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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IEC]TC 1.
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Introduction

This International Standard is the result of a willingness to harmonize the previous edition,
[SO 6487:2012, and SAE International’s Recommended Practice, SAE J211-1.

It presents a series of performance requirements concerning the whole measurement sequence of
impact shocks.

These requirements may not be altered by the user and all are obligatory for any agency conducting
tests to this International Standard. However, the method of demonstrating compliance with them is
flexible and can be adapted to suit the needs of the particular equipment used by a testing agency.

This

calib
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It is 1

intengled that any agency proposing to conduct tests to this InternationalyStandard guara

partic
This y

On thle basis of studies carried out by technical experts, no sighificant difference has be|

betwjq
meth
chany

The t¢
to corf
or bo
ATD 1
high-
acqui
requi

This
uncer

To su

hpproach affects the interpretation of requirements. For example, there is anret
ate within the working range of the channel, i.e. between F, and Fy/2,5. This cannot b
ly, as low-frequency calibration of accelerometers requires large displacement/input
ity of virtually any laboratory.

ot intended that each requirement be taken as necessitating proofsby a single test

ular test could be and were to be carried out, then their equipment would meet the r|
roof would be based on reasonable deductions from existing data-such as the results of

ben the characteristics of the load transducer when using static as opposed to dynam
bds. This new edition helps to define the dynamic calibration method for force and
lels in accordance with the current knowledge base’and studies available.

bmperature of the anthropomorphic test devic& (ATD) used in a collision test needs to |
firm that it has been used within the acceptable temperature range prescribed for th
ly segment. The objective is to prevent temperature from being a variable that will
esponse. The actual ATD temperature ¢an be influenced by various factors including
bpeed photography lighting, sunshine, heat dissipation from transducers, and ATD i
Sition systems. In order to respond to these objectives, the new edition specifies the
rements for the ATD temperature measurement.

nternational Standard defines the requirements of an impact test for which the 1
tainties can only be partially calculated.

instrymentation requiréments by merely specifying this International Standard. Their tes
has the primary responsibility for ensuring that the requirements of this International

met Hy their instrumentation system. The evidence on which they have based this proo
will be available to the user upon request. In this way, fixed requirements guaranteeing t

of th
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mmarize, this International Standard enables users of impact test results to callupas
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INTERNATIONAL STANDARD ISO 6487:2015(E)

Road vehicles — Measurement techniques in impact tests
— Instrumentation

1 Scope

This Internatlonal Standard glves requlrements and recommendatlons for measurement techniques

atories, while
its recommendations will assist such laboratories in meeting those requirements.clt is ppplicable to
imentation including that used in the impact testing of vehicle subassemblies. It dogs not include
optical methods which are the subject of ISO 8721.

2 Normative references

The fpllowing documents, in whole or in part, are normatively referenced in this docurpent and are
indispensable for its application. For dated references, only the’edition cited applies. |[For undated
refergnces, the latest edition of the referenced document (including any amendments) applies.

ISO 2041, Mechanical vibration, shock and condition monitoring — Vocabulary
ISO 384, Road vehicles — Measurement of impact velggity’in collision tests
ISO 4130, Road vehicles — Three-dimensional refergnce system and fiducial marks — Definitions

ISO/TR 27957, Road vehicles — Temperature measurement in anthropomorphic test devices|— Definition
of the|temperature sensor locations

SAE JR11-1, Instrumentation for impact test — Part 1: Electronic instrumentation

3 Terms and definitions$

For the purposes of this document, the following terms and definitions given in ISO 4041 and the
following apply.

31
data fhannel
all the instrumehntation from, and including a single transducer (or multiple transducers, the outputs of
whicl} are combined in some specified way), to, and including any analysis procedures that may alter
the frequency content or the amplitude content of data

3.2
transducer

first device in a data channel (3.1) used to convert a physical quantity to be measured into a second
quantity (such as an electrical voltage) which can be processed by the remainder of the channel

3.3

channel amplitude class

CAC

designation for a data channel (3.1) that meets certain amplitude characteristics as specified by this
International Standard

Note 1 to entry: The CAC number is numerically equal to the upper limit of the measurement range which is
equivalent to data channel full scale.

© IS0 2015 - All rights reserved 1
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3.4

channel frequency class

CFC

frequency class designated by a number indicating that the channel frequency response lies within
certain limits

Note 1 to entry: CFC XXX defines the frequency class with XXX = Frequency, Fy, in hertz.

3.5

calibration value
mean value measured and read during calibration of a data channel (3.1)

3.6
sensitivity
ratio of the o
excitation is

EXAMPLE

3.7
sensitivity
slope of the
method of le

Note 1 to ent
require a sped

3.8
calibration

arithmetic mean of the sensitivity coefficients (3.7) evaluated over frequencies evenly spaced

logarithmic s
Note 1 to entr

3.9
non-linearit

ratio of the naximum difference (Dy4x) between the calibration value (3.5) and the value read

the best app
class (CAC) (3

Note 1 to entr]

utput signal (in equivalent physical units) to the input signal (physical excitation] wh
applied to the transducer (3.2)

10,24 mV/g/V for a strain gauge accelerometer.

oefficient
straight line representing the best fit to the calibration vglues (3.5) determined I
hst squares within the channel amplitude class (CAC) (3.3)

"y: Specific sensors such as seat belt sensors, torque sensdrs, and multi-axial force sensor
ific calibration procedure.

factor of a data channel

cale between F, and Fy/2,5

y: See Figure 2 and Figure 3.

y

roximation of calibrationvalues (3.5) expressed as a percentage of the channel amp
.3)

y: See Figure 1 and%4.5.4.

en an

y the

S may

on

from
litude
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NOTE
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Note
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Note 2
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3.11
trans
ratio

Note 1
of load

3.12
phas
time
frequ

3.13
envir

put signal
itput signal

Non-linearity = Dyax/CAC * 100.

Figure 1 — Non-linearity

verse sensitivity of a rectilinear transducer
jvity (3.6) to excitation in a nominal direction perpendicular to its sensitive axis

| to entry: The transverse sensitivity of a rectilinear transducer is usually a function o
ion of the axis chosen.

to entry: The cross sensitivity of force and heniding moment transducers is complicated by t
ling cases. At time of publication, this situation had yet to be resolved.

verse sensitivity ratio of a rectilinear transducer
bf the transverse sensitivity ofa.rectilinear transducer (3.10) to its sensitivity along its {

to entry: The cross-sensifivity of force and bending moment transducers is complicated by 4]
ling cases. At time of publication, this situation had yet to be resolved.

e delay time of a‘data channel
equal to thédphase delay, expressed in radians, of a sinusoidal signal divided by
ency of thatisignal and expressed in radians per second

onment

nancac A v

f the nominal

he complexity

ensitive axis

he complexity

the angular

aggregate—at-agiven

(3.1) is subject

4 Performance requirements

4.1 CFC specifications and performance requirements

Hata channel

The absolute value of the non-linearity of a data channel at any frequency (except if data channel is
calibrated against only one point) in the channel frequency class (CFC) shall be less than or equal to

2,5 % of the value of the CAC over the whole measurement range.

The frequency response of a data channel shall lie within the limiting curves given in
Figure 2 for CFC 1 000 and CFC 600. For CFC 60 and CFC 180, the frequency response of a

© ISO 2015 - All rights reserved
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shall lie within the limiting curves given in Table 2 and Figure 3. The zero decibels line is defined by the
calibration factor.

NOTE

Key
X
Y

in Hertz
in dB

For CFC 180 and CFC 60, the filtering algorithm given in Annex A addresses this requirement.

Table 1 — Logarithmic scales for CFC 1 000 and CFC 600

Attenuations Frequency
(dB) (Hz)

Fz Upper Lower CFC 600 CFC 1000
T +0;5 =6;5 671 07t
Fu +0,5 -1,0 600 1000
FN +0,5 -4,0 1000 1650
2*Fy +0,5 1200 2000
Fg -30,0 2119 3496
Fy -40,0 -0 3865 6 442
Y

A Fy Fn 2°FH Fg F

0
-10
-20
-30
40
-50

X

Figure 2 — Frequency response limits — CFC 1 000 and CFC 600

© ISO 2015 - All rights reserved
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Table 2 — Logarithmic scales for CFC 60 and CFC 180

Attenuations Frequency
(dB) (Hz)
F7 Upper Lower CFCe60 CFC 180
F1, +0,5 -0,5 0,1 0,1
Fy +0,5 -1,0 60 180
Fc -0,3 -1,8 75 225
FN -1,8 -3,8 100 300
Fp -5,2 -8,2 130 390
FE -9,2 -13,2 160 480
Fg -40 -48,3 452 1310
Y \
A Fy Fc Fy Fp Fe Fg
0 —
N

-10

N\
N\

-30
-40 \
-50
X
Key
X iff Hertz
Y indB

Figure 3 — Frequency response limits — CFC 60 and CFC 180

4.2 Phase delay time of a data channel

The phase delay time of a data channel between its input and output shall be determined. It shall not
vary by more than 1/(10 Fy) s between 0,03 Fy and Fy.

© IS0 2015 - All rights reserved 5
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4.3.1 Timebase

Time reference system of data acquisition system (DAS) shall ensure that time base is a minimum of
0,01 s with an accuracy equal or better than 1 %.

4.3.2 Relative time delay

The relative time delay between the signals of two or more data channels, regardless of their frequency
class, shall not exceed 1 ms excluding phase delay caused by phase shift. Two or more data channels

whose signa
greater than

This require

4.4 Trans

The transdu
direction.

4.5 Caliby

4.5.1 Geng

As a general
accordance v
measuring e
intended usd

s are combined shall have the same frequency class and shall have a relative time del
1/(10 Fy) s.

ment is applicable to analog signals, synchronization pulses, and digital signals:

ducer transverse sensitivity ratio of a rectilinear transducer

ation

bral

rule, a data channel should be calibrated once*a year. Other intervals can be defiy
vith standards, regulations, or requirement-specific to the application to ensure th
Huipment meets the requirements of this.International Standard and corresponds

. The calibration shall be done againstueference equipments traceable to known Na

or Internati
range of fre

Data chann
of the total
simulating t

al Standards through an unbroken chain. The use of reference equipment is limited
encies for which it has been calibrated.

subsystems can be evaluated individually and the results factored into the acc
ata channel. This can be-made, for example, by an electrical signal of known amp
e output signal of the(transducer allowing a check to be made on the gain of the

channel, excluding the transducer:

4,5.2 Accy

The accuracy

organization]

racy of referenc@equipment for calibration

7 of the refexence equipment for calibration shall be confirmed by an accredited metr

hy not

Cer transverse sensitivity ratio of a rectilinear transducer shallsbe’less than 5 % in any

1ed in
qt the
o the
tional
to the

uracy
itude
data

ology

4.5.3 Calilrration procedures and uncertainties

The stated uncertainty should be the product of the standard deviation and coverage factor k = 2, which

for a normal

distribution, corresponds to a coverage probability of approximately 95 %.

Table 3 presents the relevant procedures.

The result of a calibration can be recorded in a document sometimes called a calibration certificate or a
calibration report.

© ISO 2015 - All rights reserved
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Table 3 — Calibration procedures and uncertainties

Calibration procedures Uncertainties

Relative expanded measurement uncertainty for transducer types used
in crash testing specific to the maximum value of the calibration range

(pend

Accelerometer Shock calibration [<1,8 %

ulum)

Accelerometer Sinusoidal <2 % below 400 Hz
calibration (Shaker)

<2,5 % from 400 Hz to 2 kHz
<3.5% from 2 kHzto 5 kHz

Accelgration static calibration <1,5%

(centrifuge)

Force|sensor - static calibration <1%

Displficement <1%

Anglg <1,5%

Angular rate <3%

Pressjure 1%

Templrature <1%or0,2K

Torqye <2%

NOTE| Calculation of uncertainties according to JCGM 100:2008.

4.5.3

Statid

therefore be used to determine transducer sensitivity.

4.5.3
A me

displ3
know

4.5.3
The e

NOTE

4.5.4

1 Forces and moments

calibration is a sufficient method for the-¢alibration of force and moment data chan

2 Displacements

thod for the evaluation of_the’dynamic response during the calibration of data
cement has not been in¢luded in this International Standard since no satisfactoi
n at present. The problémyis to be reconsidered at a later date.

3 Time
Fror in the referénce time shall be less than 1/(10 x sample rate).

The%eference time is the timebase of the reference system used for calibration.

Sensitivity coefficient and nonlinearity

nels and can

channels for
y method is

The sensitivity coefficient and the non-linearity shall be determined by measuring the output signal of
the data channel against a known input signal for various values of this signal.

The calibration of the data channel shall cover the whole range of the amplitude class.

For bi-directional channels, both the positive and negative values shall be used.

If the calibration equipment cannot produce the required input due to the excessively high values of
the quantity to be measured, calibrations shall be carried out within the limits of these calibration

stand

ards and these limits shall be recorded in the report.

A total data channel shall be calibrated at a frequency or at spectrum of frequencies with its significant

value

being between F|, and Fy/2,5.

© ISO 2015 - All rights reserved
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4.5.5 Calibration of frequency response

The response curves of phase and amplitude against frequency shall be determined by measuring the
output signals of the data channel in terms of phase and amplitude against a known input signal for
various values of this signal varying between F, and 10 times the CFC or 3 000 Hz, whichever is lower.

4.6 Environmental effects

The existence or non-existence of an influence of environmental effects shall be checked regularly (i.e.
electric or magnetic flux, electric, magnetic, electrostatic effects due to the violent displacement or
friction of electric cables during tests, etc.). This can be done, for example, by recording the output of
spare chann¢tsequipped withrdummmy transaucers.

If significant] hined,

corrective ad

output signals (typically greater than 2 % of the expected data peak value) aré\obt
tion shall be taken, for example, the relocation or replacement of cables.

4.7 Choice and designation of data channel

The CAC ang
party requir

CFC define the data channel and their values are chosen for a.given application by the

ng the application.

A data chanrlel in accordance with this International Standard shall be designated as follows.

IS0 GRET-CAL XXX-[FC XXX

Reference ta this International Standard 4.]

Channel amplirude class
Channel freguency class

The type of fjlter used, phaseless or phase shifting, shall be declared for each channel.

If the calibrafion of the amplitude or frequency regponse does not cover the complete CAC or CFC pwing

to limited pr

EXAMPLE
amplitude cla

pperties of the calibration equipmeént/then the CAC or CFC shall be marked with an as

s is 200 m/s2, the channel frequency class 1 000, and the calibration of the amplitude respor

1e
A measurement carried out in accordance with this International Standard, where the channel

risk.

se did

not cover the gomplete CAC, is designated‘as follows.

ISO 6487 - CAC* 200 m/s2 - CEC 1 000

The test repgrt shall indicate‘the calibration limits.

4.8 Choice of reference coordinate system

The following coordinate systems shall be used:

For the d

urmmy measurements: SAE J211-1;

For the vehicle measurements: ISO 4130 or SAE ]J211-1.

The coordinate reference system used shall be clearly defined for each measurement.

4.9 Impactvelocity measurement

Impact velocity measurement shall be in accordance with ISO 3784.

4.10 ATD temperature measurement

Measurements shall be recorded at a rate of one reading per minute. The minimum measurement
range shall be from 10 °C to 40 °C. The location of the measurement probe shall be in accordance with
ISO/TR 27957.

8 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=659582e07e87afee94b853524859111c

ISO 6487:2015(E)

The accuracy tolerance of the complete measurement chain shall be three times narrower than the
temperature tolerance specified for the ATD.

EXAMPLE For a Hybrid III, the specified temperature span is from 20,6 °C to 22,2 °C which corresponds to a
tolerance of +0,8 °C. The accuracy tolerance for the temperature measurement would then be +0,26 °C.

The error contribution of the transducer, extension wire (if applicable), and data acquisition equipment
shall be taken into account.

Dynamic response: After a temperature step, the transducer shall indicate 90 % of the new value
within one minute.

The nreasurenrentsshattbecarriedoutimraccordancewithrecognized-standards{seeAmmex C).

© IS0 2015 - All rights reserved 9
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Annex A
(informative)
Example of Butterworth four-pole phaseless digital filter

(including initial conditions treatment) algorithm

The following algorithm is unsuitable for filter frequencies above CFC 180 since, at high frequencies,
the frequencly response of this digital filter varies as a function of the sampling rate used.

2 5
/* Butterworth phaseless filter */
2 */
// Author: NHTSA

// for CFC 60: F-3dB=100

// for CFC 180: F-3dB=300

£ N Y */
/* Variables used */
£ Y o S */

F - 3 dB = cytoff frequency at -3 dB
F - 6 dB = cytoff frequency at -6 dB,='1,25 *F - 3 dB

SampleRate
Pi = 3,14159
al, a2, bo, b]

Samples = ir

= sampling intefrval in seconds
P654
|, b2 filter“coefficients

itial\table of samples

NumberOfSamples = length of Samples table

NOTE

The index of a table is between zero and length of table - 1.

FilterTab = table of filtering samples

IndexLastPoint + 1 = length of FilterTab table

NumberOfAddPoints = number of points to be added to NumberOfSamples

10
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NumberOfAddpoints = 0,01/SampleRate

NumberOfAddPoints = min [max (NumberOfAddPoints, 100), NumberOfSamples - 1]
IndexLastPoint = NumberOfSamples + 2 * NumberOfAddPoints - 1
/*Gerjeration of table to be filtered FilterTab*/

for i 4 NumberOfAddPoints to NumberOfAddPoints + NumberOfSamples - 1 by step 1

FilterTab[i] = Samples[i - NumberOfAddPoints]
endfofr
forigd 0to NumberOfAddPoints - 1 by step 1
FilterTab[NumberOfAddPoints +i'='1] = 2 * Samples[0] - Samples[i + 1];
FilterTab[NumberOfSamples+'NumberOfAddPoints + i] =

2 * Samples[NumberOfSamples - 1] - Samples[NumberOfSamples

endfolr

/* ______________________________________________________________

/* computer filter coefficients

/* ______________________________________________________________

Wd=2.*Pi*F-6dB
Wa = sin(Wd * SampleRate/2,0)/cos(Wd * SampleRate/2,0)
b0 = Wa2/(1 + V2 * Wa + Wa2)

bl=2.*b0

b2 = b0

al=-2*(Wa2-1)/(1+V2*Wa+Wa2)

a2 = (-1 + 2 * Wa - Wa2)/(1 + V2 * Wa + Wa2)

© ISO 2015 - All rights reserved
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/* _____________________________________________________________ */
/* Filter forward */
/* ______________________________________________________________ */
yl1=0
fOI‘i=0t0i— r)b_y atcy T

yl Ey 1+ FilterTab[i]

endfor
y1l=y1/10,0
x2 =0.

x1 = FilterTab[0]

Ab[1]

=yl

=yl

IndexLastPoint by step 1
= x1

= x0

= FilterTab[i]

erTab[i] =b0 * x0 + b1 *x1 + b2 * x2 +al * FilterTab[i - 1] +a2 * FilterTab[i - 2]

_________ */

_________ */

"/

x0 = FilterT:

FilterTab|0]

FilterTab[1]

fori=2tois
X2
x1
x0
Fil{

endfor

YL —

/*

YL —

yl1=0

for i = IndexLastPoint to IndexLastPoint - 9 by step -1

y1 =y 1 + FilterTab[i]

endfor

yl=y1/10,0
x2=0.

x1 = FilterTab[IndexLastPoint]

12
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x0 = FilterTab[IndexLastPoint - 1]

FilterTab[IndexLastPoint] = y1

FilterTab[IndexLastPoint - 1] = y1

for i = IndexLastPoint - 2 to i = 0 by step -1
x2 =x1

x1 =x0

o Fals Tal i1
AU = 1T'IILCT laull]

FilterTab[i] = b0 * x0 + b1 * x1 + b2 *x2 +al * FilterTab|[i + 1] +a2 * FilterTablfi + 2]

endfor

/* ______________________________________________________________ */
/* Filtering of samples */
/* ______________________________________________________________ */

fori 4 NumberOfAddPoints to i = NumberOfAddPoints + NumberOfSamples -1 by qtep 1

Samples[i - NumberOfAddPoints] = FilterTab[i]

endfor

© IS0 2015 - All rights reserved 13
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