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ANTI BALLI STIC GRILL FOR AN ARMORED VEHI CLE The present invention

the method recited in the preanble to Claim1. 5 A et hod of
fabricating conposite netal -and-plastic conponents is known from European
Patent .0 732 234 A2, Layers of plastic ard applied (lamnated) to the top
and bottom of sectional netal cores (bars). Layers of woven plastic fabric
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are bonded together, and the resulting sandwiches to the

10. metal core with both thermoplastics and duroplastics.

Both vacuum sacking and pressing are employed to
fabricate such work (both techniques being described in M.
Fleming, G. Ziegmann, and S. Roth, Faserverbundweisen,
Berlin, Heidelberg, and New York, Springer, 1996).

15 Common to both techniques is that, to bond together
moldings with many angles, they use molds in the form of
ubper and lower halves to achieve the desired geometry. Both
techniques also depend on indirect supply of the requisite
heat. That heat must be diverted entirely out of the finished

20 work by subsequent cooling once the reaction is complete.

In vacuum sacking, the loosely joined separate
layers of the eventual composite must be secured in molds
entirely enclosed in a sack, which is then totally evacuated

. to apply pressure by way of.woven auxiliary stfuctuges.

25 Subsequent to this preparatory phase the total package is



approximately 200 [err] C, is imediately followed, especially in the case
of thernoplastics, by a cooling stage at the sane 5 pressure to stabilize
t he nol di ng. When the conponents are fabricated by pressing, the requisite
pressure is generated (hydraulically, pnegn;[jcally, or nechanically) with
a press. The individual |layers of the eventual work are, when they are not
flat, 10 secured in press nolds (with an upper and a | ower half). The nold
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as to how to attghduhdtscaliifsloP mddhAnRESEEPf WwitHeRl bPBss. The individual
layers of the eventual work are, when they are not flat,
10 secured in press molds (with an upper and a lower half).
The mold is heated with either an electric hotplate
or a hot fluid and cooled with cooling devices.
Due to the physics of heat conduction and transfer,
the heating and cooling stages in both procedures are
15 relatively lengthy. This in turn dictates relatively long
processing and a relatively low output per unit of time and
per tool.
A method of joining the components of motor-vehicle
lamps and headlights together is known from German 2 740 071
20 Al. Plastic reflectors are joined along the edges to housings
with a transparent disk over the front. A spiral metal coil
is inserted between the edges of the parts and heated. The
coil is part of the tool and not of the work. It initially
extends into the softened plastic of the.edge; Once the

25 heating of the fastener is discontinued and the plastic in



5 That object is a nethod of the aforesaid genus that wll
sinplify and inprove the economcs of lamnation in the fabrication of
non-flat conponents with a netal core |like those described in European
Patent 0 732 234 A2 for exanple. Directly heating the nmetal core exploits
the core's 10 inherent heat to fasten it to the upper and | ower hal ves,
whi ch are thenselves | am nates, which it is practical to provide
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of the Directly heating the metal core exploits.the core's

10 inherent heat to fasten it to the upper and lower halves,
which are themselves laminates, which it is practical to
provide prefabricated and which are usually not electrically
conductive.

The metal core's inherent heat softens the

15 thermoplastic or duroplastic masses, usually sheets, between
the core and the mold halves and renders them adhesive. The
sheets can already be part of the prefabricated upper and
lower halves and can be of the same or of a different
material. The three layers of the work, i.e. The upper layer,

20 the lower layer, and the core, are then bonded together form-
fit and force-fit by the application of external pressure,
preferably in a press.

Both the heating phase and the subsequent cooling
phase are much shorter in the method in a9cord$nce with the

25 present invention than at the state of the art. Whereas the



art, the overall procedure will take much less tinme. Another positive
result of the nmethod in accordance with the present invention is the
definitely decreased 10 tendency of the uppér and | ower hal ves and core of
the molding to shift ("float") relative to_ogne another. This factor

I ncreases precision and manufacturing reliability. To reduce any

contam nation of the netal core that m ght be del eterious to adhesion, the
core should be heated 15 electrically, either by regulated current flow
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resi stance heating. Wrk™ 2 that is to be | am nated and conpri ses an upper

layer 2.1, a net®) iR evérdll Prbocedupvewil hyike?mdchSl¢dsaadshel.n a nold 1
conprising an upper half 1.2 and a | ower _
Another positive result of the method in accordance
with the present invention is the definitely decreased
10 tendency of the upper and lower halves and core of the:
molding to shift (“float") relative.to one another. This
factor increases precision and manufacturing reliability.
To reduce any contamination of the metal core that
might be deleterious to adhesion, the core should be heated
15 electrically, either by requlated current flow (resistance
heating) or by regulated high-frequency heating (the
generation of eddy currents in the core). These two types of
electrical heating will allow the application of pressure to
the layers being bonded together even during the heating
20 phase. Both procedures can accordingly be carried out
simultaneously.
The method in accordance with the present invention
will now be specified with reference to the accompanying
‘drawing, wherein ! -

25 Figure 1 illustrates one embodiment of the method



half 1.3. Core 2.2 is a length of angled section |ong enough 10 for its
ends 4 to extend beyond layer 2.1 and |ower |ayer 2.3 and contact the
contacts 5 of an electric circuit 6. Aregulator 6.1 controls the
electricity in circuit 6 in accordance with the prescribed | evel of
tenperature to be attained in core 2.2 as a—flnmction of tinme. A heat sensor
6.2 15 in circuit 6 conpares the actual and ideal fenperature conditions.

Pressure is appl.ied to rk 2. nechani sm. t he various | ayers
of work 2 are sH'é’ef’gc?’.:‘ig‘bcfe éf’d%és?e%.5%%’%&?@"5"???%&5}?%%3 the principle
nvol ved in the similtanegys, ApDl iGathOR Sibdiflendnds PEROSUEd hltAodPt hod
enpl oyi ng i nduct ance heatlng. rk 2 that 1s to be |am nated and conpri ses
an upper layer 2.1, a netgiqefs @ 312usefiskes [theeprinyiple idvelrbdsheetls 2. 4
of adhesive between themis again placed in a nold 25 1 conprising an
upper half 1.2 aidwathneeus ppllitaBioCoyfe hza2 and-pressurg fiangtmetdiodangl ed
section. An inductor 8 or 9 is entirely integrated into upper half 1.2 and
| ower hal f 153 smployisg rgaiséasgghhedtin®ommodate all the force exerted by
pressure-application mechanism 7. The out
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el ectrical parangbgedl 8 VRHAA §0coE8H Al afi- dpper half 1.2 and a lower
half 1.3. Core 2.2 is a length of angled section long enough
10 for its ends 4 to extend beyond layer 2.1 and lower layer 2.3
and contact the contacts 5 of an electric circuit 6. A
regulator 6.1 controls the electricity in circuit 6 in
accordance with the prescribed level of temperature to be
attained in core 2.2 as a function of time. A heat sensor 6.2
15 in circuit 6 compares the actual and ideal temperature
conditions. Pressure is applied to work 2 by a mechanism 7.
Between the various layers of work 2 are sheets 2.4 of
adhesive.

Figure 2 illustrates the principle involved in the
simultaneous application of heat and pressure in a method
employing inductance heating.

Work 2 that is to be laminated and comprises an
upper layer 2.1, a metal core 2.2, and a lower layer 2.3 with
sheets 2.4 of adhesi&e between them is ag?in piaced-in a mold

™

25 1 comprising an upper half 1.2 and a lower half 1.3. Core 2.2



CLAI M5 1. A nmethod for fabricating a conposite netal -and-pl astic
component of an antiballistic grill for an arnmoured vehicle, conprising the
steps of: producing a non-flat core in the formof a | ength of structural
section with sides; bonding non-flat |ayers of plastic on each of said
sides to said non-flat core by heat and pre$suire in a nmoul d having two
hal ves; heating said non-flat core electrically to a specific processing
tenperature by regulating an electrical current softening an adhesive
bet ween sai d noix fd daengeh cofrhgladdsectidid.afnl dpductaf loarsdi istentairely
specific extent fromresultant heat so that softening of said adhesive
bet ween sai d nointilgratedr intandipperdhakf dr-@ jaadr daver dtadd do3a2pd vih
specific time for preventi nq@shi fting of said pon-flat coreggn sai d

r t

non-flat | ayer Stdong) gapwgh rtq acromnedptsh@ldnbhfetoregigreretiPYcal current
bei ng regul ated to soften sai d.adhesive only b eat,l t ai d
non-flat core é?‘ﬁ?%&irﬁ'?t%?\f]ﬁ OPaW%?%aW%%éS%SP%.&%&& %2 ﬁnﬁﬁﬂ%% as
defined in ai rel i re, i sal [ c '

neat od i nai Je. Suehay (Seipratel 105 TRAE 6, B P Etea By oo
wherein said cy.Q ks BRé@te tHedrbyaidiie QeRRLI 6F Ngeigtratiugp ©h cord rnld i ng
electric current for heating said netal core by regul ators and heat
sensors. 4. = oNeretlime. afhaleicitnell tempeiture, of the orghdseieasaietl by
tenperature in said core is a function of tine. 5. A nethod as defined
in any one of theatpseasel rfy L Radnkhe \RRRTOPK 1ake celrAMrigdd PREQAVEHY are
appl i ed sinultaneousl g 6. A net hf?gl as defined in any one of the
precedi ng cl ai FOTYRRERS; P SHY1abPE V- shaped. 7. A net hod for
fabricating a conposite netal -and-pl astic conponent of an antiballistic
grill for an arnoured vehicle, conprising the steps of: producing a
non-flat core in the formof a length of structural section with sides;



-8 - bonding non-flat |ayers of plastic on each of said sides to said
non-flat core by heat and pressure in a nmould having two hatwves;—_heating
said non-flat core electrically to a specific processing t ature by ———

regul ating an electrical current softening an adhesive bet bﬁ@uv
non-flat core and said non-flat |ayers of _plastic to a speci Ty ‘/al

resul tant heat so that softening of said adhesive between said nén- 1
core and said layers is restricted to a given specific tinme for preventing
shifting of said non-flat core and said n@lhafingt | ayers of plastic relative

to one another, said electrical current being regulated tg soften said
adhesi ve only by heating bet@drdsaf dtaRmiqatdngcbhe eempasiite mehal+and-

| ayers of plastig; .d_core being. netal ,and. bei heat.ed i nsi de sai d
moul d; and cont?%???%% IS ¢ rﬁﬂﬂgnfégaﬁgéf{$h]%5ﬁ ABE RN ATy

regul ators and n | Qﬁﬂﬁk €l ' 0 ej f tion
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clainms, wherein said core is netal, said netal core béing heated by

i nduct ance heat rggifistomamh shdediandedttegthéecorenthy head andlpkesdure ih

met hod as defined in any one of clainms 1 to 7, wherein said core is netal;
and further conpriRlhFomprising two hedNesti apranterdizedain whatltheorereo

el ectrical connecti.ons he d ends of said mould and providing electricity
for heating sai8® c%feé’itfy}cﬁgl’slfeﬁﬁ,e@ k@afi Rgescribed processing ‘temperature
by regulating a current of electricity, whereby the resulting

10 heat is employed to soften to a prescribed extent adhesive
between the core and the layers of plastic to be bonded to
it.

2. Method as in Claim 1, characterized in that the
metal core is heated inside the mold.

15 3. Method as in Claims 1 and 2, characterized in
that the ends of the metal core are connected to electrical
connections beyond the ends of the mold that provide
electricity to heat it by resistance heating.

4. Method as in Claims 1 and 2, characterized in

20 that the metal core is heated by inductance heating from an
inductor integrated into the mold.

SQ.Eéthod as in Claims 1 through 5, characterized
in that the electric current that heats the metal core is

controlled by regulators and heat sensors., -



