc

So dd dat luc dwoce trinh bay trén Hinh 13.

Tc

=

\|/

N

y |z

FE&TL,
Fal \Fe X

Hinh 17. So dé dét luc téc dung khi phén tich

Mé men xoan tac dung lén dao cét la:
T,=F_xd/2 = 131,127.12/2 = 786,8N.mm 2)
Tc, = Fc2xd/2 = 7082,73.6 = 42496,38 N.mm (3)

Theo [6] tién hanh cac buéc phan tich phan ti hivu
han cho dao cét:

- Gan vat lieu cho cac chi tiét.

- Thiét lap lién két gira cac chi tiét.
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- bat tai trong.
- Chia lwoi.

- Chay chuong trinh va phan tich dwoc cac biéu dd
trinh bay trén Hinh 18 dén Hinh 19 nhu sau:

£ Legend x

Von Mises Stress
[MPa]

| Max 1.1222e+02

5.97812401

8.0781e401
5.192%+01

7.4077e 401

Hinh 18. B4 thi phan bé tng suét trén dao cat khi
gia céng theo so db tiép xuc dao theo huéng kinh

Hinh 19. B4 thi phan b6 tng suét trén dao cat khi
gia céng theo so dé tiép xuc dao theo doc truc

Nhan xét:

Két qua phan tich cho thay (rng suét Ién nhéat trén dao
cat, khi 1am viéc theo ca hai so d6, déu tap trung & vi tri
cudi phan Ilwdi cat. Diéu nay phu hop véi thuce té rang
dao cét thwong cé xac suat gy & phan nay cao hon
s0 v&i cac vi tri khac trén dung cu. Gia tri ('ng suét 1&n
nhét khi gia cong theo so’ db tiép xuc dao theo huéng
kinh 14 112,2 MPa c6 ti & bang 21,2% so v&i khi gia
cong theo so db tiép xtc dao theo doc truc cé gia tri lén
nhét 1a 528,3 MPa, ca 2 trwdng hop déu thda man diéu
kién bén cua vat liéu carbide K10 cé [o] = 1.500 Mpa.

Két qua phan tich bién dang clia dao cét théng qua

chuyén vi & mé&t dau cta dao cét trong hai so d6 gia
cébng duoc trinh bay trén Hinh 20 va Hinh 21.

ax 3.6200e-03 [mm] in 6.4938e-07 [mm]

B Legend *

Displacement
Magnitude [mm]

Max 3.6200e-03
3.3184-03

3.3184e-03
3.0167-03
2.7151e-03
2.4135¢-03
2.1119-03
1.8103e-03
1.5087e-03
1.2071e-03
9.0548e-04

[ |

6.0387e-04
.
[ |

3.0226-04
3.02266-04
Min 6.4938e-07

@ -

Hinh 20. B4 thi chuyén vi trén dao cat khi gia céng
theo so dé tiép xuc dao theo huéng kinh

ax 3.2478e-02 [mm]

B Legend x

Displacement
Magnitude [mm]

[ Max 3.2478e-02

2.5772e-02

29772202
2.7066e-02
2.4360e-02
2.1654e-02
1.80482-02
16242202
1.35362-02
1.0831e-02
8.1246e-03
5.4183e-03

2712903

2.7129e-03

[ ¥ 7.0226e-05

Ha -

Image

Deformed shape

§ =y

Hinh 21. D4 thi chuyén vi trén dao cét khi gia céng
theo so db tiép xuc dao theo doc truc

Nhan xét:

Két qua phan tich cho thy chuyén vi ctia diém trén
mat dau cla dao cat 1a I&n nhat va gia tri d6 nhd dan
cho dén hét phan cong x6n clia dao cét gia tri chuyén
vi I&n nhét khi gia cong theo so db tiép xuc dao theo
hwédng kinh 1a 3,62.10°*mm c6 i 1é bang 11,1% so v&i
khi gia cong theo so dd tiép xuc dao theo doc truc c6
gia tri 16n nhét la 3,2478.102 mm. Trong thuc té dé
gidm gia tri chuyén vi nay thi c6 ga dat dao cat trén
bau dao vé&i chiéu dai cong xén ngan nhat trong pham
vi cho phép.

4. KET LUAN

Nghién cru nay da str dung phan mém Altair Inspire két
hop phuong phap phan t& hivu han d& mé phéng va phan
tich (rng suét, bién dang trén dao phay carbide K10 K10
khi phay mét bén thép SKD61, so sanh hai so’ d tiép xtuc
dao 1a hwéng kinh va doc truc. Két qua chi rd wu thé clia
so db tiép xtic hwéng kinh: Luc cét tdng hop gidm manh
(131,213 N so v&i 2341 N), (rng suét cwe dai gidm 78,7%
(112,2 MPa so v&i 528,3 MPa) va bién dang giam 88,8%
(3,62.10° mm so v&i 3,2478.102 mm) so véi so dd doc
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truc. DU ca hai trwdng hop déu ddm bao an toan vé do
bén vat lieu dao, so dd hwéng kinh giup phan bb tai
trong déu hon, gidm thiéu (ng suat tap trung va rdi ro
hw héng dao.

Két qua nghién ctu cung cép dir liéu tham khao hiru
ich cho viéc t6i wu hoa chién luwgc gia cong va (ng
dung mé phdéng trong co khi, ddng thdi ndi dung bai
b4o la tai liéu tham khao cho viéc trng dung phan mém
vao moé phang lyc cat, (rng suéat bién dang clia dao cét
néi riéng va dong luc hoc cac co cau co khi néi chung.
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