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I . INTRODUCTION

The electrostatic ballistic pendulum (EBP) impact momentum

transducer has evolved over a series of cbntracLs and subcontracts

originating from the NASA/MSC to the LTVRC/WD. The transducer

is designed to produce an electrical signal proportional to the

momentum of the impacting particle.

Before emphasis is placed upon limitations, the positive results

of this and previous programs should be noted.

a. A patent was awarded.•

b. A unique sensing method resulted in useful measurement

over 8 orders of magnitude in momentum.

C. Applications for space flights and a variety of laboratory

experiments resulted.

d. Space experimentation feasibility was proven with thermal

and vacuum performance.
i

e. A weight of under 20 grams for the package resulted.

f. Producibility of the sensor with detail drawings.

g. Internal or external self-calibration feature.

In the steps leading	 gto the current design of the EBP sensors,

constraints were imposed which limit the operational range. For

example, the upper limit of momentum is restricted by strength of

materials; the Lower limit essentially by the mass of the impact

(late. Since we are chiefly interested in space flight and laboratory

microparticle detection, we will restrict further discussion to the

lower threshold.

ip
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The EBP was designed as part of a co:oposite experiment, primarily

with the ability of accepting penetration layers of metallic

foils on the impact plate. Additionally, the plate material was

to be aluminum, and in a square configuration to permit stacking

in an array.

The requirement of a separate impact plate has resulted in a

current state-or-the-art lower limit of around 10 -6 dyne-second

(self-noise floor, or S/N = 1). These steps could be taken to

further improve performance:

' I. Lower plate mass.

b. Increase internal capacitance and resistance in EBP.

It is not believed that a great deal of increased sensitivity will

result, i.e., less than an order of magnitude.

However.., signal processing techniques may lead to improved

sensitivity. Examples of real time signal processing are:

a. Use of match filter techniques at the system output.

b. Use of parallel processing amplifiers with summed outputs in

place of the existing electronics. The output SNR improvement

is a function of the number of amplifiers employed.

Additionally, for laboratory use several applicable techniques,

including those that do not operate in real time, are available that

may yield desirable SNR improvements.

-2-
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II. MOMENTUM SENSOR PATENT
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United States Patemt Office ?r418,540
PateiAt-d D ,3c. 24, 1 S68

In
ABSTRACT OF THE DISCLOSURE

1
3.4 18.546

Hohhy R. Rca , ers. Garden ( ; rote, and Norman J.
Costa mv-.a, (vif., cn,i^,;nor%. bs mc,ne as,ignmenh, to
l.lnu 7 cmco•^ uuy;ht, Inc., Dalla,, "I ex., a corporation
of Dvla%%are

Filtd Nov. 25, 1966, tier. No. 597,036
8 Clalnr,. (C1. 317-246)

A capacitive momentum transducer is provided with it
rigid plate supported resiliently from a central portion
thereof and adjacent a conductive backplatc. A conduc-
tive portion of the plate is adi scent but electrically iso-
lated from the backplate such that capacitance is formed
therebetw•een. Particles which impinge upon the plate
cause a displacmcent of the p t •cte toward the backplatc
such that a detectable variatio„ of capacitance bct%secn
the backplatc and conductive rortion occurs, the varia-
tion being proportional to the momentum of the particle
regardless of its point of inipingement.

The invention described herein was made in the per-
formance of - ork under a NASA contract and is sub-
ject to the rrovi , ions of secti:m 305 of the National
Aeronautics and Space Act of 1958, Public Law 85-568
(72 Stat. 435; 42 U.S.C. 2,457).

This invention relates to a m amentum transducer and
more particularly to such a trans.htcer wherein momen-
tum imparted to the transducer is detectaable by a varia-
tion of an electrical capacitance thereof.

In accordance with the invention there is provided a
structure 1,avin6 a backplate, a rigid mass eiement, and
a suspension for supporting the rigid mass element ad-
jacent the backplatc, so that momentum imparted to the
mass element is detectable by variation of the capaci-
tance of the backplatc and the mass clement.

An apparatus which has previously been used to detect
the impact of particles such as meteor particles is the
condenser microphone. When a particle sta'%es the con-
ductive membrane of the microphone, the membrane
moves relative to a conductive plate, changing the capaci-
t:,nce between membrane and plate. The change in capaci-
tance is converted by a circuit to an electrical signal indi-
eating the impact of the particle. The si gnal does not,
however, accurately ind ; cnte the momentum of each
particle detected. A particle striking near the edge of the
membrane where it is supported gives rise to a different
membrane deflection and therefore a different electrical
signal than one of the same momentum striking near the
cer!er of the membrane. The latter effect is larglcy due
to the increased resistance of the membrane to motion
at points away from its center. This difference in output
sign:,) due Io different impact locations could be dimin-
ished by masking the membrane from inipacts except
near the center, but it is often undesirable to utilize so
litt!c of the area occupied by the instrument in the plane
of particle impact;.

Accordingly, it is a major object of the invention to
measure the momentum of impacting particles.

Another object i9 to measure the momentum of par-
ticles received in an area independent of where the par-
ticles impact within this area.

A further object of the invention is to provide a
transducer for accurately mcasrrine the momentum of
particles received in all parts of a detectinc area, which
area utilizes most of the space occupied by the trans-
ducer in the pane of particle impicts.

Other objects and advanta^es will be apparent from

2
the cr+ecificntiun and slain.% an.f from the accon panying
drafting illustratise of the intention.

FIGURE. 1 is a pictorial view of a momentum trans.
uucer according to the invertion.

FKAIRE 2 is a vertical scctioral view of the transducer
of FIGURE 1, taken in the plane established by line
I1-11 of FIGURE 1.

Referring now to the drawing, there will be described
a preferred embodiment of the invention. 1 he momentum
transducer -ho"n in FIGURES I and '_ is generally rc-
ferred to by the reference numeral 10 Transducer 10
has a eircul:,r, conductive membrane II attached to a
threaded ring 12 at the periphery of the membrane, as
by cementing. The membrane is preferably made of alu-
minum foil an] approximately 0.0005 inch thick. Ring
12, for example mac!c of stainless steel, is threadeJly
engaged with a housing 13 of the semis material. It often
is preferable to make both the .nenibrane 11 and ring
12 of the same materials, especially µh^-rc a same rate
of thermal exp tnsion is an important factor Housing
13. H hick has a circular opening 14 therein, hears against
the membrane 11 so that it supports the membrane at
the periphery of - 1nening 14.

111ountcd in fise^ relation to housing 13 is backplate
15. situated at the opening 14. Rackplate 15, preferably
ms,de of stainless steel, has a plane, circular surface 16
concentric %%ith the openin,; I .I. Because of its stainless
steel construction, backplatc 15, including surface 16,
is electrically conductive. Supporting the backplate 15
and insulating it from housing 13 is an annular quartz
irulator 17. Washer 18 suppor', quart. insulator 17
anal in turn is supported by zn .,nnular ring 19 ahreadedly
engaged %ith housing 13. Thre: , dcd section 20 secures
backplate 15, while making electrical contact thereto.

Transducer 10 has as a mass e lement a plate 21. As
shown by FIGURE I and FIGURE 2, plate 21 is basically
in the shape of a rectangular solid with a square surface
22 larger than the opening 14. Extending from surface 23,
opposite surface 22, is a portion of plate 21 which is
cylindrical in shape, having a plan:, circular surface 24
centered relative to the surfaces 22 and 23 and parallel
thereto. Plate 21 is preferably constructed of aluminum,
or it may he of another metal, or a ceramic material,
etc.: it need not he conductive.

Membrane II is rigidly attached to the cylindrical
rortion of plate 21, as by cemcnti-.g to the circular sur-
face 24 thereof and thus, in th- .,rea of attachment. 1•c-
conics a part of and forms a conductive surface on the
mass element. The surface 24 is mounted concentric ti ith
the surface 16 of backplate 15, and because of the sus-
pension by membrane 11, the surfaces are parallel. As
^hrv%tn in FIGURE 2, the diameter of surface 24 is
smaller than that of surface 16. Both sua:aces are suh-
stantially smaller thar, the opening 14. The surface 16
of backplate 15 is separated from the adjacent con-
durtirg surface by approximately 0.005 inch.

Electrical contact may be made with the capacitor of
transducer 10 by conductively ergagina the threads of
section 20 for one lead and engaging the threads of the
housing 13 for the other lead at a location outside the
place where rn¢ 19 is engaged. Of course, other a rrange-
ments arc possible as long as one lead is electrically con-
n ., cted to the conductive surface 16 of backplatc 1S and
the other is connected to the conductive surface of mem-
brane 11 opposite surface 24 on plate 21.

In the operation of transducer 10, particles. for exam-
rle meteor particles, s trike plate 21 travelint , in the direc-
tion shown as downward in rIGURF. 2. The momentum

0 imparted to the plate 21 by a particle moves the pL,te
toward backplate 15. increasing the electrical capacitance
between membrane : I and backplatc 15. The chan ge in
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capacitance is detected by a high in ► pcdance circuit con-
nected to the electrical leads of transducer 10 to ar, 1:
a polarizing voltage to the capacitor formed by the me-n-
branc 11 and backplate 13, The polarising voltage place
a charge on the capacitor. When the capacitance is
changed, the charge or, the capacitor is prevented from
quickly changing by the high impedance of the circuit
connected to t he transducer. 'Therefore, the voltage at the
leads of the ca,acitor changes in proportion to the change
in capacitance. The voltage change is amplified for re•
cordin_ and display. Since the foregoing circuit functions
arc required in the operation of a condenser microphone,
a condenser microphone circuit may appropriately be the
one connected to the leads of transducer 10 to detect the
change in capacitance thereof.

For the transducer 10, there is an accurate relationship
between the voltage at it, leads and the momentum ► of an
impacting particle. The magnitude of the voltage gcne-
ailed per unit of received momentum ( for example, in
volts/dyt ►c sec.) is given by S,

S=
	 1': o
21rd, (A-.11 l r

w he re

Fo is the polarizing voltage applied,
do is the separation of the capacitor plates at rest,
A ,s the spring censtant of the suspending mcmbrancc 11.
N1 is the mass of plate 21 and that part of membrane 11

overlying surface. 24.

Transducer 10 detects the momentum of an impacting
particle regardlcs ► of where the particle strikes the sur-
face 22 of plate 21. It is the corn,sonent of momentum in
the direction perpendicular to surface i6 which the :rans-
ducer detects, and a strikinr,, particle imparts to plate 21
a translational motion in :hat direction which dues not
depend on the point of impact, because plate 21 is a rigid
body. This translational motion gives list to the change
In the capacitance of the parallel-plate capacitor formed
by membrane 11 and backplate 15, which change is de-
tected by the external circuit as a measure of particle
momentum. Additionally, if the particle strikes other than
at the middle of the surfacc 22, there is imparted :o plate
21 an angular motion added to the translational motion.
In its angular notion, the plate 21 will move toward sur-
face 16 on one side of the center thereof and away from
surface 16 on the other side. Such motion does not result
in a change of capacitance, however, since an increased
separation of the capacitor plates at, say, the left side of
FIGURE 2, is offset by a decreased separation on the
right side. Therefore, it is only the tran.lati, motion,
which is independent of impact position, that produces an
output signal.

The structural feature which gives rise to equal trans-
lational motion of plate 21 independent of impact rosi-
tien is its rigidity. The contrast between the rLsponse of
such a mass element and that of a membrane is apparent.
Moreover, it is partly the rigidity of plate 21 which elimi-
nates a change in capacitance due to the angular motion
of the plate; that , the lower surface of plate 21 remains
flat while in angular motion, making possible a displace-
ment on one side which completely offsets a displacement
on the other side. Further contributing to the elimination
of capacitarcc chances from rotational motion is the sym-
metrical distribution of mass in plate 21. The material of
plate 21 is of uniform density, and the shape of the plate
is symmetrical about the line 'perpendicular to circular
surface 24 at its center. Therefore, the mass is distributed
symmetrically about the line. Of course, the line al,o
passes through the center of circular surface 16, con-
centric with surface 23. With such a distribution, if mass
element plate 21 is q nmetric-i ly suspended by a resilient
element, it will move in its angular motion about a lire
parallel to surfaces 22 and 24 and inter,ccting the previ-
ously described symmetry li .c. The symmetrical, resilient

4
suspension of plate 21 is provided by membrane 11 in
exerting spring forces on the plate which are symmetrical
about the described line of symmetry through the center
of surface% 23 and 16. The angular motion resulting from

I the symmetrical suspension of plate 21 is the one desired
wherein a Chang., in capacitor plate separation on one
side of the symmetry line is offset by an opposite change
on the other side. Of course, to obtain no change in ca-
racitanre with such motion, the surfaces 24 and 16 should

11) each he symmcttical about a common line, as in bane
ducer 10.

Thus, it is seen that transducer 1C provides for the
measurement of particle momentum independent of the
impact position on surface 22. Moreover, the useful par-

18 ticle detecting area is not limited to a minor part of the
area occupied by the transducer; rathc_ the useful area
comprises the whole of surface 22.

While on l y one embodiment of the invention, together
with modifications thereof, has been described in detail

20 herein and shown in the accompanying drawi,ig, it will
be evident that various further modifications are possible
In the arrangement and construction of its components
without departing from the scope of the invention.

We claim:
26	 1. In a momentum transducer, the structure compris-

ing:
a conductive backplate:
a rigid mass element having a conuuctive surface; and
means for resiliently and pivotally suspending said mass

3u element in relation to the backplate, from a central
portion of said mass element and with said conduc-
tive surface disposed adjacent, electrically isolated
from, and in spaced relation to said backplate, said
mass element having a peripheral portion radially

35 outside said central portion and spaced from said
suspension means, whereby momentum imparted to
said mass element is detectable by variation of the
electrical capacitance of said backplate and said mass
element.

air ► 2. The structure set forth in claim 1, wherein said
means for suspending is a means for suspending said mass
element to move symmetrically relative to said backplate.

3. In a momentum transducer, the structure com-
prising:

45	 a backplate having a plane, electrically conductive
surface;

a rigid mass element having a central boss which has
a plane, electrically conductive surface electrically
isolated from the backplate conductive surface, said

.;u	 mass element having a peripheral portion radially
outside said boss; and

means attached to said boss at said conductive surface
and spaced from said peripheral portion for sym-
mcttically, resiliently, and pivotally suspending said

33 mass element in relation to said backplate to posi-
tion said conductive surface of said buss adjacent to
and spaced from said surface of said backplate, there-
by to form a momentum-variable capacitor.

4. 1"he structure set forth in claim 3, wherein said k ur-
au face of said backplate is symmetrical about a point there-

in and the mass of said rigid mass element is distributed
symmetrically about a line through said point, said line
further being an axis of symmetry for the suspending
forces exerted by said means, and wherein said surface

63 of said backplate is parallel to said surface of said boss.
S. Tile structure set forth in claim 4, further including

a housing fixed relative to said oackplate and having a
circular opening therein, and wherein said suspending
means includes a membrane supported by sa:d housing at

70 the periphery of said openin; and symmetrically attached
to said mass element.

6. The structure set forth in claim 5, wh-rein said mass
clement has another plane surface parallel to -aid plane
conductive surface thereof ;ind larger than said circular

75 openin;.

,T
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6
circular opening therein concentric with said circular
surface of said backplate, and

a resilient, conductive membrane supported by said
housing at the peript:cry of said opening, said mem-
brane bein; symmetrically and rigidly attached to
said cylindrical pintion of said mass element to sus-
pend said circular surface thereof adjacent to and
parallel with said circular surface of said backplate,
whereby momentum imparted to said mass element
is detectable by variation of the electrical capacitance
of said backpla.e an y said membrane.
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7. In a momentum transducer, the structure com-
prising:

a mass element plate;
a housing having a circular opening therein smaller than

the plate;
a conductive backplate fixed relative to said housing

and situated at said opening; and
a conductive membrane supported by said housing at

the periphery of said opening and attached to one
side of said mass element plate at points removed
from the perimeter of said plate to suspend said plate
adjacent said backplate, whereby momentum im-
parted to said mass element plate is detectable by
variation of the electrical capacitance of said mem-
brane and said backplate. 	 15

8. A momentum transducer comprising:
a conductive backplate having a plane, circular surface;
a rigid, conductive mass element having a rectangular,

solid portion with an )uter surface and a cylindrical
portion extending fi om the side of said rectangular 20
solid portion opposite said outer surface, said cylin-
drical portion having a plan,, circular Surface paral-
Iel with and centereu relativ- to said rectangular
surface,

a housing fixed relative to said backplate and having a 25



III. HANDLING, OPERATING AND STORAGE PROCEDURES

MOMENTUM SENSOR D-11222

A. Handling

Care should be taken when handling the sensor, since by its very

nature it is a delicate instrument. In particular, do not apply

a torque or twisting force to the impact plate, or a force which

tends to separate the impact plate from the sensor, although the

sensor may be picked up by the impact plate without danger of

physical damage.

Do not try to prevent the sensor from turning by holding the

impact plate when tightening the mounting nut. Use a mounting

hole of the proper diameter (4.04 ± .01 cm; 1.590 ± .004 in.)

and the index pin (0.038 cm; 0.015 in. diameter on a 4.27 cm;

1.684 in. diameter bolt circle).

Do not over-tighten the mounting nut. It is sufficient to snug

it down with a light finger grip on the wrench provided. A rubber

cement may be used to prevent the nut from loosening during

vibration testing.

B. Operating

The sensor may be checked for operation at atmospheric pressure

by applying the proper voltages (see Schematic C-11282B) and tapping

the test fixture with a finger while monitoring the output on an

oscillosc=e. Do not leave the polarizing voltage on during pumpdown

to the operating pressure. There is a critical pressure range from

approximately 500 torr to 10 torr where voltage breakdown can occur;

such a breakdown will destroy some of the active devices in the

electronics. It is therefore recommended that the sensor only be

J}[(	

fi

R
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, )crated at atmopsheric pressure or at a pressure of 0.050 tors

or less. It should be noted that due to air damping the

characteristic ringing will be damped out at room pressure so

that no quantitative tests can be performed.

It is essential that vibration isolation be provided in any test

fixture where the sensor output is to be monitored. The axial

acceleration sensitivity is approximately 100 v/g. Therefore

if measurements are to be niade in the 10 -3 dyne-second momentum

range, for example, the ambient vibration at 125-150 HZ should be

on the order of 10-4 g. Note that the electronics will saturate

at approximately 10 -2 g.

c. Storage

Due to the fact that th-^ diaphragm is 25 micron type 2024 aluminum

alloy, it is recommended that for prolonged storage the sensors

be placed in a desiccator. This is particularly true when the

location is near tie ocean where corrosion is more severe. No

other special storage procedures are required.

-5-



IV. LIST OF TEST EQUIPMENT
FOR

MOMENTUM SENSOR
D-11222 (REF. NAS 9-8870

(See Block Diagram B-11314)

1. 1 ea. Tektronix Type Storage Scope, Model 549

2. 1 ea. Power Designs Power Supply, Model 2K-10

3. 2 ea. Hewlett Packard Power Supply, 6218A

4. 1 ea. General Radio :'ulse Generator, Type 121.7-B

5. 1. ea.	 Bruel & Kjaer Oscillator, Type 1014

6. 1. ea. L.T.V. Mixer Box (See L.T.V. Sch. C-11282B)

7. 1 ea. L.T.V. Signal Conditioner (See Conditioning
Circuit Fig.-11, 9-13-68)

8. 1 ea.	 L.T.V. High Voltage Battery Power Supply

9. 1 ea. Systron Donner Counter,	 1037

I
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V. TEST EQUIPMENT BLOCK DIAGRAM

(B-11314)
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VI. MOMENTUM SENSOR SCHEMATIC

(C-11282)
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VIII.

CALIBRATION DATA

MOMENTUM SENSOR (ELECTROSTATIC

SAI LISTIC PENDULUM) LTV MODEL D-11222

REF CONTRACT NAS 9-8870 AS AMENDED

5/20/69, LTV PROJECT 08550

1.	 Serial No. 1

2. Date of Calibration:	 7/3/69

3. Calibration Pressure:	 30 - 40 Micron Hg

4. Applicable Sensor Drawing:	 D- 11222 B

5; Applicable Sensor Schematic: C-112828

6. Bead Drop Calibration

6.1	 Sensor Output Voltage
(first positive peak) :	 0.15 Volts

6.2	 Input Momentum:
.00665	 seconds (±5/)dyne

6.3	 Resulting F.fnsitivity
volts/dyne second 22.54

7•	 Calibration Ring inputs (using "interface fixture" as
shown on C-112n?B) Sq.iare pulse+9 volts amplitude, 300
microseconds duration (at "input") with 500 volts
polarization:

7.1	 Sensor Output, first positive peak: 	 0.006 volts

7.2	 Sensor Output, first negative peak: 	 0.009 volts

8. Observed Natural Frequency of Sensor
with Sinusojdal Drive on Calibration
Ping:	 125	 HL

9. Nominal laboratory conditions of test: 70-80 0F., 25-50/ relative
humidity
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VIII.

CALIBRATION DATA

MOMENTUM SENSOR (ELECTROSTATIC

BALLISTIC PENDULUM) LTV MODEL D-11222

REF CONTRACT NAS 9-8870 AS AMENDED

5/20/69, LTV PROJECT 08550

1. Serial No. 2

2. Date of Calibration: 	 7/3/69

3. Cal ibratiui, Pressure: 30 - 40 Micron Hg

4. Applicable Sensor Drawing: D-11222B

5. Applicable Sensor Schematic: C-11282B

6. Bead Drop Calibration

6.1	 Sensor Output Voltage
(first positive peak): 0.18 Volts

6.2	 Input Momentum:	 '
.00665 dyne seconds (± 5%)

6.3	 Resulting Sensitivity
volts/dyne seo and 	 27.1

i.	 Calibration Ring inputs (using "interface fixture" as
shown on C-11282B) Square pulsel9 volts amplitude, 300
microseconds duration (at "input") with 500 volts
polarization:

7.1	 Sensor Output, first positive peak:	 0.012 volts

7.2	 Sensor Output, first negative peak:	 0.017 volts

8. Observed Natural Frequency of Sensor
with Sinusoidal Drive on Calibration
Ring:	 141 Hz

9. Nominal laboratory conditions of test: 70-80 0F., 25-50%
relative humidity
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IX. FORM DD-250
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X. CERTIFICATIONS

A.	 CONDITIONS

The LTV Research Center, Western Division hereby certifies

that:

1. The delivered items conform to the Contractor's current

standard:; of performance and quality for items of the

specified designation.

2. Traceability records or documentation can be furnished

assuring that new materials have been used.

B.	 CERTIFICATION OF CONFORMANCE

The LTV Research Center, Western Division hereby certifies

that the test reports for Item 3.1 are on file and available

for examination.

1	 4
`- onn K. Hilliard
Director
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