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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

This Internati

onal Standard addresses flight environment measurements, data processing and analysis, and

reports of analysis results. If launch vehicle (LV) environmental specifications are exceeded, the LV and
spacecraft (SC) agencies can perform an analysis to determine the cause of the problem.

ment
state

pressure andl temperature. Requirements include number, Iocatlon range and frequency of measurement

devices.
Data process

Flight measu

The report on flight environment analysis results records all the above informationi

ing and analysis include data pre-processing, data processing and formats of delivered datq.

rement plan formats are provided.
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For the purposes of this document, the following.terms and definitions apply.

2.1
cut-g
load

2.2
grou
spac

2.3
lift-o
laundg

NOTE

Terms and definitions

Bcope

International Standard provides basic requirements for the measurement of the~spa
bnments generated by the launch vehicle, telemetry data processing and formats-of/analysis

nternational Standard defines the field and number of measurement paramegters, the pring
ssing, the format of delivered data and the content and the form of the flight environment an

telemetry data are used to verify if flight environment conditions: exceed pre-flight g
bnmental test results. In the event of a launch failure, adequate flight environment data
tigating and analysing failure causes.

International Standard is applicable to commercial launch\vehicles and related ground pr
r which launch vehicle agencies are selected.

ff
case when the engine thrust begins to decrease from current value to zero

hd transportation
peraft transportation@tylaunch site

Ff
h vehiclezmotion when the vehicle's contact is terminated with launch pad or other support d

This is commonly called “first motion” of the vehicle. Possible abnormal cut-off is also included.

24

cecraft flight
reports.

iples of data
alysis report.

nalyses and

Can assist in

pcessing, no

Bvices

load

case

event in spacecraft service life during which essential mechanical environments are expected

2.5
maxi
flight

2.6

mum dynamic pressure phase
phase when dynamic pressure reaches its maximum value

minimum sampling frequency
minimum number of data points of measurement fields collected per second
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2.7

spacecraft-to-launch-vehicle interface

SC/LV interface

mechanical interface that connects spacecraft (or spacecraft-provided adapter) to launch-vehicle-provided
adapter

2.8
separation
separations of launch vehicle stages, boosters and other structural elements (e.g. fairing jettison)

29
steady-statg-aceeleration
constant accgleration that generates static loads.

210
transonic phase
flight phase Wwhen the Mach number is in the range of 0,8 to 1,2

3 Abbreyiated terms

LV laungh vehicle

PSD powar spectral density
SC spacgcraft

SPL  sounfd pressure level
SRS shock response spectrum

RMS root mean square

4 Flight pnvironments, measurement fields and measurement requirements

4.1 Flight environments

4.1.1 Genedral

Different typgs of mechanical environments and thermal environments are described in 4.1.2 to 4.1.8 belgw.

4.1.2 Quasdi-static.load
The quasi-stati i i i i i e LV

centre of gravity.

4.1.3 Low-frequency vibration

Low-frequency vibration is the structural response generated mainly by thrust variation of the LV engines at
ignition and cut-off, by fluctuation of the pressure during the transonic phase, and by transient loads at stage
separation(s).

4.1.4 High-frequency vibration

High-frequency vibration is the structural response generated mainly by the LV engine noise and by the
aerodynamic noise. High-frequency vibration reaches the maximum during lift-off, ascent phase and transonic
flight.
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Acoustic noise

Acoustic noise is the sound pressure generated mainly by the LV engine noise and by aerodynamics. The
maximum fairing internal noise occurs during lift-off, ascent phase and transonic flight.

4.1.6

Shock

Shock environment consists of the transient response generated by the LV fairing jettison, stage separation(s)
and SC/LV separation(s).

4.1.7

Steady-state pressure

The
fairin
The
confi

4.1.8

The |
sun g

4.2

Meag
custdg
meag

JR— q
4

bteady-state pressure field consists of the instantaneous pressure of air outside the LVya
. The fairing internal pressure of air decreases gradually during the LV ascent phase due t
airing internal pressure of air is related to the flight trajectory, the shape of the fairing
jurations.

Thermal

aunch phase thermal environment is dependent on the fairing aerodynamic heating, the ra
nd the earth, and the space conditions.

Measurement fields

urement fields shall be determined by common agreement between the LV service provide
mer. Unless otherwise specified, the following measurement fields shall be planned and ¢
urements shall be conducted:

teady-state acceleration,

bw-frequency vibration,

— high-frequency vibration,

— acoustic noise,

PR q
4

PR q
4

hock acceleration,

teady-state pressure, and

— temperature!

4.3

Measurement requirements

4.3.1

d inside the
D air escape.
and the vent

Hiation of the

r and the SC
brresponding

—Numberand tocation of measurements

4311 Steady-state acceleration

As a minimum, steady-state acceleration shall be measured at one location in the LV longitudinal axis and the
two lateral orthogonal axes. The measurement location shall be close to the SC/LV interface.

NOTE In general, this practice is recommended for developmental flights, but is often not required for operational
systems.
© 1SO 2009 — All rights reserved 3
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4.3.1.2 Low-frequency vibration

As a minimum, low-frequency vibration shall be measured at one location in the LV longitudinal axis and the
two lateral orthogonal axes. The measurement location shall be close to the SC/LV interface.

4313 Hi

gh-frequency vibration

As a minimum, high-frequency vibration shall be measured at one location in the LV longitudinal axis and the
two lateral orthogonal axes. The measurement location shall be close to the SC/LV interface.

NOTE In general, this practice is recommended for developmental flights, but is often not required for operational
systems.

4.31.4 Acgoustic noise

As a minimum, acoustic sound pressure shall be measured at two points. The measurement\location shgll be
representativie of the acoustic field inside the fairing.

4.3.1.5 Shock acceleration

As a minimul

orthogonal a
NOTE In
systems.

M, shock acceleration shall be measured at one location in the, L\))longitudinal axis and inp one

is. The measurement location shall be close to the SC/LV interface.

general, this practice is recommended for developmental flights, but is often not required for operational

4.3.1.6 Steady-state pressure

As a minimu
chosen insid

NOTE In
systems.

M, steady-state pressure shall be measured atone location. The measurement location sh
e the fairing to indicate the ambient pressure.

general, this practice is recommended-far,developmental flights, but is often not required for operg

4317 T

As a minim

mperature

, temperature shall be measured at one location. The measurement location shall be ch

close to the $C/LV interface.

4.3.2 Meagurement range selection

The range oflmeasurement shall be properly defined by the LV agency.

4.3.3 Freqliency‘range and minimum sampling frequency

bl be

tional

osen

Frequency ranges and minimum sampling frequency shall be selected to provide representative measurement
results for flight environment characteristics evaluation.

Frequency ranges, corresponding measuring tool parameters and minimum sampling frequencies shall be
selected to prevent frequency masking phenomena.

Frequency ranges and minimum sampling frequencies shall be established in technical specifications and/or
in a statement of works by agreement between the SC and LV agencies.
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4.4 Flight measurement plan

The flight measurement plan shall be properly defined by the LV agency and shall be agreed by the SC

customer. It shall include the list, type, location, orientation, characteristics of the measurem

ent sensors,

ranges of frequencies, sequence of measurement, as well as the minimal sampling frequency of sensors

needed to fulfil the measurement requirements.
For each measurement sensor, the following are examples to be described in the plan:

— identification code,

— ype,

— Ipcation,

— direction (if applicable),
— Units,

— rnheasurement range,
— frequency range,

— gampling rate,

— gensitivity, and

— Qqccuracy.

5 DPata processing and analysis
5.1 | Data pre-processing procedure

5.1.1] General
The fime history of telemetry’data shall be examined for data quality. If the signal time history is

with ¢orresponding parameter physical nature, the signal shall be regarded as invalid. Telemetr
segmnents shall be idéntified and excluded from further processing.

5.1.2| Steady-state acceleration, steady-state pressure and temperature

Becaluse(steady-state acceleration, steady-state pressure and temperature change slowly alo
large|and unexpected changes of signal for a very short duration shall be regarded as corrupte

inconsistent
malfunction

ng with time,
 data points

and stattbedefetedorreptaced withadjacentdata poirts:

5.1.3 Low-frequency vibration, high-frequency vibration, acoustic noise and shock acceleration

5.1.31 Data quality identification

The time history shall be plotted and examined for data quality. The signal amplitude should be properly

evaluated to determine whether the signal is regarded as valid or invalid.
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5.1.3.2 Pseudo-signal identification

The pseudo-signal is identified as a random signal with a value significantly greater than the root mean square
of the validated signal for a short period. Pseudo-signal shall be discarded.

5.1.3.3 Zero drift elimination

Low-frequency vibration, high-frequency vibration, acoustic noise and shock acceleration signals shall be
processed to eliminate zero drift.

5.1.3.4 Mean value correction

Low-frequengy vibration signals shall be processed to correct for mean value error.
5.2 Data processing requirements

5.21 Steadgy-state acceleration

Steady-state|acceleration shall include a time history plot covering the flight from lift-off to SC/LV separat{on(s).
5.2.2 Low-frequency vibration

5.2.21 Processing method
Low-frequengy vibration data shall be processed into a shock.‘response spectrum (SRS). SRS shall be

transformed [to equivalent sinusoidal vibration levels. The value of damping ratios shall be defingd in
agreement bptween the SC and LV agencies.

5.2.2.2 Processing of discrete phases

The following discrete phases of the launch profile shall be processed:
— ground ffansportation (if applicable),

—  lift-off,

— transonig¢ phase,

— maximum dynamic pressdre phase,
— stage s¢paration(s),

— fairing jgtison,

— SCJ/LV separation(s), and

— any other large vibration phases.
5.2.3 High-frequency vibration

5.2.31 Processing method

The frequency spectrum analysis shall be carried out for high-frequency vibration signals. High-frequency
vibration data shall be processed into power spectral density (PSD).
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5.2.3.2 Processing of discrete phases

The following discrete phases of the launch profile shall be processed:
— ground transportation (if applicable),

— lift-off,

— transonic phase,

— maximum dynamic pressure phase, and

— zlny other large vibration phases.
5.2.4] Acoustic noise

5.24|1 Processing method

The frequency spectrum analysis shall be carried out for acoustic noise signals. Acoustic noise Hata shall be
procassed into 1/3 octave or one octave sound pressure level (SPL).

5.2.4|2 Processing of discrete phases

The fpllowing discrete phases of the launch profile shall be pracessed:
—  ||ft-off,

— fransonic phase, and

— fnaximum dynamic pressure phase.

5.2.5| Shock acceleration

5.2.511 Processing method

The frequency spectrum analysis shall be carried out for shock signals. Shock data shall be p:I‘ocessed into
SRS and the value of damping ratios shall be defined in agreement between the SC and LV agencies.

5.2.5|2 Processing of discrete phases
The fpllowing.discrete phases of the launch profile shall be processed:

— LV stage separation(s),

— fairing jettison, and
— SCJ/LV separation phase(s).
5.2.6 Steady-state pressure

Steady-state pressure data shall include a time history plot covering the flight from lift-off to fairing jettison.

5.2.7 Temperature

Temperature data shall include a time history plot covering ground transportation (if applicable) and the flight
from lift-off to fairing jettison.
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