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ANEED FOR NEW STANDARDS:
COMMUNICATING SHAPE TRANSFORMATIONS
INTHETECHNICAL DOCUMENTATION OF PRODUCTS

The use case of a generic mini-gripper sheds light on the benefits that a new standard could
bring to the engineering and design of shape memory materials.

Eujin Pei, Brunel University London
Christopher Leung, University College London

Ing number of commercial applications, including

stonts, hoart valwes, and guidewings in modical appll-
Cations; anchors, sleeves, and screw devices In mechamcal
applications; wortex gensrators, torque tubes and flaps
In aerospace applications; (ndustrial bearings, gears, and
vontiators In automotive applications; as woll as biinds
and shades In archieciural appiications. Taking a step
further, research over the past docade has shown that shape
memory materials can be effectively utilized with addmtive
manufacturing processes to produce high-value products.

A0 PRINTING

Advances n additive manufacturing have enabled
functional grading and multl-material deposition to
produce what ame termed 40 prnted™ parts that ame net
of near net shape; creating highly complex features that
are difficult to produce with conventional manufacturing
processes. In this contont, 40 printing affords the design
engineor with the possibiity to program shape transfor
mations that are reguired to -mest different functons by
sojprtively distributing the stimull-responsive properties of
shape memary matorials (nto 4 part's geomelry. An opera-
tional imphication of 4D printing 5 3 shape transformation
or variable properties In response to the passive exposure
o an environmental stimufus by the free exchange of energy
or matter. With greater awareness of the emdronmental
impact of industrial activity and amphasis on low-Impact
systainable development, circular economy, and net Iem
tarpets, 40 printed parts have the potential to foster the
creation and development of specialized high-value products
Examples may include parts that oporate passively without
the need for an extemal power source or with fewer electro-
mechanical components through part consolidation, greater
material efficiency, and the potential for material recower-
ablity at end-of-service

A fundamental challenge exists: How to ensure that the
design, manufacturing, and functional intent for 4D printed
pars can be accuratety and unambiguously communicated

Shape memaory materials have boen used In 3 prow-

between stakeholders across the design, manufacturing,
Inspoctian, and supply value chain? One argument states
this requirement Is not exclusive to shape memory materals
used with addrive manufactuning processes, but can also
ba applied to shape memory matertal properties wsad |
comventional manufacturing processes. Until now, the main
emphasls has been on the neod to develop sandards that
can be used by engineering and design t2ams to accurately
represent the shape transformation of non-nigid bodies so
that shape memory products can be more widely adopted,
more comprehanshvely tested, and reach 3 high level of
industrial maturity and acceptance. With such & standard
being made avallabie 3t the engineenng and design stages,
it Is expected that the end product would be abie 1o con.
form to stringent Industrial westing, motrology, and qualny
control requiremeants.

BRITISH STANDARDS

In the context of national standards for technical
product reslization (TPR), the British Standamds Instiution
committee TPR/L 1= responcible for the UNK's jnput
to the international 1S0/TC 10 Technical Product Docu-
mentation and 1ISQUTC 213 Dimensional and Geomaetrical

Fig. 1 — Use cose perneric mini-gripper
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FEATURE

Shape State 51

Shape State 51
Function: Hold and locate a rpid rod

Shape State 52

Shape State 54
Funciron: Comstrict a Redbie tube AND
hald and lkecate a rghd mod

Fig. 2 — Shape slafes 51, 53, and 54 share a common datum releencs imme [DRF) as defined in 52 under refesence condifinns (o S0 1

Product Specifications and Verification, dealing with
the process for design implementation, geometnical
product specrfication, graphical representation of en-
gineoning drawings and 30 modeling, and tochnical
documentation. In Soptember 2022, TPR/1E Technical
Product Realization—B5 2388 Technical Product Specifi-
cation commitiee esablished a technical sub-committes
TPR/1/a/1 for the “design of graphical symbols for ise inthe
technical documentation of products—40 printed paris—
shape transformations” to undertake this work

USE CASE

The framewaork for this technical product documentation
is based on three concopis. These are llustrated in the use
caseof & genenic minl-gripper shown in Frg. 1. First, the shape
state (S=num*=) expresses the functionally critical festures

of the part In sach of s shape transformations using tha
geometrical product specification (GRS} language (Fig. 2L
The minl gripper’s four funcions ar: U Consrict a Mexibia
tubea, remain idie tn a NO (rormally open) pasition, hold and
position a ngid rod, and to constrict and hold at the same
time, giving four shape states. The allowable deviation in
dimensional sire and tolerance in geometric form of the
functionally critical features on the par for oach shape stato
my be expressed by directly annotating the foatwes on the

— Magnitude
Transh Sthvmidi h;ﬂmm Threshold | Latency
[From3To | Mode | Spec./Tol, | Spec/1cl, | Spec/Tol

Fig. 3 — | renslormuastion conitbsl hame
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Fig: 4 = Bill o tramdorrmation

Soild geometry of the part In the STEP file lomat 1o 150 10303
with model-based defintions (MEBDs) as shown in Fig. 2.

second, the transformation control frame (TCF) defnes
the rules of transformation between shape states [Fig. 3).
Thiird. the bill of transformations (BoT) schadules the intended
seryuence of all TCRs to fully describe the part's chape trans.-
formation between all four shape states 51 through 54 as
shown In (Fig. 4],

CALL FOR CONTRIBUTIONS

This proposed now standard will be used within
techrical product documentaticn (TPD), geometric product
speciication [GPS] and enginesring drawings within Brizish
ciandard BS 8888 that defines the requirements for

technical specification of products. The authors are seeking
to recoive Industrial Input, expert feedback, as well as
use casas that could be used In the standands documant.
Contributions to these use cases would aid illustrating how
the proposed standaed can be wsed and to study ns rela-
tion to existing well-established workflows. Interested par-
thos, including designers, tost onginesrs, and matrologists
working with parts involving shape transformations where
the proposed standard could be applied may contact the
authors for furthers information, -SHS5T

For more information: Eujin Pol, Brunel University London,
eufin pedgirhruned ac.uk; Christopher Leung, University
College Londan, christopher lsungibocl ac k.
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