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DANH GIA DO CUNG VING CUM O THOY TINH TRUC CHINH
V61 CAC GIA TRI CUC HAN TREN CO'SG MO PHONG SO

AN EVALUATION OF THE STIFFNESS OF A HYDROSTATIC SPINDLE UNIT
WITH EXTREME VALUES BASED ON NUMERICAL SIMULATION

TOM TAT

Méy mai tron ngoai la médy cdng cu gia cong tinh dugc st dung phd bién
trong cdng nghiép ché tao may. D chinh xdc cla chi tiét mai phu thudc chi yéu
vao do chinh xac va chat lugng lam viéc ca cum truc chinh, trong d6 do ciing
viing cla cla cum 6 truc chinh ¢6 vai tro quan trong. Bai bdo nay trinh bay
nghién c(iu, tinh toan md phdng anh hudng clia céc gia tri gidi han thong s6 thay
tinh cum truc chinh thiy tinh mdy mai tron ngoai dén do ciing viing cla 6. Vi
phuang phép tinh thng thutng viing ap suat lua chon va kha ndng cong nghé
gia cong co vdi khe h gidi han tii 15 dén 22,5um thi d6 clng viing clia cum truc
chinh thdy tinh khong dat yéu cau véi mot so gia tri dp suat bom. Tuy nhién,
trong gidi han ap suat bom tir 2 - 5MPa, thi ti s6 B c6 tinh quyét dinh dén do cling
viing cum 6, khi d6 ta c6 thé chon dugc mét dudng kinh & phil hop nhat véi yéu
cau thiét ké.

Tir khéa: D4 ciing viing; d thily tinh; dp sudt bom; khe hé hudng kinh.

ABSTRACT

The external circular grinding machine is a finishing machine tool which is
commonly used in the machining industry. The precision of the grinding workpiece
depends mainly on the accuracy and the working quality of the spindle unit of
machine tools, in which the stiffness of the spindle bearing unit plays an important
role. This writing presents a simulation study on effects of hydrostatic parameters
with the extreme values of a hydrostatic spindle unit of an external circular grinding
machine on the bearing stiffness. With the calculation method, the selected
pressureregion, and the machining ability with the litmit clearance changing from
15 to 22.5pm, the stiffness of the hydrostatic spindle unit is unsatisfactory with
several pump pressure values. However, in the range of pumping pressure from 2 -
5MPa, the ratio [ is decisive to the stiffness, it is possible to choose a bearing
diameter that is most suitable with the design requirements..
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1. GIGI THIEU CHUNG

Cum 6 truc chinh méy cong cu la bé phan quan trong
¢6 anh hudng truc ti€p dén dé chinh xac gia cong, dac biét
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khi gia cong tinh hodc gia cdng 1an cudi trén may mai. Phan
I6n cadc may mai tron ngoai ¢& trung déu st dung cum &
thay déng ba mudng tu lua cho truc chinh. So véi 8 thuy
déng c6 cdc mudng ¢é dinh, § c6 mudng tu lua c6 d6 6n
dinh tdm truc chinh cao hon khi tai hudng kinh thay déi
(chiéu sau cat giam theo thai gian gia céng) va phu hgp véi
diéu kién van hanh clia mdy mai tron ngoai vaéi téc dd quay
cla da 6n dinh.

D6 ciing viing cla cum truc chinh la mét chi tiéu ky
thuat quan trong clia may céng cu, né dugc xac dinh bang
ty s6 gilia luc tac déng gay chuyén vi va gia tri chuyén vi
cla truc chinh J = dP/dy. D6 cling viing cang Ién thi cap
chinh xac ctia may cang cao, chi tiét gia céng cang chinh
xac. Vi vay, viéc nang cao dé cing ving cla cum & truc
chinh mdy cong cu luén la muc tiéu cla cac nha nghién
ctu. Véi cac cum 8 truc chinh thay dong tu lua trén cac may
céng cu hién nay, viéc ti€p tuc nang cao dé clng viing c6
nhiing kho khan nhat dinh. D6 clng viing clla mang dau
boi tron phu thudc vao chiéu day mang dau, né thay déi
theo diéu kién gia cong va con phu thudc vao két cau co
khi ctia khép ban cau tu lua clia cdc mudng. Cac khép nay
bi mon theo thai gian lam viéc. © thay tinh véi dac diém
két cdu cb cac budng dau ap luc cao c6 dinh, chiéu day
mang dau 6n dinh, do cling viing cao hon thiy déng va
khéng phu thudc két cdu. Vi vay, viéc thay thé cum & thay
déng bang cum & thuy tinh 1a mét trong cac gidi phap phu
hgp hién nay cho muc tiéu nang cao dé cing viing cla
cum & truc chinh may mai, véi su trg gitip hiéu qua cla gia
céng budng dau chinh xac trén cac may CNC.

Cac cong trinh nghién ctu vé tng dung 6 thuy tinh cho
truc chinh cla mdy céng cu ciing dugc cac nha khoa hoc
quan tam, phé bién Ia viéc nghién cliiu nang cap chuyén
déi cum 6 truc chinh s&t dung vong Ian thanh cum 6 truc
chinh thuy tinh, két qua nghién ctiu cho thay cé sy dap tng
doéng luc hoc kha t6t cd vé mé phong va thuc nghiém.
He Qiang da st dung phucng phép s6 va thuc nghiém dé
Iua chon dugc cac théng s6 va ché tao cum 6 thay tinh truc
chinh trong trung tdm gia céng ding thay thé cum & lan
quay, véi téc dé khoang 800 vong/phat [2]. Nam 2010,
S. Uberti va cong su trinh bay nghién ctu thiét ké va ché
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tao ban th nghiém phuc vu viéc kiém tra, danh gia cum &
thdy tinh chuyén dong chay dao tinh tién cua truc chinh.
Hé théng cho phép thuc hién cac phép thi tai cong ty
nham gidm chan va xac dinh dé cling viing clia cum & thay
tinh, nang cao d6 chinh xac gia céng [3]. Trong mét cong
b6 ndm 2014, W. Chen va cong su da tinh toén, thiét ké &
thay tinh truc chinh may phay theo quan diém doéng luc
hoc. Bong thai tién hanh cac thuc nghiém gia cong cho
thay c6 su tuong Uing gilria két cau truc chinh va cac théng
s6 dong lyc hoc, trong dé cd do6 clng viing [4]. Dongju
Chen va cOng su da trinh bay nghién ctu dac tinh tinh va
dong hoc cia mot cum truc & thay tinh. Anh hudng cta
rung dong do khong can bang dén do chinh xac gia cong
da dugc nhdm tac gia phan tich. Trong dd, luc gay mat can
bang theo hai phuong dugc suy ra ti két qua phan tich
dong luc hoc. Nghién clru nay clng chi ra rang vi tri va dé
cling viing clia 6 truc c6 dnh hudng I16n dén d6 chinh xac
gia cong [5].
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Hinh 1. M3t cdt cta 6 thiy dong tu lua trén mdy mai tron ngoai 3K12 [1]:
1- Than may; 2- Nap an toan; 3- 0 thly dong; 4- Nit bao dau; 5- Ngong truc
2. GIAl PHAP BOI TRON THUY TINH CHO TRUC CHINH
MAY MAI TRON NGOAI

p=1+5 MPa

Bom thuy lye

Van trin

Loc diu

Hinh 2. So d6 nguyén Iy boi tran thiy tinh cum truc chinh may cong cy

So d6 va nguyén ly hoat déng clia cum truc chinh thay
tinh s dung cho mdy mai tron ngoai ¢& trung dugc trinh
bay trén hinh 2. Béi tron uét dugc thuc hién do chat boi
tron trong 04 buéng c6 ap suat cao dugc cap bdi hé théng
bom théng qua restrictor da tach ly hoan toan bé mat truc
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va 8, tdm ngéng truc trung véi tam 8. Khi ké dén trong
lugng clia trug, tai ngoai (P) va dién tich hitu ich ctia budng
dau la F vai d6 léch tam la e, c6 phuong trinh can bang luc:
P = (p; - p,).F. Trén thuc t&€ véi 6 thay tinh truc chinh va gia
thiét ctia Reynold thi e thudng rat nho, c6 thé bé qua.

Phuong trinh Reynold cho & hudng kinh va chiéu truc
nhu sau:

3 3
o(hap), a(Wap)_ oh )
ox\nox) o0z\ n oz ox

Va phuong trinh khéng thi nguyén:

— - _
i(hfa—pjm i_(hfa—EJ ST @
o\ u ¢ oy\ v oy de
Trong d6, A = L/D - ty s6 chiéu dai va dudng kinh &;
@ - toa d6 goc; p - ap suat mang dau; y - toa dé dudng kinh;
¥,0,h, 1i, @ - cac thong s6 khéng thi nguyén tuong ng.
Chiéu day mang dau dugc xac dinh theo céng thuc:
h=h, (1-&cose) 3)

Trong dé, h - chiéu day mang dau; h, - chiéu day mang
dau nho nhat; € = e/h, - hé sé léch tam.
3. MO PHONG TiINH TOAN PO CUNG VUNG 6 THUY
TiNH V61 BO GIA TRI CUC HAN THONG S6 CO BAN

Trong nghién ctru mé phoéng da lya chon cum 6 thuy
tinh truc chinh trén may céng cu véi két cau 8 thay tinh
khéng 6 ranh thoat dau véi 4 budng dau, nham danh gia
va xac dinh b6 théng sé thuy tinh phu hop véi yéu cau lam
viéc. So d6 két ciu clia 6 vai cac thong s6 co ban dugc mo
ta trén hinh 3.

r D !

Hinh 3. S d6 két cdu 6 thay tinh khdng c6 ranh thodt dau

DGi véi 6 thiy tinh truc chinh may mai véikich thudc
chiéu dai L va khoang cach gitta hai buéng dau ké nhau b
c6 thé dugc chon nhu sau: L = 0,8D; b = a = 0,25L. Ngoai ra,
dé dam bao kha nang chiu tai ctia ¢é truc chinh khi nang
cdp st dung 6 thay tinh trén may may tron 3K12, kha ning
céng nghé cta da mai phu hgp véi két cdu may dang st
dung, dudng kinh cé truc va dudng kinh 13p da dugc chon
tuong ducng véi cac théng s 6 thily dong von ¢é clia may.
Truc chinh mang da mai ¢c6 D = 70mm, n = 3000vg/ph,
téng chiéu dai truc 1a 535mm, ddm bao béi tron udt hoan
toan, c6 thé chon a = 14mm, b = 14mm. Hinh dang, kich
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thudc budng dau c6 anh hudng nhat dinh khi tan s6 quay
cta 6 16n, khi @6 dau cé thé cudn ra khoi budng dau tao
hiéu Uing chay réi hoac hiéu ing thly dong dan tai tén that
I6n trong buéng dau. Diéu nay cé thé dugc khic phuc bang
cach tang chiéu sau buéng dau t = 20.A. BS tri budng dau
sao cho né & duéi dudng léch tam (e), khi dé thanh phan
dong dau thay dong bang khong. D&i véi 6 thiy tinh diing
cho truc chinh may mai tron ngoai chiéu day mang dau

nhé nhat h,,,,, dé dam bao diéu kién boi tron udt hoan toan
tinh theo cong thuc sau:
homin = RzT + RzB + Vb < Amin /3 (4)

Trong d6: R,;- Nham ctia bé mat truc; R,; - Nham clia bé
mat &; Yy, = 2 - 3um - Khe h& du trir & mang dau khéng bi
gian doan.

Thong thudng, bé mat truc va bac dugc gia céng tinh
vGi cap d6 nham khoang tuicdp 8 dén cap 10, tuong Ung
vGichiéu cao nhap nhé trung binh ti 3,2um dén 0,8um. Khi
d6, chiéu day mang dau nhd nhat dam bao boi tron uét
phai dat khoang 9um. Do dé, trong cac tinh toan théng s6
boi tron thay tinh, ta ¢6 thé I8y A, = 27um. Ngoai ra, dé
léch tdm tuong déi gidi han cla 8 thay tinh thong thudng
la € = 0,4, tuy nhién d&i vai 6 truc chinh thay tinh may mai
c6 thé chon gigi han d6 léch tdm tuong d8inhé hon,
khoang 0,3, khi dé ¢ = 2e/A va dé léch tam e xap xi 4,5um.
Mat khac, khe hé gidi han dudi tuang Ung véi sé ap suat
buéng dau va &p suat bom B =p,/p, =04 la h(L) =A/2=
15um va khe hé& gigi han trén tuong Ung véi B = 0,7 la
h, (U) = 1,5 h, (L) = 22,5um. Trong d6, p, - ap suat buéng
dau, p, - 4p suat bam.

Ap suat bom c6 thé dugc tinh bing biéu thuc:
W
- LDW,

Trong d6, W, la hé s6 tai. Theo kinh nghiém, ap suat
budng dau p,phu hop véi khd nang céng nghé ché tao
nam trong khoang tir 1 dén 5MPa va t6t nhat trong khoang
1 - 2Mpa [6]. Nhu vay, tinh todn cho truc chinh may mai
tron ngoai thong dung, ta c6 thé chon p, = 2MPa.

Véi gidi han dudi cda khe hg h, (L) = 15um, 3 = 0,4 xac
dinh dugc ap suat ctla bom nhu sau: p, = p/ B = 5MPa.
Tuong tu, véi gigi han trén clia khe hé h,(U) = 22,5um
tuong ung véi B = 0,7, dp suat bom dugc lua chon tuong
ung la 2,85MPa. Trong bai todn m6 phong tinh todn cac gia
tri gidi han cla bd thong s6 6 d& thay tinh, cac gia tri ap
suat bom dau va dudng kinh 6 truc dugc thay déi tuong
ing Vdi cac gia tri B thay déi trong khoadng tur 0,4 - 0,7. Khi
do, sé lua chon dugc mot bd thong sé phu hop nhat véi
yéu cau dé ciing viing cum & truc chinh ndm trong pham vi
cho phép. That vay, dé ciing viing cum 6 thay tinh dugc
xac dinh bang biéu thuc [6]:

a). ,(m
’I_f _
J_P.LD 3N B( L)S'n (N)

h, ~2m z+142y.sin’ (z)

Ps (5)
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Do cung vung o thuy tinh
#=04,h;=15um
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(b)
Hinh 4. D9 cling vitng 6 thiy tinh véi cdc gid tri dp sudt bom va dudng
kinh truc khdc nhau, truong hgp B = 0,4: (a) khe hé gidi han dudi; (b) khe hé gi6i
han trén
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Trong dé, N 1a s8 buéng dau cda 6 d& thay tinh. V&i cac
théng s6 thay d6i trong pham vi néi trén, sy thay déi do
cliing viing 6 thay tinh tuong Ung véi B thay déi trong
khoang tir 0,4 - 0,7. Hinh 4 mé ta anh hudng cla ap suat
bom va dudng kinh truc t6i d6 ciing viing truc chinh trong
trudng hgp B = 0,4. C6 thé thdy rdng, do ciing viing cum &
¢6 xu hudng tang khi ap suat bom tang lén tuong Ung véi
méi gid tri dudng kinh truc. Xu huéng nay dugc thé hién ro
trén cac dudng déng muc trong ca hai trudng hop khi 6 &
trang thai khe hé gidi han trén va dudi. Mat khac, dé cing
viing cum & truc chinh mdy céng cu théng thudng ndm
trong pham vi 250 - 500N/um, d6i véi truc chinh may mai
can dat gia tri trong khoang 300 - 500N/um. Nhu vay, trén
cd s& dudng déng muc dé cing viing, ta c6 thé thady gidi
han dudi cta &p sudt bom 2MPa, dudng kinh & phai dat tu
70mm tré |én d6i véi trudng hap khe hé gisi han nhé nhat.
Trong khi d6, 8 muc khe hé gidi han trén, ap suat bom can
thiét phai dat tir 2,1MPa tuong (ing v&i dudng kinh 6 90mm
va can ap sudt cao hon khi dudng kinh & nhé han. Nhu vay,
néu dudng kinh & 70mm thi &p suat bom tdi thiéu 3,2MPa,
khi dé dé ciing viing clia 6 méi dat gia tri yéu cau.

Tuong tu, xét anh hudng cla cac thong sé trén vai
truong hop B = 0,5 (hinh 5), & gia tri khe had gidi han dudi,
khi 4p suat bom thay d&i tir 2 - 5MPa, dudng kinh truc can
thiét phai tr 65mm trd [én mdi dap Uing yéu cau vé do ciing
viing cum & thay tinh. Véi trudng hgp khe hé gidi han trén,
ap suat téi thiéu dé dam bao gia tri d6 ciing viing 1a 2,5MPa
vGi dudng kinh truc 90mm va can dat gia tri cao hon tuang
Ung véi cac duong kinh truc nho hon. Véi dudng kinh truc
khodng 70mm, ap sudt bom can thiét phai dat gia tri
khodng 2,7MPa, khi d6 & truc chinh méi dat gia tri clng
viing can thiét.

Do cung vung o thuy tinh
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Do cung vung o thuy tinh
B =05, h,=225um
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(b)

Hinh 5. Do ciing vitng 6 thiy tinh véi cac gia tri dp sudt bom va dudng
kinh truc khac nhau, truong hop B = 0,5: (a) khe hé gidi han dudi; (b) khe hé gidi
han trén

Hinh 6 m6 ta anh hudng clia cac thong s6 ap sudt va
dudng kinh truc téi doé clng viing cum & truc chinh khi
B = 0,6. Ta c6 thé thay, & gia tri gidi han dudi 4p suat bom
(2MPa), d6 cling ving chi dat yéu cau khi dudng kinh & c&
90mm vdéi trudng hop khe ha gidi han trén. Vi trudng hgp
8 c6 dudng kinh 70mm, ap sudt bom dadm bdo dé cing
viing cum & can thiét 1a 2,5MPa va dat gia tri 600N/um khi
ap suat & gidi han 5MPa (hinh 6b). Trong khi d6, néu khe hé
gisi han dudi, dé ciing viing dat gia tri yéu cau khi dudng
kinh truc tr 60mm tr& 1én & ap suat gidi han dusi 2MPa, va
dat gia tri khoang 350N/um dudng kinh truc 70mm. G gia
tri ap suat gidi han trén, d6 cling ving dat gia tri 900N/um
véi gid tri dudng kinh nay.

Do cung vung o thuy tinh
4=08,h;=15um
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(b)

Hinh 6. D6 cting vitng 6 thily tinh véi cac gi tri ap sudt bom va dudng kinh
truc khdc nhau, truong hop B = 0,6: (a) khe hé gidi han dudi; (b) khe hé gidi

han trén

Do cung vung o thuy tinh
#=0.7,hy=15um
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(b)
Hinh 7. B4 ciing viing & thdy tinh véi cic gid tri dp sudt bom va dudng
kinh truc khdc nhau, truong hgp B = 0,7: (a) khe hé gidi han dudi; (b) khe hé giéi
han trén

Trudng hop B =0,7 nhu mo ta trén hinh 7, gid tri d0 cling
viing dat khodng 350N/um va 900N/um tuong Ung véi ap
sudt bam 2 va 5MPa cho trudng hop khe ha gidi han dudi véi
dudng kinh truc 70mm (hinh 7a). Gia tri d6 cling c6 thé tang
Ién tuong Ung véi dudng kinh truc. Tuy nhién, do cac gidi
han thong s lam viéc cGa 6 va phu hgp v6i may mai 3K12,
duong kinh truc cé gia tri 70mm. Vi trudng hop khe hé gidi
han trén, ap suat can thiét 1a 2,5MPa dé & dat gia tri cliing
viing can thiét va dat gia tri 600N/um khi ap suat bom & gidi
han trén 5MPa.
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Nhu vay, cdn ci vao két qua mo phdéng cho thay vai
phuong phap tinh théng thudng ving ap suat lua chon va
kha ndng céng nghé gia cong co vai hy,,,, tl 15 dén 22,5um
thi d6 ciing viing ctia cum truc chinh thay tinh khong dat
yéu cau véi mot s6 gia tri ap suat bom. Tuy nhién, trong
giGi han ap suat bom tir 2 - 5MPa, thi ti s6 B ¢6 tinh quyét
dinh dén doé cing viing cum 6, khi d6 ta c6 thé chon dugc
moét dudng kinh 8 phu hop nhat véi yéu cau thiét ké.

4, KET LUAN

Bai bdo nay trinh bay nghién cuiu, tinh todn mé phong
anh hudng cla cac gia tri gidi han théng s6 thuy tinh cum
truc chinh thay tinh mdy mai tron ngoai dén do cling viing
cta 6. M&i quan hé nay dugc thé hién ro trén dé thi dudng
déng muc gia tri d6 cling viing trén cac hinh 4 + 7. Két qua
mo6 phdng d6 cling viing cla cum & thay tinh tUng dung
cho may mai tron ngoai ¢d trung dua dén moét sé két luan
nhu sau:

- C6 méi quan hé truc tiép gilta @6 ciing viing & thay
tinh véi cac théng s6 chinh chia 6: Ap suat bom dau, khe hg,
dung sai ché tao, hé sé ap suat, dudng kinh truc. Do d6 can
phai lua chon trudc moét s6 théng s6 dic trung cla 6 thay
tinh, phu hgp véi diéu kién gia cong thuc té€ va cac théng s6
con lai can dugc tinh toan dua vao do ciing viing yéu cau
cla cum 6 truc chinh.

- D€ dat dugc d6 cliing viing phu hop véi yéu cau clha
truc chinh, bén canh viéc xac dinh cac théng s6 thay tinh
cd ban dam bao boi tron udt hoan toan can phai diéu chinh
cac théng s6 ap suat bom, dusng kinh truc trong viing cho
phép dé c6 dod cling viing tét han.

- Céc két qua méd phong va tinh toan da chi ra cac viing
Iua chon kha thi, pht hgp thuc t€ gia cdng ché tao cho céc
théng sé thuy tinh lién quan dé c6 dod cling viing theo yéu
cdu cua truc chinh mdy mai tron ngoai.

- Trong viéc lua chon cac thong sé théa man dé cing
viing can chd y va can déi viéc diéu chinh cac tham s6 lién
quan dén d6 nham, khe hg dung sai va ap suat ctia bom
dau cho phu hogp vi n6 lién quan dén chi phi gia cong va
mua sam cling nhu diéu chinh thiét bi.
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