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Background

• At the 7th meeting of the IG GTR9-PH2, several issues were raised regarding
the biofidelic assessment interval (BAI) for the FlexPLI proposed by BASt.

• As the BAI is determined, amongst other things, by the common zero
crossing of the FlexPLI femur readings subsequent to their first local
maximum, the establishment of femur corridors to ensure the femur segment
working properly during the test were requested. 

• Finally, several proposals for a modification of the BAI wording were made.
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• This document is aiming at addressing the above mentioned issues. 
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Femur corridors for inverse test

For the determination of inverse femur corridors, the TEG method as used for
the tibia segments and ligament elongations, was applied:

1) Definition of reproducibility corridors

CV calculation of all segments of each impactor
Determination of segments for reproducibility corridor

Requirement: CV < 5%
Calculation of pooled means of all seven segments with CV < 5%
Calculation of reproducibility corridors (pooled mean +/- 10%)
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Calculation of reproducibility corridors (pooled mean +/- 10%)

2) Definition of certification corridors

Determination of reproducible test results
Results supposed to be within reproducibility corridor

Determination of maxima and minima for each segment
Determination of corridor limits

Consideration of scatter: maxima + 5% / minima -5%
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Inverse test results & analysis
• Three Flex-GTR impactors (Master Legs) have been inverse tested at JARI, 

BASt and Bertrandt (SN01, SN03 and E-Leg) between April and May, 2012

• Femur test results overview:
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Revision of inverse corridors

Coefficients of variation: 
(27 inverse test results, thereof nine setups with SN01, SN03 and E-Leg) 
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All segments with good repeatability (CV < 5%)

Thus, all segments could be used for the definition of the reproducibility 
corridor.
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Definition of reproducibility corridor:

(Setups and segments with repeatable test results [CV < 5%]): 

Determination of reproducible test results: 

Revision of inverse corridors
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Definition of certification corridor:
(using reproducible test results only): 

Revision of inverse corridors
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Calculated femur values have been rounded in a way such that the corridors are 
kept tight.
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Verification of certification corridors (Application to 27 Flex-GTR tests): 

• Two certification tests
failed the complete set of
defined draft inverse 
femur criteria

97,5 % passed
2,5 % failed

Revision of inverse corridors
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2,5 % failed
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Draft femur inverse certification corridors:

Inverse corridors & Draft GTR9 Text

8.1.3.3.1. When the flexible lower legform impactor is used for the test 
specified in paragraph 8.1.3.4., the absolute value of the 
maximum bending moment of the femur at femur-3 shall be 
not more than 86 Nm and not less than 68 Nm, the absolute 
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not more than 86 Nm and not less than 68 Nm, the absolute 
value of the maximum bending moment at femur-2 shall be not 
more than 156 Nm and not less than 120 Nm, and the absolute 
value of the maximum bending moment at femur-3 shall be not 
more than 217 Nm and not less than 169 Nm. […]
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Verification of inverse corridors

105 inverse tests w/ known 
femur peak results:

68 * serial production legs
37 * prototypes
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11 * not met – 94 * met

� Serial production legs: 3 * not met (thereof 2 * master leg)
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Verification of inverse corridors

105 inverse tests w/ known 
femur peak results:

68 * serial production legs
37 * prototypes

Oliver Zander Slide No. 14Sept 9 & 10, 2013

3 * not met – 102 * met

� Serial production legs: 3 * not met
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Verification of inverse corridors

105 inverse tests w/ known 
femur peak results:

68 * serial production legs
37 * prototypes
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all met
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Verification of inverse corridors

Summary:

Femur requirements only: 

• 91 tests passed inverse femur draft
requirements

� 62 w/ serial production legs
� 29 w/ prototypes

• 14 tests failed inverse femur draft
requirements
(due to one or more segments not meeting
the corresponding corridor)

Femur, tiba and ligament requirements:

• 59 tests passed complete inverse requirements
� 51 w/ serial production legs
� 8 w/ prototypes

• 46 tests failed complete inverse requirements
if femur requirements are included

� 17 w/ serial production legs
� 29 w/ prototypes
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the corresponding corridor)
� 6 w/ serial production legs
� 8 w/ prototypes

• Pass / fail ratio for femur requirements
� 87 % for all legforms
� 91 % for serial production legs
� 78 % for prototypes

• 9 tests failed complete inverse requirements
due to femur requirements

� 6 w/ serial production legs
� 3 w/ prototypes

• Pass / fail ratio for complete requirements
� 56 % for all legforms
� 75 % for serial production legs
� 22 % for prototypes
� 9 % due to femur requirements
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Femur zero crossing

Examination of the time history curves of the nine inverse certification tests 
with master legs at BASt used for the establishment of the inverse certification 
corridors:

Example: 
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Last zero crossing of femur @ approx. 45 ms
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Femur zero crossing
Results:

Timing of last zero crossing of femur segments within the nine inverse 
certification tests with the three master legs at BASt was between 46 and 48,5 
ms after the time of first impact.
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Due to the high repeatability of the time window for the femur zero crossing, it 
is suggested to limit the femur requirements to the draft femur corridors for the 
peak loadings. 
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Discussion
In principal, several scenarios in terms of additional femur (and tibia) corridors:

a) corridors for the femur maxima
a11) for inverse test only (1 set of new corridors)
a12) for pendulum test only (1 set of new corridors)
a13) for inverse and pendulum test (2 sets of new corridors)

b) corridors for the zero crossing
b1) for femur only

b11) for inverse test only (1 set of new corridors)
b12) for pendulum test only (1 set of new corridors)
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b12) for pendulum test only (1 set of new corridors)
b13) for inverse and pendulum test (2 sets of new corridors)

b2) for femur and tibia
b11) for inverse test only (2 sets of new corridors)
b12) for pendulum test only (2 sets of new corridors)
b13) for inverse and pendulum test (4 sets of new corridors)

c) corridors for both, femur and tibia, pendulum and inverse test, maxima and
zero crossing (6 sets of new corridors)
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Discussion

1. Inverse test is well representing / simulating vehicle tests.
2. The zero crossing is always taking place after the occurrence of the maxima, 

regardless of the exact zero crossing timing.
���� I.e. the zero crossing timing has no influence on the maximum tibia results.

3. If corridors for the zero crossing are requested, those are needed for the tibia
as well, because the tibia results are also used to define the BAI. 

4. Maximum femur corridors are in line with already established (maximum
tibia) corridors (most coherent, most consistent, most understandable)

5. Further requirements should be limited to what is really necessary ���� one
further set of corridors sufficient
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further set of corridors sufficient
6. Further potential conflicts between the different types of tests (as observed

for tibia and ligament maxima regarding pendulum and inverse test) should
be avoided.

Conclusion:

BASt is clearly in favour of option a11, i.e. the establishment of corridors for
the femur maxima for the inverse test only (1 set of new corridors).

GTR9-8-15



Background

Femur Corridors for Inverse Tests

Femur Zero Crossing

Discussion

Content

Sept 9 & 10, 2013Oliver Zander Slide No. 23

Discussion

Wording

GTR9-8-15



Wording (I)
• It was suggested by members of the IG to remove the word „biofidelic“ from

the definition of the (biofidelic) assessment interval (BAI).

• One of the major advantages of the FlexPLI in comparison to the EEVC lower
legform impactor was understood as its superior biofidelic properties.

• Therefore, the elimination of the word „biofidelic“ within the BAI definition is
not comprehensible.

• The limited biofidelic properties of the FlexPLI in some rare cases during short
time periods should not overlay the altogether very humanlike behaviour.

Thus, it is recommended to keep the word „biofidelic“ within the definition.
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• Thus, it is recommended to keep the word „biofidelic“ within the definition.
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Wording (II)

• It was requested to modify the BAI definition taking into account that the 
timings of the common zero crossing of the tibia and of the common zero 
crossing of the femur bending moments are not always coincident, as 
suggested in GTR9-7-13:
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• To address this phenomenon, a modified definition is proposed
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Wording (II)
3.3 The biofidelic assessment interval (BAI) of the flexible lower legform

impactor is defined and limited by the time of first contact of the 
flexible lower legform impactor with the vehicle and the timing of the 
last zero crossing of all femur segments and tibia segments after 
their first local maxima subsequent to any marginal value of 15 Nm, 
within their particular common zero crossing phases. The BAI is 
identical for all bone segments and knee ligaments. In case of not all 
tibia and/or femur bending moments having a zero crossing during 
their common zero crossing phases, the time history curves are 
shifted downwards until all bending moments are crossing zero. The 
downwards shift is to be applied for the determination of the BAI 

3.3 The biofidelic assessment interval (BAI) of the flexible lower legform
impactor is defined and limited by the time of first contact of the 
flexible lower legform impactor with the vehicle and the timing of the 
last zero crossing of all femur segments and tibia segments after 
their first local maxima subsequent to any marginal value of 15 Nm, 
within their particular common zero crossing phases. The BAI is 
identical for all bone segments and knee ligaments. In case of not all 
tibia and/or femur bending moments having a zero crossing during 
their common zero crossing phases, the time history curves are 
shifted downwards until all bending moments are crossing zero. The 
downwards shift is to be applied for the determination of the BAI 
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downwards shift is to be applied for the determination of the BAI 
only.

Example:

downwards shift is to be applied for the determination of the BAI 
only.

Example:
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ThankThank youyou !!
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