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@ assTrACT

One of the misslons assigned to the Saturn | Block 11 vehicles was
flight testing the ST-124 inertial guidance system. This is an
analytic report of the ST-124 platforms and assoc¢iated hardware flown
on the six Saturn | Block || vehicles, SA-5 through SA-10.

This report presents for each vehicle the velocity component errors
versus time for the total powered flight, combinations of platform
system errors that would produce the velocity error profiles, and the
velocity component error corresponding to each platform system error.
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Definition
Acceleration bias

Misalignment of the sensitive axis of the pth
accelerometer about the qth axis.

Initial platform leveling error in yaw

Initial azimuth error

Initial platform leveling error in pitch
Constant drift rate of X,Y,Z gyros reipecflvely.

"g"-sensitive drift due to mass unbalance along
the spin reference axis (X and Y gyros respectively).

Drift due to end plate "g"-sensitive turbine
torque (X,Y,Z gyros respectively).

"g"-sensitive drift due to mass unbalance along
input axis of Z gyro

Scale factor error of range and altitude
accelerometers respectively.

Refers to ith row

Refers to jth column
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TECHNICAL MEMORANDUM  X-53398

SATURN | BLOCK 1| GUIDANCE SUMMARY REPORT

Q) SUMMARY

This report presents an error analysis of the ST-124 inertial platform
systems flown on the Saturn | Block Il flights. Final data from pre-
cision tracking were used for comparisons with the telemetered guidance
velocities. These differences were input to a weighted Least Squares
Program to determine the most probable sets of platform system errors.
The error solutions were verified by adjusting the telemetered velocities
and computing a continuous trajectory comparable to the reference trajectory
and satisfying the orbital insertion conditions.

Although some platform system errors were larger than desired for a
precision flight, averages for the six Saturn | Block |1 flights indicated
only the "g"-sensitive gyro drifts were greater than the 30 value specifi-
cations. The average error was 0.07 deg/hr/g compared to a 3¢ value of
0.05 deg/hr/g. However, sixteen of twenty-four "g"-sensitive drift terms
were predicted greater than the error analysis indicated.

The. .flight tests indicated each guidance system performed to a
high degree of accuracy.



@ .0 INTRODUCTION

One of the missions assigned to the Saturn | Block Il vehicles was
flight testing the ST-124 inertial guidance system. This is an analytic
report of the ST-124 stable platforms and associated hardware flown on
six Saturn | Block || vehicles, Saturn SA-5 through SA-10.

The analyses presented in this reporf‘;re based on comparisons of
the telemetered guidance data with final tracking including established
orbital insertion conditions. Final tracking for most flights was not
received in time to be used for the "Test Flight Results" analyses;
therefore, intermediate tracking data were used to isolate any signifi-
cant guidance system error greater than predictions based on laboratory
tests of the hardware.

The general philosophy followed for the evaluation reports was to
assume the error predictions were known error terms and then solve for
a minimum of additional values required to approximate the velocity error
profiles. For this report, the error predictions were used as "a priori"
estimates and a more complete guidance error model was used with the
best tracking data available for each vehicle flight. Although the final
results are very similar, they are not necessarily identical to those
shown in reports, "Results of the Saturn | Launch Vehicle Test Flight",
published soon after each vehicle flight. (See References)

This report presents for each vehicle the velocity component errors
versus time for the total powered flight, combinations of platform system
errors that would produce the velocity error profiles, and the velocity
component error corresponding to each platform system error.

(U) 2.0 SATURN | BLOCK || GUIDANCE SYSTEMS

The platform systems flown on the Saturn | Block Il vehicles and
the function of each system are shown in Table 2-1.

Although two previous vehicles, SA-3 and SA-4, carried prototypes of
the ST-124 platform, Saturn SA-5 was the first vehicle to carry the com-
plete ST-124 guidance system. Inertial velocities and vehicle attitudes
referenced to the ST-124 platform were fed into an ASC-15 guidance com-
puter for computations of "Path Adaptive" guidance commands and to initiate
discreet signals. The guidance was in open loop.

An ST-90-S platform system was also carried on the SA-5 vehicle and
used as a reference for attitude control. The ST-90-S platform was a
modification of the ST-90 system flown on the Jupiter flights. The mod-
ification consisted of an extended azimuth drive to permit a programmed
ro!l maneuver to turn the vehicle from a 90 degree launch azimuth to +the
desired flight azimuth.




Saturn SA-6 also carried two platform systems. The ST-90-S system
generated signals to turn the vehicle into the desired flight azimuth and
served as a reference for attitude control of the S-| stage. At about
|14 sec after S-1/S~1V separation, attitude error signals were switched
from the ST-90-S to the ST-124 platform. At about 168 sec of flight,
the guidance loop was closed and the vehicle flew a guided trajectory,
"Path Adaptive" in the pitch plane and "Delta Minimum" in the yaw plane,
referenced to the ST-124 platform system.

Saturn SA-7 and subsequent Saturn | Block || vehicles carried only
the ST-124 platform systems which generated signals to turn the vehicles
into the desired flight azimuth and served as reference for attitude con-
trol of the S-| stages. The guidance loop was closed in the S-1V stage

.of each vehicle. SA-7 utilized the "Path Adaptive" and "Delta Minimum"
guidance mode for pitch and yaw, respectively. SA-9, SA-8, and SA-10
vehicles utilized the "lterative" guidance mode (IGM) and "Delta Minimum"
for pitch and yaw, respectively.

The S-1V stage of each of the guided Saturn | Block 1| vehicles was
guided to satisfactory orbital insertlon conditions.

TABLE 2-1
SATURN | BLOCK || PLATFORM SYSTEMS
Vehicle Platform System Function
SA-5 ST-90-S E Initial roll maneuver and attitude control
reference entire powered flight
ST-124 Passenger
SA-6 ST-90-S Initial roll maneuver and attitude control
reference S-| stage
ST-124 Attitude control and closed loop "Path

Adaptive" guidance reference S-IV stage

SA-7 ST-124 Attitude control and closed loop '"Path
Adaptive'" guldance reference entire
powered flight

SA-9 ST-124 Attitude control and closed loop "lterative"
guidance_reference entire powered flight

SA-8 ST-124 Attitude control and closed loop "lterative"
: guidance reference entire powered flight

SA-10 ST-124 Attitude control and closed loop "lterative"
gquidance reference entire powered flight







.) 3.0 DESCRIPTION OF THE ST-124 PLATFORM SYSTEM

The ST-124 platform is a four-gimbal system which permits full free-
dom about all three vehicle axes. The gimbal order from the vehicle to
the inner gimbal is pitch redundant, yaw, pitch limited, and roll. The
pitch redundant gimbal is positioned from a pitch command resolver and
a gimbal resolver operating into an associated gimbal servo. The pitch
limited gimbal is controlled to essentially zero (steady state).

Three pendulous integrating gyro accelerometers (AMAB-3-K4) are
mounted on the ST-124 stabilized element. The range and cross range
accelerometers are normal to each other in the local horizontal plane at
launch with the range accelerometer directed down range. Cross range
output is positive right with observer facing down range. The altitude
accelerometer is directed up and normal to the launch horizontal plane,

The ST-124 platform is stabilized by three (AB-5-K3-P) air bearing,
single-degree-of-ireedom gyros mounted with the sensitive axes mutually
perpendicular. The gyro axes (sensitive or input, output, spin reference)
are oriented such that some of the '"g"-sensitive drifts and all the
"g2"~sensitive drifts are effectively zero or, in any case, a minimum. A
schematic of the ST-124 platform system is shown in Figure 3-1.

‘) 4.0 ERROR ANALYSES

The error analyses of the ST~124 guidance platform system are based
on comparisons of the telemetered guidance velocities with final tracking
data for each vehicle. Although the results are very similar, they are
not necessarily identical to those presented in "Test Flight Results"
published soon after each vehicle flight (see References).

The guidance error model used for the analyses has been simplified by
combining error terms that produce like velocity error profiles and
eliminating error terms that are generally considered negligible. Because
of the alignment of the platform at launch with respect to the plane contain-
ing the thrust vector, some of the drifts caused by mass unbalance and
all of the aniscelastic drifts are negligible.

The platform is leveled in the horizontal plane at launch with the
cross range accelerometer electronically aligned in azimuth. Since the
cross range acceleration is essentially zero during flight, an error com-
ponent picked up by either the range or altitude accelerometers rotated
intfo cross range would be negligible for small angle rotations. Thus,
the altitude accelerometer error in the pitch plane usually is the only
nonorthogonal ity error considered. A total of eighteen platform system
error terms has been considered in the analyses. The error term con-
sidered are:

— oMM
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a. Bias error for each of the three accelerometers.

b. Scale factor error for range and altitude accelerometers.
Scale factor error for cross range is negligible.

c. Nonorthogonality of altitude accelerometer in the pitch plane.

d. Initial platform alignment errors in pitch, yaw,and azimuth.

e. Constant drift of the platform about the input axes of the
three stabilizing gyros.

f. "g"-sensitive drift due to mass unbalance along the spin
reference axes of the yaw (X) and roll (Y) gyros.

g. "g"-sensitive drift due to mass unbalance along the input
axis of the pitch (Z) gyro.

h. End plate "g"-sensitive turbine torque for each of the three
stabilizing gyros.

The guidance platform error model is described by the following
equation:

AX =B + S Xm [ (6] Xm

where B accelerometer bias error.

S = accelerometer scale factor error.
.

Subscript m = denotes an ideal measuring system.
(M J =3 X 3 matrix defining the misalignment of the sensitive
Pq axis of the pth accelerometer about the qth axis.
Cs] = 3 X 3 matrix defining the instantaneous alignment of

the platform with respect to the ideal alignment. This
includes the effects of all drift terms.

Measurements made by the guidance accelerometers are referenced to
a point in inertial space. This point coincides with the launch site
at time of "Guidance Release" which occurs at or just prior fto liftoff of
the vehicle. ldeally, the stabilized platform on which the accelerometers
are mounted remains fixed in inertial space throughout flight. Errors
made in the velocity measurements result from imperfect accelerometers
and nonideal alignment of the stable platform at any time after guidance
release. In order to determine the platform system errors that were
present during a vehicle flight, the measured velocities are referenced
against a set of data that describes the trajectory of the particular flight.




The reference data used in these analyses vary from flight to
flight according to the availabllity of precision tracking data. |In each
case the established insertion conditions were considered to be more
accurate than data from any individual tracking system,

Tracking data, including established insertion points, are converted
to the guidance coordinate system and compared with the guidance accelero-
meter outputs (guidance minus tracking) to establish the vehicle error
profiles. Although tracking data contain errors peculiar to each track=
ing system, only random noise is considered in the covariance matrix used
in the guidance error analysis. The tracking data have been processed
to eliminate, to some extent, known errors before comparisons are made
with guidance.

The guidance velocity error model is fitted to the velocity error pro-
files by @ double precision weighted '"Least Squares" method to determine
a set of guidance system errors that would produce the velocity devia-
tions (residuals) between the measured guidance data and tracking.

The general equation for the "Least Squares" solution is

m T~ Ty 5
= +
u [mo + P WP] [ono P'WR]
where u =  platform system errors (n x |)
P = 3 X n matrix of partial derivatives relating
the velocity error to the platform system
errors,

Superscript T denotes matrix transpose.

Superscript -1 = denotes matrix inverse.
W = 3 X 3 covariance matrix associated with the
residuals.
Wy = n X n covariance matrix associated with the

platform system error terms,

R = 3 X ! matrix of residuals (G

_ matri uldance minus
Tracking).
V = n X | matrix of "a priori" estimates of the

platform system error terms.



4,1 GUIDANCE VELOCITY COMPARISONS

The reference data used for guidance comparisons varled between
flights. For the first three Saturn | Block || (SA-5, SA-6, SA-7) flights
no tracking system adequately covered the major portion of the flight.
Therefore, final postflight trajectories, based on various tracking and
insertion data, were used for establishing the guldance velocity error
profiles. MISTRAM, tied to close-in tracking from Cape Kennedy, and
insertion data were used as reference data for vehicles SA-9 and SA-8.

The analysis for SA-10 was based on ODOP tracking and Insertion data.

The quality of the tracking from the individual systems used for SA-9,
SA-8, and SA-10 was verified by adjusting the measured guidance velocities
for errors corresponding to the analyses made and computing trajectories
that satisfied conditions established for orbital insertion of each
vehicle. The velocity conditions were completely satisfied and position
differences were within the accuracies associated with the insertion data.

The comparisons of the velocity components are shown, plotted versus
range time, in Figures 4-1 through 4-6. The solid |lines represent the
comparisons between guidance velocities and range tracking or (for
vehicte SA-5, SA-6, SA-7) final postflight trajectory. The circled points
represent velocity differences associated with the guidance system errors
determined from the analyses. The comparisons with established insertion
velocities are shown enclosed in squares.

The inertial velocity components and total velocities at cutoff of
the S-1 stage and orbital insertion are shown for each vehicle in Table
4-1., Predicted, tracking, and telemetered values are shown for com-
parison. Since the Saturn vehicles are not constrained to a predeter-
mined powered trajectory and the programmed S-1V cutoff velocity is in
a space-fixed (includes the eéffect of gravity) plumbline coordinate
systems, the telemetered inertial velocities are not necessarily close
to predicted values. The velocity differences reflect the nonstandard
performance of the total vehicle system in addition to any guldance
errors,

The velocity differences between telemetry and tracking reflect the
errors of the guidance system. Although tracking does contain errors,
the values in Table 4-1 should be valid especially at orbital insertion.

The inertial velocity outputs of the guidance accelerometers were
converted to space-fixed values by the onboard (ASC-15) guidance computer
for use in path guidance computations. Table 4-11 shows the space-fixed
velocities telemetered from the guidance computer compared with pre-
calculated and orbital tracking at time of orbital insertion. Since SA-5
was flown with open loop guidance, this vehicle was not included.
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The precalculated velocity vector at S-1V cutoff was preset in the
guidance computer and cutoff ‘signal ‘was“¥sdkieffwhen the onboard measure-
ment equaled the preset value. Orbital insertion occurred |10 sec after
S-1V cutoff. For SA-6 the precalculated velocity vector at insertion
was erroneously preset in the guidance computer as cutoff velocity which
explains most of the 6.2 m/s velocity difference at insertion. For
vehicles SA-6 and SA-7 the time delay between cutoff signal and actual
cutoff was not included in computations of velocity increase due to thrust
decay. This was included for subsequent vehicles and the deviation between
the telemetered and precalculated velocity vectors was within +0.1 m/s
at orbital insertion.

The differences between the telemetered guidance values and orbital
tracking reflect the errors of the guidance system and errors in the
gravity profiles based on the measured guidance velocities.

4,2 ST-124 PLATFORM SYSTEM ERRORS

The philosophy followed for the final analyses was that the most
probable set of guidance errors would represent adjustments to the
telemetered velocities necessary to simulate the vehicle trajectory with
special emphasis on the orbital insertion conditions. Different
philosophies concerning confidence in preflight estimates and predicted
performance can vary solutions using the same data and method. This
may be verified by comparing error solutions shown in Table 4-111.
Essentially, the same method, weighted "Least Squares", was used for the
postflight evaluation reports{!) as was used for the final analysis. The
final tracking data was also available for SA-8 and SA-10 vehicles before
the postflight evaluation reports were published. For the analyses used
in these reports, the preflight estimates were considered generally
accurate and weighted accordingly. A minimum amount of flexibility was
permitted to give a solution that would fit the end point and given an
error profile similar to the observed velocity differences. The solutions
were constrained to the preflight estimates within the data noise level
permitting a minimum of terms to exceed the preflight estimates.

The procedure used for the final analyses also utilizes a weighted
"Least Squares" approach. However, preflight estimates of the error
terms were used as "a priori" estimates for a first pass at fitting the
established velocity error profiles. The only preflight errors weighted
heavier than +30 limits were the angular errors made in mounting the
accelerometers on the platform (generally 0.1 times 30 values). These
are referred to as nonorthogonality of the individual accelerometer
sensitive axis with respect to another accelerometer. Constraints were
placed on the solution to insure a curve fit of the residuals to fall within
the noise level of the data used. Completely wild data or data gaps were
weighted out of the solution. Orbital insertion data were heavily weighted.

(h Reports published by Flight Evaluation W9r§ing~6roup (See References).
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Successive cases were computed, iterating around the previous case to
eliminate unnecessary compensating error terms, until a set of guidance
error terms was derived with a minimum number exceeding the magnitude

of the "a priori" estimates and yet fit the observed velocity error
curves. The solutions were verified as reasonable by adjusting the
measured guidance velocities by the error solutions and computing
trajectories that compared very favorably with the postflight trajectories
and satisfied the insertion velocity components within +0.1 m/s and
positions to within the accuracies quoted for the insertion parameter
solutions.

Table 4-111 presents the final platform system error solutions for
each of the Saturn | Block {!| vehicles. Also shown for each vehicle are
the preflight estimates of the errors and the values presented in the
individual evaluation reports. The errors are fisted under seven major
types. Three types of errors, bias, scale factor, and nonorthogonality,
pertain to the accelerometers. Two types, platform leveling in pitch and
yaw and azimuth alignment, pertain to the orientatlion of the measuring
directions at launch. Two types of drift, constant and "g"-sensitive.
pertain to the stabilizing gyros. Although errors other than those |isted
are known to exist, they are either insignificant or cannot be distinguished
from some one of the listed terms,

Since the acceleration in the cross range direction is very small or
essentially zero for the major portion of powered flight, the scale
factor errors of the cross range accelerometer and the nonorthogonality
of the range and altitude sensitive axes with respect to the cross
range direction were assumed to be as predicted. Any postflight solu-
tion for these errors would be highly questionable. For the same reason
one "g"-sensitive drift term for each gyro and all anisoelastic drifts
were not considered.

The final postflight analyses indicated the accelerometer bias errors
were generally close to the preflight estimate. Of eighteen values (three
accelerometers for each of §ix vehicles) fourteen were equal in sign or
essentially zero. Only two accelerometers, range and altitude for SA-5
and SA-10 respectively, experienced bias errors significantly greater
than the 30 value of 0.5 X 10~3 m/sec2.

The scale factor errors were essentially as predicted except for SA-9,
The postflight solutions showed four values of different signs but essentially
the same magnitude as predicted. This discrepancy could very well be due
to interpretation of test data. The scale factor errors shown for SA-9
could be due to approximately 4 degree lower than normal gimbal temper-
ature that was experienced in flight. Preflight estimates were assumed
for the cross range acceler
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The platform is oriented so that the sensifive axes of the range and
cross range accelerometers are in the horizontal Plane with the cross
range axis more accurately aligned. This procedure minimizes the range
and azimuth errors leaving the nonorthogonality of the altitude accelero-~
meter with respect to range direction the only effective error in mount-
ing the accelerometers. Although the postflight solutions indicated the
preflight measurements were highly accurate (less than 2 sec of arc
except for SA-6 which was only 6.8 arc sec.), the accelerometer mounting
was rather poor for SA-5 and SA-6. SA-7 was much more accurately assembled,
but subsequent vehicles show that the accelerometers can be mounted to a
high degree of precision.

The rather large leveling and azimuth errors noted on the first three
Saturn | Block ! vehicles were evidently due to vibrations during thrust
buildup. The platform was torqued to compensate for earth's rotation until
liftoff signal. When the platform became space-fixed at liftoff, the
position of the platform became the gyro null position. The gyros
stabilized the platform to the |iftoff position. Beginning with SA-9,
the platform was space-fixed prior to ignition and the initial errors
were reduced to less than 30 values in each case except for pitch levéling
on SA-10 which was only 0.007 deg compared to the 30 value of 0.005 deg.
Leveling and azimuth preflight estimates shown are 3o values.

With one exception the directions assigned to the preflight estimates
of the guidance error terms shown in Table 4-111 were taken from memoranda
published prior tfo launch of each vehicle. |In these memoranda nonorthogona-
1ity was defined as positive when the angle between the measuring directions
of two accelerometers was greater than 90 degrees. In the analysis
program the orthogonal ity error is considered as an angular rotation of
the measuring direction about an axis and positive for a right hand rota-
tion.

A positive bias of scale factor error indicates an accelerometer out-
put greater than the absolute value. A positive platform alignment or
gyro drift error permits the platform to move in a right-handed sense
about the ideal axes and the vehicle follows the platform,

The predictions of the magnitude of the constant gyro drift terms
were relatively consistent with the postflight results. Only three
terms (X and Y gyros for SA-5 and Y gyro for SA-6)were significantly
greater than predicted and one of the three (X gyro SA-5) was essentially
a 30 value of 0.075 deg/hr.

Gyro drifts referred to as "g"-sensitive drifts are due to mass un-
balance along the input and spin-reference axes and end plate misalign-
ment producing a torque proportional to acceleration parallel to the out-
put axis. Since either the input or spin-reference axis is in the cross
range direction for each gyrp, only two "g"-sensitive terms for each
gyro,were considered. No pr@gdictions were published for the "g"-sensitive
drifts on vehicles SA-5 and S
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Several tests are made in the laboratory to approximate the "g'"-
sensitive gyro drifts. An average of these test results Is published as
the preflight estimate. These estimates are believed to be the léast
accurate of the predicted hardware errors due to Inconsistency (non-
repeatability) of day to day laboratory measurements. However, this should
not be interpreted as a reflection on the quality of the gyros used with
the ST-124 platform system. The drifts determined in the laboratory
or from postflight analyses are probably within the accuracy of the
measurements of other types of gyros that are less accurate but said to
be more predictable.

The "g"-sensitive drifts determined from the postflight analyses
closely agreed in magnitude with predictions for eighteen of the twenty-
four terms shown. Of the remaining six terms that were significantly
different in magnitude, four were much smaller,

The significance of the computed guidance error terms shown In Table
4-11| is presented in Figures 4-7 through 4-12, The velocity error con-
tribution for each hardware error was computed by multiplication of
the respective partial derivatives times the error solutions. Delta
velocities are shown at outboard engine cutoff, 350 sec, and S-|V stage
cutoff for each vehicle. The time of 350 seconds was ~hosen for con-
venience as an approximate midpoint to give an indication of the velocity
error buildup. Total velocity errors shown for each point correspond
to respective points on curves presented in Figure 4-1 through 4-6.

Figures 4-7, 4-8, and 4-9 are of somewhat special interest. These
Figures show the effects of the error solutions for SA-5, SA-6, and SA-7,
respectively. For vehicles SA-5 and SA-6 it was not difficult to ap-
proximate the velocity error profile, as was done in the Evaluation
Reports, with only one error exceeding the predicted values. Any devia-
tion from the observed velocity error profile could be within the data
noise level especially for preliminary data. However, it would seem
more realistic, when using final comparison data, to permit more free-
dome of error distribution and fit the established error profiles. The
solutions shown in Table 4-111 for the final analyses would produce
the observed velocity error profiles as shown in Figures 4-| through 4-6.

Figure 4-9 shows for SA-7 the velocity errors associated with the hard-
ware error solution. SA-7 velocity errors were expected to be much
smaller than for the two previous flights. However, this was not the
case. All attempts to get an unbiased postflight error solution indicat-
ed rather large leveling and azimuth error. Eventually, these misalign-
ment errors were found to be due to vibrations during thrust buildup
causing the platform to be stabilized at an erroneous position at liftoff
signal when it became space-fixed. As a result, for subsequent vehicles
the platform was space-fixed prior to ignition and any movement due to
vibrations was sensed by the stabilizing gyros and corrected.
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Figures 4-10 through 4-12 show the associated velocity errors repre-
senting error analyses for vehicles SA-9, SA-8, and SA-10, respectively.

(‘ 4.3 CORRELATION BETWEEN GUIDANCE ERRORS

Table 4-1-V shows a typical set of correlation coefficients between the
various guidance system errors. The values are given to the first decimal
and were computed using the equation:

pij = oij/oioj
where: o represents the elements of the covariance matrix associat-
ing velocity component errors to the guidance system
errors.,

i refers to the ith row and j refers to the jth coiumn.

Although these values may vary between vehicles and also between computer
runs due to weighting factors, three pairs of error terms are consistently
highty (p > 0,75) correlated, (1) bias in X and scale factor in X, (2) con-
stant drift of X gyro and "g" drift proportional to X, (3) constant drift
of Z gyro and "g" drift proportional to X.

\ 5.0 CONCLUS IONS

The purpose of a postfliight analysis of the guidance system is tfo
establish the confidence in preflight error measurements and point out
areas where improvements may be made. The predicted and postflight
analysis platform system errors are shown in bar graph form in Figures
5-1 and 5-2. The asterisks over the particular errors indicate that
predicted and analysis errors are opposite in sign.

Platform leveling and azimuth errors were predicted to be within 3o
tolerances of 0.005 and 0.0l degrees, respectively. The relative large
values observed on SA-5, SA-6, and SA-7 are believed to be results of
vibrations during thrust buildup. The platforms, which became space-
fixed at |iftoff signal, probably had moved due to vibrations and the
gyro null positions were erroneously oriented at liftoff. Beginning
with SA-9 the platforms were, space-fixed prior to ignition and any torque
applied to the platform during thrust buildup was sensed by the gyros
and a torque equal and opposite in sign was generated thus stabilizing
the platform. The leveling and azimuth errors shown for SA-9, SA-8 and
SA-10 are well within the 30 tolerances.

Figures 5-3 and 5-4 show the differences between computed and pre-

dicted platform system errors., In practically every case where the
difference value is relatively large, the analysis indicated an error



$

opposite in sign to the prediction. The comparisons in general are very
good and especially good if the sign conventlion is disregarded. The
magnitudes of the errors determined from the postflight analyses were
generally very close to predictions.

Considerations have been given to incorporating guidance error correc-
tions in the flight equations to compensate for preflight measurments.
Based on the results of the Saturn | Block || gulidance error analyses, it
is felt that effectively large accelerometer errors could be compensated
for in the flight equations. However, gyro drift rate compensation would
be questionable until some additional analyses are made using the flight
data from vehicles carrying the ST-124 M platforms.

Table 5-1 shows the averages of the guidance error comparisons (analysis
minus prediction). These averages for the accelerometer error measurements,
bias and scale factor, show that preflight estimates were generally good.
The initial platform alignment errors for the last three vehicles were
held within the 3a tolerances with an average value of +0.3l X 10-2
degrees.

The average difference of the constant drift errors was slightly less
than the 30 value of 0.75 deg/hr. The average difference in the "g'"-
sensitive drifts was 0.07 deg/hr/g compared to a 30 value of 0.05 deg/hr/g.
However, if the sign convention is disregarded, the averages of the
difference in magnitude would be 0.034 deg/hr and 0.038 deg/hr/g for
constant and "g"-sensitive drifts, respectively.

The missions of the Saturn | Block Il vehicles did not require more
accurate guidance hardware. Howéver, based on the comparisons shown
previously, the use of advanced quality control techniques in selecting
the individual components of the guidance system hardware already de-
signed would insure the fulfilment of the terminal conditions to high
degree of accuracy. Corrections for accelerometer errors could be pro-
grammed in the flight computer. Programming of corrections for gyro
drifts would be somewhat questionable until tests show that 'g'"-sensi-
tive drifts are more repeatable.

30
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