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Background

• The schedule of TF-RUCC foresees inverse and pendulum testing of three 
completely overhauled FlexPLI impactors in three different test houses

• As impactors, SN01, SN03 and an Engineering Leg have been selected

• Test laboratories to perform the tests are JARI, BASt and Bertrandt

• The test results are to be validated against the current draft inverse and 
pendulum certification corridors

• If necessary, the draft corridors are to be updated by re-calculation or shifting
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• As a method to updating the corridors (if necessary), BASt suggest to use 
the established method as agreed by TEG

• An equal weighting (i.e. the same number of test results) of the impactors
taken into account is not considered being necessary, because the corridors
are based on the achieved minimum and maximum values

• This presentation gives an update of the latest test results, including a 
proposal for revised assembly certification corridors



Background

Procedure for determination of certification corridors
(as established within TEG):

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 segments with reproducible test results
All results of corresponding segment 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%



Revision of Inverse Certification Test

Content
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Inverse test results & analysis
• Up to now, three completely overhauled Flex-GTR impactors have been inverse 

tested at JARI & BASt (SN01, SN03 and E-Leg)

• As a stable connection of SN01 could not be established at BASt (slack joint of 
the output cable inside the Slice base module), this impactor was inverse 
tested at JARI only

• Test result overview: failpass
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not yet tested !

• Only six (out of 105) segments did not pass the current draft inverse corridors !



• Tibia A1 and A2 corridors met without any problem during all tests
• Borderline results for tibia A3 and A4 (at the lower end of the corridors)
• Tibia A3 and A4 corridor not met during second test with E-Leg at BASt

Inverse test results & analysis
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• MCL corridors met without any problem during all tests 
(though at the lower end in two tests)

• Partly borderline results for ACL and PCL (at the lower end of the corridors)
• E-Leg with significantly higher PCL results in both labs
• ACL and PCL corridor not met during two tests each

Inverse test results & analysis
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Revision of inverse corridors

Coefficients of variation: 
(15 inverse test results, thereof five setups with SN01, SN03 and E-Leg) 

Oliver Zander Slide No. 9May 25th, 2012

Most  segments with good repeatability (CV < 5%)

Due to repeatability reasons, three segments (out of 35) could not be used for 
the definition of the reproducibility corridor



Definition of reproducibility corridor:

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

Determination of setups and segments with reproducible test results: 

Revision of inverse corridors
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Definition of certification corridor:
(Setups and segments with reproducible test results): 

Revision of inverse corridors
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Calculated tibia values have been rounded in a way such that the corridors are 
kept tight.

For feasibility reasons, the ligament corridors have been widened slightly.



Verification of certification corridors (Application to 15 Flex-GTR tests): 

• All certification tests passed
the complete set of defined
draft inverse criteria

100 % passed
0 % failed

Revision of inverse corridors
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Verification of certification corridors (Application to 15 Flex-GTR tests): 

Revision of inverse corridors
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Verification of certification corridors (Application to 15 Flex-GTR tests): 

Revision of inverse corridors
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Old draft inverse certification corridors:

Comparison of inverse corridors

Revised draft inverse certification corridors:

Oliver Zander Slide No. 15May 25th, 2012

Average shift old  ���� new:



Draft proposal for modification of ECE/TRANS/WP.29/GRSP/2011/13:

8.2.3.3.1.When the Lower legform II is used for the test specified

in paragraph 8.2.3.4., the maximum bending moment of the tibia

at tibia-1 shall be not more than 272 Nm and not less than 233 Nm, 

the maximum bending moment at tibia-2 shall be not more than

252 Nm and not less than 216 Nm, the maximum bending moment 

at tibia-3 shall be not more than 192 Nm and not less than 167 Nm, 

and the maximum bending moment at tibia-4 shall be not more than 

108 Nm and not less than 93 Nm.  

Draft GTR text:
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108 Nm and not less than 93 Nm.  

The maximum elongation of the MCL shall be not more than 21 mm 

and not less than 17 mm, that of the ACL shall be not more than 

10 mm and not less than 8 mm, and that of the PCL shall be not 

more than 6 mm and not less than 4 mm […]



Revision of Pendulum Certification Test

Content
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Pendulum test results & analysis
• Up to now, three completely overhauled Flex-GTR impactors have been 

pendulum tested at JARI & BASt (SN01, SN03 and E-Leg)

• As a stable connection of SN01 could not be established at BASt (slack joint of 
the output cable inside the Slice base module), this impactor was inverse 
tested at JARI only

• Test result overview: failpassRounded up values
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not yet tested !

• All MCL and some ACL/PCL segments did not pass the current draft pendulum 
corridors !



• All tibia corridors met during all tests
• Partly borderline results for tibia A4 (at the upper end of the corridors in lab #1 

but at the lower end in lab #2)
• E-leg with highest tibia results in both test houses

Pendulum test results & analysis
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• All MCL corridors not met during all tests (low out) 
• Partly borderline results for ACL and PCL (at the lower end of / outside the 

corridors)

Pendulum test results & analysis
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Revision of pendulum corridors

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

Thus, all 35 segments could be used for the definition of the 
reproducibility corridors



Definition of reproducibility corridor:

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

Determination of setups and segments with reproducible test results: 

Revision of pendulum corridors
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Definition of certification corridor:
(Setups and segments with reproducible test results): 

Revision of pendulum corridors
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Calculated tibia values have been rounded in a way such that the corridors are 
kept tight.

For feasibility reasons, the ligament corridors have been widened slightly.



Verification of certification corridors (Application to 15 Flex-GTR tests): 

• All certification tests passed
the complete set of defined
draft pendulum criteria

100 % passed
0 % failed

Revision of pendulum corridors
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Verification of certification corridors (Application to 15 Flex-GTR tests): 

Revision of pendulum corridors
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Verification of certification corridors (Application to 15 Flex-GTR tests): 

Revision of pendulum corridors
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Old draft pendulum certification corridors:

Comparison of pendulum corridors

Revised draft pendulum certification corridors:
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Average shift old  ���� new:



Draft proposal for modification of ECE/TRANS/WP.29/GRSP/2011/13:

8.2.2.3.1 When the Lower legform II is used for a test as specified in

paragraph 8.2.2.4., the maximum bending moment of the tibia at tibia-1

shall be not more than 272 Nm and not less than 235 Nm, the maximum

bending moment at tibia-2 shall be not more than 219 Nm and not less

than 187 Nm, the maximum bending moment at tibia-3 shall be not more

than 166 Nm and not less than 139 Nm, and the maximum bending

moment at tibia-4 shall be not more than 111 Nm and not less than 90

Nm. The maximum elongation of MCL shall be not more than 24 mm

Draft GTR text:
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Nm. The maximum elongation of MCL shall be not more than 24 mm

and not less than 20.5 mm, the maximum elongation of ACL shall be not

more than 10.5 mm and not less than 8.0 mm, and the maximum

elongation of PCL shall be not more than 5 mm and not less

than 3.5 mm […]



Summary

• The inverse and pendulum certification corridors have been revised, taking 
into account all available and provided test data (up to now 2*15 tests in 
total, using three impactors)

• As a method to updating the corridors, the established method 
as agreed by TEG was used

• An equal weighting (i.e. the same number of test results) of the impactors 
taken into account is not really necessary, because the corridors are based 
on the achieved minimum and maximum values

• Based on the available test data, the revised draft inverse corridors have 
been further tightened (exception: ACL/PCL)
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been further tightened (exception: ACL/PCL)
• Based on the available test data, the revised draft pendulum corridors had to 

be partly widened (exception: tibia A1)
• Based on the available tests, the inverse mid corridor for all 

segments was shifted downwards (between 1,75 and 7,8 percent)
• Based on the available tests, the pendulum mid corridor for all 

ligaments was shifted downwards (between 7,5 and 9,5 percent), for two 
tibia segments upwards (2,5 and 3,4 percent), for two tibia segments almost 
unchanged

• Tests with SN01 @ BASt and all tests @ Betrandt for completion of 
assembly certification corridors outstanding
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ThankThank youyou !!
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