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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
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Introduction

This document provides a unified method to handle and process various types of multidimensional
displacement sensors for use in crash dummies and automotive crash testing. The content covers
existing sensors and dummies, but the document also offers a generic method to handle future new
dummies and/or sensors.

Multidimensional measurement systems are used in crash dummies (ATD, or anthropomorphic test
device) to monitor the position of dummy features (e.g. ribs, abdomen, etc.) for injury assessment. The

du

my feature pncifinn is fypir‘:\”y PYpY‘PQQP{" inan nrﬂ'\ngnn:\] coordinate svstem which

s fixed to

thd
of

spl
are
dis
an

thoracic spine of the dummy, see Annex A. The systems covered in this document are an
pne distance sensor and one or two angle sensors, the axes of which are organised-in‘a

 outside the scope of this document. Although in this document a suit of ATD’s and.their fe
cussed to explain the methodology, its scope is not limited to these examplesiand can be
 other ATD and its features.

assembly
(rotating)

nerical coordinate system, see Figure C.1. Other 2- and 3-dimensional position measurement systems

htures are
applied to
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Road vehicles — Multidimensional measurement and
coordinate systems definition

: defines-the-measurement-coordinateSystems—ana-presen he-protocolto—letermine
sensor offsets to the chosen coordinate system. Finally, the method is presented hpw~fo process
the sensor spherical coordinate system data to calculate the position of a dummy featurg in three-
ditnensional space in the defined local orthogonal coordinate system.

2 | Normative references

Thiere are no normative references in this document.

3 | Terms and definitions
For the purposes of this document, the following terms and definitions apply.

IS and IEC maintain terminology databases for use in standardization at the following addregsses:

—| ISO Online browsing platform: available at https:Ziwww.iso.org/obp

— | IEC Electropedia: available at https://www.electropedia.org/

3.1
multidimensional measurement system
system that measures spatial position ofa crash dummy feature (e.g. rib, abdomen, etc.) with respect to
a defined reference feature (e.g. dummy spine) and its local coordinate system origin.

Note 1 to entry: Examples of multidimensional sensors and applications are given in the NOTES df Figure 1,
Figure 2 and Figure 3.

3.2
raglius
didtance between the centre of rotation at spine interface and centre of rotation at featurq interface
(e.g. dummy rib)

Note 1 to entry¥The parameter radius (R) is associated with the ISO MME Code DC for Distance, ISO/T[S 13499(2],

3.3
sepsorY-angle
ankle0f the multidimensional sensor q]nng Y-axis with respectto local nrfhngnnn] coordinate system

Note 1 to entry: The positive rotation direction is defined following SAE sign convention right hand rule.

3.4
sensor Z-angle
angle of the multidimensional sensor along Z-axis with respect to local orthogonal coordinate system

Note 1 to entry: The positive rotation direction is defined following SAE sign convention right hand rule.

Note 2 to entry: Examples of the angle definitions are given in the NOTES of Figure 1, Figure 2 and Figure 3.

© IS0 2021 - All rights reserved 1
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Key (1/

1 radius} R;

NOTE Two examples for WorldSID application are shown: left image 2D IR-TRQ,COOIght image S-Track.
N

Figure 1 — Two-dimensional sensor mounted in right-hand s'&l&/orldSlD 50M dummy

NOTE Two exar@?;for THOR application are show: left image IR-TRACC, right image S-Track.

Figure %&?hree-dimensional sensors mounted in THOR 50M right-hand view and global
coordinate system.

2 © IS0 2021 - All rights reserved
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Key
1 | radius, R;

NOTE Two informative examples for THOR application are sHown: left image 3D IR-TRACC, righit image 3D
S-Track).

Figure 3 — Three-dimensional sensors for THOR lower right-hand thorax and their local
orthogonal coordinate system

3.5
zero-position
conpdition of multidimensional sensor when mounted by the spine interface and the distancg¢ sensor is
aligned with (parallel to) the local prthogonal coordinate system axes and the feature interface is fixed
at ain accurately defined distance from the coordinate system origin

Note 1 to entry: By definition thejyangles of the multidimensional position sensor are zero.

3.4
zero-position fixture
toql to set up a multidimensional position sensor in its zero-position (3.5)

Note 1 to entry: AZero-position fixture has accurately machined reproducible mountings to simulate the dummy
spine and theféature mountings. These sensor mountings of the fixture are accurately positioned in (2D- and
3D) spacessuch that the sensor is in its zero-position condition, called position 0 (position zero). The fixture has
addlitionalmounting positions for the feature interface, which are translated from zero position over a defined
distancein a direction perpendicular to the distance sensor axis and parallel to atleast one of the local prthogonal
codrdinate system axes

Note 2 to entry: The fixture is considered adequately accurate if the overall dimensional tolerance stack ups of
the sensor mountings are within £0,3mm in all directions.

Note 3 to entry: Examples of 2D and 3D zero-position fixtures are given in Annex B.

Note 4 to entry: The zero-position fixtures are used in subsequent steps of the zero-position verification
procedure:

a) to find the offset of the sensors with respect to the local orthogonal coordinate system;
b) toremove offsets (by adjustment or compensation in a data acquisition system);

c¢) tocheckif sensor offsets are removed with a live data acquisition system;

© IS0 2021 - All rights reserved 3
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d) tocheck sensor polarities with respect to global orthogonal coordinate system;

e) to check if calculations for coordinate system transformation are reproducing the design positions of the
fixture in 2D or 3D space. See paragraph 7 and Annex B.

3.7

offset angle
outputin degrees of the angle sensor(s) when the multidimensional position sensor is in its zero-position
(3.5) condition

Note 1 to entry: If the angle sensor has a positive offset according to the local orthogonal coordinate system, the

offset angl

3.8
orientati

P 1S deTined positive.

bn angle

correction angle for multidimensional sensors that can be mounted in sensor orientation fof left h3

and right-

Noteltoe
In side imp
the Q10 ch

Note 2 to
system ab
channels a

hand side impact operation, as well as for frontal impact operation

htry: Typically the two-dimensional sensors can be mounted in various orientatiens inside the dum
act dummies the sensors can be set up for left hand and right-hand impact (even simultaneously),
ld dummies can be set up for both frontal and lateral impacts.

bentry: The two-dimensional sensors can be oriented inside the dummy with a rotated coordin|

ut the Z-axis. The orientation angle can be implemented in Data, Aequisition Systems Z-angle d
5 a fixed offset to correct for a rotated coordinate system, see Table 1.

Table 1 — Orientation angle definition per orientation in the dummy

Sensor orientation for impact operation
Left Lateral Frontal Right Lateral

On

ientation angle -90° 0° +90°

3.9
reference

angle

orientation angle minus the offset angle (3(7)

Noteltoe

PREF 7

Note 2 to ¢

htry: Calculate the reference angle with Formula (1).

= QORIENT — Posz

ntry: The reference’angle can be used with data acquisition systems that can handle only one fi

offset parajmeter, see examplein Figure 4.

nd

ny.
ind

ata

(1)

ked
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(pREF =
-93°

/

(pREF=
+87°

_ Porient
Y %6

(pORIENT
— N°

(pORIENT

=+90°

+Y

Kigure 4 — Angle sensor parameter examples seen from top of dunimy (looking over dummy
shoulder)
Tgble 2 — Examples for ggr and @og gyt When offset angle is +3°, for left side, frontal and right-
side impact dummy set up; see Figure 4
Left lateral impact Frontal impact Right lateral impact
PORIENT -90 0 +90

Posz +3 +3 +3

Orer -93 -3 +87
3.10
angle sensor polarity
dirjection of rotation of the sensor shaft with reference to its fixed body in relation to its|electrical
(dieital) signal output and senser body and shaft orientation to the relevant coordinate system
Note 1 to entry: The polarity.is defined positive when the far end of the shaft points in the positive prthogonal

direction and the shaft (or internal wiper) is rotated in the positive rotation direction according to t

coqrdinate system, see.example Figure 5.

Note 2 to entry: Fievalue of the polarity can only be +1 or -1.

Note 3 to entty: Depending of the sensor assembly orientation in the dummy some sensors need to
polarity sign.to get a positive output in accordance with the relevant coordinate system.

he relevant

change the

© IS0 2021 - All rights reserved
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°

Figure 5 — Positive polarity for angle sensg

4 Symbols N\
>

Table 3 — List of sx@ols

Parametdqr Symbol Unit Defi;;"k}()n/description Application
X-axis X - Gleb\:J orthogonal coordinate system
« Ksaxis
Y-axis y - ~~|Global orthogonal coordinate system
\O Y-axi
(\-J -axis
Z-axis z @ - Global orthogonal coordinate system
Z-axis
Origin of lpcal orthogo- Oyts C)U - Origin upper thoracic spine
nal coordipate systems L. . .
OL%) Origin lower thoracic spine
@9 Origin lumbar spine
Q_QODC Origin distance sensor
A?# XUTS - Local X-axis upper thoracic spine 3D-THOR
YUTs - Local Y-axis upper thoracic spine 3D-THOR
,(?“\ Zyrs - Local Z-axis upper thoracic spine 3D-THOR
o_) ) Xpc - Distance sensor axis 3D-THOR
Ypc Position sensor Y-pivot axis 3D-THOR
Zpe - Position sensor Z-pivot axis 3D-THOR
X1TS - Local X-axis lower thoracic spine 3D-THOR
YiTs - Local Y-axis lower thoracic spine 3D-THOR
Zirs - Local Z-axis lower thoracic spine 3D-THOR
XL - Local X-axis lumbar spine 3D-THOR
YLs - Local Y-axis lumbar spine 3D-THOR
ZLg - Local Z-axis lumbar spine 3D-THOR

6 © IS0 2021 - All rights reserved
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Table 3 (continued)

per digital output

Parameter Symbol Unit Definition/description Application
Distance D mm Design distance on zero-position fixture |2D
Distance position 0 D from 2D sensor origin to rib interface
p ZERO centre in position-0, position-1, posi-
Distance position 1 Dpq tion-2
Distance position 2 Dp,
Distance positions mm Design distance on zero-position fixture |3D
7ERO-—ZFERE6-R D from Origin OIITQI OITQ! or OI S to rib
B “ZERO interface centre in position ZERO, posi-
P7L, PZR, Dpy tion PZ (L and R), position PY (L and R),
PYL, PYR Dpy position PYZ (L and R)
PYZL, PYZR Dpyy
Z-angle 0, degrees Design Z-angles on zero-position fixture |2D
Adole position 0 o 2D sensor origin to rib interface/Centre
giep ZZERO in zero-position, position-X, pesition-2
Angle position 1 044
Arjgle position 2 07,
Y-aingle positions Oy degrees Design Y-angles ofiyzero-position fixture |3D
) ) origin Oyrs, Ofy%, or Oy g to rib interface
ZHRO-L, ZERO-R, Oy zeRo centre in pesition ZERO, position PZ (L
P7L PZR, Oy py and R), position PY (L and R), position
PYL, PYR Oy py PYZ (L.and R)
PYZL, PYZR Oy pyz
Z-angle positions 0, degrees Design Z-angles on zero-position fixture |3D
) ) origin Oypg, O, Or O 5 to rib interface
ZHRO-L, ZERO-R, Oz zER0 centre in position ZERO, position +Z,
P7L PZR, 04 py position +Y, position PYZ (L and R)
PY|L, PYR 0y py
PYZL, PYZR 07 py7
Calibration range dg mm Distance between starting and end point
of displacement calibration
Diptance sensor output Upc V,LSB Distance sensor output
Tubes-IN output Upcin V, LSB Output at certain displacement with all |IR-TRACC only
floating tubes pushed IN
Tubes-OUT output Upcout V, LSB Output at certain displacement with all |IR-TRIACC only
floating tubes pushed OUT
Lipearizationexponent EXP [-] Optimized linearization exponent IR-TRACC only
Lipearized voltage ULin Vi IR-TRACC output to power of exponent; |IR-TRIACC only
calculated parameter
Distance sensor calibra- Cpe mm/V and |linear sensor mm displacement per Ratiometric
tion factor mm/LSB mm/ |output sensor
Vi IR-TRACC mm displacement per line- IR-TRACC
mm/LSB;;y |arized output
Distance sensor sensi- She V/mm and |linear sensor output per mm displace- |Ratiometric
tivity LSB/mm ment sensor
Vv /mmand |IR-TRACC linearized output per mm IR-TRACC
LSB,; /mm displacement
Angle sensor calibration|  Cyyy degrees/V/V |Angle sensor degrees rotation at 1V out-
factor Cang degrees/LSB put per 1V excitation or degree rotation

© IS0 2021 - All rights reserved
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Table 3 (continued)

Far (3D towards spine)

Parameter Symbol Unit Definition/description Application
Angle sensor sensitivity SANY V/V/degrees |Angle sensor output per degree rotation
Sanz LSB/degrees at 1V excitation or

digital output per degree
Angle sensor polarity P [-] The value can be either +1 or -1 2D-3D
Distance sensor Pos0 Upco V,LSB Distance sensor average outputatzero |2D-3D
output position on Zeroing Fixture
Distance §ensor PosU Upcoin V,LSB Distance sensor output at zero position [IR-TRACC
output tubles-IN tubes IN
Distance sensor Pos0 Upcoout V,LSB Distance sensor output at zero position |IR-TRAEC
output tuhes-OUT tubes OUT
Distance sensor Posl Upct V,LSB Distance sensor output at position 1 2D
output
Distance Jensor Pos2 Upca V,LSB Distance sensor output at position 2 2D
output
Distance sensor output Upcpy V,LSB Distance sensor output at pogsition PY 3D
position Py
Distance sensor output Upcpy V, LSB Distance sensor output atposition PZ 3D
position Pf.
Distance gensor output | Upcpyz V, LSB Distance sensor otitput at position PYZ 3D
position P{YZ
Radius R mm Distancedrom Op to rib interface 2D 3D

R rotationcentre, see Figure 3. Distance
0 serns@r output in mm at ¢, at ¢;.
R;

Radius Po§0 Rio mm Radius at zero position on zeroing 2D-3D

fixture calculated using average IN-OUT

output
Radius Po$0 tubes-IN Ry mm Radius at zero position calculated using |IR-TRACC

tubes IN output
Radius Pos0 tubes-OUT Rour mm Radius at zero position calculated using |[IR-TRACC

tubes OUT output
Radius Pos0 Rygrd mm Radius at zero-position 2D-3D
Radius Pof1l R, Radius at position-1 2D
Radius Poj2 R, Radius at position-2 2D
Radius PY Rpy Radius at position PY 3D
Radius PZ Rpy Radius at position PZ 3D

3D

Radius PY(Z Rpyy Radius at position PYZ
Excitation Ugx \Y Excitation voltage angle sensor during

zero-position verification
Y-angle sensor output Uany V,LSB Y-axis angle sensor voltage 3D
Z-angle sensor output Uanz V,LSB Z-axis angle sensor voltage
Z-Angle output 0 Uanzo V,LSB Z-Angle sensor average output at posi- |2D & 3D
(ZERO) tion-0 (ZERO)
Z-Angle output 0-Near | Uynz NEAR V,LSB Z-Angle sensor output at position-0 pull |2D & 3D

Near (3D away from spine)
Z-Angle output 0-Far Uanz FAR V,LSB Z-Angle sensor output at position-0 pull |2D & 3D

© IS0 2021 -
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Table 3 (continued)

Parameter Symbol Unit Definition/description Application

Z-Angle output 1 Upnz1 V,LSB Z-axis angle sensor output at position-1 |2D

Z-Angle output 2 Uanz2 V,LSB Z-axis angle sensor output at position-2 |2D

Z-Angle output PZR Uanz pz V, LSB Z-Angle sensor output at position PZ 3D

Y-Angle output zero Upnyo V, LSB Y- Angle sensor average output at posi- 3D
tion-zero

Y-Angle output zero- Uany pown V, LSB Y- Angle sensor output at position-zero |3D

D( WII pun DUVVII

Y-Angle output zero-Up | Uaynyup V, LSB Y- Angle sensor output at position-0 pull |3D
Up

Y-Angle output PY Uany py V,LSB Y-Angle sensor output at position PY 3D

Y-pffset Angle Posy degrees Y-angle sensor average offset between

extremes (Up-Down) when at fixture
Zero-position

Z-Pffset Angle Posz degrees Z-angle sensor average offset between
extremes (Near-Far) when at fixture
Zero-position
Sepsor Y-angle Py degrees Distance sensoy angle along y-axis with
respect to locaklorthogonal coordinate
Pvo system, see)Figure 3, and at t; and at t;.
Pyi
Sepsor Z-angle o degrees Distance'sensor angle along z-axis with
respéct to local orthogonal coordinate
P20 system, see Figure 3, and, at ¢t and at t;.
Pri
Diptance intercept Inc mm Distance sensor offset in mm from coor-
dinate system origin.
Diptance intercept Ipcy V, Viin Calculated (linearized) output at 0Omm
voltage LSB, radius
A¥is offset 6 mm Mechanical offset distance between Op |3D thpracic

distance sensor origin and coordinate
system origin, see Figure 3.

O1fientation angle PORIENT degrees Orientation angle of 2D position sensor |2D
assembled inside dummy. For definition
see also Figure 4 and Table 1.

Reference angle PREF degrees Orientation angle minus offset angle. For |2D
definition see also Figure 4 and Table 1.

Tipe t S time
to time zero, start of the test
t time i
x coordinate X, Xg, X; mm Feature interface rotation centre x-

coordinate, x at ¢, x at t;, see NOTES of
Figure 1, Figure 2 and Figure 3.

y coordinate »yoYi mm Feature interface rotation centre y-
coordinate, y at t,, y att;, see NOTES of

Figure 1, Figure 2 and Figure 3.

z coordinate Z,Zy, Z; mm Feature interface rotation centre z-
coordinate, z at t, z at t;, see NOTES of

Figure 1, Figure 2 and Figure 3.

© IS0 2021 - All rights reserved 9
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Table 3 (continued)

Parameter Symbol Unit Definition/description Application
x deflection Dx; mm Feature deflection in x direction at ¢;
y deflection Dy, mm Feature deflection in y direction at ¢;
z deflection Dz; mm Feature deflection in z direction at t;
Resultant deflection D, mm Resultant deflection of the feature inter-
face centre at t;

5 Senslor calibration

Individua] angle and displacement or distance sensors are calibrated according to accepted standa

before c
Infrared d
sensor acg

6 Prodg

6.1 Ger

This claug
on zero-p
method, b
2D and 30

6.2 Ver]

The acceptance limits of the zero-position verification procedure are based on an uncertainty analy

conducted
variation.

a) variaf

mounltings),

b) impe

c) voltag

d) manuffacturing tolerances of fixtures.

To quanti
one 2D se
labs on th
the uncer

rds

ducting the zero-position verification procedure. (Recommended: calibraté |mon-ling¢ar

ording to ISO/TS 23521[2]).

edures zero-position verification

jeral

psition fixtures. Example sensors and fixtures are used. in the procedures to describe
zero-position verification are generally followingthe same principle.

ification acceptance limits

according to procedures outlined in JCGM_100_2008[8] applying four components
The components identified are

ion introduced by the operator (assembly of the sensor on the fixture, system play in

fection of the sensor, like’system play, friction and non-linearity,

le measurement uiicértainty, and

'y the operdtor component of variation a round robin was conducted in 2018-2019, involv

ee,cortinents. The other three components of uncertainty, b), ), and d), were accounted fo1

calculate

fromnT the Square Toot Of the SUTT of SqUAres of standard deviation, o, of tie four comporne

istance sensor IR-TRACCI3] according to ISO/TS 214764l and calibrate ratio metric distapce

e describes procedures to obtain reproducible data from‘multidimensional position sensprs

he

ut the procedures should also be applicable to other sensors and fixtures. The sequences [for

sis
of

he

ng

hsor andfixture and one 3D sensor and fixture. The round robin included eleven qualified test

[ 11

[ainty analysis based on the specifications of the equipment used. The total uncertainty was

ts,

and a multiplier of three was applied to define acceptance limits (30 = 99,7 % confidence limits). The
verification acceptance limits are defined based on these studies as follows:

— For angles: +3 % of mechanical range of #45°: #1,35°. (Example max error: with distance sensor at

140m

m radius, 1,35° corresponds to 1,351/180 x 140 = 3,3mm).

— For distance: £3 % of calibration range of distance sensor. (Example max error: calibration range
80mm, 3 % corresponds to 2,4mm).

10
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6.3 Zero-position data collection

Zero-position verification data collection sequences are given in Table 4 for 2D sensors and Table 5
for 3D sensors. The sensors are connected to measurement systems according adequate and accepted
laboratory practise standards to measure the sensor outputs.

The zero-position verification procedure are conducted in a temperature controlled environment
between 20 °C to 25 °C.

A 120 s warm up time after powering the sensors is observed before data collection starts.

The sensor assembly are setup on the zero position fixture in its zero position. Measurements and

ca
in

off
my
ou

culations are conducted according to the sequences given in Table 4 and Table 5 and form
b.4. Measurements taken under conditions of controlled lateral loading to find the)extre
Sets are conducted with a ballast 0,44 kg to 0,47kg; finally the rib interface are manij
Itiple positions to verify the sensor polarities and pass criteria are applied far\the expect
[puts in these positions. See also Annex B for example fixtures and data collection exampleg

ulae given
me sensor
pulated in
ed sensor
S.
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6.4 Calculations

Calculate average in-out voltage Ujp, with Formula (2).

Upco = (Upcom *Uncoour)/2 (2)
Calculate the displacement intercept I with Formula (3).

EXP
Inc =Dzgro —Cpc Upco (3)

NOTE For ratio metric sensors, EXP =1 is applied.

Cajculate average up-down voltage, Uy, and average near-far voltage, Uyyzo with Formulhe (4) and

5]

Uanyo = (Uanyup +Uany pown ) /2 (4)

Uanzo =(Uanz NEAR +UaNz FaAR ) /2 (5)

Calculate the angle sensor offset, ¢ gy and @yg7 using Formulae (6);and (7).

®osy =Py - Cany -Uanyo /Ugx (6)
®osz =Pz - Canz -Uanzo /Ugx (7)

Calculate radius at positions 0, 1 and 2, and ZERO-L or ZERO-R, PY (L or R), PZ (L or R), PY[Z (L or R)
with Formula (8).

R=Ipc +Cpc -Upc™" (8)

NOTE For ratio metric sensors EXR= 1 is applied.

Calculate Z-angle ¢, in positiens 1 and 2 with Formula (9).
¢z =P; - Cang - UanzAUEX *+ PoRIENT ~ Posz 9)
Using reference angle, Formula (9) will take the form of:
¢z =P; -Ganz -Uanz /Ugx + Orer

Cajculate~Y-angle and Z-angle in positions ZERO (L or R), PY (L or R), PZ (L or R), PYZ (L ¢r R) with
Formulae (10) and (11).

¢y =Py - Cany -Uany /Ugx —®osy (10)

@7 =P -Canz Uanz /Ugx —Posz (11)

To verify the distance zero-position, check if the distance sensor pass criteria is met with known
distances in applicable fixture positions and actual radius. Pass if the absolute difference is less than
3 % of calibration range. Calculate pass with Formula (12).
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Pass lf|Dp1 —R1|<0,03‘dE
Pass lf|DP2 —R2|<0,03'dE
Pass if |Dpy — Rpy|<0,03-dg

Pass if |Dp; — Rpy|<0,03-dg

Passif |Dpyz — Rpyz|<0,03-dg

To verify the angle zero-positions, check if the angle sensor pass criteria is met with known fixtute angle
and actual angle. Pass if the absolute difference is less than 1,35° (corresponds to 3 %-6f\operatiohal
angle range of +45°). Calculate pass with Formula (13).

Passif|Oz75r0 — 70| < 1,35° (13)
Passif |07, —¢71]<1,35°

Passif |07, —¢75]<1,35°

Pass if |y zgro —Pyo|<1,35°

Pass if Oy py —@ypy | and |Ozpy —¢7py|<1,35°

Passif |@y p; — @y pz | and |0z p; — @7 p7| <1,357

Pass if |Oy pyz — @y pyz | and |07 pyz — @zpyy]<1,35°

6.5 Zerp-position verification with DAS parameters implemented

For applidation of a multidimeénsional measurement system in a dummy and a crash test, the valjies
for senso1| offsets, polarity and orientation angle need to be implemented in a data acquisition systpm
(DAS). Tofassure that the.sénsor parameters are correctly implemented in the DAS system, it is highly
recommemnded that, aftervimplementation, the zero-position verification is repeated with a live DAY in

Relevant examples of these MME codes for multidimensional sensors can be found in Annex F.

Note that it is essential that the DAS settings are such, that the sensors are not zeroed at time zero, t = ¢,
to assure that the sensor offsets (angles and distance) with respect to the local orthogonal coordinate
system are maintained throughout the duration of the test.

When the sensors are assembled in the dummy, they will provide information of the initial (pre-test)
position of the ribs. This information can be used to get a rough indication whether DAS parameters
are correctly implemented. Annex G lists expected initial outputs for dummies and sensor locations,
which can help to identify errors with DAS parameters or indicate larger than normal permanent rib
deformation.
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The formulae to calculate the position of the (rib-, abdomen-, feature-) in x, y and z orthogonal
coordinates from the 2D or 3D sensor radius and angle(s) are given in 7.2. The coordinate system
transformation method, spherical to orthogonal, is explained in-depth in Annex C.

Note that the 2D and 3D formulae share the same terms, with additional terms in the 3D formulae due
the 3rd dimension and the presence of the mechanical offset (§) in some of the 3D sensors. One will find

by
ter

IM
co(
ori
daf
vel
the

IM
ser
thy

IM
shd

7.3

Ca
Sy

Fo
for

4-15,65 [mm] Lower thorax 3D sénsor

filling out 0 in 3D formulae for Y-angle and o0 that those 3D terms become zero and the
ms become simplified 2D system formulae.

PORTANT NOTICE 1 For the formulae to be valid and applicable in all 4 quadrants of/the“local
rdinate systems, it is essential that the distance intercept I, as well as the offset angles’qy an
entation angle @ggpent (Or reference angle @gppr) and polarity of the angle sensors are impleme
a acquisition system according to the sensor assembly orientation in the dummy. *The example ze
ification sheet gives reference angles and angle sensor polarities for all senspttocations and orie
dummies, see example in Annex D.
PORTANT NOTICE 2 For the formulae to be valid, it is essential that‘the DAS settings are sud
oughout the duration of the (crash or certification) test.

PORTANT NOTICE 3 Filtering of the sensor signals per appli€ablé protocol (e.g. vehicle test, dumm
1l be applied before executing the calculations.

. Sensor data processing spherical to orthogonal coordinate system

culate the coordinates of the rib interface joint centre with respect to its local orthogonal g
tem with Formulae (14), (15), and (16). Reimtember to apply the correct values for § for 3D

+15,65 [mm] Upper thorax 3D sensoun

0 [mm] Abdomen 3D sensox

X; =0 -sin(@y; ) + R; -c0s(@y; ) cos(py;)
Yi =R; -sin(¢z0)
z; =0 - cos{Qy; ) — R; - cos(@z; ) - sin(ey; )

" 2D(systems, by filling out 0 for y-angle and §, z; becomes 0 and Formula (14) will take the
nof:

remaining

prthogonal
d @osz and
hted in the
ro-position
ntations in

h, that the

sors are NOT zeroed at time zero (t = t;), and that the sensor offsets (angle and distance) are jaintained

y test, etc.)

oordinate
5ensors.

(14)

(15)

(16)

simplified

X; =R; - cos(¢y)

Calculate the x, y and z deflection of the rib interface joint centre with Formulae (17), (18) and (19):

Dx; =x; —x;

Dy;=y; -y

© IS0 2021 - All rights reserved
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Dz;=z; -z, (19)

(For 2D systems Dz; =0)

Calculate the resultant deflection of the rib interface joint centre with Formula (20):

D, = \/(Dxiz + Dyi2 + Dzi2 ) (20)

18 © IS0 2021 - All rights reserved
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Annex A
(informative)

Measurement orthogonal coordinate systems

A.

The global coordinate system in this document is orthogonal and corresponds to ‘ORIENTATIONS OF
STANDARDIZED DUMMY COORDINATE SYSTEMS FOR STANDING AND SEATED POSTURES’|according
to BAE-J1733[1], see Figure A.1 (right image). The positive X-axis is directed forwdrdfrom pgsterior to
anferior, the Y-axis is aligned with the lateral axis positive directed from left to.right and thle Z-axis is
dirjected superior to inferior. It is a right-handed coordinate system (Figure A.1left image). The positive
angle definition follows the right-handed screw rule (Figure A.1 middle imiage). The coordingte system
will translate and /or rotate with the dummy part to which it is attached, there for a local grthogonal
coprdinate system is defined for each body segment.

\' Guu

Figure A.1 — SAE-J1733 Right-handed global orthogonal coordinate system

A.R2 Local coordinate systems

A.2.1 WerldSID 50th percentile male dummy

Th local coordinate systems are specified with respect to the bottom and rear faces of the|spine, see
Figure A.2.

NOTE The WorldSID 50th percentile male and 5th percentile female dummies have 12 rib sets, 6 on the left-
hand side and 6 on the right-hand side of the spine. The rib sets have slightly different orientations on the spine.
The 2nd and 3rd thoracic and all abdomen ribs are aligned with the thoracic tilt sensor plane, see Figure A.2
(middle image). The 1st thoracic ribs and shoulder ribs are rotated along the Y-axis with respect to global
orthogonal coordinate system by +5°, +10° respectively. The local X-axis and Z-axis of the measurement system
follow the individual rib inclination angles inside the dummy, see Figure A.2 (middle image). Figure A.2 left image
shows a top view of the rib cage instrumented for right hand side impact and the local X-Y coordinate system, the
local X-Z positions of the sensor origins (Figure A.2 right image, dummy right-hand view), with respect to the
spine rear and bottom faces, see also Table A.1.
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Dimensions in millimetres

116,7 1<<@ 184,7

Figurgd A.2 — WorldSID 50M top view (left image), right side view ( e image) and local
orthogonal coordinate system positions %_

L

A.2.2 Lgcal orthogonal coordinate systems WorldSID 5“’(@ centile female

The local [coordinate systems are specified with respect to tﬁé})ottom face and rear of the spine, $ee
Figure A.3.

Dimensions in millimetres

219,51
175,53
132,56
89,56

46,55

)
' 80,23 ‘ 119,31 ‘ 1593
9922 1393

Figure A-3— WorldSID 5F top view (left image) right-side view (middle image) and local
orthogonal coordinate system positions
A.2.3 Local orthogonal coordinate systems Q10, 10-year-old child dummy

The local coordinate systems are specified with respect to the bottom and rear faces of the spine, see
Figures A.4 and A.5.

20 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=50359900ca2d806d3ab20c62a336ae01

=

Figure A.5 — Q1
bo

focal x

et

Table Aé@% Sensor origin coordinates
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S

N

igure A.4 — Q10 Cross section right view (left image), top view @ﬁ‘dle image) and set up for

Dimensions in millimetres

Z positions of the sensor origins with respect to the spine rear and
aces, for both frontal and lateral oriented sensors (right view)

with respect to dummy spine origin, see Figures A.2,

A3 and A.5
<X
c,)Dummy Dummy position x-coordinate y coordinate from z-coordinate
midsagittal plane
Shoulder 90,42 -312,59
Thorax Rib 1 116,70 -240,1
Thorax Rib 2 125,70 -183,1
WorldSID 50M 41,1
Thorax Rib 3 144,70 -133,1
Abdomen Rib 1 164,70 -83,1
Abdomen Rib 2 184,70 -33,1

© IS0 2021 - All rights reserved
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Table A.1 (continued)
Dummy Dummy position x-coordinate y coordinate from z-coordinate
midsagittal plane

Thorax Rib 1 80,23 -219,51
Thorax Rib 2 99,22 -175,53
WorldSID 5F Thorax Rib 3 119,31 +41,1 -132,56
Abdomen Rib 1 139,30 -89,56
Abdomen Rib 2 159,30 -46,55
Upper 20 -150,50

Q10 Hrontal 0
Lower 20 -70,50
Upper 80,30 -115,10

Q10 lateral 0
Lower 80,30 235,10

A.2.4 Local orthogonal coordinate systems THOR 50th percentile male dummy

The local|coordinate systems are specified with respect to the bottom apd-rear faces of the upper
thoracic spine, the lower thoracic spine and the lumbar spine, see Figure A.6~and Figure A.7.

NOTE1 |In the 50th percentile male and 5th percentile female THOR dummies there are 6 and 4 three-
dimensionjl position measurement systems, see Annex D, Table D.1. Thé\THOR 50th percentile male dumnies
have threefdimensional position measurement systems in thorax (four systems); and two more systems in loyer
abdomen.

NOTE 2  |The global orthogonal coordinate system of the THOR dummies corresponds to SAE-]J1733:2007,
Figure 2 (lpft image) and Figure 2 (right image). The position,sensors are located in upper thorax, lower thofax
and abdompen and are mounted on respectively the uppeér:thoracic spine, lower thoracic spine and pelyis/
lumbar blgck. The body segments to which these systems'are attached are separated by flexible and adjustabl
components, therefore these body segments do notyhave a fixed orientation with respect to each ota]]ler.
Consequenitly, each of the three body segments has its own local orthogonal coordinate system, upper thorgcic
spine (UTSY), lower thoracic spine (LTS) and lumhapspine (LS), see Figure A.7 (right image).

NOTE 3 |On thoracic 3D sensors, the radial axis along which the distance is measured is not intersecting with
the Y-axis;[there is a mechanical link creating an axis offset between the radial axis and the Y-axis, see Figuile 2
and Figure]3 (see parameter 6).

22 © IS0 2021 - All rights reserved
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Figure A.6 — THOR 50M global coordinate system view on right-rear (left image), local
orthogonal coordinate systems.view on right side (right image)

Dimensions in millimetres

(o}e]
\L
o oD G

A\Q)
,;<°‘ o 9|,

o o 44 ,7 +X
o O o /«“ LTS
°1 O C)O Y205 °
NS S Eoilc
1’ =]
0 | @) _GF

+ZUTS 0 45,7
QO

Key é
1 U&?p dowel

rear dowel
3 LS top dowel

9O

Figure A.7 — THOR 50M local orthogonal coordinate system positions (right hand view), from
left to right respectively upper thoracic, lower thoracic and lumbar spine
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A.2.5 Local orthogonal coordinate systems THOR 5th percentile female upper thorax

The local coordinate systems are defined with respect to the bottom and rear faces of the upper thoracic
spine see Figures A.8 and A.9.

NOTE The 5th percentile Female THOR has a very similar set up of 3D position sensors to the midsize Male

THOR in upper thorax, however the local orthogonal coordinate systems are rotated -2,6 degrees about a lateral
axis on the upper spine.

A.2.6 Local orthogonal coordinate systems THOR 5th percentile female lower thorax

The local ¢oordinate systems are defined with respect to the bottom and rear faces of the lower thorgcic
spine see Figures A.8 and A.9 (right image).

&

FigTr %— THOR 5F global coordinate system view on right-rear (left image), local

hogonal coordinate systems UTS and LTS view on right side (right image)
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Dimensions in millimetres

Key
UTS top dowel
LTS top dowel

e w|

Tqble A.2 — 3D Sensor origin coordinates with'respect to dummy spine origin, see Fig

640 +X H

LTS

thorax left image, lower thorax right image

A.7,A.8,and A.9

igure A.9 — THOR 5F local orthogonal coordinate system positions (right hand view)), upper

ures A.6,

ty-coordinate from

Dummy Dummy position x-coordinate midsagittal plane z-coordinate
UTS 56,2 74,0 -15(4
THOR 50M LTS 45,7 +84,3 -447
LS 8,5 +64,8 -19]0
UTSa 26,8 +71,7 -26|8
THOR 5F
LTS 13,5 77,7 -9.p

a | THOR-5F UTS is rotatéd -2,6 degrees about the origin lateral axis.
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Annex B
(informative)

Zero-position fixture and data collection examples

B.1 Zeno-positiom fixtures

B.1.1 2D Zero-position Fixture

The examiple 2D zero-position fixture (part TH-4000-2D) is shown in Figure B1. Thisfixture can
used to sgt up 2D IR-TRACCS for WorldSID 50th %-ile male, WorldSID 5th %-ile femdle-and Q10. T

be
he

design data of the fixture are given in Table B.1. Two distance ranges (DZERO = 105 mnrand 77 mm) are
available pn the fixture. The rib interface mount marked ‘0’ is obviously the zer@:pesition. The fixtfire

has two
When the|rib interface is mounted in position 1, a -36mm translation in Y{direction has occurred
position 2la -56 mm Y-axis translation has occurred. In position 1 and 2 the radius is larger than in

ore positions for polarity and position verification purposes (positions marked ‘1’ and ‘R’).

in
he

zero-position. Also the Z-angle changes in negative direction, the value depending on standard or shprt
range and position 1 or 2 on the fixture, see Table B.1. The 2D zero<ixture assembly includes a ballpst

of 0,44 kg to 0,47kg, clip and twine, and outriggers. These are used to pull lateral bending play ouf
the distarce sensor into two extreme conditions, in order to obtain reproducible zero-angle data.

Tgble B.1 — 2D zero-position fixture data specific to example fixture TH-4000-2D

of

Distance
X y Z-angle 0,
Position D Applications
mm mm °
mm
0 0 0 77
1 77 -36 -25,1 85 WorldSID 5F: IF-371
2 -56 -36,0 95,2
0 0 0 105 Q10: 1F-3722
1 105 -36 -18,9 111 WorldSID 50M:
2 -56P -28,1b 119b IF-367 and IF-368
a  Qutsidg range of IF-372 position sensor.

26 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=50359900ca2d806d3ab20c62a336ae01

ISO/TS 21002:2021(E)

A
[¢]
=

2D zero-position fixture
centre pin

centre pin for [F-372 -
spacer for [F-372 O
outrigger

clip and twine
S

shoulder screw M3x8
pulley wheel O .
rubber bumper \%
screw SHCS 6
screw FH%@VE x10
o-rin

scr 4-40x5/16” BHCS
@ ast 0.440 kg to 0.470kg

O© 0 N O U1 o W N =

e = Gy Y
S W N RO

Figure B.1 — 2D Zero-position fixture example (part TH-4000-2D)

B.1.2 3D Zero-position fixture

The example 3D zero-position fixture (part TH-472-6001) is shown in Figure B.2. This fixture (key item
5) is a tool to set up 10 different 3D position sensors aligned with their local orthogonal coordinate
system. The fixture simulates the left-hand and right-hand side of the spine of the THOR dummies (see
Figure B.3) with 10 different mounting locations for all variations of 3D position sensors. There are two
separate interface blocks for the THOR-5F lower left and lower right models, key items 1 and 2. There is
a thumb screw, key item 4, to secure the rib interface to the fixture.

© IS0 2021 - All rights reserved 27


https://standardsiso.com/api/?name=50359900ca2d806d3ab20c62a336ae01

ISO/TS 21002:2021(E)

Note that the fixture can be flipped 180° about its long axis to simulate a left-hand or right-hand spine,
see Figure B.3. The 3D fixture package includes a ballast of 0,44 kg to 0,47 kg (key item 3) to drive
the distance sensor into four conditions of lateral bending to obtain the extreme bending angles in the
zero-position. The fixture has 16 rubber feet and four faces marked A, B, C, D to allow setting it in four

quadrants and have the ballast exert lateral bending force in four directions spaced 90 degrees.

The fixture has accurately defined rib interface holes for the 3D sensor in its zero position with a fixed
distance of 126mm in X-direction. The zero-positions are marked ZERO-L and ZERO-R for a left-hand

and right-hand sensor respectively. Note that the zero-position holes have a double function, see n
alinea.

ext

The other] four holes are for verification of the positive translation: holes marked +YL, +ZL, +YZL

for

left-hand pensors and marked +YR, +ZR, +YZR for right-hand sensors. The functions +ZL and(ZER(]-R

are using|the same hole; also +ZR and ZERO-L functions share one hole. When the right-hand sen

bOrI’

rib interfgce is mounted in +YR hole a 32 mm translation in positive Y-direction occurs. Translatior] in

+32mm y+direction corresponds to +14,25° Z-angle rotation. The radius of the distance sensor chan
from 1261mm to 130mm in +YR hole.

In the +ZR hole the rib interface translates 32 mm in positive Z-direction, which corresponds

bes

to

-14.25° Y-angle rotation. When the right-hand sensor interface is mounted in.YZR hole, a simultanegus

translatiop occurs in +Y and +Z direction. For left-hand sensors corresponding-32mm translations oc
in 4YL and +ZL and YZL holes, see Table B.2.

Ul b W -

rur

Key

1 mounting THOR-5F lower right
2 mounting THOR-5F lower left
3 lateral ballast 0.44 kg to 0.47kg
4 thumb screw M5 x 16

5 3D zero-position fixture

Figure B.2 — 3D Zero-position fixture example (part TH-472-6001)
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Figure B.3 — 3D Zero-position fixture; flipped for left manipulations (left image) and for
right hand manipulatio ight image)
QO

<
T4ble B.2 — 3D zero-position fixture data (wit‘liQ‘espect to local orthogonal coordinat¢ system)
specific to fixture éﬁrt number TH-472-6100

N7 Distance
Position X y \Q z Z-angfle 0, Y—An,:;le 0, D
mm ('K@ mm mm
ZERO (L or R) 126 - 0 0 0 126
PY (L or R) 126 \4‘ +32 0 +14,25 0 130
PZ (L or R) 1260 0 +32 0 -14,25 130
PYZ (L or R) +32 +32 ¢ -14,25 a
a | Depending senso@d{el number. Different outputs in position YZL, YZR is caused by the link (15,65mm)| depending
Isli:sgl‘;rposmon up wer or abdomen. The example template provides the correct value upon entering the model

v
B.p Z@ position data collection

— @gamse the necessary tools and equipment on a clean and stable laboratory work bench with
sufficient space and an efficient and ergonomic set up with all necessary items at reach.

— Connect the sensors to measurement systems according adequate and accepted laboratory practise
to measure the sensor outputs.

B.2.1 2D Zero-position data collection

Set up the 2D sensor assembly on the 2D fixture according to instructions specific for the fixture.
Manipulate the sensor, ballast, rib interface, etc. on the fixture in various positions according to the
test sequence as specified in Table 4 and Figure B.4, Figure B.5 and Figure B.6. Take measurements

© IS0 2021 - All rights reserved 29


https://standardsiso.com/api/?name=50359900ca2d806d3ab20c62a336ae01

ISO/TS 21002:2021(E)

according to Table 5 and verify that the sensor responses are corresponding with the design values and
are within the accepted limits. Refer to manufacturer’s fixture manual for detailed instructions.

IF-367 IF-372 IF-371
use short Centre Pin Use Spacer and long Centre Pin use short Centre Pin
105 mm X 105 mm X 77 mm X

——

Posi-
tion

Posi-
tion

1

Not Applicable‘\o
%)
N\

Posi-
tion R\4

2 \0

oF
C)\\O

-

Figure B.4 — Matrix of three @%ons of 2D zero-position verification and examples IF-367
IF-372 and IF-372{(Respectively WorldSID-50, Q10, and WorldSID-5F)

AEn

a) Ballast on near side long range b) Ballast on far side long range

Figure B.5 — Ballast long range
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Q

a) Ballast on near side short range b) Ballast on far side sll:&‘t range
Figure B.6 — Ballast short range Oﬂx

B.2.2 3D Zero-position data collection << Os\

Set up 3D sensor assembly on the 3D fixture accordirqg instructions specific for tHe fixture.

M4nipulate the sensor, ballast, rib interface, etc. on the fi)%l e in various positions according [to the test

sequence as specified in Table 5 and Figure B.7. Take m&&urements according to Table 6 and yerify that
the¢ sensor responses are corresponding with the deSign values and are within the acceptance limits.

Refer to manufacturer’s fixture manual for detailediinstructions.

n tubes out

a) Pos’n Ztliﬁ, no ballast, b) Pos’n ZERO-R, no ballast, c¢) Position ZERO-R, ballast
si
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d) Position ZERO-R, ballast, e) Position ZERO-R, ballast, f) Position ZERO-R, ballast, face
face Aup face B up

g) Position +YR, no ballast, h) Position +ZR, no ballast, i) Position YZR, no @ast, face C
face Cup face C up upl/'\

N

Figure B.7 — Nine conditions of zero-position verification (example upp@l\%ght 3D IR-TRACC
;\\

B.3 Expected outputs of multidimensional sensors on erg-position fixtures

Table|B.3 — Expected 2D system outputs on zero-ing ﬁx%? per fixture position, dummy

application, sensor position & orients\ﬁb and polarity
2
Rib interfa@‘ Rib interface Rib interface
Dummy position Struck positio\Q\O position 1 position 2
Dumnty and orientation side DZEROS\ ziro | Dp1 071 Dpy 072 i
mim ° mm ° mm °
WorldSID{50M |Thorax abdomen Left (.\‘&0'5 -90 111 -108,9 119 -118,1
WorldSID{50M |Thorax abdomen Right )} 105 | 90 | 111 | 71,1 | 119 | 619
WorldSID{50M |Shoulder &e’ft 105 -90 111 -71,1 119 -61,9 -1
WorldSID{50M |Shoulder 1éht 105 90 111 108,9 119 118,1 -1
Thorax/ abdomen C)v
WorldSID{5F . Left 77 -90 85 -115,1 95,2 -126,0 1
shaft down Ko
Thorax/ yinen
WorldSID{5F Left 77 -90 85 -64,9 95,2 -54,0 -1
Shaft up-
T  abdomen
WorldSID{5F Right 77 90 85 64,9 95,2 54,0 1
@ft down
A horax/ abdomen
WorldSID-S% o Right 77 90 85 115,1 95,2 126,0 -1
Sndarcup
Q10 Upper lower frontal | Front 105 0 111 18,92 NA NA -1
Q10 Upper lateral Left 105 -90 111 71,1 NA NA -1
Q10 Lower lateral Left 105 -90 111 -108,9 NA NA 1
Q10 Upper lateral Right 105 90 111 108,9 NA NA -1
Q10 Lower lateral Right 105 90 111 71,1 NA NA 1
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B.4 Zero-position verification example template

Example zero-position verification software (template) is available in Microsoft Excel format
specifically for the use with 2D and 3D IR-TRACCs, see Figures B.8 and B.9. The use of the software
is voluntary, not mandatory. The template contains two sheets, one for 2D and one for 3D sensors. It
helps the user of the fixtures to run the zero-position verification and collect and organize the data in a
structured manner. The template provides instructions for sensor and fixture manipulations, and also
gives data for DAS parameter implementation with expected and actual verification data. The template
implements the expected results per verification step based on the sensor part number and intended
dummy location and compares the actual values with the expected values, with pass-fail indication
based on pccepted criteria. Note that cells to enter data are coloured light orange but may appeay a
different ¢olour depending individual computer settings or software versions. The software has pop{up
comment§ with clarifications or instructions at various cells (marked with a red triangle in the upper
right cell ¢orner).

In the top|section information can be entered on the test, such as test date and operateriame, climpte
condition$, test number and sensor type. In the second sections calibration data and serial numberg of
the sensors can be entered. In the third section the zero-position data can be entetfed, and results are
shown. Tle fourth section is for entering data to verify polarity, and to chegk'that the zero-positjon
verificatign is passing the acceptance criteria. This section provides information for implementatjon
of sensor|parameters in DAS systems. Finally, there is a section with expected coordinates of the
measurement system in 2D or 3D space on the fixture. This section cah help when validating data
processing software.
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Company Name Tel:
a O g O Company Address Fax:
Company Address Web site:

2D Sensor Zero-Position Verification Template for use with Fixture TH-4000-2D

Conforms to ISO-TR21002

|Date | 19/Nov/18 1Temperature [°C] | 23 |Veriﬁcation Nr| 1234567 | Dummy | Position |
[Technician | type name here [Humidity (%] [ a5 [partnr [ w320 | oo | Lateral Upper Left |
Calibration Factors
IR-TRACC Serial Number XXKKKKKK ZAngle Sensor Serial Number
Sensitivity S, Calibration factor C, Sensitivity S, , Calibration factor C,
0033322 V_/mm) [om/V_1] 20001 2 AL dog— | Ldag AL | 300,01
33,332 [mV,, /mm] | EXPonent [-] -0,4501 3,3332 [mV/V/deg] | [degfmVAV] 0,30001
mariﬁ Z -1
EXCITATION VOLTAGE U,, [V] 5 Angle sensor _EXCITATION VOLTAGE U, [V] (during 0 position measui nis) 5
Zero Postion Data Collection ﬁ ov
Ril} Interface IR-TRACC Radius R (\zhfigle sensor
Position  Ballast Tubes Output U, [V] or [LSB] _ (output U, [Vlor[LsH]
0 [ no [ 0087 |
0 [ N0 [ our | o085
0 [ near T our
0 [ Far | our
bev | Distance Intercept | I Z Angle Sensor Offset .,
0,4828 Wl [mm] 14,49 0,0401 vl [Deg] -2,403
482,8 mv,,1 1045 | 1055 40,1 [mv] 301 18
D 0o [mm] 105 Pownr [deg] .90 Pur[del] |~ 876
_ * A .
Offset definitions L, :D”Rn]?gr:’:([ﬁ;:S‘REXFE;J‘[mmix]?; e, ®0ss=P,* Cars™ Upnno/ P
Formulas Rand @, R=1, +C, * U, ~EXP [mm] ©,= 9y, +P,* C i U, /U + @] s [degrees]
Formulas Rand @, Radius = 14,49 +30,001 * (Uir  -0,4501) [mm] Z Angle = 2,4 - 300,01 * Uanz /5 +-90 [degrees]
Zero Postion and Polarity Verification and W;d?nate systemrotation applied for assembly orientation
IR-TRACC Radius R (Distance) ZAngle Sensor
Output U, Expected Actual Pass/Fail Output U, ,, | ¢Z Expected GZ Actudl Pass/Fail
Rrill interface V] [mm] [mm] v [deg] [deg]
Position __ Ballast _Tubes 0,086 105 105 NA 0,0401 -90 -90 Pass
|_ 1 NO |Random 0,075 111 1108 Pass -0,27 71,1 714 Pass
[ 2 [ N0 [Rrandom| 0,063 NA NA NA -045 NA NA NA
\l~ Coordinates for Post Processing Calculation Verification
Rib Interf. X, coordinate [mm] Y, coordinat¢ [mm]
Pos. Expected Expected
0 0 -105
1 36 -105
2 NA NA
X % R * cos(,) [mm] y, =R * sin(¢p, ] [mm]

verification

Figure B.8 — Example 2D zero-position verification template with data from a 2D IR

TRACC
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Lab logo

Company Name
Company Address
Company Address

Tel:
Fax:
Web site:

3D Sensor Zero-Position Verification Template for use with Fixture TH-472-6100

Conforms to ISO-TR21002

| Date | 19/Nov/18 1 Temperature [ °C] | 22 |Veriﬁcation Nti 12345678 | Dummy I Position |
|Technician | type name here | Humidity [%] | 45 |Part nr | 4XX-3550 | THOR-50M I Thorax Upper Left |
Calibration Factors
IR-TRACC Serial Number  xooosx Y Angle Sensor Serial Number YYYYYyyy ZAngle Sensor Serial Number
Link Length 8 [mm] 15,65 Sensitivity S, Calibration factor C, , Sensitivity S, | Calibration factor C,
Sensitivity S, Calibration factor C, | 0,0033333  [V/V/deg] |[deg/V/V] 300 0,0033333  [V/V/deg] |[deg/V/w 300
RW.CEEEEY ["Lml ] L \7m1 20 EEEEEY { ALl B} [.-l ol 3, \1] ey EETEES [ ALl :,l el L } ey
33,333 [mV,, /mm]|EXPonent[-]  -0,45 Polarity P 1 Polarity P, SN
EXCITATION VOLTAGE U, [V] 5 Angle sensor EXCITATION VOLTAGE U, [V] (during 0 position measurements) f\ﬁ N\
Zero Postion Data Collection {'\\)
Fixture Rib Inferface IR-TRA CC Radius R Y Angle Sensor Z Angle Sensor + l/
Manipulation  Posftion  Ballast Tubes Output U, [V] Output U, [V] Output U, R
FACE A UP ZEHO-L NO IN 0,112 1
FACE A UP ZEHO-L NO ouT 0,115 1
FACE A UP ZEHO-L YES | On 4th smallest tube
FACE C UP ZEHO-L YES | On 4th smallest tube
FACE B UP ZEHO-L YES | On 4th smallest tube
FACE D UP ZEHO-L YES | On 4th smallest tube
[ [ Distance Intercept | [ Y Angle Sensor Offset @, Z Angle Sensor Offset @,
1,5377 Vil [ [mm] 46,13 0005 [V] [ [Deg 03 VI [ [Deg] -1,5
1537,7 mV, ] [ 1265 125,5 5 [mvl | 018 0,42 mvi [ 12 © 18
- * A .
onsetdefniions | | Do T G PV o =Py G U/ Vo 0= P, €UV
Formulas R, ¢ and @, R=1,+C,* U, " EXP [mm] @y =- @y, P, * C, U, /U [degrees] @, =- @, +P,*C, *U, /U [degrees]
Formulas R, ¢ and @, Radius = 46,13 +30 * (Uir »-0,45) [mm] Y Angle = -0,3 +300 * Uany /5 [degrees] Z Angle = 1,5-300 * Uanz /5 [degrees]
Zero Postion and Polarity H\‘cﬂion
IR-TRA CC Radius R (Distance) Y Angle Senisgr’ Z Angle Sensor
Output U, | Expected Actual [ output U, . | Y Expected Actual - loutput U, | &7 Expected| ¢z Actual ]
Fixture b iertace ] R (i | Pass/Fail ] ANY [degl N \\xdeg] Pass/Fail ] ANZ [deg] [deg] Pass/Fail|
Manipulatiol Podtion Ballast Tubes 0,1135 126 126 NA 0,005 0 0,3 Pass 0,025 0 -1,5 Pass
FACE A UP +L NO Random 0,1 130 130,7 Pass 0,006 0, 0,06 Pass -0,21 14,25 14,1 Pass
FACE A UP +{L NO Random 0,09 1339 134,8 Pass 0,24 w1425 14,1 Fail 0,003 0 1,32 Pass
FACE A UP L NO Random 0,083 137,6 138,1 Pass 0,245 14,25 14,4 Fail -0,2 13,45 13,5 Pass
Coordinate, Post Processing Calculation Verification
Rib Interface X; coordinate [mm] Z, coordinate [mm] Y, coordinate [mm]
Position Expected Expected Expected
ZERO-L 126 15,7 0
+YL 126 15,7 32
+ZL 126 47,7 0
YZL 126 47,7 32
x, =6 *sin(¢,,) +R *cos(d, ) cos(¢p, ) [mm] z =8 *sin(¢,) +R *cos(¢,) *sin(¢,) [mm] y,=R *sin(¢,) [mm]
Figure|B.9 — Example 3D zero-pesition verification template with data from a 3D IR-TRAC(
verification
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Annex C
(informative)

Mathematical background data processing

C.1

The systems covered in this document are an assembly of one distance sensor and phe) 6r
semsors, the axes of which are organised in a spherical coordinate system, see Figure'CA. Th

ou
ort

No|
be
off
ad

Std

Th
me
do

UpEer thoracic distance sensors, see Figure C.2.

Backgroumd

[put of the sensor system is position of the feature interface (e.g. rib, abdomeh)yih one o
hogonal coordinate systems (distance in x, y and z coordinates).

Z
(XY.2) = (p,6,¢)

I
/ ~~_ Y
X Bt
Figure C.1 — Generic graphicspherical and orthogonal coordinate systems

te that there is a mechanical link’on the upper and lower 3D distance sensors creating z
fween axis of radius measurément xpc and local UTS or LTS coordinate systems, see Figur
set introduces a dependencyof the distance sensor output from rotation about the Y-axis.
litional steps of coordinate system transformation are required.

p 1: Deflection of @ (DISTANCE SENSOR Origin) local orthogonal coordinate system

mechanigal link on the upper 3D distance sensors create an offset § between axis
asuremient xp and local UTS coordinate system and in the upper distance sensor it i
lwnward in positive Z-direction. This results in a positive term in the formulae, +6.

two angle
e required

f the local

n offset §
e C.2. The
Therefore

of radius
5 pointing

Ca

stem, see

cuate deflection of Oy (distance sensor origin) in upper thoracic spine coordinate s

Figure C.1 with Formulae C.1, C.2 and C.3.

Xpc =+0 -sin(@y )
Ypc =0

Zpc =+0 -cos(@y )

Lower thoracic distance sensors, see Figure C.3.
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Note that the mechanical link between axis of radius measurement X and local LTS coordinate system
is pointing upward in negative Z direction. The link is rotated about 180° which results in a negative
term in the formulae C.1, C.2, and C.3: -6.

Calculate deflection of Oy in lower thoracic spine coordinate system, see Figure C.2, using Formulae C.1,
C.2 and C3 will take the form of:.

Xpc =0 -sin(180°+ @y ), xpc =— 6 -sin(@y ) (C.1
Ypc =0 (C.2)
Zpc =10 - cos(180°+ @y ), zpc =— 96 - cos(@y ) (d.3)
Abdomen|distance sensors, see Figure C.4.
The abdomen 3D distance sensors have no offset and all axes of the transducers are intersectipg,
see Figur¢ C.4. The offset on abdomen distance sensors § = 0 mm. This results{in-a zero term in the
FormulaelC1, C.2, and C.3.
The valueland sign of the offset § is the only difference to process 3D distanceSensor assembly varieties.
All other [processing formulae are identical between distance sensor(varieties. The recommended
practice ig to give the § parameter a value and sign dependent on the.type of distance sensor, which is
being progessed, see below.

Upper dis
Lower dis

Abdomen

fance sensor 6 = +15,65 mm
tance sensor § = -15,65 mm

distance sensor § = 0 mm
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Key

A | top view

B | rightview

C | bottom view
1 | radius, R;

Figure)€.2 — Example upper right thoracic IR-TRACC
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Figure C.3 — Example lower right thoracic IR-TRACC
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Figure C.4 — Example right abdomen IR-TRACC

Step 2 Calculate deflection of joint centre in XY Zpc coordinate system

Xjc =R-cos(¢z) (C4)
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Yic =R-sin(¢yz) (C.5)
z;c =0 (C.6)

where x;¢, yjc and zj¢ are deflections of joint centre in Xp¢ypczp coordinate system.

Project the Formulae C.4, C.5, and C.6 result to the UTS coordinate system (rotate xpcypczpc by ¢y to
Xjo¥jcZc along Yyrg axis).

QA h R | 1. - - . £ P - h PR N fa¥ al 1 VAl ol - 1
Sttp O ApPply UIT COUTUIIIALT S ySLTIIT LT AIISTUTITIIAUUIT O TTSUIL U SICP 4 TTUT TTTUIAE U5, L. J, dIlU ,_‘.6,

X1 =R-cos(¢;) - cos(py) (C.7)
y1 =R-sin(g;) €8
z1 =—R-cos(¢z)-sin(¢py) (C.9)

where x4, y; and z; are the deflection of joint centre at Op projectedtUTS coordinate systein.

Stdp 4 Calculate deflection of joint centre in UTS coordinate system (superpose the resulf of step 1
anfl step 3 together), see Formula C.10, Formula C.11 and Formula C.12. This step finally [results in
Formula 14, Formula 15 and Formula 16 in 7.2, respectively.

X=Xpc tX1 (€.10)
Y=JYpctIh (€.11)
zZ=Zpct2 (€.12)
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Annex D
(informative)

Applicable sensors

The applicable sensors for this document are listed in (but not limited to) Table D.1.

Table D.1 — Applicable sensors
Radius fully
Model nr ap];lllilzl:tli}(’) n Dummy location cg:(ltz%?:d_ Y angle range ° | Zangle range °
mm
[F-367 WorldSID 50M | Thorax and abdomen ~43 - ~132 Not measured +~45
ribs
IF-368 WorldSID 50M Shoulder ribs ~43 - ~132 Notmreasured +~45
IF-371 WorldSID 5F Shoulder, thorax and ~36-~110 Not measured +~45
abdomen ribs
[F-372 Q10 Frontal upper and ~43 - ~132 Not measured +~25
lower
Lateral upper
Lateral lower
4XX-35350 THOR 50M Thorax upper left ~70 - ~164 ~+35to ~-29 *~45
4XX-3540 THOR 50M Thorax upper right ~70 - ~164 ~+35to ~-29 *~45
4XX-3570 THOR 50M Thorax lower right ~70 - ~164 ~+29 to ~-35 *~45
4XX-3540 THOR 50M Thorax lowerleft ~70 - ~164 ~+29 to ~-35 *~45
4XX-4730-1 THOR 50M Abdomerr left ~69 - ~192 0-360 +~15
4XX-473(-2 THOR 50M Ab@emen right ~69 - ~192 0-360 +~15
[H-116211 THOR 5F Thorax upper left ~65 - ~140 ~+35to ~-29 *~45
[H-1162p THOR 5F Thorax upper right ~65-~140 ~+35to ~-29 *~45
[H-1160B THOR 5F Thorax lower right ~65 - ~140 ~+29 to ~-35 +~45
[H-1160p THOR 5F Thorax lower left ~65-~140 ~+29 to ~-35 +~45
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