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STRUCTURAL PANEL WITH KRAFT PAPER CORE
BETWEEN METAL SKINS

TECHNICAL FIELD

This invention relates to laminating kraft paper between
very thin sheets of metal and, more particularly, steel to produce a
composite sheet having improved stiffness with little additional cost

or weight.

BACKGROUND ART

Sheets of steel are used in a multitude of applications
where strength, durability and ease of manufacture are required at
low cost. For example, sheets of steel are used in vehicle bodies,
appliances, furniture, construction and packaging. An important
measure of a sheet steel’s performance is its resistance to elastic
deflection, otherwise known as stiffness.

For applications where high stiffness is needed, the
thickness of sheet steel must be increased proportionately to the
stiffness requirements. The extra material thickness provides
additional resistance to elastic deflection. However, increasing the
sheet steel’s thickness negatively impacts both the cost and weight of
the final product. '

Thus, while the cost of steel is significantly lower than the
cost of aluminum, aluminum has become the material of choice for
applications where the weight of the final product is critical. Still
more reductions in weight are achieved in construction materials
comprising aluminum composite panels having a polymer core and
outer metal skins made of aluminum sheet. Such panels find

application, for example, in the construction of vehicular trailer
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bodies as disclosed in US 4,958,472 and US 4,940,279.

It has been recognized that the increased strength-to-weight
ratio achieved in such composite panels results from the physical
separation of the outer skins, and that a filler material or core
material may not be required. In WO96/23621, it is proposed to
create hollow panels in which a separation between two sheets of
steel is maintained by hemispherically shaped domes formed in one
sheet of steel which is selectively welded to an adjacent sheet of
steel.

On the other hand, applicant is not aware of any proposals
to maintain stiffness in composite panels by substituting alternative
core materials for polymer cores. Applicant is also unaware of any
proposals to create laminated structural panels in which the outer
skins are made of steel. Those applications in which metal
laminated to paper are known include inter alia metal clad wiring
cards to support electronic components such as in US 4,314,002
where paper is used because of its contribution to dielectric
properties and provides no structural advantage. In other known
metal and paper laminates, such as wrapping materials disclosed in
US 3,055,768, the metal is a very thin aluminum foil which has no
structural utility.

An object of this invention is to increase the stiffness of
sheet metal for use in structural applications of the kind mentioned

above, without adding excessive cost or weight.

DISCLOSURE OF INVENTION
In accordance with this invention, there is provided a
structural panel comprising outer skins of sheet metal laminated to a

paper core. The metal skins are thicker than foils and have a
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minimum thickness of 0.005 in. (0.1 mm). Preferably, the metal
skins are also thinner than cards and have a maximum thickness of
0.012 in. (0.3 mm). The paper core "sandwiched" between the metal
skins is relatively thick and has 2 minimum thickness of 0.01 in. (0.2
mm) and will usually not exceed 0.05 in. (1.3 mm.).

Preferably, the metal skins are sheet steel and the paper
core comprises a single web of kraft paper which has a plurality of
openings for creating paths for adhesively bridging the outer skins

and to optimize resistance to failure resulting from buckling.

DESCRIPTION OF DRAWINGS
In order to better understand the invention, preferred

embodiments are described below with reference to the

accompanying drawings, in which:

Fig. 1  is a schematic cross-sectional view of a first
embodiment of the invention comprising a single
ply core of paper;

Fig. 2  is a schematic cross-sectional view of a second
embodiment of the invention comprising a
double-ply core of paper;

Fig. 3 s a graphical representation showing the relative
thickness of metal skins and paper cores for the
invention (shaded area) and prior art (unshaded
areas);

Fig. 4 is a graphical representation of stiffness in a
beam;

Fig. 5 (drawn above Fig. 4) is a schematic representation
of the application of a load to a beam to measure

stiffness;
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Fig. 7

Fig.8a

Fig.8b

Fig.9a

Fig.9b

Fig.10

Fig.11

Fig.12
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is an enlarged fragmentary perspective view of a
laminate in accordance with the invention,
without any adhesive bridges;

is an enlarged perspective view, partially cut
away, of a laminate in accordance with the
invention with adhesive bridges;

is a schematic representation of the application
of a load to a beam to show the neutral axis of
bending;

is a plan view of a web of paper showing the
machine direction of paper parallel to the neutral
axis of bending;

is a schematic representation of the application
of a load to a beam to show the neutral axis of
bending;
is a plan view of a web of paper showing the
machine direction of paper perpendicular to the
neutral axis of bending;

is a schematic representation of a laminate
(without adhesive bridges) in accordance with the
invention exhibiting a skin buckle failure;

is a schematic representation of a laminate having
adhesive bridges under a compressive load and
resisting skin buckle failure;

is a graphical representation showing the strength
improvement of a laminate made in accordance

with the invention with adhesive bridges;

Figs.13 to 17

are graphical representations showing the stiffness
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of various laminates made in accordance with the
invention and an aluminum sheet; and

Fig.18  (drawn adjacent Fig. 2) is a schematic cross-
sectional view showing an application of a
laminate in accordance with the invention as the

exterior skin in association with a polymer core.

BEST MODE FOR CARRYING OUT THE INVENTION

The elastic deflection of a beam, plate or sheet is inversely
proportional to the moment of inertia created by the beam, plate or
sheet around its axis of deflection. The elastic stiffness of a metal
sheet can therefore be increased substantially by increasing the
moment of inertia of a metal sheet around its axis of deflection.
Conventionally, this is done by increasing the thickness of the metal
sheet.

An economical alternative to increasing the metal sheet’s
thickness, which is proposed by this invention, is to laminate
successive sheets of low-cost kraft paper between the exposed sheets
of metal, thereby increasing the moment of inertia of the composite
sheet and increasing the stiffness of the composite sheet
substantially.

The layers of paper may be bonded to each other and to
the metal sheets with an adhesive having the necessary bond
strength and mechanical characteristics to prevent slippage between
the laminating layers, or delamination of the laminating layers from
the metal sheets.

In its simplest embodiment, drawn in Fig. 1, a structural
panel 10 according to the invention comprises a single web of kraft

paper 20 sandwiched between two metal sheets 22, the paper being
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bonded to the metal sheets on respective sides thereof with a layer
of adhesive 24.

Alternatively, the paper core may comprise a plurality of
paper webs 20 adhesively bonded to each other and to the outer
metal sheets 22, as shown schematically by the structural panel 12
shown in Fig. 2.

It will be understood that bonding of the paper webs in a
paper core and bonding of the paper core to the metal skins may be
provided by any suitable adhesive material and may, for example,
include resin impregnation of the paper core.

As indicated above, the invention provides a means to
maintain stiffness while reducing weight thereby allowing thinner
metals to be used without compromising performance. By way of
example, the description which follows is directed to laminates of
sheet steel and paper to show that such composites are viable
alternatives to aluminum sheets alone. It will be understood that
laminates comprising sheets of metals other than steel and paper are
expected to exhibit commensurate improvements in stiffness without
the additional cost and weight of increasing the thickness of the
metal.

In order for the invention to be suitable as a structural
panel, and provide reasonable economic benefits, applicant has
determined that the outer metal skins will preferably have a
thickness ranging between 0.005 in. (0.1 mm.) and 0.012 in. (0.3
mm.) while the paper core will have a minimum thickness of 0.01
in. (0.2 mm.) and a practical maximum thickness of 0.05 in. (1.3
mm). A range of product covered by the invention is graphically
illustrated by the shaded area drawn in Fig. 3 while the unshaded

boxed areas show prior art laminates of metal and paper known to

PCT/CA98/00265
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the Applicant. It will be understood that the minimum thickness of
0.005 in. (0.1 mm.) is representative of the practical lowest thickness
range to which steel sheet can be rolled without the additional
processing costs of producing a so-called "foil".

Please note that all thicknesses have been determined in
empirical units, the metric equivalent in brackets being provided for
convenience only.

Table I which follows shows the thickness of aluminum
sheet required to provide an equivalent stiffness for various
combinations of steel sheet and paper having thicknesses

representing the extremities of the shaded area of Fig. 3.

TABLE 1
SHEET THICKNESS FOR EQUIVALENT STIFFNESS

STEEL PAPER COMPOSITE -> AL SHEET
SKINS CORE PANEL

(EXCLUDING

ADHESIVE)
005" 01" 0.020" (0.4 mm) | -> |.027" (0.7 mm.)
(0.1 mm.) | (0.2 mm.)
012" 01" 0.034" (0.8 mm) | -> |.048" (1.2 mm.)
(0.3 mm.) | (0.2 mm.)
005" 05" 006" (15 mm) |-> |.064" (1.6 mm)
(0.1 mm)) | (1.3 mm.)
012" 05" 0.074" (19 mm) | -> |.093" (2.4 mm)
0.3 mm.) | (1.3 mm.)

It will be observed that the cumulative thickness of a

composite panel of the kind shown in Fig. 1 is always less than the
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thickness of aluminum sheet having equivalent stiffness. Simple
calculations will suffice to persuade those skilled in the art that
enormous cost savings may be achieved without the weight penalty
usually attributed to steel sheets of equivalent stiffness.

It will be understood by those skilled in the art that the
term "stiffness” is a measure of the ratio of load to deflection or
resistance to elastic or recoverable bending. For clarity, a graphical
representation of stiffness is drawn in Fig. 4 adjacent to a schematic
illustration drawn in Fig. 5 showing the application of aload L to a
sample beam B to produce a deflection D.

Selected experiments performed by the Applicant are
shown in Table 2 and comprise Examples 1 to 5, each corresponding
to 2 laminate structure for which the stiffness was measured and
compared to an aluminum sheet having a thickness of 0.062 in. (1.6
mm.) The results are shown graphically in Figs. 13 to 17.

Applicant has conducted numerous experiments to show
the utility of the proposed structural panel in accordance with the
invention as a substitute for aluminum sheet. The experiments
were performed on laminated panels in which the outer metal skins
are sheets of low carbon uncoated steel with a nominal thickness of
0.0074 in. (0.2 mm.) laminated to a core comprising a single web of
kraft paperboard. Exemplary structures are shown in Figs. 6 and 7.

In Fig. 6, the laminate is generally indicated by reference
numeral 30 and comprises the following sequential layers: a first
outer skin of sheet steel 32, a first adhesive layer 34, a kraft
paperboard core 36, a second adhesive layer 38, and a second outer
skin of sheet steel 40. A laminate of this kind was used in Example
2.

The laminate used in the remaining Examples 1, 3-5, is
generally indicated by reference numeral 50 in Fig. 7 and, similarly,
comprises the following sequential layers: a first outer skin of sheet

metal 52, a first adhesive layer 54, 2 kraft paperboard core 56, a

SUBSTITUTE SHEET (RULE 26)



PCT/CA98/00265

- WO 98/35114

uwuwammﬁu wwt

J919WEIp Wiy

uUuUENm@ wwy

SUON | Jo1owerp wuw] ONIOANA
(s3p1s 1a0q)
cw/3 0g¢ cw/3 00¢ cwi/3 08y cw/3 0/¢ cw/3 01y | AVIUdS AISTHAY
wmmﬁ 1938 A\ vmmﬂ .Hou.m\x/ omwﬁ w:wﬂuwup ummﬁ OCNLSMD vmmﬂ ocazuwhb MQM».H m\/HmmmlHQ/w
NOLLYNOTIJAI

[ouayd %0S-0F SUON] | [OUSY{ %34 0S-0F SUON] AUON] NISTY

Tepnorpuadiag [Plered [PlEred [Plered | Jenotpuadiag NOILV.LNATNO

(utsax Buipnpou) (ww £0) | (uisax 3uipnpuy) (wur £0) (ww £0)

(ww 17) S0 .80 (wuw 1) ,6€0 J820° .820" | SSANDMDIH.L 190D
cw/3 65/ cw/3 7oy cw/3 89 cw/3 ¢zh Tw/3 68¢ LHSIIMA TI0D
GBNOUCS ﬁvumOuGD ﬁuuNOUES @wumOucﬁ ﬁoumOUCB mHQ/.\MH_U

‘uoqred mo] ‘uoqed Mo ‘uoqued M0] ‘u0qIed MOJ ‘uoqred m07g NIMS TH4LS
(wuwr 67°0) (‘wur 67°0) (ww 7°0) (ww ¢1°0) (‘wu 67°0) SSANMOIH.L
Wb 200" W 200" WV 200° Wb 200 Wb 200" NIYS TALS
STTINVXI| ¢+ TTIANVXI ¢ TTINVXT | ¢ TTINVXI | T ATIANVXE
Cd1aVL

SUBSTITUTE SHEET (RULE 26)



- WO 98/35114

10

15

20

25

-10-

second adhesive layer 58, and a second outer skin of sheet metal 60.
However, in this structure, the kraft paperboard core 56 is
perforated and has a matrix of circular openings 62 punched from
the paper, each opening 62 having a nominal diameter of 1mm
(which could range between 0.5 - 2.0mm) and being spaced from
adjacent openings at approximately 6.4mm intervals in longitudinal
and transverse directions of the kraft paperboard core 56.

The openings 62 define paths for adhesively bridging the
outer metal skins 52, 60 to each other, adhesive bridges 64
comprising columns of adhesive material oriented transversely to the
layers of adhesive 34, 38 and integrally connected to such adhesive
layers being provided to maintain the integrity of the laminated
structure.

The paperboard core 56 used in the examples 1-5 is
designated as a kraft paper which signifies that the pulp for forming
the paper is produced using a sulfate process, typically caustic
sodium hydroxide and sodium sulfide to delignify wood chips under
high pressure and temperature in a digester which results in 2 pulp
with a higher cellulose content and better bonding than paper made
from a mechanical pulp. The kraft paperboard was sourced from
Westvaco Corporation and is sold in association with the trademarks
Kraftpak and Durasorb. Kraftpak and Durasorb are registered
trademarks of Westvaco Corporation.

It will be appreciated that cellulose fibers will align in a
"machine direction" during production of the paper and that the
orientation of the paper in the laminates is a factor which will affect
the stiffness and strength of the laminate. The examples show that
the laminates exhibit better performance when the machine

direction of the kraft paper is aligned parallel to a neutral axis of

PCT/CA98/00265
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bending (Fig. 8) than when the machine direction of the kraft paper
is perpendicular to a neutral axis of bending (Fig. 9).

Another important factor affecting the performance of the
laminates is the presence of the adhesive bridges 64. Without the
bridging, the integrity of the laminate is susceptible to failure, in
particular from a defect known as "buckling” and schematically
shown in Fig. 10 and resulting from a compressive stress on the top
skin during bending of the laminate. Here the fibers in the paper
core become separated and there is a local delamination of the paper.
This is in contrast with a mode of failure known as a "wrinkle"
where there is a localized buckling of the outer skin only and the
wavelength of the buckle is of the same order of magnitude as the
core.

By selectively spacing the openings 62 in the paper core 56
so that adhesive bridges 64 are spaced from each other, within an
estimated range of buckle wavelengths, as shown schematically in
Fig. 11, one can optimize resistance to failure of the laminate
resulting from buckling. The improved performance realized in a
laminate having adhesive bridges 64 of the kind drawn in Fig. 7
when compared to a laminate without such adhesive bridges
(Example 2) of the kind drawn in Fig. 6 is shown graphically in Fig.
12. However, since the theory of elastic buckling teaches that a
buckle wavelength is dependent on sample geometry, the required
maximum spacing of the openings 62 will have to be calculated on a
case-by-case basis in accordance with the intended application of the
laminate.

The examples also show that the kraft paperboard core
may optimally be impregnated with resin to improve performance

(Example 3) but that adequate performance may be achieved without

PCT/CA98/00265
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resin impregnation (Example 1) and without the associated cost of
such impregnation. As indicated above, the resin selected may also
function as an adhesive.

The nature of the adhesive is also expected to be a factor
which will affect performance as shown by Examples 4 and 5 where
a water-based adhesive is used while a urethane-based adhesive 1s

used in the remaining Examples 1 to 3.

INDUSTRIAL APPLICABILITY

It will be appreciated that a structural panel made with a
laminate in accordance with the invention will be dimensioned in
accordance with the intended application and will have
reinforcements where required to facilitate mounting of the panels
to an underlying structure such as a framework. It is believed that a
structural panel in accordance with the invention will find
application wherever sheet metal is used and that it could replace
such sheets whether they are used with both surfaces essentially
exposed or whether they are themselves part of a composite panel 70
and bonded to a supplementary polymer core 72 so that the
composite panel of the invention defines the outer skins 74. Such a
structure is shown schematically in Fig. 18.

Several variations may be made to the above-described
embodiments of the invention within the scope of the appended
claims. It will be appreciated that the outer metal skins (22, 32, 40,
52, 60) may be made from metals other than steel and could, for
example, comprise aluminum or copper alloys. The metal skins
may also comprise sheet steel selected from the following: cold
rolled steel, galvanized steel, tin-coated steel, and stainless steel,

including zinc aluminum alloyed castings and paint coatings in said

PCT/CA98/00265
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sheets, without limitation.

Further, it will be understood that some sheet metals may
be more desirable as skins for use in structural panels, according to
the invention, than others. For example, it is envisaged that single-
sided galvanized sheet may be preferred in some applications where
an outer, galvanized, surface is required for improved weather
resistance and an inner plain steel surface, without galvanizing or
coating, is desirable for improved adhesion to the paper core.

Applicant also foresees that the outer metal skins may
conveniently comprise galvanized steel sheet which is subsequently
cold-rolled to a minimum acceptable thickness for the intended

application without any subsequent annealing,
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CLAIMS
1. A structural panel (10, 12, 30, 50, 70) characterized by:
first and second skins of sheet metal (22, 32, 40, 52, 60)
having a thickness of at least 0.005 in. (0.1 mm);
a paper core (20, 36, 56) sandwiched between said skins of
sheet metal (22, 32, 40, 52, 60), the paper core (20, 36, 56) having a

thickness of at least 0.015 in. (0.4 mm).

2. A structural panel (10, 12, 30, 50, 70) characterized by
first and second skins of sheet metal (22, 32, 40, 52, 60) having a
thickness of 0.005 in. (0.1 mm.) to 0.012 in. (0.3 mm.) and a paper
core (20, 36, 56) adhesively bonded between said skins, the paper

core having a thickness of at least 0.01 in. (0.2 mm.)

3. A structural panel (10, 12, 30, 50, 70) according to either
Claim 1 or Claim 2 in which the sheet metal (22, 32, 40, 52, 60) is
steel sheet selected from the following group: cold rolled steel,

galvanized steel, tin-coated steel, and stainless steel.

4, A structural panel (10, 12, 30, 50, 70) according to either
Claim 1 or Claim 2 in which the sheet metal (22, 32, 40, 52, 60) is

aluminum sheet.

5. A structural panel (10, 12, 30, 50, 70) according to either
Claim 1 or Claim 2 in which the paper core (20, 36, 56) comprises a

single web of paper.

6. A structural panel according to Claim 5 in which the

machine direction of the paper web (20, 36, 56) is aligned parallel to

PCT/CA98/00265
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the neutral axis of bending expected from using the panel.

7. A structural panel (10, 12, 30, 50, 70) according to either
Claim 1 or Claim 2 in which the paper core (20, 36, 56) comprises a
plurality of webs of paper.

8. A structural panel (10, 12, 30, 50, 70) according to either
Claim 1 or Claim 2 in which the paper core (20, 36, 56) is

impregnated with resin.

9. A structural panel (10, 12, 30, 50, 70) according to either
Claim 1 or Claim 2 in which the paper core (20, 36, 56) has a
plurality of openings (62) formed therein defining paths for
adhesively bridging said first and second skins of sheet metal (22, 32,
40, 52, 60).

10. A structural panel (10, 12, 30, 50, 70) according to Claim 9
in which the openings (62) are selectively spaced from each other to

optimize resistance to failure resulting from buckling.

11. A structural panel (10, 12, 30, 50, 70) characterized by:

first and second skins of sheet metal (22, 32, 40, 52, 60):

a paper core (20, 36, 56) sandwiched between said skins of
sheet metal (22, 32, 40, 52, 60), the paper core (20, 36, 56) having a
plurality of openings (62) formed therein extending between said
first and second skins of sheet metal;

and adhesive bridges (64) comprising adhesive material (24)
disposed in said openings (62) and adhesively bonding said first and
second skins of sheet metal (22, 32, 40, 52, 60) to each other.
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12. A structural panel (10, 12, 30, 50, 70) characterized by:

first and second skins of sheet metal (22, 32, 40, 52, 60)
having a thickness of at least 0.005 in. (0.1 mm);

a paper core (20, 36, 56) sandwiched between said skins of
sheet metal (22, 32, 40, 52, 60), the paper core (20, 36, 56) having a
thickness of at least 0.015 in. (0.4 mm.) and having a plurality of
openings (62) formed therein extending between said first and
second skins of sheet metal;

and adhesive bridges (64) comprising adhesive material (24)
disposed in said openings (62) and adhesively bonding said first and
second skins of sheet metal (22, 32, 40, 52, 60) to each other).

13. Structural panel (10, 12, 30, 50, 70) characterized by:

first and second skins of steel sheet (22, 32, 40, 52, 60)
having a thickness of at least 0.005 in. (0.1 mm) to 0.012 in. (0.3
mm.);

a paper core (20, 36, 56) sandwiched between said skins of
steel sheet (22, 32, 40, 52, 60), the paper core (20, 36, 56) having a
thickness of at least 0.015 in. (0.4 mm.) and having a plurality of
openings (62) formed therein extending between said first and
second skins of steel sheet;

and adhesive bridges (64) coﬁprising adhesive material (24)
disposed in said openings (62) and adhesively bonding said first and
second skins of steel sheet (22, 32, 40, 52, 60) to each other).
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