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Annex K  (normative)
Stress and strength analysis (SSA) - DRD

K.1 DRD identification

K.1.1 Requirement identification and source document

This DRD is called from ECSS-E-ST-32, requirement 4.10k.
K.1.2 Purpose and objective

The stress and strength analysis document (simply referred as SSA in this DRD) is the key document to understand the structure response to its environment, in terms of displacements, load paths, interface forces, stresses and strains. The SSA provides a detailed description of methods and results of the structure analysis under static or quasi-static loads. Applied strength analysis formulae are outlined. Thermo-mechanical models are usually developed among the main stress and strength analysis tools. Tests results are also included among SSA reference and applicable documents.

Input to the SSA are 

· the structure requirements,

· the mechanical environment, and 

· design allowables (e.g. material and mechanical part allowables).

SSA data and information are input to fracture mechanics and fatigue analysis. 

K.2 Expected response

K.2.1 Scope and content

<1> Introduction

a. The SSA shall contain a description of the purpose, objective, applicability, content and the reason prompting its preparation
<2> Applicable and reference documents

b. The SSA shall list the applicable and reference documents in support to the generation of the document.

<3> Terms and definitions, abbreviated terms and symbols

c. The SSA shall include the terms and definitions, abbreviated terms, and symbols used.

<4> Structure (or structure component) description

<4.1> Unit system 

d. The SSA shall indicate the consistent unit system of measures used in SSA. 

e. The units for mass, force, length, time, temperature and angles shall be explicitly documented.

<4.2> General description, drawings

f. The SSA shall describe the structure and introduce to the terminology for major structure components. 

g. Reference shall be made to the available drawings.

h. The SSA shall reference the set of the applied drawings in order to explain the actual status of the design and to describe the structure components to be analyzed.

<4.3> Coordinate system

i. The SSA shall describe the reference coordinate systems used in the analysis, by giving the following information:

1. the identification number or name;

2. the type (rectangular, cylindrical spherical);

3. reference, if any, to mathematical model coordinate systems.

<5> Stress analysis input data and assumptions

<5.1> Design loads summary

j. The SSA shall refer to the applicable design loads (DL). 

NOTE  Data summary from this document can be reproduced and collected in this subclause if appropriate for any reason (e.g. because additional elaboration or organization of data have been done for analysis).

<5.2> Factors of safety (FOS)

k. The SSA shall include a table of the required design FOS, indicating the source document, clearly indicating the relation to the applicable verification method (i.e. by analysis only, by test and analysis, or by similarity.).  

l. The SSA should also refer to the clause 4.5.17 (FOS).

<6> Failure modes
<6.1> General
m. The SSA shall list the (quasi-)static failure modes (such as deformation exceeding allowed limits, buckling and rupture) of the structure and the associated design load levels. 

<6.2> Material properties and design allowables

n. The SSA shall refer to the material and mechanical part allowables document and summarize in a table all the material properties and design allowables used in the analysis. 

o. The table indicated in <6.2>a. above shall indicate for each design allowable the basis (e.g. if A- or B-values are given or typical values ≡ mean, nominal) and the source, if different from the material and mechanical part allowables document.

p. For non-linear analyses the stress-strain curve applied shall be presented, clearly indicating whether it is a ‘mean’ curve (mapping the mean of the set of test curves) or a ‘minimum’ curve through the material design allowables.

q. The SSA shall also collect other design allowables different from material allowable (e.g. buckling design allowables and joint design allowables) by indicating the reference documentation. 

r. The SSA shall include also other relevant data not included in the previous subclauses (e.g. manufacturing residual stresses in the structure), i.e. miscellaneous data and requirements.

<7> Analysis basic methods and tools

<7.1> General

s. The SSA shall include a general presentation of analysis methods and tools, including annexes to document the specific methods applied in the analysis of any structural item.

<7.2> Mathematical models

t. The SSA shall describe the mathematical models used for analysis, by explaining the mathematical model philosophy and referring to the related MMDD (see Annex I).

u. Reasons for the choice and limitations of the models shall be summarized here.

v. Delivery of the model shall be indicated.

<7.3> Calculation methods and tools

w. The SSA shall indicate the analysis methods systematically applied and general tools available or specifically developed, by including:

1. used stress manuals and handbooks;

2. applicable standards and procedures;

3. commercial analysis codes and pre/post processors;

4. in-house developed and qualified software.

x. For new developed software or applied calculation methods, rationale shall be provided and test cases shall be included.

<7.4> Test results

y. Test results used in analysis shall be summarized and reference test documentation shall be indicated. 

z. The use of test results in analysis shall be explained.

<7.5> Margins of safety formulae

aa. Formulae used to compute the margins of safety shall be documented in this subclause.

<8>  Integrity analysis

<8.1> General

ab. The SSA shall contain the results of the stress analysis and describe in detail the performed calculations, independently for each major structural items of the structure (refer to <4>). 

ac. The description of each major structural item shall include the information listed in <8.2>.

<8.2> Description of each major structural item

ad. The SSA shall give a brief description of each item, with reference to the <4> and the documents applied.

ae. Figures or drawings shall be included, showing the physical structural item.

af. The SSA shall underline if some assumptions of relevant significance have been introduced. 

ag. If no significant assumptions have been used in the modelling of the item, this shall be explicitly indicated.

ah. The following outputs of the stress analysis shall be included:

1. stresses for static and quasi-static structural integrity at design yield and ultimate level;

2. stresses for structural durability (fatigue, fracture and creep) at design limit level.

ai. For usual strength analysis, Von Mises equivalent stress shall be indicated.

aj. If any other yield and failure criterion is applied, proper stress index values shall be documented (e.g. failure index for composites). 

ak. For fatigue and fracture mechanics analysis, principal stresses shall be indicated.

al. The characterization of the differences of the results of linear and non-linear analyses shall be included.

NOTE  They are used before taken into account in the strength analysis.

am. All the margins of safety computed for the each item k shall be documented, together with the design allowables used.

an. A detailed description of each analysis performed shall be included.

<9> Input to fatigue and fracture mechanics

<9.1> General

The SSA need not include the information in this section if fracture analysis is not performed.

<9.2> Description of input data to fatigue and fracture analysis

ao. The SSA shall describe the stress analysis input to perform fatigue and fracture mechanics, by giving the following indications:

1. Description of the data to be produced by stress analysis (e.g. load cases and stresses);

2. Methods to choose critical locations from fatigue and fracture mechanics point of view.

<9.3> Source of input data to fatigue and fracture analysis 

ap. The SSA shall indicate the source of stress input to fatigue and fracture mechanics and specify if other tools as those used for general stress analysis have been applied or if specific models and methods have been developed. 

<9.4> Data transfer format  

aq. The SSA shall define the format to transfer stress data to fracture and fracture mechanics. 

<9.5> Minimum margins of safety summary

ar. Minimum margins of safety shall be documented into a ‘Minimum Margins of Safety Summary Table’, to collect together minimum margins found for each analyzed item. 

<10> Conclusions

<10.1> General

as. The SSA shall include a correspondence between analyses documented in previous clauses and higher level entries of drawing family tree that demonstrates the performed analysis are exhaustive w.r.t. structure’s major items. 

at. Details of correspondence between analysis and lower level part numbers should be provided inside the analyses presentation.

au. Conclusive evaluation of analysis results shall be included, indicating if performed analysis demonstrate that structure requirements and integrity are verified.

av. Recommendation and to additional verification to be performed shall also be included.

<10.2> Analyses: generic requirements

aw. The SSA shall be include exhaustive information w.r.t. all the analysis related to the each item, by including or addressing all the analysis data and results, and the used procedures and methods. 

<10.3> Analyses: specific requirements

ax. All symbols and acronyms used shall be defined and shall show their dimensional units. 

ay. An abstract of each analysis should:

1. be included to present the major points in the analysis.

2. contain comments on the reason for the work, on anything unusual about the methods used, and contain a clear recapitulation of the principal findings, results, conclusions, and recommendations. 

az. The abstract shall not contain historical background descriptions of routine procedures, or a discussion of the results is appropriate. 

ba. The abstract shall be limited to the facts, being sure to include anything that is new and significant.

bb. Each analysis shall include introductive material, briefly describing the following:

1. Purpose of the analysis

2. Historical background

3. Design specifications and analysis input (requirements, loads, etc.)

4. Statements of findings, results, conclusions and recommendations.

bc. The SSA shall report the stress analysis performed for each structural part. 

bd. A summary of all part numbers and their critical loads which are being covered by similarity shall be included.

be. Parts which have been deemed as “non-structural” by the analyst, shall be identified as such and listed, with the justification of their designation as “non-structural”.

bf. The SSA shall refer to the complete file of unsubmitted “back-up” or “notebook” analysis.

bg. The SSA shall introduce the major calculation methods. 

bh. All numbers shown shall be supported by their corresponding calculations or (in case of e.g. computer results, computed allowables) by the source.

bi. If software output is included it shall be completely explained, e.g., symbols, acronyms, abbreviations, and methods used, assumptions made.

bj. Sketches of the analyzed structure should be included to clarify the following aspects:

1. What the part is and what it is looking like.

2. Where the part is located in the assembly or installation.

3. Where the reaction loads are located; a free body sketch showing applied loads and balanced reactions should be included.

4. Identify all parts of the sketch with drawing numbers unless the part is identified in a drawing number block of the analysis page.

5. Show the dimensions used in analysis; however, it is sometimes helpful to the reader to include drawing tolerances to verify assumptions used to obtain the analysis dimensions.

6. Locate sections and points analyzed and reference axes.

7. Do not number sketches except to identify them when more than one appears on a page.

bk. Every figure, equation, and analysis method should be referenced to its origin, except the following, which need not be referred:

1. Numbers, equations, methods, etc. easily found on the same page

2. Common algebraic equations, theorems, trigonometric formulas etc.

bl. The SSA shall cross-refer any previous issue and summarize the changes.

K.2.2 Special remarks

bm. The document shall be produced in electronic form. 

bn. Printed copies should be furnished on request.

bo. Locked or not reusable format (e.g. pdf-files) may be accepted for executable files (e.g. spreadsheets). 
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