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KY THUAT - CONG NGHE

PHAT TRIEN MO HINH TOAN XAC PINH MOI QUAN HE
GIUA BIEN PQ RUNG PONG VA MAI MON DUNG CU CAT
TRONG QUA TRINH GIA CONG BANG PHUONG PHAP
PHAY MAT PHANG

PANG HUU TRONG*, CAO VAN THI, PHAN THANH TUNG,
TRUONG CONG NAM, VO HONG NHUT, BUI THE PHONG
Tom tit
Bai bdo dé xudt phwong phdp xdc dinh anh huéng ciia dé mon dao dén
bién do rung déng cia dung cu cdt trong qud trinh gia céng bang phwong phdp
phay mat phang Nhom tac gia xac dinh rang sw bién dong ciia thanh phan lic
cdt tiép tuyén trong qud trinh cdt kim loai I nguyén nhdn gdy ra rung dong
cia dao phay. Bang cdch két hop cdc mé hinh dong liec hoc ciia hé dao dong
trén may phay CNC, nhém tdc gia da phdt trién mot mé hinh toan dé chi ra
méi quan hé giita mirc d6 mon va bién do rung dong cia dung cu cdt. Dya
trén cdc két qua tinh todn va mé phong cho thay, rung dong xay ra trong qud
trinh gia cong kim loai bang phirong phdp phay mdt phing la rét phire tap va
né bi anh hwéng nhiéu nhat béi mike dé mon ciia dao phay. Gid tri khoa hoc
ctia phwong phdp nay dwoc dimg dé danh gida tuéi tho thuc té cia dung cu
cdt bang cdach gidm sdt tin hiéu rung déng trong qud trinh gia cong san xudt.

Tir khod: mé hinh todn, dpng luc hoc, bién dj rung dong, mon dung
cu cdt, phwong phdp phay bé mdt.

Abstract

This article proposes a method to determine the impact of tool wear on
the vibration amplitude of cutting tools in face milling. The paper determined
that the fluctuation of the tangential force components in the cutting process
causes vibration. By combining dynamic models of the vibration system on
a CNC milling machine, the authors have developed a mathematical model
to show the relationship between the wear level and the vibration amplitude
of the cutting tool. Based on the experimental results, the paper shows that
vibration of metal-working of the face milling is very complicated, and it
is most affected by tool wear. The scientific value of this method is used to
evaluate the actual life of the cutting tool by monitoring the vibration signal
of the cutting tool during the manufacturing process.

Keywords: mathematical model, dynamics, vibration amplitude, tool
wear, face milling.
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1. Gidi thiéu

Trong qua trinh gia cong kim loai, phoi
cit chuyén dong truot va ma sat trén mit trude
ctia dao, mat dang gia cong cua chi tiét chuyen
dong tiép xuc voi mit sau cua dao trong diéu
kién ap lyc 16n, nhiét 40 cao, ma sat khéc liet
va lién tuc gay nén hién tugng mon dao. Mai
mon dao la qua trinh phuc tap, xay ra theo cac
hién twong co li hoa & cac bé mit tiép xuc giira
phoi, chi tiét voi dung cu gia cong. Khi bi mai
mon, hinh dang va théng sé hinh hoc phan cit
ctia dao thay doi gay nén nhiing hién twong vat
li ¢6 anh huong x4u dén qué trinh cat va chat
luong bé mit gia cong. Do d6, mon dung cu
cit 1a mot vin dé rat nghiém trong. N6 khong
nhitng 1am ting chi phi san xuat ma con lam
giam chit lugng ciia san pham. Tuy nhién cho
dén nay, hau hét cac két qua nghién ciru hudng
dén nang cao hiéu qua gia cong va giam gia
thanh san xuat it chu trong dén nguyén nhan
mon dao do rung dong [1].

Pa ¢o rat nhidu cac cong trinh nghién
clru vé tac dong ctia mon dung cu cat dén do
nham bé mit gia cong, do chinh xac vé kich
thudc cua san phém hoan thién, luc cit va
rung dong. Ghani A. K. va cac cong su [2] da
nghién ctru mbi quan hé giira tudi tho dung cu
cit, d nham bé mat gia cong va rung dong
khi gia cong chi tiét bang vat liéu gang duc.
Ho da chting minh rang rung dong giam néu
tang tbc do cit va giam chiéu sdu cét. Ciftci
I. [3] va cac cong su da nghién ctru su phat
trién mon dao theo chiéu rong cua canh cat
trong qué trinh gia cong. Ho di chi ra ring
hé s ddc trung cho d6 cing cia thép lam
gia ting lyc cat (dic biét 1a thanh phan luc
cit tiép tuyén), diéu nay din dén rung dong
khong mong mudn cua dung cy cit. Nghién
ctru va hiéu biét ddy du vé luc cat trong qua
trinh gia cong s& hitu ich cho viéc giam x6c¢
va cén bang dong cho hé thong may, trén co
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s d6 giam rung dong va tiéng on [2]. Do
do, viéc xay dung mot mo hinh nhat quan dé
phén tich lyc cit va rung dong 1a rat quan
trong dbi v4i qua trinh gia cong.

Bai bao dé xudt mot phuong phéap xac
dinh mdi quan h¢ gifra mirc d§ mon va bién do
rung dong cia dung cu cit khi phay mat déu.
Mot mo hinh toan da dugc phat trién dya trén
viéc két hop cac md hinh dong luc hoc cta hé
dao dong trén co s& mo phong thuc té clia qua
trinh phay kim loai.

2. Phuong phap nghién ciru

Mo hinh toan x4c dinh mdi quan hé gitra
bién d) rung dong va muc do mon cua dung
cu cit dua trén cac luan diém sau:

Thir nhat: rung ddng ctia dao phay trong
qué trinh gia cong dugc xem la mot dao dong
diéu hoa [5]. M6 hinh dong luc hoc cta rung
dong dao phay miat dau duoc biéu dién dudi
dang nhu sau:

x=A,-sin(w, t+a,)
y=A4,-cos(w, t+a,) (D)
z=A, -e ="

Trong do: x, y, z - chuyén vi cia dao

cos, 1

phay theo cac truc tuong tng trong h¢ toa do
XYZ; 4., 4, 4. >0 -bién do rung dong lon
nhit theo cac truc twong ung; ., o

a)n.x’ ny?> n,z

- van toc gbc theo cac truc tuong Gng;
w,=\w;—n" , n=&-w,; t - thdi gian dao
phay thuc hién dao dong; a, - pha ban dau cua
dao dong tai thoi diém 1=0; £ - hé s6 giam
chén twong dbi doc theo truc Z; ; @, - tan sd
dao dong ty nhién cua h¢ doc theo truc Z;

Thir hai: su bién dong cua thanh phén
luc cét chinh P trong sudt qua trinh gia cong
la nguyén nhan co ban gay ra rung dong cho
dao phay, diéu nay c6 thé dugc mo ta bang hé
phuong trinh vi phan sau:




d’ d"x(1) ‘dx(t)

P F2oc O — (t)— " F(0);
YO ey BOL o L@
dt2 +2 51 a)(] y d[ +a)(),v y(t) m, Fv(t)7 ( )
d’z(f) s _dz(t)

dtZ +2 g: 0)0,: dt ([)_ F(t)

Trong cong thire (2): &, &, & -1acac
hé s6 giam chan twong doi cua co hé; @,
- cAc tan sO riéng cua hé thong; m
m,, m. - khdi lugng cua hé dong luc hoc; F.
, F,, F, - tong lyc tac dung 1én ring cit thi i
vOi goc pha o, (hinh 1).

a)(),y ° a)O,z

Dao iphay
ngén

Hinh 1. Cac thanh phan lyc cit true giao
khi phay bé mit

3) Trong qué trinh phay, mot sb rang cta
dao phay mat dau (rang chi dong) tiép xuc véi
phoi cliing mot luc tai mot thoi diém gia cong.
Vi vay, gia tri cia cac thanh phén luc cat 1a
tong cta cac thanh phan luc cat trén mdi rang
cit chu dong c6 tinh dén gbéc quay cua dung
cu cat quanh tryc ctia nd. Trong trudng hop
phay thuan (hinh 2), cac thanh phan luc cét
dugc xéac dinh bang cong thirc sau:
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F.(t)= i[le(t)-cosaJ +P,(1)-sna,];

Jj=1

F. ()= Z[P,(l‘)sln a,—P,(1)-cosa,; 3)

E)=3 2,0

Trong d6: z, - s0 rang chii déng trong thoi
gian #; P P, P - cac thanh phén luc cét thi
trén moi rang céit chu dong; o, - géc quay cua
rang cit chu dong thi quanh truc dao phay.

X
Pya(f)cos(az)
Paltsin(ay) \ .~
Pya(h)cos(az)
P.\(fcos(ay)

P:Z(I) —/
Pu(n) Py(f)sin(ay)
l”:l(l)

Y

Hinh 2. Thanh phan luec cit tiép tuyén
va hwéng kinh trong mit phing cit

Déi voi phay nghich:

F.(1)= i[l’y(t)-cosaj —Py/(t)-sin al;

J=1

F0)= Y [2,0) s, + P, (1)-cost ; (4

F0)=YP,0)

Nhu vay, tur cac luan diém da néu trén co
thé nhan dinh réng: khi xac dinh mirc 3o mon
ctia dung cu cat thong qua cic mo hinh luc cit
(3) va (4) cua hé phuong trinh dong luc hoc
(2) co thé du doan dugc su thay ddi mtc do
rung dong trong qua trinh gia cong.
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2.1. Xac dinh mé hinh lyc ciit cho qua
trinh phay

D3 c6 nhiéu két qua nghién ciru dé xudt cac
md hinh luc cat trong su phu thudc cac thong
s6 co ban cﬁa qua trinh cit, nhu: ché do cit,
cac thong s6 hinh hoc dao phay, 16p phu cua
dung cu cit, chuyén vi cua dung cu cit so véi
phoi, chidu dai gia cong phay, su phu thudc
dién tro hoi quy, v.v ... Tuy nhién, cic mo hinh
nay déu khong xem xét sy thay doi cua luc cit
khi dung cy cit bi mon.

Dé tinh toan sy bién thién cua luc cat khi
dung cu cit bj mon, thanh phén chinh cua luc
cat P. phai bao gém: thanh phan luc cit tiép
tuyén F, va lyc ma sat trén canh mon cua ludi
cit £, dugc biéu dién bang cong thirc (5):

P =F+F (5)

Luc cit ma sat trén canh mon cua ludi
cét ti 18 voi hé s6 do cing cua vat liéu HB (40
cung Brmell) chiéu rong cua canh mon h,
(hlnh 3), hé s6 ma sat truot giita phoi va dung
cu cat u va chidu dai ciia canh mon s (chiéu
sdu cat) [4]:

F,=9.81HB.jt s (6)

A
\

Miii dao

A
A
< Chiéu rong canh
mon

"

Hinh 3. Canh mon trén ludi cit ciia dao phay

Viéc tinh toan cic thanh phan con lai cua
luc cat phu thudc vao loai dung cu cit.

2.2. Xac dinh mé hinh luc ciit cho qua
trinh gia cong phay mit phing

Khi gia cong bang dao phay lién khdi,
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viéc xac dinh mé hinh luc cit tuong ddi thuan
tién va ddng nhat. Tuy nhién trong thuc té san
xuét, cac doanh nghiép uu tién str dung loai
dao phay gan manh hop kim vi nhiing wu diém
cua nd. Trong truong hop nay khi phan tich
luc cét phai sir dung hai h¢ truc toa dg: hé toa
do cia manh hop kim ABC va h¢ toa do cua
dao phay XYZ. Cac truc cua hai h¢ toa do
nay luon I¢ch véi nhau cac géc tuong ung:
Yar Vir 7r (hinh 4)

P,
A G- F,

Hinh 4. Phan tich lyc cit khi phay mit

Phuong phap tinh luc cat tic thoi ¢ trang
thai tinh 1a két qua cua tat ca cac luc tic dung
1én cac canh cit riéng 1€ tai mot thot diém nhat
dinh, trong d6 khong tinh dén d6 mon dao,
duogc xem xét trong két qua nghién cuu [4].
Thanh phan luc cit tiép tuyén F, trong truong
hop nay dugc xac dinh bdi cong thirc:

F=f-K =C,-a?-t-S,-sina, (7)

Trong d6: f - dién tich 16p cat; X, - luc
cit riéng; @ - chiéu day trung binh cta phoi
(mm); C,, q -caché s6 thue nghiém phu thude
vao dung cu cat va vat liéu phoi; ¢ - chiéu sau
cit (mm); a(e,) - 46 day phoi cit tiy thudc
vao goc quay «, cua dao phay; S. - lugng
chay dao/rang (mm) (hinh 5).
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Hinh 5. Phan tich hinh hoc dé xac dinh
dién tich 16p cit ciia phoi khi phay mit

Thétnh phér} luc cat huong kinh F va
thanh phﬁn luc qét d:()C truc F, i 1¢ thuén véi
thanh phén lyc cét ti€p tuyen F, dugc xac dinh
boi cong thic sau:

F,=K, F,
F =K, F,

®)
©)

S)V Vo 5
*%\ ‘, ¥ A

S — Lt
7,

77/ N\

41 1O

Long|

Trong do: K, K, - 1a cac h¢ sd thuc
nghiém.

Dura vao cac két qua thuc nghiém ddi voi
céc thanh phan cua luc cét (tiy thude vao loai
vat liéu va ché do gia cong cu thé), cac mbi
quan hé sau day dién ra:

- Phay mit dauw: K, = 0,3..0,4; K, =
0,4..0,45;

- Phay matbén: ¥ /F =0,5+0,55, F /
F =0,45+0,7 (trong truong hop phay thuén);
F/F=05+0,55, F/F =0,45+0,7 (trong
truong hop phay nghich).

Cac thanh phén lp:rc cit P,P,P trong
hé toa d0 XYZ c6 thé dugc xac dinh bang
cach tinh téng cac thanh phﬁn luc cét P, P,
P. trong hé toa d6 ABC:

P =—(F +F)smny,+F siny,+F cosy, cosy,;

Py =—(F, +F;)cosy,siny, +Fp cosy, oSy, —F, siny,cosy,;

(10)

P =(F +F)cosy, cosy, +F, cosy siny,+F cosy siny,.

3. Két qua va thwe nghiém
3.1. M6 phong mé hinh lye cit dé xuat

Pé kiém tra mo hinh luc cit dé xuat
duoc trinh bay trong muc 2.1 va 2.2, tac gia
da su dung md hinh lyc cat thuc nghiém hoi
quy [6] da dugc sir dung rong rai trong san
xuat cong nghiép khi thiét ké quy trinh cong
nghé cho may phay CNC dé mé phong va so
sanh két qua.

P =C, -D" i .Si (11)

Trong dé: P, -luc cat chinh thuc nghi¢ém
hoi quy; C,,n,,n,,n, - cach¢so thgc
nghiém; D - duong kinh dao phay; ¢ - chi€u
sdu cdt; S. - luong chay dao/rang.

Dit liéu dau vao dé tinh toan cho 2 mé
hinh lyc cdt ¢ cac cong thie (5) va (11) 1a ket
qua thuyc nghiém kiém dinh chat lugng san

pham dung cu cit cta cong ty YG-1 Co., Ltd —
Han Qudc dbi voi thép khong ri X2CrNil9-11,
sir dung dao phay hop kim APKT 1003PDTR-L
trén may phay CNC FHM90 E90A-D20-3-C20
Endmills (hinh 6) [7].

< 6,7 -+

=347
i A
20 S 20
i .

10~ J
25
26,1—»
| 110 -

Hinh 6. Dai dao phay va manh hgp kim
APKT 1003PDTR-L duge sir dung trén may
phay FHM90 E90A-D20-3-C20 Endmills
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APKT 1003PDTR

Y002 el e

SHBenMuMHa MIHOC NO OKOKAKMM TecTa: 300 MM
(M3HOC N 3a3HER NOBEPXHOCTH)

cpasnenus

Hinh 7. Két qua thwe nghiém dédi véi dao
phay hgp kim APKT 1003PDTR-L khi
phay bé mat

Céc dir liéu dau vao co ban cua 2 md
hinh lyc cat (hinh 7): # = 8 mm, C, = 1580,2
N/m, ¢ = 0,23, S, = 0,08 mm/teeth, z = 3, D
=20 mm, u =0,2, HB =180, C,, = 634, n,,
=0,459,n, =0,957,n, =0,784,y, =8°,y=
20°, y, = 14°.

Két qua mo phong va tinh toan cho 2
mo hinh lyc cit dugc biéu dién dudi dang d6
thi (hinh 8).

Dua trén két qua thu duoc, co thé théy
rang su phu thudc hdi quy cia luc cit chinh
& cong thirc (11) khong tinh dén gia tri mon
dao va khong phan anh dugc sy mon dao
trong thuc té gia cong. Két qua tinh toan lyuc
cit chinh & cong thirc (5) ¢6 tinh dén gia tri
mon dao cho két qua mo ta chinh xac hon qua
trinh gia cong: gia tri cua luc cit chinh ti 18
thuan véi mirc d mon cua dao phay va thoi
gian gia cong [8].

P6

Vi¢e str dung md hinh luc cat ¢ tinh dén
d6 mon dao gitp cho giai doan thiét ké quy
trinh cong nghé chi dinh dugc cac ché do phay
hop 1y, ciing nhu céi thién chi s6 tudi tho dung
cu cit trong khau tinh toan thiét ké.

Bing 1 - Két qud tinh todn cdc gid tri
thanh phan lyc cat tiép tuyén theo gia tri
mon dao:
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1 2 0,017 | 2533 | 841

2 4 0,031 2533 | 1054
3 6 0,048 2533 | 1314
4 8 0,065 2533 | 1573
5 10 0,080 | 2533 | 1802
6 12 0,100 | 2533 | 2107
7 14 0,120 | 2533 | 2412
8 16 0,135 2533 | 2641
9 18 0,154 | 2533 | 2931
10 20 0,168 | 2533 | 3144
11 22 0,170 | 2533 | 3175
12 24 0,172 | 2533 | 3205
13 26 0,174 | 2533 | 3236
14 28 0,176 2533 | 3266
15 30 0,178 2533 | 3297
16 32 0,220 | 2533 | 3938
17 34 0,260 | 2533 | 4548
18 36 0,300 | 2533 | 5158

6000

5000

4000 +

3000

2000 +

1000 +

0 I I S N
24 26 28 30 32 34 36
Thoi gian gia cdng, phat

2 4 6 8 10 12 14 16 18 20 22

Hinh 8. Két qua tinh toan va mé phong
cac mo hinh luc cat c6 va khong tinh den
gia tri mon dao

3.2. M6 phéng moi quan hé gitra mirc
do mon va bién d¢ rung dong cia dung
cu cat

D¢ xac dinh mdi quan hé gitra bién do
rung dong va muc do mon cua dung cu cat
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khi phay méat, mot mo hinh dong luc hoc
da dugc xay dung trén phadn mém MatLab
Simulink dé thyc hién mo phong va ldy két
qua. So d6 thuét toan cta mé hinh dugc thé
hién ¢ hinh 9.

Céc thong s6 dau vao: D =100 mm, z =
5,8 = 0,08 mm/teeth, =2 mm, B = 60 mm,
w, =o =998 rad/s, o, L. = 1020 rad/s, m_
=m, —0019kg,m = 0,021 kg, C, —15802
N/m g =023k = k = 8481764 N/m, k_=
10172940 N/m, u = 04 HB =180, y, = 80

=20°,y, = 14°.

Trén hinh 10 biéu dién mdi quan hé
gitra bién d9 rung dong va muc d6 mon
cua dung cuy cit theo céc truc cua hé dao
dong twong ung: truc X (hudng tién dao),
Y va Z (hudéng doc theo cac truc cua dao

phay) d6i véi ca 2 truong hop phay thuan
va phay nghich.

Su thay ddi bién do rung dong cung voi
su gia ting mai mon cua chidu rong canh mon
h, theo céc truc X (hinh 10a, 10d) va Z (hinh
10b, 10e) cé thé dugc xem la mdt qua trinh

tuyén tinh.
I s |
e Fy| »Fy ‘
. 2 Fa Fr = l
R e o]

Display x(1), y(1), z(t)
Hinh 9. So' d6 thuit toin ciia md hinh
trén phin mém Matlab-Simulink

002 0018 0015
0018 0016
2
0.016 0014 1
.014 =
E““ T0012 L £ 0o
Eoonz E =
3 1 3 oot Z
2 00t 2 3 2
| 2 0.008 2
50,008 g §
g & 000 g 0005
0.006
—_—" 0004
0002 0002
0 0 0
0.05 01 015 02 025 03 035 005 01 015 02 025 03 035 005 01 015 02 025 03 035
VB [mm] VB [mm] VB8 [mm)
3
002 7R 0016
0018
5 & 0014
0016
0012 1
00t 5
- 2 =
Eoon E_ £ o001
2 44 2z
P
g 001 i s § o0 5
'g 0.008 g3 E 0006
0,006 < »
0004
0004
0002 1 0002
0 0 0
008 0 018 vao‘z 2 o L 005 01 0.15 02 025 03 035 005 o1 015 02 025 03 038
[mm] VB [mm) VB [mm]

Hinh 10. Méi quan hé giira bién do

rung dong va mirc do mon cua dao phay

theo cac truc X, Y, Z

a, d - doc theo truc X; b, e - doc
a, b, ¢ - phay thuan;
1 - bién do rung dong gay ra béi P,

theo truc Z; ¢, f - doc theo truc Y
d, e, f - phay nghich
2 - bién d6 rung dong gay ra boi P,

.8
=

is]
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Su anh hudéng ctia mac d6 mon
h, dén bién do rung dong cua dung cu cat
doc theo truc Y (hinh 10c, 10f) 13 twong d6i
phuc tap, twong ing voi duong cong mai
mon cua dung cu cit.

Tur két qua mo phong c6 thé thiy ring
murc do rung dong cua qua trinh phay thudn
cao hon so voi qua trinh phay nghich, nhung
muc dd mon dao phay lai cham hon. bPéi
v6i qua trinh phay thuan, chiéu day cat thay
doi tir a,,, dén a

max

i » d0 d0 khong co su trugt
cua dung cu cit va it mai mon. Vi vay, khi
thiét ké quy trinh cong nghé khuyén nghi
st dung phuong phap phay thuan cho cac
nguyén cong tinh va phay nghich cho céc
nguyén cong tho.

4. Két luan

Dénh gia sy thay ddi cta luc cit trong
qua trinh gia cong bang kha ning chuan doan
cua may cong cu hién dai [9] da xac nhan
su bién dong cua luc cit 1a nguyén nhan co
ban gay ra rung dong, va do do, rung dong
chinh ctia hé thdng cong nghé “dong co —
khau truyén dong — dung cu cit — phdi” phy
thudc vao do mon cua dung cu cat. Khi hé
théng may lam viéc vdi mot cong cu cat moi,
rung dong manh s& xay ra. Lyc cit va rung
dong trong sudt qué trinh chay dao s& giam
khi chiéu rong canh mon dat dén giatri 0,15
mm. O giai doan tiép theo, sy gia ting do
mon ciia dung cu cat khong anh huong dén
su thay d6i muae do cua luc cit va rung dong.
Két thic giai doan nay (giai doan mon 6n
dinh va bat ddu chuyén sang giai doan mon
pha huy): lyc cit va mtc d6 rung dong ting
manh tir 2 dén 2,3 1an [10].

Tom lai, giam sat rung dong ctia hé thong
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cong nghé ¢o thé duoc sir dung dé chan doan
tinh trang ctia dung cu cit trong cac diéu kién
van hanh cu thé, va do do, s& kiém soat duoc
qué trinh cit va dy doan chinh xac hon tudi tho
ctia dung cu cét, han ché phé phiam va giam
chi phi san xuat.
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