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least a first and a second material layer. }
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conference paper "Concept of hood design for possible reduction in

pedestrian head injury” discloses a laminate, in particular suitable for

| forming a hood of a car. Thus conference paper was presented at "The 14th
10 International Technical Conference on the Enhanced Safety of Vehicles",

Munich, May 23-26, 1994.

According to the above publication it is advantageous to build up

the laminate from a base material of for instance, steel, coated at the

bottom with an elastic soft foam layer.

19

When producing vehicles, automotive manufacturers are bound to

take the so-called Head Injury Criterion (HIC) into account when designing
s & hood for a car. The HIC gives an indication of the injury risk as a result of

the deceleration the head of 2 human undergoes at the moment this human

is knocked down by a car and hits his head on the surface of a hood. The
20 HIC is defined as follows:

In this equation the interval t;- to forms the interval over which

the deceleration of the head of a human is measured. This interval 1s

selected such that the maximum deceleration and hence the maximum load

25
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on the head of a human s determined.
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In the prior art it is known that the head of a human can underpo
a very preat deceleration during a short interval without permanent damage
necessarily occurring in the head. Afier this short period with a high
deceleration, however, the deceleration must revert to 5 much less high

5  value. If this does not happen, the risk of IMJury increases.

In the prior art it is required that in every place on the hood the
HIC value is lower than 1000. The equation shows that it is advantageous if
the deceleration is spread over a longest possible time interval. In practice,

this means that during this long time interval a hood can deform under the
10 load on the head.

When the time interval over which the hood can deform is great,
the associated deformation of a hood will also be great. Structurally, this
Tequires a large open space between the hood and the subjacent parts of the
car. It is clear that a maximum must be sét on this open space. The larger

15 this open space must be, the more unfavorable it will be to the totz;l design
of the car, for instance from the viewpoint of aerodynamics and freedom of
design when deéigﬁing i:he different engine parts.

Structurally, the ideal would be to make the hood from & material
having a relatively high stiffness during the first deformatioﬁ of the hoad.

20 When a head of 2 human hits such a hood, a great deceleration can be forcéd
on the head for a specific time interval. Ideally, the material properties of
the hood should then change to give the hood a much greater flexibility over

a next time 1nterval and to cause the deceleration of the head of 2 human to

revert to 2 much less high value.

25 By means of the structure known from the above-discussed
conference paper an attempt is made to cateh the head of a human as much
as possible and to direct it in the best possible manner towards the engine
located under the hood. The material properties of the hood aceording to the
above document, however, are constant during the deformation of the hood.’

30  This means that with the laminate according to the conference paper a

Fmpf .zeit? 16/{ AMENDED SHEET
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compromse must still be sought between, on the one hand, a largest
posmble range over which the head can be slowed down and, on the othey

hand a smallest possible range 5o as not to restrict the freedom of design
too much when designing the car.

5 A layered structural material for ear plating is further known

material that, coated with metallic foil, is suitable for replacing metallie car
10  plating parts, because this material has s relatively ereat stiffness. k‘hrs

15 From JP-A-01135860 it is known that a steel plate storable for a

. rather long time is coated, for the purpose of increasing its stiffness, with an
epaxy resin containing, infer alia, SBR, NBR, IIR, a curing agent, a filling
material and glass particles. ¥ Tt

In view of above, the object of the present invention is to providd a

23  strucfural material Srparticn ita ble-foraahiclas 1 35 Ccary, in

which the disadvantages of the materials according to the prior art are
avoided as much as possible, that is to say in which an optimum can be
obtained between the degree of deceleration and the depree of dent.

o According to the invention this object is achieved if the laminate

30 comprises a base layer of a relatively flexible material, such as, for instance,

EnPf .zei t216/C AMENDED SHEET
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specific maximum stratch. This maximum stretch 18, for instance, the elastic
limit of the material.

Through the above-mentioned measure it is epsured thar the

10  wvalue over a first deformation range. Because the material has this stiffness,
1t will be capable of forcing a relatively great deceleration on an object
hitting it, such as, for instance the head of a human, over the first range.

At the moment a maximum stretch is exceeded, either the brittle
supporting material will break or its stiffness will sharply decrease. This

Through the combination of the relatively stiff base materisl and
the relatively brittle supporting material 1t 18 substa.nmally ensured during
20  deformation of the structural material that the materizl properties of the
structu.tal material depend on the degree of deformation thereof.
| Jﬁ:‘igthe structural materialyaccording to the invention io-yeed
ef-g-eay, it can be ensured that a relatively great
deceleration is forced on the head of a human over a first range. When
25  exceeding a specific deformation of a hood, the brittle material will either -

break or lose its stiffness. Subsequently, a much lower de celeration can be

forced on the head in a second deformation range. The base layer deforms

plastlcally, which prevents load an the he ag as a result of the rebound of the
the h

lammate This means that ol Lhs hood according to the present

30 invention the object accorﬂ.ing to the inventmn is substantizlly achieved.

Enpf .zeit: 16/ AMENDED SHEET
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Accordmg to the mventlon it 18 advantageous that the stiffness of

comprise a filling layer arranged between the base layer and the supportmg
layer. Tlus filling layer may, for instance, comprise PVC foam. The object of

. secd
As stated, the structural material ¢ ceording to the inventior 5(1;)
parGcularsuisable-for a hood fmten< siale. Hereby it is of
advantage that the base layer comprises steel having a thickness of 0.6 to
15 2.0 mm, preferably 0.6 to 0.9 mm, most preferably 0.7 mm, or that the base

1ayer COMPrises 'alum.inum having a thickness of 1.0 to 2.0 mm, preferably
1.0 to 1.5 mm, most preferably 1.2 mm.

It 1s further possible that the supporting layer has a thickness of 0
to 10 mm, preferably 1 to 3 mm, most preferably 2 mm.

20 The supporting layer may, for instance, be made of a composite

the layer thickness of the supporting layer varies over the surface of the
hood.

25 " By varying the thickness of the supporting layer over the surface
of the hood specific material characteristics can be given to specific places on
the hood. That is to say in places where, for instance, the material of the
base layer is bent (and is therefore less flexible) the subjacent supporting
layer may be of thinner design or aven be completeh.r omitted.

tmpf.zeit: 16/ AMENDED SHEET
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As stated, it is necessary according to the prior art that in avery
place on the hood the HIC value is lower than 1000. That is to say that this
requirement is also imposed on the transition existing between the hood and
the juxtaposed wings. By integrating the wings, at least at the top thereof
with the hood it can be ensured in a single design that the HIC valus js
actually lower than the above valus of 1000. |

The invention will be described in more detail with reference to
the accompanying heures, in which:

Fig. 1 shows a possible design of a hood according to the present:

| -- | UseRr in q bood |
Fig. 2 shows the building up of the structural materimaccnrdjng

to the invention with a base layer and a supporting layer;
. Used [n < hoo
Fig. 3 shows the struetural mafena!faccora?n' ¢ to the inventfion, in

which a filling layer is arranged between the supporting layer and the base

Invention;

layer; |

Figs. 4,. 5 and 6 show the ratio between the strain and the
associated stretch of a m%terial E‘hgt :oa& be proferably used as supporting
layer for the ;tructural Iﬁ%ﬁ‘fyﬁﬁg to the 1nvention;

Fig. 7 ihows a possible arrangement for testing the stractural

eel
material Becording to the invention:

ol Irs ah E‘} . 8 shows a diagram of the properties of the structural material
%ccoraing to the invention tested in the arrangement of Fig. 7: and

Figs. 9a, 9b, 9¢ and 3d show, in the form of diagrams, the results
of tests carried out by means of the arrangement of Fig. 7. .
: : /5 . .
Fig. 1 shows a hood 1, which can-be built up with the structural

material according-to-the-invontion. As will be discussed with reference to

Figs. 2 and 3, the structural material of a hood 1 comprises a base layer of,
for instance, steel and a supporting layer of, for instance, a composite
material. The hcnd lof Fig. 1 comﬁﬁaes a first central part 2, which, in use,
will cover the engine at the top. On both sides, the central part 2, extended

tmpf .zeit: 16/ AMENDED SHEET
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by side parts 3, which, in use, will substantially extend in the vertical
direction and form the wings of a car. At the edge 4 the ceniral part 2 will

connect to the windscreen of a car. In the central part holes are further
provided to accommodate, for instance, a light unit.

Used "E&E %odgagrammaucally shows the building up of the structural
materiallaccording to the invention. The structural material comprises a

base layer 10, for instance formed from steel. The steel base layer can be

easily deformed and can, moreover, be finished in the conventional manner

with protective layers and paint layers etc. Arranged at the bottom of this
base layer is a supporting layer 11. The particular aspect of this supporting
layer ia that it is made of bl.fittle material. When a force is exerted on the
material 10, 11, the material will deform. Over a first deformation range the
resistance to bending will be determined by the material properties of both
the base layer 10 and the supporting layer 11. When a specific dogree of
deformation is exceeded, the brittle material will either break or lose its
stiffness. That is to say that from that moment the material properties of
substantially the base material 10 will determine the further resistance to
bending over the deformation range.

Flg 3 shows an alternative embodiment of the structural material

in o
20 iaccordmg to the invention. Besides the base material 10 and the brittle

25

Empf ¢91't 16/ A.\.MENDED SHEET

material 11, the material according to the embodiment of Fig. 3 also
comprises 8 filling material 12. This filling material 12 is, for instance,
formed by PVC foam or by means of a relief on the supgfzsrténg material.

Figs. 4, 5 and 6 show the ratio between the strain and the
associated stretch of a material that is eminently suitable to serve as
supporting material 11. The material has the code name of BMC (Bulk Mold
Compound). The material contains 5 wt.% glass fibers having a length of
6 mm. The material further contains a considerable amount of mineral
(lime). The density of the matarial is 1800. The material has a yield stress of

B Swet e o - Wt e : T— @ P
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8
34 MPa. Fig. 4 shows that when them exeried on ti:le maternal exceeds
the yield stress, the stiffness of the material sharply decreases.
. Fig. 5 shows a picture similar to that of Fig. 4. The yield point of
the material is at 34 MPa. The associﬁted deformation is, for instance,
3 0.31%. The specific sugngth depends on the selected material thickness.

Fig. 6 shows the behavior of the material under compression

stress. |
Useol in o h%p licant condueted experiments with the structural material
L according to the invention. The arrangement used by applicant is drawn in
10  Fig. 7. Fig. 7 shows a so-called impact tester 30. The impact tester 30
comprises frame 31, in which a test piece can be clamped. The tester further
comprises a so-called "head form". This head form is a freely moving mass
having a weight of 4.8 kg, imitating the head of an adult human. The
arrangement used by applicant corresponds to the reqnirements of the
15 European Enhanced Vehicle Safety Committee Working Group 17. The head
form 32 is moved in the direction of the test piece 35 by means of a cylinder
33. The speed at which this oceurs is 11.1 m/s. A survey of the tests

conducted by applicant is contained in Table 1 below.

Pt 2 12 16/ e s 0 o e+ e
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Tast

Material layer
thickness

(mm)

CL001122 | 0.7 Steel/
20 PUR /
0.7 Steel

L001123 Idem | 11.45 2440 __
CL001124 Idem 11.36 2340

L001125 0.7 Steel/ 11.32 2220

20 cell rubber/
07Smd

number

1553

CL001130 Idem 11.32 2890

17 00
CL001131 | 0.7 Steell 8.69 14350 '443
2 BMC |

EmPf.zeitz 16/ I\EEDEQ SHEET
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Fig. 8 diagrammatically shows the results of the tests conducted
by means of the arrange;nept of Fig. 7. Line 40 indicates the proﬁ];a of the
deceleration of a head for the time most advantageous to a human. The fiull

. o | us 1 &)
hine 41 indicates the profile that can be obtained with the ma%eriﬂ:cc’;oﬁia?:xg
5 tothe invention. | |

Figs. 9a, 2b, 9¢ and 9d further show, in the form of diagrams, the

10
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CLAIMS
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characterized in that the laminate comprises & base layer of a rélatively

flexible material, such as, for instance, stee] op aluminum, which base layer

b 18 coated with a supporting layer of relatively brittle material

2, sﬁ%&%ﬂ according to claim 1, cha.ractenzed m that

the stiffness of the supporting layer strongly decreases when ; Increasing the
stretch ahove the elastic limit of the material of the supporting layer.

3. A hoo according to clalm 1 or 2, characterized in

10 that the supporting material comprises BMC.
el
‘4. 3 A E&Q%Mamr&ng to claims 1 - 8, characmnzed in
that between the base layer and the supporting layer a filling layer 18

arranged to increase the distance between the base layer and the Bupporting

»
pw s Bk ay

= OO L UL L A2y v 1Ire »

recedingelaims.  ( any of fhe prececling claimg
5.  Ahocod according to Haim , characterized in that the base layer

comprises steel having a thickness of 0.6 mm to 2.0 mm, preferably 0. 6 mm
20 to 0.9 mm, most preferably 0,7 o).

%ﬁﬂ;ﬂw
5 . A hood aecording to characterized in that the base layer

comprises aluminum having a thickness of 1.0 mm to 2.0 mm, preferably 1.0
mm to 1.6 mm, most preferably 1.2 mm.

‘7. * A hood according to any one of the preceding claims E}-&eﬁ,
25  characterized in that the supporting layer has a thickness of 0 to 10 mm,
preferably 1 to 3 mm, most preforably 2-mm.

}%‘i Enpfangszeit 28.Apr. 16:1]
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8. A hood according to any one of the preceding claims 5,—6—?-0:-8,

b

characterized in that the layer thickness of the supporting layer varies over
the surface of the hood. |

(113

g
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