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Action Item Responses to April 1996 Critical Design Review (CDR)

Comments - METSAT/AMSU-AI Mechanical/Structural Subsystem

R. Bumes, R. Hauerwaas, B. Morris, P. Patel, File

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

Observing System (EOS) Advanced Microwave Sounding Unit-A

(AMSU-A) Stress Analysis Report", A1 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 1 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 A1 stress analysis for METSAT (CDRL 113B - A1): (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 sidernount 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 Grins spectrum (versus

the 8.8 Grins 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 lb), the flange thicknesses are increased as follows (see

Figure 2):
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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 3_

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 lb.

The upper front panel lower flange requires a thickness of >/= .045 inches to demonstrate,

analytically, a positive MS with 3or 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 3c_ 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 comparisonof marginsof safetyof theA revisionreportto theRef 1reportis asfollows:

Subject

DesignLoadsCases1-8
(Table 1)

RandomVibration8.8Grms +0.62
(Table 11RevA, Table 10Ref 1)

Rattlespace- Lower CageCards
(Table 15RevA, Table 14Ref 1)

MountingScrews
Tension/Shear +0.25
(Table 19RevA, Table 18Ref 1)

ShearPins
SidemountShearTearout +0.23
(Table20 RevA, Table 19Ref I)

ShearPins
SidemountBearing +0.72
(Table20RevA, Table 19Ref 1)

MountingScrews
TensionW/O Shear +0.13
(Table24RevA, Table21Ref 1)

MountingScrews
MemberCompression +0.76
(Table25RevA, Table24Ref 1)

MountingScrews
SidemountThreadShear +0.71
(Table25RevA, Table24Ref 1)

Marginsof SafetySummary

A RevisionReport

+1.61

.037-.005=.032
clearance

Reference1Report

+0.26

+0.16

.037-.025=.012
clearance

+0.14

+0.23

+0.72

+0.11

+0.76

+0.69





PanelFlangeBending

UpperFrontPanel
UpperRight Front SupportPanel
Lower RightPanel
LowerAft Panel
UpperMotor MountPanel
Lower Motor MountPanel
Lower FrontPanel
UpperAft Panel

Upper Right Panel

Lower Right Front Support Panel

Panel Mounting Screws

Upper Front Panel

Upper Right Front Support Panel

Lower Right Panel
Lower Aft Panel

Upper Motor Mount Panel
Lower Motor Mount Panel

Lower Front Panel

Upper Aft Panel

Upper Right Panel

Lower Right Front Support Panel

+0.34
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B. T. Kelly, Team Leade_" j_
Mechanical/Stmct_al Team

R. J. H_ffner
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Section 1

INTRODUCTION

Report 10805A
July 1996

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 A1. This report is submitted to fulfill the

requirements of Contract NAS 5-32314 CDRL 113, Stress Analysis Report, for the METSAT AMSU-A1

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-A1
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-
A1 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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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 I. The METSAT AMSU-A1 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 = -20.6 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 i 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 llth 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 3_ 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

2
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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 loadmg, 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 3q level (3.0 x displacement at 8.8 grms load). At the upper card cage,
minimum spacing is 0.137 inch, with maximum 3_ 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

(1315 lb for T = 50 in-lb), 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 grins 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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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

Coordinate Sys.

GSFC-S-79 PAR

Coordinate Sys.

+X Axis -Y Axis

+Y Axis -Z Axis
+Z 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

1018

8288
688

385

Grids

Bar/Beam Elements

Rectangular Plate Elements

Triangular Plate Elements
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 lb.

Center of Gravity
x 15.218 in

y 8.831

z 9.926

Moment of Inertia (@ cg)
Ixx 7351 lb-in 2

Ixy 32
Ixz 1803

Iyx 32

Iyy 12587

Iyz 145
Izx 1803

Izy 145
Izz 9114

Appendix A, in Figures A1 through A4, shows the model assembly. Figures A1, 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 Loadin_

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



Report10805A
July 1996

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 = 1/[2(c/c )]

where: c/c c = fraction of critical damping

With c/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-A1 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 (FS) of
1.25 on yield or 1.4 on ultimate is also employed.
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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 yon 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 model 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 3a 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 3a 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. Output 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/sec2) _/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 3a 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 3_

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 AMSUoA1 METSAT 1331552 Sidemount Mounting Bolt/Pin Stresses per Static Loads

Aerojet METSAT

Coordinate S vs.

GSFC-S-79 PAR

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 Aerojet METSAT Coordinate System are:

Load Case Loading

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.

9
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FACTOR OF SAFETY 1.4 ULTIMATE

ASSUMPTIONS

1.

2.

3.

Z

Y

Stresses in bolts derived from NASTRAN SPC forces based on above load cases plus
bolt preload (50 in-lb 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).

.

5.

.

.

8.

__ _ Mounting Bolts

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, Rs3+Rr_= 1 curve.

Allowables for A286 screws and pins based on NAS1351N3-32 with F_,=160000 psi
and tensile area ofAS=0.01999 in 2 (.190-32UNRF-3A). Shear load allowable based on

Fsu=0.6 x F_ and area per minor diameter, 0.1517 in (0.01807 inS).

Allowable

Tension 3200 lb .190-32UNRF-3A

Shear 1735 lb

The factor of safety, 1.4, is applied only to applied loads, not to preload.

Preload at 50 in-lb torque, F_

T 5O
F i - - - 1315 lb

.2d (.2X.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_ = 1415 lb

Fs =_/T1 _ +T3 _ =_/61 z + 662 = 901b

F = 1315 lb

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

Fb = Fi +
kbFt

kb +km
(Shigley, "Mechanical Engineering Design," 4th Edition)

kb = EbA E b = 28 x 108 psi

= 983743 lb/in

A = n/4 (.190)2 = 0.2835 in2

= Grip of screw

0.437 + 0.31 + 0.06 = 0.807 in

km _-_

_Emd

2Ln5(t? + d/2)
E + 2.5d

for G-10 spacer only with fibers ± thickness use only properties

Em = 2,500,000 psi

e = 0.807 in

d = 0.190 in

stiffness factor

= 593,160 lb / in

Therefore,

kb
= 0.623845

kb +km

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

f_= 1315 + 1.4(0.624)(1415) = 2551 lb

f, = 1.4 (90)= 126 lb

ft 2551
r t = = 0.797

Ftu 3200

fs 126
rs = - - 0.0726

Fsu 1735

11
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Shear Pins Sheor Tearout

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

1333395-2 and -3 spacers.

--_ 0.375 _---
0.000 ___,.J_._ _ 0.3753
0.040 II- i /-- _ o.3751

Sidemount _ I_ (" __ t

/ ,
--_ _ o.062

396-3119M

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.

Shear Tearout ofAll_minum 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 shearload

F =._(111)2+ (1913) 2 = 1916 lb

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.

///40

\

d : 0.5935 max
t : 0.375
e : 0.390

e/d = 0.66

896-3013M

d
AS = (e---cos40)(t)(2) = 0.122 in:

2

Based on an ultimate load, with FS=1.4

W __

1.4(1916)

0.122
- 21,986 psi

19



Shear allowable for sidemount, 6061-T6

Fsu = 27,000 psi

MS = 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 lb 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

_d = _ (0.5936) = 1.865
Remove 12 x 0.062 = 0.744

(0.744/1.865) × 100 = 40 percent

Bearing area with scallops

A = (0.60) (0.196) = 0.118 in 2

With 1.25 FS for limit load

1.25 x 1916
o - - 20,300 psi Limit with 1.25 FS

0.118

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

Fcy = 35,000 psi

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

With 1.4 FS for ultimate load

1.4 x 1916
o - - 22,740 psi

0.118

With efD = 0.66<<1.5 Use Fb =Ftu= 42,000 psi

MS = 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.

Mountin_ Bolt Stresses based on Static Loads for Condition 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
MS= -1 =+0.13

(1.4)(0.624)(1749) + 1315
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Member Compression Under Preload

The mounting bolt joint is shown from a view on 1333964.

ESM Interface

Sidemount

Fiberglass
Insulator
G-10CR

:etal 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 O is 0.125.

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

FS = 1.4 ultimate, 1.25 limit, material allowable.

Bolt Assumed A-286 Steel Fry = 160,000 psi

Washer Assumed A-286 Steel Fry = 160,000 psi

G-10CR Isolators Laminates ± (centerline) Fry = 60,000 psi

Sidemount 6061-T6 Aluminum Fry = 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 NAS 1149E0363P Washer

Head OD

Washer ID

0.313 minimum

0.203 + 0.010 = 0.213 maximum

A = rd4 (0.3032- 0.213 _) = 0.0365 in s minimum

FA-
1315

0.0365
- 36,100 psi

MS-
160,000

1.4 x 36,100
- 1= + 2. I Bolt / Washer

26



Washer to 0.435 OD x 0.250 thick Washer

Assume NAS 11440E0363P Washer

Washer OD

Isolator OD

0.438 - 0.005 = 0.433 min

0.435 - 0.002 = 0.433 min

ID = 0.213 max

(Assumed)

A = rd4 (0.4332 - 0.2132) = 0.112 in2 min

1315
F/A = = 11,781 psi

0.112

MS=
60,000

1.4 x 11,781
1 = + 2.6 Isolator

Isolator to Sidemount Ledge

Isolator OD 0.433 min (Assumed)
Sidemount ID 0.287 max

A = rd4 (0.4332 - 0.2872) = 0.083 in 2

1315
F/A-

0.083
- 15,928 psi

MS-
35,000

1.25 x 15,928
-! = +0.76 Sidemount

Report 10805A
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MS =
42,000

1.4 x 15,928
-1 = +0.88 Sidemount

Sidemount Ledge to 1333395-6.590 ;D Isolator

Isolator OD 0.590 - 2 (0.030) = 0.530 min

Sidemount ID 0.287 max

A = rd4 (0.530 _ - 0.287 _) = 0.156 in 2

1315
F/A- - 8433 psi

0.156

35,000
MS = -1 = +2.3Sidemount

!.25 x 8,433

42,000
MS - -I = +2.6Sidemount

1.4 x 8,433

0.590 O Isolator to Spacecraft
Isolator OD
Isolator ID

0.590 min
0.385 max
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A = rJ4 (0.590 _ - 0.385 ") = 0.157 in 2

1315

F/A- 0.157 - 8377 psi

60,000
MS - -1 = +4.1 Isolator

1.4 x 8,377

Sidemount Mounting Bolts Shear Tea_'out

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 = _4882 + 21 2 = 488 lb

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

(1.4)(488)
T = - 8387 psi

0.082

• = 0.390
d = 0.5925 e = 0.66
t = 0.250 d

AS = (e-d/2 cos40) (2t)
= 0.082 in2

896-3015M

Fsv = 27,000 psi

MS = 27,000 1 = +2.2 Sidemount
8,387

Bearme of 0.590 _ Isolator onto Sidemount Hole for Maximum Shear Load

Fs,Ax = 488 lb GRID 9834 Case 1

F, = (0.590)(0.250) = 0.148in _

i.25 x 488

0.148 - 4137 psi Limit with FS = 1.25

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

Fcy = 35,000 psi 6061-T6

MS=
35,000

4,137
1 = + 7.5 Sidemount

Use Fbru = Ftu = 42,000 psi

28



42,0001: 1
( 4x,88/

0.148 )

Sidemount

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

MS = 35,000 1 = +6.6

0.148 )

0.5409 isolator
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Other load cases are summarized in the summary table, Table XXVI.

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

Assumptions

,

2.

3.

4.

Screw material is A286 w/Fru=160,000 psi

Thread type is 0.190-32UNRF-3A (NAS1351N3-32)

Spacecraft INT THRD is of similar material as screw

Length of engagement of joint >_10(_>0.190)

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

F = 2843 lb Preload + applied load with assumed

joint stiffness kb/kb +km = 0.624 with FS
= 1.4.

Shear area

AS = pELe _- 0.05065in 2 E = 0.1697

2 Le = 0.190

Allowable, Fsu = 0.6 x F_ = 96,000 psi

MS = 96,000 1 = +7.1
2,843

0.05065

Other load cases are addressed in Table XXV.

29



Report 10805A

July 1996

This page intentionally omitted

3O



Report 10805A

July 1996

This page intentionally omitted

31



Report 10805A

July 1996

This page intentionally omitted

32



Report10805A
July 1996

This page intentionally omitted

33



Report 10805A
July 1996

This page intentionally omitted

34



Report 10805A

July 1996

This page intentionally omitted

35



Report 10805A
July 1996

This page intentionally omitted

36



Report 10805A
July 1996

This page intentionally omitted

37



Report10805A

July 1996

ITEM

NO."

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

23a

24

25

26

27

28

29

3O

31

32

33

34

Table I METSAT AMSU-AI Margins ofSafety Summary, All Elements,

Design Loads Cases I through 8

PART MATERIAL/

DESCRIPTION NUMBER ALLOY

LOWER BASEPLATE ASSEMBLY 1331404-1 ALUM/6061-T651

LOWER MOTOR MOUNT PANEL 1331414-1 ALUM/7075-T651

UPPER MOTOR MOUNT PANEL 1331389-1 ALUM/7075-T651

LOWER FRONT PANEL 1331401-1 ALUM/6061-T651

LOWER AFT PANEL 1331652-1 ALUM/2024-T851

UPPER BASEPLATE ASSEMBLY 1331356-3 ALUM/6061-T651

UPPER FRONT PANEL 1331352-3 ALUM/7075-T651

UPPER AFT PANEL 1331642-3 ALUM/2024-T851

LOWER RF SHELF ASSEMBLY 1356429-1 BrJSRC200E

UPPER RF SHELF ASSEMBLY 1356409-1 BE/SR-200E

LOWER RIGHT FRONT SUPT PANEL 1331447-I ALUM/6061-T651

LOWER RIGHT PANEL 1331650-1 ALUM/6061-T6

UPPER RIGHT FRONT SUPT PANEL 1331390-1 ALUM/6061-T651

UPPER RIGHT PANEL 1331651-1 ALUM/6061-T6

TOP PANEL 1331648-1 ALUM/6061-T6

LEWI" PANEL 1331640-1 ALUM/6061-T6

LOWER LEFT WARMLOAD SHIELD 1331445-1 ALUM/6061-T6

ALUM/6061-T6

ALUM/6061 -T6

ALUM/6061-T6

ALUM/6061-T6

REINF PLASTIC

ALUM/6061 -]'6

ALUM/6061 -T4

REINF PLASTIC

ALUM/6061 -T6

LOWER RIGHT WAR MLOAD SHI ELD 1331405-1

UPPE R LEFT WARMLOAD SHIELD 1331647-1

UPPER RIGHT WARMLOAD SHIELD 1331646-1

LOWER CARD CAGE ASSEMBLY 1331600-1

LOWER CARD 1331600-1

UPPER CARD CAGE ASSEMBLY 1331162-1

UPPER CARD CAGE ASSEMBLY 1331162-1

UPPER CARD 1331162-1

LOWER CALIBRATION SOURCE A$SY 1331380=1

UPPER CALIBRATION SOURCE ASSY 1331380-2 ALUM/6061-T6

BEAM SUPPORT 1331406-1 ALUM/7075-T6

1355777-1

1356790-1

1356962-1

LOWER REFLECTOR ALUM/6061-]'6

ALUM/6061 -T6

REINF PLASTIC

POWER CONTROL/MONITOR, BKT

POWER CNTUMNTR ASSY, PWB

PWR CNTL/MNTR ASSY, STANDOFFS 1356962-1 CRES 1/4 HARD

RADIATOR PANEL 1331511-1 ALUM/6061-T6

SIDEMOUNT ASSEMBLY 1331552-1 ALUM/6061-T6

UPPER REFLECTOR 1355777-1 ALUM/6061-T6

YIELD ULTIMATE STRESS" MARGINS OF SAFETY CASE

(psi) (psi) (psi) YIELD ULTIMATE EL TYPE

35000 42000 5181 4.40 4.79 3 BEAM

66000 75000 4263 11.39 11.57 1 BEAM

66000 75000 2703 18.53 18.82 1 BEAM

35000 42000 2344 10.95 11.80 1 BEAM

58000 66000 2159 20.49 20.64 4 BEAM

35000 42000 2576 9.87 10.65 2 BEAM

66000 75000 4533 10.65 10.82 1 BEAM

58000 66000 5087 8.12 8.27 1 SHELL

50000 70000 8745 3.57 4,72 1 SHELL

50000 70000 3804 9.52 12.14 4 SHELL

35000 42000 1525 17.36 18.67 t BEAM

35000 42000 1973 13.19 14.21 4BEAM

35000 42000 2457 10.40 11.21 2 BEAM

35000 42000 1721 15.27 16.43 1 SHELL

35000 42000 2301 11.17 12.04 2 SHELL

35000 42000 1948 13.37 14.40 4 SHELL

35000 42000 3593 6.79 7.35 1 BEAM

35000 42000 3552 6.88 7.45 1 BEAM

35000 42000 3630 6.71 7.26 1 BEAM

35000 42000 2096 12.36 13.31 1 BEAM

35000 42000 3107 8.01 8.66 4 SHELL

24000 40000 994 18.32 27.74 4 SHELL

35000 42000 3415 7.20 7,78 4 BEAM

16000 30000 3057 3.19 6,01 4 BEAM

24000 40000 529 35.29 53.01 1 SHELL

35000 42000 1984 13.11 14.12 3 SHELL

35000 42000 1904 13.71 14.76 3 SHELL

66000 75000 2576 19.50 19.80 2 BEAM

35000 42000 1602 16.48 17:73 1 BEAM

35000 42000 3211 7.72 8.34 2 SHELL

24000 40000 891 20.55 31.07 1 SHELL

44000 122000 11596 2.04 6,51 2BEAM

35000 42000 2622 9.68 10.44 2 SHELL

35000 42000 10727 1.61 1,80 4 SHELL

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,Gz=-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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ITEM
I NO. °

Table II METSAT AMSU-A1 Margins of Safety Summary, Shell Elements,

Design Loads Case 1 Gy=-20.6 Gx=-21.2

PART MATERIAL/

DESCRIPTION NUMBER ALLOY

LOWER BASEPLATE ASSEMBLY 1331404-1 ALUM/6061-T651

LOWER MOTOR MOUNT PANEL 1331414-1 ALUM/7075-T651

UPPER MOTOR MOUNT PANEL 1331389-1 ALUM/7075-T651

LOWER FRONT PANEL 1331401-1 ALUM/6061-T651

LOWER AFT PANEL 1331652-1 ALUM/2024-T851

6 UPPER BASEPLATEASSEMBLY

7 UPPER FRONT PANEL

8 UPPER AFT PANEL

9 LOWER RF SHELF ASSEMBLY

10 UPPER RF SHELF ASSEMBLY

11 LOWER RIGHT FRONT SUPPORT PANEL

12 LOWER RIGHT PANEL

13 UPPER RIGHT FRONT SUPPORT PANEL

14 UPPER RIGHT PANEL

15 TOP PANEL

16 LEFT PANEL

17 LOWER LEFTWARMLOAD SHIELD

18 LOWER RIGHT WARMLOAD SHIELD

19 LIPPER LEFT WARMLOAD SHIELD

20 UPPER RIGHT WARMLOAD SHIELD

21 LOWER CARD CAGE ASSEMBLY

22 LOWER CARD

23 UPPER CARD CAGE ASSEMBLY

23a UPPER CARD CAGE ASSEMBLY

24 UPPER CARD

25 LOWER CALIBRATION SOURCE ASSY

26 UPPER CALIBRATION SOURCE ASSY

27 BEAM SUPPORT

28 LOWER REFLECTOR

29 POWER CONTROL/MONITOR, BRACKET

30 POWER CNTL/MNTR ASSY, PWB

31 POWER CNTL/MNTR ASSY, STANDOFFS

32 RADIATOR PANEL

33 SIDEMOUNT ASSEMBLY

1331356-3

1331352-3

1331642-3

1356429-1

1356409-1

1331447-I

1331650-1

"1331390-I

1331651-1

1331648-1

1331649-I

1331445-1

1331405-1

1331647-I

1331646-1

1331600-1

1331600-1

1331162-1

1331162-1

1331162-1

1331380-1

1331380-2

1331406-1

1355777-1

1356790-1

1356962-1

1356962-1

1331511-1

1331552-1

1355777-1

YIELD ULTIMATE VON MISES MARGINS OF SAFETY

(psi) (psi) STRESS (psi) YIELD ULTIMATE

35000 42000 771 35.32 37.91

66000 75000 3543 13.90 14,12

66000 75000 1972 25.77 26.17

35000 42000 1625 16.23 17.46

58000 66000 731 62.47 63,49

ALUM/6061-T651 35000 42(XX) 1064 25.32 27.20

ALUM/7075-T651 66000 75000 869 59.76 60.65

ALUM/2024oT851 58000 66000 5087 8.12 8.27

BE/SR-2OOE 50000 70000 8745 3.57 4.72

BEJSR-2OOE 50000 70000 991 39.36 49.45

ALUM/6061 -T651 35000 42000 573 47.87 51.36

ALUM/6061-T6 35000 42000 1221 21.93 23.57

ALUM/6061-T651 35000 42000 928 29.17 31.33

ALUM/6061-1"6 35000 42000 1721 15.27 16.43

ALUM/6061-T6 35000 42000 2043 12.71 13.68

ALUM/6061-T6 35000 42000 1666 15.81 17.01

ALUM/6061-T6 35000 42000 2011 12.92 13.92

ALU M/6061 -T6 35000 42000 766 35.55 38.16

ALUM/6061oT6 35000 42000 1245 21.49 23.10

ALUM/6061-T6 35000 42000 397 69.53 74.57

ALUM/6061-T6 35000 42000 2693 9.40 10.14

REINF PLASTIC 24000 40000 873 20.99 31,73

ALUM/6061 -T6 35000 42(XX) 537 51.14 54.87

ALUM/606 I-T4 16000 30000 537 22.84 38.90

REINF PLASTIC 24000 40000 529 35.29 53.01

ALUM/6061-T6 35000 42000 1014 26.61 28.59

ALUM/6061-T6 35000 42000 853 31.83 34.17

ALUM/7075-T6 66000 75000 .......

ALUM/6061 -T6 35000 42000 777 35.04 37.61

ALUM/6061 -T6 35000 42000 2336 10.99 11.64

REINF PLASTIC 24000 40000 891 20.55 31.07

CRES 114 HARD 44000 122000 .......

ALUM/6061-T6 35000 42000 1773 14.79 15.92

ALUM/6061-T6 35000 42000 6437 3.35 3.66

ALUM/6061-T6 35000 42000 771 35.32 37.9134 UPPER REFLECTOR

"ALSO DESIGN LOADS CASE 6 Gy=20.6 Gx=21.2

39



Report 10805A

July 1996

Table Ill METSAT AMSU-A1 Margins ofSafety Summary, Beam Elements,

Design Loads Case 1 Gy=-20.6 Gx=-21.2

ITEM

NO." DESCRIPTION

1 LOWER BASEPLATE ASSEMBLY

2 LOWER MOTOR MOUNT PANEL

3 UPPER MOTOR MOUNT PANEL

4 LOWER FRONT PANEL

5 LOWER AFT PANEL

6 UPPER BASEPLATEASSEMBLY

7 UPPER FRONTPANEL

8 UPPER AFT PANEL

9 LOWER RF SHELF ASSEMBLY

10 UPPER RF SHELF ASSEMBLY

11 LOWER RIGHT FRONT SUPPORT PANEL

12 LOWER RIGHT PANEL

13 UPPER RIGHT FRONT SUPPORT PANEL

14 UPPER RIGHT PANEL

15 TOP PANEL

16 LEFT PANEL

17 LOWER LEFT WARMLOAD SHIELD

18 LOWER RIGHTWARMLOAD SHIELD

19 UPPER LEFTWARMLOA D SHIELD

20 UPPER RIGHT WARMLOAD SHIELD

21 ,LOWER CARD CAGE ASSEMBLY

22 =LOWER CARD

23 UPPER CARD CAGE ASSEMBLY

23a LIPPER CARD CAGE ASSEMBLY

24 UPPER CARD

25 LOWER CALIBRATION SOURCE ASSY

26 UPPER CALIBRATION SOURCE ASSY

27 BEAMSUPPORT

28 LOWER REFLECTOR

29 POWER CONTROL/MONITOR, BRACKET

30 POWER CNTIJMNTR ASSY, PWB

31 POWER CNTL/MNTR ASSY, STANDOF, FS

32 RADIATOR PANEL

33 SIDEMOUNT ASSEMBLY

PART

NUMBER

1331404-1

1331414-1

1331389-1

1331401-1

1331652-1

1331356-3

1331352-3

1231642-3

1356429-1

1356409-1

1331447-1

1331650-1

1331390-I

1331651-1

1331648-I

1"331640-1

1331445-1

1331405-1

1331647-1

1331646-1

1331600-1

1331600-I

1331162-1

1331162-1

1331162-1

1331389-1

1331380-2

1331406-1

1355777-1

1358790-1

1356962- !

1356962-1

1331511-1

1331552-1

MATERIAL/

ALLOY

YIELD ULTIMATE MAXIMUM" MARGINS OF SAFETY

psi) (psi) STRESS (psi)i YIELD ULTIMATE

1449 18.32 19.70

4263 11.39 11.57

2703 18.53 18.82

2344 10.95 11.80

1478 30.39 30.90

1395 19.07 20.51

4533 10.85 10.82

2581 16.98 17.27

1588 24.19 30.49

437 90.53 113.42

1525 17.36 !8.67

1301 20.52 22.06

2096 12.36 13.31

1254 21.33 22,92

,5OO 55.OO 59.00

3593 6.79 7.35

3552 6.88 7.45

3630 6.71 7.26

2096 12.36 13.31

tt...,e

1657 15.9o 17.11

323 .38.63 65.34

**t.t°*

1002 51.69 52,46

1602 31.96 32.44.

ttt*HI

,teH**

10547 2.34 7.26

.tHat.

2437 10.49 11.31

1610 31.80 32.27

ALUM/6061-T651 35000 , 42000

ALUM/7075-T851 66000 75000

ALUM/7075-T851 86000 75000

ALUM/6061-1"651 35000, 42000

ALUM/2024-'r851 58000 66(X)0

ALUM/6061-T651 35000 ,42000

ALUM/7075-T,651 66000 75000

ALUM/2024-T851 58000 66000

BEtSR-2OOE 50O00 70000

BE]SR-2OOE 50000, ,70000

ALUM.,'6061-1"651 35000 42000

ALUM/_.. I-T6 35000 42000

ALUM/6{_ 1-T651 35000 42000

ALUM/6061 -T6 35000 42000

ALUM/6061 -T6 35000 42000

ALUM/6061-T6 3500O 42000

ALUM/6061 -T6 35000 42000

ALUM/6061-T6 35000 42000

AL.UM/6061 -T6 35000 42000

ALUM/6061 -T6 35000 42000

ALUM/6061-T6 35000 42000

REINF PLASTIC 24000 40000

ALUM/6061-T6 35000 42000

ALUM/6061-T4 16000 ,,30000

REINF PLASTIC 24000 40000

ALUM/6061 -T6

ALUM/6061 -T6

ALUM/7075-T6

ALUM,/7075-T6

ALUM/6061 -T6

34 UPPER REFLECTOR 1355777- I

35000 42000

35000 42000

66000 ,75000

66OOO 750OO

3,5000 42(_0

REINF PLASTIC 24000 40000

CRES 1/4 HARD 44000 122000

ALUM/6061-T6 35000 42000

ALUM/6061 -'1"6 35000 42000

ALUM/7075-T6 66000 75000

"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

NO."

PART MATERIAL/

DESCRIPTION NUMBER ALLOY

1331404-11 LOWER BASEPLATE ASSEMBLY

1331414-12 LOWER MOTOR MOUNT PANEL

1331389-13 UPPER MOTOR MOUNT PANEL

1331_1-14 LOWER FRONT PANEL

5 LOWER AFT PANEL 1331652-1

1331356-36 UPPER BASEPLATE ASSEMBLY

1331352-37 UPPER FRONT PANEL

1331642-3

1356429-1

8 UPPER AFT PANEL

9 LOWER RF SHELF ASSEMBLY

10 UPPER RF SHELF ASSEMBLY 1356409-1

11 LOWER RIGHT FRONT SUPPORT PANEL 1331447-1

12 LOWER RIGHT PANEL 1331650-1

13 UPPER RIGHT FRONT SUPPORT PANEL 1331390-1

14 UPPER RIGHT PANEL 1331651-1

15 TOP PANEL 1331648-1

16 LEFT PANEL 1331640-I

1331445-117 LOWER LEFT WARMLOAD SHIELD

18 LOWER RIGHT WARMLOAD SHIELD

19 UPPER LEFT WARMLOAD SHIELD

1331405-1

1331647-1

1331646-120 UPPER RIGHT WARMLOAD SHIELD

21 LOWER CARD CAGE ASSEMBLY

22 LOWER CARD

23 UPPER CARD CAGE ASSEMBLY

23a UPPER CARD CAGE ASSEMBLY

1331600-1

1331600-1

1331162-1

1331162-1

1331162-1

1331380-1

24 UPPER CARD

25 LOWER CALIBRATION SOURCE ASSY

26 UPPER CALIBRATION SOURCE ASSY 1331380-2

27 BEAM SUPPORT 1331406-1

1355777-128 LOWER REFLECTOR

29 POWER CONTROl/MONITOR, BRACKET 1358790-1

1358962-130 POWER CNTL/MNTR ASSY, PWB

31 POWER CNTI-/MNTR ASSY, STANDOFFS 1356962-1

32 RADIATOR PANEL 1331511-1

33 SIDEMOUNT ASSEMBLY 1331552-1

1355777-134 LIPPER REFLECTOR

YIELD ULTIMATE VON MISES MARGINS OF SAFETY

(psi) (psi) STRESS (psi) YIELD ULTIMATE

'ALSO DESIGN LOADS CASE 5 Gy=20.6 Gx=-21.2

ALUM/6061-T851 35000 42(300 675 40.48 43.44

ALUM/7075-T651 66000 75000 4101 11.87 12.06

ALUM/7075-T651 66000 75000 1428 36.03 36.57

ALUM/6061 -T651 35000 42000 1045 25.79 27.71

ALUM/2024-T851 58000 66000 1418 31.72 32.25

ALUM/6061-T651 35000 42000 1632 16.16 17.38

ALUM/7075-T651 66000 75000 1717 29.75 30.20

ALUM/2024-T851 58000 66000 4667 8.94 9.10

BE/SR-200E 50000 70000 1489 25.86 32.58

BFJSR-200E 50000 70000 1110 35.04 44.05

ALUM/6061 -T651 35000 42000 544 50.47 54.15

ALUM/6061-T6 35000 42000 1212 22.10 23.75

ALUM/6061-T651 35000 42000 821 33.10 35.54

ALUM/6061-T6 35000 42000 1345 19.82 21.30

ALUM/6061-T6 35000 42000 2301 11.17 12.04

ALUM/6061-T6 35000 42000 1846 14.17 15.25

ALUM/6061-T6 35000 42000 1959 13.29 14.31

ALUM/6061 -T6 35000 42000 726 37.57 40.32

ALUM/6061-T6 35000 42000 1466 18.10 19.46

ALUM/6061 -T6 35000 42000 327 84.63 90.74

ALUM/6061-T6 35000 42000 2753 9.17 9.90

REINF PLASTIC 24000 40000 851 21.56 32.57

ALUM/6061-T6 35000 42000 715 38.16 40.96

ALUM/6061 -T4 16000 30000 556 22.27 37.96

REINF PLASTIC 24000 40000 526 35.50 5,3.32

ALUM/6061-T6 35000 42000 1050 25.67 27.57

ALUM/6061-1"6 35000 42000 765 35.60 33.22

ALUM/7075-T6 66000 75000 .......

ALUM/6061 -T6 35000 42000 677 40.36 43.31

ALUM/6061 -T6 35000 42000 3211 7.72 8.34

REINF PLASTIC 24000 40000 868 21.12 31.92

CRES 114 HARD 44000 122000 .......

ALUM/6061-T6 35000 42000 2622 9.68 10.44

ALUM/6061-T6 35000 42000 10137 1.76 1.96

ALUM/6061 -T6 35000 42000 689 39.64 42.54
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Table V METSAT AMSU-A1 Margins ofSafety Summary, Beam Elements,

Design Loads Case 2 Gy=-20.6 Gx=21.2

PART MATERIAL/

DESCRIPTION NUMBER ALLOY

YIELD ULTIMATE MAXIMUM'* MARGINS OF SAFETY

(psi I (psl_ STRESS (psiI YIELD ULTIMATE

1 LOWER BASEP .LATE ASSEMBLY

2 LOWER MOTOR MOUNT PANEL

3 UPPER MOTOR MOUNT PANEL

4 LOWER FRONT PANEL

5 LOWER AFT PANEL

6 UPPER BASEPLATE ASSEMBLY

7 UPPER FRONT PANEL

8 UPPER AFT PANEL

1331404-1

1331414-1

1331389-1

1331401-1

1331652-1

1331356-3

1331352-3

1331642-3

ALUM/6061-T651 35000 42000

ALUM/'7075-T651 66(X)0 75000

ALUM/7075-T651 66000 75000

ALUM/6061-1"651 35000 42000

ALUM/2024-T851 58000 66000

ALUM/6061 -T651 35000 42000

ALUM/7075-T651 66000 75000

ALUM/2024-T851 58000 66000

9 LOWER RF SHELF ASSEMBLY

10 UPPER RF SHELF ASSEMBLY

11 LOWER RIGHT FRONT SUPPORT PANEL

12 LOWER RIGHT PANEL

13 UPPER RIGHT FRONT SUPPORT PANEL

1356429-1

1356409-1

1331447-1

1331650-1

1331390-1

1331651-1 ALUM/6061-T6

1331648-1 ALUM/6061-T6

1331640-1 ALUM/6061-3"6

1331445-1 ALUM/6061-T6

1331405-1 ALUM/6061-T6

1331647-1

1331646-1

1331600-1

1331600-1

1331162-1

BE/SR-200E 500(X) 70000

BEFJR-200E 50000 70000

ALUM/_.. 1-T651 35000 42000

ALUM/6061 -T6 35000 42000

ALUM/6061-T651 35000 42000

14 UPPER RIGHT PANEL

15 TOP PANEL

16 LEFT PANEL

17 LOWER LEFTWARMLOAD SHIELD

18 LOWER RIGHTWARMLOAD SHIELD

19 UPPER LEFTWARMLOAD SHIELD

20 UPPER RIGHT WARMLOAD SHIELD

21 LOWER CARD CAGE ASSEMBLY

22 LOWER CARD

23 UPPER CARD CAGE ASSEMBLY

23a UPPER CARD CAGE ASSEMBLY,

24 UPPER CARD

25 LOWER CALIBRATION SOURCE ASSY

26 UPPER CALIBRATION SOURCE ASSY

27 BEAM SUPPORT

28 LOWER REFLECTOR

35000 42000

35000 42000

350O0 42000

35000 42000

3500O 42000

1331162-1

1331162-1

1331380-1

1331380-2

1331406-1

1355777 - 1

ALUM/6061-T6 _35000 42000

ALUM/6061 -T6 35000 42000

ALUM/6061-T6 35000 42000

REiNF PLASTIC 24000 40000

ALUM/6061-T6 35000 42000

ALUM/6061 -T4 16O0O 30O00

REINF PLASTIC 24000 4(XXX)

ALUM/6061 -T6 35000 42000

ALUM/6061 -T6 35000 42000

ALUM/7075-T6 66000 75000

ALUM/7075-T6 66000 75000

29 POWER CONTROL/MONITOR, BRACKET

30 POWER CNTL/MNTR ASSY, PWB

31 POWER CNTL/MNTR ASSY, STANDOFFS

32 RADIATOR PANEL

33 SIDEMOUNT ASSEMBLY

34 UPPER REFLECTOR

13587_-1

1358962-1

1358962-1

1331511-1

1331552-1

1355777-1

ALUM/6061 -T6 35000 42000

REINF PLASTIC 24000 4(XX_.

CRES 1/4 HARD 44000 122000

ALUM/6061-T6 35000 42000

ALUM/6061-1"6 35000 42000

ALUM/7075-T6 66000 75000

ALSO DESIGN LOADS CASE 5 Gy=20.6 Gx=-21.2

"ABSOLUTE VALUE OF MAXIMUM PRINCIPAL STRESS OR MINIMUM PRINCIPAL STRESS.

1155 23.24 24.97

3819 12.83 13.03

2457 20,49 20.8O

1471 18.03 19.39

120 385.67 391.86

2576 9.87 10.65

2746 18.23 18.51

2311 19.08 19.40

9_, 40.64 51,.3o

764 50.02 62.78

1332 20.02 21.52

842 32.25 34.63

2457 10.40 11.21

1048 25.72 27.63

692 39.46 42.35

*,.or..

3588 6.80 7.36

3211 7.72 8.34

3172 7.83 8.46

1702 15.45 16.63

tit**t,

1816 14.42 15.52

336 37.10 62.78

.°=.re.

**tim.=

2576 19.50 19.80

986 52.55 53.33

tt**o.e

,_=.o°.

11596 2.04 6.51

It=t Jo.

1865 14.01 15.09

903 57.47 58.33
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ITEM

NO."

Table VI

Design Loads Case 3 Gy=-20.6 Gz=-19.6

METSAT AMSU-A1 Margins of Safety Summary, Shell Elements,

PART MATERIAL/

DESCRIPTION NUMBER ALLOY

LOWER BASEPLATE ASSEMBLY 1331404-1 ALUM/6061-T651

LOWER MOTOR MOUNT PANEL 1331414-1 ALUM/7075-T651

IUPI_. R MOTOR MOUNT PANEL 1331389-1 ALUM/7075-T651

LOWER FRONT PANEL 1331401-1 ALUM/6061-T651

LOWER AFT PANEL 1331652-1 ALUM/2024-T851

6 JPPER BASEPLATEASSEMBLY

7 JPPER FRONT PANEL

8 JPPER AFT PANEL

9 LOWER RF SHELF ASSEMBLY

10 ;UPPER RF SHELF ASSEMBLY

11 LOWER RIGHT FRONT SUPPORT PANEL

12 LOWER RIGHT PANEL

13 LIPPER RIGHT FRONT SUPPORT PANEL

14 2PPER RIGHT PANEL

15 roP PANEL

16 LEFT PANEL

17 LOWER LEFT WARMLOAD SHIELD

18 LOWER RIGHT WARMLOAD SHIELD

19 LJPPER LEFT WARMLOAD SHIELD

20 UPPER RIGHT WARMLOAD SHIELD

21 LOWER CARD CAGE ASSEMBLY

22 LOWER CARD

23 JPPER CARD CAGE ASSEMBLY

23a LIPPER CARD CAGE ASSEMBLY

24 JPPERCARD

25 LOWER CALIBRATION SOURCE ASSY

26 UPPER CALIBRATION SOURCE ASSY

27 BEAM SUPPORT

28 LOWER REFLECTOR

29 POWER CONTROIJMONITOR, BRACKET

30 POWER CNTL/MNTR ASSY. PWB

31 POWER CNTL/MNTR ASSY, STANDOFFS

32 RADIATOR PANEL

33 SIDEMOUNT ASSEMBLY

34 UPPER REFLECTOR

1331356-3

1331352-3

1331642-3

1356429-1

1356409-1

1331447-1

1331650-1

1331390-1

1331651-1

1331648-1

1331640-1

1331445-1

1331405-1

1331647-1

1331646-1

1331600-1

1331600-1

1331162-1

1331162-1

1331162-1

1331380-1

1331380-2

1331406-1

1355777-1

1356790-1

1356962-1

1356962-1

1331511-1

1331552-1

1355777-1

YIELD ULTIMATE VON MISES MARGINS OF SAFETY

(psi) IPsi} STRESS (psiI YIELD ULTIMATE

35000 42000 2065 12.56 13.53

66000 75000 1026 50.46 51.21

66000 75000 516 101,33 102.82

35000 42000 1235 21.67 23.29

58000 66000 1745 25.59 26.02

ALUM/6061-T651 35000 42000 1056 25.52 27.41

ALUM/7075-T651 66000 75000 1175 43.94 44.59

ALUM/2024-T851 58000 66000 1197 37.76 38.38

BFJSR-200E 50000 70000 4607 7.68 9.85

BE/SR-200E 50000 70000 3603 10.10 12.88

ALUM/6061-T651 35000 42000 194 143.33 153.64

ALUM/6061-T6 35000 42000 1554 17.02 18.31

ALUM/6061-T651 35000 42000 303 91.41 98.01

ALUM/6061 -T6 35000 42000 839 32.37 34.76

ALUM/6061 -T6 35000 42000 1621 16.27 17,51

ALUM/6061-T6 35000 42000 1616 16.33 17.56

ALUM/6061 -T6 35000 42000 684 39.94 42.86

ALUM/6061-T6 35000 42000 181 153.70 164.75

ALUM/6061 -T6 35000 42000 441 62.49 67.03

ALUM/6061 -T6 35000 42000 51 548.02 587.24

ALUM/6061 -T6 35000 42000 3047 8.19 8.85

REINF PLASTIC 24000 40000 779 23.65 35.68

ALUM/6061 -T6 35000 42000 2358 10.87 11.72

ALUM/6061-T4 16000 30000 1312 8.76 15.33

REINF PLASTIC 24000 40000 264 71.73 107.23

ALUM/6061-T6 35000 42000 1984 13,11 14.12

ALUM/6061-T6 35000 42000 1904 13.71 14,76

ALUM/7075-T6 66000 750(X) .......

ALUM/6061-T6 35000 42000 929 29.14 31.29

ALUM/6061 -T6 35000 42000 884 30.67 32.94

REINF PLASTIC 24000 40000 188 101.13 150.98

CRES 1/4 HARD 44000 122000 .......

ALUM/6061-T6 35000 42000 2099 12.34 13.29

ALUM/6061 -T6 35000 42000 9509 1.94 2.15

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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ITEM

NO."

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

23a

24

25

26

27

28

29

30

31

32

33

34

Table VII

Design Loads Case 3 Gy=-20.6 Gz=-19.6

METSAT AMSU-AI Margins ofSafety Summary, Beam Elements,

PART MATERIAL/

DESCRIPTION NUMBER ALLOY

LOWER BASEPLATE ASSEMBLY 1331404-1 ALUM/6061-T651

LOWER MOTOR MOUNT PANEL 1331414-1 ALUM/7075-T651

UPPER MOTOR MOUNT PANEL 1331389-1 ALUM/7075-T651

LOWER FRONT PANEL 1331401-1 ALUM/6061-T651

LOWER AFT PANEL 1331652-1 ALUM/2024-T851

JPPER BASEPLATE ASSEMBLY 1331356-3 ALUM/6061-T651

LIPPER FRONT PANEL 1331352-3 ALUM/7075-T651

LJPPER AFT PANEL 1331642-3 ALUM/2024-T851

!LOWER RF SHELF ASSEMBLY 1356429-1 BE/SR-200E

UPPER RF SHELF ASSEMBLY 1356409-1 BF-JSR-200E

LOWER RIGHT FRONT SUPPORT PANEL 1331447ol ALUMI6061-T651

LOWER RIGHT PANEL 1331650-1 ALUM/6061-T6

UPPER RIGHT FRONT SUPPORT PANEL 1331390-1 ALUM/6061-T651

UPPER RIGHT PANEL 1331651-1 ALUM/6061-T6

TOP PANEL 1331648-I ALUM/6061-T6

LEFT PANEL 1331640-1 ALUM/6061-T6

LOWER LEFT WARMLOAD SHIELD 1331445-1 ALUM/6061-T6

LOWER RIGHT WARMLOAD SHIELD 1331405-1 ALUM/6061-T6

UPPER LEFT WARMLOAD SHIELD 1331647-1 ALUM/6061-T6

UPPER RIGHT WARMLOAD SHIELD 1331646-1 ALUM/6061-T6

LOWER CARD CAGE ASSEMBLY 1331600-1 ALUM/6061-T6

LOWER CARD 1331600-1 REINF PLASTIC

UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/5061-T6

UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T4

UPPER CARD 1331162-1 REINF PLASTIC

LOWER CALIBRATION SOURCE ASSY 1331380-I ALUM/6061-T6

UPPER CALIBRATION SOURCE ASSY 1331380-2 ALUM/6061-T6

BEAM SUPPORT 1331406-1 ALUM/7075-T6

LOWER REFLECTOR 1355777-1 ALUM/7075-T6

POWER CONTROIJMONITOR, BRACKET 1356790-1 ALUM/6061-T6

POWER CNTL/MNTR ASSY, PWB 1356962-1 REINF PLASTIC

POWER CNTL/MNTR ASSY, STANDOFFS 1356962ol CRES 114HARD

RADIATOR PANEL 1331511-1 ALUM/6061-T6

SIDEMOUNT ASSEMBLY 1331552-1 ALUM/6061-T6

UPPER REFLECTOR 1355777-1 ALUM/7075-T6

YIELD ULTIMATE MAXIMUM"

(,old) Cold) STRESS (psi)

35000 42000 5181

66000 75000 1251

66000 7,5000 775

35000 42000 1375

58000 66000 1527

35000 42000 1600

66000 75000 3266

58000 66000 757

50000 70000 1581

50000 70000 1313

35000 42000 480

35000 42(XX) 1581

35000 42000 1494

35000 42000 691

35000 42000 563

35000 42000 .......

35000 42000 890

35000 42000 799

35000 42000 2154

35000 42000 515

35000 42000 .......

24000 40000 .......

35000 42000 2628

16000 3(X)O0 2398

I*24O00 40O00 .....

35000 42000 .......

35000 42000 .......

66000 75000 1600

66000 75000 950

35000 42000 .......

24000 40000 .......

44000 122000 3496

35000 42000 .......

35000 42000 1045

66O0O 7500O 966

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

"'ABSOLUTE VALUE OF MAXIMUM PRINCIPAL STRESS OR MINIMUM PRINCIPAL STRESS.

MARGINS OF SAFETY

YIELD ULTIMATE

4.40 4.79

41.21 41.82

67.13 68.12

19.36 20.82

29.39 29.87

16.50 17.75

15.17 15.40

60.29 61.28

24.30 30.63

29.46 37.08

57.33 61.50

16.71 17.98

! 7.74 19.08

39.52 42.42

48.73 52.29

30.46 32,71

34.04 36.55

t 2.00 12.93

53.37 57.25

9.65 10.42

4.34 7.94

32.00 32.48

54.58 55.39

9.07 23.93

25.79 27.71

53.66 64.46
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ITEM

NO,"

Table VIII METSAT AMSU-A1 Margins of Safety Summary, Shell Elements,

Design Loads Case 4 Gy=-20.6 Gz=19.6

PART MATERIAL/

DESCRIPTION NUMBER ALLOY

1 LOWER BASEPLATE ASSEMBLY

2 LOWER MOTOR MOUNT PANEL

3 UPPER MOTOR MOUNT PANEL

4 LOWER FRONT PANEL

5 LOWER AFT PANEL

6 UPPER BASEPLATE ASSEMBLY

7 UPPER FRONT PANEL

8 UPPERAFTPANEL

9 LOWER RF SHELF ASSEMBLY

10 UPPER RF SHELF ASSEMBLY

11 LOWER RIGHT FRONT SUPPORT PANEL

12 LOWER RIGHT PANEL

13 UPPER RIGHT FRONT SUPPORT PANEL

14 UPPER RIGHT PANEL

15 TOP PANEL

16 LEFT PANEL

17 LOWER LEFT WARMLOAD SHIELD

18 LOWER RIGHT WARMLOAD SHIELD

19 UPPER LEFT WARMLOAD SHIELD

20 UPPER RIGHT WARMLOAD SHIELD

21 LOWER CARD CAGE ASSEMBLY

22 LOWER CARD

23 UPPER CARD CAGE ASSEMBLY

23a UPPER CARD CAGE ASSEMBLY

24 UPPER CARD

25 LOWER CALIBRATION SOURCE ASSY

26 UPPER CALIBRATION SOURCEASSY

27 BEAM SUPPORT

28 LOWER REFLECTOR

29 POWER CONTROl]MONITOR, BRACKET

30 POWER CNTL/MNTR ASSY, PWB

31 POWER CNTUMNTR ASSY, STANDOFFS

32 RADIATOR PANEL

33 ISIDEMOUNT ASSEMBLY

1331404-1

1331414-1

1331389-1

1331401-1

1331652-1

1331356-3

1331352-3

1331642-3

1356429-1

1356409-1

1331447-1

1331650-1

1331390-1

1331651-1

1331648-1

1331640-1

1331445-1

1331405-1

1331647-1

1331646-1

1331600-1

1331600-1

1331162-1

1331162-1

1331162-1

1331380-1

1331380-2

1331406-1

1355777-1

1356790-1

1356962-1

1356962-1

1331511-1

1331552-1

1355777-1

YIELD ULTIMATE VON MISES MARGINS OF SAFETY

(p=) (psi) STRESS (psi) YIELD ULTIMATE

34 UPPER REFLECTOR

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

ALUM/6061 -T651 35000 42000

ALUM/7075-T651 66000 75000

ALUM/7075-T651 66000 75000

ALUM/6061-T651 35000 42000

ALUM/2024-T851 56000 66000

ALUM/6061-T651 35000 42000

ALUM/7075-T651 66000 75000

ALUM/2024-T851 58000 66000

BE/SR-200E 50000 70000

BE/SR-200E 50000 70000

ALUM/6061 -T651 35000 42000

ALUM/6061 -T6 35000 42000

ALUM/6061 -T651 35000 42000

ALUM/6061 -'1"6 35000 42000

ALUM/6061 -T8 35000 42000

ALUM/6061 -T6 35000 42000

ALUM/6061 -T8 35000 42000

ALUM/6061-1"6 35000 42(XX)

ALUM/6061-1"6 35000 42000

ALUM/6061 -T6 35000 42000

ALUM/6061-1"6 35000 42000

REINF PLASTIC 24000 40000

ALUM/6061oT6 35000 42000

ALUM/6061-1"4 16000 3(X)O0

REINF PLASTIC 24000 40000

ALUM/6061-T6 35000 42000

ALUM/6061-T6 35000 42000

ALUM/7075-T6 66000 75000

ALUM/6061 -T6 35000 42000

ALUM/6061 -T6 35000 42000

REINF PLASTIC 24000 40000

CRES 1/4 HARD 44000 122000

ALUM/6061 -T6 35000 42000

ALUM/6061 -T6 35000 42000

ALUM/6061 -T6 35000 42000

2016 12.89 13.88

1400 36.71 37.27

956 54.23 55.04

2017 12.88 13.87

1631 27.45 27.90

1811 14.46 15.57

1856 27.42 27.83

1499 29.95 30.45

4621 7.66 9.82

3804 9.52 12.14

171 162.74 174.44

1237 21.64 23.25

348 79.46 85.21

733 37.20 39.93

1668 15.79 16.99

1948 13.37 14.40

569 46.54 49.93

180 154.56 165.67

938 28.85 30.98

80 349.00 374.00

3107 8.01 8.66

994 18.32 27.74

3213 7.71 8.34

1565 7.08 12.52

174 109.34 163.20

1804 14.52 15.63

1857 14.08 15.16

785 34.67 37.22

945 28.63 30.75

200 95.00 141.86

1164 23.05 24.77

10727 1.61 1.80

785 34.67 37.22
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ITEM

NO."

I

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

23a

24

25

26

27

28

29

30

Table IX METSAT AMSU-AI Margins of Safety Summary, Beam Elements,

Design Loads Case 4 Gy=-20.6 Gz=19.6

PART

NUMBERDESCRIPTION

LOWER BASEPLATE ASSEMBLY

LOWER MOTOR MOUNT PANEL

UPPER MOTOR MOUNT PANEL

LOWER FRONT PANEL

.OWER AFT PANEL

UPPER BASEPLATE ASSEMBLY

UPPER FRONT PANEL

UPPER AFT PANEL

LOWER RF SHELF ASSEMBLY

UPPER RF SHELF ASSEMBLY

1331404-1

1331414-1

1331389-1

1331401-1

1331652-1

1331356-3

1331352-3

1331642-3

1356429-1

1356409-1

LOWER RIGHT FRONT SUPPORT PANEL 1331447-1

LOWER RIGHT PANEL 1331650-1

UPPER RIGHT FRONT SUPPORT PANEL 1331390-1

MATERIAL/ YIELD ULTIMATE MAXIMUM"

ALLOY {psi) {psi) STRESS {psi)

ALUM/6061oT651 35000 42000 4816

ALUM/7075-T651 66000 750(X) 1005

ALUM/7075oT651 66000 75000 1441

ALUM/6061-1"651 35000 42000 2209

ALUM/2024-T851 58000 66(X)0 2159

ALUM/6061-3"651 35000 42000 2479

ALUM/7075-T651 66000 75000 2953

ALUM/2024-T851 58(XX) 66000 1442

BE/SR-2OOE 50000 70000 1973

BEJSR-200E 50000 70000 1555

ALUM/6061-T651 35000 42000 416

ALUM/6061-1"6 35000 42000 1973

ALUM/6061-1"651 35000 42000 1256

ALUM/6061 -T6 35000 42000 1121

ALUM/6061 -T6 35000 42000 573

ALUM/6061 -T6 35000 42000 .......

ALUM/6061-T6 35000 42000 1552

ALUM/6061-1"6 35000 42000 9"/-/

ALUM/6061-T6 3 .,5000 42000 1755

ALUM/6061-T6 35000 42000 357

ALUM/606. I-T6 35000 42000 .......

REINF PLASTIC 24000 40000 .......

ALUM/6061-T6 35000 42000 3415

ALUM/6061-T4 16000 30000 3057

REINF PLASTIC 24000 40(X)O .......

ALUM/6061 -T6 35000 42000 .......

ALUM/6061-T6 35000 42000 .......

ALUM/7075-T6 66000 75000 2479

ALUM/7075-T6 66000 75000 1155

ALUM/6061-3"6 35000 42000 .......

REINF PLASTIC 24000 40000 .......

UPPER RIGHT PANEL 1331651-1

TOP PAN EL 1331 648-1

LEFT PANEL 1331640-1

LOWER LEFT WARMLOAD SHIELD 1331445-1

1331405-1LOWER RIGHt" WARMLOAD SHIELD

UPPER LEFT WARMLOAD SHIELD

UPPER RIGHT WARMLOAD SHIELD

LOWER CARD CAGE ASSEMBLY

1331647-1

1331646-1

1331600-1

13316,00-1LOWER CARD

UPPER CARD CAGE ASSEMBLY 1331162-1

UPPER CARD CAGE ASSEMBLY 1331162-1

UPPER CARD 1331162-1

LOWER CALIBRATION SOURCE ASSY 1331380-1

UPPER CALIBRATION SOURCE ASSY 1331380-2

BEAM SUPPORT 1331406-1

LOWER REFLECTOR 1355777-1

POWER CONTROL/MONITOR, BRACKET 1356790-1

1356962-1POWER CNTL/MNTR ASSY, PWB

34 UPPER REFLECTOR 1355777-1 ALUM/7075-T6 66(X)0

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

"'ABSOLUTE VALUE OF MAXIMUM PRINCIPAL STRESS OR MINIMUM PRINCIPAL STRESS.

31 POWER CNTL/MNTR ASSY, STANDOFFS 1356962-1 CRES 1/4 HARD 44000 122000 3178

32 RADIATOR PANEL 1331511-1 ALUM/6061-T6 35000 42000 .......

33 SIDEMOUNT ASSEMBLY 1331552-1 ALUM/6061-T6 35000 42000 3082

75000 1127

MARGINS Ol_ SAFETY

YIELD ULTIMATE

4.81 5.23

51.54 52.3O

35.64 36.18

11.68 12.56

20.49 20.84

10.29 11.10

16.88 17.14

31.18 31.69

19.27 24.34

24.72 31,15

66.31 71.12

13.19 14.21

21.29 22.89

23.98 25.76

47.87 51.36

17.04 18.33

27.66 29.71

14.95 16.09

77.43 83.03

7.20 7.78

3,19 6.01

20.30 20.61

44.71 45.38

10.08 26.42

8,09 8.73

45,85 46.53

46



Report 10805A

July 1996

Table X METSAT AMSU-A1 Modal Effective Weight and Participation Factor Summary

N_ -T - I=RE_..- ]- °/o T To/o l-- -_ _ -_ _-
........... T Hz_ _ ...... _ ..... _-.... _ _ - ?--

" 1 "!-- I01.8--T 0:003 - _ --{_.0_--1------6:i29 ......... - .... ? -

__2 £ ....<o9:oI__o26-oo_--o.o_o_ i-o_7 ' _- _!- - i__.....
3 .... I09.0 __ 0.0._00 0.000 . __ 0.0_ ........ : ....

4 109.5 _ 1.195 0.001 0.017 __ !. __ _ ....

._ _ To-9_ _ _ o.ooo o.ooo
-T T2{:}.4---/-_452--- _ 0.127 .... 6.028- .......

- 7 _ 1_1.4 _ -- 0.62_ " " 0.002 0.883 ......... _--
.... _---" _26 / .... 6:-017- -- _ .... 0.54T ........ _ "

9- -i-- - i2220 I 0.064 -6:156- -_ ........... T-

11 I 131.8 ! 0.877 0.811 28.75

12 l 188"5 6"239 _ 0 028 _ O" 738 '

13 ,, 139.6 I 0.000 i 0.000 T 0.000 !
-- _ .... _ .......... ._ ............... _.........
14 L- 140.8_: 0.050 0.0_ -T 0._ _._______.I ._
!s....i 149._!___, _!-3_!2 0.082 -___0.100........--_I_._
16 i 154.2 i 0.217 0.019 ] 0.053 i
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ITEM

NO.

1

2

3

4

Table XI METSAT AMSU-AI Margins ofSafety Summary, All Elements,

Random Vibration 8.8 grins

PART MATERIAL/

DESCRIPTION NUMBER ALLOY

LOWER BASEPLATE ASSEMBLY 1331404-1 ALUM/6061-T651

LOWER MOTOR MOUNT PANEL 1331414-1 ALUM/7075-T651

UPPER MOTOR MOUNT PANEL 1331389-1 ALUM/7075-T651

LOWER FRONT PANEL 1331401-1 ALUMJ6061-T651

5 LOWER AFT PANEL

6 UPPER BASEPLATE ASSEMBLY

7 ,UPPER FRONT PANEL

8 UPPER AFT PANEL

9 LOWER RF SHELF ASSEMBLY

10 iUPPER RF SHELF ASSEMBLY

11 LOWER RIGHT FRONT SUPT PANEL

12 LOWER RIGHT PANEL

13 UPPER RIGHT FRONT SUPT PANEL

14 UPPER RIGHT PANEL

15 TOPPANEL

16 LEFT PANEL

17 LOWER LEFT WARMLOAD SHIELD

18 LOWER RIGHT WARMLOAD SHIELD

19 UPPER LEFTWARMLOAD SHIELD

20 UPPER RIGHT WARMLOAD SHIELD

21 LOWER CARD CAGE ASSEMBLY

22 LOWER CARD

23 UPPER CARD CAGE ASSEMBLY

23a UPPER CARD CAGE ASSEMBLY

24 UPPER CARD

25 LO.WER CALIBRATION SOURCE ASSY

26 UPPER CALIBRATION SOURCE ASSY

27 BEAM SUPPORT

28 LOWER REFLECTOR

29 POWER CONTROL/MONITOR, BKT

30 POWER CNTL/MNTR ASSY, PWB

1331652-1

1331356-3

1331352-3

1331642-3

1356429-1

1356409-1

1331447-1

1331650-1

1331390-1

1331651-1

1331648-1

ALUM/2024-T851

ALUM/6061 -T651

ALUM/7075-T651

ALUM/2024-T851

B_SR-200E

BELSR-200E

ALUM/6061 -T651

ALUM/6061 -T6

ALUM/6061 -T651

ALUM/6061-T6

ALUM/6061 -T6

1331640-1 ALUM/6061-T6

1331445-1 ALUM/6061-T6

ALUM/6061 -T6

ALUM/6061 -T6

ALUM/6061 -T6

ALUM/6061 -T6

1331405-1

1331647-I

1331646-1

YIELD

(psi)

35O00

66OOO

66OOO

35000

58OOO

35000

66OOO

58OOO

5OOOO

5OOO0

35OOO

35O0O

35000

35000

35000

350OO

35000

3500O

31 PWR CNTL/MNTR ASSY, STANDOFFS

32 RADIATOR PANEL

1331600-1

1331600-1

1331162-1

1331162-1

1331162-I

1331380-1

1331380-2

1331406-1

1355777-1

1356790-1

1356962-1

1356962-1

REINF PLASTIC

ALUM/6061 -T 6

ALUM/6061 -T4

REINF PLASTIC

ALUIW6061 -T6

ALUM/6061 -T6

ALUM/7075-T6

ALUM/6061 -T6

ALUM/6061-T6

REINF PLASTIC

CRESI_ HARD

1331511-1 ALUM/6061 -T6

1331552-I ALUM/6061 -T6

35OOO

35OOO

35000

2400O

35OOO

16000

24000

350OO

35000

66OOO

3500O

350OO

240OO

44000

35OOO

35OOO

350O0

33 SIDEMOUNT ASSEMBLY

ULTIMATE 3 SIGMA" MARGINS OF SAFETY DIRECTION

(psi) STRESS (psi] YIELD ULTIMATE EL TYPE

42000 9554 1.93 2.14 Z BEAM

75000 15093 2.50 2.55 x BEAM

75000 8478 5.23 5.32 X BEAM

42000 5884 3.76 4.10 x BEAM

66000 2323 18.97 19.29 Z BEAM

42000 5364 4.20 4.57 X BEAM

75000 16837 2.14 2.18 X BEAM

66000 18035 1.57 !..61 X SHELL

70000 7158 4.59 5.99 Y SHELL

70000 4429 8.03 10.29 Z SHELL

42000 3896 6.19 6.70 X BEAM

42000 4214 5.64 6.12 Y SHELL

42000 6716 3.17 3.47 X BEAM

42 .000 3591 6.80 7.35 X SHELL

42000 4858 4.76 5.18 X SHELL

42000 2369 10.82 11.66 X SHELL

42 .000, 5832 3.80 4.14 X BEAM

42000 6477 3.32 3.63 X BEAM

42000 8969 2.12 2.34 X BEAM

42000 10715 1.61 1.80 X BEAM

42000 7342 2.81 3.09 Z SHELL

40000 1929 8.95 13.81 Y SHELL

42000 7652 2.66 2.92 Z BEAM

30000 3826 2.35 4.60 Z BEAM

40(X_ 1659 10.57 16.22 X SHELL

42000 6451 3.34 3.65 Y SHELL

42000 7876 2.56 2.81 Y SHELL

75000 4104 11.87 12.05 Y BEAM

42000 8758 2.20 2.43 X SHELL

42000 8050 2.48 2.73 X SHELL

40000 3189 5.02 7.96 X SHELL

122000 21709 0.62 &01 X BEAM

42000 6071 3.61 3.94 X SHELL

42000 10836 1.58 1.77 X SHELL

42000 7721 2.63 2.89 X SHELL34 UPPER REFLECTOR 1355777-1 ALUM/6061-T6

'RANDOM VIBRATION LOAD CASES 8.8 GRMS INDEPENDENTLY IN X, Y, AND Z

"MAXIMUM PRINCIPAL STRESS BASED ON ASSUMED IN PHASE COMPONENT STRESSES
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Table XII METSAT AMSU-A1 Margins of Safety Summary, All Elements,

Random Vibration 8.8 grms, X Direction

ITEM

NO.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

19

20

21

22

23

PART MATERIAL/

DESCRIPTION NUMBER ALLOY

LOWER BASEPLATE ASSEMBLY 1331404-1 ALUM/6061-T651

LOWER MOTOR MOUNT PANEL 1331414-1 ALUM/7075-T651

UPPER MOTOR MOUNT PANEL 1331389-1 ALUM/7075-T651

LOWER FRONT PANEL 1331401-1 ALUM/6061-T651

LOWER AFT PANEL 1331652-1 ALUM/2024-T851

UPPER BASEPLATE ASSEMBLY 1331356-3 ALUM/6061-T651

UPPER FRONT PANEL 1331352-3 ALUM/7075oT651

UPPER AFT PANEL 1331642-3 ALUM/2024-T851

LOWER RF SHELF ASSEMBLY 1356429-1 BE/SR-200E

UPPER RF SHELF ASSEMBLY 1356409-1 BEJSR-200E

LOWER RIGHT FRONT SUPT PANEL 1331447-1 ALUM/6061-T651

LOWER RIGHT PANEL 1331650-1 ALUM/6061-T6

UPPER RIGHT FRONT SUPT PANEL 1331390-1 ALUM/6061-T651

UPPER RIGHT PANEL 1331651-1 ALUM/6061-T6

TOP PANEL 1331648-1 ALUM/6061-T6

LEFT PANEL 1331640-1 ALUM/6061-T6

LOWER LEFT WARMLOAD SHIELD 1331445-1 ALUM/6061-T6

LOWER RIGHT WARMLOAD SHIELD 1331405-1 ALUM/6061-T6

UPPER LEFT WARMLOAD SHIELD 1331647-1 ALUM/6061-T6

UPPER RIGHT WARMLOAD SHIELD 1331646-1 ALUM/6061-T6

LOWER CARD CAGE ASSEMBLY 1331600-1 ALUM/6061-T6

LOWER CARD 1331600-1 REINF PLASTIC

UPPER CARD CAGE ASSEMBLY 1331162-1 ALUM/6061-T6

23a IUPPER CARD CAGE ASSEMBLY

24 UPPER CARD

25 ILOWER CALIBRATION SOURCE ASSY

26

27

28

29

30

31

32

33

34

1331162-1

1331162-1

1331380-1

ALUM/6061-T4

REINF PLASTIC

ALUM/6061 -T6

UPPER CALIBRATION SOURCE ASSY 1331380-2 ALUM/6061-T6

BEAM SUPPORT 1331406-1 ALUM/7075-T6

LOWER REFLECTOR 1355777-1 ALUM/6061-T6

1356790-1POWER CONTROL/MONITOR, BKT

POWER CNTL/MNTR ASSY, PWB

PWR CNTL/MNTR ASSY, STANDOFFS

RADIATOR PANEL

ALUM/6061 -T6

1356962-1 REINF PLASTIC

1356962-1 CRES 1/4 HARD

1331511-1 ALUM/6061-T6

SIDEMOUNT ASSEMBLY 1331552-1 ALUM/6061 -T6

UPPER REFLECTOR 1355777-1 ALUM/6061-T6

YIELD ULTIMATE 3 SIGMA" MARGINS OF SAFETY DIRECTIOh

(psi) (psi) -_TRESS (psi I YIELD ULTIMATE EL TYPE

35000 42000 2053 12.64 13,61 X BEAM

66000 75000 15093 2.50 2.55 X BEAM

66000 75000 8478 5,23 5.32 X BEAM

35000 42000 5884 3.76 4.10 X BEAM

58000 66000 1922 23.14 23.53 X SHELL

35000 42000 5364 4.20 4.57 X BEAM

66000 75000 16837 2.14 2.18 X BEAM

58000 66000 18035 1.57 1.61 X SHELL

50000 70000 5685 6.04 7.80 X SHELL

50000 70000 3728 9.73 12.41 X SHELL

35000 42000 3896 6.19 6.70 X BEAM

35000 42000 3045 8.20 8.85 X BEAM

35000 42000 6716 3.17 3.47 X BEAM

35000 42000 3591 6.80 7,35 X SHELL

35000 42000 4858 4,76 5,18 X SHELL

35000 42000 2369 10.82 11.66 X SHELL

35000 42000 5832 3,80 4.14 X BEAM

35000 42000 6477 3.32 3.63 X BEAM

35000 42000 8969 2.12 2.34 X BEAM

35000 42000 10715 1.61 1.80 X BEAM

35000 42000 3665 6,64 7.19 X SHELL

24000 40000 901 20.31 30.71 X SHELL

35000 42000 6356 3,41 3.72 X BEAM

16000 30000 2602 3.92 7.24 X SHELL

24000 40000 1659 10.57 16.22 X SHELL

35000 42000 6405 3.37 3.68 X SHELL

35000 42000 3039 8,21 8,87 X SHELL

66000 75000 2649 18.93 19,22 X BEAM

35(300 42000 8758 2.20 2.43 X SHELL

35000 42000 8050 2.48 2,73 X SHELL

24000 40000 3189 5.02 7.96 X SHELL

44000 122000 21709 0.62 3.01 X BEAM

350(X) 42000 6071 3.61 3.94 X SHELL

35000 42000 10836 1.58 1.77 X SHELL

35000 42000 7721 2.63 2.89 X SHELL

"MAXIMUM PRINCIPAL STRESS BASED ON ASSUMED IN PHASE COMPONENT STRESSES
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Table XIII ' METSAT AMSU-AI Margins ofSafetySummary, AllElements,

Random Vibration8.8grrns,Y Direction

PART MATERIAL/

NUMBER ALLOY

1331404-1 ALUM/6081-T651

t331414-1 ALUM/7075-T651

1331389-1 ALUM/7075-T651

1331401-1 ALUM/6061-1"651

1331652-1 ALUM/2024-T851

1331356°3 ALUM/6061-T651

1331352-3 ALUM/7075-T651

1331642-3 ALUM/2024-T851

1356429-1 BFJSR-200E

1356409-1 BE/SR-200E

1331447-1 ALUM/6061 -T651

1331650-1

1331390-1

1331651-1

1331648-1

1331640-1

1331445-1

1331405-1

1331647-1

1331646-1

1331600-1

1331600-1

1331162-1

1331162-1

1331162-1

1331380-1

1331380-2

1331406-1

1356777-1

1356790-1

1356962-1

1356962-1

1331511-1

1331552-1

1355777-1

YIELD ULTIMATE 3 SIGMA" MARGINS OF SAFETY DIRECTION

(psi)

35000

66OOO

_.,,.ooo

35000

580OO

35000

66OOO

58OO0

50OOO

5O0OO

35OOO

ITEI_

NO." DESCRIPTION

1 LOWER BASEPLATE ASSEMBLY

• 2 LOWER MOTOR MOUNT PANEL

3 UPPER MOTOR MOUNT PANEL

4 LOWER FRONT PANEL

5 LOWER AFT PANEL

6 UPPER BASEPLATE ASSEMBLY

7 UPPER FRONT PANEL

8 UPPER AFT. PANEL

9 LOWER RF SHELF ASSEMBLY

10 UPPER RF SHELF ASSEMBLY

11 LOWER RIGHT FRONT SUPT PANEL

12 LOWER RIGHT PANEL

13 UPPER RIGHT FRONT SUPT PANEL

14 UPPER RIGHT PANEL

15 TOP PANEL

16 LEFT PANEL

17 LOWER LEFT WARMLOAD SHIELD

18 LOWER RIGHT WARMLOAD SHIELD

19 UPPER LEFTWARMLOAD SHIELD

20 UPPER RIGHT WARMLOAD SHIELD

21 LOWER CARD CAGE ASSEMBLY

22 LOWER CARD

23 UPPER CARD CAGE ASSEMBLY

23-_ UPPER CARD CAGE ASSEMBLY

24 UPPER CARD

25 LOWER CALIBRATION SOURCE ASSY

26 UPPER CALIBRATION SOURCE ASSY

27 BEAM SUPPORT

28 LOWER REFLECTOR

29 POWER CONTROl/MONITOR, BKT

30 POWER CNTL/MNTR ASSY I PWB

31 PWR CNTL/MNTR ASSY I STANDOFFS

32 RADIATOR PANEL

33 SIDEMOUNT ASSEMBLY

34 UPPER REFLECTOR

ALUM/6061-T6 35000

ALUM/6061-T651 35000

ALUM/6061 -T6 35000

ALUM/6061-T6 35OO0

ALUM/6061-T6 35000

ALUM/6061 -T6 35000

ALUMAB061 -]'6 35000

ALUM/S061 -T6 35000

ALUM/6061 -T6 35000

ALUM/6061 -T6 35000

REINF PLASTIC 24000

ALUM/6061 -T6 35000

ALUM/6061 -T4 1600O

REINF PLASTIC 24000

ALUM/6061-T6 35000

ALUM/6061 -T6 35000

ALUM/7075-T6 . 66000

ALUM/7075-T6 66000

ALUM/6061 -T6 35000

RE..I.NF PLASTIC 24000

CRES 1/4 HARD 44000

ALUM/6061 -T6 35000

ALUM/6061 -T6 35000

ALUM/6061 -T6 35000

MAXIMUM PRINCIPAL STRESS BASED ON ASSUMED IN PHASE COMPONENT STRESSES

(psi) STRESS {psi YIELD ULTIMATE EL TYPE

42000 4685 4.98 5.40 Y BEAM

75000 4023 12.,12 12.32 Y SHELL

75000 2604 19.28 19.57 Y SHELL

42000 3187 7.79 8.41 Y BEAM

66000 1470 30.56 31.07 Y SHELL

42000 3505 6.99 7.56 Y BEAM

75000 13997 2.77 2.83 Y BEAM

66000 5494 7.45 7.58 Y SHELL

70000 7156 4.59 5.99 Y SHELL

70000 3873 9.33 11.91 Y SHELL

42000 1038 25.97 27.90 Y BEAM

42000 4214 5.64 6.12 Y SHELL

42000 4543 5.16 5.60 Y BEAM

42000 3231 7.67 8.29 Y SHELL

42000 1175 22.83 24.53 Y SHELL

42000 2856 8.80 9.50 Y SHELL

42000 265,1 9.56 10.32 Y BE.AM

42000 2612 9.72 10.49 Y BEAM

42000 2829 8.90 9.60 Y BEAM

42000 3005 8.32 8.98 Y BEAM

42000 6730 3.16 3.46 Y SHELL

40000 1929 8.95 13.81 Y SHELL

42000 6706 3.18 3.47 Y BEAM

30000 3359 2•81 5,38 Y SHELL

40000 330 57.18 85.58 Y SHELL

42000 1 6451 3.34 3.65 Y SHELL

i

I
42000 7876 2.56 2.81 Y SHELL

75000.,. 4104 11.87 12.05 Y BEAM

75000 10388 4.08 4.16 YBEAM

42000 1419 18,73 20.14 Y SHELL

40000 1663 10.55 16.18 Y SHELL

122000 7064 3.98 11.34 Y BEAM

42000 1510 17.54 18.87 Y SHELL

42000 8001 2.50 2.75 Y SHELL

42000 4615 5.07 550 Y SHELL

5O
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ITEM

NO."

1

2

3

4

5

6

7

8

9

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

10

11

12

13

14

15

16

17

18

Random Vibration 8.8 grins, Z Direction

PART MATERIAL/

DESCRIPTION NUMBER ALLOY

LOWER BASEPLATE ASSEMBLY 1331404-1 ALUM/6061-T651

LOWER MOTOR MOUNT PANEL 1331414-I ALUM/7075-T651

UPPER MOTOR MOUNT PANEL 1331389-1 ALUM/7075-T651

LOWER FRONT PANEL 1331401-1 ALUM/6061-T651

LOWER AFT PANEL 1331652-1 ALUM/2024-T851

UPPER BASEPLATE ASSEMBLY 1331356-3 ALUM/6061-T651

UPPER FRONT PANEL 1331352-3 ALUM/7075-T651

1331642-3 ALUM/2024-T851UPPER AFT PANEL

LOWER RF SHELF ASSEMBLY 1356429-1 BE/SR-200E

UPPER RF SHELF ASSEMBLY 1356409-1 BE/SR-200E

LOWER RIGHT FRONT SUPT PANEL 1331447-1 ALUM/6061-T651

LOWER RIGHT PANEL 1331650-1 ALUM/6061-T6

UPPER RIGHT FRONT SUPT PANEL 1331390-1 ALUM/6061-T651

UPPER RIGHT PANEL 1331651-1 ALUM/6061-T6

TOP PANEL 1331648-1 ALUM/6061-T6

LEFT PANEL 1331640-1 ALUM/6061-T6

LOWER LEFT WARMLOAD SHIELD 1331445-1 ALUM/6061-T6

LOWER RIGHT WARMLOAD SHIELD 1331405-1 ALUMI6061-T6

19 UPPER LEFT WARMLOAD SHIELD

20 UPPER RIGHT WARMLOAD SHIELD

2t LOWER CARD CAGE ASSEMBLY

22 LOWER CARD

23 UPPER CARD CAGE ASSEMBLY

23a UPPER CARD CAGE ASSEMBLY

24 UPPER CARD

25 LOWER CALIBRATION SOURCE ASSY

1331647-I

1331646-1

1331600-1

1331600-1

1331162-1

1331162-1

1331162-1

1331380-1

1331380-2

1331406-1

26 UPPER CALIBRATION SOURCE ASSY

ALUM/6061 -T6

ALUM/6061 -T6

ALUM/6061 -T6

REINF PLASTIC

ALUMI6061 -T6

ALUM/6061 -T4

REINF PLASTIC

ALUM/6061 -T6

ALUM/6061 -T6

ALUM/7075-T627 !BEAM SUPPORT

LOWER REFLECTOR

POWER CONTROL/MONITOR_ BKT

POWER CNTL/MNTR ASSY_ PWB

PWR CNTL/MNTR ASSY, STANDOFFS

1355777-1

1356790- I

1356962-1

ALUM/7075-T6

ALUM/6061-T6

REINF PLASTIC

1356962-1 CRES 1/4 HARD

RADIATOR PANEL 1331511-1 ALUM/6061-T6

S|DEMOUNT ASSEMBLY 1331552-1 ALUM/6061 -T6

UPPER REFLECTOR 1355777-1 ALUM/6061-T6

YIELD ULTIMATE 3 SIGMA" MARGINS OF SAFETY DIRECTION

(psi) (psi) STRESS {psi YIELD ULTIMATE EL TYPE

35000 42000 9554 1.93 2.14 Z BEAM

66000 75000 3271 15.14 15.38 Z BEAM

66000 75000 1966 25.86 26.25 Z BEAM

35000 42000 3660 6.65 7.20 Z BEAM

58000 66000 2323 18.97 19.29 Z BEAM

35000 42000 2549 9.98 10.77 Z BEAM

66000 75000 5846 8.03 8.16 Z BEAM

58000 66000 3469 12.38 12.59 Z SHELL

50000 70000 7068 4.66 6.07 Z SHELL

50000 70000 4429 8.03 10.29 Z SHELL

35000 42000 1209 22.16 23.81 Z BEAM

35000 42000 3567 6.85 7.41 Z SHELL

35000 42000 3010 8.30 8.97 Z BEAM

35000 42000 2076 12.49 13.45 Z SHELL

35000 42000 2343 10.95 11.80 Z SHELL

35000 42000 2278 11.29 12.17 Z SHELL

35000 42000 3888 6.20 6.72 Z BEAM

35000 42000 3058 8.16 8.81 Z BEAM

35000 42000 3384 7.27 7.87 Z BEAM

35000 42000 2046 12.69 13.66 Z BEAM

35000 42000 7342 2.81 3.09 Z SHELL

24000 40000 665 27.87 41.96 Z SHELL

35000 42000 7652 2.66 2.92 Z BEAM

16000 30000 3826 2.35 4.60 Z BEAM

24000 40000 363 51.89 77.71 Z SHELL

35000 42000 4817 4.81 5,23 Z SHELL

35000 42000 4348 5.44 5.90 Z SHELL

66000 75000 2793 17.90 18.18 Z BEAM

66000 75000 7165 6.37 6.48 Z BEAM

35000 42000 2135 12.11 13.05 Z SHELL

24000 40000 1233 14.57 22.17 Z SHELL

44000 122000 7051 3,99 11.36 Z BEAM

35000 42000 1739 15.10 16.25 Z SHELL

35000 42000 10670 1.62 1.81 Z SHELL

35000 42000 3768 6.43 6.96 Z SHELL

28

29

3O

31

32

33

34

"'MAXIMUM PRINCIPAL STRESS BASED ON ASSUMED IN PHASE COMPONENT STRESSES
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Table XV METSAT AMSU-AI RattlespaceSummary

I ! 'I _ _ L J___+...... _ '

-[ ir:
,SUMMARY - RA'R'LESPACE OF THE LOWER CARD CAGE CIRCUIT CARDS

CASE

1 4804 4844

2

3

MINIMUM
GAP

4803 4843

480-8--- i 4848

LOAD 3zAxl
........... 1- t

X / 0.00102

Y o.ooszB
Z _ 0.00170 !

SUMMARY - RATTLESPACE OF THE UPPER CARD CAGE CIRCUIT CARDS

MINIMUM

i r

P

I

I

......... 1-....... l ..... _------,-i- .......

J
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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-l, 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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To demonstratethe mathematical soundness ofthe NASTRAN model,the model issubjected

to the GSFC 422-11-12-01Paragraph 11.1.4.iDeliverableModel ValidityCheck, where a rigid-bodyor
stiffness-equilibriumcheck isperformed. Using NASTRAN Solution3,a DIAG 64 ALTER 126 DMAP isrun.
The NASTRAN ExecutiveControlData Deck consistsof:

ID AMSU1,RANDOM
TIME 60
SOL 3

$
DIAG 64

$
COMPILE SOL3,SOUIN=MSCSOU
ALTER 126

VECPLOT, ,BGPDT,EQEXIN,CSTM,,,,/RBGLOBAL/GRDPNT=O//4 $
VEC USET/VlfG'PF'fCOMP' $
PARTN RBGLOBAL,V1/RBFF,,J0 $
TRNSP RBFF/RBFFT $
MPYAD KFF,RBFFrJKFFR/$
MATGPR GPL,USET,SIL,KFFR/FF'///1.E-2 $
DIAGONAL KFF/KFFD/OPT='SQUARE'/POWER=-I. $
MPYAD KFFD,KFFRJKFFRN/$

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 basic function of this check is to multiply through a cross product the free stiffness
matrix by the model rigid body matrix. The matrix which results from this multiplication can be thought of
as the internal forces which must be applied to the structure to overcome any model internal constraint to
achieve the desired rigid body motion. This matrix is titled the KFFR matrix. The smaller the magnitude of
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-57

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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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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