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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{mmmmmmmmchmcal
Commission (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’2.
The main tgsk of technical committees is to prepare International Standards. Draft International’Standards adopted
by the technical committees are circulated to the member bodies for voting. Publication as an Intgrnational
Standard requires approval by at least 75 % of the member bodies casting a vote.
ISO 13232-B was prepared by Technical Committee ISO/TC 22, Road vehicles, Subeommittee SC 22, Moforcycles.

This second edition cancels and replaces the first version (ISO 13232-3:1996), which has been technically revised.

ISO 13232 tonsists of the following parts, under the general title Motorcycles — Test and analysis procedures for
research evluation of rider crash protective devices fitted to motorcycles:

— Part 1: Definitions, symbols and general considerations

— Part 2: [Definition of impact conditions in relation to accident data

— Part 3: Motorcyclist anthropometric impact dummiy.

— Part 4: \Variables to be measured, instruméntation and measurement procedures

— Part 5:njury indices and risk/benefitanalysis

— Part 6:|Full-scale impact-test procedures

— Part 7: Standardized progedures for performing computer simulations of motorcycle impact tests

— Part 8:[Documentatiornand reports
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Introduction

-3:2005(E)

ISO 13232 has been prepared on the basis of existing technology. Its purpose is to define common research
methods and a means for making an overall evaluation of the effect that devices which are fitted to motorcycles
and intended for the crash protection of riders, have on injuries, when assessed over a range of impact conditions

which are based on accident data.

It is interlded that all of the methods and recommendations contained in 1SO 13232 should be used
feasibility| research. However, researchers should also consider variations in the specified conditions’ (f
rider size) when evaluating the overall feasibility of any protective device. In addition, researchers/may

or extend elements of the methodology in order to research issues which are of particular-interest to t
such casps which go beyond the basic research, if reference is to be made to ISO 13232;"a clear ex
how the ysed procedures differ from the basic methodology should be provided.

ISO 13232 was prepared by ISO/TC 22/SC 22 at the request of the United Nations Economic Com
Europe Group for Road Vehicle General Safety (UN/JECE/TRANS/SCI/WP29/GRSG), based on origi
documents submitted by the International Motorcycle Manufacturers Assaociation (IMMA), and comp
interrelated parts.

This revigion of ISO 13232 incorporates extensive technical amendments throughout all the parts, res
extensivg experience with the standard and the development of improved research methods.

In order tp apply ISO 13232 properly, it is strongly recommended that all eight parts be used together, p
the results are to be published.

in all basic
br example,
vish to vary
hem. In all
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hal working
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DRAFT INTERNATIONAL STANDARD ISO 13232-3:2005(E)

Motorcycles — Test and analysis procedures for research
evaluation of rider crash protective devices fitted to
motorcycles —

Part 3:
Motorcyclist anthropometric impact dummy

1 Scqpe

This part|of ISO 13232 specifies the minimum requirements for the:
— biofigelity of the motorcyclist anthropometric impact dummy;
— compatibility of the dummy with motorcycles, helmets, multi-directional impacts, and the instrumentation;
— repeptability and reproducibility of the dummy properties and responses:

ISO 13232 specifies minimum requirements for research into the feasibility of protective devices fitted to
motorcydles, which are intended to protect the rider in the event of a.eollision.

ISO 13232 is applicable to impact tests involving:

— two-vheeled motorcycles;

— the gpecified type of opposing vehicle;

— either a stationary and a moving vehicle-artwo moving vehicles;

— for any moving vehicle, a steady speed and straight-line motion immediately prior to impact;
— one helmeted dummy in a nofmal seating position on an upright motorcycle;

— the measurement of the.potential for specified types of injury, by body region;

— evalpation of the résults of paired impact tests (i.e. comparisons between motorcycles fitted and ndt fitted with
the proposed deviees).

ISO 13232 does.not apply to testing for regulatory or legislative purposes.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 13232-1, Motorcycles — Test and analysis procedures for research evaluation of rider crash protective
devices fitted to motorcycles — Part 1: Definitions, symbols, and general considerations

© I1SO 2005 — All rights reserved 1
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ISO 13232-4, Motorcycles — Test and analysis procedures for research evaluation of rider crash protective devices
fitted to motorcycles — Part 4: Variables to be measured, instrumentation and measurement procedures

ISO 13232-6, Motorcycles — Test and analysis procedures for research evaluation of rider crash protective devices
fitted to motorcycles — Part 6: Full-scale impact test procedures

ISO 13232-8, Motorcycles — Test and analysis procedures for research evaluation of rider crash protective devices
fitted to motorcycles — Part 8: Documentation and reports

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

49 CFR P4rt 572, subpart E: 1993, Anthropomorphic test dummies, United States of America Code’.of Federal
Regulationg issued by the National Highway Traffic Safety Administration (NHTSA). Washington, D.C.

3 Definjtions

The following terms are defined in ISO 13232-1. For the purposes of this part of ISO 13232, those definitigns apply.
Additional definitions which could apply to this part of ISO 13232 are also listed in 1ISO13232-1:

— abdomjnal foam insert;
— alternative products;

— certificition, compliance;
— knee cpmpliance element;
— load cdgll simulator;

— lot;

— specimen.

4 Mechpanical requirements-for the motorcyclist anthropometric impact dummy

41 Basis dummy
The basis dummy shall be'the Hybrid Il 50th percentile male dummy”. The dummy shall be equipped with(.
— the sit/$tand conStruction?;

— the head/neck assembly which is compatible with the six axis upper neck load cell which is specified |n 4.4.1.2
of ISO [18282-4?;

— standard, non-sliding knees?.

The basis dummy specified components shall be modified or replaced as described below.

" Basis dummy as specified in 49 CFR Part 572, subpart E, or equivalent.

2 Alist describing one or more example products which meet these requirements is maintained by the ISO Central Secretariat

and the Secretariat of ISO/TC 22/SC 22. The list is maintained for the convenience of users of ISO 13232 and does not
constitute an endorsement by ISO of the products listed. Alternative products may be used if they can be shown to lead to the
same results.

2 © 1SO 2005 — Al rights reserved
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4.2 Motorcyclist dummy head and head skins

The head skin components shall include the two basis Hybrid Ill head skins, plus two extensions which provide
helmet compatibility. The geometries of the head skins and extensions are shown in Figure A.1, where 1 and 2 are
the basis Hybrid Ill head and rear skull cap skins and 3 and 4 are the jaw and nape extensions which provide
helmet compatibility. The masses of the jaw and nape skin extensions shall be 0,27 kg + 0,05 kg and 0,15 kg +
0,05 kg, respectively”. The head-neck skin modifications to the Hybrid Il head shall be attached by means of any
suitable adhesive. Such an adhesive shall be shown to provide a bond between the mating parts in which the
parent material will fail under tensile loading before the bond itself. Cyanoacrylate is an example of a suitable
adhesive.

The conjplete assembly of the head, head skins, head skin extensions, head accelerometer¢ajount, head
accelerometers and cables, and neck load cell and cables shall have a mass of 5,35 kg £ 0,1 kg.

4.3 Motorcyclist dummy neck components

The complete assembly of the neck, nodding blocks, head attachment pin, bib simulator;,and the upper half of the
serrated Jower neck mount shall have a mass of 1,55 kg + 0,1 kg.

4.3.1 Neck shroud
The neck shroud shall be as specified in Figure A.2% The upper half_6f the zipper of the neck shrqud shall be
attached|to the jaw skin extension by means of any suitable adhesive~Such an adhesive shall be showh to provide
a bond between the mating parts in which the parent material will fail under tensile loading before the bgnd itself.

Note - “Lpctite® 401"? cyanoacrylate is an example of a suitable adhesive.

4.3.2 Lpwer neck mount
When mounting the motorcyclist neck the lower neck mount shall be set at the 5,25 degree extension pgsition. This

is approgriate for most dummy rider positioning, However, in cases of extreme dummy posture, the bagis Hybrid Il
lower ne¢k mount may be modified as shown-in Figure A.3 to increase head position adjustabilityz).

4.3.3 Motorcyclist neck

The standard Hybrid Il neck andits-interfaces with the head and upper torso assembly shall be replaced by the
neck shown in Figure A4?.

NOTE The neck shown~invFigure A.4 is designed specifically for use in motorcycle crash testing. Use and limitation
informatiop is contained inB8:2:5.

4.3.4 Replacement nodding blocks

The stanflard Hybrid Il nodding blocks shall be replaced with the pair of nodding blocks shown in Figure A4?.

4.3.5 Neck initial conformity of production

For certification of a new neck and nodding block production design, material specification or manufacturing
process which otherwise meet the specifications given in Figure A.4, one neck shall be dynamically tested
according to the procedures described in 6.8. The neck responses shall be within the corridors described in 6.8 and
shown in figures 1, 2, 3,4, 5,6, and 7.

4.3.6 Neck subsequent conformity of production
Once a production design, material specification or manufacturing process has been certified according to 4.3.5,

each manufactured neck and nodding block assembly produced thereafter shall be tested according to the
procedures in 6.9 to verify the characteristics specified in Table 1.

© I1SO 2005 — All rights reserved 3
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Table 1 — Neck subsequent conformity of production specifications

Static Test Characteristics Required average value | % Required standard deviation
Flexion Flexion angle 176+26° 10% of average value
Flexion Slider displacement 14,0 £ 3,0 mm 10% of average value
Extension Extension angle 30,9+4,6° 10% of average value
Lateral Lateral angle 28,7+43° 10% of average value
Torsion Torsion angle 415+62° 10% of average value
4.4 Motgrcyclist dummy upper torso components
441 Replacement thoracic spine
Either a stapdard Hybrid Il thoracic spine, or a replacement thoracic spinez) shall be used.”If a replacement spine is
used, then {he replacement thoracic spine shall be compatible with the internal data acquisition system described in
ISO 13232-4. When combined with the internal data acquisition system, the replacement thoracic spine shall:
— mainta|n the same interface geometry and overall height as the standard Hybrid 1l spine box, including the
shoulder, rib, lower neck mount, and lumbar spine attachment points;
— not intgrfere with the motion of the shoulders;
— providg at least 75 mm of sternum deflection in the sagiftal plane, measured perpendicularly, relative to the
front syrface of the spine box;
— not exdeed 125 mm in lateral width;
— result ip the same upper torso mass and centre of gravity as specified for a standard Hybrid 1l upper torso
except[that the centre of gravity tolerance shall be £ 30 mm.
4.4.2 Modified chest skin
With the chst skin properly installed 'on the upper torso, the back of the chest skin may be modified with fpur holes
which expose the two upper apd\two lower rib attachment screws in order to enable measurement of the upper
torso angle| using a torso inclinemeter such as the example shown in ISO 13232-6, Figure C.1.
4.5 Motagrcyclist dummy lower torso components
When fully [assembled, the lower torso assembly shall result in the same lower torso mass as specifigd for the
standard Hybrid Il Tower torso”.
4.5.1 Modified straight lumbar spine

For use with either the six-axis or three-axis lumbar load cell, the straight lumbar spine and cable shall be FTSS
part numbers 1260004 and 1260005*. The lower lumbar spine transducer mount and ballast block shall be
replaced with the part shown in Figure A.5 for a six-axis load cell” and in Figure A.6 for a three-axis load cell®. An

¥  Referto

4)

General Motors Hybrid Il drawing numbers 78051-70 and 78051-338 in 49 CFR Part 572.

Parts 1260004 and 1260005 are products supplied by First Technology Safety Systems, Plymouth, Michigan, USA. This

information is given for the convenience of users of ISO 13232 and does not constitute and endorsement by ISO of the product

named. Alter

native products may be used if they can be shown to lead to the same results.
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abdomen reaction plate, as shown in Figure A.7 revision 1 for the six-axis load? cell or Figure A.8 for the three-axis
load cell”, shall be mounted to the lower lumbar spine transducer mount and ballast block.

When assembling the pelvis and ballast block, if hard contact interference prevents the proper positioning of the
parts either part may be trimmed as required to facilitate the assembly.

When using the dummy without either of the permissible lumbar load cells described in 4.4.1.4 of ISO 13232-4, the
load cell shall be replaced with a lumbar load cell simulator?.

4.5.2 Motorcyclist dummy abdominal insert

The bas|s Hybrid Il abdominal insert shall be replaced with a frangible solid abdominal insert{-ap shown in
Figure AJ]9. The replacement insert shall have a mass of 53 g £ 3 g.

When tegted according to the method described in 6.7, the specified values of force shall be asgiven in|Table 22.

Table 2 — Specified values for certification of replacement abdoniinal insert

Deflection | Force
mm N
20 1040
40 1875
60 2 810

4.5.3 Sjt/stand pelvis

The internal data acquisition system may be contaifed within a sit/stand pelvis which has been suitablyl modified to
accommgdate it”. Whether modified or not, the sit/stand pelvis shall:

— maintain the same interface geometry and external dimensions as the standard Hybrid Il sit/stand pelvis;
— not ipterfere with the motion of theilegs.
4.6 Arms and modified elbow bushing

The Delnn elbow bushingi-Klybrid Il part humber 78051-1995), shall be modified with scribe marks, as shown in
Figure AJ10.

The maspes of thepper and lower arms shall be as specified for a standard Hybrid IIl.

4.7 Motorcyclist dummy hands

The basis Hybrid Ill hands shall be replaced with the ltoh-Seiki Co. part number 065-322048" .

4.8 Motorcyclist dummy upper leg components

The mass of the upper leg assembly shall be 4,89 kg £ 0,2 kg.

®  Refer to General Motors Hybrid 11l drawing number 78051-199 in 49 CFR Part 572.

®  part number 065-322048 is a product supplied by Itoh-Seiki Co., Tokyo, Japan. This information is given for the

convenience of users of ISO 13232 and does not constitute an endorsement by ISO of the product named. Alternative products
may be used if they can be shown to lead to the same results.
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4.8.1 Frangible femur bone and mounting hardware

The frangible femur bone shall be mounted to the knee joint using the adaptor shown in Figure A.11?. The
frangible femur bone shall meet the interface and size requirements shown in Figure A.12, and have a mass 85 g =
10 g. The frangible bone materials and design shall remain constant in the axial direction along the minimum
frangible length, as shown in Figure A.12.

When statically tested according to the methods described in 6.1, 6.2, and 6.5, the specified values of the static
deflection and strength of the bone shall be as given in Table 3. When dynamically fractured according to the
methods described in 6.3 and 6.4, the specified values of the peak strength of the bone shall be as given in

Table 32

Table 3 — Specified values for certification of frangible femur components

Static deflection | Dynamic peak strength | Static strength
Bending 5,1 mm 360 N'-m ¢
Torsion 5,8° 205 N'm -
Axial loading - - 34 680 N

4.8.2 Femur load cell simulator

When using
shall be rep

4.9 Motd

The frangib

the dummy without the permissible femur load cells desgribed in 4.4.1.5 of ISO 13232-4, the| load cell
laced with an upper femur load cell simulator, as shown in Figure A.13%.

rcyclist dummy frangible knee assembly:.

e knee assembly and the interface with the-knee clevis assembly shall be as shown in Figure 4

knee assembly shall have a mass of 1,00 kg = 0,05 kg:

When statiq
the defined

ally tested according to the methods' described in 6.6, the specified values of the rotational 3
moments shall be as given in Table 4. The specified values of the rotational angles and mome

indicate peak strength at shear pin failuréshall be as given in Table 42,

Table 4 — Specified values for certification of frangible knee assembly components

\.14. The

ngles for
hts which

Degree 6f Freedom Condition Specified value
Rotation at 89 N-m 20,0°
Valgus (pre-failure)
Maximum torque 132 N-m
Rotation at maximum torque 25.0°
Rotation at 35 N - m 20,0°
Torsion (pre-failure)
Maximum torque 87 N-m
Rotation at maximum torque 40,0°
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Each frangible leg bone shall be installed together with leg retaining cables to prevent the loss of portions of the
dummy leg when the frangible bone fractures. The total cable mass shall not exceed 200 g for each frangible bone.
The cables shall be installed with at least 5 mm of slack?.

4.11 Motorcyclist dummy lower leg components

The mass of the lower leg and foot assembly shall be 5,29 kg + 0,2 kg.

4111 F

The fran
shall me
frangible
as showr

When st

Fangible tibia bone and mounting hardware

hible tibia bone shall be mounted to the ankle joint using the adaptor shown in Figure /Ai157

bt the interface and size requirements shown in Figure A.16 and have a mass of,120 g 4
bone materials and design shall remain constant in the axial direction along the minimum fran
in Figure A.16.

htically tested according to the methods described in 6.1 and 6.2, the specified values d

deflection of the bone shall be as given in Table 5. When dynamically fractured according to the method

in 6.3 an

411.2 M
The basi
— incly
— conf

The mas

4.12 Cd

When ful

] 6.4, the specified values of the peak strength of the bone shall be as\given in Table 52,

Table 5 — Specified values for certification of frangible tibia components

Static deflection | Dynamic peak strength

Bending 3,8 mm 280 N-m

Torsion 7,0° 171 N-m

odified lower leg skin

5 Hybrid 111 lower leg skins shall be{modified according to Figure A.17, to:

de a vertically aligned rear sutface zipper to permit installation and removal of the skin from the
brm to the frangible knee structure.

5 shall be 1,05 kgz.0;10 kg.

mplete motorcyclist dummy

y assembled the complete motorcyclist dummy shall have a mass of 75,84 kg + 1,64 kg.

413 C

. The bone
10 g. The
jible length,

f the static
s described

leg;

rtification documentation

The manufacturers of dummies or dummy components which are intended to meet 1ISO 13232, shall provide with
the supplied dummies or dummy components, certification that the dummies or dummy components meet the
requirements specified below.
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5 Sampling of frangible components

5.1 Initial conformity of production
For certification of any new design, material specification, or manufacturing process of any frangible component
and for each of the test methods described in clause 6, ten unused components shall be tested to establish
estimates of the sample's mean and standard deviation. For example, certification of three different test methods
would require 30 components to be tested.

The sample mean value shall be within + 5% of the specified value for all strengths and abdominal insert static

forces. The|
standard d
forces. The

5.2 Subsgequent conformity of production

Once a spe
from each |
Table 6.

If none of t
mean valug
according t
as defined
component
more than
used for ful

5.3 Condlition of sampled frangible components

For the testjng specified in 5.1 and 5.2, such sampling shall be performed using new, unused frangible cor

X (0] .
viation shall be less than 7% of the sample mean value for all strengths and abdominak.ins
sample standard deviation shall be less than 10% of the sample mean value for all static(defle

cific design, material specification, and manufacturing process have been certified, three cor
ot which is identically manufactured shall be tested to verify the applicable characteristics sp

Table 6 — Frangible component subsequent conformity of production characteristics

Component Characteristic

Frangible abdominal insert Forces at 40.mim deflection

Frangible leg bone Dynamicbending strength

Knee shear pin Failufe moments given in Table 4

Knee compliance element Pre-failure rotations given in Table 4

he components deviates by more than two standard deviations, as defined in 5.1, from the es
for the specified characteristic, the lot shall be considered acceptable for full-scale impad
b 1ISO 13232-6. If one or more_of the tested components deviate by more than two standard d
in 5.1, from the establishéd)mean value for the specified characteristic, a different sample
5 from the same lot shall'bé tested. If more than two of the total sample of six components d
wo standard deviations,)as defined in 5.1, from the established mean values, the said lot sh
-scale impact testing:

h
L

e sample

ert static
tions.

nponents
ecified in

tablished
t testing,
Bviations,
of three
eviate by
all not be

nponents.

6 Testr

6.1 Fran

nethods

gible bone static bending deflection test

Using pins, attach rigid extensions of equal length, as shown in Figure A.18, to each end of the frangible bone such
that the minimum combined length of the bone and extensions is as given in Table 7. Support the specimen radially
at both ends, at the distances given in Table 7. Place a 25 mm diameter solid rigid cylindrical bar at the mid-span
location, perpendicular to the specimen axial axis with the curved surfaces of the bone and bar in contact with each
other. Apply a radial load as given in Table 7.
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Table 7 — Frangible bone static bending deflection test specifications

-3:2005(E)

Minimum combined length Distance between supports | Applied radial load
mm mm N
Femur 355 341 1350 £+ 25
Tibia 300 286 1450 £+ 25

Measure the perpendicular linear deflection at the mid-span location of the specimen relative to the supported ends.

6.2 FangibIe bone static torsional deflection test

Apply a t
of the bo

6.3 Fr

Using pin
in Figure
both the
head to
7,5m/s 4

Measure
Endevco
Filter the
7 kHz. S

brsional load of 69 N - m to the femur and 48 N - m to the tibia. Measure the torsional.defléctior
ne relative to the other end.

hngible bone dynamic bending fracture test

s, attach rigid extensions and support the specimen as described in 6.1; using the bone extens
A.18 and the specimen supports shown in Figure A.19. Align the specimen so that it is perp

cylindrical bar and the direction of motion of the impactor head, shawn in Figure A.20. Attach t
the impactor device, which is shown in Figures A.21 thfough A.24. Impact the s
0,2 m/s at mid-span, using the impacting mass shown in Figure’/A.21.

the impactor linear acceleration from just before bone)contact until just after bone fractd
accelerometer, model 2262A-1000" rigidly mounted to,the impactor at the location shown in |
data with an analog filter such that the data is attenuated by at least 40 dB at and above a f
bmple the data at 10 kHz and filter the digital data  such that the frequency response of the d

the unfilfered analog input is in accordance with 1SQ®6487, CFC 600. Determine the peak linear

related td

m,m

9,80

2 = (0,25) (9,807) dym a

m,max

ax 18 the maximum bending.moment, in Newton-metres;

the distance between'supports, in metres;

is|the mass of the-impactor, in kilograms;

ax 1S the maximum linear acceleration of the impactor mass, in g units;

7 is a.conversion factor from g units to newtons.

the impact with the bone. Calculate the maximum bending moment as shown for this example|.

of one end

ions shown
endicular to
he impactor
pbecimen at

re, with an
Figure A.21.
requency of
ta output to
cceleration

6.4 Fr

ible-bone-dvnamietorsionalfracture-test

Attach a rigid extension to each end of the frangible bone and restrain one end of the resulting specimen with a
Denton load cell, model B-2193%. Attach a rigid moment arm to one of the rigid extensions, such that it extends

7

Model 2262A-1000 is a product supplied by Endevco Corp., San Juan Capistrano, California, USA. This information is given

for the convenience of users of ISO 13232 and does not constitute an endorsement by ISO of the product named. Alternative
products may be used if they can be shown to lead to the same results.

8)

Load cell model B-2193 is a product supplied by Robert A. Denton, Inc., Rochester Hills, Michigan, USA. This information is

given for the convenience of users of ISO 13232 and does not constitute an endorsement by ISO of the product named.
Alternative products may be used if they can be shown to lead to the same results.

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=540bbbb4b3b7e41f1b3a175cc9b83512

ISO 13232-3:2005(E)

perpendicularly from the axial axis of the specimen. Impact the moment arm at 7,5 m/s £+ 0,2 m/s at a distance
0,150 m = 0,005 m from the axial axis of the specimen. Impact with a solid rigid cylindrical bar with a diameter of
0,025 m £ 0,003 m and a total impacting mass greater than 50 kg. Orient the cylindrical bar to be perpendicular to
the direction of travel and to the moment arm.

Measure the bone torque using the load cell and filtering and sampling according to the method described in 6.3.
Determine the maximum torsional moment.

6.5 Frangible femur bone static axial load fracture test

Attach a rigic . , “W- 2d-to- the bone
through the| bone mountlng boIt Place the spemmen in a hydraullc press as shown in Flgure A 25 such that the
centre line (s aligned with the centre line of the hydraulic plunger and the lower end fixture is centred:on p Denton
load cell, mpdel B-2193% . Apply a continually increasing load at a rate of 6 500 N/s + 2 000 N/s until-failure occurs.
Electronically record the applied load until the time of failure.

6.6 Frangible knee static strength and deflection test

6.6.1 Apparatus

Use either the apparatus shown in Figure A.26, or the equivalent, including a
— lever afm with minimum length of 0,5 m;

— load cdll located at the load application point;

— rotational potentiometer.

6.6.2 Progcedure

Apply a coptinually increasing moment to the frangible knee valgus or torsional axis, at a rate of 30[N - m/s =
5 N - m/s. Record the rotational angle and applied:-moment until shear pin failure occurs.

6.7 Frangible abdomen test
Use the apparatus shown in Figure A.27, or the equivalent. Apply a continually increasing load to the centre of an

unused frangible abdominal insert at a rate of 450 N/s £ 150 N/s. Record the crush deflection and appliedl load up
to a load greater than 3 300 N.

6.8 Motqrcyclist neck-dynamic test for initial conformity of production

6.8.1 Dynamic extension test

Assemble g Hybrid Ill lower neck mount (set at 5,25 degrees extension), the motorcychst neck to be tested (with
nodding blotks and without the shroud), a Denton Upper neck toad celt (model 17 6" ) and a standard Hybrid 1l
head. Set the mid neck angle adjustment to the full forward (flexion) position.

Mount the assembly on an acceleration sled and apply an acceleration to the base of the neck which meets the
criteria of Table 8. Measure the upper neck M, moment with the Denton 1716 load cell® and the change in head

pitch angle.

9 Load cell model 1716 is a product supplied by Robert A. Denton, Inc., Rochester Hills, Michigan, USA. This information is

given for the convenience of users of ISO 13232 and does not constitute an endorsement by ISO of the product named.
Alternative products may be used if they can be shown to lead to the same results.
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Table 8 — Neck extension sled pulse criteria

Peak acceleration

58+05G

Average acceleration above 1.0 G 43+0,5G

Overall velocity change

4,5+0,3m/s

ISO 13232-3:2005(E)

Measure the change in head pitch angle directly with an external goniometer, or by high-speed photographic

means.

Use high-speed film or video with a minimum frame rate of 1 000 frames per second. Use target{dgcals on the
dummy head for this measurement, correcting for parallax error. Synchronize the time-base of this.data recording

with that [of the My data.

Process the moment data according to SAE J211, CFC600. Process the electronic angleymeasurement according

to SAE Jp11, CFC180.

Plot the heck moment (My) versus change in head pitch angle on a graph, along, with the corridor described in
Table 9, and shown in Figure 1.

Table 9 — Neck extension bending-corridor

Change in head angle | Extension moment, M,
(degrees) (Nm)
0 0
0 7
-10 7
-60 -15
-60 -34
0 0

© I1SO 2005 — All rights reserved
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6.8.2 Dynamic flexion test

Assemble g Hybrid Il lower neck mount (set at 5,25 degrees extension), the motorcyclist neck to be tes
nodding bldcks and without the shroud), a Denton upper.fieck load cell (model 1716”) and a standard

Head Angle (degrees)

Figure 1 — Extension moment vs,.head angle

head. Set the mid neck angle adjustment to the full forward (flexion) position.

Mount the gssembly on an acceleration sled and-apply an acceleration to the base of the neck which n

criteria of Table 10.

Table .10 — Neck flexion sled pulse criteria

Peak.acceleration 240+£1,5¢
Average acceleration above 1.0g 124+10g¢g
Overall velocity change 16,8 £ 0,3 m/s

Measure thg following variables:

— upper neek M, moment with the Denton 1716 load cell,”

ted (with
Hybrid 111

heets the

— change in head pitch angle,
— x and z position of occipital condyle pin,

— x and z position of head centre of gravity.

Measure the change in head angle directly with an external goniometer, or by high-speed photographic means.

Use high-speed film or video with a minimum frame rate of 1 000 frames per second. Use target decals on the
dummy head for this measurement, correcting for parallax error. Synchronize the time-base of this data recording

with that of the My data.

12
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Process the moment data according to SAE J211, CFC600. Process the electronic angle measurement according
to SAE J211, CFC180.

Measure the neck angle based on a virtual line connecting the occipital condyle coordinates and T1 (virtual location
of anterior tip of first thoracic vertebra). Consider T1 to be a fixed point located nominally 129,5 mm below and
11,3 mm behind the initial coordinate of the occipital condyle. Consider that the change in angle of this line to be
the change in neck angle.

Plot the neck moment (My) versus head pitch angle, head centre of gravity and occipital condyle Z position versus

X position, and neck angle versus head pitch angle on graphs, along with the corridors described in Tables 11 to 14,
and shown in Figures 2 t0 4

Table 11 — Neck flexion bending corridor

Change in head angle | Flexion moment, M,
(degrees) (Nm)
0 11,5
17,5 11,5
50 45
65 57
65 0
35 0
20 -20
0 -25

Table 12 — Neck-flexion head centre of gravity corridor

Head c. of g. Head c. of g.
(x mm) (z mm)
11 148
80 121
130 23
115 7
68 98
6 124
4 48

© I1SO 2005 — All rights reserved 13
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14

Table 13 — Neck flexion occipital condyle corridor

Occipital condyle | Occipital condyle
(x mm) (z mm)
30 195
108 167
183 66
169 46
96 144
23 172
30 195

Table 14 — Neck flexion change in neck angle vs. change in head angle corridor

Change in head angle | Change in neck angle
(degrees) (degrees)
0 21
20 40
40 50
55 77
65 77
65 62
45 38
15 20
5 0
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Figure 3 — Neck flexion occipital condyle and head centre of gravity position
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Figure 4 — Flexion neck angle.vs. head angle
6.8.3 Dynamic lateral test
Assemble g Hybrid Ill lower neck mount (set at 5,25 degrees extension), the motorcyclist neck to be tegted (with
nodding blgcks and without the shroud), a Denton tipper neck load cell (model 17169)) and a standard [Hybrid IlI

head, set tHe mid neck angle adjustment to the fullforward (flexion) position.

Mount the assembly on an acceleration sled and apply an acceleration to the base of the neck which meets the
criteria of Table 15.

Table 15 — Lateral sled pulse criteria

Reak acceleration 13,56+1,0G

Average acceleration above 1.0G | 59+1,0G

Overall velocity change 7,4+0,5m/s

Measure thg head roll angle, and the y position and z position of the head centre of gravity.

Measure the head angle and centre of gravity position by high speed photographic means. Do not use an external
goniometer for displacement measurement due to the non-planar motion of the neck in lateral bending. Do not use
external targets on the head for locating the centre of gravity due to large amounts of head twist during this event.
Insert a slender metal rod (nominally 350 mm long and 1,5 mm diameter) laterally through the centre of gravity
holes in the skull, centre the rod, and affix targets to each end. Ensure that both targets remain visible to the
camera throughout the test, such that the centre of gravity position may be resolved as a mid-point between the
targets. Measure head angle by referencing a line between the targets.

Use high-speed film or video with a minimum frame rate of 1 000 frames per second. Correct for parallax error.

Plot the head the head roll angle vs. time and z position vs. head y position on graphs, along with the corridors
described in Tables 16 and 17, and shown in Figures 5 and 6.

16 © 1SO 2005 — Al rights reserved
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Table 16 — Lateral head angle vs. time corridor

ISO 13232-3:2005(E)

Time Head angle
(sec) (degrees)
0 0

0,098 77
0,128 77
0,157 70
0,157 32
0,12 60
0,098 60
0,025 0

Table 17 — Lateral head centre of gravity corridor

Head c. of g. Head c. of g,
(y mm) (z mm)
0 10
50 6
90 -10
120 -29
140 -53
150 -71
135 -84
120 -57
100 -37
60 -17
0 -7

© I1SO 2005 — All rights reserved
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Figure 5 — Lateral head angle vs. time
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Figure 6 — Lateral head centre of gravity position
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Assemble a Hybrid Il lower neck mount (set at 5,25 degrees extension), the motorcyclist neck to be tested (with
nodding blocks and without the shroud), and a Denton upper neck load cell (model 17169)). Do not use a dummy

head. Set the mid neck angle adjustment to the full forward (flexion) position.

Use either the pendulum fixture shown in Figure A.28 or equivalent. Release the pendulum so that its velocity at
the bottom of the swing is 4,2 m/s + 0,2 m/s. Measure the pendulum velocity in the last 10° before the vertical
position. Measure the torque at the top of the neck, using a Denton load cell, model 17169)). Measure the rotation
of the neck mount using a potentiometer or other suitable device.

Process
SAE J21

moment data according to SAE J211, CFC600. Process electronic angle measurement 4
1, CFC180.

ccording to

Plot the meck torque vs. the rotation angle of the lower neck mount on a graph, along with the ‘corridor glescribed in

Table 18

Mz (Nm)

¢0

50

and shown in Figure 7.

Table 18 — Neck torsion stiffness corridor

Rotation Neck torque M,
(degrees) (Nm)
0 10
125 55
140 44
13 0

10

© I1SO 2005 — All rights reserved

40 60

80 100

Head Twist (degrees)

Figure 7 — Neck torsion stiffness

120

140

160

19


https://standardsiso.com/api/?name=540bbbb4b3b7e41f1b3a175cc9b83512

ISO 13232-3:2005(E)

6.9 Motorcyclist neck static tests for subsequent conformity of production

Perform the motorcyclist neck subsequent conformity of production tests using the procedures described in
Annex C.

7 Marking and documentation of frangible components

7.1 Marking

All frangibl¢ components shall be marked by their manufacturer with some designation of their lot number, in an
area not likg¢ly to be damaged during testing.

7.2 Docuimentation

The manufacturer of each frangible part shall supply, with the frangible part, test-data showing initial and
subsequen{ conformity of production according to clauses 4, 5, and 6. The test data shall be included if the full-
scale impag¢t test documentation (see 1SO 13232-8). The test data shall show themanufacturer and Iof humber
designation| of the part.

20 © 1SO 2005 — Al rights reserved
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Annex A
(normative)

Drawings for motorcyclist anthropometric impact dummy special
components

Drawings and specifications of special components for replacement of or modification to basis Hybrid Ill
compongnts.
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Figure A.1 — Motorcyclist head skins and extensions
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Figure A.5 — Lower lumbar spine transducer mount and ballast block for the six-axis load cell
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Figure A.6 — Lower lumbar spine transducer mount and ballast block for the three-axis load cell
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Figure A.7 — Lumbar spine abdomen reaction plate for the six-axis load cell

28


https://standardsiso.com/api/?name=540bbbb4b3b7e41f1b3a175cc9b83512

2005(E)

ISO 13232-3

oN onmya|  PPHIUIEN ERERIT W —
| 40 | L33HS HSIMIS ¥IHILY N !
|80 poo| SiKb—Ssdy] P ALILNY D s xxx.mu._n__wMM g~y aanbip u) umoys pod|oy pamalzs jod sy
sjojd uojjapad uswopgy P&+ AL oloF XX 03d — ALoN
EJINE dlvd| cz'nF x 03d
Woo3ad
[NERIEE]-E] SHONYHITOL d
deg NG/ D TTWaS s .
My g0 WLENSHNOISMNIWID
NOILYDI41034S MNOLLdIY2S3d AL WAL
_ dil
2 I'BL H
SR TS
] 8 =
| i
| =
= |
T A
[
3 < b dhl
= . AN
)
.
o
= g 5 Al
= e 7 2
© ra Fa
1'ee o
P -
/Ox Y TN
||/ '
_ dil
L'EL
_ diL
| 21y IM\\A/
[ I\
20 quUNsfc S10H - I_ M N W
PU 06 X STl AuE/o I
4P L'i@ FRI0H 2 _ L L]
ool = _ L85 FaE 4
F'eCt St
d3d | ¥E-E0-C 2502 7/ o) jxe) =sbupyn | L
JXMHD 31va .

TPV
Lk e

Figure A.8 — Lumbar spine abdomen reaction plate for the three-axis load cell
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Figure A.9 — Replacement frangible solid abdominal insert
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Figure A.10 — Elbow joint scribe marks for 10° arm pivot
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Figure A.11 — Frangible femur bone to knee adaptor
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Figure A.12 — Frangible femur bone interface and size requirements
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Figure A.13 — Upper femur load cell simulator
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Figure A.14 — Frangible knee and knee clevis assembly
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Figure A.15 — Frangible tibia bone to ankle joint adaptor
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Figure A.16 — Frangible tibia interface and size requirements
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Figure A.17 — Modified lower skin

38


https://standardsiso.com/api/?name=540bbbb4b3b7e41f1b3a175cc9b83512

ISO 13232-3:2005(E)

T ARD

T=1 BN

¥6-11-£0 2%°0

PT0MIA ©N Bng

ro—6c—+

330 'ON

palinbal om|

W@ WNUIWND 81 [DL2IDH

pajoU Ss2|un ‘| F = saoublalo)]

SNOISIA LY

TOTO U7 STaTgUsLUIp ||y

VOFFGze

Figure A.18 — Frangible leg bone extensions for the bone bending tests
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Specimen supports for the bone dynamic bending fracture test

Figure A.19 —
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Figure A.20 —
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Impactor box for the bone dynamic bending fracture test

Figure A.21 —
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Figure A.22 — Impactor accelerometer support for the bone dynamic bending fracture tests
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Figure A.25 — Frangible femur bone static axial load fracture test apparatus
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The referen

Annex B
(informative)

Rationale for ISO 13232-3

ces cited in Annex B are listed in Annex B of ISO 13232-1.

B.1 Spegq

"Biofidelity"

existing human measurements. This is reflected in the sensed forces, deflections, and motions’ of variou
N are used for injury assessment. In general, it is necessary to have as high~a’level of biofidelity as

parts, whic
practicable,
potential.

"Compatibil
motorcycle
exposure o

occupant dimmies have been designed for a limited range of these variables.

B.2 Mecl

tific portion of the Scope

refers to the human like response to impacts and other forces, of an impact dummyj-in”"comp
in order to be able to infer that the measured responses are indicative of huiman response 3

ty" refers to the physical fitment of, for example: the helmet on the dummy head; the dummy
seats and fuel tanks; the instrumentation system and sensors within the dummy structure
f the dummy to various directions, speeds, and objects of impact, bearing in mind that ex

nanical requirements for the motorcyclist anthropometric impact dummy

B.2.1 Ba

The selecti

As a resuli
researched
dummy, on
be useable

B.2.1.1
of the rider;

directions, and speeds. In view of the fact that passenger car dummies, including the Hybrid Ill, were desig

is dummy (see 4.1)

n of a basis dummy for motorcycle impag¢titesting must consider a comprehensive list and a
This includes: anthropomorphic accuracy, impact response biofidelit

cles and helmets, availability of decumentation, repeatability, reproducibility, durability, repairg
nsive review of available anthrepometric test dummies was done, using these criteria.

, in 1989, the Hybrid IlI(50th percentile male dummy was identified as being the most tH

contemporary, biofidetic, well documented, available dummy as a starting point for a mg
a worldwide basis. {maddition, however, a number of modifications to it were needed, in orde
in motorcycle impact research, and these are further described below.

the large/yaw, pitch, and roll motions of the vehicle during impact; and the multiplicity of impag

arison to
5 dummy

nd injury

on actual
and the
sting car

nalysis of
y, multi-
npatibility
bility, etc.

oroughly
torcyclist
r for it to

Motorcycles are quite different from passenger cars in the relatively unrestrained and exposed position

t objects,
ned for a

that the
ecialized

ventional

relatively narrow \range of these variables, it was recognized that modifications would be needed, and

Hybrid Il provided the best available basis at that time, for what might be considered a first attempt at a sf
multi-directiomatimpactdommy-

A 50th percentile male dummy was considered to be appropriate for the target rider population.

The Hybrid Il is a public domain design provided by a number of manufacturers, for example, First Technology
Safety Systems.

B.2.1.2 The sit/stand (pedestrian) construction allows the dummy to be mounted astride a con

motorcycle. In the passenger car (sitting) version of the Hybrid Ill the upper legs do not rotate sufficiently with
respect to the pelvis in view of the large range of motion encountered in motorcycle impacts.
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ISO 13232

A head/neck assembly which is compatible with an upper neck load cell is necessary in

-3:2005(E)

view of the

potential importance of the neck in motorcycle air bag feasibility research and because not all Hybrid Il head forms
are compatible with such load cells.

B.2.1.4
lateral im

Non-sliding knees are specified because the passenger car occupant sliding knees tend to bind in

pacts, which are common in motorcycle accidents.

B.2.2 Motorcyclist dummy head skins (see 4.2)

Head skin extensions are required because the standard Hybrid Ill head skin does not provide surfaces for the

helmet r

tention cfrnp (| nder the r‘hin) or for rear helmet ennfing

The addi

lion of the head accelerometers and mounting block may require the removal of some ofthe h

ead ballast.

A specified mass for this assembly will eliminate a potential difference between test dummies. The 5,39 kg mass is
based or] the existing feasible design.

B.2.3 Motorcyclist dummy neck components (see 4.3)

A specified mass for this defined assembly will eliminate a potential difference between test dummies. [The 1,55 kg
mass is lhased on the existing feasible design.

B.2.4 Neck shroud (see 4.3.1)

The intrqduction of a new neck design which is significantly different than the current Hybrid Ill-baged design,
requires p new neck shroud. A neck shroud is required to promote._a more realistic interaction between [a deploying
airbag and the dummy’s neck and jowl regions. It is desirable for, a neck shroud to extend from the dummy’s jaw, in
order to ¢over the void experienced in instances of neck extension.

The new|neck design articulates at its mid-length, requiring a shroud design that can accommodate. Al$o, because
the new heck can simulate a highly extended posture, the void beneath the jaw must be covered. For this reason,
the new ghroud design connects directly to the jaw.extension of the dummy’s head skin via a zipper. One side of
the zippgr is permanently affixed to this jaw_extension, and the other side is sewn permanently to the shroud.
Velcro stfaps wrap around the neck and affix the shroud in place.

B.2.5 Lpwer neck mount (see 4.3:2)

In previopis Hybrid lll-based design; much of the head angle adjustment was accomplished through the lower neck
mount. Tjo this end, a modification was introduced to allow a further range of neck extension. However, the new
neck design accomplishes-all of its adjustment at its mid-length, such that the lower neck moynt may be
permaneptly set to 5,25degrees of extension. No additional modification is required of the standard Hybrid Il part,
but any greviously modified part may still be used.

B.2.6 Motorcyclist neck (see 4.3.3)

Research (Rogers, 1991c; Zellner, Newman and Rogers, 1993) into motorcycle air bags has indicajed that the
potential eXISTS Tor Serious Neck INjury as a result of motorcycle air bag deployment. For example, the necks of out-

of-position cadaver subjects were observed to be fractured by air bags deployed from the fuel tank region of a
motorcycle. This may relate to the significantly different seating and air bag positions on motorcycles, as contrasted
with cars and, in particular, the more fully extended angle of the head relative to the torso. For these and other
reasons, it is considered to be very important to measure and to evaluate neck forces and moments in a realistic
manner, in researching the feasibility of motorcycle air bag systems.

The new neck design for motorcycle crash testing is a departure from previous Hybrid lll-based design. The neck is
designed to meet simultaneously biofidelity criteria in frontal flexion and extension, lateral bending and torsion, as
described in Table B.1.
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Table B.1 — Neck biofidelity criteria

Loading Direction

Performance Target

Frontal flexion

Mertz modified moment-angle corridors (Biokinetics R95-26B)

Thunnissen, et al., head-neck angle relationship (Thunnissen, et al., 1995)

Thunnissen, et al., c. of g. and o.c. position relationship (Thunnissen, et al., 1995)

Lateral flexion

ISO TC22/SC12/WGS5 c. of g. maximum trajectory
ISO TC22/SC12/WG5 peak lateral head angle

Rearw@rd extension

Mertz modified moment-angle corridor (Biokinetics R95-26B)

Torsioh

Biokinetics torque-angle relationship (ISO 13232-3:1995)

For referen

Ce, the sled test acceleration time histories used in the initial design and conformity of prodyction are

given in Figures B.1, B.2 and B.3. These were designed to be similar to the calculated’ T1 acceleratiops in the
NBDL volunteer study.

Acceleration (g)

52
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Figure B.1 — Sample extension acceleration pulse
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The aim of the neck is threefold. First, the head-lag phenomenon, described by analysts of Naval Biodynamics Lab
volunteer data (Wismans and Spenny, 1984), was duplicated via an upper neck slider mechanism. This
phenomenon was observed in frontal flexion, where the volunteer’s torso underwent a rearward acceleration,
causing the head to translate forwards initially as the neck began to rotate. Physiologically, the nature of this
behavior is likely due to the straightening of the neck’s natural lordosis, as well as contribution from neck
musculature. However, to duplicate this physiology in a mechanical neck is prohibitively complex. The spring-return
slider system mimics this phenomenon, such that head kinematics are correct, in a simple and rugged design.

Second, the range of dummy posture adjustment has been widened to accommodate a range of 65 degrees. A
brief study was conducted of riders on various styles of motorcycles, in various riding postures, ranging from
upright cruising style to aggressively inclined sport style (Withnall et al., Biokinetics report R97-01, 1997). The

position of

more extended, the effective length shortened, as the centre of gravity moved rearwards. For a dumm

single angl
The new d
lower neck.

The third a
torsional m
and shapeg
overcome
were only
However, ir
mode.

The deform
material dig
good reped

bending loads lower in the neck. Each element, or disk,\is bonded to adjacent surfaces of alumin

specialized
and the ma

Pe rider's head relative to their torso was recorded as a function of back angle. As the rider’s

!

adjustment at the neck's mid-length was sufficient to position the head properly relative to {
immy neck design adopts this mid-length adjustment via a toothed interface betweenthe u
This is the only adjustment feature required for proper head orientation.

Im was to incorporate torsional compliance via the entire neck structure, rather, than adding a

of the neck elements that were incompatible with that needed for proper/torsional stiffness.
y introducing additional deformable elements to the front of each, élastomeric disk. These
onded on their bottom surface, such that in torsion or neck extension, the elements playeg
flexion, the elements would be compressed, contributing to thelhigher stiffness needed in this

able elements of the neck design are made of a very fough and reliable cast urethane rub
plays minimal damping and excellent hysteresis properties, even at high strains, which resu
tability. Four elements are present, which increase.in size from top to bottom, to account for t

multi-stage adhesive. This adhesive was foundto be stronger than casting the urethane rubbe
erial will fail before the bond.

The confor

durability offthe new neck were tested using a series of tests.

The ability {o fabricate multiple copies of.the neck, with each copy having similar stiffness properties (con
production)| was investigated by fabricating four necks. The first neck was subjected to initial conf

ity of production, dynamic response-in-a full scale test, structural durability, and dynamic

heck was

neck, a
he torso.
pper and

separate

bdule. However, it was discovered that the required frontal and lateral bending stiffness dictated sizes

This was
elements
no role.
bending

ber. This
It in very
ne higher
um by a
I in place,

response

formity of
brmity of

production $led testing to verify the dynamic responses of the design. Three additional necks were fabricajed some

months lat
conformity

The results
each test is

r using the same manufacturing processes. All four necks were then tested using the su
bf production test procedures.

of the subsequent conformity of production testing are shown in Table B.2. Note that for e
repeated three times with the average of the three tests reported.

Table B.2 — Subsequent conformity of production test results

pbsequent

ach neck

Neck Average Average slider Average Average lateral Avprage
flexion angle | displacement | extension angle | bending angle | torsion angle

(deg) (cm) (deg) (deg) (deg)
First neck 17,5 13,0 30,9 28,7 41,5
Copy 1 16,3 12,4 27,7 26,4 37,9
Copy 2 17,1 12,2 28,5 26,3 36,9
Copy 3 18,0 14,7 29,7 27,1 38,2
Average of 4 necks 17,2 13,1 29,2 27,1 38,6
% Standard deviation of 4 necks 4,2% 8,7% 4,7% 4,1% 51%
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The results of these tests showed close agreement between the stiffness properties of all four necks and thus
verified that the design and production processes are repeatable.

The dynamic response of the new neck (copy 1) in a 413-0/30 full scale test (FST) was tested at JARI. The neck
was mounted to an I1ISO 13232 motorcyclist dummy which was mounted on a Kawasaki GPZ 500 equipped with a
UKDS leg protector. This test configuration was chosen because previous testing with the initial ISO 13232 neck,
the Kawasaki GPZ 500 and UKDS leg protector, and this impact configuration resulted in a direct impact between
the helmet and the side of the OV which produced large neck loads. The primary impact (0 -500 ms) neck loads for

the two different necks are shown for comparison in Table B.3.
Fable B-3—Neek FSTHoads-comparison
F,. (kN) F, (kN) F, (kN) M, (Nm) M, (Nm) M) (Nm)
+ - + - + - + - + - + -
Old 4,02 | -1,32 | 0,59 | -0,09 | 1,81 | -5,57 | 27,06 | -15,74 | 62,19 | -87/M1V| 34,51 || -4,50
New| | 0,53 | -1,48 | 0,30 | -0,22 | 1,58 | -1,29 | 10,47 | -33,21 | 23,45 | ,-67,78 | 16,77 | -14,20

For this MC frontal impact the primary measures were F,, F,, and My. The data shown above indicate th

new soft

visible da
procedur|

During tH
with. The
degrees
which ref

In order {
neck (co
using a |
followed
conformi
pendulun
(Table B

pr neck resulted in reduced F,, F,, and M, loads. An inspection ©f the new neck after the FST|

mage to the neck. After the FST the neck was tested using-the’ subsequent conformity of pro
es. The results shown below in Table B.5 show that the neck‘met all stiffness criteria after the R

e pre-test set up of the Kawasaki GPZ 500 and dummy the new neck was found to be very ¢

neck shroud was easy to install and the neck angle adjustment allowed the head angle to
Wwhich was not possible with the old neck and the Kawasaki GPZ 500 equipped with a UKDS |
ults in a 28 degree torso angle.

o further test the structural and dynamic response durability of the new neck design, after the R
by 1), assembled with a head and upperineck load cell, was subjected to a series of dynamic b
Part 572 neck test pendulum. Thertest process involved subjecting the neck to about 15 pen
by a physical inspection for damage and a check of the neck stiffness properties using the
y of production test procedures. This process was repeated until the neck had been subje
n tests. The drop heights (@nd pendulum deceleration values were chosen to produce ned
4) which were equivalentito those experienced in a severe crash tests.

Table'B.4 — Neck moments produced by pendulum drop tests

at using the
showed no

duction test
FST.

asy to work
be set at 0
g protector

ST the new
bnding tests
dulum tests
subsequent
cted to 100
k moments

Primary motion Flexion Extension Lateral bending
Peak moments (Nm) 90 to 110 70 to 85 40 to 50
Prop angle (deg) 120 90 90

After the 24™ pendulum test a small (6 mm) crack was noticed on the back of the second disk from the top of the
neck. Testing continued with careful examination of the crack after each test. The crack slowly grew to a length of
about 10 mm. After 60 pendulum tests the crack was glued together using a cyanoacrylate based adhesive. This

closed th

e majority of the crack and kept it partially closed until testing was stopped after 100 tests.

The history of subsequent conformity of production test results is shown in Table B.5.

© 180 2005 -
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Table B.5 — History of subsequent conformity of production test results

Time of test Average Average slider Average Average lateral Average
flexion angle displacement extension angle bending angle torsion angle
(deg) (cm) (deg) (deg) (deg)
Before use 16,3 12,4 27,7 26,4 37,9
After FST 15,5 13,0 27,5 26,4 37,9
After 7 E, 10 F, 0 L® 17,7 15,3 30,7 29,4 41,1
After 14 E,10F, 0L 16,9 15,5 29,8 28,7 39,8
After 16 E,[16 F, 0 L 18,1 16,3 31,6 30,0 41,3
After 23 E,|23F, 0L 18,3 16,3 31,0 30,2 41,3
After 30E,|30 F,0L 18,4 17,3 31,7 30,4 41,8
After 30 E,[30F, 10 L 17,8 16,9 30,9 311 41,6
After 30 E,[30F, 25 L 17,8 17,2 31,1 31,5 41,5
After 30 E,[30 F, 40 L 18,1 17,0 31,0 31,9 41,9
@ 7E, 10|F, O L, indicates 7 extension, 10 flexion and 0 lateral pendulum tests

The subsequent conformity of production test results show that the neck met the flexion, extension, lateral, and
torsion spegifications through out the entire test program. This included testing while the small crack existed. The
slider displacement requirement (14 £ 3 mm) was met until after"60 tests. It should be noted that the cost of
replacing the slider spring would be small and in addition, spare’slider springs could be purchased and kept with
the dummy|and replaced in the field if needed. In addition it should also be noted that if needed a single lurethane
disk could ke replaced for much less than the cost of a newyheck.
Note that iff may be possible that dynamic characteristics might change without changes in static charagteristics.
Users should check necks for age and use-related\¢hanges in dynamic properties and report any relevant results to
WG22.
Based on this series of tests it is concluded.that the new neck design:

— can be|manufactured in a repeatablé manner,

— can be|successfully used in-full scale tests,

— includgs adequate angdle’adjustment to properly position the head,

— is not gritically affected by small cracks,

— continyesto meet calibration specifications until after about 60 severe impacts,

— and can be field repaired if small cracks occur.

When considering the demonstrated service life of the neck and the low cost of replacing or repairing urethane
parts as needed, the life cycle cost of the new neck should be somewhat less than the existing neck design.

B.2.6.1 Neck use and limitations (see 4.3.3)

The neck shown in Figure A.4 is designed specifically for use in motorcycle impact research. Users should review
the following information.

B.2.6.1.1 The MATD neck stiffness is based on head and neck motions measured in the Navy volunteer tests
(Ewing, 1973). For more severe conditions relatively large elongations may be observed in comparison to other
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dummy neck designs (e.g., Hybrid Ill, which has a longitudinally mounted steel cable which limits elongation). Note
that as shown in Figure B.4, the Navy volunteer’s neck elongation (in addition to “craning” motion) was relatively
large.

Figure B.4 — Human neck elongation observed in-Navy volunteer testing

B.2.6.1.2 The MATD neck static length was based on a posture-study performed with three 50th pergentile adult
males arld three different motorcycle styles. The study quantified\the location of a rider's head with regpect to the
rider's chest for torso angles ranging from about 12° forward.{o about 86° forward. The MATD neck static length,
segment|lengths, and rotation point location were designed’such that the MATD head position relative fo the chest
for differgnt motorcycle riding torso angles would be representative of human riders (Shewchenko, 2001|).

B.2.6.1.3 HIIl and MATD neck lengths are different because the curved length of the human cervical,|thorax, and
lumbar gpines depend on posture. Thus, the neck length for the forward leaning MATD cannot|be directly
comparef to the neck length for the rearward-leaning HlII.

B.2.6.1.4 In sled tests with a AV of 9,4 m/s and 45 g the MATD neck has shown flexions which resulied in "nose
to chest| contact rather than "chin_to~Chest contact". This unexpected result could be caused by|differences
between|the MATD (HIII) chest design and a human chest. Also, no human data is available to indicatg if "nose to
chest" contact might occur in humans subjected to the same sled pulse, as this sled pulse may belinjurious to
humans.

B.2.6.1.§ The MATD¢nheck was designed and tested for compliance with sled test induced inertial loading

responsq data. Further‘validation of neck response to impact conditions, such as actual helmetted hgad impact,
should b¢ considered/in the future.

B.2.7 Replacement nodding blocks (see 4.3.4)

The noddingbtocksare ot used—for head-orentatiom—One—setof btockss—supptied;foratdummy postures. All

head levelling is accomplished by the mid-length neck adjuster.

B.2.8 Replacement thoracic spine (see 4.4.1)

In general, a replacement thoracic spine box is needed which is compatible with the internal data acquisition
system specified in 1ISO 13232-4. It is intended that it maintain the same neck and lumbar structural attachment
points and the same fore/aft sternum deflection capability as the standard Hybrid [ll component, and that it is
compatible with standard Hybrid Il ribs. The 120 mm width is suggested as a boundary that would be compatible
with the existing feasible design of an internal data acquisition system. With regard to mass and inertial properties,
the Hybrid Il specification only specifies mass and cg location for the upper torso assembly as a whole. The mass,
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cg, and moments of inertia of the spine box assembly are not specified and may vary as long as the upper torso
mass and cg specifications are met.

An existing feasible design meets the specified upper torso mass and cg requirements. A tighter tolerance can not

be met with

current feasible designs.

B.2.9 Modified chest skin (see 4.4.2)

The modified chest skin is required to allow use of the upper torso inclinometer, specified in 1ISO 13232-6, to
measure the upper torso angle during motorcycle test set up.

B.2.10 Mc]dified straight lumbar spine (see 4.5.1)

A modified
compatible
force-displd
appropriate
curve of thi
the corridor

The lumban
the optiona

B.2.11 Mdgtorcyclist dummy abdominal insert (see 4.5.2)

The frangit
quantificatic
the original
be biofideli
account for
mass and g

this component.

B.2.12 Sit

Part of the i
the require)

Hybrid Ill pg¢lvis moments of inertia-are not specified, and may vary within and among manufacturers.

B.2.13 Mqgdified elbow,bushing (see 4.6)

The Delrin

of 10°, required forsmotorcycle test set up, as specified in ISO 13232-6. This prevents over centre locki

elbow joint,

straight lumbar spine is required in order to: provide an upright seating position on ‘a‘motor
with the Hybrid Il total height specification; provide proper biofidelity with respectito-publishe
cement properties; provide a mounting system for the abdominal insert described’below; an
weight for maintaining the proper Hybrid Ill mass. The static moment vs. thoracic angular disp
5 modified lumbar spine and cable assembly (FTSS Part numbers 1260004 and 1260005), f§
5 for human volunteers (Melvin and Weber, 1985). See Figure B.5.

load cell simulator is specified in order to provide the proper lowertorso dimensions and wei
lumbar load cell is not used.

le abdominal insert is based upon research by General Motors (Rouhana, et al., 1989).
Rouhana design the specified component is of.single piece construction without fins (which
C in lateral impacts), and has twice the forceldeflection stiffness of the original design, in

the space available in the dummy lower thorax. The very light mass lies within the limits of the
entre of gravity specifications. This specification of a test method provides a performance sta

stand pelvis (see 4.5.3)

nternal data acquisition system described in ISO 13232-4 may be contained in the pelvis, and i
ment is that the listed, Hybrid lll sit/stand pelvis characteristics remain unchanged. Note

blbow bushing requires a score mark on the outside diameter to indicate the position for an elb

whichtwould distort dummy torso motion.

cycle; be
d human
] provide
acement
lIs within

ght when

It allows

n of potential abdominal injuries as a result of penetration into the polystyrene material. Compared to

vould not
order to
Hybrid Il
ndard for

f so, then
that the

ow angle
ng of the

Except for the scribe marks on the elbow bushings and the use of grippable motorcyclist dummy hands, the
motorcyclist arms are the same as the HIll. Specifying HIIl arm mass properties will eliminate a potential difference
between test dummies.
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Figure B.5 — Human response corridor and modified lumbar spine response of static moment vs. thoracic
angular displacement
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torcyclist dummy hands (see 4.7)

The dummy hands are necessary in order to provide realistic seating position and dummy to handlebar force
properties. The hands are anthropomorphic and are constructed of deformable aluminum wires covered with a
silicon skin material. They are designed to wrap around the hand grips as described in 1ISO 13232-6; to hold the
dummy in position in a realistic manner during the run up to impact; and to allow release of the hands under inertial

loads after i

B.2.15 Mo

mpact.

torcyclist dummy upper leg components (see 4.8)

A specified
based on th

B.2.151 F

Frangible I¢
(biofidelic)
monitoring
bone shoul
of the crash
injury indicg
trace sourc

For these r¢asons, frangible leg bones have been utilized in past and-current motorcyclist and pedestrian

(Uto, 1975;
et al., 1989
These havg
strength. T

Rogers, andl Gibson, cited above.

Leg bones
These are i

they w
intends
dummy

mass for thisassembly witt efimimate a potentrat difference betweenm testdummies- The 4,89k
e existing feasible design.

Fangible femur bone and mounting hardware (see 4.8.1)
g bones which have human-like stiffness and strength are necessary in order, {0 provide: h

for fracture potential along the length and around the circumference of the“bone. In additio
] have adequate repeatability and be compatible with the mechanical,-geometric, and mass g
dummy. The ability to measure, electronically, the loads at several points should be included,
ting means (for which such electronic sensors are inadequate, as discussed below), but as a
bs of fractures.

Nyquist, et al., 1985; Tadokoro, et al., 1985; Miyazaki, et al., 1989; Sakamoto, 1989; St.

h; Newman, et al.,, 1991; Rogers, 1991a; Gibson, etal.; 1992; Mayer and Hochgeschwendg
varied in their material composition and the axestin which they simulate human bone stiff

ne bones incorporated in I1ISO 13232 are the cemposite bones described by St. Laurent,

for car crash dummies are rigid and non-frangible (e.g., the metal bones used in the Hybrid IlI
happropriate for motorcycle crash research because:

ere designed for a different purpose and crash environment. In particular, Hybrid Ill leg b
d for frontal impacts, usually.{othe knees, against padded or relatively deformable car interio
which is usually restrained by lap and torso belts. Motorcyclist legs can be exposed to multig

and la

typically not restrained.

(i.e.,

mid-spgn impacts to a-fleshed metal Hybrid Il lower leg bone with a rigid impactor result in greatly

ral impacts to the knees, lower and upper legs; the impacted objects are often rigid; and th

gnified) forces;vcompared to those recorded for a human cadaver lower leg or the feasible

mpact force magnitudes up to the fracture level; human-like trajectory after’fracture; and c}

mass is

man-like
ntinuous
, such a
roperties
hot as an
means to

research
Laurent,
er, 1993).
hess and
Newman,

dummy).

pnes are
rs, with a
le frontal
e rider is

distorted
frangible

lower |eg design \(see Figures B.6 to B.10). This rigid/rigid interaction can result in more than 100%

overestimation Of impact forces, and therefore, of fracture potential.

the m

the fact that the metal leg bone does not fracture can distort, in some cases, the dummy motion con

pared to

ion/with frangible human or dummy leg bones. This distortion was measured by Tadokoro (1

987) and

60

Miyazaki, et al., (1989). Another occurrence of this is illustrated in Figures B.11 to B.16, which are from an
Articulated Total Body (ATB) three-dimensional computer simulation of an impact to the rider's knee by the
front corner of a car, with and without frangible femur and tibia leg bones, as defined in 4.8.1 and 4.11.1, with
all other parameters held constant. As can be seen, there are large differences in the head, shoulder, hip, knee,
and ankle trajectories when frangible vs. non-frangible bones are used. This large difference in trajectory is
verified by the full-scale test pelvis trajectory results shown in Figure B.17, for an offset frontal impact with
Hybrid Il legs and with composite frangible leg bones, defined in 4.8.1. and 4.11.1.

force monitoring with load cells only measures the loads at the specific load cell location, and not at other
potential fracture sites. This may be suitable for monitoring knee frontal impact in cars; but is not adequate for
the multiple impacts and impact directions in motorcycle crash tests. This method can result in underestimation
of fracture potential in many cases. An example is the three point loading impact to the lower leg, illustrated in
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Figure B.18. The lower leg is supported near the upper and lower tibia load cells, while the 50 kg mass impacts
the mid-tibia. A practical example of this would be an impact to the mid- tibia by a car bumper, while the lower
leg is resting against the fuel tank at the upper end and engine case at the lower end. The sensed loads
indicate little or no bending moment applied to the bone, whereas in fact, the loads are sufficient to fracture
human or frangible dummy leg bones. The result is a nearly 100% underestimation of the bending moment,
and therefore, injury potential.

The composite femur and tibia bones, geometry and performance requirements which are given in 1ISO 13232,
have been validated against the Yamada (1970) and Martens, et al., (1980) cadaver data, as well as more recent
cadaver testing. For example, Figure B.19 shows mid-tibia impactor force for three point dynamic tests with a
sample of nine wet tibia specimens (mostly 55 years and older) as reported by Fuller and Snider (1989). As is

typical, t
within 0,
weakest
for two ¢

a hig

— aws
stror

note

Another

here Is considerable scatter in the responses, but for most of the specimens, the fracture p
D01 s. Figure B.20 shows envelopes which bound the time responses for all nine specimens

Llse is over
and for the

Six specimens (after correction for support length variation). Also shown are impactor force time histories

bmposite tibia bones. The latter show:

h level of reproducibility;

veform which is similar to the envelopes for the cadaver data, and which.lies between the weg
ger specimens (closer to the stronger specimens). This is not unexpeeted since the desig

d below, was the young adult male cadaver properties described by Yamada (1970).

alidation example is shown in Figure B.21, which is a two point\(i.e., pivoted at the knee) imp

fully fleslhed wet cadaver lower leg, and fully fleshed composite dummy bone lower leg. Again, the
h is similar; and the composite bone forces are somewhat higher than those for the embalmed and

waveforn
approxim

The con
appropria
in motord

The mou

ately 60 year old cadaver specimen.

Clusion of the above is that frangible leg bones which have human like stiffness and s
te for use in motorcycle crash research; and standard Hybrid 11l rigid leg bones are not approp
ycle crash research.

nting of the frangible femur bone and the specification of its mass are intended to provide q

with the femaining Hybrid Ill leg components.

Static an
(describg
relevant

d dynamic performance tests are specified for leg bone design certification and quality contr
d in clause 6). Of these precedures, the dynamic laboratory tests provide conditions whig
or the leg bone's intended. Use, while the static measurements are more convenient to perform

The charfacteristics which are.specified for the femur are bending, torsion, and axial characteristics, a

the typeg
The spec
characte
referencs

of loads which have-been observed in past motorcycle impact testing and in motorcycle clin
ified static and.dynamic properties are for an existing feasible leg bone design which is con
istics with the published biomechanical data, as defined below. The specified values are

s in order to~standardize dummy component performance to those achieved in one feasible

feasible dlesign isbased upon (and achieves to within a few percent) published biomechanical data.

The bion
measure

nechanical data for bending strength and stiffness are based upon data reported by Yam

ker and the
N target, as

hct test with
time history

trength are
riate for use

ompatibility

Dl purposes
h are most

s these are
cal studies.
sistent in its
provided as
design. The

ada (1970),

0 by Motoshima (1960). The static bending deflection is based on static measurements of § sample of

young adult male cadavers. The dynamic bending strength of the femur is also based on the Motoshima statically
measured young adult male samples increased by a factor of 1,4 to account for dynamic stiffening. The 1,4 factor is
based upon a literature review by St. Laurent, et al., (1989) which included the available biomechanical data of
McElhaney (1966) and others. The static torsion deflection is based on the work by Martens, et al., (1980). The
dynamic torsion strength is based on the Motoshima statically measured young adult male samples increased by a
factor of 1,4, again to account for dynamic stiffening.

For axial loading, the upper leg stiffness and strength properties are heavily dependent on the bending properties,
due to the presence of eccentricity in the human and dummy hip joints. The static axial peak strength is specified
so as to maintain consistency with the available biomechanical data and also to assure similarity to the existing
feasible leg bone design.
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B.2.16 Femur load cell simulator (see 4.8.2)

This component is specified in order to provide for proper leg dimensions and weight when the optional femur load

cells are not used.
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Figure B.6 — Lower leg dynamic impact tests impact force vs. time: Hybrid lll and cadaver legs
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Figurel B.7 — Lower leg dynamic impact tests impact force vs. time: Hybrid Ill legs and frangibfle leg, as

defined in 4.11.1
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Figure B.8 — Instrumented lower leg impact tests mid-tibia moment vs. time for drop height = 1,016 m:
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Figure B.9 — Instrumented lower leg impact tests mid-tibia.moment vs. time for drop height = 1,778 m:

Hybrid Ill leg and frangible leg;@s defined in 4.11.1
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Figure B.10 — Lower leg impact tests mid-tibia bending moment M, vs. impact velocity: Hybrid lll leg and
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frangible leg, as defined in 4.11.1
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Figure B.11 — View of ATB simulated offset frontal impact, medium conventional motorcycle, with and

without frangible leg bones, as defined in 4.8.1 and 4.11.1
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Figure B.12 — Head trajectory comparison of frangible and non-frangible legs
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Figure B.14 — Hip trajectory comparison of frangible and non-frangible legs
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Figure B.15 — Knee trajectory comparison of frangible and non-frangible legs
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Figure B.16 — Ankle trajectory comparison of frangible and non-frangible legs
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.17 — Pelvis trajectory comparison of frangible and non-frangible bones, full-scale test,
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Figure B.18 — Sensed upper and lower tibia bending moments vs. time in Hybrid lll tibia, for three point
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impact test sufficient to fracture human tibia
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Figure B.19 — Impactor time histories for nine cadaver tibia specimens from Fuller and Snyder, 1989
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Figure B.20 — Comparison of composite tibia fracture force response with envelopes of cadaver tibia
fracture force response
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B.2.17 Mgtorcyclist dummy frangible knee assembly (see 4.9)

A frangible

torsion relafive to the tibia (M, M.); to provide for appropriate knee joint rotations and dummy motions

lower leg is
(i.e., realisti
et al., 1989
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knee assembly has been specified incorder to monitor for knee ligament injuries in lateral ber

restrained; to provide appropriate forces and structural "fusing" between the lower and u
c rotations and moments); Sand to be compatible with existing biomechanical data (St.
. In addition, prior research.(Tadokoro, et al., 1985) had indicated the potential for large torsig
. The frangible knee was'intended to provide enhanced biofidelity in this regard.

e knee assembly has’been specified to be compatible with the remaining Hybrid Il leg compor

are usedtoc/confirm knee designs and provide quality control for frangible knee components
biomechanical data is static in nature. The pre-failure and at failure moment and rotation
s (lateral bending) and torsion are based on cadaver measurements (St. Laurent, et al., 1¢
easured properties of the existing feasible knee design which are consistent with these biom

e B.21 — Lower leg dynamic impact tests impact force vs. time: frangible and cadaver l¢gs

ding and
when the
bper legs
Laurent,
nal loads

ents and

because
alues for
89), and
echanical

data.

For this frangible knee concept, a failure of an internal shear pin is interpreted as an injury of the respective knee
ligaments, according to 5.2.3.2 of ISO 13232-4. "Pre-failure" (in Table 3) refers to a loaded condition prior to
fracture of the shear pin.

B.2.18 Leg retaining cables (see 4.10)

Retaining cables are necessary to prevent the separation of dummy legs from the dummy upon fracture of the
frangible element. Loss of a leg during a test could affect overall dummy motion. Traumatic loss of a limb is a rare
event in accidents, and in any case the dummy leg does not otherwise have sinew, muscle, and other tissues
which retain the limb. The cable has a weight limit and is installed with slack so as not to affect the fracture force of
the bone itself.
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