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Introduction
The electromagnetoelastic actuator with the piezoelectric 

or electrostriction effect for nano robotics system is used in 
nanotechnology, nano manipulator, nano pump, scanning microscopy, 
adaptive optics. The use of the electromagnetoelastic actuator is 
promising in nano robotics system1–6 and nano manipulator7–24 
for nanotechnology. The electromagnetoelastic actuator is the 
electromechanical device for actuating and controlling mechanisms, 
systems with the conversion of electrical signals into mechanical 
displacements and forces.16–34 

The piezo actuator is used for nano scale motion in adaptive 
optics, laser systems, focusing and image stabilization systems, 
nano and micro surgery, vibration damping, nano and micro 
manipulation to penetrate the cell and to work with the genes. The 
electromagnetoelastic actuator is provided range of movement from 
nanometers to ten microns; force 1000 N, response 1-10 ms.6–34

Deformation of actuator
Let us consider the characteristics of the electromagnetoelastic 

actuator with fixe one face. From the equation of the 
electromagnetoelasticity7,10–32 the regulation characteristic of the 
actuator is received with elastic force in the form
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where l , l∆ , mid , mΨ  , ijsΨ , eC , 0S  are the length, the 
deformation or displacement of the electromagnetoelastic actuator, 
the electromagnetoelastic module or the piezo module, the electric or 
magnetic field strength, the elastic compliance at constΨ = , stiffness 
of the load, the area of the actuator. This length of the actuator is 
equal to the thickness, the height or the width, respectively, at the 
longitudinal, transverse or shear piezo effect, , ,i j m  are the indexes.

The displacement of the electromagnetoelastic actuator with 
fixe one face for elastic load is obtain in the form the regulation 
characteristic
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where ijCΨ  is stiffness of the electromagnetoelastic actuator at 
constΨ = .

The regulation characteristic for the transverse piezo actuator is 
received for fixe one face and the elastic load in the following form
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where 31
Uk  is the transfer coefficient for voltage. For the piezo 

actuator from ceramic PZT at d31  = 2⋅10-10 m/V, l δ  = 20, 11
EC = 

2⋅107 N/m, eC  = 0.5⋅107 N/m, U = 100 V we obtain values the transfer 
coefficient for voltage 31

Uk  = 3.2 nm/V and the displacement l∆  = 320 
nm. Therefore, we have the transfer function for voltage with lumped 
parameter of the transverse piezo actuator7,11,12,16–19,27,31 with fixe one 
face for the elastic-inertial load in the form
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where ( )pΞ , ( )U p  are the Laplace transforms of the 
displacement and the voltage, tT , tξ  are the time constant and the 
damping coefficient of the piezo actuator, M is the load mass.  At d31
= 2⋅10-10 m/V, l δ  = 20, M  =4 kg, 11

EC  = 2⋅107 N/m, eC  = 0.5⋅107 
N/m values the transfer coefficient for voltage 31

Uk  = 3.2 nm/V and the 
time constant of the piezo actuator tT  = 0.4⋅10-3 s are obtained for the 
transverse piezo actuator with the elastic-inertial load. 

The mechanical characteristic of the electromagnetoelastic 
actuator for nano robotics system is received from the equation of 
the electromagnetoelasticity7,10-33 in form the characteristic i jS T 

 
 

 
or ( )l F∆  at constΨ =
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Abstract

The regulation characteristic and the transfer function of the electromagnetoelastic actuator 
are investigated for nano robotics system. The electromagnetoelastic actuator is used 
in nanotechnology, scanning microscopy, adaptive optics, laser systems, focusing and 
image stabilization systems, vibration damping, nano and micro manipulator to penetrate 
the cell and to work with the genes. The mechanical and control characteristics of the 
electromagnetoelastic actuator are obtained to calculate the nano mechatronics robotics 
system. The piezo actuator is used in nano and micro dosing devices, nano manipulators in 
nano and micro surgery.
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	     const consti mi m ij jS d s TΨ

= =
= Ψ +Ψ Ψ ,

where iS , mid , mΨ , ijsΨ , jT  are the relative deformation, the 
electromagnetoelastic module, the electric or magnetic field strength, 
the elastic compliance, the mechanical stress.

The control characteristic of the electromagnetoelastic actuator for 
nano robotics system is obtained in the form ( )i mS E  or ( )l U∆  at 

constT = . The control characteristic has the form

	   	
const const

E
i mi m ij jS d E s TT T= =

= +  .

The mechanical characteristic of the electromagnetoelastic 
actuator is received in the form

	                         ( )max max1l l F F∆ = ∆ − ,

where maxl∆  is the maximum displacement for 0F =  and maxF  is 
the maximum force for 0l∆ = .

The maximum displacement of the electromagnetoelastic actuator 
has the form

		  max mi ml d l∆ = Ψ .

The maximum mechanical stress of the electromagnetoelastic 
actuator has the form

		  maxj mi m ijT d sΨ= Ψ .

The maximum force of the electromagnetoelastic actuator is 
written as the expression

	      max max 0 0 /j mi m ijF T S d S sΨ= = Ψ ,

where 0S  is the area of the actuator.

The maximum displacement and the maximum force for the piezo 
actuator with the transverse piezo effect are obtained in the form

		  max 3l d E l31∆ = ,

		  max 3 0 11
EF d E S s31= .

At d31  = 2∙10-10 m/V, 3E U δ=  = 3⋅105 V/m, l  = 2∙10-2 m, 0S  
= 1∙10-5 m2, Es11  = 15∙10-12 m2/N for the mechanical characteristic 
of the transverse piezo actuator from ceramic PZT the maximum 
displacement maxl∆ = 1200 nm and the maximum force maxF  = 40 
N are received on Figure 1. 

Figure 1 Mechanical characteristic of transverse piezo actuator for nano 
robotics system.

The discrepancy between the experimental and calculation data for 
the piezo actuator is 10%.

Discussion
The transfer function and the characteristics of the 

electromagnetoelastic actuator are calculated for nano robotics 
system of the deformation the actuator in nano manipulator for 
nanotechnology. The mechanical and control characteristics of the 
electromagnetoelastic actuator are received to calculate the nano 
mechatronics robotics system.

The piezo actuator is used in the nano manipulator for scanning 
microscopy. The nano manipulator with the piezo actuator is key 
component in the nano mechatronics system for nanotechnology.

Conclusions
The regulation characteristic and the transfer function of the 

electromagnetoelastic actuator are received for the nano robotics 
system. The maximum displacement and the maximum force are 
obtained for the mechanical characteristic of the electromagnetoelastic 
actuator. 

The mechanical and controm characteristics of the 
electromagnetoelastic actuator are received for nano robotics system. 
The characteristics of the electromagnetoelastic actuator are used for 
the calculation the nano mechatronics robotics system and the control 
system with nano manipulator for nanotechnology. 
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