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Foreword

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

The proce@lures used to develop this document and those intended for its further maintenanee
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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Introduction

This second edition of ISO 15830 has been prepared on the basis of the existing design, specifications,
and performance of the WorldSID 50th percentile adult male side-impact dummy. The purpose of the
ISO 15830 series is to document the design and specifications of this side-impact dummy in a form
suitable and intended for worldwide regulatory use.

In 1997, ISO/TC22/SC12 initiated the WorldSID 50th percentile adult male dummy development,
with the aims of defining a global-consensus side-impact dummy, having a wider range of humanlike
anthropometry, biofidelity, and injury-monitoring capabilities, suitable for regulatory use. Participating
in the development were research institutes, dummy and instrumentation manufacturers, goyernments,
and vehicle manufacturers from around the world.

With regards to potential regulatory, consumer information, or research and dévélopnjent use of
1S0|15830, users will need to identify which of the permissive (i.e. optional) sensors and othg¢r elements
defined in this part of ISO 15830 will be required for their tests.

WorldSID drawings in electronic format are being made available. Details are| given in
[SO[15830-2:2013, Annex B.

In grder to apply ISO 15830 properly, it is important that all four paftits be used together.

© IS0 2013 - All rights reserved v
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INTERNATIONAL STANDARD ISO 15830-3:2013(E)

Road vehicles — Design and performance specifications for
the WorldSID 50th percentile male side-impact dummy —

Part 3:
Electronic subsystems

1 (Scope

Thip part of ISO 15830 specifies requirements for electronic components of the WorldSID 50tH percentile
sid¢-impact dummy, a standardized anthropomorphic dummy for side-impact té€sting of road|vehicles. It
is applicable to impact tests involving

— |passenger vehicles of category M1 and goods vehicles of category N,
— |impacts to the side of the vehicle structure,

— |impact tests involving the use of an anthropometric dummy<as a human surrogate for the purpose
of evaluating compliance with vehicle safety standards.

2 |[Normative references

The following documents, in whole or in part, are normatively referenced in this documgnt and are
ind{spensable for its application. For dated réferences, only the edition cited applies. F¢r undated
refgrences, the latest edition of the referenced document (including any amendments) appligs.

wn

[S0|6487, Road vehicles — Measurement-techniques in impact tests — Instrumentation

[S0|15830-1, Design and performanee specifications for the WorldSID 50th percentile male fide-impact
dummy — Part 1: Terminology and.rationale

1S0|15830-2:2013, Design @nd’ performance specifications for the WorldSID 50th percentilel male side-
implact dummy — Part 2:(Mechanical subsystems

SAH J2570:2001, Performance specifications for anthropomorphic test device transducers

SAH J1733, Sign€onvention for vehicle crash testing

3 |Terms and definitions

For[the’purposes of this document, the terms and definitions given in ISO 15830-1 apply.

4 Electrical subsystems requirements
4.1 Permissible sensors

4.1.1 General

NOTE All sensors are specified as “permissible” (i.e. optional) because the decision to use or not to use a
given sensor is to be left to the individual relevant regulatory authorities, consumer information organisations,
and research or test laboratories. In this way, a given regulation (or laboratory protocol) can indicate which of the
permissible sensors described in this part of ISO 15830 must be used in a given test. It should also be noted that
different connector configurations may be found in different WorldSID assemblies.

© IS0 2013 - All rights reserved 1
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The following sensors may be installed in the dummy. If installed, they shall comply with the
specifications given in Table 1. If these sensors are not installed, then structural or mass replacements
shall be installed in the dummy.

4.1.2 Locations and specifications

Table 1 — Permissible WorldSID sensor locations and specifications

pelvis

Body region Sensor Sensor Mounting Maximum
specification specification number of
chranmels
Head Linear accelerometer 4.1.3.2 I1SO 15830-2:2013, 4.1 3
Head Rotational accelerometer 41.3.3 ISO 15830-2:2013, 4.1 3
Head Tilt sensor (about x and y axes) 4134 ISO 15830-2:2013, 44 2
Head Upper neck load cell 4.1.3.5 IS0 15830-2:2013)4-1 6
Neck Lower neck load cell 4.1.3.5 I1SO 15830-2:2013, 4.2 6
Neck T1 linear accelerometer 4.1.3.2 1SO 15830-2:2013, 4.2 3
Shoulder Rib linear accelerometer 4.1.3.2 I1SO 15830-2:2013, 4.3 3
Shoulder IR-TRACC 4.1.3.6 1S0-15830-2:2013, 4.3 1
Shoulder Load cell (F, Fy, F7) 4.1.3.7 1SO 15830-2:2013, 4.3 3
Full arm Upper arm load cell 4.1.38 IS0 15830-2:2013, 4.4 6
Full arm Lower arm load cell 4138 I1SO 15830-2:2013, 4.4 6
Full arm Elbow load cell (M, My) 41.3.9 I1SO 15830-2:2013, 4.4 2
Full arm Elbow angular displacement 4.1.3.10 ISO 15830-2:2013, 4.4 1
Full arm Elbow linear accelerometer 41.3.2 1SO 15830-2:2013, 4.4 3
Full arm Wrist linear accelerometer 4.1.3.2 [SO 15830-2:2013, 4.4 3
Thorax Upper rib linear accelerometer 4.1.3.2 [SO 15830-2:2013, 4.3 3
Thorax Middle rib linear accelerometer 4.1.3.2 1SO 15830-2:2013, 4.3 3
Thorax Lower rib linear accéléerometer 4.1.3.2 1SO 15830-2:2013, 4.3 3
Thorax Upper rib IR-TRACE 4.1.3.6 1SO 15830-2:2013, 4.3 1
Thorax Middle rib IR-TRACC 4.1.3.6 IS0 15830-2:2013, 4.3 1
Thorax Lower rib.IR-TRACC 41.3.6 ISO 15830-2:2013, 4.3 1
Spine T4 linear accelerometer 41.3.2 [SO 15830-2:2013, 4.3 3
Spine T42linear accelerometer 4,1.3.2 1SO 15830-2:2013, 4.3 3
Spine Rotational accelerometer (about x- 4.1.3.3 ISO 15830-2:2013, 4.3 2
and z-axes)

Spine Tittsensortaboutx—amd y=axes) 413 1S6-15830-2-2013%3 2
Abdomen Upper rib linear accelerometer 4.1.3.2 ISO 15830-2:2013, 4.3 3
Abdomen Lower rib linear accelerometer 41.3.2 [SO 15830-2:2013, 4.3 3
Abdomen Upper rib IR-TRACC 4.1.3.6 IS0 15830-2:2013, 4.3 1
Abdomen Lower rib IR-TRACC 4.1.3.6 1SO 15830-2:2013, 4.3 1
Lumbar spine/ Lumbar load cell 4.1.3.11 ISO 15830-2:2013, 4.6 6
pelvis

Lumbar spine/ Pelvis linear accelerometer 4.1.3.2 ISO 15830-2:2013, 4.6 3
pelvis

Lumbar spine/ Pubic load cell (Fy) 41.3.12 [SO 15830-2:2013, 4.6 1

© ISO 2013 - All rights reserved
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Table 1 (continued)
Body region Sensor Sensor Mounting Maximum
specification specification number of
channels
Lumbar spine/ Sacro-iliac load cell 4.1.3.13 [SO 15830-2:2013, 4.6 12
pelvis
Lumbar spine/ Tilt sensor (about x- and y-axes) 41.3.3 ISO 15830-2:2013, 4.6 2
pelvis
Upper leg Femoral neck load cell (Fy, Fy F) 4.1.3.14 ISO 15830-2:2013, 4.7
Up}ier leg Mid femur load cell 4.1.3.14 ISO 15830-2:2013, 4.7 6
Up}ler leg Knee lateral outboard contact force 4.1.3.16 ISO 15830-2:2013,4.7
load cell
Upper leg Knee lateral inboard contact force 4.1.3.16 ISO 15830-2:2013, 4.7 1
load cell
Upper leg Knee angular displacement 4.1.3.17 ISO 15830-2:2013, 4.7 1
Lower leg Upper tibia load cell 4.1.3.15 1S0.15830-2:2013, 4.8 6
Lower leg Lower tibia load cell 4.1.3.15 ISO 15830-2:2013, 4.8 6
Lover leg Ankle angular displacement 4.1.3.18 [SO 15830-2:2013, 4.8 3
Spihe box Air temperature sensor 4.1:3¥19 ISO 15830-2:2013, 4.3 1
4.1{3 Sensor specifications and mass
4.1{3.1 General
All oad cells, accelerometers, and angular displacement transducers shall comply with SAE[J2570, and

load

Sen

4.1

4.1

| cells shall comply with the capacities:and sign conventions in Annex A.

sor sign convention shall comply with SAE J1733 and any deviations shall be noted.

3.2 Tri-axial linear accelérometers

If measured, tri-axial linear accelerations shall be measured using Endevco accelerom
7268C-2000M1D.

3.3 Rotational accelerometers
[fmeaSured, rotational accelerations shallbe measured using Endevcoaccelerometer,model

Rotational accelerometers shall have a mass of 35 g + 4 g (not including cable).

bter, model

Tri-axial linear aecelerometer assemblies shall have a mass of 8 g + 1 g (not including calble).

y302BM42).

4.1.

4.1.

3.4 Tilt-angle sensors

3.4.1 Head tilt sensor

1)

Accelerometer model 7268C-2000M1 is a product supplied by Endevco Corp. San Juan

Capistrano,

California, USA. This information is given for the convenience of users of this part of ISO 15830 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.

2)

©IS

Accelerometer model 7302BM4 is a product supplied by Endevco Corp., San Juan Capistrano, California,
USA. This information is given for the convenience of users of this part of ISO 15830 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.

02013 - All rights reserved
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— Ifmeasured, head tilt angles shall be measured using either IES tilt sensor, model/1401 AT3), or MSC
Automative GmbH tilt sensor, model 260D/GP-X%).

— Head tilt sensors shall have a mass of less than 25 g (not including cable).

4.1.3.4.2 Thorax and pelvis tilt sensor

— If measured, thorax and pelvis tilt angles shall be measured using either IES tilt sensor, model
IES/1401 T3), or MSC Automotive GmbH tilt sensor, model 260D/GP-X®).

— Thorax and pelvis tilt sensors shall have a mass of less than 25 g (not including cable).

4.1.3.5 Universal neck load cell

— If mealsured, upper and lower neck forces and moments shall be measured using 'Humandtics
(formdrly Denton) load cell, model W50-710007).

— Upperjand lower neck load cells shall have a mass of 346 g + 20 g (not including'attachment bolts or
plug) qr 361 g + 25 g (including mating plug and 450 mm of cable).

4.1.3.6 IR-TRACC for shoulder, chest and abdomen rib deflection

— If megsured, rib deflections shall be measured using Humametics (formerly FTSS) Infrajred
Telescpping Rod for the Assessment of Chest Deflection (IR-TRACC), model IF-3638).

— IR-TRACCs shall have a mass of 117 g = 15 g (including the eonnector and 300 mm of cable).

Calculatiorn) of IR-TRACC displacements shall be performed-as'described in 5.1.

4.1.3.7 Shoulder load cell

— If meajsured, shoulder forces shall be measured using Humanetics (formerly Denton) load fell,
model[W50-710909).

3) Hedd tilt sensor model IES/1401 AT.is a product supplied by Humanetics (formerly Robert A. Denton, Ijnc.),
Plymouth, Michigan, USA. This informatiofiis given for the convenience of users of this part of ISO 15830 and Koes
not constitufe an endorsement by ISO of the product named. Alternative products may be used if they can be shpwn
to lead to thp same results.

4) Tilt|sensor model 260D /GPB-X is a product supplied by MSC Automotive GmbH. This information is given for
the convenig¢nce of users of this-part of ISO 15830 and does not constitute an endorsement by ISO of the profluct
named. Altefnative products may be used if they can be shown to lead to the same results.

5) Thdrax and pelvis tilt sensor model IES/1401 T is a product supplied by Humanetics (formerly Ropert
nc.), Plymouth, Michigan, USA. This information is given for the convenience of users of this paft of
and doesTot constitute an endorsement by ISO of the product named. Alternative products may be fised
if they can be shown to lead to the same results.

6) Tiltlsenso ;P-X is a product supplied b give
the convenience of users of this part of ISO 15830 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.

7) Load cell model W50-71000 (see ISO 15830-2:2013, Annex C) is a product supplied by Humanetics
(formerly Robert A. Denton, Inc.), Plymouth, Michigan, USA. This information is given for the convenience of users of
this part of ISO 15830 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) IR-TRACC model IF-363 (see ISO 15830-2:2013, Annex C) is a product supplied by Humanetics (formerly
First Technology Safety Systems, Inc.), Plymouth, Michigan, USA. This information is given for the convenience of
users of this part of ISO 15830 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.

9) Load cell model W50-71090 (see I1SO 15830-2:2013, Annex C) is a product supplied by Humanetics
(formerly Robert A. Denton, Inc.), Plymouth, USA. This information is given for the convenience of users of this part
of ISO 15830 and does not constitute an endorsement by ISO of the product named. Alternative products may be

4 © IS0 2013 - All rights reserved
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Shoulder load cell shall have a mass of 176 g + 13 g (not including cable and mating connector).

3.8 Arm load cell

If measured, upper and lower arm forces and moments shall be measured using Humanetics

(formerly Denton) load cell, model W50-7107010),

— Upper and lower arm load cells shall have a mass of 385 g + 30 g (not including cable and mating

4.1

connector).

2.0 Elhawlaad call
Ju T

4.1

4.1

4.1

usedl if they can be showntglead to the same results.

10)
(for
this
may

11)
(for

LAIUUYVYY IUAdU LU I

If measured, elbow moments shall be measured using Humanetics (formerly Denton
model W50-7106011D.

Elbow load cell shall have a mass of 300 g + 22 g (not including cable and matihg connec

3.10 Elbow rotational potentiometer

If measured, elbow angular displacement shall be measured usitg)Humanetics (formei
potentiometer, model W50-6102712),

Elbow potentiometer shall have a mass of 15 g + 2 g (not including cable and mating con

3.11 Lumbar load cell

If measured, lumbar forces and moments shall\bé“measured using Humanetics (formei
load cell, model W50-7112013),

Lumbar load cell shall have a mass of 473.g'# 35 g (not including cable and mating conne

3.12 Pubic load cell

If measured, pubic forces and mements shall be measured using Humanetics (formerly D
cell, model W50-7105114).

Pubic load cell shall’have a mass of 145 g + 10 g (not including cable and mating conn

Load cell medel W50-71070 (see 1SO 15830-2:2013, Annex C) is a product supplied by
merly Robert AyDenton, Inc.), Plymouth, Michigan, USA. This information is given for the conveniend
part of ISO 15830 and does not constitute an endorsement by ISO of the product named. Alternat
be used.if they can be shown to lead to the same results.

Load cell model W50-71060 (see ISO 15830-2:2013, Annex C) is a product supplied by
merly.Robert A. Denton, Inc.), Plymouth, Michigan, USA. This information is given for the convenienc

this

load cell,

or).

ly Denton)

hector).

ly Denton)

ctor).

bnton) load

bCtor).

Humanetics
e of users of
ve products

Humanetics
e of users of

part of ISO 15830 and does not constitute an endorsement by ISO of the product named. Alternat

ve products

may be used if they can be shown to lead to the same results.

12)

Potentiometer model W50-61027 (see ISO 15830-2:2013, Annex C) is a product supplied by

Humanetics

(formerly Robert A. Denton, Inc.), Plymouth, Michigan, USA. This information is given for the convenience of users of
this part of ISO 15830 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.

13)

Load cell model W50-71120 (see ISO 15830-2:2013, Annex C) is a product supplied by

Humanetics

(formerly Robert A. Denton, Inc.), Plymouth, Michigan, USA. This information is given for the convenience of users of
this part of ISO 15830 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.

14)

Load cell model W50-71051 (see ISO 15830-2:2013, Annex C) is a product supplied by

Humanetics

(formerly Robert A. Denton, Inc.), Plymouth, Michigan, USA. This information is given for the convenience of users of
this part of ISO 15830 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.

© IS0 2013 - All rights reserved
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4.1.3.13 Sacro-iliac load cell

— Ifmeasured, sacro-iliac forces and moments shall be measured using Humanetics (formerly Denton)
load cell, model W50-7113015).

— Sacro-iliac load cell shall have a mass of 1 062 g + 75 g (not including cable and mating connector).

4.1.3.14 Femoral neck load cell

— If measured, femoral neck forces shall be measured using Humanetics (formerly Denton) load cell,
model W50-7108016),

— Femorhpl neck load cell shall have a mass of 240 g + 18 g (not including cable and mating conheefor).

4.1.3.15 Mid-femur and leg load cell

— Ifmeagured, upper and lower leg forces and moments shall be measured using Humanetics (formprly
Denton) load cell, model W50-7101017).

— Upper and lowerlegload cell shall have amass 0f470 g + 36 g (notincluding cableand mating connector).

4.1.3.16 Knee contact load cell

— Ifmeasured, knee contact lateral force shall be measured usingHumanetics (formerly Denton) load
cell, mpdel W50-7102018).

— Knee dontact load cell shall have a mass of 77 g + 6 g (notdncluding cable and mating connector).

4.1.3.17 Knee rotational potentiometer

— If meapured, knee angular displacement shall-be measured using Humanetics (formerly Denfon)
potentiometer, model W50-6102719),

— Knee gotentiometer shall have a mass 60f;15 g + 2 g (not including cable).

4.1.3.18 Ankle rotational potentiometer

15) Load cell model W50=71130 (see 1SO 15830-2:2013, Annex C) is a product supplied by Humangtics
(formerly Robert A. Dentomy Inc.), Plymouth, Michigan, USA. This information is given for the convenience of usefs of
this part of ]SO 15830 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.

16) Load cellymodel W50-71080 (see 1SO 15830-2:2013, Annex C) is a product supplied by Humangtics
(formerly R bertA Denton, Inc) Plymouth Mlchlgan USA. Thls 1nformat10n is given for the convenlence of usefs of
this part of 2 e
may be used if they can be shown to lead to the same results

17) Load cell model W50-71010 (see ISO 15830-2:2013, Annex C) is a product supplied by Humanetics
(formerly Robert A. Denton, Inc.), Plymouth, Michigan, USA. This information is given for the convenience of users of
this part of ISO 15830 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.

18) Load cell model W50-71020 (see ISO 15830-2:2013, Annex C) is a product supplied by Humanetics
(formerly Robert A. Denton, Inc.), Plymouth, Michigan, USA. This information is given for the convenience of users of
this part of ISO 15830 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.

19) Potentiometer model W50-61027 (see ISO 15830-2:2013, Annex C) is a product supplied by Humanetics,
(formerly Robert A. Denton, Inc.), Plymouth, Michigan, USA. This information is given for the convenience of users of
this part of ISO 15830 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.

6 © IS0 2013 - All rights reserved
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— If measured, ankle x, y, z angular displacements shall be measured using Humanetics (formerly
Denton) potentiometer, models W50-54012, W50-54052, and W50-54051, respectively29).

— Ankle potentiometers shall have a mass of 7 g + 5 g (not including cable).

4.1.3.19 Temperature sensor

— If measured, thoracic cavity temperature shall be measured using a Dallas Semiconductor
temperature sensor, model DS192H/Z21).

— Temperature sensor assembly shall have a mass of 21 g + 5 g (not including cable).

4.2 Permissible internal data acquisition system (DAS)

4.2]1 General

The following DAS may be installed in the dummy. If installed, it shall ¢efiply with th¢ following
sperifications. Ifthe DAS is notinstalled, then the DAS mass replacements shall be installed in he dummy:.

D

4.212 DAS characteristics

— |Ifinstalled, the DTS WorldSID G5 DAS?22) shall be mounted jnaccordance with the drawirlgs given in
ISO 15830-2:2013.

— | The size, location, and mounting of the DAS shall not.interfere with dummy motions.

— | DAS electronic specifications shall comply with:$AE ]J211 or ISO 6487.

4.2)13 DAS mass and mass distribution

— |The combined mass of in-dummy DASeomponents or DAS mass replacements, excluding sensors
and sensor cables, shall be 2,20 kg #'0;5 kg.

— | DAS mass shall be distributed,as-given in Table 2.

Table 2 — DAS mass distribution

Bodysegment DAS mass (g)2
Atthpched to and inside Spine box 1560 * 350
Left femur 287 £ 60
Right femus 287 £ 60
Thqgrax‘cabling 75 %30

20) Potentiometer, models W50-54012, W50-54052, and W50-54051 (see ISO 15830-2:2013, Annex C) are
products supplied by Humanetics (formerly Robert A. Denton, Inc.), Plymouth, Michigan, USA. This information is
given for the convenience of users of this International Standard and does not constitute an endorsement by [SO of
the product named. Alternative products may be used if they can be shown to lead to the same results.

21) Temperature sensor, model DS192H/Z is a product supplied by Dallas Semiconductor. This information is
given for the convenience of users of this International Standard and does not constitute an endorsement by SO of
the product named. Alternative products may be used if they can be shown to lead to the same results.

22) The WorldSID G5 DAS is a product supplied by Diversified Technical Systems, Inc. (DTS), Seal Beach,
California, USA. This information is given for the convenience of users of this International Standard 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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5 Methods

5.1 Calculation of IR-TRACC distances from the IR-TRACC voltage outputs

If the permissible IR-TRACC is installed, deflections based on IR-TRACC voltage measurements shall be
calculated as follows:

1) Record the voltage signal from the IR-TRACC. Do not remove the zero offset.

2) Calculate

v, =[als ( Vim ] _(%) €y

1000

where

%3 s the equivalent linear output/input voltage (V);

Vm s voltage from the IR-TRACC (mV).

3) Remoye the zero offset from 1/,

VLO =VL_V0 (2)

where

Vio i$the equivalent linear output/input voltage with zero offset removed (volts);
Vio i$ 0 when deflection is 0;

Vo i$ the calculated I/, when deflection is,0.

4) Calculate
D=V;yxC (3)

where

D  is|the deflectien-{tmm);

C  is|the scalefactor (mm/V).

8 © IS0 2013 - All rights reserved
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Annex A
(normative)

Load cell characteristics

Load cell canacities

Al

ISO 15830-3:2013(E)

DUt Ce I tapacItrey

The

WorldSID load cells shall comply with the capacities given in Table A.1.

Table A.1 — WorldSID load cell capacities

Description Load cell Part
channel capacities humber
Fx Fy Fz Mx My Mz
(kN) | (kN) | (kN) | (NmJ<{ (Nm) | (Nm)

Uni|versa1 neck load cell 10,0 10,0 12,0 300 300 200 |W5pP-71000
Unilversal leg load cell 15,0 15,0 15,0 350 350 300 |[W5p-71010
Unilversal arm load cell 9,0 9,0 13,5 225 225 170 |W5pP-71070
Knége contact load cell - 20,0 - - - - W5p-71020
Elbpw load cell - £ - 225 225 - W5p-71060
Pubiic symphysis load cell - 12,0 - - - - W5pD-71051
Femoral neck load cell 10,0 25,0 10,0 - - - W5p-71080
Sacfo-iliac load cell 6,0 12,0 6,0 800 400 400 [(W5pP-71130
Shqulder load cell 5,0 10,0 5,0 - - - W5p-71090
Lurhbar spine load cell 10,0 10,0 12,0 300 300 200 |[W5p-71120

A.2 Load cell sign conventions
Theg WorldSID load cel9 are shown in Figures A.1 to A.11. Sign conventions for different installation
locdtions shall comply with the sign conventions shown in Figures D.1 to D.16.
FZ
MZ
FoR EX
o 67.0 [2.64]— =
MY —=t 28.7 [1.1B]
'y i
0 O
MX 1
Mz MY =
5 [2.70] FZ
o ]
56.0 [2.21]-
NOTE See Figure D.2 for detailed sign conventions for the upper neck and Figure D.3 for detailed sign

conventions for the lower neck.

Figure A.1 — Universal neck load cell
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CHANNELS
CONNECTOR

Figure A.2 — Sacro-iliac load cell

S D T—— qo———64.8 [2.88) o

REAR-SIDE ‘—“%([b]

Fz 70.0 [2.78]]
FZ

FY My MZ
Mx

FX —

&
NOTE Jee Figure D.11 for detailed sign conventions. ®$
A\

Figure A.3 — Sacro-iliac load ce’l@‘ight side, top, and left side views

64.5 [2.54]

Y [[I 50.0 [1.97]
Fz SQUARE
Mz |

NOTE See Figure D.10 for detailed sign conventions.

Figure A.4 — Lumbar load cell
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NO

NOT

30.0 [1.18] 25.0 [0.98]
O o} ) o
Fy<k—— 44.0 [1.73]
o o D ©
E Scc r_lggl_cﬁ fUl C‘lctai}cd bisu \,uuvt:utiuua.
N
Figure A.5 — Pubic symphysis load cell (19
el
59.8 [2.36] %cé?o [1.26)
L0 [0
45.0 [}1.77]
o
Fz
FY N\
.\Q)
E See Figure D.13 for detailed sign coreseﬁtions.
N
FiggQ&\b — Femoral neck load cell
@ 55.0 [2.17)
C)() Fy o 79.2 [3.12]
‘ MY. 1 ®
MZ ©
Fx ©47.6 [1.87] [z 0] D
Mx ”
@
o

NOTE

See Figures D.14 and D.16 for detailed sign conventions.

Figure A.7 — Universal leg load cell
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NOTE

NOTE

NOTE

12

Y 55.0 [2.17]4‘

.2 [1.94]

o—39.3 [1.55]

FZ

Jeefigure D.6 101 detalled Sign conventions.

Figure A.8 — Shoulder load cell

xO
Jee Figure D.8 for detailed sign convep@b‘s.
<)

Figure A9 — Universal arm load cell

Q
03V

Q/
%)
R0
NS
@.z [3.00]

See Figure D.8 for detailed sign conventions.

Figure A.10 — Elbow load cell
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et~ 10.5 [0.41]

| —==—Fy 650 [2.56]

Y

CABLE LENGTHS

I—-—sss CHART FOR———=
0

NOTE See Figure D.15 for detailed sign conventions. (b ’

/
Ry
Figure A.11 — Knee contact load cell '\Q)
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Annex B
(informative)

Conventions for exemplar permissible load cells and angular

B.1 Ove

Developms
Humanetig
capacity fq

they were

shown in H

The design

spinal coluy|

load cell. Tj
neckload d

cells in the

the univers
load cells df the WorldSID are unique in design.

Each load g
sensor ID ¢
calibration

B.2 Rep

Load cell r

reproducih

B.3 Dur
The load c4

Suggested
Cable or co

B.4 Sen

displacement sensors

rview

nt of the load cells for the WorldSID was sub-contracted to Robert A. Denton, Ing, (Curreptly
s). Designs of the load cells were primarily driven by the number and type’of chanpels,
r each of the channels (including overload capacity), and the body part design, into which
ncorporated. The load cells and angular displacement sensors available forthe WorldSID|are

igure B.1.

intent was to minimize the number of types of loads cells in the WorldSID. The load cells infthe
mn, the upper and lower neck load cells, are identical and are identified as the universal fjeck
he lumbar spine load cell was originally designed to be intérchangeable with the univefsal
ell, but design constraints within the pelvis made this impossible in the final design. The Joad
legs, the femur, and the upper and lower tibia are identical. The leg load cells are identifief as
allegload cell. The arm load cells, upper and lower arm, are interchangeable. The remairning

The
the

ell has self-identification internal to the load €ell for increased efficiency and accuracy.
omponent stores and reports the load cell’$’serial number and calibration data so that
information for each device can be accessed by standard testing software.

featability and reproducibility

epeatability and reproducibility can be assessed by load cell calibration. Repeatability pnd

ility are typically 1 % of fll'scale or less.

ability

1ls have unlipfited durability for tests that do not exceed the full-scale ranges of the devi
Cable routingprocedures to protect cablesand connectors are given in Annex G of ISO 1583
nnector £éplacement may be required if these are damaged during use.

Sitivity

All the load cells for WorldSID are strain gage-based devices with outputs of approximately 1 mV/V to
3 mV/V before amplification. These outputlevels are in the same range as other load cells currently used
in the Hybrid Il and other ATDs. The load cells have a temperature sensitivity of no greater than 0,06 %

of reading

per degree Celsius over a range of 16°C to 26°C.

B.5 Handling

All components are joined with metric fasteners and allow the use of standard hand tools. Assembly

and disass
encapsulat

14

embly instructions are described in ISO 15830-4. The load cells have a rigid cover or are
ed in a rugged plastic material and are internally sealed from moisture.
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Figure B.1 — Humanetics (formerly Robert A. Denton) WorldSID instrumentation
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B.6 Calibration

All load cells are provided with a full-scale calibration data. Data are provided for nonlinearity,
hysteresis, cross talk, and full-scale output. Re-calibration of each device should be performed every
year or whenever the load cell is loaded over full capacity. The load cells are removed from the WorldSID
for calibration. Each load cell has a unique calibration fixture to mount the load cell in the correct
orientation for calibration.

B.7 Load cell connector pin codes

Humanetigs (formerly Denton) load cell connector pin usage is shown in Figures B.2 to B.8.
CHANNEL PIN COLOR FUNCTION
FX 1 BROWN +EXCITATION
FX 17 |RED +SIGNAL
FX 2 |ORANGE “EXCITATION
FX 18 |YELLOW SIGNAL 3-
FX 3 TAN CHANNEL IDENT{FICATION
FY 19 |RED/STRIPE +EXCITATION
EX: 4 BLACK +SIGNAL
FY 20 |WHITE “EXCITATION
FY 5 |BLACK/STRIPE -SIGNAY
FY 21 |PINK CRANNEL IDENTIFICATION
FZ 6 |GREEN GEXCITATION
FZ 22 |BLUE +SIGNAL
FZ 7 VIOLET -EXCITATION
FZ 23 |GREY SIGNAL
FZ 8 |CLEAR CHANNEL IDENTIFICATION
SHIELD 24 SHIELD GROUND
MX 9 |BROWN +EXCITATION
MX 25 |RED +SIGNAL
MX 10 JIORANGE -EXCITATION
MX 26 YELLOW -SIGNAL
MX. 145" [TAN CHANNEL IDENTIFICATION
MY 37 |RED/STRIPE +EXCITATION
MY 12 BLACK +SIGNAL
MY 28 WHITE -EXCITATION
MY 13 BLACK/STRIPE -SIGNAL
Es 29 |PINK CHANNEL IDENTIFICATION
MZ 14 |GREEN +EXCITATION
MZ 30 |BLUE +SIGNAL
MZ 15 |VIOLET "EXCITATION
MZ 31__|GREY SIGNAL
MZ 16 |CLEAR CHANNEL IDENTIFICATION
FigureB.2 — Connector wiring, 31-pin, 6 channels
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PIN 1
PIN 8
.—‘—t‘—k\

S0 N
\

WO

PIN 15

PIN 9

=
] ‘
r '”’ aaaY

ICHANNEL| PIN COLOR FUNCTION
FX 1 BROWN +EXCITATION
FX 12 RED +SIGNAL
FX 2 ORANGE -EXCITATION
FX 13 YELLOW -SIGNAL
FX 3 TAN CHANNEL IDENTIFICATION
FY 14 RED/STRIPE +EXCITATION
FY 4 BLACK +SIGNAL
FY 15 WHITE -EXCITATION
FY S BLACK/STRIPE -SIGNAL
FY 16 PINK CHANNEL IDENTIFICATION
FZ 6 GREEN +EXCITATION
FZ 17 BLUE +SIGNAL
FZ 7 VIOLET -EXCITATION
J FiN- 1< FZ 18 GRAY -SIGNAL
PIN 21 FZ 8 CLEAR CHANNEL IDENTIFICATION
SHIELD 19 SHIELD GROUND
SHIELD 9 SHIELD GROUND
NA 20
NA 10
NA 21
NA 11

Figure B.3 — Connector wiring, 21-pin, 3 channels-(shoulder)

CHANNEL] __PIN COLOR FUNCTION
MX 1 BROWN +EXCITATION
MX 9 |RED +SIGNAL
MX 2 JORANGE “EXCITATION
MX 10< | YELLOW “SIGNAL
MX 3. |GREEN CHANNEL IDENTIFICATION
MY §  |RED/STRIPE +EXCITATION
MY 15 |BLACK +SIGNAL
MY. 7 |WHITE “EXCITATION
MY 14 |BLACK/STRIPE __ |-SIGNAL
Y 6 |GREY CHANNEL IDENTIFICATION
SHIELD 4 |SHIELD GROUND
SHIELD 15 |SHIELD GROUND
NA 5
NA 11
NA 13

Figure B.4 — €onnector wiring, 15-pin, 2 channels (elbow load cell)

T
(XX

CHANNEL PIN COLOR FUNCTION
FX 1 RED +EXCITATION
FX 9 GREEN +SIGNAL
PIN 1 FX 2 BLACK -EXCITATION
FX 10 WHITE -SIGNAL
FX 3 ORANGE CHANNEL IDENTIFICATION
SHIELD 4 SHIELD GROUND
NA 12
NA 5
NA ©
NA 7
NA 8
NA 11
PIN 9 NA 3
NA 14
NA 15

Figure B.5 — Connector wiring, 15-pin, 1 channel (side exit, pubic)

© IS0 2013 - All rights reserved
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—
[ SEEEEE0

PIN 7 (GUIDE PIN)

PIN 6

PIN 1

PIN | COLOR FUNCTION
1 RED +EXCITATION
2 GREEN +SIGNAL
3 | ORANGE | CHANNEL ID
4 SHIELD GROUND
5 WHITE -SIGNAL
6 BLACK | -EXCITATION

Figure(B.6 — 1-channel connector to G5 DAS (configuration shown was only used in some
WorldSID assemblies)
CHN [ PIN | COLOR FURCTION
1 T | BROWN FEXCITATION
1 2 | RED +SIGNAL
1 3 | GREEN CHANNEL ID
GHANNEL 1 = T[4 | SHIELD GROUND
m&’ﬁ 1 5 | YELIOW “SIGNAL
cHANNEL 2 ‘m 1 6,~<ORANGE -EXCITATION
2 1 RED/STRIPE +EXCITATION
PIN'7 (GUIDE PIN) -5 BACK +SIGNAL
PIN 1 PIN 6 20 |3 | GREY CHANNEL 1D
2 |4 | SHELD GROUND
Z |5 | BLACK/STRIPE | -SIGNAL
Z |6 |WHIE “EXCITATION
Figure|(B.7 — 2-channel connector to G5 DAS (configuration shown was only used in some|
WorldSID assemblies)
CHN | PIN COLOR FUNCTION
T | 1 BROWN FEXCITATION
1 2 RED +SIGNAL
1 3 TAN CHANNEL ID
T | 4 SHIELD GROUND
T 15 YELLOW -SIGNAL
g HANN(E,I)'(,; T 1 6 ORANGE | -EXCITATION
YOO YONONG 2 1 RED/STRIPE +EXCITATION
2 | 2 BLACK +SIGNAL
CHANNF\}'Z) DQODDLAL 2 | 3 PINK CHANNEL 1D
SOOWE 2 | 4 SHIELD GROUND
LI'IANNL'L’J PIN 7 (GUIDE PIN) Z 5 BCACK7STRIPE -STGNAT
('z") 2 | 6 WHITE -EXCITATION
PIN 1 PIN 6 31 GREEN +EXCITATION
3 [ 2 BLUE +SIGNAL
3 ] 3 CLEAR CHANNEL 1D
3 | 4 SHIELD GROUND
3 5 GREY SIGNAL
3 ] 6 VIOLET “EXCITATION

Figure B.8 — 3-channel connector to G5 DAS (configuration shown was only used in some

WorldSID assemblies)

18
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B.8 Universal neck load cell (W50-71000)

The two universal neck load cells are used to measure three force and three moment channels near
the occipital condyle and T1 (first thoracic vertebra or the base of the neck). In the upper neck position
(occipital condyle), the load cell attaches to the base of the skull instrumentation core and the flexible
neck element. In the lower neck position (T1), the load cell attaches to the flexible neck element and the

low

er neck bracket.

B.9 Sacro-iliacload cell (W50-71130)

The
uni
righ
hun
are

sacro-iliacload cell consists of two 6-channel load cells (left and right) manufactured ag

. The sacro-iliac (SI) load cell forms the structure within the WorldSID pelvis that joins
t iliac wings to each other as well as the lumbar spine. The location of the load cell'is sin
han sacrum. The iliac wings are bolted to the sides of the load cell. The structure-of the I¢
ar-mounting surface that has provisions to mount the pelvis accelerometersand tilt se

lumbar spine load cell mounts internally to the SIload cell. The lower surface efthe lumbar

bolt

Thi
of t
sac
the
thid

ed to the SI load cell.

5 load cell measures the complex interaction of forces within the sacruim. An impact to t
he pelvis will transfer forces and moments through the pelvis beneinto both the pubic a
'um. At the sacrum, the forces and moments may transfer intothe right side of the pelvi

interaction.

B.10 Lumbar load cell (W50-71120)

The
the
con
abo|

lumbar load cell is used to measure three force and three moment channels in the lumk
point of attachment to the pelvis. The lumba¥ load cell is installed into the sacro-iliac lo
hector exits at the base of the sacro-iliae, The data recorded from this device provides i
jut the forces and moments that occur,atthe lumbar region of the spinal column.

B.11 Pubic symphysis load ecell (W50-71051)

The
join
the
tak

pubic symphysis load cell measures one force (Fy) channel. The load cell forms the str
s the left and right halves of the pelvis bone at the pubic symphysis. By application of a

ng place in this areas

B.12 Femoralneck load cell (W50-71080)

Thd
the

initialfemoral neck load cell measures three forces at the junction in the WorldSI
greater trochanter and the femoral neck. The forces and moments measured are the

h one-piece
he left and
hilar to the
ad cell has
nsors. The
load cell is

he left side
rea and the
s bone and

lumbar spine. This load cell along with the lumbar spine lead cell will provide data to ynderstand

ar spine at
hd cell. The
hformation

Icture that
load cell at

pubic symphysis, thé.data acquired may provide a better understanding of the complex ipteractions

D between
fotal being

tranpsférred from either the leg or from impact to the trochanter into the acetabulum. The in
of the load cell attaches to the femoral shaft and head. The outer surface of the load cell is attached to

the

her surface

trochanter.

B.13 Universal leg load cell (W50-71010)

The leg load cell is positioned in three locations in the complete leg assembly: the mid-femur position
and the upper and lower tibia positions. The leg load cell is a six-channel design that measures three
forces and three bending moments.

©IS
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B.14 Shoulder load cell (W50-71090)

The shoulder load cell measures three forces at the junction of the arm and shoulder. The inboard
surface of the shoulder load cell is attached to the shoulder rib element. The outer surface of the load cell
contains the pivot assembly for the X rotation of the arm as well as stops that limit the range of motion.
This load cell measures the interaction forces between the arm and shoulder as well as direct impact
forces to the shoulder.

B.15 Universal arm load cell (W50-71070)

The arm Ig
middle of t
forceand t

B.16 Elbgow load cell (W50-71060)

The elbow
above the ¢

B.17 Knee contact load cell (W50-71020)

The knee d
as well as |
knee conta

ad cell is used in two locations on each full arm assembly. The load cell is positioned,in
he upper arm bone and in the middle of the lower arm bone. The arm load cell measuregs. th
hree moment channels.

load cell measures two bending moment channels in the upper arm assembly at a point
Ibow pivot joint.

knee-to-knee contact forces. Two knee contact load cells'are used on each WorldSID leg.
ct load cell measures one force channel.

the
ree

just

ontact load cells are designed to measure direct impact t0 the knee from an external soyrce

The

20
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Annex C
(informative)

Conventions for permissible accelerometers

Overvielar
e e

Dev
Inc,
sigr
fou

C.2

Lin

C3

Rot

elopmentofthelinearand rotational accelerometers for the WorldSID was sub-contracted

al range, and frequency response. It should be noted that different connector configurati
hd in different WorldSID assemblies; thus, connectors shown are examples only.

Linear accelerometer connector pin codes

bar accelerometer pin assignment is shown in Figure C.1.

Rotational accelerometer connector pin codes

htional accelerometer pin assignment is shown in Figure B.6.

o Endevco,

Designs of the accelerometers were primarily driven by space constraints, mounting requirements,

bns may be
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Figure C.1 — Linear accelerometer wiring
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Annex D
(normative)

Information regarding sensor output polarities

D 1 _Overviews
. .

In ;Irder to minimize the number of specialized load cells and accelerometers required for thg¢ WorldSID,
uniyersal sensors which are capable of being mounted in different locations (e.g. the‘univerjal leg load
celllis used in three different locations) were designed . As units are moved from one lIocation|to another,
the[resulting signal polarity may change.

Usefrs of the WorldSID should familiarize themselves with the polarity ofieach unit in eachh mounting
locdtion and orientation.

D.2 Sensor output polarity diagrams

Diagrams detailing sensor output polarity are shown in Figures B/1 to D.16. These are based on|SAE J211-1.
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Figure D.2 — Upper neck load cell
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27

© IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=b5340f6bd654238b92af005be64e3d90

<

Va)

i wvannam ‘s aausandos”” “LINI [ sawa | 3ued NDISIAZY WAS
 mew suwa| _“ONI_‘NOLN3Q| "V E@.mvﬁ W
T I R C—
A HSINLS 3avans SWRITH AL
(OI41348 ISTANIHIO SSPINN [
JoVHl—¥| "3a0N TO0ZEIIR | ~Fiva -
N40/0Y »a wasa MIIA INOY
LLZ—T 3¥S ¥3d S3IIYPHv10d
AINFWIIVIASIAO HiM | ISA1H0M
Al-
AO-
LLZ—M 3vS Ad- LiZ—r 3IvS

Y 1NdIN0 JOwHL—¥| [3d LNdLNO DOvHL1—HI
3AILSOd ¥04 S8IY

aNv ¥3071N0HS 3HL 0L
LN SI0 03Nddv J0
NOLLF3MIO IHL 3LWALSNTI

NMOHS S3XV 3HL

JALYOIN ¥O4 SER
ojv ¥307N0HS 3HL OL
INIH3VIdSIO 03nddy 0

e NOUP3HIg 3HL 31vdlsnT
Ad- NMOHS S3xX¥ 3HL

3Iv1d NI XWHOHL Q1gQH "Q¥vMLI3
S8lY 0 ¥ICINOHS 30IS LHOW| HSNd  AQ—

‘NOLLD! 3AUVOIN ¥
HilM Q3X03HD 38 1SNA ALIVIOd 305 LHOM 3HL

1OvVdI 3{IS LHII™

30v1d NI XWOHL 010H "OuVMLHOM
SEI ¥0 H30INOHS 30IS L4371 HSNd  AQ+

LOVdAI BAIS 1437

dOSN3S
TTZ=r 395 ¥3d INdIN0 [FATS0d 807 ANSHIIVISSIC 914 Jvdl-dl

SNOILYINdINVN INANO3S AdOd

ISO 15830-3:2013(E)

© ISO 2013 - All rights reserved

Figure D.5 — Rib displacement

28


https://standardsiso.com/api/?name=b5340f6bd654238b92af005be64e3d90

ISO 15830-3:2013(E)

'LINL | #av3 3lva NOISCASY

HAS

060TZ-0CAr NVIIHODW “STIH H3LS3HION (3
acmurn anaviz| ONI .zo._.zua_lItm.m@t&. V—

ONILYd 3L 013H SLIMI] NOISNGWIG  .0E o unw Y S3TONY
53903 duVHS 3 SENNE T JAOW3Y caog ¥
_/ERT HSINLA 3Ivians 010

0601£-0SM  racow

12-r ‘3Iv'S ¥3d ALI¥YI04 LndLho Y
1133 Ov01 d3CN0OHS aIsad

30¥d 3HL QINI Q3L03¥I0 %
HOLI3A 30404 v SIN3S34d3y

39vd 3HL 30 In0 d3153¥I0
YOLI3A 30404 V| SIN3534d3y

‘O39NYHI 38 LSMNW TT3NNYHD

Z4 3HL 40 ALLNYTI0d 3HL P3CTINOHS LHOIY 3HL

04 T12-r 3v¥S 0L WHOANDD O1 ['¥307N0HS 1437 3HL
404 T2-r 3¥S 0L SWA04NDOJ ALINPI0d 7733 avo 3HL

30v1d NI OS¥OL Q10H ‘O, 0 Ayv Z4
30v1d NI OS¥OL Q10H 'QUVMIHOIY WYY Ad
30V1d NI OS¥OL Q10H ‘OuYANOd Wy X4

130 Ov0T 3AIS—1HIN

30v1d NI DSHOL OT0H ‘OugMdn Wav Z4
30¥1d NI OSHOL OT0H “0¥VMLIIT WY A
30V1d NI OSHOL OT0H ‘OHvMEvIY WYY X4

T332 Qvol 3QIS—Ld37

LIe€—r 3vS ¥3d INdINO [JAILISOd d04

SNOILVINGINYN  INJWO3S AJOH

X4

Z4+

LIZ—r 3¥S ¥3d 1NdLNO
3D Ov01 3ANLUSOd ¥04 WY 3HL
OL S3040d4 d3anddy 40 NOLLD3WIa
3HL 31VAELISNTI NMOHS S3XV 3HL

MIIA INOYS

1133 avo?
430NOHS

awo Liz—r 3

HS T30 QvOT INLSOY
0L $39H04 Q3Ndd]
JHL 3LvALSATII NA

Z4+

Ad+

IS ¥3d 1Ndind
d04 WEY 3HL
40 NOILO3HIO
JOHS S3XY 3HL

Figure D.6 — Shoulder load cell

29

© IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=b5340f6bd654238b92af005be64e3d90

2013(E)

ISO 15830-3

¥ YLIVO JIWYNAD 9INIEO3T00 ONY SWYY OISO1H0M
3HL ONILIVdWI AE O3XI3HD 38 LSNW S¥3LIWOA3I 13V
lle-r 3vS d3d LNdIN0 d§313W0d337333v 3AILLISOd

d04 §NOILVININYA LN3IWO3S AQDE

ON g Z¥ ¥3M0T Wav 1N4
S3A q AV ¥3M07 Wav T1N4
S3A X¥ J3A07 WYY 1N4
ON 2Y ¥3ddN Wav 17N4d
ON d AV ¥3ddN Wiy 1N4
S3A g X¢ ¥3ddn Wiy 1n4d
I33IND3¥ 3DNWHI SIXp SIXY
ALIYVIOd TI2- [¥313W04B1323V a1SEId0M

'SWa¥Y 1HIIY 0NV 1437 HIOE OL S3Iddv 1¥WHI 3HL

‘NOISY¥IANDD O34IN03y 3HL S3IAIAOYL LYVYHI

ONIMDTI04 3HL  'W3LSAY 3LVNIQHO0D 0LV 3HL HLIA
3339V LON AVIW W3LSAS JLVNICAOOD d3L3IW03T3TTIV 3HL
L¥HL HONS S39NVHD NOILFLN3INO0 3HL ‘0ISC1¥0M 3HL
OINI O3TIVLSNI SI J3LIW0P3INFIIY 3HL NIHM € ‘2 ‘T

o)
SHAY-DCA  woas ‘sl umwn IINI [ =av3 | aivn NOISIAZY WAS
s o] ONI_“NOLNIQ| 'V 13380Y wol e wewor w1 oy |y
N3 s 3 Bang TN AN 5] /e mav 4WH 3580 | 8
V521 HSINILS 30w NS
SWHV-0GA  maaw
Pdug nsaa
Te-r 'I¥'S d3d ALI¥YI0d 1NdLnO g
N ENE I ERElel- Zm__.q AIST1H0M O
(0] Lz-r
NOILO3NIC GHYAL431 NI Wav 3p 30IS LHOIY LOVGWD - ohRy < S 434 0410 YAINOKTTINV
JAILYO3N ¥ 40 NOILYIIddY] HLIM d3XI3HI 38 ALIHYI0d Q 0L 530804 0311ddV 40 NOLWD3MIa
AY LYHL T3AN3IWWOD3Y| SI L1 "SYILIW0AITNIIOY Wy Q JHL JUVHISNTI NMOHS S3XV 3HL
1HOIY HLIMA AW+ ONILS3ILINI ALINJ[43I0 3HL OL 3N0= \\
NOILD3MIA TAYMNMOT NJ WHY 40 d0L LIVdWI v+ M\ M3IA LNO¥AS
NDILO3NIO QNVALHIIN NI WV §0 30IS L1437 LOVdA] %AW+ o SWNY T1N4
NOLLJIFNIA qavMay0d NI |Wav 40 W3y LIVdWI X9+ Q
‘JWNM3008d SIHL ¥04 A3ANIWWOO3Y SI ¥IWWYH HIEENA \

¥ILIA0Y3N3IV
IS—wWav ¥3A070
Wiy N4

¥3L3W0d31320V
“—WHY A3ddn
WY 1N4

03736y 3¥v S3IXY ¥ILIW0¥ITITIV WIXVISL JB9eL IHL

Figure D.7 — Arm accelerometers

© ISO 2013 - All rights reserved

30


https://standardsiso.com/api/?name=b5340f6bd654238b92af005be64e3d90

2013(E)

ISO 15830-3

32977d NI MDE73 O0H ‘TIvVML]

ONVH WO¥d 03A
SSIANI0TIHILNNOD MO8

3IVTd NI ¥30INOHS TI0H THYME|
3097d NI ¥30TN0OHS O0H "TavAL S
Od¥ANMOT MDET3 "CHYAdN
Q¥YALHIIN MODET3 "QavAL4A30
a¥YMI0S MOET3 "‘03vMANY3Y

1

3I9d NI WiV ¥3ddn 0T0H
‘TAVACT WHY d33A0T Ad+
Y3ILIWOILNILOL MOET3

ONVH WO¥4 O3MBIA N3HA
3SIANI0TIYILINNDD LSI¥M 31vIOY ZH+
3J97d NI MOE13 070H ‘T8vA0d LSI¥A A+

37 LSI™A X+

TYYANMOOD LSI¥A ‘QAVAHN ADET3 Zi+

TAVALHIIY LSTIA ‘TavML3BT MOET3 Ad+

TavAMd0d LSTHA "CavMaviEY A0E73 X3+
TTRD V0T WY d3A07

32977d NI d30INOHS C0H "CavAdpd ADET3 AW+
3Jv7d NI ¥30NOHS Q10H ‘CavAlipl ADE13 X+

717132 avO modn3

BIA N3HA

3 31v.i0d ZA+
P4 ADE73 A+
37 A0€73 X+
¥30INOHS Zi+

430 IN0OHS Ad+
§30INOHS Xd+
3] Av01 Wav ¥3ddn

H2-r 3¥S d3d L1ndin
SNOILVTINGINVYW L

[1 IAILISOd 04
NIWO3S AdOd

X4

AW

00019-0CA NYOIHIIK “STTH MELS3-00 E) 'LINI | wtivd | 3lva NOISIAZR HAS
aouew onava| “ONI .zo.rzma_l.dﬂrm.umbthmm =T
ONILY W] M3LY 073H S1INIT] NOISNIWID e SITINY
S$3D03 ctVHS ¥ SHENE T IADM3Y 3N I3WHL
L7 R s e e oL
POOT9-0SAT oo L 40 L 133
g nnea
12-r '3v'S d3d ALI¥YI0d t._n:._mn_/g
ATTHW3ISSY Wav QISO1d0M O\u MAIIA LNOY4S
/0\ 24
"ALI¥9 04 Al
Y313W0$37332V Wav 1N5 d04
+SWHY—=0SAr, ONIAYHD 335 "

XW

d 1137 av07

MOET3 ONV WiV 3HL 'SWav LHIIY ONv L4377 HLDE

AlddY SNOILY INJINYW LN3WO3S Al

MIIA JAIS L4371

11e-r 3vs J3d

Indin0 71133 Ov01 3AILLISOd
04 ONVH 3HL Ol $32304
I3I1ddv 40 NOILJ3dI0C 3HL
JLYALSNTII NAOHS S3XV 3HL

J3LIW0¥3T3IV
Mmoan3

132 avol
WY

z2-r u@dum 1ndino
7132 av! ILISOd ¥04

J307INOHS 01 $33304
0317ddv 40 JAI0T 3HL
JLIVALSNTII N 3Xv 3HL

W

Vi

WY

€ 3HL 310N
Z4

AW
ZH
XW o x4
31 3W0¥3 1300V

LSTaM
J avol

XQ

Figure D.8 — Arm sensors
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Figure D.9 — Pelvis accelerometers
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