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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Space

systems — Structural design — Determination of

loading levels for static qualification testing of launch
vehicles

1 Scope

This docuthent specifies a procedure for determining the loading level of a qualification test

vehicle str
these strud

2 Norm

icture and takes into account all the minimum allowable strength characteristies lne
tures.

ative references

There are o normative references in this document.

3 Term

For the puj
ISO and IE

ISO On
IEC El¢

3.1
external I
system of f

3.2
failure mdg
manner in

Note 1 to en

s and definitions
poses of this document, the following terms and definitions apply.
[ maintain terminology databases for use in standardization at the following addresse

line browsing platform: available at https://wwWw.iso.org/obp

ctropedia: available at https://www.electropedia.org/

pading
orces, moments and pressures external to a structure and applied to that structure

de
which failure occurs

try: A failure modeniay be defined by the function lost or other state transition that occurred

Note 2 to entry: Structural failure modes include: rupture, collapse, detrimental deformation, excessive

other phen
jeopardizes

[SOURCE:
definition i

menon resulfing in an inability to sustain loads, pressures and corresponding environmse
mission sugcess.

[EC,60050-192:2015, 192-03-17, modified — Note 2 to entry has been added ref
ndSO 10786:2011, 3.19.]

bf a launch
essary for

2]

vear or any
nts, or that

ecting the

3.3
limit load

design limit load
maximum load, or combination of loads, which a structure or a component in a structural assembly is
expected to experience during its service life, in association with the applicable operating environments

Note 1 to entry: Load is a generic term for thermal load, pressure, external mechanical load (force, moment, or enforced
displacement) or internal mechanical load (residual stress, pretension, or inertial load).

Note 2 to entry: The corresponding stress or strain is called limit stress or limit strain.

[SOURCE: IS0 24638:2021, 3.13, modified — "maximum expected load" has been replaced by "maximum load".]
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on test

required formal contractual test conducted to demonstrate that the design, manufacturing, and assembly
have resulted in hardware conforming to specification requirements

Note 1 to entry: Qualification tests are conducted on a flight-quality article at load levels and durations sufficient
to demonstrate that all design requirements have been met under the specified environmental conditions. Both
protoflight and prototype tests are considered qualification tests.

Note 2 to entry: The qualification test may also validate the planned acceptance programme including test techniques,

procedures,

equipment, instrumentation, and software.

[SOURCE: ISO 10795:2019, 3.187, modified — The word "used" has been replaced by "conducted"; "hardware

designs" hasbeen r‘h:\hgnd to "hardware™ note 1 to entry andnote 2 tg entry have been added ]

3.5
safety fact

J

coefficient
structure 1

or

by which limit loads are multiplied in order to account for the statistical @ariations o
esistance, and inaccuracies in the knowledge of their statistical distributions

Note 1 to enftry: The two main safety factors are the yield safety factor (for metals) and.the ultimate safety

are used to

[SOURCE:
"safety fac

4 Desig

4.1 Gen

Qualificati
include mil
use in qua
failure mo
qualificati

4.2 Calc

The correc
from the fq

where

Hefine respectively the yield load and the ultimate load.

SO 16454:2007, 3.10, modified — The term has been changed from "design safety
or"; the symbol "/" and note 1 to entry have been added.}

n of loading levels

bral

bn tests shall be conducted on a flight:type structure. Because such structures are
himum values for all allowable characteristics, the loads used for design shall be corre
ification tests. All areas of the laufich-vehicle flight structure shown to be critical i
des shall be considered for the )following correction which shall be used to dets
n test loading.

ulation of qualification test loading

ted external loading,P, (force, moment, pressure) used for qualification tests shall be
llowing formulat

mX]C

ff loads and

factor. They

factor" to

unlikely to
rted before
in probable
brmine the

calculated

Plim

Jc

issthe limitloadusedfor dncign;

is the corrected safety factor.

4.3 Corrected safety factor

The correc

ted factor, J, is given by the following formula:

© IS0 2024 - All rights reserved
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4.4.1 Co

This facton
as the ratid

This corre
44.2 Co

4421 QG
configurat

4.4.2.2 W
correction
of two calc

4.4.2.3 M
determine

4424 WM
the stress

4.4.2.5 T

K

adj
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is the safety factor used for design (either for yield or for ultimate conditions);
is the correction factor for thickness (see 4.4.1);

is the correction factor for adjacent structures (see 4.4.2);

is the correction factor for thermal gradients (see 4.4.3);

is the correction factor for temperature (see 4.4.4);

is the correction factor for dispersions (see 4.4.5);

is the correction factor for geometric imperfections (see 4.4.6).
ection factors

K

rrection factor for thickness, K,

in

takes into account the influence of the minimum thickness on the structure strength;
of the thickness of the test specimen to the minimum allowabléimanufacturing thick

rtion factor is applicable only to metal structures. For otherstructures, use K ;, = 1.

Irection factor for adjacent structures, K, ;;

enerally speaking, during static qualification tests, the influence of adjacent structur
on should be simulated. In this case, take K, 4= 1.

Vhen the influence of adjacent structures,cannot be simulated correctly by the test fa
factor K,4;. The authority in charge of the structure shall deduce this factor by compaj
ulations made from the theoretical.model.

[ake the first calculation usihg boundary conditions of the test configuration and for
the stress O e -

[ake the second caleulation using boundary conditions of the flight configuration and
5ﬂight :

he factor K, 4(iS determined by:

Oflight

Oest

}
€ssS.

is defined

es in flight

Cility, use a
ing results

each area,

determine

If, as aresult K,4;<1, use K,4;=1.

4.4.3

Correction factor for thermal gradients, K

This factor is the ratio of the increase in stress resulting from the effect of the local thermal gradient to the

stress corr

esponding to a zero thermal gradient.

© IS0 2024 - All rights reserved
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rrection factor for temperature, K,

This factor takes into account the effect of temperature on the characteristics of the material. It is defined as
the ratio of the value of the characteristic considered at the operating temperature of the flight structure to
its value at the test temperature:

CB, test
Kg=—"——
C
6, flight
where
Cg'ﬂight is a characteristic at the operating temperature;
Co test is a characteristic at the test temperature.
4.4.5 Cofrection factor for dispersions, K
This factor|takes into account the effect of dispersions on Young’s modulus, allowable stresses, angl geometry
on the wrinkling strength, compression strength, and tensile strength of the 'structure at the ambient
temperatufe. For a characteristic C; acting in a given failure mode:
f (Ci,test)
Ksg=1F—""=
j (Ci, min )
where
Ci min | is the minimum allowable value of the characte¥istic C; at ambient temperature (20|°C);
Ci test | 1sthe value of characteristic C; for the speciien subjected to the test at 20 °C;
() is the function which translates the effect of the given characteristics in the failureimode con-
sidered.
EXAMPLE f(C1)=C12 , if the structure strength is proportional to the square of C; for the considered failure
mode. This|is the case for the buckling of.a cylinder where the critical load is proportional to the square of the
thickness. I this situation (use of the square of the thickness for K ), K;;;, equals 1 to avoid too much copservatism.
If several characteristics C;, C,, &=, C,,, act in the considered failure mode, they give the following fprmula:
f (Cl,test) f(CZ,test) f(Cn,test)
Ks;= X X
f (Cl,min) f(CZ,min) f(Cn,min>
NOTE For metalstructures, the minimum thickness is the minimum allowable manufacturing thickngss.
4.4.6  Cofrection factor for geometric imperfections, K;,,,

This factor takes into account the effect of imperfections on the buckling behaviour. The correction factor

Kim

p shall

imp

be computed with the following formula:
F

m imp

Fd imp

© IS0 2024 - All rights reserved
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where

F,

mimp

Fdimp
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is the computed buckling load of the structure in flight configuration taking into account meas-

ured imperfections;

is the computed buckling load of the structure with the imperfections considered i
fication file.

n the justi-

If the objective of the test is not to demonstrate buckling capabilities or if the structure is not

imperfection-sensitive, then K

4.5 Com

=1.

imp

parison of results

If the resu
for flight c
of tests an
have been

4.6 Imp

The corred
as critical 4

The lowest]

ts of calculations of stress made for test conditions are significantly different front

pnditions or if the corrected safety factor, /., reaches a non-credible value, otherspe
l correction of design loads, i.e. other than those proposed in this document, nidy be
hlready established, justified and used.

lementation of this document

ted external loading shall be determined for all the areas of the flight-type structure
iccording to calculations in view of probable failure modes.

value of P, shall be selected for qualification tests.

hose made
rific modes
Ised if they

considered
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