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Proposal

List of contents, insert new paragraph 11, to read:

"11.

Transitional provisions."

Insert new paragraph 2.2., to read:

"2.2.

"Assessment interval™ (Al) 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 and tibia segments after their first local maximum
subsequent to any marginal value of 15 Nm, within their particular
common zero crossing phases. The Al is identical for all bone segments
and knee ligaments. In the case that not all tibia [and] [or] femur
bending moments having a zero crossing during the common zero
crossing phase, 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 Al only."

Paragraph 2.2. to 2.27., renumber as paragraphs 2.3. to 2.28.

Insert new paragraph 2.29., to read:

"2.29.

"Primary reference marks” means holes, surfaces, marks and
identification signs on the vehicle body. The type of reference mark used
and the vertical (Z) position of each mark relative to the ground shall be
specified by the vehicle manufacturer according to the running
conditions specified in paragraph 2.27. These marks shall be selected so
as to be able to easily check the vehicle front and rear ride heights and
vehicle attitude.

If the primary reference marks are found to be within £ 25 mm of the
design position in the vertical (Z) axis, then the design position shall be
considered to be the normal ride height. If this condition is met, either
the vehicle shall be adjusted to the design position, or all further
measurements shall be adjusted, and tests performed, to simulate the
vehicle being at the design position."

Paragraphs 2.28. to 2.40.(former), renumber as paragraphs 2.30. to 2.42.

Paragraph 5.1.1., amend to read:

"5.1.1.

Flexible lower legform to bumper:

When tested in accordance with Annex 5, paragraph 1. (Flexible lower

Iegform to bumper) the—maaamum—dynaml&knee—bendmg—angle—shau—net

m%%%the absolute

value of the maximum dynamic medial collateral ligament elongation at
the knee shall not exceed [22 mm], and the maximum dynamic anterior
cruciate ligament and posterior cruciate ligament elongation shall not
exceed [13 mm]. The absolute value of dynamic bending moments at the
tibia shall not exceed [340 Nm]. [In addition, the manufacturer may
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nominate bumper test widths up to a maximum of 264 mm in total where
the absolute value of the tibia bending moment shall not exceed
[380 Nm]. A Contracting Party may restrict application of the relaxation
zone requirement in its domestic legislation if it decides that such
restriction is appropriate.]

The flexible lower legform impactor shall be certified pursuant to Annex 6,
paragraph 1."

Insert new paragraphs 11. to 11.4., to read:

"[11. Transitional Provisions

11.1 As from the official date of entry into force of the 01 series of
amendments, no Contracting Party applying this UN Regulation shall
refuse to grant or refuse to accept UN type approvals under this UN
Regulation as amended by the 01 series of amendments.

11.2 As from [36] months after the date of entry into force of the 01 series of
amendments, Contracting Parties applying this UN Regulation shall
grant UN type approvals only if the vehicle type to be approved meets
the requirements of this UN Regulation as amended by the 01 series of
amendments.

11.3 Contracting Parties applying this UN Regulation shall not refuse to
grant extensions of UN type approvals for existing vehicle types which
have been granted according to the preceding series of amendments to
this UN Regulation.

114 Even after the date of entry into force of the 01 series of amendments to
this UN Regulation, UN type approvals to the preceding series of
amendments to the UN Regulation shall remain valid. Contracting
Parties applying this UN Regulation shall continue to accept them.]"

Annex 4,
Paragraphs 1. to 1.4., amend to read:

"1 Flexible Elower legform impactor
1.1

The flexible lower legform impactor shall consist of flesh and skin,
flexible long bone segments (representing femur and tibia), and a knee
joint as shown in Figure 1. The assembled impactor shall have a total
mass of 13.2 £ [0.7 kg ]. The dimensions of the fully assembled impactor
shall be as defined in Figure 1.

Brackets, pulleys, protectors, connection parts, etc. attached to the impactor
for the purposes of launching it [and][or] protection; may extend beyond the
dimensions and tolerances shown in Figure 1 and Figures 2 (a) and (b).

1.2.
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1.3.

1.4.

&mnﬂr The Cross- sectlonal shape of the femur main body segments, the
tibia main body segments and their impact faces shall be as defined in
Figure 2(a).

bateh—as—these—used—m—the—eerhﬂeaﬂen—test& The cross- sectlonal shape of
the knee joint and its impact face shall be as defined in Figure 2 (b).

the femur and the tibia W|thout the flesh and skin, including the
connection parts to the knee joint, shall be 2.46 [+0.12] kg and 2.64
[+ 0.13] kg respectively. The mass of the knee joint without the flesh and
skin shall be 4.28 [+ 0.21] kg. The assembled mass of the femur, the knee
joint and the tibia without the flesh and skin shall be 9.38 £ 0.46 kg.

The centres of gravity of the femur and tibia without the flesh and skin,
including the connection parts to the knee joint, shall be as defined in
Figure 1. The centre of gravity of the knee joint shall be as defined in
Figure 1.

The moment of inertia of the femur and the tibia without the flesh and
skin, including the connection parts inserted to the knee joint, about the
X-axis through the respective centre of gravity shall be 0.0325
+0.0016 kgm? and 0.0467 *+0.0023 kgm? respectively. The moment of
inertia of the knee joint about the X-axis through the respective centre of
gravity shall be 0.0180 £ 0.0009 kgmz."

Paragraphs 2.1. to 2.4., amend to read:

"2.1.

2.2.

direction—of-impactFour transducers shall be installed in the tibia to
measure bending moments at the locations within the tibia. Three
transducers shall be installed in the femur to measure bending moments
applied to the femur. The sensing locations of each of the transducers are
as defined in Figure 2. The measurement axis of each transducer shall be
the X-axis of the impactor.

e#theshear’—dﬁelaeemem—systemThree transducers shall be mstalled in the
knee joint to measure elongations of the medial collateral ligament
(MCL), anterior cruciate ligament (ACL), and posterior cruciate
ligament (PCL). The measurement locations of each transducer are
shown in Figure 3. The measurement locations shall be within +4 mm
along the X-axis from the knee joint centre.
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23, nsducers-shall-be fitted-to-me e_knee bendina-anale-and 0

displacement The instrumentation response value channel frequency
class (CFC), as defined in 1SO 6487:2002, shall be 180 for all
transducers. The CAC response values, as defined in 1SO 6487:2002,
shall be 30 mm for the knee ligament elongations and 400 Nm for the
tibia and femur bending moments. This does not require that the
impactor itself be able to physically elongate or bend until these values.

2.4.

determination of all flexible lower legform impactor peak tibia bending
moments and ligament elongations shall be limited to the assessment
interval (Al) as defined in paragraph 2.2."

Figure 1 (former), shall be deleted
Insert new Figures 1 to 3, to read:
"Figure 1

Flexible lower legform impactor
Dimensions and centre of gravitiy locations of femur, knee joint and tibia (Side view)
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Figure 2

Flexible lower legform impactor schematic plan views of femur, tibia, and knee
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Y axis

Figure 3
Flexible lower legform impactor instrument locations
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Paragraph 3.1., amend to read:
"3.1. ... and 350 + 5 mm long (see Figure 4)."
Paragraph 4.1., amend to read:
"4.1. ... positions, as shown in Figure 4, each using ...."
Paragraph 4.2., amend to read:
"4.2. ... side of the centre line (see Figure 4)."
Figure 2. (former), renumber as Figure 4.
Paragraph 5.1., amend to read:
"5.1. ... Child headform impactor (see Figure 5)."
Paragraph 5.2.2., amend to read:
"5.2.2. ... perpendicular to the mounting face A (see Figure 5) and its seismic mass
Figure 3. (former), renumber as Figure 5.
Paragraph 5.3., amend to read:
"5.3. ... Adult headform impactor (see Figure 6)."
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Paragraph 5.3.1., amend to read:

"5.3.1.

The adult...as shown in Figure 6..."

Figure 4. (former), renumber as Figure 6.

Paragraph 5.4.2., amend to read:

"5.4.2.

Annex 5,

If three ... face A (see Figure 6)."

Paragraphs 1. to 1.2., amend to read:

"1
1.1

1.2.

Flexible Llower legform impactor

For each test the impactor shal-be-fitted-with-new-foam-flesh-cut from-one-of
: . e ¢ flos! (ol

I ithin_ 4 : . ¢ the cf .
certification-test. (femur, knee joint and tibia) shall be covered by flesh
and skin composed of synthetic rubber sheets (R1, R2) and neoprene
sheets (N1F, N2F, N1T, N2T, N3) as shown in Figure 1. The size of the
sheets shall be within the requirements described in Figure 1. The sheets
are required to have compression characteristics as shown in Figure 2.
The compression characteristics shall be checked using material from
the same batch as the sheets used for the impactor flesh and skin.

All impactor components Fhe-test-impactor-or-at-least-the-foam-flesh shall be
stored during-aperiod-offor atleastfour-heurs a sufficient period of time in

a controlled storage area with a-stabitized-humidity-ef35+15percentand a
stabilized temperature of 20 + 4 °C prior to impactor removal for testing.
After removal from the storage the impactor shall not be subjected to
conditions other than those pertaining in the test area as defined in Annex 3,
paragraph 1.1."

Paragraphs 1.6. to 1.9., amend to read:

"1.6.

1.7.

1.8.

The direction of the impact velocity vector shall be in the horizontal plane
and parallel to the longitudinal vertical plane of the vehicle. The tolerance for
the direction of the wvelocity vector in the horizontal plane and in the
longitudinal plane shall be £2° at the time of first contact. The axis of the
impactor shall be perpendicular to the horizontal plane with a roll and pitch
angle tolerance of £2° in the lateral and longitudinal plane. The horizontal,
longitudinal and lateral planes are orthogonal to each other (see Figure 13).

The bottom of the impactor (without parts needed for the purposes of
launching and/or protection) shall be at 25 75 mm above ground reference
plane at the time of first contact with the bumper (see Figure 24), with a
+10 mm tolerance. When setting the height of the propulsion system, an
allowance must be made for the influence of gravity during the period of free
flight of the impactor.

The lower legform impactor for the bumper tests shall be in "free flight" at
the moment of impact. The impactor shall be released to free flight at such a
distance from the vehicle that the test results are not influenced by contact of
the impactor with the propulsion system during rebound of the impactor.



ECE/TRANS/WP.29/GRSP/2013/26

The impactor may be propelled by an-air-spring-er-hydraulic-gun-or-by-other
any means that can be shown to give-the-same-result meet the requirements
of the test.

1.9. At the time of first contact the impactor shall have the intended orientation
about its vertical axis, for the correct operation of its knee joint, with a yaw
angle tolerance of £5° (see Figure 13)."

Insert new paragraphs 1.13. to 1.14., to read:

"1.13. The tibia bending moments shall not exceed +/- 15 Nm within an
evaluation interval of 30 ms immediately prior to impact.

1.14. The offset compensation shall be done with the flexible lower legform
impactor in resting position prior to the test/acceleration phase."”
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Insert new Figures 1 and 2, to read:

"Figure 1

Flexible lower legform impactor: Flesh and skin dimensions
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Figure 2

Flexible lower legform impactor: Flesh and skin compression characteristics
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(b) [Neoprene sheets]
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Figure 1(former), renumber as Figure 3 and amend to read:

"Figure &
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Figure 2 (former), renumber as Figure 4 and amend to read:

"Figure 2 4

Flexible lower legform impactor to bumper tests for complete vehicle in normal ride

attitude (left) and for cut-body mounted on supports (right)

Impactoilﬂfree flight
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Impactor in free flight
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= ground level (at impact)

Paragraph 3.4.1., amend to read:
"3.4.1. ... (see Figure 5)."

Figure 3 (former), renumber as Figure 5.

Ground level

Ground reference plane
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Annex 6
Paragraphs 1. to 1.3.1.2., amend to read:
"1 Flexible Llower legform impactor certification

1.1. The impactor shall be certified using two certification tests as follows:
First, the certification shall be conducted according to the inverse
certification (IC) test procedure prescribed in paragraph 1.4. of this
Annex before starting a vehicle test series. Second, after a maximum of
10 vehicle tests, certification should be conducted according to the
pendulum certification (PC) test procedure prescribed in paragraph 1.3.
of this Annex. Ongoing certification testing then shall constitute the
sequence IC —PC —PC - IC - PC - PC —etc. with a maximum of 10 tests
between each certification.

In addition, the impactor shall be certified according to the procedures
prescribed in paragraph 1.2. below at least once a year.

1.2. Static certification tests

1.2.1. The femur and the tibia of the flexible lower legform impactor shall meet
the requirements specified in paragraph 1.2.2. of this Annex when tested
according to paragraph 1.2.4. of this Annex. The knee joint of the lower
legform impactor shall meet the requirements specified in
paragraph 1.2.3. of this Annex when tested according to paragraph 1.2.5
of this Annex. The stabilized temperature of the impactor during the
certification tests shall be 20 = 2°C.

The CAC response values, as defined in 1SO 6487:2002, shall be 30 mm
for the knee ligament elongations and 4 kN for the applied external load.
For these tests, low-pass filtering at an appropriate frequency is
permitted to remove higher frequency noise without significantly
affecting the measurement of the response of the impactor.

13
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1.2.2.

1.2.3.

1.2.4.

1.2.5.

When the femur and the tibia of the impactor are loaded in bending in
accordance with paragraph 1.2.4., the applied moment and the
generated deflection at the centre of the femur and the tibia (M. and D.)
shall be within the corridors shown in Figure 1.

When the knee joint of the impactor is loaded in bending in accordance
with paragraph 1.2.5 of this Annex, the MCL, ACL, and PCL
elongations and applied bending moment or the force at the centre of the
knee joint (M. or F.) shall be within the corridors shown in Figure 2.

The edges of the femur and tibia, not bending parts, shall be mounted to
the support rig firmly as shown in Figure 3 and Figure 4. The Y-axis of
the impactor shall be parallel to the loading axis within 180 *2°
tolerance. To obtain repeatable loading, low  friction
Polytetrafluoroethylene (PTFE) plastic pads are used under each
support (see Figure 3 and Figure 4).

The centre of the loading force shall be applied at the centre of the femur
and the tibia within £ 2mm tolerance along the Z-axis. The force shall
be increased so as to maintain a deflection rate between 10 and 100
mm/minute until the bending moment at the centre part (M.) of the
femur or tibia reaches 380 Nm.

The ends of the knee joint shall be mounted to the support rig firmly as
shown in Figure 5. The Y-axis of the impactor shall be parallel to the
loading axis within +2° tolerance. To obtain repeatable loading, low
friction Polytetrafluoroethylene (PTFE) plastic pads are used under each
support (see Figure5). To avoid impactor damage, a neoprene sheet
shall be set underneath the loading ram and the impactor face of the
knee joint which is described in the Figure 3 (b) of Annex 4 shall be
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removed. The neoprene sheet used in this test shall have compression
characteristics as shown in Figure 2 (b) of Annex 5.

The centre of the loading force shall be applied at the knee joint center
within £ 2mm tolerance along the Z-axis (see Figure 5). The external
load shall be increased so as to maintain a deflection rate between 10 and
100 mm/minute until the bending moment at the centre part of the knee
joint (M,) reaches 400 Nm.

1.3. Dynamic certification tests (pendulum test)
1.3.1. CalibratienCertification
1.3.1.1. The test facility used for the certification test shall have a stabilized

temperature of 20 + 2 °C during the test.

1.3.1.2. The temperature of the certification area shall be measured at the time
of certification and recorded in a certification report.

Paragraphs 1.3.1.3. and 1.3.1.4., shall be deleted
Paragraphs 1.3.2. to 1.3.3.2., amend to read:

"1.3.2. Requirements

1.3.2.1. When the flexible lower legform impactor is used for a test according to
paragraph 1.3.3, the absolute value of the maximum bending moment of
the tibia at:

(@) tibia-1 shall be 235 Nm <272 Nm;
(b)  tibia-2 shall be 187 Nm <219 Nm;
(c) tibia-3 shall be 139 Nm < 166 Nm;
(d) tibia-4 shall be 90 Nm < 111 Nm.

The absolute value of the maximum elongation of:

15
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1.3.2.2.

1.3.3.

1.3.3.1.

1.3.3.2.

(@) MCL shall be 20.5 <24.0 mm;
(b)  ACL shall be 8.0 mm < 10.5 mm;
(c) PCL shall be 3.5 mm < 5.0 mm.

For all these values for the maximum bending moment and the
maximum elongation, the readings used shall be from the initial impact
timing to 200 ms after the impact timing.

The instrumentation response value CFC, as defined in 1SO 6487:2002,
shall be 180 for all transducers. The CAC response values, as defined in
ISO 6487:2002, shall be 30 mm for the knee ligament elongations and
400 Nm for the tibia bending moments.

Test procedure

The flexible lower legform impactor, including the flesh and skin, shall
be suspended from the dynamic certification test rig 15 + 1° upward
from the horizontal as shown in Figure 6. The impactor shall be released
from the suspended position and fall freely against the pin joint of the
test rig as shown in Figure 6.

The knee joint centre of the impactor shall be 30 £1 mm below the
bottom line of the stopper bar, and the tibia impact face without the flesh
and skin shall be located 13 =2 mm from the front upper edge of the
stopper bar when the impactor is hanging freely as shown in Figure 6.



ECE/TRANS/WP.29/GRSP/2013/26

Paragraphs 1.3.3.3. to 1.3.3.5., shall be deleted

Insert new paragraphs 1.4. to 1.4.3.4., to read:

"1.4.
1.4.1.
1.4.1.1.

1.4.1.2.

1.4.2.
1.4.2.1.

1.4.2.2.

1.4.3.
1.4.3.1.

Dynamic certification tests (inverse test)
Certification

The test facility used for the certification test shall have a stabilized
temperature of 20 + 2 °C during the test.

The temperature of the certification area shall be measured at the time
of certification and recorded in a certification report.

Requirements

When the flexible lower legform impactor is used for the test according
to paragraph 1.4.3 of this Annex, the absolute value of the maximum
bending moment of the tibia:

(@) tibia-1 shall be 230 Nm < 272 Nm;

(b) tibia-2 shall be 210 Nm < 252 Nm;

(c) tibia-3 shall be 166 Nm <192 Nm;

(d) tibia-4 shall be 93 Nm <108 Nm.

The absolute value of the maximum elongation of:
(@) MCL shall be 17.0 <21.0 mm;

(b)  ACL shall be 8.0 mm <10.0 mm;

(c) PCL shall be 4.0 mm < 6.0 mm.

For all these values for the maximum bending moment and the
maximum elongation, the readings used shall be from the initial impact
timing to 50 ms after the impact timing.

The instrumentation response value CFC, as defined in 1SO 6487:2002,
shall be 180 for all transducers. The CAC response values, as defined in
ISO 6487:2002, shall be 30 mm for the knee ligament elongations and
400 Nm for the tibia bending moments.

Test procedure

The assembled flexible lower legform impactor (with the flesh and skin)
shall be hung vertically and freely suspended from a test rig as shown in
Figure 7. It is then impacted by the upper edge of a linearly guided
aluminium honeycomb impactor, covered by a thin paper cloth with a
maximum thickness of 1 mm, at an impact speed of 11.1 £ 0.2 m/s. The

17
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legform shall achieve a free flight condition within 10 ms after the time
of first contact of the honeycomb impactor.

1.4.3.2. The honeycomb of 5052 alloy, which is attached in front of the moving
ram, shall be 200 £ 5 mm wide, 160 £5 mm high and 60 £ 2 mm deep
and shall have a crush strength of 75 pound per square inch (psi)
+ 10 per cent. The honeycomb should have cell sizes of either 3/16 inch
or ¥4 inch and a density of 2.0 pound per cubic foot (pcf) for the 3/16 inch
cell size or a density of 2.3 pcf for the ¥ inch cell size.

1.4.3.3. The upper edge of the honeycomb face shall be in line with the rigid
plate of the linearly guided impactor. At the time of first contact, the
upper edge of the honeycomb shall be in line with the knee joint centre
line within a vertical tolerance of £ 2 mm.

The honeycomb shall not be deformed before the impact test.

1.4.3.4, At the time of the first contact, the flexible lower legform impactor pitch
angle (rotation around the Y-axis) and therefore the pitch angle of the
velocity vector of the honeycomb impactor shall be within a tolerance of
+ 2° in relation to the lateral vertical plane. The flexible lower legform
impactor roll angle (rotation around the X-axis) and therefore the roll
angle of the honeycomb impactor shall be within a tolerance of £2° in
relation to the longitudinal vertical plane. The flexible lower legform
impactor yaw angle (rotation around the Z-axis) and therefore the yaw
angle of the velocity vector of the honeycomb impactor shall be within a
tolerance of + 2°."

Paragraph 2.4.6., amend to read:

"2.4.6. The impactor ... at a velocity of 7.1 £ 0.1 m/s into the stationary pendulum as
shown in Figure 48."

Paragraph 3.3.1., amend to read:

"3.3.1. The headform...impactor shall be suspended from a drop rig as shown in
Figure 89."

Paragraph 3.3.3., amend to read:

"3.3.3. The headform... respect to the vertical as shown in Figure 9. The suspension
of the ..."
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Insert new Figures 1 to 7, to read:

"Figure 1
Flexible lower legform impactor: Requirement corridors of the femur and the tibia in
the static certification test (see paragraph 1.2.2. of this Annex)
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Figure 2
Flexible lower legform impactor: Requirement corridors for the knee joint in the
static certification test (see paragraph 1.2.3. of this Annex)
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Z axis

Support rig

cylindrical shape
(R =75 mm)
(W =71 mm)

Figure 3

Flexible lower legform: Impactor test set-up for the femur in the static certification
test (see paragraph 1.2.4. of this Annex)
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Figure 4:

Flexible lower legform impactor: Test set-up for the tibia in the static certification test
(see paragraph 1.2.4. of this Annex)
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Figure 5

Flexible lower legform impactor: Test set-up for the knee joint in the static
certification test (see paragraph 1.2.5.)
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Figure 6

Flexible lower legform impactor: Test set-up for the dynamic lower legform impactor
certification test (pendulum test, see paragraph 1.3.3.1.)
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Flexible lower legform impactor: Test set-up for the dynamic lower legform impactor
certification test (inverse test, see paragraph 8.1.3.4.)
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release the FlexPLI
within 10 ms after the
moving ram impact

FlexPLI with Flesh
(cross sectional image)

Knee joint center
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Figures 1 to 6 (former), shall be deleted.

Figures 7 to 8 (former), renumber as Figures 8 to 9.

Justification

Submitted in as an informal document.
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