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Background S e

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

As impactors, SNO1, SNO3 and a so called Engineering Leg (E-Leg) were used
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

As a method to updating the corridors (if necessary), BASt suggests to use
the established method as agreed by TEG

An equal weighting (i.e. the same number of test results) of the impactors
used 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
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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%)

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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Revision of Inverse Certification Test
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Inverse test results & analysis  m=mm—= 03S[

« Three completely overhauled Flex-GTR impactors have been inverse
tested at JARI, BASt and Bertrandt (SNO1, SNO3 and E-Leg)

» Test results overview: - -

Test # Tibia A1 Tibia A2 | Tibia A3 | Tibia A4 ACL PCL MCL

245§ 2299 176.7 103.0 5.6 49 195

254 8 2387 183.7 1033 [ 479 196

245 6 2311 1773 1001 5.6 47 19 1
SNO3@JARI, 12042501 245 1) 2268 176.0 100.7 9.0 45 19.2
SNO3@JARI, 12042502 252 1) 234 6 181.0 100.7 9.0 46 18.8
SNO3@JARI, 120425-03 2470 229 5 176.6 100.3 55 [ 166

2519 2334 176.2 1001 5.6 54 19.8

2535 234 4 176.4 100.2 5.8 53 194

2600 240 1 183.0 1023 5.8 54 19.8

245 7 2322 175.0 1025 96 59 202

2462 2301 95 6 93 47 200

2420 2259 95 7 92 53 201

2473 2315 177.4 95.0 53 18.5

2505 2349 176.8 100.0 , 45 16.2

2536 236.0 180 4 1014 94 16.2
E-leg@BASt, 120516-01 2479 2323 176.2 95.9 5.5 5.8 195
Eleg@BASt. 120516-02 2494 2320 5.6 57 192
Eleg@BASt, 120516-03 252§ 2368 180 .4 102.4 9.1 52 192
SNO01@Bertrandt. 120612-01 2432 2235 1761 102.8 94 46 19.0
SNO01@Bertrandt. 120612-02 2417 1014 5.9 49 16.9
SNO01@Bertrandt. 120612-03 2419 100.4 9.0 50 16.9

2495 227.0 176.5 102 1 94 45 16.6

247 1 2253 176.9 101.1 5.8 45 16.4 : :

246.9 2259 1771 1001 9.0 4.7 Ta5 | borentiometerfailure
E-leg@Bertrandt. 120606-01 252 3 2297 175.0 1018 5.8 5,14/\-@/
E-leg@Bertrandt. 120611-02 250 4 22779 95 5 90 103 16.8
E-leg@Bertrandt. 120611-03 252.0 2274 52 15.6

« Only 15 (out of 189) segments did not pass the current draft inverse corridors !
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Inverse test results & analysis mmm=—= DASE

« Tibia 1 corridor met without any problem during all tests
 Tibia 2 corridor not met during two tests
- Borderline results for tibia 3 and 4 (at the lower end or just out of the corridors)
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Inverse test results & analysis mmm=—= DASE

 MCL corridors met without any problem during all tests

 Partly borderline results for ACL & PCL (at the lower end or out of the corridors)
* ACL corridor three times, PCL corridor two times not met

- E-Leg with significantly higher PCL results in two labs

« SNO3 with lowest MCL results in all labs
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Revision of inverse corridors

I | m

Coefficients of variation:

(27 inverse test results, thereof nine setups with SNO1, SNO3 and E-Leg)

Most segments with good repeatability (CV < 5%)

Segment Tibia A1|Tibia A2 |Tibia A3 |Tibia A4{ACL PCL MCL
Setup 1 - SNO01 - JARI 1,84 [2.04  [2.18 1,70 (1,08 [217 1,50
Setup 2 - SNO03 - JARI 1,46 1,71 1,38 [0.21 2,20 3,47 1,42
Setup 3 - E-leg - JARI 1,68 1,54 1,49 1,21 1,12 1,13
Setup 4 - SNO1 - BASt 138 [0.72 1,00 2,01 0,50
Setup 5 - SN03 - BASt 1,26 1,00 [0.,84 1,20 (5.62) ([9.33 ] [0.95
Setup 6 - E-leg - BASt 1,00 1,15 160 (275 |3.68 77 0,90
Setup 7 - SNO1 - Bertrandt 0,34 [0.68  [0,69 1,16  |2.68 |4, 0,17
Setup & - SNO3 - Bertrandt 0,58  [0,31 0,49 [099 |3 3,55 0,84
Setup 9 - E-leg - Bertrandt 0,41 0,52 0,95 1,14 &1,5& 0,43

Due to repeatability reasons, five segments (out of 63) could not be used for
the definition of the reproducibility corridor

Oliver Zander

June 18th, 2012
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Revision of inverse corridors | s baSt

Definition of reproducibility corridor:

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

Segment Tibia A1|Tibia A2 Tibia AJ|Tibia Ad| ACL PCL MCL
Setups for Reproducibility Corridor [CV < 5%] 19 19 19 1234678 123789 19

Pooled Mean with CV < 5% —mmm

Determination of reproducible test results:

Test # Tibia A1 |Tibia A2 |Tibia A3 |Tibia A4 |ACL PCL MCL
245,82 229,89 176,67 102.97 8,62 4,92 19,46
254,78 238,67 183,73 103,27 8,47 4.85 19,64
248,60 231,13 177,33 100,13 8,63 471 19,07
SNO3@JARI, 12042501 245,04 226,85 176,04 100,67 8,96 417 19,17
SNO3@JARI, 12042502 252,03 234,59 180,96 100,65 9,02 4,59 18,83
SNO3@JARI, 12042503 246,98 229,52 178,59 100.29 9,33 4.45 18,65
251,90 233,39 178,23 100,06 8,61 5,39 19,77
253,50 234,41 178,39 100,21 8,76 5,27 19,40
259,98 240,13 182,95 102.25 8,79
248,70 232,20 178,00 102,50 960 |[SEO 2020 |
246,20 230,10 175,10 98,60 9.30 4.70 20,00
242,00 228,90 174,40 99,70 9,20 5,30 20.10
247,30 231,50 177.40 99,00 8,40 5,30 18,50
250,80 234,90 178,80 100,00 .90 4.30 18.20
253,60 236,00 180,40 101.40 9,40 18.20
E-leg@BASt, 120516-01 247,90 232,30 176,20 98,90 8,50 19,50
E-leg@BASt. 120516-02 249,40 232,00 175,00 97,00 8,60 E
E-leg@BASt._120516-03 252,80 236,80 180,40 102,40 9,10 5,20 19,20
SN01@Bertrandt, 120612-01 | 243,23 223,50 176,14 102,75 9,35 4,59 18,99
SN01@Bertrandt, 120612-02 | 241,68 221,78 175,83 101,42 8,91 4,94 18,94
SNO1@Bertrandt, 120612-03 220,47 173,90 100,40 8,95 5,00 18,93
227,03 178,50 102,08 9,39 4,51 18,63
225,78 176,94 101,05 8,75 434 18,35
225,87 177.07 10007 9,04 4.71 18,61
E-leg@Bertrandt._120606-01 229,69 178,03 101.75 8,84 5,11 18,78
E-leg@Bertrandt_120611-02 | 250,40 221,87 174,78 99,48 5,26 18,78
E-leg@Bertrandt, 12061103 | 252,03 221,43 175,73 100,94 5,15 18,64
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Revision of inverse corridors | s baSt

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

Test # Tibia A1 Tibia A2 Tibia A3 Tibia A4 ACL PCL MCL
245,82 229,89 176,67 102,97 8,62 4,92 19,46
254,78 238,67 183,73 103,27 8,47 4,85 19,64
248,60 231,13 177,33 100,13 8,63 4,71 19,07
SNO3@JARI, 120425-01 245,04 226,85 176,04 100,67 8,96 4,77 19,17
SNO3@JARI, 120425-02 252,03 234,59 180,96 100,65 9,02 4,59 18,83
SNO3@JARI, 120425-03 246,98 229,52 178,59 100,29 9,33 4,45 18,65
251,90 233,39 178,23 100,06 8,61 5,39 19,77
253,50 234,41 178,39 100,21 8,76 5,27 19,40
259,98 240,13 182,95 102,25 8,79 5,40 19,79
248,70 232,20 178,00 102,50 9,60 20,20
246,20 230,10 175,10 98,60 9,30 4,70 20,00
242,00 228,90 174,40 99,70 9,20 5,30 20,10
247,30 231,50 177,40 99,00 8,40 5,30 18,50
250,80 234,90 178,80 100,00 8,90 4,80 18,20
253,60 236,00 180,40 101,40 9,40 18,20
E-leg@BASt, 120516-01 247,90 232,30 176,20 98,90 8,50 19,50
E-leg@BASt, 120516-02 249,40 232,00 175,00 97,00 8,60 19,20
E-leg@BASt, 120516-03 252,80 236,80 180,40 102,40 9,10 5,20 19,20
SHO1@Bertrandt, 120612-01 243,23 223,50 176,14 102,75 9,35 4,59 18,99
SHO1@Bertrandt, 120612-02 241,68 221,78 175,83 101,42 8,91 4,94 18,94
SHO1@Bertrandt, 120612-03 241,93 22047 173,90 100,40 8,95 5,00 18,93
249,53 227,03 178,50 102,08 9,39 4,51 18,63
247,14 225,78 176,94 101,05 8,75 4,84 18,35
246,94 225,87 177,07 100,07 9,04 4,11 18,61
E-leg@Bertrandt, 120606-01 252,33 229,69 178,03 101,75 8,84 5,11 18,78
E-leg@Bertrandt, 120611-02 250,40 227,87 174,78 99,48 5,26 18,78
E-leg@Bertrandt, 120611-03 252,03 227,43 175,73 100,94 5,15 18,64
Maximum 259,98 240,13 183,73 103,27 9,60 5,40 20,20
Minimum 241,68 220,47 173,90 97,00 8,40 4,45 18,20
Max * 1,05 (Consideration of scatter) 272,98 252,14 192,92 108,44 10,08 5,67 21,21
Min * 0,95 (Consideration of scatter 229,60 209,45 165,21 92,15 7,98 4,23 17,29

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.
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Revision of inverse corridors

I | m

Verification of certification corridors (Application to 27 Flex-GTR tests):

Test # Tibia A1|Tibia A2 |Tibia A3 |Tibia A4 |ACL |PCL [MCL
2455 | 2299 | 1767 | 103.0 |66 |49 [195
2548 | 2387 | 1837 [ 1033 |85 |49 [196
2486 | 2311 | 177.3 [ 1001 |86 [4.7 [19.1 . -
SNO3@JARI, 120425-01 2450 | 2288 | 1760 | w007 |90 |28 152| * All regular certification tests
SNO3@JARI, 12042502 2520 | 2346 | 181.0 | 1007 |9.0 [46 [188
SNO3@JARI, 120425-03 2470 | 2295 | 1786 | 1003 |9.3 [44 [186 passed the complete set of
2519 | 2334 | 1ra2 | 1001 |66 [54 [198] defined draft inverse criteria
2535 | 2344 | 1784 [ 1002 |88 |53 [194
2600 | 2401 | 1830 [ 1023 |58 |54 [1938
2457 [ 2322 | 178.0 | 1025 |96[59[202
2462 | 2301 | 1751 [ 986 [9.3]4.7[200
2420 [ 2289 | 1744 [ 997 [9.2]53[201 ) i
2473 [ 2315 | 1774 [ 990 |84[53[185 0 % failed
2508 | 2349 | 1788 | 1000 |6.9[45[182
2536 | 2360 | 1804 | 1014 |94[44[182
E-leg@BASt. 120516-01 2479 | 2323 [ 1762 [ 939 [85]58[195
E-leg@BASt. 120516-02 2494 | 2320 | 1750 | 970 |B6[57[192
E-leg@BASt, 120516-03 2528 | 2368 | 1804 | 1024 |91[52[192
SNO1@Bertrandt, 12061201 | 2432 [ 2235 | 1761 | 1028 |94 [46[19.0
SNO1@Bertrandt, 12061202 | 2417 [ 2218 | 1758 | 1014 [89[49[189
SNO1@Bertrandt, 12061203 | 2419 | 2205 | 173.9 | 1004 [9.0[50[189
2495 [ 2270 | 1785 | 1021 |94 [45[186
2471 | 2258 | 1769 | 1011 |66 (456 [184
2469 | 2259 | 1771 | 1001 |9.0[47[186
E-leg@Bertrandt. 120606-01 | 2623 | 2297 | 1760 | 1018 [88[51[188] . potentiometer
E-leg@Bertrandt. 120611-02 2279 | 1748 99 5 failure

E-leqi@Bertrandt, 120611-03

2274

175, 7

100.9

Oliver Zander

June 18th, 2012

Slide No. 12



Revision of inverse corridors | s baSt

Verification of certification corridors (Application to 27 Flex-GTR tests):
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Revision of inverse corridors | s baSt

Verification of certification corridors (Application to 27 Flex-GTR tests):
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Comparison of inverse corridors mmmm—m bast

Old draft inverse certification corridors:

Tibia A1|Tibia A2 | Tibia A3 | Tibia A4| ACL PCL MCL
upper 207 269 204 120 10,5 G 23
lower 237 223 176 98 8,5 4,5 18
average 257 246 140 109 9,5 5,25 20,5
range 40 46 28 22 2 1.5 5
Revised draft inverse certification corridors:
| Tibia A1|Tibia A2 |Tibia A3 |Tibia Ad4| ACL PCL MCL

upper
lower
average 251 231 179 100,5 9 5 19
range 42 42 26 15 2 2 4
Average shift old = new:
Tibia A1]Tibia A2|Tibia A3|Tibia Ad| ACL PCL MCL
Average shift [abs]: -6 15 -1 8,5 0,5 0,25 -1.5
Average shift [%]: 2,33 6,10 5,79 -7,80 5,26 4,76 | 7,32

Oliver Zander June 18th, 2012
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Draft GTR text: S

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

8.2.3.3.1.When the Lower legform Il 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 230 Nm,
the maximum bending moment at tibia-2 shall be not more than
252 Nm and not less than 210 Nm, the maximum bending moment
at tibia-3 shall be not more than 192 Nm and not less than 166 Nm,
and the maximum bending moment at tibia-4 shall be not more than
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 [...]
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Verification of inverse corridors mmmmrm baSt

« Verification of against SNO04 tests
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Verification of inverse corridors
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Verification of

against SNO04 tests
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Revision of Pendulum Certification Test
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Pendulum test results & analysis =mmm—m bast

« Three completely overhauled Flex-GTR impactors have been
pendulum tested at JARI, BASt and Bertrandt (SNO1, SNO3 and E-Leg)

» Test results overview:

Test # Tibia A1 Tibia A2 Tibia AJ Tibia A4

2494 201.8 1817 102.6

2516 2029 1529 103.9

2495 2012 152.3 103.9
SNO3@JARI, 120327-01 2534 202.6 1542 1044
SNO3@JARI, 12032702 2528 2029 155.0 1046
SNO3@JARI, 120327-03 2520 2015 1543 1043

258.0 2056 1556 105.0

25898 208,58 158.3 106.4

2587 207.6 157.5 106.1

2518 2021 1527 103.6 ! !

2527 203.2 1541 1048 9.4 4.3 23.1 Rounded up values

2512 2018 151.9 102.4 94

250.0 1994 150.1 93,2 3.7

2473 195.8 1461 847 8.7

2481 196.8 147.5 95.0 8,7
E-leg@BASE, 120523-01 2551 2038 162 4 1011 3,9
E-leg@BASt, 120523-02 2576 206.,0 153,48 101.9 9.8
E-leg@BASE, 120523-03 25410 2029 1517 100.3 9.6
SHO1EBertrandt, 120612-01 2485 200.0 1511 101.6 8.2
SHO1EBertrandt, 12061202 2512 2021 1521 10718 9.4
SHO1EBertrandt, 120612-03 2513 2022 1521 101.8 9.6

2522 2026 154.0 1025 9.2

2519 2025 153.6 102.0 9.5

2534 2039 154 6 1026 9.5
E-leg@Bertrandt. 120606-01 258.3 207.3 1586.,2 1047 a5
E-leg@Bertrandt, 120606-02 2887 2084 156.9 104.9 9.6
E-leg@Bertrandt. 120606-03 258,3 2081 156,58 104.9 9,7

* Most MCL and some ACL/PCL segments did not pass the, current draft pendulum
corridors !

Oliver Zander June 18th, 2012 Slide No. 20



Pendulum test results & analysis =mmm—m bast

- All tibia corridors met during all tests

- Partly borderline results for tibia 4 (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 all test houses
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Pendulum test results & analysis =mmm—m bast

« MCL corridor not met during most of the tests (low out)
- Partly borderline results for ACL and PCL (at the lower end of / outside the
corridors)
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Revision of pendulum corridors

I |

Coefficients of variation:

(27 pendulum test results, thereof nine setups with SN01, SNO3 and E-Leg)

Segment Tibia A1|Tibia A2 |Tibia A3|Tibia A4[ACL PCL MCL
Setup 1 - SN01 - JARI 047 042  [o40 (070 0,79 1,19 [0,78
Setup 2 - SN03 - JARI 028 036  [0.26  [014  J0,38  [06  [0,25
Setup 3 - E-leg - JARI 039  Jo78  [o87 (071 1,28 [4.05 1,03
Setup 4 - SNO1 - BASt 0,30 o440 o073 1,16 (1,22 (4,12 0,25
Setup 5 - SH03 - BASt 0,55 0,94 1,37 [2.61 0,00 1,55 (0,26
Setup 6 - E-leg - BASt 072  Jo78  [0.69 (079|156  [2.44 1,19
Setup 7 - SNO1 - Bertrandt 064 Jos0  [035  [013  ]1,95 [4.16 0,31
Setup 8 - SN03 - Bertrandt 032 038 [034  [035  |1,76 1,67 [0,73
Setup 9 - E-leg - Bertrandt 0,29 0,28 0,24 0,09 1,07 0,36 0,87
All segments with good repeatability (CV < 5%)
Thus, all 63 segments could be used for the definition of the
reproducibility corridors
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Revision of pendulum corridors =mmm—m bast

Definition of reproducibility corridor:

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

Segment Tibia A1|Tibia A2|Tibia A3|Tibia Ad4| ACL PCL MCL
Setups for Reproducibility Corridor [CV = 5%] 19 19 19 19 - 19 1-

19 9
Pooled Mean with CV < 5% | 25334 | 203,09 | 153,32 | 102,63 | 9.38 | 4.20 | 22.40

Determination of reproducible test results:

Test# Tibia A1 [Tibia AZ__|Tibia A3 |Tibia Ad__JACL PCL McL
24938 | 201,77 | 151,68 | 102,63 5,86 .40 2259
25150 | 202.88 | 15291 | 103,92 5,08 1,51 22,81
20980 | 201,23 | 15231 | 103.86 8,75 2,45 22,45
SNO3@JARI, 120327-01 253,43 | 20257 | 15424 | 104,44 5,98 2,38 2.4
SNO3@JARI, 120327-02 25277 | 202,89 | 154,97 | 104,57 5,98 2,39 22,21
SNO3@JARI, 120327-03 252,01 | 20151 | 15429 | 104.%6 9,04 1,38 22,25
257,96 | 20561 | 155,62 | 104,97 9,19 2,61 22,40
259,94 208,81 158,31 106,39 925 | 2252 |
25871 | 207,65 | 157.46 | 10613 9,42 4,41 2.42
251,80 | 20240 | 152,70 | 103,60 9,60 2,00 23.00
25270 | 20320 | 15440 | 104.80 9.40 1.30 23.10
25120 | 20160 | 151.90 | 102.40 9.40 2.30 23.00
250.00 | 199.40 | 150.10 39,20 3,70 3.80 2210
24730 | 195.80 | 146.10 94.70 9.70 -%
24910 | 196,80 | 147.50 95.00 9,70 2210
E-eg@BAS. 120523-01 25510 | 203.80 | 15250 | 101.10 9.90 4.10 2230
E-eg@BASt_120523-02 257,60 | 206,00 | 153,80 | 101,90 9,80 4.20 22.40
Eleg@BASt, 12052303 254,00 | 202,90 | 151,70 | 100,30 9,60 2,00 21,90
SNO1@Bertrandt_120612.01 | 248,45 | 200,00 | 151,14 | 101,59 9,20 1.36 22.73
SNO1@Bertrandt 12061202 | 251,20 | 202,05 | 152,09 | 101,75 9,44 2,13 22,87
25129 | 20216 | 15205 | 101,85 3,56 2,02 2282
25221 | 20256 | 153,98 | 102,49 9,22 3.96 21,68
251,90 | 20248 | 15356 | 101,95 9,49 3.83 0,82
25341 | 20386 | 15459 | 102.62 9,52 3.89 22.00
E-leg@Bertrandt_120606-01 | 258,26 | 207,25 | 15624 | 104,72 9,45 1,22 22,07
Eleg@Benrandt. 12060602 | 259,711 | 208,36 | 156,95 | 104,86 3,59 2,24 232
E-leg@Bertrandt_120606-03 | 259,33 | 20841 | 156,84 | 104,91 9,65 4,25 22,45
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Definition of certification corridor:
(using reproducible test results only):

Test # Tibia A1 Tibia A2 Tibia A3 Tibia A4 ACL PCL MCL
249,38 201,77 151,68 102,63 8,86 4,40 2,59
251,599 202,88 132,91 103,92 8,88 4,91 22,81
249,80 201,23 132,31 103,86 8,75 4,45 22,46
SNO3@JARI, 120327-01 253,43 202,57 154,24 104,44 8,98 4,38 22,14
SNO3@JARI, 120327-02 252,77 202,89 154,97 104,57 8,98 4,39 2.1
SNO3@JARI, 120327-03 252,01 201,51 154,29 104,26 9,04 4,38 225
257,96 203,61 155,62 104,97 9,19 4,61 22,40
259,94 208,81 158,31 106,39 9,25 22,82
258,71 207,65 157,46 106,13 9,42 4.41 22,42
251,80 202,10 152,70 103,60 9,60 4,00 23,00
252,70 203,20 154,10 104,80 9,40 4,30 23,10
251,20 201,60 151,90 102,40 9,40 4,30 23,00
250,00 199,40 150,10 99,20 9,70 3.80 22,10
247,30 195,80 146,10 94,70 9,70 22,00
249,10 196,80 147,50 95,00 9,70 22,10
E-leg@BASt. 120523-01 255,10 203,80 152,50 101,10 9,90 4,10 22,30
E-leg@BASt, 120523-02 257,60 206,00 153,80 101,90 9,80 4,20 22,40
E-leg@BASt. 120523-03 254,00 202,90 151,70 100,30 9,60 4,00 21,90
SN01@Bertrandt, 120612-01 248,45 200,00 151,14 101,59 9,20 4,36 22,73
SNO1@Bertrandt, 120612-02 251,20 202,05 152,09 101,75 9,44 4,13 22,87
SNO1@Bertrandt, 120612-03 251,29 202,16 152,05 101,85 9,56 4,02 22,82
252,21 202,56 153,98 102,49 9,22 3,96 21,68
251,90 202,48 153.56 101,93 9.49 3.83 21,82
253,41 203,86 154,59 102,62 9,52 3.89 22,00
E-leg@Bertrandt, 120606-01 258,26 207,25 156,24 104,72 9,45 4,22 22,07
E-leg@Bertrandt, 120606-02 259,71 208,36 156,93 104,86 9,59 4,24 232
E-leg@Bertrandt, 120606-03 259,33 208,11 156,84 104,91 9,65 4,25 22,45
Maximum 259,94 208,81 158,31 106,39 9,90 4,61 23,10
Minimum 247,30 195,80 146,10 94,70 8,75 3.80 21,68
lMax * 1,05 (Consideration of scatter) 272,94 219,25 166,22 111,71 10,40 4,84 24,26
IMin * 0,95 (Consideration of scatter 234,94 186,01 138,80 89,97 8,31 3.61 20,60

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.
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Verification of certification corridors (Application to 27 Flex-GTR tests):

Test # Tibia A1 |Tibia A2 |Tibia A3 |Tibia A4 |ACL |PCL [MCL
2434 | 2018 1517 1026 |89 [44 (226
2516 | 2029 1529 1038 |89 |45 (2238
2498 201.2 1523 1038 |88 |45 |225
SMNO3@JARI, 120327-01 2534 | 20286 154 2 1044 1830 |44 (221
SMNO3@JARI, 12032702 2528 2029 155.0 1046 190 |44 (222
SMNO3@JARI, 12032703 2520 2015 1543 1043 190 |44 (223
258.0 205,68 1556 10610 192 |46 (224
2589 | 2088 1583 1064 192 |48 |2238
2587 | 2076 157,56 10601 194 [44 (224
251.8 2021 152,7 1036 [ 9640230
2827 | 2032 124 1 1048 |94 143|231
2512 | 2016 151.9 1024 (94143230
250.0 199.4 150.1 932 (9738|221
2473 195.8 146.1 847 |87 | 3.7 220
2431 196,49 1475 950 [97 37221
E-leg@BASt, 120523-01 2551 203,89 1525 01,1 [99 141323
E-leg@BASt, 120523-02 2576 | 2060 1538 019 [98 42224
E-leg@BASt, 120523-03 2540 2029 181, 7 003 (9614012189
SMO1EBertrandt, 12061201 [ 2485 200.0 1511 016 [92 4413227
SHO1@Berrandt, 120612-02 | 251.2 | 2021 1521 1018 [94 (411228
SMO1@Bertrandt, 120612-03 | 251.3 202.2 152 1 1019 [ 9640225
2522 | 20286 154.0 W25 (921401217
2519 | 2024 153.6 1020 |95 ]38 |21.8
2534 | 2039 154.6 026 [ 951392210
E-leg@Berrandt, 120606-01 [ 2583 2073 156.2 04,7 |95 1423221
E-leg@Bertrandt, 120606-02 | 2537 | 2084 1569 1049 [ 9642|223
E-leg@Bertrandt, 120606-03 2081 156.5 1049 [97 143|225

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

0 % failed
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Verification of certification corridors (Application to 27 Flex-GTR tests):
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Verification of certification corridors (Application to 27 Flex-GTR tests):
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Comparison of pendulum corridorss=mm—= 03S!

Old draft pendulum certification corridors:

Tibia A1|Tibia A2|Tibia A3 |Tibia Ad] ACL PCL MCL
upper 272 211 160 108 11 5.4 26
lower 235 185 135 94 9 4 23
average 253,5 198 147,5 101 10 4,7 24,5
range 37 26 25 14 2 1.4 3
Revised draft pendulum certification corridors:
Tibia A1|Tibia A2|Tibia A3|Tibia Ad] ACL PCL MCL

upper
lower
average 253.5 203 152.5 100.,5 9,25 4,25 22,25
range 37 32 27 21 2.5 1,5 3.5
Average shift old = new:
Tibia A1|Tibia A2|Tibia A3|Tibia A4| ACL PCL MCL
Average shift [abs]: ] 5 5 0,5 0,75 0,45 2,25
Average shift [%]: 0,00 2,53 3,39 -0,50 -7,50 9,57 9,18
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Draft GTR text: S

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

8.2.2.3.1 When the Lower legform Il 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
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 mm, and the maximum
elongation of PCL shall be not more than 5 mm and not less
than 3.5 mm [...]
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Summary )

 The inverse and pendulum certification corridors have been revised, taking
into account all available and provided test data
(3 impactors * 3 labs * 3 repetitions * 2 test setups)

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

« Based on the available test data, the revised draft inverse corridors have
been further tightened for tibia 2,3,4 and MCL and slightly widened for tibia 1
and PCL. ACL width remained unchanged.

« Based on the available test data, the revised draft pendulum corridors had to
widened for all segments except tibia 1

« Based on the available tests, the inverse mid corridor for all segments was
shifted downwards (between 2,3 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

* Revision of all previously built impactors though equipped with vinylester
bones as well as long rubbers (such as SN04) strongly recommended
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Thank you !

Bundesanstalt fUr StraBenwesen

(Federal Highway Research Institute)
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