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Attachment 1

EENEORP Electronic Systems Plant
AeER0OJET
TO: B. Kelly DATE: 31 July 1996
170-1:8611:x2398
FROM: R. Heffner RJH:metact96.doc
SUBIJECT: Action Item Responses to April 1996 Critical Design Review (CDR)
Comments - METSAT/AMSU-A1 Mechanical/Structural Subsystem
COPIES TO: R. Burnes, R. Hauerwaas, B. Morris, P. Patel, File
ENCLOSURE: (1) Revision A to AESP CDRL 113, “Meteorological Satellites
(METSAT) and Earth Observing System (EOS) Advanced
Microwave Sounding Unit-A (AMSU-A) Stress Analysis Report”,
A1 Module, Aerojet Report No. 10805, July 1996.
REFERENCE: (1) AESP CDRL 113, “Meteorological Satellites (METSAT) and Earth
Cbserving System (EOS) Advanced Microwave Sounding Unit-A
(AMSU-A) Stress Analysis Report”, Al Module, Aerojet Report No.
10805, 1 April 1996.
(2) NASA/GSFC Comments to AMSU-A1 METSAT Stress Analysis
Report, (CDRL 113), W. Case, April 11, 1996.
(3) “Critical Design Review for The Advanced Microwave Sounding
Unit-A (AMSU-A)”, Report 10808, Book 2 of 2, April 1996.
PURPOSE

The purposes of this writing is to respond to the action items of Reference 2 resulting from
the Reference | CDRL document and the Reference 3 CDR presentation. Additional stress
analysis required per Reference 2, on the Aerojet CDRL 113 AMSU-A1 METSAT Stress
Analysis Report (Reference 1), is presented in the A revision to the 10805 report. The Report
10805 A revision is a complete document, superseding the 1 April 1996 submittal. The
Revision A analysis in Report 10805 is the result of an updated finite element model, therefore
all analysis in the Report 10805 A revision is new.






RESPONSES

The action items of Reference 2 pertaining to the METSAT/AMSU-A1 Stress Analysis are
responded to in this writing. The action items along with their responses follow.

Action Item : Add to the Al stress analysis for METSAT (CDRL 113B - Al): (1) Margin of
Safety (MS) calculations for the panel flanges (as was done for the EOS loads), (2) A review
of the MS’s calculated for the sidemount in the areas of the mounting bolts where the
calculated stress gradients are shown to be high (in report 10805). One area shows a MS of
0.16 in an area where the model appears that it might not be fine enough to accurately predict
the stress gradients shown in the report.

Response: The Reference 1 CDRL report was composed from analysis performed using a
NASTRAN finite element model with an error in the sidemount structure in the vicinity of the
upper aft spacecraft mounting bolt (in the vicinity of the above mentioned +0.16 MS). This
anomaly invalidates the Reference 1 analysis. An entirely new stress analysis is presented in
the A revision to Report 10805.

The A revision to Report 10805 also responds to the Reference 2 comments. Analysis on the
panel flanges to the METSAT random vibration loads is included in the revised CDRL report.
Correction of the modeling anomaly at the sidemount spacecraft upper aft mounting bolt
significantly reduces the sidemount large stress gradient reported in Reference 1. The
minimum MS of +0.16, reported in Reference 1 at the sidemount (and referred to in the action
item), per random vibration 8.8 Grms Z-loading, increases to +1.58 in the corrected Revision
A analysis. The finite element model of Revision A is also refined in the sidemount spacecraft
upper aft mounting bolt region.

Concerning the panel flanges, without design changes, the minimum MS in the METSAT
Revision A analysis would be at the upper aft panel side flanges in the vicinities of the upper
aft panel reinforced DC/DC converter upper mounting regions, where negative margins would
be seen (MS = -.84, see Figure 1). Thus, a design modification is warranted. Taking into
consideration the slightly more severe METOP random vibration 9.66 Grms spectrum (versus
the 8.8 Grms METSAT spectrum), and the knowledge that a potential DC/DC converter
weight increase is expected (from the present 3.50 maximum specification weight used in the
finite element model to as high as 4.50 1b), the flange thicknesses are increased as follows (see
Figure 2):






1331642-3 Upper Aft Panel

Was Is
Lower flange .095/.105 .110/.120
Upper flange .050/.060 .060/.070
Left Side Flange .050/.060 .145/.155 @ DC/DC Conv
Upper Mounting
Region
.075/.085 Below DC/DC

Converter Upper
Mounting Region
.060/.070 All other locations

Right Side Flange .050/.060 .145/.155 @ DC/DC Conv
Upper Mounting
Region
.075/.085 Below DC/DC
Converter Upper
Mounting Region
.060/.070 All other locations

With the above flange thickness increases, the minimum MS in the upper aft panel becomes
+.36 at the right side flange DC/DC Converter upper mounting region with METSAT 3c
random vibration loads and factors of safety of 1.25 yield/1.4 ultimate applied (see Figure 2).
Projected weight increase with flange thickening is +.05 Ib.

The upper front panel lower flange requires a thickness of >/= .045 inches to demonstrate,
analytically, a positive MS with 30 random vibration loads and factors of safety of 1.25
yield/1.4 ultimate applied. Lower flange thickness per drawing 1331352-3 is .050 +/- .010.
Therefore, the as-built hardware was inspected and found to have minimum t = .050 thick
lower flanges in the area of the maximum load. With minimum t = .050 lower flanges, the
minimum MS is +.34 at the upper aft panel lower flange.

After considering the above upper aft panel design change and the lower front panel as-built
dimensions, the remaining flange minimum MS is then seen in the lower motor mount panel
upper flange, where a MS of +.06 is noted with METSAT 3o random vibration loads and
factors of safety of 1.25 yield/1.4 ultimate applied.

The Report 10805 A revision is written similarly to Reference 1. Static design load results are
reported first (Tables 1 through 9), followed by the modal effective weight summary (Table
10) random vibration loads (Tables 11 through 14), natural frequencies, transmissibility’s,
rattlespace (Table 15), mounting bolt hardware stresses (Tables 16 through 26), panel flange
bending stresses (Tables 27 through 36), and panel mounting screw stresses due to flange
bending loads (Table 37 through 46).






A comparison of margins of safety of the A revision report to the Ref 1 report is as follows:

Margins of Safety Summary
Subject A Revision Report Reference 1 Report
Design Loads Cases 1-8 +1.61 +0.26
(Table 1)
Random Vibration 8.8 Grms +0.62 +0.16

(Table 11 Rev A, Table 10 Ref 1)

Rattlespace - Lower Cage Cards  .037-.005=.032 .037-.025=.012
(Table 15 Rev A, Table 14 Ref 1) clearance clearance

Mounting Screws
Tension/Shear +0.25 +0.14
(Table 19 Rev A, Table 18 Ref 1)

Shear Pins
Sidemount Shear Tearout +0.23 +0.23
(Table 20 Rev A, Table 19 Ref 1)

Shear Pins
Sidemount Bearing +0.72 +0.72
(Table 20 Rev A, Table 19 Ref 1)

Mounting Screws
Tension W/O Shear +0.13 +0.11
(Table 24 Rev A, Table 21 Ref 1)

Mounting Screws
Member Compression +0.76 +0.76
(Table 25 Rev A, Table 24 Ref 1)

Mounting Screws
Sidemount Thread Shear +0.71 +0.69
(Table 25 Rev A, Table 24 Ref 1)






Panel Flange Bending

Upper Front Panel +034 0 ememee-
Upper Right Front Support Panel +076 e
Lower Right Panel +484  emmeme-
Lower Aft Panel +105 0 e
Upper Motor Mount Panel +175  emmeee-
Lower Motor Mount Panel +006 0000 -
Lower Front Panel +033 0 eemmee-
Upper Aft Panel +036 0 e
Upper Right Panel +048 0 emmee-

Lower Right Front Support Panel  +094 -

Panel Mounting Screws

Upper Front Panel +56 0 ememee-
Upper Right Front Support Panel +6.1 e
Lower Right Panel +13 s
Lower Aft Panel +53 emmmee-
Upper Motor Mount Panel +11 e
Lower Motor Mount Panel +55  emmmee-
Lower Front Panel +60 0 e
Upper Aft Panel +032 emmeee-
Upper Right Panel 77 e

Lower Right Front Support Panel ~ +22 ===

R.J. Hetfner
Mechanical/Structural Analysis

i

B. T. Kelly, Team Leade
Mechanical/Struct al Team
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Section 1

INTRODUCTION

This Stress Analysis Report for the Meteorological Satellites Project (METSAT) Advanced
Microwave Sounding Units-A (AMSU-A), A1 Module, reports the structural margins of safety and natural
frequency predictions for the METSAT design at Critical Design Review (CDR). The report has been
prepared in accordance with GSFC S-480-79, Performance Assurance Requirements (PAR) for the Earth
Observing System (EOS) & Meteorological Satellites Project (METSAT) Advanced Microwave Sounding
Units-A.

1.1 Identification

This is the Stress Analysis Report for the Meteorological Satellites Project (METSAT)
Advanced Microwave Sounding Units-A (AMSU-A), Module Al. This report is submitted to fulfill the
requirements of Contract NAS 5-32314 CDRL 113, Stress Analysis Report, for the METSAT AMSU-A1l
Module. The Stress Analysis Report for the A2 module has been submitted under separate cover.

1.2 Purpose and Objectives

The purpose of this analysis is to show that the METSAT AMSU-A1 Module exhibits positive
structural margins of safety when subjected to the METSAT environmental conditions given in Appendix E
of the GSFC-S-79 PAR document.

In addition, the dynamic analysis results are used to show that the METSAT AMSU-A1l
Module natural frequencies are above 100 hertz (Hz) and that the simplified test and analytical model
requirements of GSFC-S-79 PAR for METSAT General Instruments can be applied to the METSAT AMSU-
Al module.

1.3 Document Status and Schedule

This is the submittal of the Stress Analysis Report for the METSAT AMSU-A1 Module after
CDR, in July 1996.
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Section 2

SUMMARY OF RESULTS AND CONCLUSIONS

A stress analysis of the primary structure of the METSAT AMSU-A1 Module has been
performed using the static loads given in Appendix E, Section 1.2, of GSFC 422-S-79 PAR. Combined with
factors of safety (1.4 ultimate, 1.25 yield), the static loads minimum margins of safety summary is given in
Table 1. The METSAT AMSU-Al Module exhibits positive margins of safety (MS) in all parts of the
structure for static design loads. Minimum MS is +1.61 and is in the sidemount at the -X upper mounting
bolt region for case 4 loads of Gy = -20.6 Gz = 19.6 (in Aerojet METSAT coordinate system). Figures 5 and 6
show the stress contour plot of the sidemount critical region, with maximum von Mises stress of 10,727 psi.
Figures 7 through 14 show the full model contour plots, for load cases 1 through 4, shell surfaces 1 and 2.
Figures 15 through 22 show full model beam stress maximums and minimums, for load cases 1 through 4.
Maximum beam stress is 11,596 psi, in the power control/monitor standoffs for load case 2 (Gy =-206 Gz =
-19.6), producing a MS of +2.04. Tables II through IX present summarized MS and stresses for individual
component hardware for load cases 1 through 4.

The first natural frequency of the METSAT AMSU-A1 Module is predicted at 101.8 Hz. As
shown in Figure 23, the top panel canopy over the sidemount flexes to produce the first mode. This mode
shape is local to the top panel, with no mass participation elsewhere in the model, as demonstrated in Table
X, the modal effective weight and participation factor summary for the first 16 modes.

Figures 23 through 34 identify the first twelve non-rigid body modes. Modes 2 (109.0 Hz), 3
(109.0 Hz), 4 (109.5 Hz), and 5 (109.7 Hz) are all the result of the lower card cage cards flexing in the lower
card cage (see Figures 24 through 27). Of these four modes, only mode 4 possesses any significant modal
effective weight (X-axis 1.2 percent), with the card cage and power control/monitor moving along with the
lower cards.

Mode 6 (120.4 Hz) shows significant power control/monitor circuit board movement, along
with the upper aft, top, and radiator panels distortions. Both reflectors, the lower baseplate, and lower shelf
are also agitated (Figure 28). The significant modal effective weight for mode 6 is along the X-axis, with 8.5
percent of the model reacting. Mode 6 is a rocking of the entire structure about the Aerojet METSAT yz-
plane. Mode 7 (121.4 Hz) shows pronounced rotation along the X-axis by the reflectors, with more movement
in the upper reflector (Figure 29). Mode 8 (121.9 Hz) is similar to mode 7, but with the predominant
movement in lower reflector (Figure 30). Mode 9 (122.0 Hz) movement in also an X-axis rotation in the lower
reflector (Figure 31).

The 10th and 11th modes at 130.9 Hz and 131.8 Hz, respectively, are the first extensive
modal mass participation modes with 27.7 percent and 28.8 percent Z-axis participation (Figures 32 and 33).
Both modes exhibit an overall rocking of the structure about the X-axis with overall Z-axis translation. The
12th mode (138.4 Hz) with 6.2 percent X-axis modal mass participation shows considerable Z-axis rotation at
the lower reflector(Figure 34).

The analysis demonstrates a slight margin over the 100 Hz threshold first natural frequency.

A stress analysis of the primary structure of the METSAT AMSU-A1 Module has been
performed using the random vibration spectrum given in Appendix E, Section 1.3, of the GSFC 422-S-79
PAR. An extensive random vibration stress spreadsheet is included in Appendix D of this report. Q levels
resulting from application of the qualification level random vibration spectrum (8.8 grms) with critical
damping of 7 percent are tabulated for each component for each loading condition. Combined with factors of
safety of 1.4 ultimate, 1.25 yield, the random vibration minimum margins of safety summary is given in
Table XI. RMS stress levels are taken to the 3o level (3.0 x stress at 8.8 grms load), multiplied by factors of
safety (1.25 yield, 1.4 ultimate), and compared to material yield and ultimate strengths. All positive margins
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result from this task, with the highest loaded region being the power control/monitor standoffs with an MS of
+0.62. Minimum margins of safety are given for each of the three individual loading directions in Tables XII
through XIV.

Transmissibility’s of various regions of the NASTRAN model are identified in the
Transmissibility Summary Table of Appendix E. Q levels resulting from application of the qualification level
random vibration spectrum (8.8 grms) with critical damping of 7 percent are tabulated for each component
for each loading condition. Large Q-values (greater than 4) are found at the power control/monitor bracket
(Z-load, Y-response Q = 8.6, X-load, Y-response Q = 7.8, and Y-load, Y-response Q = 4.3), the upper right
front support panel (Y-load, Y-response Q = 8.0), the upper reflector (X-load, Z-response Q = 8.0), the lower
reflector (X-load, X-response Q = 7.0), the left panel (Y-load, Y-response Q = 5.4), the lower warmload (Y-
load, Y-response Q = 4.4), the top panel (X-load, X-response Q = 4.0), and the radiator panel (X-load, X-
response Q = 4.0). This information agrees fairly well with the NOAA AMSU-A1 test data used to predict
the applicable damping. Based on NOAA testing, a maximum Q of 7 was measured at the reflectors. Note
that the power control/monitor, with maximum Q of 8.6, is hardware new to the AMSU design in
METSAT/EOS. Plots of PSD input spectrum versus frequency and response versus frequency are included
for the higher loaded locations (see Figures 35 through 46 for X-axis loading, Figures 47 through 55 for Y-
axis loading, and Figures 56 through 60 for Z-axis loading).

The rattlespace of the circuit cards of the upper and lower card cages is investigated based on
the qualification level random vibration spectrum (8.8 grms). As shown in Table XV, the more severe
condition occurs at the lower card cage where minimum card spacing is 0.037 inch and calculated maximum
displacement is 0.005 inch at the 3o level (3.0 x displacement at 8.8 grms load). At the upper card cage,
minimum spacing is 0.137 inch, with maximum 3o displacement of 0.002 inch. There will be no contact of
adjacent circuit cards in either card cage. Appendix E contains rattlespace deflections in the summary
sheets.

Mounting bolt load results for the A-286 #10-32UNRF-3A screws identify an overall
minimum margin of safety of +0.13 (Table XXIV). The condition of bolt tensile load only (with all shear
reacted at the shear pins) is the higher loaded case, for each of design load case considered. To the preload
(13151b for T = 50 in-1b), the external load is added, considering the bolted joint stiffness. Factors of safety
of 1.4 ultimate, 1.25 yield are applied to the external load but not the preload. Additionally, interactive
tension plus shear stress (with shear reacted at both mounting bolts and shear pins), bearing and shear
tearout in the sidemount at the 2 shear pins (all shear at shear pins), joint member compression, thread
shear, and sidemount bearing and shear tearout at the 16 mounting bolts, all identify no margins less than
+0.23 (see Tables XVI through XXVI).

The panel flange bending stresses, summarized in Tables XXVII through XXXVI, show all
positive margins of safety. Loading condition is the 8.8 grms random vibration 3¢ loading with factors of
safety 1.25 yield, 1.4 ultimate applied. The upper aft panel side flanges, when thickened locally at the
stiffened panel DC/DC converter upper mount, show a minimum MS = +0.36 with minimum t = 0.145 local
flanges. The upper front panel lower flange with minimum as-built lower flange thickness of t = 0.050 for
random vibration loads, shows a minimum MS of +0.34. Minimum calculated MS, at the lower motor mount
panel upper flange, is +0.06 for random vibration 3¢ loading with factors of safety 1.25 yield, 1.4 ultimate
applied.

Stresses in the panel flanges’ attachment screws are highlighted in Tables XXVIII through
XXXVII, with lowest margin at the upper aft panel left (+Y) side flange at the locally stiffened region where
the stiffened panel DC/DC converter upper mount intersects. Minimum MS = +0.32 for the NAS1352N06
SCrews.

Based on the large margins of safety for static and random vibration loads application, the
upper aft panel side flanges redesign, and the upper front panel lower flange inspected thicknesses, the
AMSU-A1 Module will maintain structural integrity in the METSAT launch environment.
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June 1995 Advanced Microwave Sounding Unit-A
(AMSU-A) Stress Analysis Report,
A1l Module
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Addendum 1 Advanced Microwave Sounding Unit-A
July 1996 (AMSU-A) Stress Analysis Report,
Al Module
Report 10738A METSAT Advanced Microwave
July 1996 Sounding Unit -A1 (AMSU-A1)

Structural Mathematical Model
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Section 4

METHOD OF ANALYSIS

4.1 Finite Element Model

Figures 1 through 4 display the NASTRAN finite element model of the METSAT AMSU-A1
structure. The basic coordinate system used in the METSAT analysis is identical to that used in the EOS
analysis (Ref. Aerojet Report 10381). This orientation differs from the METSAT PAR document that utilizes
the spacecraft coordinate system identified on GE ATN Spacecraft Assembly Drawing 3278200. A
comparison of systems follows:

Aerojet METSAT GSFC-S-79 PAR
Coordinate Sys. Coordinate Sys.
+X Axis ~Y Axis
+Y Axis -Z Axis
+7Z Axis +X Axis

The METSAT AMSU-A1 finite element model is a modification of the EOS AMSU-A1 finite
element model. The METSAT AMSU-A1 Module is mounted to the spacecraft through a sidemount bracket.
The EOS AMSU-A1 Module is mounted from the lower baseplate. The design of the primary structure is
essentially the same for the two units except for the following:

a. Lower Baseplate Different designs and drawings.

b. Sidemount Only used on METSAT.

c. Top Panel Different designs and drawings.

d. Left Panel Different designs and drawings.

e. Radiator Panel Only used on METSAT.

f. Signal Processor METSAT has two Cards in Upper Card Cage.
EOS Upper Card Cage is empty. METSAT has four different Cards
in Lower Card Cage.

g. Power Control/Monitor Different designed enclosure and
connectors.

h. Insulation and Mirror Tile representations Modified.

The NASTRAN finite element model prepared for EOS AMSU-A1 and shown in Aerojet
Report 10381 is modified for the METSAT AMSU-A1 design. In the current METSAT effort, a more refined
NASTRAN model has been developed to more accurately represent the METSAT structure. The model
statistics are:

9307 Grids

1018 Bar/Beam Elements

8288 Rectangular Plate Elements
688 Triangular Plate Elements
385 Point Mass Elements
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The total mass of the model is 119.4 pounds. Mass properties, in the Aerojet METSAT
coordinate system axes, at the center of gravity (cg), are shown below. The cg is measured relative to the
sidemount lower corner on the spacecraft side by the lower reflector (GRID 7508).

Mass 119.4 1b.
Center of Gravity

X 15218 in

y 8.831

z 9.926
Moment of Inertia (@ cg)

Ixx 7351 lb-in’

Ixy 32

Ixz 1803

Iyx 32

Iyy 12587

Iyz 145

Izx 1803

Izy 145

Izz 9114

Appendix A, in Figures Al through A4, shows the model assembly. Figures Al, A2, and A3
show different views of the assembled structure, while Figure A4 is a section view of the model, showing the
components modeled in the interior (i.e. shelves, card cages, warmload structures). A detailed description of
the METSAT NASTRAN finite element model is found in Report 10738A, where elements and grids are
highlighted in the piece part models.

4.2 Boundary Conditions

The model is constrained along the three orthogonal axes on the sidemount at each of the 16
spacecraft mounting bolt locations and along the two transverse axes (X and Z in Figure 61) at the two dowel
pin locations. The constraints are imposed using NASTRAN single point constraint cards.

4.3 Load Application

Eight combinations of design loads are evaluated. Referencing Appendix E, Section 1.2, PAR
individual loads, Load Cases 1 through 8 in the Aerojet METSAT Coordinate System are:

Load Case Loading
1 Gy= -20.6, Gx=-21.2
2 Gy= -20.6, Gx= 212
3 Gy= -20.6, Gz=-19.6
4 Gy= -206, Gz= 19.6
5 Gy= 20.6, Gx=-212
6 Gy= 206, Gx= 212
7 Gy= 20.6, Gz=-19.6
8 Gy= 206, Gz= 196
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With the exception of algebraic sign, Load Cases 1, 2, 3, and 4 are identical to Load Cases 6,
5, 8, and 7, respectively. Thus only Cases 1 through 4 are evaluated.

For the random vibration loadings (Ref. Appendix E, Section 1.3, PAR), the qualification level
(8.8 grms) PSD spectrum is applied along the three orthogonal axes. Three load cases are run, each load
case representing the random spectrum in one of the axes shown in Figure 1.

The random vibration analysis is performed using the NASTRAN code with a type G
structural damping value of 0.14. The critical damping percentage is 1/2 of this value, or 7 percent. For
large Q, the amplification or quality factor, Q, is approximated by

Q = V/[2(c/c)]
where: c/c, = fraction of critical damping

With c/c_equal to 0.07, an amplification (Q), of 7.14 is determined. A Q = 7.14 corresponds to the largest Q
found in test data of the NOAA AMSU-Al unit. To the stresses derived from the NASTRAN random
vibration stress output, a 3.0 factor is applied to produce 3¢ values, plus an additional factor of safety (F'S) of
1.25 on yield or 1.4 on ultimate is also employed.



Report 10805A
July 1996

Section 5

RESULTS

The finite element model is primarily made up of beam (NASTRAN CBAR and CBEAM)
elements, shell (NASTRAN CQUAD4 and CTRIA3) elements, and point (NASTRAN CONM2) elements. The
maximum von Mises stresses for plate elements and the maximum and minimum principal stresses for beam
elements are used for margins of safety calculations. For the static loads analyses, the output from each
evaluated load case (cases 1 through 4) is reviewed, with maximum stress contour plots drawn up based on
the structural component for the shell elements, and maximum/minimum stress plots constructed for the
beam elements. The static load cases maximum contour and maximum stress plots are included in Appendix

C.

The stresses shown in Tables II through IX are summarized results of the structural
component contour and stress plots. The stresses are multiplied by factor of safety 1.25 to calculate the yield
margins of safety and by factor of safety 1.4 to calculate the ultimate margins of safety. Table I shows the
overall highest stresses and lowest margins of Tables II through VIII for the static design loads.

The first 12 non-rigid body natural frequency mode shapes are depicted in Figures 23
through 34, from analysis using the large mass method in the finite element model. To demonstrate the
mathematical soundness of the NASTRAN model, the model is subjected to a stiffness-equilibrium check
similar to the EOS requirement of GSFC 422-11-12-01, Paragraph 11.1.4.i, Deliverable Model Validity
Check. The METSAT meodel is shown to satisfy this check, with the normalized KFFRN matrix empty (see
Appendix B).

For the random vibration loading, the output from each orthogonal axis load case is
reviewed. The maximum principal stresses for plate elements and beam elements are used for margins of
safety calculations. For plate elements, the normal and shear stresses are assumed in phase in calculating
the principal stresses. Likewise, for bar elements, the axial and bending components are also considered to
be in phase, and are thus algebraically added.

The stresses shown in Tables XII through XIV are statistical 3o stress levels, and are the
results of the random vibration spectrum (qualification level, 8.8 grms) orthogonal loading cases, with 3.0
multiplication factors employed. These 30 stresses are then multiplied by 1.25 to calculate the yield margins
of safety and by 1.4 to calculate the ultimate margins of safety. Tables XII through XIV present the worst
case stresses for the groups of elements representing the structural components of the primary structure.
The tables give the results for each of the three load cases. Table XI summarizes the minimum margins for
the three cases. The worst axis of load application depends on the orientation of the structural item.
Appendix D contains an extensive random vibration stress table, identifying the stress levels for the
elements evaluated, for each orthogonal load direction.

The transmissibility’s (Q levels) shown in Appendix E are the result of the output level grms
acceleration divided by the input level grms acceleration (8.8 grms for each qualification level), for critical
damping at 7 percent. OQutput shown in Appendix E consists of the root mean square (rms) response (rms in
units of in/sec’, the grms response (grms in units of g), and the transmissibility’s Q (response grms divided by
input grms). Plots of the input spectra are shown in Figures 35, 47, and 56 for the X, Y, and Z loadings,
respectively, identifying 8.84 grms input levels. Plots response (in units of (in/sec’)’ /Hz ) versus frequency
are included for the higher loaded locations (see Figures 36 through 46 for X-axis loading, Figures 48
through 55 for Y-axis loading, and Figures 57 through 60 for Z-axis loading).

The rattlespace calculations are tabulated in Appendix E for both upper and lower card cage
circuit cards. Circuit card displacements based on 36 random vibration loadings for each orthogonal axis are
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listed. The use of MPC elements between adjacent modeled circuit cards in the NASTRAN finite element
model is made in determining the remaining gaps between cards.

Mounting bolt hand calculated stress analysis is included for the sixteen #10-32UNF
mounting screws (and two 0.375 diameter shear pins). Interactive tension plus shear stress checks are
performed on the 16 screws for the 8 design load cases, summarized in Tables XVI through XIX, with
resulting minimum margin +0.25 (Table XIX). Bearing and shear tearout calculations in the sidemount at
the 2 shear pins, assuming all shear is taken out only at the 2 pins, shows a minimum margin of +0.23
(Table XX). Mounting bolt tensile stresses, based on the same shear reaction assumption, show a +0.13
minimum margin of safety (see Table XXIV of Tables XXI through XXIV). Additional stress calculations for
joint member compression, thread shear, and sidemount bearing and shear tearout at the 16 mounting bolts,
identify no margins less than +0.71 (Tables XXV and XXVI).

The flange bending stresses, summarized in Tables XXVII through XXXVI, show all positive
margins of safety. The upper aft panel side flanges are thickened locally to a minimum t = 0.145 at the
locations where the panel stiffened DC/DC converter t= 0.250 upper mount region intersects. With this
action, positive MS (+0.36) for the random vibration 3¢ loading with factors of safety 1.25 yield 1.4 ultimate
applied are found. The upper front panel lower flange has a required minimum t = 0.045 for the random
vibration 3¢ loading with factors of safety 1.25 yield, 1.4 ultimate applied. With lower flange specified
drawing thickness of 0.050 + 0.010, the as-built hardware has been inspected and shows a minimum t =
0.050 lower flange thickness. Thus a positive MS (+0.15) is determined. Minimum calculated MS in the
panel flanges is at the lower motor mount panel upper flange with a MS = +0.06 for the random vibration 3o
loading with factors of safety 1.25 yield, 1.4 ultimate applied.

Stresses in the panel flanges’ attachment screws are highlighted in Tables XXVII through
XLVI, with lowest margin at the upper aft panel left (+Y) side flange at the locally stiffened region where the

stiffened panel DC/DC converter upper mount intersects. Minimum MS = +0.32 for the NAS1352N06
screws,

5.1 AMSU-A1 METSAT 1331552 Sidemount Mounting Bolt/Pin Stresses per Static Loads
Aerojet METSAT GSFC-S-79 PAR
Coordinate Sys. Coordinate Sys.
+X Axis -Y Axis
+Y Axis -Z Axis
+Z Axis +X Axis

Eight combinations of design loads are evaluated. Referencing Appendix E, Section 1.2, PAR
individual loads, Load Cases 1 through 8 in the Aercjet METSAT Coordinate System are:

Lo s L in
1 Gy= -20.6, Gx=-21.2
2 Gy= -20.6, Gx= 21.2
3 Gy= -20.6, Gz=-19.6
4 Gy= -20.6, Gz=-19.6
5 Gy= 20.6, Gx=-21.2
6 Gy= 20.6, Gx= 21.2
7 Gy= 20.6, Gz=-19.6
8 Gy= 20.6, Gz= 19.6

With the exception of algebraic sign, load Cases 1,2,3, and 4 are identical to Load Cases 6, 5,
8, and 7, respectively. Thus only Cases 1 through 4 are evaluated.
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1.4 ULTIMATE

Stresses in bolts derived from NASTRAN SPC forces based on above load cases plus
bolt preload (50 in-1b as shown in drawing 1333964).

There are 16 bolts plus two dowel pins shown in the NASTRAN sketch. A list of
NASTRAN grid numbers is included. Grids 7855 and 10724 are the shear pins.

Bolt grids react tension/compression (NASTRAN T2) plus shear (NASTRAN T1, T3).

Mounting Bolts

1% g

Torque Sequence:

Torque screws to 20 + 2 in Ibs in the order shown
Torque screws to 30 + 2 in Ibs in the order shown
Torque screws to 40 + 2 in Ibs in the order shown
Torque screws to 50 + 2 in Ibs in the order shown

396-3116M

Pin grids react only shear (NASTRAN T1, T3).

Interactive tension plus shear considered in accordance with MIL-HDBK-5, Figure
1.5.3.5, R +R*= 1 curve.

Allowables for A286 screws and pins based on NAS1351N3-32 with F,,=160000 psi
and tensile area of AS=0.01999 in’ (.190-32UNRF-3A). Shear load allowable based on
F.,=0.6 x F,, and area per minor diameter, 0.1517 in (0.01807 in%).

Allowable

Tension 3200 1b .190-32UNRF-3A

Shear 1735 1b

The factor of safety, 1.4, is applied only to applied loads, not to preload.
Preload at 50 in-1b torque, F,

T 50
F = = = 13151b
P 2d T (2)(190)

Bolt loads based on the four evaluated load cases (NASTRAN) follow.

Detailed calculations are performed for the most severe case, Grid 8313, Case 4.

10
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Gy =-20.6,Gz=19.6

F,=T,=14151b

F, =JT1° +T3" =617 + 667 = 901b
F=13151b

Total bolt tensile load, Fb, is a function of preload, applied tension, and joint stiffness.

Fb = Fi + kk_thk_ (Shigley, “Mechanical Engineering Design,” 4th Edition)
b + Knp
ky, = I—E% E, = 28 x 106 psi
A = n/4(.190)2 = 0.2835 in2
¢ = Grip of screw
= 983743 Ib/in 0.437 + 0.31 + 0.06 = 0.807 in
K = nEmd
" LS +d/2) forG-10 spacer only with fibers L thickness use only properties
¢+ 2.5d
Em = 2,500,000 psl
¢ = 0.807in
d = 0.190in
= 593,160 1b/in
Therefore,
Ko _ 0623845
kb +Knp

Apply the applied load directly to the preload for GRID 8313 Case 4, applying FS = 1.4, and
stiffness factor

f = 1315 + 1.4(0.624)(1415) = 2551 Ib

f =14(90)=126 1b

o= o o 2861 4097
F,, 3200

rs = 12 - 126 40706
Feo 1735

11
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Shear Pins Shear Tearout

As shown in Drawing 1333964, Sheet 2, View D, and the 1331552-1 sidemount with the
1333395-2 and -3 spacers.

—j 0.375
0.3753

0.3751
Dowel Pin

0.000
0.040

Iy
Sidemount %

7

NN

_J /— ESM Interface
le— 0.062

Shear tearout of the sidemount and bearing on the sidemount can be determined. The
133395-2 and -3 T1-6AL-4V spacers are scalloped along the OD, thus reducing the bearing
area to the 6061-T6 sidemount.

396-3119M

Shear Tearout of Aluminum Sidemount

Based on Case 4, GRID 7855 pin, from the NASTRAN solution with all shear reacted at the
two shear pins (no SPC restraint in T1 or T3 for the 16 screws).

Max shear load

F =110+ (1913 = 1916 1b

Shear tearout of the aluminum sidemount for dimensions as noted, per Bruhn, “Analysis and
Design of Airplane Structures,” 1973, pages D.1.4-D.1.5.

/400
d = 0.5935 max
t=0.375
— S S e=0.390
‘-7 e/d = 0.66
e—\
896-3013M

d
AS = (e-zcos40)(t)(2) = 0.122 in?

Based on an ultimate load, with FS=1.4

14(1916) .
T=—-"21 _ 21,986
0.122 pst

19



Shear allowable for sidemount, 6061-T6
Fy, = 27,000 psi

S= 27,000 -1 = +0.23 sidemount
21,986

See Table XX for shear tearout MS summary.

Bearing of 1333395-2 Bushing onto Sidemount

With F = 1916 1b load

Bearing area without considering scallops in 1333395-2 bushing
A =(0.375-0.010 - 0.035) (0.5936) = 0.196 in*
Scallops considered for 40 percent of circumference

nd = n (0.5936) = 1.865
Remove 12 x 0.062 = 0.744

(0.744/1.865) x 100 = 40 percent
Bearing area with scallops
A =(0.60)(0.196) = 0.118 in®

With 1.25 FS for limit load

1.25 x 1916 S
=0 - 20,300 psi Limit with 1.25 FS

With e/D = 0.66<<1.5 use Fbry = Fcy

Fcy = 35,000 psi

35,000 _ 1 = +0.72 Sidemount with 1.25 FS limit
20,300

With 1.4 FS for ultimate load

_14x 1916

= 22,740 psi
0118 22,740 psi

With e/D = 0.66<<1.5 Use F, =F,_ = 42,000 psi

42,000 1 = +0.84 Sidemount with 1.4 FS ultimate
22,740
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The NASTRAN loads are given for load cases 1 through 4 in Table XX for the condition of all
shear reacted in pins.

Mounting Bolt Stresses based on Static Loads for Condjtion of all Shear Reacted at Pins

Summary tables (Tables XXI through XXIV) for the four evaluated design load cases contain
all data. Worst location is bolt at GRID 8313 for load case 4 (based on the assumption of
kb/kb + km = 0.624) and FS of 1.4 applied to applied load minimum margin.

3200

S= -1 =+013
(1.4)(0.624)(1749) + 1315

21
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Member Compression Under Preload
The mounting bolt joint is shown from a view on 1333964.

ESM Interface

Sidemount
Fiberglass
Fiberglass Washer G-10CR
Insulator
G-10CR Metal Washer
-
396-3121M

Where the metal CRES washer is considered as 0.440 OD, 0.195 ID, 0.060 thick. The

fiberglass washer is G-10, 0.435 @ x 0.250 thick. The fiberglass insulator is also G-10, 0.590 & x 0.310 thick
(1333395-6).

The sidemount hole dimensions are a 0.287 max dia hole with 0.5925 max dia counterbore.
Thickness of 0.287 @ is 0.125.

Maximum load is the preload F = 1315 b for 50 in-Ib torque.

FS = 1.4 ultimate, 1.25 limit, material allowable.

Bolt Assumed A-286 Steel F.,= 160,000 psi
Washer Assumed A-286 Steel F., = 160,000 psi
G-10CR Isolators  Laminates L (centerline) F,= 60,000 psi
Sidemount 6061-T6 Aluminum F,= 42,000 psi

F.= 35,000 psi
With summarized MS calculations in Table XXV , member analysis follows.

Bolthead to Washer

Assume NAS1351N3-32 Screw
Assume NAS1149E0363P Washer

Head OD 0.313 minimum
Washer ID 0.203 + 0.010 = 0.213 maximum

A =14 (0.303°- 0.213% = 0.0365 in’ minimum

FA = 1315 = 36,100
T 00365 P
160,000
= - —]: .
MS 14 x 36,100 + 2.1 Bolt/ Washer
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Washer to 0.435 OD x 0.250 thick Washer

Assume NAS 11440E0363P Washer

Washer OD 0.438 — 0.005 = 0.433 min ID = 0.213 max
Isolator OD 0.435 - 0.002 = 0.433 min (Assumed)

A = /4 (0.433° - 0.213% = 0.112 in’min

F/A = 1315 = 11,781 psi
0.112

60,000

MS = ———
1.4x 11,781

-1 = + 2.6 Isolator

Isolator to Sidemount Ledge

Isolator OD  0.433 min (Assumed)
Sidemount ID 0.287 max

A = 1/4 (0.433° - 0.287%) = 0.083 in’

1315

F/A = 0083 - 15,928 psi

Ms = —20%0 L 076sid t
T 125x15928 = Tr/bidemoun

Ms = —2000 088 sid t
= Taxi1s928 | Tr-o8videmoun

Sidemount Ledge to 1333395-6 .590 & Isolator

Isolator OD 0.590 — 2 (0.030) = 0.530 min
Sidemount ID 0.287 max

A = /4 (0.530" — 0.287%) = 0.156 in’

1315

F/A = —> = 8433 psi

A= o156 pst

Ms = —200 1 o3sid t
T 125x8433 | - teodemoun

Ms = —2000 o 6sid t
= Jaxsa3 - Tobeidemoun

0.590 & Isolator to Spacecraft
Isolator OD 0.590 min
Isolator ID 0.385 max
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A = /4 (0.590° — 0.385%) = 0.157 in’

1315 ]
F/A = o157 8377 psi
60,000
MS = m -1 = +4.1 Isolator
Sidemount Mounting Bolts Shear Tearout

Maximum #10-32 screw shear load is from case 1, GRID 9834, from the condition of shear
load reacted at both the 16 screws and the 2 pins, as shown in Table XXVI.

F = J/488%7 + 212 = 4881b

Shear tearout of the aluminum sidemount at the lower, 0.590 @ isolator, per Bruhn.

/ 40° e =0.390
d = 0.5925 e=0.66
t=0.250 d

AS = (e-d/2 cos40) (2t)
=0.082 in?

.

T= (14)(488)
0.082

896-3015M
= 8387 psi
Fg, = 27,000 psi

27,000
8,387

MS = -1 = +2.2 Sidemount

Bearing of 0.590 J Isolator onto Sidemount Hole for Maximum Shear Load

Foux = 488 Ib GRID 9834 Case 1
F, = (0.590) (0.250) = 0.148 in®

- 12O x488 sy osi Limit with FS = 125
g = 0148 = pSl 1mit wi = .

With e/D = 0.66 << 1.5 Use Fbry = Fcy
Fcy = 35,000 psi  6061-T6

35,000
4,137

MS = -1 = +7.5Sidemount

Use Fbru = Ftu = 42,000 psi
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MS= ﬂ -1=481 Sidemount
( ]_4x488)

0.148

For the isolator use Fbru = Fcu edge = 35,000 psi

S= —35£(—)0—— -1=466 0.540% isolator
( l4x488)

0.148

Other load cases are summarized in the summary table, Table XXVI.

Thread Shear of 0.190-32UNF Screw into Spacecraft Mounting Surface

Assumptions

1. Screw material is A286 w/F,_,=160,000 psi

2. Thread type is 0.190-32UNRF-3A (NAS1351N3-32)
3. Spacecraft INT THRD is of similar material as screw
4. Length of engagement of joint >1(>0.190)

Max shear load per Case 4 tensile max at GRID 8313 (all shear at shear pins)

F=28431b Preload + applied load with assumed
joint stiffness kb/kb + km = 0.624 with FS
=14,

Shear area

AS = = 0.05065in? E = 0.1697

Le = 0.190
Allowable, F, = 0.6 x F,,, = 96,000 psi

pELe
2

96,000
2,843
0.05065

MS = -1= +71

Other load cases are addressed in Table XXV.
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Table 1 METSAT AMSU-A1 Margins of Safety Summary, All Elements,
Design Loads Cases 1 through 8

ITEM PART MATERIAL/ YIELD |ULTIMATE| STRESS™ [MARGINS OF SAFETY | CASE
NO.* DESCRIPTION NUMBER ALLOY {psi) (psi) _ {psi) YIELD | ULTIMATE | EL TYPE
t_|LOWER BASEPLATE ASSEMBLY 1331404-1 | ALUM/6061-T651 | 35000 | 42000 5181 4.40 4.79 3 BEAM
2 |LOWER MOTOR MOUNT PANEL 1331414-1_| ALUM/7075-T651 | 66000 | 75000 4263 11.39 11.57 1 BEAM
3 _|UPPER MOTOR MOUNT PANEL 1331389-1 | ALUM/7075-T651 | 66000 | 75000 2703 18.53 18.82 1 BEAM
4 |LOWER FRONT PANEL 1331401-1 | ALUM/BD61-T651 | 35000 | 42000 2344 10.95 11.80 1 BEAM
5 |LOWER AFT PANEL 1331652-1 | ALUM/2024-T851 | 58000 | 66000 2159 20.49 2084 | 4BEAM
6 |UPPER BASEPLATE ASSEMBLY 1331356-3 | ALUM/G061-T651 | 35000 | 42000 2576 9.87 10.65 | 2BEAM
7 JUPPER FRONT PANEL 1331352-3 | ALUM/7075-T651 | 66000 | 75000 4533 10.65 10.82 1 BEAM
8 |UPPER AFT PANEL 1331642-3 | ALUM/2024-T851 | 58000 | 66000 5087 8.12 8.27 1 SHELL
9 _|LOWER RF SHELF ASSEMBLY 1356428-1 BE/SR{200E 50000 | 70000 8745 3.57 472 1 SHELL
10 |UPPER RF SHELF ASSEMBLY 1356409-1 BE/SR-200E 50000 | 70000 3804 9.52 1214 | 4sHELL
11 _|LOWER RIGHT FRONT SUPT PANEL 1331447-1_| ALUM/6061-T651 | 35000 | 42000 1525 17.36 18.67 1 BEAM
12 |LOWER RIGHT PANEL 1331650-1 | ALUM/6061-T6 | 35000 | 42000 1973 13.19 14.21 4 BEAM
13 _|UPPER RIGHT FRONT SUPT PANEL 1331390-1_| ALUM/G061-T6S1 | 35000 | 42000 2457 10.40 11.21 2 BEAM
14 |UPPER RIGHT PANEL 1331651-1 | ALUM/GB061-T6 | 35000 | 42000 1721 15.27 1643 | 1 SHELL
15 _|TOP PANEL 1331648-1 | ALUMB061-T6 | 35000 | 42000 2301 11.17 12.04 | 2 SHELL
16 |LEFT PANEL 1331640-1 | ALUM/G061-T6 | 35000 | 42000 1948 13.37 1440 | 4SHELL
17 _|LOWER LEFT WARMLOAD SHIELD 1331445-1 | ALUM/G061-TE | 35000 | 42000 3593 6.79 7.35 1 BEAM
18 |LOWER RIGHT WARMLOAD SHIELD 13314051 | ALUM/G061-T6 | 35000 | 42000 3552 6.88 7.45 1 BEAM
19 |UPPER LEFT WARMLOAD SHIELD 1331647-1_| ALUMG0B1-T6 | 35000 | 42000 3630 6.71 7.26 1 BEAM
20_|UPPER RIGHT WARMLOAD SHIELD 1331646-1 | ALUMB061-T6 | 35000 | 42000 2096 12.36 13.31 1 BEAM
21 _|LOWER CARD CAGE ASSEMBLY 1331600-1_| ALUM/B061-T6 | 35000 | 42000 3107 8.01 8.66 | 4 SHELL
22 |LOWER CARD 1331600-1 | REINF PLASTIC | 24000 | 40000 994 18.32 27.74 | 4 SHELL
23 |UPPER CARD CAGE ASSEMBLY 1331162-1 | ALUMG061-T6 | 35000 | 42000 3415 7.20 7.78 4 BEAM
23a_|UPPER CARD CAGE ASSEMBLY 1331162-1_| ALUMG061-T4 | 16000 | 30000 3057 3.19 6.01 4 BEAM
24 _|UPPER CARD 1331162-1 | REINFPLASTIC | 24000 | 40000 529 35.29 53.01 | 1SHELL
25 |LOWER CALIBRATION SOURCE ASSY 1331380-1 | ALUM/B061-T6 | 35000 | 42000 1984 13.11 14.12 | 3SHELL
26 |UPPER CALIBRATION SOURCE ASSY 1331380-2 | ALUM/G061-T6 | 35000 | 42000 1904 13.71 14.76 | 3SHELL
27 |BEAM SUPPORT 1331406-1 | ALUM7075-T6 | 66000 | 75000 2576 19.50 19.80 | 2 BEAM
28 |LOWER REFLECTOR 1355777-1 | ALUM/G0G1-TE | 35000 | 42000 1602 16.48 17.73 | 1BEAM
29 |POWER CONTROL/MONITOR, BKT 1356790-1 | ALUM/6061-T6 | 35000 | 42000 3211 7.72 8.34 2 SHELL
30_|POWER CNTL/MNTR ASSY, PW8 1356962-1 | REINF PLASTIC | 24000 | 40000 891 20.55 31.07 | 1SHELL
31_|PWR CNTL/MNTR ASSY, STANDOFFS 1356962-1 | CRES 1/4 HARD | 44000 | 122000 11596 2.04 6.51 2 BEAM
32_|RADIATOR PANEL 1331511-1_ | ALUMG061-T6 | 35000 | 42000 2622 9.68 10.44 | 2SHELL
33_|SIDEMOUNT ASSEMBLY 1331552-1 | ALUM/6061-T6 | 35000 | 42000 10727 1.61 1.80 | 4 SHELL
34 |UPPER REFLECTOR 1355777-1 | ALUM/B061-T6 | 35000 | 42000 1610 16.39 17.63 1 BEAM

'DESIGN LOADS CASE 1 Gy=-20.6 Gx=-21.2, CASE 2 Gy=-20.6,Gx=21.2, CASE 3 Gy=-20.6,G2=-19.6, CASE 4 Gy=-20.6,Gz=19.6

DESIGN LOADS CASE 5 Gy=20.6 Gx=-21.2, CASE 6 Gy=20.6,Gx=21.2, CASE 7 Gy=20.6,Gz=-19.6, CASE 8 Gy=20.6,Gz=19.6

“"VON MISES STRESS FOR SHELL ELEMENTS, ABSOLUTE VALUE OF MAXIMUM PRINCIPAL STRESS OR
MINIMUM PRINCIPAL STRESS FOR BEAM ELEMENTS.
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Table T METSAT AMSU-A1 Margins of Safety Summary, Shell Elements,
Design Loads Case 1 Gy=-20.6 Gx=-21.2

ITEM PART MATERIAL/ YIELD JULTIMATE| VON MISES |MARGINS OF SAFETY

NO.* DESCRIPTION NUMBER ALLOY (psi) (psi) |STRESS (psi)] YIELD | ULTIMATE
1 |LOWER BASEPLATE ASSEMBLY 1331404-1 | ALUM/6061-T651 | 35000 42000 771 35.32 37.91
2 _[LOWER MOTOR MOUNT PANEL 1331414-1 | ALUM/7075-T651 | 66000 75000 3543 13.90 14.12
3 _JUPPER MOTOR MOUNT PANEL 1331389-1 ALUM/7075-T651 | 66000 75000 1972 25.77 26.17
4 |LOWER FRONT PANEL 1331401-1 ALUM/6061-T651 | 35000 42000 1625 16.23 17.46
5 |LOWER AFT PANEL 1331652-1 ALUM/2024-T851 | 58000 66000 731 62.47 63.49
6 |UPPER BASEPLATE ASSEMBLY 1331356-3_ | ALUM/6061-T651 | 35000 42000 1064 25.32 27.20
7__|UPPER FRONT PANEL 1331352-3 | ALUM/7075-T651 | 66000 75000 869 59.76 60.65
8 JUPPER AFT PANEL 1331642-3 | ALUM/2024-T851 | 58000 66000 5087 8.12 8.27
9 ILOWER RF SHELF ASSEMBLY 1356429-1 BE/SR-200E 50000 70000 8745 3.57 4.72
10 |UPPER RF SHELF ASSEMBLY 1356408-1 BE/SR-200E 50000 70000 991 39.36 49.45
11 _[LOWER RIGHT FRONT SUPPORT PANEL 1331447-1 | ALUM/6061-T651 | 35000 42000 573 47.87 51.36
12 ILOWER RIGHT PANEL 1331650-1 ALUM/6061-T6 35000 42000 1221 21.93 23.57
13_|UPPER RIGHT FRONT SUPPORT PANEL { -1331390-1 ALUM/B061-T651 | 35000 42000 928 29.17 31.33
14 [UPPER RIGHT PANEL 13316511 ALUM/6061-T6 35000 42000 1721 15.27 16.43
15 |TOP PANEL 1331648-1 ALUM/6061-T6 35000 42000 2043 12.71 13.68
16_|LEFT PANEL 1331640-1 ALUM/6061-T6 35000 42000 1666 15.81 17.01
17 ILOWER LEFT WARMLOAD SHIELD 1331445-1 ALUM/6061-T6 35000 42000 2011 12.92 13.92
18 |LOWER RIGHT WARMLOAD SHIELD 1331405-1 ALUM/6061-T6 35000 42000 766 35.55 38.16
19 |UPPER LEFT WARMLOAD SHIELD 1331647-1 ALUM/6061-T6 35000 42000 1245 21.49 23.10
20 |UPPER RIGHT WARMLOAD SHIELD 1331646-1 ALUM/6061-T6 35000 42000 397 69.53 74.57
21 JLOWER CARD CAGE ASSEMBLY 1331600-1 ALUM/6061-T6 35000 42000 2693 8.40 10.14
22 |LOWER CARD 1331600-1 REINF PLASTIC | 24000 40000 873 20.99 31.73
23 IUPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T6 35000 42000 537 51.14 54.87

23a_|UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T4 16000 30000 537 22.84 38.90
24 |UPPER CARD 1331162-1 REINF PLASTIC 24000 40000 529 35.29 53.01
25 |LOWER CALIBRATION SOURCE ASSY 1331380-1 ALUM/6061-T6 35000 42000 1014 26.61 28.59
26 |UPPER CALIBRATION SOURCE ASSY 1331380-2 ALUM/6061-T6 35000 42000 853 31.83 34.17
27 |BEAM SUPPORT 1331406-1 ALUM/7075-T6 66000 75000 nrese
28 |LOWER REFLECTOR 1355777-1 ALUM/6061-T6 35000 42000 777 35.04 37.61
29 |POWER CONTROUMONITOR, BRACKET 1356790-1 ALUM/6061-T6 35000 42000 2336 10.99 11.84
30 |POWER CNTL/MNTR ASSY, PWB 1356962-1 REINF PLASTIC 24000 40000 891 20.55 31.07
31 IPOWER CNTUMNTR ASSY, STANDOFFS 1356962-1 CRES 1/4 HARD | 44000 122000 il
32 |RADIATOR PANEL 1331511-1 ALUM/6061-T6 35000 42000 1773 14.79 15.92
33 |SIDEMOUNT ASSEMBLY 1331552-1 ALUM/6061-T6 35000 42000 6437 3.35 3.66
34 |UPPER REFLECTOR 1355777-1 ALUM/6061-T6 35000 42000 771 35.32 37.91

"ALSO DESIGN LOADS CASE 6 Gy=20.6 Gx=21.2
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Table II METSAT AMSU-A1 Margins of Safety Summary, Beam Elements,
Design Loads Case 1 Gy=-20.6 Gx=-21.2

ITEM PART MATERIAL/ YIELD [ULTIMATE] MAXIMUM™ [MARGINS OF SAFETY
NO.* DESCRIPTION NUMBER ALLOY (psi) (psi) _ISTRESS (psi)| YIELD | ULTIMATE
1__|LOWER BASEPLATE ASSEMBLY 1331404-1 | ALUM/E061-T651 | 35000 42000 1449 18.32 18.70
2 |LOWER MOTOR MOUNT PANEL 1331414-1 | ALUM/7075-T651 | 66000 75000 4263 11.39 11.57
3 __|UPPER MOTOR MOUNT PANEL 1331389-1 | ALUM/7075-T651 | 66000 75000 2703 18.53 18.82
4 LOWER FRONT PANEL 13314011 | ALUM/6061-T651 | 35000 42000 2344 10.95 11.80
5 |LOWER AFT PANEL 1331652-1__ | ALUM/2024-T851 | 58000 686000 1478 30.39 30.90
6 |UPPER BASEPLATE ASSEMBLY 1331356-3 | ALUM/6061-T651 | 35000 42000 1395 19.07 20.51
7__|UPPER FRONT PANEL 1331352-3 | ALUM/7075-T651 | 66000 75000 4533 10.85 10.82
8 |UPPER AFT PANEL ’ 1331642-3 | ALUM/2024-T851 | 58000 66000 2581 16.98 17.27
9 |LOWER RF SHELF ASSEMBLY 1356429-1 BE/SR-200E 50000 70000 1588 24.19 30.49
10 _JUPPER RF SHELF ASSEMBLY 1356409-1 BE/SR-200E 50000 70000 437 90.53 113.42
11_|LOWER RIGHT FRONT SUPPORT PANEL 1331447-1 | ALUM/B061-T651 | 35000 42000 1525 17.36 18.67
12 JLOWER RIGHT PANEL 1331650-1 ALUM/6061-T6 35000 42000 1301 20.52 22.06
13 _JUPPER RIGHT FRONT SUPPORT PANEL 1331390-1 | ALUM/6061-T651 | 35000 42000 2096 12.36 13.31
14 _JUPPER RIGHT PANEL 1331651-1 ALUM/6061-T6 35000 42000 1254 21.33 22.92
15 [TOP PANEL 1331648-1 ALUM/6061-T6 35000 42000 500 55.00 59.00
16 [LEFT PANEL 1331640-1 ALUM/6061-T6 35000 42000 Srreser
17 _|[LOWER LEFT WARMLOAD SHIELD 1331445-1 ALUM/6061-T6 35000 42000 3593 6.79 7.35
18 JLOWER RIGHT WARMLOAD SHIELD 1331405-1 ALUM/6061-T6 35000 42000 3552 6.88 7.45
19 |UPPER LEFT WARMLOAD SHIELD 1331647-1 ALUM/6061-T6 35000 42000 3630 6.71 7.26
20 |UPPER RIGHT WARMLOAD SHIELD 1331646-1 ALUM/6061-T6 35000 42000 2096 12.36 13.31
21 JLOWER CARD CAGE ASSEMBLY 1331600-1 ALUM/6061-T6 35000 42000 srameee
22 [LOWER CARD 1331600-1 REINF PLASTIC | 24000 40000 srevese
23 [UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T6 35000 42000 1857 15.90 17.11
23a JUPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T4 16000 30000 323 38.63 65.34
24 |UPPER CARD 1331162-1 REINF PLASTIC 24000 40000 i
25 ILOWER CALIBRATION SOURCE ASSY 1331380-1 ALUM/6061-T6 35000 42000 i
26 |UPPER CALIBRATION SOURCE ASSY 1331380-2 ALUM/6061-T6 35000 42000 Tretess
27 |BEAM SUPPORT 1331406-1 ALUM/7075-T6 66000 75000 1002 51.69 52.46
28 |LOWER REFLECTOR 1355777-1 ALUM/7075-T6 66000 75000 1602 31.96 32.44
29 |POWER CONTROL/MONITOR, BRACKET 1356790-1 ALUM/6061-T6 35000 42000 reene
30_{POWER CNTL/MNTR ASSY, PWB 1356862-1 REINF PLASTIC | 24000 40000 Jresese
31 |POWER CNTL/MNTR ASSY, STANDOFFS 1356962-1 CRES 1/4 HARD | 44000 122000 10547 2.34 7.26
32 |RADIATOR PANEL 1331511-1 ALUM/6061-T6 35000 42000 Teenees
33 |SIDEMOUNT ASSEMBLY 1331552-1 ALUM/6061-T6 35000 42000 2437 10.49 11.31
34 |UPPER REFLECTOR 1355777-1 ALUM/7075-T6 66000 75000 1610 31.80 32.27

"ALSO DESIGN LOADS CASE 6 Gy=20.6 Gx=21.2
“ABSOLUTE VALUE OF MAXIMUM PRINCIPAL STRESS OR MINIMUM PRINCIPAL STRESS.
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Table IV METSAT AMSU-A1 Margins of Safety Summary, Shell Elements,
Design Loads Case 2 Gy=-20.6 Gx=21.2

ITEM PART MATERIAL/ YIELD [ULTIMATE| VON MISES [MARGINS OF SAFETY

NO.* DESCRIPTION NUMBER ALLOY {psi) (psi) _|STRESS (psi)] YIELD | ULTIMATE
1__|LOWER BASEPLATE ASSEMBLY 1331404-1 | ALUMG061-T651 | 35000 | 42000 675 40.48 43.44
2 |LOWER MOTOR MOUNT PANEL 1331414-1 | ALUM7075-Te51 | 66000 | 75000 4101 11.87 12.06
3 |UPPER MOTOR MOUNT PANEL 1331389-1 | ALUM/7075-Tes1 | 66000 | 75000 1426 36.03 36.57
4 _|LOWER FRONT PANEL 1331401-1 | ALUMB061-T651 | 35000 | 42000 1045 25.79 27.71
5 |LOWER AFT PANEL 1331652-1 | ALUM/2024-TB51 | 58000 | 66000 1418 31.72 32.25
6 |UPPER BASEPLATE ASSEMBLY 1331356-3 | ALUM/G061-T651 | 35000 | 42000 1632 16.16 17.38
7 _|UPPER FRONT PANEL 1331352-3 | ALUM/7075-Tes1 | 66000 | 75000 1717 29.75 30.20
8 |UPPER AFT PANEL 13316423 | ALUM/2024-T851 | 58000 | 66000 4667 8.94 9.10
9 |LOWER RF SHELF ASSEMBLY 1356429-1 BE/SR-200E 50000 | 70000 1489 25.86 32.58
10_|UPPER RF SHELF ASSEMBLY 1356409-1 BE/SR-200E 50000 | 70000 1110 35.04 44.05
11_|LOWER RIGHT FRONT SUPPORT PANEL | 1331447-1 | ALUMG061-TE51 | 35000 | 42000 544 50.47 54.15
12_|LOWER RIGHT PANEL 1331650-1 | ALUM/G061-T6 | 35000 | 42000 1212 22.10 23.75
13_|UPPER RIGHT FRONT SUPPORT PANEL | 1331390-1 | ALUM/G061-Tes1 | 35000 | 42000 821 33.10 35.54
14_|UPPER RIGHT PANEL 1331651-1 | ALUMBO61-T6 | 35000 | 42000 1345 19.82 21.30
15_|TOP PANEL 1331648-1 | ALUM6061-T6 | 35000 | 42000 2301 11.17 12.04
16_|LEFT PANEL 1331640-1 | ALUMG061-T6 | 35000 | 42000 1846 14.17 15.25
17_|LOWER LEFT WARMLOAD SHIELD 13314451 | ALUM/6061-T6 | 35000 | 42000 1959 13.29 14.31
18_|LOWER RIGHT WARMLOAD SHIELD 1331405-1 | ALUMGO061-T6 | 35000 | 42000 726 37.57 40.32
19 |UPPER LEFT WARMLOAD SHIELD 1331647-1 | ALUMGO61-T6 | 35000 | 42000 1466 18.10 19.46
20 |UPPER RIGHT WARMLOAD SHIELD 1331646-1 | ALUMBO061-T6 | 35000 | 42000 327 84.63 90.74
21 _|LOWER CARD CAGE ASSEMBLY 1331600-1 | ALUMEGO61-T6 | 35000 | 42000 2753 9.17 9.90
22 |LOWER CARD 1331600-1 | REINF PLASTIC | 24000 | 40000 851 21.56 32.57
23 |UPPER CARD CAGE ASSEMBLY 1331162-1 | ALUM/60B1-T6 | 35000 | 42000 715 38.16 40.96

23a |UPPER CARD CAGE ASSEMBLY 133116211 | ALUM/B061-T4 | 16000 | 30000 550 22.27 37.96
24 |UPPER CARD 1331162-1 | REINF PLASTIC | 24000 | 40000 526 35.50 53.32
25 |LOWER CALIBRATION SOURCE ASSY 13313801 | ALUM/B0G1-T6 | 35000 | 42000 1050 25.67 27.57
26 _|UPPER CALIBRATION SOURCE ASSY 1331380-2_| ALUMBOB1-T6 | 35000 | 42000 765 35.60 38.22
27 |BEAM SUPPORT 1331406-1 | ALUM/7075-T6 | 66000 | 75000
28 |LOWER REFLECTOR 1355777-1_| ALUM/B061-T6 | 35000 | 42000 677 40.36 43.31
29 |POWER CONTROL/MONITOR, BRACKET | 1356790-1 | ALUMB061-T6 | 35000 | 42000 3211 7.72 8.34
30 |POWER CNTL/MNTR ASSY, PWB 1356962-1 | REINF PLASTIC | 24000 | 40000 868 21.12 31.92
31 |POWER CNTL/MNTR ASSY, STANDOFFS | 1356962-1 | CRES 1/4 HARD | 44000 | 122000
32_|RADIATOR PANEL 1331511-1_| ALUme061-Té | 35000 | 42000 2622 9.68 10.44
33 {SIDEMOUNT ASSEMBLY 1331552-1 | ALUM/G061-T6 | 35000 | 42000 10137 1.76 1.96
34 |UPPER REFLECTOR 1355777-1 | ALUM/6061-T6 | 35000 | 42000 689 39.64 42.54

'ALSO DESIGN LOADS CASE 5 Gy=20.6 Gx=-21.2
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Table V. METSAT AMSU-A1 Margins of Safety Summary, Beam Elements,
Design Loads Case 2 Gy=-20.6 Gx=21.2

ITEM PART MATERIAL/ YIELD JULTIMATE] MAXIMUM™ [MARGINS OF SAFETY
NO.* DESCRIPTION NUMBER ALLOY (psi) {psl) |STRESS (psi)| YIELD | ULTIMATE
1_|LOWER BASEPLATE ASSEMBLY 1331404-1 | ALUM/6061-T651 | 35000 | 42000 1155 23.24 24.97
2 |LOWERMOTOR MOUNT PANEL 1331414-1 | ALUM/7075-T651 | 66000 | 75000 3819 12.83 13.03
3 |UPPER MOTOR MOUNT PANEL 1331389-1 | ALUM/7075-Tes1 | 66000 | 75000 2457 20.48 20.80
4 _|LOWER FRONT PANEL 13314011 | ALUM/6061-T651 | 35000 | 42000 1471 18.03 19.39
5__|LOWER AFT PANEL 1331652-1 | ALUM/2024-T851 | 58000 | 66000 120 385.67 391.86
6 _|UPPER BASEPLATE ASSEMBLY 1331356-3 | ALUM/6061-T651 | 35000 | 42000 2576 9.87 10.65
7__|UPPER FRONT PANEL 13313523 | ALUM/7075-T651 | 66000 | 75000 2746 18.23 18.51
8 |UPPER AFT PANEL 1331642-3 | ALUM/2024-T851 | 58000 | 66000 2311 19.08 19.40
9 |LOWER RF SHELF ASSEMBLY 1356429-1 BE/SR-200€ 50000 | 70000 956 40.84 51.30
10 |UPPER RF SHELF ASSEMBLY 1356409-1 BE/SR-200E 50000 | 70000 784 50.02 62.78
11_|LOWER RIGHT FRONT SUPPORT PANEL | 1331447-1 | ALUM/6061-T651 | 35000 | 42000 1332 20.02 21.52
12_|LOWER RIGHT PANEL 1331650-1 ALUM/6061-T6 | 35000 | 42000 842 32.25 34.63
13_JUPPER RIGHT FRONT SUPPORT PANEL | 1331390-1 | ALUM/6061-T651 | 35000 | 42000 2457 10.40 11.21
14_|UPPER RIGHT PANEL 1331651-1 ALUM/6061-T6 | 35000 | 42000 1048 25.72 27.63
15 |[TOP PANEL 1331648-1 ALUMG061-T6 | 35000 | 42000 692 39.46 42.35
16_{LEFT PANEL 1331640-1 ALUM/6081-T6 | 35000 | 42000
17_|LOWER LEFT WARMLOAD SHIELD 1331445-1 ALUM/6061-T6 | 35000 | 42000 3588 6.80 7.36
18 |LOWER RIGHT WARMLOAD SHIELD 1331405-1 ALUM/6061-T6 | 35000 | 42000 3211 7.72 8.34
19 |UPPER LEFT WARMLOAD SHIELD 1331647-1 ALUM/6061-T6 | 35000 | 42000 3172 7.83 8.46
20 |UPPER RIGHT WARMLOAD SHIELD 1331646-1 ALUM/6061-T6 | 35000 | 42000 1702 15.45 16.63
21 |LOWER CARD CAGE ASSEMBLY 1331600-1 ALUM/6081-T6 | 35000 | 42000
22 |LOWER CARD 1331600-1 | REINFPLASTIC | 24000 | 40000
23_|UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T6 | 35000 | 42000 1816 14.42 15.52
23a |UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T4 | 16000 | 30000 336 37.10 62.78
24 |UPPER CARD 1331162-1 | REINF PLASTIC | 24000 | 40000
25_|LOWER CALIBRATION SOURCE ASSY 1331380-1 ALUM/6061-T6 | 35000 | 42000
26 _[UPPER CALIBRATION SOURCE ASSY 13313802 | ALUM/B061-T6 | 35000 | 42000
27 _|BEAM SUPPORT 1331406-1 ALUM/7075-T6 | 66000 | 75000 2576 19.50 19.80
28 |LOWER REFLECTOR 13557771 ALUM/7075-T6 | 66000 | 75000 986 52.55 53.33
29 |POWER CONTROL/MONITOR, BRACKET | 1356790-1 ALUM/6061-T6 | 35000 | 42000
30_|POWER CNTL/MNTR ASSY, PWB 1356962-1 | REINF PLASTIC | 24000 | 40000
31 _|POWER CNTL/MNTR ASSY, STANDOFFS | 1356962-1 | CRES 1/4 HARD | 44000 | 122000 11596 2.04 6.51
32_|RADIATOR PANEL 1331511-1 ALUM/6061-T6 | 35000 | 42000
33_|SIDEMOUNT ASSEMBLY 1331552-1 ALUM/6061-T6 | 35000 | 42000 1865 14.01 15.09
34 |UPPER REFLECTOR 1355777-1 ALUM/7075-T6 | 66000 | 75000 903 57.47 58.33

'ALSO DESIGN LOADS CASE 5 Gy=20.6 Gx=-21.2
"ABSOLUTE VALUE OF MAXIMUM PRINCIPAL STRESS OR MINIMUM PRINCIPAL STRESS.
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Table VI METSAT AMSU-A1 Margins of Safety Summary, Shell Elements,
Design Loads Case 3 Gy=-20.6 Gz=-19.6

ITEM PART MATERIAL YIELD |ULTIMATE] VON MISES IMARGINS OF SAFETY

NO.* DESCRIPTION NUMBER ALLOY (psi) (psi) {STRESS (psi)} YIELD | ULTIMATE
1 |LOWER BASEPLATE ASSEMBLY 1331404-1 ALUM/6061-T651 | 35000 42000 2065 12.56 13.53
2 JLOWER MOTOR MOUNT PANEL 13314141 ALUM/7075-T651 | 66000 75000 1026 50.46 51.21
3 JUPPER MOTOR MOUNT PANEL 1331389-1 ALUM/7075-T651 | 66000 75000 516 101.33 102.82
4 LOWER FRONT PANEL 1331401-1 ALUM/G061-T651 | 35000 42000 1235 21.67 23.29
5 JLOWER AFT PANEL 1331652-1 ALUM/2024-TBS51 | 58000 66000 1745 25.59 26.02
6 |UPPER BASEPLATE ASSEMBLY 1331356-3 | ALUM/6061-T651 | 35000 42000 1056 25.52 27.41
7 _|UPPER FRONT PANEL 1331352-3 | ALUM/7075-T851 | 66000 75000 1175 43.94 44.59
8 JUPPER AFT PANEL 1331642-3 | ALUM/2024-TB51 | 58000 66000 1197 37.76 38.38
9 |LOWER RF SHELF ASSEMBLY 1356429-1 BE/SR-200E 50000 70000 4607 7.68 9.85
10 JUPPER RF SHELF ASSEMBLY 1356409-1 BE/SR-200E 50000 70000 3603 10.10 12.88
11 |LOWER RIGHT FRONT SUPPORT PANEL 1331447-1 ALUM/6061-T651 | 35000 42000 194 143.33 153.64
12 _|{LOWER RIGHT PANEL 1331650-1 ALUM/6061-T6 35000 42000 1554 17.02 18.31
13 |UPPER RIGHT FRONT SUPPORT PANEL 1331390-1 ALUM/6061-T651 | 35000 42000 303 91.41 98.01
14 |UPPER RIGHT PANEL 1331651-1 ALUM/6061-T6 35000 42000 839 32.37 34.76
15 |TOP PANEL 1331648-1 ALUM/6061-T6 35000 42000 1621 16.27 17.51
16 |LEFT PANEL 1331640-1 ALUM/6061-T6 35000 42000 1616 16.33 17.56
17 |LOWER LEFT WARMLOAD SHIELD 1331445-1 ALUM/6061-T6 35000 42000 684 39.94 42.86
18_ILOWER RIGHT WARMLOAD SHIELD 1331405-1 ALUM/6061-T6 35000 42000 181 153.70 164.75
19 |UPPER LEFT WARMLOAD SHIELD 1331647-1 ALUM/6061-T6 35000 42000 441 62.49 67.03
20 |UPPER RIGHT WARMLOAD SHIELD 1331646-1 ALUM/6061-T6 35000 42000 51 548.02 587.24
21 |LOWER CARD CAGE ASSEMBLY 1331600-1 ALUM/6061-T6 35000 42000 3047 8.19 8.85
22 |LOWER CARD 1331600-1 REINF PLASTIC 24000 40000 779 23.65 35.68
23 |UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T6 35000 42000 2358 10.87 11.72
23a |UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T4 16000 30000 1312 8.76 15.33
24 |UPPER CARD 1331162-1 REINF PLASTIC 24000 40000 264 71.73 107.23
25 |LOWER CALIBRATION SOURCE ASSY 1331380-1 ALUM/6061-T6 35000 42000 1984 13.11 14.12
26 |UPPER CALIBRATION SOURCE ASSY 1331380-2 ALUM/6061-T6 35000 42000 1904 13.71 14.76
27 |BEAM SUPPORT 1331406-1 ALUM/7075-T6 66000 75000 ik

28 |LOWER REFLECTOR 1355777-1 ALUM/6061-T6 35000 42000 929 29.14 31.29
29 |POWER CONTROL/MONITOR, BRACKET 1356790-1 ALUM/6061-T6 35000 42000 884 30.67 32.94
30 |POWER CNTL/MNTR ASSY, PWB 1356962-1 REINF PLASTIC 24000 40000 188 101.13 150.98
31 |[POWER CNTUMNTR ASSY, STANDOFFS 1356962-1 CRES 1/4 HARD | 44000 122000 seene

32 |RADIATOR PANEL 13315111 ALUM/6061-T6 35000 42000 2099 12.34 13.29
33 [SIDEMOUNT ASSEMBLY 13315521 ALUM/6061-T6 35000 42000 9509 1.94 2.15
34 |UPPER REFLECTOR 1355777-1 ALUM/6061-T6 35000 42000 929 29.14 31.29

"ALSO DESIGN LOADS CASE 8 Gy=20.6 Gz=19.6
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Table VII METSAT AMSU-A1l Margins of Safety Summary, Beam Elements,
Design Loads Case 3 Gy=-20.6 Gz=-19.6

ITEM PART MATERIAL YIELD JULTIMATE| MAXIMUM™ [MARGINS OF SAFETY
NO.* DESCRIPTION NUMBER ALLOY (psi) (psi) ]STRESS (psi)] YIELD | ULTIMATE
1 _|LOWER BASEPLATE ASSEMBLY 1331404-1 | ALUM/6061-T651 | 35000 42000 5181 4.40 4.79
2 |JLOWER MOTOR MOUNT PANEL 1331414-1 | ALUM/7075-T651 | 66000 75000 1251 41.21 41.82
3 JUPPER MOTOR MOUNT PANEL 1331389-1 | ALUM/7075-T651 | 66000 75000 775 67.13 68.12
4 JLOWER FRONT PANEL 13314011 | ALUM/6061-T651 | 35000 42000 1375 19.36 20.82
5 |LOWER AFT PANEL 1331652-1 | ALUM/2024-T851 | 58000 66000 1527 29.39 29.87
6 |UPPER BASEPLATE ASSEMBLY 1331356-3 | ALUM/6061-T651 | 35000 42000 1600 16.50 17.76
7 JUPPER FRONT PANEL 1331352-3 | ALUM/7075-T651 | 66000 75000 3268 15.17 15.40
8 JUPPER AFT PANEL 1331642-3 | ALUM/2024-T851 | 58000 66000 757 60.29 61.28
9 JLOWER RF SHELF ASSEMBLY 1356429-1 BE/SR-200E 50000 70000 1581 24.30 30.63
10 JUPPER RF SHELF ASSEMBLY 1356409-1 BE/SR-200E 50000 70000 1313 29.46 37.08
11 _|LOWER RIGHT FRONT SUPPORT PANEL 1331447-1 | ALUM/6061-T651 | 35000 42000 480 5§7.33 61.50
12 |JLOWER RIGHT PANEL 1331650-1 ALUM/6061-T6 35000 42000 1581 16.71 17.98
13_[UPPER RIGHT FRONT SUPPORT PANEL 1331390-1 | ALUM/6061-T651 | 35000 42000 1494 17.74 19.08
14 |UPPER RIGHT PANEL 1331651-1 ALUM/6061-T6 35000 42000 691 39.52 42.42
15 |TOP PANEL 1331648-1 ALUM/6061-T6 35000 42000 563 48.73 52.29
16 _JLEFT PANEL 1331640-1 ALUM/6061-T6 35000 42000 hhbbided
17 _ILOWER LEFT WARMLOAD SHIELD 1331445-1 ALUM/S061-T6 35000 42000 890 30.46 32.71
18 |LOWER RIGHT WARMLOAD SHIELD 1331405-1 ALUM/6061-T6 35000 42000 799 34.04 36.55
19 JUPPER LEFT WARMLOAD SHIELD 1331647-1 ALUM/6061-T6 35000 42000 2154 12.00 12.93
20 |UPPER RIGHT WARMLOAD SHIELD 1331646-1 ALUM/6061-T6 35000 42000 515 53.37 57.25
21 _|LOWER CARD CAGE ASSEMBLY 1331600-1 ALUM/6061-T6 35000 42000 sreeser
22 |LOWER CARD 1331600-1 REINF PLASTIC | 24000 40000 i
23 [UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T6 35000 42000 2628 9.65 10.42
23a JUPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/E061-T4 16000 30000 2398 4.34 7.94
24 |UPPER CARD 1331162-1 REINF PLASTIC | 24000 40000 i
25 |LOWER CALIBRATION SOURCE ASSY 1331380-1 ALUM/6061-T6 35000 42000 aeetese
26 |UPPER CALIBRATION SOURCE ASSY 1331380-2 ALUM/6061-T6 35000 42000 seennes
27 |BEAM SUPPORT 1331406-1 ALUM/7075-T6 66000 75000 1600 32.00 32.48
28 |LOWER REFLECTOR 1355777-1 ALUM/7075-T6 66000 75000 950 54.58 55.39
29 |POWER CONTROUMONITOR, BRACKET 1356790-1 ALUM/6061-T6 35000 42000 sreneee
30 |POWER CNTL/MNTR ASSY, PWB 1356962-1 REINF PLASTIC 24000 40000 b
31 |[POWER CNTL/MNTR ASSY, STANDOFFS 1356962-1 CRES 1/4 HARD | 44000 122000 3496 9.07 23.93
32 IRADIATOR PANEL 13315111 ALUM/6061-T6 35000 42000 e
33 _|SIDEMOUNT ASSEMBLY 1331552-1 ALUM/6061-T6 35000 42000 1045 25.79 27.71
34 JUPPER REFLECTOR 1355777-1 ALUM/7075-T6 66000 75000 966 53.66 54.46

"ALSO DESIGN LOADS CASE 8 Gy=20.6 Gz=19.6

"ABSOLUTE VALUE OF MAXIMUM PRINCIPAL STRESS OR MINIMUM PRINCIPAL STRESS.
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Table VIIIT METSAT AMSU-A1 Margins of Safety Summary, Shell Elements,
Design Loads Case 4 Gy=-20.6 Gz=19.6

ITEM PART MATERIAL/ YIELD |ULTIMATE| VON MISES |MARGINS OF SAFETY

NO.* DESCRIPTION NUMBER ALLOY (psi) (psi) |STRESS (psi){ YIELD ULTIMATE
1 _|LOWER BASEPLATE ASSEMBLY 1331404-1 | ALUM/6061-T651 | 35000 42000 2016 12.89 13.88
2 JLOWER MOTOR MOUNT PANEL 13314141 ALUM/7075-T651 { 66000 75000 1400 36.71 37.27
3 JUPPER MOTOR MOUNT PANEL 1331389-1 | ALUM/7075-T651 | 66000 75000 956 54.23 55.04
4 |LOWER FRONT PANEL 1331401-1 | ALUM/6061-T651 | 35000 42000 2017 12.88 13.87
5 |LOWER AFT PANEL 1331652-1 ALUM/2024-T851 | 58000 66000 1631 27.45 27.90
6 JUPPER BASEPLATE ASSEMBLY 1331356-3 | ALUM/6061-T651 | 35000 42000 1811 14.46 156.57
7 _|UPPER FRONT PANEL 1331352-3 | ALUM/7075-T651 | 66000 75000 1858 27.42 27.83
8 |UPPER AFT PANEL 1331642-3 | ALUM/2024-T851 | 58000 66000 1499 28.95 30.45
9 JLOWER RF SHELF ASSEMBLY 1356429-1 BE/SR-200E 50000 70000 4621 7.66 9.82
10 |UPPER RF SHELF ASSEMBLY 1356408-1 BE/SR-200E 50000 70000 3804 9.52 12.14
11_]LOWER RIGHT FRONT SUPPORT PANEL 13314471 ALUM/6061-T651 | 35000 42000 171 162.74 174.44
12 |JLOWER RIGHT PANEL 1331650-1 ALUM/6061-T6 35000 42000 1237 21.64 23.25
13 JUPPER RIGHT FRONT SUPPORT PANEL 1331390-1 ALUM/6061-T651 | 35000 42000 348 79.46 85.21
14 JUPPER RIGHT PANEL 1331651-1 ALUM/6061-T6 35000 42000 733 37.20 39.93
15 JTOP PANEL 1331648-1 ALUM/6061-T6 35000 42000 1668 15.79 16.99
16 JLEFT PANEL 1331640-1 ALUM/6061-T6 35000 42000 1948 13.37 14.40
17_|LOWER LEFT WARMLOAD SHIELD 1331445-1 ALUM/6061-T6 35000 42000 589 46.54 49.93
18 |LOWER RIGHT WARMLOAD SHIELD 1331405-1 ALUM/6061-T6 35000 42000 180 154.56 165.67
19 JUPPER LEFT WARMLOAD SHIELD 1331647-1 ALUM/B061-T6 35000 42000 938 28.85 30.98
20 |UPPER RIGHT WARMLOAD SHIELD 1331646-1 ALUM/6061-T6 35000 42000 80 349.00 374.00
21 JLOWER CARD CAGE ASSEMBLY 1331600-1 ALUM/6061-T6 35000 42000 3107 8.01 8.66
22 |LOWER CARD 1331600-1 REINF PLASTIC 24000 40000 994 18.32 27.74
23 JUPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T6 35000 42000 3213 7.71 8.34
23a JUPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T4 16000 30000 1585 7.08 12.52
24 1UPPER CARD 1331162-1 REINF PLASTIC 24000 40000 174 109.34 163.20
25 |LOWER CALIBRATION SOURCE ASSY 1331380-1 ALUM/B061-T6 35000 42000 1804 14.52 15.63
26 |UPPER CALIBRATION SQURCE ASSY 1331380-2 ALUM/6061-T6 35000 42000 1857 14.08 15.16
27 |BEAM SUPPORT 1331406-1 ALUM/7075-T6 66000 75000 reenees

28 |LOWER REFLECTOR 1355777-1 ALUM/6061-T6 35000 42000 785 34.67 37.22
29 IPOWER CONTROL/MONITOR, BRACKET 1356790-1 ALUM/6061-T6 35000 42000 945 28.63 30.75
30 |POWER CNTL/MNTR ASSY, PWB 1356962-1 REINF PLASTIC 24000 40000 200 95.00 141.86
31 _|POWER CNTL/MNTR ASSY, STANDOFFS 1356962-1 CRES 1/4 HARD | 44000 122000 Tenese

32 JRADIATOR PANEL 13315111 ALUM/6061-T6 35000 42000 1164 23.05 24.77
33 (SIDEMOUNT ASSEMBLY 1331552-1 ALUM/6061-T6 35000 42000 10727 1.61 1.80
34 |UPPER REFLECTOR 1355777-1 ALUM/6061-T6 35000 42000 785 34.67 37.22

"ALSO DESIGN LOADS CASE 7 Gy=20.6 GZ=-19.6

45



Report 10805A
July 1996

Table IX METSAT AMSU-A1 Margins of Safety Summary, Beam Elements,
Design Loads Case 4 Gy=-20.6 Gz=19.6

ITEM PART MATERIAL/ YIELD (ULTIMATE| MAXIMUM™ |MARGINS OF SAFETY
NO." DESCRIPTION NUMBER ALLOY {psi) (psi) |STRESS (psi)| YIELD | ULTIMATE
1__|LOWER BASEPLATE ASSEMBLY 1331404-1 | ALUM/6061-T651 | 35000 42000 4816 4.81 5.23
2 _|LOWER MOTOR MOUNT PANEL 1331414-1 | ALUM/7075-T651 | 66000 75000 1005 51.54 52.30
3 _|UPPER MOTOR MOUNT PANEL 1331389-1 | ALUM/7075-T651 | 66000 75000 1441 35.64 36.18
4 |LOWER FRONT PANEL 1331401-1 | ALUM/6061-T651 | 35000 42000 2209 11.68 12.58
5 [LOWER AFT PANEL 1331652-1 | ALUM/2024-T851 | 58000 66000 2159 20.49 20.84
6 |UPPER BASEPLATE ASSEMBLY 1331356-3 | ALUM/6061-T651 | 35000 42000 2479 10.28 11.10
7__|UPPER FRONT PANEL 1331352-3 | ALUM/7075-T651 | 66000 75000 2953 16.88 17.14
8 |UPPER AFT PANEL 1331642-3 | ALUM/2024-TB51 | 58000 66000 1442 31.18 31.69
9 |LOWER RF SHELF ASSEMBLY 1356429-1 BE/SR-200E 50000 70000 1973 19.27 24.34
10 |UPPER RF SHELF ASSEMBLY 1356408-1 BE/SR-200E 50000 70000 1555 24.72 31.15
11_|LOWER RIGHT FRONT SUPPORT PANEL 1331447-1 | ALUM/60B1-T651 | 35000 42000 416 66.31 71.12
12 |LOWER RIGHT PANEL 1331650-1 ALUM/6061-T6 35000 42000 1973 13.19 14.21
13_|UPPER RIGHT FRONT SUPPORT PANEL 1331390-1 | ALUM/6061-T651 | 35000 42000 1256 21.29 22.89
14_|JUPPER RIGHT PANEL 1331651-1 ALUM/6061-T6 35000 42000 1121 23.98 25.76
15 |TOP PANEL 1331648-1 ALUM/B061-T6 35000 42000 573 47.87 51.36
16 |LEFT PANEL 1331640-1 ALUM/6061-T6 35000 42000 seeeeee
17 JLOWER LEFT WARMLOAD SHIELD 1331445-1 ALUM/6061-T6 35000 42000 1552 17.04 18.33
18 |LOWER RIGHT WARMLOAD SHIELD 1331405-1 ALUM/6061-T6 35000 42000 977 27.68 29.71
19 JUPPER LEFT WARMLOAD SHIELD 1331647-1 ALUM/6061-T6 35000 42000 1755 14.95 16.09
20 JUPPER RIGHT WARMLOAD SHIELD 1331646-1 ALUM/6061-T8 35000 42000 357 77.43 83.03
21_JLOWER CARD CAGE ASSEMBLY 1331600-1 ALUM/6061-T6 35000 42000 g
22 |LOWER CARD 1331600-1 REINF PLASTIC 24000 40000 i
23 JUPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T6 35000 42000 3415 7.20 7.78
23a |UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T4 16000 30000 3057 3.19 6.01
24 |UPPER CARD 1331162-1 REINF PLASTIC 24000 40000 seeetes
25 JLOWER CALIBRATION SOURCE ASSY 1331380-1 ALUM/6061-T6 35000 42000 i
26 JUPPER CALIBRATION SOURCE ASSY 1331380-2 ALUM/6061-T6 35000 42000 i
27 |BEAM SUPPORT 1331406-1 ALUM/7075-T6 66000 75000 2479 20.30 20.61
28 |LOWER REFLECTOR 13557771 ALUM/7075-T6 66000 75000 1156 44.71 45.38
29 |POWER CONTROL/MONITOR, BRACKET 1356790-1 ALUM/6061-T6 35000 42000 b
30 |POWER CNTU/MNTR ASSY, PWB 1356962-1 REINF PLASTIC | 24000 40000 Seesene
31 |POWER CNTL/MNTR ASSY, STANDOFFS 1356962-1 CRES 1/4 HARD | 44000 122000 3178 10.08 26.42
32 |RADIATOR PANEL 13315111 ALUM/B061-T6 35000 42000 i
33_|SIDEMOUNT ASSEMBLY 1331552-1 ALUM/6061-T6 35000 42000 3082 8.09 8.73
34 |UPPER REFLECTOR 13556777-1 ALUM/7075-T6 66000 75000 1127 45.85 46.53

"ALSO DESIGN LOADS CASE 7 Gy=20.6 GZ=-19.6
"ABSOLUTE VALUE OF MAXIMUM PRINCIPAL STRESS OR MINIMUM PRINCIPAL STRESS.
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Table X  METSAT AMSU-A1 Modal Effective Weight and Participation Factor Summary
e — ‘ o |
- MODE | NATURAL X-AXIS Y-AXIS | Z-AXIS }, e
NO. [ FREQ. % % ESSUR S S
_ { Hz. S L o _
o, 1018 ~ 0003 | 0000 0129 . .
2 1090 |  0.000 0.000 0.000 B ] B
3 ., 1080 | 0.000 0.000 __0.000 _ e
4 109.5 1.195 0.001 0.017 T B
5 1 1097 0.000. 6600 | 0000 | . .
6 . 1204 | 8452 0127 | 0028 .
71214 ~0.026 0.002 0.883 - T |
8 . 1229 | 0017 _0.256 0.043 S o _
9 1220 0.064 10.150 0.147 o o
LY , 1309 | 1876 _0.567_ __.2173 ] I
1 1318 . 0.877 o811 2875 | o
12 1385  6.239 0.028 0.733 s )
13 " 1306 0.000 0.000 0000 | - B
14 | 1408 0.050 0004 |  0.004 e
- 15 1491 1.312 ~0.052 0.100 N
16 | 1542 0.217 0.019 0.053
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Table XI METSAT AMSU-A1 Margins of Safety Summary, All Elements,
Random Vibration 8.8 grms

ITEM PART MATERIAL/ YIELD |ULTIMATE| 3SIGMA™ |MARGINS OF SAFETY |DIRECTION
NO.* DESCRIPTION NUMBER ALLOY (psi) {psi) |STRESS (psiy YIELD | ULTIMATE| EL TYPE
1_|LOWER BASEPLATE ASSEMBLY 1331404-1 ALUM/6061-T651 35000 42000 9554 1.93 2.14 Z BEAM
2 _|LOWER MOTOR MOUNT PANEL 1331414-1 ALUM/7075-T651 66000 75000 15093 2.50 2.55 X BEAM
3_|UPPER MOTOR MOUNT PANEL 1331389-1 ALUM/7075-T651 66000 75000 8478 5.23 5.32 X BEAM
4 |LOWER FRONT PANEL 13314011 ALUM/6061-T651 35000 42000 5884 3.76 4.10 X BEAM
5 |LOWER AFT PANEL 1331652-1 ALUM/2024-T851 58000 66000 2323 18.97 19.29 Z BEAM
68 |UPPER BASEPLATE ASSEMBLY 1331356-3 | ALUM/6061-T651 35000 42000 5384 4.20 4.57 X BEAM
7 JUPPER FRONT PANEL 1331352-3 | ALUM/7075-T651 66000 75000 16837 2.14 2.18 X BEAM
8 [UPPER AFT PANEL 1331642-3 | ALUM/2024-T851 58000 66000 18035 1.57 1.61 X SHELL
9 |LOWER RF SHELF ASSEMBLY 1356429-1 BE/SR-200E 50000 70000 7156 4.59 5.99 Y SHELL
10 |UPPER RF SHELF ASSEMBLY 1356408-1 BE/SR-200E 50000 70000 4429 8.03 10.29 Z SHELL
11 _|LOWER RIGHT FRONT SUPT PANEL 1331447-1 ALUM/6061-T651 35000 42000 3896 6.19 6.70 X BEAM
12 |LOWER RIGHT PANEL 1331650-1 ALUM/6061-T6 35000 42000 4214 5.64 6.12 Y SHELL
13 JUPPER RIGHT FRONT SUPT PANEL 1331390-1 ALUM/6061-T651 35000 42000 6716 3.17 347 X BEAM
14 [UPPER RIGHT PANEL 1331651-1 ALUM/6061-T6 35000 42000 3591 6.80 7.35 X SHELL
15 |TOP PANEL 1331648-1 ALUM/6061-T6 35000 42000 4858 4.76 5.18 X SHELL
16 [LEFT PANEL 1331640-1 ALUM/6061-T6 35000 42000 2369 10.82 11.66 X SHELL
17_[LOWER LEFT WARMLOAD SHIELD 1331445-1 ALUM/6061-T6 35000 42000 5832 3.80 4.14 X BEAM
18 |LOWER RIGHT WARMLOAD SHIELD 1331405-1 ALUM/6061-T6 35000 42000 6477 3.32 3.63 X BEAM
19 {UPPER LEFT WARMLOAD SHIELD 1331647-1 ALUM/6061-T6 35000 42000 8869 2.12 2.34 X BEAM
20 [UPPER RIGHT WARMLOAD SHIELD 1331646-1 ALUM/6061-T6 35000 42000 10715 1.61 1.80 X BEAM
21 [LOWER CARD CAGE ASSEMBLY 1331600-1 ALUM/6061-T6 35000 42000 7342 2.81 3.09 Z SHELL
22 |LOWER CARD 1331600-1 REINF PLASTIC 24000 40000 1928 8.95 13.81 Y SHELL
23 {UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T6 35000 42000 7652 2.66 2.92 Z BEAM
23a [UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T4 16000 30000 3826 2.35 4.60 Z BEAM
24 |UPPER CARD 1331162-1 REINF PLASTIC 24000 40000 1659 10.57 16.22 X SHELL
25 |LOWER CALIBRATION SOURCE ASSY 1331380-1 ALUM/6061-T6 35000 42000 6451 3.34 3.65 Y SHELL
26 _|UPPER CALIBRATION SOURCE ASSY 1331380-2 ALUM/6061-T6 35000 42000 7876 2.56 2.81 Y SHELL
27 |BEAM SUPPORT 1331406-1 ALUM/7075-T6 66000 75000 4104 11.87 12.05 Y BEAM
28 |LOWER REFLECTOR 1355777-1 ALUM/6061-T6 35000 42000 8758 2,20 2.43 X SHELL
29 |POWER CONTROL/MONITOR, BKT 1356790-1 ALUM/6061-T6 35000 42000 8050 2.48 273 X SHELL
30 |POWER CNTUMNTR ASSY, PWB 1356962-1 REINF PLASTIC 24000 40000 3189 5.02 7.96 X SHELL
31 _|PWR CNTL/MNTR ASSY, STANDOFFS 1356962-1 CRES 1/4 HARD 44000 122000 21709 0.62 3.01 X BEAM
32 |RADIATOR PANEL 13315111 ALUM/6061-T6 35000 42000 6071 3.61 3.94 X SHELL
33 [SIDEMOUNT ASSEMBLY 1331552-1 ALUM/B061-T6 35000 42000 10836 1.58 1.77 X SHELL
34_[UPPER REFLECTOR 13557771 ALUM/6061-T6 35000 42000 7721 2.63 2.89 X SHELL

'RANDOM VIBRATION LOAD CASES 8.8 GRMS INDEPENDENTLY IN X, Y, ANDZ
“MAXIMUM PRINCIPAL STRESS BASED ON ASSUMED IN PHASE COMPONENT STRESSES

48



Table XII METSAT AMSU-A1 Margins of Safety Summary, All Elements,

Random Vibration 8.8 grms, X Direction

Report 10805A
July 1996

ITEM PART MATERIAL/ YIELD |ULTIMATE| 3SIGMA™ [MARGINS OF SAFETY |DIRECTION
NO.* DESCRIPTION NUMBER ALLOY (psi) (psi) [STRESS (psi} YIELD | ULTIMATE| EL TYPE
1 |LOWER BASEPLATE ASSEMBLY 13314041 ALUM/6061-T651 35000 42000 2053 12.64 13.61 X BEAM
2 |LOWER MOTOR MOUNT PANEL 1331414-1 ALUM/7075-T651 66000 75000 15083 2.50 2.55 X BEAM
3 |UPPER MOTOR MOUNT PANEL 1331389-1 ALUM/7075-T651 66000 75000 8478 523 5.32 X BEAM
4 |LOWER FRONT PANEL 1331401-1 ALUM/6061-T651 35000 42000 5884 3.76 4.10 X BEAM
5 |LOWER AFT PANEL 1331652-1 ALUM/2024-T851 58000 66000 1922 23.14 23.53 X SHELL
6 |UPPER BASEPLATE ASSEMBLY 1331356-3 | ALUM/6061-T651 35000 42000 5384 4.20 4.57 X BEAM
7 |UPPER FRONT PANEL 1331352-3 | ALUM/7075-T651 66000 75000 16837 2.14 2.18 X BEAM
8_|UPPER AFT PANEL 1331642-3 | ALUM/2024-T851 58000 66000 18035 1.57 1.61 X SHELL
9 |LOWER RF SHELF ASSEMBLY 1356429-1 BE/SR-200E 50000 70000 5685 6.04 7.80 X SHELL
10 |UPPER RF SHELF ASSEMBLY 1356409-1 BE/SR-200E 50000 70000 3728 8.73 12.41 X SHELL
11_[LOWER RIGHT FRONT SUPT PANEL 13314471 ALUM/6061-T651 35000 42000 3896 6.19 6.70 X BEAM
12 |LOWER RIGHT PANEL 1331650-1 ALUM/6061-T6 35000 42000 3045 8.20 8.85 X BEAM
13 |UPPER RIGHT FRONT SUPT PANEL 13313901 ALUM/6061-T651 35000 42000 6716 3.17 3.47 X BEAM
14 |UPPER RIGHT PANEL 1331651-1 ALUM/6061-T6 35000 42000 3591 6.80 7.35 X SHELL
15 |TOP PANEL 1331648-1 ALUM/6061-T6 35000 42000 4858 4.76 5.18 X SHELL
16 [LEFT PANEL 1331640-1 ALUM/6061-T6 35000 42000 2369 10.82 11.66 X SHELL
17 |LOWER LEFT WARMLOAD SHIELD 1331445-1 ALUM/6061-T6 35000 42000 5832 3.80 4.14 X BEAM
18 [LOWER RIGHT WARMLOAD SHIELD 1331405-1 ALUM/6061-T6 35000 42000 6477 3.32 3.63 X BEAM
19 UPPER LEFT WARMLOAD SHIELD 1331647-1 ALUM/6061-T6 35000 42000 8969 2.12 2.34 X BEAM
20 |UPPER RIGHT WARMLOAD SHIELD 1331646-1 ALUM/6061-T6 35000 42000 10715 1.61 1.80 X BEAM
21 |[LOWER CARD CAGE ASSEMBLY 1331600-1 ALUM/B061-T6 35000 42000 3665 6.64 7.19 X SHELL
22 |LOWER CARD 1331600-1 REINF PLASTIC 24000 40000 901 20.31 30.71 X SHELL
23 |UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T6 35000 42000 6356 341 3.72 X BEAM
23a |UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T4 16000 30000 2602 3.92 7.24 X SHELL
24 |UPPER CARD 1331162-1 REINF PLASTIC 24000 40000 1659 10.57 16.22 X SHELL
25 |LOWER CALIBRATION SOURCE ASSY 1331380-1 ALUM/6061-T6 35000 42000 6405 3.37 3.68 X SHELL
26 |UPPER CALIBRATION SOURCE ASSY 1331380-2 ALUM/6061-T6 35000 42000 3039 8.21 8.87 X SHELL
27 |BEAM SUPPORT 1331406-1 ALUM/7075-T6 66000 75000 2649 18.93 19.22 X BEAM
28 [LOWER REFLECTOR 13567771 ALUM/6061-T6 35000 42000 8758 2.20 243 X SHELL
29 |POWER CONTROL/MONITOR, BKT 1356790-1 ALUM/6061-T6 35000 42000 8050 248 273 X SHELL
30 [POWER CNTUMNTR ASSY, PWB 1356962-1 REINF PLASTIC 24000 40000 3188 5.02 7.96 X SHELL
31 |PWR CNTL/MNTR ASSY, STANDOFFS 1356962-1 CRES 1/4 HARD 44000 122000 21709 0.62 3.01 X BEAM
32 |RADIATOR PANEL 1331511-1 ALUM/6061-T6 35000 42000 6071 3.61 3.94 X SHELL
33 (SIDEMOUNT ASSEMBLY 1331552-1 ALUM/6061-T6 35000 42000 10836 1.58 177 X SHELL
L 34 |UPPER REFLECTOR 1355777-1 ALUM/6061-T6 35000 42000 7721 2.63 2.89 X SHELL
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Table XIIT =~ METSAT AMSU-A1 Margins of Safety Summary, All Elements,
Random Vibration 8.8 grms, Y Direction

ITEM PART MATERIAL/ YIELD |ULTIMATE| 3SIGMA™ |MARGINS OF SAFETY | DIRECTION
NO.* DESCRIPTION NUMBER ALLOY {psi) | (psi) [STRESS (psil YIELD | ULTIMATE| EL TYPE
1 _|LOWER BASEPLATE ASSEMBLY 1331404-1 | ALUM/B061-TE51 | 35000 | 42000 4685 4.98 5.40 Y BEAM
2 |LOWER MOTOR MOUNT PANEL 1331414-1_| ALUM/7075-T651 | 66000 | 75000 4023 12,12 1232 | YSHELL
3 |UPPER MOTOR MOUNT PANEL 1331389-1 | ALUM/7075-T651 | 66000 | 75000 2604 19.28 19.57 | YSHELL
4 |LOWER FRONT PANEL 1331401-1 | ALUM/B061-T651 | 35000 | 42000 3187 7.79 8.41 Y BEAM
5 |LOWER AFT PANEL 1331652-1_| ALUM/2024-T8S1 | 58000 | 66000 1470 30.56 31.07 | YSHELL
6 _|UPPER BASEPLATE ASSEMBLY 1331356-3 | ALUM/G061-T651 | 35000 | 42000 3505 6.99 7.56 Y BEAM
7_|UPPER FRONT PANEL 1331352-3 | ALUM/7075-T651 | 66000 | 75000 13997 277 283 Y BEAM
8 |UPPER AFT PANEL 1331642-3 | ALUM/2024-TB51 | 58000 | 66000 5494 7.45 7.58 Y SHELL
9 |LOWER RF SHELF ASSEMBLY 1356429-1 BE/SR-200E 50000 | 70000 7156 4.59 5.99 Y SHELL
10 |UPPER RF SHELF ASSEMBLY 1356409-1 BE/SR-200€ 50000 | 70000 3873 9.33 11.91 | YSHELL
11 |LOWER RIGHT FRONT SUPT PANEL | 1331447-1 | ALUM/6061-T651 | 35000 | 42000 1038 2597 27.90 Y BEAM
12 |LOWER RIGHT PANEL 1331650-1 | ALUM/G061-TE6 | 35000 | 42000 4214 564 6.12 ¥ SHELL
13_|UPPER RIGHT FRONT SUPT PANEL 1331390-1 | ALUM/G061-T651 | 35000 | 42000 4543 5.16 5.60 Y BEAM
14 |UPPER RIGHT PANEL 1331651-1 | ALUMB061-T6 | 35000 | 42000 3231 7.67 .29 ¥ SHELL
15_|TOP PANEL 13316481 | ALUM/G061-T6 | 35000 | 42000 1175 2283 2453 | YSHELL
16 |LEFT PANEL 1331640-1 | ALUM/G061-TE | 35000 | 42000 2856 8.80 9.50 Y SHELL
17 |LOWER LEFT WARMLOAD SHIELD 1331445-1 | ALUM/6061-T6 | 35000 | 42000 2651 9.56 10.32 Y BEAM
18 |LOWER RIGHT WARMLOAD SHIELD 1331405-1 | ALUM/6061-T6 | 35000 | 42000 2612 9.72 10.49 Y BEAM
19 |UPPER LEFT WARMLOAD SHIELD 1331647-1 | ALUM/G061-T6 | 35000 | 42000 2829 8.90 9.60 Y BEAM
20 |UPPER RIGHT WARMLOAD SHIELD 13316461 | ALUM/G061-T6 | 35000 | 42000 3005 8.32 8.98 Y BEAM
21 |LOWER CARD CAGE ASSEMBLY 1331600-1 | ALUM/G061-T6 | 35000 | 42000 6730 3.16 3.46 Y SHELL
22 _|LOWER CARD 1331600-1 | REINFPLASTIC | 24000 | 40000 1929 8.95 1381 | YSHELL
23 |UPPER CARD CAGE ASSEMBLY 1331162-1_| ALUMB061-TS | 35000 | 42000 6706 3.18 347 Y BEAM
23a |UPPER CARD CAGE ASSEMBLY 1331162-1 | ALUM/6061-T4 | 16000 | 30000 33s9 2.81 5.38 Y SHELL
24 |UPPER CARD 1331162-1 | REINF PLASTIC | 24000 | 40000 330 57.18 85.58 | Y SHELL
25 |LOWER CALIBRATION SOURCE ASSY | 1331380-1 | ALUM/G061-T6 | 35000 | 42000 6451 334 365 Y SHELL
26 |UPPER CALIBRATION SOURCE ASSY | 1331380-2 | ALUME0S1-T6 | 35000 | 42000 7876 2.56 2.81 Y SHELL
27 |BEAM SUPPORT 1331406-1 | ALUM/7075-T6 | 66000 | 75000 4104 11.87 12,05 Y BEAM
28 {LOWER REFLECTOR 1355777-1 | ALUM7075-T6 | 66000 | 75000 10388 4,08 4.16 Y BEAM
29 |POWER CONTROL/MONITOR, BKT 1356790-1 | ALUM/G061-T6 | 35000 | 42000 1419 18.73 20.14 | Y SHELL
30 |POWER CNTL/MNTR ASSY, PWB 1356962-1 | REINF PLASTIC | 24000 | 40000 1663 10.55 16.18 | Y SHELL
31_PWR CNTL/MNTR ASSY, STANDOFFS | 1356962-1 | CRES /4 HARD | 44000 | 122000 7064 3.98 11.34 Y BEAM
32 |RADIATOR PANEL 1331511-1_|  ALUM/6061-T6 | 35000 | 42000 1510 17.54 18.87 | YSHELL
33 |SIDEMOUNT ASSEMBLY 13315521 | ALUMG061-T6 | 35000 | 42000 8001 250 275 Y SHELL
34 _|UPPER REFLECTOR 1355777-1 | ALUM/G061-T6 | 35000 | 42000 4615 5,07 5.50 Y SHELL
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Table XIV METSAT AMSU-A1 Margins of Safety Summary, All Elements,
Random Vibration 8.8 grms, Z Direction

ITEM PART MATERIAL/ YIELD |ULTIMATE| 3SIGMA™ |MARGINS OF SAFETY |DIRECTION
NO.* DESCRIPTION NUMBER ALLOY (psi) {psi) |STRESS (psiy YIELD |ULTIMATE! EL TYPE
1 |[LOWER BASEPLATE ASSEMBLY 1331404-1 ALUM/6061-T651 35000 42000 9554 1.93 2.14 Z BEAM
2 [LOWER MOTOR MOUNT PANEL 1331414-1 ALUM/7075-T651 66000 75000 3271 15.14 15.38 Z BEAM
3_|UPPER MOTOR MOUNT PANEL 1331389-1 ALUM/7075-T651 66000 75000 1966 25.86 26.25 Z BEAM
4 |LOWER FRONT PANEL 1331401-1 ALUM/6061-T651 35000 42000 3660 6.65 7.20 Z BEAM
5 |[LOWER AFT PANEL 1331652-1 ALUM/2024-T851 58000 66000 2323 18.97 19.29 Z BEAM
6 |UPPER BASEPLATE ASSEMBLY 1331356-3 | ALUM/6061-T651 35000 42000 2549 9.98 10.77 ZBEAM
7 |UPPER FRONT PANEL 1331352-3 | ALUM/7075-T651 66000 75000 5846 8.03 8.16 Z BEAM
8 |UPPER AFT PANEL 1331642-3 | ALUM/2024-T851 58000 66000 3469 12.38 12.59 Z SHELL
9 [LOWER RF SHELF ASSEMBLY 1356429-1 BE/SR-200E 50000 70000 7068 4.66 6.07 Z SHELL
10 |UPPER RF SHELF ASSEMBLY 1356409-1 BE/SR-200E 50000 70000 4429 8.03 10.29 Z SHELL
11_[LOWER RIGHT FRONT SUPT PANEL 1331447-1 ALUM/6061-T651 35000 42000 1209 22.16 23.81 Z BEAM
12 |LOWER RIGHT PANEL 1331650-1 ALUM/6061-T6 35000 42000 3567 6.85 7.41 Z SHELL
13 |UPPER RIGHT FRONT SUPT PANEL 1331390-1 ALUM/6061-T651 35000 42000 3010 8.30 8.97 Z BEAM
14 |UPPER RIGHT PANEL 1331651-1 ALUM/6061-T6 35000 42000 2076 12.49 1345 Z SHELL
15 |TOP PANEL 1331648-1 ALUM/6061-T6 35000 42000 2343 10.95 11.80 Z SHELL
16 [LEFT PANEL 1331640-1 ALUM/6061-T6 35000 42000 2278 11.29 12.17 Z SHELL
17_{LOWER LEFT WARMLOAD SHIELD 1331445-1 ALUM/6061-T6 35000 42000 3888 6.20 6.72 Z BEAM
18 |[LOWER RIGHT WARMLOAD SHIELD 1331405-1 ALUM/6061-T6 35000 42000 3058 8.16 8.81 Z BEAM
18 {UPPER LEFT WARMLOAD SHIELD 1331647-1 ALUM/6061-T6 35000 42000 3384 7.27 7.87 ZBEAM
20 |UPPER RIGHT WARMLOAD SHIELD 1331646-1 ALUM/6061-T6 35000 42000 2046 12.69 13.66 Z BEAM
21 |LOWER CARD CAGE ASSEMBLY 1331600-1 ALUM/6061-T6 35000 42000 7342 2.81 3.09 Z SHELL
22_|LOWER CARD 1331600-1 REINF PLASTIC 24000 40000 665 27.87 41.96 Z SHELL
23 JUPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T6 35000 42000 7652 2.66 2.92 Z BEAM
23a [UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T4 16000 30000 3826 2.35 4.60 Z BEAM
24 |UPPER CARD 1331162-1 REINF PLASTIC 24000 40000 363 51.89 77.71 Z SHELL
25 |LOWER CALIBRATION SOURCE ASSY 1331380-1 ALUM/6061-T6 35000 42000 4817 4.81 5.23 Z SHELL
26 |UPPER CALIBRATION SOURCE ASSY 1331380-2 ALUM/6061-T6 35000 42000 4348 5.44 5.90 Z SHELL
27 |BEAM SUPPORT 1331406-1 ALUM/7075-T6 66000 75000 2793 17.90 18.18 ZBEAM
28 |LOWER REFLECTOR 1355777-1 ALUM/7075-T6 66000 75000 7165 6.37 6.48 Z BEAM
29 |POWER CONTROL/MONITOR, BKT 1356790-1 ALUM/6061-T6 35000 42000 2135 12.11 13.05 Z SHELL
30 |POWER CNTUMNTR ASSY, PWB 1356962-1 REINF PLASTIC 24000 40000 1233 14.57 22.17 Z SHELL
31 [PWR CNTL/MNTR ASSY, STANDOFFS 1356962-1 CRES 1/4 HARD 44000 122000 7051 3.99 11.36 Z BEAM
32 |RADIATOR PANEL 1331511-1 ALUM/B061-T6 35000 42000 1739 15.10 16.25 Z SHELL
33 |SIDEMOUNT ASSEMBLY 1331552-1 ALUM/6061-T6 35000 42000 10670 1.62 1.81 Z SHELL
34 |UPPER REFLECTOR 13557771 ALUM/6061-T6 35000 42000 3768 6.43 6.96 Z SHELL

“MAXIMUM PRINCIPAL STRESS BASED ON ASSUMED IN PHASE COMPONENT STRESSES
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Time: 14:13:41
Date: D6/09/96

Node Scalari
Color Index

Contour

0 0.787e+04
9 0.700E+D4
8 0.612E+04
7 D.525E+04
6 0.437e+04

il

.263E+D4
.1735E+D4
.878E+03
-398E+D1

3.976558E+0D
8.745224E+03

Min ID= 5408
Max ID= 1772
Contour_9:

0.350E+04

H]
4
3
2
1

Min
Max

Stress Tensor

Yon Mises

At 21

Design_Gy=-20.6_6x=~21.2

Static Subcase
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Time: 15:23:14
Date: 07/03/96

Eigenvectors

Translational

Design_Gy=-20.6_6z=19.6

Mode 9 : Frequency = 122.01
Max. Deformation =

3.923617E+01

CNode 4209
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Appendix A
NASTRAN FINITE ELEMENT MODEL

The NASTRAN finite element model of the METSAT AMSU-A1 Module is shown as an
assembly in Figures A-1 through A-4 in this appendix. Figures A-1, A-2, and A-3 show different views of the
model. Figure A-4 is a section view of the model, showing the components modeled in the interior (i.e.
shelves, card cages, warmload structures). Elements and grids are highlighted in the piece part models of
Report 10738A.
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NASTRAN FINITE ELEMENT MODEL

MATHEMATICAL VALIDITY CHECK
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To demonstrate the mathematical soundness of the NASTRAN model, the model is subjected
to the GSFC 422-11-12-01 Paragraph 11.1.4.i Deliverable Model Validity Check, where a rigid-body or
stiffness-equilibrium check is performed. Using NASTRAN Solution 3, a DIAG 64 ALTER 126 DMAP is run.
The NASTRAN Executive Control Data Deck consists of:

ID AMSU1,RANDOM

TIME 60

SOL 3

$

DIAG 64

$

COMPILE SOL3,SOUIN=MSCSOU

ALTER 126

VECPLOT, ,BGPDT,EQEXIN,CSTM,,, /RBGLOBAL/GRDPNT=0//4 $
VEC USET/VI/'G/F/COMP $

PARTN RBGLOBAL,V1I/RBFF,, /0 $

TRNSP RBFF/RBFFT $

MPYAD KFF,RBFFT /KFFR/ $

MATGPR GPL,USET,SIL,KFFR//F///1.E-2 $
DIAGONAL KFF/KFFD/OPT='SQUARE/POWER=-1. $
MPYAD KFFD,KFFR/KFFRN/ $

MATGPR GPL,USET,SIL, KFFRN//F///SMALL=1.E-5 $
ENDALTER

CEND

A NASTRAN correspondence on the rigid-body check describes the requirements of the test.

the numbers in the matrix, the less internal constraint present in the model. The DMAP will print any
values larger than 1.0E-2. In an attempt to evaluate the effect of any internal constraint, the KFFR matrix is
divided by the diagonal stiffness term of each respective row. The resulting matrix is considered
“normalized” and is titled the KFFRN matrix. A satisfactory KFFRN matrix will generally have terms less
than 1.0E-5."

Thus terms of the KFFRN matrix need be less than 1.0E-5.
The NASTRAN METSAT AMSU-A1 finite element model has been checked to conform to

GSFC 422-11-12-01 Paragraph 11.1.4.i requirements. All terms of the KFFRN matrix are less than 1.0E-5.
The NASTRAN rigid-body check solution follows.
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Appendix C
DESIGN LOAD CASES 1 THROUGH 8

MAXIMUM CONTOUR & STRESS PLOTS
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RANDOM VIBRATION STRESSES

(7 PERCENT CRITICAL DAMPING Q=7)
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Appendix E
RANDOM VIBRATION ACCELERATIONS & DISPLACEMENTS

(7 PERCENT CRITICAL DAMPING Q=7)
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Block 1. Report No. NASA report series number, if
preassigned.

Block 2. Government Accession No. | eave blank.

Block 3. Recipient's Catalog No.. Reserved for use by each

Block 4. Title and Subtitle Typed in caps and lower case with
dash or period separating subtitle from title.

Block 5. Report Date. Approximate monthand year the report
will be published.

Block 6. Performing Organization Code Leave blank.

Block 7. Authors. Provide full names exactly as they are to
appear on the title page. If applicable, the word editor should
follow a name.

Block 8. Performing Organization Report No. NASA installation
report control number and, if desired, the non-NASA performing

organization report control number.

Block 9. Performing Organization Name and Address. Provide
affiliation (NASA program office, NASA installation, or contractor

name) of authors.

Block 10. Work Unit No. Provide Research and Technology
Objectives and Plants (RTOP) number.

Block 11. Contract or Grant No. Provide when applicable.
Block 12. Sponsoring Agency Name and Address. National
Aeronautics and Space AdministrationyWashington, D.C. 20546-

0001. If contractomreport, add NASAinstallation or HQ program
office.

Block 13. Type of Report and Period Covered. NASA formal
report series; for Contractor Report also list type (interim, final)
and period covered when applicable.

Block 14. Sponsoring Agency Code.Leave blank.

Biock 15. Supplementary Notes. Information not included

eisewhere: affiliation of authors if additional space is required
for Block 9, notice of work sponsored by another agency, monitor
of contract, information aboutsupplements(file, data tapes, etc.)
meeting site and date for presented papers, joumnal to which an
article has been submitted, note of a report made from a thesis,
appendix by author other than shown in Block 7.

Block 16. Abstract. The abstract should be informative rather
than descriptive and should state the objectives of the
investigation, the methods employed (e.g., simulation,
experiment, or remote sensing), the results obtained, and the
conclusions reached.

Block 17. Key Words. Identifying words or phrases to be used
in cataloging the report.

Biock 18. Distribution Statement. Indicate whether report is
available to public or not. If not to be controlled, use

“Unclassified-Unlimited.” If controlled availability is required,
list the category approved on the Document Availability
Authorization Form (see NHB 2200.2, Form FF427). Also
specify subject category (see “Table of Contents” in a current
issue of STAR) in which report is to be distributed.

Block 19. Security Classification (of the report). Self-
explanatory.

Biock 20. Security Classification (of this page). Seif-
explanatory.

Block 21. No. of Pages. Count front matter pages beginning with
iii, text pages including internal blank pages, and the RDP, but
not the title page or the back of the title page.

Block 22. Price Code. If Block 18 shows “Unclassified-
Unlimited,” provide the NTIS price code (see “NTIS Price
Schedules” ina cumrent issue of STAR) and at the bottomof the
form add either “For sale by the National Technical Information
Service, Springfieid, VA 22161-2171" or “For sale by the
Superintendent ofDocuments, U.S. Government Printing Office,
Washington, D.C. 20402-0001,” whichever is appropriate.
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(AMSU-A), METSAT Stress Analysis Report, A1 NAS 5-32314

6. AUTHOR(S)
Robert Hauerwaas

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

- REPORT NUMBER

Aerojet CDRL 311B
1100 W. Hollyvale 10805A
Azusa, CA 91702 July 1996

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)| 10. SPONSORING/MONITORING
NASA AGENCY REPORT NUMBER
Goddard Space Flight Center —_—
Greenbelt, Maryland 20771

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

13. ABSTRACT Maximum 200
words )

This is the METSAT Stress Analysis Report for the Integrated Advanced Microwave
Sounding Unit-A (AMSU-A) A1.

14. SUBJECT TERMS 15. NUMBER OF PAGES
EOS 6
METSAT
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Microwave System R
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FEDERAL ACQUISITION REGULATION (FAR)

GENERAL INSTRUCTIONS FOR COMPLETING SF 298

the report,

_particul the cover and title pa
lines to meet optical scanning requirements.

The Report Documentation Page (RDP)is used in announcing and i . Risi nt that this inf ion be
consistent with the rest of the .( ) rticla:’lya ncing and cataloging reports. nsomgqna is information
follow. It is important to stay within the ling

. Instructions for in each block of the form

Block 1. Agency Use Oniwil eave blank)

Block 2. Report Date Full publication date including day,
month, andyear, if available (e.g., 1 Jan 88). Mustcite at least
the year.

Block 3. Type of Report and Dates Covered. State whether
report is interim, final, etc. If applicable, enter inclusive report
dates (e.g., 10 Jun 87 - 30 Jun 88).

Block 4. Title and Subtitie A title is taken from the part of the
report that provides the most meaningful and complete
information. When a report iprepared in more than one volume
report the primary title, add volume number,and include subtitle
for the specific volume. On classified documentsenter the titie
classification in parentheses.

Block S. Funding Numbers To inciude contract and grant
numbers; may inciude program element number(s), project
number(s), tasksnumber(s), andwork unit number(s). Use the

following labels:

C - Contract PR -  Project

G -  Grant TA - Task

PE - Program WU - Work Unit
Element Accession No.

Block 6. Author(s) Name(s) of person(s) responsible for
writing the repoit, performingthe research, or credited with the
content of thereport. If editor or compiler, this shouldfoliow the

name(s).

Block 7. Petforming Organization Name(s) and Address(es).
Seif-expianatory.

Block 8. Performing Organization Report Number. Enter the
unique aiphanumeric report number(s) assigned by the
organization performing the report.

Block 8.
Address(es) Self-explanatory.

Block 10.  Sponsoring/MonitoringAgency Reports Number. (if

knowr).

itoring A Name(s) and

Block 11. SupplementaryNotes. Enter informationnot included
elsewhere suchas: Prepared in cooperation with ...; Trans. of
..., To be publishedin ... Whena report is revised, inciude a
statementwhether the new report supersedes or supplements
the older report.

Block 12.a Distribution/Availability Statement.Denotes public
availability or limitations. Cite any availability to the public.
Enter additional limitations or special markings in all capitals
(e.g., NOFORN, REL, ITAR).

DOD - See DoDD 5230.24Distribution Statement on
Technical Documents

DOE - See authorities.

NASA - See Handbook NHB 2200.2.

NTIS - Leave blank.

Block 12.b Distribution Code.

DOD - Leave blank.

DOE - Enter DOE distribution categories from the
standard Distribution for Unclassified
Scientific and Technical Reports.

NASA - Leave blank.

NTIS - Leave blank.

Block 13. Abstract. Include a brief Yaximum 200 words
factual summary of the most significant information contained in
the report.

Biock 14. Subject Terms. Keywords or phases identifying major
subjects in the report.

Block 15. Number of Pages Enter the total number of pages.

Biock 16. Price Code. Enter appropriate price codeN7IS
only).

Block 17 - 19. Security Classifications. Self-explanatory. Enter
U.S. Security Classification in accordance with U.S. Security
Regulations (i.e., UNCLASSIFIED). If form contains classified
information, stamp classification on the top and bottom of the

page.

Block 20. Limitation of Abstract This block must be completed
to assign a limitation to the abstract. Enter either UL (uniimited)
or SAR (same as report). An entry in this block is necessary if
the abstract is to be limited. If blank, the abstract is assumed to
be unlimited.
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