JET PROPULSION LABORATORY INTEROFFICE MEMORANDUM
VOYAGER SCT-86-088

28 March 1986

TO: G. Hanover
FROM: E. Wahl )to/

SIBJECT: Reconstruction of B752 Uranus Limb Track Maneuver.

SUMMARY

The AGC mini-ASCAL data was used for spacecraft attitude determination.
The first mini-ASCAL was used to determine the attitude at the time of
celestial sensor to gyro handover and the second mini-ASCAL was used to

detbrmine the uncompensated gyro drift rates of +0.015°/Hr in pitch and
=-0.016°/Hr in yaw.

Gyro drift rates determined by comparison with celestial sensor data gave
pitch of +0.014, yaw of -0.018, and roll of +0.01°/Hr. The attitude of
the spacecraft for the 1limb track maneuver was reconstructed using
uncompensated gyro drift rates of +0.015, -0.016, and +0.01°/Hr in pitch,
yaw, and roll respectively. This was transmitted to RSDT as file 22 on

tape UHOOO2 on 3/25/86. Control error consists of the uncompensated drift
rates plus limit cycle position. -

DISCUSSION OF RECONSTRUCTION

Input Data. The maneuver commands are given in Table 1, plots of the gyro

data in Figure 1 and plots of celestial sensor data in Figure 2. All are

annotated to indicate the principle maneuver events. The gyro and celes-
tial sensor telemetry data was edited to remove incorrect "0" data. The

gyro data was edited for the commanded turn start and stops. The behavior

during this time was normal. Estimates of the uncompensated gyro drift

rates based on comparison of celestial sensor and gyro sensor data for

the near encounter time period are given in Table 2a and 2b. Arithmetric

and time averages of these values of uncompensated drift are +0.014°/Hr

for pitch, -0.018°/Hr for yaw, and +0.01°/Hr for roll.

Procedure and Results. The' limb track maneuver was reconstructed from
024/18:55:00 through 025/00:13:38. :

Using uncompensated drift rates of +0.014, -0.18, and +0.01 resulted in
celestial and gyro attitude differences of 0.15° at the time of sun
acquisition, CC7SS1 command, Figure 3. The drift rates which result in a
gyro and celestial sensor match at the CC7SS1 are +0.0265, +0.0035 and
+0.01 for pitch, yaw and roll respectively. Since there may be light
scattering from Uranus and/or Uranus rings into the celestial sensor at
this time, this difference was not considered appropriate for determining
drift rates. Instead, the AGC mini-ASCAL data was used to determine the




spacecraft attitude. The uncompensated drift rate was determined by a
reconstruction best matching the AGC data for the second mini-ASCAL. The
initial attitude of the spacecraft at the time of all axis inertial was
determined by the attitude given by the first mini-ASCAL.

The AGC data from the tracking IDR was used as the source of actual
(measured) AGC data. This was compared with the predicted AGC data based
on the reconstructed attitude. The standard deviation of the difference
between the actual and predicted AGC data for the second mini-ASCAL is
shown in Figure 4 as a function of assumed pitch and yaw uncompensated
drift rates. The best match is obtained for a pitch of +0.018 and yaw of
=-0.025 with roll of +0.0l. Using these values of drift, the initial
attitude of the spacecraft at the time of all axis inertial AC7/MDP6 was
adjusted to minimize the error between predicted and measured AGC for the
first mini~-ASCAL. The adjustment in attitude was 0.00° in pitch, and
+0.014° in yaw, Table 3. This gave a standard deviation of 0.177.
Using this attitude, the pitch and yaw uncompensated drift rates that
cause the predicted and measured AGC data for the second mini-ASCAL to
minimize the standard deviation was determined to be +0.015 and -0.016,
Figure 5. The standard deviation was 0.170. The above procedure was
repeated, that is the first wmini-ASCAL analysis was rerun with these values
of drift rates with no significant change in results. Plots of the AGC,
Earth position, and differences between predicted and measured AGC are
shown in Figures 6 and 7 for the first and second mini-ASCAL respectively.

The uncompensated gyro drift rates derived from a time weighted average
of drift rates determined from celestial sensor data are close in value
to the drift rates determined by matching the AGC as shown in Table 4.

The shift of +.014° in initial yaw attitude at gyro handover with uncom—
pensated drifts of +0.016 in pitch, -0.018 in yaw, and +0.01 in roll give
predicted AGC data that agrees very well with the measured AGC data.
Using this initial attitude and set of Gyro drift rates, the attitude of

the spacecraft was reconstructed for the limb track maneuver to generate
the final products.

Products. The reconstruction attitude was stored as file 22 on Tape
UHO002 and delivered to RSDT on 3/25/86.

Control Error. The difference between the actual attitude and maneuver
design attitude is shown in Figure 8. This shows the normal response with

uncompensated pitch and yaw drift rate errors of +0.016 and -0.018°/hr,
respectively.

The slope of the pitch, yaw, and roll gyro positions in Figure 8 match
the values assumed for the calculation as they should.

EW:srh

Distribution

Voyager/Div. 34 MOS 1 & 2 List




READ=ONL Y

TABLE |,
MANUEVER COMMANDS

nODE

CASE UPPER ASBUMED
ED 16R1AelcDa03/19/Bbm16323146w(0,)

EQIY
13
et
3%
G
S
&t
Ts
81
93

L= |
%o o0 " me S0 ow e ww e= =

BB 42 30 o8 g B Pun G o B0
O @~ O L e

o™
- O
= ue

get

W UM v oMo
DO e
- ws 5n ooE s se oo e

31
3ei
331
34§
351
361
371t
361
29y
409
41
421
431
EQF 143

ACTSSE
ACTS8P
ACTHDP
ACTVCD
ACTVCD
aC7vCL
ACTVCD
ACTVCD
ACTVCD
ACTVCD
ACTVCD
ACTVCD
ACTVCD
ACTVCD
ACTVCD
ACTVCD
ACTYED
ACTVCD
ACTVCD
ACTYCD
ACTVCD
ACTYED
ACTVCD
AC7TVCD
ACTVCD
ACTvED
ACTVCD
ACTVCD
ACTVCD
ACTVYCD
ACTVYCD
AC7VCD
ACTVCD
AC7VCD
AC7VCD
BCTVCD
ACTVCD
ACTTYCD
ACT788E
ACTESPD
CC788

UBESS

cCrCT

aa---namsunlm-nn—nauwu-mm—n:ulu-n:n4uu-—u--u:0namwua~n:u

31
3
[
1

i
07

w(i3F
+211

+0128507)
=0§{28%0

+0§1cB8S0

+000000C

+0128%0 [
«0i{2850
¢0 {2850
+000000
-00?3ﬂf\
+(00424

=005379

»002792
=00{768
=(005676
*003203
=00L043
+006509
=(00245%%
+005687
002354
002395
$(0527¢
w0064T
+005660
+00000G

+00C000
«0428950)
=(12880
+012880
+000000 }
+«012850
»0{ 2850
012850
000000
1 004213
+026

216

] CELESTIAL

ARI

FIRST
Mo
ASCAL

LIMB

SEConp

M ING
ASCAL

Reacq,

END EDy ND CORRECTIONS APPLIEL

eENV CAT2

ENVe0S 03/19=i6123 HDE

eXGY RASREC

LIB

ECATE

ADD / Sae Yo o/ Vmas

Btm024/17156800,000
Bbhe02d/]17356200,000
Rb=02U/18156100,000
Rbw024/19507412,000
Bbw024/§9108136,000
B6w024/19:11824,000
B6w024/19112148,000
R6=024/19413136,000
86m024/19:115800,000
REmO24/1911784B,000
86m024/193192§2,000
B6w024/20036431,000
Bt=024/20136131,000
Ri.w024/2014B113,000
Rtw024/20848113,000
86=024/20359807,0C0
Pbe024/20859107,000
Bbw024/21308237,000
B6=024/21108137,000
Ab=024/21117137,000
Bbe024/21117337,000

[ TRACKING 862024/21§26125,000

Btw024/21126125,000
E6m024/25136101,000
Rbée024/21336101,000
B6wD24/21847155,000
REw024/21347355,000
85-024121i5983l.0ﬁ0
RtaD24/214591831,000
B6m024/23130124,000
Bbw024/233131348,000
Bbw024/23134136,000
AbmD24/23336100,000
Bb=024/23136148,000
RE=024/23136112,000
86=024/23341100,000
86-024/23!“2!20.000
B6=025/00103112,000
R6=m0258/00505136,000
RE=025/00805836,000
B6eaD25/0010915%,000
B6wm02%/00809856,000
R6®025/00811135,000

hLIBERLIBS




Table 2a
Uncompensated Drift Rates Estimates - G. Hanover

Uncomp. Drift Rate, °/h ATime Time Calculation

Pitch Yaw Interval Interval Method

0.01220 0.00870 3.000 0455 to 0755 ERT by slope

0.01970 0.02870 3.400 0755 to 1119 ERT by slope

0.00630 0.01260 1.330 0935 to 1055 SCE by slope

0.01150  0.01200 3.100 0834 to 1141 SCE by 4 gyro/cel sensor
0.01500 0.03900 2,160 1141 to 1401 SCE by A gyro/cel sensor
0.01690 0.00960 1.850 1401 to 1605 SCE by A gyro/cel sensor
0.03780 0.04700 0.750 0810 to 1856 SCE by slope

0.00890 0.03560 1.000 1756 to 1856 SCE by A gyro/cel sensor
0.02500 0.02222 1.000 1920 to 1955 SCE by slope

0.00760 0.02150 3.500 0230 to 0600 ERT " by slope

0.01370 0.02880 3.000 0530 to 0830 ERT by slope

0.01393 0.02079 Time weighted ave

Table 2b

Uncompensated Drift Rates - T. Weeks
(by slope calculation method)

Uncomp. Drift Rate, °/h Time Time

Pitch Yaw Interval Interval
0.00778 0.01323 2.000 -
0.00971 0.00316 2,000 0930 to 1130
0.02736 0.00789 2.000 1200 to 1400
0.02105 0.00463 0.830 1510 to 1600
0.00421 0.02210 0.667 1815 to 1855
0.00988 0.01111 1.160 1915 to 2025
0.00933 0.02058 1.000 -
0.01354 0.01042 Time weighted ave
0.01383 0.01802 Time weighted ave of Tables 1 & 2

Fig. 6. Attitude Control
% Error & HGA Offset




Table 3
Initial Attitude

Earth Limit Cycle Position
S/C Clock S/C Cone P Y R
Estimated Handover 194.5330 .1236 0° -.0355° .0033°
Modified Handover 193.147 1247 0° -.0216° .0033°
Table 4

Uncompensated Drift Rates

Source Pitch Yaw
Celestial Sensors +0.014 -0.018
AGC Data +0.015 -0.016
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