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FOREWCRD

This report is submitted to the NASA Manned Spacec raft Center in
accordance with Task MSC/TRW A-50.3 Contract NAS 9-4810. This
report contains the postflight analysis pe rformed in conjunction with the
flight of Apollo Mission 5/AS-204/LM-1, and is issued as a supplement to

Section 3, Trajectory Section, of the Apollo Program Mission Report,

The report is issued in two volumes. Volume I contains details of
the analysis and results obtained, including appendices. Volume II con-
tains a listing of the '"45 Day'' Best Estimated Trajectory (BET) for the
LM-1 mission from 8-IVB separation to the occurrence of the gimbal lock
condition in the PRA-V burn sequence. This listing is in the NASA Apollo
Trajectory (NAT) format which is shown below. The listing is not gener-
ally distributed, but is available from NASA/MSC upon request. Requests
should be made to:

NASA/MSC Computations Analysis Division
Central Metric Data File
Code ED-5, Bldg. 12, Room 133
Houston, Texas 77058
The listing is in three parts which are identified by time span covered and

the corresponding accession number.

Time Span (GET) Accession No.
Part I 00:53:54 - 04:06:21 05 - 07334
Part II 04:06:00 - 06:17:56 05 - 07335

Part II1 06:13:40 - 07:47:32 05 - 07336

iii
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3. APOLLO MISSION 5/AS-204/1LM-1 TRAJECTORY RECONSTRUCTION
AND POSTFLIGHT ANALYSIS

3,1 INTRODUCTION AND SUMMARY

3, 1.1 Sequence of Events

The Apollo 5 mission was launched from launch complex 37 B at
Cape Kennedy, Florida, on 22 January 1968. Range zero was established
at 22 hours, 48 minutes, and 8 seconds Greenwich mean time (GMT), with
lift- off occuring 0.4 second later. Lumar module/Saturn IVB (LM/S-IVB)
insertion occurred at 10 minutes and 3. 3 seconds ground elapsed time
{GET) with subsequent LM/S-1IVB separation at 53 minutes and 56 seconds
GET.

After two and a half revolutions, the first descent engine burn was
initiated by the guidance computer. This burn was performed at less than
full tank pressures; consequently, the thrust buildup was not adequate, and

the engine was shutdown by the computer 4 seconds after ignition.

The premature cutoff of this burn required deviations from the
planned mission. A modified alternate mission was used which combined
mission program sequences III and V. Mission program sequence III was
comprised of two descent engine burns and two ascent engine burns.
However, the second ascent engine burn in sequence I1I was inhibited by
ground command. Mission program sequence V was comprised of an
ascent engine burn that continued until all the fuel aboard was depleted.
Table 3-1 lists the times associated with events pertinent to this trajectory
analysis. A complete mission description may be obtained from the
Apollo 5 Mission Report. Figure 3-1 presents the AS-204 mission time -

lines and tracking periods.

3.1. 2 Analysis and Programs

This section describes the programs that are used in the postflight
trajectory analysis. The programs used to reconstruct the orbital phase
of a mission and associated programs are discussed first, followed by
description of the programs used in the analysis of the guidance system
and the reconstruction of the spacecraft trajectory during thrusting

periods.



Table 3-1. Summary of Events

Ground Elapsed Greenwich Mean
Time Time

Event Revolution Date_ (hr:min:sec) (hr:min:sec)
LM/S-IVB Separation* i 22 January 0:53:55. 9 23:42:02. 9
+X translation off i 22 January 0:54:10. 2 23:42:18, 2
DPS 1 ullage on 3 23 January 3:59:33. 9 2:47:41. 9
DPS 1 engine ignition 3 23 January 3:59:41.7 2:47:49. 7
DPS:1 engine cutoff 3 23 January 3:59:45. 7 2:47:53.7
RCS +X ullage start (PRA LII) 4 23 January 6:10:07. 4 4:58:15. 4
DPS engine igniton (PRA III) 4 23 January 6:10:41. 7 4:58:49. 7
FITH (PRA 1II) 4 23 January 6:12:14.7 5:00:22, 7
APS engine cutoff (PRA III) 4 23 January $:13:14. 3 5:01:22. 3
RCS +X ullage start (PRA V) 5 23 January 7:44:00. 3 6:32:08. 3
APS engine ignition (PRA V) 5 23 January 7:44:12. 7 6:32:20. 7
APS fuel depletion (PRA V) 5 23 January 7:50:03.0 6:38:11. 0

*
According to telemetry information separation cccured at 53 minutes and 55, 242 seconds GET
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Orbit Reconstruction Programs

Low-speed tracking data for a mission are received from MSC on a
magnetic tape., The data tape is input into the Master Tape Generator
(MATAG) Program which reformats the data into a format that is compat-
ible with the TRW orbit determination program (ESPOD) and generates a
time-ordered master data tape. The master data tape is then input into
the ESPOD Data Generator (EDG) Program which edits the master data

tape and outputs the data in the form of tape or cards,

The ESPOD Program determines the state vector for a spacecraft
at a given epoch and the covariance matrix of uncertainties. This is
accomplished by an iterative process which minimizes the weighted sum
of the squares of the residuals, where the residuals are the difference
between the actual observations and the computed observations based
upon a current estimate of the spacecraft trajectory. ESPOD also has
the capability of including in the solution vector such parameters as drag

(CdA/ZM), radar errors, and station location errors.

There exist two versions of ESPOD, both of which have the general
capability described above. The USB ESPOD is distinguished by the fact
that it can process RAEI'R, RXY, and doppler radar tracking data. It does
not, however, have the capability of modeling burns. The IGS ESPOD, in
contrast, can only process RAER radar tracking data even though it does
have two burn models, the LOP burn model and the IGS burn model. The
LOP burn model uses an analytic thrust acceleration model - constant
thrust oriented along the roll axis, Thrust/mass ratio, and orientation of
roll axis are some of the parameters that can be included in the solution
vector. The IGS burn model uses an acceleration burn tape based on
telemetered data which is then input into ESPOD. Accelerometer and

gyro errors may be modeled or included in the solution vector.

After a best estimate of the trajectory (BET) is obtained in ESPOD,
a trajectory tape is generated and input into the RTCC Comparison
Program. This program compares the RTCC trajectory and the BET by
means of state vector differences exhibited in various coordinate systems.

The total difference in position and velocity is also listed.



Guidance and Navigation Programs

The spacecraft trajectory during thrusting periods after S-IVB
separation is reconstructed from inertial measurement data telemetered
from the guidance and navigation system. Before an accurate recon-
struction can be undertaken, it is necessary to determine the systematic
errors present in the guidance system hardware so that appropriate
corrections to the IMU data can be made. This procedure for trajectory

reconstruction may be divided into three general areas.
Data Processing

The three sources of trajectory data used in Apollo IMU evaluation
must be formated so that they are compatible with the trajectory com-
puting programs.

a) The G&N Processor Program is used to edit Apollo
downlink telemetry data and produce a regular

ephemeris of measured position, velocity, and
acceleration.

b} The S-IVB Processor Program is used to inter-
polate the S-IVB IU trajectory to the AGC/LGC
time base and rotate the data into appropriate
coordinate frames.

c) The General Data Processor Program is used to
smooth, interpolate, and rotate high-speed
tracking data (GLOTRAC, C-band) to an appro-
priate time base and coordinate frame.

IMU Ewvaluation

Determination of the systematic errors present in the Apollo guidance
system is based primarily on comparisons of the trajectory (sensed and
total) as measured by the AGC/LGC, with S-IVB and GLOTRAC trajec-
tories. The boost phase of any mission is the most important for this
analysis because of the relatively long time duration with high acceleration
levels. The two principal tools used in IMU error analysis are discussed

in the following paragraphs.



a) The Error Analysis Program (EAP) is used to
compute the partial derivatives of sensed
position, velocity, and acceleration
(3Ps/3Ek, dVs/3Ek, 3As/3Ek) with respect
to each of the error terms, E, in the Apollo
IMU error model. The input which drives
the EAP is the edited ephemeris of sensed
acceleration obtained from the G&N Processor
Program.

b) The Velocity Comparison Program (VELCOMP)
corrects the Apollo sensed trajectory profile
using the EAP partials and the best estimates
of the IMU errors, Ey. It then compares the
corrected trajectory (in both sensed and total
coordinates) with external reference trajectory
data (S-IVB and GLOTRAC). The recovered
set of IMU errors must, of course, be com-
patible with the preflight test history of the
onboard guidance system and with the known
trajectory constraints during later phases of
the mission.

Trajectory Reconstruction

During thrusting periods for which limited external trajectory data
are available, a different technique for trajectory reconstruction is
employed. This method relies on two external inputs: (1) the set of IMU
hardware errors determined from ascent analysis and (2) an accurate
state vector, (Po’ Vo), from the ESPOD program to initialize the total
trajectory. The Trajectory Reconstruction Program is driven with the
outputs of the G&N FProcessor and EAP Programs. At time, t;, the total

corrected velocity is computed from:

v .
_ si
Vi = Vo T Vs - %: 3, E .t Ve

This quantity is integrated to obtain total position, PT" which is extra-
i
polated to time, ti-H' for the next computation of velocity due to gravity,

(VGi+i )

3.2 ASCENT ANALYSIS

Analysis of IMU errors consists of dete rmining the physically

acceptable set of errors which bring the LM G&N trajectory into agree-

3-17



ment with the best estimate of the actual trajectory flown. This "'best
estimate'' is referred to as the Best Estimate Trajectory (BET)., During
the boost phase there were eight trajectories available from which to
chose a standard of comparison, or BET. These eight trajectories were
classed into two independent groups. Five of the trajectories were gen-
erated by MSFC from the S-IVB Instrument Unit (IU) telemetry data, They
represent a five-stage evolution in the processing of that data, from the
raw (quick look) IU output through a final S-IVB BET designated the '"Final
S-IVB Observed Mass Point Trajectory {(OMPT)", The three remaining
trajectories represent a similar evolution in the processing of GLOTRAC
radar data. The final OMPT and final GLOTRAC trajectories agreed
closely throughout most of the burn. However, the GLOTRAC data BET
became erratic near the endpoints of the burn, and the final trajectory
generated from it was truncated to exclude data prior to 24 seconds and
subsequent to 552 seconds. Therefore, in order to have a continuous
trajectory available for comparisons with the LM GgN data, and since the
S-1VB data agreed so well with the external source (GLOTRAC), theS-IVB
final OMPT was chosen as the boost phase BET.

The error magnitudes associated with each IMU error model para-
meter were derived from comparisons of the LM G&N trajectory and the
BET. These errors are presented in Table 3-2 together with their pre-
flight estimates and uncertainties. In this table, the great majority of
the derived error magnitudes lie within their associated uncertainty band.
In general, errors satisfying that constraint will not be discussed further
except to reiterate that they were selected because the state vector errors

they produce coincide with observed residuals.

The IMU error set given in Table 3-2 was used to construct a com-
pensated LM G&N trajectory. Plots of the trajectory comparisons are
presented in this section to demonstrate the residuals in velocity and
position which were obtained before and after compensation of the LM
G&N trajectory. Figures 3-2 through 3-7 present the velocity and position
residuals, respectively, which existed between the uncompensated G&N
and BET trajectories. Figures 3-8 through 3-13 present the residuals

remaining after the LM G&N trajectory had been compensated for errors.

3-8



6- ¢

Table 3-2. IMU Performance Parameters
Preflight
Error
LGC Estimates
Actual Value Compensation Actual Error (Preflight Data iz
{inflight Value {Actual Minus Preilight Mean Minus Specification Error Uncertainty®
Parameter Periormance} (Preflight Load) Compensation) Data Mean Compensation) ({GSOP) Maximum Minimum

ACBX(ug) 96. ¢ 143.0 -47.0 154, 0 1.0 204. 0 2150 -193, 0
ACBY(g) -364.0 -224.0 -140. 0 -263.0 -39.0 204. 0 165, 0 -243. 0
ACRZ{, a) 19. 0 122.0 -103. ¢ 122. 0 0.0 204, 0 204. 0 ~204. 0
SFEX{PPM) -41.0 -145, 0 104, 0 -142. 0 3.0 t16. 0 119. 0 -113.0
SFEY{(PPM) -59.0 -74.0 15.0 -80.0 -6 0 116.0 t10. 0 -122. 0
SFEZ(PPM} -431. 0 -519.0 88,0 -469.0 S0. 0 116.0 166. 6 -66.0
MXAZ(arc sec) 21,0 Uncompensated 21,0 -6.0 -6, 0 20.0 4.0 -26.0
MXAY({arc sec) -5.0 Uncompensated 50 -3.0 -3.0 20, 0 17.0 -23.0
MYAZ(arc sec) 24.0 Uncompensated -24.0 ic.0 10, 0 20,0 30.0 -10.0
MYAX(arc sec 10,0 Uncompensated 10,0 -1.0 -0 20.0 16. ¢ -24.0
MZAY({arc sec} 13.0 Uncompensated 13.0 0.0 0.0 20,0 20,0 -20.0
MZAX{arc sec) -5.0 Uncompensaled -5. 0 -20.0 -20,0 20,0 ¢ ¢ -40.0
NBDX{deg/hr) -0. 1468 -0. 120 -0, 0268 -0 132 -0, 012 0.030 0.018 -0. 042
NBDY{deg/ hr) -0, 1172 -0 17 -0, 0002 -0. 124 -0, 007 0.030 0,023 -0. 037
NBDZ(deg/hr)} -0.0179 -0. 030 0. 082t -0. 0345 RONIES] 0.030 0, 0255% -0, 0345
ADIAX{deg/hr/g)} -0, 326 -1.005 0, 679 -0, 728 n, 277 0.120 0,397 0. 157
ADIAY(deg/hr/g) 0. 0954 0. 105 0. 0096 .0, 0345 0. 0705 0.120 0. 190 -0. 0495
ADIAZ(deg/hr/g) 0. 131 0,735 0, 604 S0, s08 0167 0.120 0. 287 0. 057
ADSRAX(deg/hr/g) 0. 204 0,107 0. 101 0,102 -G OGS C. 075 0. 07¢ -0. CBO
ADSRAY(deg/hr/g) 0. 0821 0. 0499 0. 0169 U, OBSS S0 0135 0,075 0. 0615 -0. DBA5
ADSRAZ({deg/hr/g) 0.0645 0.0 0. 0645 -0, 004 -, 0oa ¢.075 0. 066 -0. 0B
ADOAX({deg/hr/g) 0, 0293 Uncompensated 0. 0293 0, 035 rouis N, 015%* 0. 050 0. 020
ADOAY(deg/hr/g} 0. 0195 Uncompensated 0. 0195 0.0tY 0.018 0,015 0.033 0. 003
ADOAZ(deg/hr/g) 0, 0395 Uncompensated 0.0395 0.035 (o, D3R 0.015 0. 050 0, 020

*The error uncertainty is formed in two steps,
value of actual inflight error which would result i inflaght per
guantities {Data Mean - LGC Compensation) 212 are formed,

uncertainty band for the IMU performance error,

First, the difference {Preflight Data Mean - LGO Compensation) is formed.
formance coincided exactly with the preflight data mean.
These quantities represent the maxumum anrt rimimum of the 13 (specification)

This represents the
In the second step. the

P .
The t5 values listed for ADOA are not Block Il specifications (none are available). They represent only an estimate of "reasonable values, '
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Table 3-3 presented below summarizes these comparisons at 600 seconds
(approximately 9 seconds after S-IVB cut-off). ''V' denotes velocity in
feet per second. 'P' denotes position in feet. The vectors were compared

in the LM G&N coordinate system.

Table 3-3. State Vector Comparison - Compensated
LM G&N Minus BET, (t = 600. 0 seconds)

Uncompensated Compensated
VX (G&N)-VX (BET) 131. 213 ~-{. 044
VY (G&N)-VY (BET) -260. 148 -0, 002
VZ (G&N)}-VZ (BET) 257. 367 0. 035
PX (G&N)-PX (BET) 34, 954, 651 -8. 390
PY (G&N)-PY (BET) -64, 879, 780 16.613
PZ (G&N)-PZ (BET) 63, 469,562 -85, 887

The uncompensated residuals were between one and two orders of
magnitude greater in all axes than those experienced on preceding Apollo
flights., This was true for two reasons. First, the LM IMU was skewed
with respect to the traditional "launch inertial" orientation so that both
the "X' and the "Y' axes were out of the horizontal plane and no axis was
oriented directly crossrange. One effect of this orientation was to make
the "X'" and ""Y" IMU axes susceptible to substantial correlated misalign-
ments arising from gyro drift errors. Assuming that each drift error
varied randomly from the launch load, it can be seen that an extremely
complicated pattern of super-imposed initial IMU misalignments could
and did arise prior to lift-off. Secondly, one of the IMU error sources
(ADIAX) was deliberately biased to an extreme value via the LGC com-
pensation load, thereby producing "built-in" error. This resulted in an

artificially large ADIAX error, which in turn generated enormous IMU



misalignments (-3377 arc-seconds in "X'' and -1951 arc-seconds in "Y'

in addition to those resulting from the other terms.

All events in this section are related to the time base which defines
time zero {t = 0. 0) as the "instant' at which LM guidance reference
release (GRR) occurred. The following table of launch events {Table 3-4)
is included as a guide to the time relationships existing between LM GRR
and other events of significance in the launch process. The times of these

events are given in the Greenwich mean time (GMT) base.

Table 3-4, Timeline of Launch Events

GMT

FEvent (hr:min:sec)
S-IVB GRR 22:48:03. 039
Range Clock Zero 22:48:08, 000
Lift- off 22:48:08. 000
LM GRR 22:48:08. 860
LGC Clock Zero 22:48:08. 960
PIPTIME 22:48:10. 870

LM GRR was triggered by the LGC upon detection of an average 1aft -
off acceleration at or above 1, 1g over a half -second sample interval.
From Table 3-4 it can be seen that LM GRR occurred 0. 860 seconds after

range clock zero. Thus, range time can be calculated from times in the
LM GRR time base by addition of 0. 860 seconds.

The LM-1 flight represented a substantial departure from earlier
missions with regard to the amount of data available for postflight IMU
analysis. In preceding missions, independent trajectory measurements
of reasonable quality were available for several high acceleration flight

phases. In general, usable data have been obtained during boost, during
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several orbital burn sequences, and during reentry. However, the LM-1

mission necessarily precluded an intact reentry and recover. In addition,
revisions made in the flight profile were such that high quality tracking
data were not available during the burns. As a consequence of this,
determination of IMU performance errors depended entirely upon analysis
of boost phase data. A summary of these errors is presented in Table 3-2.
Most of the performance errors lay well within specified 1o limits. Errors
which exceeded these limits were X -accelerometer misalignment about

Z (MXAZ); Y-accelerometer misalignment about Z (MYAZ), X-gyro input
axis acceleration sensitive drift (ADIAX), Z-gyro input axis acceleration
sensitive drift (ADIAZ)}, and X-gyro spin axis acceleration sensitive drift
(ADSRAX). The ADIAX and ADIAZ results are of particular interest.

The prelaunch calibrations for these parameters were widely dispersed.
Postflight analysis resulted in estimates of these terms quite consistent
with laboratory calibrations. These facts, coupled with prior flight history

cast some doubt on the validity of preflight tests procedures and results.

As indicated earlier, the quality of tracking data during and after
orbital burns was inadequate to obtain an accurate ESPOD trajectory.
However, a comparison was made between the compensated LM-1 G&N
burn trajectory and an ESPOD state vector at completion of the burn. The
results of this comparison appear in Table 3-9. As can be seen from the
table, the agreement is poor. The difference is believed to be largely
attfibutable to the ESPOD trajectory for the postburn interval, which is

considered unreliable.

3.3 ORBIT ANALYSIS

3.3.1 Lunar Module Orbital Reconstruction

The lunar module (LM) trajectory was reconstructed using low speed
C-band and low speed S-band radar tracking data and the TRW Orbit
Determination Program (ESPOD). The LM orbital segment of the flight
begins at LM/S-IVB separation and ends at the ascent propulsion system
(APS) fuel depletion burn. For the purpose of reconstructing a best esti-
mate of the trajectory {BET), the LM orbital phase of the flight was
divided into five segments as follows:

Segment 1 LM/S-IVB separation to first descent
propulsion system burn (DPS-1) cutoff
3-24



Segment 2 DPS-1 engine cutoff to the beginning of
program reader assembly III (PRA III)

Segment 3 End of PRA III to the end of the first
period (5 hours and 9 minutes GMT)
of reaction control system (RCS)
thrusting following PRA III

Segment 4 End of the first period of RCS thrusting
following PRA III to the beginning of the
second period (5 hours and 59 minutes
GMT) of RCS thrusting following PRA
I

Segment 5 The beginning of the second period of
RCS thrusting following PRA III to
beginning of PRA V
Table 3-5 presents a summary of information pertinent to the recon-

struction of each of the above mentioned segments.

Before the reconstruction of each segment is discussed in detail, a
few assumptions concerning these fits should be stated. First, it is
assumed that all stations are in perfect time synchronization with one
another unless otherwise noted. Second, it is assumed that all data are
time tagged on the receive pulse; thus, the light time correction retards
the time tag va the data. Third, it is assumed that a 0. 107-second timing
bias added to all tracking data accounts for the difference between UT1
and UTC for 22-23 January 1968.

Information which is too detailed to present in the body of this
report, but nevertheless has a significant influence on the resulting BET,
is presented in Appendix B. The information found in Appendix B is listed

below:

e A summary of radar observations for the lunar
module spacecraft with comments on the use of
each pass of data

e A summary of the station locations used in
ESPOD

e A summary of drag parameter (CgA/2m)
values for various phases of the mission

e A table of radar data weights used in ESPOD
for C-band and S-band radar data
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Table 3-5. LM Orbital Fit Summary

9¢-¢

Observation
Span, GMT Drag
BET Date {hr:min) Station/Pass, (Burn) (£t 2/ slug) Sclution Vector
{ 22-23 January 23:43-02:21 CROCC1, CROS01, CNBSC1, GYMSO!, WHSCOI , 0. 2039 State Vector,
. TEXSO!, MLACO2, MLASO2, GBMSQ2, TEXS X-angle
PATCO2, BDQCC2, BDASQ2, CROCO2, and Y -angle
CROS502, HAWSOZ, GLDS02, GYMSO?2z,
TEXS02, MLACO3, MLASO3, GBMS03, BDQCO3,
BDASO3, ANTCO3, ACNSOQO3, and
(DPS 1).
2 23 January 02:48-04:58 CROCO3, CROS03, HAWCQ3, HAWS(03, 0. 2039 State Vector
GYMSO3, WHSCO3, MLASQ4, MLASQ4,
GBICO4, ANTCO4, ASCCO4, CROSO4,
GWMSO4, HAWCO4, HAWS04, GLDSO4, State Vector
and GYMSQ4,
3 23 January 05:02-05:08 GYMSO4, TEXSO4, WHSCO4 and 0. 4516 State Vector
MLASOS5,
4 23 January 05:22-05:59 ASCCO5, ACNSO5, TANCOS5, CROCOS, 0. 4516 State Vector
and CROSOs5.
5 23 January 05:59-06:32 CROCOS5, CROSQO5, GWMSO5, HAWCOS 0. 4516 State Vector

and HAWSOS5,




The free-flight portion of the trajectory for Segment | (see
Table 3-5) was reconstructed using C-band and S-band radar tracking
data: however, not all of the available data were used in the fit. All the
doppler data were weighted out of the fit, although some of the doppler
data were good. Angular information was also weighted out of the fit
when suspicious residual patterns occurred that corresponded to low
elevation passes. Another reason that the data were weighted out was the
need for better data balance between stations in the southern hemisphere
and stations in the northern hemisphere. See Appendix B for comments

on the use of the available data for this segment.

A drag value of 0.2039 feet?/slug was used in the fit which solved
on the state vector and X- and Y-angle biases at TEXS01{ and TEXS02. A
0. 132-degree X-angle bias and 0. 064-degree Y-angle bias were recovered
for TEXS. The DPS | burn was modeled by the IGS burn model and initial
misalignments in the platform and accelerometer biases were fixed at the

values obtained by analyzing the guidance system,

The trajectory which resulted from a fit using only C-band data was
compared with the BET at epoch. The comparison revealed a total differ-
ence in position of 268 feet and a total difference in velocity of 0. 54 feet/
second. Also a trajectory which resulted from a fit using only S-band data
(RXY and doppler), when compared with the BET at epoch, revealeda total
difference in position of 1017 feet and a total difference in velocity of 0. 29
feet/second., These comparisons indicate that the C-band data and the

S_-band data were consistent!

The residual mean and RMS by station and data type are listed in
Table 3-6 for Segments i through 5. All quantities are defined as usual,
and N is the number of data points for each observation type. Residual

plots for this segment can be found in Appendix A.

The trajectory for Segment 2 was reconstructed using C-band and
S-band data. In a manner similiar to the Segment 1 trajectory recon-
struction, the doppler data and angle data corresponding to low elevation

passes were weighted out of the fit.
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C-band data

Range (1Y)
Swation Rev. Segment i Rev, Sagment ¢ Rev, Segment 3 Rev. Segment 4 Rev, Segment 5
7.9 Mean
ANTC 4 124.0 RMS
1,0 N
40,0 123.0 Mesn
ASCC 4+ 248, 0 % 44.0 RMS
25.0 #1.0 N
2%5.0 Mean
BDOC 2.1 12.0 RMS
62,0 N
191.0 -166,C -17.0 -195.0 Mean
CROC 1,2 iz1.0 3 76,0 & 20,0 5 1T.Q RMS
2.0 je. ¢ o0 53,0 N
-0 Mean
GBIC 4 50. ¢ RMS
30,0 N
-1b5. 0 -758.0 Mean
HAWC 3.4 142.0 5 300. 0 RMS
55,4 46,0 N
-96.0 .0 Mean
MLAC o ) 11,0 4 48,1 RMS
4.0 35,2 N
-23.0 Mean
PATC 2 1.0 AMS
7.0 N
-35.0 Mean
TANC 5 92.0 RMS
19,0 N
156, 0 35,0 -91.5 Mean
WHS< i L > 26.0 4 4.0 RMS
it.a 3.0 1.0 N
- ——
b. S-band data
Range (ft}
Station Rev, Segment 1 Rev, Segment? Rev, Segment 3 Rev. Segment 4 Rev. Scgment §
-35.0 Mean
ACNS 5 32.0 RMS
315.0 N
-263.0 Mean
CNBS 1 151.0 RMS
21.0 N
-8.0 .0 -1717.0 Meaan
CROS L2 144,90 3.4 200.0 5 7.0 AMS
44.0 53.0 4.0 N
-1, 0 Mean
GLDS 3 51,0 RMS
3.0 N
-245.0 309,0 Mean
GWMS 4 118.0 5 145.0 RMS
(6.0 16. 0 N
266, 0 Mean
GYMS 14 524.0 AMS
1.0 N
114, 0 33,0 Mean
HAWS 2 131, 0 14 140. 80 RMS
35,0 47,0 N
-104.0 -21,0 Mean
MILS 4 £3.0 5 450 RMS5
15.0 11.0 N
-59.0 195.0 Mean
TEXS 1,2 1180 4 119.0 RAMS
45.0 2.0 N

EOLDOUT FRAME

Station

ANTC

ASCC

ADQC

CROC

GRIC

HAWC

MLAC

PATC

TARC

wWHSC

Station

ACNS

CNBS

CROS

GLDS

GWMS

CGYMS

HAWS

MILS

TEXS

Rev.

2.3

Rev.

Z

Segment 1

0,012}
b2. 0

-0. 0041
. Q054
1z2.0

ao4t
a09b

Q074
0015

-
“oe TRL
o

-0, 0019
0. 0024
31,0

Segnient §

9.032¢
LA TR
230

9. 0054
a. 00
260

-0.0117
0. 0284
44,0

0. 0lo4
@, 0059
i1.0

-0, 0437
0. 0144
21,0
-0. 00%4
0.022)
35.0

oo !
0. 0183
45.0



Asimuth {deg)

Rev, Segment ! Rey. Segment3 Rev. Segment4 Rev. Segment S
0, 0048 Meoan
+ 0. 0082 RMS
33,0 N
-0, 0045 -0.0036 Maan
4 0.03 4 s 0,007)3 BRMS
5.0 8i.0 N
Mean
RMS
N
-0. 0064 -0_ 0086 -0.90052 Mean
14 0, 0094 5 0, 0025 5 0. 0040 RMS
38.0 0.0 510 N
-0, 0047 Mean
+ 0. 0064 RMS
27.0 N
0, 0148 0.032 Mean
1,4 0. 0t0) 5 0. 0067 RMS
55.0 46.0 N
-0,0013 Mean
1 6. 0029 RMS
15,0 N
Mean
AMS
N
-0. 0650 Mean
S 0.0123 RMS
101.0 N
-0. 0004 0. 0806 Mean
3 [V . P 4 0.0037 BMS
H.O o N
X-Angle {deg)
Rev. Segment? Rev. Segmant} Rey, Segment4 Rey,  Segment §
0.0213 Mean
L} 0.0328 RMS
b8, C N
Mean
RMS
N
-0.0478 -0, 0001 Mean
5 0. 0184 5 0. 0479 AMS
20,0 33,0 N
0, 0327 Mean
+ 0.0115 RMS
18,0 N
-0.030k -0. 0293 Mean
4 G, 0126 5 Q. 011t RMS
te. 0 2. ¢ N
-0, 012B o, 0017 Ment
3,4 G 0114 4 0,0221 RMS
2.0 1.0 N
C. 0007 Menn
i4 0.0t7H RMS
10. 0 N
-0, 0808 Mean
S 0,031] RMS
.0 N
9, 0b49 Mean
4 G, 0504 RMS
16.0 N

Station

ANTC

ASCC

BDQC

CROC

GBIC

HAWC

MLAC

PATC

TANC

WHSC

Station

ACNS

CNBS

GLDS

GWMS
GYMS
HAWS

MILS

TEXS

LOLDOUT ERAME -



Table 3-6.

Residual Mean and RMS
by Station and Data Type
for Segments 1-5.

Elevation (def)

Rev, Segmest! Rav. SegmemtZ Rev, Segment) Rev, Segneat 4 Rev, Segments
: -0.00b6 Maan
. 0. 0052 RS
33,0 N
-0.0307 -0.0222 Maan
4 0. 0041 5 0.0104 RMS
5.0 81,0 N
0. 0061 Meas
9, 0056 RS
N
i -0, 0003 0. 0054 -0, 0120 o, 0196 Meas
CL2 q, 0088 1,4 0, 0070 S 0, 606% s 0. 0080 RMS
) 7.0 18,0 10.0 53. 0 N
' 0, 0109 Mean
“ 0. 0050 RS
10, 0 N
b -0. 0018 -0.0224 Mean
‘ 3.4 0. 0143 5 0, 0169 s
55.0 43,0 N
. -0, 0087 Maan
2,3 0. 0065 RMS
46,0 N
0, 6028 Masn
2 0.003: RMS
7.0 N
-0. 0209 Mean
5 0. 0063 RS
t01.0 N
-0.0052 -0, 0047 -0, 0297 Moan
1 0. 0049 3 0. 0077 ‘ 0. 0044 RMS
1.0 3.0 .0 N
Y-Angle (deg)
Rev, Segment! Rev. Segment 2 Rev, Segment 3 Rev, Segmsnt 4 Rev, Segment &
0, 9007 0. 0127 Maean
¢ 0, 6068 5 0.01t3 RMS
23. ¢ 1.0 N
0.0229 Masn
1 0.6038 RMS
| 21.0 N
! 0.0126 o.0t10 0.018% Maan
L2 0. 0056 5 Q. 0040 k3 0.0193 RMS
: 44.0 2t.0 51.0 N
0. 0181 0. 0146 Mean
2 0. 0077 4 b, 0053 RMS
1.0 0.0 N
-0, 0050 -0. 0549 Mean
1 0. 0210 5 0.0tés RAMS
16,0 108 0 N
-0,0484 -0.04%5 -0, 0462 Maean
2 0. 0074 3. ¢ 0. 6OB5 4 D, D043 RMS
21.0 32,0 1.0 N
.0.0238 N P23 Mean
2 4. 0069 3.4 0, 00%¢ RMS
5.0 i N
0. 0346 Mean
5 0. 0346 RIS
9.0 N
2, 0004 0.0673 Muan
1,2 9. 0101 1 0. 0052 RMS
45,1 18,0 N

ilons



An attempt was made to fit all the data from LM/S-1IVB separation to
the beginning of PRA III while modeling the DPS | burn, However, the
poor data coverage prior to PRA III resulted in an unsatisfactory fit. Now
the Segment 2 trajectory fit the data prior to PRA Il better than the com-
bined fit of Segment 1 and Segment 2, Therefore, in order not to compro-
mise the initialization of the PRA III burn, the Segment 2 trajectory was

chosen as the BET for this phase of the mission.

A drag value of 0.203% feet?/slug was used in the Segment 2 fit which
solved on the state vector. TEXS03 had an X-angle bias of 0. 148 degree
and a Y-angle bias of 0. 075 degree. These results compare favorably
with the values recovered for TEXS in the Segment 1 fit. The Segment 1
trajectory was compared with the Segment 2 trajectory at DPS 1 engine
cutoff. The comparison revealed a 2000-foot difference in total position

and a 2.42-foot/second difference in total velocity.

The Segment 2 trajectory was also compared with two other trajec-
tories at epoch. The first trajectory resulted {rom a C-band data {it; the
second trajectory resulted from an S-band data fit (RXY and doppler). The
comparisons indicate that both the C-band trajectory and the S-band tra-
jectory are within 200 feet in total position and 0, 15 foot/second in total
velocity of the BET, This again indicates that the C-band data and the

S-band data are consistent,

The residual mean and RMS by station and data type for Segment 2
are found in Table 3-6. The residuals for this segment are found in

Appendix A.

The trajectory from the end of PRA Il to the beginning of PRAV
was divided into three segments (3, 4, 5) because low- level RCS thrusting
occurred during this period. Segment 3 covers the period from the end of
PRA III to 5 hours and 9 minutes GMT; RCS thrusting occurred during
this segment. Segment 4 covers the period from 5 hours and 9 minutes
GMT to 5 hours and 59 minutes GMT; this is a free-flight period.

Segment 5 covers the period from 5 hours and 59 minutes GMT to the

beginning of PRA V; RCS thrusting occurred during this segment.

The trajectory for Segment 3 was reconstructed using all available

C-band and S-band data. Since more than half the available data were
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from TEXS, the TEXS data dominated the fit. Also the maximum ele-
vations for the other stations (GYMS, WHSC, and MLAS) were all less
than 8 degrees,

A drag value of 0.4516 feetz/slug was used in the fit that solved on
the state vector. Table 3-5 presents a summmary of information for this

fit.,

The residual mean and RMS by station and data type for Segment 3
are listed in Table 3-6. Residual plots for this segment can be found in

Appendix A.

The trajectory for Segment 4 was reconstructed using all available
C-band and S-band data. The majority of the data, 271 observations of
the total 380 observations, were observations that had elevations below
10 degrees, Available information indicated that no RCS thrusting
occurred during this interval., Therefore, although the data situation is

not the best, confidence can be placed in the reconstructed trajectory,

The solution vector consisted of the state vector with drag mcedeled
using a value of 0,4516 feetZ/slug. The trajectory for Segment 4 was com-
pared with the trajectory for Segment 3 at 5 hours and 9 minutes. The
total difference in position was 1467 feet, and the total difference in
velocity was 2. 17 feet/second. These differences are a measure of the

effect of the RCS thrusting on the Segment 3 trajectory.

The residual mean and RMS by station and data type for Segment 4
can be found in Table 3-6. The residual plots for this segment can be

found in Appendix A.

The trajectory for Segment 5 was reconstructed using all available
C-band and S-band data. As with Segments 3 and 4, the primary data
problem was the lack of tracking data with elevations above 10 degrees.
Only Guam had tracking data above 10 degrees elevation {maximum ele-
vation was 28 degrees for Guam). RCS thrusting occurred for a period
of about 30 minutes; therefore, the accuracy of the reconstructed tra-
jectory is degraded by these conditions. The solution vector for the fit

was the state vector with drag modeled by a value of 0. 4516 feet?—/slug.



The resultant residual patterns (see Appendix A for the residual
plots for this segment]) were erratic and verify the fact that thrusting
occurred. Also the Segment 4 trajectory was compared with the
Segment 5 trajectory at 5 hours and 59 minutes GMT. The total difference
in position and the total difference in velocity (5500 feet and 8,07 feet/
second, respectively) are a measure of the effects of RCS thrusting on

the Segment 5 trajectory.

Attempts were made to fit Segments 4 and 5 together using limited
telemetered acceleration information from Carnarvon and Hawaili, but the
lack of telemetry information from Guam prevented a good fit of Segment

4 and Segment 5 data.

The residual mean and RMS by station and data type for Segment 5
can be found in Table 3-6. The residual plots for this segment are given

in Appendix A,

Table 3-7 lists state vectors corresponding to specific events. The

quantities tabulated are defined as follows:

Symbol Definition of Symbols
LAT Geodetic latitude of the vehicle measured posi-

tive north of the equator (degrees)

LON Longitude of the vehicle measured positive east
of the Greenwich meridian (degrees)

BETA Flight-path angle measured positive downward
from the local vertical {(degrees)

AZ Azimuth of the velocity vector measured posi-
tive east of true North (degrees)

Magnitude of the position vector (feet)

Magnitude of the velocity vector (feet/second)



et

Table 3-7.

State Vector Summary

Event

+X Translation off (sep.)
DPS 1 ullage on
DPS ! engine cutoff

RCS +X ullage start
(PRA 11I)

APS engine cutoff (PRA III)
RCS +X ullage start {PRA V)

Time GET
(hr:min:sec)
0:54:10. 2
3:59:33: 9
3:59:45.7
6:10:07, 4

6:13:14. 3
7:44:00.3

Latitude Longitude
{deg) (deg)

-31.578148 i07. 15595
-27.003219 101. 99132
-26.758944 102, 79818
28,751790 241, 60041
24.907457 254. 58882
30, 360802 208. 32355

BETA
(deg)
90, 005536
90. 136776
90. 136960
BG. B76680

90. 364718
91. 497051

AZ
{deg)
93, 961834
72. 594769
72.209104
104. 15639

110. 08745
99, 283024

R
gt
21,635, 720
21,615, 994
21,615,221
21,479, 158

21,490,924
21,617, 284

v

(ft/sec)

25, 460,
25, 485,
25, 490.
25, 650.

26,316,
26, 160.

530
209
971
409

044
508




Data Anomalies and Biases

The following data anomalies were observed on the Apollo 5 flight:

ASCC04 The range residuals exhibited a peaked
pattern while the azimuth residuals had a
0. 06-degree discontinuity at the maximum
elevation of the pass (Appendix A).

CLQC The radar site had a wrong fit for the
azimuth and elevation angles,

WHSCO02 Large angle residuals substantiated the fact
that White Sands tracked on a side lobe.

TANCO5 A minus 0.065-degree bias in azimuth was
cbserved during this pass.

The following data biases were observed from Table 3-6:

CROC The average azimuth bias for revolutions
1.5 was -0. 0049 degree.

GYMS The average Y-angle bias for revolutions
2-4 was -0, 0466 degree.

GWMS . The average X-angle bias for revolutions
4.5 was -0.0295 degree.

HAWS The average Y-angle bias for revolutions
2-4 was -0, 0231 degree.

TEXS The average X-angle bias for revolutions
1-4 was 0. 1262 degree, and the average
Y-angle bias for revolutions 1-4 was
0. 0684 degree.

Maneuver Analysis

It was not possible to reconstruct the PRA III and PRA V maneuvers
using low-speed C-band tracking data and telemetered acceleration infor-
mation in the form of an acceleration burn tape, in IGS ESPOD for the

following reasons:
e The lack of good C-band data
e The thruster activity following PRA II1

However, DPS | was modeled in the Segment 1 trajectory by using the
burn tape and values for platform errors that were obtained by analyzing

the guidance system.



In order to give the reader some idea of the magnitude of the burns,
the following information is tabulated. Table 3-8 lists the maneuver, the
time of initiation of the maneuver (GMT), the source of the information,
the duration of the maneuver in seconds {At), the component AV's in LM
guidance platform coordinates (AVx, AVy, AVz), and the total velocity

{AV). The listed velocities have not been corrected for guidance errors.

3. 3.2 Orbital Burn Phases

Normally, the Apollo G&N trajectory (total position and velocity)
estimates during all burns are available on downlink at 2-second intervals.
However, after premature termination of the DPS-1 burn, the LGC was
placed in idle mode. In this mode, only the accumulated accelerometer
counts were available. Using these counts and compensating for the IMU
performance errors determined from boost data, the LM-1 G&N trajectory
for PRA III was reconstructed. PRA III was the second descent engine
burn (the first successful descent engine burn, under program reader

assembly control).

The LLGC PRA IIl trajectory was initialized on (or made to coincide
with) the ESPOD BET at time (t} = 22191, 05 seconds for LM GRR immedi-
ately prior to DPS ignition. In this manner perfect agreement (LM G&N
versus BET) was obtained at the beginning of the comparison interval.
However, the ESPOD BET is discontinuous over the burn periods. It con-
sists of two distinct segments, one terminating at ignition and the other
beginning at shutdown. It was not possible to link these end points reliably
with tracking data taken dur.ing the burn. Moreover, the BET sequence
obtained after shutdown covers a period of only 5 minutes and is based on
inadequate data (TEX, with twenty-one data points; WHS, with only seven
data points). A better orbit determination during that period was not
possible because of RCS activity during orbit five (for which there was no
telemetry coverage). Consequently, the postburn BET was completely
independent of the preburn trajectory (from which the initialization vector

was taken) and was of uncertain quality. For this reason, the rather
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Table 3-8. Maneuver Summary

Time of ; v
Initiation, GET At av x at y sz AV
Maneuver (hr:min:sec) Source (sec) (ft/ sec) {ft/sec) (ft/sec) (ft/sec)
DPS I* 3:59:41.7 G& N 4. 0 3,05 -0. 49 -1. 96 3. 66
PRA III* 6:10:07. 4 Gs N 186. 9 -612, 56 -400, 66 49, 45 747, 05
PRA V* 7:44:00.3 G N 210.0 1,531. 89 -427, 55 -359, 41 i, 630, 54

*
This includes the AV due to ullage.



large postburn velocity discrepancies (Table 3-9) between reconstructed

LM G&N and BET are not considered significant.

In like manner, the PRA V burn reconstruction was initialized with
the ESPOD BET at t = 27, 639. 05 seconds, and the trajectory was recon-
structed using LLGC data and the IMU errors determined from ascent
analysis., Since no useable telemetry data were available after occurence
of the gimbal lock condition, the trajectory reconstruction was terminated
att = 28, 051, 05 seconds.

Table 3-9, Position and Velocity Comparison -
LM-1 G&N versus BET/PRA II1
(t = 22,419, 05 seconds)

LM IMU Coordinates
VX (Ga&N)-VX (BET) -0.39
VY (G&N)-VY {BET) 0. 52
VZ (G&N)-VZ (BET) -14. 10
PX (G&N)-PX (BET) ~612. 00
PY (G&N)-PY (BET) -289.00
PZ (G&N)-PZ (BET) -2048. 00

3.4 RTCC TRAJECTORY COMPARISON

The state vectors obtained in real time by the RTCC for the Apollo 5
mission were compared with the Task A-50 best estimate of the trajectory
(BET) at RTCC anchor times from LM/S-IVB separation to HAWO05 (prior
to PRA V). The purpose of making these comparisons is to aid the RTCC

in evaluating fit procedures for this and subsequent Apollo Missions.

The state vector comparisons are discussed in this section. Also

included in the discussion is a set of special state vectors comparisons of
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Table 3-10,

RTCC Summary of Radar Data for AS-204/LM-1

Code

BDAC
BDQC
REDC
CYIC
TANC
CROC
CROS
CNBS
WHSC
PATC
MLAC
MILS
BDQC
REDC
BDAS
REDC
TANC
CROC
CROS
HAWS
GDSS
WHSC
MLAC
BDQC
BDAS
ANTC
REDC
PREC
CROC
CROC

Batch

06
08
02
05
09
11
13
12
14
16
17
18
19
20
21
20
23
22
24
26
25
27
29
31
35
33
34
37
39
41

Anchor Time
(day:hr:min:sec)

00:
00:
00
00:
00:
00:
00:
00:
o1
01:
01
01:
01:
c1
01
01:
01
01:
01
01
01:
01:
01:
01
01
01:
01:
01:
01:
01:

22:58:12
22:58:12

:23:00:24

23:07:48
23:27:00
23:42:18
23:42:48
23:50:18

:00:19:18

00:24:36

:00:24:36

00:26:48
00:28:00

<00:35:00
:00:29:54

00:35:00

:00:58:48

01:15:06

101:16:48
:01:40:06

01:50:24
01:53:36
01:57:48

:02:01:12
:02:02:54

02:03:36
02:07:54
02:28:06
02:48:30
02:48:30

iZ

21
21
34
33
23
42
37
27
47
47
51
24
54
32
32
32
50
52
358
37
29
34
53
47
30
39
18
18
50
50

Emax
(deg)

28
28
25
30
12
12
13

8
17
20
23
23
51
38
50
38
26
20
20
11
15
60
39
12
12

7

16
44
44

A/R

R E R P R - I R i i e B l
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Table 3-10. RTCC Summary of Radar Data for AS-204/LM-1 (Continued)
Anchor Time Emax
Code Batch (day:hr:min:sec) N (deg) A/R
CROS 42 01:02:48:30 25 43 A
HAWC 44 01:03:12:42 53 24 A
WTNC 43 01:03:18:27 16 39 R
CLQC 48 01:03:22:29 42 13 R
GYMS 46 01:03:24:12 47 24 R
WHSC 47 01:03:25:30 49 42 A
MLAC 50 01:03:31:18 47 19 A
GBIC 51 01:03:31:24 54 25 A
MILS 52 01:03:33:48 22 17 R
ANTC 53 01:03:35:54 55 43 A
ASCC 54 01:03:49:48 54 14 A
CROC 55 01:04:22:54 6 3 R
CROS 56 01:04:22:54 8 3 R
GWMS 57 01:04:33:18 38 22 A
HAWC 58 01:04:47:12 32 6 R
HAWS 60 01:04:47:18 18 R
WTNC 59 01:04:51:37 24 42 R
GYMS 61 01:04:57:18 30 51 R
WHSC 56 01:04:58:36 33 10 R
TEXS 66 01:05:01:00 1t 12 R
TEXS 67 01:05:02:12 15 15 R
ASCC 68 01:05:22:54 48 10 R
ASCC 70 01:05:22:54 80 10 S
ACNS 69 01:05:25:18 22 9 A
TANC 72 01:05:40:06 80 33 A
TANC 73 01:05:50:18 28 13 A
CROC 74 01:05:58:00 63 5 A
GWMS 75 01:06:10:48 66 29 A
HAWS 77 01:06:27:42 24 R
HAWC 79 01:06:27:48 49 A
WTNC 78 01:06:32:29 15 18 R
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prime interest to the RTCC. As previously noted, a time bias was added
to the time tag of the low speed tracking data to account for the difference
between UT1 and UTC. The real-time orbit determination program does
not account for the difference between UT1 and UTC. However, when the
comparisons were made, the BET was adjusted so that the BET and the

RTCC trajectory were using the same time scale (UTC).

Table 3-10 lists in detail the data received and processed by the
RTCC. The maximum elevation of the pass (Emax)’ the anchor vector
time (GMT), the number of valid points in each batch (N), and an indi-
cation that the data were either accepted or rejected (A/R) is tabulated.
An "S" in the accept/reject column denotes an single station solution. The
batch number is simply a numbering system used by the RTCC and has no
special significance. The MSC memorandum on the RTCC Mission Data

Summary was the source of Table 3-10.

RTCC Comparisons

A summary of comparisons is listed in Table 3-11. The table lists
the data used in the fit to obtain the RTCC vector, the RTCC batch number,
the RTCC anchor time (GMT), the maximum elevation of the pass (Emax)'
the BET segment number, the total difference in position (AR), and the
total difference in velocity (AV).

It can be seen from the summary that good comparisons were
obtained for Segments 1 and 2, The exceptions are the CROC 39, the
CROC 41, and the CROS 42 comparisons, The large total velocity differ-
ence for these three compar.isons can be explained by the fact that the
RTCC fits occurred immediately following DPS | engine cutoff and were

egsentially single station fits.

The relatively bad comparisons for Segments 4 and 5 are the result
of low level RCS thrusting which occurred from 5 hours, ! minute, and
36 seconds GMT to 5 hours and 9 minutes GMT and from 5 hours and
59 minutes GMT to 6 hours and 32 minutes GMT on 23 January. Segments
4 and 5 were defined by these periods of RCS thrusting; consequently, the
effects of the thrusting on the trajectory were minimized. The RTCG,

however, was unaware that thrusting was occurring, and consequently, it



tried to fit the data from ASCC 70 to HAWC79 which degraded the result-
ing trajectory.

The bad comparison for TANC73 can be explained by the fact that
only 28 observations were used in this {it {80 observations were used in
the TANC72 fit), The maximum elevation of the data in the TANC73 fit
was 13 degrees compared to a maximum elevation of 33 degrees for the

data in the TANC72 {it,

Special Comparisons

The summary of special comparisons can be found in Table 3-12,
The vectors are time ordered according to anchor time and the total

difference in position and velocity is listed.

The output of the RTCC Compare Program is listed for each vector
appearing in Tables 3-11 and 3-12,

The results of the comparison program are given in the following

listing. The definitions of the symbols used are as follows.

Symbol Definition of Symbols for RTCC Comparison

X Components of the position and velocity vector

v referenced to a geocentric, inertial, Cartesian,
coordinate system. It is a right handed system

Z where the X-axis lies in the true equatorial plane

5( in the direction of the Greenwich meridian at

. oh day of launch, the Z-axis is orthogonal to the

Y true equatorial plane, and the Y-axis completes

I.Z the right-handed systerm. The units are earth
radii and earth radii/hour,

SEMI-MAJ CR Semi-major axis (feet)

ECCEN Eccentricity of the orbit

INCL Inclination of the orbit plane to the equator
measured positive counter clockwise from the
equatorial plane to the orbit plane at the ascend-
ing node (degrees)

NODE Right ascension of the ascending node (degrees)
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Szmbol

ARG PERIGEE

TRUE ANOM

PERIOD

APOGEE

PERIGEE

VEL-MAG

FLT PATH

HEADING

DECLIN

LONG

HEIGHT

DELTA U
DELTA YV
DELTA W
DELTA UDOT
DELTA VDOT
DELTA WDOT

DELTA POS

DELTA VEL

Definition of Symbols for RTCC Comparison

Argument of perigee measured positive in the
direction of motion from the ascending node
(degrees)

True anomaly measured positive in the direction
of motion (degrees)

Osculating period of the orbit (minutes)

Altitude of apogee above a reference sphere
{nautical miles)

Altitude of perigee above a reference sphere
{nautical miles)

Magnitude of the inertial velocity vector (feet/
second)

Flight path angle measured positive downward
from the local vertical (degrees})

Azimuth of the velocity vector measured positive
east of true North (degrees)

Declination (degrees)

Longitude of the vehicle measured positive east
of the Greenwich meridian (degrees)

Height of the vehicle above a reference sphere
{nautical miles)

Difference between the RTCC and TRW components
of the position and velocity vector in a vehicle
cerntered, coordinate system where the U-axis is
collinear with the earth-centered inertial radius
vector and is directed outward, the V-axis lies

in the orbit plane and is orthogonal to the U-axis,
and the W-axis completes the right-handed system.

Magnitude of the difference between the RTCC
position vector and the TRW position vector

Magnitude of the difference between the RTCC
velocity vector and the TRW velocity vector



Table 3-1t. RTCC Comparison Summary

Anchor Time Emax AR AV
Station Batch (day:hr:min:sec) {(deg) BET (ft)  (it/sec)
CROC 11 22:23:42:18 12,5 1 1126 0. 88
CROS i3 22:23:42:18 12,5 1 1048 0. 89
CNBS 12 22:23:50:18 8.1 i 552 0.51
WHSC 14 23:00:19:18 17.2 1 346 0. 81
MLAC 17 23:00:24:36 22.5 1 335 0.77
BDQC 19 23:00:28:00 50. 6 1 301 0. 67
BDAS 21 23:00:29:54 50.5 i 317 0. 60
TANC 23 23:00:58:48 26. 0 1 546 0.76
CROC 22 23:01:15:06 20. 2 1 394 0. 55
CROS 24 23:01:16:48 20.3 1 331 0. 33
GDSS 25 23:01:50:24 14,7 1 201 0. 28
MLAC 29 23:01:57:48 39,2 i 232 0. 22
BDQC 31 23:02:01:12 12,3 i 286 0. 19
ANTC 33 23:02:03:36 7. 4 1 333 0. 17
CROC 39 23:02:48:30 43,7 2 724 3. 29
CROC 41 23:02:48:30 43,7 2 723 3. 29
CROS 42 23:02:48:30 43.4 2 632 3.59
HAWC 44 23:03:12:42 24,3 2 844 i, 17
WHSC 47 23:03:25:30 42. 4 2 276 0. 44
MLAC 50 23:03:31:18 19.3 2 310 0. 44
GBIC 51 23:03:31:24 24. 6 2 284 0. 40
ANTC 53 23:03:35:54 42,7 2 316 0. 54
ASCC 54 23:03:49:48 14. 4 2 121 0. 16
GWMS 57 23:04:33:18 22.1 2 1013 0.75
ASCC 70 23:05:22:54 9.5 4 2585 1. 15
ACNS 69 23:05:25:18 9.7 4 1778 4, 01
TANC 72 23:05:40:06 33,4 4 1266 0. 91
TANC 73 23:05:50:18 33. 4 4 81114 23.01
CRQOC 74 23:05:58:00 5.0 4 2666 6. 24
GWMS 75 23:06:10:48 28.5 5 2057 2. 09
HAWC 79 23:06:27:48 8.5 5 1600 2. 44




Table 3-12, RTCC

Comparison Summary for Special Vectors

Vector Description

High speed radar vector
following the separation
maneuver

Best RTCC vector prior
to DPS |

High speed vector
following DPS 1

Best RTCC vector prior
to PRA 3

High speed vector from
WHSC following PRA 3

Vector used to build
LGC Navigation update
prior to PRA 5*

Best RTCC vector prior
to PRA 5

Anchor Time

(day:hr:min:sec) BET
22:23:44:00 i
23:02:03:36 1
23:02:48:34 2
23:04:33:18 2
23:05:02:13. 3
23:05:09:29 4
23:06:27:48 5

AR
{ft)

661
333
6, 870
1,613

2, 640

27,918

1, 600

AV
(ft/sec)

138, 59

0. 17

18. 47

49, 61

65. 88

2. 44

sk
High speed vector from WHSC prior to PRA 5 (vector used to build LGC

navigation update)
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DELTA U DELTA ¥ DELTA W DELTA UNDOY NELTA vDOT DELTA WDDT
3300 98. 5"‘. .‘-BC Go-‘q —C.l(‘
MAGNITUDE OF VECTOR DIFFERENCE (FT,FT/SEC)
DELYA POS DELTA VEL
346, J.R1



03/15/568
MLAC17 51 NAS

APOLLO RYCC COMPARISON
MS MAN ACC MO UPD 2ERIT 21TER VEH3

TIME U.T, TIME FROM (L AUNCH
23/ 1/68 J HRS 24 MIN 36.°97 SEC C NDAYS 1 HRS 36 MIN 28,.027SEC
b 4 Y z xnar YoorT 1007

0.54920114F OC RTCC
C.564916380€ (- TRW

-0.8788816AF o
~0.97886735E 7

Ne522333C4E OC
Ne522326108E 0N

C.43249516E 01
Cat3249257E U1

0. TO9TITI9E (D
T TG992251E 0T

0.77348030E-5
7. T1345848E-21

DIFFERENCES IN OSCULATING FLEMENTS (RTCC - TRW)

05-¢

SEM]-%AJOR ECCEN INCL NONDE ARG PERIGEE TRUE ANOM
21558CC8.0v J.01479823 31.63194585 201.05779457 82.72362186 353.53168106 RTCC
21557237.50 0.004784032 31.632137Cs 2C01.058572717 83.17408020 353.,15C53177 TRMW
TTL.50 Q.C22C1399 -%.00r19121 ~C.CN077820 -0.38044834 0.38114529 (RTYCC-TRW)
PER[OD APOGEE PERIGFE
88.34736156 123.69641113 89,.64331055 RTCC
B8.34262371 123.51934814 RG.565T4194 TRW
0.00473785 017706299 1.,0T656860 (RTCC~-TRW)
VEL -MAG FLY PATH HEADING DECLIN LONG HEIGHT
25675.,2124 90.03081989 B1.67372417 30.62668920 267.8T704468 B9.T5564575 RTCC
25675.1548 93.03251553 81.,67325306 IN,6267T12) 26T.BT698364 R9.TICARD566 TRW
0.05761719 -0.07169563 C.00C4T112 =loL0082C2 0.00006104 C.C5484C°Q0 (RTCM~TRW)

DIFFERENCE BETWEEN

RTCC AND TRW VECTORS IN UVW CCCRDINATES (FT,FT/SEC)

DELTA U NDELTA V NELTA W DELTA ubOT DELTA VNOT DELTA WNOT
334, 15. -313, TeTh 026 -C.2¢
MAGNITUDE OF VECTOR DIFFERENCE (FT,FT/SECH
DELTA POS NDELTA VEL
335. TeT7



16-¢

.3/715/¢m
300C19 54 NBS
TIME U.T.
23/ 1/6R
X
0.31T773084F 0
3.317728732¢€ T

SEMI-MAJOR

21556758.50

21556059.53
699,00

PER10OD
BB,33968163
88.33538342

- 0.00&29R21

VEL-MAG

25674.72566
256T4.6145
N,1120%755

NDELTA U
252.

NDELTA PNS
3ny.

-C.81312421F CU

- | A ~n
3116128 T0

APOLLO RTCC COMPARTSNN
2EN1T ZITER VEH?

MS MAN ACC N& UPD

J HRS 28 MIN (.,

Y

S e e

DIFFERENCES IN DSCULATING ELEMENTS

ECCEN
U.u04T75369
J.70473.91
J.0000227R

APGGEE
123,32931519
123.13292457

N.19638:262

FLT PATH
89.969.4564
A9,97326443
-J.32121RA0

DELYA V
-520

MAGNITUNF NF VECTOR NIFFFRENTE

DELTA VEL
—.67

z
1«53768297E
T .53T76A204F

{RYCC - TRW)

INCL
31.6295135¢
31.62992324
-C.00C 40984

PERIGEF
A%,59912109
89,56546221

C.N3366089

HFADING
3T ,16R6T6H3E
9..16827 145
.- J0747497

NFLTA W
-]_‘;'5-

[FT,FT/SFC})

xnOT

C.41172728F 51
(. 41172142F C1

NODE

201.12158928

201402266502
-3.C0C107574

DECLIN
31.62911C57
311.62952328
~C," 041277

PELTA UDOT
- |

TIME FROM LAUNCH

¢ DAYS

YooT

v «15993344E C1

21599421 7F (1

ARG PERIGEE
283.71228409
£3.,94038582
-J.27810173

LONG
283,338459C1
2p3,33862375

R T

DIFFERENCE BETWEEN RTCC AND TRW VECTORS IN UVW CriPNINATES (FT,FT/SEC)

NELTA vnOv
211

IneT

- 982 4T2DF-C2

1 HRS 39 MIN 52.C22SEC

RTCC

~C.SB3RLZITE-(? TRW

TRUE ANOM
b,56158179
6433277347
£.22887832

HETGHT
89,72797778
aQ,67038232

TLTAY59544

NELTA WDNTY
-l .25

RTCC
TR™
(RTCC~-TRW)

RTCC
TRW
(RTCC-TRW)

RYCC
TRW
(RTCL-TRMW)



25-¢

‘3715768

#NAS21 32 98BS

TIME U.T,
23/ 1768

X
J«446TTLI33E OO0
Jabbh4aTHETRSE L0

DIFFERENCES IN NSCULATING FLEMENTS

SEMI-MAJOR
21557046 .00
21556385.5u

660.5%

PERIOD
RR.34144588
88.337389935

D C4C5633

VEL-MAG

25672.10 335
25671 49552
C.08332227

DIFFERENCE BETWEFN RTCC AND TRW VECTNRS

DELTA U
259.

APOLLO RTYCC
MS MAN ACC NU

3 HRS 29 MIN 54,000

Y

=0,75511829F 0OC
-7 .TS5512343F "

ECCEN
Vel 4TAR]ISZ
defL,4TARTHA
BJLoNC2274

APOGEE
123.45466239
123.21478271

Ce13388037

FLT PATH
89.924925.R
22,.93596363
~ies 1.3REHK

NELTA Vv

-4d.

MAGNITUDE OF VECTOR DIFFERENCE

DELTA POS
T,

DELTA VEL
o .1

COMPARISNN

1ENIT SITER VEH3

z

~«953238R3(F CC
"+5322R081RF ©(

(RTCC = TRW)

INCL
31.637335857
21.£30773869
—a.0C36812

PERIGEE
99,61843872
22,5929729)

TeT 2746582

HEADING
94,964 3805
94.94375947

s INT27943

DFLTA W
‘162-

(FY.FT/SEC)

xneT

Ca3P0Q4C7B4F
T.3AG4N] TRE

NODE
2C1.07 160190
201400234032

~C L C9IRG2

DECLEN
31.27835584
21,.278768179
-1 400741294

DELTA U0OOT
T 58

TIME FROM | AUNCH

C DAYS

Yynoy

N.2N583912F
C.275R4T27F (1}

ARG PERIGEE
84.23282.51
B4,393)8357
=Ca.16C26306

L ONG
292.01738739
292,21768875

=Naud30126

IN UVW CCCRDINATES (FT,FY/SFC)

NELTA vDOT
o.Ce

InnT

T1  ~24.32401467F "0
~Je32472AR4TE 3T TRW

TRUE ANOM

13.87373274
13.71294516
0.16CR4159

HEIGHT
97.11688232
G .07418823

1.14269479

NELTA WDOT
_C'. 20

1 HRS 41 MIN 46,20"SEC

RTCC

PTCC
TRW
(RTCC-TRW}Y

RYICC
TRW
{RYCC-TRW)

RTCC
TRW
(RTCC-TRW]



£5-¢

03/15/76R
TANC23 & 0B8S

APOLLO RTCC COMPARISON
MS MAN ACC NO uPD 1ENIT JITER VEH3

TIME U.T. TIME FROM L AUNCH _
23/ 1768 O HRS 58 MIN 48,000 SEC ~ DAYS 2 HRS 10 MIN 40.300SEC

X Y z XDOT YDOv 2007
0.50128684F DG N.78325571F O0C -0.32115425F CL -0.34942939F 01  N.18926225€ (1 -0.18583764€ 01 RTCC
N.59127041E CC  J.78327113E Of -T.32114067€ CO -0.34941822F "1  0.18926226F 21 -0.18584440F 21 TRW

OIFFERENCES IN OSCULATING ELEMENTS (RTCC - TRW)

SEMI~MAJOR ECCEN INCL NGDE ARG PERIGEE TRUF ANOM
21567517.75 0.00 345483 31.65476AG4 2CC.89212227 93.81264C273 122.53288746 RTCC
21567615.50 J.,0034€881 31.£55.36705 200 .8946743C 93,71884346 122.6236181%* TRW
-97.75 -0.C0¢C1398 -1.03029111} -0.00255203 .,79365Q27 -(,0907T3067 (RTCC-TRW)
PERIOD APOGEE PERIGEE
88.40582657 12N 49RC7739 95.97189331 RTCC
88.4N64273R 120,56387329 95.93820190 TRYW
-J.00C60081 -2.,0657959( Ce03369141 (RYCC-TRW)
VEL~MAG FLY PATH HEADING DECLIN LONG . HEIGHT
255C0.2725 89,83284283 116.,4082737C -18.12C86987 37.22617254 114.79837036 RTCC
25499,9221 B9,B83238878 116.40936375 -1R.11°2765600 17.22597218 114,85522461 TRW
0.35.3418) C.CUl45395 ~C.7013920¢ =n,CC1103R0 CeJ20 19836 -T056R5625 (RTCC-TRMWY
DIFFERENCE RETWEEN RTCC AND TRW VECTORS IN UVW CUCRDINATES (FT,FT/SEC)
DELTA U DELYA V DELTA W DFLTA UOOT NELTA vDOY NELTA WDOY
~34%, 248, -342. =D 49 7.3% L elb
MAGNITUDE NF VECTOR DIFFERENCE (FT,FT/SEC)
DELTA PNS NDELTA VEL
546, TeTh



¥s-¢

03715768 APOLLD RTCC COMPARISON
CrROC22 52 0BS5S MS MAN ACC NO UPD 1ENIT JITER
TIME U,T,.
237 1/68 1 HRS 15 MIN £.230C SFC
X Y 4

-0.51301495E Cu
-0,51300456E Q0

TJ.T72458543E L7
Qe 72457615F o~

-2.52933200F LC
-0 .529347(8F LC

DIFFERENCES IN OSCULATING FLEMENTS (RTCC - TRW)

SEMI-MAJOR ECCEN TNCL
21556T727.5¢ D.073362534 31.6313355%
215565(7.52 0.2u3637K1 31.63139115
219.50 -J.000G1231 -7. 7 L065565
PERIOD APNGEE PERIGEE
BB.3394RT7I8 119.32)383113C G3.,59725952
88.33813667 119.32824707 33,.51760B64
C.0C135040 -0.CCT41577 Gc.0T965088
VEL-MAG FLT PATH HEADING
2546T. 7441 90,77557582 R2.43285561
2546T.6243 9], 7579541} R2.434249RR
0.11987335 =0.2..2145R ~Us" 7139427

DIFFERENCE BETWEEN

VEH3

xnnT

—(142T126584F (1
-t .3T12558RF

NONE
270 THET2150
20( . 759337712
- (5260925

DECLIN
-3, 872442095
-2C,.B80547895

TeLTL9RAT]

TIME FROM LAUNCH

0 DAYS

YonT

-0.22726165F C}
~N,22T2637EF 01

AP PERIGEE
R1.1R757%534
R1.18619261

L .-2138474

LONG
1C5,487T11872
105.426T72962

"WML 2AR9LC

RTCC AND TRW VECTORS IN UVW CCCRDINATES {(FYT,FT/SEC)

NDELTA U DELTA V DELTA W
S. 174. 1513,
MAGNITUDE OF VECTNR DIFFERFNCE (FT4FT/SFCY
DELTA POS NDELTA VEL
394. T 55

NFLTA UNOT
- W11

NELTA vNIDT
Tel2

1007

TRIE ANOM
20 1.26T737595
271.266C7895

C.C01297C0

HETGHT
118,43530273
118.43383789

"« GOl464R4

NDELTA WDOT
£.52

0.49853624E 0T
r,49844659F " TRW

2 HRS 26 MIN 58.C0DSEC

RTLC

RTCC
TRW
{RTCC-TRW)

RTCC
TRYW
(RYCC-TRW)

RYCC
TRW
(RTCC~-TRW)



APQLLD RTCC COMPARISNN
MS MAN ACC UPDATE 1E0IT 4ITER VEH3

03715768
CROS24 35 08S

S5-¢

NELTA POS
331.

MAGNITUDE 0F VECTOR DIFFERENCE

DELTA VEL
Te33

(FT,FT/SEC)

TIME U.T. TIME FROM L AUNCH _ _
237 L/e8 1 HRS 16 MIN 48.0CC SEC { DAYS 2 HRS 28 MIN 4C.O020SEC
x Y 4 xoo7 ypor 1poY o
-0.614237157E 20 0.65511916€ 00 ~0.51141812E 0C -0.34262775F ©1 ~0.26253305F Cl .T653489TE 00 RTCC
-0.018235324E OO 5.5655104%4%E 80 -".511%2200F 0C -r.24243541F 01 <G, 28252827F 1 n <TASARENAE OO0 TR
DIFFERENCES IN OSCULATING ELEMENTS (RTCC - TR _
SEMI-MAJOR ECCEN INCL NODE ARG PERIGEE TRUE ANOM
21557947.75 0,.,00360055 31.63397789 200.T4178314 80.30213451 209,04730988 RYCC
21557687,50 0.00360469 31.63646784 200.74273682 80.22802267 209.12087631 TRW B
260,25 -0.,0000C414 -0.,00048995 -0.00095367 2.07411385 ~0,07356644 (RTCC-TRW}
PERIDND ) APOGEE PERIGEE
88.34699154 119.43469238 93,88525391 RYCC
88.34539127 119.40631104 93,827RABOSBG TRW
0.0016C027 0.02838135 3.C5737305 . tRYCC-TRWY
VEL-MAG FLY PATH HEADING DECLIN LONG HEIGHY
25472 .9683 90,100404 T4 T8.46405315 -29.66086459 112.91716957 117.80871582 RTCC
254T3.0695 90.10G78716 TB,4641447T) -29.66142774 112.91761017 117.77432251 TRW
-0.092285146 ~0.,C003R242 -0.770739155 0.00056314 -0.0004436C t.G3439331 (RTCC-TRW}
DIFFERENCE BETWEEN RTCC AND TRW VECTORS TN UVW CCCURDINATES {FY,FT/SEC)
DELTA U DELTA V NELTA W DELTA UDOT DELTA v0OT DELTA WDOT
209. -99, 237. 3.20 -0 N9 nyl‘



95-¢

w3/715/68 APQLLN RTCC COMPARISNN
GDSS25 29 0RS MS MAN ACC NG uPn IEDTY SITER VEH3
TIME U.T,
23/ 1/638 1 HRS §) MIN 24,070 SEC
X A 7 xpov

-3.89330865%E CC
~5 .B9230N822F 5o

C.63204272E 01
Le43273991F 31

D.49372533E 1C
D.493T7347CE OC

~0,98566540UE-ul
-J.98568458E-21

DIFFERENCES [N NSCULATING ELEMENTS (RTCC - TRMW)

SEMI-MAJQOR ECCEN INCL NTDE
21558341,25 0.0 4859R6 11.63573575 20C.61291695
21558318, 43 0.004854%7, 31.63639665 2C0.61353111
23.25% 0.0023CC53%¢ -0,00266090 -0,.Cirelal”
PERIDD APOGEE PERIGEE
88.34941196 123.9677T7344 R9,.48]1 45894
8B8.34926475 123.94488525 R 49651772
0.30C 214501 CL,022BRA18 -.«21525879
VEL-MAG FLY PATH HEADING DECLIN
256T2.57R] 97T . TTEILL22 7626766968 28.7B25R252
25672.,4573 D WL Tel C267 T6.,26TN58074 2R.T7R3 ;4833
Gel2lB&951 el TLT1144 Y061 PR3 ~CL.LTC46RAT

TIME FROM | ALINCH

~ DAYS 3 HRS 2 MIN 16.002SEC
Yoot 001 B
n,36335760F-C1 0.91609249€ 30 RYCC
C.36357TE2E-"Y  0,91612417E 0 TRW
ARG PERIGFE TRUE ANOM
82.56289775 3%44.16722352 RTCC
82.58160210 344.74796982 TRW
-0.01871204 r.C192337) (RTCC~-TRW)
i RTCC
TRW
{RYCC~TRW)
LONG HETGHT
2135.7 4236731 9C.14691162 RYCC
235,74223447 9" ,16168211 TRW

3.7 .C1258¢ - «I14777S) (RTCC-TRWY

OIFFERENCE BETWEFEN RTCC AND TRW VECTORS IN UVN CCCROINATES (FY,FT/SEC)

NELTA U NELTA V NELTA W DELTA UNDT
=3 . -2. -179. S
MAGNITUDE 0OF VECTOR PIFFERENCF (FT,FT/SFO)
DELTA POS NELTA VEL
201, C.28

NELTA VvDOT
C.12

DELTA WOOT
-~ .25



LS-¢

03715768
MLAC29 53 0RS

TIME U.T.
23/ 1/7¢8

X
3.4232CT4RE oo
«42320450.E 7

[&]

DIFFERENCES IN NSCULATING ELEMENTS

SEMI-MAIOR

21555586475

21555332.5y
254.25

PERIOD
AB.33247757
B8,33091640

G.00156116

VEL-MAG

256T72.1333
25673.. 26!
CJInTLITTTR

DIFFERENCE RETWEEN

NELTA 1)
6.

APOLLG RTCC COMPARISON
2ENIT 2ITER VEHR

MS MAN ACC NC UPD

1 HRS 57 MIN 4B,20C SEC

Y

~2.T6649813F 07
=2 .T664Q162E ©7

ECCEN
C.0T4T3799
0,30472934
0.0C0CL 855

APOGEE
123.079R645"
123.007141L1

D.0T727233¢9

FLT PATH
BG.94264124
R9,947281578
~Qet M 1T452

z
T 285335514CF N1
50 52355984F N°T

(RTCC - TRW}
INCL
31.63028622
31.63784197
-)«30755575

PERIGEE
89,46292114
B9,45196533

T.01095581

HEADING
Q4,37715912
94,376768911

Ge003917)

xnnT

T.AG41RS33F N1

Te36a:18267F

NODE
200 . 53644751
20C.53736496
~C.0T0e1747

NECLIN
21,35711145
21,35772109
-C.TrNENAG

Ti#ME FROW { AUNCH

C DAYS

YDOT

T«19T17333EF
Te10T1T7AQTE T}

ARG PERIGEE
84.88122945
R4, RACTGGTS
-0.770956631

LONG
267.38821797
26R,2AANIBATT

-3.7"NA3815

RTCC AND TRW VECTORS IN UVW CCU(RDINATES (FT,FT/SECH

NELTA V

£

MAGNITUDE OF VECTOR DIFFFRFNCE

DELTA POS
232.

DELYTA VEL
Se22

NELTA W
-qul

(FT,FT/SEC)H

DFLTA uUnNNT
.27

NELTA VDOY
.1l

3 HRS

nny

71 =7.28555503E OO
-N,2855332T¢ 22 TRW

TRUE ANOM
12.25753585
12.247271n08
Ce0ICIOLBY

HEEGHT
80,84555054
n9,B83066064

TL.CT5R839R9

PDELTA wWDOT
~(.1R

9 MIN 4N ,7NCSEC

RTCC

RTCC
TRW
{RTCC~TRW}

RTCC
TRW
(RTCC-TRMY

RTCC
TRY
{(RTICC-TRW}



8G-¢

J3rf15/6%
RDQC31 <7 NAS

TIME U.T.
237 1/68

X

0.6319C)IB6E v
7.6318G8658F LU

SEMI-MAJOR

21557624.725

2155723B.75
325,543

PERIND
BA,34570122
BB.343..137

va.01199986

VEL~MAG

25564.R56.
25664.752)5
D.10546875

NELTA U

T2,

NELTA PNS
236.

2 HAas

APOLLO ARTCC CNMPARISON

MS MAN AfC NO

1 MIN 12..00

Y

- .53326899E cC
~2.%%326714E (O

ECCEN
Lo GTGRLS
L. -NGaTRACS
TLnLTe 010

APOGEE
123.63C18799
123.547496R%2

T.CRO6T1LE

FLY PATH
89.8R472557
85,B8R475511
T, 71 2756

NELTA V
-a,

MAGNITUDRE 0OF VECTOR DIFFERENCF

DELTA VEL
vel?

uen

SEC

DIFFFRENCES IN NSCULATING ELEMENT

1EDIT 2ITEP

z
UeS5C174995E

LeB3T1T6521IE O

(RTCC - TRW)
INCL
31.63472971
311.6353497%
-0.00055933

PERIGEE
R9,58316C4)
83,56573486

1aN1742554

HEADING

1.72.53144455
1°2.53118R95%

..'125659

NELTA W
-276.

(FT,FT/SEC)

VEH3

xnov

f.32874851F (1
Me 33ATLALTTE N1

NODE
2r 2.5 1549131
200 .5.37 ARADD
~L.CT112RE9

NECLIN
29.,28625488
29,2R£3699%
-.aC. T1BN2

neETA Unor

Tef2

TIME FROM L AUNCH

G DAYS

Yont

".27071932F C1
«2T27T1986F 21

AR, PEPIGFE
86,2380¢1¢
R5,18421745

(275384445

L ONG
283,569477T0R
283,5596R4589

-*.i"l20981

DIFFERENCE BRETWEEN RTCC AND TRW VECTOPS [N UVW CrrRDINATES {FT,FT/SEC)

DELTA VDOT
J.11%

1007

-0.8212182%€ L

3 HRS 11 MIN 4,00CSEC

RTCC

«J.83119322€ °~ TRW

TRUE ANOM

24.91154718
24,96444297
~L.,N52R89578

HEIGHT
91.1557312C
e1,14376831

"« 211952R9

NELTA WDOT

RTCC
TRW
(RTCC-TRW)

RYTCC
TRM
(RYCC-TRW)

RYCC
TRW
(RYCC-TRW!Y



65-¢

N3/715/68
ANTC33 39 0OBS

TIKE Ul T,
237 1768

X
0.75743695E uu
0.75743258E CO

DIFFERENCES IN OSCULATING ELEMENTS

SEMI-MAJNR

2156C(62.3)

2155975v.75
311.25

PERIOOD
88.,35998535
88.358C7T514%

0.00191021

VEL-MAG

25656.0078
25655.9194
J.78827831

2 HRS

APOLLD RTLCC
MS MAN ACC NO

2 MIN 36,000

\{

-0.51619618F
-".51618824F 1

ECCEN
~.05485450
0.N04R4605
C.CRICORLA

APOGFE
124.2333C688
124,15185547

C.CB145142

FLT PATH

89.84834194
89, 84R22464
C.O011737

COMP ARTSON
uPD

SEC

4

. +46125860F J0
T .6612K/039E 0

(ATCC - TRW)

INCL
31.64211383
31.64068174
-0,C00056791

PERIGEF
89,782531 74
B9.76156616

2402096558

HEADING
127.62099171
17 7.620A5439

7.000137332

1ENDIT 2ITER VEH2

xnoT

Ce2R739652F 01

NODE
200, 4B08998)
200.4R226357
~0.00136375

DECLIN
26.71262431
26, 71340632
-0.CC178201

TIME FROM t AUNCH

& DAYS

Ypnty

0.3132257TE 01

P . o

ARG PERIGEE

87.818222C5
B7.72788811
0.09C32394

LONG
293.75521"788
293,.7556190C5

-3.0004C8LE7

DIFFERENCE BETWEEN RTCC AND TRW VECTNRS IN UVW CLCRDINATES (FT,FT/SEC

NELTA U
8.

DE1T4 V

"‘"10

MAGNITUNE OF VECTOR DIFFERENCE

DELTA POS
333.

NELTA VEL
J-l?

DELTA W
‘32'—'.

(FT,FT/SFCH

NELTA UNOT

2l

- .

NDELTA VNNT
0.39

1007

-0.11882773E 51

[W-Y-%. ]
-Gclluets

TRUE ANDM

33.21119499
33,33047989
-N.0832849C

HEIGHT
92.57806396
92.56488237

r.n13181359

DELTA wDNY
"C-!‘f

3 HRS 15 MIN 28.900SEC

RTCC
176 71 TRUY
RYCC

TRW
(RTCC-TRW)
RTCC

TRW
(RTCC~TRW)
RTCC

TRW
{RTCC-TRNW)



09-¢

03712768

CROC39 5C 0OBS

TIME U.T.
237 1/68

X

=0.79264215E {0
=J.T9245211F

DIFFERENCES IN OSCULATING ELFMENTS (RTCC - TRW)

SEM[-MAJOR

21568337.33

2156P148.75
188.25

PERIGD
88,41G86292
BB,4L 97421

0.0C11%871

VEL-MAG

25494,1643
25494,.9359
0.07836914

APOLLD RTCC COMPARISON

M5 MAN ACC NO yPH

2 HRS 49 MIN 34u.00C SEC

Y

0.48657T49F 0C
C.4B6U8758F (-

ECCEM
CaLJ326752
veul326%66
Ja00JG685

APOGEE
119.968475234
119.913C249

075545 044

FLY PATH
90 .14474201
9. 143775619

LeN0C986512

IEDIT 4ITER

z

~0.45702906F GO
-0 44999781 CC

INCL
31.64727712
31.£4162C87

Cel 0565624

PER IGEE
96. 77111816
96. 76455688

0.£0656128

HEADING
Tl.C«BR3480
T1."5637C14
- NT&A836

VEH?2

xpoTv
-0+ 26RC4TSSE
~{ .26R9305GF

NODE
200 .235M3304
20C. 26472427
~C.C(9/9]124

DECLIN
~25.R3107209
-25.92916403

~( O 1QCRANE

o1
21

TIME FROM | AUNCH

C DAYS

YpoTv

~C.32165891F 01
~Ce321€£938¢F 1

ARG PFRIGFE
73.32742786
T3.63773945
~"«28G31158

LONRG
109.249641625
1¢5.26C27 554

TeT 725981

DIFFERENCE BETWEEN RTCC AMD TRW VECTORS IN UVW CORDINATES {(FT,FT/SEC)

DELTA 1)
28,

DELTA V
=147,

MAGNTITUDE (F VECTNR NIFFFRENCE

DELTA ©on§
T724.

DFLTA VEL

3.2°

NFLYA W
_T'.'l".

(FT,FT/SEC)

NELTA UDNY

= .22

NELTA vnOY
[P

4 HRS

1 MIN 22.793SEC

InovY

TRUE ANOM
230.52923°14
23U.241CBART

~.28812M27

HEIGHT
115,.71640315
116.71173%94

Y TYCAL

NELTA WDOT
2,28

r.12868893F 01 RYCC
C.12963879€ 01 TRW

RYICC
TRW
(RYCC-TRW)

RTYCC
TRW
{RYCC-ThRW)

RYCC
TRW
(RTCC-TRWE



19-¢

U3s12rse8 APOLLO RTCLC COMPARISON
CRNOC41 S 0OAS SS MAN ACC NO UPD 2EDIYT 4ITER VEHR
TImEg U, T,
237 1768 2 HRS 48 MIN 20,200 SEC
X Y 4 xnoT
~0.,79244215F OC UeQBBCTTHIE 00 ~-1.450029(5¢ 00 -0.268Q04759F C1
~0.79245211F CU TeHROCBTHEE Lo —Te&%T9QTHIC 5T -7 . 26R02GHE0E O]

OIFFERENCES IN OSCULATING SLEMENTS (RTCC - TRW})

TIME FROM | AUNCH )

C NAYS & HRS C MIN 22,.070SEC
YOOt

-0 ,32166891F D1

-N,321602R4F C1

100v .
0.12868893E 01 RTCC
3.128638T3E 1 TRW

SEMI-MAJNR ECCEN INCL NODE
2156R337.00 CL.Cr28752 31.64T72T712 2{u.235.33C4
21568148,75 C0N226066 31.64162087 200.,24472427
188,25 Lo Z00CCBRS C.50565624 0. 269124
PERIND APOGEE PER IGEE
08.41086292 119.96847534 96,7TT1118Y6
88.40970421 119.913( 249 96.T764556R8
0.00115871 Tt 5545044 .. 0656128
VEL-MAG FLT PATH HEADING DECL TN

256494.1643
254€4.LR859
C.L 7836714

90.144742.1
Q7 ,143T76R7
v (L2Q6517

TL.C4RA34BO
71.°563: 716
=0 ,{ " T4£524

~25.R317 71138
—25.,R201646M1
~ et 197725

17542492 554

SN0 20991

DIFFERENCE RETWEEN RTCC AND TRW VFCTNRS (N UVW COCRDINATES (FT,FT/SEC)

NDELTA U
28.

DELTA V

~-la7.

MAGNITUDF OF VECTNR DIFFFRENCF

NELTA PODS
T?23.

NELTA VIl
1.29

DELTA W
~-7.3.

(FT.FT/SECY

NELTA tINNT
- .73

NELTA VvNOT
TaR

ARG PERIGEF TRUF ANDM
73,.32749557 227,52914238
T3.ADTT3945 23C.2410R887
~7,2R024387 Z.28805351

LONG HETGHT

105.24941635 115, TL640015

115, 71173206
e THhEGLIN

NFLTA WDNT
3, 2R

RYCC
TeM
(RTCC-TRW)

RTLCC
RN
{RTCC-TRW)

RTCC
TRW
{RTCC-TRW)



v

APOLLO RTCC COMPARISNN
MS MAN ACC NO UPD 2EDIY S5TTFP VFH3

03712768
CRrROS642 25 QRS

TIME FROM L AUNCH
2 HRS 4B MIN 3(L.°0C SEC {* NDAYS & HRS 2 MIN 22.790CSEC

TIMNE U.T.
237 1/68

mnor -
N, 12BATHABE "1 RYCC
T.128A23T3E 1  TRW

Y z xnov ynnrt
D.48960T542F (. ~C.4SGIISI9F (0 ~D.26ROARSAF 1 -(,.3216546%E U1
D.4B60BTSRE (€ —{.4492975]F "C -U.26802959F 1 - ,321693B4F T1

X .
-0.79243088E OO0
=0.79245211€ 00

DIFFERENCES IN OSCULATING ELEMENTS (RTCC - TRwW)

29-¢

SEMI-MAJOR ECCEN INCL NOPE ARG PER INEF TRUYE ANPM
21567563.25 2.07323313 31.64690304 270027463604 74.314948, 9 229.5421218° RYCC
21568148.75 3400326066 31.44162787 200, 26472427 12,67771945 232.24128887 TRMW
-585.50 -0.09002753 7.00528216 -C.GICPRA24 "LTUT2(RE3 ~% . 59896600 (RTCC-TRW}
PERI0D APOGEE PERIGEE B .
88,40610695 119.7186886¢ 96.76623535 RTCC .
88.4(970421 119,913C2407 96.76655688 ™Y
-C,3C359726 -0.194335% Cel'J16TRAT (RTCC-TRW)
VEL-MAG FLT PATH HEADING DECLIN LONG HEIGHT -
25494.0928 9C 164114189 71, 4989207 -25,87.437093 175.74916172 115.66241455 RTCC
25494.C859 97,143776R9 T1.7563001¢ -75.829164"3 l-5,2492° 654 116,71173°96 TRW _
0.CC6B3594 -C.0026350. -(.T0T4CT10 ~C.0 14739 - T 46P2 -*.74931641 (RTCC-TRWY
DIFFERENCE BETWEEN RTCC AND TRW VECTORS IN UVW CTTRDENATES (€T,FT/SEC)
DELTA U NELTA V OFLTA W NELTA HDOT DELTA VADT NELTA WOOT
-3¢0, -155. -521. lesr PR 3,31
MAGNITUDE OF VECTOR NIFFERENCF [FT,FT/SEC)
DEL TA PNS NELTA VEL
632. 3.:0



£9-¢

C3712/768
HAMWC44 53 NBS

TIME U.T.
237 1/68

X

-J.50489812E 00
-0.5048911CE 29

SEMI-MAJOR

21573374.5¢

21572389.04
385.5¢C

PERIND
88,441838246
88.43578053

UL CHLSTTA

VEL=-MAG

25645.8286

25646.0647
-3.23608398

DIFFERENCE BETWFEN

DELTA U
687,

DELTA POS
FR4.

APOLLD RT(CC
MS MAN ACC NO

3 MRS 12 MIN 42.70(

Y

-J.B163191RF
-3.B81627830F 40

DIFFERENCES IN NSCULATING ELFMENTS

ECCEN
TL.L0GTLSE5
-+CT4T19RR

-0 ,O0001422

APDGEE
125.,90463415¢
125.79394531

G.11229624

FLT PATH
30.14375877
Q0,14648514
~0.,00272237

COMPARTISON
1FNIT 2ITER

4
J.364852C7T¢

weJELABCEHLE O

(RTCC - TRWS

INCL

11,6521 5R07

31.55061784
-u.00044864

PERIGEE
92,49133201
32,.2793R847

Je21194458

HEADING
65.60126781
£5.43166931
- .30060155

RTCC AND TRW VECTNRS IN UVW

NELTA V
1CR,

MAGNITUDE (F VECLTOR NDJFFERENCE

DFLTA VEL
i.17

NELTA W
=546,

(FT FT/SFC)

COLPTINATES

VEH2

xnoT

Ce3THI24LKTF
L.376347.27F N1

NOPE
2708 1€02553(
20C1F7T2T7411
le"(29R119

DECLIM
20.81261249
2C.831381686
—C.CT120640

NELTA UNOT
1. @

TIME FROM | ALINCH

o DAYS

¥yonT

-0.15543096F 01
~.15529C20F

ARG PERIGEF
75.01717¢849R
75.58446607
-3.58275509

LONG
18R,37C42341¢@
1BR,.36950722

1.7I7926C7

(FT,FT/SFC)

NELTA vonT
-0.22

oy

N.16996T62E 71

4 HRS 24 MIN 24,0"0SF(

RTCC

71 S.16990674RF {1 TRW

TRIE ANOM
377.61826324
327.03775787

L.58050517

HEIGHY
95.07332322
34,967 144674

CLl1RISONR

NELTA wWDNY
" .32

RTCC
TRW
(RYCC-TRW)

RYCC
TRW
(RTCC-TRW)

RYCC
TPW
(RTICC-TRWY



9~ €

C3/712/6R

WHSC47 49 NRS

TIME U.T.
237 1r€8

X
De3BTHCABLE 20
}+38701257F 7T

CIFFERENCES I[N NSCULATING

SEM]-MAJDR
2154619781, 37
21562334,25

“‘053025

PERIND
8B8.2711710D
88,37395573
=)0 278473

VEL-MAG

25667 ,7285

2566 8642
-Ja1187226¢

NIFFERENCE
DELTA U
=127,

RETWEEN

APPLLE RTCC CN¥OARTSON

MG MAN ACC NOY UPD

3 HRS 25 MIN 3 .0

Y

=+ TRGLSERTE 7
=2 T3L4K4LT | F

ECCEN
el HBRGHLET
Jal.4413G2

- el 1RaE
APOGEE
122.9718850¢
123.04577637
-7.,147%R82.38

FLY PATH
A3.9465P55¢
AG,045¢6T25¢

et :C12R7

RTCC ann
AELTA V
-16¢.,

MAGNITURE OF VFCTOR NIFFERFMIE

NFLTA POS
276,

NELTA VFL
A

FLIMENTS

“'pw

1ENIT 2ITERL vFHI
z xony
LeBAS5T4TRLE 0 T,4711CIC3F C1
453575956 5 4C110306F 1
(RYCC - TRW)
INCL atals

21 .62927832
21.629£749]
- . . 0030050

2.0 .0 72°4355
270 .0 T4S0ETS
-7 L U1EE321

PERIGFE
e1.,71212° %
91.71792¢:3
-ho\J51879°

NECLIN
31,4785660
*].478A870)72
45252

HEADING

©1,257987 35
a1,25741475
© .10 84350 -l

NELTA W NELTA ¢INDT
-17e, - W21

(FT,FT/SECY

TIME FROM L AUNCH

~ DAYS

Ynovy

{.1R318198¢F
“«18318316GF (1

ARG DFERIGEE
n2.,097147R8
RZ.234344R8

To1627TCAT 2

LANG
242,79292537
243, T732%R564

-0, . 05493

VFCTNRS [N VW COCRDIMATES (FT,.FT/SFC)

NELTA vNOY
"F-IZ

7007

f1 -C.211818R0F (-~
=3.21174626F 77

TRUF ANQOM

12.3° 5848964
12.46T671R7
-V, 16182292

HETGHT
Q2,17366943
92, 96kpE83
N - T Y

DELTA wWOQTY

- 2y
- e

4 HRS 37 MIN 22,037SEC

RYCC
TRM
RYCC
TRW
(RTCC-TRW)
RTCC
TRW

(RTCC~TRW])

RTCC
TRW
(PTCC=TRW])



€9-¢

3712768
MLACSG 47 NAS

TIME U,T.
23/ 1/68

X
Je«T31436T1E OO
J.T3L445TTE S

APQLLED RTCC COMPARISON

3 HRS 31 MIN 18,70y

A\

-~ -545ATC K7
-7 .54587675F

MS MAN ACC UPDATE

NIFFERENCES IN NSCULATING FLFMENTS

SFMI-MAINR

21566(5%.5C

21566224454
-l65%.2JU

PERTINAD
BR.2<6£5118
83.297R7292

VEL~MAG

25644, 8250
2564L4,6609
calE4C6250

ECCEN
Zev 4AEGTOL

F,0045(317
-LL UL LAZG

APNGFE
123.977.9277
124.12673347

FLT PATH
ga,R532]1649
A9, AR3A2 "3RI

N,0701 12F.

2ENYT 217

SEC

4

J.4TA2TSTIE 0

D aeTG2RT21E 0

{RYCC - TRW)
INCL

3] .6384L4132

31.63854%54]

~J.00J204%9

PERIGEF
G2.0198306472
22.C0175170Q

JeNZ231934

HEANING
1Lh.T71430206
1:A.,71300QC75

eI 221

CIFFERENCE RETWEFN RTCC AND TRW VECTORS TN UVW

NELTA V)
-22’ .

NELTA V
-1 .

MAGNITUDE NE VECTNR QIFFFRENCF

DELTA PDS
211 .

NELTA VFL
Tetrts

DELTE W
106,

(FT,FT/SEC)

ER VEHZ

TIME FROW L aUNCH

xnopT
CoILCTTE64F D1
“ C.2( 077398 CL

G DAYS

ynat

0.30320724F N1
+32329427F Ul

NNDE ARG PERIGEE
2071714325 B5.93116665
27C.01847458 B5.72310A38

-1.00133133 U« 2 R0ED 26

DFCUIN LONG

?T.2A756518 263.310135237
27. 061 AL32 269,31 781009
~C .2 061C14 =" L 4RTTE

SCRDINATES (FT,FT/SEC
DELTA UnnT n
- W32

)
FLTA VDNT
tel?

00T

-7.11229510F 1
-7.11228839¢ (1

TRIIF ANOM

33,23707247
33,44426727
-0.2N719401

HETGHT
94,614B9RAA
94.65100263
-7« "36193R5

DFLTA wWDNTY
=7 523

& HRS 43 MIN 12,°07SEC

RTCC
TR
RTCC
TR
(RYCC-TRW)
RTYCC
TRW
{RYCC-TRW)
RYCC
TRW
{(RTCC-TRW)



99-¢

03712768 APOLLN RTCC CCHMPARISONM
GRICS51 54 NAS MS MAN A(CC NOY UPD ZEDIT 21TEP VER3A
TIME U, T,
23/ 1768 3 HRS 31 MIN 24, .70 SEC
X Y 7 xnoY

“«4L6839376F QC
Labb684C36OFE (i

C.2°97R26GTE N}
C.297R2713F (1

D,73641549F 3°
JTIHL2B34E 0

=( 54081 53F Ul
=C.5438.793F . C

GEFFERENCES IN OSCULATING ELEMENTS (RTCC - TRW}

SEMI-MAJOR ECCEN : INCL NONF

21566198.C8 velO4bra2:t 31.63872647 2fC.C166318]

2156£330.75 C.0045(996 31.63888192 2CC.711T67159

-132.75 -Gl.Lu0lC578 =Ca.0:J015545 =L .Gn]23078

PER[ND APQGEE PER IGEE

BR. 36771280 124,.07473022 92.03076172

88,35Rr52715 12404721269 92.0319R242

-Gebl 1GR1635 ~0 (" 4264R8C4LT ~CeG012227T0

VEL -MAG FLT PATH HEADING NECLIN
25644,.4251 R9,B8ET784) 549G 176.91663837 27.164202072
25644 .2KR6 833.85¢900272 176.21635990 2T.1622R214
0.1574707" .00 Cce]128 LabUN2T7B4T -Ca.{2035143

TIME FRAM | AUNCH

I DAYS

Yypor

N.3G6AR255E C1
(.304050990F C1

ARG PFRIGEE

#5,99ARAT1IQ
85.82182171
7.19705868

L IMG

269.726972C1
269.727136359

=Y.227 46158

DIFFERENCE RETWEFN RTCC AND TRw VECTNRS [N UVN CCCRDINATES (FT,FT/SEC)

DELTA U NELTA V NELTA W NELTA UnNT
-12R, -1 e, ~171, ~ .29
MAGNITUTF NF VECTOP NIFFEPENCE (FT,FT/SEC)H
AELTA P0S DFLTA VEL
2““0 L

NELTA vDOT
.16

IDGT

—C.113T73774E ]
-C.11373155€E 1

TRUOE ANOM

33.58026457
33,T7655888
=0.19629431}

HETGHT
G4 ,6R142709
Q4,T1475729
-".73262729

DELTA wDNTY
~0.22

4 HRS 43 MIN 16,007 SEC

RTCC
TRY
RYCC
TRW )
(RTCC~TRW)
RYCC
TRW

{RTCC-TRW)

RYCC
TRW
(RTYCC-TRW)



Lo-¢

03712768
ANTCS3 S5 0OBS

TIME U, T,
23/ 1/68

-
o ®
™ ho X
A g
W0 O
[FE]

Jow
.
w o

DIFFERENCES IN OSCULAYING ELFMENTS

SEMI-MAJAR

21571843.25

21571894.25
"51 Q)O

PERIDD

BR.43242359
88,42273642
et 31241

VEL-MAG

25423.4875
25623.2227
La2FERLSTS

DIFFERENCE RETWEFN RTCC AM

DELTA U
=25,

ApnLin R7CC
MS MAN ACC NP

3 HRS 35 MIN 54,.

Y

-2 W2RB2041 AT
-7 2RR2QYBIE L

ECCEw
2.0 48373
S ABLGLT
-ueCu 1147

APDGEE
125.,:5792213%%
125.17714722

=, 49 224R5

FLT PATH
RQ-PJRC.‘Q‘:‘:
g0 ,R7751514

T 07179002

PELTE V

2R,

MAGNITURE OF VECTCR DIFFEPFNCE

DELTA PDS
316.

NELTA VFL
Te 54

it

.

COMPARTISON
uPp

SeC

7

"eAECHACETE L0
LeRENLO214E TC

(RTCC - TRW!}
INCL
31.650¢92274
31.65111732
=04 21835R

PERIGFE
Q2,A2575439
92.P1331421

Y. 2244016

HEADING
114.630306270
114.,43172G194

RCRIER S i

DELTA W

~192,

{FT,FT/SEC)

2ENIY 21TER

VEH3

xXDNy

( 4182837 42F
CL,182R3522F

NONRE
196,0p725319
{00, ,9RBZ24R R

DECL TN
2°.573R77E1
20 ,R2421122

- o7 T HUIAR

NELTA unny
- L 4h

TiME FRNM | BUUNCH

r nNavYs

vonTt

c1 T .36259151F N1
i . 36259%621F

ARG PFRIGFFE
ChL,as"124S7
2. ,2.03710¢5%

5425782302

I ING
SRT_ 447 R1Gg
2RT 46111290

-7, T2€78%

D TRW VECTORS IN UYW CJCRTCINATES (FT,FT/SEC)

DELTA vDOY

-~
t.2?

nnT

{1 ~3.1T71871°0F 2}

TRYF ANOM

47.,5Q279R7}
4T, BA2RALT2S
=", 25004864

HETGHY
cn,"4P227RA
SR, A249€°9
-, 4716827

NELTA WNOT
-Cel"

-~ 1716827TA58 °}

& HRS 4T MIN 46,707SEC

RYCC
TR
RYCC
TRW
(RTCC-TRWY
RTCC
TRW
(RTYCC-TRW)Y
RTCC
TRHW
tRTCC-TRW)



APPEL O PTCL CNMPAPISON
MG MAMN O ACC UUIPTATE 28017 2ITFRP VWFH2

“3/12/58
ASCCE4 5= NRS

TIME U.T. TIME FRNM L AUNCH
237 1762 3 HRS 43 MIN &p 7" SFC ( NDAYS 5 HRS 1 MIN &7 ,1°C0SEC
X Y 7 xnOT yony neT

- L2731R237F ~1  RTCC
- «227*15330F "1 TRW

Te37222092E ' L
Te11222109RF (1

JuR3 _TERAZE T
4-?6.‘71 TSF 0

-« 1%A831R31F . ¢

T W55137572F .
A =« 13RA214TF

~{ ,22762049F (]
» 5511331 13F "1

=, 2276180027

PDIFFERENCES IN NSCULATING FLFMENTS (RYICC - TRW)

B9-¢

SEME-MAJOR FCCEN . INCL NP E ARG PEPIGFE TRIE ANOM
2157FR232,5¢ Lel 7366556 2] LKA TGS leg,060R3317 €3,61344815 QR,&43T717QST RT(CC
21572886 ,:2% Tl 36ORTA 1] L66H2R647 1€G.C694312" Qa,252939¢1 CRh,44FCA4RT ThW
—0%.57) -et T3 Le. 022268 Lev. 27710 Tot RGURSS ~_ ¢ :ATB525 tRTICC~TRW)
PEPIND aPNGEE PER IGEF
AR, 4TSILERT 122.5 ©Q2FTIR A7.68145752 RTCC
28.47T5T518R 122.53158R242 O7.6R7°34717 TAW
-Jai (540 53) ~Nec?2212R2e CanCMelCas (RTCC~-TRW)
VEL-MAC FLY DATH HEADING DECL TN LONG HETGHY
25832.5352 ARG, A G29QL7 12 "aRU954F5" —T. T E3IRG4 724 ,740Q]1C424 111.227416°7 RTCC
258312.5667 33I.B . TL2 T4 17 .8.33.329 —=T.T_A173R? 124,745344C7 111.24255371 TRW

JotCR2. R

L& Lalaké

LT 2422

C.77 16412

- 1526&02

RIFFERENCFE RETWEFN RTCC ANE TRW VECTORS [N UVW CLCRDINATES (FTL.FT/SEC)

NELTA U

N

nELTA W

-7
*

MAGNITUDE NF VECTNR DIEFF=F Nt

DELTA POS

*rT
*oam

RELTA VEL
)

nELTA W
1’.

(F1,FT/55C)

NFLTA (NQOY

v -
* e

NELTA yNNT
R |

= «T1513472

NELTA WNNT

~T.11

(RTCC-TRW)Y



APOLLE BTCC COMPARISIN
Mg WMAN ACC NO UPD 2eNIT S ITEP VFH3

13712758
GWMSST 3R 0ORS

69-¢

PFLTA U
-73.

NELTA POS
1C1 3.

NFELTE V

[~Ral o4

MAGNITUDE N€ VECTNR NIFEERFNCE

NELTA VEL

. .18

DIFFERENCE BETWEEN RTCC AND TRW VECTARS IN UvW CO(RN

TELTA W
440,

(FT,FT/SFEC)

NDELTA UYDOT
=TLT7

INATES (FY,FT/SEC)

NELTA VNDT
- e

NELTA WNAT
C.1°

TIME U.T. TIME FROM LAUNCH
237 1/678 4 HRS 33 MIN 1R, "¢ SFC N DAYS 5 HRS 45 MIW 13.0275EC
X Y 14 nnT Yyont 007
-0.A8954LT1E 0L -C.54587517F i LelTR&R3&°E 7Y L.? RT2G43F "1 =-r,31502231F ©1 S .22637844F Y RTYCC
~0.8B976343E 0 =).505TBE13F Lo L1V 3452525 F.77RT2I1RE 1 -7 ,318503278F T " 22537RSTF 1 TRW
DIFFERENCES IN OSCULATING ELEMENTS (RTCC — TRW}S
SEMI-MA DR ECCEM - EINCL nenE ARG PEZRIGEER TRUYE ANOM
21579146.25 L eT409598 A1.66752167 160,72621559 £7, 3624297 114 ,42337 72681 RPTCC
215796L0.T5 Y. 0u45.993 21,666R87789 1€9,728235292 £7,:17303p2 174,56TTTST72 TeW
-454,.5C -t n0lC2601 TeNCI6539R —TG 2 23T L TRBLATT - AT4TA32? (RTCC-TRW)
PERIND APOGEE PERIGFE
83.47733212 126.1.80576%2 Gh, 21634940 RYCC
88,48512924 126.,24172787 94.23611%72 TRW
~Je 279713 =0 ,1560422C0 Ll."1783274 (RTCC~-TAMW)
VEL-“AG FLT PATH HEADING DECLIN LONG HEIGHY
256(5.R889 9.21127274 S3,R5732986 6,N541245C 147,13629926 171.77955933 RTCC
25606 Tib 37.2121205% 58,85761114 6,1:5187735 14>.13782AR3 1 1,%9158325 THW
«0,18l64263 =TV LRSS T35 - .. LT27122 T LT 225425 Tes. 147257 ."1222393 (RTCC-TRWY



0L-¢

03/13/68 APOLLO RTCC CCMPARISON

ASCCT0 80 OBS SS MAN ACC NO UPD 2EDIT SITER VEH3
TIME U.T,. TIME FROM {AUNCH
237 1768 5 HRS 22 MIN 54,000 SEC 0 DAYS & MRS 34 MIN 46.000SEC
X z xpDov Yporv 100y

-0.19285529€ 01 RTCC
-0.19286868E 01 TRW

-0.32014764E 01
=-0.32015333€ 01

0.21872576€ 01
0.,21871229E 01

Y
0.79209131€ 00
0.79220125E 00

0.65317388E 0O
0.65322377 00

~0.31962336E 00
-0.31959725€ 00

DIFFERENCES IN OSCULATING ELEMENTS (RTCC - TRW)

SEMI-MAJOR ECCEN INCL NOODE ARG PERIGEE TRUE ANOM
22792683.00 0.05682140 31.49126363 199.94¢605637 134.51414680 80.16930008 RTICC
22757494.C0 0.05682664 31.49123979 199,65437813 134.62420082 80.05221653 TRW
-4811.00 -0.00000524 0.00002384 ~-0.0C832176 -0.11005402 0.11708355 (RTCC-TRW)
PERICD APOGEE PERIGEE
96.04479122 523.01928711 96.72311505 RTCC
96.07520294 523.87572242 §7.45031738 TRW
-0.03041172 ~0.85644531 -0.T72714233 (RTCL-TRW)
VEL-MAG FLT PATH HEADING DECLIN LONG HEIGHT
25171.6724 86,82¢625103 116.73617077 ~17.25248357 328.55869675 261.83374023 RTLC
25171 .8682 86.82745266 116.73810387 ~17.28930950 328.56045151 262.19033813 TRW
-2.15586078 ~0.00120163 -0.00193310 -0.00217407 -0.00175476 -0.35659790 (RTCC-TRW!}
CIFFERENCE BETWEEN RTYCC AND TRW VECTORS IN UVW COORDINATYES (FT,FT/SEC)
DELTA U DELTA V DELTA W DELTA uDOY DELYA vDOT DELTA wWDOT
-2167,. -27. ~1409. 0.55 -0.23 0.99
MAGNITUDE OF VECTOR DIFFERENCE (FY,FT/SEC)
DELYA POS DELYA VEL
2585. 1.15



TL-¢

0.51
d.51

03/13/68
ACNS69 22 0BS

TIME U.T.
23/ 1/68

X

SEMI[-MAJOR

22792104,.25

22794379.25
-2275.,00

PERIOD
96.04113388
96.,05551338
~0.351437950

VEL-MAG

24948.0149
2464T.8096
0.20532227

DELTA U

-’.3170

DELTA POS
1778.

736962E 00
742129E 00

APOLLO RTCC COMPARISON

MS MAN ACC NO UPD

5 HRS 25 MIN 18.7200 SEC

Y

0.86921518E 00
0.8692T608€ 00

ECCEN
0.05674615
0.05666403
0.00C08211

APOGEE

522.63632202
522.72399902

~0.08767700

FLT PATH
86. 715450516
86,75537929
~0.00487423

DELTA V
724,

MAGNITUDE OF VECTOR DIFFERENCE

DELTA VEL
4.01

2EDIY SITER

¥4

-0.39238565E CO
-0.39235660E 00

DIFFERENCES IN OSCULAYTING ELEMENTS (RYCC - TRW]

INCL
31.4B102260
31.485732719
-0.00471020

PERIGEE
56.91561890
97.57687378
-0.66125488

HEADING

113.83274078
113.84184647

-0,00910568

DELTA W
—951 .

(FT+¢T/SEC)

VEH3

xpaoTY
~-0.35726165¢E 01
-0.35725909e 01

NDDE
199.93C&5267
199.94572067

-0.015C2800

DECLIM
-21.,20175462
-21.1588£088

-0.0€292374

DELTA UDOTY
1.34

TIME FROM LAUNCH

0 DAYS

Yoot

0.16613836E 01
0.16608724E 01

ARG PERIGEE
134,48895073
134.52701187
-0.,03806114

LONG
336.70497894
336.70422745

0.00075150

CIFFERENCE BETWEEN RTCC AND TRW VECTORS IN UVHW COORDINATES (FY,FT/SEC)

DELTA vDOT
0.13

nor

TRUE ANOM

89.34228992
B89.28958702
0.05270290

HEIGHT
295.26324463
295,47994995

-0.21670532

DELTA woQT
3.78

-0.17021490E Ol
-0.17026121€ 01 TRW

6 HRS 37 MIN 10.000SEC

RTCC

RTCC
TRW
(RTCC-TRW)

RTCC
TRW
(RTCC-TRW)

RTCC
TRW
(RTCL~TRW)



03/13/68 APDLEO RTCC COMPARISON
TANCT2 80 OBS MS MAN ACC UPDATE 1EDIT 3ITER VEH3
TIME U.T. TIME FROM | AUNCH
237 1/68 5 HRS 40 MIN 56,000 SEC 0 DAYS &6 HRS 51 MIN 58,000SfC
X Y ¥4 X0CT YDOT Ipor

-2.4567T1274F 00
=J.456T0946E 09

0.85799445E 00
0.85805449E 02

0.18441009€ 03 RTCC
G.18429616E 00 TRW

-0.58887319E 01
~0.58886648E 02

~0.37232844F 01
~0.37233142F J1

-0.16675933E 01
~0.166T4896F 01

DIFFERENCES IN OSCULATING ELEMENTS (RTCC ~ TRW)

ZLl-¢

SEMI-MAJOR ECCEN INCL NODE ARG PERIGEE TRUE ANO#M
227838176, 25 0.05643309 31.47004294 199.84281485 134.10680771 142.88523102 RTCC
22785227.75 0.05639107 21.46823311 199.84461784 134.12892914 142.86C98099 TRW
-1351.50 0.00C01202 0.00180984 -0.0CCBC299 ~0.02212143 0.02425003 (RTCC-TRW)
PERIOD APOGEE PERIGEE
95,.,98913002 519.91891583 96.92471313 RTCC
95,59767113 523.10885620 $7.17965698 TR
-0.C0854111 -0.18988037 -0.25494385 (RTCC-TRW)
VEL-MAG FLT PATH HEAD ING DECLIN LONG HEIGHT
23791.1440 87.95900536 85.73879051 ~31.2€555377 31.78306318 4T72.52734375 RYCC
23791.0266 87.95834541 85.74037647 -31.2C7156013 31.78123426 4T72.66693115 TRW
0.11743164 0.00C6595%4 -0.00158596 =0.00162364 0.00183392 -0.13958740 (RTCC-TRW)

DIFFERENCE BETWEEN RTCC ANDN TRW VECTORS IN UVW COCRDINATES (FY,FT/SEC)

DELTA U DELTA V DELTA W DELTA uDOT DELTA vDOT DELTA WOOT
-848. 599. -725. "'0-87 0-15 0.2'0
MAGNITUDE OF VECTOR DIFFERENCE (FTLFT/SEC)
DELTA POS DELTA VEL
1266, J.91



03/13/68 APOLLD RTCC COMPARISON
TANCT3 28 DBS MS MAN ACC NO UPD LEDIT 2ITER VEH3
TIME U,V TI®E FROM LAUNCH
23/ 1768 5 MRS 50 MIN 18.000 SEC 0 DAYS T HRS 2 MIN 10.000SEC
X Y 4 XoCT YOaT 007 i
~0.3665T7T126E GO 0.422137656 .00 ~-0.44901584E 00 -0.2080C587E 01 -0.31705645E 01 D.14003419E 01 RTCC
-0.96645750€ 00 0.43223037E 00 -0.44937459E 00 -0.20803416F 01 -0.31721425€ 01 0.1396Fz26E C1 TRW

DIFFERENCES IN OSCULATING ELEMENTS (RTCC -~ TRW)

tl-¢

SEMI-MAJOR ECCEN ' INCL NODE ARG PERIGEE TRUE ANOM
22786692.25 0.05618424 31.50766039 199.6£770599 134.07280078 177.59150887 RTLC
2279C 994,50 0.05605952 31,48224092 169.,78273964 134,02085495 17T7.54768562 TR
-4302.25 0.00012472 0.02541947 -0.0%503365 0.0499458) 0.04382324 (RTCC-TRW)
PERIOD APOGEE PERIGEE
96.00692654 519.58 786011 98,18273926 RTCC
96,03411L7T0 519, 86785889 99,31881714 TRY
-0.02719116 ~0,27999878 -1.136077488 (RTCZ-TRW}
VEL-MAG FLT PATH HEADING DECLIN LONG HE I GHYT
23496,6191 89.085667706 67.83034039 -22.98132730 67.11098576 519,37863159 RTCC
23497.3828 89.85441303 67.887T10976 -22.956C€445 67.10389042 519,65194702 TRW
-N.76367188 0.00226402 -0.05676937 0.011773715 0.00709534 ~0,.27331543 (RTCC-TRW)
CIFFERENCE BETWEEN RTCC AND TRW VECTORS IN UVW CCCRDENATES (FT,FT/SEC)
DELTA U DELTA V DELTA W DELYTA LODOT DELTA vDOT DELTA WDOT
-1662. 5346. 5869. -£.15 -0.76 22.16
MAGNITUDE OF VECTOR DIFFERENCE (FT,FT/SEC)
DELTA POS DELTA VEL
a1ll. 23.01



¥lL-¢

03/13/¢68
CROCT4

TIME U.T.
23/ 1/68

X
-0.11212741E 01
-0.11213744E 01

61 0BS

APOLLO RTCC COMPARISON

SS MAN ACC NO UPD

5 HRS 58 MIN 0.

Y
-0.61087200E-02
~0.618B6T7T21E-02

SEC

2
-0.22874518F CQ
-0.22B875377E 00

CIFFERENCES IN CSCULATING ELEMENTS (RTCC - TRW)

SEMI-MAJOR
22793142.00
22797126.175

-3584, 15

PERICD
96.04769135
96.07288170
-0.02519035

VEL-MAG

23623.25¢€3

23623.3577
-0.10131836

ECCEM
9.055871000
0.05587208

-0.00000206

APOGEE
519.53018188
520,230371720

-0.70019531

FLT PATH
91,35567570
91.36713219
~0.01145649

INCL
31.45529266
31.49578261
~-0.0C048955

PERIGEE
100.36337280
100.974761836

-0.61138916

HEAD ING
60.48T714066
60.486398T0

3.0C074196

2EQIT 3LTER VEM3

Xpov
-0.208583538E

NCODE
199.7€CT$559
199.7€33(09%48

-0.0C251389

DECLIN
~-11.,52022218
-11.52563543

-0.,00058675

TIME FROM LAUNCH

0 DAYS

YDoTv

270 ~0.35373636F 01
20 -0.35373514E O1

ARG PERIGEE

133.80706787

133.59453773
0.21253014

LONG
83.58147T144
89.58543110
-0.00395966

DIFFERENCE BETWEEN RTCC AND TRW VECTORS IN UVW COORDINATES {FT,FT/SEC)

DELTA U

DELTA V
-1532.

MAGNITUDE OF VECTOR DIFFERENCE

CELTA POS
2666.

DELTA VEL
6.24

DELTA W
585.

(FT4FT/SEC)

OELTA UDOTY
€.264

DELTA VDOY
0.05

T HRS

9 MIN 52.C005EC

1007

TRUE ANOM
203.69767570
203.91172600

~0.21405029

HETGHTY
499,86437988
500.21020508

-0.34582520

DELTA WDOY
0.01

0.19803068E 01
0.19805163EF 01

RTCC
TRW
RTCC
TRW
(RTCC-TRW}
RTCC
TRHW
(RTCC-TAW)
RTCC
TRW
(RTCC-TRW )



ql-¢

03/713/68
GWMST5 66 0BS

TIRE U.T.
23/ 1/68
X

-0.84581161E 0C
-3.84575722€ OC

APOLLD RTCC COMPARISON
1EDIT 6ITER VEH3

5 HRS 10 MIN 48.000

Y

-0.68221027E 0OC
~0.6B8213663E 00

MS MAN ACC NO UPD

SEC

DIFFERENCES IN DSCULATING ELEMENT

SEMI-MAJOR
22795831.00
22790605. 75

5225.25

PERIOD
96, 06468964
96.03166199
0.03302765

VEL-MAG

24420.8608
24419.7515
1,10937500

ECCEN
0.05652975
0.05653562

-0.00C00C586

APOGEE

522.47262573

521.58605957
0.88656616

FLT PATH
$3.08353424
93,08091354

0.002620170

{(RTCC - TRW)
INCL
31.48902321
31.48709559
0.001927¢1

PERIGEE
98,30599976
$T.4T7262513

0.83337402

HEADING
63.42978144
60.432B2461
~0.00304317

DIFFERENCE BETWEEN RTCC AND TRW VECTORS IN uvy

DELTA U
1669.

DELTA V
-121.

MAGNITUDE OF VECTOR DIFFERENCE

DELTA POS
2057T.

DELTA VEL
2.39

DELTA W
'1196'

(FT,FT/SEC)

x0CT

0.27B02664E 01
0.27801605E 01

NODE
199.75854874
199.75C94032

0.0C760841

DECLIN
11.35061061
11.35332704
-0.0C271¢€4a2

OELTA UDOT
-1.C5

TIME FROM LAUNCH
0 DAYS T HRS 22 MIN 40.000SEC

yDOY
-0.244517T94E 01
~-0.24453025€ 01

1007
0.19853213E 01 RTCC
0.19850540E 01 TRW

ARG PERIGEE TRUE ANOM
123.12312889 249.01204681 RTCC
133.29562378 248,84633636 TRW

-0.17249489 0.16571045 (RTCC-TRW)

RYCC
TRW
{RTCC-TRM)
LONG HE1GHT
124.94933510 375.68447876 RTCC
124.94811249 375.40966797 TRW
3.00122261 0.27481079 (RTCC-TRW)

COORDINATES (FT,FT/SEC)

DELTA vDOT
1.75

DELTA wWOOT
1.47



9L-t

23/ 1/68

23/13/68

HAWCT9 49 08S

TIME U.T.

X

J.25795557Te 00
0.257951797E 0Q

SEMI[~MAJOR
22T774331.00
22777206, 75

-2875.75

PERICD
95.92881 489
95,94698715
-C.01817226

VEL-MAG

25902.1536
25901.3843
0.26928711

DELTA U

-1559.

DELTA POS
1609,

APOLLD RTCC COMPARISON
3EDIT 31 TER VEH3

MS MAN ACC NO UPD

& HRS 27 MIN 48.000 SEC

Y

-0.,85246552E CJ
-9,85252695E 09

ECCEN
0.05718984
J.057173236
0.00001648

APDGEE
521.20828247
521.64¢91162

-~0.43862915

FLT PATH
92.28767300
92.283199131

0.0044736%

DELTA V
320.

MAGNITUDE OF VECTOR DIFFERENCE

DELTA VEL
2.44

z

0.54418552E Q0
0.54423102E 0QQ

DIFFERENCES IN OSCULAT ING ELEMENTS (RTCC ~ TRW}

INCL
21.45591140
31.45639300
-0.00048161

PERIGEE
92.49343872
93.0014953¢6
~0.50805664

HEADING
88.53221893
88.53096676

0.00125217

DIFFERENCE BETWEEN RTCC AND TRW VECTORS IN UVW

DELTA W
-172.

{FT,FT/SEC)

xoarv

0.,41591508E 01
0.41992151k 01

NODE
169.€£493C153
199.65C6€6719

-0.,0C13€6566

DECLIA
31.42515755
31.42558622

DELTA uDOT
—c.61

TIME FROM LAUNCH
0 DAYS 7 HRS 39 MIN 40.0005EC

ybov

0.14913695E 01
0.14910490F 01

ARG PERIGEE
134,15151978
134.05216789

0.09335188

LONG
188,63470840
188.63371468

0.0C099373

COCRDINATES (FT,FT/SEC})

DELTA vDOT
0.17

1007

TRUE ANOM
313.44791031
313.54525375

-0.09734344

HEIGHT
153.22164917
153.47817993

-0.25653076

DELTA wWDOT
-0.32

0.45821100E-02 RYCC
0.48449755€-02 TRMW

RTCC
TRW
(RTCC-TRW}

RTCC
TR¥W
(RTCC-TRW)

RTCC
TRW
(RTCC-TRW)



LL-¢

23/15/768

TIWRE U.T.
227 1/¢8

X

=J.32639TCTE U
-3.32639691E [

DIFFERENCES IN NSCULATING FLEMENTS (RTCC ~ TRW)

SEMI-MAJOR

2171267025

21556766.25
1559(4.3C

PERIOD
89,2998C183
88.323972836

3.965CT347

VEL -MAG
25552.6331
25461.,4312
91.2019( 43°

DIFFERENCE RETWFEN

DELTA U
6G1.

APDLLD RTCC COMPARISON
HIGH SPEFD RADAR VECTNR FOLLCWING SEPARATION

23 HRS 44 MIN [,

ECCEN
TWNNGTE5R?
Ca.Ja72387226
Jeu21123586

APOGEE
149,2616272C
119,493927Tul

29.76TTLC2E

FLT PATH

RARL5P6CTS
9C .. 12445686
-1.,21688611

RTCC AND TRMW

NELTA V
~1%5.

MAGNITURE DF VECTOR PIFFERFNCE

NELTA POS
661,

NDELTA VEL
134,.5¢

1

a

]
<o

2B
NN
Landl % B |

SEC

INCL
21.63116288
11.629790 07
L .T2137281

PERIGFE
114,98638916
e3,43710327
21.549248589

HFADING
19,56465R642
RY,T460727,
-",TBR3RSSR

NELTA W
-226.

(FY,FT/SECY

MANEUVER

XnoT
~(.4202215)
0L, aYTI2 RE

NODE
2T1.08RRAK3ITIT
271.257R56127

-, 1680030

DECLIN
~31.62929475
-31, 620764567

-C,(n (509928

DELTA unDT
Ak, T2

mm

TIME FFNOM [ AUNCH

G NDAYS © HRS 55 MIN SZ.C000SEC
ynav 700y
~C.16054596F C} 0.1567B412FE~3 RTCC

-N.16161771F (1

ARG PERIGEE
22R.2R25641¢€
R1.57R32146
146.72424271

LONG

114.7RR79166

114.TR856945
~0.7176T7770

VECTNRS TN UVW CCLRDINATES (FT,FT/SEC)

NDELTA vnOT
1.7 4

TRUE ANDOM
42,291227°19
18R.B85198212

-146,56076757

HETGHT
119.4170%222
119,.31R18472

T ."9B26R51

DELTA WNDT
29,53

£.18552793€-"1 TRW

RTCC
TR
{RTCC-TRW)

RYCC
TRH
(RYCC-TRW}

rRTCC
TRW
(RTCC-TRW)



BL-¢

237 1/68

0.T5T43695E
0.75T7T432SRE

C3715/758
AEST RTCC VECTOR PRIOR TG DPS-1

TI®E U.T.

X

SEMI-MAJNR

21560062,30

21559750.15
311.25

PERIOD
88.3599R535
RB.35RCTS514

0.0C191G21

VEL-MAG

25656,.,0078
25655.919%
U.CRB3TAI]L

PDELTA VU

qC.

DELTA POS
3313.

2 HRS

Go

o

APPLLO RTCC COMPARISON

3 MIN 36,70 SEC

v

-{ .51619618E J7
-0 ,5161R534EF (.

ECCEN
D.0 2485450
GaNTHBLE6CS
C.CNICOBLAL

APOGEE
124.2333C688
124.15185547

7408145142

FLT PATH
89.84834194
AQ,RGR2D 464

Tel LT3

NELYA V
-4l

MAGNITUDE OF VECTOR DIFFFRENCE

DELTA VF{
Ca17

z

Te4612586CF OC

2e66126939E

DIFFERENCES IN OSCULATING ELEMENTS (RTCC =~ TRW)

INCL
21,64311383
31,64268174
-0e00356791

PERIGFE

89.782511 74

89.76156616
1,72096558

HEADING
177.62299171
17 7T.h27R5428

L. 27137372

DELTA W
-327.

{FT,FT/SFEC)

xnov

{.28729652¢
f,29739513F "1

NODE
27 C. 48089982
L0 . 4R226257
= W{C136375

NECLIN
26.71262431
26.71340632
-0, rUTTR20 ]

NFLYA UDDY
-1 40r

- e

TIME FROM L AUNCH

¢ DAYS

Yporv

Z.31323577¢ C1
f+31322587F C1

ARG PER IGFE
87.8182220F
RT,T72788811

J.28233394

LONG
293,75521 788
293,755619C5

=2 NMNGLLRLT

DIFFERENCE RETWEEN RTCC AND TRW VECTORS IN UVW CCCRNDINATES (FT,FT/SEC)

NELTA VDOY
0.”9

oY

3 MRS 15 MIN 28,.7070SEC

-£.11B827T3IE &1 RYCC
-3.118R251TE 1 TRW

TRUE ANDM

33,21119499
33,.37C47989
=" .(B9284697

HEIGHT
2?2,.57806396
02,56488" 127

-+ :131R3K0

DELTA WDOTY
~{al%

RTCC
TR
(RYCC-TRW)

RTCC
TRUW :
(RTCC-TRu?

RTCC
TRM

(RTCC-TaW)



6bl-¢

D3/712/68

TIME U.T.
237 1/68

X

DIFFERENCES IN NSCULATING FLEMENTS (RTCC - TRW)

SEMI=-MAJNR
21574639.75
2156823 .75

64({3.34

PERIOD
BB.44962325
BRB.41020RTG

J.uld3allnae

VEL-MAG

25458.5338
254C4,4377
4.,10205078

CIFFERENCE BETWEEN
DELTA 1)
-255.

APNLLU RTCC COMPARISON
HIGH SPEED CUTOFF VECTOR FOLLOWING nPSl.
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APPENDIX A

TRACKER RESIDUAL PLOTS

This appendix contains plots of the range, azimuth, and elevation
residuals to the reconstructed trajectory for the C-band radar data and
plots of the range, X -angle, Y-angle, and doppler residuals to the recon-
structed trajectory for the S-band radar data for the Apollo 5 mission.
The trajectory was reconstructed using low speed C-band and S-band

tracking data,

Each plot is identified by the name of the station, the revolution, the
type of data, and the BET segment which generated the residuals. Near
the bottom of each plot is listed representative spacecraft elevations above
the local, station-centered, horizontal plane. This will help the reader to
visualize the geometry of the pass. The time scale is given in minutes
from 0 hour (GMT) of the day of epoch. The time scale may be correlated
with the elapsed time from range zero by associating the first data point

with the time listed near the top of each plot.

Below each plot comments will be made on such things as geometry

of the pass, data quality, program model errors, etc., if applicable.
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Revolution 1

TAN 22,1988
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These data occurred immediately after the separation maneuver.

Note



A-2. Revolution 1, Carnarvon: Doppler (Segment 1 BET)
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Note: ® These data occurred immediately after the separation maneuver.

e These data were weighted out of the fit for data balance.



A -3, Revolution 1, Canberra: RXY (Segment 1| BET)
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Note:

A -4, Revolution 1, Canberra: Doppler (Segment { BET)
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¢ These data were weighted out of the fit for data balance.



RAE (Segment | BET)

White Sands
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A-6. Revolution §, Texas: RXY (Segment { BET)
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A-7. Revolution 1, Texas: Doppler (Segment 1 BET)

PLOT

ESPOD RESIDUALS
£ A T

O R i
! IT T i =8 3 {
L

el

TIME, MINUTES FRON IODMISHT. JAM B2, 1568

Note: o These data were weighted out of the fit for data balance.
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A-8. Revolution 2, Merritt Island: RAE (Segment { BET)
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Note: ® The elevation residual pattern indicates a possible refraction problem.
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A-9. Revolution 2, Merritt Istand: RXY (Segment 1 BET)
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Note: o These data were weighted out of the fit for data balance.
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Note:

A-10. Revolution 2, Merritt Island: Doppler (Segment { BET)
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e These data were weighted out of the fit for data balance.
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A-11, Revolution 2, Patrick: RAE (Segment 1 BET)
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A-12. Revolution 2, Grand Bahama: XY (Segment { BET)

ESPOD RESIDUALS PLOT
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Note: o These data were weighted out of the fit for data balance,
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Note:

A-13. Revolution 2, Bermuda; RXY (Segment i BET)

ESPOD RESIDUALS PLOT
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e These data were weighted out of the fit for data balance.
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A-14, Revolution 2, Bermuda: Doppler (Segment { BET)
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ALS PLOT
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Note: @ These data were weighted out of the fit for data balance.
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Revolution 2, Bermuda (Q)
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A-17. Revolution 2, Carnarvon: RXY (Segment 1 BET)
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Note:

A-18, Revolution 2, Carnarvon: Doppler (Segment t BET)

ESPOD RESTDUALS PLOT
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e These data were weighted out of the fit for data balance,
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A-19. Revolution 2, Hawaii: RXY (Segment 1 BET)

ESPOD RESIDURLS PLDT
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Note: ® The data between 1 hour, 40 minutes, and 54 seconds and 1 hour,
41 minutes, and 54 seconds were tagged invalid at the station.
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A-20. Revolution 2, Hawaii: Doppler(Segment 1 BET)

ESPOD RESIDURLS PLOT
LR I O
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Note: e These data were weighted out of the {fit for data balance.
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A-21. Revolution 2, Goldstone: RXY (Segment { BET)

ESPOD RESIDUALS PLOT
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Note: o Note the X~angle residual pattern.
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Note:

A-22. Revolution 2, Guaymas: XY (Segment {| BET)

ESPOD RESIDUALS PLOT

]

e These data were weighted out of the fit for data balance.




62-V

Note:

A-23. Revolution 2, Guaymas: Doppler (Segment 1 BET)

ESPOD RESIDUALS PLOT
H S S ~3 B B i

il

® These data were weighted out of the fit for data balance.
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A-24. Revolution 2, White Sands: RAE {(Segment 1 BET)

1

ESPOD RESIDURLS

PLOT
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: !

- - « TIME, NINUTES FHOM MIDNIGHT. JAN  B2,1968

Note: e The station tracked the vehicle on a side lobe for this pass.
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A-25. Revolution 2, Texas: RXY (Segment { BET)
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Note: o Note the apparent X-angle and Y-angle biases.
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A-26. Revolution 2, Texas: Doppler (Segment {1 BET)

ESPOD RESIDURLS PLOT

Note: o These data were weighted out of the fit for data balance.



A-27. Revolution 3, Merritt Island: RAE (Segment 1 BET)

ESPOD RESIDUALS PLO

RS [ ]
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TOE, HINUTEY FRON MIDMDEHT.:  TAN 22,1568

- a o

Note: e Note the crossover pattern in the azimuth residuals.

e The elevation residual pattern indicates a possible refraction problem.
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A-28. Revolution 3, Merritt Island: RXY (Segment 1| BET)

ESPOD RESIDUALS PLOT
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- - L] TINE, WINUTES FAOR PODNOGHT. JAN 22, 1988

Note: ® These data were weighted out of the fit for data balance.
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Note:

A-29. Revolution 3, Merritt Island, Doppler {Segment 1 BET)
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e These data were weighted out of the fit for data balance.



9¢-Vv

Note:

A-30. Revolution 3, Grand Bahamas: XY (Segment |

ESPOD RESIDUALS PLOT
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e All the data were tagged invalid at the station.




RAE (Segment 1 BET)
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RXY (Segment 1 BET)
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e The data were weighted out of the fit for data balance.

Note:
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A-33., Revolution 3, Bermuda: Doppler (Segment 1 BET)

~ ESPOD RESIDUALS PLOT
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Note: @ The data were weighted out of the fit for data balance.
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A-34. Revolution 3, Antigua: RAE (Segment { BET)

ESPOD RESIDUALS PLOT
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TINE, FOIMUTES FRON NIDNTEMT, JAM 22,1968

Note: e The data were weighted out of the fit for data balance.
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A-35. Revolution 3, Ascension: XY (Segment { BET)
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Note:

A-36. Revolution 3, Ascension: Doppler {(Segment 1 BET)

ESPOD RESIDURLS PLOT
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. TINE, FOMITES FRON MIDNIEMT, JAM 2B, 1958

¢ The data were weighted out of the fit for data balance.
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A-37. Revolution 3, Carnarvon: RAE (Segment 2 BET)

ESPOD RESIDUALS PLOT
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Note: e Note the positive jump in the azimuth residuals at 2 hours and
50 minutes GMT.
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A-38.

Revolution 3, Carnarvon: RXY (Segment Z BET)
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A-39. Revolution 3, Carnarvon: Doppler (Segment 2 BET)

E£SPOD RESIDUALS

T T

PLOT

Note:

ion errors and timing errors do not account for this residual

e Station locat

pattern.
e These data were weighted out of the fit for data balance.
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A -40. RevovlutiOn 3, Hawaii: RAE (Segment 2 BET)

ESPOD RES

IDUALS PLOT
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Note:

i = e ik o -
- 1 1 137, 1.

TIME: NDAITEY FRON MEDNTEHY, JAN B3, 1962

¢

e During this pass the elevation residuals were noisy.
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A-41, Revqlution 3, Hawaii: RXY (Segment 2 BET)
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TIME, HINJTES FRON MIDMAIGHT: Tre 2319638
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A-42. Revolution 3, Hawaii: Doppler (Segment 2 BET)

PR ESPDD RESIDUALS PLOT i
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Note: e These data were weighted out of the fit for data balance.
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A-43, Revolution 3, California: RAE (Segment 2 BET)

ESPOD RESIDURLS PLOT .
N S N A B N S A 5 SR

N B, 1968

TINE, NDUTES FROM MIDNIGHT,

Note: e The granularity that the RTCC used for the angle observations was
doubled in order to plot the residuals for this pass.
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A -44, Revolu_tiOn 3, Guaymas: RXY (Segment 2 BET)
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Note:

e Note the noisy X-angle residual pattern for this pass.
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A-45. Revolution 3, Guaymas: Doppler (Segment 2 BET)

ESPOD RESID

URLS

PLOT
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o

Note: ® The doppler residual pattern indicates an

e These data were weighted out of the fit.

TIre: MINUTES FAOM MIOMISMT, YA £3,1388

apparent height error.



RAE (Segment 2 BET)

A-46,

Revolution 3, White Sands:

Tree 23,1968
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RXY (Segment 2 BET)
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Texas

A-47.

Revolution 3,

ESPOD RESIDUALS PLOT

A-53

IN 23,1968

TIME, MIMUTES FAQM MIDNIBWT,

e Apparent biases in the X-and Y-angles are indicated by the residual

.
.

Note

patterns.
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A-48., Revolution 3, Texas: Doppler {(Segment 2 BET)
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Note: ® This is the best doppler residual pattern for Segment 2.

o These data were weighted out of the fit.
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A-49. Revolution 4, Merritt Island: RAE (Segment 2 BET)

_ ESPOD RESIDUALS PLOT
JEEEREREARRS T
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SO Vo ST aie. s, Ba. 216,
“ s . TINE. RIMUTES FROM HNIDNIGNT. TAN B3: 1968

Note: e The elevation residual pattern indicates a possible refraction problem.
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A-50,

Revolution 4, Merritt Island: RXY (Segment 2 BET)

ESPOD RESIDURALS PLOT

2 O 5 N R N G

TINE. MINUTEN FRON MIONTQNT. JTAN 23,1988
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A-51.

0 00 0 S S O O e A A

ESPOD RESIDUALS PLOT

Revolution 4, Merritt Island: Doppler (Segment 2 BET)

O P

§

Note: e The doppler residual pattern indicates a possible timing or longitude error.

+ T, MINUTES FROM MODNIGNT, JAn B3, 1368

These data were weighted out of the fit.
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A-52. Revolution 4, Grand Bahama: RAE (Segment 2 BET)

ESPOD RESIDUALS PLOT

: : T TV
. . . TIE, NDAITEY FADN FIDAISHT, TN 23,1968

Note: e Note the azimuth residual pattern between 3 hours and 33 minutes GMT

and 3 hour and 34 minutes GMT.,.
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A -53., Revolution 4, Grand Bahama: XY (Segment 2 BET)
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A-54, Revolution 4, Antigua: RAE (Segment 2 BET)
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0D RESIDUALS PLOT
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sion: RAE (Segment 2 BET)
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mut: residuals at 3 hours, 52 minutcs, and

Notc: o The discontinuity in the az
24 geconds GMT correspon i.c t» the maximum elevation of the pas ..
Also nots the triangular range residu::l ‘Qattern. The riodar oncrator
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during

DS,
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A-56, Revolution 4, Carnarvon: RAE (Segment 2 BET)

ESPOD RESIDUALS PLOT

B i e e S M S En A R

Note: o The maximum elevation for this pass was 3 degrees.




A -57. Revolution 4, Carnarvon: RXY (Segment 2 BET)

PLOT

Y

ESPQD RESIDUALS

TIME, MINUTES FROM (IDNIOHT, TAK 23, 1968

Note: e The maximum elevation for this pass was 3 degrees.

e These data were weighted out of the fit.
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Note:

A-58, Revolution 4, Carnarvon: Doppler (Segment 2 BET)

ESPOD RESIDUALS PLOT
B
" 1] |

L] TIME: MINUTES PRON MIDNIGWMT, JAM 23,1958

# The maximum elevation for this pass was 3 degrees.

e These data were weighted out of the fit.
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Note:

A-59. Revolution 4, Guam: RXY (Segment 2 BET)

ESPOD RESIDUALS PLOT
pEnne | lrEe L

.

e There is a discontinuity in the Y-angle residual
314 minutes, and 54 seconds GMT.

pattern at 4 hours,



Doppler (Segment 2 BET)
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Revolution 4, Guam
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Jre 23, 1968

The residual pattern indicates an apparent timing error.

Note

These data were weighted out of the fit.
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A-61., Revolution 4, Hawaii: RAE (Segment 2 BET)

£SPAD RESIDUALS PLOT

-
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TIFME, MDMUTES FRON MIDWNIGHT, JRM 23,1968

Note: e The elevation residuals are noisy during this pass.



RXY (Segment 2 BET)

A-62,

Revolution 4, Hawaii

TN 23,1968

ESPOD RESIDUALS PLOT
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The maximum elevation during this pass was 6 degrees.
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Note
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A-63. Revolution 4, Hawaii: Doppler (Segment 2 BET)

E€SPQOD

RESIDUALS PLOT
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4 TYME, MDMUTES FROM fIIDMIGHT. JAM 23,1968

Note: e The maximum elevation during this pass was 6 degrees.

e These data were weighted out of the fit.
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Note:

A-64, Revolution 4, Goldstone: XV (Segment 2

PLOT

2,

A [Tame”

- ] TIME, MINUTES FROM MOIDNIOHT, JAN 23,1968

e These data occurred prior to PRA IIL
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A-65. Revolution 4, California: RAE (Segment 2 BET)

ESPOD RESIDURLS PLOT
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Note:

quia My NS

d for the angle observations was
doubled in order to plot the residuals for this pass.

e The granularity that the RTCC use
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A-66. Revolution 4, Guaymas: RXY (Segment 2 BET}
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Note:

e These data occurred prior to PRA IIL
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A-67. Revolution 4, White Sands: RAE (Segment 3 BET)
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Note: & These data occurred during the first period of thruster activity following
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A-68. Revolution 4, Texas: RXY (Segment 3 BET)
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e Note the Y-angle bias.
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A-69. Revolution 4, Texas: Doppler {Segment 3 BET)
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A-T0. Revolution 4, Guaymas: RXY (Segment 3 BET)
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A-71. Revolution 5, Merritt Island: RXY (Segment 3 BET)
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Note:

A-72. Revolution 5, Merritt Island: Doppler (Segment 3 BET)
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Revolution 5, Ascension: RAE (Segment 4 BET)
ESPOD RESIDUALS PLOT
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A-74. Revolution 5, Ascension: RXY (Segment 4 BET)
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A-75. Revolution 5, Ascension: Doppler (Segment 4 BET)
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A-T6.

Revolution 5, Tananarive:

(ESPOD RESIDUALS PLOT
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A-77. Revolution 5, Carnarvon: RAE (Segment 4 BET)
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A-78. Revolution 5, Carnarvon: RXY (Segment 4 BET)

ESPOD RESIDUALS PLOT
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A-79. Revolution 5, Carnarvon: Doppler {Segment 4 BET)
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A -80.

ESPQD RESIDUALS PLOT
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A-81.
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A -82, Revolution 5, Hawaii: RAE (Segment 5 BET)

ESPOD RESIDURLS PLOT
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A -83. Revolution 5, Hawaii: RXY (Segment 5 BET)

ESPOD RESIDURLS PLOT
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A-84. Revolution 5, Hawaii: Doppler (Segment 5 BET)
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APPENDIX B

SUPPLEMENTARY DATA

Information which is too detailed for the body of the report is pre-
sented in this appendix. This information includes a summary of radar
observations, a summary of station locations, a summary of drag values
for various phases of the mission, and a summary of the radar data

weights used in ESPOD.

Table B~1, a summary of data observations, lists the time of the
first valid data point with an elevation above 3 degrees (rise time) and the
elevation of this data point (rise elevation), the maximum clevation of the
pass, the time of the last valid data point with an elevation above 3 degrees
(set time) and the elevation of this data point (set elevation), and the num-
ber of valid data points by station and revolution. Also included is a com-

ment regarding the use of each pass of data.

Table B-2 lists the C-band station locations used in ESPOD. These

locations are referenced to the Fischer Ellipsoid of 1960.

Table B-3 lists the S-band station locations used in ESPOD. These

locations are referenced to the Fischer Ellipsoid of 1960,

Table B-4, the drag summary, lists the vehicle configuration, the
time interval for which the listed drag value is valid, vehicle weight for
this time interval, vehicle cross sectional area, and the value of the drag

parameter.

Table B-5 lists the values used by ESPOD to weight the radar track-

ing data from each station as a function of data type and radar type.
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Table B-1.

Radar Data Summary

Rise Time, Rise* Maximum¥ Set Time, Set*
Date GMT Elevation Elevation GMT Elevation

Station Revolution {yr:ma:day) {br:min;sec} (deg) (deg) {hr:min:sec) {dex)
CROC 1 68:01:22 23:41:42 5.4 12,5 23:46:18 33
CROS 1 68:01:22 23-42:30 9.0 12.5 23:46:18 L4
CNBS 1 68:01:22 23:49:24 4. 6 8.1 23:52:54 5.4
GLDS { 68:01:23 00:18:42 4 4.7 00:20:18 4.5
WHSC 1 68:01:23 00:19:18 3.2 17, 2 00:24:00 3.2
TEXS 1 68:01:23 00:21:00 4, 6 32, 00:25:48 L2
MILS 2 68:01:23 00:24:36 31 23.0 00:29:36 31
PATC 2 68:01:23 00:24:36 2.8 20.3 00:29:36 3.0
MLAC 2 68:01:23 00:24:36 3.0 22.5 00:29:36 30
GBMS 2 68:01:23 00:25:18 2.9 14.0 08:29:54 3.2
BDAS 2 68:01:23 00:28:00 3.1 50.5 00:33:12 3.2
BDQC 2 68:01:23 00:28:00 3.6 50, 6 00:33:12 .2
REDC 2 68:01:23 00:33:12 Lo 318. 4 00:38:36 3.4
CROS 2 68:01:23 01:14:36 4.2 20. 3 01:20:06 3,2
CROC 2 68:01:23 Q1:14:48 5.4 20,2 0i:20:06 g
HA WS 2 68:01:23 01:40:06 3.0 11. 4 01:44:30 3.2
WTNC 2 68:01:23 01:45:08 L3 14.9 01:48:20 11. 4
GLDS 2 68:01:23 01:50:12 3.3 4.7 01:54:54 3.4
GYMS 2 68:01:23 01:5i:00 .o 22. 8 01:55:06 8.5
WHSC 2 68:01:23 01:53:36 16,7 60. 4 01:56:48 3.4
TEXS F4 68:01:23 G1:53:48 33 17.7 01:58:54 3.3
MILS 3 68:01:23 0t:57:48 3.4 41.0 02:02:54 3.3
MLAC 3 6£8:01:23 01:57:48 3,5 39,2 02:02:54 3.3
GBMS 3 £8:01:23 01:58:24 +.5 24,2 02:03:30 31
BDAS 3 68:01:23 02:01:36 +. 6 12,2 02:05:42 3.3
BDQC 3 68:0t:23 02:01:12 2.8 12,3 02:05:42 3.3
ANTC 3 68:01:23 02:02:36 2.9 7.4 02:07:18 31
REDC 3 68:01:23 02:07:54 ERN | 3.8 02:09:42 o
ACNS 3 68:01:23 02:18:48 13 12.5 02:21:48 3.0
CROS 3 68:01:23 02:47:24 It 43,4 02:50:54 348
cROC 3 68:01:23 02:47:24 31 43,7 02:53:24 31
HAWC 3 68:01:213 03:12:42 2,4 24.3 03:17:48 3,2

Number of

QObseryations

48
37
15
31
48
43
51
30
50
47
53
53
49
55
54
36
26
47
42
1

52
51
52
39
42
46
38
18
3t
36
L1
52

The
The
The
The
The
The
The
The
The
The
The
The
The
The
The
The
The
The
The

Comments

data were used in the Segment 1 fit.

RXY data were used in the Segment 1 fit,
RXY data were used in the Segment t £t
data were not used in the Segment | fit.

data were used in Segment | ft,

RXY data were used in the Segment 1 fit.
data were weighted out of the Segment 1 fit.
data were used in the Segment 1 fit,

data were used in the Segment L fit.

data were weighted out of the Segment { fit,
data were weighted out of the Segment 1 fit,
data were used in the Segment { fit.

ship data were not used in the Segment 1 fit.
RXY data were used in the Segment 1 fit,
data were used in the Segment 1 fit,

RXY data were used in the Segment | fit,
ship data were not used in the Segment ! fit.
data were uded in the Segment 1 fit,

XY data were not used in the Segment | fit.

White Sands tracked on a side lobe; consequently,
the data were not used on the Segment 1 fit,

The
The
The
The
The
The
The
The
The
The
The
The

RXY data were used in the Segment | fit.
data were weighted out of the Segment 1 fit,
data were used in the Segment 1 fit.

data were weighted out of the Segment 1 fit.
data were weighted out of the Segment { fit.
data were used in the Segment 1 fit.

data were weighted out of the Segment 1 fit.
ship data were not used in the Segment { fit.
XY data were used in the Segment | fit.
range data were usied in the Segrnent 2 fit,
data were used in the Segment 2 fit,

data were used in the Segment 2 fit.

*
These anples have been corrected for refraction effects,
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Table B-1. Radar Data Summary (Continued)

Rise Tiume, Rise™ Maximum' Set Time, Set™
Date GMT Elevation Elevation GMT Elevation Nurnber of
Station Revoiution {yr:mw:day) (hrimin:secy {dep} {deg! c {deg) Observations Comments
HAWS 3 68:01:23 03:12:48 3.8 24,3 03:17:48 4.3 47 The RXY data were used in the Segment 2 fit.
WTNC 3 68:01:23 03:18:20 6. 8 3.3 03:24:15 4.5 36 The ship datz were not used in the Segment 2 fit.
cLQcC 3 68:01:23 03:22:35 31 13.2 03:26:29 31 39 The angle data were bad, consequently the data
were not used in the Segment 2 fit.
GYMS 3 68:01:23 Q3:24:18 .3 23.7 03:29:18 3.4 34 The RXY data weTe used in the Segment Z fit.
WHSC 3 68:01:23 03:25:30 6.0 42,4 03:30:12 3.4 18 The data were used in the Segment 2 fit,
MLAC 4 68:01:23 03:31:18 5.4 £9.3 $3:35:54 3.0 46 The data were used in the Segment 2 fit.
GBRIC 3 68:01:23 03:31:30 ' 3.4 24,6 03:36:36 3.4 52 The data were used in the Segment 2 fit.
GBMS 4 68:01:23 03:32:24 8.8 24.6 03:37:30 3.2 52 The data were not used in the Segment 2 fit.
MILS 4 68:01:23 03:32:36 15.1 19.0 03:35:48 3.4 33 The data were weighted out of the Segment 2 fit.
ANTC 4 68:01:23 03:35:54 3.0 42,7 03:41:24 3.2 55 The data wete used in the Segment 2 fit.
ASCC 4 68:01:23 03:49:48 311 14,4 03:55:00 3.2 53 The data were used in the Segment 2 fit.
GCGWMS 4 68:01:23 04:33:18 6.5 22.1 04:37:06 7.3 39 The RXY data were d%ed in the Segment 2 fit.
HA WS 4 68:01:23 04:47:12 30 6.0 ¢4:50:12 3.2 19 The range data were used in the Segment 2 fit.
HAWC 1 68:01:23 04:47:18 3.2 5.6 04:50:12 3.2 30 The data were used in the Segment 2 fit. :
WTNC 4 68:01:23 04:51:37 3.0 43,1 04:56:44 3.6 44 The ship data were not used in the Segment 2 &t.
GLDS 4 68:01:23 04:56:06 3. 9.5 04:58:00 9.5 20 The XY data were used in the Segment 2 fit.
CLQC 4 68:01:23 04:56:49 S. 8 6 04:59:11 3.1 18 The angle data were bad, comnsequently the data
were not used in the Segment 2 fit.
GYMS 4 68:01:23 04:57:18 3.0 8.2 05:02:36 3.0 19 The RXY data were used in the Segment 2 fit.
WHSC 4 68:01:23 04:58:42 4.2 9,8 05:02:30 3.1 37 The data were used in the Segment 3 fit.
TEXS 1 68:01:23 05:00:06 6.8 14.7 05:03:36 13,6 24 The data were used in the Segment 3 fit,
ACNS 5 68:00:23 05:23:06 3.2 9. 7 05:26:54 9.7 19 The data were used in the Segment 4 fit.
ASCC & 68:01:23 05:23:06 3,2 9.5 05:30:48 3.0 78 The data were uscd in the Segment 4 fit.
TANC 5 6£8:01:23 05:40:06 11.9 334 05:53:00 3.3 107 The data were used in the Segment 4 fit,
CROS 5 68:01:23 05:58:12 3.0 5.0 06:03:54 LA 50 The data were used in the Segments 4 and 5 fits.
CROC 5 68:01:23 05:58:12 3 5.0 06:04:00 3.0 59 The data were used in the Segments 4 and 5 fits.
GCWMS 5 ©8:01:23 06:09;48 36 28. % 06:20:30 3,2 104 The data were used in the Segment 5 fit.
HAWS 5 68:01:23 06:27: 48 3,3 8.1 06:32:30 3.3 28 The data were used in the Segment 5 fit.
HAWC E] 68:01:23 06:27:54 3.3 8.5 06:32:30 3.4 48 The data were used in the Segment 5 fit.
WTNC 5 68:01:23 06:32:4¢ 5.9 18,3 06:33:513 18.3 13 The ship data were not used in the Segment 5 At

* .
These angles have been corrected for refraction effects,
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Table B-2.

C-band Station Locations

Station

Antigua
Ascension
Ascension
Bermuda
Bermuda
California

California

Canary Island
Cape Kennedy

Carnarvon

Eglin

Grand Bahama
Grand Bahama
Grand Turk

Hawaii

Merritt Island

Patrick

Pretoria

Latitude* Longitude*
Radar Type ldentification {deg) (deg)

FPQ-6 ANT 17, 14403 298. 20714
TPQ-18 ASC -7.97276 345. 59830
FPS-16 ASC -7.95151 345. 58740
FPS-16 BDA 32.34810 295. 34620
FPQ-6 BDQ 32.34796 295. 34626
FPS-16 CAL 34,58290 239, 43885
TPQ-18 CLQ 34. 66598 239. 41780
MPS-26 CYl 27.76321 344, 36519
FPS-16 CNV 28, 48177 279, 42349
FPQ-6 CRO -24, 89740 113, 71608
FPS-16 EGL 30.42177 273,20189
FPS-16 GBI 26. 61579 281, 65215
TPQ-18 GBI 26, 63636 281, 73229
TPQ-18 GTI 21, 46289 288, 86789
FPS-16 HAW 22.12209 200. 33462
TPQ-18 MLA 28. 42486 279.33560
FPQ-6 PAT 28, 22655 279. 40017
MPS-25 PRE -25.94373 28. 35849

Altitude*
(deg)

190. 29
469. 16
360. 90
59. 06
62. 34
2119. 42
354, 33
551, 18
45, 93
203, 41
91. 86
45, 93
39, 37
91. 86
3740. 16
39. 37
49, 21

5334, 65

sk.All quantities are referenced to the Fischer Ellipsoid of 1960.



Table B-2. C-band Station Locations (Continued)

Station

San Salvador

Tananarive
White Sands

Woomera

Latitude* Longitude*

Radar Type Identification ({deg) (deg)
FPS-16 SS1 24, 11883 285, 49586
FP5-16 TAN -19, 00079 47.31505
FPS-16 WHS 32.35822 253, 63044
FPS-16 wOM -30. 81973 136, 83699

AltitudeX
Ideg\
16, 40
4337, 35
4041, 99
495, 41

% .
All quantities are referenced to the Fischer Ellipsoid of 1960.



Table B-3. USBS Station Locations

Station

Antigua
Ascension
Bermuda
Canary Island
Canberra
Carnarvon
Goldstone
Grand Bahama
Guam
Guaymas
Hawaii
Madrid
Merritt Island

Texas

Latitude* Longitude* Altitude*
Antenna Identification (deg) (dep) (deg)

30 ANG 17.01692 298, 24715 141, 08
30 ACN -7.95506 345, 67242 1843, 83
30¢ BDA 312.35129 295, 34182 68. 90
3 CY1 27.76454 344, 36519 567. 59
85! CNB -35. 58474 148. 97658 3766. 40
30 CRO -24.90759 113, 72425 190. 29
85! GDSs 35.34169 243, 12670 3166, 0t
30 GBM 26. 63286 281. 76234 16, 40
3y GWM 13.30924 144, 73441 416, 67
30! GYM 27.96321 249. 27915 62. 34
30 HAW 22. 12490 200. 33501 3772. 97
85! MAD 40. 45536 355. 83261 2706. 69
30! MIL 28. 50827 279. 30658 32. 81
30 TEX 27.65375 262. 62153 32. 81

Al quantities are referenced to the Fischer Ellipsoid of 1960,



Table B-4. Drag Summary

Time Interval

From To Vehicle Weight Vehicle Area Drag
Station (day:hr:min:seg)_ (day:hr:min:se_c_) (1b) {£t2) (£t 2/ slug)
LM/S-IVB 22:22:58:11.3 22:23:42:03. 2 69, 341 411, 0 0. 1897
LM 22:23:42:03, 2 23:05:01:22. 3 34,479 200, 6 0.2039
M 23:05:01:22.3 23:06:32:08. 3 9,170 129. 4 0.4516
tl’; Table B-5. Radar Data Weighting
Data Type Type of Radar Weighting
| R:A:E FPQ-6 60 ft: 0.0258 deg: 0.0258 deg
R:A:E TPQ-18 and FPS-16 90 ft: 0. 0354 deg: 0.0354 deg
L R:A:E MPS-26 {80 ft: 0.1720 deg: 0. 1720 deg
|
' R:X:Y USB: 30-ft antenna 90 ft: 0.1375 deg: 0. 1375 deg
85-ft antenna
Doppler (2 way) USB: 30-ft antenna 0.2 cycle/sec

85-ft antenna
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