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(57) Abstract: Auxetic structures, low porosity auxetic sheets, systems and devices with auxetic structures, and methods of using
and methods of making auxetic structures are disclosed. An auxetic structure is disclosed which includes an elastically rigid body
with a plurality of apertures extending through the elastically rigid body and a plurality of protrusions projecting from the elastically
rigid body. The apertures and protrusions are arranged in an engineered pattern, such as an array of rows and columns. The apertures
are cooperatively configured with the protrusions to provide a predefined porosity while exhibiting stress reduction through negative
Poisson's Ratio (NPR) behavior under macroscopic planar loading conditions. In some embodiments, the protrusions, which are el -
liptical or semispherical dimples, are interposed in square or hexagonal patterns with the apertures, which are S-shaped through slots
or circular boreholes.
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. l:] Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See supplemental page

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fecs.

3. D As only some of the required additional search fecs were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-51

X

Remark on Protest I:l The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

[:‘ The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2016/012768

Continued from Box No. Il Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group |, claims 1-51 are drawn to an auxetic structure.
Group I, claims 52-63 are drawn to a method of fabricating an auxetic structure

The inventions listed in Groups I-Il do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group |, an auxetic structure comprising a plurality of apertures, the plurality of apertures being
arranged in a first array of rows and columns, a plurality of protrusions, the plurality of protrusions being arranged in a second array of
rows and columns, wherein the plurality of apertures is cooperatively configured with the plurality of protrusions exhibiting a negative
Poisson’s Ratio (NPR) behavior under macroscopic planar loading conditions, are not present in Group ll; and, the special technical
features of Group Il, a method of fabricating an auxetic structure comprising receiving design values for predetermined design
requirements of the auxetic structure, determining a maximum allowable stress value, and determining a unit cell arrangement, are not
present in Group |.

Groups | and Il share the technical features of an auxetic structure comprising an elastically rigid body, a plurality of apertures/siots, a
plurality of protrusions/dimples, and a porosity.

However, these shared technical features do not represent a contribution over the prior art. Specifically, US 2012/0021167 A1 to Plant
teaches of an auxetic structure (Para. [0088] regarding auxetic) comprising an elastically rigid body (Fig. 8; Para. [0002) regarding an
energy absorbing material which is both lightweight and flexible...while still being able to dissipate and absorb shock loads), a plurality of
apertures/slots (see apertures in Fig. 8 at section B-B), a plurality of protrusions/dimples (see upper and lower protrusions in Fig. 8 at
section B-B; see also Fig. 9 where protrusions curve up and down at top most and lower most surface), and a porosity (see Figs. 8 and
9, where the structure is provided with a porous structure).

Since none of the special technical features of the Groups I-Il inventions are found in more than one of the inventions, unity is lacking.
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