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[571 ABSTRAm 
A lead screw positioner (10) is described, which has 
extremely low noise, including a nut (12) lying about a 
lead screw (14) and means for flowing gas under pres- 
sure between the nut and screw to keep them slightly 
spaced. The nut forms a plenum chamber (34) which 
receives pressured air, and has several holes (32) leading 
from the chamber to the clearance space (20) between 
the nut and screw to apply pressured air thereto. The 
nut and screw are devoid of direct sealing contact, so 
the pressured gas flows from the holes and axially along 
the screw to the end of the nut, where the gas flows into 
the environment. 

5 Claims, 3 Drawing Figures 
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LOW NOISE LEAD SCREW POSITIONER 

ORIGIN OF THE INVENTION 
The invention described herein was made in the per- 

formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 USC 2457). 

BACKGROUND OF THE INVENTION 
Some applications, such as the positioning of optical 

elements as in interferometry, require extremely precise 
positioning such as with an accuracy of less than one 
micrometer. A lead screw and nut can be constructed 
with the required precision, and with a very small clear- 
ance such as 0.0005 inch, and a number 5 (five micro- 
inch) machine finish on the mating threads. However, 
even such elements will not provide the required preci- 
sion and uniformity, or lack of “noise”, in movement of 
the optical element. A positioning apparatus which 
could provide extreme precision in the movement of a 
nut and with an extremely small level of “noise”, or 
unpredictable small sudden movements, in a clean envi- 
ronment in which instruments are utilized, would be of 
considerable value. 

SUMMARY OF THE INVENTION 
In accordance with one embodiment of the present 

invention, a positioning apparatus is provided, which 
can position elements with extreme precision and very 
low noise, in an instrument environment. The apparatus 
includes a lead screw, a nut lying about the screw, and 
a means for flowing gas under pressure in the clearance 
space between the nut and screw. The pressured gas is 
applied to a location spaced from the ends of the nut, so 
that the gas can flow in an axial direction along the 
clearance space and from an end of the nut into the 
environment. The nut is provided with a plenum cham- 
ber into which pressured gas is pumped, and the nut has 
a group of very narrow holes that are circumferentially 
spaced about the nut, to carry pressured gas from the 
plenum chamber to different locations about the screw. 
The nut is free of seals or the like that would prevent the 
escape of gas into the environment. Instead, a very 
small clearance is provided between the nut and screw 
to minimize the flow of gas therealong, and the inert gas 
is allowed to freely flow into the environment. 

The novel features of the invention are set forth with 
particularity in the appended claims. The invention will 
be best understood from the following description when 
read in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a sectional view of a.positioning apparatus 

constructed in accordance with the present invention. 
FIG. 2 is a view taken on the line 2-2 of FIG. 1. 
FIG. 3 is an enlarged view of selected areas of FIG. 

1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shows a positioning apparatus 10 which in- 
cludes a nut 12 lying about a lead screw 14 and a closely 
controllable motor 16 for rotating the lead screw. The 
nut 12 can be used to position an object with extreme 
precision, such as to position a retroreflector 18 in an 
interferometer system which analyzes radiation such as 
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2 
infrared radiation from the sun. In such applications, it 
is desirable to avoid even small irregular movements, 
which would occur in the case of precision nuts and 
lead screws that are in direct contact with one another. 
Small irregularities in the engaging surfaces can pro- 
duce small irregular movements of the nut, such move- 
ments typically being referred to as “noise”. It is possi- 
ble to apply pressured hydraulic fluid between the nut 
and screw to prevent their contact, but unless seals are 
utilized at the ends of the nut, the hydraulic fluid will 
flow into the environment and dirty the equipment in a 
manner that is unacceptable in many applications. If a 
seal is used at the end of the nut, such a seal which has 
direct contact with the lead screw and nut, itself gives 
rise to noise. 

In accordance with the present invention, a gas is 
applied to the clearance space 20 between the nut and 
lead screw to center the axis of the nut on the axis 22 of 
the lead screw, to prevent direct contact of one with the 
other. The pressured gas is obtained from a source 24 
such as a cylinder of pressured nitrogen, and is applied 
through an inlet 26 to a plenum chamber 28 of the nut. 
A radially spaced inner wall 30 of the plenum chamber 
has a group of narrow passages or holes 32 that lead to 
the clearance space 20 between the nut and lead screw, 
to apply pressured gas thereto. 

The nut 12 is provided with two connected plenum 
chamber portions 34,36 and the second portion 36 also 
has a group of holes 35 leading to the clearance space 
20. The pressured gas applied through the holes 32, 35 
moves in the axial directions indicated by arrows 37,38 
respectively, so the gas flows to the opposite ends of the 
nut and into the environment. Since the pressured gas is 
relatively inert, the addition of small amounts of it to the 
environment does not cause any harm. The clearance 
space 20 between the nut and screw is very small, so 
that there is a very small flow rate of gas into the envi- 
ronment. As shown in FIG. 2, each group of holes such 
as 35, includes six holes 41-46 that are circumferentially 
spaced about the axes of the nut and lead screw, so that 
the pressured gas is applied relatively uniformly around 
the clearance space 20. The pneumatic centering system 
can operate by increasing the pressure on one side of the 
nut when that side approaches the lead screw. In one 
example, the gas pressure in the plenum chamber 28 
may be at 15 psi, and there may be a pressure drop 
through each of the holes such as 41 so that the average 
pressure at the opposite or inner end of each hole is 
about 10 psi. If the pressure at the radially inner side of 
each hole is 10 psi, then there is uniform pressure all 
around the screw. 

If the nut 12 moves downwardly so that the clearance 
space near the inner end 41i (FIG. 3) of hole 41 de- 
creases; then this restricts the flow of air out of the hole 
41. The lower flow rate of air causes the pressure at the 
inner end of the hole 41 to rise towards the higher pres- 
sure of 15 psi in the plenum chamber 28. Accordingly, 
the pressure at the inner end of the hole 41 increases 
towards 15 psi, so that more force is applied to the top 
of the nut to raise it slightly. When the nut initially 
moved down, the larger clearance space at the bottom 
hole 44 resulted in a larger flow rate of gas through that 
hole, so that the pressure at the inner end 44i of the hole 
44 decreased from 10 psi to a lower level such as 9 psi. 
Accordingly, the gas at 44i applied less downward 
force to the nut 12 to allow it to rise and thereby center 
it. 
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The plenum chamber 28 extends circumferentially crease in resistance will be noted on the resistance- 
around the nut, and has a much larger cross section than measuring device 72. 
any of the holes 41-46, of more than one hundred times Thus, the invention provides a low noise precision 
as much, that the gas pressure at the radially outer ends positioning apparatus, which can be utilized in the envi- 
of the holes are uniform. Two groups of holes 32, 3 5 5 ronment of delicate instruments. The apparatus includes 
(FIG. 1) are utilized, to provide two areas at which a lead screw and nut, and a means for flowing gas under 
there is a large centering force on the nut, and to pro- pressure between them, so that the pressured gas can 
vide two axially spaced locations at which the nut is flow in an axial direction to the end of the nut and out 
centered to thereby resist forces tending to tilt the nut. into the environment. The nut is provided with a group 
Only two groups of holes 32, 35 are provided, since 10 of holes circumferentially spaced about the nut and 
there are only two directions 37,38 for the gas to flow screw, and gas under pressure is applied through the 
axially along the lead screw from each group of holes. holes to the clearance space between the nut and screw. 
Additional groups of holes can be provided if an addi- No solid contact is maintained between the nut and 
tional nut portion is used which has ends that are each screw in normal operation, and there are no seals at the 
separately open to the environment. 15 ends of the nut to prevent the free outflow of the gas 

As shown in FIG. 3, each of the holes such as 41 is into the environment. Instead, inert gas is allowed to 
positioned in the nut wall 30, so that the hole inner end flow freely into the environment, and the amount of 
41i lies at the lower apex 48 of a nut thread, and there- flow is restricted by providing a small clearance be- 
fore opens to the bottom of the screw thread. This helps tween the nut and screw. The screw and nut can be 
provide uniformity in the distribution of the pressured 20 formed with electrically conductive surfaces, so that a 
gas from the inner end of each hole into the clearance resistance measuring device can be connected between 
space 20. Since the apex of the thread is axially shifted them to note any sudden decrease in electrical resis- 
(by 1/80th inch for a 40 pitch thread) at locations 180" tance between them that would indicate direct contact. 
apart, the inner ends of the holes 41i and 44i are ar- Although particular embodiments of the invention 
ranged so they are slightly displaced, as by the distance 25 have been described and illustrated herein, it is recog- 
S along the axis 22 of the lead screw. nized that modifications and variations may readily 

In one positioning apparatus that has been con- occur to those skilled in the art and conseauentlv. it is 
structed, the lead screw-14 was of one inch diameter, 
and had threads 50 with a pitch of 40 threads per inch. 
The.threads 52 of the nut had a pitch which was 0.004 
inch greater than that of the lead screw. This resulted in 
a positive clearance C between adjacent surfaces of the 
nut and lead screw, of 0.0005 inch. The holes such as 41 
were each constructed with a diameter of 0.005 inch. In 
one group of tests, gas was applied at a pressure of 15 psi 
at the inlet 26 of the plenum chamber, and at that pres- 
sure the nut 12 was able to support a weight of 250 
grams before making contact with the lead screw 14. 
When pressured gas was not applied, there was a high 
friction that acted as a stop to prevent nut rotation 
relative to the screw, and therefore prevent screw rota- 
tion. 

A variety of devices can be used to prevent rotation 
of the nut, with very little torque being applied to tend 
to rotate the nut. One example of a rotation-preventing 
device, is an air-bearing which includes a pair of pads 
62,64 (FIG. 2) that each have a hole 66 therein to apply 
pressured gas between the pad and a corresponding side 
of a flange 68 extending from one side of the nut. The 
screw is supported by bearings 70, which may be air 
bearings to reduce the possibility of noise. 

During normal operation, the nut does not make 
contact with the lead screw at any point. The apparatus 
can be monitored for any such contact, by constructing 
at least the threaded portion of the nut and lead screw of 
conductive material such as metal, and measuring the 
resistance between the nut and screw. This is accom- 
plished by connecting a resistance measuring device 72 
between the lead screw and nut, with one terminal 74 of 
the device fixed to the nut 12, and the other end 76 in 
very low pressure sliding contact with a slip ring 76 on 
the screw. The gas, such as nitrogen, applied in the 
clearance space 20, has very high electrical resistance, 
and the nut normally does not make contact anvwhere 

L r ,  

intended that the claims be interpreted to cover such 
modifications and equivalents. 

30 What is claimed is: 
1. A low noise positioning apparatus comprising: 
a lead screw having an axis extending in an axial 

a nut lying about said screw; 
said screw and said nut having electrically conduc- 

tive surfaces; 
means for flowing gas under pressure between said 

nut and said screw and in an axial direction and out 
of an end of said nut into the environment, and 

means for measuring the electrical resistance between 
said screw and said nut, whereby to enable check- 
ing for possible contact of the nut and screw. 

2. A low noise positioning apparatus, Comprising: 
a lead screw having an axis extending in an axial 

a nut lying about said screw; 
a clearance space between said screw and said nut; 
said nut having at least 3 holes therein with the holes 

being circumferentially spaced about the screw to 
carry pressurized gas to the clearance space be- 
tween the nut and screw; 

said holes each passing through a crest of a thread on 
said nut so as to discharge gas into the root of the 
thread on said screw which is complementary to 

said holes being displaced slightly from each other in 
an axial direction with the spacing determined by 
the pitch of the thread on the nut such that each of 
the holes passes through the crest of the nut thread, 

whereby the nut is precisely supported in an orginal 
position in spaced relation with respect to the 
screw when a pressurized gas is passed through the 
holes in the nut into the clearance space between 
the nut and the screw with lateral displacement of 

direction; 
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with the lead screw,-so that there is usually a very high 65 
resistance between them, even though they are very 
close together. If contact is made even over a very small 
region between the nut and screw, then a sudden de- 

the nut relative to the screw causing a pressure 
increase in the region where the spacing between 
the nut and screw is decreased with the pressure 
increase providing a restoring force to return the 
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nut to its original position with respect to the 
screw. 

said groups of holes being spaced axially with respect 
to the screw such that gas passing through said 
groups of holes provides support for the nut in 
several regions which are spaced axially in corre- 
spondence with the spacing of the groups of holes, 

whereby the support for the nut when pressurized gas 
is passed through the groups of holes provides 
increased resistance to tilting of the nut with re- 
spect to the axis of the screw. 
The apparatus Of 

the clearance space between said screw and said nut 
is on the order of 0.005 inches in permitting the free 
outflow of pressurized gas in the clearance space at 
a rate which is limited by the distance between the 
nut and the screw. 

3. The apparatus of claim 2 including: 
a plenum chamber within said nut which communi- 

cates with said holes such that a gas supplied to the 
plenum chamber flows through said holes into the 
clearance space between the nut and the screw. 

4. The apparatus of claim 2 wherein: 
said nut includes at least a first and second group of lo 

holes with each group including at least 3 holes 
spaced circumferentially about the screw and pass- 
ing through the crest of the nut thread into the root 
of the screw thread which is complementary to 15 
said crest; 

wherein: 

* * * * *  
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