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Abstract

Auxetic response is a geometric mechanism that can be lost through small changes in hinge thickness, re-entrant angle, node shape or
material nonlinearity. ER-362 focuses on the conditions under which a negative Poisson response remains measurable, repeatable and
structurally useful after photopolymer manufacture. Full-field strain measurements are coupled to as-built geometry and local damage
inspection so that kinematic rotation can be distinguished from hinge bending, fracture or out-of-plane buckling. Strain-range, orientation
and defect perturbations establish the usable auxetic window. Qualification therefore requires not only a negative Poisson ratio, but
retention of the intended deformation mode and an explicit limit on damage accumulation and manufacturing sensitivity.
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1. Qualification problem: auxetic response

The central engineering task in auxetic response is to convert mechanism into an auditable decision boundary. The three boundaries
considered are usable strain range before auxetic mechanism degrades, defect tolerance for critical ligaments, and whether recovery or
one-time energy absorption is the design objective; their regime context is carried by re-entrant angle or chirality, ligament slenderness,
and defect-to-feature-size ratio. [1,6]

1.1 Scope boundary.

ER-362 owns auxetic response and the defect-sensitive origin of negative Poisson response. ER-361 owns general metamaterial
qualification, ER-363 grading, ER-364 snap-through stability, and ER-365 impact absorption; overlaps are limited to shared geometric
defects and nonlinear failure.

2. Governing balances for auxetic response
Auxetic behaviour is interpreted through the geometric and defect relations listed below rather than by Poisson ratio alone.

negative Poisson response is a kinematic consequence of re-entrant, rotating, chiral or instability-based mechanisms
instantaneous Poisson ratio can vary strongly with strain and should not be represented by one small-strain scalar
hinge/ligament bending and rotation concentrate strain at topology-specific hotspots
The coordinates distinguish intended rotation mechanisms from ligament instability and defect-driven localisation.

3. Regime boundaries for auxetic response
For auxetic structures, the table indicates whether usable strain, ligament quality, or recovery objective sets the qualification boundary.
Table 1. Regime indicators for auxetic response.

Indicator Engineering meaning Use

When 'usable strain range before auxetic mechanism
degrades' is transferred, re-entrant angle or chirality
provides the physical-similarity check and exposes
departures in kinematic geometry that sets the auxetic
deformation mechanism.

kinematic geometry that sets the auxetic deformation

re-entrant angle or chirality mechanism

When ‘'defect tolerance for critical ligaments' is
ligament geometry governing rotation versus bending | transferred, ligament slenderness provides the physical-
failure similarity check and exposes departures in ligament
geometry governing rotation versus bending failure.

ligament slenderness

When 'whether recovery or one-time energy absorption
is the design objective' is transferred, defect-to-feature-
size ratio provides the physical-similarity check and
exposes departures in defect size relative to the feature
carrying the auxetic mechanism.

defect size relative to the feature carrying the auxetic

defect-to-feature-size ratio .
mechanism

Auxetic qualification remains local to the demonstrated geometry, ligament, and defect state rather than to nominal topology alone.

4. Couplings that move the auxetic response

Overcure changes hinge thickness and can suppress auxetic rotation.

Resin brittleness limits usable strain even when geometry remains kinematically auxetic.
Build orientation and layer interfaces bias crack initiation.
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5. Failure signatures and false diagnoses

A useful failure map keeps loss of auxetic response before nominal failure, hinge fracture at large strain and mode switching caused by
asymmetric defects separate. Their observable counterparts—transverse and axial strain fields from DIC, local hinge rotation and
curvature, CT of as-built re-entrant/chiral geometry—allow the suspected route to be tested before qualification is rejected or retained.
Interpretation also tracks usable strain range and topology-dependent localisation, because a nominally negative transverse response can
coexist with early ligament failure or defect-sensitive rotation.

Table 2. Failure-mode discrimination for auxetic response.

Failure mode Observable signature Discriminating evidence

loss of auxetic response before nominal failure transverse and axial strain fields from DIC map Poisson ratio continuously versus strain

introduce controlled geometric defects to determine

hinge fracture at large strain
8 8 robustness

local hinge rotation and curvature

mode switching caused by asymmetric defects CT of as-built re-entrant/chiral geometry test multiple cell counts and boundary conditions

permanent set that degrades repeat cycling cyclic recovery and residual strain compare monotonic and cyclic large-strain response

Table 2 provides four independent ways to reject the wrong mechanism; confidence increases only when the same explanation remains
consistent across them.

6. Measuring auxetic response with traceable uncertainty

The three Table 2 measurement routes are carried through the uncertainty budget independently so that a weak channel remains visible at
the decision stage. For the auxetic response problem, separate monitoring of defect localisation defines the independent cross-check rather
than a tuning variable; during metrology of auxetic response, ligament bending is resolved against defect localisation. The main inference
uses independent resolution of strain-dependent Poisson response and hinge rotation, whereas an uncertainty-controlled perturbation of
ligament bending is reserved for the boundary test that can overturn the proposed interpretation; the uncertainty record for auxetic
response keeps defect localisation separate from strain-dependent Poisson response.

7. Experiments that discriminate competing mechanisms

Mechanism selection uses the complete set of Table 2 interventions, including at least one test that should leave the proposed mechanism
unchanged. Rather than reduce auxetic response to one surrogate, the analysis combines a replicate test of defect localisation with a causal
contrast between strain-dependent Poisson response and ligament bending; during the causal challenge for auxetic response, defect
localisation is tested against strain-dependent Poisson response. A separate a boundary challenge involving hinge rotation is used to
challenge that interpretation, making disagreement between the two routes visible instead of averaging it away; the experiment for auxetic
response separates strain-dependent Poisson response from hinge rotation.

8. Model identification and validation for auxetic response

The frozen model must reproduce two Table 2 branches that were excluded from fitting. Failure on either branch triggers model-form
review rather than parameter retuning. [1,6] [2,4] [3,5] Each decision row receives a separate uncertainty interval, so a well-constrained
limit does not conceal a poorly constrained one. An acceptable record for auxetic response must show an uncertainty-bounded check on
defect localisation without inferring it from parameter estimation for strain-dependent Poisson response and hinge rotation; within model
identification for auxetic response, strain-dependent Poisson response is not fitted through hinge rotation. In parallel, prediction against
ligament bending probes the boundary condition most likely to change the interpretation, and the resulting uncertainty is carried forward
explicitly; prediction for auxetic response keeps hinge rotation independent of ligament bending.

9. Qualification envelope and technology decisions
Table 3. Technology-decision matrix for auxetic response.

Decision Minimum evidence Acceptance logic

usable strain range before auxetic mechanism degrades

For usable strain range before auxetic mechanism
degrades, require a replicated transverse and axial strain
fields from DIC dataset that covers the proposed
envelope and reports the uncertainty attached to the
limiting state.

The decision remains valid only if 'map Poisson ratio
continuously versus strain' gives a bounded, repeatable
transverse and axial strain fields from DIC response and
does not produce loss of auxetic response before
nominal failure.

defect tolerance for critical ligaments

Demonstration of defect tolerance for critical ligaments
needs traceable local hinge rotation and curvature
measurements in the qualified state and at least two
candidate states spanning the transfer interval.

The claim is accepted if 'introduce controlled geometric
defects to determine robustness' reproduces the expected
local hinge rotation and curvature behaviour at the
limiting state and no hinge fracture at large strain
signature is present.

whether recovery or one-time energy absorption is the
design objective

Build the case for whether recovery or one-time energy
absorption is the design objective from CT of as-built
re-entrant/chiral geometry measured at the baseline, an
intermediate state and the proposed limit, with
independent replication.

Acceptance follows when 'test multiple cell counts and
boundary conditions' leaves the measured CT of as-built
re-entrant/chiral geometry relationship intact and no
transition toward mode switching caused by asymmetric
defects is detected.

Evidence for auxetic response is not accepted from a single nominal condition; inside the auxetic response envelope, hinge rotation and
ligament bending define different transfer limits. The analysis requires tested ranges in strain-dependent Poisson response and hinge
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rotation, follows it with an explicit transfer limit on defect localisation, and uses a separate boundary for ligament bending as a targeted
challenge wherever the two indicate different mechanism or margin; qualification of auxetic response bounds ligament bending separately
from defect localisation.

10. Design consequences for auxetic response

The technology decision is decomposed into three Table 3 rows, with a separate acceptance record and uncertainty statement for each.
During implementation, an implementation check on ligament bending is challenged deliberately while defect tolerance for critical
ligaments is controlled independently, leaving a design change governed by strain-dependent Poisson response as the design variable
rather than a hidden compensator; during design implementation for auxetic response, ligament bending is constrained by defect
localisation. The resulting design record therefore distinguishes intended control from incidental compensation in auxetic response; the
auxetic response design record separates defect localisation from strain-dependent Poisson response.

11. Evidence gaps for auxetic response

Qualification of auxetic response treats scale transfer of strain-dependent Poisson response as one axis and independent replication of
defect localisation as another; for unresolved auxetic response transfer, defect localisation is studied separately from strain-dependent
Poisson response. Between them, uncertainty in hinge rotation versus ligament bending supplies the deliberate challenge that determines
whether the apparent transfer is mechanistic or merely coincidental; the evidence gap in auxetic response distinguishes strain-dependent
Poisson response from hinge rotation.

12. Qualification outcome for auxetic response

The supported claim is restricted to states satisfying every Table 3 boundary. Crossing one boundary invalidates the transfer assumption
for that decision. The auxetic response workflow deliberately separates causal evidence that separates hinge rotation from ligament
bending from agreement between measurement and prediction for strain-dependent Poisson response; this avoids fitting the challenge into
the quantity being qualified; at final qualification of auxetic response, strain-dependent Poisson response is reconciled with hinge rotation.
A renewed-evidence trigger when defect localisation changes is then examined on its own terms before any transfer statement is retained,;
the closing auxetic response claim keeps hinge rotation distinct from ligament bending.
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