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Hién nay & khi quay cao téc 1a mét trong nhivng gidi phap rat hiéu qua thudng dwoc ap dung
cho nhirng b truyén déng chinh xac va dinh tdm cao. Trong bai béo nay, trén co sé& (rng
dung phan mém Ansys, mé phdng va tinh toan sw phan bb ap suét trén bé mat dém khi
bang phwong phap phan tlr hiru han nham gidm thiéu khéi lwong tinh toan, tao ra hinh anh
trwc quan vé s phan bd ap suét trén bé mat dém khi va xac dinh lwc nang cia dém khi.

DPém khi, phan t&r hiru han, ap suat phan bé.

Currently, high speed air bearing is one of the most effective solutions that are often applied
to precise actuators. In this paper, based on the application of ANSYS software to simulates
and calculates the distribution of air pressure on the surface of the air bearing by the finite
element method to reduce the volume of calculation, create a visual representation of the

pressure distribution on the its surface and calculate the lift force.
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1. DAT VAN BE

Viéc gia cong nhiing 16 bé c6 do chinh xac
cao doi hoi truc chinh phai c6 téc 6 nhanh va
6n dinh trong qua trinh gia cong. Khi khoan 15
duong kinh cang bé thi téc do cit cang phai
cao. Tuy nhién, khi quay véi toc d6 cao thi 6
bi sinh nhiét do ma sét, dan dén giam tudi tho
cua 6 bi. Bén canh d6 1a sy mai mon sau thoi
gian dai hoat dong s& tao ra cac khe ha trong 6
truc dan dén sai léch khi gia cong. Do d6 s&
khong dap ung duoc yéu cau khi gia cong cac
156 nho c6 do chinh xac cao. Vi thé giai phap
dua ra 1a can thiét ké mot loai 6 truc méi quay
duoc ¢ toe do cao dap (ng yéu cau dat ra va
phuong 4n lya chon & day 1a thiét ké 6 truc
dém khi cao tdc.

Air bearing, finite element method, air pressure distribution

Cong nghé 6 truc di ra doi tir lau va duoc
nghién ctru phat trién tdi wu qua ting thoi Ki.
O truc dém khi c6 dic tinh ki thuat hon han 6
trugt va 6 lian vé toc do ciing nhu d6 chinh
xac. Mot sb wu diém néi bat cua 6 truc dém
khi nhu ma sat va mai mon gan bang khoéng,
téc do va do chinh xéac cao, va khéng yéu cau
dau béi tron 1a nhiing lgi thé manh m& cho
thiét ké may hién nay. Tuy nhién cho dén nay,
nhitng loi ich nay van chua duoc sir dung triét
dé vi 6 truc dém khi rat kho dé san xut chinh
Xé&c céc chi tiét ciu thanh ciing nhu 1y thuyét 6
truc dém khi con khd méi mé. Vi vay, sau khi
tinh toan thiét ké xong truéc khi thuc hién gia
cdng ché tao, mot trong nhitng giai phap hay
duogc sir dung la tng dung phan mém chuyén
dung dé md phong va tinh toan cac dic trung
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khi tinh cua céc chi tiét trong 6 truc dém khi.
Trén co s& cac két qua md phong thi cac diéu
kién 6n dinh d3 dua ra trong phan tinh toan
thiét ké s& duoc kiém nghiém. DBdng thoi co
thé thay d6i cac yéu td dau vao va diéu kién
bién dat ra dé phén tich cac phuong an thiét
ké, lva chon phuong an thiét ké téi wu, giam
thoi gian ché tao thir nghiém nhim nang cao
hiéu qua cua qué trinh thiét ké va ché tao 6
truc. Chinh vi vay, trong bai bao nay, tac gia
s& nghién cau wng dung phan mém ANSYS
dé mo phong sy phan b &p suét trén bé mat
dém khi try dé xac dinh luc nang caa dém khi
ing dung trong 6 khi quay cao téc dé st dung
trén may khoan 16 nhé [5].

2. MO HINH HOA PEM KHi DANG TRU

bém khi mat tru dugc md phong tinh toan
nhu trong hinh 1.

Hinh khai trién 18 bac
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Hinh 1. Kich thwéc thiét ké chi tiét bac trong mo
hinh & khi quay [7]
Khi nén véi &p suat khong do6i duoc cap qua 2
15 thoi duong kinh 5, sau d6 chay qua 16 tiét
luu d; = 0.5 mm di vao cac ranh dan khi va di
ra bé mat dém khi.

Dua trén duong di khi nhu vay, mét moé hinh
toan hoc dé md phong dém khi try da duoc
xa@y dung trong Ansys nhu hinh 2. Trong mo
hinh mo phong nay, khi dugc cap ra mang khi
qua 6 duong cap khi vao kich thuéc 5mm, qua
24 15 tiét luu kich thudc ®0,5 mm phan bé
déu trén 4 vanh tron dan khi tir duong cap khi
I6n vao cac ranh khi. Khe ho khi khao sat dau
tién la 5pum. M6 hinh nay sé tuong ung Vi

phan chét khi chiém chd trong dém khi. Day
1a bai toan phan tich dong khi sir dung phan
mém Ansys CFX. Muc dich cua bai toan Ia
khao séat phan bé ap suat trén bé mat dém khi.
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Hinh 2. M6 hinh dém khi try trong phan mém ANSYS

2.1. Chia lwéi

Viéc chia luéi cho mo hinh nay duoc thuc
hién trén co sé cac diéu kién bién bang cach
g dung phuong phap phan tir hitu han. Dic
biét, ¢ dam bao do chinh xéc cua két qua tinh
toan thi viéc chia lu6i can phai phd hop voéi
moé hinh. Trong ANSYS hai chi s6 déanh gia
chat luong ludi Element quality cang tiém can
1 thi cang tét. Element quality: 0-0.001
(unacceptable), 0.001-0.14 (bad), 0.15-0.20
(acceptable), 0.20-0.69 (good), 0.70-0.95
(very good), 0.95-1.00 (excellent). Sknewness
cang tiém can 0 thi cang tét. Chi s6 nay danh
gia d6 cong vénh chuyén tiép giita cc phan tur
ké tiép nhau. Skewness: 0-0.25 (excellent),
0.25-0.50 (very good), 0.50-0.80 (good),
0.80-0.94 (acceptable), 0.95-0.97 (bad),
0.98-1.00 (unacceptable). Viéc chia ludi dugc
chon loai ludi 6 hinh tam giac Element quality
khong vuot qua 0.85.

= Két qua chia ludi duoc danh gia theo 2
chi sé:

Element quality: 0.82815;

Sknewness: 0.23378.
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= Vi trong md hinh ton tai cac tiép xdc gitta
mat cong va mat phiang, nhitng diém nay
khién cho viéc lya chon phan tur bac 2
(quadratic element) s€ tré nén phuc tap. Sau
khi can nhic cac mit loi va hai, phan tir bac 1
(linear elemnt) dugc chon dé st dung trong
mo hinh chia luéi.

* Mo hinh duoc chia ludi dugc chd trong
hon tai cac mat khao sat va cac khe ho voi
kich ¢ nho (tr 1-23 pum, ¢ nhing khe nho
nay kich ¢& phan tir dugc dat gia tri ti da c6
thé dat dén 1 pm.

(Céc mit can duoc chu trong chia lugi - hinh
4).

= Cé4c gia tri chi tiét caa chia ludi chon theo
hinh sé 3 vai cac chl y element size, max size,
defeature size, curvature min size. [3].

Details of “"Mesh"

[=1| Defaults "~
Physics Preference CFD
Fluent
Linear
Element 5ize 5.e-004 m
Export Format Standard
Export Preview Surface Mesh | Mo

Solver Preference

Element Order

[=1| Sizing

Use sdaptive Sizing Mo

Growth Rate Default (1.2)
CACTE S - - <
Mesh Defeaturing Yes

Defeature Size 1.2-004 m
Capture Curvature Yes

Curvature Min Size 1.e-004 m

Curvature Mormal Angle Default [18.07)
Capture Proximity Mo

0.15274 m

Eounding Box Diagonal

Hinh 3. Thiét lap tham sé chia lwéi

Hinh 4. Két qua can canh chia lwéi

2.2. biéu kién bién

= Ap suét dau vao 4 bar, ap suat dau ra 0 bar

+ Dong chay lién tuc.

= Bé& mat: Sau khi gia cdng, hau hét céc chi
tiét déu ton tai nhitng map mé, dua theo trinh
d6 gia cdng tai cac co s& san xuat va yéu cau
ché tao trong thuc nghiém, d6 nham bé mit
trong mé phong duogc dat theo gia tri trung
binh phii hop nhét: 0.32 micron.

Cac bé mat tiép xUc véi truc quay duogc cho
quay quanh 1 truc dbi xung véi toc d6 20000
rpm dé md phong chuyén dong quay cua truc
trong 6 khi.

= Chit khi: Trong diéu kién tinh, 16p khi giita
cac khe ho khdng co sy xao tron gitra cac lop,
nhung khi truc quay hoat dong ¢ téc do quay
160, 16p khi xuét hién su x4o tron, vi vay chon
diéu kién bién: dong chay réi - mo hinh
k-epsilon.

Lya chon dic diém cua chat khi trong mo
phong phd théng nhat: khéi lwong riéng:
1.185 kg/m3 va c6 nhiét do ding nhiét: 25°C.

= Thiét lap d6 chinh xéc gita cac budc lap
(mic dinh) va s6 budc lap: 3000-5000.
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Hinh 5. M6 ta dwong khi vao va ra sau khi nhap diéu
kién bién

Sau khi di thiét 1ap chia lu6i va nhap cac
thong sb diéu kién bién dya vao ly thuyét va
kinh nghiém trong qué trinh mé phong. Cong
doan nay rat quan trong né quyét dinh dén
viéc tinh toan c6 chinh xac cua két qua md
phong.
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2.3. Tinh toan moé phéng tri 4p sut trung binh trén cac bé mait bang

e 339499 Pa. Gia tri 4p suit trung binh trén vai
truc bang 127923Pa (theo két qua trich xuit tur
mod phong).

10201

3.2. Phan bé lwc day tai vai va truc
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Hinh 6. Phan mém Ansys thwc hién tinh toan
trén phwong phap phan te hiru han

Tur hinh anh két qua tinh toan trén hinh 6 ta
thay tir vong lap 600 do thi twong ddi on dinh
va dat duogc do tu.

3. KET QUA

3.1. Phan bé ap suat

Hinh 7. Két qua md phéng phan bé 4p suét

C6 thé thay &p suat phan bé trong md hinh 7
phan bo déu trén bé mat va trén vai truc c6 gia Hinh 8. Phan bé lwc & vai trén, vai dwéi va truc
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Két qua:

Luc trén than truc khi can bang: 115.238 N;
Luc vai truc trén: 314.262 N;
Luc vai truc dudi: 179.841 N;

Nhan xét: Luc tac dong vai truc dudi thap hon
la hoan toan hop ly vi khi c6 tai gia cong sé
¢6 luc tac dong cua dao dé can bang vai luc
vai truc trén. Luc trén than truc nhin chung
duoc phan bé déu do d6 cac luc sé triét tiéu
nhau va can bang truc trong qua trinh quay.

3.3. Lwc léch truc khai vi tri can bang

Két qua khao sat lyc huéng tam Ién truc quay
(truc y) khi bi léch khoi vi tri can bang (theo
chiéu am cua truc z) ¢ cac trudong hop khe ha
khac nhau.

Bang 1. Két qua khao sat theo tryc z

bo léch (um) | Luc truc z (N) | Luc truc x (N)

1 1.00048 -1.26065
2 0.235899 -1.33247
4 3.86705 -1.8891

5 5.0159 —1.33818
6 4.04914 —2.89903
7 4.4536 -3.64427
9 7.63698 -3.68028
11 24.939 —-3.09046

N 30
25

20

pm

—O—Lyctrycz (N) #— Lyrc tryc x (N)

Hinh 9. 6 thj quan hé gitra khe h&
va lwc hwéng tam

Nhan xét: Tir bang 1 va do thi hinh 9 ta nhan
thdy két qua khao sat cac truong hop khe ha
khac nhau 1 um, 2 um 4 um, 5 um, 6 um,
7 um, 9 um, 11 pm lyc theo truc x twong ddi
6n dinh, lyc tac dung theo truc y ting khi khe
ho tir 9 um. Do d6 khi thiét ké truc khe ho tot
nhat 1a 1 pm dén 9 pm do dinh tdm truc sé cao
va s& 6n dinh trong gia cong.

4. KET LUAN

Qua nghién cau nhan thay viéc ang dung
phan mém Ansys trong mé phong dém khi s&
gitip nang cao dugc hiéu qua kinh té k§ thuat
cua quéa trinh thiét ké ché tao dém khi tru noi
riéng va 6 khi quay cao téc ndi chung. Vi trén
co s& viéc md phong nay sé giap xac dinh
dugc sy phan b &p suat trén bé mat dém khi
tru va luc nang cua dém khi. Do d6, bang cach
thay doi cac thong sb két cau cia dém va diéu
kién bién, thi qua viéc tinh toan mé phong co
thé xac dinh duoc cac thong sé k¥ thuat téi wu
cua dém khi véi lyc nang va d6 cing viing
I6n nhat. Vi vay, viéc md phong nay sé& gilp
giam bat dugc chi phi va thoi gian trong khéau
ché tao thir nghiém san pham.
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