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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-governm

ental in liaison with ISO_ also take part in the work

ISO collabarates closely with the
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
5k of technical committees is to prepare International Standards. Draft International Stan

the technical committees are circulated to the member bodies for voting. ‘Publication
Standard requires approval by at least 75 % of the member bodies casting-a vote.
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rawn to the possibility that some of the elements of this document may be the subject of ¢
hall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 22, Road veticlés, Subcommittee SC 10, In
es.
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Introduction

The intent of this International Standard is to help standardize the pedestrian leg impactor test method that will
allow a test organization to use the results from pedestrian impact tests conducted by other test organizations.

The method is based on the simulated impact of a motor vehicle on an adult pedestrian. It is anticipated that
biom i i i ied | i i ild pedestrian
protection. Research suggests that safety improvements in vehicles derived from such pedestriar] impact tests
also be beneficial to motorcyclists and bicyclists (see Annex D).

© 1SO 2011 — All rights reserved \"
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INTERNATIONAL STANDARD

ISO 11096:2011(E)

Road vehicles — Pedestrian protection — Impact test method

for

pedestrian thigh, leg and knee

1

This
pass
pede

The

testin
poter
desig

Bcope

International Standard specifies a test method for simulating the lateral impact between f
bnger vehicle or light truck vehicle derived from passenger cars (as defined in ISO°3833)
Strian.

est method addresses the reduction of pedestrian thigh, leg and knee-injuries. It is not
g for, or the evaluation of, injuries to other pedestrian body regions; nor does it direc
tial risk of injury to children or human soft tissue. It is not applicable. to-vehicles with deploy
ned for activation in the event of impact with a pedestrian.

2

The following referenced documents are indispensable~for the application of this documen

refer
docu

ISO
ISO
ISO
ISO ¢

1SO/
pede

3

1176, Road vehicles — Masses — Vocabulary and codes
3784, Road vehicles — Measurement-of impact velocity in collision tests

3833, Road vehicles — Types << Terms and definitions

Terms and definitions

ormative references

nces, only the edition cited applies. For undated references, the latest edition of th
ment (including any amendments) applies.

487, Road vehicles — Measurement techniques in impact tests — Instrumentation

'R 15766, Road vehicles — Pedestrian protection — Targets for the assessment of the
Strian-leg test deviees

he front of a
and an adult

applicable to
ly cover the
able devices

t. For dated
e referenced

biofidelity of

follo

ng’apply.

For \}re purposes of this document, the terms and definitions given in ISO 1176 and 1SO 31333, and the
i

3.1

311
knee

Legform impactor

joint

mechanical joint of a legform impactor with deformable elements simulating a human knee in lateral impact

only

3.1.2

thigh
mechanical components above the legform impactor knee joint

© IS0
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313
leg

mechanical components below the legform impactor knee joint

314

knee joint centre

centre of the

3.1.5

bending part of a knee joint's deformable element before deformation

valgus angle
angle of the knee joint in abduction

3.2 Vehic

3.21
impact poin
point on the

3.2.2
front face
foremost parj

3.2.3
corner
extremity on
centreline of

e

|

ehicle at which initial contact occurs

of the front of the vehicle, and that most likely to strike the pedestrian's leg

either side of the front face located at the point at which a vertical plane, set at 60° tp the
the vehicle, comes in contact with, and is tangential to,;the outer surface of the front face

NOTE S¢e Figure 1.
3 &
S
y_ _¢_._4_._._._._._ —
1 2

Key
1  straight edge
2  corner of front face

3 vehicle centreline

Figure 1 — Corner of front face
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4 Test equipment

4.1 Impact test site

The impact test site shall consist of a flat, smooth and hard surface with a slope not exceeding 1 % under the
test vehicle, as shown in Figure 2.

1 —>
>~
4
O
2
3

NS

Key

1 impactor

2  ground reference plane (GRP)
3 ground

4 ehicle

Figure 2 — Impact test site

© 1SO 2011 — All rights reserved 3
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4.2 Legform impactor

The legform impactor shall be a device sensitive to the characteristics of the front face, with a knee joint in
accordance with the model specified in 5.1.1 and shown in Figure 3.

Dimensions in millimetres

z
: T
—F
2 ? 4
P | W g
N
X e T
e
v N
| =
|
|

Key

1 thigh

2  Kknee join
3 leg

a8  Trajectory.

Figure 3 — Legform impactor

4.3 Propylsion system

The legform |mpactor shall be propelled by a propulsion system in accordance with 5.2.

4.4 Applicable vehicles

The test method is applicable-tdopassenger cars and light commercial vehicles of up to 3,5 tonnes.

5 Requitements

5.1 Legform impactor

5.1.1 Physical properties

The dimensions (see Figure 3) and mass distribution of the legform impactor used in the test are based on a
50th percentile malelll. They and the other physical properties of the legform impactor shall be as follows.

a) Leg length between the bottom and the knee joint centre: (493 + 5) mm.
b) Thigh length between the knee joint centre and the top: (428 + 5) mm.

c) Centre of gravity of leg from the knee joint centre: (233 + 10 ) mm.

4 © 1S0O 2011 — All rights reserved
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d) Centre of gravity of thigh from the knee joint centre: (218 + 10) mm.

e) Total legform impactor mass: (13,4 + 0,1) kg.

f)  Thigh mass including skin and foam: (8,6 + 0,1) kg.

g) Leg mass including skin and foam: (4,8 + 0,1) kg.

h) Moment of inertia around y axis of leg: (0,12 + 0,001) kg m2.

i)  Moment of inertia around y axis of thigh: (0,127 + 0,001) kg m2.

) A
!
q

Once
514
each
calibr
simila
allow

5.2

The |

\n adaptor may be fitted to the top of the thigh to permit the attachment of the legformnim
ropulsion system. If used, the thigh with adaptor shall still comply with the thigh reguirem
entre of gravity and moment of inertia.

[here shall be a simulation of flesh or skin on the outer surface of the legform impactor.
hall be human-like.

Shape of legform impactor

hape of the legform impactor shall be cylindrical. The outer diamjeter of the thigh and that of
e same: (120 = 10) mm, including a “flesh” thickness of (30 £5)'mm.

Biofidelic performance characteristics

egform impactor shall meet the biofidelic performance targets given in Annex A.

Certification of legform impactor

egform impactor shall meet the certification requirements given in Annex B.

Calibration of legform impactor deformable elements

the structural design of the-deformable knee element meeting the requirements specified

pactor to the
ent of mass,

This material

the leg shall

in 5.1.3 and
ure in which

is completed, the designer of the legform impactor shall provide a calibration test proceg
batch of deformable-knee elements shall be checked to see if their performance is accep
ation test procedure.may be applied statically if this test proves that the characteristics of
r to those of the,oeriginal design. The response adopted as a requirement for a calibratio
for a reasonable’variation in production.

Propulsion of legform impactor

egform impactor shall be propelled in free flight into the stationary test vehicle. The methg

able. Such a
he batch are
h test should

d of legform

impactor propufsiomis—at the discretiomof thetestoffice; however, thekneejoimtshouldbesup

orted during

legform impactor acceleration. The trajectory of the legform impactor shall be parallel to the ground within + 6°
at impact with the vehicle, and its angular velocity at this time shall be less than 50°/s. Because of the effect of
gravity and depending on the length of free flight, this may require that the trajectory of the legform impactor at
the time of its release from the propulsion system be at an angle above horizontal. There shall be no contact
between the legform impactor and the propulsion system during impact with the vehicle.

5.3

5.3.1

Legform impactor setting

The legform impactor shall be straight, and vertical in pitch and roll at the time of

Figure 2). The tolerances for pitch, roll and yaw shall be + 5°.

© IS0

2011 — All rights reserved
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5.3.2 The lower end of the legform impactor shall be at or within 10 mm of the level of the ground reference
plane (GRP) at impact with the vehicle. The legform impactor shall not come into contact with the ground
during impact (see Figure 2).

5.4 Test temperature

The legform impactor shall have a temperature of (20 + 5) °C at the time of impact. However, a narrower
range may be required to keep the performance of the legform impactor within the specified limits.

6 Preparation of test vehicle

6.1 Either|a complete vehicle or cut-body shall be used for the test. All parts of the vehicle structurg¢ and
components that could be involved in a pedestrian leg impact shall be in place.

6.2 The giound clearance of the test vehicle or cut-body shall be set to simulate that of an actual vehicle
with tyres inflated to the nominal tyre pressure specified by the manufacturer. Spacers may be placed Under
the tyres in drder to bring the vehicle to a height that will allow the free flight of the legform impactor.

NOTE Tgsting with or without numberplate (licence plate) is at the discretion of the test laboratory or goverpment
body. The maierial and size of the plate may be standardized during a given test progrdamme when testing a vehiclg with
plate.

6.3 For tests of a complete vehicle, the suspension shall be set to the.nermal ride height attained at the test
impact velocity (specified in the relevant laws and regulations or by therconcerned government agencies)) and
shall include|the complete vehicle kerb mass (ISO-MO06) in accordance with 1ISO 1176, with one adult{male
50th percentile dummy or an equivalent mass placed on the<driver's seat, and with one adult male| 50th
percentile dummy or an equivalent mass placed on the passenger's seat.

6.4 For tests using a cut-body, the height of the body. above the ground reference plane shall be the fame
as that of thg complete vehicle loaded in accordance with 6.3.

6.5 The pgrking brake shall be applied, or the"cut-body shall be securely mounted.

6.6 Sufficient time shall be allowed for.the temperature (see 7.1) of all vehicle components to stdgbilize
before testing.

7 Test conditions

7.1 Atmospheric conditions

Relative humidity, atmospheric pressure and temperature shall be measured at the time of the test and
recorded in the té€st'report.

7.2 Angle of impact

The direction of impact shall be parallel to the centreline of the vehicle, with the axis of the legform vertical at
the time of first contact. The tolerance of the velocity vector of the impactor shall be + 2°.

7.3 Impact point

Tests shall be made on the vehicle between the corners of the front face, with the centre of each impact a
minimum of 60 mm inside each corner. Sufficient test points shall be selected to evaluate the vehicle structure.
Test points on a single vehicle front face shall be separated by sufficient distance to preclude influence of pre-
existing damage on subsequent impacts.

6 © 1SO 2011 — All rights reserved
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7.4

7.4.1

Impact velocity

General

ISO 11096:2011(E)

The velocity at the time of impact shall be that specified in the appropriate test. The impact device used shall
be capable of functioning while withstanding an impact velocity of up to 5,5 m/s.

7.4.2 Velocity measurement

The velocity of the legform impactor shall be measured at some point during the free flight before impact. The

accu

acy of velocity measurement shall be + 0,1 m/s

8 Measurement requirements for legform impactor

8.1 | Data acquisition
Data|shall be acquired in accordance with ISO 6487.
8.2 |Legform impactor data
Legfarm impactor data shall be recorded in accordance with Tabl€ .
8.3 | Test specimen
The points tested shall be indicated in the test report.
Table 1 —Legform impactor data
Measurements? Location Direction Channel amplitude class | Channgl filter class
(items) (axis) (CAC)® CFC)
Hz
(1) Malgus angle Kneesjoint centre y 40° 180
(2) Bending moment Knee-joint centre y 1000 Nm 180
(3) Bhearing displacement Knee-joint centre X 20 mm 180
(4) [Shearing force Knee-joint centre X 10 kN 180
(5) [Contact force Area of first contact X 10 kN 180
@  Hither (1) or'{2) may be measured.
Measuringtitem (5) is a recommendation.
Bither(3) or (4) may be measured.
b HlectHeakinstrumentation-measurement:
© 1SO 2011 — All rights reserved 7
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A.1 General

Annex A
(normative)

Biofidelic performance characteristics

This annex gpecifies the biofidelic performance characteristics of the legform impactors to be used in thg
as well as the test set-ups.

A.2 Test s

A.2.1 Gend

The individua

A.2.2 Bend

The specificd

et-up

ral

| test set-up is designed for obtaining both bending moment and shearing force.

ing test

Pre-loading mass, F:

Loading dev
Padding blodg

Dimensions:

Measuremeri

A.2.3 She3g

The specificg

k:

Pre-loading mass, F:

ce and support face:

tions for the bending test shall be as follows.

40 kg

50 mm x 150 mm

50 mm x 50 mm x150 mm (for impactor)
25 mm x 50 mim x 150 mm (for support)
D =904 mm, dq = 74 mm, dy =400 mm
Loading device acceleration (CFC 180)
L.oading device force (CFC 180)

Loading device velocity at time of impact
Medial support load (CFC 180)

ring test (s€e Figure A.2)

tions forthe shearing test shall be as follows.

40 kg

Loading device and support face:

Padding block:

Dimensions:

Measurements:

50 mm x 150 mm

50 mm x 50 mm x 150 mm (for impactor)

25 mm x 50 mm x 150 mm (for support)

D =874 mm, d; =45 mm, dy =45 mm, d3 = 103 mm
Loading device acceleration (CFC 180)

Loading device force (CFC 180)

Loading device velocity at time of impact

Medial support load (CFC 180)

test,

© 1S0O 2011 — All rights reserved
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Dimensions in millimetres

50

50

Key
1 Knee joint centre

—O=0—

Figure A.1 — Test set-up — Dynamic bending moment

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=a2266dad6ce8dff70362fdc45abec1d4

ISO 11096:2011(E)

Dimensions in millimetres

=

I 11 N = ~
Q I ||
50
€1 N 2
o 50
|—L(-)=()_I—|

Key
1 knee joint centre

Figure A.2 — Test set-up — Dynamic shearing force

10 ©1S0 2011 — All rights reserved
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A.2.4 Padding dynamic characteristics

The dynamic characteristics of the Styrodur?) padding to be used in this test are shown in Figure A.3, based
on compression between two flat plates.

Dimensions in millimetres

Y

1.2 -

0.8 -

Key

x

gtrain (oft)

Y  fpbrce/area (N/mm?2)
padding thickness, 40 mm
material deformation

| 15 km/h

—T— 20 km/h

Figure A.3 — Padding dynamic characteristic at 15 km/h and 20 km/h

A.3 |[Performance

The pbending characteristics of human legs are represented by the impact force at the ankle leyel. They are
normalized and shown with impact velocity in Figure A.4 at 15 km/h and Figure A.5 at 20 km/h.

Shearing characteristics of human legs are represented by the force below the knee level. They are
normalized and shown with impact velocity in Figure A.6 at 15 km/h.

1) Styrodur® is an example of a product available commercially. This information is given for the convenience of users of
this International Standard and does not consititute an endorsement by ISO of this product.

© 1S0 2011 — All rights reserved 11
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Y
Key 3
X time (ms)
Y impactor force (kN)
—a upper range
——  |ower range
biomechanical data
15 km/h corridor:
A (0,0,1) F_(3.0)
B (4,25 G (4,15) E
C (12,07) H (9,01) /:
D (20,0,4) I (40, 0,1) ; ; ; - I
E (40 04) 0 10 20 30 40 X
Figure A.4 — Force of bending test at 15 km/h
Y
3
Key
X  time (ms
Y  impactor force (kN)
2
B upper range
— ower range
biomechanical data 1
20 km/h corriflor: D E
A (0,1,0) E (40,0,7)
B (4,33) F (30 / s
CcC (11,05) G (8,02) 0 : : =2
D (30,05) H 4,1,7) 20 30 40 X
Eigure A.5 — Force of bending test at 20 km/h
Key Y
X  time (ms 3
Y i P G
impactor force (kN) E
—_— lower range 2 /
biomechanical data K
15 km/h corridor: J L
A (0,25) G (40,27) 1
B (5,30 H (3,0
C (10, 2,3) | (5,1,7)
D (15,2,8) J (10, 1,5)
E (20,28) K (25,1,9) 0 ' ' ' '
F (35 25) L (40, 1,6) 0 10 20 30 40 X
Figure A.6 — Force of shearing test at 15 km/h
12 © 1SO 2011 — Al rights reserved
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Annex B
(normative)

Legform impactor certification

B.1 Introduction

The ;Lerformance of the legform impactor shall be measured using a dynamic impact or static'te
or bath procedures. The purpose of this certification is to ensure that the legform impactor
respand to impact within the performance targets prescribed in Annex A is repeatable. Since this|
Stanglard does not specify a particular test device, a detailed certification procedureisinot giv
requirement. An example of a concept for the certification procedure is given in Annex D. The
procedure may include dynamic tests, static tests or both, as deemed appropriate by the manufag

B.2 |Test requirements

5t procedure,
designed to
International
en here as a
b certification
turer.

B.2.1 The legform impactor shall be tested in its complete, assembled condition including, but not limited to,

any deformable elements, moving parts, “flesh” and measurementdevices.

B.2.4 If the legform impactor includes a deformable element that is permanently altered in a
deformable element shall be manufactured in batches o using a technique that ensures consi

n impact, the
stency of the

deformable element's characteristics. A statistical sample of the batch of deformable elements shall be tested

using the certification procedure. The number of elements selected from a batch shall be sufficier
consistency of performance of the batch, but thereishall be at least one certification test for each
deformable elements. A statistical criterion for:ac¢eptance shall be developed for the deformable

B.2.3 An acceptable response criterion shall be developed to verify that the legform impact
biofidelity requirements of Annex A. However, it is recognized that these criteria may be diffe
detailed responses given in Annex A. The response of the legform impactor shall meet the certifi
developed for the specific impactor.

B.2.4 The legform impactonshall be recertified as soon as one of the following occurs.

a) A new batch of deformable elements is used.

b) The legform-impactor is disassembled, altered, or the channel amplitude class for an
g¢xceeded(or impacted in a way that could affect its response.

c) Thededform impactor has been subjected to 25 impact conditions.

t to establish
thirty sets of
Blements.

br meets the

ent from the
cation criteria

y channel is

The performance of the legform impactor may be certified at more frequent intervals it spe
manufacturer or as deemed appropriate by the user.

© 1SO 2011 — All rights reserved
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Annex C
(informative)
Data sheet

C.1 Specimen
State of spegimen (complete vehicle or cut-body): ... S
Cut location (in case of CU-DOAY): ....oiiiiii e e e e e
Y =TTV = e (1] =T PP UPSUPUSTUPPPPTS U RSUUURRUTIY ISP
I3 = PRSPPI Ay AOUSURRSUURRURSRRRRY ISR
B (== PR S SU SRR SSURFURSRRRRY FSUR
Serial NO.: e e eeeeee e e e e s s e e e e e e e e e e e e e e e e e e ennrnneeeeeeeeeen | ereneeas
Loading condlition and 10Cation: ..o e e
Vehicle mass as tested: LF ... kg RF (oo, kg

LR o kg RR oo kg

Total T kg
Tyre pressurg (cold): LF .S, kPa RF ..o kPa

LR e kPa RR...ccoiiee kPa
Vehicle height (wheel arch): LF o mm RF o mm

] mm RR..cooii mm
C.2 Certifjcation and calibration test results
Reference nyimber certification: ...........c.ccceveeiiiiiiiiiiiiiiiiiiiiiiiieeiiieiiiiisie i | e
(0% 1 o= 1o o TS PSP OU PP SUPP PRSPPI
14 © 1SO 2011 — Al rights reserved
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C.3 Test condition

Description of the test SIte SUIMTACE: ........uiiiiiiiiee e e e e e e e e e e e e s eeeaaeeean
Manufacturer of [egform IMPACIOL: ...........e it e e s be e e s e nbe e e e e neeas
Ground clearance of legform impactor @s tested: ...
Manufacturer of machine for propulsion of legform impactor: ...
Name of machine for propulsion of legform impactor: ... e
Methpd of propulsion of legform impactor: ..........cccccveiiiii e B e,
Temperature Of tESt ArEa: .........ooocuuiiiiiii e eeereeee e e e e
Humidity of teSt area: ........cccuviiiiiie e BT e e
AIMOSPNEIIC PIrESSUIE: ....eviiiiiiiiieiieieteeeeeeeaeseresseesasssessssssssssesssssssssssssnssssssssssssss @t hastessnsssssnssnnsnnnsnnnnnns|srnnnnnnmeeemeeennns
C.4 |Statement of results

IMPAEL VEIOCITY: .. g e e et e e e s smbeeeeesbeeeeenteeeessnneeeessnnee eennrneeeeann m/s
Impart area on the front face of a vehicle: ... e e
Impart locations on the legform (specify at first contact)? ...........cccoeeiiiiii [
Maximum valgus angle during contact with the vehicle: .............cco i e degrees
Maximum bending moment during contact.with the vehicle: ... e N-m
Maximum shearing displacement during contact with the vehicle: ... e mm
Maximum shearing force during contact with the vehicle: ............cociiiii e kN
Maximum contact force during contact with the vehicle: ............ccoooiiiii [ kN
(00T (V= 1o o A SRS UPRPUPRTY FOUPRRPRR
Laceration of OUEET SKIN, B1C.. .ooveiei et e e e e e e s e e e e e e eesbeennseeeees e e e e e e e eeeaaes
L0 LT P PP PPP
Any other optionNal MEASUIEMENTS: ... .ot e e ettt e e e e e e e e s ee e e ee e e e e snnnneeeeaaeeeaannnnee
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C.5 Specification of sensors

Table C.1 — Type of sensor

Type of sensor
No. Location Direction Range | Accuracy CAC CFC
% Hz
1 X mm, Z mm Horizontal
2 X mm, Z mm Vertical
C.6 Test personnel and date
NP 0 = UL S NS
Section/depgriment: ... ... sl T

Company: ...

Date tested:
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