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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.
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Introduction

This International Standard provides customers, designers, and manufacturers of liquid rocket engines
with general provisions to the parameters measured under firing stand tests, under break-in, and flight
tests. Parameters subjected to be measured are determined in the design documentation and are used
under the analysis of reliability and quality control of liquid rocket engines.

The determination of common requirements to the parameters of liquid rocket engines measured at
firing stand and flight tests on a global scale was developed:

— taprovide the required quality and reliahility of racket engines hping created and used:

)

— flo compare tests results and engines impartially;
— o provide safety of final items and environmental protection.

This [nternational Standard will allow the development of a common criteria of eyaldating and ¢omparing of
liquidl rocket engines created by different countries according to the results of firing stand and|flight tests.

© ISO 2015 - All rights reserved v
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Space systems — The measured parameters at firing bench
and flight tests of liquid rocket engines

1 Scope

This International Standard applies to all types of liquid rocket engines for expendable launch systems

and
a)
b)
‘)
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engihes and are used for evaluating of technical sfate of engines (operative, inoperat]
COrré

Ther

atettites:

[ombustible fuel (including cryogenic);

Large-thrust, multiple component engines, with and without afterburning;

Low-thrust engines, one component (mono-propellant) and two-component (bi-propel

International Standard establishes a list of parameters to be measured and register
b stand and flight tests of serial LRE.

rder of preparation and carrying out of stand and flight tests; methods of processing,
its results of liquid rocket engines, also measurement acelirdcy requirements are not i
nternational Standard. Measurement accuracy requirements are established by engin

neters listed in this International Standard characterize performance attributes of 1

espond to the requirements specified and possibilities of putting them into operation.

e are parameters specified in this International Standard, obligatory for registration and o

The manufacturer of liquid rocket engines/can determine additional list of parameters for sj
takiy

g into account their design and diagrammatical features.

ant).

ed with the

hnd analysis
egulated by
e designer.

iquid rocket
ive), if they
ptional ones.

becific items

The meaning “optional parameter” denotes (in cases when a proper unit or a component can be the part
of an

Meas
of th

2
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refer

engine) that according tothe'manufacturer’s decision, measurements are allowed not

urement of parameters ‘at firing stand and flight tests of liquid rocket engines is be ma
e same sensors if ppssible.

Normative references

following.documents, in whole or in part, are normatively referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced document (including any amendments) appl

to be made.

He by means

ent and are
For undated
es.

[SO 15864:2004, Space systems — General test methods for space craft, subsystems and units

[SO 15865:2005, Space systems — Qualification assessment

ISO 24917:2010, Space systems — General test requirements for launch vehicles

3 Symbols and abbreviations

AVR apparent velocity regulator
BTPU booster turbo pump
CFC components-flow controller

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=3ae8a4d7ef0aaa0c81399c45424dc656

ISO 16694:2015(E)

CST confirmatory sampling test

DD design documentation

EV electric valve

FCR regulator of fuel components ratio in combustion chamber
IDT interdepartmental tests

LV launch vehicle

LRE liquid rocket engine

LTE low thrust engine

PA pressure alarm

PS propulsion system

PST pressure stabilizer

SAT sampling acceptance test

SST special sampling test

SV space vehicle

TDS tank depletion system

TPU turbopump

TT technological test

4 General

4.1 Classjfication of measured parameters

4.1.1 Themain purpose ofmedsurement at proof tests of serial LRE (firing stand and flight tests] is to
provide information for reliability analysis and quality control of engines.
4.1.2 Pargmeters ndeasured at firing stand and flight tests of LRE are subdivided into the following grpups:
a) parameters.characterizing test operation conditions;

b) main parameters;

c) parameters characterizing the engine ability to operate without any degradation.

4.1.3 Parameters that characterize the actual test operation conditions are compared to required test
operation conditions. These parameters include:

a) environmental parameters before and during the tests,
b) fuel components state before and during the tests, and

c¢) LRE characteristics (thrust and specific impulse).

2 © IS0 2015 - All rights reserved
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4.1.4 The main parameters characterize the ability of an engine to fulfill requirements determined by
the technical documentation of the manufacturer.

4.1.5 Parameters characterizing the ability of an engine to operate without any degradation are used to
control the loads imposed over the engine elements.

This group consists of parameters whose values cannot be determined directly with measurements
made during the assembly production process. Among these parameters are ones characterizing
strength and heat-resistance of the combustion chamber and gas generator and the stability of working
process in these assemblies. In case of an emergency situation these parameters (together with the main

para

meters and parameters characterizing the conditions of test operation) are used for th

e reasons of

emel

4.2

4.2.1
life i

gency process analysis.
Firing stand and flight tests operation conditions

Qualification tests of LRE are carried out in order to verify a safety margin beyond {
h accordance with the manufacturer of LV (SV) in consideration of the énvironmental

engime operation modes.

4.2.2
mod

4.2.3

Technological tests are carried out under values of the enviconmental factors and engi
e with operating time necessary for measurement of parameters.

Sampling acceptance tests are performed for checking lifetime which is agreed up

mantifacturer of LV (SV) under values of the environmental factors and engine operation mo

4.2.4
oper
any s

4.2.5
ama

4.2.4
of ve

4.2.7

4.2.9

4.2.9

Confirmatory Sampling Test (CST) is carried out within the guarantee limits of the li
htion conditions of LRE. It is allowed to carry-out CST above guarantee limits one at a ti
ystem of operation conditions of LRE.

Special tests of LRE are carried'out in accordance with special programs defined by 3
hufacturer of LRE and ratified byboth enterprises.

Flight tests of LRE are-¢arried outin a LV (SV) at the real conditions of operation with
rifying conformance of LRE with specifications and determination of readiness of use.

Purposes and/objectives of flight tests are presented in details in ISO 24917.
General'methods of tests of spacecrafts, subsystems, and units are presented in I1SO ]

Elight test analysis is performed according to the requirements of ISO 15865.

he expected
factors and

he operation
on with the
des.

felength and
me or under

designer or

the purpose

1 5864.

5 The measured parameters at tests of LRE

The measured parameters at firing stand and flight tests of LRE are presented in the respective tables.

LRE with afterburning (staged combustion cycle) and without afterburning (gas generator
cycle/expander cycle/pressure fed cycle) used in launch vehicles and space vehicles are represented.

Parameters measured under tests of LRE are subdivided into the following groups:

a) obligatory;

b) supplemental, depending on situation;

c i

© ISO
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2015 - All rights reserved


https://standardsiso.com/api/?name=3ae8a4d7ef0aaa0c81399c45424dc656

ISO 16694:2015(E)

In the “Note” column in Tables 1 to 3, some necessary clarifications and additions to the specific
parameters are given.

5.1 The measured parameters at firing stand test of LRE

5.1.1 The measured parameters at commissioning and sampling tests (CTT, CST, and SST) of LRE are
presented in Table 1.

5.1.2 Table 2 is additional to Table 1 and contains parameters measured at qualification tests of LRE.

5.2 The measured parameters at flight tests of LRE

5.2.1 Themeasured parameters at flight tests of LRE are presented in Table 3.

The following symbols are used in the tables:

o rgquired parameter subjected to be obligatory measured;

. mleasuring of a parameter does not regulated by this International Standard;

A sypplemental, depending on situation;

Xm interchangeable parameter to be measured where m is aserial number of a parameter i the

rgspective table which can be used instead of the specifiéd one in the clause.

Table 1 — The measured parameters\at TT, SAT, CST, and SST

LRE type
without afterburn-
ing

for LV for SV for LV for SV

1. Parametdrs characterizing test operation‘conditions

Description of a parameter with afterburning Note

1.1 Ambient pressure o o o o
1.2 Ambient temperature o o o o
1.3 Ambient humidity A A A A
1.4 Directior} and speed of air A A A A

1.5 Fuel components température in
the place of fllow rate meters installa- o o o o
tion and at the enginesitilet

1.6 Chemical corhposition of the fuel

o o o o
components

1.7 Specific weight of the fuel compo- o o o o
nents (except cryogenic)

1.8 Content of solute gases in fuel

components with a process of forced A A A A
gassing

2.Main parameters

2.1 LRE thrust o o o o
2.2 Mass outflow of fuel components

through the engine (engine nozzle) o o o o
per second

2.3 Combustion chamber pressure X33 X33 X33 X33

4 © IS0 2015 - All rights reserved
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Table 1 (continued)
LRE type
Description of a parameter w1thouti:;11fgterburn- with afterburning Note
for LV for SV for LV for SV
1. Parameters characterizing test operation conditions
2.4 Fue! components pressure at the o o o o
engine inlet
3. Pa ! izing the abili £ . il : lati
3.1 Jxidizer pressure after the pump o o o o Parametets'B.1 and
3.2 aré subjgcted to be
3.2 Huel pressure after the pump o o o o measured afiter final
stage (for mylti-stage
pumps and {fter booster
stage).
3.3 Qxidizer pressure after the Parameter 3|5 is meas-
s A A A A
booster pump of oxidizer ured by meajns of sen-
3.4 Fuel pressure after the booster sors allowing to measure
A A A A pressure chgnge under
pump of fuel |
the transienf process.
3.5 (as pressure in the gas generator A A A A Under sampling accept-
(at the turbine inlet) ance tests offengines
without afterburning,
parameter 3|5 is sub-
jected to be measured if
the engine cpnstruction
provides the ability of
the respectiye sensors
installation.
3.6 Igniter chamber pressure A A A A
3.7 Propellant pressure at the input to
: A A A A
steeffing actuators
3.8 Propellant components pressure
befofe the combustion chamber X2.3 X2.3 X2.3 X2.3
injecftors
3.9 (fas pressure after the‘turbine A A A A
Parameter 3|10 belongs
3.10 [Gas pressure;ih gas generators of to gas generptor pres-
o A A A A A
the dressurizatioh system of tanks surization system of
tanks.
3.11 Préssure drop on the flow regu- A A A A
latorof-a propellant
3.12 Driving pressure in the regulator A A A A
assembly
© IS0 2015 - All rights reserved 5
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Table 1 (continued)

LRE type
Description of a parameter w1thoutiar11fgterburn- with afterburning Note
for LV for SV for LV for SV
1. Parameters characterizing test operation conditions
3.13 Fuel pressure pulsations before X X X X Parameters 3.13 and
injectors of the combustion chamber 3.14 3.14 3.14 314 13 14 under Sampling
3.14 Oxidizerpressure pulsations Acceptancigest Oftthe
L r T . engines without aftdr-
before injectors of the combustion X313 X313 X313 X313 burning are subjetted
chamber 4
to be measured if the
3.15 Fuel prgssure pulsations before engine construction
injectors of the gas generator cham- A A A A providesthe capability
ber of the-réspective serfsors
3.16 Oxidizer pressure pulsations instatation.
before injectors of the gas generator A A A A Measure pressure
chamber results are used for
3.17 Pressurg pulsations in the com- assessment of vl\)/.(;-rk- .
bustion charhber and the gas genera- A A A A 1r}11g prg)cess Zta tity)in
tor (at the tufrbine inlet) :t(?:n €rand gas gemer-
3.18 Pres.sugt-:‘ puls.atioins of fuel com- A A A A
ponents in the engine inlet
3.19 Vibro-oyerloads of the LRE X3.20 X3.20 X320 X3.20 |The decision for parpm-
chamber on the plane which is paral- eters 3.19 to 3.21 ar¢ to
lel to the majn axis of the chamber be measured obligaffory
for new types of LRE is
taken according to the
results of the developp-
ment work.
3.20 Vibro-operloads of the LRE
chamber on the plane which is per-
pendicular tp the main axis of the X311 X3.19 X3.19 X3.19
chamber
3.21 Vibro-oyerloads of the gas gener-
ator on the pllane which is parallelto A A A A
the main axip of the gas generator
3.22 Vibro-oyerloads of the'gas gen- The decision for parpm-
erator on thg plane which'is perpen- A A A A eters 3.22 to 3.24 arp to
dicular to the main axisof the gas be measured obligatfory
generator for newly-designed LRE
3.23 Vibro-opérlpads of the TPU on is taken according t¢ the
o e W . , \ , \ results of the develop-
the plal’le WHTCIT TS PdIdIICT LU UIC ITIdIIT JAY JAY JAY JAY t k fLRE
axis of the TPU ment worko '
3.24 Vibro-overloads of the TPU on
the plane which is perpendicular to A A A A
the main axis of the TPU
3.25 Gas temperature at the gas gen- A A A A Parameter 3.25 under
erator exit (before the turbine) Sampling Acceptance
Test of the engines with-
out afterburning is sub-
jected to be measured if
the engine construction
provides the ability of
the respective sensors
installation.

© ISO 2015 - All rights reserved
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Table 1 (continued)

LRE type

without afterburn-
ing
for LV for SV for LV for SV

Description of a parameter with afterburning Note

1. Parameters characterizing test operation conditions

3.26 Gas temperature in the injector A A A A

cavity of the combustion chamber

3.27 Tpmpprnfnrp afthe r‘nnling com-

pongnt pumped to the combustion A A A A

chamber injector

3.28|Temperature of propellant

component in elements of its input to A A A A

steering actuators

3.29|Structural components tem-

perature of the engine under the A A A N

heat{shielding material in the area of

the Heat flows effect

3.30|Engine Structural components

temperature which are under active A A A A

templerature control

3.31|Gas temperature at the exit from Parameter 3|31 belongs

the gas generator of the pressuriza- o o o o to the gas generator air

tion pystem pressurizatipn systems
of tanks.

3.32[Fuel flow rate in the gas gener- A A A A Parameters B.32 and

ator 3.33 are subjected to be

3.33|0xidizer flow rate in the gas A A A A measured_lf the engine

enefator constructior) provides

& installation pf the flow
rate meters pf acceptable
accuracy. Otherwise,
the user shofild install
stands flowimeter the
required acduracy (at
SST).

3.34|Flow rate through the flow reg- o o o o

ulatqr

3.35[Rotational velocity of the TPU o o o o For restartaple space

rotor shaft engines (impulse
engines) the|control
system of which doesn’t
provide theinformation
of the rotational velocity
of the TPU rotor shaft,
measuring of parameter
3.35 is optional.

3.36 Rotational velocity of the BTPU A A A A

rotor shaft

3.37 Angle of rotation of AVR and FCR o o o o

system drive

3.38 Angle of rotation of throttle of o o o o

TDS

3.39 Angle of rotation of steerable o o o o

chambers of LRE

© IS0 2015 - All rights reserved 7
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Table 1 (continued)

LRE type

without afterburn-
ing
for LV for SV for LV for SV

1. Parameters characterizing test operation conditions

Description of a parameter with afterburning Note

3.40 Force on the actuators of the

rocking chambers of LRE A A A A
3.41 Deviatiqn nng]r—\ of the thrust Eor engines with gas
vector (meaquring of side force) X3.40 X3.40 X3.40 X3.40 blowing to the combjus-

tion chamber

For engines with gas
3.42 Pressurfe of the blown gas X3.39 X3.39 X3.39 X3.39 blowingte'the combjus-
tion chamber

3.43 Fuel flow continuity in front of

o o o o
the pump
3.44 Oxidizef flow continuity in front o A o A
of the pump
3.45 LRE opérational capacity at the o o o 5

test

NOTE 1 Conjtrol of separate specified parameters can be realized by mmeans of measuring of other parameters
specified in PD if the customer is satisfied with the precision.

NOTE 2 Such parameters as pressure in front of (after) PA, FCR,’€FC, TDS are subjected to be measured in|case
that the spedified parameters are necessary to determine the-calculated values of the main (specified) LRE
characterist]cs.

NOTE 3 Whien testing the engines to cryogenic fuels fufther measure parameters that characterize the aggre-
gate state components fuel (temperature, pressure).

Table 2|— The measured parameters at qualification tests of LRE (in addition to Table 1))

LRE type
Description|of a parameter w1thouti:;llfgterburn- with afterburning Note
for LV for SV for LV for SV
1. Pressure df subsidiary gases in the Composition of pargm-
stand platform (under the-using of A A A A eters measured under
them during|the engitie tests) the qualification tedts
of LRE can be supplg-
2. Vibro-overloads on the engine bed mented according t the
in the place ¢f'sealing to the movable N A A N schedule of qualificg-
stand bed on the planes which are par- tiontests agreed upon
allel and normal to the engine axis with the designer of the
engine.
Table 3 — Parameters of LRE measured at flight tests
LRE type
Description of a parameter without afterburn- | with afterburning Note

ing

for LV | for SV for LV | for SV

1. Parameters characterizing test operation condition

1.1 Ambient pressure . | . . | o

8 © IS0 2015 - All rights reserved
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Table 3 (continued)

LRE type
Description of a parameter w1thouti:;|1fgterburn- with afterburning Note
for LV for SV for LV for SV

1.2 Ambient temperature . . . .

1.3 Ambient humidity o o

1.4 Direction and speed of air o o o o

1.5 Hueltemperature at engine mlet 5 5 5 5

and 3t flow rate meters (if applicable)

1.6 Jhemical composition of the fuel o o o o

components

1.7 Specific weight of t_he fuel compo- o o o o

nentf (except cryogenic)

2. Main parameters

2.1 Mass outflow of fuel components

throfigh the engine (engine nozzle) per A A A A

second

2.2 Jombustion chamber pressure X34 X34 X34 X34

2.3 fue} components pressure at the o o o o

engipe inlet

3. Parameters characterizing the ability of an engine’to operate without any degradation

3.1 Oxidizer pressure after the pump A A A A Parameters|3.1 and
3.2 are subjg¢cted to be
measured after every
stage (for multi-stage
pumps) and|after
booster stage.

3.2 Huel pressure after the pump o o o o

3.3 (as pressure in the gas generator A A A A

chanpber (at the turbine inlet)

3.4 Propellant components-pressure

befofe the combustion/chamber injec- X222 X2.2 X222 X2.2

tors
Parameter 3.5 belongs

3.5 Igniter chamber pressure A A A A to the enginges with the
engine starfing system.

3.6 Hropellant pressure in the ele-

: A A A A

mengs of'vernier thruster
Parameter 3.7 belongs

3.7 Gases pressure of tank pressuri- o o o o to the gas generator air

zation pressurization systems
of tanks.

3.8 Gases pressure after the turbine A A A A

3.9 Pressure fall in AVR A A A A

3.10 Fuel pressure pulsations before

injectors of the combustion chamber A A A A

and gas generator

3.11 Oxidizer pressure pulsations

before injectors of the combustion A A A A

chamber and gas generator

© ISO 2015 - All rights reserved
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Table 3 (continued)

Description of a parameter

LRE type

without afterburn-

ing

with afterburning

for LV

for SV

for LV

for SV

Note

3.12 Pressure pulsations in the com-
bustion chamber and the gas genera-
tor (at the turbine inlet)

A

A

A

A

3.13 Pressure pulsations of fuel com-

ponents at t}

€ engine inlet

3.14 Vibro-o
ber, gas gene
planes whicH
dicular to th

erloads of the LRE cham-
rator, and TPU on the

are parallel and perpen-
P axes of units

3.15 Vibro-o

ing point to

verloads towards the axis

of the unit 01 engine bed at the fixtur-

nit body

ator exit (be

3.16 Gas temlperature at the gas gener-

fore the turbine)

cavity of the
(after the tui

3.17 Gas temjperature in the injector

combustion chamber
bine)

3.18 Temper
component f
chamber injg

hture of the cooling
umped to the combustion
ctor

3.19 Propelld
ture in the v

nt component tempera-
bnires thruster

3.20 Gas tem
the gas gene
tion system

perature at the exit from
ator of the pressuriza-

Parameter 3.20 belangs
to the gas generator| air
pressurization syst¢m

of tanks.

3.21 Rotatio
rotor shaft

hal velocity of the TPU

3.22 Rotatio
rotor shaft

hal velocity of the BTPY

3.23 Angle o
systems driyf

F rotation of AVR\and FCR

[¢)

3.24 Angle o
TDS

F rotationof throttle of

3.25 Angle o

F Yotation of steer able

combustion ¢hambers

3.26 Deviation angle of the thrust
vector (measuring of side force) for
the engines with gas blown to the
combustion chamber

X3.27

X3.27

X3.27

Parameter 3.26 can

be substituted for the
pressure of blown gas
if there is the valid
correlation between the
side force and the gas
pressure.

3.27 Pressure of the blown gas (devi-
ation angle of gas shaft distributor)
for the engines with blown gas to the
combustion chamber

X3.26

X3.26

X3.26

10
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