PP U TR o R x % P, V= N e A YRS ' o o " A
R R . g O S e e NS R T b e e TR PV O RSV STy Ty

oy

;
r AD-772 717
E THE LOW-G ACCELEROMETER CALIBRATION
| SYSTEM ORBITAL ACCELLEROMETER EXPERIMENT,
VOLUME 1., EXPERIMENT DESCRIPTION AND
i METHODOLOGY
J. A. Pcarson, ct al
4
3 Acrospace Corporation

Prepared for:

Space and Missile Systcins Organization

1 July 1973

DISTRIBUTED BY:

National Technical Information Service

U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springtield Va. 22151




Z @
ng"”"'

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE  LEGIBLY.



s

i ohd

E‘
P oo AER A L8

i Ml v "'"‘L,_

/\l ] LLABORATORY OPERATIONS

} ‘ The Labcratory Operations of The Aerospace Corporation is conducting

kperimental and theoretical investigations necessary for the evaluation and

application of scientific advances to new military concepts and systems, Ver-
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frr, reentry physice, chemical kinetics, structural mechanics, flight dynamics,
atmospheric poliution, and high-power gas lasers,
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5 Electronics Research Laboratory: Electromagnstic theory, devices, and

propagation phenomena, including plasma electromagnetics;: quantum electronics,
tasers, and electro-optics; communication sciences, applied electronics, semi-
conducting, supercondacting, and crystal device physics, optical and acousticsl
trnaging; atmoepheric pollution; millimeter wave and far-infrared techrology.

Materials Sciences Labcratory: Developr cent of new materials: metal
mattix composites and new forrns of carbon; test and evaluation of graphite
and ceramics {n reentry, spacecraft materiala and electronic components in
nuciear weapons environment; application of {racture mechanics to stress cor-
rosion and fatigue-induced fractures in structural metals,

Space Physics Labaratory: Atmospheric and jonospheric physics, radia-
tion from the atmosphere, density and composition of the atmosphere, aurorae

4 and airglow; magnetospheric physics, coemic rays, generation and propsgation

of plasrma waves in the magnetosphere; 2olar physics, studies of solar magnetic
fieids, spacs asironomy, x-ray astronomy; the effects of nuciear explosions,
magnetic storms, and solar activity on the carth's atmosphere, ionosphere, and
magnetosphere, the effects of optical, electromagnetic, and particulate radis.
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ABSTRACT

The LOGACS (LOw-G Accelerometer Calibration System) experiment,
which contained a miniature electrostatic accelerometer (MESA), was placed
in a low-altitude polar orbit on 22 May 1967, The experiment provided
approximately 100 hr of acceleratior data from which the accelerometer
scale factor, accelerometer null bias, and atmospheric drag on the satellile
were calculated,

Many reports were written during 1967 and 1968 on the LOGACS
experiment and on the analyses that were performed on the data. These
reports have been combined into this document, which wiil be the delinitive
report on the LOGACS experiment by The Aerospace Corporation,

The mission description, the characteristics of the accelerometer,
the instrumentation used in the experiment, and a summary of the results of
the inflight accelerometer calibraticn are presented in Volume [. The
accelerometer's sensing environment is discussed, as are the data reductica
methods used to extract the scale factor and bias of the accelerometer anq
the methods of determining the acceleration due to aerodynamic drag,

Volume 1I contains data plots of the reduced accelerometer time
histories and of the deduced atmospheric densities over the flight, Peculiar-
ities of the density data are examined in some detail and extensive comparisons
of the data to vari~: model atmospheres are made, These analyses are the
more interesting because of the intense solar and geomagnetic activity during
the latter part of the LOGACS flight, which enormously affected the atmosphere,

Models of atmospheric density have been developed over the altitudes
for which LOGACS data were available., Both midlatitude models and polar
and auroral models are formulated and presented.

An analysis was also performed on the LOGACS data to determine
the wind magnitude and characteristics normal to the ortit nlane of the experi-

ment, The results confirm that the earth's atmosphere (up to the altitude of

i Rl e




ABSTRACT (Coentinued)

109 nmi) have high-velocity winds that are present in high-latitude regions
as a result of the great magnetic storm. An t.olysis of these wind data

shows they can be described as convective motian dus to excessive heating

of the polar thermosphere.
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SECTION 1

LOGACS EXPERIMENT

A, HISTORICAL BACKGROUND

It has long been recognized that accurate acceleration measurements
aboard sateliite vehicles in near -earth orbits would improve on-orbit naviga-
tion, would allow the determination of a more accurate atmosphere model,
and would enhance orbit prediction capability. Unfortunately, it has also been
recognized tha. the accelerations that must be sensed are generally several
orders of magnitude below those which can be measured accurately on earth,
As a result, even though an accelerome.cr might be capable of sensing the
extremely lew accelerations encountered aboard a satellite vehicle, the
calibration of the accelerometer privr to launch could not be accomplished
except at levels several orders of magni.ude above those which wovld be
experienced on-orbit. This impass~ led directly to the formulation of a plan
to calibrate an extremely sensitive accelerometer in the orbital environment,
The result of this plan was the LOGACS (LOw-G Accelerometer Calibration
System) experiment,

Briefly, the plan called for an orbital experiment wherein it would
be demonstrated that the bias and scale factor coefficients of the accelerom-
eter could be determined while on-orbit and, further, that the accelerometer
would measure (along the accelerometer's sensitive axis) the nonconservative
forces acting on the satellite vehicle, Measurements would be 1ande nearly
continuously while on-orbit,

Selection of a suitable accelerometer did not prove to be a dilticult
task, Schedule and limited funding demanded that the instrument already be
developed, A brief survey revealed that a device that promised the required

sensitivity had already been developed and produced in prototype quantity by

Bell Aerosystems Company.,
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Bell Aerosystems Company had initiated in 1959, under Contract
ATF 33(616)-6637, a program to develop a single axis, force rebalance,
digital, electrostatic accelerometer (ESA) for extremely low acceleration
measurements., The force rebalance was to be accomplished by sensing the
displacement of a proof mass and using that displacement signal to close the
loop to an electrostatic force generator to null the dirplacement signal, The
feasibility of the design was demonstrated after four years of development
effort, Under sponsorship of the NASA Lewis Research Center, a contract
(NAS-3-4102) was initiated in 1963 to develop two miniature versions of the
electrostatic accelerometer (MESA IA and MESA IB), The MESA [A was
successfully qualified to the Thor -Delta launch environment, The MESA IB
was a low power version which was successfully qualified to the Atlas-Agena
launch environment,

Since it was recognized that a ride as a noninterfering passenger
aboard an orbiting Agena vehicle could be arranged, it was decided to pro-
ceed with the plan, The preliminary design of the experiment was performed
by Tue Aerospace Corporation, Discussions were held with Lockheed
Missiles and Space Company (LMSC) and Bell Aerosystems Company, and
subsequently, LMSC was authorized to proceed with the acquisition of the
necessary cquipment to fly two LOGACS experiments aboard separate Agena

vehicles to be designated by the Space Systems Division of the USAF,
B. EXPERIMENT DESIGN

The fundamental experiment design problem was the provision of a
means to calibrate the accelerometer bias and scale factor while on-orbit,

L.et us de’ine hias and scale factor as follows "

A _ =K{B +A)
m s

See Section C for a detailed description of the instrument and its operation,
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where
Am = accelerometer output (pulses/sec)
K = scale {actor (pulses/sec-g)
B = bias (g)
AS = sensed acceleration (g)

The calibration of accelerometcr bias can best be illustrated by a
simple example., Let us fi:® the accelercmeter such that the sensitive axis is

aligned with the drag vector (call this Mode 3). Next, reorient the sensitive

axis by turning it end over end so that it is again aligned with the drag vector

but with the oppousite sense (call this Mode 4). Let us further assume that

the drag vector is constant during the measurement interval; then the equations
for the accelerometer output for Mode 3 and Mode 4 are

Mode 3: Am3 = K(B ¢+ Adrag) (1)
viode 4 Am4 = K(B - Adrag) (2)
Adding Eqs. (1) and (2), we obtain
B = Am?!‘+ Am4 (3)
2K

Thus, if we know K (scale factor), we can solve for bias,

To solve for K, we must create a standard lincar acceleration, A
centrifuge is a common solution to the problem uf creating a linear accelera-
tion standard, While a centrifuge is no-mally employed to create a large

acceleration, there is no conceptual reason for rnee employing it te create
small accelerations,

[t was decided to employ a small centrifuge which could be pro-
grammed to run at a fixed speed (and hence generate a fixed centripetai

acceleration of magnitude Ruz, where R is the distance from the center of

1.3
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mass Sf-the sensitive element to the center of rotation and w is the fixed

angular velocity of the centrifuge). The centrifuge also could be pro-
grammed to stop at specified locations, Thus a single device could be
employed to calibrate for bias and scale factor. The bias and scale factor
calibration concept is summarized in Fig. 1.

The manner in which the scale factor can be extracted fromn the
accelerometer output data can be illustrated by the following., Define Mode 1
as the condition wherein the centrifuge rotates at a fixed speed wand Mode 2

as the condition wherein the centrifuge rotates at a fixed speed 2w, Then

BIAS
ACCELEROMETER OUTPUT (1) = SCALE FACTOR
|BIAS + DRAG| BY REVERSING THE SENSITIVE AXIS

ACCELEROMETER OUTPUT (2} = SCALE FACTOR
|B1as - DRAG|

SCALE FACTOR

MESA MOUNTED A KNOWN DISTANCE R FROM TABLE
CENTER

TABLE ROTATION RATE (w) CONTROLLED
Rw® BECOMES ACCELERATION STANDARD

{ ¥

|
L‘-ONE TABLE REVOLUTION - ?
ANGLE OF TABLE ROTATION

4

o

” DRAG
&

3y N
O

<X

Fig. 1. Bias and Scale Factor Calibration Concept
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the equatior.s which describe the accelerometer output for Mode 1 and
Mode 2 are

-

2
ol B+ Adrag cos wt + Rw ] (4)

Mode 1: A

1
P

Mode 2: A

¥
N

| A 2
Bk B+ Adrag cos 2wt + 4Rw ] (5)

For the simple case where drag is essentially constant, as at apogee,
we can imagine integrating the accelerrmeter output for one rev., of the
centrifuge and then dividing the result by the time over which the rev,
occurred. Since Adrag would average to zero over one rev., the average
accelerometer output over one rev, for Mode 1 and Mode 2 can be

expressed as

2w
. . _L J‘ A _ 2
nl = 9 " Am1d0~K[B+Ru] (6)
2n
» ~ -L [ _ 2
Ao o fo m2 98 = K [B + 4Rw ] (7
If we subtract Eq. (7) from Eq. (6<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>