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Foreword

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

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

The document provides users, designers, and manufacturers of liquid rocket engines with requirements and
guidance for parameters, measured during firing bench and flight tests. Parameters to be measured are
used for reliability analysis and quality control of liquid rocket engines.

The parameters listed in the document characterize performance of liquid rocket engines and they are used
to evaluate the technical condition of engines (operable, inoperable), their conformity with the specified
requirements and whether engines are available to be delivered to a user and put into operation. ISO 15865
is used to assess conformity of liquid rocket engines to the specified requirements.

Uniform requirements for the parameters, measured during firing bench and flight tests of liquid rocket

engines, er

— quality

1 Lell -
SUI'C UIC T0IIOWIIlg.

r and reliability of developed and operated liquid rocket engines;

— compalrison of liquid rocket engine test results;

— endpr

The engine
account th

This docun
liquid rock

pduct safety and environmental protection.

developer may identify an additional list of measured parameters-for specific items,
bir design features.

hent makes it possible to develop uniform criteria for perforinance evaluation and con|
et engines, created by different countries, based on firing-bench and flight tests result

taking into

\parison of

D.
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Space systems — Measured parameters at firing bench and
flight tests of liquid rocket engines

1 Scope

This document specifies requirements for the list of parameters, measured during firing bench and flight

tests. The
to the user

a)
b)
9
d)

operat
with a
low-th
with a

The docun
processing

The docunj

2 Norm

The follow
requireme
the latest ¢

ISO 15864
[SO 24917,

3 Term

No terms ajnd definitions,aréelisted in this document.

ISO and IE
ISO On

IEC El4

EUUITENENtS Of tire docurment apply to att the types of expendable tiquid Tocketengi

ing on all types of propellant (including cryogenic);
fterburning (with gradual burning) and without afterburning (without gradual burnin
rust engines: one component (monopropellant) and two-component (bipropellant);
single firing or multiple firings.

ent doesn’t specify firing bench test preparation and testing procedure, methods of {
and analysis, or requirements to measurement accuracyx

ent specifies mandatory and optional parameters.

ative references

ng documents are referred to in the text in\such a way that some or all of their content
hts of this document. For dated referenges, only the edition cited applies. For undated
dition of the referenced document (iricluding any amendments) applies.

Space systems — General test methods for spacecraft, subsystems and units

Space systems — General testvequirements for launch vehicles

s and definitions

[ maintainterminology databases for use in standardization at the following addresse

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

ps supplied

g);

est results

ronstitutes
references,

2]

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

4 Abbreviated terms

AVR
BTP
CFC
CPT
DD

apparent velocity regulator
booster turbo pump
component-flow controller
certification periodic test

design documentation

© IS0 2024 - All rights reserved
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EV electric valve

FCR controller of the propellants ratio in a combustion chamber

[pCT in-process control test

LV launch vehicle

LRE liquid rocket engine

LTE low thrust engine

PA pressure alarm

QT qualification test

R&D research and development

SC spacecraft

SPT special periodic test

TDS tank depletion system

TP turbopump

5 General

5.1 The main purpose of LRE and LTLRE parameters measurement while performing ground
tests is to pbtain information for assessment of parameter conformity to DD requirements, reli

quality ana

5.2 Para
requireme

a) param
b) main g
c¢) keype

d) param

5.3 Para

lysis of supplied engines.

nts of this document are appliedyfall into the following groups:
eters, characterizing test environment (5.3, 5.4);

arameters (5.5);

Fformance parameters (5.6);

feters, characterizing the engine ability to operate without any degradation (5.7).

meters, ¢haracterizing test environment, include:

a) param

b) propel

ters'of natural and artificial environmental impacts;

and flight
ability and

meters, which should be measured;during fire bench and flight tests of LRE, angl to which

r’\“ s ct
THrco-tottr

ek Bl
Tt

5.4 Parameters, characterizing test environment, are used to evaluate conformity of physical environment
and propellants status before and during tests to the requirements of the test specification, and ensure that
the corrected characteristics of an engine (thrust, specific impulse) are identified.

5.5 Main parameters define how the engine performs the specified functions; and they are set by technical
documentation requirements of the engine developer.

5.6 Key performance parameters characterize the engine performance and define whether a test is
passed or not. Key performance parameters may be obtained either directly from measurements or from
calculations. The parameters shall comply with DD requirements of the engine developer.

© IS0 2024 - All rights reserved
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5.7 Parameters, characterizing the engine ability to operate without any degradation, are used to control
the engine health by estimating values of loads, which act on the engine’s assemblies.

This group comprises parameters, whose values cannot be determined directly by measurements, taken
during assembly manufacturing process. Among these parameters are particularly ones, characterizing
vibration strength and heat-resistance of the combustion chamber and the gas generator and stability of the
assemblies operating process. In case of emergency, these parameters (together with the main parameters
and parameters, characterizing test conditions) are used to analyse causes of emergency.

5.8
and flight t

ests.

It is recommended to use sensors of the same type to measure similar parameters during static fire

6 Listo

6.1 Gen

Parameter

f parameters, measured during LRE tests

bral

5, measured during firing bench and flight tests of the engine, ar€)summarij

correspondling tables.

Static fire

tests of launch vehicles shall be conducted in accordance withi~the general requi

ed in the

rements in

5 a part of

[SO 24917.

Goals and ¢bjectives of flight tests shall be as specified in [SO 15864.

Depending|on their importance, parameters, measured during aniengine test, fall into the following groups:
a) manddtory;

b) optionpl;

c) interchangeable.

The term |optional parameter” means (in cases, when a corresponding assembly or a unit i

the engine) that, according to the approved-decision of a liquid engine developer, its measurement is not
mandatory, as opposed to a mandatory parameter, which shall be measured and recorded.

Additions 1

may be made to the set of-parameters, which are measured during LRE QT, in accord

QT prograin, agreed upon with the'engine developer.

The “Comn|

6.2 List

The list of
periodic te]

nent” column providestrequired clarifications and additions to certain parameters.

of parameters, measured during LRE firing bench test

pptionaland mandatory parameters to be measured during in-process control test, ¢
5t and special periodic test (IpCT, CPT and SPT) of LRE is provided in Table 1.

hnce to the

brtification

© IS0 2024 - All rights reserved
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Table 1 — Parameters, measured during IpCT, CPT, SPT

LRE type Comment
Letter symbol |[Measurement unit Without afterburning With afterburning
For LV For SC For LV For SC
1 Parameters, characterizing test environment
1.1 Ambient pressure Pamb kPa 0 (0] 0 0
1.2 Ambient temperature Tamb OI( 0 (0] 0 0
§9)
1.3 Ambient humidity H,op % A
1.4 Air flows direction and cpnpr‘l w ml/c
1.5 Propellan{s temperature at p K 0 (0] 0 0
flow sensor lojcations and at the tinlet °Q)
engine inlet
1.6 Propellangs density (except P kg/m3 0 0 0 4]
cryogenic)
1.7 Dissolved gases content in 8as % 0 0o (0] (o]
propellants when performing p
tests with forged gas saturation
1.8 Propellants pressure at the 0X mPa X110 X410 X510 X410 |Sensorgare used,
engine inlet inlet (kgf/cm?) which rpake it
P_fuel possiblg to measure
inlet pressutfe during
transiept processes:
at startjand during
the chahge of the
engine pperating
mode
2 Main parameters
2.1 LRE thrusf R N 0 (0] 0 0
(kgf)
2.2 Mass outflow of oxidizer mox kg/s 0 (0] 0 0
and fuel throygh the engine per .
second mg
2.3 Mass outflow of oxidizer and m kg/s o 0 0 0
fuel through the engine chamber ox.n
nozzle per seqond mg.n
2.4 Fuel pressjre upstream of the P mPa 0 (0] 0 0 Sensor§ are used,
L f.A . -
chamber injedtors (kgf/cm?) which rhake it
possiblg to measure
pressuie for parame-
ters 2.4to 2.7 during
transiept processes:
at startJand during
the chapge of the
engine pperating
mode
2.5 Oxidizer pressure upstream P mPa 0 0 0 0 For LR without
= 0x.A ;
of the chambdr injecters (kgf/cm?) afterburning
Key

0 — mandatory parameter
e — parameter measurement is not regulated by the document
A — optional parameter

X,, — interchangeable parameter subject to mandatory measurement, where m is the numerical order of a parameter in the corresponding table, which can be used
instead of the parameter, specified in parameter m in this table

Parameters, which characterize test environment, shall be measured before the engine is fired.

NOTE 1 Certain parameters, specified in the parameter table, can be controlled by measuring other parameters, specified in DD, if the customer is satisfied with
control accuracy.

NOTE 2 Such parameters as pressure upstream(downstream) of PA, FCR, CFC, TDS are to be measured if the specified parameters are necessary to determine the
estimated values of the main (specified) LRE characteristics.

NOTE 3 When performing test of cryogenic engines, in addition parameters are measured, which characterize the aggregate state of propellants (temperature,
pressure).

© IS0 2024 - All rights reserved
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Table 1 (continued)
LRE type Comment
Letter symbol |Measurement unit Without afterburning With afterburning
For LV For SC For LV For SC
2.6 Gas medium pressure up- P mPa o 0 0 0 For LRE with after-
. gm .
stream of the chamber injectors (kgf/cm?) burning
c.inj
2.7 Combustion chamber pres- P.. mPa 0 o (0] (0]
sure ’ (kgf/cm?)
2.8 Run-up time of heat exchang- Thg- S 0 0 0 0
ers, which are used to heat tank
pressurizatiofi gases
2.9 Pressurizing gases pressure P, mPa 0 o (0] (0] Ifthe’tqnk pressuri-
(kgf/cm?) zation glements, heat
exchanger elements
are avajlable
2.10 Pressuriging gases flow rate m kgf 0 (0] 0 0 If the tdnk pressuri-
p-8- zation ¢lements, heat
exchanger elements
are avajlable
2.11 Pressuriging gases temper- Tog K 0 0 0 0 If pressjurization ele-
ature (°C) ments qre available
2.12 Positiond of flow regulators ?r 4 radian 0 0 0 0 If the flpw regulators
drives, operatiing mode r drives 4re available
2.13 Position pf mixture ratio ¢t d radian 0 (\] (0] (0] If the tHrottle drives
throttle drivep ’ are avajlable
3 Key perforimance parameters
3.1 Nominal epgine thrustrun-up | Tryn_upnom. s 0 0 (0] 0 % of nojminal thrust
is speciffied by the
engine fleveloper
3.2 Engine sp¢cific impulse: Lspecyac m/s 0 0 (0] 0
IspecAgr
— invacuuny;
— onthe ground
3.3 Adjustment accuracy for pro- 6C; % 0 (0] 0 0
pellants mass|flow rate ratio
3.4 Adjustment accuracy for 6P, % 0 0 0 0
chamber prespure
3.5 Starting gfadient of engine Ve N/s 0 0 0 0 The LV developer
thrust change decided, whether
maximyim or average
gradienft is applied
3.6 Cutoff graflient of engine Veutoff N/s 0 0 (0] (0] The LV developer
thrust changd decided, whether
maximyim or average
gradienjt is applied
Key
0 — mandatory|parameter

e — parameter measurement is not regulated by the document

A — optional parameter

X,, — interchangeable parameter subject to mandatory measurement, where m is the numerical order of a parameter in the corresponding table, which can be used
instead of the parameter, specified in parameter m in this table

Parameters, which characterize test environment, shall be measured before the engine is fired.

NOTE 1 Certain parameters, specified in the parameter table, can be controlled by measuring other parameters, specified in DD, if the customer is satisfied with
control accuracy.

NOTE 2 Such parameters as pressure upstream(downstream) of PA, FCR, CFC, TDS are to be measured if the specified parameters are necessary to determine the
estimated values of the main (specified) LRE characteristics.

NOTE 3 When performing test of cryogenic engines, in addition parameters are measured, which characterize the aggregate state of propellants (temperature,
pressure).

© IS0 2024 - All rights reserved
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Table 1 (continued)
LRE type Comment
Letter symbol |Measurement unit Without afterburning With afterburning
For LV For SC For LV For SC

3.7 Time difference between Ttd S A A A A The LV developer

engines run-ups en decides, whether this
parameter needs to
be applied

3.8 Temperature of the oxidizer Tgas K (0] (0} 0 (0]

tank pressurizing gas o.t.p (°C)

3.9 Temperature of the fuel tank T8as K (0] (0]} (0] (0]

pressurizing §as T.T.p (°C)

4 Parameter$, characterizing the engine ability to operate without any degradation

4.1 Oxidizer pfressure at the pump pOx mPa 0 (0] 0 0

outlet p-out. (kgf/cm?)

4.2 Fuel presspure at the pump Pf mPa X4 X47 X4z Xy 7

outlet p.out (kgf/cm?)

4.3 Oxidizer pressure at the pOX mPa A A A A

booster pump|outlet bp.out (kgf/cm?)

4.4 Fuel presspure at the booster Pf mPa A A A A

pump outlet bp.out (kgf/cm?)

4.5 Gas pressyre in the gas P mPa (0] 0 (0] (0] Paramdter 4.5 is to

generator 88 (kgf/cm?) be measured, when
perforring CPT of
engineq without
afterbufrning,
providgd that the
engine flesign allows
for insthllation of
respectlive sensors

4.6 Combustign starter chamber P h mPa A A A A For englines, which

pressure ch.cs (kgf/cm?) are stafted, using a
pyroteghnic device

4.7 Steering aftuators inlet P mPa X420 X4 X40 X4 Steering actuator is

pressure s-a (kgf/cm?) a devic¢, designed
to provjde engine
chambgrs gimbaling
and thrfust vector
control

4.8 Gas pressyre at the turbine P mPa A A A A

tiout

outlet (kgf/cm?)

4.9 Gas pressyre in tank pressuri- Pt mPa X18 X138 X138 X138 Paramdter 4.9 is

zation system| P (kgf/cm?) applicaple to the
gas-gerjerating
tank pressurization
systemp

4.10 Pressure|drop atthe propel- APﬂ mPa A A A A

lants flow rat¢ confroller e (kgf/cm?)

Key

0 — mandatory parameter
e — parameter measurement is not regulated by the document
A — optional parameter

X,, — interchangeable parameter subject to mandatory measurement, where m is the numerical order of a parameter in the corresponding table, which can be used
instead of the parameter, specified in parameter m in this table

Parameters, which characterize test environment, shall be measured before the engine is fired.

NOTE 1 Certain parameters, specified in the parameter table, can be controlled by measuring other parameters, specified in DD, if the customer is satisfied with
control accuracy.

NOTE 2 Such parameters as pressure upstream(downstream) of PA, FCR, CFC, TDS are to be measured if the specified parameters are necessary to determine the
estimated values of the main (specified) LRE characteristics.

NOTE 3 When performing test of cryogenic engines, in addition parameters are measured, which characterize the aggregate state of propellants (temperature,
pressure).

© IS0 2024 - All rights reserved
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Table 1 (continued)
LRE type Comment
Letter symbol |Measurement unit Without afterburning With afterburning
For LV For SC For LV For SC
4.11 Driving pressure in control P tr mPa o 0 0 0
assemblies con (kgf/cm?)
4.12 Pressure vibration ampli- Afuel mPa A A A A Parameters 4.12,
tude upstream of inj.c (kgf/cm?) 4.13 under CPT of
The chamber fuel injectors engines without
fterburni t
4.13 Pressure vibration frequen- ffuel Hz A A A A %e frfeélsr;l;:g ?;ihg
cy upstream of the chamber fuel inj.c engine desigrll allows
injectors for insthllation of
respective sensors
4.14 Pressure|vibration ampli- A%X mPa A A A A Paramdters 4.14
tude upstream of the chamber inj.c (kgf/cm?) dnd 4.1p under CPT
oxidizer injecfors of engifes without
4.15 Pressure|vibration frequen- fox Hz A A A A %gfgs;?rl:g ?;i}fg
cy upstream df the chamber inj.c engine :lesigrll allows
oxidizer injectors for insthllation of
respecffive sensors
4.16 Pressure|vibration ampli- Af mPa A A A A
tude upstream of the gas-gener- inj.gg (kgf/cm?)
ating fuel injeftors
4.17 Pressurelvibration frequen- ff Hz A A A A
cy upstream df the gas-generat- inj.gg
ing fuel injectprs
4.18 Pressure|vibration ampli- Afox mPa A A A A
tude upstrear of the gas-gener- inj.gg (kgf/cm?)
ating oxidizer|injectors
4.19 Pressurelvibration frequen- f~0)~( Hz A A A A
cy upstream df the gas-generat- nj.gg
ing oxidizer injjectors
4.20 Pressure|vibration ampli- Ac A A A A
tude in the cojmbustion chamber ¢ kof /Cmi2
A (kgf/cm?)
and in the gas|generator 88
4.21 Pressure|vibration frequen- F Hz A A A A
) . cc
cy in the comljustion chamber F
and in the gas|generator 98
4.22 Propellapts pressure vibra- AP mPa A A A A
tion amplitudf at the engine inlet en-inlet (kgf/cm?)
4.23 Propellants pressure fre- D Hz A A A A
quency amplifude at the engine fen.inlet
inlet

Key
0 — mandator
e — parameter

A — optional pg

parameter

rameter

X,, — interchan

neasurementis not regulated by the document

eable parameter subject to mandatory measurement, where m is the numerical order of a parameter in the corresponding table, w

ich can be used

instead of the parameter, specified in parameter m in this table

Parameters, which characterize test environment, shall be measured before the engine is fired.

NOTE 1 Certain parameters, specified in the parameter table, can be controlled by measuring other parameters, specified in DD, if the customer is satisfied with
control accuracy.

NOTE 2 Such parameters as pressure upstream(downstream) of PA, FCR, CFC, TDS are to be measured if the specified parameters are necessary to determine the
estimated values of the main (specified) LRE characteristics.

NOTE 3 When performing test of cryogenic engines, in addition parameters are measured, which characterize the aggregate state of propellants (temperature,

pressure).

© IS0 2024 - All rights reserved
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Table 1 (continued)
LRE type Comment
Letter symbol |Measurement unit Without afterburning With afterburning
For LV For SC For LV For SC
4.24 Engine chamber vibration A8:C m/s? X426 X426 X426 X426 |Fornewly developed
acceleration amplitude in the par. (g) LRE, decision on
plane, parallel to the assembly whether measure-
main axis ment of parame-
- - - ters 4.24-4.35 is
4.25 Engl'ne chamber v1_brat10r1 fe.c Hz X427 X427 X427 X427 mandatory, is based
acceleration frequency in the par on R&D results
plane, parallel to the assembly
main axis
4.26 Engine chamber vibration A8C m/c? X4.24 X4.24 X404 X404
acceleration amplitude in the norm (g)
plane, normallto the assembly
main axis
4.27 Engine chamber vibration e.c Hz X425 X425 X425 Xuis
acceleration ffequency in the norm
plane, normaljto the assembly
main axis
4.28 Gas genefator vibration ac- A88 m/s? A A A A
celeration amplitude in the plane, par (2
parallel to thdassembly main axis
4.29 Gas generator vibration ac- fgg Hz A A A A
celeration frefuency in the plane, par
parallel to thgassembly main axis
4.30 Gas genefator vibration ac- A88 m/s? A A A A
celeration amplitude in the plane, nor (g)
normal to thefassembly main axis
4.31 Gas generator vibration ac- gg Hz A A A A
celeration frefjuency in the plane, nor
normal to thefassembly main axis
4.32 Turbopup vibration accel- Atp m/s? A A A A
eration amplifude in the plane, par 3]
parallel to thg assembly main axis
4.33 Turbopump vibration accel- ftp Hz A A A A
eration frequ¢ncy in the plane, par
parallel to thdassembly main axis
4.34 Turbopupnp vibration accel- Atp m/s? A A A A
eration amplifude in the plane, nor (g)
normal to thefassembly main axis
4.35 Turbopump vibration accel- tp Hz A A A A
eration frequ¢ncy in the plane, nor
normal to thefassembly main axis
4.36 Vibration acceleration Aen.b m/s? 0 0 (0] (0]
amplitude on fhe engine bed.at par (g)
the point of it§ attachmentto'\the
movable standl bed in the plane,
parallel to thd engine. axis
Key
0 — mandatory|parameter

* — parameter measurement is not regulated by the document

A — optional parameter

X,, — interchangeable parameter subject to mandatory measurement, where m is the numerical order of a parameter in the corresponding table, which can be used
instead of the parameter, specified in parameter m in this table

Parameters, which characterize test environment, shall be measured before the engine is fired.

NOTE 1 Certain parameters, specified in the parameter table, can be controlled by measuring other parameters, specified in DD, if the customer is satisfied with
control accuracy.

NOTE 2 Such parameters as pressure upstream(downstream) of PA, FCR, CFC, TDS are to be measured if the specified parameters are necessary to determine the
estimated values of the main (specified) LRE characteristics.

NOTE 3 When performing test of cryogenic engines, in addition parameters are measured, which characterize the aggregate state of propellants (temperature,
pressure).

© IS0 2024 - All rights reserved
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Table 1 (continued)
LRE type Comment
Letter symbol |Measurement unit Without afterburning With afterburning
For LV For SC For LV For SC

4.37 Vibration acceleration fen.b Hz 0 (0] 0 0

frequency on the engine bed at par

the point of its attachment to the

movable stand bed in the plane,

parallel to the engine axis

4.38 Vibration acceleration Aen.b m/s? 0 0 0 0

amplitude on the engine bed at nor (g)

the point of its attachment to the

movable standl bed in the plane,

normal to thelengine axis

4.39 Vibratioi} acceleration en.b Hz 0 0 0 0

frequency on fhe engine bed at nor

the point of it§ attachment to the

movable standl bed in the plane,

normal to thelengine axis

4.40 Gas temperature at the gas T et K A A A A Paramdter 4.40

generator out|et (upstream of the gg.outle (°C) under (PT for

turbine inlet) engined without
afterbufrning is to
be meajured, if the
engine flesign allows
for instpllation of
respecffive sensors

4.41 Gas templerature in the gas K D o A A For englines without

injector cavity of the combustion injc.cc (°C) afterbufrning param-

chamber (downstream of the eter 4.41 is not to be

turbine) measuijed

4.42 Temperature of propellant T 1 K A A A A

cooling compg¢nent upstream coo (°C)

of the combusftion chamber

injectors

4.43 Propellant temperature at TP K A A A A

the inlet of stdering actuators st.inlet €

4.44 Temperafure of engine Ten.el K 0 A 0 A

structural elements under the under.hs (°C)

heat-shielding material in the

area of heat flpws impact

4.45 Temperature of engine Ten.el K 0 0 0 0

structural elefnents under ther- thermal (°C)

mal conditionfng

4.46 Gas templerature in the tank T8as K 0 0 0 0 Paramdter 4.46 is

pressurizatiofp system t.p (°C) applicaple to the
gas-gerjerating
tank pressurization
system§p

Key

0 — mandatory] parameter

¢ — parameter neastirement is not regulated by the document

A — optional parameter

X,, — interchangeable parameter subject to mandatory measurement, where m is the numerical order of a parameter in the corresponding table, which can be used
instead of the parameter, specified in parameter m in this table

Parameters, which characterize test environment, shall be measured before the engine is fired.

NOTE 1 Certain parameters, specified in the parameter table, can be controlled by measuring other parameters, specified in DD, if the customer is satisfied with
control accuracy.

NOTE 2 Such parameters as pressure upstream(downstream) of PA, FCR, CFC, TDS are to be measured if the specified parameters are necessary to determine the
estimated values of the main (specified) LRE characteristics.

NOTE 3 When performing test of cryogenic engines, in addition parameters are measured, which characterize the aggregate state of propellants (temperature,
pressure).
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Table 1 (continued)
LRE type Comment
Letter symbol |Measurement unit Without afterburning With afterburning
For LV For SC For LV For SC
4.47 Fuel flow rate through the mf kg/c A A A A Parameters 4.47,
gas generator g8 4.48 are to be meas-
5 ured, if the engine
4.48 Oxidizer flow rate through %% kg/c A A A A design allows %or
gas generator &8 installation of flow
meters with ade-
quate accuracy
4.49 Propellant flow rate through . p kg/c A A A A
the propellang flow controller e ¢
4.50 TP rotor phaft speed Mep cl 0 0 o o
(r/min)
4.51 BTP rotof shaft speed Mhtp cl A A A A
(r/min)
4.52 Angle of fotation of the AVR Pavr radian 0 o (0] (o]
and FCR systgm drive rer
4.53 Angle of the TDS throttle o DS radian 0 (0] 0 0
rotation
4.54 Angle of the engine steerable ds ¢ radian 0 0 (0] 0
chambers rotation '
4.55 Force at the actuators of the Fact N A A A A
engine tiltingjchamber t.ch
(m-kg/s*)
4.56 Lateral fgrce g N X457 X457 X457 X457 |Forenglines with gas
2 injectign into the
(m-kg/s") combugtion chamber
4.57 Pressurefof the gas, injected pig mpa X4.56 X456 X456 X456
into the combfistion chamber c.c (kgf/cm?)
4.58 Fuel flow continuity up- Pr % A A A A
stream of the pump
4.59 Oxidizer flow continuity P % A A A A
upstream of the pump ox
4.60 Engine fifing interval Ten S [0} 0 0 0

Key

0 — mandator
e — parameter
A — optional pg

X,, — interchan
instead of the p.

Parameters, whj

NOTE 1 Certain|
control accurac

NOTE 2 Such p3

parameter

neasurement is not regulatedby-the document

rameter

eable parameter subject'to mandatory measurement, where m is the numerical order of a parameter in the corresponding table, w

rameter, specifiedjf-parameter m in this table

ich characterize test environment, shall be measured before the engine is fired.

parametersyspecified in the parameter table, can be controlled by measuring other parameters, specified in DD, if the customer

a

rameters as pressure upstream(downstream) of PA, FCR, CFC, TDS are to be measured if the specified parameters are necessary tp determine the

estimated valug

s of.the main (specified) LRE characteristics.

ich can be used

s satisfied with

pressure).

NOTE 3 When performing test of cryogenic engines, in addition parameters are measured, which characterize the aggregate state of propellants (temperature,

Table 2 provides additional parameters, measured during qualification test (QT), if they are stipulated in the
QT program.
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Table 2 — Parameters, measured during the qualification test

Parameter title

LRE type

Letter sym-

bol

Measurement
unit

Without afterburning

With afterburning

For LV

For SC

For LV

For SC

Comment

1 Auxiliary ga

s pressure dur-

ing the engine test bench run

P.

aux.g

mPa
(kgf/cv?)

A

A

A

A

2 Vibration ac
plitude on the

axis

celeration am-
engine bed at

the point of its attachment to
the movable stand bed in the
plane, parallel to the engine

en.b
Apar

m/s?

(g)

0

0

0

0

3 Vibration ac,

eleration fre-

Hz

quency on the
the point of it
the movable s
plane, paralle
axis

engine bed at
attachment to
fand bed in the
to the engine

Jpar

4 Vibration ad
plitude on the|
the point of it
the movable s
plane, normal
axis

celeration am-
engine bed at
attachment to
fand bed in the
to the engine

en.b
Anor

m/s?

(g)

5 Vibration ag
quency on the
the point of it
the movable s
plane, normal
axis

celeration fre-
engine bed at
attachment to
fand bed in the
to the engine

en.b
nor

Key

A — optional pg

0 — mandatory]

rameter

parameter

6.3 List
The list of

of parameters, measured during LRE flight test

barameters to be measured during LRE flight test is provided in Table 3.

Table 3 — Parameters, measured during the flight test

jav]

hrameter title

LRE type

Letter symbol

Measurement

Without afterburning

With afterburning

Comment

unit

For LV | For SC For LV | For SC

1 Parameters, characterizing téstenvironment

1.1 Ambient pfessure Pamb kPa D D . o

1.2 Ambient t¢gmperature Tamb

(°9)

1.3 Ambient humidity H,mb % . . . .

1.4 Air flows diréction and speed W m/s Q 0

1.5 Propellants temperature in flow p K
sensor locations and at the engine inlet inlet (°C)

1.6 Propellant components density P kg/m3 0 0 0 0

(except cryogenic)

Key

0 — mandatory parameter

e — parameter measurement is not regulated by the document
A — optional parameter

X,, — interchangeable parameter subject to mandatory measurement, where m is the numerical order of a parameter in the corresponding table, which can be used
instead of the parameter, specified in parameter m in this table

Parameters that characterize test environment shall be measured before the LV launch.

© IS0 2024 - All rights reserved
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Table 3 (continued)

Parameter title LRE type Comment
Letter symbol |[Measurement Without afterburning With afterburning
unit ForLV  |ForSC  |ForLV  |ForSC
1.7 Propellants pressure at the engine pP mPa X47 X47 X47 X47
inlet inlet (kgf/cm?)
2 Main parameters
2.1 Propellants mass outflow through meyy kgf A [0} A o
the engine per second my
2.2 Propellants mass outflow through Moy n kgf A 0 A 0
the engine nozzle per second mg,
2.3 Combusti¢gm chamber pressure P mra X4 X4 X214 Xia
(kgf/cm?) ™
2.4 Run-up tirhe of heat exchangers, run—up s 0 (0] (0] Q
which are usefd to heat tank pressuriza- Tt.p .
tion gases b& ‘
3 Key perforiance parameters G-: y’
3.1 Nominal epgine thrust run-up Teun-up c 0 0 0 '\\) 0 % qf nomi-
nom naljthrustis
% spdcified by the
[ \ engdine developer
3.2 Specific inppulse in vacuum Lipecvac m/s 0 0, O\ 0 0
3.3 Adjustment accuracy for the propel- 0K, % (0] 6( 0
lants mass flow rate ratio O
3.4 Adjustment accuracy for the cham- 6P, % 0 \\\ 0 0 0
ber pressure KQ‘
3.5 Starting gfadient of the engine Vstart N/m o) i 0 0 0 The¢ LV developer
thrust changd s\\'Q dedides, whether
A makimum or
) h average gradient
\\ is applied
3.6 Cut-off grddient of the engine thrust Veutoff l\{@ - 0 0 0 0 The¢ LV developer
change dedides, whether
. C\)b makimum or
,-\\ average gradient
<\) is applied
3.7 Time diffefence between engine Ttd N s A A A A Th¢ LV developer
run-ups dedides, whether
thi$ parameter
C) neqds to be
. applied
3.8 Temperatiire of the oxidizer tank \.Dv Tgas K (0] 0 (0] (0]
ressurizing gas t °
p 8¢ PR p A
3.9 Temperatyre of the fuel ta@@s- Tra 3a K 0 [0} 0 [0}
surizing gas f.t.p (°C)
N AJ
4 Parameters, chara@z)ng the engine ability to operate without any degradation
4.1 Oxidizer press/l{?éthe pump poX mPa 0 0 0 0
outlet oA p.out. (kgf/cm?
4.2 Fuel presskreatthe-pump-sutlet D P o o P P
p.outlet (kgf/sz)
4.3 Gas pressure in the gas generator paas mPa A A A A
58 (kgf/cm?)

Key

0 — mandatory parameter

e — parameter measurement is not regulated by the document

A — optional parameter

X,, — interchangeable parameter subject to mandatory measurement, where m is the numerical order of a parameter in the corresponding table, which can be used
instead of the parameter, specified in parameter m in this table

Parameters that characterize test environment shall be measured before the LV launch.
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Table 3 (continued)
Parameter title LRE type Comment
Letter symbol |Measurement Without afterburning With afterburning
unit ForLV  |ForSC  |ForLV  |ForSC
4.4 Propellants (gas) pressure up- P-f . mPa X53 Xy3 X3 X3
stream of the combustion chamber nj.cc (kgf/cm?)
injectors
4.5 Combustion starter chamber P . mPa A A A A Parameter 4.5 is
pressure cs.c (kgf/cm?) applicable to the
engines, which
are fired, using a
starter system
4.6 Propellants pressure at the steering D mPa A A A A
actuators inleft Tact.inlet (kgf/cm?)
4.7 Pressure df the tank pressurizing P, mPa X17 X17 X1 X1 Parameter 4.7 is
gases P (kgf/cm?) appjlicable to the
tanlk pressuriza-
tio generating
sysfkems
4.8 Pressure gt the turbine outlet P mPa A A A A
t.outlet
(kgf/cm?)
4.9 Pressure qrop at FCR APFCR mPa A A A A
(kgf/cm?)
4.10 Pressure|vibration amplitude up- f mPa A A A A
stream of the fFombustion chamber and Acc.inj (kgf/cm?)
the gas genergtor fuel injectors f
Agg inj
4.11 Pressure|vibration frequency up- ff Hz A A A A
stream of the pombustion chamber and cc.inj
the gas genergtor fuel injectors fF .
g8-1n)
4.12 Pressure|vibration amplitude up- ox mPa A A A A
stream of the fombustion chamber and c.inj (kgf/cm?2)
the gas genergtor oxidizer injectors 0X
88.1n)
4.13 Pressure|vibration frequency up- 0X Hz A A A A
stream of the pombustion chamber and cc.1nj
the gas generdtor oxidizer injectors 0X
gg.inj
4.14 Pressure|vibration amplitude in Ac mPa A A A A
the combustign chamber and the gas A ¢ (kgf/cm?)
generator (at the turbine inlet) g
4.15 Pressure|vibration frequency in f. Hz A A A A
. cc
the combustiqn chamber and the gas
generator (at the turbine inlet) fgg
4.16 Propellafts pressure vibratien AP mPa 0 0 0 0
amplitude at he engine inlet en.inlet (kgf/cm?)
4.17 Propellafts pressuré€ vibration p Hz 0 0 o 0
frequency at the engine-ihlet fen.inlet
4.18 Engine clhambér,gas generator, Ae m/s2 A A A A
. ! . .ch
and turbo purhpvibration acceleration A ()
amplitude in the planes, parallel and 2g
normal to the assembly main axes At
p

Key

0 — mandatory

parameter

e — parameter measurement is not regulated by the document

A — optional pa

rameter

X,, — interchangeable parameter subject to mandatory measurement, where m is the numerical order of a parameter in the corresponding table, which can be used
instead of the parameter, specified in parameter m in this table

Parameters that characterize test environment shall be measured before the LV launch.
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Table 3 (continued)

Parameter title LRE type Comment
Letter symbol |[Measurement Without afterburning With afterburning
unit ForLV  |ForSC  |ForLV  |ForSC
4.19 Engine chamber, gas generator, f h Hz A A A A
and turbo pump vibration acceleration e.c
frequency in the planes, parallel and fgg
normal to the assembly main axes ft
p
4.20 Vibration acceleration amplitude A m/s? 0o 0 0 0
in the direction of the item axis, on the n. (g)
engine bed at the point of its attach-
ment to the item body
4.21 Vibratioracceteratiomfr CUUCIICY trr j b Hz © © © ©
the direction pf the item axis, on the en- en.
gine bed at the¢ point of its attachment
to the item bofdy
4.22 Gas tempglerature at the gas gen- T88 K A A A A
erator outlet (upstream of the turbine outlet 0
inlet)
4.23 Gas templerature in the injector Tinj.cav K o o 0 0 Forlengines
cavity of the gombustion chamber cc (°C) without after-
(downstream|of the turbine) buining parame-
teri4.23 is not to
be measured
4.24 Temperature of propellant cooling Tcool K A A A A
component ugstream of the combustion : (°C)
chamber injedtors
4.25 Propellants temperature at the Tst.act K A A A A
inlet of steeripg actuators inlet (°C)
4.26 Gas templerature at the outlet of T K {0) (0] 0 0
the tank presgurization system gas g-p- (°0)
generator
4.27 TP rotor phaft speed Mep cl 0 0 0 0
(r/min)
4.28 BTP rotof shaft speed Motp cl A A A A
(r/min)
4.29 Angle of fotation of the AVR and Pavr 0 0 0 0
FCR system dfive Prer
4.30 Angle of the TDS throttle rotation O Tps radian 0 0 0 0
4.31 Angle of ¢ngine tilting chambers (0] ¢ radian 0 (0] 0 0
rotation €
4.32 Thrust vgctor angle (lateral foree) ® th radian X433 X433 X433 X433 Paifameter 4.32
v may be replaced
by the injected
gagpressure,
prdvided that
thefeisa
well-founded
latgral force
degendence on
gagpressure
4.33 Pressure of gas, injected into a Pinj.g. mPa X432 X432 X432 X432 For engines with
nozzle of the chamber (gas shaft dis- n gas injection into
tributor deviation angle) the combustion
chamber

Key

0 — mandatory parameter

¢ — parameter measurement is not regulated by the document

A — optional parameter

X,, — interchangeable parameter subject to mandatory measurement, where m is the numerical order of a parameter in the corresponding table, which can be used
instead of the parameter, specified in parameter m in this table

Parameters that characterize test environment shall be measured before the LV launch.
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