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1.0 SUMMARY
l

The final Landsat-D orbital dynamic math model (LSD900), comprised
of all test validated substructures, has been used to evaluate the jitter

l
response of the MSS/TM cxperiments. The revisions to the previous
i !

!
analytical model, LSD801, include: (1) updated tuned MMS dynamic model to
i i
include dynamic test results from propulsion system testing; (2) test
| i .
verified TDRSS boom/RF Compartment substructure with the boom 2nd Y-bend-

ing mode re-tuned to better match test data increasing the on-orbit

frequency separation from the fundamental MSS forcing harmonic at 13.62

1
1

Hz; (3) updated coupling simulation between the MMS and Instrument Module

H
substructures; and (4) updated IM dynamic model representing the design as

|

shown on the ireleased p}ints as of January 1981 and including the structural
I ;
updates to the 36 and 55 bulkheads. No simulation updates were included

in the TRW sdpplied RF éompartment and Ku/S-Band Antenna models over
l {
those of model LSD801. , The appendage orientation used for this final

analysis positions the ku/S-Band antenna line-of-sight and deployec solar

array solar cells along the Landsat-D -Z axis.

l

i
A dynamilc forced response analysis was performed at both the MSS

and TM locations on allEstructural modes -«nsidered (thru 200 Hz). The

i
analysis determined the, roll angular response of the MSS/TM experiments

to impulsave excitation;generated by component operation. Cross axis
i

. i - .
and cross experiment responses were also calculated. The excitations

were analytlially represented by seven and nine term Fourier series
X .
: !
approximations, for the MSS and TM experiment respectively, which enabled

linear harmonic solution techniques to be applied to response calculations.

1-1
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For consistency in data presentation between previous and current orbital
models, a damping value of 0.001 was assumed. However, recent spacecraft
data acquisitions suggest larger damping values. Therefore, data is also
presented herein for an assumed damping value of 0.0l. The baseline orbital
model has self-induced peak roll c¢agular responses (damping = 0.001)

of 2.0945 arc-seconds (MSS due to MSS! and 1.3725 arc-seconds (TM due

to TM). These values translate, respectively, to rms values of 1;1673

anG 0.8445 respectively. -

Single mode w.rst case jJitter was estimated by variations of the
eigenvalue spectrum of model LSD900. These variations show the effect
of possible structural frequency deviations from the best estimate of
model LSD900 by modifying the modal spectrum so that the maximum resonant
response of any one mode would be excited. Modes near each forcing harmoni-N
which differed in freguency by more than 15% were not included in the
analysis. Maximum worst case peak roll response for .001 damping was
94.55 arc-seconds which translates into a 65.54 arc-second rms response
for the MSS. Third harmonic mode 105 exhibited this large response.
Maximum worst case peak roll angular response for the TM experiment for
all models considered and 0.001 damping was 6.63 arc-seconds or 3.99
arc-seconds rms. Since the peak response is within the capability of the
adjustable gain ADS (angular displacement sensor), emphasié‘was shifted

to MSS jitter amplitudes always noting, however, TM peak responses.

Since an analytical model cannot be tuned to exactly match all
measured test modes and frequencies and the Landsat-D's structure may

not exactly match the tested hardware, there is an uancertainty associated

[P et rm e+ ememe e e mmr e ma e e - e m i e e me o - eer ecetes s
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with the analytical predicted frequencies. A statistical analysis
approach was implemented to examine the probability of any worst case
mﬂde occurance. The probability of exceeding the 1.5 arc-sec (.3 pixel

error) in the ex direction is reduced from .34 to .093 if the allowable

MSS RMS jitter is raised to 3.14 arc-sec (.4 pixel error), see Figure

5.3-3.
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2.0 CONCLUSIONS

1)

2)

3)
4)

5)

6)

7)

All worst cise TM jitter peak response amplitudes are within
th? capability of the ADS.
{
There is no requirement to modify the primary structure to de-
tune structural rcsonances.
1

Th¢ Baseline MSS jitter meets the .3 pixel requirements.

St;tlstlcal analysis of MSS worst case jitter, using all test
verlfled analytical substructure models shows a low probability
of 'exceeding .3 pixel error 34% and an even lower probability
offexceedlng .4 pixel error 9% which meets the jitter criteria
defxned in SVS-9934 LSD Fllght Segment Specification. The
probablllty" numbers noted indicate the probablllty that the
given pixel error will be exceeded for any given flicht when the
TDRSS antenna and solar array are in their worst case orienta-
tion. |

Simultaneous TM & MSS operation is feasible within the recommend-
ed}jltter criteria.

Baseline jitter results are relatively insensitive to damping
value changes between .00l and .0l.

Stétistical inalysis results are highly sensitive to damping
velue changes between .00l and .01 for all pixel allowables.
1

i
1
[
t
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RECOMMENDATIONS

1.

The previously recommended all axis gain setting of 50 arc-
I 1ds for the ADS should provide an ample errcr marcin when
- ing expected TM peak resoonses.

Should any major structural changes occur on the Landsat-D

spacecraft, it 1s recommended that an.ther orbitai model be
assembled to establish adherance to MSS jitter .raiteri- values.

3-1
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4.0 DISCUSSION

|
4.1 MODEL D=SCRIPTION .

i
The late%t Landsat-D orbital model used for evaluation of MSS/TM

i

jitter has been L3SD801 (Reference 1). To better assess MSS/TM orbital

jitter predictions, an updated crbital model, LSD900, has been developed.
! .
This updated model differs from the previous model in that all test

I
test model wasieffectively retuned to match more closely the boom modal

validated substructure models have been used. Also, the TDRSS boom modal

i [
test. This inhreases the separation of the boom 2nd Y-bending mode from
‘ i
the first MSS %orcing harmonic at 13.62 Hz. The test verified substructure
models incorpo&ated into!model LSD900 include the IM centerbody, deployed

solar array, dgployed TDéSS boom/RF Compartment-Ku/S~-Band Antenna, and NASA

furnished MMSJ

|
|
|
1
The Landsat-D Orbital Dynamic Math Model, LSD900, consists of six
16} primazty substructures: Multi-Mission Modular Spacecraft (MMS);
Instrumeat Modunle (IM) which includes Thematic Mapper (TM), Wideband

Module (WB), and Multi-séectral Scanner (MSS) components; deployed Solar

Array (DS/A); and TDRSS boom which includes the RF Compartment (RFC) and

Ku/S-Band Antenna. Thecéynamic math model consisting of 819 dynamic
degrees of-freedom (DOF)Eand 257 nodes was obtained from a complex static
model represenied by 270é nodes and 15187 static DOF. A node and DOF

summary for each substru%ture is presented in Table 4.1-1. Figure 4.1l-1

l ;
shows the orbital configuration (exploded at 3 structural interfaces, IM/
[}

MMS, RFC-Ku/S-Band Antenna, and TDRSS boom/RFC) for plottinj clarity.

x
i
i
I
1
i
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Stiffnesslcoupling was used to assemble the 6 substructures. Table

4.1-2 summarizes nodes, node coordinates, DOF schedule, and nodal weights
defined in the orbital model.
SubsQructure moéeling changes reflect documented recommendations,
1 .
released d;awings and modal test results. Reference 2 documents the

modal test| results for the deployed solar array subStructure. A re-

presentation of the qeployed solar array structure is presented in Figure
, .

4.1-2. Substructure'DOF summary is shown in Table 4.1-3.

The original MMS substructure NASTRAN model as incorporated in model
i

LSD801 was' updated by NASA-Goddard for inclusion in the current con-
i H

H

figurationh The MMslsubstructure is described as three (3) primary modules,

1

Power Module, Attitu@e Control Systems Module, and Command and Data Handlinc,
Module. The modulesfarq connected to a triangular module support structure
(MSS). The triangulér transition adapter (TTA) located atop tle MSS
provides the interface attachment points for the Instrument Module structure.

i
The Payloagd Attachmeﬁt Fitting (PAF) is located beneath the MSS and provid-

es the attachment to;the launch vehicle. For the free-free orbital con-

figurationf the PAF étructure was deleted from the NASTRAN bulk data deck.

Located within the M'iS are the two primary propulsion tanks, PM1 and PMI1A,

and their ssociatediattachment structures. The major improvement was the
i

incorporatjon of dynamic test results to better represent the modeling

l
simulation}of the propulsion tanks and associated support structure.

Alsc included is the 'earth sensor and the signal control and conditioning

4-4
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Figure 4.1-2

Deployed Solar Array Representation
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unit (SC-CU). A representation of the MMS structure is presenteld ir
Figure 4.1-3. A weight breakdown is shown in Table 4.1-4. A substructure
DOF summary is presented in Table 4..-5. An acceptable equilibrium
check in the free-free configuratioi was used for nodel acceptance.
Reference 3 describes the efforts of the Stress group in determining free-~

free acceptability.

The TDRSS boom assembly defined in the curcent model is a model
test verified structure incorporating all structural changes to reflect
test correlation as presented in Reference 4. A representation of che

boom structure is presented in Figure 4.1-4.

The TRW supplied RF Compartment NASTRAN model and SAP formulated
Ku/S-Band Antenna model werz those assembled in models LSD700 (Reference
5) and LSD801 (Reference 1l). Gimbal drive assembly stiffness properties
(tuned from modal test éesults) associaired with the RF Compartment math
model are presented in Tablz 4.1-6. Representations of the RF Compartment
and Ku/S-Band substructures are presented in Figures 4 1-5 and 4.1-6.

Respective boom/RF Compartment and Ku/S-Band Antenna substructure DOF

summaries are shown in Tables 4.1-7 and 4.1-8.

The Instrument Module (IM) used for orbital model LSD900 is a
completely revised model incorporating the numerous modifications *o the
free-free model as assembled in model LSD801. The previous free-free

static model represented oy 642 nodes and 3065 degrees-of-freedom is

currently represented by 957 nodes and 5082 degrees-of-freedom. Raferences

6 and 7 detail the modification analysis undartaken by the Stress Analys’:

Grouo to make the previous baseline IM reasonably compatible with the

[ UGG UV SO N DY
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Table 4.1-4 Jeight Breakdown For Updated MMS (Tuned)

Component Total Weight Remarks
ACS Module . 345.38
Power Module 503.6 . Includes 3rd Battery
C and DH Module 250.67 Includes Tape Recorders
Propulsion Tank (PM1) 337.0 ) Includes Fuel +

. Pressurant
Propulsion Tank (PM1A) 400.2 Includes Fuel +

Pressurant

Eafth Sensor 26.00
sC-cu 56.38
PAF 150.77 . Not in Free-Free Model
MSs 504.423 Includes Harness,

Thermal Subsystem,
Grappler, Misc.
Electrical, Propulsion
Tank Support Structure

Total Substructure Wt. = 2574.423

2423.653 W/0 PAF
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Table 4.1-6 GDA Stiffness Properties for Orbital Model LSD900
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References 8 thru 10 detail the analysis to update

the design as shown on the released prints as of January 198l. The

mission adapter

|
is essentially the same as the previous model but updated

1
to reflect the current configuration. The upper support structure re-

{

presents a totally new model due to extensive differences between the -

old version and!

the current configuration. A major refinement to the
‘ .

previous model is the inclusion of a detailed SADAPTA simulation in-

corporating the!

bearing cohﬁliances of the SADAPTA shaft bearings.

! i
Another modification, founF during the MTM vibration testing, was that the

mono-ball bearngs used at' the ends of the 2.5 in. 0.D. struts needed to
!

be simulated. This simulation is included in tue current substructure

]

model. Two str%ctural updates occured in the TM area. First, the

thematic mapperi

(TM) simulation was altered. Originally, the TM C.G.

was modeled on a structurally tuned H-truss framework to insure a

fundamental freq

to position the

uency of 10C Hz or greater. This simulation was modified

T™M C.G. on;a CBAR quadrupod (Q-pod) with element properties
!

ensuring a fundqmental frequency of greater than 250 Hz. Secondly,

stiffnesses for!
were generated b
are presented in
simulation used
detail was incor
The translationg

of the MSS Q-pod

]
the T™™ feeF were included. Various TM foot NASTRAN models

y the stre%s group for this analysis and their results
Referencei?. Table 4.1-9 presents the TM and TM foot

in the cur%ent IM mocdel. Improved support structure

porated in?o the baseline MSS experiment Q-pod simulation.

1 degrees—bf-freedom at the four (4) attachment locations

to the IM}USS are still retained in the analysis set.

i
i
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and TM Foot Simulation

™ C.G. Modeled On Q-Pod

CBEAM
CBEAM
CBEAM
CBEAM

PBEAM
MAT1

TM Influence Foot Coefficients

1871
1872
1873
1874

1124
1004

1124
1124
1124
1124

1004
29.E+6

CELAS]
CELAS1
CELAS1
CELAS1
CELAS1
CcLASL
CELAS1
CELAS1
CELAS]
CELAS1
CELAS1
CELAS]

PELAS
PELAS
PELAS

41347
42347
43347
41348
42348
43348
41349
42349
43349
41350
42350
43350

1
2
3

1

WNhFWNHFHWNDHEWN

3225806.
729395.
729395.

1669 1670
1669 l671
1669 1672
1669 1673
0.80 945.0 945.

11.E+6 0.29

347 1 1671
347 2 1671
347 3 1671
348 1l 1672
348 2 1672
348 3 1672
349 1 1673
349 2 1673
349 3 1673
350 1 1674
350 2 1674
350 3 1674

4-25

WV WNHWN - WN -

100.0°

P gl 2t

g s




fresy>r

"3 ey Lmae v o "pE ¢ ey CAnd an e e G4 e by e L S e A OO e s T i B4 G L SAC Ry e

ORIGINAL PAGE IS |
OF POOR QUALITY ‘

To accurately define dynamic behavior, a detailed weight distribution
was performed resultirg in the current dynamic analysis set. Since this
dynamic model incorporates in detail the changes associated with the
previous free-free m.del (also used for modal tuning, Reference 1l1l), a
cross orthogonality check was performed between analytical and test data
yielding acceptable results. This was the final step in substructure
verification and 124 to its inclusion in the current analysis. Figure
4.1-7 shows a representatioﬁ of the current IM structure with Table 4.1-10

defining the substructure DOF summary table. Table 4.1-11 presents a

comparative summary of modeling revisions between models LSD801 and LE£D900.

The detailed orbital model, LS$SDY900, was assembled entirely on the
VAX mini-computer vsing the SCAMP analysis coée. Free-free MMS and IM
substructures were coupled through the Triangular Transition Adapter (TTA).
The TTA structure was répresented by an updated (27x27) stiffness matrix
derived from the simulation incorporated in the current MMS NASTRAN model.
The RF Compartment is connected to the TDRSS boom through the azimuth
drive and forms one complete NASTRAN assembly. The RF Compartment is
rotated 90° CCW in NASTRAN from its modal test position (mounting feet
along -X axis) to configure the structure in its worst case orbital
mode. The Ku/S-Band Antenna was point-to-point coupled to the RFC at
the four (4) attachment feet. This complete assemblage was in turn
coupled to the MMS/IM using the fitting stiffness defined from the inner
powered hinge to the IM attachment point. Lastly, the deployed solar array
was attached to the MMS/IM at the SADAPTA interface using the aluminum

jettison shaft from the SADAPTA to the jettison assembly apex as the

4-26
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t
coupling link. This shaft was tuned to represent the SADAPTA ‘torsional
stiffness of 30,000 in-1lb/rad. Appendage coupling stiffness values are

|
pre#ented in Table 4.1-12.

4,2 TDRSS BOOM RE-TUNING

In the series of models associated with the previous orbital
analysis, concern was expressed over the proximity of the TDRSS boom
second Y-bending mode to the fundamental forcing harmonic of the MS3

'experiment at 13.62 Hz.

In the previous modal tuning effort, the 2nd boom ¥Y-bending mode
was tuned to a frequency of 13.407 Hz compared to the test validated
frequency of 14.47. To effect & re-tuning of this mode, a parametric
variation on the previously tuned modal test model (Reference 4) was
performed. The shifted.on—orb¢t 2nd Y-bending frequency to 14.142 Hz.

better meets the test acceptance criteria for an analytical model.

All the NASTRAN model changes incorporated in re-tuning the
analytical model are shown in Table 4.2-1. Using the changes shown, a
new set of analytical frequencies and mode shapes was determined. A
comparison of the measured test modes and the updated analytical modes

is shown in Table 4.2-2.

The analytical model used for the re-tuning effort contained 306
degrees-of-freedom (DOF) including 54 DOF's on the suspension system.

To estimate the effect of having a finite number of measurement points

in the test set-up, the 306 DOF mode shapes were used to extract only

POV S Y
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Table 4.2-1 Changes For Pe-Tvning 2nd Y-Bending Mode Of Boom/RFC
NASTRAN Model -

et SRS IED eelnD 0N ELENIBILITY SIMLLATIdN
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the 42 modal amplitudes:which were measured in the test. An orthogonality

check was performed on this truncated mode set. The results of this check '
i {

are shown in Fable 4.2-3. The analytical tuned modes associated witn this !
i

I t
model are tabrlated in Table 4.2-4 and shown in Figures 4.2-1 thru 4.2-7,

A cross orthogonality check between the re-tuned analytical model and
| i
test data is presented in Table 4.2-5.
[

¢
i

4.3 RESPONSE DATA

l .
To aid ACS engineering in their simulation studies to determine

orbital control respons%veness of the Landsat-D spacecraft, modal torgue '
admittance data for var{ous spacecraft nodal locations are provided.
The nodes shown in Figu%e 4.1-1 and presented in Table 4.3-1 represent
the locationsgfor whichgdata, thru 25 Hz, is to be supplied. Table
4,.3-2 presentg the struétural transfer function coefficient data (Damp-
ing = 0.001) for the cufrent orbital configuration model, LSD900. This
data is also preserved 6n the following accessible dynamics data base
permfile: i

i
lR400192/TP/ORBIT/PICKOUT4/L59OOACS

i
Table 4.3-3 presents the coefficients to be used for an assumed damping
|

!
of 0.01. This data is preserved on the following dynamics data base )
l L}
pernfile: '

1R400492/TP/ORBIT/PICKOUT4/LS901ACS

!
|
|
|
i
|
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Table 4.2-3

Self-Ortho Check Of Tuned Analytical
Model (306 DOF) Truncated To 42 DOF

Test Set
PHI(T)eMePn]
1 2 3 4 S & 7 :
FREQ T 1373 1 235 2 3CH 2 968 7 416 12 4C3 16 124
Daup, o] 0 o Q 0 0. 0.
FREQ.
' 1 173 1.000 0.00! 0000 9.092 C 000 -0 000 -0.00%
2 1,235 0 001 1.000 -0 003 -0 C18 -2 001 -0 001 O CC6
3_ 2805 _ 0CCO_ -0 CO3__1 700 CO05_ 0O 0N1 0001 -0 0C!
4 2 358 0 CJ2 -0 vig 0O 2CT5 ¢ -0.030° € o0t J.%o1
S T7.415 000D <00t 0001 -9000 1CCO OCCO -0 213
5 12 acs SO C0 -0.02Y 0 20 D 0 3.030 1.(CO O W0
_ 7 14 124 NSO 005 -0 0O0Y 3301 -0 M2 O 00Q_ f cus
- = = - WgLAL DCOT PRGDowT 1A Q-
' 2 3 8 5 o 7
- €EJ. v 173 1.235 2 5Cb 2 ar2 7 118  -e.%.3 '3 1:4
oAMP, 0. 0 0 9. o N} 0.
. et e e . - —_—
FRE0
' 1 173 1.000 © 035 ©¢C22 29790 0203 -C 1D 0 (V2
2 1.2338 0.035 1 200 © 0256 0 (A -T 0.° 0203 O 128
32 3¢ 0CQ02 0225 100D QL3 - 055 303 o MYy
4~ 2.968 0 050 0 ¢94 J 0:2 T Co0 0 03 O Qar oG9
5 7 416 0 Coa -0 097 -D 0SS 0 ‘03 12 0 %9 -2 732
6 12 403 ) 00 -0 4 N CIT D042 QN9 1000 03D
7 13,024 0.C3% 0 136 £ 021 Q0183 -0 092 0010 1 T¢I __
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Table 4.2~4 Re-Tuned TDRSS Boom Mode Identification

Mode Numbet Frequency Description i
1 1.173 1st X-Bending
2 1.235 " 1st Y-Bending
3 2.806° Elevation Drive
4 2.968 Azimuth Drive
5 7.416 GDA Bending
6 12.408 2nd X-Bending
7 14.124 2nd Y-Bending ‘
!
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Figure 4.2-1
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: Table 4.2-5

Landsat-D Deployed TDRSS Boom Cross
Orthogonalitvy Between Measured Modes And
Tuned Analytical Model
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- PHI(T ) oMePHT
1 2 k] 4 5 6 7
X1.20M Y1 23H SPS2 7 ¥3 OiH_ -8 93h_ X1V 9H Y14 3H
TTTFRED 1200 1.230 2 120 3 0:0 6 939 1%,200 14.470
LYVEN 00934 O 033 0.090 033 oO0OMN o o7t 0.0138
1
! TTTTEREG.
' 1,173 0 933 -0 178 -0 053 -0 007 -0.219 -2 035 -0 089
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71 12e 0083 Q€30 0014 D010 _-0 110 ¢ Oud 0 97¢
- MCCAL COF PRCCusT WMA™RIX
. 2 3 4 5 [ 7
AU 20M (0 2,0 SPS2 7 Y3 O1H Y6 334 X1%.9H  ¥d. .64
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Table 4.;3-1 Repreéentative Nodes in Data Trapsmittal To ACS

Substruqture
Node Number

9000
1572
1669
1664
2076
2460
2461
20194
20198

i
i

] Nodal*
.Description Degrees-of-Freedom
 PM1 Propulsion Tank ° 6
EC/B Side of DS/A Shaft 6

| TM C.G. 6
ZMSS C.G. 6
;'DS/A Side of DS/2 Shaft 6
%Sun Sensor (-X) 6
éSun Sensor (+X) 6
EKu/S—Band +X, +Y Mounting Foot 6
:Azimuth Drive Attachment 6

; To Elevation Drive

; Total DOF: 54

|

*Structural transfer coefficient data for

rotational DOFS only are supplied to ACS
engineering.

|
i
|
2
|
i
!
'
l
!
!
]
'
i
!
i
i
]
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As refinements occur 1in the current orbital stack-up, except for

parametric variations and study models, the data base files will be
i

updated and} applicable documentation released.
i
i

o
1

52




¢ - - A v v—r . - e o =

ORIGINAL pagE
5.0 ORBITAL ANALYSIS i OF POOR QUAUT',

5.1 ORBITAL ANALYSIS APPROACH

Since TM image data correction through—real time analysis of component
orbital jitter will be accomplished by the ADS, the primary focal point
of this analysis is still MSS induced jitter as a function of the MSS
component itself or the TM. TM peak responses, however, were noted through-
out the analysis and as shown in subsgquent data summary tables, are well

within the control range of the ADS.

+ In addition to generating baseline jitter values, worst case
variations of the eigenvalue spectrum were generated and the corresponding
MSS/TM responses computed. This approach sought to identify the effect
of possible structural frequency deviations from the best estimate by
modifying the modal spectrum so that the maximum resonant response would be
excited. Modes near eaéh forcing harmonic which differed in frequency
by more than 15% were not considered in the analysis. Shifts were im-
plemented for the first seven harmonics in the Fourier representation of
the MSS experiment and the first n.ine harmonics of the TM. The shift
value for a particular mode was applied only to that modal frequency.

The bandwidths investigated are presented in Figure 5.1-1. For example,
the 68.10 Hz MSS third harmonic has buandwidth limits of 59.217 Hz and
B80.118 Hz as prescribed by the 15% tolerance premise. The modal spectrum
for model LSD900 reveals 26 nodes within this allcwable 15% bandwidth.

Each mode was then individually shifted to become coincident with the
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L
l Figure 5.1-1 MSS/TM Bandwidth Considerations .
Bandwidth = +15%
Component = MSS
Harmonic Frequency Lower Limit Upber Limit Force
(Hz) - (Hz) (Hz) Coefficient
1 13.62 11.843 16.024 40,398
2 40.86 35.530 48.071 39.507
3 68.10 59.217 80.118 37.770
4 95. 34 82.904 112.165 35.269
5 122,58 106.591 144,212 32.122
6 149.82 130.278 176.259 28.476
7 177.06 153.965 208.306 24.494
Bandwidth = +15% {
Component.- TM
Harmonic Frequency Lower Limit Upper Limit Force
(Hz) (Hz) (Hz) Coefficient
1l 7.0 6.087 8.235 43,343
2 21.0 18.261 24.706 4..543
3 35.0 30.435 41.176 28.106
4 49.0 . 42.609 57.647 33.341
5 63.0 54.783 74.118 27.663
6 77.0 66.957 90.588 21.547
7 91.0 79.130 107.059 15.476
8 105.0 91.304 123.529 9.8845
9 119.0 103.478 140.00 5.12
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68.10 Hz forcing function frequency. From a steady state response
i
analysis on Fhe altered modal spectrur, force coefficients for each
forcing harmgnic were obtained. The time-phased coefficients were then
H

I
ccmbined to produce a set of jitter values. The offensise mode(s) in
{
that particular harmcnic were identified by ncting which responses exceed-

I
ed the allotted jitter budget.

5.2 BASELINE ORBITAL MODEL - LSD900 _

' H
The model present%d herein incorporates all the revisions described

in Sections f.l and 4.2. Table 5.2-1 describes the first twenty (20)

H
t

elastic modek of the médcl with Figures 5.2-1 thru 5.2-20 presenting the
i
corresponding modal plots. Table 5.2-2 tabularizes representative force/
j ;

response loc%tions for . the frequency response spectra graphs (C/CCRIT =

0.00) presented hereiﬁ, Figures 5.2-21 thru 5.2-32. For an assumed 1%

damping (C/CpRIT

response locetions for 'the frequency response spectra graphs presented

= 0.0i), Table 5.2-~3 tabularizes representative force,

|

in Figures 5r2-33 thru 5.2-44. As depicted in Figures 5.2-27, 5.2-28
and 5.2-39, 5.2-40, reéonant frequency placement precludes coincidence

with the odd harmonic forcing stimulus of the MSS experiment. Worst

case modal

0

pectrum sh%fts, however, introduce jitter magnitudes in
exceedance off MSS allo%ables. These established allowables are presented
in Table 5.2-4. Table% 5.2-5 thru 5.2-11 present the results of TM and
MSS single mode shift &omparisons to MSS RMS allowables. 1Included are
values for 15%-10%-5% bandwidth spreads about the forcing harmonic. 1f

|
a particular data set 1s omitted then no worst cases appear 1in that

5-3
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Table 5.2-1 LS/D Final Tuned Orbital Model For Jitter - LSD900

Mode Numbe: frequency (Hz) Description

1-6 0.0 Rigid Body

7 0.428 1st Solar Array Pending

8 0.763 lst Solar Array Torsion

9 1.209 1st Boom X-Bending

10 . 1.321 2nd Solar Array Torsion

11 -1.615 -~ 2nd Solar Array Bending +
Boom Y

12 2.145 MMS ACS Module + S/A Bending

13 2.869 Elevation Drive

14 3.08¢0 Solar Array 2nd Torsion

is 3.272 Azimuth Drive

16 4.152 Solar Array 3rd Bending

17 6.470 GDA Bending

18 6.915 Solar Array 4th Bending

19 . 7.386 Solar Array 3rd Tor-ion

20 10.889 Solar Array 3rd - 4th

Panel Modes

21 11.379 Solar Array 4th Torsion

22 12,.63¢€ 2r.d Boom X-Bernding

23 12,781 Solar Array Outboard Bending

24 14.074 Solar Axray 5th Torsion +
Inboard Local

25 14,142 2nd Boom Y—Beﬁalng

26 14.992 Solar Array 2nd-3rd Panel
Bending



MOCE NOMBER 7.63%

CREQUENCY (MY D.326

ALL TURED SuBS
/P]M/DISALS

ORIGINAL PAGE IS
OF POOR QUALITY

|

1
$
]
i
1

~
fre

i

1831425200021 SCBES REISIeLS, 1 ?

PHASE 3 CRS8ITAL NCZEL(Lsoace




4AST 3 CREITAL MICEL LSCISC
e [MI32e0SAISCEITNITISINUSIN?

41

ORIGINAL PAGE IS
OF POOR QUALITY

ALL TUNED Su3sS
/P]M/CV SRS

HCCE NUMZER §.L0C
FRECUENCY (HZ) 0.783




Py L A T

MCCE NUMSER 3.CC8

c

ALL TUNEC SuR
/PRM/CIJR13

PHASE 3 CRSITAL MTCE. LSCACC

-203

FRECLENCY (HD)

MRFI1EIeKUSTI7

~n
(29

“3e[M234+5CA1EC3

1
t

t .

PAGE IS

OF POOR QuaLITy

ORIGINAL




———— - {2 v PR W g "

e mgr g e — e S0 S A TRE 4

)
-
L.
(34
(3} —
LS IS
. .
(9} .
o .
w
[ I
H A
2
z >
©
w =
[A YY)
0 D
a Q
w
[+ <
L
[
[-+]
2
[ I e
Qo w
w o >
= -
2 O
[ o ~
b =
-
7 &
N m
-—
w -4
(TR
< D
o O
- e
<O
-
2w
o0
~
v
[ I ]
O ¥
[d ]
a o
[V "]
P -
— L
4 O
[T
[ATENS ]
(%] O
r G
-
- Q
< wv
- .-
-t <
[} ] (%
r O
< .
<
L e
)
w r
(%] -
- .
r o,
a v

———

Y . e . A T o RS A S e RS Uy gt S 3

——r enrp ey 3 ITAPT e

———

-y
[

~

n

[1}] o«

1 3] ]

ha } mn

th 3
~

{14




Ars
cwvw

M3OCE NOMSIR 1
EREGUENCY (M2) i.5:S

ALL TUKRED SuEBS

/PRM/CIZRLS

TY

ORIGINAL PAGE Is
OF POOR QuaLi

1SoexuUSIHL?7

FhAL-Jefel, Ly

-
-

PHASE 3 CRSITAL MOOEL L

1S3¢(4234+884]

ip
-4




D PHASE 3 CRSITAL MICEL LSCICC
Si1S0e1%23aeDCAISCeBIIMRFISIeKUSITT

ORIGINAL PAGE IS
OF POOR QUALITY

ALL TUNED ScB< MOCE NUMZER 12.033

/PRM/0ICELD FRECUENCY (MDD

2.14%

Iy

e RS 151 TR

g s




e e S ————— e 4 ot + v ova—e

M3CE NJMBER 13.28C

ALL TUNED SuBs

/PRM/DISRID

C PHASE 3 CRSITAL M

£3e{M234406A)SCESCMRT 1 SIOKUSIIT

2.8%)

FRECUENCY (HD)

i
t
!
f

ORIGINAL paGE |5

OF POOR QuaLITY

PR N Y- |




C PHASE 3 CR3 S
cen ; CR3ILTAL MIDEL \LSCICC
S1S3e1M234eT5A1EC eSS oo '
CeST3MR-153eKUSH17? e oencr vy 3 ore
/PR4/C13843 . s
FRECUENCY (M)
! 7y 3 C2

[}

ORIGINAL PAGE 13
OF POOR QUALITY

[



3
SC °HaSE 3 CR (TAL MICEL LSCIZC ALL TUNEC SuBS MCCE NUMSER 1S5 CCC ;
t
1971530 [M232e0GA)SCBTCMRTIE)eKUSHI 7 /PRM/CI12ELS FREQUENTY (M2) 3.272
|

t 1s




i

MSCE NUMSER 15.CCC

FRECUENCY (HD) 4.132

ALL TUNED SuBS

/PRM/EIZS1D

~
~

LscIC
MRFLSIeNUSI 1?7

PHASE 3 CSS{TAL MICSL

~n
-

1530142340521 505

ORIGINAL PAGE !
o+ POOR QUALITY

t
!
i
1
i
i
i
i
I

-r
-4

"n




.S0
NT

~

St.57 3 CRSETAL 2C-L LSEICT

12 [4234¢05A138~83CMRC1SIeKUSINT

ORIGINAL PAGE IS
OF POOR QuALITY

-LL fUN D SuBS
/P]M/C:13513




o = remms e - o= ey

. B

5.315

.-

R CUEN"

£3e1-233+0G5A150+920 R 1S3eKUG

~

ol

Tigure 3.

-

in



Seom
-

LWGMILR ).

"
(&)

HI

CU-NCY

“RZ

NAL PAGE iS
. OF POOR QUALITY

i ORIGI

¥
L
L
t

151531 ~234+554A1

et e s ——

m




t i)

M C 8E2

-~
-

R CuU N

PR DicK!

.

[§5]
»

[} "

OF POOR QUALITY

ORIGINAL PAGE 13

A I .M

Q.& » - '. 1Y
s
/~ et

T4
<
B L\




Qo o
N
"
o~
o
| PV ]
v, X
r °
‘9 Z
'y
(4]
°
o
v
w
2
“v
o w
0
z -
- o
[ ~,
o >
3 A '&rqulu
w3
U <g
. <D
A o o
—
o]
=0
¢ a.
[+ TR
(o Ne]
) v
0. x
“ o
STl
H
% B
L ] .-
.oy
e
e
4. +
[ -




NEC SuBS

t
/PRM/C12R13

T

ALL

CEL Lspaes
53~1%23465QAISC~333%Q°:S3'KUSII7

-
]

4-SE 3 CR3ITAL M

12.838

FRECUENCY (MDY

4

bt |

CRIGINAL PAGE IS
F POOR QUALITY

«




HASE 3 CREITAL MSSEL LSCIZC ALt TUNED 5uUBS CCE NeM ER 23 288 1

v ww

S [M238e0CAISISTIMRE1 SIS 17 /PRM/CI12R13 ERICUENCY (HZ ' i2.7a1

‘s




O
(S 2
< <«
< 9
o~ .-
o

W

S
FRECUENCY (HD)

(%
a
(%] (o]
Q w
w o
T -
- O
[

r
- o
- O
< ~

}

1

! ORIGINAL PAGE 1S
OF POOR QUALITY

'
L
i
t

- N oy ‘2 ™ h il
- T (e v o

3 PMASE 3 22317AL M2SEU L3DINS
S150¢1M234455A150+330MRF 1 SIeKUSI1?

(o]
™~

wn




'MASE 3 CSRSETAL MICSL LSCICS ALL TUNED SUBS M3CE NUMEZER 27 €CC
3301M234405415C¢320MRTIEYUSINTY ‘.PR-‘VGIL‘SIS FRECUENCY (M2)Y i4.122 | t
ORIGINAL PAGE |g o
OF POOR QUALITY
i
i
!
1
A
;
]
|
'
3
&
j
1
i
§
{
‘
3
Figure 5.2-19 )
¥
5-23 P
t
ek PEFISRTRTICTEIRORRS T e =




AGE 3 CREITAL M2IcL LSCITS

e {M232e0Ca150.QT0NOC I 5 ) e iGi 17

ALL TUNED S.2%
/PRM/Li 261D

ORIGINAL PAGE 1S
Of POOR QUALITY

M2CE NumETR 25 202

FRCCUVENCY (HIY 2~ )32

Figure 5.2-20

b e e e b eamtbe ks b b b b an b A e it bt ber Wt de e

omedd Waen 2% foimnilen he benbelbn ameandie o o

PN




[rre———

J Rt Al e lan asiingiie

[ Y
o E
S
Qo .
5
=0 z
m.om Ze-1°§ 1€-1°6 o
OO0
0E-T1°S 62-1°S )
8¢-T1°S LZ-1°S xo SSW p99T#H xm SSW
)
. . . Z
9Z~1°§ ; ST-1°S )
¥7-1°S €Z-1°S %o
IR DU £ 2 S -F [ £ A A 1 R B 1T ¢ BT
: zZH 00Z-00T ydead zH 00T ©3 ydexs JuTod PTIo 3uTOog PTID
wnIrjoadg asuodsay wnx3yoads asuodsay asuodsay uotaIel TOXy

FRERs

5-25

100°0 = butrdweqg

UoT3EjUdSoXg B3ed uoTjound Isjsueal 006dST 2-2°S S14qel




X D>HMI— VN2 4D MOZOTOMLMAD

U D

LANDSAT D FINAL TUNzD ORBITAL MODEL XxX LSDS@e@
FORCE AT TM THETA X ~ RESPONSE AT MSS THETA X -

4 DAMPING=.001
104 - e

10° - i

g A

(RRC-
FT- §°, &\J

S
\=——
——::‘___:v:.

1074 - |—— , 1 :
%) 2o 40 60 80 1eo

FREQUENCY (HZ)

Figure 5.2-21

ALIIYND 00d 40
S| 35vd IYMISHD



ORIGINAL PAGE IS
OF POOR QUALITY

ooc

22-2°6 ~anbyy

(ZH) AJDN3ND3Y4

081 091 or1 eat 001

| 8 1 ) { Vl@ﬁ
\A > AL

E j\ j\/\‘ Y12t

-1
. . '.wm mwnm.
207
- vsﬂ

100 0=9NIdWbQ

X YL3HL SSW LY 3SNOdS3Y - X YL3HL WL Ib 30y0d
006057 xXxx 300U TYLIGYO A3NNL TYNIL Q@ L¥sq 'v1

XuNLoOZVW I+~ =0V FITuWkRRTC X

I~

"



R

P -~

LR Y

207

te-2°§

aanbr

(ZH) AON3ND3A4

-

28 09 ob ez %)
. L 1 1 1 1 T.lno.ﬂ

g . A

L Y

L

mwm - .~QRA\_ ..r_ r Ni _ ! 4=tH—a. 01 3

3 il A =

¢S a * L

oo 1

23 ' . - ' 5
Z 0 S o
G o A W .
R |79 'H "N

00 _ 1

. Y]

U I SR P SR O (. — 5384 5 L —m

a- ¢ m

_ N

: moﬁ 0

| 3

——3

g

1. 01

7102 0=3NIdWYQ

A UL3HL SSW LY 3SNOS3N - X YL3HL WL 1Y 30¥04
Q06QST xkxx 1=QOW TYLIGHO G3NNL TUNIS @ LYSANYT



e wtve =

E IS
LiTY

G

ORIGINAL pa
F POOR Qua

o

eoe

081

(ZH) AON3N03¥4

031

PZ-2°6 o2anbry

i oF1

ect

-—ae e

war}

) wmmmWWQ.

7100 0=9NIdWYQ
A YUL3HL SSW LY 3ISNOJS3Y - X YL3HL Wl LY 30404
0064dS7T Xxxx 13Q0W TWLIGY0 G3NNL TYNI4 @ LYSANY]

XWnNna.OZWMlW T Z U FFIuE-aT >



6Z-2°6 "anbhry

(ZH) AON3ND3YS

007 08 89 oY 02 o
! 1 1 J 1 VIOﬂ
0> | ’ )
porger| L
mmw >LiA &\&— . ~— l|1 — B‘ - Oﬂ
0. & PR e-
T AT
25 § I y
=z 0
G e ’ _ : )
25 |
‘ I—1
—I
i
. . 53334
- -,01
1906 0=ONIdWYd

2 YL3HL SSW LY 3SNOJSIH - X YLIHL WL 1Y 30304
T 206057 Xxx 13Q0W TWLIAYO Q3NAL TUNI4 Q@ LYSANS]

P e i

LN OZONU C+—~ ENU ~ITule~a N

. .y e o



= A N

97-2~6 aaubig

(Z2H) AON3ND3Y4

“ eoe 0871 0397 orT 027 001
” | L 1 1 L .I.VIO.w
E . 2
; \/\, W]
: . Y
0>
» L
F _> ! D/ < ;\\ o) ; o1 3
&3 \ <‘/ < \ c- ﬂ
- 0 ,
z 8 : - ]
S 5 “
S5 : ¥
L
v}
e T o B B by -
e | . : m
d
5
3
Y
- = VOﬁ

100 0=ONIdWYQ
. Z YL3HL SSW LY 3SNOdS3¥ ~ X WYL3HL WL LY 30404
006457 XXX 13AOW TYLIEY0 Q3NNL TYNId Q@ LYSANY1



PR AP T e

"CRIGINAL PAGE IS
CF POOR QUALITY

0071

Le=2°6 aanbry

(Z2H) AJNINO3YAL
. 09 o 02

ey,

pe

oran DAP

rr

100 @=ONIdWYd

X YLl3HL SSW LY 3ISNOJS3IA ONV 309404
oomamq XXx 13Q0W TWLIGY0 J3NNL TUNIZ4 Q LYSANY1

O

XunaeoZounl dC+ Z0U FIWET X



. ¥

e - a———— e —— s | ~4 SRR 2 P

. 82~ Panbta
(ZH) AON3ND3NA
0oe 281 091 or7T 027 001
i 1 \ 1 l?l@ﬂ

L : X 3
G0LLe w4 /3w - y
@ > d
= | A A > 3 ;
Wu. 3 . . ﬂ 2-01 H '

EE \ 5

ca m

S8 7
L
R T R i--ii:!t-ﬁ-llr:l-:l.c e

A R . . TR,

| X

201 0

d

- S

- 3

-]

voﬁ

100 0=INIdWYQ
X YL3IHL SSW LY ISNOIS3Y QNY 30¥04
006057 XXX 1300W TULIGY0 Q3INNL TYNIL @ LYSANYT



ORIGINAL PAGE IS
OF POOR QUALITY

0071

08

62-2°G aanbdtg

29

(Z2H) AODN3ND3Y4

ov

ec

———— T

gjj? |

a—]
—

—

]

b
]

i

160 0+ONIdWYa
A YL3HL SSW LY 3ISNOJS3Y - X YL3IHL SSW LY 30¥04
006057 Xxxx 13QO0W TYLISY0 Q3NNL 1UNIS @ LUSINGYT

- ?Qﬁ

ZWNo.OZNW T ZUV FIwWWEaC >



. mrm - — _———_——-u“———-.

hit

W

At}

Ll

0€-2°6 aanhHry

(ZH) AON3Nb3y4

¢ A AL A AR -y

— e = o

R T T e

100 9=9NIdWUQ

002 081 031 orT 021 007
1 1 1 | vn,c@ﬂ
- }
T
\ Iy N
ik \ A A - _ o1 3
%3 v f L < e-%"  §
g3 L
o O \ =
2E | 2 g
=9 5
<
= I\ _ h
£ i S
")
L
. . mmw&nu. 3
| X
gor N
d
) 5
3
Y
..V@ﬁ

A YL3HL SSW LY 3SNOMSIY - X YLIHL SSW LY 30404
006dS7 ¥xx 13Q0W TULIEHO A3NNL TUNI4 @ LYSANYT

————




100 0=ONIdWYd
Z YL3HL SSW LY 3SNOdS3Y - X YL3IHL SSW LY 3004
006057 XxXx 13Q0W TYLIGYNO U3NNL TUNIJ 0 LYSANY

per T ——r < T A o e
C y :
1€-2°5 aanbry
(ZH) AON3NDIYS
2 _
007 08 09 . Ob ! oc 9 J
j & 1 . | __ . : i — VlOﬁ

N | ] Y
: , L P
o< m 1 Il o1 3
&3 s\i _ \ \: e-"" H
L

-l 08 h :

<0 |
¥l \ Y i [ s
_ t _I.r: ) ﬁl ﬂ .—.
: Y '
T IR R E e e | TR 112 L S

. 3 ’ 5
11 . N
- A AN
> d
. K w
_ _ _ d



T S 2 At as it ety

e Sae m—— v > = mvpr——_

** ORIGINAL PAGE IS
OF POOR QUALITY

P e R g

oy o s e s g v s 3 b e S o = = - wrrrs—

s = a———

eae

CF=7°6 aanhHt

(ZH) AON3ND3Y4

e e e e o o

0871 031 ebT ect 00T
1 J H i - Vlo.ﬂ
. B
, <§7 s//,. —5.01
-1
. i,
== VOﬁ

100 0=ONIdWHQ
2 Yl3HL SSW LY 3SNOJS3IY - X YL3IHL SSW LY 30¥04
006057 XxxXx 1300W TULIE¥0 Q3NNL TYUNIL € LUSANYT

XunaoZonuw = EONY FIuETC N

(B
(e}




P aniit it Aar s ks el

ORIGINAL PAGE I3

OF POOR QUALITY

PH-T"S £Ev-1°S Zg

Zh-1-¢ Tv-1°6 %o
0r-T°6 6E-T°G Xo ssw »99T# Yo SSW

} . z

8E-T°6 LE-T°S 8

9c-T"¢ Se-T°S )
PE-T°S £€-T"6 Xo ssw 699174 *o W1
ZH 002-00T yde1s 7H 00T O3 udexn juTod PTID jutod PYI9
unxiysadg asuodsay unajcads osuodsay asuodsay uoT3ILITOXI

10°0 = bButdueg

UotTj3eussaaxd rvieg uortloung aIsjsuesl

———

0064ST £-2°6 2T19PL

5-38




I T R T L T o
1
| :
£E-7°6 @aubry _
(ZH) AON3ND3IYS i
0071 08 09 o ee 0 4
; : . L _ot
‘ i’ X [
mmm. v
L
ok \ o N\ > ) A - o1 3
BN AR 7R e
nA.. [+ 4 ] :
(o]
Z0 : i c
oo o :
S8 S - y
©o 1 W "n
L 4
v. -
B i N R S I S 1 3
Y
d
) )
: 3 1
.|
PR voﬁ

10 0=9NIdWYQ

X YL3HL SSW LY 3SNOdSIY - X Yl3IHL WL LY 3004
006UST XXX T3COW TWLIGYO Q3INNL TUNIL @ LYSANYT




[ -~ -~

ORIGINAL PAGE i3
OF POOR QUALITY

VE-T°G Danhrty

(ZH) AON3ND3A4

oer 81 097 ort o2t 001
.| j|
/\ / _ | e
\ \/\)\/ i "
. Pl
TR \|"e-% 3
' N L !
: 7
-1 W "
L
.. . =T
3
AN
) 0
; d
S
3
d
voﬁ

10 0=ONIdWYd ’
X YL3HL SSW LY 35NOdS3Y - X YL3HL WL LY 30404
006057 XxxX 13QOW TYLIGY0 G3NNL TYNIJ @ LYSANY1

Sov Lt ro ha aon

Ao aihcad




ALITY

ORIGINAL PAGE |
OF POOR Qu

GE~-2°6 aanh1tg

(ZH) AON3ND3Ys
007 e8 09 o ec %]
1 1 1 1 vsoﬂ
T _laafial Al A P
VT AT Y 2-
— 1
. .wmmmwmc,
..lNQ.ﬂ

A YL3IHL SSW LY 3SNOJS3IY ~ X BL3IHL WL LY 39¥04
006057 xxXx 13Q0W TYLIEY0 G3INNL TUNIL 0 LYSANYT

710 2s9NIdWYQ

[P R T

({2}

WL oOZ0nW T =Z0OU FFIWET >

-

247LiEad




9c-g 6 aaubty

(ZH) AON3ND3dd

el

002 081 091 ol 021 001
1 i )i oﬁ
v.l
. ,. A
mwm .l//\\///\/; Y
23 /\/\/ yan L ;
il \ g0t 3 |
2 - H
£ |V F
@ & .
58 . i s .
W
lﬂ "
L
Y
I
B IS S R | s 5 S
S . 4
: m |
d !
5
_ - 3 <
Y
, 07

10 0= cszzco

A YL3HL SSW LY 3ISNOJS3Y¥ - X YI3IHL WL LY 30401
006dS7 Xkx 13Q0W TYLIGYO G3NNL TYNI4 Q@ LYSQAHYT




[y

rw oot G

-

P s O

ORIGINAL PAGE IS
OF FOOR QUALITY

- o a miaemmn - = e

0071

LE-Z°S danh1y

Z Yl3HL SSW LY 3SNOJS3Y - X Wl3HL WL LY 30304
006057 XxXx 1300W TYLIEYO Q3INNL TUNIL @ LYSANYT

(ZH) AON3ND3y4
08 09 oy 0c 0
1 1 oy N Vh@w
\s\ T\ 2~}
-1
. ) wm mwma.
moﬁ
2 .. VQH
710 0=ONIdWYQ

Xuina OoZ0nW I EnNy ~TITWEEaT N

-r

n

[ P NPTy

e




Ty

ORIGINAL PAGE I3
OF POOR QUA

f€-2°g oanhiyg

(ZH) AON3N0D3¥4

002 081 091 orT 021 0071
1 1
1 i i ?l@ﬂ
; Z
"
Y
//( 5_07 3
L
.~ - m
S a
W v
- T
L
Y
. . BRLIE .
. . m
— 201 0
d
S
- 3
Y
- VQ .“
10 2*HN1dWYQ

Z YL3IHL SSW LY 3SNOJS3IY - X YL3IHL WL LY 30404
906057 XXX 1300W TYLIGYO O3NNL TYNI4 @ LUSANY

ik




o e - - . 4
e e et e et o e et ranin S e e - e et oot o e e .M
e v »

. 6£-¢°G 2anb1g “
(ZH) AON2NDINA A
¢ct Jm 09 ob ee (%] w ;
¢ ! 1 # L _‘\— V'Qﬂ —
) \ - x v
Ry el ! i Y M
o m vES 1
wJ -- i )1 3
(TR=4 c- H
< S
oo ( 1
W m \././ . 1\\_\.\)\/\/\ /?.'\/\/\‘\.s_ ) S n
= a ~ m oy
oo S —1
M/ / L
: _ Y

B bt R T B e e e AN Il bbb 'S P2 T T - -
~ ) S
w -1 N
| =9
|}

: - — 2
- 3 .
| ]
voa

10°0=ONIdWY(
X YL3IHL SSW LY 3ISNO4S3Y QNY 3040d
006057 XXxx 13Q0W TYLIENO0 GANNL TUNI4 0 LUSANY]




. 3
N .2

w -

- b
.
t % s s e et s v me oo Sngan 4

.- .- P

Nv-Z°g 2anbry

(ZH) AON3N03y4
091 or1

0071

540/

p-0

-~

ORIGINAL PAGE IS
OF POOR QUALITY

201

- A3

19 0°ONIdKYd
X UL3HL SSW L¥ 3ISNOJS3¥ ANY 30404
@00dST XXX 1300W TYLIGYO GINNL TYNI4 Q@ LYSANY]

yOT

x

ZXuWunaOoZonww = Zuvy I



1b-2°G 2anh1y

(ZH) AJN3ND3Y4

9 ov
: )

A

;

% oA —5_01 3

E </) H

S < 1
<D

Qo 3 S
~! o

2s Y

Ga -1

&4 @

. C 03, S

| X

29} 0

; d

! S

h - 3

o

v@«

10 0=DNIdWUd
A YL3HL SSW LY 3SNOJS3IY - X YL3IHL SSW LY 30404
206457 xXxx 13d0W TYLIGYO G3NNL TUNIL @ LYSANY1



{
m
i
!
A
“
!
{

8

g 18
ORIGINAL PAG

Zy-2°S aJnbrg

(ZH) AON3ND3Y4

ooe 081 031 or1 oct 001
: p-01
\ \
\/\//\ \, <>, L\
1

” 4B,

" I-MOﬁ

)

10 °0s9ONIdWYA

A YL3HL SSW LY 3SNOdS3IY¥ - X YL3HI SSW LY 30404
006057 XXX 1300W TYLIGY¥O Q3NNL TUNI4 @ LUSANY1

I OV FFIWWETC >

Xuwonoozzuvul

-r

/2]



ORIGINAL PAGE IS
OF POOR QUALITY

—— e

. - o

007

€y~-2°S 2anbhtg

(ZH) AON3NDIYJ

08 09 24

oc

- Vl@ﬁ

</

\;

2-01

-1

- 8l:z1
g 1)

10 0=9NIdlyd
2 YL3HL SSW LY 3SNOHS3I¥ -~ X YL3HL SSW LY 30404
006d57 -¥Xxx 1300W TWLIGYO A3NNL TUNId 4 LUSANYT

y0?

A2

ZuwrwaooZnu CE+ EOM FIwWE-aC N



D T

A e cmeie bt e o et - e — o o

B} =

207

)

e see i -—

R = i) ,\J.ﬂwu,ﬂﬂﬂ.ﬂ.ul SN T T e TR WY Bl At aits 4 e g o CNEAMER e At rire e a1 iaa agiag
yp-2°6 2anhty
(ZH) AON3ND3Y4
022 287y 097 ovl 02T 001
1 ) |
1 1 1 ?I.Oﬁ
E yA
mmm |
m A M
; 25 |/ 4 Y N c- H
“ m o) ..\!\\II\.. ._.
: o NN
, 68 . - S -
| A
i ﬁ [7a}
L
R Y

10 0=9NIdWYQ
Z YL3HL SSW LY 3SNOdS3Y - X YL3IHL SSW LY 30404
006057 XXX 1300W IWLIE¥0 G3NNL TUNII @ LYSANYT

- ?Oﬁ

xXWnoLOoOZ Wiy



ORIGINAL PAGE IS
OF POOR QUALITY

Table 5.2-4 Jitter Allowables

RMS Allowables (Arc-Sec)

Experiment Axis .30 Pixel .40 Pixel .50 Pixel
MSS ex 1.50. 3.14 4.42
GY 1.3 3.0. 4'.3
e, 8.2 10.8 12.3
* = - -
™ ex 20.0
eY 3.6 - -
ez 6.0 - -

*Values For TM Experiment Are Expressed
in Peak Arc-Sec.

O —

»
bl




. Y R e S 638 (T Sy YIS AT NS YW G T YD Fheaeh AT e e WA S AP 4 SR ArAe S BT e geme )

e N T T T T T T T e e e ——— . i R
!
i - - .
__ -
.
1
4 = §-z'S 21qel
w .
| z2g =7
r@lﬂ
. g = wonIdRQC
Swa =A
NYAJ =l -

mlﬁsﬁ&.\lo HO I Y I0T] e ey

_.LII..4

Dsucasyy 40 Ik

—

PSS 2 =02 |

$ Y OLINDNIWON

-
9

Y

_1‘ S AaAntL"d IIQ

~x =
nnun =2 ' S 3ANLINIGWY
o O
= AsedS SSW 3snodsIy WL ~
ond bl wn
28 _
n
28
== :
00
d.xoru<~_|_
%sz:aujdqu.w YN
. "4 NEOWYNH 2 MY PV 2]
1vwaols BAWH ©) INIWA seing *
B | _¥_
ov O 8L 08°0 tL O 96°¢C N TN 16°¢ 66 € L} vi'S €9 w_ 2668 0 00 6y 9L ¥
10°¢ 18°0 68"} 00°¢ Lyt €: € 60°C vyt [} Si'€ Ly 89 6 L800 + 00°6» L9 ¥
zc'o 69°1 et v9°0 8v°: L' 90°€ o1 - 13 oy P 8L} 1z 2z ESI6 0 00 % O0S €
z1'0 9914 L0 62’0 ov:¢ zz'1 Ly°0 1v°0 $8°0 £Ee'0 9L°'0 vy L510 L _00 SE__vp €
TR 8¢ O 66 ¢ oz°Z €a’0 S6° ¥ 80 ¢ 85 O L1 90°€ £€0°1 €z°€ ivd0 ¢ OO'GE ¢ €
6v°0 8C°0 (Y24 t8°0 89°0 6Z'V 9 O 1z 0 S8°0 TO"4 ov:o 6t 89v0°L 00°IT ot T
vE'} oL'0 SL°) 00°2 LE"} 69°2 0z} t9°0 06°¢ €8 ) (XA 8C'S €210°L 00°¢L 8 i
10° 1 vy O 1S°4 €571 L6°0 vzt 1s 0 iv 0 6z _v 88 0 _ 9L°0 S6°S 8180°1 00 L L |
. SSHOY  SSNGH  SSWyd  SSW9d  SSWSd  SSWvd  W19d W1GH nivy Wi9d WiSd Witd o1Lvy  Sdd3 300W 34302
DonodSny DM NO/LBI| DSROdeIU [ WK
-/ $318VADTIV SRE/SSW_ S30H04 wie—— "R
LN VUMY (T et | 00 ° 97 weduw2g

Sl =q4308d

f.rP.?A\.CMHU'II»- ..*

AVII0d"3°1 AB NNY
18E2LO 31VQ

C060S1 300N y31110

aRavny a2ady

006830 "ON NNY




T e T ST S

AL T T———r—y A pape e A r .

v

P

e

ORIGINAL PAGE IS
OF POOR QUALITY

9-2°S 21qel '

etk edapstditm gt

10°z 18°0 68°4 00°¢ Lyl ge'e 60°C 1420 TL'9 SI°E L e 89°6 L8004 00°6% L9
TE'O 69°1 Le’l ¥3°0 -1 4 L' 90°¢ [*1 3} 8174 9v°v 8L 127z £€616°0 00 &€ 0s
Vo 99 ¢ IL'o st O oy 2 Tt L1°0 v O 58°0 €€°0Q 9L’0 (4 L5104 00°'sE vy

Iv'b.____ 8O0 __66°C.—02°C-—-€9°0—66-b-——+>80-T—— B8S'O0O—-—6L 5907 €0I — €Z°¢C 990 + 00°GE (R4
6v°0 8€ O 1€ 2 t8'0 89°0 6z°'v 290 1T 0 sg O [{o2l} or° 0 6"} 99v0°F 00T oc
vE oL°0 sL} 00°¢C LE" 69°T oz | L9°0 06°€ €8°14 17 8E'S €TI0V 00°L 8l
10°4 vv° 0 (330 €574 L6°0 yr 2 16°0 \v°0 6z'v 88°0 9L’o S6°S 3180°L 0O0'L Ls

e NaOIM e

SSWOH  SSWSU  SSWvb  SSW9d  SSWGd  SSkvd W19l nigy Wivd Al9d W1Gd nivd 0Iiva Sd24 300N 34302

$3718VA0T1TIV SWY/SSW  $30404 WL
100°«92 ;01 =s4Y3JUd 006051 _1300W d3L1il

Y1047 371 AB NNY
18ETLO 31va » 006830 "ON NNY




Rt

R

[

SR et SRR DL S e e

. TR 4

R I

——

P 1

. e e

B i nd

e pn -

« grrm e g

L-T°G STqel

1072 18°0 6871 o0°¢t A A €E'E 60°T 14 T 9 6 € Ly°T 89°6 L800 | 00°6V L9 14
TL'0 99°14 TL'o st'0 (o] 24 T} L1°0 Ir°0 €8°0 €€ 0 sL'0 vl LS10°} 00 SC [ 44 €
6v°0 8E°O0 1€°¢ 14: 89°0 (-390 4 t9 O 1z 0 &8 O To°s ov°'o (-1} 890 4 O00"IT oe T
PE"S oL'O SL'L 00°'2Z LE} 69°¢ _ __0C'} ~9°0 06_€ €8°1 1z 8E°S €T10°L 00°'L 8l )
SSW9Y SSKSY SsaAvy SSHW9d SSNGd SSwWrd ni9¥ Wisy [ IR ] Wi9d WiSd Wivd orivy Sddd4 300W 43300
$378VA0TTIV SWY/SSKH S35¥04 WL
100 =92 S=24¥304d 0060SY 300N ¥3LL1IP

AVIT04°3°1 AB NNY

18ETLO 3LVO

006890 "ON NNy

54



- e ver wmr e s meee e e s ses

L PAGE is

OF POOR QuALITY

ORIGINA

8-C°S 91qed
LY 99"} 8L v v9 ¢ 8z O vZ O 9z 0 T2K) 65 O €L60 v Co 6vi iri 9 -
€c°¢c 88 96 ¥ €0 ¥ 0c°0 LE"0 ot o 9 O 99 0 951t I T3'6Pt S¥I 9
Le's 6Z°¢ Lt S8 v et 0 ) te o €9 O SL O BL6B O 85 ZTL ¥l G
£9°5 TLe ot 8 £5 S 6L 0 9 O sr 0 1071 88°0 LZIE_ O_8S°¢Z)__S¥)_ S_
6 0 €S § €S 0 ov ¢ S O v O (T 6L O 0870 ivv6 O T 66 LIV ¥
61 O 65 + LEO t5 € 9 0 9t © 160 oL'0 SL°0 ZL66°0 ¥£°S6 9L ¥
-9 3 oz 6 oy vL'VL v O 0V 0 9%°0 €0 8 O LU38 0 01°89 60V €
£o°L S8 IE GL°08___98.9% _S1°'E 6L Y vo'2 €0'9 S)_€ vL08 O _01_89__ 801__¢€_-
16 0 €0 v 15 3 VE°L 96"} 16 4 Z9 0 m. Ticy 88L3°0° OV 89 10, €
88°0 98°6 vy L9 St 9574 IE'L . ET O gb¥y €S O sv88 O OF 89 904 €
06°¢€ vS 69 iL's SS ¥6 L T 65"V 89 O z9 9 s ) 1688 O O} 89 SOI €
910 €L°8 820 69°¢ [: ] €y 0 8Z 0O €L:O ‘mmuo +1868°0__0!_89___ vOL_ €_
BL b 80 ¢ 0.2 18 § vz 0 9170 05 0 ZeE0 ™ 5670 68Z6 0 O B3 ¢Of €
€z'y STt L9 09 ¢ vz O 61 O 61°0 Lte'o Lo €196°0 01°'89 66 €
90" 9°2 v 85 ¥ €z 9e 0 zT 66 O 66 | L8680 98 Ov 9 I
€84 €84 v8°% ds°f 96 € LT 960 98 | E9 L 9990 4 98 Ov OS__ T
6v 1 6L ¢ sc T 08 v s ¢ 60 | 88 6 293 s i 00071 98 Or 6V Z
19°1 68 € £S5 2 5C 9 68 1 8r 2 Ev-0 8S € v8 O 1601 3 98 0F 8By T
vL O o ¢ €T} LA 0t 0 €y 69 O €9°t 60°1 1EG6°0 29 €V SZ ¢
92°0 08°¢ 16°0 L5 9 _ LEO 9£°0 91"} €9 0 oL s 9.96°0 _Z9 €} __¥Z
SSWSY  Sowvd SSWSd  SShpd  W19¥ Wicy Wivs WiSd Hivd orivd  sadd 300 43300

SITEVMOTIIV SHE/SSK $32404 SSH
Sl e4¥3J8d 006057 1300w ¥3LLIC

AVIN04°3°L AB NNY
18€TL0 31vQ

0068Y¥0 "ON NNY




B DR - CT ~

S o - . . .:.s.x.i

ORIQL:NAL |PAGE |IS

OF POOR |QUALITY

5-56

6-C°S STqel

— — e e vt ot = e b e e Aem . S mom i T o o —— e s e
JR—— e e i mte e mmm omem e e e wn = mas e a e me e des e s e e ———- - —

. 81°0  SL'E  99°4 r'o  BL'P PO'E 820 vZO 92'0 & O Sy'0O 650 CLEO'L TB'6VL Lb 9

! or'o €18 Tt LL'O O£ 8 E5'G__6EO _TIO _Sr O v8 O 10°4 88°0 _ LT16°0 85°ZZ &by __S .

i CEND 62 0 €5} v6°¢ €50  9» £ GE' 0 ¢r O ey 0 LLO 6L 0 080 tvv6°0 VE S6 LT ¥

’ v6°1 ob’0 854 06°2 Lte'0 8S°C 9% O 9E°C  ivy'0 ©6°0 OLO SL°0  ITLS6°O VE'S6 9T ¥

‘ 62°0 8L} BO'E €90 OL'T L8 S $¥2'0 90 050 6vO ZEO S60 69Z6°0 OL°89 IO+ €

: 81°0___€z'v__ STy 8€°0 11’9 092 v2'O 610 61’0 6v O LE'O__ LE'O__ E£196°0_01'89__ 66 _¢€

. N TN €8° ) 69°0 ve'¢ 16 € 95 € LT 96 0 ¢¢ & 98t N 9590°¢ 980y 0S8 T
BE'O-— 6tboee BL T —e§9-O— ~ G “Tom—r OB P —Z§ 'E—— 60 - I——-§8 O~ LT 6T~ T ~"TE T "T00LO” T 08 OF BV ¢

: 90 vL'0O IO'E 860  €2°4 Sp's  0C'0  EL'S 639°0 80  £9° 60"} 1€96°0 Z9°EL ST b
1,°0 __9Z°0 _ 08'¢ e 16°0 15879 LE'0 980 _ 9i'} 85°0 _ £9°0 __ SL'% 9L96°0 29'€l__ vZ___§

SSWoY SSKWGY SSury SSHod SSWSd SSuWvd [3%:1'] HiSY nivd visd WNisSd Wivd olivy Sdd4d 3g0W 44300

:

S378VACIIVY SKHH/SSH $30404 SSn
' $100° 297 O} =4¥3IJ¥d 0060S1_1300W d3LLIC

WVII04°3°1 AH NNY
18€ZL0 31Vva * 0068H0 °‘ON NNY




TP — . - e < v ey a . e v e e e v e yreweme m om e e en e n cwqa— 3 wres o vmmotp
e Rl gy '
W.

B e w e e

R T

-y
< .

R T R L

: o mm
L= ] .
W o .
. [T} =4 '
-3
- .o .
i -l X
' < O -—
. B9
K [T .
' B
. ]
r
. [ [ u
alire) ¢
W J
| 0T-¢°S 919qeL .
'
P67 610 681 08¢  LEO B85 E 550 80 v 86°0 OL°0C  GL0  ¢i56 O e 66 8Tl ¥
@1'0 £2'v  SZ'L BL°O LL S 09°C vZ'0 6L°0 61°0 690 LE'O LE'O  E496°0 01°89 66 €
z9°0 ¥L'0 ZO'C 860 €Z Sp'S OF'O LELb  69°0  8v'O  €9°1  60'b  IE96'O ITS'EH ST 4
iL'0 __9T°0 08 € bbb 1S°0  15°9_  LEO 96O OV 4 _ 8S°0  E£'0 SL'  9.96°0 o€l T __ )
) SSWOW SSNGH  SSAPE  SSW9d  SSWGd  SSWbd  W1Y  WLISH  WiP¥  WI8d  WISd  Wibd  OIlvd Sd34 300N 44300
. $318VA0T1IV SWH/SSW  $30¥04 SSW

100" =92 S=3Y¥3D48d 0060S1 1300w 331410

AVAT0d 3°1L AB NNY
$8€2L0 31vQ 006830 "ON NNY

- e



o~

e

A ey

- e - — - -

ORIGINAL PAGE ‘4
OF PQOR QUALITY

11-¢°s 219%L

s1°0 9z O GO} 6Z°0 /"0

6yt €C O ot°0 84 O vy O 81 O e O L0S8 O O} "89 601 €
L1°0 oL 0 6v € 9€°0 [+1 ) L8579 6t 14 AN Lo vL O L o 6S°0 $.98°0 O} °89 604 €
. 940 S+°0 €9°¢ vE°0 oE"0 9s°¢C 8z°0 94 O 810 €S0 i€ 0 9z°0 sSy88°0 O} '89 801 €
§5°0 vy O TL'9 €01 TL'O LThe 9€°'0 9v'0 81°0 SL°O 9L°'0 ve"0 1688°0 O} 89 S0y __€
SSHIY SSHSY SSNPY SSWod SSHGd SSWrd W19y wisy Wivd Wi9d N16d Wivd orivy Sdd4 3Q0W 43300

$378VA01IV SKWY/SSKW $30U04 5SW
10" =92 Gi=yY¥324d 0060SY _1300W _¥3ILLIN

HVITI0d 371 AB NNY
18CTLO 3lva

006840. "ON NNY




i ORIg
| Nar,
s‘ OF poog

particular baqdwidth. A;detailed explanation of table format appears

|
on Table 5.2-5.

]
be found in querence 12.

the predicted

A devrivation of the MSS experiment forcinc function can

Considering the data presented, the impact cf
1

l
MSS respcnse .values can be reduced by an altecation of the

allowable pixel error spgcification (see Table 5.2-4) from the currert

0.30 values.

Tables 5.2-12 and 5.2-13 present the

only worst case
/ : .

single mode shift summaries which exist for TM peak allowables. TlLese

responses are

and confirmed

¢

{ -
representative of the order of magnicude of responses ex—mected

H
13 ¢ . . .
in subsequ?nt model configurations. Since these rasponses

i
are within the capability of the ADS, future discussion of TM jitter

§
magnitudes will be brlefF

l

To consiﬁer the impéct of single mode shifts, consider Figures

5.2-45a-b,

response plots

direction for
seen,

(shaded area)

5.2-46a-b, an@ 5.2-47a-b. Depicted here are typical frequency

for a fof&e/response at the MSS in the Theta X (ex)

thoee band&idth conditions, 5% 10%, a2nd 15%. As can be
i

]
with ingreasing bandwidth (error) spreads an overlap condition

3

develops, predominately at the higher harmonics due to tue

larger rrequedcies associated with the forcing harmcnic. In evaluating
N

]
placement of an offensive mode of the eigenvalue spectrum outside the

i
respective harmonics, thg overlap conditions and narrow corridors preclude

effective movement.

unknowns associated with! each spacecraft.

.
Reducing bandwidth spread compromises the structural

Therefore, a stAatistical approach
i

was implemented to ascertain the likelihood of any worst case occurrance.

A discussion o

}
f the statistical approach methcd in jicter analysis follcws.
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A tabulation of LSD900 baseline jitter values (no mode shifts) is
presented in Table 5.2-14 for C/CC = 0.001 and in Table 5.2-15 for C/Cc
= 0.01.

5.3 WORST CASE STATISTICAL ANALYSIS

. Since a worst case analysis produces maximum jitte: responses only
when a modal frequency coincides exactly with a forcting harmonic frequency,
a statistical analysis approach was developed to determine the probability
of exceeding the MSS jitter budget. The analysis includes only those modes
which both meet the +15% bandwidth criteria and result in jitter RMS
responses greater than the MSS allowables. From the selected set of worst
cases, individual modes are shifted around each forcing frequency to obtain

jitter responses and statistics in the 6y, ©&

v’ ez directions at the MSS

C.G.

Because an analytical model cannot be "tuned" to exactly match all
measured test modes and frequencies, there is an uncertainty as<nciated
with the analytical predicted frequencies. Results from previous modal
tests indicate that approximately 90% of the tuned model's modes were
within 10% of the test frequencies. By assuming a Gaussian distribution
for the predicted frequencies, this translates into predicting 98.6% of
the modes to within 15% of the measured test frequencies, 90% of the modes
to within 10% or 60% of the modes to within 5%. Figure 5.3~1 below '
shows the Gaussian probability density function for a single mode where
90% of the shaded area under the curve occurs between .9 fm and 1.1 fm
where fm is a predicted frequency. Definitions for the mean & standard

deviation are also shown.
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Table 5.2-14

ORIGINAL PAGE (]

OF POOR QuALITY

LSD900 Baseline Jitter Predictions

Damping = 0.001

Forcing Response Jitter Values
Location Location Peak RMS
™ ex ™ ex } 1.3725 0.8445
GY 0.3404 0.2041
ez 0.2805 0.1453
MSS ex 1.2063 0.7140
eY 0.6233 0.3585
ez 0.2691 0.1273
MSS ex TM.ex 0.3203 €.1854
eY 0.2033 0.1015
ez 0.4862 0.2389
MSs ex 2.0945 1.1673
. eY 0.3492 0.1818
ez 0.3228 0.1679
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Table 5.2-15 LSD900 Baseline Jitter Predictions

Damping = 0.01

Forcing Response Jitter Values
Location Location Peak ° RMS
™ O, ™ O, - 1.7215 0.9267
oy 0.3673 0.1638
Fz 0.4895 0.2240
f
HSs: @, 1.2426 0.6459
| 8y 0.2682 0.1433
Lo, 0.3988 0.2144
!
MSS O, ™ By 0.2636 0.1752
oy 0.1859 0.09626
Fz 0.4465 0.2304
Mss 8, 2.3487 1.245
| o, 9.1912 0.08936
e, 0.2711 0.1417
|
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Figure 5.3-1

If the nominal orbital analysis (no shifted modes) results in no
jitter responses greater than any of the allowable values, then for each
selected worst case node there can be found an upper (fu), and lower (fL)
shifted freguency value which results in jitter equal to the allowzbles.

As an example, let us assume that ex is the maximum allowable RMS response

0

for MSS response about the X-axis. When the modal frequency, f shown

M’

in Figure 5.3-2 is shifted to the driving frequency, £ the response, ©

D’ X'
is much greater than exo. When fM is shifted to either the lower frequency,
fL' or the upper frequency, fu' the response ex, exactly equals exo. The
probability that ex wili be greater than exo is given by the probability
that fM falls in the interval defined by fL and fu. Thi; probability will

be the shaded area under the normal density function shown in Figure 5.3-2.
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Figure 5.3-2

Now, let Ai be the ith event that one mode when shifted in a specific
harmonic results in jitter greater than exo in the bandwidth defined by

fL < fM < fu' Defining‘gi(f) as the Gaussian probability density function
for mode j as a function of frequency, the probability, P[Ai]' will be

given by

£

Letting n, equal the number of worst cases at the kth forcing harmonic

frequency, the total number of Ai events, n, will be given by

T
n =Xk n,
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for k =
Note that in the
modal frequency
upper forcing fr
results in jitte

it is counted as

Defining th

where P[A ] rep
the probability

proauct of all t

The probability

the complement o

ORIGINAL PAGR g
OF POOR QUALITY

m e emmeen msemrre v e = A o

1 to maximum number of forcing harmonics used in the ana.ysis.
f

higher frequency ranges (above 50 Hz for TM), the +15%

§
] .
error causés modes to be shifted both to the 1.uver arnd

l

equancies for worst case analyses. If any single mode

r values gfeater tnan the allowable in both harmonics,

4

two distinct events for the statistical analysis.
t ! - -
e complement of P[A;] as

: Cc
P[Ai] = 1.~P[Ai]

i
i

resents the probability that eveat A; will not occur,

that none of the A 's will occur, P[A] is givean by the
he P[Ai] i
i
P(al® =+ (p[3;1%)
. | i

cf at least one worst case occurring, P{A], is given by
|
f P(A]C: {
|
]
P%A] = 1.-p(a]C

l

Using this Ftatlstlcai cpproach to describe jitter results provides

additional insig

assess jitter as

near a forcing harmoaic. +he closer a frequency is to a forcing hurmonic,

the more likely

ht for evaluating worst case responses.
l

a functiog of mndal freguency and its relative location

It allows us *to

]
H

] .
a worst case will occur.

At the same time,

i
of the jitter response for a particular mode and the overlapping shifts

¢

at higher frequencies is aécounted for.

|
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For this report, statistics were calcdlated using MSS allowables
for jic?er at the MSS due vo both TM and MSS forces. Piobabilities were
calculated based on thc MSS/RMS allowables for each axis of response
(ex, ey, and ez). Initially the statistics were calculated using a value
of C/CC = .001. These results are shown in figures 5.3-3 to 5.3-8.

In order to investigate the effects of damping, a final set of s;atistics
was generated for C/CC = .01 shown for MSS forcing in Figures 5.3-9 to

5.3-11. For C/CC = 0.0l and TM forceg, since no worst cases exist, no

statistics are =available.

Results show that jitter at the MSS due to TM forcing is highly
unlikely to occur regardless of the damping values selected. Figure

5.3-6 shows the probability of exceeding the .3 pixel error in the ex

direction due to TM forces to be .046. The probabilities for all other

MSS responses due to TM'are less than this value.

Results for jitter at the (1SS due to MSS forcing show large changes i
in the probabilities when the jitter error is in the 1 to 4 arc-sec range.
Figure 5.2-3 shows the probability of exceeding 1.5 arc-sec (.3 pixel

error) in the Oy direction is .34. If the allowable RMS jitter is raised

is rcduced to .093. A similar reduction is shown for the 8, responses

i

1

!

to 3.14 erc-secs (.4 pixel error), the probability of exceeding this value §
!

in Figure 5.3-4. A change from the .3 to .4 pixel allowables reduces the '
!

probability of exceedarce from .094 to .027.
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A comparis'n of the MSS due to MSS statistics for 0.001 and 0.01

damping values §hows little change in the 1 to 4 arc-second region for
i

\
0.40 pixel allowables. The higher damping values affect the statistics

{
in the response?regions above 10 arc-seconds. Results show that damping

!
ceffects are most pronounced in determining MSS due to MSS statistics for
] , .

the 0.30 pixel allowables.
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