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Foreword

ISO (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
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Introduction

This International Standard provides space launch vehicle customers, contractors and manufacturers with
general requirements for test types and programmes for space launch vehicles and rocket units (modules) to
be used in the documentation associated with their test activity.

This
vehides and rocket units, and to enhance their quality and reliability through the use of comman, optimized
and gpproved requirements in the space launch vehicle test scope and organization.
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INTERNATIONAL STANDARD ISO 24917:2010(E)

Space systems — General test requirements for launch
vehicles

1 Scope

This [ International Standard establishes general test requirements for launch vehicles\equipped with
liquid-propellant engines, launched from stationary ground-, sea- and air-based launchers;y in all phases of
their development.

2 ormative references

The following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
docupent (including any amendments) applies.

ISO 14302, Space systems — Electromagnetic compatibility requirements

ISO 14303, Space systems — Launch-vehicle-to-spacecraftinterfaces

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31
space-rocket complex
set of a space vehicle or space launch vehicles with functionally interconnected means and the gonstructions
intengled for transportation, storage, maintenance service, preparation, launching and flight control of space
laungh vehicles on a trajectory ‘of launching of payload

3.2
spacp rocket
space launch vehicle plus space nose section integration

33
spacg launch vehicle
component of the space rocket designed for payload injection in a pre-assigned trajectory or orbit

3.4

rocket unit

space launch vehicle stage including the upper stage vehicle, body, propulsion system, control systems or
control system elements, rocket units separation aids and telemetry hardware

3.5

upper stage vehicle

upper stage of flight vehicle capable of injecting a space vehicle or vehicles into their orbit from the sub-orbital
trajectory that resulted from operation of a launch vehicle

© 1SO 2010 — All rights reserved 1
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3.6
space nose
set of a spac

NOTE

3.7
fairing

section
e vehicle with fairing and adapter and upper stage vehicle

Upper stage vehicle can be absent.

technical device intended for protection of a space vehicle or of a space nose section from external influences
at transportation of the space launch vehicle on a launcher and on a start of the space launch vehicle and on
a trajectory of launching into an orbit of a space vehicle

3.8

integration site

equipment a
servicing and

[ISO/TR 174

3.9
launch pad
equipment a

[[SO/TR 174

3.10
launch pad
device intend

3.1

technical pr|
initial docum
volume and {

3.12

nd facility designed for launch vehicle storage, assembly, testing, preparation, mainten
preparation for transportation to the launch pad

D0:2003, definition 3.1]

nd facility designed to provide for the pre-launch and launch operations of spacecraft

D0:2003, definition 3.3]

or space launch vehicle
ed to maintain the space launch vehicle in readiness*for launch, and for the launch itself

pject on development of a product
ent establishing a complex of technical réquirements to created products, and to the con
erms of performance of design experiment works as well

technical specification

specification

NOTE TH
the selected s

[1ISO 21351:3
3.13

requirement
need or exp{q

expressing technical requirements for designing and developing the solution to be implemer

e technical specification.evolves from the functional specification and defines the technical requireme
blution as part of a businéss agreement.

005, definition’3:1.11]

ctatien that is stated, generally implied or obligatory

ance,

ents,

ted

hts for

NOTE 1

interested parties that the need or expectation under consideration is implied.

NOTE 2

management requirement, customer requirement.

NOTE 3

NOTE 4

A specified requirement is one which is stated, for example, in a document.

Requirements can be generated by different interested parties.

[ISO 9000:2005, definition 3.1.2]

“Generally implied” means that it is custom or common practice for the organization, its customers and other

A qualifier can be used to denote a specific type of requirement, e.g. product requirement, quality

© 1SO 2010 — All rights reserved
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3.14

interface control document

ICD

document of launcher and fairing/payload which defines all physical, electrical and mechanical interfaces
between the payload and the launch vehicle hardware and software, and interfaces between payload and
support equipment and space site facilities, systems and hardware used for spacecraft launch preparation

3.15

test

formal process of exercising or putting to trial a system or item by manual or automatic means to identify
differences between specified, expected and actual results

3.16
test ¢onditions
compbination of effects of factors, or object operation conditions, or both, during the test

3.17
test metrological provision
estaljlishment and application of scientific and organizational basis, technigalymeans, rules and standards
necessary for achieving the measurement unity demanded, precision, completeness, operativeness and the
relialjility of parameters control and technical characteristics of items

3.18
grouhd test programme
organizational-methodological document obligatory for execution, which specifies the tesf| object and
objedtives, types, sequence and scope of conducted experiments, order, conditions, place, timg and support
of tegdt, test reporting, as well as responsibility for test suppart and conduct

3.19
reliabpility assurance programme
prog%mme document specifying a set of requirements and measures aimed at providing and cpntrolling the
satisffaction of requirements established for the statement of work for a space launch vehicle and its
components reliability during their developthent

3.20
spacg launch vehicle (unit) experimental optimization
opergtions of modelling units, meek-ups, test prototypes in order to assure operation of items i accordance
with gtatement of work, defipition their efficiency margins

3.21
safety assurance programme
programme document which establishes a set of requirements and measures aimed at assuring that all safety
risks |associated, with the space launch vehicle design, development, manufacture and use ar¢ accordingly
identified, assessed, minimized, controlled and accepted

3.22
telemetry measurement programme
programme document establishing the composition of telemetry measurement hardware born set on space
launch vehicle, launch pad and positioned along the flight route necessary for satisfying the measurement
requirements as well as places and orientation of sensors arrangement and their characteristics, frequency
bands, minimal frequency of sensor polling

3.23
flight test
tests in real conditions of functioning and performance of target tasks

© 1SO 2010 — All rights reserved 3
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3.24

test prototype of rocket and space technology item

item produced in the research and development process applying the newly developed working engineering
and technological documentation for test verification of the conformity of its parameters and characteristics
with the requirements specified in statement of work to research and development and correctness of adopted
technical solutions

3.25

test mock-up (model)

structurally, or physically, or structurally and physically similar item presenting a simplified reproduction of a
test object or its part intended for test

3.26
structural model
model repregenting the structural flight characteristics

3.27
electrical model
model repregenting the electrical flight characteristics

3.28
test object
item under tgst

3.29
test type
classified tesft grouping identified according to a certain attribute

3.30
preliminary [development) tests
check test gf test object prototypes conducted with(the purpose of evaluating their conformity with the
statement of jwork requirements and determining their readiness for flight test

NOTE ltgms are subjected to development tests as required, in order to minimize design risk, to demorjstrate
manufacturing| feasibility, to establish packaging designs, to demonstrate electrical and mechanical performance and to
demonstrate fhe capability to withstand environmental stress, including storage, transportation, extreme conjbined
environments pnd launch base operations

3.31
qualification tests
required formal contractual tests used to demonstrate that the design, manufacturing, and assembly |have
resulted in hardware desigfis conforming to specification requirements

[ISO 14623:3003, definition 2.52]

3.32
acceptance ftests
required formal tests conducted on flight hardware to ascertain that the materials, manufacturing processes
and workmanship meet specifications and that the hardware is acceptable for intended usage

[ISO 14623:2003, definition 2.2]

3.33

operational tests

tests conducted at the launch vehicle site in an operational environment, with the equipment in its operational
configuration

4 © 1SO 2010 — All rights reserved
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3.34

service (guarantee) life

period starting at the completion of fabrication and continuing through all acceptance testing, maintenance,
handling, storage, transportation, pre-launch testing, all phases of launch, orbital operations, disposal, re-entry
or recovery from orbit

3.35

critical unit

unit whose failure can affect the system operation sufficiently to cause the failure of the stated vehicle
objectives or a partial loss of the mission, or whose proper performance is essential from a safety standpoint

3.36
eprcLsive-ordnance device
devige that contains explosives or is operated by explosives

NOTE A cartridge actuated device, one type of explosive device, is a mechanism that employs the energy produced
by an|explosive charge to perform or initiate a mechanical action.

4 Abbreviated terms

CTS  control-test station

EMC electromagnetic compatibility
KFTP  flight test programme

5TP  ground test programme

ICD interface control document
IS integration site

IPRE liquid-propellant engine

(S launching site

v launch vehicle

DCN  on-board cable network

PHS  pneumatic/hydraulic system
RAP  réliability assurance programme

$C spacecraft

LV space launch vehicle
SNS  space nose section
SOW statement of work
SGP  safety guarantee programme
SRC  space rocket complex
TMP  telemetry measurements programme

USV  upper stage vehicle

© 1SO 2010 — All rights reserved 5
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5 Testing philosophy

5.1 Objec

tives, tasks and principles of launch vehicle and rocket unit experimental

optimization

5.1.1

Experimental optimization

is one of the methods of verification which guarantees that all

characteristics of the space launch vehicle (SLV) meet the requirements of the statement of work (SOW). The
SLV is tested in the structure of the space rocket complex (SRC).

Experimental optimization of SLV, launch vehicle (LV) units and unit components includes ground
experimental_optimization phases and flight test. The complete test programme for launch vehicles. upper

stage, encompasses development, qualification, acceptance, pre-launch validation and follow-on operal

test and e

assemblies ¢f hardware and computer software. Generally the SLV experimental optimization strueture
be represented as a scheme (see Figure 1).

5.1.2 The major objective of ground experimental optimization is to optimize and verify.the SLV prepa

technology
specified pa
as a whole w

5.1.3 The
SOW-specifi

514 One
achieve the
confirmed d
assurance p
safety guara

luations. The test programme encompasses the testing of progressively more “cor

r launch and launch itself, preliminarily verify and evaluate implementation of the pr
meters and characteristics, operation and interaction patterns of all SL\\/components and
hen the operation conditions are being simulated (or under effect of these conditions).

bd requirements for the space rocket complex under real operation conditions.

of the major objectives of SLV [upper stage vehicle (USW)]-ground experimental optimizatior
SOW-assigned levels of reliability and safety indexes before flight test commencement

rogramme (RAP) and the safety guarantee programme (SGP), the latter including enviror
htee.

main objectives of experimental optimization of SLV, LV units and SLV unit components a
pn of unit structure strength, rigidity, confirmation of rocket module parameters, verificati
nt mechanical loading regimes;

arding;

tion of technological eycle of preparing SLV for launch and launch itself;

ensive verification of rocket unit systems functioning during launch and propulsion sy
h in the assigned regimes;

pn of the ground technical means/launch vehicle compatibility;

optimization’of SLV interfaces [LV. upper stage vehicle, spacecraft (SC)]:

ional
nplex
may

ation
Dject-
SLV

major objective of flight test is to comprehensively check the SkV serviceability and confirm the

is to
o be

iring the flight test. The reliability and safety index levels are normalized in the religbility

ment

re as

pn of

stem

5.1.5 The

follows:

a) verificati
equipms

b) breadbo

c) optimiza

d) compref
operatio

e) verificati

f)

9)

h)

i)

j)

k)

6

experimental confirmation of the correctness of adopted engineering solutions;
verification of the sufficiency of measuring aids and TM data processing techniques;
individual optimization of all SLV components;

verification of operation convenience;

personnel training.
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5.1.6 The problems to be solved while testing specific LVs are identified according to the engineering make,
assigned characteristics, LV optimization degree, design novelty (modification scope), dedicated operation
conditions change and are presented in the test programmes.

The environmental factors specified in SOW tests are intended to be imposed sequentially, rather than in
combination. Nevertheless, features of the hardware design or of the service environments may warrant the
imposition of combined environments in some tests, e.g. combined shock, vibrations. In formulating the test
requirements in these situations, a logical combination of environmental factors should be imposed to
enhance test effectiveness.

5.1.7 Organization and order of conducting the experimental optimization are determined by the

comprehensive-experimental-optimization-programme:
SLV test
Ground experimental SLV flight test Batch produgtion
optimization of SLV, its systems
and assemblies

{RAP -FTR - Acceptance test
{SGP ~RAP - Periodical test
{ Individual unit GTPs - SGP - Qualification tes
1 Individual system GTPs - TMP
1 Individual assembly GTPRs - Operation characteristics

optimization programme
1 Individual GTPs.fop SR-based
fheasuring systems - Environment safety

assurance programme

Report on testing the SLV Commission report on the flight
systems, assemblies, units with test results with an opinion
an opinion as to SLV readiness as to feasibility of SLV

for flight test (see Annex C) commissioning

Figure 1 — Space launch vehicle experimental optimization structure

© 1SO 2010 — All rights reserved 7
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5.1.8

In order to meet the assigned LV (USV) characteristics requirements, the supplier plans experimental

optimization.

5.1.9 The comprehensive experimental optimization programme is developed in accordance with the LV
(USV) hierarchical structure. The main starting documents for developing the SLV ground test programme are
the statement of work, the preliminary project and the reliability assurance programme.

5.1.10 The SLV comprehensive experimental optimization programme is a common system of independent,
particular programme-technical documents, identifying the individual test objectives and scope, establishing
the criteria of USV or LV completeness and readiness for transferring to higher test levels.

The test seq\
LV (rocket
comprehensive experimental optimization programme, other test programmes.

unit) development are assigned by the LV (rocket unit) manufacturers-contractors i

5.1.11 The LV (USV) ground test programme (GTP) is planned and arranged on the basis. of the follpwing

principles:

a) system ppproach to the optimization planning with a detailed coordination of all types and phases of

during ground test; use of results of optimizing the complex systems functioning as a component of [other

optimizlion test; absolute assurance and confirmation of the assigned characteristics of the SRC jtems

comple

S;

b) fulfilment of the major optimization work scope applying test facilities (benches, rigs, models, etc.) before

starting feady-made (standard) LV (USV) test under real operation<conditions (full-scale test);

c) confirmdtion of all-round interaction of all SLV components; and demonstration of their functipning
reliability under full-scale conditions, as well as conduct ofithat part of optimization applying test means
which c@nnot be technically performed or are economically inexpedient within the assigned time during

flight tegt, and on the basis of the following provisions:

1)

2)

detgrmination of nomenclature and characteristics of modified and newly developed test benches
(rig$) on condition that they would assure fulfiiment of the planned test types and scopes;

use| (if necessary with updating) of ‘test facilities, benches and technological fittings developgd for
preyious items;

assessment of the sufficiency and correctness of selecting equipment, control-measuring |aids,
mathematical software for\test;

planining of each experiment with the aim of obtaining a maximal data volume necessafy for
evaluating the aqperation reliability; use of the capability of multiple starting the systemg and
assemblies underground conditions for conducting multiple optimization tests (including different test
typgs) applying’limited number of items;

conjplex.components control during the test;

all-round coordination of all test types of items at LV (USV) hierarchical structure levels with due
regard for the values of tested characteristics, measurement precision, reproducibility of bench test,
as well as test completeness requirements;

feasibility study of the test tasks, types and scopes stipulated in the comprehensive experimental
optimization and flight test programmes (FTP);

satisfaction of the active normative document requirements (including standards for test types and
norms, technical state review, information exchange, industrial safety measures, etc.);

planning of experimental works to optimize new technological processes including the planning of

optimization technology for assuring the cleanness of internal cavities of propulsion system tanks,
pneumatic/hydraulic systems, internal volume of the integration-protection block;

© 1SO 2010 — All rights reserved
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10) keeping to the test phasing (individual, integrated, flight test);

11) timely preparation of bench and metrological facilities, data processing aids for test app
product;

12) manufacture of test objects maximally corresponding to the standard make, as
concerning that part of the engineering make and characteristics which are dec
corresponding test types;

lying the test

a minimum
isive for the

13) if practicable, use of the material available after completing the individual test of assemblies and

systems for making up bench items;

14) multiple use of material (bench items) designed for optimization (testing) at the ‘ex
updating and replenishment;

15) development and introduction of means, measures and methods of safety assurance of
(including environmental safety), with due regard for data obtained while) analysing
critical failures, their consequences and critical elements;

16) preparation and uninterrupted specification of the list of unacceptable risks and mitigati
providing the exception of space debris formation during the SLV launch;
17) test conduct under real complicated operation regimes, and'non-standard situation simu

18) test simulation of external affecting factors in the wolumes specified by the test prog
methods; in this case the test is conducted incthe tolerable serviceability regimes si
simulating various affecting factors (with their most unfavourable combination) and md
interaction;

19) optimal combination of aids and methods of physical and mathematical modelling with
confirmation of object test results;

G
4

0) use of computerized data processing and analysis aids in all test phases;

1) use of serviceability diaghostics systems, non-destructive serviceability control aig
destructive control aids for elements and assemblies;

l

2) obligatory failure-examination, analysis of effect of the reasons of all faults and defe
during the test’an the system and assembly operation with publication of relevant reports
opinions) afdrelevant modification of engineering, technological and operation documer

3) confirmation by additional test of modification efficiency performed because of revealed

level test;

pense of its

all test types
the types of

DN measures

either already performed or currently being carried out, as well as the list of actions ang the devices

ation;
rammes and

multaneously
delling items

subsequent

s and non-

cts detected
(statements,
tation;

defects with

publication of corresponding opinions as to clearing the modified assembly (system) for {urther higher

:_4) UIUbCI vdalive Uf ﬁlc UIdCI Uf dbbigllil Y iUttClb tU Ulcb;yll dUbuIIICI Itdt;UII ;II thc CUUIsSc Uf I
comprehensive optimization;

25) justification of all changes of test scopes and types made while realizing the co

dividual and

mprehensive

experimental optimization programme and flight test (applying the previous test results, etc.) taking
into account the necessity of assuring the achievement of given optimization objectives and tasks;

26) system analysis of the technical state of the complex items during ground and flight test; entry of
faults revealed during test, results of analysing their reasons and corrective actions in the database;

27) repeated test to be conducted due to revealed faults or necessity to update the test object;

28) keeping the strict reporting on the results of conducted test types;

© 1SO 2010 — All rights reserved
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29) analysis of the previous optimization and preparation of an opinion as to LV (USV) clearance for
subsequent test when transferring from one test phase to another (before starting the comprehensive
and flight test), issue of the final report on the ground test results and SLV readiness for flight test;

30) reduction of optimization time and costs with satisfaction of requirements for the LV technical

cha

racteristics and reliability, test conduct and control automation;

31) planning of experimental works on confirming new periods of guarantee for attracted systems and
assemblies operation;

32) the test scope shall be sufficient for validated experimental confirmation of the structure serviceability

BHa+

iss
33) dist
5.1.12 Impl
a) whente
spread;

b) when te
and detg

c) whgn te
equipme

d) whente
1) tov

2) toc
3) tog
sca

4) tofi
5) too

6) toa

7) toa

8) toa

9) toid

H=w- £ o n ot K ot |2 t3 loaran for flilt o -

Illy vl art UPIIIIUII do U UIC 1ICol UUJUUL oiCarariove 1ul IIIyIIL ColL,

ibution of responsibilities among organizations-subcontractors for conduct of all test types.
ementation during the test of the principles stated in 5.1.11 enables the following:

5ting the elements: to assess the external factors effect and physical paramgters limits and
5ting the units and elements: to detect failures brought about by the structure peculiar fes
rmine the conditions of operation and use for fulfilling the dedicated tasks;

s5ting the assemblies: to assess their interaction and mutual’influence, to check suppleme
nt;

5ting the complex as a whole:
brify satisfaction of the SC/LV/LS requirements;
bnduct SLV testing at the integration site (IS) and launching site (LS) simultaneously;

heck their interaction taking into account the operation time line of all SLV systems unde
e conditions;

nd defects in the systems interfaces;

ptimize the SLV preparation technology for performing the dedicated tasks;

ssure the sufficieneyand efficiency of mathematical software control and optimization;
ssure optimization of the order of eliminating non-standard and emergency situations;

ssure_thesufficiency of SLV-born measuring aids;

their

tures

ntary

I full-

entify unacceptable risks during operation of SLV;

10) to reduce the level of space debris formation during SLV launches.

5.2 LV and rocket unit test types during their development

5.21

When developing space launch vehicles, as a rule the latter undergo the following tests:

a) engineering-technological (LV, unit) mock-up test;

b) scaled SLV model test (for identifying their aerogasdynamic characteristics);

c) integration/check-out mock-up test;

10
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functional mock-up test;
fuelling mock-up test;
hydraulic test;

static rating test;

vibration test;
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eLcoustic test;

geparation test;

explosive-ordnance device response test;

¢old unit test;

firing bench test;

lifetime test;

pressurization test [for LV with liquid-propellant engine (LPRE)];
¢limatic test;

thermal vacuum test;

thermal cycle test;

antenna mock-up test;

$LV and ground radio-electronic.aids EMC test;

fire and explosion safety test;

fransportability test;

llghtning and statics resistance test;

[athematical software and information support test;
I

and'LS test;

aa) LV/SC launcher interfaces test (to be conducted in accordance with ISO 14303);

bb) flight test;

cc) batch production test;

dd) operation test;

ee) LV components disposal.

© 1SO 2010 — All rights reserved
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5.2.2 Upon agreement with the customer (or with the customer's organization, at his instruction), permission
can be given to conduct additional test types not stipulated by the given standard, just as permission can be
refused to conduct certain test types stipulated by the said standard or to combine separate test types

planned in th

e comprehensive experimental test programme.

5.2.3 The manufacturing stage, item categories and test categories conducted during LV and its units
development are illustrated in Annex A.

5.2.4 The requirements applicability matrix is illustrated in Annex B.

5.2.5 The liquid-propellant rocket engine is the most intensive assembly of a propulsion system; therefore

nnnnnnnn LPppRC .

success of
and an LV af

a) tentative
propulsi

b) accepta
c) verificati

d) accepta

a whole. The LPRE as a whole is tested in the following sequence:

(comparative test, specifying test, updating test, final updating test, LPRE benchr test
bn system component, throwing test, flight test) tests;

nce test (interagency LPRE test and LPRE test as a propulsion system component);
pn (control-technological) test;

hce (control/batch-by-batch) test;

e) periodicdl test;

f)  typetesl.

5.2.6 Duripg the cold technological test, firing control technological test of individual LPREs, or

technologica
— the prod
— the char|
— the feas

evaluatsg

6 Testty

6.1 Test ¢

test of LPRE as a component of the rocket unit;;the following steps are carried out:

uction quality of a specific item is checked,

hcteristics conformity with the assignedrequirements is assessed, and

bility of presenting the given LRPRE model for operation as a space launch vehicle compon

d.

pe and programime requirements

)bject and. type requirements

6.1.1 Engineeringand engineering-technological breadboarding

6.1.1.1

The) engineering and engineering-technological breadboarding is aimed at coordinatin

B—ER-SR—EaQE o daotaroaia +h 1 £ Adovalanina o e loios oy
OIYTTy dait LT TN T TTarnty TCOopPUULLIO UTITTTTINITO T oULULT oo UT UTVTIUNITTY a PMTUPUTOSIVUIT O

stem

as a

firing

ent is

j LV

individual elements, opfimizing the production and integrafion technology, and specifying starfing design data.

6.1.1.2 Breadboarding is divided into two phases:

a) tentative breadboarding applying an engineering mock-up;

b) final breadboarding applying an engineering-technological mock-up.

12
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6.1.1.3 At least the following tasks should be fulfilled applying the engineering mock-up:

a) verification of the arrangement and mutual positions of the parts and integration units, feasibility of LV
(unit) integration;

b) verification of tolerable clearances between mutually moving integration units when they are integrated;

c) laying of pneumatic/hydraulic lines (verification of their sufficiency and feasibility of pipeline fastening
taking into account the vibration strength conditions) and building of pipeline prototypes (assurance of the
tolerable pipeline bending radii);

d) identificatior—ofa—pretiminaryon e—etwor H—cor ation—andtengths;assessment of
g¢lectrical connection positions, correctness of OCN laying and sufficiency of attaching. goints on the
structure elements;

e) breadboarding of the detachable equipment installation (assembly) and sealing;

f) reliminary assessment of the sufficiency of measures for ruling out inadequate mating of the electrical,
ineumatic and hydraulic systems;

g) ¢onfirmation of the correctness of selecting the support, lift and, handling patterns, tfansportation
¢onditions, etc.

6.1.1{4 At least the following tasks should be fulfilled duringthe unit engineering-technological mock-up

test:

a) Verification of the practicability of manufacturing LV-assemblies and systems applying thg engineering
documentation;

b) gpecification of the arrangement and mutual pasitions of the parts and integration units;

c) ¢ontrol of tolerable clearances between the mutually moving integration units when infegrated and
¢perating;

d) gpecification of the pneumatic/hydraulic line laying and reference pipeline building;

e) gpecification of the OCN configuration and lengths and assessment of the electrical connectfon positions,
¢able network laying;

f) erification of the(practicability of replacing the control system devices without dismantling|the adjacent
devices and other)structural elements;

9) 1u|ing out{of* the situations leading to inadequate mating of the electrical/pneumatic/hydraulic system

lements:

h) Verification of the structure interface requirement satisfaction;

i) integration technology optimization;

j)  breadboarding of the detachable equipment assembly and sealing;

k) optimization of the technology and safety of haul-transport operations, assembly-mating operations when

transporting an item, and technological processes of SLV preparation at IS and LS;

optimization of the control technology and the problems of system and assembly maintainability, ecology,
ergonomics, operational safety.
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6.1.2 Integ

6.1.2.1

ration/check-out mock-up test

The LV integration/check-out mock-up elements are directly mated with the ground equipment

assemblies defining the external dimensions. The mock-up mass, its centre-of-mass and strength
characteristics shall be in accordance with those of the standard-completeness LV.

6.1.2.2

The integration/check-out mock-up test is aimed at optimizing the launch vehicle/launch

pad/ground technological equipment interface, verifying the works technology on LV and simultaneous
interaction of assemblies.

At least the following tasks should be fulfilled during the integration/check-out mock-up test:

optimintion of the LV preparation technology for launch at IS and LS including simultaneous prepa

optimization of interaction of the technological equipment, technical systems and movable.assets wit

pund equipment set and space nose section (SNS);

pn of the industrial safety rules observance when simultaneously carrying) 6ut works on
, technological equipment, technical systems and movable assets;

pn of the sufficiency of the arrangement and engineering solutions,‘specified in the engine
ntation on LV protection against statics;

6.1.2.3
a)
of the gr
b)
c) verificati
launche
d) verificati
docume
e)
6.1.2.4

the contractpr of ground equipment agreed upon with the\LV contractor and organizations conce

Operations

6.1.3 Electrical mock-up test

6.1.3.1

flight sample
dummies ha
assembilies.
transportatio
deceleration
attaching poi

optimization of the operation documentation; verification of the suffieiency and employment of the
LV) crew personnel.

The electrical mock-up test is aimed at optimizing the LV electrical test technology at the co

ation

N LV;

SLV,

ering

SLV,

he integration/check-out mock-up test is conducted\under the programme to be developéd by

e carried out applying the operation documents:

Electrical mock-up is an LV mock-up.fully conforming to electrical system parameters of tk
. If necessary, instead of the standard set of devices and assembilies, it is permitted to
ving electrical parameters and\attaching points identical to those of the standard devices
The electrical mock-up (shall enable the carrying out of loading/unloading works
N operations provided for({the standard LV. Explosive-ordnance devices (stage separation m
engine ignition means,)etc.) are installed with inert filling simulating electrical character
hts and techniques.of the standard devices.

CTS) of theymanufacturer and the launch pad, checking the CTS equipment of the manufa

A\t least the following tasks should be fulfilled when carrying out the electrical mock-up test:

rned.

e LV
nstall
and
and
Bans,
stics,

ntrol-
Cturer

6.1.3.2
test station (
(supplier).
6.1.3.3

a) optimiza
b) verificati
c) optimiza
d)

e) verificati
f)  optimiza
g) Vverificati
14

ion of the ways out of non-standard situations;
on of the serviceability of LV electrical and radio systems individually and integrally;

tion of the launch preparation schedule;

simulation of in-flight failures of LV systems;

on of simultaneous operation of on-board and ground electrical and radio systems;
tion of engineering documentation and operation manuals;

on of the sufficiency and employment of the team personnel;
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h) verification of electrical circuits of on-board equipment;

i) verification of the conformity with the electrical interface requirements (explosive-ordnance device
interface, LV-generated electrical commands interface, interface of upper stage vehicle-generated
commands to spacecraft, telemetry information interface, etc.).

6.1.3.4 The electrical mock-up test is conducted under programmes, applying methods (instructions)

worked out by the manufacturer of the SLV and its systems agreed upon by the customer's representative and
organizations concerned.

6.1.3.5 The electrical mock-up test is conducted at the manufacturer's CTS, at IS and LS.

6.1.4| Fuelling mock-up test

6.1.4/1 The fuelling mock-up test is aimed at optimizing the fuelling and drainage'systems of rocket

propgllant components and propulsive masses.

6.1.4|2 At least the following tasks should be fulfilled when testing the fuellingimock-up:

a) ¢ptimization of the ground fuelling equipment, fuelling system, as wellas verification of thg efficiency of
the LV automation subassemblies responsible for fuelling/drainage operations;

b) optimization of the operation manuals;

c) optimization of the thermal regimes;

d) Verification of the sufficiency and employment of the:team personnel;

e) ¢ptimization of the fire-extinguishing techniquesit@and propellant component neutralization;

f) erification of the conformity with the saféty’ precautions when filling and venting propellant] components
and other propulsive masses (gases, liquids).

6.1.4/3 The fuelling mock-up is tested under a programme, worked out by the contractor gf the fuelling

equigment agreed upon with the [L\A contractor, primary contractor of ground equipment and ¢rganizations

concérned.

6.1.4/4 The fuelling mock-up is tested by a commission having on its staff representatives gf enterprises

developing fuelling facility) LV, test facility and other enterprises concerned chaired by a fest facilities

representative.

6.1.4{5 In addition to 6.1.4.1 to 6.1.4.4, the following tasks are fulfilled in the course of testing the fuelling

mocK-up:

a) iptegrated optimization of the LV assembly and testing at IS and its haulage to LS;

b) optimization of the technology of SLV pre-launch checks and preparation simultaneously with ground
equipment set at LS;

c) verification of the serviceability, maintainability of assemblies and systems; operational ergonomics,
bionomics and safety as well as optimization of the technological processes of transferring the space
rocket in different levels of preparedness;

d) verification of the conformity with the SOW requirements to the number (multiplicity) of “fuelling-drainage”

cycles (for rocket propellant components), “charging-discharging” cycles (for gases), time of stay of a
fuelled space rocket at LS, etc.
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6.1.5 Antenna mock-up test

6.1.5.1 The antenna mock-up test is aimed at complex optimization of electrical and radio-technical
characteristics of antennas and feeders and optimization of SLV antenna patterns.

6.1.5.2 At least the following tasks should be fulfilled when testing the antenna mock-up:

a) determination of electrical and radio-technical characteristics of antennas and feeders mounted on space
rocket stages and nose fairing;

b) antenna

pattern parameter determination;

c) determir

ation of the interconnection levels between HF channels of different feeders;

d) assessnjent of configurations (contours) and materials of structures in terms of the antenna elec

charactd
e) feedery

f) feeder ty
6.1.6 Static

6.1.6.1 T

6.1.6.2

ristics;

brification for electrical strength and endurance in vacuum;

ning verification.

E rating test

he static rating test is aimed at verifying the strength and rigidity of the LV and its stage stru

A\t least the following tasks should be fulfilled when carrying out the static rating test:

a) identificgtion of the stress-strain state of individual assemblies and units, as well as verification ¢

correctn

b) verificati
during S

c) determir
d) determir
6.1.6.3

conditions of
simulators ar

bss of theoretical strength calculations;

pn of the strength and stability of the LV structure under static loads simulating quasi-static
LV ground and in-flight operation;

ation of rigidity characteristics of.the rocket sections;

ation of breaking loads and thé structure strength margins.

The static rating test is_carried out using LV standard load-carrying elements. To create full-

fixing and loading\the LV body sections during test the adjacent sections and relevant r
e used.

6.1.7 Vibration test

6.1.7.1
units, as wel

The yvibration test is aimed at obtaining experimental data on elastic vibrations of LV and r

as checking assemblies, devices, systems and the LV as a whole for strength and stabi

trical

Cture.

f the

oads

Scale
gidity

bcket
ity to

vibration load

s action

6.1.7.2 At least the following tasks should be fulfilled during the vibration test:

a) verification of the correctness of calculating the main aerodynamic characteristics of LV body, assembly
and device oscillations included in the structural design and applied when selecting the control system
parameters;

b) experimental specification of the LV dynamic layout;

c) verification of the SLV structure and its element strength under expected vibrational loads.

6.1.7.3 The vibration test is conducted using LVs, rocket units or LV individual sections.
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Acoustic test

1

The acoustic test is aimed at demonstrating the conformity with the SOW requirements for

maintaining the acoustic pressure levels brought about by SLV engines at launch as well as during SLV
transonic flight with a maximum dynamic head.

6.1.8.2 At least the following tasks should be fulfilled during the SLV acoustic test:

a) acquisition of test data and assessment of the acoustic pressure effect on the SLV equipment;

b) verification of the SLV equipment serviceability under non-stationary loads of acoustic pressure;

c) gpecification of the design values of the acoustic pressure parameters applying test data;

d) development of shielding methods reducing acoustic pressure levels;

e) determination of the acoustic pressure level applied to SC equipment;

f)  gpecification of the measuring aid makeup.

6.1.9] Shock load test

6.1.91 The test for shock loads applied to LV and SC eguipment, brought about by|actuation of

expldsive-ordnance and mechanical devices on board SLV .at‘the time of stages, nose faifing and SC

sepafation, is aimed at demonstrating the ability of the,.SLV structure and equipment t@ satisfy the
requirements for normal functioning during and after shock lead application.

6.1.9|2 As a rule, the shock load action is checked and the shock load levels are determingd during the

functjonal test of the stage, nose fairing and spacecraft separation systems.

6.1.1D Cold test of rocket units

6.1.1p.1 The cold test of rocket units is*aimed at comprehensive test-bench verification of the [serviceability

of rogket unit systems, without igniting.the propulsion system and experimental confirmation of {he validity of

adopted project and engineering approaches.

6.1.1p.2 The following main problems are solved during the cold test of units (e.g. the propellant

component pair “liquid oxygen — kerosene”):

a) \erification of technological operations carried out on the experimental unit of a stage befdre propellant
¢omponent fdelling (e.g. purging, ventilation, replacement of air atmosphere with nitrogen and then
hydrogen atmosphere);

b) Verification of the technology of filling tanks with propellant components, verification of fuellefl unit at rest,
tank “propellant component venting; specification and confirmation of the adopted fuelling operations
technology;

c) optimization of the regimes of pre-launch cooling of the sustainer oxidizer and fuel pipelines, optimization
of the cooling system functional cyclogram;

d) acquisition of data on the thermal and phase state of the cooling system liquid, propellant component rate
of flow in all operational phases of the unit;

e) acquisition of test data on the pneumatic/hydraulic system operation during preparation of the propulsion
system for ignition and propellant component venting;

f)  optimization of the technological operations for setting the unit in the initial state after abortive ignition
(evaporation, thawing out, change of gas atmosphere in tanks and pipelines, etc.);
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)]

h)

0)

P)

6.1.11 Firing bench test

acquisition of test data and specification of the parameters characterizing the main processes of fuelling,
preparing the unit for its propulsion system firing, venting the propellant components (tank pressure
change, change of the thermal and phase state of propellant components in tanks and supply pipelines,
replenishment regime change, change of drainage, section thermal control, change of process duration,
etc.);

acquisition of data on thermal flows to oxidizer, the characteristics and efficiency of the oxidizer tank and
pipeline thermal insulation;

verification of the characteristics and state of the oxidizer tank and pipelines during multiple fuelling and
unit fuelled tanks at rest;

verificatipn of the serviceability of standard on-board and inter-tank systems controlling the oxidizen|evel,
pressurg, temperature and measuring system elements (transducers) during multiple fuellings ofithe Junit;

check ofl the fittings and the quality of their individual optimization;

verificatipn of the efficiency of operations conducted on the unit when the launch is'¢ancelled in different
phases o¢f its preparation;

verificatipn of the pre-launch tank pressurization regimes;

determination of actual strains of the rocket unit structure elements generated by the temperature$ and
masses |effect of the filled-in propellant components;

optimizattion of the technology of preparing the unit for firing before the command to fire is given (fuglling,
level correction, etc.);

specificgtion of the complex measures for assuring the test safety.

6.1.11.1 The firing bench test of propulsion\systems is carried out on a rocket unit manufacturgd in
accordance \vith the engineering documentation;“with possible updating needed to support the test condyct.

6.1.11.2 The firing bench test is aimed ‘at comprehensive test bench verification of the rocket unit system
serviceability] with propulsion system(firing, as well as experimental confirmation of the correctness ¢f the

adopted project and engineering appioaches.

6.1.11.3 A\t least the followirig main tasks should be fulfilled during the firing bench test:

a)
b)
c)

d)

e)

f)

g)
h)

18

verificatipn of the launch mission profile, regime settling down and propulsion system shut-down;

confirmdtion of the adopted project and engineering solutions;

verificatipn’of the LV LPRE cluster serviceability;

check of propulsion system operation in non-standard situations and emergency protection system
efficiency;

confirmation of the parameter values conformity of different systems with the requirements set forth in the
documentation;

detailed inspection of the on-board pressurization systems, confirmation of the cylinder pressurization
gases sufficiency;

chemical analysis of filled-in and drained rocket propellant components;

determination of the rocket propellant components purity when draining;
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confirmation of the pneumatic/hydraulic system (PHS) elements serviceability at normal rates of

propellant components flow (gases and liquids);

determination of the hydraulic characteristics of the propellant supply systems;

confirmation of the sufficiency of pressurization gas rate of flow for assuring the required pressure at the

pump inlets;
determination of remaining unspent rocket propellant components amount;

check of the on-board aids for measuring propellant component levels and temperature;

gpecification of the functional mission profile;
gpecification of the ignition conditions and engine bench test when the rocket is in its-standar
determination of the pressurization metering jet diameters;

erification of the functional regimes and adjustment of the engine opération (changes of
propellant component ratio, engine tilt);

assessment of the actual rigidity of control actuator attaching points;

gpecification of the frequency spectrum and the value of vibrational accelerations of the

s[‘lements at test bench.
6.1.1

4 In order to conduct the firing bench test, thecstandard on-board control system devi

and the standard time line of propulsion system operation-is implemented.

6.1.1R Electromagnetic compatibility (EMC) test

6.1.1R.1 The electromagnetic compatibility test is aimed at verifying the technical means con
space rocket system with the tolerable electromagnetic interferences level generated by the sai
other| external radiation sources, with.requirements to the electromagnetic interferences effect r

well

as at verifying the normal.on-board systems functioning during their simultaneous

accordance with the flight programme.

6.1.1R.2 The EMC test(should demonstrate the compatibility of electrical/radio systems with
envirpbnment-generated factors.

6.1.1R.3 The EMCrequirements are specified by the customer of payload upon reaching an g
the spbject with the customer of launch capabilities in the statement of work for the space rock
the sfatementiaf)work for SC launch services, in the interfaces control document or other normati

6.1.1R.4 At least the following tasks should be fulfilled during the EMC test:

a)

i position;

thrust level,

init structure

Ces are used

ormity of the
i means and
bsistance, as
operation in

the external

greement on
et system, in
e document.

measurement of radiated and conductive interferences initiated in the on-board cable
operation of systems and devices;

network by

study of the resistance of systems and devices to radiated and conductive interferences of different

levels;

measurement of radiated interferences in the LV-SC interface plane, monitoring of the conductive

interferences level in the LV-SC electrical circuits;
specification of actual LS electronic environment parameters;

EMC verification during IS and LS test during simultaneous operation of the on-board
systems.
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6.1.12.5 The EMC test is conducted under a programme elaborated by the leading manufacturer of their
space rocket system agreed upon with the manufacturers of the control system, IS and LS.

6.1.12.6 The EMC test scope and methods shall be in accordance with ISO 14302. The EMC test shall be
conducted both at the level of equipment (individual tests) and at the level of the space rocket system
(integrated tests). In cases substantiated by the contractors of space rockets and space vehicles, the space
rocket system EMC may be evaluated applying the calculation/theoretical method with due regard for the
results of testing space rocket analogues.

6.1.12.7 The results of ground optimization of space rocket system electromagnetic compatibility should
be given in the primary contractor's opinion as to the space rocket system preparedness for launch in the
certificate of nmlnlianrp’ and should be rppnr‘rpd to the commission r‘arrying out the space rocket qu’rp test.

6.1.13 Climatic test

6.1.13.1 The climatic test is aimed at proving the LV serviceability under conditions maximally simujating
the climatic qperational conditions.

6.1.13.2 The following tasks are fulfilled when carrying out the climatic test:
a) determination of the climatic factors' effect on the LV safety;

b) verificatipn of the effect of extreme temperature values, humidity, tropicaland maritime climates and|other
factors gn the LV serviceability and its components, as well as on the’convenience of operation;

c) study of|the environmental effects on the safety of lubricants, paintzand-varnish and other coatings;
d) identificgtion of materials insufficiently resistant to the senvironmental effects and determinatipn of
methodg for enhancing their resistance; verification of the conformity of the customer's SOW with the
charactgristics of the LV and its components obtained.under the extreme temperature conditions;

e) functional test of the LV components;

f)  specificgtion of the environment factors (air temperature, surface wind speed in the space rocket Igunch
area, atmospheric precipitations, etc.), imposing restrictions on space rocket launches.

6.1.13.3 The number of climatic test"opjects and the test duration are set forth in the test programme. A
programme ¢f accelerated climatic tests)may be developed for creating more severe climatic conditions.

6.1.14 Fire and explosion safety test

6.1.14.1 The fire and explosion safety test is aimed at proving the LV operational safety in emergency
situations.

6.1.14.2 A\t leastthe following tasks should be fulfilled when conducting the firing and explosion safety test:

a) identificgtion of the accident character and the level of its effect on the space rocket system compohents
and crews;

b) assessment of the emergency situation effect on the space rocket system characteristics;

c) optimization of the transducers location layout and confirmation of the fire and explosion prevention
system serviceability;

d) acquisition of test data for working out measures to overcome accident after-effects.
6.1.14.3 The LV and rocket units fire and explosion safety is tested when the LV rests at the launch pad. It
is permitted to confirm the fire and explosion safety applying the results of similar tests of previously

developed LVs or test results of components of a newly developed LV, while the efficiency of a fire and
explosion prevention system is confirmed by mock-up test.
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Empirical data are obtained on functionability of the systems providing the exception of

development of emergencies which can lead to explosion and dispersion of configuration items in space.

6.1.15 Lightning and statics resistance test

6.1.15.1

The test for resistance to lightning is aimed at assessing the conformity of the achieved lightning

protection level with the requirements established applying the models of lightning statics effect on LV.

6.1.15.2 As a rule the following tasks should be fulfilled when testing for confirmation of the
statics resistance:

a)

g)

[ Iating materials tpefing'

lightning and

experimental optimization of techniques for confirming the space rocket system resistance-to

xperimental assessment of shielding assemblies and systems of the space focket sy
iulsating currents, determined by the model of lightning effect on LV;

optimization of methods and aids for measuring amplitude-temporal parameters of pulsating
oltages in equipment electrical circuits;

ffect for consequent assessment of the lightning protection and/specifying the calculation-

icquisition of experimental data on response of the LV equipment,systems and assemblie
ethods of assessing the lightning protection;

optimization of the technical means of protecting the SL\A*against lightning effect when if
launch pad;

accumulation of test data for further perfection of testtechniques and protection means.

6.1.1p.3 The statics resistance of the SLV and\its components is optimized by the manufactu
lightnling resistance is tested and confirmed when the SLV rests at the launch pad.

6.1.1p Transportability test

6.1.1p.1 The transportability test.is-aimed at verifying the realization of the customer's state
concerning assurance of the LV, (racket unit) serviceability after its haulage over an assigned di
the glven conditions by the assigned transport facility.

6.1.1p.2 At least the following tasks should be fulfilled during the transportability test:

a)
b)

c)

gathering of statistical data for assessing the LV and its components reliability;

ifentification\of the LV actual temperature-humidity regime when hauling;

statics;

stem  against

currents and

5 to lightning
experimental

rests at the

rer. The SLV

ment of work
stance under

erpendicular planes) of LV structure elements, completing parts, their attaching points to [the transport

}gcquisition of test data on loading parameters (shock loads, vibrational strength, etc. in the terl;ree mutually

cility and determination of the conformity of the obtained characteristics with the tolgrable design

values;

verification of the completeness and sufficiency of the operation documentation requirements determining

the haulage;
determination of the effect of LV reloading from one transport facility to another;

checking of the LV components functioning after haulage.

6.1.16.3 LVs or rocket units are tested for transportability under a special programme.
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6.1.17 Lifetime test

6.1.17.1
conditions specified in the customer's statement of work.

The test is aimed at confirming the LV serviceability for the time period and under operational

ellant

ys to

6.1.17.2 At least the following tasks should be fulfilled during the test:

a) assessment of the LV and its components serviceability within the guarantee period under the given
conditions;

b) study of the environment effect on the parameters stability and the LV components serviceability;

c) identific:ltion of materials and coatings insufficiently resistant to the environment and rocket prop
components effect;

d) determination of the techniques for enhancing their resistance;

e) assessnjent of the LV systems lifetimes;

f) assessnpent of the frequency and scope of maintenance operations and detetmination of the wag
shorten the latter;

g) assessnjent of the conformity of consumable materials and spare parts, tools and instruments with the
actually ponsumed materials and spare parts, tools and instruments;

h) confirmgtion of the inter-tank pressure range during operation.

6.1.17.3 The guaranteed lifetime test duration is dependent on the general guaranteed lifetime specif

the statement of work for LV (USV).

6.1.18 Test

specificgtion of the LV and_SLV integration technology including loading-unloading operations;
optimization of the teehnelogy of preparing the LV and SLV for launch at IS;

optimization of reloading SLV to the transport-erecting assembly (erecting SLV in the tower) and its
to LS simultaneously determining the effect of the reloading process from one transport facility to an

The test at IS and LS is aimed at controlling the SLV conformity with the technical file,
requirementq after the SLV has been stored and transported, as well as at controlling the SLV readine

pt integration site and launching site

A\t least the following tasks_should be fulfilled during these test:

bnd'its' components;

edin

SOW
5s for

haul
other

determination of the depressurization of SLV and space nose section (SNS) of SLV to confirm their
venting system calculation;

optimization of the operation documentation during works on LV and SLV;

determination of the technical readiness of the IS equipment for flight tests;

specification of the makeup (number) and qualification of the maintenance personnel assigned to prepare
SLV for flight test.

6.1.18.1
launch.
6.1.18.2
a)
b)
c)

on SLV
d)
e)
f)
9)
6.1.18.3
atLS.
22

Technical operations and time line of SLV preparation for launch are comprehensively optimized
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6.1.18.4 The tasks of this phase are as follows:

a)

b)

)

t)

testing of SLV erection (SLV dismantling at abortive launch) on the launcher including the operations of

mating the composite systems and assembilies;

acquisition of test data on loading parameters when hoisting SLV in the vertical position and when

lowering;

optimization of preparing the fuelling, venting and supply pipelines and tanks of SLV (i.e. LV and SNS) for

propellant components and compressed gases charging;

FH + 4 £ Ll 4+ la 1 £ la + QlL\/ H 1N Ll ry rs <l <l
PPUTMZatuTT OUT TS TICUITITUTIOYg Y UT LTiaryiniy- oL vV Wit PTOPTTIAr U COUTTITPUTTCTTIIS altu COTTTPTT S STU

overall check of the on-board and ground safety assurance means during SLV fuelling Opera

dluring SLV fuelling and rest at LS;

erification of the operation regimes and efficiency of the thermal control(systems (purging,
gections and control system devices locations, etc.);

erification of all LS and SLV (LV, USV, nose fairing, SC) interface types: electrical, thermal
¢tc., as well as interface documentation;

erification of the electromagnetic compatibility of electricahand radio equipment of the SLV|
and SLV as a whole with electrical and radio systems of the launch area-adjacent zone;

erification of the technological operations for propellant components venting from the S|
pipelines;

optimization of the technology of neutralizing the rocket unit propellant systems aft
¢omponents venting;

erification of the sufficiency of.the layout and engineering solutions specified in
documentation on shielding SLV. (LV and SNS) against statics effect;

gimultaneously;

launch time line optimization;

erification of Simultaneous operation of the on-board and ground electrical and radio system

erification of the impossibility of sending unauthorized commands during failures and mistaK
the service personnel,;

ases;

ions;

erification of the assigned thermal regimes assurance of propellant componentshand compilessed gases

\ventilation of

mechanical,

components

V tanks and

br propellant

the design

individual verification of( the serviceability of SLV electrical and radio systems whgn operating

S5

en actions of

ptimization and verification of the interaction of on-board and ground Measuring Systems at
optimization of the on-board telemetry data decoding and analysis;
optimization of the operation documentation during operations on SLV at LS;

determination of the technical preparedness of the LS equipment for flight tests.

6.1.18.5 The SLV (LV) is checked in accordance with the operation documentation.

© 1SO 2010 — All rights reserved
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6.1.19 Flight test

6.1.19.1 The aims, tasks and procedure of conducting the flight test are in accordance with the currently
valid provisions on the subjects.

6.1.19.2 Analysis and assessments are made applying flight test data (see 1ISO 15865).

6.1.19.3 In order to meet given requirements on reduction of space debris formation during SLV launches,
after separation the upper stage should execute the manoeuvre necessary for prevention pollution of
spacecraft and an outer space, collision with spacecraft and maintenance of positive increase in distance
between spacecraft vehicle and upper stage.

6.1.20 BatcL production test

6.1.20.1 During batch production LVs are subject to acceptance, periodical and qualificationitest.
6.1.20.2 Before the stated test the supplier:

a) assigns the parameters for controlling the technological processes;

b) works oyt the process of tracing the items technical characteristics duringyacceptance, inspection and
acceptance test;

c) analyses$ revealed failures and discrepancies in production and gperation, and efficiency of corréctive
actions for their elimination.

6.1.20.2.1 The acceptance test is carried out as factory checK test. At least the following tasks should be
fulfilled durinf the factory check test:

a) PHS asgembly and mounting quality control;

b) PHS units functioning control;

C) pressuriration check;

d) control df the integrity of electrical circuits, quality and corrections of the OCN connections mating;
e) check of the electrical and radio equipment and LV flight control actuators.

6.1.20.2.2 The LV periodiealtest is conducted as check launches with the purpose of controlling the
serviceability| of the LV systems and assemblies and the LV as a whole under an extensive programme.

6.1.20.2.3 The LV qualification test is conducted in the course of mastering the batch production or befgre its
renewal aftef a production break lasting a year or more (unless another term has been specified ih the
statement of [work or contract) or when the LV production is transferred from one enterprise to another.

In the batch production phase the LPRE production quality and technological process stability are controlled
by conducting check, acceptance and periodical test.

6.1.20.3 In the batch production the rocket units are subject to acceptance test. The following tasks are
fulfilled during the acceptance test:

a) control of the PHS units functioning;
b) control of the electrical circuits integrity;

c) control of the insulation resistance;
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control of quality and correctness of assembly and mounting of the rocket unit equipment, elements,

subassemblies and systems;
mass control, alignment;
pressurization control;

control of absence of strange items in the inner cavities (of LPRE-equipped rocket units).

6.1.21 LV components disposal requirements

6.1.2fT1 The supplier shall identify:

a)

e)

order of handling inappropriate items;

test;
order of searching and techniques of separated SLV elements disposal aleng the flight route;

order of mitigating (weakening) the SLV launch effect on the envifonment (acoustic effe
¢omponents release, SLV accidents);

erethods of training the personnel disposal actions and safety‘measures.

6.1.2[1.2 The supplier shall have an opinion of the state supervision body as to the ade
meagures undertaken to assure the ecological safety and ‘prevent environment pollution during
dispgsal.

6.2

General requirements to ground test programme and individual test program

6.2.1] The item ground test programme shall contain:

l]st and makeup of items subject to.individual and integrated test;
test purposes and tasks, order and sequence of individual and integrated test;

order and scope of-optimization of design and technological documentation sets app
technological and other mock-ups and test samples;

hysical and{chemical principles, items fabrication methods and control, as well as critical
mocesses and operations);

order of experimental confirmation of characteristics and regimes;

order of handling items containing precious and rare-earth elements after completing grou

nd and flight

ct, propellant

juacy of the
SLV test and

me

ying design-

order and scope of optimization of new technological processes (including those based o use of new

echnological

order of assuring the precision and stability of technological processes, reliability of relevant technological

systems and items;

types of individual and integrated test [thermal, thermal/vacuum, firing (for propulsion systems), electrical,

strength, vibration/strength, acoustic, climatic test, etc.];

number of items distributed for test types and test phases with due regard for reliability requirements

satisfaction;

number of item tests;

© 1SO 2010 — All rights reserved
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n)

0)

P)

q)

w)

order and scope of optimization of interaction of coupled (interfacing) assemblies (devices) and systems
at simultaneous simulation of various affecting factors by electrically-operated and other mock-ups
defined by the contractors;

order of validating the reliability requirements;

order of optimization of technical means applied for assuring the ecological safety including those used
for eliminating emergency situations;

order and scope of optimization and confirmation of the main operational requirements as well as
optimization of the operation documentation with operations phasing;

order arld scope of optimization of hardware and software (programme algorithms) necessary,forjtems
functioning, including on-board computers and computer-aided flight control systems, by tests @nd cpntrol
of SLV greparation at the supplier's and operator's premises;
order oflimplementing the metrological support of the item and its components including operations on
specifying the composition of controlled parameters and their tolerable deviations as)well as metrolggical
attestatipn of measurement methods;
list of programmes, methods of test conduct and assessment of test data and other technical
documeptation for test, methodological instructions on conduct of/especially important test| and
measurgments, as well as test associated with higher risks;
list of tegt and measurement hardware (benches, equipment, measuring systems), main requiremepts to
their precision and a list of data processing hardware as well requirements to safety assurance ¢f the
personngl engaged in test and measurements;

requirenpents to assurance of full-scale simulation of>real conditions of items functioning during the
ground testing and test conduct in the tolerable (extreme) functional regimes;

order of delivering test objects, equipment and documentation;
reporting on individual, integrated tests and.their types;

list of te$t programmes to be agreed-upon with the customer;
list of special test programmes;

order of LV components after-test disposal.

6.2.2 The fest programmes of test models are worked out on the basis of statements of work, engindering
and programme documentation and normative documents concerning the problems of organizing and

conducting tgst of asspecific item.

6.2.3 The festyprogrammes should provide for the use of advanced economically substantiated methqds of

conducting testassuringthedesiredretiabitity, apptyingif mecessary:

a)

b)

c)

d)

e)

26

previously obtained results of theoretical and experimental works on building a test model;

results of modelling the processes of the model and its components functioning especially under
conditions which cannot be completely or partially simulated in the course of tests;

modelling of the prototype usage conditions especially when it is impossible to carry out full-scale tests at
full length;

software for modelling test processes and processing test data;

accelerated test methods if application of usual methods takes an unacceptably long-term test duration.
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6.2.4 As arule the test programmes should contain the following sections:

)

6.2.5| The test programmes should contain provisions determining the readiness for test cong
completing separate test phases and provisions for changing-over to the next test phase. The
typical test programme are given in Annex D.

6.2.6] The telemetry measurements programme (TIMP) should include:

test object, its composition and designation;
test objective and tasks;

general provisions;

test scope (number of objects subject to test);

test conditions, regimes, order, place, types and phases;

tlest logistic support;

test metrological support;
test product confidentiality;
feporting;

annexes (a test programme should enclose the following annexes: a-standard test object furn

IIne; list of probable emergency situations and procedure of overcoming the situations; dat
@bject protection against researchers' unauthorized actions).

ctioning time
B on the test

uct, order of
contents of a

a) theasurement tasks;

b) makeup of the telemetry measuring-equipment mounted on LV, launch pad and along SLV flight route;
c) l|st of measured parameters;

d) lfst, places and orientation of the measuring system sensors installation;

e) ¢haracteristics of sensors;

f)  minimal frequeney of sensor polling;

g) Universaltime system characteristics;

h) l|st of ground telemetry data reception stations;

i) M equipment operation algorithm and controlled parameters distribution;

j)  SLV telemetry data processing algorithm;

k) sensor calibration characteristics and data necessary for recorded information processing.

6.2.7 The measured parameters list should enable to evaluate the SLV structure and on-board systems

state and the processes taking place on board space rocket.
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