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INTRODUCTION
The orientation of the sensing axls of an [astrument with
respect to a fixed coordinate system in space is referred to
as its attitude. From the attitude of a sensor, one may
determine the angle it makes with any other vector such as
the rocket's velocity vector, the sun line vector, etc. For

certain sensors, meaningful interpretation of the instrument's

output can be accomplished only when the attitude of the sensor
axis 1is known.

The first section of this report discusses various types
of gvroscopic platforms used as attitude measuring systems on
vehicles. The systems include the Attitude Control System with
two free gyros, the Miniature Attitude Reference System with
segmented lengths over a 5 volt span for the roll, pitch and
yaw axes, and the Miniature Inertial Digital Attitude System
with a one-to-one correspondence between angular displacements
and digital coding outputs.

The next discussion centers upon processing procedures
wvhich produce final attitude information from vehicle gyro
measurements. An analyvsis is shown which relates any onboard
probe vector P to the local coordinate system fixed at the
launch site. With the orientation of P determined, the attack
angle with any other attitude determined or predetermined
vector can be supplied.

To provide continuous final output for the attitude system
measurements, data refinements techniques are introduced with
statistical error bound values on the predicted vercus measured
output. Tolerance levels are set on the measured input data
to ensure that all predicted data will be within a specified o
deviation.

Oftentimes the initial orientations of onboard sensors
require corroboration. A phase and time shift study is intro-
duced in the third section to compare the phase relationship
between measured and attitude predicted magnetometer pitch
angles during well-behaved areas of a vehicle's flight. The
routines can be used for both side and axial magnetometer
output. '

Finally, some of the more common types of problems with
gyro systems are discussed. The correction procedures used
on these malfunctions are discussed and the results exhibited.




SECTION 1

GYROSCOPIC PLATFORMS USED AS
ATTITUDE MEASURING SYSTEMS

1.1 Attitude Control System

Space Vector Corporation's Attitude Control System (ACS) is comprised of
a Roll Stabilized Platform (RSP) with two free gyros which output a yaw, pitch
and roll vehicle motion from top dead center (TDC) of the gyro. TDC is the
reference for all onboard probes (Fig. 1). The roll and yaw are true measure-
ments of vehicle motion but since there are only two free gyros, true vehicle
pitch is a function of yaw. Further, if the vehicle yaws over 85°, this will
cause loss of initial reference for the system and make attitude determination

almost impossible.

TDC Reference

TDC

View from nose

Figure 1

Various models of the ACS were used as attitude measuring systems on
vehicles analyzed. They all function similarly but output differently. Typical

examples are given below.

-
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Model 10580 ACS tlown on 1CO30.02-1A output pitch coarse, pitch fine, yaw
coarse, yaw ftine, and roll gyro data., The pitch and yaw coarsc data were
calibrated in .12 volt increments with a linear conversion range of +90°
corresponding to a 5 volt span. The pitch and yaw fine data over a similar
volt span had a conversion range of *5°. The roll telemetry data had a linear

conversion range of *180° on a 4.8 volt span,

According to Figure 2, pitch coarse for this model was decreasing voltage
output when pitching down, pitch fine was increasing voltage when pitching
down. A yaw right motion was increasing yaw coarse voltage and a decreasing

yaw fine voltage. A clockwise roll viewed aft to nose was increasing voltage.

Model 10390 ACS flown on IC519.07-1B output only pitch coarse, yaw coarse
and roll gyro data. The pitch data was calibrated over a *90° corresponding
to a 5 volt span. However, to model the calibration information, discrete
polynomial expressions were used over finite intervals. From 0 volts - 4 volts,
a linear model was used and from 4 volts - 5 volts, a second degree mode] best
represented the calibration information. The yaw data was converted to angle
measurements in a fashion similar to that used for the coarse yaw output on
model 10580. The roll telemetry data had a linear convers:on range of four

+45° segments, cach on a 5 volt span.

Pitch and yaw coarse output reterences were similar to those for model

10380, but clockwise roll output was decreasing voltage when viewed aft to nosec.

Modei 10550 ACS flown on Al0.304-1 output pitch coarse, pitch fine, yaw
coarse, yaw fine and roll gyro data., The pitch coarse segment was calibrated
from -20° to +170° over a 5 volt span with decreasing voltage when pitching
down. The yaw coarse segment was calibrated for a range of +70° over a 3.3
volt span, i.e., .8 to 4.1 volts. A yaw right motion was decreasing voltage
for the coarse yaw output. Three data points were recorded for pitch fine
data, and the curve connecting each pair of points is essentially a straight

line. These points are:
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MO data calibration points were recorded for yaw fine. According to Figure 2,
pitch fine was increasing voltage when pitching down and yaw fine was increasing
voltage when yaw to the right. The roll segment was calibrated from 180° CCW to
178° CW ~ver a 4.7 volt span with voltage decreasing for a CW roll when viewed

aft to nose,

Another ACS gyro reference system was the Space Data Corporation system used
tor the vehicle EX531.43-1. The pitch and yaw channel output were *180° over a
5> volt span and the roll channel output was a 360° segment over a 5 volt span.
Altaougn not used in the data reduction, the pitch and yaw high resolution were *10°.
The zero reference for the gyro roll was the launch rail (Figure 3). Gyro pitch
zero was 73.3° launcher elevation setting at gyro uncage and gyro yaw zcro was
46.2° launcher azimuth setting at gyro uncage. Looking forward, yaw right is

positive, pitch up is negative and roll clockwise is positive.

Rail
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70t _-.,ﬁ),gu

\ I
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_ /
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180

r

Figure 3

1.2 MARS Attitude System

fhe Space Vector Corporation's Miniature Attitude Reference System (MARS) pro-
vided gyroscopic output for the determination of rocket attitude for the vehicle
AlU.502-1. The roll axis coincided with the rockct~uxis at launch and the orienta-
tion of a gyro reference notch was used to determine the location of the yaw axis.
The cross product of the yaw axis with the roll axis yielded the pitch axis. The

axes and rotations of the MARS system are identified in Figure 4.
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Figure 4

The segmented lengths over a 5 volt span for each MARS axis are:

a) Roll: 90°
b) Yaw: 60°
¢) Pitch: 45°.

Segment identification of the pitch and yaw outputs for this system requires

"~ continuous monitoring of the output to determine the instance of instantaneous

transitions from one segment to the next. By keeping track of the transitions
and their direction evidenced by a plus or minus 5 volt step change, one may
correctly identify the segments being presented. The roll output identification
was a 5° *3° shorted segment in the center of the lst segment which appeared

as a constant output voltage for that portion of the segment. This short was

repeated cvery 4th segment.

1.3 MIDAS Attitude System

Space Vector Corporation's Miniature Inertial Digital Attitude System (MIDAS)

provided gyroscopic output used to calculate the attitude of many rockets such
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as Al0.403-3.  The roll, pitch and yaw references are the same as for a MARS
system but tne outputs differ considerably. Whereas a MARS system outputs in a

5 volt span representing some degree segment having a predetermined length, the
MIDAS system's roll, pitch and yaw measurements arc digitized by optical encoders
and result in a one-to-one corfespondcncc between angular displacements and
digital codings. For the digital coding variable n, the angular displacement ¢

in degrees is

No bias values are needed for conversion since the MIDAS system represents the
displacement from the uncaged position of the gyro which fixes the coordinate
reference system. The flow of attitude data for MIDAS vehicles is simplified

considerubly when compared with the flow of ACS and MARS vehicles.




SECTION 2

L’ PROCESSING PROC:DURLS, MATHEMATICAL ANALYSIS, AND
REFINEMENT TECHNIQUES - - -- »

2.1 Processing Procedures for all Rockets

The oscillogram containing vehicle gyro measurements 1is inspected for
calibrations, extreme noise, pyro malfunctions, approximate spin rates, pre-
cessional period and half cone angle. The digital tape containing the gyro
data is then unpacked and converted to degrees and plotted. These plots are

then compared with results of the oscillogram inspection,

If no gyro malfunction occurs then the quick-look attitude and angles of
attack for the rocket axis are calculated based upon preliminary information.
If the attitude measuring system is a MIDAS, then attack angles for requested
side probes are calculated at the same time as attack angles for the rochket
axis. If attitude for side probes is requested for an ACS or MARS systec.,
' the roll data is converted to degrees, checked for proper conversion and then the
i

preliminary side pProbe attitude is calculated.

All extreme noise and calibrations are filtered from the gyro conversions
and this output, if displaying a lack of continuity, is curve fitted by tech-

niques discussed in Section 2.3,

Finally, if onboard probes measure magnetic field, lunar, or solar intensi-
ties, it is possible to corroborate the calculated attitude. Depending upon

the accuracy of the onboard measurements, an error bar estimate of the attitude

can be included as part of the normal output. A flow of the attitude data for
both ACS and MARS vehicles is displayed in Figure 5, and a flow of the data
for MIDAS vehicles in Figure 6.

2.2 Analysis
Given the unit vectors X, Y, Z in the directions of the gyro roll, pitch
and yaw axes, the direction of the longitudinal axis of the vehicle can be ex-

pressed as the vector e;:
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A ~ A

c¥ = X cosy cops + Y siny + Z cosy sinp (2.1)
. where y and p are the true vehicle vaw and pitch respectively. Now let e, ,

€)cr Or, be unit vectors in the directions of true North, East and the local
vertical, fixed at the launch site. Within this system, the elevation of a
vector inay be determined as the angle it makes with the local horizontal plane
with the direction of the vertical taken as positive elevation., The azimuth
of a vector is the angle between its projection in the horizontal plane and

€9, measured positive clockwise (see Fig. 7).

r
A
, e"
(North) i ﬁr
CO ~ t (OH(S
C b = 17 ‘
tﬁfi——A—a——>c‘ (East)
Y.
Launcher =
6 = Elevation of e;
¢ = Azimuth of e;

Figure 7

Using the direction coefficients of the gyro axes at launch, the unit vectors

A A

~
X,Y,Z can be expressed as linear combinations of the earth-based system €5 2Ches

C
Cr.- If ~e call the coefficient matrix B, then

» |
X FQC}
Y] = B ’e¢c
Z iere| -

According to equation (6) of Reference [3], we can define a system of orthonormal
vectors c;,cy,eg at any time in flight as a linear combination of the gyro axes
If A represents the coefficient matrix of the gyro output, then

.
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e"| = A |Y
1
~
e!! Z
2
In particular, as described in (2.1)
a = cosy cosp
11
a = sin
12 ¥
a = cosy sinp .
13

To transform the time dependent e;,e?,e; system into the local €5.2€p.2C

system, form the matrix product of A and B. Letting the matrix C = AB, then

rc

845 mgl 2ip Ppy (1,3 = 1,2,3)
and
Zi ;e;
e'| = C e, (2.2)
2 o]

Once the attitude of the vehicle's main axis has been determined as
direction cosines, the elevation and azimuth may be derived. From (2.2); we

have:

e'" = e, cosO cosp + e, cosH sinp + e sinb
Oc ¢c R

Therefore:

0 sin (CISJ 3

12
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and

-1
y = tan (-

[he elevetion and azimuth of cT and e are similarly derived.

A

In order to extend this approach to a vector P lying in the sensing direc-
~
tion of a probe having any orlentation on the rocket, P is represented as

A

Pi= e; COSA + cY cosy sinAk + e! sinp sinA

’

where A is the angle between c; and P, and u 1s the angle between CT and the

projection of P in the plane of cY and ¢Y. [Furthermore, if UP and Qp are the
respective elevation and azimuth of P, it follows that

P= e

6

)
(& c C !

~

cos® cosp_ + e, cosB sinp + e sinf_ . (2.
p p ¥ P P r i

We can also define P ,P,,PS - the vector components of P - by the transformation:

l&-
gk Gk
f 8 T 15 R
y T N
o .
!plr = ldy  dgy dzsi e, (2.4)
| £o
5 B TR e e B O A
3 31 JJJ T
C
b 3 Ba e
where each dii 232k ,;24,9) ks a product of Cij and the corresponding direction
cosine of P, 'Using the same technique as for c;, the coefficients of €9 rC0c>
re in (2.3) and (2.4) are equated, readily yielding up and $p.

Finallv, 1f V is any vector associated with the rocket €flight, the angle
between P and V may be derived. The unit vector in the direction c¢f V is given
by

+ e &
Ly ¥y € V2 i
Ve = s = =@, WV, +@; Vi +e_ Vv (2.5)
’ 6 ¢, 2 e =
[V] ¢ ¢ ¢
13
N— e P
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where the vy (1=1,2,3) terms are the components of V in the directions of north,
east and vertical; the resulting v! terms are thus the direction cosines of V.,

L
The scalar product of (2.3) and (2.5) yields

PeV = v! cos osg -+ v cosU si + v! sin0
1 o : : Jp v: (& P sxn¢p v3 sin 3

Hence, the angle y, between P and V is given by:

W = =1 § pnctl oo '
Y cos (v1 cosOp Losap + v

cos® sing _ + v! sinf )
p p S p

2.3 Data Refinement

Due to noise or in-flight calibrations often present in the recorded data,
filtering procedures are modified or developed as required to provide continuous
final output for the attitude determination system, The primary routines used

are Fourier Series and nth degree polynomial approximations.

To provide smooth, continuous and acceptable attitude information for
vehicles when they have established angular precessional velocity and a half
cone angle it 1s possible to generate gyro yaw and pitch information by means
of the Fourier Series expansion. During this well-behaved areas of a particular
vehicular flight, the coarse and/or fine yaw and pitch data can be predicted by
the Fouriler Series

nmx i ATIX
&g B

0 ;
y =—=+ L (an cos

This problem has proven successful due to the periodic nature of the data.
However, for most rocket flights, quick convergence of the Fourier Series 1is
obtained with the approximation

y = fl + fzt + f3 sinwt + f4 coswt
The addition of the linear term is needed to account for an occasional linear
shift in the converted data. A preliminary angular velocity w is selected from

a study of the oscillograms of the raw data, and is further refined by an option

within the fitting routine.

14




During regions in which a vehicle s not coning, yaw and pitch outputs are

separated into discrete time intervals. These intervals are then curve fitted
with polynomials up to the 20™1 degree when necessary. The nth degrec polynomial
routine calculates an RMS value between measured and predicted data for each of

the polynomial approximations. The minimum RMS value determines the degree of

the polynomial approximation to be used in the specified interval,

The FMS is normally defined as

(2.6)
where X, is the difference between a measured and predicted data value. To
simplify computation and programming, an equivalent form of (2.6)

RMS = {(2:7)

was used. For a reasonably large sample size N, the RMS deviation approximates

the standard deviation 0. Since a +30 deviation accounts for ~ 99.7% of the
measured data in a normal distribution, tolerance levels are set on input data
to ensure that all predicted data will be within the specified ¢ deviation while

utilizing the results of (2.7).

Figures ( 8-22) show normal angles of attack using data refinement techniques.

13




SECTION 3

PHASE AND TIME SHIFT STUDIES

To corroborate the initial orientations of on-board sensors, measured
and attitude predicted magnetometer pitch angles are compared. A software
package was developed to compare the phase relationship during well-behaved

areas of a vehicle's flight,

This package involves a least squares study on the magnetometer data
(refer to Section 3.2 for a detailed description). The output produced includes

a table of maximum (minimum) times T measured data values in degrees,

meas?

assoclated ATmcw* values and spin rates for the corrected magnetometer outputs.

Also included are a table of maximum (minimum) times T predicted data

en’
values 1n degrees, associated ATgcn values and spin raies for the predicted
magnetomecler output from the attitude data. The two-time dependent tables are
merged for all consecutive time values of each array and the phase shift
between the associated values are printed.

For T < 1 :
gen — meas

dicted magnetometer data is

i ATmeus’ the phase shift x between the raw and the pre-

T en Tmcas
( * . % 3607

A A’I‘ B
meas
For 0 < x < 180° the predicted data is lagging or coincident with the measured
magnetometer data. For 180° < x < 360°, the measured data is said to lag the pre-
dicted by 360° -~ x. The following figure depicts the relationships just discussed:

T T
meas  gen
I

I
meas

16
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In the previous illustration, the predicted data from the attitude is lagging

L ar

the raw data since we are assuming that (T 1

gen [mvug)
To check for possible timing problems, a time shift between measured and
predicted data is computed., Statistical studies include a mean time shift and

associated RMS value for each specified time interval.

3.1 Bias Equation

In order to accurately determine the times of maximum magnctometer output,
smooth mignetometer readings are required. Normal data transmission does
not provide such smooth output, so to allow for proper usage of the routines
to be described in Section 3.2, a curve fit was put through the bias wvalues
of the magnetometer data. The samples selected are taken from the coning
portion of flight - i.e., from approximately 40 kms. on ascent to approximately

40 kms. on descent.

Three equally spaced time intervals are selected to obtain a separate bias

approximation B for cach interval from the equation

A typical study will produce a value of n in the order of 2 X 104,
The standard bias equation as a function of time is normallv approximated
by a first degree polynomial. However to obtain greater aqcuracy with higher

order terms in the fitting routine, the value of the bias B(t) as a function of

)

B(t) = at™ 4 bt + ¢ .
LVi
However, from the discussion above we can approximate B(t) by —— in each of
n

the intervals studied. This, in turn, leads to the system of equations

&
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at. + bt. +

el 2 %)
(o]
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v e

at. + bt, + & =B

oo

at. + bt. *
3 3

w PO
(e]
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where tJ, J=1,2,3 is taken as the mean time in the jth interval and

R o SR

As tae value of n increases, the maximum error that occurs in the approxi-
mation of Bj decreases. This fact can be verified by calculations on the

V.
: i
on the exo)ression =

This procedure to determine the bias equation as a function of time, forms
part of the procedure used on all vehicle flights when examining phase shifts
between measured and predicted data.

3.2 Maxina of the Magnetometer Measurements

Giver the sinusoidal nature of the lateral magnetometer outputs, the
prepared software routines have the capability of determining either the times
of relative maximum outputs or the times of relative minimum outputs. If a
least squares approximation of the data is desired in the maximum areas of the

output, then a test is performed on the data Vi satisfying the inequality.
B(Ti) S

Likewise, if a fit of the minimum areas is desired, then only those \/i values

satisfying the inequality

B(ti) >V
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are stored for computation in the least squares polynomial fits of the specified

arcas of the data.

In.order to initiate the procedure for storing data in the maximum arcas

of the least squarces approximation, a value V. must be found such that V - Bt
1 1 1
and vV | < B(l | J. Once initiated, data is stored until V. < B(t.) and
1 - 1 I
\l o> Bt 1) where j > 1. This last condition is a necessary one for ending
=1 3 =

the sample region but not a sufficient condition. The sufficiency test is made
by examining V o ensure that V. is not a noise porxnt. If V. . < B{t. .)

: gk J T#] J#1
then a least squares parabolic fit is performed on the sampled data. lHowever,
.x'\)’l ‘ “Lti+l)’ the point Vi 1s discarded and the summing procedure of tne
least squares continues. Similar tests are made in the minimum regions of

titted data except that the inequality signs are reversed.

In each specified region, the data 1s fit to the quadratic

)

¥ = Ke « Bt + & .
IThe value of the bias B(ti) at which the sampling begins and that value b(t‘;,
) 2 1 at which the sampling ends are obviously just the points ot inflection
tor the sinusoidal curve. The time of relative maximum (minimum) is obtained

for time t. This, in turn, provides us with a

: dY :
by setting == = 0 and solving
dt

predicted output value

where

Should the measured and predicted outputs deviate by more than some
specified limit, usually taken to be 4%, the acceptance level for least squares
data may be modified so that the sampled regions more closely approximate the
parabolic fit. This modification amounts to accepting the area containing
max imum data when Vl : H(tl; + kK where kK is a constant determined ‘rom examina-
tion of the oscillographs. For minimum output regions, the inequality takes

the form \l < “‘ti) - k.

L9
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For each value of TM generated by the ist derivative test, an associated
Y(TM} value and ATM are output. Special note 1s made of any value of “YM
outside a specified interval about the assumed rotation rate and further
investigations of these areas arc undertaken as necessary. A mean ATM value
1s computed for the well-behaved portion of the flight and output at the end
of the data pass. This ATM value for each lateral magnetometer normally consists
of spin and precessicnal motion and, therefore, is referred to as the rotation

rate.

Although no specific mention as yet has been made of the axial magnetometer
output, tne routines apply equally as well in the case of this magnetometer.
Computation of maximum and minimum values provide us with a good approximation
to the cone angle of the vehicle axis. Should the output exhibit only the
slightest variance 1in successive maxlmum and minimum values respectively, then
the vehic.e axis motion is due almost entirely to precessional motion and the

cone angle will remain ncarly constant.

I[f the vehicle axis study option is desired in addition to the lateral
magnetometers, supplemental outputs include the cone angles and precessional
period of the vehicle axis. Examples of normal outputs are displayed in Figures

23 A & B,
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ol VION 4

CORRECTION PROCEDURES FOR ROCKETS WHOSE

GYRO SYSTEMS MALFUNCTION

sSome of the more common types ot problems with gyro systems includc
situattons in which the gyro's roll output remain constant for a portion of a spin
or the g/ro measurements go outside it calbitbrated Limits cither with or without
loss ot initial reference.  Lxamples of such problems and correction techniques

follow.

[he vehicles AU9.303-4 and Al0.312-3 had onboard MIDAS gyro systems whose
gyro roli output remained constant for a portion of a spin (Fig. 24). To correct t!
problem, a roll rate was established for the ill defined flight areas. These
roll rates were calculated from the roll data on each spin that was not influenced
by this malfunction, and they were substantiated by rotation rates determined
trom the measurements of a magnetometer which was mounted normal to the rocket
axis. Utilizing the predicted vehicle roll rate, a lock was made on the well

defined area and continuous roll output resulted.

The ACS system for the vehicle 1C630.02-1A went outside its calibrated
limits (Fig. 25) on the pitch axis but never lost its initial reference from the
data as a function of time

point of uncaging. Converted reliable true pitch (PT)

was available for various P_ values in which

116°

(e
[}
/
S
A

750° < P < 358° .

These reliable data points were used as samples for least squares polynomial

fits (see Section 2.3) in each of the various time intervals during which satura-
tion occurred. The criterion for an acceptable polynomial approximation was not
only a minimum and acceptable RMS value between predicted and non-saturated measurc
PT values, but also continuity between the predicted PT data in the saturation
areas and neasured Pr data in the non-saturated areas.

Recovery procedures for vehicle IC511.21-1A were much more involved than
those discussed above. The oscillogram inspection indicated that the gyro mal-
functioned from 250-305 seconds. To predict yaw data in this interval, an in-
depth analysis and examination of the plots of gyro measurements suggested

a modified Fourier Series of the form




v 2

A + Bt + C sinwt + D cosw:

be used. Examination of the raw data showed an acceptable precessional period

to be 11.2984 scconds and accordingly we set the angular velocity

Results of computer runs produced a yaw RMS of 0.6°. This was deemed acceptable
P p Y I

and the equation to fit yaw data in degrees as a function of time t was defined as
Yaw(T) = A + BT + C sinwT + D coswT
where

T

]

t-100 and 250 <t < 308

A

1}

-14.234 B = -.000 C = -6.354 D = -15.838

and w 1s as described above.

To predict pitch data in the above mentioned interval, plots suggested a
polynomial approximation be used due to the relative steepness of slope in
available pitch output. A thorough examination of plots indicated that a
structure in the pitch data from 250-308 seconds was similar to measurements in
the portion from 130-198 seconds after launch. A cubic equation yielding an RMS
value of .5159° produced the best polynomial approximation to th: pitch data
in this well-behaved area.

By the Weierstrass approximation theorem (Reference [2], page 102), we

introduced the function
Ay =\-;§- (t-271.9) te [250,308)
“~
and predicted pitch data in the closed interval 250 < t < 308 by the equation

Pitch(t) = AT> + BT + CT + D Ay , T =t-213 .

o
(%]




The constants in the Ay function were determined by the available pitch data.
1 i ; )

The values of coefficients determined by a linear least squares estimation

(Reterence [1]) were found to be
A = -.0003433064 B = .06455981 C = -3.135508 D = -1.314757

Substituting the values of the coefficients and replacing T by t-213, the

equation to predict angular pitch data becomes

Pitch(t) = -.0003433064t”+.28393068261°-77.32826863tt-6903.397458

with an RMS value of .5980°.

From the Roll Rate program, the vehicle's roll rate was established for
this gapped area and through continuity checks was locked into the roll data,
All gyro corrections were incorporated into the aspect program to provide

continuous preliminary attitude for the entire flight.

Furthermore, a phase shift study between the actual magnetometer measure-
ments and those simulated using attitude information was initiated. The
results of this study showed an average time shift between maximum predicted
and maximum measured magnetometer attack angles to be ,0554 seconds with an
RMS of .0048 seconds for the interval from launch to 54 seconds in flight. A
similar time shift study from 107 to 272 seconds showed the average time shi it
between maximum attack angles to be .1694 seconds with an RMS of .0182 seconds.
Phase shift displacement angles were also generated throughout the vehicle
lifetime, but they did not show a constant shift. The spin rate change varied
trom .6 rps to 4.1 rps from launch to 107 seconds and then stabilized at 1.08

IpS.

In an attempt to use the times of the maximums and minimums of the
actual magnetometer measurements to further refine the roll data, an analvsis

was developed using the yaw and pitch data at the times of the above mentioned

magnetometer measurements, the orientation of the magnetometer and the gyro
reference notch, To implement this analysis, the yaw and pitch data was
merged with the times of maximums and minimums of the actual magnctometer

data as supplied by the detailed phase study.

P
v
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v

A software routine was then prepared to calculate the discrete gyro roll
using the merged gyro information and theoretical model of the Earth's magnetic
tield. The results of this program were studiced and continaous roll was

penerated tor this Plight using these calculated discrete roll values.

In the judgement of the [nitiator of this problem, it was decided that
the roll data calculated using the refinement technique of incorporating phase
shift outputs compared most favorably with his attitude sensitive experimental

results.

Figures (26-28)display the final angles of attack of these vehicles using

the various mentioned correction procedures.
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Figure 24
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Figure 25
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Figure 27
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