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REPRODUCIBILITY OF THE

1.0 SUMMARY ORIGIVAL PAGE IS POOR

This report presents the results of a program to develop
the conceptual designsg, manufacturing processes, and costs of
composite door components for a general automotive application.
The design aspect of the report included aﬁ evaluation of the
effecté of applying various composite materials ko the door
structure. Materials such as glass, kevlar, and graphite
fibers in both continuous laminate and fiber molding forms wefe
considered in an effort to provide minimum weight, materials,
and manufacturing costs. Also included in the manufacturing
evaluation was the determination of the optimum manufacturing
process to be used for each conceptual design. Manufacturing
processges such as filament winding, compression molding, and
injection molding were considered from both a strength and
econcgmic standpoint.

The development of each concept reguired the examination
of how each of the various loading reguirements affected the
design. After several design iterations it became evident that
the application of composite materials to the general door
structure would be dictated mainly by the component stresses
developed in the door from the intrusion loading regquirements.
These regquirements, were described in the Federal Motor Vehicle
Safety Standard report 214 (MVSS No. 214). The intrusion
loading condition reguired thap the door structure demonstrate
certain energy-absorbing characteristics; and it was this
loading condition that developed the highest ziresses in the
door structure. It was then realized that the design philosophy,
not the design goal, exhibited in the MVSS No. 214 loading '/
requirements severly restricted the application of composite
materials to an auvtomotive door. The anti-intrusion loading
criterig was written around the characteristics of large
yielding, deformable materials. Since these characteristics
are not inherent in composite materials, the designer must

severly restrict the reglions where he can aéplg composite

STAR ;:'a?:egory 27



1.0 PAGE TWO

materials. Tﬁerefore, an undergtanding of the implications
of this loading condition required an extensiée preliminary
stress analysié of two key components in the door -~ the
anti-intrusion beam and the interior door panel. Numerous
beain and panel designs were evaluated on their ability to
withstand the stringent intrusion load regquirements. Both
components efficiently utilized composite materials and
enhanced the energy-absorbing capabilities of the door. All
other door components remained metal from either economic
considerations or from the strain-yielding requirements ‘
imposéd through the 1Intrusion loading condition (MVSS No, 214).

In conclusion, very significant weight savings were
obtained by the use of composite materials in automotive
door structures. The area where these bhenefits appear to be
the greatest are in the anti~intrusion beam. The anti-
intrusion beam can demonstrate a weight savinge of 70*8&%.

?t must be stated, however, that the MVSS report 214
could be expanded to incorporate ihp characteristics of
composite materials and still provide the car occupants with
an equal or greater amount of crash protection than is now
provided in the requirements. Expansion of MVSS report 214
to incorporate the mater;al character{stics of composite
materials could yield significant cost and weight savings
that are not pow permissable due to the present design

criteria.



2.0 INPRODUCTION

.With the emergence and subsequent development of advanced
composites during the last ten years, a highly promising new
Family of materials is now available for consideration in
automotive applic;tions. Initial evaluations and applications
have indicated that impressive savings in weight can be
cbtained -through the use of these materials.

It was the overall purpose of this program to conduct a
comprehensive conceptual design study of the application of
composite materials for a general automotive door. This
study not oniy considered the criteria of lower welight, but
placed emphasis on minimizing the material and fabrication
costs associated with the manufacture of a composite door,.

In geneial, the weight and cost of numerous designs
utilizing several materials and manufacturing processes were

considered and are described in this report.



3.0 __DISCUSSION

The basgsic objective of thisiprogram wag to develop
conceptual designs and costs of a composite door for a
general automotive application. This objective included
the evaluation and detérmination of the potential welight
and production costs of individual door components compared
to equivalent metal door components. Two methods of
applying composites to the door structure were employed.
The first method considered replacing an existing metal
part with'a composite part with no change to the geometry
or attachment of the component., The other method Involved
major component redesign so that more efficient composite
désigns could be employed. For each composite component,
various manufacturing processes were considered from both
an economic &nd strength standpoint.

Since the primary objective in utilizing composite
components is to reduce weight at competitive costs,

a deoor from each of two competitive mild-sized automobiles were
procured, and disassembled tec allow a study of the welight

make up of the door. The doors obtained were a complete
assembled door from a 1975 Chevrolet Nova and a door structure
from a Volare/Aspen. The weights obtained and used in this
study are listed in Table 1.

EETBDDUCHS
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TABLE 1

Car Door Welght Analysis
Complete Door
Model 1975 NOVA 4 door LH (Front} Doorx

e

ITEM DESCRIPTION WT. (1b) PERCENT
1 Upholstered Panel {(interior) 6.81 7.85%
2 Chrome Trim .61 70
3 Rubber Molding and Window Guide - 2.04 2.35
4 Wwindow (glass only) 11.30 132.03
5 window Winder Mechanism 4,82 5.56
6 Window Support .62 .71
7 Latch and Lock 1.79 ~ 2.086
8 Handles 1.85 2.13
9 Nuts, Bolts, Small Plastic Parts .47 . 54
10 Inner Structure 23.97 27 .65
11 Anti ¥ntrusion Beam 16.60 19.15
12 Outer Skin 13.04 15.04
13 Outer Skin Coating {(dampening) 2,23 2.57
14 Misc. 57 66

TOTAL 86.72 100.00

Structure Only 1975 Nova

1 Inner Structure 23.97 42,93%
2° Anti Intrusion Beam 16.60 29.73
3 Outer Skin 13.04 23.35
4 Outer Skin Coating 2.23 3,99

TOTAL 55.84 100.00

Structure Only 1976 Volare/Aspen

Inner Structure 23.69 40.49%

1

2 Anti Intrugion beam 17.56 30.01
3 Outer Skin 15.51 26.51
4 Cuter Skin Coating 1.75 2.99

TOTAL 58.51 100.00



3.1 REQUIREMENTS

Before the conceptual designs and costs of the composite
door components could be developed, several structural and
manufacturing requirements were defined. These requirements
established the major part of the guxdelines that affected
'the design and manufacturing philosophy of the program.

"The following sections list the reguirements that were

considered in this report.



3.1.1

DESYGN REQUIREMENTS

In order to generate the conceptual composite designs,

the following structural design reguirepents were considered.

The door must withstand:

'll

2.

A slam test at 6 feet per second for 50,000 cycles
without any fatigue failures.

A moment of 600 ft.-lbg. at the hinge location
with no permanent set and with loads applied in
a cantilever bending test at full open and 15
open. -

Five cycles of hard openings.
A vertical load of 250 1b.

The intrusion test defined by the Federal Motor
Vehicle Safety Standards (MVSS 214).

¢ The door must withstand an average load of
2,250 pounds over the first 6 inches of
deflection.

© The door' must withstand an average load of
3,500 pounds over the firgt 12 inches of
deflection.

© The door must withstand a Iload of 7,000 pounds
or two times the curb weight of the vehicle,
whichever is less, over the first 18 inches
of deflection.

A dynamic-:load applied to the door hinge stops

at 4 fps. At the end of 5 cycles, the maximum
allowable door set is .060 Jlnches. At the end of
ten cycles, the maximum allowable door set is

.10 inch.

All loading requirements with movable hinge )
attachments, and numerous cutwouts in the interior
panel,



3.1.2 MANUFACTURING REQUIREMENTS

Manufabturing techniques for parts utilizing aerospace
composite materials have been developed to produce the parts
at tﬁe lowest total cost per part. In aéro;pace applications
guantity is extremely low and tooling cost is highly important
in the cost of the completed components. Therefore, high
strength aerospace parts have been characterized by the use
of limited tooling, the input of large amounts of hand labor
and low material yields (low finished part weight versus the
raw material that is ﬁsed). The manufacturing requirements
for automotive application are directly opposite those used
for aerospace parts. The automotive manufacturing process
must be capable of producing thousands of parts each day.

It must also »e capable of producing these components at
minimum cost., The extremely high volume of automotive appli-
cations does have the advantage of amortizing expensive
tooling over large quantities of parts. Especially in the
casae of strugtural components that are not vigible in the
completed automobile. A single component may be utilized for
several similar models of cars and may have a 1ife of several
model years. This means that the tooling can be amortized

in some cases over millions of parts., Therefore, 1in this
study we have limited the consideration of manufacturing
technigques to match tool molding., This process offers minimum
labor input and minimum material usage.

Injection molding ailso meets these criteria and was
considered briefly, Injection molding was rejected, however,
since all known injection moldable materials will not qualify
for highly stressed structural applications on the basis of
their strength. Normally injection molded materials, even when
reinforced with short fibers are several times in strength lower

than the ceontinuous filament reinforced compounds which have
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TRIGINAL PAGE IS PQOR

3.1.2 PAGE TWO

been proposed by thils study. In order to compensate for
the low strength levels of injection moldable pqterials

it would be necesgsary to increase the sections to the
point where weight savings over the steel component to be
replaced became negligible. Since most injection moldable
cempounds, especially those exhibiting the higher stréngth
characteristics, are several times more expensive than
steel, injection molding as a viable process was not con-
sidered.

The next problem evident In the utilization of aerospace
composites is the cure time requlred on the resin matrix.
Resin matrices for aerospace composites have been formulated
to yield the ﬁ;ximum strength, the maximum bond between
resin and filament and in many cases, maximum heat resistance
obtainable. This has resulted in é large family of resins
that are expensive to manufacture and that regquire lengthy
cure cycles. Cure times of several hours are not that
uncommon. It is obvious that the utilization of a composite
component in an automotive application would reguire a
resin matrix that is capable of curing in under three
minutes. Many polyester resins and hybrid epoxies are
available with extremely short cure times and further étﬁdy
of this problem would yield resins that could be married to
the aerospace reinforcement that would satisfy the cure
requirement of the automotive industry. It is also antici-
pated that any high production automotive use of a composite
materials would require the use of on-gite material prepara-
tion where the reinforcement would be impregnated‘immediately
prior to the molding or the resin would be injected into a
mold cavity. In this case the aerospace concerns of long

stabllity of resin matrices could be largely ignored.
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3.2 MATERIALS

The composite materials which were considered for
application to the study effort, along with their projected

costs in the appropriate time period, are shown below.

Material Cost per POund Time
Glass Epoxy $1.00 . 1977
Keviar Epoxy 6.16 . 1980

Graphite Epoxy 6.48 1980

A number of other types of composite materials exist,
but it was felt that elther they had too lgttle potential
compared to those listed or their developmental stage and/or
date availability did not warrant thelr Inclusion at this
time in this type of study. All material studies were
based on the use of an époxg matrix. It is realized
that automotive production requirements would dictate the
use of polyester matrix but almost all data available on
éerospace composites is based on epoxy and it was not
Felt that the strength characteristics would be different

encugh to cause excegssive error in the study (Ref. Table 2).
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TABLE 2

MIL-R~7575C MIL=R«9300

Resin, Polyester, Low Pressure Reslin, Epoxy, Low Pressure
Laminating Grade B Laminating

65,000 Flexural, Ultimate 75,000

3.2 x 10° Modulus 3.2 x 10°
50,000 Tensile, Ultimate 48,000

45,000 Compression, Ultimate 50,000
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3.3 DESIGN CONCEPTS AND ANALYSIS

The most stringent requirement that faces the use of
composites in the structures of automobile doo;g is that
presented by the Federal anti-intrusion specification.

With this in mind, component change that would allow
compliance with this specification in its present form

are presented here. Figure 3.3.1 presents a trimetric

view of the existing door structure of the Volare, two

door model with the outer skin removed for clarité. As can
be seen, the door has seven main structural parts: d1nner
panel, outer panél,-hinge {forward) pillar, lock (aft)
pillar, upper pillar connecting beam, lower pillar connecting
beam, and anti-intrusion beam, fTwo anti-intrusion beam
subgtitution concepts are presented and then discussed in
the analysis section. One composite inner door panel

concept is then, presented and discussed in a later gection, .
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3.3.1 ANTI-INTRUSION BEAM CONCEPTS

Perhaps the single, most beneficial, welght savings
possible in applying composites to an automobile door
structure is in the direct substitution of an appropriate
composiée beam for the metal anti-intrusion beam. However,
care must be taken in the design of the composite beam
as it is inherently a non-yielding structure. This is
detrimental as a metal beam's plastic action serves to
absorb larger guantities of energy than its elastic deflec-
tion. Although the composite beam does not have this
plastic ability, it is compensated for by its lower modulus
of elasticity which gives a larger deflection for a given
load and thus a greater elastic energy capability. A
comparison of these locad deflection characteristiecs is
deferred to the next section where they are discussed in
more detéil.

Two possible concepts are proposed for use as an

anti-intrusion beam. The first is shown in Figure 2 and
is a direct material substitution into the existing beam's
geometry. Here the beam behaves in the same manner as the
metal ‘beam only it takes advantage of the composites lower
Young's Modulus and higher ultimate strength. The left
end of the beam is bonded to the existing metal attachment
piece which is then welded in place on the door hinge !
pillar as is currently done. The right end of the beam is
bonded to a composite doubler sheet which is in turn
directly bonded to the metal lock pillar in the same location
that the metal beam is currently welded. The use of the
doubler piate gives flexibility in sizing for reguired
bond sheer strengths.

The second concept is depicted in Figure 3. Here,

two composite belts are separated by structural foam standoffs.



COMPOSITE

FIGURE 2
BEAM DIRECT SUBSTITUTION

&1



16

FIGURE 3 .

COMPOSITE BELT-BEAM
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32.3.1 PAGE THO

The ends of the beam are bonded to high strength steel
plates which are in turn welded to the door pillars.

Local external foam standoffs are also shown. These are
pressed against the outer door skin and would act as
vibration dampers to give the door a "solid" closing

sound. They are shown in this figure but are also appllcable
to both the previous concept and the existing metal beam.
Use of the vibration standoffs would allow for the elimina-
tion of the sound suppression material that is gprayed on
the inside of the exterior ‘door skin on many models, This
would result in both cost and weight savings. However,
this benefit is not further detalled in thig gtudy.

The double belt concept acts iIn a dual mechanical
fashion. Initially, the internal standoffs make the
composite belts behave together as a beam. After a pre-
determined lcocad is reached, the standoffs would shear
away and allow the belts to act independently. In this
mode the prime load carrying would be by membrane action
of the individual belts. It is this mode that forcesl
the use of high strength steel on the ends of the beam as
it must also be capable of carrying the developed membrane

loading. -
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3.3.2 ANTI-INTRUSION BEAM ANALYSIS

Replacement of the metal anti-intruvgion beam with
a composite structure such as theiconcepts vutlined in
the previous section must be accomplished in a manner
that allows the door to meet Federal Motor Vehicle Safety
Standard No. 214, This standard outlines motor vehicle side
door strength requirements that minimize the safety hazard
potential of foreign object intrusion through a door into
the passenger compartment. Summarily, the test door is
centrally loaded by a device that records applied load vs.
outer skin deflection over a total travel of 18 inches.

To meet the standard, the average force over the first six
inches of travel must exceed 2,250 1bs., the average forée
for the First 12 inches must exceed 3,500 1lbs., and the
maximum load recorded over the entire tegt must be greater
than 7,000 1lbs.

The results of a typical intrusion test are shown in
FPigure 4. The values shown are reéresentafive and are .used
to illustrate the infiuence of the various structural
components as they each in turn contribute to the intrusion
resistance.

As can be seen from Figure 4, the intrusion beam
plays an important part 1In energy absorption during the
initial phase of the test, In the Volare configuration,
the outer skin carries the intrusion load alone for the first
0.75 inches until it bPottoms out against the anti-intrusion
beam. From here the intrusion beam acts in series with
the outer skin. Elastically, the beam adds load linearly
with intrusion until the beam outer fibers reach their yield
point. This occurs at approximately 2.5 inches and at a
stress value of 50,000 psi in the beam which ls typical of
the lower strength steels used by the industry in anti-

intrusion beam applications.

Subsequent plastic beam deformation to‘approximately

4 inches intrusion adds considerably to the energy absorption
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3.3.2 PAGE TWO

at which time the window glass and supéorting structure

act in series with the beamn. Th?iintrusion test continues
with a shattering of the window glass, subsequent pick up

of the inner panel structure at approximately 9 inches’
intrusion, and continued load application until test comple-
tion. If the peak load requirement of 7,000 lbs. is satisfied
within the first 12 inches of intrugion, the tegt is often
terminated here as all necessary data has been obtained.

The exact behaviors of the various deoor structural
components during the intrusion test 1is very complex in
nature, For example, the outer door skin very quickly
leaves the realm of small deflection plate.behavior.

With large deflections, a considerable membrane force

is .developed in the gkin and at some point plasticity
further complicates matters. Likewise, this behavior of
the anti-intrusion beam gquickly develops into non-linear,
large deflection, plastic action. Additionally, the
reaction loads of the outer skin and beam, tend to deform
theif attachments points on the hinge and lock pillars.
Classically, then, the skin and beam must be considered
as fixed to yielding supports.

As one can imagine, the exact analytical prediction
of the behavior of a door subjected to the anti-intrusion
test is a very complex sequence of events. Testing is !
currently, and for some time will remain, the least
expensive method of determination of suitability., However,
some general guidelines can be postulated to guide the
" redesign of various components of the door.

For example, in considering the replacement of the
anti-intrusion beam, classical analysis of a centrally
loaded, simply supported beam can be considered from a
load deflection standpoint. The area under the load
deflection curve that characterizes a particular design
should be at least equivalenf to the corresponding curve

for the original metal beam.
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3.3.2 PAGE THREE

Likewlise, on an inner skin replacement, the energy absorption
capability of the replacement structure should equal or better
that of the existing item when considered in a é;mplified
analytical sense. The above philosophy 1s the one adapted here
to judge the suitability of metal component replacement with
composite counterparts.,

The results of such a load deflection analysis for the
case of the direct substitution of composites for metal using
the existing Volare anti-intrusion beam geometry are shown
in Figure 5. Here, three composite materials' (Graphite,
Kevlar, and XMC-2 Glass) behavior 1Is compared to that of the
existing beam. Recalling that energy absorbed is equal tc the
area under the load deflection curve, it aaﬁ be seen that the
composite beams absorb more energy. Table 3 lists the energy
absorption for each of the four beams. Thus with a direct
substitution of either of the three composite beams for the
ex{sting metal beam, the requirements of the Federal intrusion
specification would be met if design of the metal end pieces
would allow sufficient deflection. Table 4 lists the weight
savings of each of the three composite substitutive beams
(XMC-2 Glass, 'graphite/epoxy, kevlar/epoxy) as compared to the
present metal beam. As can be seen in the table, the composite
beams demonstrate a 72-78% weight savings over the present
metal beam.

Ancther beam replacement concept was shown In Figure 3,
There, energy absorption was primarily dependent upon membrane
type action of belts of composite material. In this situation,
as 1s true of all very thin piate type structures, bending is
negligible -and the plate belt is limited at the peint when the
tensile stress of the cross sectlion reachés nltimate. This is
inherently more efficient than the use of a beam where bending
induced tensile stredsses on the outer fibers are the limiting
guantity., However, in order for the composite to act as a

membrane, it must be very "thin" in comparison to the existinyg
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rable 3 - Energy absorption capability for various

materialssin existing Volare anti-intrusion beam geometry.

Material

Metal
XMC-2
Graphite

Kevlar

Improvemant Over

‘Total Enerég Capability Metal Beam

1942 in. 1b. 0%
7220 in. 1b. 272%
7004 in. 1b. 261%
14845 in. 1b. 664%
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Table 4 - Weight Savings of Direct Substitution Beams

Beam Material

Glass/Epoxy
'Graphite/Epoxy
Kevlar/Epoxy
Stéel

Beam Weight (1b.)

4.86
4.22
3.93
17.56

% Welght Savings

72%

76%

78%
0%
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3.3.,2 PAGE FOUR

beam's cross section. Ags an example, congider the membrane
load deflection curve for a 54.5 inch long "belt"” that is 8
‘inches wide by 0.050 inches thick. Figure 6 shows the load
deflection curve for a Kevlar, a Grapﬁite, and a XMC-2 glass
"belt". Also shown 1s a "belt" that uses the same type of
steel as is In the current Volare anti-intrusion beam. Again,
we can Integrate under the curves to obtain the energy absorp-
tion capabilities of the variocus belt materials, Table 5 gives
é comparison of the energy absorbed and percentage difference
when compared to the currepnt anti-intrusion beam. As can be
seen from the table, the composite belt desién has the potential
of absorbing more than twice the energy of the difect composite
subgtitution beam design. In fact, a gingle Kevlar belt alone
could satisfy the initial crush resistance value, account for
up to 70% of the intermediate crush resistance value, and
satisfy the peak load requirements.

Considering, once again, the load deflection curves for
the composite belts, it can be seen that very little energy
is absorbed over the first few inches of deflection. This can
be remedied by using two or more belts with structural foam
standoffs between them. The standoffs would be sized to make
the belts behave in unison, i.e. like a beam, over the initial
deflection stage. Since the belts are separated from the "beam”
center of gravity, a substantial inertia is obtained. This
would then give rise to higher loadings during the early deflec-
tion stages than if the belts were acting alone. Then by
strategic sizing, the standoffs would shear apart at a certain
load value and allow the belts to act individually in their
high load-carrying regime. Thus the best of both worlds,

initial behavior as a beam and final behavior as a membrané
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TABLE 5

Compariseoen of "belt" energy absorption values with existing

anti-intrusion beam.

Beam Material Total Enerqgy % Difference From
and Type Absorption Capacity Egisting Beam
Existing metal beam 1,942 in. 1b, 0%

Metal Belt ' 1,303 in. 1b, -33%

XMC-2 Belt 14,614 in. 1b. 653%

Graphite Belt 14,411 in. 1b, 642%
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3.3.2 PAGE FIVE

belt are obtained.

Table 6 lists the weight savings of each of the three
composite "belt" beams (XMC-2 Glass, graphite/epoxy, kevlar/
epoxy) as compared to the present metal beams. As shown in
Tahle 6, the composite beams exhibit a 69-73% welght savings

over the present metal beam.
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TABLE 6

Weight Savings of Composite "Belt" Beams

Beam Material Beam Weilght % Weight Savings
Glass/Epoxy 5.45 69%
Graphite/Epoxy 5.00 72%
Xevlar/Epoxy 4.79 - 73%

Steel 17.58 . 0%
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3.3,3 INNER PANEL CONCEPTS

Composites in the form of molding compounds can be used
to replace the inner door panel structure. .0On the Volare, the
inner panel is welded onto the lock and hinge pillars. The
composite substitution would be bonded on at the existing weld
lines. The upper and lower metal framework at the inner skin
would be maintained. - Locally, the composite inner panel would
be thickened as needed to counteract the brittle behavior of
the composi%e in the stress concentration areas of the innper
panel access cutouts. Thickening would also oceur in the areé
of the arm rest attachment. Metal bushings would be molded
in place to allow attachment of the arm rest.- The inner panel

substitution is depicted in Figure 7.
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3.3.4 INNER PANEL ANALYSIS

The inner panel 1s the last item to pilck up direct load-
ing on the anti~intrusion test. Referring to Figure 4 it can
be seen that the inner panel begins to contribute to the énergy
absorption at 8 inches of deflection into the test. Sincé the
toéal test regquirements are usually met by 12 inches total
deflection, the inner panel contributes only over the last 4
inches of test travel. From the figure it can be seen that
over ite first 2 inches of deflection, the inner panel adds
2,000 ibs. of load to the structural resistance. This then
gives an effective spring constant of about 1,000 lew)in-
Since the spring constant is directly proportional to the
Young's Modulus of the material used, @ typical composite
molding compound (Thornelmat) would yileld a spring constant of
about 170 1bs./in. This is about 1/6th of the metal beam's
value. Because we are considering essentially a deflection
limited load range of 4 inches, the composite Inner panel
would absorb 1/6th of the energy of its metal cdounterpart.
Thus, in order to apply composites to thé inner door panel we

must do one of the folleowing:

o Use the composite inner door panel in cbnjunction
with a stronger composite anti-intrusion beam.

© Tradeoff a portion of the welght savings of a
compesite Inner panel into a stronger, heavier
metal anti~intrusion beam and use it to absorb
the decreased energy absorbing capabilities of
the inner panel.

The weight of the replacable portion of the current inner
panel 1s five pounds. Local thickening of the composite
substitution is necessary to overcome the yielding behavior

of the molding compound in areas of stress concentrations around
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the panel cut-outs. In these areas, the metal panel simply
yields and redistributes the load through the rest of the
panel. In the composite application, the part would crack at
thegse high stress points and then‘propagaﬁe the crack to failure
without an additional loading increase. Local thickening
around these cut-outs would serve to decrease the local stress
values and forestall failure. Local thickening would also
have to be Incorporated in the arm rest attachment region in
order to transfer large vertical loads into the door structure.
The basic thin sheet with ‘many thickened areas dictates the use
of a gsoft flow molding compound. It 1is extremely difficult
to mold these compounds in.thicknesses under .080". The locally
thickened area wéuld yield an estimated average thicknesg of
approximately ,125"., The steel inner panel studied for replace-
ment measured .037" thick. Size of the panel is 20" x 44",
taking the various cutouts into consideratien, the panel has
a projected area of 480 square inches. A substitution of this
area using a composite average thickness.of 125" yilelds a
structure of 60 cubi¢ inches. Assuming a density of f06§ Ibs/
cu. in., the plastic structure would welgh 4.14 lbs. Comparing
this weight with a steel weight of 5 1lbs. yields a weight
savings of less than one (1) 1b. per door.

It is highly doubtful that the problem asscociated with
a conversion to composite materials on this application could

be justified by the relatively small weight advantage.
~
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3.3.5 ALL COMPOSITE STRUCTURE

At the beginning of the program an obvious goal was to
develop a concept for an all composite door structure. The
deflection ;equirements of MVSS 214, however, made any reason-
able all composite structure impractical to achieve. Even the
composite anti=~intrusion beams developed {Figures 2 and 3)
rely on metal end plates to achieve the deflection requirements
of MVSS 214. An assumption was then made that the defleéction
requirements oF -MVSS 214 could be modified to include the
characteristics of a composite. The concept then developed is
shown in Figure 8. fhe design shows a combination inner panel
and anti-intruslion beam. Materials proposed are a continuous
filament molding cempound in the area of the anti-intrusion
beam and pillars and a chopped fiber mqlding compound in all
other areas. Preforms would be loaded for the entire structure
which would then be molded simultaneously. Thé weight of the
all compoéite strucéure would be 27 1bs., which would replace
41 1bs. in the metal door for a weight savings of 14 1bs. per
door, or 34 % on this structure. This weight is calculated on
the use of XMC—Z‘molding compound for the anti-intrusion beam“_
and pillars and HMC molding compound for the .remalnder of the
structure. Similar molding compounds of other materials could
be utilized for further weight savings at a cost penalty.

. The anti-intrusion beam was sized to carry the peak load
of 7,000 lbs. force with no contribution from the outer skin
or the inner workings of the door. The long travel of the
-outer.skin before .contact is made with the beam would cause
failure of the pillar attach points‘and the outer skin and anti-
intrusion beam could not work in parallel. A more efficient
design would be to combine the anti-~intrusion beam and the
outer skin panel, but due to finishing problems, this study
provides that the outer skin would remain metal. Although the

peak load of 7,000 lbs. would be carried by the all composite
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structure, total deflectlon prior to failure would be in the
range of 2-3 inches, thereby falllng the intermediate crush

resistance requlrement of the current MVSS 214.
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3.4 CONCEPT OF FABRICATION fﬁﬁﬂﬂﬁAlnPAGE:E;BOOR

Compression molding is the favored method for fabricating
all of the design concepts presented. Compression molding
offers the only viable method of producing economical parts of
reguisite strength. The presses used would be hydraulically
actuated with gquick acting features. All molds would be of
hardened chrome-plated tool steel, with built-in shear edges
for part trimming and cutouts, and with automatic Ioading and
ejection sysktems. For high quantity production, all materials
would be prepared on-site. All reinforcements would be pre-impreg-
nated rather than produced with a wet process to allow the closer
control of resin-reinforcement ratiog attainable with a pre-impreg-
nated systen.

Although the fabrication conceptes presented are based upon
the use of on-site impregnated materials and very high guality
production tooling, any of the concepts may be simulated for
test and prototype purposes by utilizing easily obtainable

standard aerospace composites and relatively low cost topling.

3.4.1 ANTI-INTRUSION BEAM FABRICATION

Both the direct substitution composite beam as shown in
Figure 2 and the composite belt beam as shown 1in Figure 3
would have the reinforced composite components coempression
molded. Both designs utilize metal end attachments which are
produceq on conventional stamping equipment. The metal end
pieces are used for conventional welding attachment to the lock
and hinge pillars and are also to provide adeguate deformation
to met the requirements of MVSS 214. The metal end attachments
would .be adhesively bonded to the reinforced composlte beam
sections p{ior to installation into the inner door structure.

T'he type of adhesive and the kbonding area would have to be


http:would.be
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1
determined by & physical testing program. The adhesive used

should have a high shear strength with some elastomeric proper-
ties as the loading on the adhesive bond line would change in
character as the beam is deflected. The foam inner blocks

and standoff pads shown in Figure 3, Composite Belt Beam, could
be fabricated off-site and simply bonded on with a contact

adhesive.

3.4.2 INNER PANEL FABRICATION

The separate inner panel would be compression molded from
various types of molding compounds with random reinforcement
orientation. As-noted in paragraph 2.3.4, the primary problem
with this structure is its relatively high weight due to minimum
practical molding thicknesses on standard molding compounds.
Future development of molding compounds capable of being processed
with reliable strengths to very thin sections may make the
application of a molded composite 'inner panel more practical
thanvit appears at present. If such a method were developed,
the inner panel would then be bonded to the hinge and lock pillar
utilizing a fast curing adhesive.

3.4.3 ALL COMPOSITE STRUCTURE

rhe all composite structure as shown in Figure 8 would be
compression molded at one time using two types of materilal.
The oriented molding compound, such as XMC2 or other material
with oriented reinforcement, would be preformed or laid in a
pattern for the anti-intrusion beam, lock and hinge pillar

rortions of the door structure, In addition, two preforms of
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a bulk molding <compound, such as HMC=-2, would be loaded in the
inner panel portion of the mold, then the entire structure would
be molded and co-cured. Co-curing of the oriented compound,
together with the bulk molding compound, has an added advantage
in that the high flow bulk molding compound will fill out any
low areasg In the oriented composite preform. This means that
the oriented portion of the pfeform may be much less precise

than a preform fabricated of all oriented materials.

-
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3.5 COST ANALYSIS (RIGINAL PAGE IS POOR

The advantages of composite structures iﬁ aireraft have
long been acknowledged due to their special advantages of
strength to weight ratios and other desirable properties.
Unfortunately, composites, especially advanced composites,
have also long been characterized by their high costs. This
has effectively limited their use in aerospace and other
highly specialized, low volume applications. Two Ffactors
have combined to make the use of advanced composites worthy
of study for high volume automotive applications. First is
the growing scarcity of fossil fuels and the resulting necessity
of producing lighter, more efficient automobiles. Second is
the lowering cost of advanced composites. For example, a few
years ago graphite/epoxy was selling at'prices up to $300.00
a pound. Current pricing is in the range of $30.00 to 8§50.00
a pound. Current and anticipated technical breakthroughs
have allowed us to project the cost of graphite in the 1980
to 1985 time period at less than $10.00 a pound. Kevlar
Fibers developed by DuPont were marketed a few years ago in
the $20.00 to $25.00 a pound range while current pricing lists
commercial -grade Kevlar as low as $7.50 & pound. It is antici-
pated that high volume usgage of theée materials by the automotive
market would further lower these costs.

Advanced aerospace composites currently are processed by
various low volume, high cost manufacturing steps. The metal
automotive components are manufactured by highly automated
efficient methods which have been perfected over many years.

It is anticipated that the application of expensive tooling

and automated methods will greatly reduce the cost of producing
compogsite parts in high volume. Achileving efficiency approach-
ing metal fabrication will be a long process and only in very
special cases will composite components be able to compete with
metal parts on a one to one basis. In the meantime, however,
the long term cost of composite components may be less than

metal parts due to the increased efficiency of the vehicle.

~—
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MATERTIAL COSTS

Various assumptions have been made on the costs of advanced

composites in the 1%80-85 time period.

The assumptions anti-

cipate projected breakthroughs and lower co8ts due to increasing

volume-:

1.
2.

4.

XHC-2 Glass Reinforced Epoxy

Graphite~Epoxy . e

Graphite Reinforcement @ $8.00 x .65 =85.20
Resin Matrix @ §.80 x .35 = ) .28
Impregnation Cost 1.00

Total per pound cost =
Kevlar Epoxy

Kevlar Reinforcement @ $7.50 x .65 - §4.88
Resin Matrix @ §.80 » .35 - .28
Impregnation Cost ‘ 1.00
Total per pound cost . =
Steel SAE 1015

$1.00/1b.

$648/1b.

$6.16/1b.
§ .20/1D,

Therefore, approximate materials costs for the proposed

anti-intrusion beams would be as follows:

Kevlar/Epoxy 4.79 1lbs. 8 6.16 29,512

RATIO

Metal Beam 17.5 1lbs. & .20 $ 3.50 1.0

- Direct Substitution Beam
Glass/Epoxy 4.86 lba., & 1.00 4.86 1.39
Graphite/Epoxy 4.22 lbs. @ 6.48 27 .35 7.81
Kevlar/Epoxy 3.93 1bs. @ 6.16 24.21 6.92
Bel t-Beam

Glass/Epoxy 5.45 1lbs. € 1.00 5.45 l.56
Graphite/Epoxy 5,00 lbs. @ 6.48 32.40 8.26

8.43
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Approximate materialg costs for the All Composite Structure

would be as follows:

. RATIO

Metal Structure 41 lbs. @ .20 s 8.20 1.0
All Composite Structure

Glass/Epoxy 27 1bs. @ 1.00 ' 27.00 3.29

Graphite/Epoxy 23.5 lbs, @ 6.48 152.28 18.60

Kevlar/Epoxy 22.0 1bs. @ 6.16 135.52 16.52

It can be seen from the above information that even with
projected economies in the future production of composites that

their use involves a substantial material cost penalty.
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3.5.2 MANUFACTURING COSTS

The calculations of manufacturing costs are necessarily

imprecise due to the unknowns involved,

Aggumptions made are

that a sufficient amount of investment in facilities and toecling

will be made to allow the lowest possible labor input into the

manufacturing of a composite anti-intrusion beam.

Manufactur-

ing cost has in all cases been based on a rate of $20.00 per

direct labor hour.

Metai Beam
Current Production Cost (Est.)
fat .25 per 1b.)

Direct Substitution Beam

One Molding $1.00
End pcs. .50
Bonding 1.00

Total Cost

Belt Beam
Two Moldings 82.00
End pcs. 2.00
Foam Blocks « 50

Total Cost

All Composite Structure
One Molding (Large) §1.50
Trim 1.50

Total Cost

54540

$2.50

§6.00

$3.00

Other costs such as materials handling and assembly into

‘the door structure are assumed to be equal although the composite

beam may have a slight advantage due to its lower welght. The

approximate cosgsta of the various designs 1s summarized as
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follows:
cOoST . RATIO
Metal Beam $7.90 1.00
Direct Substitution Beam
Glass/Epoxy 7.36 .93
Graphite/Epoxy 2?.85 3.78
Kevlar/Epoxy 26.71 "3.38
Belt~Beam
Glass/Epoxy 11.45 1.45
Graphite/Epoxy 38.40 4,86
Kevlar/Epoxy 35.51 4.49

The above data demonstrates that the Glass/FPpoxy beam
comes very close to demonstrating cost effectiveness versus the
metal beam. The Graphite/Epoxy and Kevlar/Epoxy show costs
3 to 5 times that of the metal beam. It‘should be noted,
however,‘that the Graphite and Kevlar costs are primarily
traced to material costs. If a standard can be developed in
MVSS 214 for the inclusion of composite beamé, a t?sting program
may reveal that the material weight and, thereby, the costs may
be substantially reduced.

The all composite structure costs are summarized as follows:

cosT RATIO
Metal Structure ' $ 18.45 1.00
class/Epoxy 30.00 1.63
Graphite/Epoxy - 155.28 8.42

Kevlar/Epoxy 138.52 7.51
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3.5.3 CAPITAL COSTS

The manufacturing costs of composite components as esti-
mated in paragraph'3.5.2 can only be obtained with sufficient
facilities and tooling. This section will roughly estimate the
capital costs associated with production of composite anti-

intrusion beams. The estimate assumes a production requirement

of 1,000 units per 8 hour shift.

DIRECT SUBSTITUTION ANTI-INTRUSION BEANM -

Facility Items

1. 8ingle purpose treating machine
2. 6=-8 100 ton presses

3. Adhesive curing apparatus
(Oven or IR)

4. Assoclated Equipment
Total

Tooling
l. &6-8 Molds

2. Metal
3. Fixtures

Total

GRAND TOTAL

ALL COMPOSITE HYBRID STRUCTURE
Facility Items

1. Single purpose treating machine
2. 6-8 100 ton presses
3. Associated Egquipment

Total

$£250,000.00
300,000.00
50,000.00

100,000.00
700,000.00

si6o,000.00
30,000.00
60,000.00
250,000.00

$950,000.00

$250,000.00
300,000.00
100,000.00
650,000.00
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Tooling

1. 6~-8 molds 8280,000.00

2, PFPixutres 100,000.00
Total 380,000.00
GRAND TOTPAL - £1,030,000.00

Although the abdve estimates are imprecise, they show
that the establishment of such an operation is not priced
beyond reach. Prior to the commitment of any such sums, a
great deal of work is regquired to develop and test the component

on a prototype basis.
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4.0 CONCLUSIONS

The concluslons reached during this program are summarized

below and are based on the information shown and discussed in

Section 3.0. The major value of the program was in identify-~

ing and designing door components which showed the greatest

benefit through the use of composite materials and of gquantify-

ing these benefits.

1.

The door component that offers the most dramatic
improvements through the use of composite materials

is the anti-intrusion beam. This component exhibits
high welight savings, competitive long term costs

and increased energy absorption over the existing
metal components while still satlsfying the stringent
anti-intrusion load reguirements. The composite
anti-intrusion beam can provide an impressive weight
savings of 70-80% (12-13.5 lbs.)}.

From a structural standpoint, the KEVLAR anti-
intrusion beam offers the highest weight savings,

i.e. 78% which is equal to 13.5 pounds per door;

and the highest energy absorption, i.e. 1444% increase
over the existing beam which 1s equal to 28,000 in.—-1b.
Phe anti-intrusion loadiqg criteria defined by the
Federal Motor Vehicle Safety Standard report number 214
restricts the application of compdsite materials to

an automotive door. MVSS report 214 was written
around the characteristics of large yielding, deform-
able materials such as inherent in many common metals.
The report must be expanded to incorporate the char-
acteristics of composite materials. If MVSS 214 can
be expanded, the all cbmposite door structure should
be further investigated, This concept would yield
both the highest weight savings and the widest use of

composite materials,
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4. Two composite anti-intrugsion beam concepts were presented,
the belt-beam and the direct substitution. It is
fairly certain that the belt-beam concept could be
vsed as shown to meet the current MVSS requirements.
Phe belt-beam, however, hés significant cost penalties
as shown in Section 2.5. Use of the direct substitution
beam would be, in part, dependent upon the end fittings
having sufficient yielding properties to allow a
minimum of 12 inches movement of the beam. Incorpora-
tion of the properties of composites intoc the MVSS
document should easily allow use of the direct sub- .
stitution beamn.

5. Use of composite components for weight savings on
structures such as the inner door panel that are
characterized by large area to material thickness’
ratios is extremely limited. Little weight savings
can be achieved and the cost would be preohibitive.

This type of application would be limited to extremely
low production components (such as the Corvette body’
panels) where lower tooling cost for composites is

a factor, or where the component carries no appreciable
structural load (such as inner panels) where the
economics of injection molded inexpensive unreinforced

thermoplastice can be utilized,
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5.0 RECOMMENDATIONS

Baged on the information developed by this study, the

following recommendations are made:

1.

A program should be established that requires the
fabrication and testing of several anti-intrusion
beams. fhis progran would firmly establish ;he
structural viability and manufacturing costg of composgite
door components. Structural soundness would be assured
by both isolated componenf testing and integrated door
testing; whereas, valid manufacturing costs would be
established through the fabrication of an adequate
number of components.

Establish a program that would incorporate proven
anti-intrusion beams into a small fleet of auto-
mobiles., After a fixed period of time the beams

would be removed, examined, and tested to establish

the effects of the environment and loads on the

components.

‘A study should be made to expand the Federal Motor

Vehicle Safety Standard report 214 to incorporate the
characteristics of composite materials. This study
would not change the protection now provided to the

car occupants, but would expand the definition of the
crush resistance required by any automotive door
structure.

An extensive study should be made to develop the
conceptual design of a complete composite automotive
door structure. This door would be desligned with the
anti-intrusion requirements dictated by an expanded N
version of the Federal Motor Vehicle Safety Standard
report 214 to incorporate composite material characteris-

tics. Finally, the weight and cost would be established
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for numercug compenent desggns utilizing several
materials and manufacturing processes.

5. A study should be conducted to establish the cost
and weight savings of applying composite materials to
other automotive structures. Conponents such as roof
beams, bumpers and éxles may yield handsome welght savings
with the use of composite materials. A rule of thumb.
guideline should be developed, based on the long term
cost of operating an automobile, that would specify the
worth in dollars of each pound saved from a veﬁicle's
weight. This would act as a éuideline ang greatly

gimplify future studies.
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