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Abstract — This paper presents a theoretical investigation of the dynamic characteristics of externally pressurized
air pad bearings with closed loop grooves. These grooves are made on the surface of bearings to reduce the num-
ber of supply holes so that manufacturing costs can be reduced. The semi-implicit method is applied to calculate
the time varying pressure profile on the air bearing surface owing to the advantages of numerical stability and
fast time tracing characteristics. The static pressure of the groove bearings is much higher than that without
grooves, so the groove bearings can provide high load carrying capacity. The equation of motion considering ver-
tical motion and tilting motion are also solved using the Runge—Kutta 4th order method. By combining the semi-
implicit method and the Runge—Kutta method, fast calculations of the dynamic behavior of the air bearing can
be achieved. The variations of bearing reaction force, air film reaction moment, height, and tilting angle are
investigated for the step force input, which is 20% higher than the bearing reaction, when the nominal clearance
is 6 mm. The effect of the groove width and the groove depth are investigated by calculating the dynamic behav-
ior. The possibility of the air hammering with the depth of the groove is found and discussed.

Keywords - externally pressurized air pad bearing(2] 714371 = W o] &), bearing instability(H] o] &
E-9HA), surface groove (¥ ZLFH), dynamic analysis(§ 543 34]), semi-implicit method(¥+2- 8= )

Nomenclature x,y: Dimension for length and width (Z°]2} &
Wk #3t)
B : Width of Bearing (m) (Hlof® = h: Air film thickness (3719 B4 =°])
L : Length of Bearing (m) (#lofsd 4o)) p : Film pressure (3719} ¢42)
r, : Radius of supply hole (m) Gi71% 214) p. : Ambient pressure (th7]})
F, :Resultant force of the bearing (N) (HIo1H O : Main variable =PH & ©A5)
o] o3t HH) O.; : Dimensionless inlet mass flow rate (X1
M, : Resultant moment of the bearing (Nm) (H|o] )

2 <lgo] o8t THlE W) A : Compressibility number (357 75)
D, : Depth of Groove (m) (I5FH. ZJo]) o : Squeeze number (T AlT)
W, : Linear velocity (m/s) (A55) 0 : Angle of grooves (deg.) (IFHZI%)
w
T

: Rotational speed (rpm) EHE5%E
'Corresponding author : pss@ynu.ac.kr P (tpm) € o

Tel: +82-53-810-3538, Fax: +82-53-810-4626 : Dimensionless time (7M1 ARh)
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Fig. 1. Schematic diagram of air pad bearing.
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50 mm
50 mm
0.1 mm
4 bar
1 ~4 mm
50 ~ 200 pm
6 um
05 ~ 5 kg
0.001 ~ 1 kgm®

Bearing length
Bearing width
Groove width
Groove depth
Clearance
Mass
Inertia

Radius of supply hole
Supply pressure

Table 1. Specification of air pad bearing with groove
Fig. 2. An example of height function with grooves.
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Fig. 3. An example of pressure profile without grooves.
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Fig. 4. An example of pressure profile with grooves.

Table 2. Reaction forces of air pad bearing as groove
width and depth

Groove Width (mm)

1 mm 2 mm 4 mm
50 451N 455N 438N
Groove 100 475N 482N 475N
Depth 150 482N 492N 500N
(pm)
200 485N 498N 516N
Force [N]
140
120
100
80
——— ReForce
60 | ——Ext Force
40
20
& o 0.01 0.02 0‘037 0.04 0.05 0.66 0.07

(a) Impulse external force and Reaction force

Thickness [um]

0 001 0.02 003 0.04 005 0.06 007
Time

(c) Vertical response of pad
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—— Moment
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(b) Zero external moment and reaction moment

Angle of pad bearing [radian]
000012

00001
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0 001 0.02 003 0.04 005 0.06 007
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(d) Tilting response of pad

Fig. 5. Dynamic response without grooves for the mass of 0.5 kg and for the inertia of 0.001 kg x m>.
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Thickness [um]
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(b) Vertical response of pad

Fig. 6. Dynamic response with grooves for the mass of
5 kg and for the inertia of 1 kg x m’,
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Time

(a) Vertical response of pad (W,=2mm)
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(b) Vertical response of pad (W,=3mm)
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(c) Vertical response of pad (W,=4mm)
Fig. 7. Effect of Groove Width.
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(a) Vertical response of pad (D, = 100um)
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(b) Vertical response of pad (D, = 125um)
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Time

(c) Vertical response of pad (D, = 150um)

Fig. 8. Effect of Groove Depth when Groove width is
2 mm.

(1) Semi-Implicit & o]&3te] F7wo]=e] &
e e =
(2) ZFE7} e A5, 2FEIL gl Hlojde) v
A AR S i =Y 5 vk
(3) 2FES F2 7] J= o] T3 54
& 9L vAA St

(4) 2789 ol ¢ Fash, Y

-
N
flo
oM,
o

J. Korean Soc. Tribol. Lubr. Eng., 33(6) 2017

us - gl

i

o BT 750l dold = o, Hojge] s
Aol ZFH2] Zolol thet Al dAZE a7-HT

References

[1] Kim, W.-J, Park, S.-S., Han, D-C. “A study on the
dynamic characteristics of an externally pressurized
gas bearing”, J. Korean Soc. Tribol. Lubr: Eng., Vol. 7,
No. 2, pp. 51-60, October, 1991.

[2] Park, S. S., Han, D. C., “A study on the characteris-
tics of an externally pressurized conical gas bear-
ing”, J. Korean Soc. Tribol. Lubr. Eng., Vol. 7, No. 1,
pp. 35-39, April, 1991.

[3] Park, S.-S. Han, D.-C. “Analysis of the air journal
bearings with two circumferential grooves”, J. Korean
Soc. Tribol. Lubr. Eng., Vol. 13, No. 4, pp. 40-46,
December, 1997.

[4] Son, S.-I., Kim, K.-W. “The effect of dimensions
and location of oil grooves on the static perfor-
mance of a cylindrical journal bearing”, J. Korean
Soc. Tribol. Lubr. Eng., Vol. 26, No. 4, pp. 209-218,
August, 2010.

[5] Wang, Nenzi, Tsai, C.-M., Cha, K.-C., “Optimum
design of externally pressurized air bearing using
Cluster OpenMP”, Tribology International, Vol. 42,
Issue 8, August 2009, Pages 1180-1186.

[6] Khim, G H., Park, C. H. “A rotary stage in a vacuum
using an air bearing”, Vacuum July 2014, Vol. 105,
pp. 39-45.

[7] OAV®AIr Bearings, http://www.oavco.com/, Accessed
October 15, 2017.

[8] Kogure, K., Kaneko, R., Ohtani, K., “A study on
characteristics of surface-restriction compensated gas
bearings with T-shaped grooves”, Bull. Jpn. Soc.
Mech. Eng., Vol. 25, No. 210, pp. 2039-2045, 1982.

[9] Du, J. J., Zhang, Guoqing, Liu, T., To, Suet, “Improve-
ment on load performance of externally pressurized
gas journal bearings by opening pressure-equaliz-
ing grooves”, Tribology International, Vol. 73, May,
pp. 156-166, 2014.

[10] Song, M. S., Azam, Siraj, Jang, J. H., Park, S.-S.,
“Effect of shape errors on the stability of externally
pressurized air journal bearings using semi-implicit
scheme”, Tribology International, Vol. 115, Novem-
ber, pp. 580-590, 2017.

[11] Fourka, M., Bonis, M., “Comparison between exter-
nally pressurized gas thrust bearings”, With different
orifice and porous feeding systems. Wear, Vol. 210, pp.
311-317, 1997.

[12] Belforte, G, Raparelli, T., Viktorov, V., Trivella, A.,
“Discharge coefficients of orifice-type restrictor for aero-
static bearings.” Tribol Int., Vol. 40, pp. 512-521, 2001.



