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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 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 preecedures—tsed—to—developth ment-and-these—ntendedfor-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 documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sugly patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This| document was prepared by Technical ‘\Committee ISO/TC 20, Aircraft and spqce vehicles,
Subcpmmittee SC 14, Space systems and operations.

This|second edition cancels and replacesthe first edition (ISO 24917:2010), which has been technically
reviged. The main changes comparedto-the previous edition are as follows:

— ¢orrection of terms and definitions according to other existing standards;
— I:odification of the “Flightvehicle development test structure” (Figure 1);

odification of the “Requirements applicability matrix” (Annex B).

Any feedback or quéstions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

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

This document is intended to help reduce the development time and cost of space launch vehicles and
rocket units, and to enhance their quality and reliability through the use of common, optimized and
approved requirements in the space launch vehicle test scope and organization.

vi © IS0 2020 - All rights reserved
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Space systems — General test requirements for launch
vehicles

1 Scope

This document establishes general test requirements for launch vehicles equipped with liquid-
propgttamtengines; taunched fronr statiomary grournds, Sea- and air-pased taurcirers, i gll phases of
their{ development.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
consfitutes requirements of this document. For dated references, only(the edition cited |applies. For
unddted references, the latest edition of the referenced document (inclitding any amendmenpts) applies.

ISO 14302, Space systems — Electromagnetic compatibility requirements

[SO 14303, Space systems — Launch-vehicle-to-spacecraft interfaces

3 Terms and definitions
For the purposes of this document, the following terims and definitions apply.
ISO gnd IEC maintain terminological databases-for use in standardization at the following dddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31
space-rocket complex
set df flight vehicles (3.2)~with functionally relative technical facilities intended for trapsportation,
stordge, maintenance service, preparation, launching and flight control of flight vehicles with payload

3.2
flight vehicle
laungh vehicleA3¢3) including space nose section (3.6)

3.3
laun{rh vehicle

vehidle dpqignpd to transport payloads to space

[SOURCE: ISO 10795:2019, 3.139, modified — The preferred term "launcher" has been removed.]

3.4
unit
lowest level of hardware assembly for which acceptance (3.26) and qualification tests (3.25) are required

[SOURCE: ISO 15864:2004, 3.1.13]

3.5

orbital stage

stage of flight vehicle (3.2) capable of injecting payloads into their planned orbit from the sub-orbital
trajectory that resulted from operation of lower stages

© IS0 2020 - All rights reserved 1
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nose section
set of a fairing (3.7) and fairing adapter

3.7
fairing

technical device intended to protect a spacecraft or a space nose section (3.6) from external influences
during transportation on a launcher, and to keep it on trajectory when launching into orbit

3.8

integration site

equipment
maintenanc

[SOURCE: IS

39
launch pad
equipment 3

[SOURCE: IS
3.10

pa alis A | H Jd € 1 L Lhaial L2 2N i L1l i 43
“suyey lq\,llll._y ucol5ucu IUl muricirt vVerIicic l_J-J) DLUIC(SC, GDDCIIIUI)’, LCDLIIIS, l_IlClJCll

b, servicing and preparation for transportation to the launch pad (3.9)

0/TR 17400:2003, 3.1]

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

0/TR 17400:2003, 3.3]

statement ¢f work

contractual

document prepared during project initiation and planning that describes what the pr

needs to delfiver and outlines all work required to complete the project

[SOURCE: IS

3.11

technical s)
specificatio}
implemente

Note 1 to ent
requirement

[SOURCE: I§

3.12
test metrol
establishmg

0 10795:2019, 3.229]

pecification
1 expressing technical requirementsxfer designing and developing the solution f
d

ry: The technical specification evolves from the functional specification and defines the tec}
for the selected solution as pafit of a business agreement.

0 10795:2019, 3.238]

pgical support
nt and applicatiomn’of scientific and organizational foundations, technical facilities, rule

standards nlecessary to achieve the measurement traceability, precision, completeness, operativg

and the relid

3.13
developme

ibility of patameters control and technical performance characteristics of items

obligate orgs
objectives, types, sequ

tion,

oject

o be

nical

5 and
Pness

httest programme plan

reporting and responsibilities for test support and performance

3.14

reliability assurance programme plan
document specifying a set of requirements and measures aimed at providing and controlling the
satisfaction of requirements established in the statement of work (3.10) for a space launch vehicle (3.3)
and its components’ reliability during their development

© IS0 2020 - All rights reserved
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3.15

development test

test to provide information that can be used to check the validity of analytic techniques a
design parameters, uncover unexpected system response characteristics, evaluate desi
determine interface compatibility, prove qualification and acceptance procedures and
check manufacturing technology, or establish accept/reject criteria

[SOURCE: ISO 10786:2011, 3.17]

3.16

safety assurance programme plan
dOC e whteh _’;i""i" O FeataremeiTs Tro—reastures—aea—3 a v 4
riskg associated with the space launch vehicle (3.3) design, development, manufacture
accordingly identified, assessed, minimized, controlled and accepted

3.17
communications systems programme plan

docujment establishing the structure of communication systems (including telemetry m
coml:ﬁ;nand and tracking communication lines, etc.) hardware born set on latnch vehicle (3.3
(3.9)]and positioned along the flight route necessary for performance.thie measurement re

nd assumed
gn changes,
techniques,

mat all safety

hnd use are

Pasurement,
, launch pad
quirements,

location and orientation of sensors and their characteristics, frequéncy bands, minimal frequency of

SEeNnspr scanning

3.18
flight test
test in real conditions of the functioning and performance-of target tasks

3.19
protptype model
item| produced in the research and development process applying the newly develop
engineering and technological documentation for test verification of the conformity of its
and [characteristics with the requirements specified in statement of work (3.10) to r¢
development and correctness of adopted-technical solutions

3.20
modegl

test nock-up
strugturally, or physically, -or structurally and physically similar item presenting :
reproduction of a test gbject (3.23) or its part intended for testing

3.21
structural modeél
modeél (3.20) representing the structural flight characteristics

3.22
electrical model

ed working
parameters
psearch and

W simplified

mOdul £2 200 rany

P

T {29 ) T oPT

3.23
test object
item under test

3.24
test type
classified test grouping identified according to a certain attribute
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qualification test
required formal contractual test used to demonstrate that the design, manufacturing, and assembly
have resulted in hardware designs conforming to specification requirements

[SOURCE: IS

3.26
acceptance

0 14623:2003, 2.52, modified — The term has been changed to singular form.]

test

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

[SOURCE: IS

3.27

operationa
test conduct
operational

3.28

critical uni
unit (3.4) w
vehicle obje
safety stand

3.29
pyrotechni
device or as

rocket motars

EXAMPLE
cartridges, 9
guillotines, p
detonating fi
circuit interr

0 14623:2003, 2.2, modified — The term has been changed to singular form.]

| test
ed at the launch vehicle (3.3) site in an operational environment, with thelequipment
configuration

[
hose failure can affect the system operation sufficiently to caise the failure of the s
ctives or a partial loss of the mission, or whose proper pefformance is essential fr
point

c device
sembly containing, or actuated by, propellantsior explosives, with the exception of

Initiators, ignitors, detonators, squibs, safe and arm devices, booster cartridges, pre
eparation bolts and nuts, pin pullers, linear separation systems, shaped charges, exp
yrovalves, detonation transfer assemblies{mild detonating fuse, confined detonating cord, con
se, shielded mild detonating cord, ete), through-bulkhead initiators, mortars, thrusters, exp
upters, and other similar items.

in its

rated
bm a

arge

ssure
osive
fined
osive

[SOURCE: IS0 26871:2012, 3.1.31]

4 Abbreyiated terms

CSP ¢ommunications/systems programme plan
CTS ¢ontrol andtest station

DTP development test programme plan

EMC electremagnetic compatibility

FTP flight test programme plan

FV flight vehicle

IS integration site

LPRE liquid-propellant engine

LS launching site

LV launch vehicle

4 © IS0 2020 - All rights reserved
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OCN on-board cable network

0S orbital stage

PHS pneumatic/hydraulic system

RAP reliability assurance programme plan

SAP safety assurance programme plan

SC spacecraft

SNS space nose section

SOW] statement of work

SRC space-rocket complex

5 Testing philosophy

5.1 | Objectives, tasks and principles of development test for launch vehicle an
5.1.1 Development test

A deyelopment test is one of the methods of verification-which guarantees that all characte

FV n
test |

The
fligh
quali
test
com
com

5.1.1 Objectives

5.1.2.1 Objectives(of ground development test

The

and launch itself, preliminarily to verify and evaluate the implementation of the specified

and
cond

leet the requirements of the SOW. The FV is tested in the SRC during the launch pre
light.

development test of an FV and units of an LV includes ground development test p

fication, acceptance, pre-launch validation and follow-on operational test and eva
brogramme encompasses the testing of progressively more complex assemblies of hg
uter software. Generally, the FV-development test structure may be represented as
liance with ISO 14300-1 (see\Figure 1).

main objective of a ground development test is to verify the FV preparation technolog

characteristics, operation and interaction of the FV and its components when th
litionsare being simulated (or under effect of these conditions).

d its units

Fistics of the
paration for

hases and a

F test. The complete test programme forlaunch vehicles, upper stage, encompasses d‘fvelopment,
1

ations. The
rdware and
a scheme in

y for launch
parameters
e operation

5.1.2.2 Objectives of flight test

The main objective of a flight test is to comprehensively check the FV serviceability and confirm the

SOwW

-specified requirements for the space rocket complex under real operation conditions.

5.1.2.3 Objectives for reliability and safety programmes

One of the main objectives of the LV (OS) ground development test is to achieve the SOW-assigned levels
of reliability and safety indexes before flight test commencement and confirm these during the flight
test. The reliability and safety index levels are normalized in the RAP and SAP, the latter including an
environmental safety guarantee.

© ISO
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5.1.2.4 Objectives of test for launch vehicle and its units

The main objectives of the development test of an FV, LV and its units are as follows:

a) verification of unit structure strength, rigidity, confirmation of rocket module parameters,
verification of equipment mechanical loading regimes;

b) breadboarding;

c) testof technological cycle of preparing FV for launch and launch itself;

d) comprehensive verification of units functioning during launch and propulsion systems operation in

the assi
e) verifica
f) testof H
g) confirm
h) verifica
i) individy
j)  verifica
k) personf
5.1.3 Tes|

The tasks to
LV test maf
presented i

514 Org

The organiz

bned regimes;

Fion of the ground technical means/launch vehicle compatibility;

V interfaces [LV, upper stage vehicle, spacecraft (SC)J;

ation of the correctness of adopted engineering solutions;

Lion of the sufficiency of measuring aids and telemetry data processing techniques;
lal tests of all FV components;

fion of operation convenience;

el training.

[ planning

be solved during LVs testing are identified acoording to the design, assigned characteri
urity, design (modernization) novelty, dedicated operation conditions change ang
| the test programmes.

Anization and test sequence

ation and order for conducting the development test are determined by the comprehe

developmenit test programme plan.

5.1.5 Dev|

elopment test programme plan

5.1.5.1 P:[mning

In order to

eet thedssigned LV (OS) characteristics requirements, the supplier plans a development

stics,
| are

hsive

test.

5.1.5.2 Inlitiation of the programme

The comprehensive development test programme plan is developed in accordance with the LV (OS)
hierarchical structure. The main starting documents for developing the FV development test programme
are the statement of work, the preliminary project and the reliability assurance programme.

© IS0 2020 - All rights reserved
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Development test Flight test Batch production
Mission Feasibility Definition Development phase Flight test Production phase
requirements phase phase Utilization phase
analysis
phase @ t 7 ) :

Qualification QR after LS service Launch readiness
functional technical Review(QR) and post—ﬂlght review
specification specification in pre-shipment analysis l

b) preliminary b) lower level
technical technical e - -
specification specifications Development test Qualification | Acceptance| Testin LS_and during
test test flight
-Electrical and mechanical. -Environmental test -Transportability QR
Functional & performance -Propulsion system test -IS and LS test if re-qualification
test -Functional and -LV/SC launcher I/F test is required
-Structural test performance tests -Flight test
=PTOPUISTOI SYSTENT test y N ~Operatton test

Model philosophy — !
Mock-up ENG models Prototype Flight

-Engineering-technicalmock-up [) -Electricalmodel [} model [ model

-Scaled FV model - Structural model

-Integration/check-out mock-up

-Electrical mock-up -Functional mock-up

-Fueling mock-up -Antenna mock-up

Engineering programme Design and construction of;

Development test programme Programme _Ground test facilities Test Test
Comrpunications systems programme documents -Ground telemetry, command & tracking stations specifications % |report
Fligh{ test programme -Launch complex(assembly, fuel, launching, ‘etc.)

Relial
Safety

Management rogramme

ility Assurance Programme, Programme
Assurance Programme documents

_>’ Design review and safety review at the end of each phase

5.1.5

The

prog
crite

The
cour
in th

5.1.5
The ]
a)

4

Figure 1 — Flight vehicle development test structure

.3 Contents of development test programme plan

FV comprehensive development testiprogramme is a common system of independent, particular
ramme-technical documents, identifying the individual test objectives and scope, estgblishing the
ria of OS or LV completeness andreadiness for transferring to higher test levels.

fest sequence, scope and object, controlled characteristics, types of test and test phasing in the
te of LV (rocket unit) development are assigned by the LV (rocket unit) manufacturersicontractors
e comprehensive development test programme, other test programmes.

.4 Principles.of development test programme plan
LV (0S) development test programme plan (DTP) is based on the following principles:

ystemsapproach to the test planning with a detailed coordination of all types and phfases of test;
ibselute assurance and confirmation of the assigned characteristics of the SRC ifems during
round test; use of results of optimizing the complex systems functioning as a component of other

COMpIEXES;

b) fulfilment of the main test work scope applying test facilities (stands, rigs, models, etc.) before
starting ready-made (standard) LV (OS) test under real operation conditions (full-scale test);

c) confirmation of all-round interaction of all FV components and demonstration of their functioning
reliability under full-scale conditions, as well as conduct of that part of test applying test means
which cannot be technically performed or are economically inexpedient within the assigned time
during the flight test, and on the basis of the following provisions:

1) determination of nomenclature and characteristics of modified and newly developed test stands

(rigs) on condition that they would assure fulfilment of the planned test types and scopes;

2) use (if necessary with updating) of test facilities, stands and technological fittings developed

© ISO
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3) assessment of the sufficiency and correctness of selecting equipment, control-measuring aids,
mathematical software for test;

4) planning of each experiment with the aim of obtaining a maximal data volume necessary for
evaluating the operation reliability; use of the capability of starting repeatedly the systems
and units under the conditions for conducting multiple tests (including different test types)

and

applying limited number of items;

5) complex components control during the test;

6) all-round coordination of all test types of items at LV (0S) hierarchical structure levels with

due,

ty of

stal

7) feas
dev]

8) sati
and

9) plal
plaj
tan

10) kee

11) tim
the

12) maj
con|
cor

13) if p
and

14) mu
and

15) dev
typ
typ

16) pre
me
and

rpgnrd for the values of tested characteristics_measurement precision rpprndnrihi]

nd test, as well as test completeness requirements;

ibility study of the test tasks, types and scopes stipulated in the comprehe
elopment test and flight test programmes (FTP);

sfaction of the active normative document requirements (including standards for test ¢

ining of experimental works to optimize new technological “processes including
ining of test technology for assuring the cleanness of internal cayities of propulsion sy
ks, pneumatic/hydraulic systems, internal volume of the intégration-protection block;

ping to the test phasing (individual, integrated, flight test);

ply preparation of stand and metrological facilities, data processing aids for test app
test product;

hufacture of test objects maximally corresponding to the standard make, as a mini

Fesponding test types;

Facticable, use of the material available after completing the individual test of assen]
systems for making up stand itenis;

tiple use of material (standtitems) designed for test (testing) at the expense of its upd
replenishment;

elopment and introduction of means, measures and methods of safety assurance of al

es of critical failures, their consequences and critical units;

paration afd-uninterrupted specification of the list of unacceptable risks and mitig
sures either already performed or currently being carried out, as well as the list of ac
the devices providing the exception of space debris formation during the FV launch;

norms, technical state review, information exchange, industrial safety measures, etc.);

hsive

ypes

)

the
stem

lying

mum

cerning that part of the engineering maké'and characteristics which are decisive fofr the

blies

hting

| test

es (including envitorimental safety), with due regard for data obtained while analysing the

htion
tions

tion;

17) test

conduct under real complicated operation regimes, and non-standard situation simuld

18) test simulation of external affecting factors in the volumes specified by the test programmes

and methods; in this case the test is conducted in the tolerable serviceability regimes
ultaneously simulating various affecting factors (with their most unfavourable
combination) and modelling items interaction;

sim

19) optimal combination of aids and methods of physical and mathematical modelling with

sub

20) use

sequent confirmation of object test results;

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

21) use of serviceability diagnostics systems, non-destructive serviceability control aids and non-
destructive control aids for elements and assemblies;

© IS0 2020 - All rights reserved
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22) obligatory failure examination, analysis of effect of the reasons of all faults and defects detected
during the test on the system and assembly operation with publication of relevant reports
(statements, opinions) and relevant modification of engineering, technological and operation

documentation;

23) confirmation by additional test of modification efficiency performed because

of revealed

defects with publication of corresponding opinions as to clearing the modified assembly

(system) for further higher-level test;

24) observance of the order of assigning letters to design documentation in the course of individual

and comprehensive test;

development test programme and flight test (applying the previous test results,
into account the necessity of assuring the achievement of given test objectives and

of faults revealed during test, results of analysing their reasons and\Corrective a
database;

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

characteristics and reliability, test conduct and control automation;
and assemblies operation;

32) the test scope shall be sufficient for validated experimental confirmation of tH
serviceability issuing of an opinion as to the test object clearance for flight test;

Effects of implémentation of principles

Implementation duting the test of the principles stated in 5.1.5.4 enables the following:

d)

their spread;

hen. testing the units and elements: to detect failures brought about by the struct

fleatiires and determine the conditions of operation and use for fulfilling the dedicated!

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

29) analysis of the previous testand preparation of an opinion as to LV (0S) clearance foj
test when transferring from one test phase to anather (before starting the comprghensive and
flight test), issue of the final report on the ground'test results and FV readiness for

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

etc.) taking
tasks;

26) system analysis of the technical state of the complex items during ground and flight test; entry

tions in the

object;

subsequent

flight test;

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

31) planning of experimental works on.¢onfirming new periods of guarantee for attradted systems

e structure

33) distribution of responsibilities among organizations-subcontractors for conduct of dll test types.

yhen testing the elements: to assess the external factors effect and physical parameters limits and

ire peculiar
tasks;

when testing the assemblies: to assess their interaction and mutual influence, to check

supplementary equipment;

when testing the complex as a whole:

1) to verify satisfaction of the SC/LV/LS requirements;

2) to conduct FV testing at the integration site (IS) and launching site (LS) simultaneously;

3) to check their interaction taking into account the operation time line of all FV systems under
full-scale conditions;

4) to find defects in the systems interfaces;
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5.2 LV anld rocket unit test types during their development
5.2.1 Tesl

5.2.1.1 G

During the ¢

5212 M
a) enginegq
b) scaled H
c) integraft
d) electric
e)

f) fuelling
g) antennd

5.2.1.3 Environmental test

a)
b)
c)
d)
e)
f)

5) too
6) toa
7) toa

8) toa

ptimize the FV preparation technology for performing the dedicated tasks;
ssure the sufficiency and efficiency of mathematical software control and test;
ssure test of the order of eliminating non-standard and emergency situations;

ssure the sufficiency of FV-born measuring aids;

9) to identify unacceptable risks during operation of FV;

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

functiompal mock-up test;

static Id
vibratid
acoustig
therma

therma

s in development phase

tneral

levelopment phase of launch vehicles, as a rule the latter undergo the following tests.

pck-up test

ring-technological (LV, unit) mock-up test (see 6.1.1);

V model test (for identifying their aerodynamic charagteristics);
ion/check-out mock-up test (see 6.1.2);

hl mock-up test (see 6.1.3);

mock-up test (see 6.1.4);

mock-up test (see 6.1.5).

ad test (see 6.1.6);
n test (see 6.1,7;
test (see 6:1.8);

vacuumtest;

cycle test;

shock load test (see 6.1.9).

5.2.1.4 Propulsion system test

a)
b)

c)

cold test of rocket units (see 6.1.10);

pressur

ization test [for LV with liquid-propellant engine (LPRE)];

hot firing test (see 6.1.11).

5.2.1.5 Other functional and performance test

a)

10

electromagnetic compatibility (EMC) test (see 6.1.12);
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b) hydraulic test;
c¢) mathematical software and information support test;
d) separation test;

e) climatic test (see 6.1.13);

f) fire and explosion safety test (see 6.1.14);

g) lightning and statics resistance test (see 6.1.15);

h lﬂ'L' dn b L. 447
) ICTLIIIIT LESU(SCC L. 1.1 7 ).

5.2.1.6 Launch site verification and validation test and flight demonstration

i) fransportability test (see 6.1.16);

j) IS and LS test (see 6.1.18);

k) 1.V/SC launcher interfaces test (shall be conducted in accordance with 1SO 14303);
1) flight test (see 6.1.19);

m) ¢peration test.

5.2.1.7 Other consideration

LV cqmponents disposal (see 6.1.20).
5.2.2 Testin routine production phase

5.2.2.1 Consensus with customer

Upon agreement with the customer.(or'with the customer's organization, at the customer's
pernjission can be given to conduct additional test types not stipulated by the given stan
pernjission can be refused to €onduct certain test types stipulated by the said standard of

separate test types planned in’the comprehensive development test programme.

5.2.2.2 Models and test categories

The nanufacturifig-stage, item categories and test categories conducted during the develoj

LV anpd its units are illustrated in Annex A.

5.2.2.3 « Requirements applicability matrix

A 3 Ao D
T 1.

nstruction),
Hard, just as
to combine

bment of the

A3 aon oot malicalailitey o o bonsy 1o 3110 oot 3
The CHUIT CIITCITCS AP PTICADIIITY HIAtT TATS IO S T atC O T I CA

5.2.2.4 Test for rocket engines

The liquid-propellant rocket engine is the most intensive assembly of a propulsion system; therefore,
success of designing an LPRE in many respects determines the success of developing a propulsion

system and an LV as a whole. The LPRE as a whole is tested in the following sequence:

a) tentative (comparative test, specifying test, updating test, final updating test, LPRE stand test as a

propulsion system component, throwing test, flight test) tests;

b) verification test;

c) acceptance test (interagency LPRE test and LPRE test as a propulsion system component);
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11


https://standardsiso.com/api/?name=6ad2d665ba15248689b0cffad827216b

ISO 24917

:2020(E)

d) acceptance test for engines;

e) batch production (periodical) test (see 6.1.21).

5.2.3 Test for units

During the cold technological test, firing control technological test of individual LPREs, or firing
technological test of LPRE as a component of the rocket unit, the following steps are carried out:

— the production quality of a specific item is checked,

— thecha

acteristics conformitvwith the assioned reguirementsis assessed and
J O 1 4

— thefeas
is evalu

6 Testty

ibility of presenting the given LPRE model for operation as a space launch vehicle compq
hted.

'pe and programme requirements

6.1 Test ¢object and type requirements

6.1.1 Eng

6.1.1.1 Gg

The engined
elements, of

ineering and engineering-technological breadboarding

tneral

ring and engineering-technological breadboardingjis aimed at coordinating LV indiv|
timizing the production and integration technology, and specifying starting design dg

6.1.1.2 Tyo types of mock-up

Breadboard
a) tentatiy

b) final br

6.1.1.3 Tqg

Atleast the
interface fo

a) verifica
of LV (u

b) verifica

ing is divided into two phases:
e breadboarding applying an engineering mock-up;

padboarding applying an engineering-technological mock-up.

st for engineering mock-up

nent

idual

following tasks should be fulfilled applying the engineering mock-up to confirm mechanical

movable componeénts, layout of cables or piping, connecting parts, and handling aids,

Lion of the arrangement and mutual positions of the parts and integration units, feasi
hit) integration;

Lion\of tolerable clearances between mutually moving integration units when they

integrat

ptc.:

hility

y are

ed;

<)

d)

f)

12

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);

identification of a preliminary on-board cable network (OCN) configuration and lengths, assessment
of electrical connection positions, correctness of OCN laying and sufficiency of attaching points on
the structure elements;

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

preliminary assessment of the sufficiency of measures for ruling out inadequate mating of the
electrical, pneumatic and hydraulic systems;
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confirmation of the correctness of selecting the support, lift and handling patterns, transportation
conditions, etc.

6.1.1.4 Test for engineering-technological mock-up

At least the following tasks should be fulfilled during the unit engineering-technological mock-up test:

a)

b)
)

d)
e)

f)

g)
h)
i)
j)
k)

D)

6.1.2 Integration/check-out mock-up test

verification of the practicability of manufacturing LV assemblies and systems applying the
engineering documentation;

specification of the arrangement and mutual positions of the parts and integration units;

¢ontrol of tolerable clearances between the mutually moving integration units Wh6]|1 integrated
dnd operating;

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

gpecification of the OCN configuration and lengths and assessment of, the electrical connection
positions, cable network laying;

yerification of the practicability of replacing the control system devices without disrhantling the
ddjacent devices and other structural elements;

fuling out of the situations leading to inadequate mating of the electrical/pneumatjc/hydraulic
gystem elements;

yerification of the structure interface requirement satisfaction;

:[1tegration technology test;
readboarding of the detachable equipmentassembly and sealing;

tlest of the technology and safety of haul-transport operations, assembly-mating operptions when
fransporting an item, and technological processes of FV preparation at IS and LS;

tlest of the control technology and the problems of system and assembly maintainability, ecology,
g¢rgonomics, operational safety:

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

asse

characteristics shall be in accordance with those of the standard-completeness LV.

blies defining./the external dimensions. The mock-up mass, its centre-of-mass and strength

6.1.1.2 , The integration/check-out mock-up test is aimed at optimizing the launch vehicle/launch
pad/iground technological equipment interface, verifying the works technology on LV and sjmultaneous

interection of assemblies

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

a)

b)
‘)

d)

test of the LV preparation technology for launch at IS and LS including simultaneous preparation of
the ground equipment set and space nose section (SNS);

test of interaction of the technological equipment, technical systems and movable assets with LV;

verification of the industrial safety rules observance when simultaneously carrying out works on
FV, launcher, technological equipment, technical systems and movable assets;

verification of the sufficiency of the arrangement and engineering solutions, specified in the
engineering documentation on LV protection against statics;
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e) testof the operation documentation; verification of the sufficiency and employment of the (FV, LV)
crew personnel.

6.1.2.4 The integration/check-out mock-up test is conducted under the programme to be developed
by the contractor of ground equipment upon agreement upon with the LV contractor and organizations
concerned. Operations are carried out applying the operation documents.

6.1.3 Electrical mock-up test

6.1.3.1 Electrical mock-up is an LV mock-up fully conforming to electrical system parameters of the LV
flight sampl{. [T necessary, instead of the standard set of devices and assemblies, 1t 1s permitted toipstall

dummies hdving electrical parameters and attaching points identical to those of the standard)deévices
and assemblies. The electrical mock-up shall enable the carrying out of loading/unloadingyworks and
transportatipon operations provided for the standard LV. Explosive-ordnance devices (stage ‘Separption
means, decgleration engine ignition means, etc.) are installed with inert filling simulating electrical
characteristjcs, attaching points and techniques of the standard devices.

6.1.3.2 The electrical mock-up test is aimed at optimizing the LV electricalntest technology at the
control-test[station (CTS) of the manufacturer and the launch pad, checking the CTS equipment df the
manufacturer (supplier).

6.1.3.3 Atlleast the following tasks should be fulfilled when carryingout the electrical mock-up tefst:
a) testof the ways out of non-standard situations;

b) verification of the serviceability of LV electrical and radio systems individually and integrally
c) testofthelaunch preparation schedule;

d) simulatjon of in-flight failures of LV systems;

e) verificafion of simultaneous operation of 9n-board and ground electrical and radio systems;
f) testof gngineering documentation aiid operation manuals;

g) verification of the sufficiency afidyemployment of the team personnel;

h) verification of electrical citeuits of on-board equipment;

i) verificafion of the cenformity with the electrical interface requirements (explosive-ordrance
device Interface, LV~generated electrical commands interface, interface of upper stage vehicle-
generatpd commands to spacecraft, telemetry information interface, etc.).

6.1.3.4 THe electrical mock-up test is conducted under programmes, applying methods (instructjons)
worked outl by the manufacturer of the FV and its systems upon agreement 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
propellants.

6.1.4.2 Atleast the following tasks should be fulfilled with the fuelling mock-up:

a) testof the ground fuelling equipment, fuelling system, as well as verification of the efficiency of the
LV automation subassemblies responsible for fuelling/drainage operations;
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b) testof the operation manuals;
c) testofthe thermal regimes;
d) verification of the sufficiency and employment of the team personnel;

e) testof'the fire-extinguishing techniques and propellant neutralization;

f) verification of the conformity with the safety precautions when filling and venting propellants and
other propulsive masses (gases, liquids).

fuelling equipment upon agreement with the LV contractor, primary contractor of ground €g
orgahizations concerned.

6.1.4.4 The fuelling mock-up is tested by a commission having on its staff representatives o

actor of the

hlipment and

Fenterprises

devel|oping fuelling facility, LV, test facility and other enterprises concerned ¢haired by a fest facilities

repré¢sentative.

6.1.4.5 In addition to 6.1.4.1 to 6.1.4.4, the following tasks are fulfiléd in the course o
fuelling mock-up:

a) integrated test of the LV assembly and testing at IS and its)haulage to LS;

b) {est of the technology of FV pre-launch checks andypreparation simultaneously v
equipment set at LS;

c) Verification of the serviceability, maintainability of assemblies and systems;
g¢rgonomics, bionomics and safety as well asest of the technological processes of tran
gpace rocket in different levels of preparedness;

d) Yerification of the conformity with the-SOW requirements to the number (multiplicity)

drainage” cycles (for propellant);“charging-discharging” cycles (for gases), time pert
launch vehicle standing with being'loaded the propellants on the launch pad, etc.

6.1.3 Antenna mock-up test

6.1.3.1 The antenna moeck-up test is aimed at testing the electrical and radio-technical ch
of antennas and feede®s'and testing FV antenna patterns.

6.1.3.2 Atleastthe following tasks should be fulfilled when testing the antenna mock-up:

a) (dletermimation of electrical and radio-technical characteristics of antennas and feeders
gpace focket stages and nose fairing;

[ testing the

vith ground

operational
sferring the

of “fuelling-
od during a

aracteristics

mounted on

b) amntenmna pattern parameter determination;

c) determination of the interconnection levels between high frequency channels of different feeders;

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

electrical characteristics;
e) feeder verification for electrical strength and endurance in vacuum;

f) feeder tuning verification.
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6.1.6 Staticload test

6.1.6.1 The static rating test is aimed at verifying the strength and rigidity of the LV and its stage
structure.

6.1.6.2 Atleast the following tasks should be fulfilled when carrying out the static rating test:

a)

b)

‘)
d)

identification of the stress-strain state of individual assemblies and units, as well as verification of
the correctness of theoretical strength calculations;

verification of the strength and stability of the LV structure under static loads simulating guasi-
static lgads during FV ground and in-flight operation;

determination of rigidity characteristics of the rocket sections;

determjnation of breaking loads and the structure strength margins.

6.1.6.3 THe static rating test is carried out using LV standard load-carrying elements. To creatq full-
scale condit{ons of fixing and loading the LV body sections during test the adjacént-sections and rel¢vant

rigidity simylators are used.

6.1.7 Vibration test

6.1.7.1 The vibration test is aimed at obtaining experimental data)on elastic vibrations of LV and rpcket
units, as well as checking assemblies, devices, systems and the LV as a whole for strength and stabiljty to

vibration loads action.

6.1.7.2 Atlleast the following tasks should be fulfilled'\during the vibration test:

a)

b)
‘)

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

6.1.8 Acolstic test

verificafion of the correctness of calculating the main aerodynamic characteristics of LV body,
assembly and device oscillations included-iwthe structural design and applied when selecting the
control system parameters;

experimental specification of the L¥-dynamic layout;

verificafion of the FV structure‘and its element strength under expected vibrational loads.

6.1.8.1 The acoustic test is aimed at demonstrating the conformity with the SOW requirements for
maintaining| the“acoustic pressure levels brought about by FV engines at launch as well as during FV

transonic flichtaaith a maximum dynamic head

6.1.8.2 Atleast the following tasks should be fulfilled during the FV acoustic test:

a)
b)
<)
d)
e)
f)

16

acquisition of test data and assessment of the acoustic pressure effect on the FV equipment;
verification of the FV equipment serviceability under non-stationary loads of acoustic pressure;
specification of the design values of the acoustic pressure parameters applying test data;
development of shielding methods reducing acoustic pressure levels;

determination of the acoustic pressure level applied to SC equipment;

specification of the measuring aid makeup.
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6.1.9 Shockload test

6.1.9.1 The test for shock loads applied to LV and SC equipment, brought about by actuation of
explosive-ordnance and mechanical devices on board FV at the time of stages, nose fairing and SC
separation, is aimed at demonstrating the ability of the FV structure and equipment to satisfy the
requirements for normal functioning during and after shock load application.

6.1.9.2 As arule, the shock load action is checked and the shock load levels are determined during the
functional test of the stage, nose fairing and spacecraft separation systems.

6.1.10 Cold test of rocket units

6.1.10.1 The cold test of rocket units is aimed at comprehensive test-stand Werificd
serviceability of rocket unit systems, without igniting the propulsion system ‘and e
confirmation of the validity of adopted project and engineering approaches.

6.1.1
“liqu

a)

b)

f)

g)

h)

j)

k)
D)

\

\
1
1

1

q

q

1

q
f
q
1

Eropellant loading (e.g. purging, ventilation, replacement of it atmosphere with nitrog

of the cooling system functional cyclogram;

in all operational phases of the unit;

jcquisition of test data on.the pneumatic/hydraulic system operation during prepat]
propulsion system for ignition and propellant venting;

0.2 The following main problems are solved during the cold test of units (e.g. the set ¢
d oxygen - kerosene”):

rerification of technological operations carried out on the/experimental unit of a §

ydrogen atmosphere);

rerification of the technology of filling tanks with.propellants, verification of fug
est, tank propellant venting; specification and.confirmation of the adopted fuelling
echnology;

est of the regimes of pre-launch cooling of the sustainer oxidizer and fuel pipelines, g

icquisition of data on the thermal.and phase state of the cooling system liquid, propellg

est of the technological operations for setting the unit in the initial state after abor
evaporation, thawing out, change of gas atmosphere in tanks and pipelines, etc.);

lcquisition of test data and specification of the parameters characterizing the main

uelling, préparing the unit for its propulsion system firing, venting the propellants (ta
hange, «change of the thermal and phase state of propellants in tanks and supp
eplenishment regime change, change of drainage, section thermal control, changg

<|1uration, etc);

tion of the
xperimental

f propellant

tage before
en and then

lled unit at
; operations

ptimization

int flow rate

ation of the

tive ignition

brocesses of
nk pressure
y pipelines,

of process

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 fuelled tanks at rest;

verification of the serviceability of standard on-board and inter-tank systems controlling the
oxidizer level, pressure, temperature and measuring system elements (transducers) during
propellant loading to the units;

check of the fittings and the quality of their individual test;

verification of the efficiency of operations conducted on the unit when the launch is cancelled in
different phases of its preparation;
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p)

verification of the pre-launch tank pressurization regimes;

determination of actual strains of the rocket unit structure elements generated by the temperatures
and masses effect of the filled-in propellants;

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

specific

ation of the complex measures for assuring the test safety.

6.1.11 Hot firing test

e hot firing test of propulsion systems is carried out on a rocket unit manufactur
with the engineering documentation, with possible updating needed to support thg

e hot firing test is aimed at comprehensive test stand verification of the rocket unit sy
y with propulsion system firing, as well as experimental confirmatiomof the correctng
project and engineering approaches.

least the following main tasks should be fulfilled during the Kot firing test:

Fion of the launch mission profile, regime settling down and propulsion system shut-d
ation of the adopted project and engineering solutions;

Fion of the LV LPRE cluster serviceability;

f propulsion system operation in non-standard situations and emergency protection sy
Cy;

ation of the parameters conformity of different systems with the requirements set for
imentation;

inspection of the on-beard pressurization systems, confirmation of the cyl
ization gases sufficiency;

1 analysis of filled-in(and drained propellants;
nation of the prépellants purity when draining;

ation of thé¢pneumatic/hydraulic system (PHS) elements serviceability at normal
propellant$’ (gases and liquids);

natiop-of the hydraulic characteristics of the propellant systems;

bd in
test

stem
ss of

wn;

stem

th in

nder

flow

ation of the sufficiency of pressurization gas flow rate for assuring the required pressu

re at

the pump inlets;

determination of amount of remaining propellant;

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

ation of the functional mission profile;

specification of the launch conditions and engine stand test when LV is in its standard position;

determination of the pressurization jet diameters;

verification of the function, performance and adjustment of the performance to the designated
range (adjustment of thrust level, propellant mixture ratio, thrust vector alignment);

6.1.11.1 Th
accordance
conduct.
6.1.11.2 Th
serviceabilif]
the adopted
6.1.11.3 At
a) verifica
b) confirm
c) verifica
d) checko
efficien
e) confirm
the doct
f) detailed
pressur]
g) chemicg
h) determi
i) confirm
rates of]
j) determi
k) confirm
1)
m)
n) specific
0)
p)
q)
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assessment of the actual rigidity of control actuator attaching points;

structure elements at test stand.

specification of the frequency spectrum and the value of vibrational accelerations of the unit

6.1.11.4 In order to conduct the hot firing test, the standard on-board control system devices are used
and the standard time line of propulsion system operation is implemented.

6.1.12 Electromagnetic compatibility (EMC) test

6.1.

of th
mea
resis
oper:

6.1.1
exteq]

6.1.1
on tH
systd
norn

6.1.1

a)xl
p

space rocket system with the tolerable electromagnetic interferences level generatec
s and other external radiation sources, with requirements to the electromagnetic interfe
fance, as well as at verifying the normal on-board systems functioning during their s
htion in accordance with the flight programme.

2.2 The EMC test should demonstrate the compatibility of electrical/radio syster
nal environment-generated factors.

2.3 The EMC requirements are specified by the customer of payload upon reaching a
e subject with the customer of launch capabilities in the{Statement of work for the §
m, in the statement of work for SC launch services, in‘the interfaces control docum
lative document.

2.4 Atleast the following tasks should be fulfilled. during the EMC test:

easurement of radiated and conductive intérferences initiated in the on-board cable
eration of systems and devices;

r conformity
| by the said
rences effect
multaneous

ns with the

h agreement
pace rocket
bnt or other

network by

b) gtudy of the resistance of systemstand devices to radiated and conductive interferences of
ifferent levels;

) easurement of radiated interferences in the LV-SC interface plane, monitoring of th¢ conductive
interferences level in the IkV-SC electrical circuits;

d) gpecification of actualhSelectronic environment parameters;

e) [EMC verificationduring IS and LS test during simultaneous operation of the on-board|and ground
gystems.

6.1.12.5 TheEMC test is conducted under a programme elaborated by the leading manufacturer of their

space rockétsystem upon agreement with the manufacturers of the control system, IS and L§.

6.1.12.6 The EMC test scope and methods shall be in accordance with ISO 14302. The EMCltest 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 test 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 compliance and should be reported to the commission carrying out the space rocket system test.
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6.1.13 Climatic test

6.1.13.1 The climatic test is aimed at proving the LV serviceability under conditions maximally
simulating the climatic operational 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) verification of the effect of extreme temperature values, humidity, tropical and maritime climates

and oth)gr factors on 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, paint-and-varnish and other-coatlings;

d) identifi¢ation of materials insufficiently resistant to the environmental effects and‘determinption
of methjods for enhancing their resistance; verification of the conformity of the.customer's |SOW
with thpe characteristics of the LV and its components obtained under the extreme temperature
conditigns;

e) functiopal test of the LV components;

f) specificption of the environment factors (air temperature, surfacé Wind speed in the space rocket
launch drea, atmospheric precipitations, etc.), imposing restrictians on space rocket launches.

6.1.13.3 The number of climatic test objects and the test duratien are set forth in the test programime. A
programme |of accelerated climatic tests may be developed for.creating more severe climatic conditions.

6.1.14 Firg¢ and explosion safety test

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

6.1.14.2 At|least the following tasks should be fulfilled when conducting the firing and explgsion
safety test:

a) identifi¢ation of the accident/character and the level of its effect on the space rocket syjstem
components and crews;

b) assessnjent of the entergency situation effect on the space rocket system characteristics;

c) testofthe transducerslocation layout and confirmation of the fire and explosion prevention syjstem
serviceability;

d) acquisitiomof 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.

6.1.14.4 Empirical data are obtained on function 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.
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6.1.15.2 As a rule, the following tasks should be fulfilled when testing for confirmation of the lightning
and statics resistance:

a)
b)

‘)

d)

£)

g)

6.1.15.3 The statics resistance of the FV and its components is.dptimized by the manufact
lighthing resistance is tested and confirmed when the FV rests-atthe launch pad.

6.1.16 Transportability test

6.1.16.1 The transportability test is aimed at verifying the realization of the customer
of work concerning assurance of the LV (rocket@nit) serviceability after its haulage over
dist

6.1.16.2 At least the following tasks shotld be fulfilled during the transportability test:

a)
b)

A

d)

e)
f)

plating materials testing;

development test of techniques for confirming the space rocket system resistance to statics;

experimental assessment of shielding assemblies and systems of the space rocket system against

pulsating currents, determined by the model of lightning effect on LV;

test of methods and aids for measuring amplitude-temporal parameters of pulsating currents and

voltages in equipment electrical circuits;

dcquisition of experimental data on response of the LV equipment, systems @nd|
o lightning effect for consequent assessment of the lightning protection and sp
¢alculation-experimental methods of assessing the lightning protection;

flest of the technical means of protecting the FV against lightning effect when it
launch pad;

jccumulation of test data for further perfection of test techniques«ahd protection mear|

ce under the given conditions by the assigned transport facility.

athering of statistical data for-assessing the LV and its components reliability;
identification of the LV actual temperature-humidity regime when hauling;

cquisition of test datajon loading parameters (shock loads, vibrational strength, etc.

utually perpendicdlar planes) of LV structure elements, completing parts, their atta
o the transportfacility and determination of the conformity of the obtained charactg
he tolerable design values;

erification ‘of the completeness and sufficiency of the operation documentation r¢
etermining the haulage;

assemblies
bcifying the

rests at the

urer. The FV

s statement
an assigned

in the three
Cthing points
bristics with

pquirements

étermination 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.

6.1.17 Lifetime test

6.1.17.1 The testis aimed at confirming the LV serviceability for the time period and under operational
conditions specified in the customer's statement of work.
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6.1.17.2 Atleast the following tasks should be fulfilled during the test:

assessment of the LV and its components serviceability within the guarantee period under the

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

identification of materials and coatings insufficiently resistant to the environment and influence of

determination of the techniques for enhancing their resistance;

jent of the LV systems lifetimes;

lent of the frequency and scope of maintenance operations and determination of the
en the latter;

lent of the conformity of consumable materials and spare parts, tools and.instruments
ally consumed materials and spare parts, tools and instruments;

ation of the inter-tank pressure range during operation.

a)
given conditions;
b)
<)
propellants;
d)
e) assessnj
f) assessn
to short
g) assessn|
the acty
h) confirm
6.1.17.3 TH

in the statern

6.1.18 Tes}
6.1.18.1 Th
requiremen
for launch.
6.1.18.2 At
a) specific
b) testoft
c) testofi

LS simy

another
d) determ

venting
e) testoft
f) determ
g)

e guaranteed lifetime test duration is dependent on the general guaranteed lifetime spe
hent of work for LV (0OS).

f at integration site and launching site

e test at IS and LS is aimed at controlling the FV conformity with the technical file,
s after the FV has been stored and transpogted, as well as at controlling the FV read

least the following tasks should be fulfilled during the test:
pation of the LV and FV integration'technology including loading-unloading operations;
he technology of preparingthe LV and FV for launch at IS;

eloading FV to the transport-erecting assembly (erecting FV in the tower) and its h3

on FV and its components;

nation of the{depressurization of FV and space nose section (SNS) of FV to confirm
system ealculation;

he operation documentation during works on LV and FV;

ways

with

rified

SOW
ness

ul to

Itaneously determining the effect of the reloading process from one transport facility to

their

nation 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 FV for flight test.

6.1.18.3 Technical operations and time line of FV preparation for launch are comprehensively
optimized at LS.

6.1.18.4 The tasks of this phase are as follows:

a)

22

testing of FV erection (FV dismantling at abortive launch) on the launcher including the operations
of mating the composite systems and assemblies;
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b)

)

g)

h)

j)
k)
D)

t)

6.1.18.5 The FV (l \/) is checked in accordance with the operation documentation

IS0 24917:2020(E)

acquisition of test data on loading parameters when hoisting FV in the vertical position and when
lowering;

test of preparing the fuelling, venting and supply pipelines and tanks of SLV (i.e. LV and SNS) for
propellants and compressed gases charging;

test of the technology of charging FV with propellants and compressed gases;

overall check of the on-board and ground safety assurance means during FV propellant loading
operations;

verification of the assigned thermal regimes assurance of propellants and compressed gases during
V fuelling and rest at LS;

erification of the operation regimes and efficiency of the thermal controlsystems (purging,
entilation of sections and control system devices locations, etc.);

erification of all LS and FV (LV, OS, nose fairing, SC) interface types: electrical, thermal,[mechanical,
tc., as well as interface documentation;

erification of the electromagnetic compatibility of electrical and radio equipmenft of the FV
omponents and FV as a whole with electrical and radio systems.ef the launch area-adjacent zone;

erification of the technological operations for propellantsyenting from the FV tanks and pipelines;
est of the technology of neutralizing the rocket unit propellant systems after propellants venting;

erification of the sufficiency of the layout and (@ngineering solutions specified in the design
ocumentation on shielding FV (LV and SNS) against statics effect;

individual verification of the serviceability<ef FV electrical and radio systems when operating
gimultaneously;

launch time line test;
yerification of simultaneous operation of the on-board and ground electrical and radio|systems;

yerification of the impossibility of sending unauthorized commands during failures and mistaken
dctions of the service pefsonnel;

lest and verificatiorrefthe interaction of on-board and ground measuring systems at Lf;
tlest of the on-board telemetry data decoding and analysis;

tlest of the operation documentation during operations on FV at LS;

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

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 ISO 15865).

6.1.19.3 In order to meet given requirements on reduction of space debris formation during FV 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.
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6.1.20 LV components disposal requirements

e supplier shall identify:

order of handling inappropriate items;

st;

order of searching and techniques of separated FV elements disposal along the flight route;

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

fect,

6.1.20.1 Th
a)
b)
flight te
<)
d) order g
propellg
e) method
6.1.20.2 TH

ints release, FV accidents);

5 of training the personnel disposal actions and safety measures.

e supplier shall have an opinion of the state supervision body as to the-adequacy 9

measures undertaken to assure the ecological safety and prevent environment pollution during F\

and disposal.

6.1.21 Bat

6.1.21.1 Gg

During batc
6.1.21.2 Aq

6.1.21.2.1

Before the s

a) assigns
b) works d

and acc
c) analyse

correct
6.1.21.2.2
6.1.21.2.2.1

Ch production test

tneral

h production LVs are subject to the acceptance test.
ceptance test

Before the test
tated test the supplier:
the parameters for controlling the technological processes;

ut the process of tracing the'items technical characteristics during acceptance, inspe
bptance test;

5 revealed failures-and discrepancies in production and operation, and efficien
ve actions for theirelimination.

Procedurefor acceptance test

Testin factory

The accepta

nce'test is carried out as a factory check test. At least the following tasks should be ful

f the
/ test

ction

ty of

filled

during the factory check test:

a) PHSass
b) PHS uni
C) pressur
d)
e)
24

embly and mounting quality control;
ts functioning control;

ization check;

check of the electrical and radio equipment and LV flight control actuators.

control of the integrity of electrical circuits, quality and corrections of the OCN connections mating;
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6.1.21.2.2.2 Acceptance firing test

LPRE shall be served to firing test to confirm function and performance, including steady state
performance and transient characteristics, to be complied with technological specifications.

By the end of firing test, steady state performance and alignment of thrust vector will be tuned for
required range.

After the firing test, engines are checked and cleaned, and served to factory test stated in 6.1.21.2.2.1,

and

6.1.21:2:3Re-qualificatiominthecasefor designchange

The

serviceability of the LV systems and assemblies and the LV as a whole under an extensive p

6.1.21.2.4 Re-qualification in other cases

The

In tHe batch production phase the LPRE production quality{and technological process
controlled by conducting check, acceptance and re-qualification test.

6.1.21.3 Acceptance test in butch production phase

In the batch production the rocket units are subject to acceptance test. The following tasks

confirmed for its electrical and mechanical functions.

LV re-qualification test is conducted as check launches with the purpose af\con

trolling the
rogramme.

.V qualification test is conducted in the course of mastering the Batch production ¢r before its
reneal of production lines after a production break lasting a year or more (unless anoth
been|specified in the statement of work or contract) or when the LV production is transferr
enterprise to another.

er term has
ed from one

btability are

are fulfilled

ht, elements,

during the acceptance test:

a) ¢ontrol of the PHS units functioning;

b) ¢ontrol of the electrical circuits integrity;

c) ¢ontrol of the insulation resistance;

d) ¢ontrol of quality and correctness of assembly and mounting of the rocket unit equipme
gubassemblies and systems;

e) 1nass control, alignment;

f) pressurization control;

g) ¢ontrol'gfabsence of strange items in the inner cavities (of LPRE-equipped rocket unit:s

6.2 :

programme

6.2.1 Contents of development test programme plan

The
a)
b)
‘)

development test programme plan shall contain:
list 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 test of design and technological documentation sets applying design-

technological and other mock-ups and test samples;
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d)

f)

g)

h)

j)

k)
D)

p)

a)

order and scope of test of new technological processes (including those based on use of new physical
and chemical principles, items fabrication methods and control, as well as critical technological
processes and operations);

order of experimental confirmation of characteristics and regimes;

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
require

number

order aj
simulta
defined

order of

order o
elimina

of items distributed for test types and test phases with due regard for relia
ments satisfaction;

of item tests;

hility

nd scope of test of interaction of coupled (interfacing) assemblies (devices)and systems at
heous simulation of various affecting factors by electrically-operated ‘and other mock-ups

by the contractors;

validating the reliability requirements;

test of technical means applied for assuring the ecological'safety including those usdd for

[ing emergency situations;

order aﬂ:d scope of test and confirmation of the main operational requirements as well as test ¢f the

operati

order a

functioning, including on-board computers and computer-aided flight control systems, by test

control

order of
on speq
metrolo

n documentation with operations phasing;

hd scope of test of hardware and software (programme algorithms) necessary for items

of FV preparation at the supplier's and gperator's premises;

5 and

implementing the metrological support of the item and its components including operafions

ifying the composition of contrglled parameters and their tolerable deviations as w
gical attestation of measurement methods;

bl as

list of programmes, methods ofitest conduct and assessment of test data and other technical

documsd
measur

list of te
to their
of the p

ntation for test, methodelogical instructions on conduct of especially important tes
bments, as well as testassociated with higher risks;

F and

st and measurentent hardware (stands, equipment, measuring systems), main requirenmpents
precision and.alist of data processing hardware as well requirements to safety assuiance

brsonnel engaged in test and measurements;

require

the groTnd testing and test conduct in the tolerable (extreme) functional regimes;

ments_to assurance of full-scale simulation of real conditions of items functioning dyring

order of delivering test objects, equipment and documentation;

reporting on individual, integrated tests and their types;

list of test programmes to be agreed upon with the customer;

list of special test programmes;

w) order of LV components after-test disposal.

26
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6.2.2 Test programme plans for test models

The test programme plans for test models are worked out on the basis of statements of work, engineering
and programme documentation and normative documents concerning the problems of organizing and
conducting test of a specific item.

6.2.3 Requirements for test methods established by test programme plans

The test programme plans should provide for the use of advanced economically substantiated methods
of conducting test assuring the desired reliability, applying if necessary:

a) sustrobtrimed Hsoftt —— . 1 1 it odel;

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

c) 1mnodelling of the prototype usage conditions especially when it is impossible to carry qut full-scale
tlests at full length;

d) goftware for modelling test processes and processing test data;

e) accelerated test methods if application of usual methods takés'an unacceptably long-term test
dluration.

6.2.4 Contents of test programme plans

As a fule the test programme plans should contain the following sections:
a) festobject, its composition and designation;

b) fest objective and tasks;

c) general provisions;

d) {estscope (number of objects subjéct to test);

e) fest conditions, regimes, order, place, types and phases;
f) testlogistic support;

g) flest metrological.support;

h) fest productconfidentiality;

i) 1feporting;

j) qnnexes (a test programme plan should enclose the following annexes: a standard test object
funetioning time line; list of probable emergency situations and procedure of ovefcoming the
Ttoations; data o the test 0bjeCt Protection against TESEarcners UnautiioriZed actions).

The test programme plans should contain provisions determining the readiness for test conduct, order
of completing separate test phases and provisions for changing over to the next test phase.

The contents of a typical test programme are given in Annex D.

6.2.5 Requirements for communications systems programme plan
The communications systems programme plan (CSP) should include:
a) measurement tasks;

b) makeup of the telemetry measuring equipment mounted on LV, launch pad and along FV flight route;
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list of measured parameters;

list, places and orientation of the measuring system sensors installation;
characteristics of sensors;

minimal frequency of sensor polling;

universal time system characteristics;

list of ground telemetry data reception stations;

telemet
FV teler
k) sensor (

The measur
and the pro

6.3 Gene

6.3.1 Tes{

The test obj
by authorizg

6.3.2 Doc
Each object
and valid nd
7 Criter]
The followir

yequipnrentoperatiomatgorithmrandcontrotted parametersdistribution;
hetry data processing algorithm;
alibration characteristics and data necessary for recorded information procéssing.

ed parameters list should enable to evaluate the FV structure and on-poard systems
resses taking place on board space rocket.

ral test object requirements

L objects

bcts should be manufactured in accordance with the engineering documentation, accq
bd representatives of the manufacturer and the customer.

umentation for test objects

delivered to be tested should be supplied with the documentation, certain test progra
rmative documents.

a

1g criteria should be verified'when assessing the LV test completeness:

state

pted

mme

a) the LV has been built and its@d@ecumentation has been approved;

b) the LV i} in conformity with the technical file (production drawings);

c) the test|programmes/have been fulfilled;

d) the LV Has provedits serviceability and reliability;

e) the paraméters values are in accordance with the values specified in the customer's SOW;

f) the LV safety, its dedicated use as well as ecological safety are assured in accordance with
ISO 14620-1;

g) the customer has received an LV with the required quality level;

h) the reasons for malfunctions have been detected, corrective measures for updating have
been undertaken and their efficiency has been proved by positive test results and calculation-
theoretical means.
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8 Reporting

The development test results shall be given in reports with the review of all conducted tests of the
given type and an opinion as to transfer to a subsequent test phase. Annex C contains the typical test
report contents.
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