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Grant Report

This project explored a possibility of collaboration of our research group with EOARD.
For us this was important, because the government-funded aerospace industry is a natural
end user for a range of new technologies based on liquid crystalline elastomers. One of
the main goals, and achievements, was to identify the requirements and interest areas, as
well as the assessment criteria, by which new technology and new materials could be
measured and compared.

The original proposal and the Interim Report outline the scientific background' and the
principles behind the high vibration damping by nematic elastomers®. Independently
mobile internal degree of freedom leads to the novel phenomenon of “soft elasticity”
when a certain set of strains is not resisted elastically (or resisted very weakly). For these
modes, the mechanical dissipation is the leading response. Unlike when studying delicate
and strongly dependent on geometry effects of soft elasticity, which requires
monodomain aligned nematic director in a rubber, high dissipation requires a much
simpler material preparation: it is sufficient, and in fact beneficial, to work with
polydomain materials. The main focus is then on the material design, obtaining nematic
rubbers with the required (and the widest) temperature and frequency intervals where the
high vibration damping occurs. In the short time of this project, we have not been able to
identify particular industrial settings or engineering designs where new damping
materials could be used. We, therefore, focused on three standard tests: Free layer
vibration dissipation; Constrained layer vibration and Impact dissipation.

Characteristic Master Curves have been shown in the Interim Report and are published in
the literature®. Much remains to be understood about the fundamental processes and
polymer relaxation in liquid crystalline elastomers. However, the practical effect of high
mechanical loss is unambiguous and versatile, both in temperature and frequency of
application. From the experience of a number of different material designs, we came to a
conclusion that “improvements”, such as making a damping pad porous with liquid oil
filling the cavities, or leaving free uncrosslinked chains in the network, does not lead to a
noticeable advantage. Accordingly, the main result of this short project is the group of
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Figure 1. Left panel: DSC scan showing the temperature interval of the nematic phase —
between 100C and OC. Central panel: loss factor Tan d, as function of temperature, for several
frequencies, showing a comparison between 10% and 5% crosslinked networks. Right panel: the
composite demonstration pad supplied with this report. White color is due to light scattering on
nematic polydomains — the material will become transparent in isotropic phase, above 100C.
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demonstrator device —a “damping Figure 2. The generic chemical composition of side-
pad”. One must be aware that such chain nematic polymer, with siloxane backbones

a pad is designed rather blindly, crossli.nked by _2—functiona1. groups (! 1UB). The base
with no specific test or nematic group is PBB; adding BHB increases the upper
optimization in mind. The elastic transition temperature (but too much of it will result in

) L various detrimental smectic phases).
modulus of this material is below P )

IMPa and this has to be born in mind in setting the test conditions. The pad is made
composite, combining the same material in three layers; the two outer layers crosslinked
at 10% (and thus carry most of the elastic load) while the inside is crosslinked at 5%
(hence maximizing the loss factor). The gradient of stiffness across the pad thickness
should also serve to improve energy transfer from a rigid vibrating substrate into the
dissipating polymer layer.

In the process of this work and communications with the research staff at WPAFB, it has
become clear that two other properties of nematic elastomers may be of immediate
interest. These are the large-stroke mechanical actuation, induced by temperature or UV
light (see the details in the literature). Large uniaxial strains (or stress of ~1-300kPa in the
isostrain regime) are the inherent feature of nematic networks, with applications in such
devices as micro-pumps, valves, and variable tension fibers. Interestmgly, a focused
effort in this field is currently applied at the Naval Res. Labs in Washington®, although
that group is not yet up to speed on the 1nternat10na1 scale. Tunable optlcal filters, narrow
and broadband, photonic bandgap systems® and low threshold lasers® are natural practical
applications of cholesteric elastomers.

In summary, the work progressed successfully. The grant provided only a small support
for a pilot study of damping properties in a new liquid crystalline elastomer system,
showing possible directions of future work. We were able to purchase a polarizing optical
microscope (which helps routine phase identification in the production lab) and a
sufficient amount of raw chemical consumables (to enable wider spread of chemical
synthesis and material testing, pursuing broader temperature range).

' M. Warner and E.M. Terentjev, Liquid Crystal Elastomers, Oxford Univ. Press 2003.
2 S.M. Clarke, A.R. Tajbakhsh, E.M. Terentjev, C. Remillat, G.R. Tomlinson and J.R. House,
J. Appl. Phys. 89, 6530, 2001.
* A. Hotta and E.M. Terentjev, Euro. Phys. J. E 10, 291, 2003.
*D.L. Thomsen, P. Keller, J. Naciri, R. Pink, H. Jeon, D. Shenoy and B.R. Ratna,
Macromolecules 34, 5868, 2001.
° P. Cicuta, A.R. Tajbakhsh and E.M. Terentjev, Phys. Rev. E 65, 051704, 2002.
® H. Finkelmann, S.T. Kim, A. Muiioz, P. Palffy-Muhoray and B. Taheri, Adv. Mater. 13, 1069, 2001.




