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ABSTHALY

This paper is concerncd with theoretical and experimental investigation into the
pertormance chatracteiiscics ot rectangular ailr bearings compensated by pressute
ratio control valve.

The theuretical analysis pousents a mathematical model of the pertormance charactor -
istics of rectangular air Learing, which based on the viscous compressible izotherual
flow theory.

Experimental work was cacried out to verify the theoretical results.
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INTKRODUCTION

Lubrication has been defincd as the art of reducing the friction developed bLetween
two surfaces moving relative to each other, to over-come the effect of stick-slip
phenomena, increasing the litfe of machine tool slideways and improving the accuracy
and surface finish of workpieces.

From the review of litrature, it is clear.that in the field of externally pressurize:
gas bearings, the automatic control of the fluid £ilm thickness through the use of
control valves as a compensaeting elements receives no attentian, as compared with
externally pressurized wil film bearings (1-10).

It is the purpose of this paper to analyse theorctically and experimentally the
performance characteristics of externally pressurized rectangular gas bearings using
pressure ratio control valve as a compensating element.,

2. THEORETICAL ANALYSIS

The performance characteristics of rectangular gas bearings are deduced starting
from the govering equations, which are Navier-Stouckes equations and the continuity
equation, )

Using the following simplifying assumptions : ~
i )~ The flow is steady, laminer and Qne dxmenhxonal in the X direction.
il )=~ ‘the body forces are neglected.
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iii)~ Inertia forces are neglected.

iV )~ The fllm is thin, and the flow velocity gradient along the f£ilm is neg&ec;ed

in comparlson with the ve1031ty gradlent across the £ilm.

an expressions of the weight flow rate,> pressure dlstr&hutxon and load cartyxng
capacxcy can be obtained as.

2.lwelght Flow Rate

{L+n)/n (Len)/my 0 'i/L n w
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2.2 :Pressure Distribution

The pressure d1str1buonn is obtained by the following e?? gi?n

. B —x R
p el p eM)/n ® (1+n)/n (1+n)/n) ()
a szBl :
Since the flow is slow and the bearing is made of conducting material, therefore
the assumption of isothermal flow is valied.

' For isothermal flow condition n=1

’ B, =% 5
. 2 2 2 2 . .
P P° 4+ (P, =P ") =S (3) .
[ a 1 a Bz—Bl ]
and ) 3 Wi.L' 3
W= (P’ =P {4}
1 a Pl. 12 p (B 1)

©2,3:THe Load Carrying Capacity
The load carrying capacity is obtained by the following equation.
, o Co 33 2 2
L.= 2Pl.LQ.Bl + [ 4LO. (Bz~Bl)(Pl - Pa)]//g (Pl - Pa) (5)

2.4: Stiffness

. This section. deals Nlth the evalution of the stiffness of externally presaurized

rectangular bearlng gampenSuted by the modeified pressutre contcql valve.

2 4, 1 Pressure ratio control valve {Bouble dlaghragm Pressure tatao

Control valve)

Bearing Circuit

The Bearing circuit consists of “the bearing and the pressuce cgntrol.valve shown in
Fig (4 ). .The valve consists mainly of two diaphragms of low gtiffnees modulii
connected rdgidly by a stem moving in a guide formed in the valve body. A ¢ireular
recessed control pad is used to thyottle the constant supply pressure P_ to P through
a controlled gap formed between the diaphragm 1. and control pad. The fiuid uflder
pressure P is then supplied to the bearing via an orifice. 9Iwo pressure tapping
holes are ﬁade in the bearing supply line, before and after the orifice, From tha

two tapping holes the fluid is fed back to att upon diaphrapm (2).

The flow through tge valve control pad is given as i
5 g W Th 1
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The weight flow rate through the orifice is
2n [ (El 2/n P1 (n+;)/n]

ow-nrr | B T )
(] o]

wo = ao.Po (7)

The flow through the beariﬂg is given by

2 2 wl'Lo' h b

- B7)
; o) Pl- 12)1 (?2-—31)

W = (P

b (8)

By Continulty

W = ¥,
. ,3_ 124 RT. a_. P_ (B,~B,) p /n p (n)/n
"hb_ o’ "o T2 7Y 2n (__J;)_-(__l) . (%)
L (22 - p? ) (n-1)RT | P B,
o1 3]
Force eguation
Po‘Al+PlA2 = Pohz (10)
assume A2/Al = m
P
A _mel (11)
Po m
Substitute from equation (11) into equation (9)
L1/3 3 1/3 1/6
a2 e ) 3 (2 | 2/n (n+1)/n /
b= s -1 2n (.rg-_—_l_) (m—l) (12)
1, = " . - —
b (NP2 _ p2,1/3 {n=1)RT m m
. s a
where N = Pl/Ps . 7 (13)
The stiffness is defined as
_ zdL dh
A= an /an

Substitute from equation (13) into equation (5) and differentiate the new equation
and equation (12) with respect to N, '

The stiffness is given by the Followind equation
2 o : )
7‘_ (21.22 + 23.24) Zg
o7 1/3
) . 26' PS. My 27.
where
z,= 6 P_.L .B
1 8 0

(14)
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3~ EXPERIMENTAL VIRIFICATION

The presented experimental work was carried out to verify the theoretical findimgs.

3.l~Experimental setup

The experimental setup includegy the bearings, pressure control valve, the fluid
circuit, loading systewm and the measur;ng devices.,

3.1.1~The beasings
The bearing consists of two main parts a pad and a bed.

3.1.1.1:The pud -
B rectangular pad made of mild steel, ground and lapped was used in the experimental
work., The pad is of length 200 mm and width 120 mm. the recess length is 0.9 the
bearing length and the recess width is 0.28 the bearing width. The recessed bearing

has a central hole of 2 mn diameter to supply the fluid to the bearing as shown in
Fig ( 2).

3,1.1.2;:The Bed

A commen steel bed shown in Fig., (3 ) of dimensions 36x28 c¢m and 3.5 cm thick. The
bed was fine ground to form the second bearing surface, on which the pad floats.

3.1.2 " : Preszureé Control Valve

The bearing cir?ugt includes the pressure control valve, The pressure control valve.
wis constructed , to represent the compensating element in the circuit as shown
in Fig.(4 )

3.1.3 : Fluid Circuit Fig.( 5}

The fluid circuit consists of , the air compressor, the pipe line and the control
tHevices.

3.1.4 .: Loading System

The load was applied to the bearing through a calibrated proof ring in addition to a
mechanical exciter

3.1.5 :The Measuring Devices

The measurements necessary to carry out the experimental 1nvcstLgat10ns were:
i )~ Pressure

Five bourden guuge we used to measure the pressure,
ii )= Flow rate
" A calibrated orifice meter with D and D/2 pressure tappings was used to meas-

ure the flow rate.
iii)- PFilm Thickness

The bearing film thickness was measured by two methods:

1~ Three calibrated dial gauge of 0.0l mm division were used to measure the
film thickness.

2- The film thickness was also used by a vibration trangducer which measure
the relative movement of the pad to the bed. This indicates the film
thickness,
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iv )~ The Load
The load was measured by a calibrated proof rxng, equipped with four strain
gaugeSas a bridge. -

DISCUSSION OF RESULTS

Fig. { 6 shows the relation between the stiffness and film thickness. From the
figure 1t is clear that the stiffness increases as the film thickness decreases at
the same valV¥e of diaphragm area ratio and from the figure at constant film thick-
ness the stiffness increases as the diaphragm area ratio decreases.

Figure {7.) shows the relation between the load carrying capacity and the stiffress
at different diaphragm area ratio. From the figure it is noticed that as the load
increases the stiffness increases and from the figure the stiffness increases at
the same load as the diaphragm area ratio increases at the same supply pressure.

Figure (-8 shows experimental relation between the applied sinasoudal load and film
thickness at constant pressure and different gap thickness.prom the figure it is
clear that as the applied load increases the film thickness decreases and at const-
ant load the film thickness increases with the increase of the initial gap thickness.

Figure (g) clears the experimental relation between the stiffness and film thickness
at different initial gap thickness. From the figure it is noticed that the stiffn-
ess increases with the decreases of the film thickness at constant gap thickness.

It is also noticed that the stiffness increases as the gap thickness increases at
the same film thickness ,

Figure (10)shows the experimental relation between the applied load and dynamic sti-
ffrness at different values of gap thickness. From the fiqure it is noticed that the
dynamic stiffness increases with the increase of the load, it is also clear that the
dynamic stiffness increases as the gap thickness decreases at the same load for small
applied load and after this the dynamic stiffness increases as the initial gap thick-
ness increases. From this it can be stated that if the bearing is working under
small load the initial gap thickness should be adjusted at small value to give high
agynamic stiffness and the opposite if the load is big.

Figure (13 shows a comparison between theoretical and experimental results for the
rélation between the bearing load and fluid film thickness, From the figure it is

clear that there is a reascnable agreement between the theoretical and experimental
result,

CONCLUSTONS
1. The stiffness of externally pressurized fluid film bearings depends on the methods
of compensation. :

v

2. Por pressure control valve the stiffness increases as the dlaphragm area ratio
increases. '

3.  For pressure control valve the stiffness depends on the. 1n1t131 gap thickness
between the valve control pad and diaphragm.
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NOMENCLATURE

= The area of diaphragm (1).

= The area of ddaphragm (2}.

orifice area.

width of rectangular bearing recess.

Total rectangular bearing width.

= Pilm thickness between valVe control pad and the diaphragm.
= Bearing film thickness.

Load carrying capacity.

Rectangular recess length .

= Diaphragm area ratio.

Ratio of recess Pressure/Supply Pressure,
Pressure distribution,

absolute pressure.

P, = recess pressure.

sUpply pressure.

= Gas constant.

r, = Inner and outer valve control pad radii.
absolute temperature,

Weight FPlow rate.

Viscosity.,

Stiffness. .
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fig( 5) The Air
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