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ABSTRACT

The European Research Project APROSYS has
evaluated the interior headform test procedure de-
veloped by EEVC WG 13, representing the head
contact in the car during a lateral impact. One im-
portant aspect within this test procedure was the
selection of an appropriate impactor. The WG13
procedure currently uses the Free Motion Headform
as used within the FMVSS 201. The ACEA 3.5 kg
headform used in Phase 1 of the European Direc-
tive and the future European Regulation on Pedes-
trian Protection is still discussed as a possible alter-
native.

This paper reports work performed by the Federal
Highway Research Institute (BASt) as a part of the
APROSYS Task 1.1.3. The study compares the two
headform impactors according to FMVSS and
ACEA, in a series of basic tests in order to evaluate
their sensitivity towards different impact angles,
impact accuracy, the effect of differences to impac-
tors of the same type and the effects of the repeat-
ability and reproducibility of the test results. The
test surface consisted of a steel tube covered with
PU foam and PVC, representing the car interior to
be tested.

Despite of the higher mass of the FMH the HIC
values of this impactor were generally lower than
those of the ACEA headform. The FMH showed a
higher repeatability of test results but a high sensi-
tivity on the angle of roll, the spherical ACEA im-
pactor performsed better with regards to the repro-
ducibility. In case of the ACEA impactor-, the an-
gle of roll had no influence.

INTRODUCTION
The terms of reference of WG 13 indicate a critical
review of the competing headforms:

5) Interior Surface Test.

Review the proposed EEVC interior surface test
procedure, including any validation testing that has
been completed and, if necessary, refine the proce-
dure such that it is fit for regulatory application.
Deliverables

a. A report of the outcome of validation testing and
a critical review of the competing headforms
b. Development of a refined test procedure that is
suitable for regulatory application.

EEVC Steering Committee March 2006

To identify differences and advantages from one
headform to the other an elementary test pro-
gramme was necessary. Tests on simplified struc-
tures representing surfaces like, A-, B-, C-pillars
and side roof rails were of interest.

The following investigations assess the quality of
test results by checking how sensitive the head-
forms are at small variations of the

impact angle

target accuracy

head orientation

use of different headforms of the same type.

CHOICE OF HEADFORMS AND USE IN RE-
GULATIONS

The EEVC WG13 test procedure currently uses the
FMH (Free Motion Headform) impactor to assess
the interior car structure concerning head injury risk
in lateral impacts. Due to difficulties in head align-
ment and in finding the appropriate impact target
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on the calibrated impact zone of the FMH impactor,
the question was raised to review suitable head-
forms. To simplify testing, a headform that is all-
over calibrated and not sensitive on impact direc-
tion would be beneficial. A spherical headform like
those used in pedestrian testing fulfils these re-
quirements. Therefore the ACEA (European Auto-
mobile Manufacturer Association) headform im-
pactor used for headform to bonnet rating in EC-
Directive 2003/102/EC was chosen.

Both headforms, the FMH and ACEA, are used in
regulations to assess the severity of a head contact
during a crash. The FMH is used in the American
FMVSS201 for interior headform testing, the
ACEA headform is used in the European EC-
directive 2003/102/EC and the Japanese Regulation
TRIAS 63 for pedestrian headform testing.

The first obvious difference of the two competing
headforms is the shape. While the FMH is only
symmetrical to its z-x plane, the ACEA headform is
symmetrical to its z-x and z-y plane with the excep-
tion of the backplate.

Figure 1. Side view of competing headforms.

Further information about the differences of the
impactors are available in Annex A.

BASIC TEST SPECIFICATION

The validation and comparison of two different
types of impactors requires a simple and robust
experimental set-up. Each impactor gets tested on
the structure several times. Therefore it is very im-
portant that the structure offers the same basic con-
ditions at each test run to achieve reliable and com-
parable results. To minimise the influence of the
tested structure, a very repeatable and homogene-
ous structure was necessary.

A structure was chosen, that fulfils the following
requirements:

Test structure:
e Rotation-symmetric assembly (tube)

e Similarity to typical car structures (e.g. B-
pillar)

e  Mix of typical car-body materials

¢ Dimensioning of sample structure on real-
istic HIC values

¢ No plastic deformation after test

Also fixed boundary conditions are necessary to
avoid any interference, simplify testing and reduce
tests costs.

Boundary conditions

e High stiffness of restraints
Stress-free deformation of the tube
Vibration-free bearing of the test tube
Rotational free supports
Easy replacement of the test sample
Removable and simple assembly
Low cost

This resulted in the following test structure:

PVC tube, t = 2.7 mm

PU foam, t =20 mm

Steel tube. t = 1.2 mm

Figure 2. Rig testing tube assembly.

Impactor
(ACEA headform) &

tube assembly

Figure 3. ISO and side-view of the complete rig
testing set-up.

For more detailed test specification please see An-
nex B.
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Test set-up and parameters

The test runs are carried out on the test bench of
BASt.

test sample

—

restraints

Figure 4. Test-set-up showing aligned FMH im-
pactor.

Sensitivity on impact angles variation

Finding the correct perpendicular vector to the se-
lected target is often complicated at curved struc-
tures. The configurations shown in the figures be-
low should lead to information about the influence
of the angle deviation in headform testing.

FMH
spherical
headform
0°
0°
e 1
Side view Side view
a) b)
spherical FMH
headform
2 o o
ui‘
o o o
o 100 ad
Side view §. ;. 2 Side view
c) d)
Figure 5.
Top: Angle variation on vertical tube (a, b).

Bottom: Anglevariationon horizontal tube (c,d).

Sensitivity on target accuracy

It was observed, that the contact on the impactor
during a test varied from one test laboratory to an-
other. On the one hand this was due to a missing
definition of contact location in the calibrated field.
Therefore a consistent procedure was developed.
On the other hand variations in contact location in
the calibrated can still occur. The test procedure
allows a 10mm radius accuracy of the target point.
This means possible target locations can be 20mm
apart. It is of interest how both headforms react on
deviations from the initial position.

spherical
headform
spherical
headform
9 o a
| L ©
Side view Top view
FMH
FiviH
8 oo .
(<]
10° =
Side view Top view
FMH
0 o O .
Q g} “ial
Side View

Figure 6. Top: ACEA headform - target
deviation on vertical tube (same set-
up on horizontal tube).

Mid: FMH headform on target
deviation vertical tube.

Bottom: FMH headform on target
deviation horizontal tube.
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Influence by using different headforms / repro-
ducibility

Variations in test results may not only occur be-
cause of differences in the test set-up. It may also
occur because of differences in the test device /
headform. Therefore comparisons of different im-
pactors of the same type can provide information
about the reproducibility of test results.

The following figures show the used headforms.
Already visible are differences of the FMH impac-
tors.

Different
nose

same shape

Figure 7. Different FMH and ACEA headforms.

Assessment parameters

Both impactor types will be compared by the HIC
value and not the HIC; value. The HIC, is calcu-
lated from the measured HIC of the FMH taking
into account the connection of the dummy head to
the rest of the body (HICy = 0.75446 * HICgyy +
166.4)

This formula cannot be used for the ACEA head-
form as the dummy related HIC, value is only re-
lated from the FMH impactor to the dummy head-
form.

For both impactor types the absolute HIC deviation
and the deviation in percentage, within test repeti-
tions, are determined to evaluate reproducibility.
The deviation of HIC in dependency of an increas-
ing impact angle and a displacement of impact vec-

tor will be shown and analysed regarding the im-
pactors’ sensitivities.

To achieve reliable results and to obtain additional
information about repeatability, tests were per-
formed three times. Additionally information could
be gained about repeatability. After one test the
tube was turned by 180° and after the second test
the tube was replaced by a new tube.

Altogether 73 tests were performed (see test matrix
in the Annex C)

RESULTS: INVESTIGATION ON IMPACT
ANGLE SENSITIVITY

Sensitivity on impact angle (vertical tube)

In the case of vertical tube orientation, the initial
alignment of both impactors is pitched by 10°. This
action is required by the clean-contact requirement
of the FMH. Plotting the average HIC values for
FMH and ACEA headform, in dependency of an
increasing impact angle, shows a nearly similar and
linear allocation for both impactor types (see figure
8 and 9). The absolute HIC values of the ACEA
headform are always higher in average than those
of the FMH. This can be explained by less head-
form rotation, caused by the mid-central position of
the spherical headform’s CoG. Increasing the im-
pact angle by additional 5° causes a HIC value de-
crease of about 11 % for both impactor types. A
further increase up to a total impact angle deviation
of 10° from the initial position shows a HIC de-
crease of 18.5 % for the FMH and 15.8 % for the
ACEA headform.

The variation of the HIC values, within test repeti-
tions, is quite different between the impactors. Test-
ing under vertical tube orientation, the FMH results
do vary 0.6 % between minimum and maximum
value in the initial position of 10° head pitch, the
ACEA headform varies about 10 times higher.
With a variation of about 10 % at 15° head pitch,
the ACEA varies twice as high as the FMH. Under
these test conditions the FMH shows a better test
repeatability.
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FMH impact angle sensitivity
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Figure 8. Variation of impact angle, FMH verti-
cal tube.
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Figure 9. Variation of impact angle, ACEA
headform vertical tube.

Sensitivity on impact angle (horizontal tube)

The horizontal tube orientation defines the initial
position of both impactors at 0° head pitch and 0
mm lateral offset relative to the test tube.

The measured values show a nearly similar depend-
ency between impact angle and HIC-value decrease
for the ACEA and FMH impactor. Under horizontal
tube orientation the load level between FMH and
ACEA differs considerably to that seen in the verti-
cal tube position. This is caused by the fact that the
external diameter of the tube is smaller than the size
of the FMH and therefore the FMH impactor freely
rotates without having a secondary impact with its
chin on the structure.

While the HIC results between FMH and ACEA
headform differ in average about 10 % in case of
vertical tube orientation, the difference at horizontal
tube testing was an average of 21 %.

The following figures show the variation of the
HIC values under horizontal tube alignment. Up to
10° impact angle, the deviation is nearly identical
for both impactor types. While the variation of the
FMH impactor decreases below 5 % when increas-
ing the impact angle up to 20°, the HIC values of
the ACEA headform was very sensitive to further

angle deviation, with a variation of about 20 %. It
should be noticed that the number of repeated tests
is too low to draw a precise conclusion.

FMH impact angle sensitivity
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Figure 10. Variation of impact angle, FMH
horizontal tube.
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Figure 11. Variation of impact angle, ACEA
headform horizontal tube.

Table 1 gives an overview of the HIC results for the
FMH and ACEA impactors. In addition to the abso-
lute HIC values the relative deviation for each test
setup is shown.

FMH ACEA
tube orient. |impact angle - average HIC HIC decrease | impact angle average HIC. HIC decrease
£ [%] £ [%]
10 926 10 1002
Vertical 15 821 11.4 15 900 10.2
20 755 18.5 20 844 15.8
0 719 0 992
Horizontal 10 666 7.4 10 834 15.9
20 577 19.8 20 668 32.6

Table 1. Results of physical rig tests (impact
angle)

The following figures show the data quality in ac-
cordance to the impact angle. The values of re-
peated tests of the FMH impactor are closer to-
gether than the values of the ACEA impactor.
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Figure 12. Comparison of test variation for im-
pact angle deviations (vertical).
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Figure 13. Comparison of test variation for im-
pact angle deviations (horizontal).

INVESTIGATION ON IMPACT VECTOR
DISPLACEMENT SENSITIVITY

Sensitivity on impact vector displacement (ver-
tical tube)

The initial position of the FMH is defined as 10°
head pitch and O mm offset to the vertical tube axis;
the ACEA headform will be aligned under 0° head
pitch and 0 mm offset. The impactors get aligned
with a lateral vector offset to the headform’s hori-
zontal axis in increments of 10mm.

The ACEA impactor shows a linear decrease of
HIC values due to an offset of the impact vector
(see figure 14). At a displacement of 10 mm from
the initial position, the HIC-value decreases about
2.5 %, at 20 mm 5.4 %. For the FMH the HIC val-

ues decrease about 1.6 % for 10 mm axis offset and
7.4 % at 20 mm offset.

ACEA horizontal displacement sensitivity
vertical tube =B spherical
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Figure 14. Sensitivity on impact vector dis-
placement, ACEA headform (vertical tube).
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Figure 15. Sensitivity on impact vector dis-
placement, FMH (vertical tube).

Sensitivity on impact vector displacement (hori-
zontal tube)

Under horizontal tube orientation the impactors get
aligned with an increasing impact vector offset
moving down on the head’s local z-axis. The per-
formance characteristic of both headforms is nearly
linear as on vertical tube alignment. The FMH’s
lower face parts do “under-run” the test structure.
Because of the zx-symmetry of the ACEA head-
form, testing under a lateral vector offset needs
only to be performed in the vertical tube position.
The influence of gravity during the short free flight
distance can be neglected.

ACEA horizontal displacement sensitivity
vertical tube
Same as on vertical tube due to spherical shape
1100

% Side vi zphs;ica\
Py 1000 —— — ide view eadform
g 900 = 0
I 800
700 ‘ ‘ ‘ ‘ —— BAV0-0-H
5 0 5 10 15 20 25 |—m BAVO{0H
Impact vector displacement right [mm] —A— BAV0-20-H

Figure 16. Sensitivity on impact vector dis-
placement, ACEA headform (horizontal tube).
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FMH vertical displacement sensitivity
horizontal tube
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Figure 17. Sensitivity on impact vector dis-
placement, FMH (horizontal tube).

Table 2 gives an overview of the HIC results for the
two different impactor types FMH and ACEA.

FMH ACEA
tube orient. offset average HIC | HIC decrease offset average HIC = HIC decrease
[mm] %] [mm] %]
0 926 0 992
vertical 10 912 186 10 967 25
20 858 74 20 938 5.4
0 719 - - -
horizontal 10 652 9.4
20 639 11.2

Table 2. Results of physical rig tests (impact vec-
tor offset)

The variation of results within the test repetitions is
shown in figure 18 and 19. For both impactor types
the reliability of the results is decreasing due to an
increase of impact vector offset under vertical tube
orientation. Up to 10 mm deviation the variation is
in an acceptable range, minor to 5 %. At 20 mm
offset the ACEA impactor shows a nearly 50 %
higher variation in the HIC-values than the FMH.

Vertical tube

:7+FMH
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M
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Figure 18. Comparison of test variation for im-
pact displacement deviations (vertical).
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Figure 19. Comparison of test variation for im-
pact displacement deviations (horizontal).

COMPARISON OF IMPACTORS OF SIMI-
LAR DESIGN

Additional tests were performed to check the repro-
ducibility depending on the differences in design
between impactors. Therefore two ACEA and FMH
impactors have been borrowed from TUV to be
compared with the BASt impactors. In addition to
this the skins have been exchanged between the
BASt and TUV impactors. Some of the previous
mentioned test conditions were used for the impac-
tor comparison.

An optical comparison between the three FMH,
regarding outer geometry and surface condition,
shows significant geometrical differences (see fig-
ure 20). While the nose of the BASt FMH is com-
pletely removed and the lips stick out, the FMH
models from the TUV are designed with a visible
nasal-bone reaching down to the lips. The differ-
ences in the FMH skins probably are the result of
different manufacturers (Denton and FTSS). A
definition of the nose shape is quite dificult. The
ACEA spherical headform is easier to define. Be-
cause of the head rotation over its face, those dif-
ferences in nose design could cause deviations in
the kinematic behaviour of the FMH headform im-
actor.

Different nose design

FMH BASt

Figure 20. Different designs of FMH impactors.
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The analysis of the high-speed videos show “flut-
tering” of the TUV FMH skin on the aluminium
body and a marginal relative displacement of the
skin in the direct contact area on the forehead. The
skin of the FMH impactor from BASt is tightly
fixed to the inner skull and does not slide under
impact. All three FMH impactors do have the same
mass of 4.5 kg.

Figure 21 shows clear differences in HIC results
between the compared FMH impactors. The BASt
FMH achieves about 14 % higher HIC-values in
average than the TUV FMH impactors. The ex-
change of the skins demonstrates that the BASt skin
causes higher HIC-values. The inner aluminium
skulls of all three impactors are identical in mass
and geometry. Both TUV impactors achieve nearly
identical results. The results support the assumption
that the different skin design has an influence on
the results. But also the inner skulls do vary as they
are not completely identical. On the inside balance
weights are attached to compensate the differences
of the moment of inertia Using the BASt skin with
the TUV 1 skull also reduced the HIC. As a result,
skins and skulls cause variations in HIC results for
the FMH. Calibrations have been performed after
changing the skin.

The variation within the respective test repetitions
does not exceed 5 %.

Comparison of different FMH on vertical tube
10°

950

900

850 T | 7
HIC 800 7
750 T
700 7

650

BAST TOV 1 TOV 2 TOV 1 with  BAST with
BAST skin  TUV 1 skin

Figure 21. Comparison of different FMH im-
pactors.

The same tendency could be observed by horizontal
displacement of the both FMH types (with and
without nose) at 10mm and 20mm displacement.

Comparison of differnet FMH on vertical tube
10 mm horizontal displacement { [

1000
800
©Q 600
T 400
200

0 ‘ @ FMH BASt
different FMH B FMH TOV 1

Comparison of differnet FMH on vertical tube lr -
20 mmhorizontal displacement
1000 !
800

O 600 —
2 o
T 400

Tata e

different FMH O FMH BASt
B FMH TOV 1

Figure 22. Comparison of different FMH im-
pactors with impact displacement.

EIET

200

The comparison of the ACEA headforms (see fig-
ure 23) indicates lower differences between the
impactors. The average deviation between BASt
and TUV HIC is below 3 %; the variation within
the respective test repetitions is about 4%, that
means higher than the deviation between the head-
forms itself. Furthermore the ACEA impactors do
not show any differences in geometry, surface de-
sign or mass.

Comparison of differnet ACEA headforms
centered on vertical tube [[;_

1000 C}

800 -

HIC
400 -

200

Side view

OACEA 1

different ACEA Headforms BACEA 2
DACEA 3

Figure 23. Comparison of different ACEA im-
pactors.

SENSITIVITY ON HEADFORM ORIENTA-
TION

The current WG13 interior headform test procedure
includes a 90° roll of the FMH, in case the gap be-
tween chin and structure is less than 10°. It was of
interest to investigate differences in HIC result,
when testing identical targets with the same impac-
tor with this two possible head orientations. A rota-
tion up to 90°, leads to a HIC-value decrease of
Langner 8



about 30% for the FMH. The analysis of the high-
speed videos shows higher head rotation than in
vertical tube position, caused by the missing secon-
dary contact of the chin. Beside the 90° roll of the
impactor, this would also mean a 30% difference,
testing identical target structures on a vertical pillar
or horizontal side roof rail.

Because of the over-all symmetry of the ACEA
headform, testing 90° rolled has no influence on the
HIC.

O~ jmo()-

Top view

| g _

© [@' L®'_l‘:::|o§;-

u
u | Sideview = Gide view Top view

Figure 24. Influence of head roll.

CONCLUSION

In this study two different headform impactors have
been compared, regarding their sensitivities to de-
viations of defined test parameters. A test rig and a
specific test sample, representing a typical car
structure (e.g. B-pillar), were developed and pro-
duced. Extensive test runs were performed at the
test facility of BASt.

A simplified summary of the sensitivities of the
different headform impactors towards a variation of
impact parameters are shown in Table 3.

FMH ACEA Headform
repeatability + o
head orientation - ++
(90°roll)
sensitivity in + +
impact angle
sensitivity on o o
target accuracy
use of different o +
headforms of
the same type

++ very good, + good, o acceptable. — insufficient, -
- very insufficient

Table 3. Comparison of impactor sensitivities

At vertical tube orientation the FMH and the ACEA
headform impactor show similar results. An exact
impactor alignment regarding the head pitch is very
important. Both headforms are more sensitive to

deviations of the head impact angle than to lateral
offset of the impact vector from the mid-axis. The
variation of the ACEA impactor rig test results is
higher than the variation of the FMH.

At horizontal tube orientation the FMH impactor
shows lower variation and sensitivities to the test
parameters than the ACEA headform. The rig test
results of the ACEA headform impactor show a
high variation and sensitivity to impact angle devia-
tions.

The FMH impactor is sensitive to the orientation of
the tube structure. In the initial alignment position,
the HIC results differ about 30 % between verti-
cally and horizontally orientated tubes. This is un-
acceptable. In contrast, the spherical ACEA head-
form impactor shows no sensitivity to this parame-
ter and offers an easier handling during rig tests.

To achieve reproducible and comparable results for
tests on real car structures precise first-contact point
alignment has to be clearly defined.

The comparison of FMH impactors of same design
shows differences in geometry and surface design.
A different nose design of the FMH impactors in-
fluences the kinematic behaviour and the HIC re-
sults. The FMH impactors from the TUV achieve
13 % lower HIC-values than the FMH impactor
from BASt.

The ACEA headform impactors from TUV achieve
less than 3 % lower HIC-values than the ACEA
impactor from BASt. This is less than the deviation
using the same impactor. The geometry, surface
design and mass of the compared ACEA headforms
are identical.
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ANNEX A
DESCRIPTION OF THE IMAPCTORS

Characteristics of the FMH impactor -
FMVSS201

The FMVSS 201 was introduced by the NHTSA
(National Highway Traffic Safety Administration)
in the US to enhance the safety standards for the
protection of passengers regarding head impacts on
interior structures. Since the year 2002 this regula-
tion is applied to all vehicles up to 4.5 tons total
mass.

The impactor is the head of the Hybrid 3 Dummy
with its nose removed. This Free-Motion-Headform
(FMH) impactor of 4.5 kg mass gets impacted on
selected target points on the car interior surface,
with a minimum free-flight distance of 25 millime-
tres and a speed of 24.1 km/h, the latter being the
average velocity for the onset of severe injuries in a
car accident. Typical target areas in the passenger
compartment are the A- and B-pillars, the steering
wheel, the dashboard and exposed parts like the belt
fixing and handholds.

OB
msias; HE
pos. description
FE=SEEEEES + Ski -
sos T ‘_} 1 Part 1: Skin PVC-Rubber
i i NAEREESESEELE R
h T HI:LF 2 Part 2: Aluminium Skull
TJF - ]
3 Part 3: Rigid Body
aw
a
Eas @ 4 Part 4: Added Balancing Mass

5 Part 5: Accelerometer

Figure 25. Characteristics of the FMH impactor
[1].

The test procedure mandates that the calibrated
forehead region of the FMH hits the target point
first without contacting any other part outside of the
specified impact zone.

The severity of head impacts is assessed by the
HICy

HIC ¢« = 0.75446 x HIC +166 .4

Figure 26. HIC, formula, calculation for com-
parison with dummy values.

The HIC, is a dummy-related value which dimin-
ishes high HIC values and considers the fact that
the headform is detached from the neck of the Hy-
brid 3 dummy. The acceptance criterion is HIC; <
1000.

Calibration Procedure FMH impactor

According to FMVSS 201 the free-motion head-
form impactor must be calibrated and verified.
Therefore a free-fall drop test is described (see fig-
ure 27). The headform gets dropped from a height
of 376mm +/- Imm on a flat rigid steel plate. To
avoid secondary contact of the chin a rotation of the
impactor of 28° +/- 0.5° about the horizontal axis is
required. The measured resulting acceleration must
not exceed a value of 250g +/- 25g.

HEAD DROP TEST SETUP SPECIFICATIONS

RIGID SUPPORTED FIXTURE
QUICK RELEASE MECHANISM

ADJUSTMENT TURNBUCKLE

HEAD SUPPORT CABLES
LIGHT-
WEIGHT
THREADED
INSERT.

ACCELEROMETER CABLES ROUTE
CABLES SUCH THAT THEY DO NOT
INFLUENCE HEAD MOTION DURING
THE DROP

NECK TRANSDUCER OR
STRUCTURAL REPLACEMENT

(Plastic,
Nylon,
etc)

0.5"

DROP HEAD T
14.8" £ 0.04" [ 0.5"
] —
FLAT HORIZONTAL STEEL PLATE 148"
2" x 24" x 24" WITH SURFACE FINISH WITHIN THE ’
RANGE OF 8 TO 80 MICROINCHES. IMPACT

SURFACE TO BE CLEAN AND DRY. OPTIONAL SETUP GAGE

Figure 27. FMH head drop test setup specifica-
tions [2].

Characteristics of the ACEA impactor - EC-
Directive 2003/102/EC

Since 2005 the new pedestrian safety legislation is
effective as EC-Directive 2003/102/EC phase 1.
Besides leg and hip impact tests, two types of free
motion head impactors are impacted on the front
end of passenger cars. These headforms are of
spherical shape with 165 mm in diameter and cor-
respond to the ACEA design. The child / small
adult headform of 3.5 kg and the adult headform of
4.8 kg mass get impacted on selected target points
within defined areas on the bonnet and windshield.
An internal tri-axial acceleration sensor measures
the corresponding acceleration-time function from
which the Head Performance Criterion HPC (equal
to HIC described under FMVSS 201) is computed.
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pos. | description

1 Part 1: Skin PVC-Rubber

2 Part 2: Aluminium Skull

3 Part 3: Rigid Body

4 Part 4: Accelerometer

Figure 28. Characteristics of the ACEA head-
form impactor [3].

Calibration Procedure ACEA impactor

The calibration of the ACEA spherical headform
impactors is different to the FMH drop-test proce-
dure. While the FMH impactor is calibrated only in
a limited area on the forehead, the ACEA headform
is calibrated in a wide area of the sphere surface.

As shown in the figure below, the headform is sus-
pended on a wire with the rear face at an angle be-
tween 25° and 90° with the horizontal. A linear
guided certification impactor of 1 kg mass is pro-
pelled horizontally at a velocity of 7 m/s into the
stationary headform. The -certification impactor
must be positioned so that the centre of gravity of
the headform impactor is located on the centre line
of the certification impactor with a tolerance of five
millimetres. The tests have to be performed on
three different impact locations on the headform
impactor. Previously used and/or damaged skins
shall be tested in those specific areas.

The peak resultant acceleration measured by one
tri-axial accelerometer in the headform shall not be
less than 290 g and not more than 350 g. The resul-
tant acceleration time curve shall be uni-modal.

- 7

Certification impactor
% Wire length 2.0m minimum

Suspension angle

Headform impactor /
Figure 29. Calibration test setup for ACEA
spherical headform [4].
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ANNEX B

DEFINITION OF TEST SET UP

The adequate design of the test sample support has
an important influence on the informational value
of the results. On the one hand a fixed clamping on
both sides of the tube represents a nearly realistic
connection of a vehicle pillar at the roof rail and
rocker-rail. On the other hand stress-free deforma-
tion is not warranted. So the complete restraints and
its fixing to the test rig could deform. Resulting
vibrations can influence the quality of measure-
ment.

Figure 30 shows a mechanical replacement system
including a simply supported bearing of the test-
tube according to a three point bending test. The
tube can bend freely in the direction of impact.

axial stopper

movable bearings

Figure 30. Substitute mechanical system for rig
testing set-up.

Construction of test object and test rig

The headform impactors get impacted on a tube-
assembly of 1000 mm length. The external overall
diameter is 110 mm, the inner diameter measures
62.6 mm. The structure as shown in figure 2 con-
sists of a thin walled steel tube with a gauge of 1.2
mm, an energy absorbing PUR-foam of 20 mm
thickness and a PVC tube of 2.7 mm thickness.

This assembly should represent a typical car body
structure, like a B-pillar which consists of an inner
steel sheet, damping material and interior covering.
The rotation-symmetric setup determines a specific
mounting position in the test rig. To avoid rotation
of the different material layers amongst each other,
a light press fit is applied.

Figure 31 shows the assembled test rig with aligned
ACEA headform. To avoid deformation and vibra-
tions in the test rig the tube assembly gets sup-
ported according to a three point bending test.

Impactor
(ACEA headform) —*/\s

restraints

Figure 31. ISO and side-view of the complete rig
testing set-up.

axial stopper [D]
5 mm steel plate [A]

sleeve [B]

anti twist device [C]

Figure 32. Tube clamping and anti-twist device.

On both sides of the restraints the tube assembly
bears on a steel plate [A] of 5 mm thickness. The
small overlap between sleeve [B] and steel plate in
relation to the total tube length of one meter ensures
a nearly freely jointed bearing.

Test configurations with an impact vector vertical
to the tube axis could cause twisting of the tube
assembly. Therefore a so called anti twist device
[C] is welded on one side of the steel tube as shown
in figure 32, right side. This device fits in a groove
which is milled in the axial stopper [D] of the re-
straint. The tube can still bend freely but rotation
around its longitudinal axis is suppressed. The foam
and outer PVC tubes are joined with a press fit.

To avoid stress concentration and carving of the
steel plate in the outer PVC tube, two slotted, thin-
walled steel sleeves are mounted on each side of the
restraints.
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ANNEX C

Test Matrix Basic Tests at BASt
Comparison BASt FMH vs. BASt ACEA headform

Impac| Impact HFC Scatterin -
- - _ Difference
Ho HeadFor Eube . Impact t ue_ctm Af:celerat average mazimum differenc from one q [*] Difference ACEA te
Test m orientati| angle ve_ctor l‘.!lSpl. i ¥ [mis] ion [q] HPC HFCd HPC deviation | e per step setup to |refered to| ACEA to FMH
on I1 displ. | orientati maz HPC HPC the other maz. FMH
[mm] on [=1 value average

_1 [BF¥I0-0-1 FIiaH wertical 0 1} EAT 2606 9225 2E2.4 926,23 T e 8.2
L EFv0-0-2 FriaH wertical 0 1} EES 1436 9281 HEE & 149 57 o 0

3 |BFYI0-0-3 FraH wertical 0 1] .7l 47,7 9282 HEET 3.8 -105,1
L EFv15-0-1 FriaH wertical 15 1} EE0 1321 139 TE3A 2211 14 9.6 949
i EFv15-0-2 FrIH wertical 15 o EE3 1368 8Ny 79349 18,7 4749 57

& | BFv15-0-3 kil wertical 15 0 EE3 139,2 39,8 00,0 29,2 -EE,0
L EFv20-0-1 FriaH wertical 20 1} EE3 129,7 TEO,2 73949 785, :J :, 125 17
i BFY20-0-2 FraH wertical 20 1] ET2 1230 TE3E T425 8.5 221 Sealr ey 24

9 |BFv20-0-3 kil wertical 20 0 E.73 130,7 7415 726,83 13,6
l BEAvI0-0-1 ACEA wertical 0 1} £ 1675 10237 9387 1002,3 —
N [EAvI00-2 ACER wertical 0 1} EE3 168,6 HE11 2915 214 E2.E i Bl

12 |BANI0-0-3 ACEA wertical 10 0 E,73 65,3 1022,0 9375 41,2 -102,0
i BEAvi5-0-1 ACEA wertical 15 o E 72 1526 8EEE 204 300,3 10,2
14 | Bavis0.2 ACES wertical 15 i B 5% 1511 2771 2281 5E,7 a0z M a4

1% | BAY15-0-3 ACEL wertical 15 0 E.73 156,58 9570 208.4 335 -5E,7 o
i BAY20-0-1 ACEA wertical 20 1} £ 1515 4,2 011 8435 15,3
l BaN20-0-2 ACEA wertical 20 1] E74 455 gh0.4 2080 B8 1z e 13

18 |BAY20-0-3 ACEL wertical 20 0 - £, 75 165,1 39,2 7995 4.4
L BF¥10-0-H- FriaH wertical 0 1} right EAT 250,8 9225 ge2.4 9263 7.0
[20|BF¥10-0-H-] FMH | wertical 0 1] right 655 “36 9281 BEE6 13 57 - STt 05

21 |BEY10-0-H- FIaH wertical 10 0 Tight 70 147,7 928,2 SEE,7 3,8 14,8
E BEF%10-10-H-1 FraH wertical n n right ET2 1340 917.B geaT ans o 16 E1 Th
ﬁ BFY10-10-H-2 FrIH wertical 0 0 right E71 1352 9256 QE4.7 14,1 344 3.7

24 | BFv10-10-H-3 kil wertical 10 10 Tight E.73 136,2 2912 9388 20,3 -535 e
E EFvi0-20-H-1 FhiaH wertical 10 20 right B 72 1345 8337 7454 8538,0 Top vz T4 9.3
_26 |BFI0-20-H-2 FriaH wertical 0 20 right E T3 138.2 869,3 2147 2249 472 Fede vz 5.4

27 | BFY10-20-H-3 FIaH wertical 10 20 Tight E,77 1378 50,9 31,0 24,3 133,56
E EaN0-0-H-1 ACEA wertical 0 1] right EET 1731 10038 q237 9915 -
28 |BAVD-0-H-2 ACER wertical 1] 1} right £ 1677 9391 9126 122 22,0 ) ?.’.‘:ﬁ 2.2

30 |BavD-0-H-4 | AcEA | wertical 0 i right 6,73 1650 3818 07,1 9,8 248 BER
i Ba0-10-H-1 ACEA wertical 1] 0 right EB9 1635 9456 avas 9EE,7 o 25
i BEav0-10-H-2 ACEA wertical 1] 0 right ET2 1632 9652 2945 227 43,8 4.4

33 | BAYO-10-H-3 ACEL wertical 1] 10 Tight E.73 164,2 959,4 9129 211 -29,2

34 |BAVO-20-H-1 ACEA wertical 1] 20 right E 72 165,2 a7E4 3034 9376 Tap wew 5.4
E EavD-20-H-2| ACEA | wertical 0 20 right 673 1582 5934 40,5 393 230 e e | %5

36 | BAYD-20-H-4 ACEA wertical 1] 20 Tight 70 160,4 9419 2770 43,7
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Comparison BASt FMH vs. BASt ACEA headform

Impac

Impact

HPC

Scatterin

No Headfor _tube i Impact t ue_ctur .Flf:celelat average ma:_im_um differenc from one q [*] Difference DA[':[:EI;n:;e
Test m orientati| angle ugctm d_lspl._ ¥ [mis] ion [qg] HFC HPCd HPC deviation | e per step setup to |refered to| ACEA to FMH
on I'l displ. | orientati maz HPC HFC the other maz. FMH
[mm] on [*] value average
_37 | EFHO-041 FIMH | horizontal 0 0 - E,7E 1435 7231 72,0 EakA|
_38 | BFHO-D-2 FIMH | horizontal i i - [ ] 1432 7e88 7163 97 233 L
39 |EFHO-0-3 FIMH | horizontal i i - E,E57 1400,3 7055 £98,7 13,6 53,2 5 o o
_37 | EFHI0-0-1 FIH | horizontal 10 il - 73 1374 £44,3 E5E,3 EEE,0 o 25,2 205
_38 |BFHI0-0-Z FIMH | horizantal 10 0 - 72 1325 E38,1 E478 445 T2.4 R | 0.2
39 |EFHI0-0-3 FIMH | horizontal 10 i - E,73 142,4 70,5 7024 274 -59,0
_40 | EFH20-0-1 FMH | horizontal [ 20 i - E74 1218 REAS [2:1K] EYT.0 % 134 15,4
_#1 | BFH20-0-2 FIMH | horizontal [ 20 i - E69 120,1 5744 B0 56 4.1 L, 1P 2 24
42 |EFHZ0-0-3 FMH | horizontal | 20 i - 671 124,2 526 G154 8.5 Si de view
_43 |BAY¥D-0-H-1 ACEA wertical 0 0 - EET 1731 10038 9237 91,6 sperical
_84 |BAY¥D-0-H-3 ACEA vertjcal 0 0 - B.71 1677 338,1 9126 122 2.0 hesdform
45 |BAYO-0-H-4 ACEA vertical i i - E,73 155,01 951,53 07,1 9.3 57,5
_43 | BAH10-041 BCEA | horizontal 10 il - E,69 1479 790,3 TEZE 834,0 c |
_44 |BAHID-0-2 ACEA | horizontal 10 0 - EET 152,3 5255 7892 52,3 96,0 5 o 0.8
45 |EAHI0-0-3 ACEA | horizontal 10 i - E,E57 1516 $86,3 335,1 43,7 66,1 b
_46 | BAH20-0-1 ACEA | horizontal | 20 i - EAE 1222 R387 13,1 EET.A 18,9
_A7 | BAHZ0-0-2 ACEA | horizontal | 20 i - E,7E 1310 E46.8 E54.4 90,3 1595 Sk view Sge 210
48 |EAH20-0-3 ACES | horizontal | 20 i - 7T 142,49 758,2 T84 £9,2 0° Air
_49 | EFHO-0-v1 FIMH | horizontal 0 0 down E,7E 1435 7231 72,0 EakA| 374
_50 | EFHO-0-v-2 FIMH | horizontal 0 0 down E,69 1432 7e8.8 7163 97 233 3,2
51 | BFHO-0-Y-3 FIMH | horizontal i i down AT 140,3 7065 £98,7 136 ET.E 2
_52 | EFHO-10-Y-1 FIMH | horizontal 0 10 down E,E5 135,3 £28,3 Ed04 ERLE 94 424 444
_53 | BFHO-10-v-2 FIMH | horizontal 0 10 down 72 142,7 E94,7 E305 43,1 B4 0 9.6
54 | BFHO-10-¥-3 FIH | horizontal 0 10 down [ 132,8 E31,7 E42,0 233 12,4
_55 | BFHO-20-V-1 FIMH | horizantal 0 20 down E72 1314 E43,4 51,8 E38,6 Ymmw' 12 46,8
_56 |BFHO-20-v-2 | FMH | horizontal 0 20 down ] 1349 E538 E53,7 152 35,1 ’ 5.4
57 |EFHO-20-¥-3 |  FMH | horizontal i 20 down £, 70 138,7 18,7 £33.2 13,9
_58 | EAYD-0-H-1 ACER, wertical 0 0 right EET 1731 10038 9237 91,6
59 |BavD-0-H2 [ acea wertical i i right £.71 67,7 259,1 S126 12,2 220 P 22
60 |BAVD-0-H-4 ACES vertical i i right E,73 155,01 951,53 07,1 9.3 24,3
_61 |BAVD-I0-H1 | ACEA vertical 0 10 right E,E4 1636 45,6 5798 9EE,7 O 25
_B2 |BAVI-0-H-Z [ ACEA vertical i 10 right E72 1E32 9E5,2 94,6 227 438 44
63 |BAVD-I0-H-2 | ACEA vertical 0 10 right E,73 154,2 989,4 312,9 211 29,2
_64 |BAVO-ZO-H-1 | ACEA vertical 0 20 right E72 165,2 9763 a4 9376 Top vlew 54
_65 |BAVD-20-H-2 | ACEA vertjcal 0 20 right E,73 158,2 8929 2408 39,3 a3.0 8,5
66 |BAVD-20-H-4| ACEA vertical i 20 right E,70 150,4 341,93 770 437
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Comparison vs. 3 different FMHs and vs. 3 different ACEA headforms

Impac | Impact differenc HFC Scatterin
Mo Headfor Fuhe ) Impact t ue_ctur AFcelerat average ma:_im_um el_:etueen !mm one q []
Test orientati | angle |vector| displ. ¥ [mis] ion [q] HFC HFPCd deviation | different impactor (refered to
m on Il displ. |orientati maz HPC HFC impactor to the max.
[mm] on = other [*] value

5% |EFYI0-0- FrIH wertical 0 0 E&T 2506 9225 BEZ4 H26,3 E&SE
549 [BFYI0-0-2 FrIH wertical 0 0 .65 1436 a28.1 BEEE 13 57 E&SE - . 0,6
60 | EFv10-0-3 FriH wertical 10 0 E, 7l 147.7 53282 BEE.T k] E&SE iy
_B1 [BFYI0-0-4 FrIH wertical 0 0 70 130,28 TE15 T5E.0 Ta71 1292 F1o74 [T 129
_B2 [BFYI0-0-5 FrIH wertical 0 0 70 1299 2084 TTE3 "3 269 F1o74 [T 33
63 [BFv10-0-5 FriH wertical 10 0 E.63 1237 2014 7710 15,6 F1o74 [T '
_B4 [BFYI0-0-7 FrIH wertical 0 0 70 03,1 BZT0 70,3 2131 -16,0 F107E [TUW] 122
_BS [BFYI0-0-5 FrIH wertical 0 0 .63 127.8 7383 TE11 129 387 F107E [T et vloe 4.7
66 | EFv10-0-9 FriH wertical 10 0 E72 134.0 E24.0 7381 24.8 F107E [T
&7 [EFv10-0-10 FriH wertical 10 0 74 1286 B70,2 B22A 571 F1074 [TOW) mit BF1[Bast] Haut [022700EE] E.1
68 [BFv10-0-11 FMIH wertical 0 0 .63 1374 8313 TA3E 389 EF1[Eazt] mit FI074 [TOY) Haut [104€) 10,3
B9 | BEFY10-10-H-1 FrIH wertical 0 0 right ET2 1340 a7 6 £58.7 ans
70 | BFY10-10-H-2 FrIH wertical 0 0 right 71 135.2 4256 2647 14,1 4.4 E&SE a7
1 [BFv10-10-H-3 FriH wertical 10 10 right E73 135,2 £31,2 £38.8 20,3 535 -
75 [BFv10-10-H-4 FriH wertical 10 10 - 74 1273 2317 7339 F1074 [TUW] e - 28
T2 | BFYI0-20-H-1 FrIH wertical 0 20 right ET2 1346 8337 Ta5.4 2580 %}r o @
73 |BFYI0-20-H-2 FrIH wertical 0 20 right E73 1382 859,32 14,7 22Aa 47,2 E&SE 5.4
T4 [BFVI0-20-H-3 FriH wertical 10 20 right E77 137.8 2309 2310 24,3 63,9 ) L T
76 [EBFv10-20-H-4 FriH wertical 10 20 - E6T 1284 7341 TEGS FI074 [TUV] 7.4
I7 [BFv20-0-1 FMH verkical 20 0 B3 129,7 TE0,2 73949 ThA,1 EASE .
T8 [BFvz0-0-2 FMH verkical 20 0 B2 1290 TE3E 425 g5 221 EASE ['f 23
T8 [BFvz0-0-3 FriH wertical 20 0 E73 130,7 7415 7268 12,6 -7h5,1 EASE E
80 [BFvZ20-0-4 FriH wertical 20 0 E.GE 1237 E37.8 E47 B FIOR4 (TN 15,5
81 (BAVD-0-H-5 ACEAR, wertical 0 1] [:43) 156,2 4329 g70.2 a2z Fi0a: [TV
82 (BAVD-0-H-& ACEAR, wertical 0 1] 70 1514 2384 a44.2 144 389 Fi0a: [TV pamr 4.2
83 [BAVD-0-H-F ACEAR, wertical 0 0 EGE 1435 8373 ET3E 245 F1033 [TUW]
84 (BAVD-0-H-2 ACEAR, wertical 0 1] E73 1566 a07.7 8512 2387 F1IZIS4[TI;I'-.-'] C]}' 26
85 (BEAY0-0-H-3 ACEAR, wertical 0 1] EGE 1520 £88.2 8365 4,0 185 Fioa4 [TLWV) 21
86 [EAY0-0-H-10 ACEAR, wertical 0 0 [ 3] 151,2 a00,2 2456 0.5 F1034 [TLUW]
87 [BAYD-0-H-11 ACEAR, wertical 0 0 EGE 1525 a00.4 2457 E&SH St sleog -0,2

Langner 15




