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1.0 INTRODUCTION

~1-

¢
GEMINI flight GT-3 was successfully launched on 23 March 1965 from Complex
19 at Cape Kennedy, Florida. This was the first manned orbital flight and
- the second to carry an inertial guidance system in the GEMINI spacecraft.
¢ The purpose of this report is to present the results of the inertial

guidance system analysis performed during ascent and re-entry and to provide

a trajectory reconstruction of the spacecraft during ascent and re-entry.

The contents of this report are as follows:

Section 2.0 -

Section 3.0 -

Section 4,0 -

Provides a summary of the significant
analysis results determined from this
flight.

Provides a detailed description of the
anaelysis performed during the ascent
portion of flight. This includes a
discussion of; a) inertial measurement
unit (IMU) accelerometer and platform
errors, b) the radio guidance -~ inertial
guidance update procedure, and c) air-

borne computer computation errors.

Provides a description of the IMU error
analysis performed during re-entry end

the correlation between the ascent and

the re-entry IMU analyses.




QSOMBDENTIRE .o

-2-

Section 5.0 - Provides tabular listings of the tra-
jectory reconstruction during ascent ®

and re-entry.

Section 6.0 - Describes the external tracking system

performance and quality.

»
Appendix - Containe listings and plots of the thrust
acceleration profile for ascent and re-
entry and plots of the ascent gimbal
angles and attitude errors.
v
’
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SUMMARY

The following is a brief summary of the major results from analysis of the
data from this flight:

Excessive pitch type errors were noted during the ascent and re-entry
modes of flight with magnitudes equivalent to the following constant pitch
drift rates:

a. 1 deg/hr for the first 180 seconds of ascent.

b. 23 deg/hr after 180 seconds and at least until
SECO.

c. U.6 deg/hr during the entire post-retro phase
of the re-entry mode.

Analyses of the observed errors and concurrent postflight tests on the GT-3
platform by Honeywell indicate the observed pitch errors are attributable
to a malfunctioning Y gyro.

The major guidance system errors other than the pitch errors resulted from

X and 2 accelerometer scale factor errors of approximately 700 and 600

parts per million and bias errors of 340 and 180 ppm g respectively.
Comparisons of calibration data indlcated that the large scale factor

errors would not have been present, resulting in considerable improvement

in guidance velocity magnitude accuracy, had the latest preflight calibration
data been used.

Analysis of the update procedure indicated negligible azimuth drifts during
the ascent phase and successful accomplishment of the RGS/IGS update
procedure.

Thhr ¢ ing Inf ion atfecting the netional dofen
18, U.S.C., Section 793 and 794, the transmission or revelation

'“tu"'”‘ States within the ing of the Bapl Lows, Thie
any menner te an uneutherised persen is prohibhed by law
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There was no evidence of an accelerometer count gain malfunction as ~

observed on the GT-2 flight (see Reference 3).

The best estimate of the re-entry trajectory based upon corrected

guldance data indicates that the spacecraft was 14 nautical miles

North and 59 nautical miles West of the desired impact point at 799 -
seconds after retrofire. (This was at approximately 50,000 feet

altitude and corresponds to the last available guidance or tracker »
trajectory point.) The IMU error while large made a relatively

small contribution to the total impact miss.

In general, the quality of the tracking data was excellent. The
quick look MISTRAM data was much improved compared to GT-2.

The principal discrepancy in the data received on this flight was a
large systematic error, amounting to 2-3 feet per second in X and
10-20 feet per second 1n i, noted between MISTRAM and GE Mod III
late in flight.

Re-entry redar data was, in general, adequate with the exception
of 3.18 data which exhibited very large systematic errors.

Yh.n duunon' contalne Infermetion alecting the netlensi

States within the Ing of the § Lews, Thie
U.8.C., Baction 793 end 794, the transmission or revelation of whi

anner to an unsutherined nnoa s uoﬁlblnd by low.
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Comparisons were made using several sources of external tracking data

including quick look MISTRAM I 10K and 100K, GE/Mod III/Final, GE

Mod III/Burroughs, final MISTRAM, passive MISTRAM II and BET.

The

relative merits of these data sources are described in Section 6.0.

The ascent analysis was based primarily on quick look MISTRAM I

100K data because of its superior quality.

Details of the data

processing required to obtain these comparisons are given in

Reference 1.

The plots enclosed are referenced to liftoff which occurred 3.452

seconds after go

Guidance Error

inertial.

The indicated guldance system error at SECO (334 seconds from
1iftoff) and equally valid at separation (359 seconds from liftoff)

are given below.

position and veloclity comparisons

IMU Error Navigation Equation
__Errors

ax 41.0 21 -3.7 a

a¥ -162.0 ¥ 1.5 +.50 % 1

AZ 2.5 % 1 - a5t

AX 5100 < 200 L52

AY  -5200 T 50 111

Az -1000 T s0 -568

These values were obtained by examination of the

(Figures 1-4).

TABLE I

GUIDANCE ERROR AT SECO

This document conteiny Infermation affecting the natiensl defense @
18, U.5.C., Sactien 793 and 794,

Total Guldance
Error

37.3 11
-161.5

-2.6

'+

1.5

'+

Il

1+

5552 = 200
-5089

-1568

+

50
50

'+

Lews, Title
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the transmissien er reveletion of whic )

ing of the Espl
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The column headed IMU ERROR represents the error contributed by the
accelerometer and gyro sources, that headed NAVIGATION EQUATION ERRORS
is the contribution due to various approximations within the airborme
computer as observed from the Delta Delta Comparisons* and that titled
- TOTAL GUIDANCE ERROR is the sum of the two and represents the total
IGS error. These total errors result in velocity magnitude and flight

path angle errors at release of the following amounts

"
A IVI = 12 fps
A v = .38 deg
The following table is a comparison between the navigation errors
¥**
observed on this flight and those predicted by preflight simulation.
TABLE II
GT-3 NAVIGATION ERRORS
Position (ft) Velocity (ft/sec)
X Y z X Y z
Actual Ls2 111 -568 -3.7 .5 -1.5
Simulated 51 0 -160 -3.25 1.45 - 45
The observed differences are most likely attributable to computational
* errors caused by the large position errors observed on this flight.
* Level changes at 106 seconds in the i and i curves are due to updating the initial
earth rate conditions by the onboard computer as a result of the RGS/IGS update routine.
L .

** The preflight simulation values were obtained by telephone from IBM.

This d offecting the notienal

the United Stetes within the Lews, Title
18, U.S.C., Section 7'3 nd 7'4 the transmission or reveleti

of the &
In any te an horized porson is probibited by low,
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IMU Analysis

The thrust coordinate velocity comparison plots (Figures 5 and 6) indicate
large steadily increasing X axis velocity errors throughout flight; and
rapid negatively increasing Y velocity errors, beginning approximately

180 seconds from liftoff, abruptly reversing an increasing positive trend
prior to that time. These anomalies are attributable primarily to excessive
X and 2 accelerometer bias end scale factor errors, and a pitch drift mal-

function error occurring at epproximately 180 seconds.

Preliminary observations of the data revealed that the mejor portion of

the X error prior to 180 seconds could be attributable to an X accelerometer
scale factor error; however, the velocity error trend beyond this period
suggested the presence of en additional large megnitude error source. Since
both the X and Y axis velocity comparisons indicated the presence of a

large magnitude error source beginning mid-flight while the Z exis seemed
unaffected, it was concluded that a pitch type melfunction must have

occurred during the latter period of the ascent phase.

Because of this apparent malfunction it was necessary to perform a separate
analysis before and after this occurrence. Table III summarizes the results
of this analysis by listing error coefficients that could account for the
ascent IMU error. Thims partitioning of the flight into time intervals
lessened the accuracy with which the IMU errors could be isolated, but
permitted the identification of the type of errors present (L.e., gyro ’
versus accelerometer or drift versus measurement) and approximate equivalent

magnitudes.

S T

States within the of th Laws, Title

This document contalns Infermation affecting the natienc! defen: o Espi
any Manner te an unavtherized persen ts prohibited by law.

18, U.S.C., Section 793 and 794, the transmissien er revelatien
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TABLE III
ASCENT PHASE IMU ANALYSIS RECOVERED COEFFICIENTS
Symbol Error Source Recovered Coefficient
VOX X accel initialization -.25 fps
VOZ Z accel initialization -1.2 fps
XSF X accel scale factor 687 ppm
ZSF Z accel scale factor 522 ppm
B, X accel bias 340 ppm g
By Y accel bias -22 prm g
Bz Z accel bias 180 prm g
YGCDR Y gyro constant drift rate 1.0 deg/hr
DT Time correlation error -.005 sec
YGCDR Y gyro constant drift rate initiated 23 deg/hr
(180) (180 seconds from go inertial)

Y the United States within the the Eopl Laws, Title

This document contalns information affecting the national & ot
In ony monner 16 en unevtherized persen Is prohibited by iew.

18, U.8.C., Section 793 and 794, the transmission or revelatle
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The first attempts at errcor source isolation involved the use

of the Error Coefficient Recovery Program (ECRP) described in

Reference 1.

However, regressions using large error models

such as that recommended in the GEMINI Accuracy Prediction Study,

Reference 2, would not yield satisfactory results due to the

similarity of error source propagations over this short time

span.

The usable data interval for regression which was very

short (115 seconds) necessitated the making of a series of

regressions using 5 to 10 term error models. The terms used

in the regression were selected primarily because of thelr

representative types of propagations.
*
following:

12.

* Error source notations refer to the hardware definition of the axes which has the Y

accelerometer and ggro along the negative Z computer direction; the Z accelerometer

and gyro along the computer direction and the X accelerometer and gyro axes

BX

BY

BZ
XSF
ZSF
PHIY
PHIZ
YGCDR
YGIAU
XQUAD
ZXMSL

voz

X accelerometer bias
Y accelerometer bilas
Z accelerometer bias
X accelerometer scale
Z accelerometer scale
Platform misalignment
Platform misalignment

Y gyro constant drift

These included the

factor
factor
about Y accel axis
about Z accel axis

rate

Y gyro input axis unbalance

X accelerometer quedratic non-linearity

Z accelerometer misalignment toward X

Z accelerometer initialization error

coinciding with the computer X eaxis.

This desument centalns Infermation ettecting the natienal defense ok
18, U.S.C., Sectien 793 and 794, the transmisslen or revelation of whic

of the Rapl Lews, Title
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Figure 6 shows a it obtained from one of the regression solutions. The
error coefficients recovered from that solution which is typical of the

regressions performed are indicated below.

X accelerometer scale factor 339 ppm
Z accelerometer scale factor 611 ppm
X accelerometer bias 467 ppm g
Y accelerometer bias 92 ppm g
Z accelerometer bias 414 ppm g

Platform misalignment about Y .
accelerometer axes 80 sec

Platform misalignment about Z

accelerometer axes -6.9 sec
Y gyro constant drift rate 1.6 deg/nr
7 accelerometer initialization .613 fps

The above coeffiéients are similar to those recovered from other regressions
with the exception of the X and Z accelerometer biases which varied between
large positive and negative values with successive error model variations.
This is attributable to their high correlation with the pitch type error
sources. The above coefficients were used in the trajectory reconstruction

discussed in Section 5 because they provided the best fit to the early data.

Most significant among the regressions was the consistent indications of X

and Z accelerometer scale factor errors of approximately 500 and 600 ppm and

Y gyro constant drift rates between 1 and 1.6 degrees per hour. Discussions

of these results at the Honeywell Company revealed that the above scale

factor errors were consistent with the differences noted between successive
calibrations (see Section 3.5). It was also noted that the Y gyro demonstrated
constant drift rates of approximaetely 1 degree per hour during postflight

tests of the GT-3 platform.

L3

f the United States within the Iing of the E Lews, Title
in any monner to en unavtherized persen Is pnhlhlnd by low,

This decument centeins infermation affecting the natignal
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Based upon the above results, further attempts to isolate the IMU errors
were accomplished by using what was considered to be the best available
set of calibrations. These were the accelerometer scale factor and mis-
alignment values of the Cape calibrations and the accelerometer biases
obtained from the analysis of the free flight velocity errors. These
velocity errors during portions of the catch-up and re-entry mode are

shown in Figure 7.

Figure 7 is a plot of scaled and corrected thrust velocity during time
intervals of flight where the spacecraft is in virtual free flight.
Since there should be no net accelerometer velocity output, all the

indicated trends were assessed to be incorrect accelerometer biases.

The velocity comparisons resulting from the new set of calibration data

are shown in Figures 5 and 6 where the term CAPE CALIBRATIONS refers to

the combined set mentioned above. With the removal of the apparent
calibration errors, hand fits of the new comparison curves were accomplished.

These resulted in the following error source coefficients.

Z accelerometer initialization -1.2 fps
Y gyro constant drift rate 1.0 deg/hr
X accelerometer initialization -.25 fps -
X accelerometer scale factor 267 ppm
4
The residuals indicated in Figures 5 and 6 show approximetely .6 fps
difference between the hand fit curve and the data at 160 and 340 .

seconds. This difference is attributed to a 5 millisecond time
correlation errcr. The hand fit results are not as exact a fit to the
observed error as could be expected consistent with MISTRAM accuracies;
however, they do substantiate the drift type errors recovered by the
regression and also indicate the presence of additional X accelerometer

scale factor error.

This document contalns information affecting the national defense of the

od_States within the i ¢ the B Laws, Title
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Figure 7
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Ascent Flight After 180 Seconds from Go-Inertial

The analysis of the later portion of the ascent flight consisted of
determination of the time of malfunction occurrence, and isolation
of the type of malfunction which caused the excessive Y axis velocity

error.

Figure 6 which is a velocity comparison of the early portion of the
ascent flight, shows a Y velocity error trend reversal beginning at
approximately 180 seconds after g0 inertial. The X axis errors also
show a rapid departure from the extension of the ECRP fit at this
time. Observing the extension of the hand fit results between 180
and 200 seconds, it can be seen that the occurrence could have
initiated at any time during that interval. Attempts to correlate
this interval with flight events revealed only a rapid change in Y
acceleration between 180 and 190 seconds from liftoff corresponding
to the pitch down maneuver at that time (see Appendix I, Figure l9)f
Because of the uncertainties in esteblishing the exact time by visual
means, the time the occurrence initiated was considered in the
analysis to be between 165 and 200 seconds from go inertial with
close establishment of the time to result from atiempts to provide

curve fits to the data.

Honeywell is conducting studies to determine the behavior of the Y gyro
response to the observed acceleration profile. Preliminary information

indicates peculiar but not completely consistent gyro drift when the

acceleration changes sign along the Y gyro spin axis.

~
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Efforts to isolate the type and magnitude of the malfunction were based
upon the assumption that the malfunction could be approximated by a
single stationary error source initiated at one instant of time. There-
fore, based upon this assumption, the IMU error simulation program

(see Reference 1) was modified to generate unit error propasgations at
discrete times after go inertial. Figure 8 presents plots of three of
the error source propagations generated by the program. These are pitch
type error sources including Y gyro constant drift rate, Y gyro input
axis unbalance and platform misalignment about the Y accelerometer axis.
These were considered the more probable based upon comparing their

propagations with the observed flight X and Y axis velocity errors.

A composite hand fit to the Cape calibration velocity comparisons was
accomplished resulting in the following recovered coefficients from the

entire ascent phase.

Z accelerometer initialization -1.2 fps

Y gyro constant drift rate (from go inertial) 1.0 deg/hr
X accelerometer 1nit1alization -.25 fps

X accelerometer scale factor 267 ppm

Y gyro constant drift rate 23 deg/hr

beginning at 177 seconds
(180 from go inertial)

Time correlation -,005 seconds
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Figure 8
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The hand fit curve shown in Figures 5 and 6 resulted from the above
coefficients with the exclusion of time correlation error which
accounts for the residuals at 160 and 340 seconds. The residual

at 200 seconds undoubtedly is due to the non-stationary nature of
the malfunction and is a direct measure of the inadequacy of the

basic staticnary error assumption.

Preflight Calibrations

With the exception of X accelerometer bias, the calibrations used

during flight, were those obtained at Honeywell on 26 February 1965.
Another set of calibrations were obtained at Cape Kennedy prior to
flight. These calibrations showed all the scale factor and X
accelerometer blaes values considerably different from those of the
earlier set; however, only the X accelerometer bias value of the original
(2-26-65) set was changed. Later X axis accelerometer calibrations
showed additional large shifts in the X accelerometer bias and although
the latest value was not flown, it was used in the ground alignment

of the platform. The Honeywell and Cape calibration bias and scale
factor values are shown in Table .V which also presents the accelerometer
bias values determined from the postflight analysis of free flight -
velocity errors (Figure 7).

Table IV also indicates the difference between the Cape and Flight

values the most significant of which are large magnitude scale factor
changes of the three accelerometers. The X accelerometer was modified
during the period between calibrations in an attempt to prevent the
recurrence of the accelerometer malfunction noted on the GT-2 mission.
This modification may provide an explanation for the observed variations
of X accelerometer bias and scale factor; however; there are no obvious
explanations for the 500 and 650 ppm Y and Z accelerometer scale factor
differences between measurements. (1 ¢ specification is 130 ppm).
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Except as otherwise noted, position and velocity comparisons were
made by using the Flight calibrations. A set consisting of Cape
calibration scale factors and misalignment terms and free flight
determined biases was also used in the analysis of IMU performance.
Figures 5 and 6 present velocity error curves resulting from the
two sets of calibrations. These show a considerable decrease in the
X axis velocity error due to using a later set of calibrations.

A significant change in the early Y velocity error is also evident.
Althéugh the bias values used in generating the curves were ob-
tained from postflight analyses, the major improvement in IMU
errors 1s attributable to having the latest determined accelero-
meter scale factors. Table V shows the improvement in the error

at SECO by using these Cape values.

TABIE V

ERROR AT SECO DUE TO CALIBRATIONS VELOCITY ERROR AT SECO

4160-6047-TCO00

Error at SECO (Flight Calibrations) L3 -§27 -%.h
2/26/65

X accel. scale factor -420 ppm -10.4 0

Y accel. scale factor -652 ppm 0 + .23

Z accel. scale factor -522 ppm 0 0

X accel. bias 0 0 0

Y accel. bias +36.6 ppm g 0 .59

Z accel. bias -77.6 ppm g 0 0

Error at SECO (Cape

Calibrations) 3/12/65 32.6 -122.6 - 1.77
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The improvements resulting from Cape calibrations correspond to
11 fps total velocity and negligible difference in flight path

angle.

3.5 Azimuth Update

An azimuth alignment correction is calculated at three separate

times by the onboard computer. On the first pass through the
navigation equations after platform release, the roll gimbal.angle
reading is compared with the desired value and the difference is
used as a correction to the intended flight azimuth. This correction
is called Anx where a positive value implies that the platform is

rotated clockwise from the desired azimuth.

The additional azimuth corrections are calculated during flight at
100 and 140 seconds after liftoff. These are calculated by comparing
the crossrange (Z direction) velocity as measured by GE/Burroughs
with that derived from the airborne system and attributing the

residual to a platform misalignment.

The calculated updates are not telemetered; however, they are obtained
quite accurately from the data analysis. Table V1 summarizes the

updates determined by the following methods:
1. Calculated by simulating the inflight calculations.

2. Calculated from the jumps in the inertial velocity
comparisons or the DELTA DELTA curve.

3. Derived by IBM during their postflight simulation.
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TABLE VI
AZIMUTH UPDATE
Time Flt Calec.
sec Simulation DELTA DELTA IBM Units
0 .0004k 264 .000176 .000176 radians
100 -.00924L4 -.009182 ~.009257 radians
140 +.000164 0 +.000106 radians
Total -.009080 -.009182 -.009151 radians
(100 and 140) .52 .525 .525 degrees

U.5.C.. Saction 793 and 794. tha transmissian er ravalation

The calculated update values show agreement to within the .1 fps
velocity least count accuracy which is equivalent to .00008 radians.
The velues indicated at 100 seconds include those at 0 seconds. The
value for zero seconds in the DELTA DELTA column is that of IBM.

The Z axls velocities at 100 and 140 seconds were determined from
the MISTRAM I data and compared to the GE/Burroughs telemetered
values. The MISTRAM velocities were 348.39 and 198.55 at 100 and
140 seconds, respectively, which are in good agreement with the GE/
Burroughs values of 348.5 and 199.0 at the corresponding times.

The net azimuth update corrections have been applied in all the plots
included in this report.
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The history of initial alignment error is

-.29°

GT-2 Ny
GT-3 nx

-.52 .

1 o(specification) n, = .25O

Jt is understood that the major contribution to the specification
value is due to the inaccuracy in slewing the platform tc a new
azimuth as a result of updating the Agena orbit. On these two
non-rendezvous flights a fixed azimuth was flown and the mis-
alignment angles reflect only the basic inability to align the
inertial platform with the outside world, not the slewing error.
Since the errors observed on these two flights are already as large
or larger than would be expected, it appears that when the slewing
error 1s added, the total alignment uncertainty will be considerably

larger than the present specification value.

«
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L,0 RE-ENTRY ANALYSIS

4,1 Introduction

Analysis of the IMU performance during re-entry was based primarily on
position comparisons in re-entry guidance coordinates. The guidance
coordinate system, during re-entry is defined by the DCS inserted state
vector (spacecraft position and velocity) valid at the intended time of
retrofire. The guidance X axis.is directed along the total inertial
velocity vector, the Y axis is positive downward along the position

- vector from the earth's center and the Z axis completes the right handed

set.

The tracking data, available for the analyses, were obtained from four
C-band tracking radars. These covered the time interval between L55 and
800 seconds after retrofire or the whole atmospheric re-entry period.

The lack of tracking data prior to this interval limited the isolation of
re-entry mode initialization errors. It 1s expected that this problém
will be solved on future flighte by the timely arrival of high rate
tracking data during intervals Just prior to and following retrofire.

The method used in the analyses consisted of computing the guidance thrust
velocities, as was done during the ascent date reduction. A re-entry
trajectory reconstruction program was then used to generate the S/C
trajectory using the guidance system output. This program has the
capability of adjusting thrust data for gravity to form total inertial
positions and velocities, These guantities were then compared with

redar data to form the comparisons shown in Figures 9 and 10,

L,2 Impact Point Determination

Table VII shows the spacecraft position at 798,9 seconds as indicated from
PCM telemetry, radar, STL reconstructed guidance data, and the STL

reconstructed trajectory using corrected guidance data (see Sections 4.3 and

m
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5.0)., The time chosen corresponds to the last available reconstructed tra-

Jectory data point. The intended impact point is also presented.

Table VII

INDICATED POSITION SUMMARY

T = 798.9
1. Redar (7:18)

2. Reconstructed Trajectory
(Corrected)

3. Guidance Telemetry

4, Reconstructed Trajectory
(Uncorrected)

5. Intended Impact

Deg. lLatitude Deg. long. Altitude
(Geocentric)  (Geodetic) (Geodetic) (feet)
22.364 22.499 -70.840 51148
22.373 22,508 -70.838 50270
22.355 22.490 -70.848 359
22.369 22,504 ~-70.880 12338
21.89% 22,025 -69.88% 0

*Obtained from Canarvon MDIU print.

The corrected trajectory (2) which provides the best estimate of the space-

craft position indicates that the difference between the spacecraft position
at 799 seconds and the intended impact wes .483 degrees in latitude and -.958

degrees in longitude. The altitude at this time was 50,270 feet.

difference corresponds to the following:

= CONEH RN Tk

This
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POSITION ERROR AT 799 SECONDS RELATIVE TO INTENDED IMPACT

North West Downrange Crossrange

29 £ .6 n.mi. 53 £ .2 n.mi. 59 n.mi. short 13.6 n.mi. left

The down and crossrange values are based upon a 115,7 degree heading from
North which was that determined just prior to re-entry. The uncertainties
assigned are combinations of the differences between the reconstructed

trajectory and radar positions and rough estimates of radar accurag .

The difference in Table VII between the reconstructed guidance (2) and
the onboard computed value (3) is attributable to errors in either the
airborne computations or the reconstruction initialization. Since the
longitude difference was nearly constant over the entire time interval,

an initialization error is suspected,

The altitude difference between the uncorrected sources (3 or 4) and the
actual trajectory (1 or 2) is due primarily to the pitch error contained
in the guidance data,

IMU Analysis

Figures 9 and 10 present comparisona of IGS data with positions and
velocities obtained from the four radars, The following table gives
the position and velocity errors at 455 and 800 meconds from retrofire
ae indicated by the comparisons, These times correspond approximately
to the beginning and end of atmospheric re-entry (see Figure 21),
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Figure 10
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INERTTAT, GUIDANCE SYSTEM ERROR DURING RE-ENTRY
Position (ft) Velocity (ft/sec)
Time From R . .
Retrofire (sec) X Y Z X Y Z -
L55 -4750 -8000 +7000 9 -6.5 0
800 -37500 +17500  -4500  -300 200 -120

The major portion of the error indicated at U455 seconds is due to one or

more of the following causes:

a. The initialization state vector, calculated on the

ground and transmitted to the S/C is incorrect.

., The platform is incorrectly aligned, leading to a

directional error in the retromaneuver impulse.

c. There is a data processing error, the most likely

of which is & time correlation error. .

Figures 11 and 12 were obtained by initializing the guidance data, at the
time of the first radar data point (LS55 seconds), with radar positions and
velocities., These were generated in order to determine the secondary
effects of initialization errors upon the gravity computations. Comparison

of the data indicates that the secondary effects were minor relative to

the total error,
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Figure 11
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Figure
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The manner in which the errors increase after U455 seconds is indicative of
gﬁidance system IMU and/or alignment errors. A pitch type error was
suggested by the approximately asymetric X and Y position error propagations.
The philosophy involved in isolating the major contributing error sources
was to first extract, from the error curves, the effects of those IMU errors
which were considered as "known". These consisted of accelerometer bias

and Z accelerometer scale factor errors recovered from the ascent analysis
and verified somewhat by the preflight calibration differences. A fit to
the residual position error was then accomplished from which a -4.6 degree
per hour Y gyro constant drift rate was recovered as the major pitch

error. An alternate hand fit was accomplished which recovered an initial
pitch misalignment of -2900 EEE as the major pitch error. Either of these
recovered coefficients or combinations of the two could provide an
explanation of the observed errors; however, isolation of the exact error

source is difficult due to high correlation among error sources.

The drift rate error is considered the more probable because it and other
recovered coefficients of the fit from which it was derived are somewhat
closer in agreement with the ascent analysis results. The recovered co-

efficients from both fits are summarized in Table VIII.

Alternate fits were also accomplished for the Z axis error. However, both
indicated a large initial platform misalignment about the X accelerometer

axis as the major error source.

The fits to the re-entry data are tabulated in Table VIII. The coefficients
labeled FIT 1 and FIT 2 are associated with the X and Y axes and those
labeled FIT 3 and FIT 4 are associated with the Z axis error. The co-
efficient sets represented by FIT 1 and FIT 3 were used to compensate the
IGS data for reconstruction of the re-entry trajectory. The position error

propagation of these are shown as a dashed curve on the plots of Figure 11.




TABLE VIII
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RE-ENTRY ANALYSIS RECOVERED ERROR SOURCE COEFFICIENTS

(1) X and Y Axis Error Source

(a)

(B)

(2)z Axis

Knowns from Ascent Analysis

X accelerometer bias (BX)

Z accelerometer bias (BZ)

7 accelerometer scale factor (ZsF)
Recovered From Re-Entry Analysis

Y gyro constant drift rate (YGCDR)
Platform misalignment about

Y accelerometer axis (PHIY)
X accel scale factor (XSF)
Initial Errors at Retro

X guidance position (x0)
Y guidance position (Yo)
X guidance velocity (Vko)
Y guidance velocity (VYO)

Error Source

(4)

(8)

This document contelns Infermetion '""""f the netienel
18, U.S.C., Section 793 gnd 794, the trensm

Known From Ascent Ascent Analysis

Y accelerometer bias (BY)

Recovered from Re-Entry Analysis

Platform misalignment about X

accelerometer axis (PHIX)
Platform misalignment about Z
accelerometer axis (PHIZ)
Initial Errors at Retro
Z position (z0)
Z velocity (Vio)
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FIT 1 FIT 2 UNITS
340 340 PpM &
180 180 ppm g )
611 611 Ppm
-4.59 - deg/hr
- -2920 sec
712 455 ppm
-7816 -7870 ft
-4475 -4hT5 £t
4.8 3.7 fps
-9.1 =5.2 fps
FIT 3 FIT 4 UNITS
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-1080 -886 sec
- 200 sec
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5.0 TRAJECTORY RECONSTRUCTION

This section provides a trajectory reconstruction for ascent from liftoff
to 370 seconds (11 seconds after separation) and for re-entry from 462
seconds to 799 seconds after retro (16865 to 17202 seconds after liftoff).

The data is provided in an ECIG coordinate system which is a right-handed
inertial Cartesian coordinate system with the origin at the center of the
earth., The Z axis is the North polar axis, the X-Y plane is the equatorial
plane with the X-Z plane containing the Greenwich meridian at Go Inertial
(lhh 23" 56.612°) time for the ascent segment, and time of retrofire (18h
47" 47.612°% GMT) for re-entry.

The ascent reconstruction consists of corrected guidance data from O to
86,687 seconds and quick look 100K MISTRAM data from 89.109 until 369.765
seconds. Section 3.0 provides a description of the corrections tlat were

applied to the guidance data.

The re-entry reconstruction was derived from corrected guidance data.
Section 4.0 provides a description of the corrections applied. Special
parameters are also provided for the re-entry trajectory reconstruction.
These consist of velocity magnitude, relative flight path angle, altitude
and geodetic latitude and longitude. The first three special parameters

are plotted in Figure 13,
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6.0 TRACKING SYSTEM PERFORMANCE

6,1 Introduction

Many sets of tracking data were used in the Velocity Comparison Program
during the course of the GT-3 analysis. These sets of data are obtained
from essentially two different tracking systems for the ascent phase -
the GE Mod III system which is used as the primary ascent guidance
system and the MISTRAM (Valkyria and Eleuthera) tracking system. During
the re-entry phase, tracking data was received from four radar tracking

stations.

The purpose of this section is to discuss the relative merits of the
different sets of data and to present velocity comparison plots using
this data which have not been included in previous sections of this
report,

The tracking data received on this flight included:

For Ascent

GE Burroughs

GE Final

MISTRAM I Quick Look 10K and 100K
MISTRAM II Passive

MISTRAM Final

BET
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For Re-Ent

Patrick AFB TPQ-18 Radar (0:18)

Merritt Island TPQ-18 Radar (19:18)
Grand Turk TPQ-18 Radar (7:18)

Grand Bahama Island TPQ-18 Radar (3:18)

Delivery dates on most of the data were timely and considerably better than
GT-2. For the ascent phase the GE Burroughs data was available on time to
complete the quick look analysis. Quick Look MISTRAM data and GE Final

data were received about 4 calendar days after the flight and were used to

perform the final ascent guidance analysis.

For convenience all of the velocity comparisons using the different sets
of data are displayed with those using quick look 100K MISTRAM data as a
reference. It is felt that the 100K Quick Look MISTRAM data represented
the best tracking data received on GT-3 based principally on its low

noise content,

GE Mod III

The GE Mod III radio guidance system is used as primary guidance on GEMINI.
The tracking portion of this system consists of a monopulse radar tracker
which measures position and an interferometer rate system which wmeasures
range rate and two lateral rates. The data from this system is available
from two data extraction systeme - the Burroughs, where the data is
sampled at a 2 per second rate, and the GE FDR (Flight Data Recording)
unit, where the data is sampled at a 10 per second rate.

GE_Mod III/Burroughs

The Burroughs data at a 2 per second rate is recorded on the intermediate
punched paper tape. This data which consists of raw counts is available
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within a few hours after the flight and is processed in the STL data
radhction programs and used for the quick look analysis. Figure 14 shows
the velocity comparisons using Burroughs (and 100K MISTRAM) data, There

is generally good agreement between the two sets of tracking data except
toward the end of flight where the Burroughs data is noisy. This is
expected since the elevation angle during the noisy region from 320 seconds
to end of powered flight ranges from 10 degrees to less than 4 degrees and
the range varies from 2.5 million feet at 320 seconds to over 3.5 million
feet at 370 seconds. The timing error noted on this flight was 5 milliseconds
compared to a value of 25 milliseconds noted on GT-2; an accuracy of 1
millisecond is expected.

GE Mod III/Final

GE/Final data 1is processed by GE/Syracusefrom the 10 per second FDR
output., The velocity comparisons using this data are shown in Figure 1
of Section 3.0 of this report. The principal difference between this
data and the STL processed Burroughs data in addition to the sampling
rate is the smoothing and refraction corrections applied. The GE/Final
Syracuse processed data has significantly more smoothing applied as can
be observed by comparing it with the Burroughs data of Figure 14 late in
flight. The differences in refraction correction methods did not appear
to have any significant effect on this flight as there are no significant
systematic differences between the Burroughs and the GE Final data.

However, there are some significant systematic differences noted between
the GE final data and the 100K MISTRAM, These differences have

propagated to the following values toward the end of flight; 2-3 feet

per second in i, 10-20 feet per second in f, and 1 foot per second in é.
These differences also seem to exist between the Burroughs and 100K MISTRAM
data although it is less obvious due to the higher Burroughs noise content,
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These errors are quite large especially in the Y (vertical) direction. The
ratio and sense of the X to Y velocity error suggests an error in the
measurement of elevation rate (é) by one or both systems as opposed to an
elevation type error. This suggests an error in the GE P measurement
and/or the MISTRAM P measurement. The error in either case is very much

larger than expected even for the low elevation angles encountered.
MISTRAM Data

MISTRAM Quick Look Data

The quick look MISTRAM I data received is fully scaled and corrected but
unsmoothed and in the system's measurement coordinates. This consists of
R. P

ment, P

10K’ QlOK’ PlOOK’ QlOOK position data where R is a range sum measure-

and Q are range difference measurements from the 10,000

s
foot baiggines ané©§lOOK and QlOOK are range difference measurements from

the 100,000 foot baselines. The two sets of range difference measure-

ments along with the range sum measurement were processed to give
essentially two redundant sets of tracking data. This data is differentiated
and rotated into the proper coordinate system by the STL programs. Figure 15
shows the multiple plot of 10K MISTRAM and 100K MISTRAM used in velocity
comparisons. There is good agreement between these two sets of data

except for noise content. The MISTRAM 100K data is far superior to the

10K data as far as noise content is concerned as expected. Most of the

noise indicated by the velocity comparisons until late in flight is caused

by the large PCM timing quantizing error.

There does nout appear to be any significant ambiguities in the quick look
data as were observed on GT-2. The general quality of this data is

excellent.
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Final MISTRAM And Passive MISTRAM

The Range (ETR) generates final MISTRAM data which consists of & merge of
MISTRAM 10K, 100K and passive MISTRAM II. Comparisons using final MISTRAM
data are shown plotted along with 100K MISTRAM I in Figure 16,

Comparisons using MISTRAM IT passive data are shown in Figure 17. There
appears to be a bias in this data of about 10 feet per second toward the

end of flight in Y. This difference is also seen in the final MISTRAM
comparisons and is presumably caused by the use of the passive MISTRAM II
data in the final solution. An example of the passive MISTRAM influence on
the final MISTRAM solution can be seen just before 300 seconds in Figures 16
and 17 where a systematic perturbation of like magnitude and duration is
noted in both sets of data.

On this flight MISTRAM I actively tracked throughout the entire powered
portion of flight. MISTRAM II passively tracked from about 190 seconds
until the end of powered flight. The range sum measurements from this
passive mode of tracking is ambiguous and must be zero set by the ETR in
the data processing.

In summary the final MISTRAM data was disappointing and in fact degraded
in comparison with the quick look data. The differences between the final
and quick look MISTRAM data are extremely large from the standpoints of
MISTRAM specifications although they appear emall with relation to the

guidance error.

BET

The BET (Best Estimate Trajectory) data is a merge of range tracking systems
to produce the ETR best estimate tracking data for the flight. Comparisons
using this data are shown in Figure 18. Since only the accurate ETR

systems used on GEMINI are the MISTRAM systems the BET data should and does
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agree with the final MISTRAM solution. GE Mod III is not operated by the
ETR and is generally not available for this purpose.

The BET like the final MISTRAM was of limited use on this flight because
of the weight placed on the passive MISTRAM data.

Radar Data

Radar data from four stations were used for the re-entry analysis. MISTRAM
and GE tracking are not available during this period because the beacon
transponders for these systems are located in the Titan GIV. The GEMINI
spacecraft does carry a radar beacon and track was accomplished with the
following radars for the following time spans. Times are referenced to
retro fire which occurred 16403 seconds after liftoff.

Radar Time Span Track Mode
Patrick (0:18) 450 - 609 Beacon
Merritt Island (19:18) 469 - 513 Beacon
513 - 617 Skin
Grand Turk (7:18) 614 - 674 Skin
675 - 899 Beacon
Grand Bahama Island (3:18) 595 - 686 Beacon

Position and velocity comparisons using this data are shown in Section 4.0,

The data from the GBI (3:18) radar is POOr as can be espcially noted
from the position comparison plots. The ETR had no explanation for this
performance except that the tracking geometry from that station was very
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poor. Elevation angles ranged from about 8 degrees at 595 seconds to less
than 2 degrees at 686 seconds. )

There is a marked discontinuity in the position comparisons around 675 seconds.
At this time the velocity residuals settle down and the noise level is
relatively low until end of tracking. The time of this discontinuity
corresponds with the time that the Grand Turk station switched from skin

to beacon mode track. The data is expected to be better in the beacon

track mode. Therefore, the data from about 600 seconds to 675 seconds has

to be discounted because of the combination of poor quality GBI tracking

and Grand Turk skin tracking during that region.

In the Z (crossrange) direction there is about a 1,000 foot bias between
the beacon track 7.18 data (after 675 seconds) and the earlier data
described by the 0.18 and 19.18 radars. This error is quite large and
is suspected to be in the 7.18 radar data.

Summary

In general the quality of the tracking data was excellent. It was
especially gratifying to note the improved quality of MISTRAM quick look
data compared to GT-2.

The principal discrepancy in the data received on this flight is the large -
systematic error noted between MISTRAM and GE data late in flight.

Radar data received was, in general, adequate with the exception of 3.18
data which exhibited very large systematic errors.
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Appendix I

ASCENT THRUST PROFILE

Guidance thrust, position, velocity, and acceleration quantities
during ascent are listed along with plots of the thrust
accelerations and the inertial flight path angle,
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Appendix II

RE-ENTRY THRUST PROFILE

Guidance thrust, position, velocity, and acceleration quantities during
re-entry are listed along with a plot of the thrust accelerations.
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Appendix III

ASCENT GIMBAL ANGLES AND ATTITUDE ERRORS
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