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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 procg¢dures used to develop this document and those intended for its further maintenance~are
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for the
different fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detailq of
any patenf rights identified during the development of the document will be in the Introduction andfor
on the IS{ list of patent declarations received (see www.iso.org/patents).

Any tradg name used in this document is information given for the convenience of users and does not
constitutg an endorsement.

For an ejplanation on the meaning of ISO specific terms and{eéxpressions related to conformlfity
assessmelt, as well as information about ISO’s adherence to the W.TO principles in the Technical Barrigrs
to Trade ([TBT) see the following URL: Foreword - Supplementary information

The comnjpittee responsible for this document is ISO/TC 22 Road vehicles, Subcommittee SC 12, Passjive
safety crash protection systems.

This second edition cancels and replaces the first edition (ISO/TR 12350:2004), which has bgen
technicalollgrevised.

iv © ISO 2013 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=b7f95d845148bbaff70542bdb1f49a5f

TECHNICAL REPORT ISO/TR 12350:2013(E)

Road vehicles — Injury risk curves for the evaluation of
occupant protection in side impact tests

j CPOrEP s+ e s paRtprote H-Sideds tests. The
cufves are glven for the WorldSID 50th a mld size adult male 51de 1mpact dummy. ln]ury rlsk curves for
other side impact dummies could be added as soon as the necessary material is availablé and processed
as|described in this Technical Report. These dummies are used during tests carried out ac¢ording to
IS) 10997 or which are under investigation by regulatory bodies and consumer testing orgarfizations.

2 [ Methodology

2.1 Selection of PMHS sample to be used for the construction-of the injury risk ¢urves

Anl in-depth review of the postmortem human subjects (PMHS) tests available in the literatyire and in
th¢ NHTSA database (http://www-nrd.nhtsa.dot.gov/databasg/aspx/biodb/querytesttable.aspx) was
pefformed. The listed tests were analysed in order to detepmine if they could be accurately repeated
with dummies and included in the construction of injury:isk curves.

Thiis clause summarizes the series of tests that wene,conducted by body region and type ¢f loading.
Repsons for including or excluding each particulatitest series are detailed. The PMHS charjcteristics
ar¢ provided in the form of related electronic docttments available through the ISO website and detailed
in Clause 4. The detailed descriptions of the RMHS configurations allowing the reproduction pf the test
with a dummy are presented in Annex A to-Annex F, as well as the reasons for inclusion or ex¢lusion.

TEE rigid and padded head impactor tests conducted by Calspan[18] were included and are detailed in
Annex A. The head impactor tests(of'the Highway Safety Research Institute (HSRI)[51] werg excluded
befause the impact speeds were not known. The head impactor tests of the University of| Michigan
Transportation Research Institute (UMTRI) (NHTSA database) were excluded because thel impactor
characteristics were not known.

Thle whole body drop-tests with head impact conducted by Wayne State University (WSU)[22], those
conducted by the Assoeiation Peugeot-Renault (APR) without helmet, and the head drop tests ¢onducted
by|Medical College\of Wisconsin (MCW)[56] were included and are detailed in Annex A. The wfhole body
drop tests withthedd impact conducted by APR with helmet were excluded because the helmet properties
wegre unknown:

shoulder impactor tests performed by APRI2], INRETS[14] [15] [17], and WSUI26] [30] werd included.
shoulder impactor tests conducted by Oth State University (OSU) on a rigid bench were also
I impafctor tests
performed by OSU on a 1996 Ford Taurus seat were excluded because the characteristics of the seat
were unknown.

All, but one, of the thorax impactor tests conducted by HSRI[43] [44] [45] were included. The single-impact
WSU thorax impactor test[54] [55] was also included. The UMTRI[34] [35] and OSU[49] thorax impactor
tests were included when the level of load was deemed to be below the threshold of rib fracture (700
N), such that the fractures could be attributed to the final high-speed impact. These test configurations
are detailed in Annex C. The 76T038 HSRI test was excluded because the data were questionable. The
HSRItests 77T079 and 77T080 were excluded because it does not seem realistic to have 18 rib fractures
for 2 165 N of impact force. All the WSU and INRETS[16] multi-impact tests, as well as some UMTRI
tests (83E085, 83E086, 83E106, 83E107, 83E108) and OSU tests (05050TH25L01, 0505LTH25R01,
05060TH25R01, 0506LTH25L01, 0601LTH25L01, 06010TH25R01), were excluded because it was not
possible to determine which impact caused each injury.

© IS0 2013 - All rights reserved 1
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Only one of the abdomen impactor tests performed by WSU[34] [55] (WSU063-34) was included because
all the other subjects were impacted more than once in the abdomen and/or thorax. All the OSU abdomen
impactortests buttwo (93VRTABO08,93VRTAB09) were included. These two tests were excluded because
the abdomen deflection exceeded the target level of 16 % of the chest breadth. The test configurations
are detailed in Annex D.

The Laboratory of Accidentology and Biomechanics (LAB) abdomen impactor tests[52] were excluded
because a measurement system was positioned at the level of the liver and could have influenced the
abdominal injuries.

e re A ctortestswere multi pacttests e pelvisimpactortestsperformed
| [55], UMTRII33] [36], ONSERI[11] [12], and INRETSI2] [6] were included when an incredse| in
impactor ppeed was accompanied by an increase in energy for a given PMHS, as this was asstumed| to
be an indjcation of no injury. The configurations are detailed in Annex E. Two UMTRI tests (83E087,
83E109) were conducted with an APR pad that is no longer available. The ONSER multi-impaét tests 3,
C4, D3, EZ, F2, F3, H4, H5, 16, ]2, ]3, N7, S3, S4, X1, X2, Y2, Z1, and Z2 were excluded because there wals a
possible weakening of the pelvis bone.

APR condjicted lateral drop tests with PMHSI2] [33]. A review of the films failed to.confirm the positjon
of the subjects’ lower extremities and whether or not an impact surface was priovided to catch the lower
extremiti¢s. The test films revealed that some tests were conducted witlicthe subjects’ head, some
were conducted without the head, and for the others, the film coverage did not reveal if the head was
attached ¢r removed. Some subjects were observed to rotate during the free fall. For these reasons, and
because the APR padding cannot be reproduced, all of the whole bodjxdrop tests were excluded from the
constructfon of injury risk curves for the thorax, abdomen, and pelvis.

Some sled tests performed by Heidelberg(25] [29], MCW/OSU[39] [40] [28] [27], and WSUIZ] [8] [9] [10] [23]
were included and are detailed in Annex F. Several checks{(vere done to select the PMHS to be included
in the conptruction of the injury risk curves. The checks.are detailed in Annex G.

— The position of the PMHS at the time of impact\was first checked. The Heidelberg tests (H820[14,
H820[18, H82019, H82015) and MCW/0SU tests (SC126, SC105, SC131) were then excluded.

— The donsistency between the thorax-pelvis transmissibility and the contact times of the thorax
and pglvis plates were also checked. The Heidelberg tests (H82014, H82018, H82019, H82015) and
MCWJOSU (SC126, SC105) were then excluded.

— The tptal momentum was checked. Tests for which the total momentum differed from other tepts
with the same impact wall-.eonifiguration were excluded (MCW/0OSU SC131).

— The apsence of shoulderinteraction with the wall was checked in the MCW/OSU configuration. Sled
tests with PMHS seatjnig height under 826 mm and shoulder interaction with the wall obseryed
on the film were excluded from the shoulder, thorax, and abdomen injury risk curves (MCW/OSU
SC137,SC138,8€119, 94LS132P04, LSI32R08, SC30A102).

— PMH{ chargeteristics were checked. The PMHS having sternotomy wires were excluded because the

PMHS response and injuries were questionable (MCW/0SU SC122, SC132, LSI32P11, SC103, SC1[L2,
SC30A163,5C€20A101)

— PMHS injuries were checked. PMHS from the MCW/OSU SC114 test with a right hemithorax, which
could have resulted from secondary impact, was excluded.

— Some ofthe checksrequired the analysis of the wall plates loads. Some tests were excluded because the
impact wall was not instrumented with load cells or because the data were questionable and then the
checks could not be done. This was the case for the HSRI sled tests[31], the first test series conducted by
WSU (NHTSA database), some Heidelberg tests (H82009, H80011, H80013, H80014, H80017, H80024,
H81002, H81004, H81006, H81016, H81022, H81025, H81027, H82002, H82020, H80018, H80020,
H80021, H80023, H81011, H81012, H81015, H81021, H83008, H83016, H83021, H83030, H83031), as
well as some MCW/OSU sled tests (98LSI32R17, SC106, SC127, 96L.SI32R07, SC123).

2 © IS0 2013 - All rights reserved
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Finally, sled tests for which the impact wall padding or the airbag was no longer available were
excluded (Heidelberg tests H82008, H82021, H82022, H83008, H83016, H83021, H83030, H83031,
H83011,H83020,H84008,H83010,H83012, HSRI tests 76T029, 76T034, 76T039, 76T042, MCW/0OSU
tests SAC 101, SAC 103, SAC 104, SAC 105, WSU 2nd test series SIC-09, SIC-10, SIC-11, SIC-12, SIC-13,

SIC-14, SIC-15, SIC-16, SIC-17).

The severity of PMHS injuries were coded according to the Abbreviated Injury Scale 2005[1]. Table 1
summarizes the body regions and injury severity levels for which PMHS data are available to
constructinjury risk curves. There were no AIS 2 3 shoulder injuries from the PMHS tests. Therefore,
injury risk curves for the shoulder can only be constructed for the AIS = 2 level of injury. For the
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either the AIS = 2 or AIS = 4 level if the PMHS injury/no injury results were better balancg
AlS levels. Note that all rib fractures are coded in thoracic skeletal AIS, including those th4
from abdominal impacts.

Table 1 — Body regions and AIS levels for which injury risk curves are construct

Body region AlS levels used in the injury risk curve/construction

Head AIS=23

Shoulder AlS=2

Thorax (skeletal) AIS 23 and AIS = 4

Thorax (soft tissue) AlS=2and AIS=3

Abdomen AIS=22and AIS=3

Pelvis AIS=22and AIS=3

. Dummy data

ce the PMHS sample to build the injury risk curves is selected, the dummy results reprodu
HS test configurations are collected.

rldSID 50th percentile results are presented in the current version of this Technical Re
ended to add injury risk curves for the WorldSID 5th percentile adult female dummy t
tion of the ISO/TR 12350\ There are no plans to add injury risk curves for the ES-2 or ES-21
[ appropriate to use the'WorldSID injury risk curves with measures from either ES-2 or ES-

e dummy test results reproducing the PMHS test configurations selected for the injury |}
hstruction are présented in Annex H. The build level of the production version used was nof
th the results?ltis to be noted that there was no head result available. Moreover, the shoulder
s only available for the impactor test and not for the sled test configurations.
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The PMHS used in the biomechanical tests described in Annex A to Annex F were generally not mid-size
adult males. Ideally, the test condition for the dummy tests should be scaled such that the test poses
an equally severe impact as the individual PMHS test. However, many of the dummy tests used in this
Technical Report were conducted at the same velocity and the same impactor mass as the PMHS tests.
It is therefore necessary to scale the results of the dummy tests before they are paired with the PMHS
injuries. The dummy data from impactor tests, drop tests, and sled tests were scaled using the formulae
included in Annex I. The scaled dummy data are included in Annex A to Annex F.

2.3 Age adjustment

The injury risk curves are provided with age adjustment. It is out of the scope of this Technical Report to
recommend an age to be used. The injury risk curves can be built for any age using the formulae included

©lI
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in Table 5. However, the quality index cannot be computed from these formulae. As it was not possible
to include the quality index for all ages, only two ages were considered. As indicated in Petitjean et al.
(2009), the injury risk curves were constructed for a dummy representing a 45-year-old male, as this
age has been used previously to represent the average age of an adult male in the field data. The injury
risk curves were also constructed for median age of the PMHS included in the samples available for the
construction of the WorldSID 50th injury risk curves (67 years old). This latest age was used because it
provides the values with the higher confidence because the PMHS data are mostly around that age.

2.4 Statistical analysis

Guideline$ for the construction of the injury risk curves were agreed on within ISO/TC 22/SC |12
(Resolutign 2, N851).

The guidelines include several steps.

2.4.1 Step 1: Collect the relevant data
The first qtep is to collect the relevant data, including injuries and injury criterion,

According to the methodology developed in this Technical Report, relevant:data corresponded to the
paired PMHS injuries and scaled dummy measurements from tests performedin similar configuratiops.

2.4.2 Step 2: Assign the censoring status (left, right, interval censored, exact)

Once the piomechanical data were available, the censoring status was assigned (left, right, interyal
censored,| exact). After this step, the dataset included one “¢olumn with the injury criteria valyes
associated with the censoring status indicated in a second eglumn.

2.4.3 Step 3: Build the injury risk curve with the Gonsistent Threshold Estimate (CTE)[37] and
check for{dual injury mechanism

The step flunction was visually investigated inverder to detect potential change in slope corresponding
to differemt injury mechanisms.

244 Step4:

— If thefe was an evidence of dual injury mechanism, the sample was separated into samples wiith
singlq injury mechanism,and Step 1 was performed.

— Ifthefe was no evidene® of dual injury mechanism, the injury risk curve was built with the surviyal
analypis accordingto.the following steps.

2.4.5 Step 5: Estimate the parameters of the Weibull, log-normal, and log-logistic distributions
with the survival analysis method

2.4.6 Step6ridentify overly influential observatiomsusing thredfbetasstatistics

The overly influential observations were identified using the dfbetas statistics.
2.4.7 Step 7: Check the distribution assumption graphically using a qq-plot or the CTE method

2.4.8 Step 8: Choose the distribution with the best fit, based on the Akaike information cri-
terion (AIC)

The distribution with the lowest AIC among the three distributions was selected.

4 © IS0 2013 - All rights reserved
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2.4.9 Step 9: Check the validity of the predictions against existing results (such as accidentol-

ogy outcome), if available

2.4.10 Step 10:

approximation of the error.

Step 10.1: The 95 % confidence intervals of the injury risk curve were calculated with the normal

Step 10.2: The relative sample size of the confidence interval was defined as the width of the 95 %

confidence interval at a given risk relative to the value of the stimulus at this same risk. They were

Cdlculated dat 5 7o, £5 Yo, d1d OU Yo I'ISK.

2.4.11 Step 11: Provide the injury risk curve associated with the quality index based on|the rela-
tivie sample size of the 95 % confidence interval

A gcale of quality indexes based on the relative sample size was defined with four‘categories (“good” from

0 to 0,5, “fair” from 0,5 to 1, “marginal” from 1 to 1,5, “unacceptable” over 4,5): The injury r

sk curves

asgociated with the quality indexes were provided. The scale was detetthined using bionjechanical

Sa

each class of quality index are provided in Table 2.

ples in order to distribute injury risk curves in the four categories/Hlustrations for one gxample of

Table 2 — Illustrations of the width of the 95 % confidencé interval for an injury risk ¢urve for
each of the quality indexes

Quality index |Width of the confidence Example (solid line: injury risk curve, dotted line: 95 %
interval at that particular |confidence intervals)
risk divided by the crite-
rion value at that risk

Gdod 0-0,5 1

width of the confidence interval at that particular rigk divided
by the criterion value at that risk = 0,25

1000
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Table 2 (continued)

Quality index |Width of the confidence Example (solid line: injury risk curve, dotted line: 95 %
interval at that particular |confidence intervals)

risk divided by the crite-
rion value at that risk

Fair 0,5-1 1 =
// / ///

0.7 L // L
—~ 0,6 / /
3 R A
5 00 / / /
/

0
0 200 400 600 800 1000
width of the confidence intervalat that particular risk dividgd
by the criteriomvalue at that risk = 0,75
Marginal 1-1,5 1 “
g y /
0,9 5
7
08 , / .
1 / ,
0,7 / 7
I / /
< 0,6 }
S | / /
= 05 ¢
> ' / /
=l II /
0,3 + / =
) | / //
0,2 1 7
o ) / -,
) / P
0 / ! / =" |
0 200 400 600 800 1000

width of the confidence interval at that particular risk dividgd

by the criterion value at that risk = 1,25

1
Unacceptgble |>1,5 . /

0,1

]
I
i
|
|
1
05 ||
= 0, i
o , / /
I
|
|
[l
I
I

0 200 400 600 800 1000

width of the confidence interval at that particular risk divided
by the criterion value at that risk = 1,75
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2.4.12 Step 12: Recommend one curve per body region, injury type, and injury level

— Step 12.1: If several injury risk curves could be compared with the AIC and if the differe

nce of the

AIC was greater than 2, then the curve with the lowest AIC was recommended over the others.

— Step 12.2: Ifaninjury risk curve had an “unacceptable” quality inde, it should not be recommended.

— Step12.3:Ifseveralinjuryrisk curveswere still available fora given injury type and level, engineering

judgment was used to recommend one curve over another.

The recommended injury thresholds should be provided with their associated quality indexes.

Injury risk curves for the WorldSID 50th

injury risk curves were constructed by correlating the dummy responses to the’PMHS

injury risk curves were built with the following steps:

1: Paired PMHS injuries and dummy measurements were collected, after having selected
ple and checking the dummy data.

Stap 2: The censoring status was assigned to each pair depending on if it was left, righ
cemsored, or exact. The WorldSID 50th injury risk curves weréycomputed with the R softwar
the R software, the right, exact, left, and interval censored data are coded 0, 1, 2, and 3 respe(

Stép 3: The injury risk curve should be built with the Censistent Threshold Estimate (CTE)[3]
to check for dual injury mechanism.

Stgp 4:

—| If there was an evidence of dual injugy mechanism, the sample was separated into san
single injury mechanism and Step 1,was performed.

—| If there was no evidence of dualinjury mechanism, the injury risk curve was built with th|
analysis according to the following steps.

However, the injury risk curves here included the age as a covariable so it would be necessary t
the sample into different cldsses of age before building the CTE injury risk curves. The resy
sample was too small to build reliable injury risk curves so dual injury mechanisms were nd
for] the WorldSID 50tk

Stdp 5: The parameters of the Weibull, log-normal, and log-logistic distributions with th
anplysis method were estimated (see Table J.1).

Stap 6: The overly influential observations were identified with the dfbetas test (see T4
Table.7). These observations were checked for any specificity. As there was no evidence of

njuries in

the PMHS

[, interval
b[42], With
tively.

'] in order

Iples with

e survival

b separate
Iting sub-
t checked

b survival

ble ].2 to

difference

between these observations and the others included in the sample, these observations were K

tept in the

construction of the Injury risk curve.

Step 7: The distribution assumption should be checked graphically using a qq-plot or the CTE method.

However, the injury risk curves here included the age as a covariable so it would be necessary to se

parate the

sample into age classes before building the CTE injury risk curves. The resulting sub-sample was too small

to build reliable injury risk curves so distribution assumption was not checked in this Technical

Report.

Step 8: The distribution with the best fit, based on the Akaike information criterion (AIC), was chosen

(see Table J.1 and Table 3).

Step 9: Check the validity of the predictions against existing results (such as accidentology), if available.

In the case of the WorldSID 50th, there was no prediction to be validated.
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Step 10: The 95 % confidence intervals were calculated, as well as the relative sample size of the
confidence interval (width of the confidence intervals at 5 %, 25 %, and 50 % relative to the value of the
stimulus at 5 %, 25 %, and 50 % of risk, respectively) (see Table ].8).

Step 11: The injury risk curves were provided with their associated quality indexes based on the relative
sample size of the confidence interval (see Table 4).

Step 12: Recommend one curve per body region, injury type, and injury level.
— Step 12.1: If several injury risk curves could be compared with the AIC and if the difference of the
AIC was greater than 2, then the curve with the lowest AIC was recommended over the others.

The samp|;es that could be compared were those with the same PMHS sample and the same level-and
type of injury. The AIC were then compared between:
— the sKeletal risk AIS3+ as a function of the maximum thoracic rib deflection and viscgus criteriop;
— the sKeletal risk AIS4+ as a function of the maximum thoracic rib deflection and vis€ous criteriop;

— the ajdomen risk AIS2+ as a function of the maximum abdomen rib deflectiof‘and viscous criteripn,
as well as of the lower spine Y acceleration 3 ms;

— the aljdomen risk AIS3+ as a function of the maximum abdomen rib deflection and viscous criteripn.

There wa$ no comparison possible for the shoulder and pelvis injuryTisk curves.

Table 3 — AIC values for the WorldSID 50thiinjury risk curves

Injury risk WorldSID measurement AIC
Skeletal|thoracic Maximum thoracic rib deflection (measured by 1D IR-TRACC) (mm) 24,8837
Alp3+ Maximum thoracic rib VC (measured by 1D IR-TRACC) (m/s) 29,6911
Skeletal|thoracic Maximum thoracic rib defleetion (measured by 1D IR-TRACC) (mm) 29,735 4
Alpd+ Maximum thoracic rib,VC (measured by 1D IR-TRACC) (m/s) 30,6507
Abdom¢n AIS2+ Maximum abdomen rib/deflection (measured by 1D IR TRACC) (mm) 14,988 9
Maximum abdomen rib VC (measured by 1D IR-TRACC)(m/s) 14977 7
Lower spine Y acceleration 3 ms (m/s2) 27,576 8
Abdomgn AIS3+ Maximum abdomen rib deflection (measured by 1D IR-TRACC) (mm) 119591
Maximum abdomen rib VC (measured by 1D IR-TRACC) (m/s) 11,869 6

Based on [the compatrison of the AIC values (see Table 3), the skeletal thoracic risks AIS3+ and AI§4+
were recommended to be predicted as a function of the maximum thoracic rib deflection rather than/as
a functior] of the max1mum thoracic r1b Vltal capacity (VC) The abdomen rlsks AISZ+ and AIS3+ were
recommendeq X

as a function of the lower spine Y acceleratlon 3 ms.

— Step12.2:Ifaninjuryriskcurvehadan“unacceptable” qualityindex,itshould notberecommended.

There was no “unacceptable” quality index for the shoulder, abdomen, and pelvis injury risk curves
AIS2+ (see Table ].8). For the skeletal thoracic risk as a function of the maximum thoracic deflection, the
50 % AIS4+ risk for a 45-year-old occupant was “unacceptable”. All the thoracic soft tissue injury risk
curves were “unacceptable” at 5 % risk. All the abdomen injury risk curves AIS3+ were “unacceptable”.
This was probably due to the very limited number (only one) of AIS3+ cases. Among the pelvis injury
risk curves AIS3+, the curve as a function of the pelvis Y acceleration 3 ms for a 45-year-old occupant
was “unacceptable”.

8 © IS0 2013 - All rights reserved
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Step 12.3: If several injury risk curves were still available for a given injury type

engineering judgment was used to recommend one curve over another.

:2013(E)

and level,

The shoulder injury risk AIS2+ could still be predicted by the maximum shoulder rib deflection or by
the maximum shoulder Y force. The available sample for the construction of the injury risk curve as a
function of the maximum shoulder deflection was composed of impactor tests only. On the other side,
the available sample for the construction of the injury risk curve as a function of the maximum shoulder
Y force was composed of impactor tests, as well as sled tests. The injury risk curve as a function of the
maximum shoulder Y force was recommended because the sample was composed of impactor tests, as
well as sled tests.

Thle abdomen soft tissue injury risk AIS2+ could be predicted by the maximum abdomen rib
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by the maximum abdomen rib VC. The injury risk curve as a function of the maximum ab
[lection was recommended as the quality indexes associated with this curve were better.

e pelvisinjury risk AIS2+ could be predicted by the maximum pubic force or by thepelvis Y ac

lio-ischio rami and pubic symphysis. It was then recommended to predictthe risk as a func
bic force, as this dummy measurement was the more closely related toithese injuries.

wever, the dummy measurement values corresponding toahl‘the probabilities cannot be p

Fegulations can reach those levels (as for examplefthe limit for the thorax compression ¢

Table 4 for the WorldSID 50th. Other injury*thresholds could be calculated using the
Fameters of the survival analysis of the reecommended injury risk curves given in Table 5.

e recommended injury thresholds should be provided with their associated quality indexes

Table 4 — WorldSID 50th recommended injury thresholds with its quality index

deflection
Homen rib

celeration

ns. Most of the injuries observed in the PMHS tests used to build the injuryicisk curves were related

tion of the

D.

5 out of the scope of this Technical Report to recommend a probability of risk as a limit to be fespected.

rovided in

hble. As a consequence, the dummy measurement valuesiareé given for a few levels of risk. The values
b % risk are provided because the risk is close to theInjury Assessment Reference Valugs (IARV).
vas also decided to provide the injury thresholds forthe 25 % and 50 % risk because vd4lues used

Fiterion in

e regulation ECE/R94). These injury thresholds ‘associated with their quality indexes ar¢g provided

pstimated

5 % risk (quality index) | 25 % risk (quality index) | 50 % risk (quality index)

Maximum shoulder force Y adjusted to 67 year old (N)

Abdomen AIS = 2

1,594 (good 2 011 (good 2 265 (good
houlder AIS = 2 (good) | (good) | (goot)
Maximum shoulder force Y adjusted to 45 year old (N)
1799 (fair) | 2 270 (fair) | 2 556 (fait)
Maximum thoracic rib deflection adjusted to 67 year old (measured by 1D IR{TRACC)
(mm)
Jkeletakthotacic 28,0 (fair) | 35,1 (good) | 40,2 (good)
AlS=3 Maximum thoracic rib deflection adjusted to 45 year old (measured by 1D IR{TRACC)
(mm)
38,5 (fair) | 48,4 (good) | 55,4 (good)
Maximum abdomen rib deflection adjusted to 67 year old (measured by 1D IR-TRACC)
(mm)
37,1 (fair) | 45,3 (good) | 50,2 (good)

(mm)

Maximum abdomen rib deflection adjusted to 45 year old (measured by 1D IR-TRACC)

58,9 (fair) | 72,0 (fair) | 79,8 (fair)
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Table 4 (continued)

5 % risk (quality index) | 25 % risk (quality index) | 50 % risk (quality index)

Maximum pubic force adjusted to 67 year old (N)

1 340 (fair) | 1950 (good)

2 361 (good)

Pelvis AIS = 2

Maximum pubic force adjusted to 45 year old (N)

1 818 (fair) | 2 645 (marginal)

3 202 (marginal)

Maximum pubic force adjusted to 67 year old (N)

_ 714 (good) | 27262 (good) | 2605 (go0d)
Pelvis AIS = 3
Maximum pubic force adjusted to 45 year old (N)
2 214 (marginal) | 2922 (marginal) | 3 365 (marginal)
The formulae of the injury risk curves are presented in Table 5.
The risk according to the Weibull distribution is
o
. Dummy _measurement log_scal
Risk(%)=1—-exp| — _ Y- exp(log. scale)
exp(int+ PMHS _ageXcoef _age
(1)
The risk according to the log-normal distribution is
Risk(%)=log_normal _distribution [mean =int+agexcoef _age, std =exp(log_ scale)] 2)
The risk according to the log-logistic distributién is
. 1
Risk(Po) = ;
1+ exp{— [In(Dummy measurement) — (int+ agex coef _age)|/ exp(log_ scale)} 3)
where
Dummy_measurement. Corresponds to the dummy measurement;
PMHS| age corresponds to the PMHS age.
Table|5—Formulae of the recommended WorldSID 50th injury risk curves built with the
survival nnalycic
Injury risk Dummy measurement Distribution |int Coef_age |Log_scale
Shoulder AIS2+ Maximum shoulder rib Y force (N) |Weibull 8,1435 | -0,0055 -2,002 8
Skeletal thoracic AIS3+ | Maximum thoracic rib deflection Log-logistic 4,6699 | -0,0146 -2,094 5
(measured by 1D IR-TRACC) mm)
Abdomen soft tissue Maximum abdomen rib deflection |Weibull 53678 | -0,0210 -2,1531
AIS2+ (measured by 1D IR-TRACC) (mm)
Pelvis AIS2+ Maximum pubic force (N) Weibull 8,7748 | -0,0139 -1,5259
Pelvis AIS3+ Maximum pubic force (N) Weibull 8,7041 | -0,0116 | -1,8274
10 © IS0 2013 - All rights reserved
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Injury risk curves for the WorldSID 50th percentile are given in Figures 1 to 10.

Figures 1 and 2 present the shoulder injury risk curves AlIS = 2 as a function of the maximum shoulder Y
force for the WorldSID 50th, with adjustment to 67 year old and 45 year old.
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0,4 // //
/ /
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02 / /
’ / / /
0,1 / /

0
0 1000 2000 3000 4000 5000 |X

Key

X | maximum shoulder Y force (N}

Y | shoulder injury risk AIS2+

A | 67 yearold

B | 95 % confidence interval, 67 year old
C | dataadjusted to‘67 year old

D | data non-adjusted

Figure“l>— Shoulder injury risk curve AIS 2 2 as a function of the maximum shoulderY force
adjusted to 67 year old for the WorldSID 50th
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Figures 3 and 4 present the thoracic skeletal injury risk curves AIS = 3 as a function of the maximum
thoracic rib deflection for the WorldSID 50th, with adjustment to 67 year old and 45 year old.
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Key
X | maximum thoracic rib deflection (1mm)
Y | skeletal thoracic injury risk AIS3+
A | 67 yearold
B | 95 % confidence intefval; 67 year old
C | dataadjusted to 6% year old
D | data non-adjusted
Figure 3 ~~Thoracic skeletal injury risk curve AIS 2 3 as a function of the maximum theracic rib
deflection adjusted to 67 year old for the WorldSID 50th
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Figures 5 and 6 present the abdomen soft tissue injury risk curves AIS = 2 as a function of the maximum
abdomen rib deflection with adjustment to 67 year old and 45 year old.
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Figuré 5'— Abdomen soft tissue injury risk curve AIS 2 2 as a function of the maximum
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Figufe 6 — Abdomen-soft tissue injury risk curve AIS = 2 as a function of the maximum
abdomernrib deflection adjusted to 45 year old for the WorldSID 50th
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Figures 7 and 10 present the pelvis injury risk curves AIS 2 2 and AIS = 3 as a function of the maximum
pubic force for the WorldSID 50th, with adjustment to 67 year old and 45 year old.
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Figure 7 —<Belvis injury risk curve AIS = 2 as a function of the maximum pubic force adjusted to
67 year old WorldSID 50th
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Figure 8 I— Pelvis injury(risk curve AIS = 2 as a function of the maximum pubic force adjusted
45 year old for the WorldSID 50th
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Figure 9 — Pelvistinjury risk curve AIS 2= 3 as a function of the maximum pubic force adjusted to

67 year old for the WorldSID 50th
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Figure 10 — Pelvis injufyrisk curve AIS 2= 3 as a function of the maximum pubic force adjusted
to 45 year old for the WorldSID 50th

4 Related électronic documents

The files I rnviﬂing the characteristics aofthe PMHS camp]n tobeused forthe constructionofthe ihj] ry

risk curves, as well as the dummy responses, are gathered in related electronic documents posted on
the ISO website at the following link: http://standards.iso.org/iso/tr/12350

— RED1: Head impactor and drop tests
— RED2: Shoulder impactor tests

— RED3: Thorax impactor tests

— RED4: Abdomen impactor tests

— REDS: Pelvis impactor tests

— REDG6: Sled tests
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Annex A
(informative)

PMHS head test data

Annex A includes the description of the PMHS head impactor and drop tests used in the construction of
th¢ Tnjury risk curves.

A.1 Head impactor tests

Thie Highway Safety Research Institute (HSRI) conducted a series of impactor tests to the hepds of five
PMHSI31], The results of the HSRI impactor tests were excluded because the impact speeds are inknown.
Thierefore, the tests cannot be repeated with dummies.

The University of Michigan Transportation Research Institute (UMTRI) performed laterall impactor
teqts. The results of the UMTRI impactor tests were excluded because the impactor characteriftics were
nof documented in the literature. Therefore, the tests cannot be repeated with dummies.

Calspan conducted a series of impactor tests to the heads ©f)PMHS, as illustrated in Figuie A.1 [18].
Eafh PMHS was seated in an upright posture, but the presence or absence of a back suppoit was not
dofumented. The position of the head was maintained by achin strap that would break away uppn impact.
The impactor masses were 23,4 kg, 24,4 kg, and 25,3 kg-The impactor face was either rectangular (203
min x 254 mm or 171,5 mm x 203 mm) or circula¥ (152 mm diameter). The impactor face yas either
rigid or padded with a 213 foam (polyurethane) padding. The impactor face was centred on the level of
th¢ external auditory meatus.

Key

1  acceleration unit

2 impactor face

3 centreline of impactor at level of Frankfort plans and external auditory meatus

Figure A.1 — Impactor test configuration from the lateral head impacts conducted by Calspan
(front view)[18]
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Table A.1 summarizes the Calspan PMHS tests that are included in constructing the injury risk curves
for the head in lateral impact. The details of all the head impactor test configurations are provided in
Table A.1 and in the related electronic document RED1. The padding used in dummy tests should be
identical to the padding used in the original PMHS tests.

Table A.1 — PMHS impactor tests included in constructing injury risk curves for the head

_ | Impac- | Impac-
T?;f Impact |Test num-| PMHS |PMHS [:ll:gll:ss In;g:c tor tor face l;ng:::it AIS2005
P p angle ber number | age mass geom- p skull
ormer ko surface m/s
S kg etry 7
CALSPAN SR2-CM25 CAI‘ZI\;AN 55 | 8366 | R 253 | sQ80 | 4,0 0
CALSPAN|| Pure |SR2-CM29 CALZI\;[AN 71 | 67195| R 253 | sQ80 | 40 2
lateral
CALSPAN SR2-CM30 CA%“SAN 66 |82325| R 253 | sQ8o| 4,0 0
CALSPAN SR2-CM31 CALB“{[AN 57 |71,645| R 253 |~'5@80 | 40 0
CALSPAN SR2-CM32 CAL;;[AN 60 | 5607 | R 24,491 sQs4 | 2,2 0
CALSPAN SR2-CM33 CA%’;’,IAN 70 |58295| R 244 | SQ54 | 39 0
CALSPAN SR2-CM34 CA%“L’L[AN 55 | 62,745 | @R 234 | SQ28 | 40 0
CALSPAN SR2-CM35 CAL;gAN 69 | 6675 R 234 | SQ28 | 40 2
CALSPAN SR2-CM36 CAL;gAN PU 244 | SQ54 | 39 0
CALSPAN SR2-CM37 CALBI\;'AN PU 244 | SQ54 | 39 0
CALSPAN SR2-CM42 CAELI;‘AN 60 | 8455 | R 253 | sQ80 | 3.2 0
PU Padded 2,54-cm-thick 213 fgam (polyurethane)
R rigid
SQ80 515,6 cm? squaréflat plate (20,3 cm x 25,4 cm)
SQ54 3471 cm? square flat plate (17,1 cmx 20,3 cm)
SQ28 180,6 cm*wooden face (15,2 cm circle)
No World$ID-test results were available for these test conditions at the time when this Technical Repprt
=l

] TLa il £ £ £t
was publl et TS ammex s Reptrror ractareuse:

A.2 Head drop tests

The Association Peugeot-Renault (APR) conducted two series of whole body drop tests that involved
impact to the temporoparietal region of the PMHS head[20] [21] [13], The first series, illustrated in
Figure A.2, strapped the torso into a cradle, with the head and upper torso protruding past the edge of
the cradle. A device was used to maintain head alignment until impact. The second series suspended the
body from several points, without the cradle. The subject was released from a height of 0,3 m to 3,0 m.
The head impact surface was at an angle of 1° to 44° relative to horizontal and either rigid or padded.
Both tests on a rigid impact surface were with bare heads. The height of the mattress was chosen to
avoid neck kinematics that would cause cervical injuries.
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W4yne State University (WSU) conducted whole body drop tésts with head impact[22]. In t
th¢ torso was strapped to a pallet that was free to pivot about‘one end. The PMHS head and
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Figure A.2 — APR head lateral drop test configuration (front view)

ended beyond the edge of the free end of the pallet. The‘pallet was rotated until the subj
s positioned 0,46 m above the head impact surface&The impact surface was a rigid cylin
hch radius. The pallet was released to produce the@desired head impact.

his series,
heck were
ect’s head
ler with a

Thie Medical College of Wisconsin (MCW) conducted lateral drop tests with heads, separated gt the level

of the occipital condyles[26]. Each head was drépped multiple times, from increasing heightd (0,3 m to
3 1), until skull fracture was detected by-a decrease in force associated with an increase inh velocity.
Tr:E head was oriented such that the temporoparietal region impacted either a flat or dylindrical
impact surface, padded with 50 mm. 6f'rubber (either 40 durometer or 90 durometer), as illustrated
in [Figure A.3. Some tests were conducted with the brain intact and other tests were condycted with
Sylgard gel in place of the brain,
Magnetic )
Release "&Z?Qif — J_
Drop
Height Drop
PrESSufEVSSHE\ING Helght
o \ PressurFe_ISensitive

40 Durometer -

Rubber — 90 Durometer
Rubber Cylinder — —i—

Load Call —
Yy Load Cell —
Ve

Figure A.3 — Impactor test configuration from the lateral head impacts conducted by MCW

(front view)[56]
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Table A.2 summarizes the APR, WSU, and MCW PMHS tests that could be included in constructing injury
risk curves for the head drop tests. The details of all the head drop test configurations are provided in

Table A.2 and the related electronic document RED1.

Table A.2 — PMHS drop tests included in constructing injury risk curves for the head

Test Impact Impact sur- Head Drop
. surface impact height PMHS test number
series face
shape angle m
27° 2,5 MS76
FIat Rigid
35° 1,8 MS68
APR From 1° to MS63, MS64, MS65, MS69, MS70, MS83, MS85,
Flat Padded 10 0,3to3 |MS86, MS99, MS100, MS66, MS67, MS73, MS74,
MS87, MS111
WSU Flat Rigid :gle lat- 6 46 DOT-36-1, DOT-37-1, DOT-38-1
CHD1801, CHD1802, CHD{803, CHD1804,
CHD1501, CHD1502, CHD1503, CHD1504,
CHD1505, CHD1506, €HD1701, CHD1702,
CHD1703, CHD170%, CHD1705, CHD1706,
CHD901, CHD902-CHD903, CHD1101, CHD1102
CHD1103, CHD}104, CHD1301, CHD1302,
Pure lat- CHD1303,HD1304, CHD1305, CHD1306,
eral CHD130%.CHD1001, CHD1002, CHD1003,
Padded 40 CHD160%, CHD1005, CHD1006, CHD1007,
durometer CHD1008, CHD1601, CHD1602, CHD1603,
rubber CHD1604, CHD1605, CHD1606, CHD1607,
CHD1401, CHD1402, CHD1403, CHD1404,
CHD1405, CHD1901, CHD1902, CHD1903,
Flat CHD1904, CHD1905
From 0.3 |CHD2101, CHD2102, CHD2103, CHD2104,
MCW From 112.C) 27 ™ |CHD2105, CHD2106, CHD2107, CHD2108,
to 14° CHD2001, CHD2002, CHD2003, CHD2004,
CHD2005, CHD2006, CHD2007
Pire lat- CHD601, CHD602, CHD501, CHD502, CHD503,
eral CHD504, CHD505, CHD506, CHD507
Padded 90 CHD2501, CHD2502, CHD2503, CHD2401,
duromgter From 11° CHD2402, CHD2403, CHD2404, CHD2405,
rubber . “ﬁ‘o CHD2406, CHD2301, CHD2302, CHD2303,
0 CHD2304, CHD2305, CHD2201, CHD2202,
CHD2203, CHD2204
CHD2901, CHD2902, CHD2903, CHD2904,
Padded 90 From 11° CHD2801, CHD2802, CHD2803, CHD2804,
Cylinder |durometer to 14° CHD2805, CHD2806, CHD2701, CHD2702,
rubber CHD2703, CHD2704, CHD2705, CHD2706,
CHD2601, CHD2602, CHD2603, CHD2604
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Table A.3 — Head drop tests from the bibliography

40D 50-mm-thick 40-durometer padding
90D 50-mm-thick 90-durometer padding

Test number PMHS | PMHS mzlss Test per- Izzlfﬂzc(if II:S?-Ct IfI:cl)ea;(te;umI:- hlz:i‘glll)t AIS2005
number | age kg former o face etry m skull

MS68 MS68 | 49 APR 35 R flat 1,83

MS76 MS76 75 APR 27 R flat 2,5 4
DOT-36-1 2326 | 78 | NA wSsu 270 R rll;?glc“fl?gé‘g 0,457 2 2
DOT-37-1 2312 71 NA WSsU 270 R rllé?fcl;l?gé‘fr 0,4572 2
DOT-38-1 2310 | 67 | 85 | wsu | 270 R ié?g};;l?g(‘i‘fr 0,457 2 2
CHD1801 HS325 | 44 91 MCW 0 40D flat 0,609 6 0
CHD1802 HS325 | 44 91 MCW 0 40D flat 1,219 0
CHD1803 HS325 | 44 91 MCW 0 40D flat 1,524 0
CHD1804 HS325 | 44 91 MCW 0 40D flat 1,829 0
CHD1501 HS543 | 56 95 MCW 0 40D flat 0,609 6 0
CHD1502 HS543 | 56 95 MCW 0 40D flat 0,914 0
CHD1503 HS543 | 56 95 MCW 0 40D flat 1,219 0
CHD1504 HS543 | 56 95 MCW 0 40D flat 1,524 0
CHD1505 HS543 | 56 95 MCW 0 40D flat 1,829 0
CHD1506 HS543 | 56 95 MCW. 0 40D flat 2,134 2
CHD1701 HS360 | 71 81 MCW 0 40D flat 0,609 6 0
CHD1702 HS360 | 71 81 MCW 0 40D flat 0914 4 0
CHD1703 HS360 | 71 81 MCW 0 40D flat 1,219 0
CHD1704 HS360 | 71 g1 MCW 0 40D flat 1,524 0
CHD1705 HS360 | 71 81 MCW 0 40D flat 1,829 0
CHD1706 HS360 |~ 71 81 MCW 0 40D flat 2,134 0
CHD901 Hs477( )" 68 66 MCW 0 40D flat 0,609 6 0
CHD902 HS4%7 | 68 66 MCW 0 40D flat 1,219 2 0
CHD903 15477 | 68 66 MCW 0 40D flat 1,524 2
CHD1101 HS348 | 77 71 MCW 0 40D flat 0,609 6 0
CHD1102 HS348 | 77 71 MCW 0 40D flat 1,219 2 0
CHD1103 HS348 | 77 71 MCW 0 40D flat 1,524 0
CHD1104 HS2348 77 71 MCW. Q 40D flat 1,Q7R o] 0
CHD1301 HS329 | 65 75 MCW 0 40D flat 0,61 0
CHD1302 HS329 | 65 75 MCW 0 40D flat 1,219 0
CHD1304 HS329 | 65 75 MCW 0 40D flat 1,524 0
CHD1305 HS329 | 65 75 MCW 0 40D flat 1,83 0

R rigid

Angle A Resulting specimen orientation was such that the sagittal plane was rotated between -11° to -14° from horizontal
about the X-axis and -1° to -4° from horizontal about the Z-axis
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Table A.3 (continued)

Test number PMHS | PMHS I;l:/;l;lss Test per- ?rl;gpl;c(if IIISIE:_Ct lfI:feagC;:umI:- h]::Ii';lI:t AlS2005
number | age kg former o face etry m skull
CHD1306 HS329 65 75 MCW 0 40D flat 2,134 0
CHD1307 HS329 65 75 MCW 0 40D flat 2,438 2
CHD1001 HS209 87 48 MCW 0 40D flat 0,609 6 0
CHD1002 HS209 87 48 MCW 0 40D flat 1,219 2 0
CHD10p3 HS209 87 48 MCW 0 40D flat 1,524 0
CHD10p4 HS209 87 48 MCW 0 40D flat 1,828 8 0
CHD10p5 HS209 87 48 MCW 0 40D flat 2,133 6 0
CHD10p6 HS209 87 48 MCW 0 40D flat 2,438%4 0
CHD10p7 HS209 87 48 MCW 0 40D flat 2,743 2 0
CHD1098 HS209 87 48 MCW 0 40D flat 3,048 0
CHD16p1 HS491 30 41 MCW 0 40D flat 0,609 6 0
CHD16p2 HS491 30 41 MCW 0 40D flat 0914 4 0
CHD16p3 HS491 30 41 MCW 0 40D flat 1,219 0
CHD16p4 HS491 30 41 MCW 0 40D flat 1,524 0
CHD16p5 HS491 30 41 MCW 0 40D flat 1,829 0
CHD16p6 HS491 30 41 MCW 0 40D flat 2,314 0
CHD1607 HS491 30 41 MCW 0 40D flat 2,438 2
CHD14p1 HS378 70 80 MCW 0 40D flat 0,609 6 0
CHD1492 HS378 70 80 MCW 0 40D flat 1,219 0
CHD1403 HS378 70 80 MCW 0 40D flat 1,524 0
CHD1404 HS378 70 80 MCW 0 40D flat 1,829 0
CHD1495 HS378 70 80 MCW 0 40D flat 2,134 0
CHD19p1 HS337 59 100 MCW 0 40D flat 0914 4 0
CHD1992 HS337 59 100 MCW 0 40D flat 0914 4 0
CHD1903 HS337 59 100 MCW 0 40D flat 1,219 0
CHD1904 HS337 59 100 MCW 0 40D flat 1,524 0
CHD1995 HS337 59 100 MCW 0 40D flat 1,829 0
CHD29p1 HS532 71 80 MCW | AngleA| 90D cylinder 0,304 8 0
CHD29p2 HS532 71 80 MCW | AngleA| 90D cylinder 0,609 6 0
CHD29p3 HS532 71 80 MCW | AngleA| 90D cylinder 0914 4 0
CHD2904 HS552 /1 ol MCW Angle Al 90D cylinder 1,219 2 K]
CHD2801 HS542 61 65 MCW | AngleA | 90D cylinder 0,304 8 0
CHD2802 HS542 61 65 MCW Angle A| 90D cylinder 0,609 6 0
CHD2803 HS542 61 65 MCW | AngleA | 90D cylinder 0914 4 0
CHD2804 HS542 61 65 MCW | AngleA| 90D cylinder 1,2192 0
R rigid

40D 50-mm-thick 40-durometer padding
90D 50-mm-thick 90-durometer padding

Angle A Resulting specimen orientation was such that the sagittal plane was rotated between -11° to -14° from horizontal
about the X-axis and -1° to -4° from horizontal about the Z-axis
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40D 50-mm-thick 40-durometer padding
90D 50-mm-thick 90-durometer padding

Test number PMHS | PMHS mzlss Test per- Iz:ﬁgcf II:S?-Ct Ifl:cpea;(te;umr- hlz:i‘;lr:t AIS2005
number | age kg former o face etry m skull
CHD2805 HS542 61 65 MCW | AngleA | 90D cylinder 1,524 0
CHD2806 HS542 61 65 MCW | AngleA | 90D cylinder 1,828 8 3
CHD2701 HS518 60 102 MCW Angle A| 90D cylinder 0,304 8 0
CHD2702 HS518 60 102 MCW | AngleA | 90D cylinder 0,609 6 0
CHD2703 HS518 60 102 MCW | AngleA | 90D cylinder 09144 0
CHD2704 HS518 60 102 MCW | AngleA | 90D cylinder 1,219 2 0
CHD2705 HS518 60 102 MCW | AngleA | 90D cylinder 1,524 0
CHD2706 HS518 60 102 MCW | AngleA | 90D cylinder 1,828 8 2
CHD2601 HS544 68 81 MCW Angle A| 90D cylinder 0,304 8 0
CHD2602 HS544 68 81 MCW | AngleA| 90D cylinder 0,609 6 0
CHD2603 HS544 68 81 MCW | AngleA| 90D gylinder 0914 4 0
CHD2604 HS544 68 81 MCW | AngleA| 90D cylinder 1,219 2 3
CHD2501 HS354 76 58 MCW | Angle A | 90D flat 0,304 8 0
CHD2502 HS354 76 58 MCW | Angle A+{\.90D flat 0,609 6 0
CHD2503 HS354 76 58 MCW | AngleA| 90D flat 0914 4 2
CHD2401 HS501 67 87 MCW | AngleA| 90D flat 0,304 8 0
CHD2402 HS501 67 87 MCW *[*Angle A| 90D flat 0,609 6 0
CHD2403 HS501 67 87 MCGW* | AngleA| 90D flat 0914 4 0
CHD2404 HS501 67 87 MCW | AngleA| 90D flat 1,219 2 0
CHD2405 HS501 67 87 MCW | AngleA| 90D flat 1,524 0
CHD2406 HS501 67 87 MCW | AngleA | 90D flat 1,828 8 3
CHD2301 HS351 81 60 MCW | AngleA| 90D flat 0,304 8 0
CHD2302 HS351 81 60 MCW | AngleA| 90D flat 0,609 6 0
CHD2303 HS351 81 60 MCW | AngleA| 90D flat 0914 4 0
CHD2304 HS351 81 60 MCW | AngleA | 90D flat 1,219 2 0
CHD2305 HS351 81 60 MCW | AngleA | 90D flat 1,524 3
CHD2201 HS473 74 51 MCW | AngleA| 90D flat 0,609 6 0
CHD2202 HS473 74 51 MCW | AngleA | 90D flat 0914 4 0
CHD2203 HS473 74 51 MCW | AngleA| 90D flat 1,219 2 0
GHD2204 HS473 74 51 MCW | AngleA | 90D flat 1,524 2
CHDZ101 HS516 46 75 MCW Angle A | 40D tlat 0,914 4 0
CHD2102 HS516 48 75 MCW | AngleA| 40D flat 1,219 2 0
CHD2103 HS516 48 75 MCW | Angle A | 40D flat 1,524 0
CHD2104 HS516 48 75 MCW | Angle A| 40D flat 1,8288 0
CHD2105 HS516 48 75 MCW | AngleA| 40D flat 2,133 6 0
R rigid

Angle A Resulting specimen orientation was such that the sagittal plane was rotated between -11° to -14° from horizontal
about the X-axis and -1° to —4° from horizontal about the Z-axis
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Table A.3 (continued)

Test number PMHS | PMHS I;l:/;l;lss Test per- ?;gg)lzc(if IIISIE:_Ct lfI:feagC;:umI:- h]::Ii';lI:t AlS2005
number | age kg former o face etry m skull

CHD2106 HS516 48 75 MCW | AngleA | 40D flat 2,438 4 0
CHD2107 HS516 48 75 MCW | Angle A | 40D flat 3,022 6 0
CHD2108 HS516 48 75 MCW | AngleA| 40D flat 3,327 4 0
CHD2001 HS373 68 84 MCW | AngleA | 40D flat 0,609 6 0
CHD20p2 HS373 68 84 MCW | AngleA | 40D flat 0914 4 0
CHD20p3 HS373 68 84 MCW | AngleA | 40D flat 0914 4 0
CHD20p4 HS373 68 84 MCW | AngleA | 40D flat 1,2192 0
CHD20p5 HS373 68 84 MCW | Angle A | 40D flat 1,524 0
CHD20p6 HS373 68 84 MCW | Angle A | 40D flat 1,828 8 0
CHD20p7 HS373 68 84 MCW | AngleA | 40D flat 2,133 6 3
CHDe6(1 HS439 68 34 MCW 0 90D flat 0,609 6 0
CHD6(2 HS439 68 34 MCW 0 90D flat 0914 4 3
CHD5(Q1 HS271 67 50 MCW 0 90D flat 0,304 8 0
CHD5(2 HS271 67 50 MCW 0 90D flat 0,609 6 0
CHD5(3 HS271 67 50 MCW 0 90D flat 0914 4 0
CHD5(4 HS271 67 50 MCW 0 90D flat 1,219 2 0
CHD5(5 HS271 67 50 MCW 0 90D flat 1,524 0
CHD5(6 HS271 67 50 MCW 0 90D flat 1,828 8 0
CHD5(Q7 HS271 67 50 MCW 0 90D flat 2,1336 3

R rigid

40D 50-mmy-thick 40-durometer padding

90D 50-mn}-thick 90-durometer padding

Angle A Regulting specimen orientation was'such that the sagittal plane was rotated between -11° to -14° from horizonftal

about the Xfaxis and -1° to —4° from horjzontal about the Z-axis

No World$ID test results were ‘available for these test conditions at the time when this Technical Repprt

was publighed. This annex.is.kept for future use.
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Annex B
(informative)

PMHS shoulder test data (shoulder impactor tests)

Annex B includes the description of the PMHS shoulder impactor tests used in the construction of the
injpry risk curves.

APR conducted a series of impactor tests to the shoulders of four PMHSI2]. Each PMHS was|seated on
a Horizontal hardwood surface. The position of the head was maintained by taping it:to’a stifk located
behind the subject’s back. The impactor mass was 23 kg and its flat circular impactface had  diameter
of 150 mm. The impact face was centred at the shoulder level of each subject. Three subjectls (MS202,
MS§203, and MS204) were impacted in a pure lateral direction and the fourth (MS201) was imipacted at
anfangle of 15° forward of pure lateral. Each subject was impacted once.

INRETS conducted a series of shoulder impactor tests, as illustrated in-Figure B.1 [14] [15] [17], Hach PMHS
wds seated upright, without back support. The 23,4 kg rigid impacterhad a rectangular impact face (150
min wide and 80 mm high) with rounded edges. The impactor face was centred on the glerlohumeral
joint. Each subject was impacted three times on the right shouldér (pure lateral, 15° rearward| of lateral,
anfl 15° forward of lateral) and once, at higher speed, on thejleft shoulder in the pure lateral direction.

f R k

¢ Right "

¢ prox. claviciy =

' t
Middie
StAmLIm

Figure B.1 — Impacter test configuration from the lateral and oblique-lateral shoulder impacts
conducted by INRETS (front view)[14] [15] [17]

Ohfio State University (OSU) conducted a series of shoulder impact tests[3] [4]. In the first test s¢ries, each
PMHS was Seated on a Teflon sheet on a rigid bench with backrest, as shown in Figure B.2. The 23 kg
impaetor had a rectangular impact face (203,2 mm wide and 152,4 mm high). The impactor face was
pafidéd with a 58-mm-thick piece of Arcel 310 foam (26,4 kg/m3 density). The characteristics of the
padding are presented in Figure B.3.
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Figure BH.2 — Impactor test configuration from the lateral shoulder impacts eonducted by OSU
(front view)I[3],[4]
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Figure B.3 — Characteristic pressure versus compression curve for Arcel 310 padding
tested at 6,0 m/s

The impactor face was centred on the glenohumeral joint. After the first impact, the shoulder was
palpated for fractures. If a fracture was detected, the impact velocity for the opposite shoulder was
reduced by 10 %. If no fracture was detected, then the impact velocity was increased by 10 %. Each
subject was impacted once on each shoulder.

In the second test series of OSU tests (see Figure B.4), four subjects were tested on a rigid bench, in
the pure lateral direction, with the same impactor configuration as the first series[4l. Supports were
placed under the subject’s elbows to position the acromion 25 mm above the spinous process of T1. The
impactor face was centred 25 mm below the glenohumeral joint. Each subject was impacted once.
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Figure B.4 — Impactor test configuration from the oblique-lateral shoulder impacts cqnducted
by OSUI4] (frontal and overhead views of a 30° impact to the left shoulder.of a PMHS)

W$U conducted a series of impactor tests to the shoulder, as shown in Figure B.5 [26] [30], Each PMHS
wds seated on a plastic sheet on a wooden seat, without back support. The position of the|head was
mdintained by light tension to webbing that was taped to the subject’s head. The webbing was attached
to p ring that slid off of a hook during impact to minimize the effect 6myPMHS movement. Thg impactor
mdss was 23 kg and its flat, circular impact face had a diameter of ¥52,4 mm. The impact face was made
of plywood and it was centred on the acromion of the subject. Each-PMHS was impacted once ih the pure

latpral direction.

Figure B:5.7 Impactor test configuration from the lateral shoulder impacts conducted by WSU
(back view)I[26] [30]

TabteB-tsummmarizes the shoulderimpacttestscomducted by INRETS; O ST amd WSt thatareihcluded in
constructing injury risk curves for the shoulder and details all the shoulder impactor test configurations.
They are also provided in the related electronic document RED2. It includes the scaled WorldSID results.

Tests selected and for which no WorldSID test results are available for the construction of the injury risk
curves are in bold.
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Annex C
(informative)

PMHS thorax test data (thorax impactor tests)

Annex C includes the description of the PMHS thoracic impactor tests used in the construction of the

injury risk curves.

HSRI conducted a series of impactor tests to the thorax of PMHS, as shown in Figure C.1 [43][44] [45] 'Ez

PMHS wa
The impa

was alignged vertically at the junction of the fourth rib and the sternum. In the fore-aftdirection, it w
aligned mlidway between the front and the back of the subject. Each PMHS was impacted three ti

b seated upright, with the arms positioned above the shoulder and the hands aboye the he
tor was 23,4 kg and its flat circular impact face had a diameter of 152,4 mm. Thejimpact f;

ch
nd.
hce

yas

es
The first §wo tests were either a frontal impactor test followed by a lateral impaetor-test or vice v;lsa.

The firstt

Figure

WSU conducted a seriés of impactor tests to the thorax of PMHS, as illustrated in Figure C.2 [54] [§
Each PMHS was suspended in a standing position, with the arms positioned above the shoulder and {

C.1 — Impactor test.configuration from the lateral thorax impacts conducted by HSR|
(front view)[43] [44] [45]

=

wo impacts were 0,9 m/s. The third test was either a lateral or a frontal impactor test at higher
speed or { lateral sled test. Only one HSRI lateral test was excluded (76 T038).due to questionable da

fa.

bS],

he

hands abqve thethead. The impactor mass was 23,4 kg and its flat circular impact face had a diamefer
m-and rounded edges. For the thorax impacts, the impact face was aligned vertically 75 mm

of 152,4

below mi¢l“sternum and struck at an angle of 30° forward of pure lateral. Only tests WSU935-4 a

nd

WSURNY1-3 were included because the injuries could be clearly attributed to the single test that each
PMHS was subjected to.
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FHEUMATIC IMPACTDR
SET

CHARGE
TRIGGER
€3

FENDULLM X
ACCELERATION

ucted by

13 [34] [35],
ulder and

lar impact
b produce

bure C.2 — Impactor test configuration from the oblique-lateral thorax impacts cond
WSU (front view)[54] [55]

Fi

[TRI conducted a series of impactor tests to the thorax of PMHS, as illustrated in Figure C
direction.

UM
Eafh PMHS was suspended in a seated position, either with the)arms positioned above the shd
thands above the head or with the arms down. The impactér mass was 25 kg and its flat circu
e had a diameter of 150 mm. The metal impact face had various materials affixed to it t
diffferent force-time histories and load distributionsThe impact face was aligned mid-sternum in the
'tical direction and midway between the front:and the back of the subject in the fore-aft
al impact
easured a

thd
fag
Ch subject was impacted multiple times. The tests at 2 m/s included a frontal impact, an impact at 45°
re and the

ve
Ea
for
at
pe
fra

ward of pure lateral, and up to three purelateral impacts. The final test was a pure late
B m/s. The pure lateral test results were included if all low-speed impacts on a subject m|
hk force below 700 N. This level of load was deemed to be below the threshold of rib fractu

ctures could be attributed to the fimal high-speed impact.

oIl
(-1
I

Lateral {arms down)

Lateral (arms up)

(front view)[34] [35]

Figure C.3 — Impactor test configuration from the lateral thorax impacts conducted by UMTRI
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OSU conducted a series of impactor tests to the thorax of PMHS, as illustrated in Figure C.4 [49]. Each
PMHS was seated, with the arms horizontal and perpendicular to the torso and the forearms taped
together on a horizontal support. The impactor mass was 23 kg and its flat circular impact face had a
diameter of 152,4 mm, with an edge radius of 12,7 mm. The impact face was aligned vertically with the
fourth interspace of the sternum. Each subject was impacted twice at a speed of approximately 2,5 m/s.
One side of the subject was impacted in the pure lateral direction and the other side was impacted 30°
forward of pure lateral. The order of the impacts was varied. The results were included if no fractures
were found during autopsy or if the first impact on a subject measured a peak force below 700 N, both
for the lateral and the oblique impacts. This level of load was deemed to be below the threshold of rib
fracture and the fractures could be attributed to the second impact.

-

Figure (.4 — Impactor test configuration from the lateral and oblique-lateral thorax impact
conducted by OSU*(front view)[49]

2]

INRETS cpnducted a series of thorax impactor tests as illustrated in Figure B.1 [16]. The results of the
INRETS t¢sts were excluded because it was not possible to determine whether the fractures resulted
from the ghoulder impact or the thoraximpact.

Table C.1 yummarizes the HSRI, WSU;UMTRI, and OSU tests that are included in constructing injury rjsk
curves forf the thorax and details of all the thorax impactor test configurations. They are also provided
in the reldted electronic docdment RED3. It includes the scaled WorldSID results.

Tests selefted and for which'no WorldSID test results are available for the construction of the injury rjsk
curves ar¢ in bold.
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Annex D
(informative)

PMHS abdomen test data (abdomen impactor tests)

Annex D includes the description of the PMHS abdomen impactor tests used in the construction of the

injury risk curves.

WSU conducted a series of impactor tests to the abdomen of PMHS [54] [55]. Only one test (WSUO{
34) was included because all the other subjects were impacted more than once in the abdomen and

b3~
or

thorax. Tlhe PMHS was suspended in a standing position, with the arms positioned aboyéthe shoulder

and the h
diameter
sternum 4

OSU cond
above the
kg and it

padded wjith a 152,4-mm-thick piece of foam, either Arcel 310 (1,5-1b/f3), Ethafoam LC-200, or Ar

310 (3 1b
subject w
abdomen

(93VRTABO08, 93VRTABO09) were excluded because the abdomen deflection exceeded the target leve

16 % of th

Figure D

The Labol

hnds above the head. The impactor mass was 23,4 kg and its flat, circular impdct face ha

nd struck at an angle of 30° forward of pure lateral.

icted a series of abdomen impact tests [4Z]. Each PMHS was seated; with the arms position
shoulder and the hands above the head, as shown in Figure D.1."The impactor mass was
flat, rectangular impact face was 200 mm wide and 150 mnt high. The impactor face w

f3). The impactor face was centred at the height of the lateral aspect of the eighth rib. E3
hs impacted once in the pure lateral direction. The impact speed was selected such that {
deflection would not exceed 16 % of the PMHS chestbreadth. The results from two subje

e chest breadth.

.1 — Impactor test configuration from the lateral abdomen impacts conducted by 0§
(forward oblique view)[47]

ratory of Accidentology and Biomechanics (LAB) conducted a series of impactor tests to {

£PMHSIS2] A measurement sustem was nositioned-at the level of the liver and could hi

1 a

bf 152,4 mm, with rounded edges. The impact face was aligned vertically 150- mm below mlid-

ed
0,1
Fas
cel
ch
he
cts

of

U

he

abdomen

J r
influenced the abdominal injuries. Therefore, the results from this series were excluded.

ve

Table D.1 summarizes the single WSU test and the OSU tests that are included in constructing injury
risk curves for the abdomen and details of all the abdomen impactor test configurations. They are also
provided in the related electronic document RED4. No WorldSID test results were available for these
test conditions at the time when this Technical Report was published. This annex is kept for future use.
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Annex E
(informative)

PMHS pelvis test data (pelvis impactor tests)

Annex E includes the description of the PMHS pelvis impactor tests used in the construction of the
injury risk curves.

WSU conducted a series of impactor tests to the pelvis of PMHS [54] [55]. Each PMHS was suspénded in
a standing position, with the arms positioned above the shoulder and the hands above the:he€ad. The
impactor mass was 23,4 kg and its flat, circular impact face had a diameter of 152,4 mm, Wwith rounded
edges. Forf the pelvis impacts, the impact face was centred on the greater trochanter. Each subject was
impacted jup to three times in the pure lateral direction.

UMTRI cgnducted a series of impactor tests to the pelvis of PMHS, as illustrated in Figure E.1 [33] [36],
Each PMH[S was suspended in a seated position and, for some of the tests, seated.on a block of balsa wgod
upon a mqbile table. The arms were down and the hands were positioned ornthe lap. The impactor mass
was 20 kg, 25 kg, or 56 kg and its flat, circular impact face had a diameterof 150 mm. The metal impact
face had viarious materials affixed to it to produce different force-timéistories and load distributiops.
The impa¢t face was aligned 80 mm anterior to the greater trochanter. Some subjects were impacted
once or tyice in the pure lateral direction, and others were subjected to a frontal impact to the knee
prior to a pure lateral impact to the pelvis.

LINEAR PENDULUM T CANNON

VoA
I\ =
“LW

|
—— Al
|

i

BALLISTIC PENDULUM

Figure E.1 — Impactor test configuration from the lateral pelvis impacts conducted by UMTRI
(front view)[33] [36]

ONSER conducted a series of impactor tests to the pelvis of PMHS, as illustrated in Figure E.2 [11] [12],
Each PMHS was seated on a rigid seat. The arms were down and the hands were positioned on the lap.
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The impactor mass was 17,3 kg. The impact face was a segment of a sphere (R=175 mm, r=60 mm)
and it was either rigid or padded. The impact face was aligned on the greater trochanter. Each subject
was impacted multiple times on the right side in a pure lateral direction. After each impact, x-ray was
conducted to check for fractures. If the x-ray revealed no fractures, then the velocity was increased. If
the x-ray revealed a fracture, then no additional tests were conducted on that subject.

A_p e

—~—

(—‘
‘\_.1
1. impactor 8, pulley block
2. guiding rollers (2x3) 9~pulling force transducer
3. rubber extensible springs (3x3) 10, gompressive force transduder
4. sled ¥1). accelerometer
5. pulling cable I2. seat
6. locker 13, human subject
7. winch

=T

jgure E.2 — Impactor test configuration from the lateral pelvis impacts conducted by ONSER
(front view)L1{12]

INRETS conducted two series of pelvis impact tests[3]. In the first series, each PMHS was s¢ated on a
Teflon sheet on a rigid seat. The impactor magswas 23,4 kg and its flat, rectangular impact face was
200 mm wide and 100 mm high. The impactex'was centred on the greater trochanter. Each subject was
impacted twice, on the same side, once at(3,5 m/s and once at 6,5 m/s. All of the results from INRETS
firpt test series were included in the construction of injury risk curves for the pelvis.

In the second series of INRETS tests[8], the same test setup was used, but the impactor mass was either
12]kgor 16 kg and the impact speed was higher (9 m/s to 14 m/s). Each subject was impacted oncg. All of the
regults from INRETS second testseries were included in the construction of injury risk curves for|the pelvis.

Thie pelvis multi-impacttests were included when an increase in impactor speed was accompanied by
anl|increase in energysasthis was assumed to be an indication of no injury.

Table E.1 summarizes the WSU, UMTRI, ONSER, and INRETS tests that could be included in copstructing
injury risk curves for the pelvis and details of all the pelvis impactor test configurations. They are also
provided inthe related electronic document REDS. It includes the scaled WorldSID results. No dummy
tegts were-conducted with padding that was identical to that used in the PMHS tests.

Tegts selected and for which no WorldSID test results are available for the construction of the {njury risk
cubkyes arein bold
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Annex F
(informative)

PMHS sled test data

Annex Fincludes the description of the PMHS sled tests used in the construction of the injury risk curves.

The Univgrsity of Heidelberg conducted two series of whole body sled tests[25] [29]. In the flrst,,ﬁ?les

of tests, shown in Figure F.1 a), the flat, rigid impact surface was tall enough that the subj

ad

impacted [the wall. The impact wall was not instrumented in the first series of Heidelberg tests. In the

hte

instrumeinted plates that were impacted by the thorax and pelvis. The plates were eitherrigid or covered

second sefies of tests, illustrated in Figure F.1 b) or in Figure F.1 c), the impact wall consw; f separ

with blocks of APR pad. The second series had no impact surface for the head. Th
from 6,7 m/s to 12,7 m/s.

a) for tests without lQ{@‘measurements (front view)

8 ﬂqlls
Each Corner — Cantéred

’JBmm From Each
POty O Edge of Plates

_

O ot W5

3 1607
R

elocity ranged

T
% \ ! 1007 9 Adjustablo = 50mm
\ £ ‘ﬁ'\ 1” /| in 26mm Stops
a0 20 ,/
e Plate for Sled
— il v Artachmant
TIe s % s
Min 800
e Max 320
Ly m—]

b) for tests with load measurements according tol25][29] (side view)
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Hor Tzontal slats B8-Loadcel ls one at each
Halght=5Scm corner centres at 4.5 from
Cepth=3-<4cm each edge

Top edge Tmpact wall
pararle: w/seat pan

HYRI conducted a series of whole body sled tests[31]All of the HSRI sled tests were excluded bg

im

MW and OSU conducted a series of whole body sled tests[39] [40] [28] [27], The impact wall conf

illy

abflomen plates were angled, as shownih Figure F.3. The plates were either rigid, covered with
thick Ethafoam LC-200, or covered with an airbag. The sled velocity ranged from 6,7 m/s to 8,9

Figure F.1 — Impact wall configuration from thedateral sled tests conducted by Heid

-ws— Adjustabie =+ Scm
In 2.5 em steps

S
\\7

c) for tests with load measurements according tol46] (side view)

24
72
; \@ﬁ‘f\
50
dimensions

entimetres

act wall was not instrumented with load cells.

strated in Figure F.2, was either flat, ohe plate was offset 110 mm closer to the subject, or the t

linear dimensions om

head and
back rest

elberg

bcause the

iguration,
horaxand
110-mm-
m/s.

Figure F.2 — Impact wall configuration from the lateral sled tests conducted by MCW and OSU

©lI

(side view)[39] [40] [28] [27]
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Figur

Figure F.

Table F.1
injury ris
electronid

e F.3 — Impact wall configuration from the lateral sled tests conducted by MCW for th¢
angled thorax and abdomen plate tests (forward oblique view){41]
NOTE: ALL OBMENSIOHIUN o
261
| i
) 408 Typ. E |
o7 - 4
e o X s
AB i ~ : ! ..I
- = g 2os — Al
} 1 256 ] AT
g, ‘02 ; E . :.
/} : - i K 18 Dea
10 [ 31 1
/ ; g )
y )?/

WSU (side view)[Z] [8] [9] [10] [23]

decument RED6. Table F.2 includes the scaled WorldSID results.

i — Impact wall’configuration from the second series of lateral sled tests conducted

summarizes the Heidelberg, HSRI, MCW, OSU, and WSU sled tests included in constructing
K curves and details all the sled test configurations. They are also provided in the relat

&

by

ed

Tests selected and for which WorldSID test results are available for the construction of the injury risk
curves are in bold.
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Annex G
(informative)

Assessment of the quality of the sled test results

Annex G details the description of analyses used to assess the quality of sled test results.

G.1 Momentum

Nusholtz gt al.[38] proposed to use momentum for a data quality check. For a given tést’conditipn,
the momdntum for different PMHS should be consistent. Inconsistency in the momentum can be|an
indicatior] of an instrumentation malfunction or improper calibration.

T

Momeptum = J.Ftotal_norm
0

where Ftofal norm are the force measurements on the individual impact plates, normalized to a mid-size[{9].

dt G

The integral is calculated from the time that the PMHS contact thefirst impact plate until the time that
the PMHS|is no longer contacting any of the impact plates.

The momgntum for each test, with given impact wall configuration and impact velocity, should [be
consistenf with all similar tests.

Momentum is also reported to a single sled velogity for a given test configuration to be able|to
compare jpomentum.

G.2 PMHS velocity at impact

For many|tests, acceleration was measured at the PMHS (upper spine, lower spine, and pelvis). It is
possible tp calculate the velocity at€ach of these locations on the PMHS relative to the wall. If the PMES
is verticallwhen it strikes the impact wall, the velocity at these locations will be similar. If not, the PMHS
was leaning, possibly due to friction of the pelvis on the bench.

The veloc]ty at all locations’of the spine and sacrum are compared at the time of contact with the fifst
impact plate, regardless ef the impact plate configuration.

G.3 PMHS leahing distance

Given the pathropometry of each PMHS, it is possible to calculate a theoretical distance that it is leaning
at the timeof tomtactwithrthre TmpactwattAtheoreticat difference between thetimethat thethorax
plate is contacted and the time that the pelvis plate is contacted can be calculated.

[(pelvis breadth - shoulder breadth)/PMHS velocity relative to the wall]

The actual difference of time of contact with the thorax and pelvis plates can also be calculated. The
time of contact was calculated, by using a modification of SAE J2052-Test Device Head Contact Duration
Analysis (1997) (first time at which 5 % of the maximum plate force is reached, stepping backward in
time from the time of maximum plate force).

The actual difference of contact time is then compared to the theoretical difference. The difference
between the two contact times can be multiplied by the PMHS velocity relative to the wall to estimate
the distance of leaning of the PMHS.
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G.4 Transmissibility

The actual difference of contact time on the plate forces can also be compared to the transmissibility, the
transmissibility being the time of maximum cross-correlation between two plate force measurements.

The cross-correlation consists in finding the time shift allowing the maximization of the sum of the
product of the two signals considered on the whole time history.

o
Cab=D,a;°b; (G.2)

where

a; isthe standard alignment signal at the ith time step;
b; isthe signal to be aligned at the ith time step;

t isthe beginning of the loading;

t’ isthe end of the loading.

Thie signals over the whole time history were used to calculate the time when the cross-corfelation is
mgximum.

Thie comparison was performed between the thorax and\pelvis load plates. If the transmigsibility is
nof consistent with the actual difference of contact times, it means the considered test presgnts some
irnegularities.

G.p Seating height

Thie MCW sled wall geometry was designed in order not to load the shoulder of the surrogate. [The check
for] the shoulder interaction could hate been done for all the tests looking at the high-spe¢d videos.
Unffortunately, all the films were fiot available. The use of the anthropometric measuremgnts taken
prior to the test was then chosen..The seated height of the occupant (SEATHT) was taken pfior to the
teqt with the test occupant sjtting erect, looking straight ahead. It corresponded to the verticdl distance
frdm the sitting surface tosthe’top of the head (see Figure G.1).

SEATHT:
Seated Height

—

AL

Figure G.1 — Illustration of the seated height (SEATHT), as defined in the MCW test reports

Schneider et al. (1985)[48] provided some reference points specifying the anthropometry of the 50th and
95th male occupant. The top of the head was not included as a specific point. They also provided some
drawings illustrating the anthropometry. The seating height were measured based on these drawings.
The seating heights measured on the UMTRI drawings were 888 mm for the 50th male and 950 mm for
the 95th male. The difference between the 50th and 95th seating height was 62 mm. The seating height
of a 5th percentile male was then calculated by subtracting 62 mm from the seating height of the 50th
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male, hypothesizing a normal distribution of this parameter. The seating height of a 5th percentile male
was then found to be 826 mm.

It was proposed to exclude the PMHS with a seating height lower than 826 mm unless it was clear from
the films that the shoulder did not interact with the wall, from the construction of the injury risk curves
for the shoulder, thorax, and abdomen. These PMHS were not excluded from the construction of the
pelvis injury risk curves because there was no evidence of the influence of the shoulder contact on the
pelvis effective mass.
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Annex H presents the WorldSID 50th test results corresponding to the PMHS configurations listed in

Annex A to AnnexF.

H.1 WorldSID head impactor test results

Table H.1 describes the dummy data available for head impactor tests.

Table H.1 — Dummy head impactor test results used for the construction of the injury rjisk curve

fa¢e covered with 51 mm pad)

Actual
WorldSID

PNIHS test condition impact WorldSID test number WorldSID HIC

speed

m/s

Callspan 25,3 kg rigid impactor at 4 m/s
(2p3 mm x 254 mm rectangular impact NA NA NA
fage)
Callspan 23,4 kg rigid impactor at 4 m/s
(fEZ-mm-diameter circular impact face) NA NA NA
Callspan 24,4 kg rigid impactor at 3 m/s
(171,5 mm x 203 mm rectangular impact NA NA NA
fage)
Callspan 24,4 kg impactor at 4 m/s
(171,5mm x 203 mm rectangular impact NA NA NA

H.2 WorldSID head drop test results

Table H.2 describesthe dummy data available for head drop tests.

Table H.2-—<Dummy head drop test results used for the construction of the injury risk curve

(40 durometer)

Actual
. World-
PI\IIHS test condition WorldSID test number WorldSID HIC
SID drop
height
A_PB lateral drop from 1,83 m onto flat, NA NA NA
rigid surface
APR lateral drop from 2,5 m onto flat, rigid NA NA NA
surface
V\_/S_U lateral drop from 0,46 m onto flat, NA NA NA
rigid surface
MCW lateral drop from 0,6 m onto flat
surface covered with X mm thick rubber NA NA NA
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Table H.2 (continued)

PMHS test condition

Actual
World-
SID drop
height

WorldSID test number

WorldSID HIC

MCW lateral drop from 0,9 m onto flat
surface covered with 50-mm-thick rubber
(40 durometer)

NA

NA

NA

MCW lateral drop from 1,2 m onto flat

surface cofered with 50-mm-thick rubber
(40 duromjeter)

NA

NA

NA

MCW latertal drop from 1,5 m onto flat
surface copered with 50-mm-thick rubber
(40 duromjeter)

NA

NA

NA

MCW latetfal drop from 1,8 m onto flat
surface cofered with 50-mm-thick rubber
(40 duromjeter)

NA

NA

NA

MCW latetal drop from 2,1 m onto flat
surface cojered with 50-mm-thick rubber
(40 duromjeter)

NA

NA

NA

MCW latetal drop from 2,4 m onto flat
surface cofered with 50-mm-thick rubber
(40 duromjeter)

NA

NA

NA

MCW lateral drop from 2,7 m onto flat
surface cojered with 50-mm-thick rubber
(40 duromjeter)

NA

NA

NA

MCW lategal drop from 3 m onto flat sur-
face coverpd with 50-mm-thick rubber (40
durometef)

NA

NA

NA

MCW latertal drop from 3,3 m onto flat
surface cojered with 50-mm-thick rubber
(40 duromjeter)

NA

NA

NA

surface cofered with 50-mm-thick rubber

MCW oblique drop from 0,3 m onto flat
(90 durow};ter)

NA

NA

NA

MCW oblique drop from 0,6 m onto flat
surface copered with 50-mm-thick rubber
(90 duronjeter)

NA

NA

NA

MCW oblique drop from-0,9 m onto flat sur-
face coverpd with 50-mm-thick rubber (90
durometef)

NA

NA

NA

MCW oblitue drop from 1,2 m onto flat
surface colzered with 50-mm-thick rubber

NA

NA

NA

(90 durometer)

MCW oblique drop from 1,5 m onto flat
surface covered with 50-mm-thick rubber
(90 durometer)

NA

NA

NA

MCW oblique drop from 1,8 m onto flat
surface covered with 50-mm-thick rubber
(90 durometer)

NA

NA

NA

MCW oblique drop from 2,1 m onto flat
surface covered with 50-mm-thick rubber
(90 durometer)

NA

NA

NA
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Table H.2 (continued)

Actual
. World-
PMHS test condition WorldSID test number WorldSID HIC
SID drop

height

MCW oblique drop from 0,3 m onto 25,4
mm radius cylinder covered with 50-mm- NA NA NA
thick rubber (90 durometer)

MCW oblique drop from 0,6 m onto 25,4
min radius cylinder covered with 5U-mm- NA& NA& NA
thjck rubber (90 durometer)

MCW oblique drop from 0,9 m onto 25,4
min radius cylinder covered with 50-mm- NA NA NA
thjck rubber (90 durometer)

MCW oblique drop from 1,2 m onto 25,4
min radius cylinder covered with 50-mm- NA NA NA
thjck rubber (90 durometer)

MCW oblique drop from 1,5 m onto 25,4
min radius cylinder covered with 50-mm- NA NA NA
thjck rubber (90 durometer)

MCW oblique drop from 1,8 m onto 25,4
min radius cylinder covered with 50-mm- NA NA NA
thjck rubber (90 durometer)

H.3 WorldSID shoulder impactor results

Taple H.3 describes the dummy data available.for shoulder impactor tests.

Table H.3 — Dummy shoulder impactor test results used for the construction of the injury risk

curve
WorldSID
Actual peak shoul- p‘gaol:ls(:ns(::l)l-
PMHS test condition WorldSID test number . WorldSID der (.ieflec- der force Y
impact speed tion N
m/s mm
/ (CFC600) (CFC1000)
WS009-PRSH-1 4,51 46,1 1544
AHR lateral impact by 23 kg rigid WS005-PRSH-2 4,51 39,5 1566
impactor at4,5 m/s (150-mm- WS009-PRSH-3 4,50 37 1491
digmeteg,circular impact face) WS009-PRSH-4 450 40,1 1557
Mean at 4,5 m/s 4,50 40,7 1540
APR 15° forward of lateral
impact by 23 kg rigid impactor
at 4,5 m/s (150-mm-diameter NA NA NA NA
circular impact face)
INRETS lateral impact by 23,4 kg
rigid impactor at 1,5 m/s (150
mm x 80 mm rectangular impact NA NA NA NA
face)

NOTE: For oblique loading, IR-TRACC measurements are used.
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Table H.3 (continued)

Actual p‘cla\;ol:lsisc:lll)l- p‘c/e‘;ol:‘ lsisollll)l
PMHS test condition WorldSID test number im‘ggzltdssp}ge d dert(iisrfllec- der f;rce Y
m/s (CF‘E‘E‘O o) | (CFC1000)
INRETS 15° rearward of lateral
impact by 23,4 kg rigid impac- NA NA NA NA

torat1,5 m/s (150 mm x 80 mm
rectangular impact face)

INRETS 1%° forward of lateral
impact by[23,4 kg rigid impac-

torat 1,5 /s (150 mm x 80 mm NA NA NA NA
rectangular impact face)

INRETS li\'teral impact by 23,4

kg rigid injpactor at 6 m/s (150
mm x 80 hm rectangular impact
face)

INRETS lageral impact by 23,4 kg
rigid impalctor at 3,5 m/s (150

mm x 80 thm rectangular impact
face)

OSU laterdl impact by 23 kg
impactor gt 4,5 m/s (203,2 mm
x 152,4 min rectangular impact NA NA NA NA
face coverpd by Arcel 310 foam
26,4 kg/mB density)

0SU laterdl impact by 23 kg
impactor 4t 6 m/s (203,2 mm x
152,4 mmijrectangular impact NA NA NA NA
face coverpd by Arcel 310 foam
26,4 kg/mB density)

NA NA NA NA

NA NA NA NA

VRTCWorldSID Bolte lateral

OSU laterdl impact by 23 kg 4,4 36,2 NA

impactor 3t 4,5 m/s (200 mm x shoulder test 1

150 mm r¢ctangular impact face 4. VRTC WorldSID Bolte lateral 44 36.2 NA

covered by Arcel 310 foam 26,4 shoulder test 2 ! !

3 .

kg/m3 dersity) Mean at 4,4 m/s 44 36,2 NA
WS009-PRSH-1 4,51 46,1 1544

WSU laterpl impactby 23 kg rigid WS009-PRSH-2 4,51 39,5 1566

impactor 3t 4,5 m/s(152,4-mm- WS009-PRSH-3 4,50 37 1491

diameter ¢ircdlar impact face) WS009-PRSH-4 450 401 1557
Meamat4,5m/s 4,50 70,7 1540

NOTE: For oblique loading, IR-TRACC measurements are used.

H.4 WorldSID thorax impactor results

Table H.4 describes the dummy data available for thorax impactor tests.
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Table H.4 — Dummy thorax impactor test results used for the construction of the injury risk curve

Actual World- WorldSID
SID peak peak tho-
WorldSID thoracicrib | racicrib VC
PMHS test condition WorldSID test number impact .
deflection m/s
speed .
m/s mm (deflection
(CFC600) CFC180)
WSU 30° forward of lateral impact
by 23,4 kg rigid impactor at 6 m/s
(]%""))/1 mgn r]giqmnfpar circular in«\/pqrf NA NA NA NA
fage)
WBEU 30° forward of lateral impact
by_23,4 kg I'lgld 1mpact_or at 8,'_7 m/s NA NA NA NA
(152,4-mm-diameter circular impact
fage)
TC-WS009-PRTLS9 4,36 39,5 0,46
HyRI lateral impact by 23,4 kg rigid TC-WS009-PRTLS10 4,76 37,0 0,43
impactor at 4,3 m/s (152,4-mm-diameter
cifcular impact face) TC-WS009-PRTLS11 4,36 374 0,43
Mean at 4,3 m/s 4,3 36,4 0,48
UMTRI lateral impact by 25 kg impactor
atR m/s (152,4-mm-diameter circular NA NA NA NA
impact face covered without pad)
UI\I’ITRI lateral impact by 25 kg impactor
atR m/s (152,4-mm-diameter circular
impact face covered with 0,5-cm-thick NS NA NA NA
Ensolite pad)
UMTRI lateral impact by 25 kg impactor
atR m/s (152,4-mm-diameter circular
impact face covered with 10-cm-thick NA NA NA NA
Ensolite pad)
UMTRI lateral impact by 25 kg impactor
atP,5 m/s (152,4-mm-diameter cixcular
impact face covered with 0,5-cm=thick NA NA NA NA
Ensolite pad)
L::FTRI lateral impact by 25 kg impactor
atB,5 m/s (152,4-mm-diameter circular
impact face coveredwith 10-cm-thick NA NA NA NA
Ensolite pad)
VRTC-Lateral Test 2 2,5 24,1 0,17
09U laterahimpact by 23 kg rigid impac- VRTC-Lateral Test 3 2,5 23,5 0,16
tor at 2,5;m/s (152,4-mm-diameter circu-
lat} indpact face) VRTC-Lateral Test 4 2,5 23,8 0,17
Mean at 2.8 m’/Q 2.5 238 0,17
OSU 30° forward of lateral impact by 23 VRTC-30° Oblique Test 1 2,5 NA NA
kg rigid impactor at 2,5 m/s (152,4-mm- |VRTC-30° Oblique Test 2 2,5 NA NA
diameter circular impact face) VRTC-30° Oblique Test 3 2.5 NA NA
H.5 WorldSID abdomen impactor test results
Table H.5 describes the dummy data available for abdomen impactor tests.
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Table H.5 — Dummy abdomen impactor test results used for the construction of the injury risk

curve
Maximum | Maximum
Actual | WOrldSID 1 worgsip | worldsip
WorldSID | WorldSID acceler:?tion abdomen | abdomen

PMHS test condition test num- impact 3 ms rib peak rib VC

ber speed m/s2 deflection m/s

m/s (CFC180) mm (deflection
(CFC600) CFC180)

OSU later 1l ;Llll,la\’t b‘y 9’1 1\6 ;llll.lﬂbt\.ll Clt
6,3 m/s (200 mm x 150 mm rectangu-
lar impact{face covered with Arcel 310 NA NA NA NA A
1,5 1b/f3 fgam pad)
0SU laterdl impact by 9,1 kg impactor at
9,7 m/s (2P0 mm x 150 mm rectangu-
lar impact{face covered with Arcel 310 NA NA NA NA NA
1,5 1b/f3 fgam pad)
OSU laterdl impact by 9,1 kg impactor at
9m/s (200 mm x 150 mm rectangular
impact fade covered with Arcel 310 3 Ib/ NA NA NA NA NA
f3 foam pald)
0SU laterdl impact by 9,1 kg impactor
at 6 m/s (300 mm x 150 mm rectangu-
lar impact{face covered with Ethafoam NA NA NA NA NA
LC-200 pafl)
0SU laterdl impact by 9,1 kg impactor
at 11 m/s {200 mm x 150 mm rectangu-
lar impact{face covered with Ethafoam NA i NA NA NA
LC-200 pafl)
WSU 30° fprward of lateral impact
by 23,4 kg|rigid impactor at 10 m/s
(152,4-mm-diameter circular impact AR NA NA NA NA
face)
H.6 WorldSID pelvis impactor test results
Table H.6 describes the dummy data available for pelvis impactor tests.
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Table H.6 — Dummy pelvis impactor test results used for the construction of the injury risk curve

Actual WorldSID WorldSID
WorldSID | pelvis accel- | peak pubis
PMHS test condition WorldSID test number impact eration 3 ms force
speed m/s2 N
m/s (CFC1000) | (CFC1000)

140487 6,68 388 NA
140498 6,68 398 NA
140500 6,68 373 NA
140507 6,68 385 NA
140514 6,68 514 NA
140885 6,68 390 NA
140890,01 6,77 415 NA
140896 6,77 420 NA
140904,01 6,74 422 NA
140920 6574 406 NA
WSU lateral impact by 23,4 kg 140929,01 6,77 406 NA
1ligid impactor at 6 m/s and 10 m/s 141062 6,77 439 NA
(1152,4-mm-diameter circular impact 141067 6,68 466 NA
face) 141073 6,77 446 NA
141075 6,68 410 NA
141082 6,68 419 NA
141086 6,68 416 NA
146537 6,63 485 NA
146563 6,68 447 NA
146577 6,68 475 NA
146581 6,68 438 NA
147758 6,63 481 NA
147759 6,63 475 NA
147760 6,68 477 NA
147761 6,68 422 NA
156237 6,68 481 NA
156249 6,68 416 NA
156253 6,63 470 NA
156256 6,74 457 NA
162704,01 6,74 427 NA
162712,01 6,69 448 NA
162895 6,68 456 NA
162899 6,68 440 NA
Mean at 6,7 m/s 6,7 437 NA

ONSER lateral impact by 17,3 kg WS009-PRPLS1 60 264 1053

rigid impactor at 6 m/s (impact face WS009-PRPLS2 6,0 254 1107

is segment of a sphere R=175 mm, WS009-PRPLS3 6,0 260 1096

r=60 mm)
Mean at 6 m/s 6,0 259 1086
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Table H.6 (continued)

Actual WorldSID WorldSID
WorldSID | pelvis accel- | peak pubis
PMHS test condition WorldSID test number impact eration 3 ms force
speed m/s?2 N
m/s (CFC1000) | (CFC1000)
WS009-PRPHS1 10,0 474 1926
ONSER lateral impact by 17,3 kg
rigid impactor at 10 m/s (impact face WS009-PRPHS2 10,0 439 1895
is segment of a sphere R=175 mm, WS009-PRPHS3 101 472 1845
r=60 mm)
Mean at 10 m/s 10,0 462 1889
INRETSlateral impact by 23,4 kg
rigid imppctor at 3,5 m/s (200 mm x NA NA NA NA
100 mm rectangular impact face)
INRETY lateral impact by 23,4 kg
rigid impactor at 6 m/s (200 mm x NA NA NA NA
100 mm rectangular impact face)
INRETS lateral impact by 12 kg
rigid impactor at 11 m/s (200 mm x NA NA NA NA
200 mn] rectangular impact face)
INRETE lateral impact by 16 kg
rigid impjactor at 11 m/s (200 mm x NA NA NA NA
200 mn] rectangular impact face)

H.7 WorldSID sled test results

Table H.7 describes the dummy data available for sled®ests.
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Annex I
(informative)

Data scaling

Annex [ describes the method used to scale the data before constructing the injury risk curves.

PMHS indluded in biomechanical studies present different characteristics (e.g. height, mass; mass
distributipn, bone strength) than an average mid-size adult male. It is therefore not correct to‘diredtly
correlate fthe response of a mid-size male dummy to the injuries of a PMHS that is not a mid:size male.
Each PMHS represents a different percentile. Each PMHS percentile is called “xxth percentite”.

Scaling mgthods were developed in order to define injury risk curves for subjects of a.given percentile
using the|injury risk curves of a different percentile. For example, the injury risk curves for a $th
percentilg female or for a 95th male could be derived from injury risk curves defined for a 50th percentile
male. Scalling factors were defined for each criterion in Referencel32] and are presented for some critefia
in Formulp (I.1).

A’d ZAL (]1)

where A4 1s the ratio of deflection and Ay, is the ratio of a characteristic length of the PMHS.

The matt¢r being only to scale each subject to a different Gize, their bone characteristics were kept
constant (Asr =1 and Ag =1, with A5 being the failure strength ratio and A the Young’s modulus ratjo).
Formula ([l. 1) is then equivalent to Formula (I.2).

)’g -1 (1.2)

where A¢ is the ratio of strain.

Strain car] be defined in terms of deflection (d) and length (L) for each body region, therefore:
;t—d =1 (13)

Ay

Formula ([.3) means that@nxxth percentile PMHS will sustain the same injuries as a 50th percentile
PMHS if efich is compressed in proportion to the characteristic length, as written in Formula (1.4).

dxxen_lpmrs _ d50eh_PuHS a4
Lyxen lpmussLsoth pmus

The use of &mass-spring-mass model, like in the normalization process,[24] allows for the calculatjon
of a subject deflection as a function of the impactor mass and initial velocity, the subject mass, and
the subject stiffness. By rearranging Formula (I1.4), it is possible to calculate the impact velocity
necessary to induce the same injuries on the 50th percentile PMHS as on the xxth percentile PMHS.
This velocity is named Vjy 5o, pyas -

This impact velocity Vjy 5o, pyps » however, does not correspond exactly to the impact velocity from

the actual 50th percentile dummy tests. That is the reason why the actual 50th percentile dummy data
responses need to be scaled to account for velocity differences relative to the target impact speed scaled
for a 50th percentile PMHS Vy sou, pugs -

The principle of the scaling method is the same for the force, the acceleration, and the viscous criterion.
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The following paragraphs explain in detail the calculation process done, first, to scale xxth percentile
PMHS data to 50th percentile PMHS data, and second, to scale the dummy data to the relevant velocity

Vo

_50th_PMHS -

A mass-spring-mass model is considered. The impacting mass was equal to the impactor mass in the
impactor tests and infinite in both the drop and sled tests. It can be noted that no scaling was necessary
for the sled test configuration except the adjustment due to differences between the dummy impact
speed and each PMHS impact speed.

Sin
In
pe
Giy
p

D

wh

.1 Deflection

Ag . . . :
ce — =1, the invariant parameter is compression.
L
the data sample selected in the analysis, each PMHS represents a different percentile. E
Fcentile is called “xxth percentile”.

ren the mass-spring-mass model in Referencel24],the deflection and”’the compression fo
Fcentile PMHS are:

d . _v Myxth_PMHS *Mimp PMHS 1
eflection .y pyys =Vo_xxth_pmHS % X
Myxeh_PMHS * Mimp* PMHS ~ Kxxth_PMHS
V m xXm; 1
compressionxxth PMHS = 0_xxth_PMHS % xxth_PMHS imp _PMHS %
Lyxeh_pMmHs Myxeh PMHS T Mimp_PMHS ~ Kxxth_PMHS

ere
Vo xxth_pmHs 1S the impact speed for the xxth percentile PMHS test;

Kyxth_pmps s the stiffness of'the body region considered of an xxth percentile PMHS;

Mimp_pMHS 1S th_e impaetor mass (the same impactor mass is used for the xxth and the ]
centile PMHS);

Myyn pmps  i8Lthe effective mass of the body region considered of the xxth percentile PN

Lyyweh pups~ is a characteristic length for the xxth PMHS.

hch PMHS

r the xxth

(L5)

(1.6)

Oth per-

THS;

For a 50th percentile PMHS, the deflection and the compression are:

©lI

d . _v Msoth_PMHS *Mimp _PMHS 1
eflections oy, _pyus =Vo_soeh_pmHs % Xz
Msoth_pMHS T Mimp_PMHS ~ K50th_PMHS

SO 2013 - All rights reserved
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Vo_sotn_pmns . |™Ms0th_PMHS X Mimp_PMHS 1

(1.8)

compressionsoy, pyps = L X
50th_PMHS Msoth_PMHS T Mimp_PMHS ~ K50th_PMHS

where

Vo soth pmHs 1S the impact speed for the 50th percentile PMHS test;

ksoen _pmps  is the stiffness of the body region considered of a 50th percentile PMHS;

Mson| pmus 1S the effective mass of the body region considered of the 50th percentile PMHS (s¢e
[ Table I.1);

Lsoen |pmps  is a characteristic length for the 50th PMHS.

Since the invariant parameter is compression: compression, pyys =compressionse, pyps , for a giyen
injury assgssment.

Vo_swxtll_pms | Moxth_PMHS X Mimp_PMHS 1 _Yo_soth_pmns | ™M50th-PMHS X Mimp_PMHS 1
Lyxtn |PMHs Myxth_PMHS T Mimp_PMHS K xxth_pmns Lsoen_pmus Mgpih_pmHS T Mimp_PMHS ksoen| pmus
(1.9)

If the samp impactor mass is considered for the xxth percentile RPMHS and the 50th percentile PMHS, the
impact velocity for a 50th percentile PMHS allowing the samge,compression can be defined as follows}

Vo _xxth_pmus XLsotn_pmus | |Mxxth_ PMESXMimp_PMHS _ M50th_pMHS T Mimp_pMHS _ Ks50eh | pMHS
Vo_sol_pmHs = X X X

Lyxen_pmus Myxth PMHS T Mimp_PMHS ~ M50¢h_PMHS XMimp_PMHS ~ Kxxth| PMHS

(1.10)

Making tHe hypothesis of geometric similarity of the PMHS:

K
xxth_PMHS _ ,1/3
Ay =E—_/1m/ (111)
50th_PMHS
L
)VL ZZXXth_PMHS er}l/:g [I.A\.Z)
50th_PMHS
m
lm — xxth_PMHS. (I. L3)
Msoth_PMHS
v _Vo_xxth_pmns / A M50th_PMHS + Mimp_PMHS N
0_50th—PMHS 2(1/3 )Ll/3 m m. T
m m xxth_PMHS T Mimp_PMHS
Msoth_pMHS T Mimp_PMHS
Vo_soth_pmus =Vo_xxeh_pmHs ¥ (1.15)

Myxth_PMHS ¥ Mimp_PMHS

It means that a 50th percentile PMHS should be impacted at Vi 504 pyps in order to have the same

compression as the xxth percentile PMHS and that the injury assessments for the 50th and xxth percentile
PMHS will be the same.

Consequently, the 50th percentile dummy measurement to be associated with the PMHS injury
assessment is the dummy measurement that would be found for an impact speed of Vjy 5o, pyps -
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However, dummy tests were only conducted at reference velocities, Vgpgr o somn_dummy - If
dRER_50th_dummmy 1S the deflection measured on the dummy at this reference velocity, then the dummy
deflection at Vo _s5o_pmus » Damed degieq 50th_dummmy» Would be the following:

Vo_soth_pmHS (1.16)

dscaled_SOth_dummmy = dREF_SOth_dummmy X %
REF _0_50th_dummmy

since for a given subject, deflection and impact velocity are proportional with the spring-mass model
considered here.

Finally, it gives:
dREF 50th_dummm m +m;
_ _ _ 1y 50th_PMHS imp_PMHS
dscaled_SOth_dummmy - % ><VO_xxth_PMHS X (1.17)
REF _0_50th_dummmy Myxth_PMHS + Mifap,-PMHS
Table 1.1 — PMHS effective mass used for data scaling
mean %
50th male |PMHS used to determine the mean % effective mass/total’body| effective |Mghy, pyys
dummy mass mass/total k_g
body mass
LCEO1, LCEO02, LCEO03, LCE04, LCEO7, LCE08, LCEO9,\LCE10, LCE11,
Fok shoulder LCE12,LCE13, LCE14, LCE15, LCE16, LCE17, LCE18;, LCE20, LCE21,
imbactor LCE22, LCE23, LCE24, LCE25, LCE26, LCE27, LCE28, LCE29, 20.4 156
te Iis LCE30, LCE31, LCE32, LCE33, LCE34, LCE35, LCE36, 02-UM29899, ’ ’
04-UM29850, 05-UM29852, 06-UM29851,07-WSU025, 09-WSU170,
10-WSU091, 11-WSU164, 12-UM30436
76T061, 76T062, 76T064, 76T065,;77T066, 77T070, 77T071,
For thorax |77T073,77T074,77T076,77T077,77T081, 77T084,
impactor 77T088, 77T090, 77T091, 777094, 77T097, 05030TH25L01, 39,6 30,4
tegts 0503LTH25R01, 0504LTH25L01, 05040TH25R02, 0507LTH25R01,
05070TH25L01, 0602LTFH25R01, 06020TH25L01
iFor zz’foime“ 93VRTABO1, 93VRTFAB02, 93VRTAB03, 93VRTABO4, 93VRTABOS, S04 384
te P‘;s 93VRTABO06, 93VRTABO7 ’ ’
Fr?}' pelvis D1,D2,E1,H3,11,12,13,14,15,]1, L1, L2, L3, L4, T2, V2, W2, MRB02,
impactor MRBO03, MRB04, MRB06, MRB07, MRB08, MRB11, MRB12, MRB15, 31,2 23,9
tegt MRB16, MRB17, MRB18, MRB19
For each of the®MHS for which the effective mass was not available, the mean ratio of the effe¢tive mass
ouf of the totalbody mass was multiplied by the total body mass of the PMHS considering a sirhilar body
popture, similar impactlocation on the body, similar impactor, similar impact angle, similar te§t velocity,
etd. asthese included in the PMHS sample used to compute the mean effective mass.
Eayrcan

.12

LT UILICO

Since —£- =1, stress is the invariant parameter where Aris the ratio of force and Ag is the ratio of surface.

As

In the data sample selected in the analysis, each PMHS represents a different percentile. Each PMHS
percentile is called “xxth percentile”.

Given the mass-spring-mass model in Referencel24],the force and the stress for the xxth percentile PMHS are:

Forceyyin pyus =Vo_xxth_pmHS X\/

Myxth_PMHS *Mimp_PMHS

XKyxth_pMHS
Myxth_PMHS + Mimp_PMHS
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Vo_xxth_PMHS o |Maxxth_PMHS X Mimp_PMHS

SLress yuth PMHS = XK yxth PMHS (1.19)

S xxth_PMHS Myxth_PMHS T Mimp_PMHS

where

Vo xxth_PMHS is the impact speed for the xxth percentile PMHS test;

kyxth_pmus 1S the stiffness of the body region considered of a xxth percentile PMHS;

Mimp |pmys  is the impactor mass (the same impactor mass is used for the xxth and the 50th pef

centile PMHS);

Myen| PmEs 1S the effective mass of the body region considered of the xxth percentile PMHS;

Sxxth |[pmps ~ is a characteristic section for the xxth PMHS (a characteristic sectioncould be the
area of a section of the ischio-ilio pubic ramus).

For a 50tH percentile PMHS, the force and the stress are:

Msoth_PMHS X Mimp _ PMHS
Forcey

oth_PMHS = V0_50th_PMHS X X Ko bmHs (1.20)
Msoth_pMHS T Mimp_ PMHS
V m xXm;
_ 0_50th_PMHS 50th_PMHS imp _PMHS
SEresSgoch_PMHS = g X XK50th_pMHS (121)
50th_PMHS Msoth_pMHS T Mimp PMHS

where

Vo soln puus 1S the impact speed for the 50th-percentile PMHS test;
ksoen |pmps s the stiffness of the thorax'of a 50th percentile PMHS;

Msoml pups 1S the effective mass;of the body region considered of the 50th percentile PMHS (sge
| Table 1.1);

Ssotn |pmus 1S the characteristic section for the 50th PMHS.

Since the Invariant pavamheter is stress: stress ., puyus =Stresssog, pyps » for a given injury assessment.

Vo_soch_pmus _\JM50th_PMHS X Mimp_PMHS Vo _xxth_pMHS _ |Mxxth_PMHS XMimp_PMHS
X Xksotn_pmHs = X XK xxen| PMHS
S m +m; - S m +m; B
50¢th| PMHS 50th_PMHS T Mimp_PMHS xxth_PMHS xxth_PMHS TMimp _PMHS
(1.22)

If the same impactor mass is considered for the xxth percentile PMHS and the 50th percentile PMHS, the
impact velocity for a 50th percentile allowing the same stress can be defined as follows:

v _v Ss5oth_pmHS | | Mxxth_PMHS XMimp_PMHS _ Kxxen pmus _ Ms0th_PMHS T Mimp_PMHS
0_50th_PMHS =Y 0_xxth_PMHS X X X X

Sxxth_pMHS  \| Mxxth_PMHS + Mimp_PMHS ksoh_pmHs Msoeh_pMHS X Mimp _ PMHS
(1.23)

Making the hypothesis of geometric similarity of the PMHS:

k
_ Rxxth_PMHS _ 51/3
Ay ——lm/

- (1.24)
ksoen_pmrs
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S

As= xxth_PMHS 2/131/3 (1.25)
S50th_PMHS
m

A —_ xxth PMHS (1.26)

=
Msoth_PMHS

Vo _xxth_pmus XLsotn_pmus | Mxxth_PMHS XMimp_PMHS _ M50th_pMHS T Mimp_pMHS _ Ksoeh_pmHs
Vo_soth_pmHs = X X X

Lyxen_pmHs Myxth_pMuS T Mimp_PMHS — ™M50th_PMHS *Mimp_ PMHS kxxth_pMmHS

(1.27)
\Y J

1 Msoch_PMHS + Mimp_PMHS _ , 4/3
Vo_soth_pmts =Vo_xxth_PMHS X573 XA (1.28)
Ay Myxeh_PMHS t Mimp_PMHS
Msoeh_pMHS T Mimp_PMHS
Vo_sotn_pmrs =Vo_xxth_pMHS X (1.29)

Myxth_PMHS + Mimp_PMHS

It means that a 50th percentile PMHS should be impacted at Vi, 5o pyys in order to have the same
stiless as the xxth percentile PMHS and that the injury assessments for the 50th and xxth percentile
PMHS will be the same.

Cophsequently, the 50th percentile dummy measurement{to be associated with the PMHS injury
asgessment is the dummy measurement that would be found for an impact speed of Vjy 501 Ayps -

However, dummy tests were only conductedcat reference velocities, Vpgr o som_fummy - If
FRer _50th_dummmy 1S the force measured on the dammy at this reference velocity, then the dummy force
at Vo_soen_pmus » named Fogroq 50h_dummmy--Would be the following:

Fscaled_SOth_dummmy = FREF_SOth_dummmy X

Vo _soth_pmHS (1.30)
VREF _0_50th_dummmy

sifjce for a given subject, force and impact velocity are proportional with the spring-mass model
considered here.

FREF _50th_dummmy Msoth_pMHS + Mimp_PMHS

(1.31)

Fscaled_SOth_dummmy ) v XVo_xxth_pMHS ¥
REF _0_50th_dummmy Myxth_PMHS + Mimp_PMHS

I.1.3 Accelération

Sirjce A, %A;"=1, the invariant parameter is stress where A, is the ratio of acceleration.

In [the data sample selected in the analysis, each PMHS represents a different percentile. Each PMHS

eﬂnnhi—i]n iccallad “vyth narcnnteila”
perechtieis-caledexth-percentite

Given the spring-mass model in Referencel24],the acceleration and stress for the xxth percentile PMHS are:

V m xXm;
_ Y0_xxth_PMHS xxth_PMHS imp_PMHS
ACCyyth_pmHS = x XK yxth_PMHS (1.32)

Myxth PMHS Myxth_PMHS ¥ Mimp_PMHS
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