Accepted Manuscript

THERMAL SCIENCE

. ) : AND ENGINEERING
ing Device Actuated by Thermoelectric Coolers PROGRESS

Thermal Disturbances Attenuation using a Lyapunov Controller for Ice-Clamp-

Alexandra Mironova, Paolo Mercorelli, Andreas Zedler

PII: S2451-9049(17)30489-4

DOI: https://doi.org/10.1016/j.tsep.2018.03.004
Reference: TSEP 148

To appear in: Thermal Science and Engineering Progress
Received Date: 23 November 2017

Accepted Date: 18 March 2018

Please cite this article as: A. Mironova, P. Mercorelli, A. Zedler, Thermal Disturbances Attenuation using a
Lyapunov Controller for Ice-Clamping Device Actuated by Thermoelectric Coolers, Thermal Science and
Engineering Progress (2018), doi: https://doi.org/10.1016/j.tsep.2018.03.004

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.tsep.2018.03.004
https://doi.org/10.1016/j.tsep.2018.03.004

Thermal Disturbances Attenuation using a Lyapunov
Controller for Ice-Clamping Device Actuated by
Thermoelectric Coolers

Alexandra Mironova, Paolo Mercorelli and Andreas Zedler

Institute of Product and Process Innovation
Leuphana University of Lueneburg, Volgershall 1
D-21389 Lueneburg, Germany

Abstract

As an innovative and non-traditional manufacturing system the ice-clamping
device fixes workpieces by freezing water under sub-zero temperatures. The
ice structure encapsulates the piece nearly force-free by adhesive bonding, pro-
tecting the piece from deformation; which is especially crucial for thin-walled
and micro parts. The generation of cooling power is actuated by thermoelectric
coolers (TECs). The challenge arises by preventing the ice from thawing in the
presence of external thermal disturbances. Thermal noise occurs through pro-
cess heat caused by the machining operations like drilling, turning or milling.
The paper shows that the usage of several TECs leads to an inhomogeneous tem-
perature distribution on the clamping plate, which is analogous to not uniform
clamping forces. Thus, the contribution of this paper is to guarantee a homoge-
neous temperature profile on the clamping plate, ensuring constant and homo-
geneous bonding and hence a secure grip during machining processes through a
distributed control as well as a thermal disturbance attenuation. Therefore, a
robust controller is proposed for the non-linear thermal system based on Lya-
punov’s approach. A model of an Ice-Clamping system being activated by two
TECs is derived, in particular, taking the interaction between them both into
account. Simulation and experimental results prove the robustness of the de-
signed controller against parametric uncertainties and show good responses to

external thermal disturbances.
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