NIR Cam/ISIM Interface Requirements Document
NGST-RQMT-XXXXXX

DRAFT Rev 10


[image: image1.png]


[image: image2.emf][image: image3.png]


THIS IS A SAMPLE DOCUMENT
NOT INTENDED FOR USE OTHER THAN FOR 

INFORMATION FOR MSES IIB RFP

Solar Dynamics Observatory (SDO) 

Structural Analysis Plan

464-MECH-PLAN-0031



Solar Dynamics Observatory Structural Analysis Plan


DOCUMENT CHANGE RECORD
Sheet:  1 of 1

	REV/ VER

LEVEL
	DESCRIPTION OF CHANGE
	APPROVED

BY
	DATE

APPROVED

	Rev -

	Baseline Release 
	
	


Table of Contents

Section
Page

11.0
INTRODUCTION


11.1
SDO Mission


11.2
Purpose


11.3
Analysis Overview


11.4
Requirements Verification Approach


11.5
Hardware Qualification/Acceptance Approach


21.6
References


21.7
Definitions


32.0
REQUIREMENT SOURCES


43.0
ANALYSIS AND TEST FACTORS


43.1
Analysis Factors of Safety


53.2
Additional Analysis Factors


63.3
Test Factors


64.0
MATERIALS


64.1
Material Properties


74.2
Material Basis


74.3
Material Thickness


74.4
Corrosion Resistant Materials


74.5
Failure Criteria


75.0
ANALYSIS


75.1
Coupled Loads Analysis


75.1.1
Coupled Loads


85.1.2
Coupled Loads Output


85.2
Basedrive Analysis


95.2.1
Preliminary Basedrive


95.2.2
Basedrive in Conjunction with CLAs


105.3
Normal Modes and Modal Analysis


105.3.1
Primary Structure


105.3.2
Secondary Structure


105.3.3
Components


105.3.4
Deployable Structures


115.4
Statistical Energy Analyses


115.5
Stress Analyses


125.5.1
Structural Loading


125.5.2
Thermal Loading


125.5.3
Fasteners


135.5.4
Bonded Joints


135.6
Displacement Analyses


135.6.1
Structural Loading


135.6.2
Thermal Loading


135.7
Jitter Analyses


145.8
Structural, Thermal, Optical (STOP) Analyses


145.8.1
Instrument Subsystem


145.8.2
HGA Subsystem


155.8.3
ACS Subsystem


155.9
Pressure Vessels


156.0
TEST


156.1
Test Support


156.2
Force Limiting


156.3
Response Limiting


156.4
Alignment


167.0
FINITE ELEMENT MODELS


167.1
Formal Finite Element Model Submission


167.1.1
Submission Schedule


167.1.2
Model Criteria


187.1.3
Model Documentation


187.2
Model Checks


197.3
Model Preferences


198.0
UNIT CONVERSION FACTORS


209.0
ACRONYM AND ABBREVIATION LIST




List of Tables

Table

Page

4Table 1: Requirements Sources


5Table 2: Analysis Factors of Safety


5Table 2a: Additional Analysis Factors of Safety


6Table 3: Test Factors and Durations


9Table 4: Launch Event Load Description


17Table 5: Model Numbering Ranges


18Table 6: Interface Numbering Ranges (optional)


19Table 7: Common Conversion Factors


20Table 8: Acronym and Abbreviation Table




List of TBDs/TBRs

	Item No.
	Location
	Summary
	Ind./Org.
	Due Date

	
	
	
	
	


1.0 INTRODUCTION

1.1 SDO Mission

The goal of SDO is to characterize the dynamic state of the Sun, enhancing the understanding of the solar processes, and space weather.  SDO is planning for an April 2008 launch on either a Delta IV (Medium) or Atlas V (401) Evolved Expendable Launch Vehicle (EELV).

1.2 Purpose

The purpose of this document is to outline the structural analysis plan for the SDO and its Mechanical Ground Support Equipment (MGSE).

1.3 Analysis Overview

The SDO analysis team will support applicable requirements derivation, design iterations, design verification by analysis, and design verification by test. An analyst needs to know the requirements, design layout, materials, environments, safety factors, and conventions and guidelines to be used in the analysis. The objective of this document is to be a single point of reference for this information, and to define the scope of work and responsibilities in support of design, materials, and testing.

1.4 Requirements Verification Approach

Requirements will be verified through a combination of test, analysis, and inspection.  When requirements are verified directly by test, the analysis will be used to support testing.  When verified by analysis alone the analysis must include appropriate safety and uncertainty factors. 

1.5 Hardware Qualification/Acceptance Approach

The SDO project is taking a protoflight hardware approach to structure qualification/ acceptance. The analysis approach is to verify that the design meets applicable strength and performance requirements under all applicable environments by analysis prior to and in support of qualification testing. Qualification by analysis or by similarity must be approved by the SDO project. Composite, beryllium, or materials not listed in Table 1 metals of MSFC-STD-3029 will not be considered for qualification by analysis.

The SDO Systems Verification and Environment Definition Document, 464-SYS-REQ-0002, identifies the testing required for each hardware level of assembly.

1.6 References

1) “SDO Mission Requirements Document”, SDO 464-SYS-REQ-0004

2) “SDO Structural Analysis and Test Requirements Document”, SDO 464-MECH-REQ-0007

3) “SDO Project Temperature Directory”, SDO 545-ANLYS-0001
4) “SDO Pointing and Alignment Budget”, SDO 464-SYS-SPEC-0009

5) “SDO Environment Verification Document”, SDO 464-REQ-0002

6) “SDO Attitude Control Subsystem (ACS) Level 3 Requirements”, SDO 464-ACS-REQ-0024

7) “SDO High Gain Antenna (HGA) Pointing Requirements”, SDO 464-MECH-REQ-0027

8)  “SDO Torque Tables”, SDO 464-MECH-REF-0006

9) “General Environmental Verification Specification for STS and ELV Payloads, Subsystems and Components”, GEVS-SE, Revision A, June 1996

10) “Metallic Materials and Elements for Aerospace Vehicle Structures”, MIL-HDBK-5 (latest edition)

11) “Composite Materials Handbook”, MIL-HDBK-17 (latest edition)

12) "Standard General Requirement for Safe Design and Operation of Pressurized Missile and Space Systems”, MIL-STD-1522 (latest edition)

13) “Structural Design and Test Factors of Safety for Spaceflight Hardware”, NASA-STD-5001 (latest edition)

14) “Guidelines for the Selection of Metallic Materials for Stress Corrosion Cracking Resistance in Sodium Chloride Environments”, MSFC-STD-3029 (latest edition)

1.7 Definitions

Component: A component is a self-contained combination of items performing a function.  Examples are electronic box, transmitter, gyro package, motor, and battery.  For the purposes of this document, the term component is used generically to represent an analyzable or testable level of assembly below the observatory level.  A unique case of component is the instrument optical package defined below.

Optical Package: A component consisting of sensors, optics, and associated hardware used for making measurements or observations in space.  Unless specifically distinguished in the text of this document, the OP is considered a component.
Composite Hardware:  Hardware partially or completely composed of nonmetallic material or hardware that includes bonded interfaces.  Metallic honeycomb is an exception to this definition and is not considered composite hardware.

Flight Hardware: Flight hardware is hardware that will be used operationally in space.  It includes the following subsets:

Protoflight Hardware: Flight hardware of a new design; it is subject to a qualification test program that combines elements of prototype and flight acceptance verification; that is, the application of design qualification test levels and flight acceptance test durations.

Follow-On Hardware: Flight hardware built in accordance with a design that has been qualified either as prototype or as protoflight hardware; follow-on hardware is subject to a flight acceptance test program.

Spare Hardware: Hardware the design of which has been proven in a design qualification test program; it is subject to a flight acceptance test program and is used to replace flight hardware that is no longer acceptable for flight.

Instrument:  Component(s) used for making measurements or observations in space.  Instruments that are not self-contained shall be considered a group of components consisting of optical packages (OP) and supporting non-optic components.

Limit Level: The maximum expected flight level.  Also may be referred to as “Flight” levels.

Observatory: An integrated assemblage designed to perform a specified mission in space.

Prototype Hardware: Hardware of a new design; it is subject to a design qualification test program; it is not intended for flight.

Spacecraft:  The observatory without the instrument compliment.

2.0 REQUIREMENT SOURCES

Requirements are established to ensure structural integrity of the flight, non-flight, and GSE hardware during ground, launch, and on orbit phases of the mission. 

Table 1: Requirements Sources

	Requirements
	Documents

	Environments
	 

	Integration Loads
	SDO 464-MECH-REQ-0007

	Handling Loads*
	SDO 464-MECH-REQ-0007

	Static Loads
	SDO 464-MECH-REQ-0007

	Frequency - Stowed
	SDO 464-MECH-REQ-0007

	Frequency - Deployed
	SDO 464-ACS-REQ-0024

	Sine Loads
	SDO 464-MECH-REQ-0007

	Vibroacoustic Loads
	SDO 464-MECH-REQ-0007

	Shock
	SDO 464-MECH-REQ-0007

	Venting (Pressure Profile)
	SDO 464-MECH-REQ-0007

	Thermal Loads
	SDO 545-ANLYS-0001

	Alignment
	 

	Instrument
	SDO 464-SYS-SPEC-0009

	HGAS
	SDO 464-MECH-REQ-0027

	ACS
	SDO 464-ACS-REQ-0024


3.0 ANALYSIS AND TEST FACTORS

Structural and mechanical verification testing will be supported by structural analysis to provide confidence that the hardware will not experience failure or detrimental permanent deformation under test or launch conditions.  The factors of safety to be applied to limit loads to calculate structural margins are shown in Table 2.  These factors of safety have been selected to be consistent with the test factors shown in Table 3.  The yield factor of safety ensures that a prototype or protoflight test can be conducted with low risk of the hardware experiencing detrimental yielding.  The ultimate factor of safety provides adequate separation between yield and ultimate failure modes and ensures that the hardware will not experience an ultimate failure under expected loading conditions.
3.1 Analysis Factors of Safety

The safety factors shown in Table 2 will be used in the stress analysis of the SDO structure and MGSE.
Table 2: Analysis Factors of Safety

	Type
	Static
	Sine
	Random/

Acoustic3

	Metallic Yield
	1.252
	1.25
	1.6

	Metallic Ultimate
	1.42
	1.4
	1.8

	Stability Ultimate
	1.4
	1.4
	1.8

	Beryllium Yield
	1.4
	1.4
	1.8

	Beryllium Ultimate
	1.6
	1.6
	2.0

	Composite Ultimate
	1.5
	1.5
	1.9

	Bonded Inserts/Joints Ultimate
	1.5
	1.5
	1.9


1 – Factors of safety for glass and structural glass bonds specified in NASA-STD-5001

2 – If qualified by analysis only, positive margin must be shown for factors of safety of 2.0 on yield and 2.6 on ultimate.

3 – Factors shown should be applied to statistically derived peak response based on RMS level.  As a minimum, the peak response shall be calculated as a 3-sigma value.

3.2 Additional Analysis Factors

Analysis factors of safety for pressurized hardware and MGSE are included in Table 2a.  Factors of safety for pressure loads are to be applied to the maximum expected operating pressure (MEOP)

Table 2a: Additional Analysis Factors of Safety
	Type
	Factor

	Pressure Loaded Structure Yield
	1.25

	Pressure Loaded Structure Ultimate
	1.5

	Pressure Loaded Components Yield
	1.5

	Pressure Loaded Components Ultimate
	2.5

	Pressure Lines and Fittings Yield
	1.25

	Pressure Lines and Fittings Ultimate (diameter<1.5”)
	4.0

	Pressure Lines and Fittings Ultimate (diameter≥1.5”)
	2.5

	MGSE Yield
	3.0

	MGSE Ultimate
	5.0


3.3 Test Factors

Test factors and durations for prototype, protoflight, and flight hardware are given in Table 3.  Hardware definitions are included in section 1.4.

Table 3: Test Factors and Durations 

(GEVS-SE Table 2.2-2)

	Test
	Prototype Hardware
	Protoflight Hardware
	Flight Hardware

	Structural Loads

Level

Duration

Centrifuge

Sine Burst (1)
	1.25 X Limit Load

1 Minute

5 Cycles Full Level/Axis
	1.25 X Limit Load

30 Seconds

5 Cycles Full Level/Axis
	Limit Load

30 Seconds

5 Cycles Full Level/Axis

	Acoustic

Level

Duration
	Limit Level +3dB

2 Minutes
	Limit Level +3dB

1 Minute
	Limit Level

1 Minute

	Random Vibration 

Level

Duration
	Limit Level +3dB

2 Minutes/Axis
	Limit Level +3dB

1 Minute/Axis
	Limit Level

1 Minute/Axis

	Sine Vibration 

Level

Sweep Rate (2)
	1.25 X Limit Level

2 Octaves/Minute/Axis
	1.25 X Limit Level

4 Octaves/Minute/Axis
	Limit Level

4 Octaves/Minute/Axis

	Shock

Actual Device

Simulated
	2 Actuations

1.4 X Limit Level

2 Actuations/Axis
	2 Actuations

1.4 X Limit Level

1 Actuation/Axis
	1 Actuation

Limit Level

1 Actuations/Axis

	Thermal Vacuum (3)
Level

Cycles
	Limit Levels ±10°C

8 at Component

4 at Observatory
	Limit Levels ±10°C 

8 at Component

4 at Observatory
	Limit Levels

8 at Component

4 at Observatory


(1) Sine burst testing will be done at a frequency sufficiently below primary resonance as to ensure rigid body motion.

(2) Unless otherwise specified, these sine sweep rates apply.

(3) Thermal vacuum levels and cycles are GEVS-SE based.  SDO project definition of levels may vary and should be based on SDO 545-ANLYS-0001.  Cycles and levels of assembly for SDO specific components are included in SDO 464-REQ-0002.
4.0 MATERIALS

4.1 Material Properties

Material strengths and other mechanical and physical properties will be selected from MIL-HDBK-5 and MIL-HDBK-17 when available.  Values may be obtained from other sources such as manufacture’s data, provided these data can be evaluated and determined to be reliable and conservative.  When values from mechanical properties are not available, they will be determined by analytical and test methods.  Approval by the SDO lead analyst is required for all non-handbook material properties.

4.2 Material Basis

All metallic material allowable values will be “A” basis.  Composite material allowable values will be “B” basis.  Criteria for “A” and “B” basis allowable values are defined in MIL-HDBK-5.

4.3 Material Thickness

Nominal drawing callout thickness will be used for stress analysis except for pressure vessels.  Pressure vessels will use minimum material thickness.

4.4 Corrosion Resistant Materials

Materials for the SDO will be selected from Table 1 metals of MSFC-STD-3029.  Non-table 1 materials may be used only after approval from the SDO project.

4.5 Failure Criteria

For ductile metals, those with more than 5% elongation, maximum shear stress theory will be used.  For brittle metals, those with less than 3% elongation, maximum normal stress theory will be used.  Both will be used for materials between 3% and 5% elongation.  The preferred failure criterion for composite materials is maximum strain first ply failure.  Interaction equations, especially for stability and fasteners, are available in such books as Bruhn.

5.0 ANALYSIS

5.1 Coupled Loads Analysis
5.1.1 Coupled Loads
Three Coupled Loads Analyses (CLAs) will be performed by the launch vehicle provider and the results will be used to update loads described in SDO 464-MECH-REQ-0007.  Updates for loads will be made in the 464-MECH-REQ-0007 if loads exceed those existing or when reductions are sought due to design limitations.  One CLA will be performed to support the mission Critical Design Review (CDR), a second just prior to observatory integration and test, and a final Verification Loads Cycle (VLC) will be performed at the end of the program after all portions of the SDO model have been test verified.  They will carry uncertainty factors of at least 1.5, 1.25 and 1.0 respectively.  Other CLAs may be performed as necessary.

The coupled-loads analysis will also verify that launch vehicle structural capability is not exceeded.

5.1.2 Coupled Loads Output
Coupled loads output requests must be provided one month prior to transmittal to the launch vehicle vendor.

Displacement, acceleration, or force components that exist as normal output for any MSC/NASTRAN element can be requested as a loads transformation matrix (LTM) parameter. This includes element forces, element stresses, element strains, grid point forces, grid point accelerations, and grid point displacements and relative displacements. A request for force output for a single CBAR element, for instance, will automatically yield 8 LTM row parameters –  

1. Bending Moment End - A - Plane 1

2. Bending Moment End - A - Plane 2

3. Bending Moment End - B - Plane 1

4. Bending Moment End - B - Plane 2

5. Shear Plane 1

6. Shear Plane 2

7. Axial Force

8. Torque

Requests for element stresses should stipulate the type of stresses required, such as:

· Normal and Shear Plate Stresses

· Bar/Beam C, D, E, F, and Axial Stresses

· Above but with Bar Axial and C, D, E, F Stresses Combined

At an interface, to insure that grid point force totals are summed properly, either of the listed options can be implemented.

1. Very stiff (1E+8 lbs/in) CELAS spring elements should comprise that interface and element the CELAS element forces requested.

2. Rigid (RBE2) elements used with a request for grid point force totals at the rigid element’s independent degree of freedom grid point.

5.2 Basedrive Analysis

Basedrive analysis will be performed to assess and update, where necessary, the limit loads and sine vibration levels for SDO hardware.  Basedrive analysis will be performed in-house.  A preliminary analysis will be performed to support PDR and additional analysis will be performed with each coupled loads cycle.

For the basedrive analysis a Q of 20 will be used.  This may be updated with data from testing. Model uncertainty factors may be applied but uncertainty in the model is mainly accounted for in the flat input spectrum.

5.2.1 Preliminary Basedrive

A basedrive analysis will be performed for a preliminary verification of limit levels included in 464-MECH-REQ-0007.  The basedrive analysis will be performed using the guidelines listed.
1. Modal Frequency Response analysis performed in MSC/NASTRAN 2001

2. Observatory model constrained in translation at EELV interface

3. Non-fuel mass scaled to obtain total observatory mass of 3200 Kg

4. Unit gravity input between 1 and 100 Hz enforced at interface in all three axis.

5. Post processing used to adjust results based on dynamic limits of launch events (see Table 4).

6. Results adjusted by limiting drive point constraint forces to levels derived from knowledge of dynamic limits and FEM mass and CG.

7. Limited results, with appropriate uncertainty factor, used to develop component sine levels

8. Limited results, with appropriate uncertainty factor, combined with applicable steady state loads for each event

Table 4: Launch Event Load Description

	Load Condition
	Direction
	X
	Y
	Z

	Launch
	Steady State
	1.2
	0.0
	0.0

	
	Dynamic Limit
	±0.5
	±1.0
	±1.0

	Flight Winds
	Steady State
	1.0-2.8
	±0.4
	±0.4

	
	Dynamic Limit
	±0.5
	±1.6
	±1.6

	BECO/BETC
(Max Axial)
	Steady State
	6.0
	0.0
	0.0

	
	Dynamic Limit
	±0.5
	±0.5
	±0.5

	BECO/BETC
(Max Lateral)
	Steady State
	3.0-0.0
	0.0
	0.0

	
	Dynamic Limit
	±1.0
	±1.5
	±1.5

	MECO
(Max Axial)
	Steady State
	4.5-0.0
	0.0
	0.0

	
	Dynamic Limit
	±1.0
	±0.3
	±0.3

	MECO
(Max Lateral)
	Steady State
	0.0
	0.0
	0.0

	
	Dynamic Limit
	±2.0
	±0.6
	±0.6


5.2.2 Basedrive in Conjunction with CLAs

Basedrive analysis will follow each coupled loads cycle. Basedrive analysis after CLA is used primarily to update observatory and subsystem sine levels. These analyses may be used to assess the impact on loads of design changes occurring after completion of a loads cycle.

These analyses will use interface force output from the coupled loads and apply it to the Craig-Bampton model.  Output from this analysis will typically be a subset of the output requests from the coupled loads.

5.3 Normal Modes and Modal Analysis

5.3.1 Primary Structure

The dynamic characteristics of the SDO primary structure will be verified with a modal survey.  All modes below 50 Hz will be measured.  Modes with greater than 10% modal effective mass will be correlated to test results.  Analytical frequencies will be correlated to within 5% of test frequencies.  The correlation of mode shapes will be checked by test to analytical mode shape cross orthogonality.  The goal of correlation will be to have the diagonal terms greater than 0.9 and the off diagonal terms less than 0.1.

The test correlated observatory FEM will be used to verify the SDO minimum frequency when rigidly constrained at the payload interface. 

The test correlated observatory FEM will be used for the VLC.

5.3.2 Secondary Structure

Normal modes analysis will be used to verify that the items meet minimum frequency requirements.  Test data, when available, should be used for final verification of these requirements.

5.3.3 Components

Normal modes analysis will be used to verify that the components meet minimum frequency requirements.  Test data, where available, should be used for final verification of these requirements.

Where minimum frequency requirements are not met, the component may be required to verify the finite element model by test (modal survey).


5.3.4 Deployable Structures

The frequency of deployable structures will be verified by analysis and testing as appropriate.  Testing will be used to correlate the FEM.  Model changes based on the correlation effort will be incorporated into the observatory FEM to verify frequency requirements.

Stowed frequency requirements are included in SDO 464-MECH-REQ-0007.  The requirements are not derived from a higher-level source but specified in an effort to reduce the potential for high loads resulting from coupling with observatory modes.

Deployed frequency requirements are contained in SDO 464-ACS-REQ-0024.  The requirements are driven by jitter and control requirements.

5.4 Statistical Energy Analyses

Statistical Energy Analysis (SEA) will be performed to assess the random environments of specific components. Analyses are planned for PDR and CDR time frames. The SEA may be used to update random vibration limit levels for components. Updates will be made in SDO 464-MECH-REQ-0007 if levels exceed those existing or when reductions are sought due to design limitations. Additional SEA analysis may be performed to assess the possibility of using acoustic testing as a workmanship test for the HGAS gimbal assembly. 
 
Documentation relating to the physical configuration including mass properties, geometry, and materials for components as well as surrounding structures will be needed to complete the analyses required. 
 
SEA results presented are considered to be acceptance levels and to be spatially averaged responses across a subsystem unless stated otherwise. Any localized component on a panel subsystem should add 6 dB to the predicted average response to account for spatial variability when determining a suitable random specification. Results presented that have this spatial variability accounted for will be identified as peak responses. Protoflight (qualification) are understood to be 3 dB higher than acceptance by definition. For the purposes of determining random levels, no specification should be less than workmanship levels as mandated in SDO 464-MECH-REQ-0007.
 
For SDO, the SEA analysis will include a 60% payload fill factor, 2% (250 Hz pivot frequency) damping of metal structures, 0.5% damping on composites, and a 2% absorption on cavity faces unless stated otherwise.

5.5 Stress Analyses
Stress analysis will be performed to verify SDO hardware has positive margins of safety for all structural and thermal load cases.  Analysis will be performed for all primary and secondary structure.

With the exception of the Ka electronics boxes and transmitters, structural analysis for the spacecraft electronics boxes will be the responsibility of the vendor.  

Preliminary stress analysis will be performed on primary structure and critical interfaces in support of the PDR.  Detailed stress analysis of the entire primary and secondary structure will be completed following PDR as the design is formalized.

Note - SDO hardware and MGSE unable to support handling loads of 50 lbs should be identified and special handling procedures developed.

5.5.1 Structural Loading
Positive margins of safety will be shown for the structural load conditions.  The analysis will apply the appropriate factors of safety.

5.5.2 Thermal Loading

Positive margins of safety will be shown for the structures under thermal loading.  The analysis will apply the appropriate factors of safety.

5.5.3 Fasteners

5.5.3.1 Fastener Analysis

The strength of fasteners will be assessed at zero and maximum preload, per NASA-STD-5001.  Ultimate joint strength may be determined without taking into account fastener preload if all of the following criteria are satisfied:

1. The fastener is in a local pattern of two or more fasteners

2. The fastener is a high-quality military standard, national aircraft standard or equivalent commercial fastener that is fabricated and inspected in accordance with aerospace-type specifications.

3. Fastener is made from A-286 or 300 Series stainless steel (300 Series stainless steel should not be used to carry primary structural loads).

4. The fastener is preloaded 60-75% of fastener Fty.

5. Metal–to–metal joint (no shims, gaskets, or spacers)

6. No thermal loads that will change the fastener preload when flight loads are applied.

7. The joint is not a pressure vessel joint or a one that maintains hazardous materials in safety.

8. The joint total adherend thickness to fastener diameter ratio (t/D) is greater than 1.5.

When in doubt about whether or not the joint satisfies all of the above criteria, default to following NASA-STD-5001.

If the bolt has high shear load then the RS3 +RT2 = 1 interaction should be used.  Gapping will be checked using a factor of safety of 1.0 except for certain critical joints.  For critical joints like thermal joints or pressure vessels, a higher gapping factor should be used.

5.5.3.2 Fastener Torque

The following relation will be used for determining torque values for fasteners:

T=KPD 

Where T=torque, K=friction, P=preload, D= nominal bolt diameter.  Torque values should be set to establish the preload at 70% of the fastener tensile yield strength.  A value of K=0.20 will be used for un-lubricated fasteners, and a value of K=0.15 will be used for lubricated fasteners.  Refer to SDO Torque Tables (SDO 464-MECH-REF-0006) for torque values for specific fastener sizes and material types. 

5.5.4 Bonded Joints

Bonded joints will not fail at ultimate load.  Inserts will be qualified by test unless otherwise approved by the SDO project.

5.6 Displacement Analyses

Displacements (translations and rotations) under structural (steady state and dynamic) and thermal loads will be assessed to verify EELV shroud dynamic envelope requirements, payload alignment requirements (see STOP analysis), and that there is no undesirable contact or interference within the structure.

5.6.1 Structural Loading
Static and dynamic envelopes and contact verification will be shown.  The analysis will apply the appropriate factors of safety.

5.6.2 Thermal Loading

Analysis will verify there is no interference resulting from thermal contraction and expansion.  This analysis is primarily related to mechanisms such as the solar array and HGAS hinges.
5.7 Jitter Analyses

The SDO reaction control wheels, thrusters, HGAS gimbals, and instrument mechanisms impart loads on the spacecraft and the response of the spacecraft to these inputs will be analyzed for jitter and strength at the spacecraft level of assembly.  The Attitude Control Subsystem (ACS) group will perform jitter analysis using MSC/NASTRAN Normal Modes output provided by the structural analysis group.

Normal modes runs will be performed on the deployed model in a free-free condition.  Model may need to be run using both CBE and maximum allocated masses.  ACS will define HGAS actuator rotation constraints and positions.

Sensitivity studies requested by the ACS group should document the name of the baseline structural FEM and the changes made to the FEM to support the studies.

5.8 Structural, Thermal, Optical (STOP) Analyses

STOP analysis will be performed to verify that instrument, HGAS, and spacecraft components alignment budgets can be met under predicted structural and thermal loads cases.

Structural load cases will include gravity relief.  Estimates for random launch shifts are required but may be based on an assessment of alignment test data.

STOP thermal load cases will include, as a minimum, those listed below.

1. BOL Cold Bias

2. EOL Hot Bias

3. Eclipse Cases Cold and Hot Bias

a. Eclipse Exit (75 minute eclipse)

b. Exit +30 minutes

c. Exit +60 minutes

4. Off Pointing Calibration Cases Cold and Hot Bias

a. In-maneuver temperatures in time increments

b. Return to nominal operational attitude

c. Return +30 minutes

d. Return +60 minutes

5.8.1 Instrument Subsystem

STOP analysis will be performed independently on each instrument optical package (by the instrument providers) and the instrument module (by GSFC) to verify alignment errors under specific load events (gravity relief, ground to orbit thermal, eclipse, calibration, and off-loading) are within the budgets allocated by the project.  STOP analysis will be a combined effort between structural analyst, thermal analyst, and instrument providers.

5.8.2 HGA Subsystem

STOP analysis will be performed on the SDO Observatory to verify the combination of IM, SB, PM, hinge, boom, gimbal and antenna distortions do not result in antenna pointing in excess of that budgeted for the High Gain Antenna Subsystem (HGAS).

5.8.3 ACS Subsystem

STOP analysis will be performed to verify the Attitude Control Subsystem (ACS) hardware alignments are within the budgets allocated for on orbit operational loading.

5.9 Pressure Vessels

In addition to detailed stress analysis, fracture control requirements will apply to pressure vessels and pressurized lines and fittings.
6.0 TEST

6.1 Test Support

The analyst is responsible for supporting all structural testing, including alignment and thermal tests (when applicable).  It is the responsibility of the analyst to review of the test plan to verify test levels are correct and instrumentation is adequate to verify requirements and ensure hardware safety.

6.2 Force Limiting

Force limiting should be considered only when there is a concern that the high impedance of the shaker system will result in test loads sufficiently in excess of flight that an unrealistic failure mode is predicted.  Force limiting may not be implemented without peer review and project approval and must be performed in accordance to framework established in NASA-HDBK-7004.  Notches exceeding 10dB may not be implemented without a peer review and project approval.

6.3 Response Limiting

Response limiting may be used to prevent responses from exceeding predicted flight levels, with an appropriate test factor, or to prevent an unrealistic over test situation. As with force limiting, response limiting should not be implemented without peer review and project approval.

6.4 Alignment

Alignment measurements made during integration and before, during, and after test must be used, where possible, to correlate the analytical model.  The analyst should be involved in alignment test planning to ensure measurements can adequately verify requirements and/or correlate analytical models.

7.0 FINITE ELEMENT MODELS

7.1 Formal Finite Element Model Submission

7.1.1 Submission Schedule

The SDO spacecraft model will be maintained by GSFC and updated periodically.  The model will be formally submitted to the SDO Configuration after each coupled loads analysis.

The first formal deliveries of instrument models are desired at least six months prior to mission CDR. Earlier delivery is required if coupled loads output, in addition to CG output, is desired.  The model for the coupled loads can be informal, no documentation, and may be of lower fidelity depending on the desired output.

The second formal deliveries of instrument models are desired prior to Observatory integration and test.  The models must include similar detail to the first formal delivery and be test correlated (mass, CG, frequency, etc.).  This model will be used to support the final verification loads cycle and jitter analysis.

Routine informal instrument FEM deliveries are encouraged to allow us to review interfaces, perform validity checks, and assess modeling techniques.  FEMs will be incorporated into the observatory FEM as needed.

7.1.2 Model Criteria

Model submissions must meet the following criteria.

1. Model will be submitted as a MSC/NASTRAN data deck.

2. As a minimum, all official SDO global and subsystem finite element models must include the date (YYMMDD) that they were made at the beginning of their name.  

3. Each subsystem will adhere to its numbering range defined in Tables 5 and 6.  Numbering range applies to identification numbers for all nodes, elements, properties, materials, unique coordinate systems, functions, tables, sets, etc..

4. Property and material cards will have descriptive names.

5. Models will be "full" models with no symmetry assumptions made to reduce model size.  "Super Elements" will not be used.

6. Each model will establish a "reference local" coordinate system that is rectangular and oriented with the Spacecraft coordinate system.  Coordinate cards will be provided to establish the “reference local” system.  The origin of the reference local coordinate system will be documented.  Any additional “local” coordinate systems will reference the “reference local” coordinate system.  Each grid point will reference the “reference local” or a “local” coordinate system for both input and output.  

7. The bulk data deck will not contain BAROR, GRDSET, PARAM K6ROT, PARAM BAILOUT, PARAM AUTOSPC, or any other cards that set global parameters that could affect the results of other models when coupled to the spacecraft model.  An explicit SPC set will be included with each formal model submission.

8. The specification of vector components for element coordinate system definition will be used in lieu of referenced grid (i.e., CBAR, CBEAM).

9. Until actual hardware mass properties are verified and final, the finite element model will reflect the maximum allocated mass for each subsystem and component.

10. Mass margin maintained at the project level will be accounted for at the observatory level by appropriately scaling the “dry mass” to obtain the desired total mass.

Table 5: Model Numbering Ranges

	Subsystem
	Subsystem Range

	Propulsion Module (PM)
	100000 to 149999

	Spacecraft Module (SM)
	150000 to 199999

	Instrument Module (IM)
	200000 to 249999

	Solar Arrays (SA)
	250000 to 299999

	HG Antenna (HGA)
	300000 to 359999

	HMI Instrument
	500000 to 549999

	EVE Instrument
	550000 to 599999

	AIA Instrument
	600000 to 649999


Table 6: Interface Numbering Ranges (optional)

	Subsystem Interface
	Interface Range

	PM to SM
	1000 to 1399

	PM to HGA
	1400 to 1499

	SM to IM
	1500 to 1599

	SM to SA
	1600 to 1699

	IM to HMI
	2000 to 2099

	IM to EVE
	2100 to 2199

	IM to AIA
	2200 to 2299


7.1.3 Model Documentation

Each formal finite element model submission will have a document to go with it that describes the following:

1. The version of the model.

2. A list of element, node, property, and material ID numbers.

3. A description of the nonstructural mass represented on each property card.

4. A description of units if other than those listed in section 5.4.

5. A description of the local reference coordinate system.

6. The results of validity checks.

7. Mass Properties (CG location, Inertias, and total model mass).

8. Eight rigid-base mode frequencies.

7.2 Model Checks

Before a finite element model can be used for analysis, it must pass the following validity checks: unit enforced displacement and rotation, free-free dynamics with equilibrium check, and unit gravity loading.  Finite element models used for thermal analysis should also pass a unit increased temperature check.  DMAPs for performing these checks can be found on the FEMCI website (http://femci.gsfc.nasa.gov/) or other sources.  Craig-Bampton models will also pass strain energy checks.

7.3 Model Preferences

1. CBEAM elements used in lieu of CBAR.

2. PCOMP property used in lieu of PSHELL for laminates.

3. Units for finite element models are pounds (advp), inches, Celsius, and seconds.

4. FEMAP is used to create finite element models.

5. FEMAP neutral file submitted along with NASTRAN data deck.  All layers, groups, loads, etc. should be within subsystem model numbering range.

6. Interface grid points are be easily identifiable such as unique group or layer.  Locations for interface grid points between subsystems are agreed to in advance in order to keep interface grid points coincident.  

8.0 UNIT CONVERSION FACTORS

Table 7 includes conversion factors for common analysis units.

Table 7: Common Conversion Factors
	From
	To
	Multiply by

	Inch
	Meter
	0.0254

	Meter
	Inch
	39.3700

	Pound-Mass (advp)*
	Kilogram
	0.4536

	Kilogram
	Pound-Mass (advp)*
	2.2046

	Pound-Force
	Newton
	0.2248

	Newton
	Pound-Force
	4.4482


* A pound-mass is defined as the amount of mass that weighs one pound.

9.0 ACRONYM AND ABBREVIATION LIST

Table 8: Acronym and Abbreviation Table

	Abbreviation/ Acronym
	Definition

	advp
	Avoirdupois

	BECO
	Booster Engine Cut-Off

	BETC
	Booster Engine Thrust Coupling

	CDR
	Critical Design Review

	CG
	Center of Gravity

	CLA
	Coupled Loads Analysis

	D
	Nominal Bolt Diameter

	DA
	Double Amplitude

	dB
	Decibel

	DMAP
	Direct Matrix Abstraction Programming

	EELV
	Evolved Expendable Launch Vehicle

	ELV
	Expendable Launch Vehicle

	f
	Force

	FEM
	Finite Element Model

	FEMAP
	Finite Element Modeling and Post-processing (Structural Dynamics Research Corporation software product)

	FEMCI
	Finite Element Modeling Continuous Improvement

	Fty
	Tensile Yield Strength

	g
	Gravity

	GES
	Genesis Engineering Solutions

	GEVS-SE
	General Environmental Verification Specification for STS & ELV Payloads, Subsystems, and Components

	HDBK
	Handbook

	HGAS
	High Gain Antenna Subsystem

	Hz
	Hertz

	ID
	Identification

	IM
	Instrument Module

	in
	Inches

	K
	Friction Factor

	kg
	Kilogram

	lbs
	Pounds

	LTM
	Loads Transformation Matrix

	m
	Meter

	MECO
	Main Engine Cut-Off

	MEOP
	Maximum Expected Operating Pressure

	MGSE
	Mechanical Ground Support Equipment

	MIL
	Military

	MSC
	MacNeal-Schwendler Corporation

	MSFC
	Marshal Space Flight Center

	NASTRAN
	NASA Structural Analysis

	OP
	Optics Package

	P
	Preload

	Pa
	Pascal

	PAF
	Payload Attach Fairing

	PDR
	Preliminary Design Review

	PM
	Propulsion Module

	PPG
	Payload Planners Guide

	R
	Stress Ratio

	rms
	Root Mean Square

	rss
	Root Sum Square

	SA
	Solar Array

	SB
	Spacecraft Bus

	SDO
	Solar Dynamics Observatory

	SEA
	Statistical Energy Analysis

	sec
	Second

	STD
	Standard

	STS
	Shuttle Transportation System

	T
	Torque

	TBD
	To Be Determined

	VLC
	Verification Loads Cycle
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