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NGHIEN CUU ANH HUGNG CUA TAI TRONG
TG1 CAN BANG TRUC TRONG O KHI TINH

RESEACH THE EFFECT OF LOAD ON SHAFT BALANCE IN THE AEROSTATIC AIR BEARING
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TOM TAT

Truc chinh st dung dém khi ¢d nhing uu di€m nhu ma sat gan nhu khéng
¢, it sinh nhiét, tudi bén cao. Tuy nhién, van dé béi tron khi ciing c6 nhiing
nhugc diém ton tai do la khong dn dinh bang cac 6 tuong tu boi tron béng chat
16ng; cac & khi thudng chiu tai nh,..., diéu d6 han ché pham vi sit dung cdia 6 khi.
Ngoai ra, viéc nghién ciiu tinh toan & khi cling dang trong qua trinh nghién ctu
va thuc nghiém, cling c6 nhiing khd khan nhat dinh. Khd khan I6n nhét van la
van dé khac phuc nhiing dang mét 6n dinh do hién tuong chuyén dong vi xody
clia chét khi trong & bi€u hién & xody ban vén tdc, xody ddng bo... Trong bai bdo
nay dua ra phuong an can bang truc 6 khi tinh bang mé phéng s6 va thuc nghiém
kha nang tai dén do ciing viing cda 6 khi tinh.

Tir khéa: O khi quay, cdn bing, rung déng dém khi, tdi trong, cdn bing truc,
dp sudt khi.

ABSTRACT

The main shaft uses air bearing which has such advantages as almost no
friction, low heat generation, and high durability. However, the problem of gas
lubrication also has disadvantages that are not as stable as similar bearings with
liquid lubrication; air bearings are often subject to small loads etc., which limits
the usable space of the air bearing. In addition, the research and calculation of
the air bearings are ongoing and under experiment, which is facing certain
difficulties. Overcoming of the instabilities caused by the vortex motion of the
gas in the bearing manifested in the semi-velocity vortex, the synchronous
vortex, etc. is the most difficult problem. In this paper, a plan to balance the
static air bearing shaft is proposed by numerical simulation and experimenting
with the load capacity to the stiffness in the aerostatic air bearing.

Keywords: Air bearing spindle, unbalance, vibration, Load carrying capacity,
air pressure.
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1. GIGI THIEU

O truc khi tinh st dung nguén khi tir bén ngoai cap vao
khe hé tao &p suat gilia truc chinh va bac ¢ing dung trong
diéu kién truc chinh quay véi téc d6 quay cao, dat dé chinh
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xac cao, chi phi thap va giam ti€ng én. Da co6 nhiéu nghién
cliu vé déng luc hoc clia 6 truc khi tinh nham cai thién chat
lugng va dé 6n dinh. Tac gid Christopher Miiller da dung
phuong phap phan ti hitu han dé giai bai toan phuong
trinh Reynolds phu thudc vao thagi gian va cé dua ra dugc
quan hé khe hég 6 truc khi tinh anh huédng I6n nhat dén d6
cing dong hoc va tai trong cla 6 [1], nghién ctu cua
Jianghai Shi va cong su da két luan rang su thay déi cla céc
hé s6 dong déng mot vai trd quan trong trong déng luc
hoc cua truc chinh khi cudng d6 luc tang vuot qua mot giad
tri t&i han. Anh hudng cla khéi lugng mét can béng dén
dao ddng cua truc chinh dugc nghién cldu dua trén mé
hinh dé xuat [2-4]. Trong nghién cldu nghién ctu anh
hudng cua sai léch goc ddi véi cac dac tinh ddong hoc cla 6
khi tinh chiu ap suat bén ngoai vai bén bac tu do nhém
nghién ctu Jianghai Shi va mot sé tac gia da so sanh cac hé
s6 do cliing déng va hé sd giam chan cla 6 truc khong khi
dudi cac géc nghiéng khac nhau [5-7]. Cac nghién ctu vé
hiéu suat 8 khi tinh cling da dugc nghién ctu véi nhiing
anh hudng khac nhau da dugc dua ra dé cai thién dé cing
viing khi lam viéc [8,9]. Mot sé tac gia ciing da phan tich dé
chinh xac ctia 6 khi tinh xét dén d6 tron va hinh tru cda truc
va anh hudng clia dé séng bé mat dén hiéu suat clia & truc
luc ddy khi tinh d6i véi 16 cap khi [10-13] d6 ggn bé mat
cling lam anh hudng dén hiéu suat truc chinh khi quay [14].
Abdurrahim Dal cling da nghién ctiu vé déng luc hoc ctia 8
truc khéng khi dugc diéu ap bén ngoai vdi cac gia tri khe
hé cao. Anh hudng clia luu lugng khéi lugng [15].

Hau hét cac nghién cudu trén thé gigi vé & khi quay Ung
dung lam truc chinh trong cac thiét bi gia céng 16 nhé déu
13 8 khi gém nhiéu buéng nhé c6 16 tiét luu tai trung tam
b6 tri xung quanh & khi hodc dang ranh khi 1a dang xoén.
Nhu thé sé tao ra vung ap suat khi thong nhau trong khe
h& dém khi giira truc va bac. Vi vay sé khéng thé gitr dugc
truc quay G vi tri can bang néu c6 luc tac doéng theo
phuang hudng kinh trong qua trinh cat got va dé ciing cua
I6p mang khi sé khong dugc ddm bdo Trong nghién clu
nay da dung phuong an cac ranh cap khi véi 16 cap khi
trung tam, tor 6 mé phdng qua trinh chuyén déng cda truc
chinh & céc t6c d6 va ap suat cap vao 8 khi tinh tir d6 khdo
sat kha nang tu can bang cla truc quay khi bi Iéch va khao
sat mdc d6 anh hudng cda ap suat dau vao khéng can doi
khi [én truc quay.
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2. PHUONG PHAP NGHIEN CUU
2.1. Phan tich phuong an phan vung dém khi va luc tac
dung trén bé mit 8 khi

Dai vai 6 khi tinh, ap suat dugc cap vao bac dém khi qua
may nén khi hinh thanh I6p khi nén gitta khe hé truc va bac.
Nh& &p suat ca I6p mang khi nén ma truc dugc git can
bang trong khong gian gidi han gilta bac va truc, khong
ti€p xuc co khi véi bac.

Bac dém khi

Truc quay

Hinh 2. Phén tich luc tao béi ldp mang khi nén
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Hinh 3. Phan viing cp khi trén bé mat bac dém khi
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Gia st bac dém khi dugc thiét ké thanh ba vung cap khi
riéng biét xung quanh chu vi cta bac, hinh thanh ba khu
vuc ap suat khi nén trén bé mat gilra truc va bac nhu hinh 1.

Bé mat dém khi phan b6 déu trong vung ranh khi hinh
chit nhat véi 16 cdp khi trung tdm va sé giam dan khi ra
ngoai maoi trudng hinh 3.

2.2, Xay dung mo hinh dong luc hoc cho bai toan
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Hinh 4. M6 hinh dng luc hoc ctia truc 6 khi tinh

Gid st khong khi giira khe h& cua truc va bac tao ra
mang khong khi véi dd cing vimng la k. D€ don gidn hoa
viéc tinh toan, truc dém khi dugc mo hinh véi 16 hé s6 do
cing. Ma tran dé ciing gobm bén hé sé chi hudng va 12 cap
hé s6 déi xing [16]. Khi @6 ma tran hé sé dé cing dugc viét
thanh:

M) J J J
kxx kxy k)«px k)(cpy

5o J
oo K Ky, Ko kyq)y 0

K., kJ k;% K,
k,, K KK

QX TRy 0,0 0,0, |

Trong dé:
k' la do ciing vung dém khi gitra truc va bac;
Kkl koK

0Ky K 0, 1Ko, 0, 18 C4C & 56 chi hudng;

J J J J J J J J J J
k y’kxw ’kxw ’kyq> ’kw ’kw 9y ’kyX’kw X’kw y’kw X2 kq) y’kq) [N
la cac cap hé s6 déi xiing trong ma tran.
Pém khi dusi dugc moé ta bai 9 hé s6 dd cing. M6i ma
tran bao gém ba hé s6 chi huéng va 6 cap hé sé doi xiing
nhau [16]. Khi @6 ma tran cé thé duoc viét nhu sau:
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Trong do:

k" 13 d6 cling phan dém dudi ctia 6 khi;

Ky Kg o ,kly(py 1a cac hé s6 chi huéng;

T T T T T T
kwx ’ kwy ’ kqu ’ k%z ’ kq)yZ’ k«wx
trong ma tran.

Goi z, va z, la gia tri toa do cha tam truc va khoi trong

la cac cap hé sé déi xung

tam cda truc dong co. Chuyén vi clia tdm truc s = [x,y,z]T ,
goc nghiéng cla truc quanh truc x, y dugc xac dinh
Q= [(px,(pyJ . Phuaong trinh chuyén déng cua truc theo céc

truc:
Chuyén dong tinh tién trén truc x:
mx =1, — > K. (3)
Chuyén dc;ng tinh tién trén trucy:
my =f, — Zg:kj,E £ @
Chuyén dong tinh tién trén truc z:
mz="f, - k€ (5)
€

Trong dé: [fx,fy ,fZ,wa,Ty] la ngoai luc tdc dong lén truc.
Va &=xy,9,,0,

Khéng khi diéu ap bén ngoai
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Hinh 5. Nguyén Iy hoat ddng dp sudt khi trong & truc

Dé gidi cac phuong trinh trén c6 thé dung phuong phap
s6 dé gidi nhu phuang phéap phan ti hiru han, sai phan hiu
han, phan ti thé tich,... Viéc gidi theo phuong phap nay sé
mat nhiéu thdi gian va c6 thé nham trong qué trinh bién
déi va tinh toan. Vi vay, trong nghién ctu nay sé diing thuc
nghiém cho ti trong lén dé kiém tra dé cliing ving cta 6
khi tinh déng thdi ting dung mé phdng s dé kiém nghiém
kha nang can bang truc quay. M6 phong sé sé gidi quyét
cac khé khan khi gii cac bai toan trén bang viéc thiét lap
cac mo hinh tinh toan, dua diéu kién bién theo cac di liéu
da dugc ly thuyét dua ra, ti d6 c6 thé tinh toan dugc luc tac
dung (d6 cling viing) clia 6 va phan bd ap suat trén bé mat
6 khi va ctia dém khi.
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3. KET QUA MO PHONG VA THAO LUAN
Mé hinh & khi tinh vé&i cac diéu kién bién co ban:
- Kich thudc khe hé: 12um.
- Truc quay vdi téc do: 20000rpm.
- Chat liéu truc: thép
*Khdo sdt kha ndng tu cdn bdng cua truc quay khi bi léch:
Bang 1. Luc tac dong cac truc khi bi léch gc

Gocléch (°) X(N) Y(N) Z(N)
0,001 -0,649704 -0,150026 -0,268914
0,002 -0,493094 -0,129583 -0,276975
0,003 -0,650923 -0,150023 -0,269208
0,004 -0,492963 -0,129583 -0,277133
0,005 -0,66413 -0,149767 -0,266109

* Khdo sdt muc d6 dnh hudng cua dp sudt ddu vao khéng
cdn d6i khi lén truc quay:
Bang 2. Két qua trén la cia mé hinh ¢d 1 dau vao mét can bang

Ap suat thay 2 3 4 5
dai (bar)
TrucX -2,80134 [N] | 0,932387[N] | -0,402428 [N] | -1,37301 [N]
TrucY -0,109862 [N] | -0,11277[N] | -0,110626 [N] | -0,11608[N]
TrucZ 0,998008 [N] | 4,12152[N] | 0,160101 [N] | -2,56872[N]
Total 297583 [N] | 4,22717[N] | 0,447010[N] | 2,91495[N]
Bang 3. Két qua cia mo hinh c6 2 dau vao mét can bang
TrucX[N] Truc Y[N] TrucZ[N] Total[N]
2 Bar 2,16788 -0,10747 8,20321 8,48551
3 Bar 4,08275 -0,10718 8,4491 9,3896
4 Bar -0,402428 -0,11063 0,160101 0,44701
5 Bar -7,15541 -0,1588 -11,396 13,4571
Bang 4. Két qua cia mo hinh c6 3 dau vao mét can bang
TrucX[N] Truc Y[N] Truc Z[N] Total[N]
2 Bar 8,57538 0,10311 5,60154 10,2762
3 Bar 7,46255 0,10346 4,02147 847776
4 Bar 0,40243 0,11063 0,160101 0,44701
5 Bar 12,5423 -0,1658 -5,16116 13,5637

* Thuc nghiém do tai doc truc

Hinh 6. Hinh anh do tai doc truc
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Bang 5. Két do khe ha khi giita vai truc véi dém khi dudi khi tai trong doc
truc thay déi (um)

0 |0,5kg | 1kg | 1,5kg | 2kg | 2,5kg | 3kg |3,5kg | 4kg | 4,5kg | Skg

Lan
do1{1| 10 7] 5 | 4] 3 (321|110
(um)
Lan
do2(12] 9 | 8] 6 | 4] 3 |22 1] 1|0
(pm)
Lan
do3(12| M |8 7 | 5] 3 |32 1] 1]0
(um)
Lan
dod|1| 10 | 7] 5 | 4] 3 |32 [1]1]0
(pm)
Lan
do5(10] 9 | 8] 6 | 4] 3 |22 1] 1 |1
(um)
Lan
do6(12| 11 |7 7 |5 3 |32 [1]1]0
(pm)
Lan
do7(10 9 |7 6 | 4] 3 |22 1] 110
(pm)
Lan
do8(11| 10 | 8| 7 | 5] 4 |33 [2] 1|1
(um)

14

12
—o—Llindo1

10
—o—Lindo2
Lando3
6 Lando 4

—o—Lindo5

Dich chuyén (micromet)

—e—Lindo6
2 —e—Lindo7
0 —o—Lindo8
0 2 4 6 8 10 12
Tai trong F (kg)

Hinh 7. D4 thi quan hé tai trong F va khe hé Z trén mat dau
Nhan xét thuc nghiém: Tur d6 thi cho thay khi tai Ion thi
khe hé gilta vai truc phia trén va bac sé I1én va ngugc lai khe
h& gilta vai dudi va dém dudi sé nhd, gia tri d6 cling viing
trung binh trong pham vi khe hé& tu (1 = 11)um dugc tinh
nhu sau:
AF 4
K=—=—=0,4kg/pm=4N/pum
Az 10 g/u u

Nhu vay, thong qua khdo sat nay cé thé thay dé cing
doc truc da thuc nghiém cla 6 khi dat dugc 1a 4N/um

* Thyc nghiém do tai theo phuong ngang
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Hinh 8. Hinh &nh kiém tra tai theo phuong ngang

Bang 6. Két qua do khe ha khi gitia truc va bac dém khi khi téi trong hudng
kinh thay d6i (um)

Okg | 1kg | 2kg | 3kg | 4kg | 5kg | 6kg | 7kg
Lan do 1(um) 121 N 8 6 4 2 1 0
Lan do 2(um) 12 1 10 9 7 4 3 2 0
Lan do 3(um) 11110 8 6 3 2 1 0
Lan do 4(um) 121 N 9 5 5 3 1 0
Lan do 5(um) 11110 8 6 4 2 1 1
Lan do 6(um) M| 9 8 6 5 3 1 0
Lan do 7(um) 10| 8 6 5 3 2 1 1
Lan do 8(um) M| 9 8 6 5 3 2 1
14 )
= —8—Lindo1
S 12 =
g 10 —o—Llindo2
5 8 Lando 3
i« 6 Lan do 4
’2 4 —8—lando 5
’? (2) —8—Llando 6
g. 0 2 4 6 8 10 —@—lando7
Tai trong F (kg) —e—13ndo8

Hinh 9. D6 thi @ dich chuyén truc theo phuong ngang

Khi dat tai tang dan tur 1kg dén 7kg thi truc vai bac tiép
xuc.

Tu hinh 9 cho thay khi khe hé gidm tuc la tai dat [én lon
hay luc tac dong lén theo phuong hudng tdam tang. D6 thi
¢6 hinh dang gan nhu tuyén tinh ta c6 thé nhan thay dac
tinh ctia 6 khi giéng nhu 1 16 xo ¢6 do cing k.

PO ciing hudng tam trung binh cda 6 khi la:

K =k=2F 2 K9 _ 4 5kg/um=5N/um
Az  10um
4, KET LUAN

Bai bao da dua ra dugc phuong phéap danh gia can bang
truc bang mé phdng trén phan mém ANSYS. Xac dinh dugc
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kha nang can bang cla truc khi bi léch di mét géc Ag,
ngoai ra trong mé phdéng thay déi 4p suat dau vao da xac
dinh dugc luc tac déng Ién cac phuong va luc tac dong
téng. Bai todn mo phéng sé da du doan nhing 16i trong
qua trinh & khi tinh lam viéc d6ng thai rat ngén dugc rat
nhiéu trong viéc thuc nghiém thuc té. Ngoai ra khi thuc
nghiém theo tai trong theo phuong ngang va phuong doc
truc da dua ra dugc dé ciing doc truc da thuc nghiém cda &
khi dat dugc la 4N/pm va do ciing hudng tam trung binh
cla & khila 5N/um
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