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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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TECHNICAL REPORT ISO/TR 13330:2013(E)

Road vehicles — Calculation processes for the neck injury
criteria in rear impact

1 Scope
Thi a-Repo Syss ds—eatewlation—procedures—Fforseveral-neckperforma iteria for
low-severity rear impact that are found in the literature. This Technical Report does not recopmend any
pafticular criteria or provide injury risk curves since the mechanisms of whiplash injury ar€ neitler proven
nor validated. Calculations given in this Technical Report apply to mid-size adult male dummies|only.
2 [ Normative references
Thie following referenced documents are indispensable for the applicatignof this document.|For dated
references, only the edition cited applies. For undated references, the(latest edition of the referenced
dofument (including any amendments) applies.
ISQ 6487, Road vehicles — Measurement techniques in impact tests = Instrumentation
SAE J211-1:2003, Instrumentation for Impact Test —Part 1: Electronic Instrumentation
3 | General recommendations
Rajw data (unfiltered) must be used as input in the‘calculation process (including filtering as alfirst step)
degcribed below in this Technical Report.
Sign conventions and the reference frame‘are those described in SAE J211-1 and shown in Figure 1.

+Y -

+X

+Z
Figure 1 — Reference coordinate system

Thie pasitive x-axis will he directed forward
The positive y-axis will be directed from the dummy’s left to its right side.
The positive z-axis will be directed downward from head to toe.
For neck loads, polarities should be checked with the following manipulations:
— Fx > 0: head rearward, chest forward;
— Fy > 0: head leftward, chest rightward;
— Fz > 0: head upward, chest downward;
— Mx > 0: left ear toward left shoulder;
© IS0 2013 - All rights reserved 1
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— Mx > 0: left ear toward left shoulder;

— My > 0: chin toward sternum;

— Mz > 0: chin toward left shoulder.

The neck forces and moment can be divided in several portions:

— The anterior portion of the neck force about the x-axis is defined as the positive portion of the neck
force about the x-axis measurement. The posterior portion is defined as the negative portion.

— Thee
force

— The f
defing
negat

Film or an
the head 1

4 Calcy

terrsiom portion of thereck forceaboutthe z=axis s defimed as the positive portiomof the s
pbout the z-axis measurement. The compression portion is defined as the negative portion

exion portion of the neck moment calculated at the occipital condyles about the ly-axis
bd as the positive portion of the measurement, while extension portion is considered as {
ive portion.

imation video should be available in order to check the main events, such@s.head contact w
est.

1lation process defined for each criterion

4.1 Upper neck loads

ck

is
he

ith

4.1.1 Mpasurements used
Fx_upper | neck (t) : Upper neck force about the x-axis in N
Fz_upper _neck(t) : Upper neck force about the z-axis.n N.
4.1.2 Mpasurement filtering
The raw data are filtered using the filters @sindicated in Table 1.
Table 1 — Filtering of the measurements used in the calculation process of the upper neck loads
following ISO 6487 or SAE J211-1
CFC Measurements
1000 Fx_upper_neck(t) Fz_upper_neck (t)
4.1.3 Zgro offset measurements

ed

4.1.4 Time window to define criteria for maximum/minimum value

The whole time window available is used to determine the minimum and/or maximum values.

4.1.5 Calculation process description

Fx_upper_neck_max

Fz_upper_neck_max

Ff&o )]

=MaXtjme windowl x_upper_neck

Ff&o ()]

=MaXyime windowl Z_upper _neck

ast
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Ff&o )]

F time_window[ X_upper_neck

x_upper _neck_min = M1

. &o
Fz_upper_neck_min _mmtime_window[F!_upper_neck(t)]

where

Ff&o (t) and pf&o (t) are the upper neck forces in x and z directions after the
X_upper _neck Z_upper _neck

Iliterll’lg and COTTection of ZEro offset.

4.1.6 Dummy for which this criterion is calculated

Thiis criterion can be calculated for any dummy for which measurements described above arelavailable.
4.2 NIC[I2]

4.2.1 Measurements used
Yx| head(t) : Head linear acceleration about the x-axis measured abthe centre of gravity in my/s2.

Vx| 71(¢) : T1 linear acceleration about the x-axis in m/s2.

4.2.2 Measurement filtering

Thle raw data are filtered using the filters as indicated in Table 2.

T4ble 2 — Filtering of the measurements.sed in the calculation process of the NIC accprding to
I1S06487 or SAE J211-1

CFC Measurements
1000 Yx_head (t)
180 Yx_11(t)

4.2.3 Zero offsetmeéasurements

Remove the offsetof the filtered channels described in 4.2.1 “Measurements used”. The offset[is defined
as the meanrealculated over the last 10 ms of the measurement before the time of impact, i.e. the last 100
pojnts foradata acquisition of 10 kHz.

4.2.4- Time window to define criteria for maximum value

The time window to evaluate maximum NIC is until the time of end of head restraint contact.
4.2.5 Calculation process description

2
t
NIC =max time _window (0-2 * (y){i&??l (t) - y;{:&h(;ad (t)) + [IO (7{%791 (t) - j/)}(rjglhoead (t))] )

where

© IS0 2013 - All rights reserved 3
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f&o f&o
J/x_Tl x_head

correction of zero offset.

(t) and ¥y (t) are the T1 x and head x linear accelerations after the filtering and

If T1 x is measured at two locations, e.g.left and right, T1 x is the mean of the two location measurements.
Firstly, filter each T1 x channel with CFC180, then calculate an average channel by adding both channels
and dividing by 2. Finally, determine the positive maximum between time zero and the time of end of
head restraint contact.

Constants of integration at time zero are 0 m/s.

4.2.6 Filtering after calculation process

NIC should not be filtered after calculation.

4.2.7 Dummy for which this criterion is calculated

This critetion can be calculated for any mid-size male dummy for which measuremments described abgve
are availaple.

4.3 Nij[3l

4.3.1 Mpasurements used

F

X _upper|_neck (t) : Upper neck force about the x-axis in N.

Fz_upper _neck(t) : Upper neck force about the z-axis in N.

My_uppe '_neck(t) : Upper neck moment about the y=a%is in N.m.
4.3.2 Mpasurements filtering

The raw data are filtered using the filters @sjindicated in Table 3.

Table 3 + Filtering of the measuréments used in the calculation process of the Nij according to
ISO 6487 or SAE J211-1

CFC Measurements
1000 Fx_upper_neck (t) Fz_upper_neck(t)
600 My_upper_neck (t)

4.3.3 Zgro-offset measurements

Remove the offset of the filtered channels described in 4.3.1 “Measurements used”. The offset is defined
as the mean calculated over the last 10 ms of the measurement before the time of impact, i.e. the last 100
points for a data acquisition of 10 kHz.

4.3.4 Time window to define criteria for maximum value

The maximum of the Nij components should be calculated on the whole time window available.

4 © IS0 2013 - All rights reserved
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4.3.5 Calculation process description

2013(E)

tension

either in

f&o &o

Nii = Fz_upper_neck( ) MOCf (t)

J=maX¢ime window( Fre Myc )

where

Ff&o 1s the upper neck force about the z-axis either 1n compression or-1tj

Z _upper _neck (t) after the filtering and correction of zero offset;

f&o is the moment calculated at the occipital condyles about.the'y-axis
MoC ¥ ©) . X , oo .
flexion or in extension after the filtering and correctionof zero offfset;

Fzc and My, are the critical values for upper neck force aboutthe z-axis and fo

The critical values (intercepts) used are included in Table 4.

Table 4 — Critical values used in Nij calculation for mid-size male

moment calculated at the occipital condyles abbout the y-axis.

the

F;c tension (N)

F;c compression (N) My, flexion (Nm) My, extension

(Nm)

6806

-6160 310 -135

moc&o)=m/&o

where

f&o ()

x _upper _neck

f&o ®)
y upper_neck

D

Chpckingthe value of D distance relevant for the sensor model used with the sensor manufactureri

E

X

D* f&O
y_upper _ neck[ )- ( X_upper_ neck(t)]

MOCJ},C&O(t) should not be filtered after calculation.

hmples of upper neck forces and upper neck moments are given in Figures 2 and 3.

is the upper neck force about the x-axis after the filtering and corr
zero offSef*(see Figure 2);

is'the upper neck moment about the y-axis after the filtering and ¢
ofZero offset (see Figure 3);

is the distance between the measurement centre of the upper neck

and the occipital condyles about the z-axis.

ection of

prrection

load cell

b required.
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-100
-0,02

0,08 0,18 0,28 0,38

Key
X  time i seconds
Y upper|neck force
Figure 2 — Example of F f&o (t) (upper neck force about the z-axis after the filtering
z_upper _neck
and correction of zero offset)
6 © IS0 2013 - All rights reserved
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10 ry

-25
-0,02 0,08 0,18 0,28 0,38

Key
X | time in seconds
Y | upper neck moment

M _ f&o - i h
Figure 3 — Example of My_upper_neck(t) (upper neck moment about the y-axis after the
f&o

filtering and correction of zero offset) (black'curve) and MOC ¥ (t) (moment calculated at the

occipital condyles about the y-axis either in flexion or in extension after the filtering and
correction.of zero offset) (green curve)

To|determine the Nij maximum value, four intermediate calculations must be made. These callculations

us¢ the upper neck force about'the z-axis Ff&o (t) (in tension or in compression) with the
Z_upper _neck

mg@ment calculated at the occipital condyles about the y-axis MOC;&O (t) (in flexion or extengion). This

regults in four combinations of the two data channels:

Ncf where FJ/ %2 (t) is in compression and MOCf&O(t) in flexion;
Z_upper _neck y

Ncg where Ff&o (t) isin compression and MOCf&O[t) in extension;
Z_upper _neck y

Ntf where Ff&o (t) isin tension and MOCf&O(t) in flexion;
Z_upper _neck y

Nte where Ff&o (t) is in tension and MOCf&O(t) in extension.
Z_upper _neck Yy

The tension portion of the upper neck force about the z-axis is defined as the positive portion of the
upper neck force about the z-axis measurement. The compression portion is defined as the negative
portion (see example in Figure 4). In the same manner, the flexion portion of the moment calculated at
the occipital condyles about the y-axis is defined as the positive portion of the measurement, while the
extension portion is considered as the negative portion (see example in Figure 5). In each of these
combinations, when a data channel is not in its designated load type its value is to be set to zero. For

example, to calculate the Nce (compression - extension) value, all data values of sz&o (t)which do not

represent compressive loading are set to zero. Likewise, all data values of M)];&O(t) which do not

represent an extension loading are set to zero.

© IS0 2013 - All rights reserved 7
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Figure 4
positive

neck force

} — Example of tension portion of the upper neck force about the z-axis defined as the
portion (red curve) and compression portionof the upper neck force about the z-axis

0,08 0,18 0,28 0538

defined as the negative portion (blue curve)
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Thie force contribution to each Nij component is defined as

Fzc
foif tension/compression contributions and in Figure 7 for flexion/extension contributions).
. § N A0
Thle moment contributipn to each Nij component is defined as e
lyc

ISO/TR 13330
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-15 f\/

-20

-25
-0,02 0,08 0,18 0,28 0,38

y
time in seconds
upper neck moment

f the upper neck moment calculated at theoccipital condyles about the y-axis define
negative portion (blue curve)

f&o
Z_upper _neck (t)

(see example i

Figure 5 — Example of flexion portion of the upper neck moment calculated at the o¢cipital
ndyles about the y-axis defined as the positive portion (red curve) and the extension portion

d as the

h Figure 6
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Key
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Figure 6 {— Example of the force contributions for tension (red curve) and for compression (blue
curve)

Y
018 —&

0,16

0,14

0,12

0,10 “\

i
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P
-

0,04 \
\
M\ \

0,00 7 ——— I T T >
-0,02 0,08 0,18 0,28 0,38 X

Key
X  time in seconds
Y moment contributions

Figure 7 — Example of the moment contributions for flexion (red curve) and extension (blue curve)
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In case the Nij maximum among the four components is to be calculated, the different portions can be
summed using either one of the following processes:

— For each of the four Nij components, if either the force contribution or the moment contribution
is null (zero), the Nij component should also be set to null (zero) at that same time (see example in

Figures 8 and 9).

— For each of the four Nij components, its value is the sum of the force contribution and the moment
contribution even if either contribution is equal to null (zero) (see example in Figures 10 and 11).

Y
030 —&

0,25
0,20 $\
0,15

0,10 \/\\

0,05

0,00 —

-0,02 0,08 0,18 0,28 038 X

Key
X | time in seconds
Y | Nte component

Yigure 8 — Example of the Nte component (purple curve) summing the tension contrjibution
(red curve) and the-extension contribution (blue curve) only if they are both not pull
simultaneously

© IS0 2013 - All rights reserved 11
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030 —5
0,25
0,20 $\
0,15

' \
0,10 \
0,05 \
0,00 | —f“"/{v : M

-0,02 0,08 0,18 0,28 038 X

Key
X  time i seconds
Y Nce (blue curve), Ncf (yellow curve), Nte (purple curve), Ntf (orange ¢drve) components

Figure 9|— Example of the Nce (blue curve), Ncf (yellow:curve), Nte (purple curve), Ntf (orange
curve) cqmponents summing the relevant force contribution and the moment contribution only
if they are both not null simultaneously
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-0,02

Key
X | time in seconds

0,00 1 —

0,08

0,18 0,28 038 X

Y | Nte component (purple curve) summing the tension contribution (red curve) and the extension contribution

(blue curve)

Figure 10 — Example of Nte component (purple curve) summing the tension contrj
(red curve) and the extension contribution (blue curve) regardless if the measurement is

positive or negative
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0,00 — =N
-0,02 0,08

Key
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Y Nce (blue curve), Ncf (yellow curve), Nte (purple curve), Ntf (orange ¢drve) components

Figure 11 — Example of the Nce (blue curve), Ncf (yellow-curve), Nte (purple curve), Ntf (orange
curve)|components summing the relevant force contribution and the moment contribution
regardless if the measurement'is positive or negative

Finally, thie Nij maximum value is set to the maximum value of the four combination maximum valuep.

4.3.6 Filtering after calculation process

Nij should not be filtered after calculation.

4.3.7 Dummy for which this criterion is calculated

This critetion can be calculated for any mid-size male dummy for which measurements described abgve
are availaple.

WARNING — Thedintercept values were determined based on pigs/ Hybrid III 3-year-old paired
tests and|then scaled to adult Hybrid III dummies. It is questionable to use these intercepts valyes
for dumnpiesbased on design principles different from the Hybrid III family. However, since thére
is no infofmation relevant to the other dummies, the intercept values based on Hybrid 11l design
are used for the other dummies.

4.4 Nkm ([41,5])

4.4.1 Measurements used

Fx_upper_neck (t) : Upper neck force about the x-axis in N.

My upper neck(t) : Upper neck moment about the y-axis in N.m.

14 © IS0 2013 - All rights reserved
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4.4.2 Measurement filtering

The raw data are filtered using the filters as indicated in Table 5.

Table 5 — Filtering of the measurements used in the calculation process of the Nkm

CFC Measurements

1000 Fx_upper_neck (t)
VA A

500 "y_upper _neck‘J

4.4.3 Zero offset measurements

Remove the offset of the filtered channels described in 4.4.1 “Measurements used’.The offset[is defined
as the mean calculated over the last 10 ms of the measurement before the time of impact, i.e. the last 100
pojnts for a data acquisition of 10 kHz.

4.4.4 Time window to define criteria for maximum value

Thie maximum of the Nkm components should be calculated on the\whole time window availgble.

4.4.5 Calculation process description

f&o 20
Nkm= FX_upper_neck (t) MOCJj,r (t)
m=max time_window( o + e )
wHere
Ff&o ) is the upper neck force about the x-axis either in anterior or in posterfior direc-

X_upper_neck tion, after thefiltering and correction of zero offset;

Moclt& ) is the oment calculated at the occipital condyles about the y-axis either in
Y flexiomor in extension after the filtering and correction of zero offset;

Fyc and My, are the critical values for upper neck force about the x-axis and for the moment
about the y-axis.

The critical values,(intercepts) used are included in Table 6.

Table 6 — Critical values used in Nkm calculation for mid-size male

Fy{ anterior (N) Fx¢ posterior (N) My, flexion (Nm) My extension (Nm)
84l5 -845 881 =475
f&0 4\ _ 4, f&0 (pxpf&o
MOCJ’ ()= My_upper_neck (6)-{D Fx_upper_neck Q)

where

© IS0 2013 - All rights reserved 15
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