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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.

Internat
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Standards adopted by the technical committees are circulated to the member bodies for voting.

Publicat

casting 4 vote.

In excep
that whi

decide by a simple majority vote of its participating members to publish a Technical Report. A Technicpl

Report i
consider]

Attentio

patent rights. ISO shall not be held responsible for identifying any‘or all such patent rights.

ISO/TR 1
Passive s

ISO 1235
— Part
— Part

— Part
[Tec

onal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Partp.

In task of technical committees is to prepare International Standards. Draft Internationgl
on as an International Standard requires approval by at least 75 % of the mhember bodig¢s
Fional circumstances, when a technical committee has collected data ofa-different kind from
Ch is normally published as an International Standard (“state of the art®, for example), it mgy

entirely informative in nature and does not have to be reviewed until the data it provides are
ed to be no longer valid or useful.

1 is drawn to the possibility that some of the elements ofthis document may be the subject of
2353-3 was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommittee SC 1P,
ifety crash protection systems.

3 consists of the following parts, under the general title Road vehicles — Traffic accident analysi

]

1: Vocabulary
2: Guidelines for the use of impact severity measures

3: Guidelines for the interpretation of recorded crash pulse data to determine impact severity
hnical Report]
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Introduction

With the completion of ISO 12353-2, an important extension is guidelines for the use and application
of the in-vehicle recorded crash pulse data. The aim of ISO/TR 12353-3 is to provide definitions and
recommended measurements of impact severity data recording to be used in evaluation and analyses.
This will facilitate a comparison of different accident databases, and urge on the work of accident
analyses based on impact severity data recording. The higher quality of impact severity determination
will improve the accuracy of analyses and development work for the industry, governments and others.
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pntinuously evaluate the technology to determine its efficiency. Furthermore, it is essential ¢
Ccupant injury risk and severity for impact severity parameters best correlated to injuryrisk
[ real-life crashes are the most important way to gain such knowledge.

fferent types of accident data recorders have been developed and used for the purposes of in
hta quality. Car manufacturers also use data from sensors and recording devices in the devg
Focess of new safety technology and to verify the effectiveness of existing technology.

becifically for impact severity parameters, there is a need for definitions of their measu
bcording, and process of calculation. This Technical Report coneentrates on the data th
pbtained from crash pulse data recorders for determination of impact severity.

he recorded data may be either acceleration-time data or change of velocity (Av) time data. This’
eport includes methods applicable to the interpretation ofjrecorded Av data from event data 1
DR) fulfilling the requirements of United States Code of Federal Regulations 49 CFR Part 563

his Technical Report focuses on the crash pulse characteristics in Figure 1, the Dose - Respon
Iso referred to in ISO 12353-2), slightly modifiedfeor the purposes of this Technical Report.

s shown in Figure 1 several parameters are’influencing the risk of an injury. This Technicg
cuses on the influence of crash pulse characteristics on injury risk.

S more advanced active and passive safety technology is introduced in motor vehicles, 1t1s impjortant to

explore
. Studies

hproving
tlopment

ements,
can be

echnical
ecorders
[1]

se model

1 Report
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Injury mechanism

Impact severity e and outcome

Collision pre-conditions Road user/occupant pre-conditions

Subject vehicle Collision partner Constitution, mass, posture, age, sex,

. . restraint use, injury tolerance
Closing velocity

Crash configuration

Pre - crash phase I

Crash phase

ﬁoad user/occupant response \

Vehicle response
—_———————————

~ -
[ Pulse characteristics \ Accelerations and trajectories of body parts
shape
| duration ISO/TR 12353-3 | Contact velocity
av (core part) Vehicle interior
| mean acceleration I |:||:> Energy absorption
\_ Peak acceleration ) Restraint systems
— — —— — —— — — — —
Deformation Contact violence / load
crush /
intrusion
intrusion velocity
EES

Restraint systems performance

Injury

Discussed.under B.2.2

Crash phase

M

Fig

With cr4

Post - crash phase

U

Injury consequences

Rescue
Treatment
Scaling
Impairment
Severity
Harm

ure 1 — Impact severity and injury mechanism/outcome (Dose - Response model)

sh pulse recording techniques, and using a recorder in the undeformed part of the vehic

chassis, it is possibleto quantify physical crash pulse parameters during a vehicle crash. This is what tH

vehicle 1
on the ve

This Tec

estraintSystems and the vehicle interior will have to handle in order to minimize the loadiy
hiclelpccupants.

pr1ical Report discusses the recorded physical parameters that are relevant to take into accoul

Nt

for certa

Vi

in impacts, and also discusses the possible misuse and traps when using crash pulse data.
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Road vehicles — Traffic accident analysis —

Part 3:
Guidelines for the interpretation of recorded crash pulse
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|ata to determine impact severity

Scope
his Technical Reportdescribes the determination of impact severity in road vehicle accidents a

rash pulse recorders or event data recorders, including data from self-contained devices
tegrated functionalities. Methods applicable to the interpretation of recorded Av data from ey
ecorders fulfilling the requirements of United States Code of Federal Regulations 49 CFR Par
so included.

his Technical Reportincludes definitions and interpretation of recorded data related to impact
btermination. Some information on application of the data are also provided.

he purpose of this Technical Report is to interpret available recorded crash pulse data. The
this Technical Report are applicable to interpretation.ef crash pulses in both longitudinal ar
rections. However, based on available data, most examples are given for the longitudinal dir¢

his Technical Report does not address aspects such as the pre-crash phase, data element speci
nd data recording and retrieval technology.

References

he following referenced documeénts are indispensable for the application of this document. H
bferences, only the edition cited applies. For undated references, the latest edition of the re
bcument (including any amendments) applies.

0 12353-1, Road vehicles— Traffic accident analysis — Part 1: Vocabulary

§0 12353-2, Rogd\vehicles — Traffic accident analysis — Part 2: Guidelines for the use d

verity measures,
0 4130, Road'vehicles — Three-dimensional reference system and fiducial marks — Definitions

0 6487, Road vehicles — Measurement techniques in impact tests — Instrumentation

5 defined

ISO 12353-2, based on recorded acceleration and velocity data and derived pabameters fro(;t vehicle

vehicle
rent data
t 563 are

severity

methods
d lateral
pction.

ications,

or dated
ferenced

f impact

AEJ211-1, Instrumentation for Impact Test — Part 1: Electronic Instrumentation

SAE ]J1698-1, Vehicle Event Data Interface — Output Data Definition

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4130, ISO 12353-1, SO 12353-2,
SAE J1698-1, and the following apply.
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31
crash pulse recorder
device or unit capable of recording acceleration or Av-time history data during the impact phase

Note 1 to entry: Crash pulse recorder is used as a generic term in this Technical Report to differentiate from Event
Data Recorders as defined in 49 CFR Part 563.

3.2

Event Data Recorder
EDR

device of fuUnction IN a vehicle that records the vehicie s dynamic time-series data during the time periqd
just priof to a crash event (e.g. vehicle speed vs. time) or during a crash event (e.g. Av vs. time), intendgd
for retrigval after the crash event

Note 1 tolentry: The definition is in accordance with 49 CFR Part 563.

Note 2 tolentry: Data elements other than time series data are often recorded.

3.3
linear a¢celeration
acceleration in any direction during an impact event

3.31
longitudinal acceleration
acceleration in the vehicle X-axis direction during an impact event

3.3.2
lateral 4cceleration
acceleration in the vehicle Y-axis direction during an impactevent

3.3.3
verticalfacceleration
acceleration in the vehicle Z-axis direction duringyan impact event

3.4
rotatiornjal acceleration
acceleration about one of the vehicle axes

3.4.1
yaw accgeleration
acceleration around the vehicle/Z-axis

3.4.2
pitch acgeleration
acceleration around the vehicle Y-axis

3.4.3
roll accdleration
acceleratioi’around the vehicle X-axis

3.5
Av - time history
cumulative history of developing change of velocity resulting in Av

3.6

jerk

third derivative with respect to time of the position of an object; equivalently the rate of change of the
acceleration of an object

Note 1 to entry: Considered a measure of harshness of vehicle motion.

2 © IS0 2013 - All rights reserved
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4 Basic principles of crash pulse and derived measures

The crash pulse time history provides the possibility of a superior determination of impact

severity

compared to e.g. deformation-based Av and EES (Energy Equivalent Speed), in several impact types.

The whole crash pulse is not possible to use as a single parameter for impact severity, but certain
characteristics of the crash pulse can be useful in interpreting the injury outcome in certain impact types.

Some characteristics can be directly obtained or calculated from the crash pulse, e.g.:

(lllclAilllulll Luulu}ativc) I:\V,

— peakacceleration;

— time to peak acceleration;

—+ mean acceleration;

— and to some extent, the total duration.

Fpr the calculation of some of these parameters the start and end time of the crash pulse n¢
defined, as the pulse duration needs to be defined. This is discussed-in-detail in 5.2.3.

Djistance, velocity, acceleration and jerk time histories, if not directly recorded, can be dé
dffferentiation or integration.

Ap can be obtained as the final value of the Av-time histary curve using the defined pulse
aJso known as the area under the acceleration curve, Details of how to calculate these param
further described and discussed in Clause 5.

The Av-time history, the cumulative history of developing change of velocity, can be derived
agceleration-time history as the cumulative area under the crash pulse within a specified time

Av(t) = ja(t)dt

here a is the acceleration (crash\piulse).

\
Flgure 2 illustrates a genericicrash pulse with main characteristics and some derived par
Flgure 3 illustrates the same-generic crash pulse with corresponding jerk, distance, and velocit

ed to be

rived by

Huration,
bters are

from the
period:

ameters.
y curves.
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acceleration=time history 6  Av (maximum cumulative Av, also given by the ared
under the crash pulse)

peaklacceleration 7  time to maximum, Av

time To peak acceleration 8 pulse duration, AT

mean acceleration X  time [ms]

Av-time history Y acceleration [g], change of velocity [km/h]

NOTE

The diagram is shown with both positive and negative y-axis, both are commonly used in the
literature. This Technical Report does not have a preference for either type of representation, and both types are
shown in examples.

Figure 2 — Crash pulse with derived parameters (shown with positive and negative y-axis)
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In Figure 3, four parameters are shown, all derived from the recorded acceleration-time history:
— Acceleration-time history;

— Av-time history;

— Distance-time history of the centre of gravity (or the crash pulse recorder);

— Jerk-time history.

3]

rom these calculated parameters, peak jerk, Av and As can be derived.

70

0 20 40 60 80 100 120 140
X
Ky
1| crash pulse (acceleration-time history) [g]
2| Av-time history [km/h]
3| distance-tinie history of the CG (or the crash pulse recorder) [cm]
4| jerktim€ history [m/s3] (magnified 10 times)
X| time [ms]
Y| “Zcceleration [g], change of velocity [km/h], distance [cm], jerk [m/s3/10]

Figure 3 — Crash pulse with corresponding jerk, distance, and velocity curves

5 Guidelines for basic interpretation of crash pulse recorder data

5.1 General

The procedure of exactly how to describe impact severity is still an open issue although ISO 12353-2 has
defined parameters relevant to certain crash configurations.

© IS0 2013 - All rights reserved 5
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Most of the world-wide acting in-depth accident investigation teams use the change of velocity, Ay, or the
Energy Equivalent Speed (EES), as a parameter for impact severity when presenting results of the injury
outcome versus impact severity.

There is a wide scatter of the results when the correlation of Av or EES and injury outcome is analysed.
One of the reasons for the scatter of injury outcome is the injury severity scaling system itself. Other
reasons are the variability in human-related parameters such as age, gender or body weight.

Another reason is that even at identical parameter values for impact severity like Ay, the acceleration
crash pulse can be significantly different. The latter can be demonstrated by comparison of, e.g. the
dummy ¢hestToading for different crash tests with identical Avand EES values but significantly differifg
acceleration crash pulses. For a meaningful comparison, all other important parameters such as vehicle
crash pefformance and restraint systems have to be identical. These conditions are effectivelyfulfillgd
for a series of four frontal impacts shown in D.1. Figure 4 illustrates an example from those.

Y

50 ‘

P S ST
| | K A 2

car-tp-car impact with 57 % overlap and a closing velocity of 110 km/h
impalct againstavigid barrier with 50 % overlap at 55 km/h

1
2
X  time|ms]
Y acceleration [g]

Figure 4 — Acceleration crash pulses of two different crashes with identical Av and EES

5.2 Crash pulse definitions

5.2.1 General
According to ISO 12353-1, the crash pulse is defined as the acceleration-time history during the impact phase.

NOTE Itis also common to refer to the Av-time history as the crash pulse.

6 © IS0 2013 - All rights reserved
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5.2.2 Sampling and filtering

The general recommendation (according to ISO 6487 and SAE ]J211-1) is that the sampling frequency
should be at least ten times the channel frequency class applied, e.g. a CFC60 filter can be applied to a
sampling frequency of 600 Hz or higher. According to SAE J211-1, CFC60 should be applied to vehicle
crash acceleration data. A filtering example is shown in Figure 5, where a curve showing CFC60 and
CFC20 filtering of the same pulse has been applied. The CFC20 filtering will also be used in 5.2.3.3.

60
Y AL
~)——|2
40 ——————————————————————————————— —————————————— — P
B |
. (| .
[ ] ]
20 T .'"”- """ A N AR A (. B
' g N an .
(£ \ L A ! I
' & 1 .
"|' ';'||' “||' \\' “\0
( [ "' v ‘ < ; - =< =
0 - i: """""""""""""""""""""""""""""""" """""" S
-20 f ————————————————————————— =
40 \ \ i
0 50 100 150 200
X
Ky
1| original unfiltered acceleration data (1000 Hz)
2| CFC6O0 filtered (60 Hz 4peole Butterworth)
3| CFC20 filtered (20 Hz 4 ‘pole Butterworth)
X| time [ms]
Y| accelerationq{g]
NOTE Each level of filtering / averaging contains less information.
Figure 5 — Effects of different filtering applied to an acceleration crash pulse

5.2.3 Determination of beginning (tp) and end (tenq) of crash pulse

In many cases (for example for the determination of mean acceleration) it is crucial to define when the
crash pulse actually starts and ends, and very often this can be hard to determine.

The startand end of the crash pulse need to be determined in different ways depending on the data available.

The definitions of tg and tepq could be determined either with respect to the crash pulse characteristics
or with respect to characteristics of derived measures such as Av. Either of the following methods is

recommended according to this Technical Report.

NOTE See Annex E for calculation processes related to the respective methods.

© IS0 2013 - All rights reserved
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5.2.3.1 Method A: Determination based on Av - time history

This method is consistent with the determination of tg and tenq according to SAE J1698-1, referenced
in 49 CFR Part 563 for continuously running algorithms. Using time of deployment will not allow an
appropriate determination of to.

Definition of tg: Time when the cumulative Av of over 0,8 km/h is reached within a 20 ms time period
in the longitudinal direction for a frontal/rear event, or within a 5 ms time period in the lateral direction
for a side impact event. See Figure 6.

NOTE 1 Accoraing to 49 CFRPa 63, fOr SySte W WaRe-Up OCCUparnt protection co
time at which the occupant protection control algorithm is activated may be used to define ty.

Definitipn of tepq: Time where the end of an impact event (tenq) is at the moment when the longitudingl,
cumulatjve Av within a 20 ms time period becomes 0,8 km/h or less.

NOTE 2 | Iftenq was not captured, the time to maximum Ay, if available, may be substituted fortsnq when a) the
recorded|crash pulse time-history is truncated (cut short) before meeting the 0,8 km/h changelof velocity withjn
20 ms criferion, and b) the time to maximum Av is longer than the truncated crash pulse-vecording time period.
The sam¢ logic is applied to side and rear impact events.

NOTE 3 | In special cases, it may be possible to draw sufficiently secure conclusionsfrom the acceleration-tinje
history cyirve so that tg and/or tenq can be determined directly. Examples showing'détermination of tg and tepq for
specific cfash pulses are given in Annex E.

NOTE 4 | Special attention has to be drawn to this when there are multiple/impacts or more than one crash pulge
in a crash sequence.

8 © IS0 2013 - All rights reserved
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40 ‘
Y f SN TS bk Av=
! ! PN 0,8 km/h
e ~20ms

B0 T S SR D FE EEE S .

7

’

l/ :

20

10
Av=
0,8 km/h
O 4
0 j | |
0 t, =36 ms 50 100 150 t _, =164 ms X 200
Ky

X| time [ms]
Y| acceleration [g], change of velocity [km /h]

NOTE This figure shows Method-Aapplied to a longitudinal crash pulse.

Figure 6 — Definition of tg and tepq, Method A

5(2.3.2 Method ByDetermination based directly on acceleration - time history
This method directly uses a CFC60 filtered acceleration pulse, see Figure 7.

Diraw one line-representing 10 % of peak acceleration, and another line representing 90 % of peak
Cceleration. Determine the intersections of the crash pulse and the above lines. This will form ajtriangle.

o8]

efinition of tg: Time where the left intersection line meets the zero line.

Deftinition of tepq: 11me where the right intersection Iine meets the zero line.

NOTE For some acceleration pulses it is not obvious if the first or a later intersection should be used. Below a
later intersection is shown. In case of doubt, Method C can be used.

© IS0 2013 - All rights reserved 9
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40

90 %
10 9%
time

= XN =

accell

NOTE

5.2.3.3

Apply a

Draw ong line representing 10 % of peak acceleration. Determine the intersections of the acceleratia

pulse an

L=

30

aYal

U

10

of peak acceleration (CFC60 filtered acceleratioh pulse)
[ms]
eration [g], change of velocity [km/h]

This figure shows Method B applied to a longitudinal crash pulse.

Figute)7 — Definition of tg and tepq, Method B

Method C: Determination based on application of a low filter frequency

[FC filter frequency of 20 Hz to the recorded acceleration pulse, see Figure 8.

O ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
M0 | | \ |
0 tO =29 ms 50 100 150 tend =157 ms
of peak acceleration (CFC60 filtered acceleration-piilse)

200

n

Definiti

pulse to the left.

b ¢ T yashown +hn 10 0F nnaly Sonnlapatsns 1o v nntbc tlhhn COCIN Flbnnd S ann]laead
Jil Ul I'Ul IIrrrC  vviicroe uviIiv 1V /U lJ\'Cll\ AULULUICTAUIVUIT TITIU T1IICC Lo UIIv Ul uLovu TrriiticrIcu alclvuict ClLl\.an

Definition of tepq: Time where the 10 % peak acceleration line meets the CFC20 filtered acceleration
pulse to the right.

10
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40

30 SRR SRR R e

/3
T/

10 A A

-10
0 t, =29 ms 50 100 150 tong =152 Ms X 2

24
CFC60 filtered acceleration pulse
CFC20 filtered acceleration pulse

peak acceleration of CFC20 filtered acceleration pulse

10 % of peak acceleration of CFC20 filtered acceleration pulse
time [ms]

acceleration [g], change of velocity [km/h]

< KA W N e

NOTE This figure shows Method C applied to a longitudinal crash pulse.

Figure 8 — Definition of tg and tepq, Method C

5(2.4 Calculation of acceleration resultant for an angled impact

fimultiple directions (x, y, z) are recorded, a resultant acceleration value can be calculated at

[

any time

o

iring the impact phase:

_ |2 2 2
Qg —\/ax+ay+az

Relevant resultant values for Av and mean acceleration can only be established by calculating Av and
mean acceleration separately for each direction, and then using the formula for calculating the resultant:

_ =2 ,=2 =2
res—,/ax+ay+az

_ 2 2 2
AV e —\/AVX +Avy + Av,,

Q

© IS0 2013 - All rights reserved
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5.3 Derived severity measures from crash pulse recorder output data

5.3.1 General

This clause describes the acceleration-related and velocity-related measures that can be directly derived
or calculated from the crash pulse recorder output data.

5.3.2 Mean acceleration

Th ] £ H laslotod | o As( AvstA) To s . J 4
€ megpraceereratromnstarcuratetr Wwitir resSpeetto ot (Umean — AV/ AL); DETWeehrtgaitatend-

5.3.3 Reak acceleration
Crash pulse should be CFC60 filtered. Identify the peak acceleration value during the pulse,duration.

NOTE Peak acceleration is affected by the sampling frequency and the subsequent filtering.
5.3.4 Av (maximum cumulative Av)

5.3.4.1 | Methodology to derive Av from recorded data
a) From acceleration-time history:
— If crash pulse is complete, integrate acceleration-time history over the full duration;

— If crpsh pulse is truncated or incomplete, an appropriateracceleration-time-history curve fitting
model (e.g. a third degree polynomial, trigonometricfor a geometric) may be applied to extend
crash pulse to predict the total pulse length before the integration. Such extensions must however
be applied with great care and must be related £o other evidence supporting the extension. S¢e
Annex A for more information.

b) Fror Av-time history:

Required minimum recording frequency s 100 Hz. If crash pulse is complete, select Av at the end of the
impact phase.

12 © IS0 2013 - All rights reserved
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Annex A
(informative)

Extended application and calculations of impact severity parameters

= >

.1 Extended application of basic impact severity parameters
.1.1 Maximum average acceleration over a specified time interval
he average value of the acceleration a(t) over the interval ¢t1 to t is given by
t
1 f
a= j a(t)dt
27t
1

Alfixed time frame (window), e.g. 40 ms or 80 ms duration, can be Gsgd. The window is appli¢d where
the maximum mean acceleration for the specific window size is found.
NOTE A very narrow window will approach the peak acceleration. A wide window will approach|the mean
agceleration.
Uke of different window sizes is illustrated by Figure 4.1

50 | | | |

Y ' ! '
40
A A
30
B ‘ B
10 | | | | | |
6 26 40 6 80 166 +26 X 46
t t
1A 2A
tig tos

Key
A maximum average over 10 ms window size: 34,0 g
B maximum average over 40 ms window size: 19,8 g
X  time [ms]
Y acceleration [g], change of velocity [km/h]

Figure A.1 — Illustration of maximum average over a specified time interval
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A.1.2 ASI — Acceleration Severity Index

ASlisused in the evaluation of performance of barriers and roadside equipment/installations in crashes
with vehicles in accordance with EN 1317-1.

Maximum value of ASI (£) plot obtained from vehicle Centre of Gravity accelerations (X, y, z)

- 2 /- 2 - \2
o5 5] {5

where a

To calcu
used (in

NOTE

A.1.3 Influence of several crash pulse characteristics

Several
occupan

— pealf acceleration combined with time to peak acceleration;

— mea
— Avc

NOTE

A.1.4 YDC — Theoretical Occupant Contact Velocity

Al1.4.1

VCD (in formulas v¢p) is a Av metric focused on the early portion of the crash pulse that is more critic

to the cr
barrier)
same Av

VCD defines impact severityir'terms of a theoretical unrestrained occupant contact velocity based g

crash ev
of the oc

A.1.4.2

VCD gives the theoretical driver chest to steering wheel hub contact velocity of an unrestrained occupat
with an Initjal distance (D). It can be calculated from all recorded vehicle v-t pulses.

x ,ay ,a are the filtered components of the vehicle acceleration.

ate the average acceleration components, a maximum average of the same 50 ms_ window
n similar way as described in A.1.1).

An ASI value can be calculated with at least one of these components.

frash pulse characteristics may be taken into account in combination to better explain tk
[ response. Some examples are listed below:

h acceleration combined with peak acceleration;
mbined with crash pulse duration.

Some examples are included in B.2 and D.2.

Objective

hsh severity experienced by an occupant. Abrupt crash pulses or early peak-g’s (e.g. full-front
have notable higher crashrseverity than a soft pulse or late peak-g (e.g. angle impact) with tk
or peak-g. VCD rates abfupt crash pulses and early peak-g’s with a higher severity measure.

ent Av-time hist@ryrdata. VCD relates to chest contact velocity and gives a theoretical measui
Cupant energy‘that must be managed by the restraint system for a given pulse.

Method

IS

h1
h1

Nt

Construct the vehicle v-t pulse from the crash pulse recorder or EDR data. Define a standard distance, D,
as the distance between the driver’s chest (50th percentile male) and the steering wheel hub. A suitable
value is 300 mm. Once a value for D is defined, use it for all vehicles and all recorded v-t pulses to be
compared. Next, assume that the driver is unrestrained and travels at the vehicle velocity, vg, until the
driver has travelled the distance D.

The theoretical contact velocity, vcp, is calculated by numerical integration from the v-t curves of the
vehicle and the driver until the cumulative value of D is reached, as shown in Figure A.2. vy is not required
to do the integration.

14
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o
=
1
Y
.
X
Key
1| wvehicle, v-t
2| unrestrained driver, v-t; vg
3| D;areabetween driver and vehicle v-t curves
X| time
Y| velocity
NOTE vcp is driver to hub contact velocity, which is the measure of vehicle pulse severity.
Figure A.2 — VCD approach, principle
The choice of D determines two groups of crash pulses. In one group are the pulses where v¢p < Av of
the crash (as illastrated in Figure A.2). The second group are the pulses where vcp = Av of the crash. The
djstribution.ofipulses between the two groups depends on the choice of D.
A.1.5 VPI — Vehicle Pulse Index
1.5.1 Objective and description

The Vehicle Pulse Index (VPI) is a metric that can be used to assess the relative severity of a crash pulse to
arestrained occupant. This metric utilizes a Single Degree of Freedom (SDOF) model as a processing tool.

The model consists of a mass (M) representing the occupant, a spring (k) and a slack (s) representing
the restraint system. The restraint stiffness value and slack can be assigned by the user. The input is the
vehicle body motion x(t) (derived from a crash pulse recorder or an EDR) and the output is the calculated
y acceleration pulse associated with the occupant mass.

By solving the equation of motion for the mass M, VPl is defined as the maximum value of the calculated
occupant mass acceleration, i.e.:
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As the o
recomm

VPI for dfifferent crash pulses.

With a nfass of 1 kg recommended values are: k= 2500 N/m, s = 0;03/m.

A.1.5.2

A.1.5.2.1 Example 1: Constant pulse

Crash pulse: Constant 200 m/s2 for 80 ms. Result: VPl = 464,6 m/s2 (47,4 g). See Figure A.4.

NOTE

16

Mj+ky=P(t)
where
0, x<s
P(t) =
k(x—s), x=s y(t)
—
VPI = max(y)
X(t) 4—,TI_IJ\/\/\/\/\/ M
Slack (s) Spring (k)

Figure A.3 — SDOF VPI model

itput of the model depends on the characteristics of the spring and-the amount of slack, it fis
ended to select fixed values for these parameters and only vary thepulse input to calculate the

Calculation examples

This may be a suitable pulse for checking the calculation algorithm.
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Y| acceleration [m/s2]

(@)

20
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Figure A.4 — VPI caleulation Example 1

A[1.5.2.2 Example 2: Sine pulse

160

rash pulse: 300sin(30t) m/s2 for 105 mis:Result: VPI = 600,9 m/s2 (61,3 g). See Figure A.5.

© IS0 2013 - All rights reserved
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Figure A.5 — VPI calculation Example 2

A.2 De¢rived surrogate acceleration pulse from cumulative Av-time history

A.2.1 Background

Event ddta recorders may only report Av-time history. Therefore a process to convert this data to gn
acceleration-time history is useful, Sinice this is a differential process over discrete time intervals the
derived pulse will not contain all ‘the features and the resolution of a directly measured acceleratiop-
time history. The acceleration pulse derived from the lower resolution EDR data may also have a time lag.

There cap be variations inan-EDR’s crash pulse reporting rate and duration. However, US market vehiclgs
manufactured on or after~September 1, 2012 equipped with an Event Data Recorder function should
comply with the Unitéd-States Code of Federal Regulation, 49 Part 563 - Event Data Recorders. The Paft
563 rule|standardizes the minimum required data elements including the longitudinal Av-time historyy.
Minimurth required’reporting intervals and sampling rates are:

— 0 toR50Mms, or 0 to End of Event Time plus 30 ms, whichever is shorter;

— 100 Hz sampling rate.

A.2.2 Methodology

When only a Av-time history is available from an EDR report, an acceleration-time history can be
calculated from the provided Av-time history by differencing the incremental change of velocity over
the associated time increment to obtain a coarse acceleration-time history.

v _Viy —V;
dt At

The computed acceleration is plotted at the midpoint between time i and i+1.
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A.2.3 Application example

Data from NHTSA NCAP test 4445 is used in this application example. The usual array of accelerometers
in an NCAP test recording data at 1000 Hz captured this impact. This data along with the EDR reports
can be obtained via the NHTSA'’s website at http://www.nhtsa.gov.

The acceleration-time history, recorded at 1000 Hz and filtered according to CFC60, and velocity time
history are plotted in Figure A.6. The EDR data concurrently recorded at 100 Hz during this crash test s
plotted in Figure A.6 as well. For example purposes the above equation was applied to the EDR data and
the associated lower resolution EDR derived acceleration pulse is plotted and compared to the higher
r¢solution accelerometer data, depicted in Figure A.6.

-0,02 0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18

2
acceleration-time istory (1000 Hz CFC60)
Av-time histery) (1000 Hz CFC60)

calculated,surrogate acceleration pulse from EDR Av output data
EDR Av.output

time-Js]

| Cacceleration [g]

< KA W N R

change of velocity [mph]

Figure A.6 — Crash test acceleration and velocity compared to the EDR data in NHTSA test 4445

NOTE1 There is an obvious (dramatic) spike in the derived acceleration pulse after 110 ms. This EDR stores
up to 50 ms before deployment and 100 ms after deployment. Because the airbag is deployed near 10 ms into
the pulse, the total recording duration is 110 ms. Data after 110 ms is default data (all zero) and the calculation
process is stopped at 110 ms. If it was not ignored, the analyst would reach the wrong conclusion that there was a
positive 36 G acceleration at between 110 ms and 120 ms, which is a higher numerical value than the negative G’s
in the real crash pulse.
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NOTE 2  The pulse derived from the lower resolution EDR data under-reports the actual values and there may
be a time lag.

A.3 Comparison of characteristics calculated from recorded Av and acceleration

A.3.1 Introduction

Controlled barrier crashes run in laboratories and specialized test fleets often have extensive
instrumentation that can measure X, Y and Z acceleration at 1 ms or less intervals that allow methods
A, B and|C to be used to characterize the beginning and end of a crash pulse. There are also many xehl
world crpshes where a vehicle event data recorder may be the only instrumentation available, Whi|e
some of fthese data recorders may record acceleration data at high frequencies similar to barnier teft
instrum¢ntation, many only record longitudinal X (or X and Y) Av at 10 ms intervals.

Using the 10 ms Av intervals to derive a surrogate acceleration pulse has been discussedin A.2. This
surrogatie acceleration pulse is effectively much more heavily damped than the CFC60-filter typically
used on higher frequency instrumentation data. The heavy damping will reduce any sharp peaks in the
CFC60 data substantially, such that it is inappropriate to compare a peak acceleration value from CFCH0
data with a surrogate derived peak acceleration value from an EDR.

Annex F fillustrates high frequency CFC60 data versus EDR data derived from the raw acceleration data
used to generate the CFC60 data. A different metric is needed to be ablé to compare some measure pf
peak accgleration between these pulses.

A.3.2 PReak surrogate acceleration

For the gecorder which has only Av at 10 ms intervals, thé’surrogate acceleration calculated for eagh
10 ms inferval as described in A.2 can be compared and the peak value selected.

A.3.3 l[(eak 10 ms rolling average acceleration

The peak surrogate acceleration selected in A.3.2 should not be compared directly to the pegk
acceleration from higher frequency data. Higher frequency data with only a CFC60 filter applied mupt
be more|heavily damped to be comparable to the EDR surrogate acceleration pulse. Any number pf
different heavier filters could be used.

It is posgible to take a set of 1 ms-interval acceleration data and estimate when an airbag “wakeup
deploymient algorithm would have triggered, or to use the US 49 CFR Part 563 definition of the start pf
an event] for continuously rnunning algorithms (Method “A”). The data could be processed to duplicate
the function of an EDR, calculating the Av for each 1 ms interval and accumulating it and reporting it at
10 ms intervals. However; selecting the start point and doing the accumulation is a relatively compléx
calculatipn. A simplerdneasure, one that lends itself to automated calculations, is needed.

One of the simplesmeasures is to take the 10 ms rolling average of the 1 ms CFC60 data. The peak value pf
this morp heaVily damped parameter should approximate the peak values that would be obtained from
an EDR qurrogate acceleration pulse.

Since the 10 ms rolling average would be calculated every 1 ms, and the EDR reports only every 10 ms,
it is possible that the rolling average will still catch a slightly higher peak value than the EDR. Since the
EDR is processing raw data, not CFC60 filtered data, it is also possible that there could be some random
variations where the EDR peak value could be higher than the 10 ms CFC60 rolling average. However,
for the purpose of comparing large data sets these variations are relatively small and can be considered
negligible on an aggregate basis.

The instantaneous 10 ms rolling average acceleration can be described as:

A1omsavgx = (Ax-5 + Ax-4 + Ax3 + Ax2 + Ax1 + Ax + Axel + Axe2 + Axe3 + Ax+4)/10
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A.4 Handling of truncated pulses

A.4.1 Introduction

There are instances when the on-board crash pulse recorder does not capture the complete acceleration
crash pulse. This may be as a result of the design and configuration of the crash pulse recorder, the
result of power failure, insufficient memory, or electronic components being compromised. A method
to extrapolate the truncated crash pulse acceleration data in order to derive a surrogate maximum Av
for statistical comparison of acc1der1ts has been developed ThlS method is recently explored by some

2 ical crash

pllse modelllng, vehicle spec1flc crash performance data, and spec1f1c crash related data

This method may be applicable if the recorded part of acceleration crash pulse is long enough tq indicate
that its shape can be represented by a certain model shape, its maximum values are ‘well pagsed over
ahd the pulse duration can be estimated.

.4.2 Methodology

jven a significant portion of the acceleration-time history, the objective.s to extrapolate the missing
hta to derive a surrogate maximum Av value for statistical comparison of accident using constrgints that
bst reflect the characteristics of the subject crash. In order to apply-these constraints, a mathematical
odel for the pulse under study must first be developed. Once the shape is determined, the mieasured
bhicle deformation, crash dynamics information, pulse dutation, physics based determinations of
blocity changes and other known parameters can be utilized to scale the chosen pulse shape to the
ash under study.

n<<goToon >

=

mathematical model to represent the incomplete crash pulse recorder recorded acceleration profile is
tlected. The requirement for the chosen mathematical model is that it is integrable either in closed form
- numerically. The simplest approach is to use.anintegrable geometric or trigonometric function such
b a square, triangle (bi-linear), sine, haversinié or similar function which allows a closed formisolution.
he better the selected function matches_the shape of the available portion of the acceleration crash
1lse the better the resulting reconstructed data will be. The need for the function to be integrable is
bcessary in order to apply the available constraints.

@

=T = Y O

he portion of the subject acceleration crash pulse under analysis or staged collision test dqta of the
hme vehicle should be used as'the basis to choose the mathematical function or pulse shape that will be
ced as a basis for the reconstructed continuation of the truncated collision pulse.

= v

fter the pulse shape(s)selected it must be constrained or scaled to fit the provided pulse data. This
faling is dependenit’on the information available. The mathematical model’s primary featjures are
hape, duration, and peak. Additionally, the integration of this model yields a velocity time histgry along
ith a total velpeity change (Av), and the second integration yields a displacement time history and the
ssociated mutual deformation (crush) of the collision partners. These integrations are useful constraint
hrametefs,and can be utilized to scale the reconstructed crash pulse. Collision scene informatipn can be
[ilized for amomentum solution for the crash which canyield total velocity change (Av). This mgmentum
brived velocity change can be compared to the first integral of the chosen collision acceleratjon pulse
hape as a constraint. Measurements of the vehicle deformation can be performed to yield mutnal crush
which can be then related to the second integral of the chosen collision pulse shape. The availability of
supplemental crash pulse recorder data can include information (e.g. total Av) that may be utilized in
evaluating and scaling the reconstructed crash pulse.

w0 >

oOcmT o<

wn

A.4.3 Sample pulse shapes

Previous research has developed various pulse shapes, three sample pulses are shown. While simple
geometric and trigonometric functions are shown in Figure A.7, it is possible to apply more complex
functions or use a numerical method.
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gure A.7 — Sample geometric pulse shapes (triangular, sinuseidal and haversine)

\pplication example

able constraint data will depend on the crash type, vehicle type, crash pulse recorder type alorjg
collected information from the crash investigation.Since the exact process can vary depending
ailable information, this example may not be reptesentative of every reconstruction.

mple involves an incomplete or truncated crash pulse recorder collision acceleration pulse fora

striking

time pro‘[ile, the assumption that momentum is<conserved and the measured vehicle deformation.

The vehi
in Figurg
crush at
between|

vehicle in a front-to-side car-to-car impactThe constraint data includes the truncated velocity

les were measured and scale drawings were prepared. The impact configuration is depictdd
 A.8. The scale diagrams of the vehicle crush profiles facilitate the determination of the mutual
about 44 inches (1,1 m). The.mutual crush, in this example, is the difference of the distange
the two CG’s at maximum engagement and initial contact.

Figure A.8 — Impact configuration

The striking car crash pulse recorder was downloaded and the collision pulse examined. The crash
pulse recorder data from the striking vehicle is incomplete, see Figure A.9. This can be seen as the
acceleration data does not return to zero and the velocity change is continuing to increase at the end of
the pulse. The integration of this data indicates a velocity change (Av) of 18,8 mph (30,3 km/h). Since
the pulse is clearly truncated, the 18,8 mph (30,3 km/h) integration of the incomplete pulse is an under-
representation of the Av.

22

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=adeb64f3a26eb3291795fbd732e15197

ISO/TR 12353-3:2013(E)

X
0 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,1
0 - =
- ~
N
N\
A N
N
N
5 \
\/ ( )
~
s N\
| . |
N\
-10 ! N
\
A e -
Y b r
‘ N R
15 A Nl
W \ . .
N \

-20 \ A

-25

-30

Key

1| acceleration-time history (incomplete)

2| Av-time history (incomplete)

X| time (s)

Y| acceleration [g] and change of velocity [mph]

Figure A.9 —.Incomplete crash pulse recorder data recorded during the crash

Alreview of the récorded partial pulse and its integral indicates that a sinusoidal pulse is an adequate
shape for the model. While a sinusoidal pulse models the integration (velocity profile) of the recorded
agceleration\pulse well, due to the method’s limitations it does not capture individual peaks in the
agceleration’profile. If there is a good model fit for the recorded signal part, then the method|assumes
algoodsmodel fit for the truncated portion. Due to the limitations based on the selected pule shape the
ekxtrapolated pulse will not replicate a specific complete pulse. The mathematical representatign for the
sinusoidal pulse is:

_psin[ Tt
a(t)—Psm[ T )

—TPcos rt
v(t):J—]ﬂ r +t(v+2j

T
_T2%Psin ”?t P
s(t)= 5 +t(v+—j
T T
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[mutual crush]
AVl AVZ
Vo1 —Voo )+ ———=
|:( 01 02) [ 2 2 ]:|

a isthe acceleration;

T =

where

v is the velocity;

t S the time;
s ]s the displacement;
P |s the peak acceleration;

T s the pulse duration.

As can bg¢ seen in the equation for a(t), the calculation requires the determinatign.of pulse duration, T.|A
momentfim solution provides a physics based determination of initial or closing vehicle speeds prior o
impact ahd vehicles overall Av. As indicated previously, vehicle measurements and scale vehicle analysjs
allows the determination of the mutual crush. These factors are utilizedt¢ generate a plot of the mode]|s
output time histories and compare them to the crash pulse recorder fecorded partial pulse.

Based or] the provided data, a surrogate pulse duration T can be cdlculated, thus a(t) can be defined arjd
plotted, $ee Figure A.10.
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Figure A.10 — Sine acceleration pulse plotted at the midpoint of the Av range

Al iterative process may be used to refine the model inputs due to the inherent uncertainty
aJways be present in the mementum solution until the constraint values of the model velo
hjstory are sufficiently closeto the crash pulse recorder partial velocity time history. Figure A.
the crash pulse recordey data acceleration-time history (line 1) and the associated integratio
with the derived sine-miodel (line 3) and the associated velocity (line 4). Note that the model p
npt capture the péaks and associated with the actual acceleration pulse but the derived velocit
iy similar. The-aegeleration curve can be evaluated at the time step of the recorded pulse to d
stimated ace€leration values that satisfy the constraints used for the missing portion of the pu
pbpropriatetime step. The result of this investigation is a surrogate maximum Av = 24 mph (38

L D =

e I e e '—.—<————————————:7—. ————————————————————————————— I

that will
City time
[1 shows

(line 2)
Ise does
y profile
erive the
Ise at the
7 km/h).
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re A.11 — Extrapolation of the Av signal to derive a maximum Av using the truncated
acceleration pulse with a sine approximation model
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Annex B
(informative)

Application and use of data recorded

B.1 Usefulness of crash pulse recorder data

VEhicle crash pulse recorder data enables us to use acceleration in crash reconstructipn anglysis. In
I§0 12353-2 the advantage of using parameters derived from the acceleration-time history|in crash
r¢construction analysis was shown. In most cases, the acceleration-time history-was the preferred
easure. In this Annex the usefulness of studying the shape of the crash pulse is’shown.

=

VEhicle crash pulse recorder data are useful for most planar crash typesywhile crash recongtruction
pbmputation programs typically exclude certain crash types such as, poles, deep sideswipes, unflerrides,
efc. However, the available recorded impact severity data should (bge' used to supplement| a crash
r¢construction based on other evidence, not supplant.

(@)

Traditionally ithas only been possible to calculate Av by using the physical laws of conservation which are
the basis for different accident reconstruction programs usedworld-wide. But very often the krjowledge
about the necessary input data are incomplete or even incorrect. As a consequence, the reqult of Av
hhs a wide range of confidence and sometimes it is so ineorrect that wrong conclusions are drawn. In
cpntrast, Av as a result of the integration of the crash*pulse is as precise as the recording pro¢edure is
dpne (frequency of measuring points) but has stillt6’be interpreted because of the vector chdracter of
Ay depending on the number of axes of the recorded acceleration.

I is also evident that in certain situations the stored data may not correspond to the actual dituation.
See Annex D for examples, including nen-frontal impacts with significant rotational accelerdtion and
fcomplete recordings due to power less.

—e

jwsl

.2 Impact severity and influence on injury outcome

B.2.1 Influence on injury outcome

istorically, traffic_accident research categorizes or classifies crashes, with some measure df impact
s¢verity as a highlguseful element. Such measures that help characterize the crash pulse are of pprticular
interest for reseéarch on occupant injury frequency and severity. Also, arecorded crash pulse is an impact
s¢verity measure that may be available for both laboratory crash tests and real-world accidents, thus
providing@'direct link between research and field experience.

recorded crash pulse data becomes more commonly available in the vehicle fleet, there is an ipcreased
nged,for a common interpretation of that data to support global research. Consistent termindlogy and
: . . : e megration

of crash test and real-world crash data.

InI1SO 12353-2,a matrix was elaborated on relevant impact severity measures related to common impact
configurations. A general conclusion from that work was that in impacts where the intrusion plays a
minor role, information from crash pulse data would provide a superior input for the determination of
impact severity.

The next step would consequently be to investigate (given a crash pulse record) which of the parameters
from the crash pulse would be the best link to injury causation - for the actual crash configuration, and
ideally also related to body region.
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B.2.2 Crash pulse contribution to research on human injury tolerance information

Knowledge from real-world crashes is important in the design of a crashworthy road transportation
system. Such design must be based on the human injury tolerance limits. Links between impact severity
and injury outcome could be helpful in understanding such tolerance limits. Traditionally impact
severity has been calculated with retrospective reconstruction technique.

More recently, researchers have presented injury risk functions where impact severity has been
measured with crash data recorders. Their aim was to present injury risk functions, calculated with
crash pulse recorder data. These risk functions are calculated with statistical analysis and are based
on aggreFated data, and express the probability of injury as a function of crash severity recorded by-the
crash pullse recorder. They express the average injury risk of the vehicles included in the data set./Thgy
must nof be used to predict injury outcome in a specific crash.

Although several parameters may influence the injury risk as illustrated in Figure B.1, these‘ihjury rigk
functionp show the statistical correlation between crash pulse characteristics and injury/pisk.

Below are some examples of risk functions for various recorded or calculated crash severity parametefs
in frontal impacts (Figures B.1 and B.2). The injury severity is described by AIS or miaximum AIS (MAIS).
In most ¢xamples the risk of MAIS 2+ or MAIS 3+ injury is presented.

Figure B.1 presents an attempt to differentiate injury probability in frontal impacts for injuries {o
differengybody regions. The plot shows risk of AIS 2+ injury. At a given crash severity the injury risk may
differ foff injuries to different body regions. In the example the head‘injury risk is lower than the chept
and leg ihjury risks.

The sour|ce of Figures B.1 to B.4 is the Folksam database of recorded frontal impacts.

Y
1 \

08

0,6

04

02

Key

1 leg

2 chest

3 head

X  crash severity
Y injury risk

Figure B.1 — Reported AIS 2+ rate by body region versus Av from crash pulse recorder data

Figure B.2 showsriskofany MAIS 2+ and MAIS 3+injuryin frontalimpactsatthree crash severity parameters:
— change of velocity,

— mean acceleration, and
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— peak acceleration.

The figures show that all three parameters are influencing the injury risk.
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re B.2 — Three impact severity metrics (change of velocity, mean acceleration, peak
acceleration).vs,injury risk

Figures B8.3 and B.4 below show injury AlSlevel (uninjured and MAIS 1, MAIS2,and MAIS3+) for occupant
exposed
toacom

of paran

Figure B
accelerat

The figu
the injur]
extent as
duration
150 ms t

o combinations of two crash severity parameters. Each point represents an occupant expose

eters.

.3 shows the influence of.mean and peak acceleration and Figure B.4 the influence of meg
ion and duration.

res indicate that high mean acceleration or high peak acceleration separately may influeng
y risk. In Figure.B4 it can be seen that pulse duration is not influencing injury risk to the san
the other pararmeters. The majority of occupants with MAIS 3+ injuries can be seen at a pulj
between.80-ms and 160 ms. There are several occupant exposed to pulse durations aboy
hat were'wnhinjured.

ination of two crash pulse characteristics. It gives an indication of the influence of combinations
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Figure B.3 — Injury related to peak acceleration and mean acceleration
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Figure B.4 — Injury related to mean acceleration and duration
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Annex C
(informative)

Misuse, limitations and traps

()

.1 Human-related and vehicle-related parameters

(@)

Fash severity is only one of many parameters influencing the injury outcome in anf‘accident. Other
thportant human-related parameters include: physical fitness, age, gender, body’size, body mass,
Ccupant kinematics, and prior medical situation.

o =

In addition to these human-related parameters, there are vehicle-related parameters fthat can
nfluence injury outcome, including: intrusion of objects from outside the vehicle, unconstrainef objects
11side the vehicle, occupant contact outside the vehicle, occupant seating position, position of|seat and
steering-wheel, interior materials, seat belt use, seatbelt pre-tensighers and seatbelt force |limiters,
Wpplemental restraint system activation timing, or direction of impact forces. Although the crajsh signal
4 a parameter which may be used to describe impact severity, its.direct correlation to injury oytcome is
uhcertain due to the influence of the parameters identified above:

— n b—

(.2 Limitations related to crash configurations

Opn the basis of this Technical Report, it is important'to understand that there are limitations agsociated
with various crash configurations that need to be‘¢onsidered.

Cl2.1 Crash configurations with minerrisk of misinterpretation or misuse

I combination with other crash reconstruction data, recorded crash pulse data may be useful in the
fqllowing exemplary scenarios.

C{2.1.1 Planar longitudinal‘collisions (frontal or rear)

In frontal crash scenaridosywhich exhibit predominantly longitudinal Av signals, it is reasdnable to
dptermine impact sevérity from the recorded crash signal. There is little risk of misinterpretfation for
cases in which the front of the vehicle exhibits continuously distributed loading, both latefally and
vertically, across‘the vehicle’s frontal or rear structure. Examples of these cases include unpder-ride
sjtuations, e.gsa'‘passenger car collides with the rear end of a truck.

C|2.1.2 _“Planar side collisions

I some side crash scenarios which exhibit predominantly lateral Av signals, it may be reas¢nable to
dwmmmmmmmmmwretamn

for cases in which the side of the vehicle exhibits continuously distributed loading, both laterally and
vertically, with low intrusion across the vehicle’s side structure.

C.2.2 Crash configurations with major risk of misinterpretation or misuse

In contrast with the scenarios described above, there are many crash events in which recorded crash
signals may yield inaccurate assessment of impact severity. For these cases, it is especially important to
note that the inaccuracy is further compounded if the crash signal is used to assess injury severity. In
the following exemplary scenarios, it is critical that crash pulse recorder data be compared with other
crash reconstruction data to ensure that impact severity is correctly estimated.
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C.2.2.1 Damage to crash pulse recorder mounting

Crash events in which the data recorder’s mounting surface is damaged due to intrusion may yield crash
signals that are not representative of the vehicle crash pulse. In such cases the orientation of the crash
signals cannot be determined reliably. Additionally, the signals represent local signals at the deforming
mounting surface rather than signals of the vehicle.

C.2.2.2 Lateral crash

In lateral crash events, it is noted that acceleration-based crash signals are not sufficient to fully
characterize impact severity. Therefore, if lateral Av (or acceleration) alone is used to estimate impagt
severity,|it is quite possible that the conclusions will be flawed. To illustrate, consider the folowirg
exemplal'y scenarios:

— Thelside of a vehicle is struck such that there is limited engagement with the vehicl¢’s primary
strufture (i.e. sill or b-pillar). While the struck vehicle may experience significantdntrusion whigh
resuflts in high impact severity for the near side occupant, it is quite likely that the overall Av (¢r
acceleration) may be quite low.

— The lsame vehicle is struck such that there is significant interaction with/the vehicle’s primary side
strufture. In this case, the struck vehicle may experience much less overall intrusion which results |n
low fmpact severity. However, Av (or acceleration) would be much highér than in the previous scenarip.

C.2.2.3 | Oblique crash

In oblique crash configurations the vehicle can experience seyere deformation that is distributed across
one corner of the vehicle. This type of crash yields acceleration values in the longitudinal and laterpl
directions; the magnitude of each signal is dependent upen‘the specific crash configuration. Thereforg,
the timefseries data from both axes are important in.determining impact severity. Also note that, gs
the crash progresses, the vehicle may experience rgtation about the vertical axis which can result |n
artificially higher signals depending upon the location of the crash pulse recorder relative to the axis pf
vehicle rptation.

C.2.2.4 | Glance-off crash

In glancg-off crashes the vehicle can:be subjected to a low overlap condition with very little structurgl
engagenjentand may experience seévere localized deformation accompanied by relatively low acceleratign
values. An assessment of Av (or aeeeleration) alone may lead to a mischaracterization of impact severitjy.
Also not¢ that, as the crash progresses, the vehicle may experience rotation about the vertical axis whigh
can result in artificially higher signals depending upon the location of the crash pulse recorder relative
to the axjis of vehicle rotation.

C.2.2.5 | Vehicleiyaw during crash

In crashps with ' vehicle rotation about the vertical axis, crash pulse recorder signals can easily he

misinterpreted. The acceleration signal at the crash sensor depends on the distance from the sens¢r
location mmmmrmw%h

sensor may be located far from the vehicle’s centre of rotation. In this case, the longitudinal and lateral
acceleration at the vehicle’s centre of gravity is markedly different from that measured by the crash
pulse recorder due to rotational components at the sensor location. In some cases the Av (or acceleration)
signals can be reengineered if a sufficient rotational acceleration-time record is available.

C.2.2.6 Vertical components during crash

In crashes with vertical components, crash pulse recorder longitudinal and lateral signals can easily be
misinterpreted if the vertical component is not properly accounted for. It is noted that many vehicles
are not configured to record vertical acceleration for the purpose of supplemental restraint system
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activation. In crashes with significant vertical components, assessment of the lateral and /or longitudinal
signals may underestimate the impact severity.

C.2.2.7 Rollover crash

In rollover crashes, crash pulse recorder signals can easily be misinterpreted. In this type of crash,
accelerationsin thelongitudinal and lateral directions are insufficient to fully characterize impact severity.

C.2.2.8 Multiple crash events

Crash pulse recorders are limited with regard to the volume of data that can be stored. Thefefore, in
agcidents which include multiple impact events, the number of events that can be capturedhis limited. In
the United States, federally regulated event data recorders (EDR) typically capture ne more than two
eyents. For accidents that involve more events than can be recorded, the overall accident severify cannot
bg reliably determined from the recorded crash signals. Therefore, in crashes éwith multiple events,
cfash pulse recorder signals can easily be misinterpreted.

C|2.2.9 Narrow-object crash

I crashes with narrow objects, crash pulse recorder signals can easily’be misinterpreted. Thgse types
of crashes may be accompanied by high levels of intrusion and;relatively low levels of accg¢leration.
Therefore, acceleration-based measures are insufficient to fully characterize impact severity.

C|2.2.10 Intrusion from external objects

I} crashes with intrusion in which external objects penetrate the occupant compartment, crgsh pulse
r¢corder signals are not applicable to determine crash severity. As noted above, these types of crashes
ay be accompanied by high levels of intrusion and relatively low levels of acceleration.

5

()

.3 Limitations and traps related to recorder and recorded data

—3

he following issues need to be evaluated and addressed in the analysis of crash pulse recorddr data.

()

3.1 Valid recording

p—

presenting these guidelines for the interpretation of recorded crash pulse severity, the authors
presume that the investigator/researcher has already validated that the recording made is a ¢omplete
r¢cording and comes-from the crash under investigation. Some older factory equipped event data
r¢corders require-vehicle 12 V power for one or more seconds after a crash to complete makipg a new
r¢cording after@ ¢rash. If power is lost at impact, no new recording may be completed and an ¢ld crash

ay still be stored in memory. It is the responsibility of the investigator/researcher to compare the
cfash pulseyrecorder data to the physical evidence and validate that the recording is from the crash
uhder investigation. These guidelines are how to interpret a previously validated recording.

(132 Accelerometer position in vehicle

C.3.2.1 If the accelerometer measuring the crash severity is not located on the centre or gravity of
the vehicle, and/or the line of force applied is not directed through the event data recorder, and vehicle
rotation occurs, it is possible that the recorder may capture a pulse at its location that is different than
the pulse experienced along the line of force applied. For example, if a recorder is mounted under the
passenger seat and frontal crash forces are offset to the driver side causing a severe counter-clockwise
rotation at impact, the recorder may capture less than the full pulse experienced by the driver location.

C.3.2.2 If the mounting surface of the recorder is deformed or displaced during the crash, the X and Y
accelerometers may no longer point in their original directions and the event data recorder may record
less than the full pulse. Rear or lateral displacement of the crash pulse recorder could result in higher
accelerations being measured.
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C.3.3 Accelerometer clipping

If the crash pulse exceeds the capability of the measuring accelerometer, pulse may be clipped and
under-reported. For example, an 80 g pulse measured by a 50 g accelerometer will be reportedasa 50 g
event. The resultant Av calculated from the acceleration data will also be under-reported.

C.3.4 Time truncation

Whilemostrecordersbeginrecordingatalgorithm wake-up, some eventdatarecorderswith continuously
running algorithms that centre recordings on the deployment may not have sufficient memory before
the deplpyment to capture the beginning of the crash pulse. Similarly, some event data recorders.do
not recofd for sufficient duration to capture the end of the crash pulse, resulting in truncated data-arld
thereforg¢ a possible misinterpretation of crash severity.

C.3.5 Longrecording

Some data recorders may record some pre-crash braking prior to the start of the cnashlrand post-cragh
skidding|from point of impact towards point of rest. Caution should be taken in the determination of the
start and end of the crash pulse.
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Annex D
(informative)

Examples of measured acceleration and analysis

.1 Details for the crash pulses referred to in Clause 5

he conditions mentioned in Clause 5 are almost fulfilled for a series of four frontal impgcts (see
gure D.1) with a different impact configuration but identical Av and EES values of 55’km/h each.

el B - |

The individual crashes of the same vehicle model, conducted between 1987 and’ 1991, are shown in
Flgure D.1 below:

Y
50 | | | | |

Key
impact against a rigid barrier with 100 % overlap at 55 km/h
impact against a rigid barrier with 50 % overlap at 55 km/h

impact against a rigid barrier with 40 % overlap at 55 km/h
car-to-car impact with 57 % overlap and a closing velocity of 110 km/h

time [ms]

=X R W N

acceleration [g]

Figure D.1 — Crash pulses for different frontal impact configurations with the same Av and EES
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Figure D.1 shows the different crash pulses for each test. Due to the fact that in combination with a belt
pretensioner no significant interaction of the dummy’s chest and the steering wheel could be observed
in the high speed film analyses, the chest deceleration can be used as a parameter for that loading on
the dummy which was mainly caused by the deceleration of the car itself. Taking the chest loading in
the 100 % overlap test as 100 %, the following results can be provided for the chest deceleration for the
different tests:

Test 1: 100 %

u N
NP
P
K

Test g+

TestB: 72 %

Test f: 94 %

A compafison of the results shows three important aspects:

o

Comparifon of Tests 1 and 2: The chestloading in an offset impact can be higher than in a full overlap impac

Y

50 | | | | |

vehicle crash pulse in 100 % barrier test - chest loading 100 % at 74 ms
vehicle crash pulse in 50 % overlap barrier test - chest loading 120 % at 87 ms

1
2
X time [ms]
Y acceleration [g]

Figure D.2 — Crash pulse for 100 % barrier test compared with 50 % overlap barrier test
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Key
1| vehicle crash pulse in 50 % overlap batrier test - chest loading 120 % at 87 ms
2| vehicle crash pulse in 40 % overlapbarrier test - chest loading 72 % at 90 ms
X
Y

time [ms]
acceleration [g]

-

was invelved in the crush, contributing to a higher peak.

40 X

Figure D.3 — Crash’pulse for 50 % overlap barrier test compared with 40 % overlap barfier test

Cpmparison ofTests 2 and 3: The difference in occupant loading with identical substitute parameters
@r impact séverity can be so significant - even if the difference of the overlap degree is 10 % only - that
the outcome might scatter between minor or very severe injuries. In the 50 % overlap test, the engine
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50

1  vehidle crash pulse in car-to-car impact with 57:%.-overlap and a closing velocity of 110 km/h - chest loading
94 9% at 85 ms
2 vehidle crash pulse in 50 % overlap barriertest - chest loading 120 % at 87 ms

time[[ms]
Y  acceleration [g]

Figurg D.4 — Crash pulse for 50 % overlap barrier test compared with car-to-car impact test
with 57 % overlap

Comparison of Test§2-and 4: The car-to-car collision can result in different occupant loadings depending
on the oyerlap degree and interaction of the structures and can therefore not be compared with the
respectiye impact against a rigid object with an identical degree of overlap.

These significant differences can only be explained by the difference in the crash pulses, especially
the magnitude and point of time of the maximum deceleration. These results prove the significance of
knowing exactly the detailed crash pulse in order to evaluate impact severity.

Especially with respect to the activation of irreversible restraint systems such as airbags or belt
pretensioners, detailed knowledge of the deceleration characteristicis urgently needed. The control units
of these systems use an algorithm which takes the height, onset rate, and duration of the deceleration
into account. Based on a first part of the deceleration characteristic, the decision is made to deploy or not
to deploy an air bag. As the examples shown above clearly demonstrate, the risk for the occupants to be
injured by deceleration-induced forces cannot be derived on the basis of a single substitute parameter
for impact severity but have to consider a significant portion of the crash pulse itself.
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D.2 Examples of single event crash pulse interpretation

The pulse in Figure D.5 is an example of the influence of time to peak acceleration in combination with
the acceleration. High acceleration, 43 g, occurred at the time the occupants were completely in contact
with the seat belt and possible maximum loading on the occupants. One of the two occupants sustained
lumbar spine fractures.

The crash was a front-to-side impact into another vehicle with a full front into the B-pillar in a 90 degree
angle. The change of velocity was 64 km/h. Considering the masses of the vehicles the impact velocity
was estimated to approximately 100 km/h.

70 [ [
Y — 1 2

o R R T oy 1
B — SN S . —
o —— S —
o — A E S — f
o M S A G e |

10 @ YN A .

2
acceleration-time history
Av-time history

time [ms]

< > N R

acceleration[g], change of velocity [km/h]

Figure D.5 — Crash pulse Example 1

Fi gure D-6showsam c)&dmplc ofasmattover ldp trast—tte pulbt—.‘ bhdpc trths type of crashroften consists
of short peaks due to the fact that the structure of the car thatis involved in the deformation is relatively
weak between the stiff firewall, A-, B- and C-pillars.

The change of velocity may often be relatively low in small overlap crashes, while the vehicle deformation
canbelarge due to the high kineticenergy in the crash. In this example the change of velocity was 28 km/h.
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Key
1 acceleration-time history
2 Av-time history
X  time|ms]
Y acceleration [g], change of velocity [km/h]

Figure D.6 — Crash pulse Example 2

D.3 Example of multiple’event crash pulse interpretation

In the anplysis of multipte impact crashes, especially when trying to link injury outcome to crash severitjy,
it is impprtant to have-detailed knowledge about the crash severity (preferably the acceleration-tine
history) [in each impact event as well as the time between the events. Restraint activation could occur
in each gvent depending on the severity of each event and occupant kinematics. Variation in time arld
principal diréction of force between the events, may affect whether the occupant is loaded to the
restraint{ system or has a deviant position in second impact.

Figure D.7 shows the lateral pulses from a multiple side impact. In the first impact the case car was
struck by a car in an intersection, skidded sideways and was struck the second time by a truck driving
in the opposite direction. Time between the impacts was 850 ms (measured from end of the first impact
to beginning of the second impact).
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Figure D.7 — Multiple side impact, lateral acceleration pulse

his example illustrates that currenttanalytic methods cannot generally accommodate my
pllisions. That is, there is no simple‘means to combine multiple crash pulse measures intg
easure of crash severity. Instead,/the analyst must review all available information for a my
rash, and consider the following:

a5 o0 -

Occupants, particularly;unbelted occupants, may be out of normal seating position after the fi

\ml

b) Frontal airbags and’many side airbags may be designed to be effective for the duration o
event, and may not provide an equivalent level of protection in subsequent events.

Iti-event
a single
Iti-event

st event;

[ a single
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Annex E
(informative)

Calculation method for determination of tg and tepq, Methods A, B
and C

E.1 General

Every rejal world accident is unique, in impact speed, acceleration shape, collision angle-and overlap.
To analyse an accident acceleration curve accurately, the following proposed modus operandi should
establisl a sound basis.

E.2 Definitions

to: Time where the left intersection line meets the zero line.

tend: Time where the right intersection line meets the zero life.

t(max): Time where the acceleration during the crash reaches the maximum value.
a(max): Maximum peak of the filtered acceleration curve.

a9 %): Acceleration value of 90 % of peak acceleration.

ti(90 %): Time value at 90 % peak acceleration.

a(10 %): Acceleration value of 10 % of peak acceleration.

ti(10 %): Time value at 10 % peak ac€eleration.

gi: Gradient between a(90.94)/ti(90 %) and a(10 %)/ti(10 %).

b;: Centre of distance.

a(accel/brpke): Average acceletdtion of speed up or brake acceleration before and / or after an incident.

Index i:

1 beforefleft side*of acceleration curve of aimax)

2 after/rjight Side of acceleration curve of amax)

NOTE Influence of braking or acceleration during the crash sequence should be taken into account in the
calculation of tg and tepg.

E.3 Calculation process

E.3.1 General

The next sections describe calculations according to Methods A, B (two versions) and C. The following
chart shows an example of the calculation Methods A and B.
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Figure E.2 — Longitudinal acceleration, frontal collision, accident with Crash Pulse Recorder
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E.3.1.2 Lateral acceleration in frontal collision
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Figure E.3 — Lateral acceleration, frontal collisionyaccident with Crash Pulse Recorder

E.3.2 Method A

E.3.2.1 | Calculation of tg and teng

tg
to= j a(t)&t:AvSO.BkTm
#o—20ms
#eng+20ms X
tend| | a(t)ot=avs08<"
h
tend

60

100

NOTE Av = 0.8 kmy/h[ref. 5.2.3.1 and SAE J1698-1.

If we corppare Method A with Method B the duration of Method A is always lower than the duration pf
Method B (mostly at low speed crashes). One reason is that we lose some milliseconds at tg.

If we startwith

120 140
time s

160

180

200 220 240

t0+20ms km
= = > -
to j a(t)dt=av208"
t0
we will get a better correlation.
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