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Annex B (normative)
Design loads (DL) - DRD

B.1 DRD identification

B.1.1 Requirement identification and source document

This DRD is called from ECSS-E-ST-32, requirement 4.10b.

B.1.2 Purpose and objective

A design loads (DL) document is associated with a design justification file, which contributes to ensure the validity of the corresponding mechanical design and justification process.

The design loads (DL) document provides the detailed description and the traceability of the design load cases and design life cycles to be used to justify the mechanical design of a structure. It also explicitly provides the justification of these design load cases and life cycles w.r.t. applicable specification and requirement documents.

A DL document is issued at major milestones in the development of a space structural item (e.g. design review).

The DL document is an input to the mechanical design and qualification process of the structure and to the preparation of the related project documents (e.g. stress and strength analysis reports, test specifications).

B.2 Expected response

B.2.1 Scope and content

<1> Introduction

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

b. The DL document 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 DL document shall include the terms and definitions, abbreviated terms, and symbols used.

<4> Structure (or structure component) description

<4.1> Unit system

d. The DL document shall indicate the consistent unit system and the related unit symbols used by the designer. 

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

<4.2> General description

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

g. Reference shall be made to the available set of drawings, including their revision status, to explain the actual status of the design and to clearly define the structure to be analyzed.

<4.3> Coordinate systems

h. The DL document shall describe the coordinate systems used for the structural design.

<5> Limit loads, failure modes, load combinations and life cycles

<5.1> Limit loads, environment and lifetime

i. The DL document shall state and report all the expected load events and induced thermal, mechanical (static and dynamic) and acoustical environment of the structure, as specified by the authority, as well as the corresponding lifetime requirements (duration, number of cycles).

j. These shall be reported in terms of statistically based upper and lower limit loads (LL).

k. Reference shall be made to the corresponding source documents, according to <2>.

<5.2> Failure modes

l. The DL document shall report all the feared mechanical failure modes of the structure, or structure components, associated with the above load, environment and lifetime conditions, as identified through a comprehensive FMECA. 

m. Reference shall be made to the corresponding source documents, according to <2>.

<5.3> Combined limit loads 

n. The DL document shall select and report the dimensioning combined load cases resulting from the most unfavourable and exhaustive time consistent combinations of upper and lower limit loads, pressures, thermal gradients, temperatures and residual stresses w.r.t. the related and previously identified failure modes (see <5.2> above).

o. These shall be reported in terms of statistically based combined limit loads 

<5.4> Envelope life cycles

p. The DL document shall identify and report the dimensioning envelope life cycles resulting from the most unfavourable expected sequences of the above combined dimensioning load events.

<6> Design loads, life cycles and factors of safety (FOS) 

<6.1> Design limit loads 

q. The DL document shall report the design limit loads (DLL) deriving from the limit load cases (see <5.2>), after possible multiplication by dedicated design (or project) factors, if specified by the customer. 

r. In this case, the corresponding specification shall be referenced according to <2>.

<6.2> Design factors of safety (FOS)

s. The DL document shall report the applicable design FOS, as specified by the customer, which are to be selectively applied to the above DLL in order to obtain the yield and ultimate design loads.

t. Reference shall be made to the corresponding applicable document(s), according to <2>.

<6.3> Yield and ultimate design loads

u. The DL document shall report the yield and ultimate design loads resulting from the worst time consistent combinations of the above design limit loads, pressures, thermal gradients, temperatures and residual stresses after selective multiplication by the above applicable yield or ultimate design FOS.

<6.4> Design life cycles

v. The DL document shall report the design life cycles deriving from the dimensioning envelope life cycles (see <5.4>, after multiplication by the applicable life factors (e.g. scatter factors)), as specified by the customer. 

w. In this case, the corresponding specification shall be referenced according to <2>.

<7> Conclusion

x. The DL document shall contain any useful additional information, e.g. recommendations to use correctly the data included in the DLS, suggestions for future work and further investigations or improvements.
B.2.2 Special remarks

None. 
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