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Introduction

For mathematical description of the multilayer actuator we
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For the mechanical four-terminal scheme [23] actuator we have ahal
the matrix in the form. Figure 1: Structural Diagram of Multilayer Actuator.
chElyg Zosh(fy)
bl = 20y
ZO
E il P
where ], v are length and coefficient. o [/( M )]
{> 1/%1_/ [ mi m [V/Sh l’Y ] [Ch Z'Y)._ 7“1 ]]}
The mathematical description and diagram on Figure 1 of the
multilayer actuator we obtained as the system of the equations in dys,dyy,d) s E, E $33.817, 555
the form v D D D
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where 2,(p), E,(p), F(p), F,(p) are the Laplace transforms of the
displacements and forces for the faces.

From the mathematical description of the multilayer actuator
we have the matrix equation

[E(p)l= 7 (p)][P(p)]

where [2(p)], [#(p)], [P(p)] are the matrices.

For time ¢ —> o for the inertial load on the two faces of

piezoactuator we obtain the expressions of its displacements

E—\l(w): L%PWU(PXU/S)/P = dss”UMz/(Ml +M2)
E.\z(ac): Lig%an(p)(U/S)/p = d}s”UM/(Ml +M2)

E—n(m)Jr &, (m): dynlU
where n, U are the number piezolayers and the voltage.

At d, =410"°m/V, n =4,U =100V, M, =1Kkg, M, =4 kg we
obtained the displacements &(») =128 nm, &,(x) = 32 nm, &,(x)+&,(x)
=160 nm.

Conclusion

We determined the mathematical description of the multilayer
actuator for nano biomedicine. We obtained the displacements of
the multilayer actuator from its mathematical description.

References

1. Schultz ], Ueda ], Asada H (2017) Cellular Actuators. Butterworth-
Heinemann Publisher, Oxford pp. 382.

2. Afonin SM (2006) Absolute stability conditions for a system controlling
the deformation of an elecromagnetoelastic transduser. Doklady
mathematics 74(3): 943-948.

3. Zhou S, Yao Z (2014) Design and optimization of a modal-independent
linear ultrasonic motor. IEEE transaction on ultrasonics, ferroelectrics,
and frequency control 61(3): 535-546.

4. Przybylski ] (2015) Static and dynamic analysis of a flextensional
transducer with an axial piezoelectric actuation, Engineering structures
84:140-151.

5. Ueda ], Secord T, Asada HH (2010) Large effective-strain piezoelectric
actuators using nested cellular architecture with exponential strain
amplification mechanisms. IEEE/ASME Transactions on Mechatronics
15(5): 770-782.

6. Karpelson M, Wei GY, Wood R] (2012) Driving high voltage piezoelectric
actuators in microrobotic applications. Sensors and Actuators A:
Physical 176: 78-89.

7. Afonin SM (2015) Block diagrams of a multilayer piezoelectric motor
for nano- and microdisplacements based on the transverse piezoeffect.
Journal of computer and systems sciences international 54(3): 424-439.

8. Afonin SM (2008) Structural parametric model of a piezoelectric
nanodisplacement transduser. Doklady physics 53(3): 137-143.

9. Afonin SM (2006) Solution of the wave equation for the control of an
elecromagnetoelastic transduser. Doklady mathematics 73(2): 307-313.

10.Cady WG (1946) Piezoelectricity: An introduction to the theory and
applications of electromechancial phenomena in crystals. McGraw-Hill
Book Company, New York, USA, pp. 806.

11. Mason W (1964) Physical Acoustics: Principles and Methods. Vol.1. Part
A. Methods and Devices. Academic Press, New York, USA, pp. 515.

12.Zwillinger D (1989) Handbook of Differential Equations. Academic
Press, Boston, USA, pp. 673.

13. Afonin SM (2015) Structural-parametric model and transfer functions
of electroelastic actuator for nano- and microdisplacement. Chapter 9
in Piezoelectrics and Nanomaterials: Fundamentals, Developments and
Applications. Ed. Parinov IA. Nova Science, New York, USA, pp. 225-242.

14. Afonin SM (2017) A structural-parametric model of electroelastic
actuator for nano- and microdisplacement of mechatronic system.
Chapter 8 in Advances in nanotechnology. Volume 19. Eds. Bartul Z,
Trenor J, Nova Science, New York, USA, pp. 259-284.

15. Afonin SM (2012) Nano- and micro-scale piezomotors. Russian
engineering research 32(7-8): 519-522.

16. Afonin SM (2007) Elastic compliances and mechanical and adjusting
characteristics of composite piezoelectric transducers. Mechanics of
solids 42(1): 43-49.

17. Afonin SM (2014) Stability of strain control systems of nano-and
microdisplacement piezotransducers. Mechanics of solids 49(2): 196-
207.

18. Afonin SM (2017) Structural-parametric model electromagnetoelastic
actuator nanodisplacement for mechatronics. International Journal of
Physics 5(1): 9-15.

19. Afonin SM (2017) Structural-parametric model of piezoactuator nano-
and microdisplacement for nanoscience. AASCIT Journal of Nanoscience
3(3):12-18.

20. Afonin SM (2016) Solution wave equation and parametric structural
schematic diagrams of electromagnetoelastic actuators nano- and
microdisplacement. International Journal of Mathematical Analysis and
Applications 3(4): 31-38.

21. Afonin SM (2018) Structural-parametric model of electromagnetoelastic
actuator for nanomechanics. Actuators 7(1): 1-9.

22. Afonin SM (2016) Structural-parametric models and transfer functions
of electromagnetoelastic actuators nano- and microdisplacement for
mechatronic systems. International Journal of Theoretical and Applied
Mathematics 2(2): 52-59.

23.Afonin SM (2017) Parametric block diagrams of a multi-layer
piezoelectric transducer of nano- and microdisplacements under
transverse piezoelectric effect. Mechanics of Solids 52(1): 81-94.

24. Afonin SM (2018) Multilayer electromagnetoelastic actuator for robotics
systems of nanotechnology, Proceedings of the 2018 IEEE Conference
EIConRus: 1698-1701.

25. Afonin SM (2018) Electromagnetoelastic nano- and microactuators for
mechatronic systems. Russian Engineering Research 38(12): 938-944.

26.Afonin SM (2018) Structural-parametric model of electro elastic
actuator for nanotechnology and biotechnology. Journal of Pharmacy
and Pharmaceutics 5(1):8-12.

27. Afonin SM (2018) Electromagnetoelastic actuator for nanomechanics.
Global Journal of Research in Engineering. A: Mechanical and Mechanics
Engineering 18(2): 19-23.

28. Afonin SM (2019) Actuator for nano biomedical research. Biomedical

Journal of Scientific and Technical Research 19(3): 14300-14302.

29. Afonin SM (2019) Absolute stability of control system with electro
magneto elastic actuator for nanobiomedicine. Biomedical Journal of
Scientific and Technical Research 21(4): 16027-16030.

30.Bhushan B (2004) Springer Handbook of Nanotechnology. Ed. by
Springer, Berlin, New York, USA, pp. 1222.

Copyright@ Afonin SM | Biomed ] Sci & Tech Res | BJSTR. MS.ID.003795.

16886


http://dx.doi.org/10.26717/BJSTR.2019.22.003795
https://www.sciencedirect.com/book/9780128036877/cellular-actuators
https://www.sciencedirect.com/book/9780128036877/cellular-actuators
https://www.researchgate.net/publication/225981706_Absolute_stability_conditions_for_a_system_controlling_the_deformation_of_an_electromagnetoelastic_transducer
https://www.researchgate.net/publication/225981706_Absolute_stability_conditions_for_a_system_controlling_the_deformation_of_an_electromagnetoelastic_transducer
https://www.researchgate.net/publication/225981706_Absolute_stability_conditions_for_a_system_controlling_the_deformation_of_an_electromagnetoelastic_transducer
https://www.ncbi.nlm.nih.gov/pubmed/24569257
https://www.ncbi.nlm.nih.gov/pubmed/24569257
https://www.ncbi.nlm.nih.gov/pubmed/24569257
https://www.sciencedirect.com/science/article/pii/S0141029614007135
https://www.sciencedirect.com/science/article/pii/S0141029614007135
https://www.sciencedirect.com/science/article/pii/S0141029614007135
https://ieeexplore.ieee.org/abstract/document/5340695
https://ieeexplore.ieee.org/abstract/document/5340695
https://ieeexplore.ieee.org/abstract/document/5340695
https://ieeexplore.ieee.org/abstract/document/5340695
https://www.sciencedirect.com/science/article/abs/pii/S0924424711006947
https://www.sciencedirect.com/science/article/abs/pii/S0924424711006947
https://www.sciencedirect.com/science/article/abs/pii/S0924424711006947
https://link.springer.com/article/10.1134/S1064230715020021
https://link.springer.com/article/10.1134/S1064230715020021
https://link.springer.com/article/10.1134/S1064230715020021
https://www.researchgate.net/publication/225703207_Structural_parametric_model_of_a_piezoelectric_nanodisplacement_transducer
https://www.researchgate.net/publication/225703207_Structural_parametric_model_of_a_piezoelectric_nanodisplacement_transducer
https://iopscience.iop.org/article/10.1088/0031-9112/16/1/013
https://iopscience.iop.org/article/10.1088/0031-9112/16/1/013
https://www.elsevier.com/books/handbook-of-differential-equations/zwillinger/978-0-08-057274-1
https://www.elsevier.com/books/handbook-of-differential-equations/zwillinger/978-0-08-057274-1
https://www.researchgate.net/publication/296951783_Structural-parametric_model_and_transfer_functions_of_electroelastic_actuator_for_nano-_and_microdisplacement
https://www.researchgate.net/publication/296951783_Structural-parametric_model_and_transfer_functions_of_electroelastic_actuator_for_nano-_and_microdisplacement
https://www.researchgate.net/publication/296951783_Structural-parametric_model_and_transfer_functions_of_electroelastic_actuator_for_nano-_and_microdisplacement
https://www.researchgate.net/publication/296951783_Structural-parametric_model_and_transfer_functions_of_electroelastic_actuator_for_nano-_and_microdisplacement
https://www.longdom.org/proceedings/structuralparametric-model-of-electroelastic-actuator-for-nano-and-microdisplacement-in-mechatronics-40897.html
https://www.longdom.org/proceedings/structuralparametric-model-of-electroelastic-actuator-for-nano-and-microdisplacement-in-mechatronics-40897.html
https://www.longdom.org/proceedings/structuralparametric-model-of-electroelastic-actuator-for-nano-and-microdisplacement-in-mechatronics-40897.html
https://www.longdom.org/proceedings/structuralparametric-model-of-electroelastic-actuator-for-nano-and-microdisplacement-in-mechatronics-40897.html
https://link.springer.com/article/10.3103/S1068798X12060032
https://link.springer.com/article/10.3103/S1068798X12060032
https://link.springer.com/article/10.3103/S0025654407010062
https://link.springer.com/article/10.3103/S0025654407010062
https://link.springer.com/article/10.3103/S0025654407010062
https://link.springer.com/article/10.3103%2FS0025654414020095
https://link.springer.com/article/10.3103%2FS0025654414020095
https://link.springer.com/article/10.3103%2FS0025654414020095
http://pubs.sciepub.com/ijp/5/1/2/index.html
http://pubs.sciepub.com/ijp/5/1/2/index.html
http://pubs.sciepub.com/ijp/5/1/2/index.html
https://www.semanticscholar.org/paper/Solution-Wave-Equation-and-Parametric-Structural-of-Afonin/2bc491c6f1f8e036449f099a29df8218da2ae0c0
https://www.semanticscholar.org/paper/Solution-Wave-Equation-and-Parametric-Structural-of-Afonin/2bc491c6f1f8e036449f099a29df8218da2ae0c0
https://www.semanticscholar.org/paper/Solution-Wave-Equation-and-Parametric-Structural-of-Afonin/2bc491c6f1f8e036449f099a29df8218da2ae0c0
https://www.semanticscholar.org/paper/Solution-Wave-Equation-and-Parametric-Structural-of-Afonin/2bc491c6f1f8e036449f099a29df8218da2ae0c0
https://www.longdom.org/proceedings/structuralparametric-model-of-electromagnetoelastic-actuator-for-nanomechanics-13539.html
https://www.longdom.org/proceedings/structuralparametric-model-of-electromagnetoelastic-actuator-for-nanomechanics-13539.html
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=347&paperId=10018172
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=347&paperId=10018172
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=347&paperId=10018172
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=347&paperId=10018172
https://link.springer.com/article/10.3103/S0025654417010101
https://link.springer.com/article/10.3103/S0025654417010101
https://link.springer.com/article/10.3103/S0025654417010101
https://www.semanticscholar.org/paper/Multilayer-electromagnetoelastic-actuator-for-of-Afonin/66d539099cb006c60afb221c2253cf08483ce13d
https://www.semanticscholar.org/paper/Multilayer-electromagnetoelastic-actuator-for-of-Afonin/66d539099cb006c60afb221c2253cf08483ce13d
https://www.semanticscholar.org/paper/Multilayer-electromagnetoelastic-actuator-for-of-Afonin/66d539099cb006c60afb221c2253cf08483ce13d
https://link.springer.com/article/10.3103/S1068798X18120328
https://link.springer.com/article/10.3103/S1068798X18120328
https://www.ommegaonline.org/article-details/Structural-Parametric-Model-of-Electroelastic-Actuator-for-Nanotechnology-and-Biotechnology/1881
https://www.ommegaonline.org/article-details/Structural-Parametric-Model-of-Electroelastic-Actuator-for-Nanotechnology-and-Biotechnology/1881
https://www.ommegaonline.org/article-details/Structural-Parametric-Model-of-Electroelastic-Actuator-for-Nanotechnology-and-Biotechnology/1881
https://engineeringresearch.org/index.php/GJRE/article/view/1813
https://engineeringresearch.org/index.php/GJRE/article/view/1813
https://engineeringresearch.org/index.php/GJRE/article/view/1813
https://biomedres.us/pdfs/BJSTR.MS.ID.003295.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.003295.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.003632.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.003632.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.003632.pdf

Volume 22- Issue 4 DOI: 10.26717/BJSTR.2019.22.003795

ISSN: 2574-1241

DOI: 10.26717/BJSTR.2019.22.003795 Assets of Publishing with us

Afonin SM. Biomed ] Sci & Tech Res  Global archiving of articles

@ @ This work is licensed under Creative
Commons Attribution 4.0 License

Submission Link: https://biomedres.us/submit-manuscript.php

¢ Immediate, unrestricted online access
e Rigorous Peer Review Process
e Authors Retain Copyrights

e Unique DOI for all articles

https://biomedres.us/

Copyright@ Afonin SM | Biomed ] Sci & Tech Res | BJSTR. MS.ID.003795. 16887


http://dx.doi.org/10.26717/BJSTR.2019.22.003795
https://biomedres.us/submit-manuscript.php
https://biomedres.us/
http://dx.doi.org/10.26717/BJSTR.2019.22.003795

	Multilayer Actuator for Nano Biomedicine
	Abstract
	Introduction
	Mathematical Description Actuator
	Conclusion
	References
	Figure 1

