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Test Series

Manufacturers’ Association Association
= Tests conducted by Bertrandt in Ingolstadt and by

European
) ) ' Automobile
= Test series sponsored by ACEA, the European Automobile i . Manufacturers

BGS Boehme and Gehring in Bergisch Gladbach €
= Both labs are considered to be well experienced bertrandt ) 7o i’?ﬂ
with FlexPLI testing St

= 5 serial production impactors were tested:

3 inverse certification tests in each lab (2: 29 tests, 203 values — the values of
one test are still missing)

3 pendulum certification tests in each lab (Z: 30 tests, 210 values)

= Test scenario according to the scenario proposed for inclusion into gtr No 9 (see
document UNECE/TRANS/WP.29/GRSP/2011/13)

= Test results are intended to support the discussion on the possible need to modify the
proposed certification corridors

= Results of the test series had been reported partly to “Task Force Review and Update
of (FlexPLlI) Certification Corridors”

FlexPLI - Round Robin Test, November 2012 2
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Inverse Certification Procedure

= Setup with flesh and skin

Hanging System

rglease the FlexPLI = H ang I ng System

moving ram impact

Released within 10 ms after first
. FlexPLI with Flesh ContaCt
(crass sectional image)
i - = Impact with guided moving ram
Impact speed: 11,1 = 0,2 m/s 60 +- 5 mm (1] /
11,1 £ 0,2 m/s
S| | SR Knegiiointicantsn
et 8,15 + 0,1 kg
= Aluminium honeycomb impactor,
Moving ram guide Honeycomb — .
Width ) covered by a thin paper cloth
200 +- 2 mm
e, [ Data analysed till 50 ms after first
Crash strength: 75 +/- 10% psi 5 Co ntaCt

Certification corridors (as agreed on by IG GTR9-PH2 in Sep. 2012)

Tibia 1 Tibia 2 Tibia 3 Tibia 4 MCL ACL PCL
Max 272,0 252,0 192,0 108,0 21,0 10,0 6,0
Min 230,0 210,0 166,0 93,0 17,0 8,0 4,0

FlexPLI - Round Robin Test, November 2012
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Pendulum Certification Procedure

Dynamic Certification Test Rig
(Pendulum type)

>

Stopper bar ~——__|

13+2)
e
e
Uit
i
R6 1
:
|
|
| I N | S| e
I
0+ (| e
P joint
i center
gl
il line
10 deg.|

y___

the

581

Additional Mass

~ Suspension

FlexPLI with Flesh

angle
15 £ 1 deg.

(cross sectional image)

Released
(Free fall around

pin joint)

Additional Mass

Mass: 5.0 kg #=0.05 (with screws)

Inertia: 0.0061 =+ 0.0006 kgm?

Impactor side
b 295+1
>
212011

Dimension units: mm

+ Center of gravity of additional mass

Setup with flesh and skin

Impactor hangs upside down

Additional mass at the upper end

5,0 kg = 0,05 kg

15° suspension angle

Free fall around pin joint

Sensors set to zero before first
contact

Certification corridors (as agreed on by IG GTR9-PH2 in Sep. 2012)

Tibia 1 Tibia 2 Tibia 3 Tibia 4 MCL ACL PCL
Max 272,0 219,0 166,0 111,0 24,0 10,5 5,0
Min 235,0 187,0 139,0 90,0 20,5 8,0 3,5

FlexPLI - Round Robin Test, November 2012
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Simulation* of Certification Tests

Inverse Certification Pendulum Certification

Stopper 225mm after first contact

Start movement shortly before
first contact

*All pictures of simulations are for information purpose only
Humanetics FlexPLI simulation model V2.0, solver PamCrash, April 2012

FlexPLI - Round Robin Test, November 2012 5
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Movement during Inverse Certification
0O ms 7ms 20 ms 50 ms
e al. jrl i ﬂﬁ g “‘x, A i| T I—F E s &;J c ijl T F E Tt ||F
Mle WG ,; ] ;Ej 1 I m|°
0 ms 7ms 20 ms 50 ms
|| | ﬂ | ||

All pictures of simulations are for information purpose only
Humanetics FlexPLI simulation model V2.0, solver PamCrash, April 2012

FlexPLI - Round Robin Test, November 2012
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Movement during Pendulum Certification

0 ms 17 ms

All pictures of simulation are for information purpose only
Humanetics FlexPLI simulation model V2.0, solver PamCrash, April 2012

FlexPLI - Round Robin Test, November 2012 7
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Inverse Certification — Stopper Bar

FlexPLI - Round Robin Test, November 2012 8



GTR9-5-05
bertramndt

Agenda

1. Test Series

2. Legforms

3. Inverse Certification Test Results

4. Pendulum Certification Test Results
5. Summary

6. Discussion

FlexPLI - Round Robin Test, November 2012 9



GTR9-5-05
bertramndt

Legforms

= All legform impactors used for the test series are FlexPLI version GTR,
manufactured by Humanetics

= Legforms are of different build levels:

Legform 1 assembled in June 2010 / major repair in May 2011
= Messring M=BUS
= Legform 2 assembled in Sept. 2010 / major repair in Jan. 2012
= Messring M=BUS
= Legform 3 assembled in March 2012
= Messring M=BUS
= Legform 4 assembled in March 2012

= Hentschel
= Legform 5 assembled around April 2012 (build level of “master legs”?)

» Kistler KT-System

FlexPLI - Round Robin Test, November 2012 10
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Test Schedule
LAB 1 LAB 2
Date Test Date Test

Leg 1 14.03.2012|Pendulum 08.03.2012(Pendulum
Leg 1 14.03.2012|Inverse 08.03.2012(Inverse
Leg 2 15.03.2012|Pendulum 27.02.2012|Pendulum
Leg 2 15.03.2012|Inverse 24.02.2012|Inverse
Leg 3 05.04.2012(Pendulum 02.04.2012(Pendulum
Leg 3 04.04.2012(Inverse 30.03.2012(Inverse
Leg 4 11.06.2012|Pendulum 27.04.2012|Pendulum
Leg 4 11.06.2012|Inverse 11.05.2012|Inverse
Leg 5 10.09.2012|Pendulum 11.05.2012|Pendulum
Leg 5 10.09.2012|Inverse 20.09.2012|Inverse

* Interruption between the tests by Lab 1 and Lab 2;

no information available about further testing activities during this time

March 2012

March 2012

April 2012

June / April 2012*

May / September 2012**

** |Interruption between pendulum certification tests in Lab 2 and further tests;
12 vehicle tests after first set of pendulum certification tests with test results below the criteria proposed for gtr No. 9

FlexPLI - Round Robin Test, November 2012
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Certification Corridors

INVERSE CORRIDORS
Draft GTR9-PH2 since Sept. 2012 Tibia 1 (Nm) Tibia 2 (Nm) Tibia 3 (Nm) Tibia 4 (Nm) MCL (mm) | ACL (mm) | PCL (mm)
lower limit 272 252 192 108 21 10 6
upper limit 230 210 166 93 17 8 4
Draft GTR9-PH2 till Sept. 2012 Tibia 1 (Nm) Tibia 2 (Nm) Tibia 3 (Nm) Tibia 4 (Nm)} MCL (mm) | ACL (mm) | PCL (mm)
lower limit 277 269 204 120 23 10,5 6
upper limit 237 223 176 98 18 8,5 45

The green marked corridors were agreed on during the 4" meeting of the Informal Group on

GTR No. 9 - Phase 2 (IG GTR9-PH2), held from 17 - 19 September 2012 in Washington DC.

The corridors are based on the results of certification tests carried out in a round robin test series
using so called “master legs” that were specifically prepared for those purposes by the legform
manufacturer. The master legs represent the latest build level as agreed within the work of the

IG GTR9-PH2.

The legforms used in the round robin test series on behalf of ACEA — of which the results are
shown in this presentation — may differ from the master legs despite they were delivered as FlexPLI
version GTR. The legs are serial production legs representing the build levels at the date of their
assembly for the customer and therefore do not necessarily represent the master legs’ build level.

FlexPLI - Round Robin Test, November 2012
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Explanation Chart - Table

Tibia 1
280,0
o 254,80 254,50 26290
260,0 253,20 . ,50 253,80
E 2500 * a0 25,' Ymen 245,70 543 79 244,07 e 24%10 * 2aa20 4684 j44.45 24506) * ¢ 24?0 o
B 240,0 * ¢ 23%93 233{25 235290 * ¢ ¢ 23?7 0 * * * ¢ 23912 535,77 236,76
= +
230,0
2200
Llegl Legl | Legl Legl Llegl |Legl Lleg2 Lleg2 Leg2 Lleg2 Lleg2 Lleg2 Leg3 Lleg3 Lleg3 Leg3 Leg3 | Leg3 Leg4 Legd Legd4 Llegd Leg4 Lleg4d Leg5 Leg5 Leg5 Leg5 LegS | Legs
LAB1 LAB1|LAB1 LAB2 LAB2 LAB 2 LABL LAB1 LAB1 LAB2 | LAB2 LAB 2 LAB1 LAB1 LAB1 LAB2 LAB2 LAB 2 LAB1 LAB1 LAB1 LAB2 | LAB2 LAB 2 LAB1 LAB1 LAB1 LAB2 LAB2|LAB2
——Draft GTR9 till Sep. 2012 # tibia 1[Nm]  ——Draft GTR since Sep. 2012
relevant limits
min: 230 Legl Leg 2 Leg 3 Leg 4 Leg 5 LAB 1 LAB 2 Overall
max: 272
Z XLt x2+ -+ xn $pthmetic mean [Nm] 247,34 241,57 245,37 250,93 242,41 241,92 249,60 245,63
n LAB 1 + 2 |standard deviation [Nm] 3,36 2,71 4,98 5,97 6,51 3,47 5,44 5,94
coefficient of variation - 1,12% 2,03% 2,38% 2,68% - 2,18% 2,42%
arithmetic mean [Nm] 245,20 240,05 241,71 245,45 237,22
HAB-- $endard deviation [Nm] 0,74 2,05 1,92 1,01 1,41
coefficient of variation 0,85% 0,79% 0,41% 0,59%
arithmetic mean [Nm] 249,47 243,10 249,03 256,40 250,20
standard deviation LAB 2 standard deviation [Nm] 3,60 2,41 4,38 3,19 1,30
- - WWrefficient ofvariation 1,44% 0,99% 1,76% 1,25% 0,52%
arithmetic mean
Coefficient of variation
3% < cov < 7% = acceptable
Coefficient of variation
7% < cov < 10% = marginal

Classification shown in document TEG-075 (O. Zander)

FlexPLI - Round Robin Test, November 2012
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Inverse Certification Test Results — Tibia 1

Draft GTR9-PH2 till Sep. 2012 (237 — 277 Nm)

= All test results meet the corridor except the legform 5inlab 1
Draft GTR9-PH2 since Sep. 2012 (230 — 272 Nm)

= All test results meet the corridor

280,0

Tibia 1

N

270,0

260,0 253,20 250,60

244,10 245,49 24593 ¢ om60 o

E 2500
= * * ¢ *

242,91
240,0

238,98 23g,25 239,90
r = r . 2

245,70 243,70
* *

254,80
248,10 *

244,07 244,20
o 23337 241,68 & -
+*

*>

* *

246,84 544 45 245,06
*

254,50 253,

*

260,90
A *
* *

248,90 251,50

*
239,1
L} 23577\236.76

230,0

220,0

| WA B
v

legl Llegl | legl Legl Legl Legl leg2 Lleg2 Leg2 Leg2  leg2 leg2 leg3 Leg3 Lleg3 Leg3 Leg3 | Leg3 leg4 Llegd Legd Legd  legd Legd leg5 Leg5 Leg5 Leg5 Leg5S | Leg5
LAB1 LAB1|LAB1 LAB2 LAB2 LAB2 LAB1 LAB1 LAB1 LAB2 |LAB2 LAB 2 LAB1 LAB1 LAB1 LAB2 LAB2 LAB2 LAB1 LAB1 LAB1 LAB2 |LAB2 LAB 2 LAB1 LAB1 LAB1 LAB2 LAB2 LAB2
——Draft GTR9 till Sep. 2012 # tibia 1[Nm] ~ ——Draft GTR9 since Sep. 2012
relevant limits
min: 230 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 LAB 1 LAB 2 Overall
max: 272
arithmetic mean [N 247,34 | 24157 | 24537 | 25093 | 242,41 241,92 249,60 245,63 O highest and lowest value
LAB 1 + 2 |standard deviation [Nm] 3,36 2,71 4,98 5,97 6,51 3,47 5,44 5,94
coefficient of variation 1,36% 1,12% 2,03% 2,38% 2,68% 1,44% 2,18% 2,42%
arithmetic mean [Nm] 245,20 240,05 241,71 245,45 237,22
LAB 1 standard deviation [Nm] 0,74 2,05 1,92 1,01 1,41
coefficient of variation 0,30% 0,85% 0,79% 0,41% 0,59%
arithmetic mean [Nm] 249,47 243,10 249,03 256,40 250,20
LAB 2 |standard deviation [Nm] 3,60 2,41 4,38 3,19 1,30
coefficient of variation 1,44% 0,99% 1,76% 1,25% 0,52%

FlexPLI - Round Robin Test, November 2012
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Inverse Certification Test Results — Tibia 2

Draft GTR9-PH2 till Sep. 2012 (223 — 269 Nm)
= |nlab 1, most test results are below the lower limit value of the corridor
= |nlab 2, test results meet the corridor but all are in the lower half of the corridor

Draft GTR9-PH2 since Sep. 2012 (210 — 252 Nm)

= All test results meet the corridor

270,0
260,0

= 240,0
£ 2300
220,0
210,0
200,0

250,0 |

Tibia 2
VN
238,24 240,40
234,80 ]
232,70 23450 2 20 0 232,70 23150 o * 233,50 R
e Y I 222N * 222,28 22620 227,00 ¢ — o
220,05 218,48 ~ o 22003 59757 o 21823 220,53 21958 317 13 335, * *

G g g
+ . + B AT S e\ o Jo

legl Llegl | Legl Legl Llegl Llegl leg2 Lleg2 Lleg2 Lleg2 Lleg2 |leg2 leg3 Lleg3 | Leg3 Lleg3 Leg3 Lleg3 leg4 Llegd4 Llegd Llegd4 Legd | Legd Leg5 Leg5S Leg5 Lleg5 Leg5 Legs
LAB1 | LAB1 | LAB1 LAB2 LAB2 LAB2 LAB1 LAB1 LAB1 LAB2 LAB2 LAB 2 LAB1 LAB1 LAB1 LAB2 LAB2 LAB2 LAB1 LAB1 LAB1 LAB2 LAB2 LAB 2 LAB1 LAB1 LAB1 LAB2 LAB2 LAB2

——Draft GTRI till Sep. 2012 4 tibia 2 [Nm] ——Draft GTRI since Sep. 2012
relevant limits
min: 210 Leg1 Leg 2 Leg 3 Leg 4 Leg 5 LAB 1 LAB 2 Overall
max: 252
arithmetic mean [Nm] 226,35 | 22579 | 22852 | 22334 | 221,74 218,91 232,07 225,27 O highest and lowest value
LAB 1+ 2 |standard deviation [Nm] 6,45 6,23 8,68 6,09 7,20 2,43 4,06 7,36
coefficient of variation 2,85% 2,76% 3,80% 2,73% 3,25% 1,11% 1,75% 3,27%
arithmetic mean [Nm] 220,06 220,51 220,35 217,78 215,87
LAB 1 standard deviation [Nm] 6,45 2,62 1,66 1,28 0,24
coefficient of variation 2,93% 1,19% 0,75% 0,59% 0,11%
arithmetic mean [Nm] 232,63 231,07 236,70 228,90 230,55
LAB 2 standard deviation [Nm] 1,55 3,89 3,79 3,27 0,25
coefficient of variation 0,67% 1,68% 1,60% 1,43% 0,11%

FlexPLI - Round Robin Test, November 2012
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Inverse Certification Test Results — Tibia 3

Draft GTR9-PH2 till Sep. 2012 (176— 204Nm)

= All test results are around the lower limit value but regularly miss to meet the corridor

Draft GTR9-PH2 since Sep. 2012 (166 — 192 Nm)
= All test results meet the corridor
= Legform 5 is close to the lower limit

Tibia 3
205,0
195,0 N
181,60 181,00 182,50
— 1850 179,30 N
177.90 179, 178,50 177,90 178,90 17738 ¢
E 175,57 ' 178,40 175,10 ¢ 175,58 " . 176,43 175,22 E
2 10 Wi o ¢ S0 o 17453 100 g 11 * 739017314 T o ¢ 2 22 174,13 174,50 7250
4 VT v v . L M 7 167,52 167,32 |*° ¢ o
165,0 = :
/ N?
155,0

legl Llegl Legl Llegl Legl Legl leg2 Lleg2 |leg2 Lleg2 Lleg2 Lleg2 leg3 Lleg3 Leg3 Lleg3  Lleg3

LAB1 LAB1 LAB1 LAB2 | LAB2 LAB 2 LAB1 LAB1 |LAB1 LAB2 LAB2 LAB 2 LAB1 LAB1 LAB1 LAB2 | LAB2

Leg 3
LAB 2

Lleg4 Leg4d | Leg4 Llegd Llegd Legd
LAB1 LAB1 LAB1 LAB2 LAB2

Leg5 Leg5 Leg5 | Leg5 | Leg5 Legs

LAB 2 LAB1 LAB1 LAB1 LAB2 | LAB2 LAB2

——Draft GTR9 till Sep. 2012 # tibia3[Nm] ——Draft GTRY since Sep. 2012
relevant limits
min: 166 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 LAB 1 LAB 2 Overall
max: 192
arithmetic mean [Nm] 175,54 176,33 176,74 176,68 169,67 173,12 177,38 175,18 O highest and lowest value
LAB 1 + 2 |standard deviation [Nm] 2,51 3,09 2,78 2,82 2,14 2,92 3,18 3,72
coefficient of variation 1,43% 1,75% 1,58% 1,60% 1,26% 1,69% 1,79% 2,12%
arithmetic mean [Nm] 173,85 174,26 174,21 175,26 168,02
LAB1 |standard deviation [Nm] 1,69 1,87 1,02 0,94 0,85
coefficient of variation 0,97% 1,07% 0,59% 0,54% 0,50%
arithmetic mean [Nm] 177,23 178,40 179,27 178,10 172,15
LAB 2 standard deviation [Nm] 2,02 2,65 1,29 3,31 0,35
coefficient of variation 1,14% 1,49% 0,72% 1,86% 0,20%

FlexPLI - Round Robin Test, November 2012
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Inverse Certification Test Results — Tibia 4

Draft GTR9-PH2 till Sep. 2012 (98 — 120 Nm)

= Test results are around the lower limit value

= All tests with legform 5 miss the corridor

Draft GTR9-PH2 since Sep. 2012 (93 — 108 Nm)

= All test results meet the corridor except in one test with legform 5

legl Llegl | lLegl Llegl Legl Llegl leg2 Lleg2 leg2 Lleg2 Leg2 Lleg2 leg3 Lleg3 | Leg3 Lleg3 Leg3 Lleg3

LAB1 | LAB1 LAB1 LAB2 LAB2 LAB 2 LAB1 LAB1 LAB1 LAB2 LAB2 LAB 2 LAB1 LAB1 LAB1 LAB2 LAB2 LAB 2

Llegd Llegd4 Llegd4 Legd Legd | Legd
LAB1 LAB1 LAB1 LAB2 LAB2

Tibia 4
1250
1150 —
- 0760 19420 105.00
E 101,51 102,60 109330~ 2 101,60 102,00 101,80 101,2
£ 1050 (10087 gqq 1005170 * 98,62 9863 9773 9960 . 9850 100,01 g5 5 100,00 0 Lo 10018 ggg5 o sE90 .
* . * s 4 " e - + T, o . ¢ . P, ¢ 9521 9511 9564 N
95,0 hd — e —— ALY A
+
85,0

legS LlegS Lleg5 Lleg5S Leg5 Legs

LAB 2 LAB1 LAB1 LAB1 LAB2 LAB2 LAB2

——Draft GTRS till Sep. 2012 # tibia 4 [Nm]  ——Draft GTRI since Sep. 2012
relevant limits
min: 93 Legl Leg 2 Leg 3 Leg 4 Leg 5 LAB 1 LAB 2 Overall
max: 108
arithmetic mean [N 101,60 99,11 99,97 100,30 94,13 98,48 99,95 99,19 O highest and lowest value
LAB 1 + 2 |standard deviation [Nm] 1,55 1,24 1,60 2,38 1,58 1,91 3,68 2,99
coefficient of variation 1,53% 1,25% 1,60% 2,38% 1,68% 1,94% 3,68% 3,02%
arithmetic mean [Nm] 100,50 100,51 99,36 98,89 95,32
LAB 1 [standard deviation [Nm] 1,01 0,42 0,91 1,05 0,23
coefficient of variation 1,00% 0,42% 0,91% 1,06% 0,24%
arithmetic mean [Nm] 102,70 99,90 100,57 101,70 92,35
LAB 2 [standard deviation [Nm] 1,19 1,28 1,89 2,52 0,95
coefficient of variation 1,15% 1,28% 1,88% 2,47% 1,03%

FlexPLI - Round Robin Test, November 2012
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Inverse Certification Test Results — MCL

Draft GTR9-PH2 till Sep. 2012 (18 — 23 mm)
= All test results meet the corridor

* For legform 1, test results significantly scatter
Draft GTR9-PH2 since Sep. 2012 (17 — 21 mm)
= Test results are mainly in the upper half of the corridor

McCL
26,0
24,0
-E-zz,u 9,50 19,70 2030 19,87 =19,70~ 19,87 = 1 19,66~ —1o5r=20 18 90— L
T 200 (192 . 13,%4; 1872 1885 101 - IB'W 19”4 A i 11 R RAEU T B e e
2 $ ¢ *\ o .
18,0 g N
16,0
Legl Llegl Llegl Llegl Llegl | Legl leg2 leg2 leg2 Lleg2 Lleg2 Lleg2 Leg3 Lleg3 | leg3 Lleg3 Lleg3 | Lleg3 Leg4 Llegd4 | legd Legd Llegd | leg4d Leg5S Lleg5 LlegS Leg5 Lleg5 Legs
LAB1 | LAB1 LAB1 LAB2 | LAB2 LAB 2 LAB1 | LAB1 LAB1 LAB2 |LAB2 LAB2 LAB1 LAB1 | LAB1 LAB2 LAB2 LAB2 LAB1 | LAB1 LAB1 LAB2  LAB2 LAB2 LAB1 LAB1 LAB1|LAB2 LAB2 LAB2
= Draft GTRI till Sep. 2012 4 MCL[mm]  ——Draft GTR9 since Sep. 2012
relevant limits
min: 17 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 LAB 1 LAB 2 Overall
max: 21
arithmetic mean [mmj 19,58 18,76 19,52 19,72 19,35 19,38 19,40 12,40 O highest and lowest value
LAB 1 + 2 [standard deviation [mm] 0,66 0,13 0,31 0,32 0,40 0,47 0,60 0,54
coefficient of variation 3,39% 0,68% 1,58% 1,64% 2,04% 2,41% 3,11% 4,33%
arithmetic mean [mm] 19,69 18,79 19,81 19,54 19,05
LAB 1 standard deviation [mm] 0,48 0,11 0,08 0,19 0,19
coefficient of variation 2,42% 0,60% 0,40% 0,98% 1,02%
arithmetic mean [mm] 19,47 18,73 19,23 19,90 19,80
LAB 2 standard deviation [mm] 0,79 0,14 0,12 0,33 0,00
coefficient of variation 4,07% 0,75% 0,65% 1,64% 0,00%

FlexPLI - Round Robin Test, November 2012
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Inverse Certification Test Results — ACL

Draft GTR9-PH2 till Sep. 2012 (8,5 - 10,5 mm)
= Forlegforms 1, 3 and 5, test results are in the middle of the corridor

= For legforms 2 and 4, test results are around the lower limit value but do not all meet the corridor
Draft GTR9-PH2 since Sep. 2012 (8 — 10 mm)

= All test results meet the corridor except one test with legform 2

ACL
11,0
10,5
£ B\
190 eSt g gar L 9,27 929 93 928 830 0
_ 95 e =2 S 610 . 2 514 92 "w oEr 924 sa b2 93 7
E 90 + 25 B 857 g 8,50 * 210 854 853 g49 850 860 ¢ £
= g5 Y . 820 —r * r'S -~ 7 e Y
’ * [ 750\
80
L
7.5 \ }
7,0
legl Llegl Llegl Legl |legl Legl leg2 | leg2 Lleg2 Lleg2 | leg2 Leg2 leg3 | leg3 Leg3 Leg3 | Leg3 | Leg3 legd | Legd  Llegd Legd |legd | Legd leg5 | legS Lleg5 Leg5 |legS  Legs
LAB1 LAB1 LAB1 LAB2  LAB2 LAB 2 LAB1 | LAB1 LAB1 LAB2 | LAB2 LAB2 LAB1 | LAB1 LAB1 LAB2 |LAB2 LAB2 LAB1 | LAB1 LAB1 LAB2  LAB2 LAB2 LAB1 | LAB1 LAB1 LAB2 | LAB2 | LAB2
——Draft GTR till Sep. 2012 + ACL[mm] ——Draft GTRI since Sep. 2012
relevant limits
min: 8 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 LAB 1 LAB 2 Overall
max: 10
arithmetic mean [mm] 9,28 8,38 9,22 8,64 9,31 9,01 8,89 8,95 O highest and lowest value
LAB 1 + 2 |standard deviation [mm] 0,25 0,31 0,27 0,21 0,10 0,37 0,52 0,45
coefficient of variation 2,73% 3,65% 2,92% 2,44% 1,08% 4,11% 5,83% 5,05%
arithmetic mean [mm] 9,42 8,59 9,23 8,55 9,25
LAB 1 standard deviation [mm] 0,07 0,12 0,07 0,06 0,02
coefficient of variation 0,78% 1,44% 0,72% 0,74% 0,27%
arithmetic mean [mm] 9,13 8,17 9,20 8,73 9,40
LAB 2 standard deviation [mm] 0,29 0,29 0,37 0,26 0,10
coefficient of variation 3,14% 3,51% 4,07% 3,01% 1,06%

FlexPLI - Round Robin Test, November 2012
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Inverse Certification Test Results — PCL

Draft GTR9-PH2 till Sep. 2012 (4,5 — 6 mm)
= All test results are around the middle or in the upper half of the corridor
Draft GTR9-PH2 since Sep. 2012 (4 — 6 mm)

= All test results are in the upper half of the corridor

PCL
(o)
6,0 573 S8 576 —576 557—55 Sfo 576
55 |53 ¢ sm 540 53 . e ¢t + B 530 531 531 51 533 538 550 e e i
- . ¢+ * 4 R * * o+ ¢ 0 5,00 * ¢ 5,00
£s0 * * + * +
45
4,0
35
legl | legl Llegl legl Legl Legl leg2 | Leg2 | Leg2 | leg2 Lleg2 Leg2 leg3 Leg3 Leg3 Leg3  leg3 Leg3 legd legd | leg4 leg4 Llegd Lleg4 leg5 | Leg5 Leg5 | leg5 Leg5 Lleg5s
LAB1 | LAB1 LAB1 LAB2 LAB2 LAB2 LAB1 | LAB1 | LAB1 LAB2 LAB2 LAB2 LAB1 LAB1 LAB1 LAB2 LAB2 LAB 2 LAB1 LAB1 | LAB1 LAB2 LAB2 LAB2 LAB1 | LAB1 LAB1 | LAB2 LAB2 LAB2
——Draft GTR9 till Sep. 2012 # PCL[mm]  ——Draft GTR9 since Sep. 2012
relevant limits
min: 4 Leg1 Leg 2 Leg 3 Leg 4 Leg 5 LAB 1 LAB 2 Overall
max: 6
arithmetic mean [mmj] 5,37 5,50 514 535 5,64 5,44 5,38 5,41 O highest and lowest value
LAB 1 + 2 |standard deviation [mm] 0,19 0,13 0,19 0,22 0,15 0,16 0,33 0,26
coefficient of variation 3,50% 2,29% 3,73% 4,16% 2,68% 2,96% 6,05% 4,73%
arithmetic mean [mm] 5,46 5,59 5,31 5,30 5,54
LAB 1 |standard deviation [mm] 0,19 0,11 0,00 0,08 0,06
coefficient of variation 3,45% 2,03% 0,09% 1,60% 1,12%
arithmetic mean [mm] 5,27 5,60 4,97 5,40 5,80
LAB 2  |standard deviation [mm] 0,12 0,14 0,12 0,29 0,10
coefficient of variation 2,37% 2,53% 2,51% 5,45% 1,72%
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Explanation Chart - Table

Tibia 1
280,0
270,0 260,90
2600 254,80 254,50 253,80 —# 251,50
T 245,70 243,10 + * 248,90 N
250,0 -70 243,70 ; *
= ry o 2393774 ¢ 239,12 o D
240,0 e o 23577 236,
¥ +
2300 - N~
220,0
legl Lfgl legl Llegl legl |legl leg2 ‘ leg2 Lleg2 |leg2 Leg2 leg3 | Lleg3 leg3 Lleg3 | Leg3 leg4 legd Llegd Legd legd Lest leg5 Leg5 Leg5 Leg5 Leg5 | Leg5
LAB1 B1l|LAB1 LAB2 LAB2 LAB 2 AB 1 LABI‘LABI LAB2 | LAB2 LAB1 LAB1 LAB1 LAB2 L LAB 2 LAB1 LAB1 LAB1 LAB2 .lAB2 LAB 2 LAB1 LAB1 LAB1 LAB2 LAB2 LAB2
—Dr; TR till Sep. 2012 # tibia 1[Nm ~—— Draft GTR9 since Sep. 2012
| | - ~
/ ],
Lap 1- Tibia 1 / Lab%Z / Lab 1- Tibia 3
2,50% 2,50% T 2,50%
2,00% 2/.09/7‘ 2,00% .~
1,50% 1,50% 1,50%
/ / LI
o / 100% 1
0,50% 0,50% - 5,50%
5,00%
0,00% 0,00% 0,00% - 4,50%
Leg 1 Leg 2 leg3 leg4 Leg5 Lpg 1 Leg 2 Leg 3 Leg 4 Leg5 lpg 1 Leg 2 Leg3 Leg 4 Leg 5
4,00%
3,50%
3,00%
2,50%
2,00%
1,50%
1,00% -
0,50% -
0,60% -
leg 1 leg 2 leg 3 leg 4 leg 5
FlexPLI - Round Robin Test, November 2012 22




GTR9-5-05

bertramndt

Inverse Certification: Comparison of CoV (1/2)

Lab 1-Tibia 1 Lab 1 - Tibia 2 Lab1-Tibia 3 Lab 1- Tibia 4
5,50% 5,50% 5,50% 5,50%
5,00% 5,00% 5,00% 5,00%
4,50% 4,50% 4,50% 4,50%
4,00% 4,00% £,00% 4,00%
3,50% 3,50% 3,50% 3,50%
3,00% 3,00% 3,00% 3,00%
2,50% 2,50% 2,50% 2,50%
2,00% 2,00% 2,00% 2,00%
1,50% 1,50% 1,50% 1,50%
1,00% 1,00% 1,00% 1,00%
0,50% ;..i- 0,50% 0,50% 0,50%
0,00% - 0,00% 0,00% 0,00%
leg1 Leg2 leg3 leg4 leg5 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 leg 1 Leg 2 Leg 3 Leg 4 Leg 5 Leg 1 Leg2 Leg 3 Leg 4 legs
Lab 2 - Tibia 1 Lab 2 - Tibia 2 Lab 2 - Tibia 3 Lab 2 - Tibia 4
5,50% 5,50% 5,50% 5,50%
5,00% 5,00% 5,00% 5,00%
4,50% 4,50% 4,50% 4,50%
4,00% 4,00% 4,00% 4,00%
3,50% 3,50% 3,50% 3,50%
3,00% 3,00% 3,00% 3,00%
2,50% 2,50% 2,50% 2,50%
2,00% 2,00% 2,00% 2,00%
1,50% 1,50% 1,50% 1,50%
1,00% 1,00% 1,00% 1,00%
0,50% 0,50% 0,50% 0,50%
0,00% 0,00% 0,00% : ‘ ‘ i 0,00%
Leg1 Leg2 leg3 leg4 legs Leg1 Leg2 Leg 3 Leg 4 Leg 5 leg 1 leg 2 leg 3 leg 4 leg 5 Leg1 Leg2 Leg 3 Leg 4 Leg5

* Only two (instead of three) values for used legform 5!
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Inverse Certification: Comparison of CoV (2/2)

Lab1-ACL Lab 1-MCL Lab1-PCL Lab 1 - Summary of CoV

5,50% 5,50% 5,50% 5,50%
5,00% 5,00% 5,00% 5,00%
4,50% 4,50% 4,50% 4,50%
4,00% 4,00% 2,00% 4,00%
3,50% 3,50% 3,50% | 3,50%
3,00% 3,00% 3,00% - 3,00%
2,50% 2,50% 2,50% | 2,50%
2,00% 2,00% 2,00% - 2,00% -
1,50% 1,50% - 1,50% - 1,50% -
1,00% 1,00% 1,00% - 1,00%
050% 0,50% | 0,50% 0,50% -
0,00%

Leg 1 Leg 2 Leg 3 Leg 4 leg 5 0,00% = 0,00% = 0,00% -
leg1l leg2 Lleg3  leg4  legh leg1l leg2 Lleg3 legd  Leg5 leg1 Leg2 leg 3 Lleg 4 Leg 5
Lab2-ACL Lab 2 - MCL Lab2-PCL Lab 2 - Summary of CoV

5,50% 5,50% 5,50% 5,50%
5,00% 5,00% 5,00% 5,00%
4,50% 4,50% 4,50% 4,50%
4,00% 4,00% | 4,00% 4,00% |
3,50% | 3,50% - 3,50% 3,50%
3,00% 3,00% 3,00% 3,00%
2,50% - 2,50% 2,50% 2,50% -
2,00% - 2,00% | 2,00% - 2,00% -
1,50% - 1,50% - 1,50% 1,50% |
1,00% 1,00% 1,00% - 1,00%
0,50% - 0,50% | 0,50% - 0,50% -

0,00% - 0,00% - 0,00% -
Leg1 Leg 2 Leg 3 Leg 4 Leg 5 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 Leg1 Leg 2 Leg3 Leg 4 Leg5 leg 1 Leg 2 Leg3 Leg4 Leg5

0,00% -

Left: minimum value

% _ Center. average
Only two (instead of three) values for used legform 5! Right:  maximum value
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Agenda

1. Test Series

2. Legforms

3. Inverse Certification Test Results

4. Pendulum Certification Test Results
5. Summary

6. Discussion
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Calibrations Corridors

PENDULUM CORRIDORS
Draft GTR9-PH2 since Sept. 2012 | Tibia 1 (Nm) Tibia 2 (Nm) Tibia 3 (Nm) Tibia 4 (Nm) MCL (mm) | ACL (mm) | PCL (mm)
lower limit 272 219 166 111 24 10,5 5
upper limit 235 187 139 90 20,5 8 3,5
Draft GTR9-PH2 till Sept. 2012 Tibia 1 (Nm) Tibia 2 (Nm) Tibia 3 (Nm) Tibia 4 (Nm)} MCL (mm)| ACL (mm) | PCL (mm)
lower limit 272 211 160 108 26 11 5,4
upper limit 235 185 135 94 23 9 4

The green marked corridors were agreed on during the 4" meeting of the Informal Group on

GTR No. 9 - Phase 2 (IG GTR9-PH2), held from 17 - 19 September 2012 in Washington DC.

The corridors are based on the results of certification tests carried out in a round robin test series
using so called “master legs” that were specifically prepared for those purposes by the legform
manufacturer. The master legs represent the latest build level as agreed within the work of the

IG GTR9-PH2.

The legforms used in the round robin test series on behalf of ACEA — of which the results are
shown in this presentation — may differ from the master legs despite they were delivered as FlexPLI
version GTR. The legs are serial production legs representing the build levels at the date of their
assembly for the customer and therefore do not necessarily represent the master legs’ build level.

FlexPLI - Round Robin Test, November 2012
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Pendulum Certification Test Results — Tibia 1

Draft GTR9-PH2 till Sep. 2012 (235 — 272 Nm)

= All test results meet the corridor, most test results are in the lower half

= For tests of legforms 3 and 4 tested in lab 2, test results significantly scatter
Draft GTR9-PH2 since Sep. 2012 (235 — 272 Nm)
= (No shifting of the corridor)

Tibia 1
275,0
265,0
'E 255,0 < “ +
2 . . - w2 . 257.355.74 * .
* 254,20 + * * * rs 255,00 *
252,86 252,58 253,60 y * + 253,30 - ) * * *
2050 | 250,41 =ont 2s051 25210 25193 soso i B0 24;,29 24993 25078 24990 o 25046 297 35031 o000 24960 24920
244,20 *
2350 241,10
Legl Llegl Legl Legl Legl Legl Leg2 Leg2 Leg2 Leg2 leg2  Lleg2 Leg3 Leg3 Leg3 Leg3 Leg3 Legd4 | Leg4 Legd Legd4 Legd | legd Leg5 | Leg5s Leg5 Leg5 Leg5 LegS
LAB1 | LAB1 LAB1  LAB2 | LAB2 LAB2 LAB1 LAB1 | LAB1  LAB2 | LAB2 LAB2 LAB1 | LAB1 LABL | LAB2 | LAB2 LAB 2 LAB1 | LAB1 | LAB1 LAB2  LAB2 LAB 2 LABL | LAB1 LAB1 | LAB2 LAB2 LAB2
——Draft GTRI till Sep. 2012 # tibia 1[Nm] ——Draft GTRI since Sep. 2012
relevant limits
min: 235 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 LAB 1 LAB 2 Overall
max: 272
arithmetic mean [Nm] 252,59 250,32 247,20 254,76 250,09 252,21 249,78 250,99 O hlgheSt and IOWGSt Value
LAB1+2 standard deviation [Nm] 1,22 1,47 3,51 3,23 1,05 2,86 3,58 3,46
coefficient of variation 0,48% 0,59% 1,42% 1,27% 0,42% 1,14% 1,43% 1,38%
arithmetic mean [Nm] 251,95 251,51 249,33 257,29 250,95
LAB 1 standard deviation [Nm] 1,09 0,71 1,49 0,45 0,80
coefficient of variation 0,43% 0,28% 0,60% 0,17% 0,32%
arithmetic mean [Nm] 253,23 249,13 245,07 252,23 249,23
LAB 2 standard deviation [Nm] 0,97 0,99 3,64 2,80 0,29
coefficient of variation 0,38% 0,40% 1,49% 1,11% 0,12%
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Pendulum Certification Test Results — Tibia 2

Draft GTR9-PH2 till Sep. 2012 (185 — 211 Nm)
= All test results meet the corridor

= Again, for legforms 3 and 4 test results significantly scatter during tests in lab 2

Draft GTR9-PH2 since Sep. 2012 (187 — 219 Nm)
= All test results meet the corridor

Tibia 2
220,0
2100
. +*
— . +* * * * * * g - * * * - - . * -
£ 20 204,90 5 84 PO $: 204,57 + . 204,43 . S
H 200,0 202,42 203,66 204,06 - 303,30 204,20 203,87 02,60 - 201,90 203,81 . 203,60 ) 202,81 203,68 201,91 19;60 201,30 202,51 202,36 200,40 20110 200,80
197,40 *
150,0 194,30 193,20
= -
180,0
legl | legl Legl Llegl | legl Legl leg2 | Lleg2 Lleg2 Leg2 Leg2 | Lleg2 leg3  leg3 | Leg3 Leg3 Lleg3 Leg3 leg4 Lleg4 legd | legd Llegd Legd leg5 | leg5 | Leg5 Leg5 Leg5 | Legh
LAB1 | LAB1 LAB1 LAB2 | LAB2 LAB2 LAB1  LAB1 LAB1 LAB2  LAB2 LAB 2 LAB1 LAB1 | LAB1 LAB2 LAB2 LAB2 LAB1  LAB1 LAB1 | LAB2  LAB2 LAB2 LAB1 | LAB1 | LAB1 LAB2 LAB2 | LAB2
——Draft GTR? till Sep. 2012 # tibia2[Nm]  —— Draft GTRY since Sep. 2012
relevant limits
min: 187 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 LAB 1 LAB 2 Overall
max: 219
arithmetic mean [Nm] 203,76 203,21 200,93 200,42 201,93 203,58 200,52 202,05/ O hlghest and |0W€St Value
LAB 1+ 2 standard deviation [Nm] 0,77 2,19 3,79 3,47 1,36 1,22 3,25 2,89
coefficient of variation 0,38% 1,08% 1,88% 1,73% 0,67% 0,60% 1,62% 1,43%
arithmetic mean [Nm] 203,38 205,18 203,43 202,80 203,10
LAB 1 standard deviation [Nm] 0,70 0,92 1,12 0,72 0,94
coefficient of variation 0,34% 0,45% 0,55% 0,36% 0,46%
arithmetic mean [Nm] 204,13 201,23 198,43 198,03 200,77
LAB 2 standard deviation [Nm] 0,65 0,97 3,87 3,49 0,29
coefficient of variation 0,32% 0,48% 1,95% 1,76% 0,14%
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Pendulum Certification Test Results — Tibia 3

Draft GTR9-PH2 till Sep. 2012 (135 — 160 Nm)
= All test results are in the corridor

= Again, for legform 3 test results significantly scatter during tests in lab 2
Draft GTR9-PH2 since Sep. 2012 (139 — 166 Nm)
= All test results meet the middle of the corridor

Tibia 3
170,0
160,0 _ga—
+* * * + * . *
= * ¢ * 15620 ‘ 156,50 > d . + S * + _* e
E 1500 I +40 155,5 : 15463 155,80 15583 154,16 15517 15604 440y 154,05 . * -
H 152,95 15324 15397 152,50 14;'30 14;.90 152,24 15380 14;90 153-7‘:’m 152,70 153,30 . 152,59 15211 jooan 15110 15120
140,0 ’ 144,30 144,70
N_J
1300
Legl Legl Legl Legl Legl Legl Leg2 Leg2 Leg2 Leg2 Leg2 Leg2 Leg3 Lleg3  Leg3 Leg3 Lleg3  Leg3 Leg4 Leg4 Llegd  Llegd  Legd Legd LegS Leg5s Leg5 Leg5s Leg5  LegS
LAB1 | LAB1 | LAB1 LAB2  LAB2 LAB 2 LAB1 | LAB1 LAB1 | LAB2 LAB2 LAB 2 LAB1 | LAB1 LAB1 | LAB2  LAB2 LAB 2 LAB1 | LAB1 LAB1 LAB2 | LAB2 LAB2 LAB1 | LAB1  LAB1 LAB2 | LAB2  LAB2
——Draft GTRI till Sep. 2012 # tibia 3 [Nm] ——Draft GTR since Sep. 2012
relevant limits
min: 139 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 LAB 1 LAB 2 Overall
max: 166
arithmetic mean [Nm] 154,73 153,08 151,02 152,66 151,91 154,04 151,31 152,68 O hlghest and |0W€St Value
LAB1+2 standard deviation [Nm] 1,41 2,54 3,68 3,73 1,19 1,24 3,57 3,00
coefficient of variation 0,91% 1,66% 2,44% 2,44% 0,78% 0,80% 2,36% 1,96%
arithmetic mean [Nm] 153,39 155,42 153,40 155,09 152,92
LAB 1 standard deviation [Nm] 0,43 0,56 0,83 0,81 0,82
coefficient of variation 0,28% 0,36% 0,54% 0,52% 0,54%
arithmetic mean [Nm] 156,07 150,73 148,63 150,23 150,90
LAB 2 standard deviation [Nm] 0,42 1,25 3,87 3,92 0,36
coefficient of variation 0,27% 0,83% 2,61% 2,61% 0,24%
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Pendulum Certification Test Results — Tibia 4

Draft GTR9-PH2 till Sep. 2012 (94 — 108 Nm)

= For all legforms, significant scatter of the test results can be noted

= For tests of legforms 2 and 3 in lab 2, test results significantly scatter
Draft GTR9-PH2 since Sep. 2012 (90 — 111 Nm)

= All test results well meet the corridor

Tibia 4
115,0
10 y i N a—
105,0 kJ * > * * * -
Eoo | 10;.22 10;.07 IJW%Q@ 10:‘33 SSERES 10:.30 T 10;36 1°;-29 1°;'55 m;,sc iy 10:,69 10070 10:10 m;'ﬂ o 1";'33 o150 10:.70 10150
95,0 |. 98,60 98,90 = - N\ i
90,0 94,60 { ,’_4 )
85,0 v
legl Llegl | legl legl Legl | Legl leg2 | Leg2 | leg2 | leg2 leg2  leg2 leg3 | Leg3  leg3 | leg3 Lleg3 | Leg3 legd | leg4 Llegd | legd legd Lleg4 leg5 | Leg5 | LegS | leg5 | Leg5 LegS
LAB1 | LAB1 | LAB1  LAB2  LAB2 LAB 2 LAB1 | LAB1 | LAB1 | LAB2 LAB2 LAB2 LAB1 | LAB1 LAB1 | LAB2  LAB2 LAB 2 LAB1 | LAB1 LAB1 | LAB2 | LAB2 LAB 2 LAB1 | LAB1  LAB1 | LAB2 | LAB2 LAB2
—Draft GTR9 till Sep. 2012 # tibia 4 [Nm] ——Draft GTRI since Sep. 2012
relevant limits
min: 90 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 LAB 1 LAB 2 Overall
max: 111
arithmetic mean [Nm] 105,01 102,30 100,93 100,73 102,41 103,55 101,01 102,28 O h|ghest and |Owest Value
LAB1+2 standard deviation [Nm] 1,68 2,74 3,45 3,65 1,07 0,95 3,90 3,11
coefficient of variation 1,60% 2,68% 3,42% 3,62% 1,04% 0,92% 3,86% 3,04%
arithmetic mean [Nm] 103,39 104,83 103,07 103,16 103,29
LAB 1 standard deviation [Nm] 0,35 0,35 0,51 1,10 0,84
coefficient of variation 0,34% 0,34% 0,50% 1,07% 0,81%
arithmetic mean [Nm] 106,63 99,77 98,80 98,30 101,53
LAB 2 standard deviation [Nm] 0,52 1,44 3,80 3,68 0,17
coefficient of variation 0,49% 1,45% 3,84% 3,74% 0,17%
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Pendulum Certification Test Results — MCL

Draft GTR9-PH2 till Sep. 2012 (23 — 26 mm)

= All test results are around the lower limit value but miss to meet the corridor regularly
Draft GTR9-PH2 since Sep. 2012 (20,5 — 24 mm)
= All test results are in the upper half of the corridor

MCL
26,0
25,0
24,0 b b
Ezz,u - — - — - — — - - — - & — — - L3 z;ao 2 23’43 2;7 z:ﬂ ATV ET
o 2300 2323 2324 2280 2280 2390 nm0 296 801 Lo zfso B 2206 2308 za.1< 22;0 5;2‘92 . 2;0 > 2296 12200 2314 23,30 g 23,20 ,
21,0
20,0
legl  legl Llegl | Llegl legl Llegl leg2  Lleg2 leg2  leg2 leg2  leg2 leg3 | Leg3  Lleg3 | leg3 leg3 | Leg3 leg4 legd | Leg4 Llegd | legd Llegd leg5 Leg5 | Leg5 LegS | leg5 Legs
LAB1 | LAB1 | LAB1  LAB2 | LAB2 LAB 2 LAB1 LAB1 LAB1  LAB2 LAB2 LAB 2 LAB1  LAB1 LAB1 | LAB2 LAB2 LAB 2 LAB1 LAB1 | LAB1  LAB2 | LAB2 LAB 2 LAB1 LAB1 | LAB1  LAB2 | LAB2 | LAB2
—Draft GTRO till Sep. 2012 + MCL [mm] —Draft GTR9 since Sep. 2012
relevant limits
min: 20,5 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 LAB 1 LAB 2 Overall
max: 24
arithmetic mean [mm] 23,03 22,80 22,85 23,15 23,70 23,14 23,07 23,10 O hlgheSt and |0W€St Value
LAB1+2 standard deviation [mm] 0,18 0,15 0,26 0,18 0,18 0,23 0,48 0,38
coefficient of variation 0,78% 0,64% 1,13% 0,76% 0,75% 0,99% 2,07% 1,63%
arithmetic mean [mm] 23,19 22,92 23,06 23,00 23,53
LAB 1 standard deviation [mm] 0,07 0,09 0,08 0,10 0,07
coefficient of variation 0,30% 0,39% 0,34% 0,44% 0,30%
arithmetic mean [mm] 22,87 22,67 22,63 23,30 23,87
LAB 2 standard deviation [mm] 0,09 0,05 0,14 0,08 0,05
coefficient of variation 0,41% 0,21% 0,62% 0,35% 0,20%
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Pendulum Certification Test Results — ACL

Draft GTR9-PH2 till Sep. 2012 (9 — 11 mm)

Most test results are in the lower half of the corridor
Draft GTR9-PH2 since Sep. 2012 (8 - 10,5 mm)

= Test results are mainly around the middle of the corridor

ACL
115
105 —
* +
_ * . . +
E g5 9,95 . $ - = * * * “ * * e 950 . * 3,90 9,98 10,1{10;15)_\
E - s mey  — e * * oW o560 om eee_@me 966 oo 060 g, e asa_ 969 9.70 e\ ¢ o
9,11 — 9,22 2 e ’ ' ‘ 9,10 ’9,20 9,20
85
7.5
leg1 Leg1 legl Leg1 leg1 Leg1 Leg2 Leg 2 Leg2 Leg 2 Lleg2 | leg2 leg3 leg3  Lleg3 leg3  Lleg3 leg3 legd | leg4 legd  leg4 | legd legd Leg5 Leg5 Leg5 Leg5 Leg5 Leg5
LAB1 | LAB1 LAB1 LAB2  LAB2 LAB2 LABL | LAB1 LAB1 LAB2 LAB2 LAB 2 LAB1 | LAB1  LAB1 | LAB2  LAB2 LAB 2 LAB1 | LAB1 | LAB1 LAB2 | LAB2 LAB2 LAB1 | LAB1 | LAB1 LAB2 | LAB2  LAB2
—Draft GTR3 till Sep. 2012 + ACL[mm] ——Draft GTR9 since Sep. 2012
relevant limits
min: 8 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 LAB 1 LAB 2 Overall
max: 10,5
arithmetic mean [mm] 9,51 9,47 9,54 9,71 9,63 9,61 9,563 9,57 O h|ghest and |0west Value
LAB1+2 standard deviation [mm] 0,25 0,17 0,07 0,16 0,46 0,31 0,23 0,27
coefficient of variation 2,62% 1,80% 0,73% 1,64% 4,82% 3,20% 2,38% 2,85%
arithmetic mean [mm] 9,562 9,31 9,55 9,58 10,09
LAB 1 standard deviation [mm] 0,34 0,07 0,09 0,09 0,08
coefficient of variation 3,60% 0,76% 0,90% 0,98% 0,75%
arithmetic mean [mm] 9,50 9,63 9,53 9,83 9,17
LAB 2 standard deviation [mm] 0,08 0,05 0,05 0,09 0,05
coefficient of variation 0,86% 0,49% 0,49% 0,96% 0,51%
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Pendulum Certification Test Results — PCL

Draft GTR9-PH2 till Sep. 2012 (4 — 5.4 mm)

= All test results except of the legform 5 of Lab 2 are in the corridor but show significant scatter
Draft GTR9-PH2 since Sep. 2012 (3,5 -5 mm)

= All test results except of the legform 5 of Lab 2 are in the corridor

PCL
60
‘ * \ & &
560 fss0 550
50— —— — R \ >*)
E 484 + 487 483 ®: < + * + 4,80
E 473 g 472 470 L * L d * * * 8 466 4,68
40 s 4'56m ¢ 2 * r - — v Il 455 (a1 masl gag 50 40
/ TIZ \ 210 }4,115 ~o 7,20 430 3
e
3,0
Leg1 leg1 legl Leg1 leg1 Leg1 leg2 leg2 leg2 Leg2 Leg 2 leg2 Lleg3 leg3 Leg3 Lleg3 Leg3 Leg3 Leg 4 Leg 4 leg4  leg4d Leg4 Leg 4 Leg5 Lleg5  Lleg5 Leg5 Leg5 Leg5
LABL | LAB1 | LAB1 LAB2  LAB2 LAB 2 LAB1 | LAB1 LAB1  LAB2 | LAB2 LAB 2 LAB1 | LAB1  LABL | LAB2 | LAB2 LAB 2 LAB1  LAB1 | LAB1 LAB2  LAB2 LAB 2 LAB1  LAB1 LAB1 LAB2 | LAB2  LAB2
—Draft GTRS till Sep. 2012 + PCL[mm] ——Draft GTR9 since Sep. 2012
relevant limits
min: 3,5 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 LAB 1 LAB 2 Overall
max: B
arithmetic mean [mm) 4,37 4,54 4,58 4,50 5,12 4,64 4,60 4,62 H
[mm) (O highest and lowest value
LAB1+2 standard deviation [mm] 0,25 0,28 0,13 0,09 0,41 0,17 0,49 0,37
coefficient of variation 5,81% 6,10% 2,86% 1,91% 8,07% 3,00% 10,62% 7,95%
arithmetic mean [mm] 4,54 4,81 4,69 4,47 4,71
LAB 1 standard deviation [mm] 0,25 0,06 0,03 0,06 0,06
coefficient of variation 5,58% 1,22% 0,73% 1,35% 1,31%
arithmetic mean [mm] 4,20 4,27 4,47 4,53 5,53
LAB 2 standard deviation [mm] 0,08 0,05 0,09 0,09 0,05
coefficient of variation 1,94% 1,10% 2,11% 2,08% 0,85%
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Pendulum Certification: Comparison of CoV (1/2)

Lab 1- Tibia 1 Lab 1 - Tibia 2 Lab 1- Tibia 3 Lab 1 - Tibia 4
5,50% 5,50% 5,50% 5,50%
5,00% 5,00% 5,00% 5,00%
4,50% 4,50% 4,50% 4,50%
4,00% 4,00% 4,00% 4,00%
3,50% 3,50% 3,50% 3,50%
3,00% 3,00% 3,00% 3,00%
2,50% 2,50% 2,50% 2,50%
2,00% 2,00% 2,00% 2,00%
1,50% 1,50% 1,50% 1,50%
1,00% 1,00% 1,00% 1,00%
0,50% - 0,50% 0,50% 0,50%
0,00% -‘-‘ E e — 0,00% _-- 0,00% 0,00%
Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5
Lab 2 - Tiba 1 Lab 2 - Tibia 2 Lab 2 - Tibia 3 Lab 2 - Tibia 4
5,50% 5,50% 5,50% 5,50%
5,00% 5,00% 5,00% 5,00%
4,50% 4,50% 4,50% 4,50%
4,00% 4,00% 4,00% 4,00%
3,50% 3,50% 3,50% 3,50%
3,00% 3,00% 3,00% 3,00%
2,50% 2,50% 2,50% 2,50%
2,00% 2,00% 2,00% 2,00%
1,50% 1,50% | 1,50% 1,50%
1,00% 1,00% 1,00% 1,00%
0,50% 0,50% 0,50% 0,50%
0,00% 0,00% 0,00y, I Lt 0,00%
Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5
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Pendulum Certification: Comparison of CoV (1/2)

Lab 1-ACL Lab 1- MCL Lab1-PCL Lab 1 - Summary of CoV
5,50% 0,55% 5,50% 5:50%
5,00% 0,50% 5,00% 500% 1
4,50% 0,45% 4,50% 450% 1
4,00% 0,40% 4,00% 4:00% T
3,50% - 0,35% 3,50% 0%
3,00% - 0,30% 3,00% 3100%
2,50%
2,50% 0,25% 2,50%
2,00%
2,00% - 0,20% 2,00%
1,50%
1,50% 0,15% 1,50%
1,00%
1,00% - 0,10% 1,00%
0,50%
0,50% 0,05% 0,50%
0,00%
0,00% 0,00% 0,00% Leg 1 Leg 2 Leg 3 Leg 4 Leg 5
leg 1 Leg 2 Leg 3 Leg 4 Leg 5 Leg1 Leg 2 Leg 3 Leg 4 Leg 5 Leg1 Leg2 Leg3 Leg 4 Leg5
Lab2- ACL Lab 2 - MCL Lab 2 - PCL Lab 2 - summary of CoV
5,50% 0,55% 5,50% 5:50%
5,00% 0,50% 5,00% 3.00% 1
4,50% 0,45% 4,50% 430%
4,00% 0,40% 4,00% 4,00%
3,50% 0,35% 3,50% Rl
3,00% 0,30% 3,00% 2.00%
2,50% 0,25% 2,50% 250%
2,00% 0,20% 2,00% 200%
1,50% 0,15% 1,50% 1,50%
1,00% 0,10% 1,00% 1.00%
0,50% 0,05% 0,50% 050%
0,00%
0,00% 0,00% 0,00% legl  leg2  leg3  legd  leg5
Leg1 Leg 2 Leg 3 Leg 4 Leg 5 leg 1 Leg 2 Leg 3 Leg 4 Leg 5 Leg 1 Leg 2 Leg 3 Leg 4 Leg 5

Center: average
Right: maximum value
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Agenda

1. Test Series

2. Legforms

3. Inverse Certification Test Results

4. Pendulum Certification Test Results
5. Summary

6. Discussion
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Summary (1/3)

= Corridors

Corridors agreed in September 2012 fit better than the corridors based on the tests
of the prototype legs

With the old corridors, 58 of 413 test results fail (41x inverse test, 17x pendulum
test)

With the new corridors, 5 of test results fail (2x inverse test, 3x pendulum test)

FlexPLI - Round Robin Test, November 2012 37



GTR9-5-05
bertramndt

Summary (2/3)

= Legforms

The highest coefficient of variation (CoV) for all inverse tests is 4,16% (PCL)
- All other CoV values are below 4%

Considering the singl labs, the highest CoV for the inverse tests is 5,45% (PCL)
- 80% of the CoV values are below 2%
- 90% of the CoV-values are below 3%

The highest CoV for all pendulum tests is 8,07% (PCL)
- All other CoV values are mainly below 3%

Considering the single labs, the highest CoV for the pendulum tests is 5,58%
(PCL)

- 89% of the CoV values are below 2%

- 94% of the CoV values are below 3%

FlexPLI - Round Robin Test, November 2012 38



GTR9-5-05
bertramndt

Summary (3/3)

= Labs

Lab 1 generally has a higher arithmetic mean of all criteria for the pendulum tests
- The highest differences are = 3 Nm at tibia 2 and tibia 3 and 0,08 mm at ACL

Lab 2 generally has a higher arithmetic mean of all tibia values for the inverse tests
- The highest differences are = 13 Nm at tibia 2 and 0,08 mm at ACL

The highest coefficient of variation (CoV) for the inverse tests is 6,05% (PCL)
- All other CoV values are mainly below 3%

The highest CoV within the pendulum tests is 10,62% (PCL)

- All other CoV values are mainly below 3%

FlexPLI - Round Robin Test, November 2012 39



GTR9-5-05
bertramndt

Agenda

1. Test Series

2. Legforms

3. Inverse Certification Test Results

4. Pendulum Certification Test Results
5. Summary

6. Discussion
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Discussion

= The redefinitions of the corridors were based on the test results with the three “master
legforms” but it is unclear whether the sensor capabilities (allowed scatter of single
sensors) also were considered

= Further tests to confirm the test results and to assess the longtime performance of
impactors are carried out at the moment

= Lack of clarity remains for the root causes for the scatter of different legforms, for the
question of what can be done if a legform constantly fails meeting the corridors and
how a fine tuning of the respective legforms could be done
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Thanks.






