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NGHIEN CUU MOI QUAN HE CUA PO CUNG VUNG VOI GIA TRI
PAC TRUNG RUNG PONG CUA CUM O TRUC CHINH MAY TIEN
CNC THEO THOI GIAN LAM VIEC

STUDY ON THE RELATION BETWEEN THE STIFFNESS AND VIBRATION
CHARACTERISTICS OF CNC LATHE SPINDLE UNIT DURING WORKING
PROCESS

Pham Vin Hung', Nguyén Dodn Y', Pham Minh Tam?, Nguyén Thity Duong'
'Wién Co khi, Truong Pai hoc Bach khoa Ha Néi
?Khoa Co khi ché tao, Truong Pai hoc Su pham Ky thuit Vinh

TOM TAT

Do cung vitng la mot trong cdc chi tiéu ki thugt quan trong ciia cum 6 truc chinh, anh hiréng
truc tiép dén do chinh xdc gia cong trén may ti¢n CNC. Theo thm gian lam viée, do cung vitng cum
o0 truc chinh may tién CNC suy gzam c?ong thoi rung dong gia tang. Viéc xac dinh dzroc tlzoz gian
lam viéc khi d¢ ciing viing bi suy giam dén gid tri giéi han cho phép la can cir quan trong trong viéc
bao duwéng, diéu chinh cum 6 truc chinh.

Bai bao nay, trinh bay két qua nghién ciru moi quan hé giﬁa do czing virng J va gid tri RMS
(Root Mean Square - Gia tri trung binh hi¢u dzmg) rung dong cua cum o tryc chinh may tien CNC
theo thoi gian lam viéc. Da xac dinh dwoc gia tri gici han cho p/zep ciia rung dong [RMS] xdp xi
5.75mm/s’ thi do cing vitng cum o truc chinh may tién CNC dat gioi han cho phép [J] la 200N/um.

Tiwr khoa: Cum truc chinh may cong cu CNC; Do cirng vitng cum truc chinh; Mon 6 lan;
Rung dong cua 6 lan.

ABSTRACT

Stiffness is one of the important technical specifications of the spindle assembly, which
directly affects machining accuracy on CNC machine tools. Over time, the spindle unit stiffness of
the CNC machine reduces while the vibration increases. Determining the working time leading to
a decline of stiffness to the limit value is an important basis for maintenance and adjustment of the
spindle unit.

This paper presents a study on the relationship between the stiffness of the spindle unit
and the characteristic parameters of the RMS (Root Mean Square) of measured vibrations during
working process. The research results show that the limited RMS value can be an important basis
for evaluating the spindle stiffness. The study also shows that with the limit value of the spindle
stiffiness [J] of 200N/um, the [RMS] value of vibration is about 5.75 mm/s’.

Keywords: CNC machine spindle, stiffness of CNC machine tool spmd!e wear of bearing,
bearing vibration. -
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1. DPAT VAN PE

May cong cu CNC la san pham co dién
tir hién dai, c6 do chinh xac gia cong cao va 6n
dinh. Vi dac diém san xudt linh hoat, nén céc
yéu t6 ngoai Iuc tac dong 1én cum truc chinh
trong qua trinh 1am viéc luon thay doi. D9 cling
vitng ctia cum 6 truc chinh duogc xac dinh theo
chuyén vi ddu truéc truc chinh, bao gom do
cimg viing clia ban than truc chinh va cum 6
truc chinh khi ¢6 ngoai luc tac dung. Do do, do
cuimg vimg cua cum truc chinh 1a chi tiéu quan
trong, anh hudng truc tiép dén do chinh xac gia
cong.

Cac nghién ctru vé do cimg vimg cum
truc chinh trén may céng cu chi yéu dua ra cac
két cau khac nhau dé ting d6 cimg vimg cum
truc chinh va anh huong cua d§ cing vitng cum
truc chinh dén d¢ chinh xac gia cong. Momir
Sarenac [1] da dua ra phuong an hra chon 6 1an
t6i wu cho cum truc chinh may céng cu nham
tdng do cimg vimg. Tri Prakosa [2] di nghién
ctru anh huong cua cac yéu to: Tai dit trude,
khoéng céch 6, s6 lugng 6 ti do clmg virng cua
truc chinh méy cong cu va dua ra cac giai phéap
thiét ké dé ti uru hoa do cimg vimg truc chinh.
Holroyd [3] da khao sat rung dong va d6 ciing
ving cua truc chinh may céng cu voi cac loai
cum 6, lap trén cac truc chinh khac nhau, tir d6
lwa chon duoc cum 6 toi wu vé do cimg viing,
rung dong.

Trong qua trinh may céng cu lam viéc,
cum 6 truc chinh bi mon theo thoi gian, khe ho
tang 1€n, do d6 d§ cing viing cta truc chinh
giam dan, rung dong ting lén, chit luong gia
cong giam [4]. Bai bdo nay trinh bay két qua
nghién ciru mdi quan hé cua do cing ving J von
gia tri ddc trung rung dong RMS cta cum 6 truc
chinh may tién CNC theo thdi gian lam viéc.
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2. NOI DUNG NGHIEN CcUU
2.1. D6 cirng virng truc chinh may tién CNC

Do cig viing cua hé thong cong nghé
no1 chung va cum truc chinh may tién CNC noi
riéng 14 kha ning chdng lai bién dang do ngoai
luc gay ra, duge tinh theo bang cong thirc [1]:

=2 (1)
y
Trong do:

J: DO clirng virng (N/pm);

P Lyc tac dung theo phuong huong
kinh ciia bé mat gia cong (N);

y: Luong dich chuyen truc chinh theo
phuong cua luc (um).

Dbi voi may tién CNC, do cing viing
theo phuong huéng kinh véi duong tam truc
chinh, thing goc vai bé mdt gia cong, ¢ anh
hudng 16n nhat t6i sai sé gia cong [2]. Truc
chinh méy cong cu néi chung va may tién CNC
noi riéng, do cing vitng ctia cum 6 truc chinh
khong dugce nho hon d¢ cing cua vat liéu.

2.2. Rung dong ctia cum truc chinh méy tién CNC

Hién nay, dénh gia chit lugng lam viéc
cua may cong cu ndi chung va may tién CNC
noi riéng, str dung pho bién phuong phap phan
tich rung dong thong qua gia tri RMS cua rung
dong [4]. Gi4 tri RMS ¢6 thé tinh nhanh nho
chuong trinh may tinh [5] vdi cong thire:

RMS = ,%fosz(t)dt @)

Trong dé: x(t) 1a phuong trinh gia tdc
dao déng theo thoi gian.
T 1a thoi gian do.
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2.3. Cac thong s6 co ban cia nghién ciu
thue nghiém

Thuc nghiém khéo sat d§ cing ving
va rung dong cia cum 6 truc chinh may tién
CNC theo thoi gian lam viéc dugce thuc hién ¢
cac tbe do va tai trong khac nhau, trén hé théng
thiét bi BK-CT-2017 (hinh 1). Thi nghiém
duoc tién hanh trong diéu kién khong boi tron.
Hé théng lam mat bang khi nén dam bao nhiét
d6 cum 6 truc chinh trong pham vi lam viéc
binh thuong (t° < 60°C).

Hinh 1. Thiét bi do d@é cirng vitng, rung dong cum
truc chinh may tién CNC:

a) Po do cimg viing: b) Po rung dong phiong
doc truc; ¢) Po rung dong phuong htrm:g kinh;
1) Xy lanh tao tai iurng kinh; 2) Dong hé so;
3) Cam bién do rung dong,

4) Thiét bi phan tich rung dong

Phép do rung dong truc chinh thuc hién
trong didu kién chay khong tai theo ISO/TR

17243-2 [6] trén thiét bi BK-CT-2017, tich hop
vGi may tién CNC Eclipse 300. Gia tri rung
dong thu duoc la gia tri 16n nhét ¢ cac vi tri do
va hudng do. Gia tri chuyén vi thu duogc 1a gid
tri trung binh ctia 20 phép do ¢ cac goc xoay
khac nhau cua cum truc chinh. Cac théng so
co ban trong thuc nghiém dugc trinh bay trén
bang 1.

Bang 1. Thong s6 co ban cdc thi nghiém:

TN
111 v

Thong so

Tai doc truc
Fa (N)
Tai hudng
kinh Fr (N)
Tée do truc
chinh n
(v/ph)

400 | 800 | 600 800

500 | 1000 | 750 1000

1800 | 1800 | 2000 2200

3. KET QUA VA THAO LUAN
3.1. Két qua

Gia tri RMS va do cung ving J cua
cum 6 truc chinh theo thoi gian dudi tac dung
cua tai trong, tdc do truc chinh khac nhau,
trong didu kién phong thi nghiém, dugc thé
hién trong bang 2.

Bang 2. Két qua phép do do cing vitng J (N/um) va gia tri RMS (mm/s’) theo thoi gian lam viée cua cum
truc chinh may tién CNC:

TG 6h 12h 18h 24h 30h 36h 42h 48h
A RMS| J |RMS| J |RMS| J [RMS| J [RMS| J |RMS| J |RMS| J |RMS
1 3520 | 098 | 315 [1,452| 301 | 1901 | 292 | 2322 | 246 | 2768 | 234 [3512| 218 | 4561 | 192 | 6,022
T | 359 |ogo2| 327 | 1,269 | 310 | 1.762 | 289 | 2492 | 248 | 3341 | 225 | 431 | 200 | 6,021
T | 337 0921 | 320 | 1,376 | 278 | 2511 | 246 | 3495 | 217 | 4325 | 211 | 6218 | 176 | 6,612
v | 362 |0768 | 332 | 1,301 | 280 | 2,106 | 265 | 3,309 | 216 | 4,671 | 197 | 5989
v |3a8 |0982 314 |1626 |282 |2566 | 248 |384 | 199 |5986
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- Dua vao bang 2, vé dugc dd thi biéu
dién téng hop do cting viing J va gia tri RMS
cua cum truc chinh may tién CNC Eclipse 300
theo thoi gian lam viéc nhu hinh 2.
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Hinh 2. D6 thi tong hop dg cirng vitng J va dic

trieng RMS trong cac thi nghiém
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Thong thuong, d6 cimg vimg cum 0
truc chinh phai xap xi gan bing do clirng vimng
cua ban than vat liéu truc chinh. Tuy nhién,
theo thoi gian lam vige, d§ cimg viing truc
chinh s& bi suy giam. Khi dé ctig viing cua
cum 6 truc chinh suy giam dén gid tri gidi han
cho phép [J], can ctt vao cip chinh xdc may,
may CNC khong duy tri dugc do chinh xac gia
cong va do tin cdy yéu cau. Lic nay can phai
tién hanh chu ky bao dudmg phuc hdi dé diéu
chinh, bao tri cum & truc chinh dat do cung
virng ban dau.

Tir phuong trinh hoi qui thuc nghiém
do cimg vimg J theo thoi gian:
I=bit+bp 4 t=—= (4)
Va phuo;ng trinh héi qui thue nghiém
gia tri RMS theo thoi gian:
RMS =b,, t*+b,,t+b,, (5)

Rut ra duoc:

Trong d6: b, b, 1a hé s6 thuc nghi¢m
do cimg virng J;
b, by, b, 1a hé s6 thuc nghiém gia tri
RMS.

Két qua tinh toén gia trj gi61 han cho
phép [RMS] cua rung dong va thoi gian thuc
hién diéu chinh, bao dudng T 4 duoc trinh bay
trong bang 3.
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Bang 3. Két qua tinh toan [RMS] theo thiee nghiém khi [J]=200N/um:

™ HE s b,, b,, b,, b,, b,, T, (gio) mil
I 23,655 | 366,180 0,002 -0,008 1,124 45,469 5,323

Il 4423 | 385,860 0,003 20,002 0,788 42,025 5,847

11 4480 | 362,830 | 0,002 0,098 0.224 36,343 5,910

v 5,657 | 394,130 | 0,003 0,050 0,308 34,316 5,674

v 6,067 | 387,400 | 0,007 -0,035 1,002 30,890 6,228

3.2. Thao luin

- Céc db thi tong hop do cing vimg J
va gid tri RMS theo thoi gian lam viéc, cho
phép luong héa mbi quan hé gitra gia tri do
cing viing gidi han cho phép [J] va gia tri gic}i
han cho phep [RMS] cua rung dong véi moi
bo thong so dau vao. Tur [J] hoan toan xac dinh
duoc gia tri [RMS] vano thay do6i khoang +8%
khi bo thong so tai ngoai bién thién, trong diéu
kién phong thi nghiém trén may tién CNC

Eclipse 300.

- Trong diéu kién phong thi nghi¢m,
khi gia tri RMS ~ 5,75 mm/s? thi cum & truc
chinh may tién CNC suy giam d climg virng
dén g10‘1 han cho phép. Trén thuc té lam viée,
gid tri gi¢i han cho phép [RMS] ctia rung dong
la cdn ctr quan trong dé xac dinh duoc thoi
diém ding may diéu chinh sirc cang ban dau
ctia cum O truc chinh vé trang thai ban diu hay
néi cach khac 1a cum truc chinh da dugc phuc
hdi trong chu ky bao dudng, sira chita,

4. KET LUAN
- Gia tri RMS va d6 cimg vimg J

clia cum truc chinh may tign CNC co quan
hé nghich bién va xéac dinh duge thong qua
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phuong trinh hoi quy twong tac thuc nghié co
dang:

RMS = a, ( :'): +b, (L;-}i—‘) +c,.

- Gia tri gioi han cho phép [RMS] va thoi
gian diéu chinh, bao dudng T, , ¢6 thé dugc suy
tir d6 cimg viing gi6i han cho phép [J] trén dé thi
tong hop do clmg vimg J va gia tri RMS hoac
tinh ra tir phuong trinh héi quy twong tic thuc
nghiém. Trong truong hop st dung may tién
CNC tong quat, gia tri gi6i han cho phép [RMS]
¢6 thé thay doi trong pham vi +8%.

- Piéu chinh, bao dudng dé duy tri sire
ciing ban dau (PPreload - tai trudc) clia 6 cum
tryc chinh dung thoi diém trong qua trinh lam
viéc s& gop phan ning cao tudi tho va do tin
cdy cua cum truc chinh méy cong cu néi chung
va may tién CNC noi riéng.

- Céc phan tich sau hon vé d6 ctng
ving va gid trj dic trung cua rung dong dé tinh
toan tudi tho dy kién va do tin cdy cua cum 6
truc chinh may tién CNC s€ duoc trinh bay
trong cac nghién ctru ticp theo. <
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