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DESIGN OF HYDROSTATIC SCREW AND NUT

*
M. A. NASSER

ABSTRACT

This article is concerned with a proposed simple method to design an exter-
nally pressurized trapezoidal and rectangular screw and nut mechanisms.

The general lubrication assumptions are applied to the governing equations
‘and continuity equation of the lubricant. The reduced equations are then
used in an assumed double film annular bearing which is considered to be

.equivalent to one turn of the hydrostatic screw.

It is found that the performance characteristics of a hydrostatic screw

such as power consumed ,volume flow rate, and static stiffness can be
estimated in an easy manner, Furthermore, the optimum operations conditions
can easily be determined. '

INTRODUCTION

A power screw is a mechanism that is used in machinary to change the angular
motion into linear motion., It is usually utilized in power transmission
applications, When using conventional lead screw and nut, many problems

such as power losses due to friction, wear, and stick.slip phenomena were
found. It has been realized that using of externally pressunized oil lead
screw would overcome most of those problems.

In this investigation, an attempt is made to introduce a proposed method to
design a hydrostatic screw, A system of double film annular bearings is used
and considered to be equivalent to one screw turn.

This approach will enable a designer to predict the performance charact-
eristics of a hydrostatic screw such as power, volume flow rate of the
iubricant, and static stiffness of the fluid films. The optimum operating
conditions are also presented.

ANALYSIS
Figure (1) shows a section of one side of a hydrostatic screw. This screw

may be represented by a system of double film annular bearing which is
shown in Fig..(2).
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Fig (1) Hydrostatic Screw Tooth

For clarity of the analysis, one o
of two opposed pads of this system

is presented in Figq. (3), as a single
pad annular bearing.

From Figs (1 and 3), the following
relationships can be drawn :-

Fig. (B8) Single pad annular bearing.
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The performance characteristics of the equivalent annular bearing (for the
top and lower pad of the equivalent system that shown in Fig. (2) can be
obtained by applying the following assumptions to the Navier-Stoke's
equations :

1~ The flow is incompressible.

2= The flow is one dimensional "radial flow"

3~ The inertia forces of the labricant are neglected.

4~ The body forces of the lubricant are neglected

The reduced Navier-Stoke's equation will be :

2
P oo ? V;
or M 92?
The load carrying capacity of the bearing is

(5)

W = ‘[p . dA ‘ (6)
2 2 2 2
2 .2 1 Rs = Bq Ry = Ry
W=p, AR _-R,) . = (7)
! ° i 2 2
2(Ro N Ri) {Bge Ro/R3 {%ge RZ/Ri
The volume flow rate can be determined as
h .
Q= fvr dA = of Vrnddz (8)
3
Q=% .a . %I 2] : " : ] (9)
2 {69e Ro/RB the Ro/Ri

The static stiffness of one side of the double film annular bearing , may
be writtien as

a. 3 Py - 3 A

.k (10)
h s

Wnere k_ : is the stiffness coefficient and depends mainly on the method
of compensation.,,
i ) For orifice plates compensation

Ko =(py /P92 - (py /p))/(2~ (p) /P)) (11)

ii ) For capillary tube compensation :

ko =py /b, (L= (o, /B)) (12)

iii) For flow control valve compensation :

K =
s By £ Py (13)

SCREW PERFORMANCE

The performance of a screw is similar to that for a set of double film
opposed annular bearings. The n@mber of these bearings in that set is equal
fo the number of screw turns.
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The volume flow rate required to separate lead screw from nut can be
given by :

Q = n Q.+ Q) (14)

the static stiffness is

% =n (A, + A, coser (15)

Since both the top and lower flanks take the same geometry, eguation (14)
can take the following form :

3 PS . af . A 2
A = n, ) ( k) cos®s (16)
s ss
_ h
= +
where kss (ks f kS lf)

The power losses are occurred due to pumping action and friction, i.e.

= + . 17
Elosses Epumping Efrictlon ()
The pumping loss is given by :

- = P, 18
Epumplng 1 Qs (18)
whereas the frictiogal loss is given by

n N h + h
: { 4 4 4
F._ . .. . = = e tf)[(R4—R.)+(R —R.)] kg cm/sec
frictional 2 i o 3
65,9688 h{f . htf
(19)

Equations (14 through19) are valid in the analysis of trapozoidal hydrost-
atic screw, while in the case of rectangular hydrostatic screw the value
of (e<) is equal to zero , However, in the latter care a possibility of
radial friction may take place.

RESULTS

P
Figure (4) shows the effect of the pressure ratio ( = ) on the coefficient .

p :
(k ) at different compensation methods, It can be segn that the use of
fiow control valve, as a compensating element, makes the static stiffness
coefficient of the externally pressurized bearing increases linearly as the
pressure ratio increases, In case of using of sharp-edged orifice, the
maximum stiffness coefficient occurs at pressure ratio of 0.61.
While using the capillary tube restrictors, the maximum stiffness coefficient
takes place at a pressure ratio equals to 0,5,
These results are valid for a constant supply pressure.
Figure (5) presents the relation between the stiffness coefficient (k )
and the fluid film thickness (htf + hlf = 100 ym) using the three different
restrictors for various pressuré ratios. It clear from this figure that the
minumum value of (k) occurs at ht = hl . Also, it can be seen for a
certain film thicknésas that the stlgfness coefficient increases as preésure
ratio increases, when using flow control valve as a restrictor. Moreover,
for a constant film thickness, the maxima stiffness coefficients occur at
pressure ratios 0,5 and 0.61 when utilizing capillary tube and sharp~edged
orifice restrictors, respectively. Figure (6) shows the relation between
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2
the friction loss and the film thicknews for n Np (R4 - R‘.‘)+(R4 - R4) /
65.9688 = 1 , The same figure presents the relation getweén vofume ?low

rate and the film thickness for

N st P, [ 1 4 1 ] =1
6p {n ‘RO/R3) (n (Rz/Ri)

It can be seen that at (h = h ), both the volume flow rate and friction
tf ’f
loss are minimum,

CONCLUSIONS

For hydrostatic screw that has the optimum operating condition (minimum
power losses), for a certain pressure and geometry, both the top and lower
flank film thicknesses must be equal. This case, however, gives the minimum
static stiffness.

*To obtain maximum screw stiffness, it is preferred to use flow control

valves as restrictors, using pressure ratio equals to unity.

REFERENCES

1- Bassani, R., "The flow self-regulating Hydrostatic screw and nut,
J.Lubr. Technol. 101, (1979).

2- Bassani, R. "A new opposed-pad hydrostatic bearings", Meccanica, 10,
{1975). )

3~ Bassani, R., "The selt-Regulated hydrostatic screw and nut with
rectangular threads, wear, 61, (1980).

4- Rippel, H.C., "Basic concepts and pad Design, "Machine Design, Auqust,
(1963).

5~ Khaimovich, "Determining optimal Dimensions for hydrostatic-Bearing
Sources, Machine and Tooling, Vol. XLIV No, 4, (1971).

6~ Bassani, R., "The self-Requlated Hydrostatic screw and Nut with
Rectangular Thr?ads“, wearm 61, (1980).

NOMONCLATURE

W load carrying capacity.
Q volume flow rate of the equivdlant bearing.
N r.p.m.
Qg required volume flow rate of the screw.
E energy losses.
d%ossesinternal screw diameter.

in : .
drin internal recess diameter.
d outer recess diameter.

r out :
do t outer screw diameter.
ﬁ&» internal radius of equivd@lent annular bearing.

d.b = (dout - dinn)/2

nner djameter of t ut . .
ngernai recess raaiug of equiv@lent annular bearing.

outer recess radius of equiv@lent annular bearing.
outer radius . of equivdlent annular bearing.

screw bitch,

radial velocity of lubricant flow

£luid film thickness,

supply pressure.

inlet recess pressure.

shape factor.

£
+Hh ™ 0 "~ o] n-;'
3

DU o<
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number of screw turns.
lower flank.

top flank.

screw flank angle.

screw angle srd/L

lubricant viscosity.

static stiffness of the equiv@lent bea¥ing.

static stiffness of the screw.
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