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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. 
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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: 

• Rotation-symmetric assembly (tube) 

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

• 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 

• 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: 

 

 

Figure 2.  Rig testing tube assembly. 

 

tube assembly

Impactor
(ACEA headform)

restraints

 

 

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.  

  

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. 
 

 

 

Figure 5.  

Top:  Angle variation on vertical tube (a, b). 

Bottom: Angle variation on 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. 
 

 

 

 

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. 
 

 

 
Figure 7.  Different FMH and ACEA headforms. 

Assessment parameters 

Both impactor types will be compared by the HIC 
value and not the HICd value. The HICd 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 (HICd = 0.75446 * HICFMH + 
166.4)  
This formula cannot be used for the ACEA head-
form as the dummy related HICd 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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Figure 8.  Variation of impact angle, FMH verti-

cal tube. 

 

ACEA impact angle sensitivity
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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. 
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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. 
 

 

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 0 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. 
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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. 
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Figure 16.  Sensitivity on impact vector dis-

placement, ACEA headform (horizontal tube). 
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FMH vertical displacement sensitivity
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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.  

 

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. 
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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 TÜV to be 
compared with the BASt impactors. In addition to 
this the skins have been exchanged between the 
BASt and TÜV 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 TÜV 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-
pactor. 

 

Figure 20.  Different designs of FMH impactors. 



 Langner  8
 
  
 

The analysis of the high-speed videos show “flut-
tering” of the TÜV 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 TÜV 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 TÜV 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 TÜV 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 %. 
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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. 
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Figure 22.  Comparison of different FMH im-

pactors with impact displacement. 

 
The comparison of the ACEA headforms (see fig-
ure 23) indicates lower differences between the 
impactors. The average deviation between BASt 
and TÜV 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. 
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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 
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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. 
 

  

 

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 TÜV achieve 
13 % lower HIC-values than the FMH impactor 
from BASt.  
 
The ACEA headform impactors from TÜV 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.  
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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 
HICd 
 

4.16675446.0HIC d +×= HIC  

 

Figure 26.  HICd formula, calculation for com-

parison with dummy values. 

 

The HICd 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 HICd < 
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 +/- 1mm 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. 

 
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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1
2

3
4

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. 
 

 
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.  

 

movable bearings

axial stopper

 

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. 
 

tube assembly

Impactor
(ACEA headform)

restraints

 

 

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

testing set-up. 

 

 
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 
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