
 

 

CONTRIBUTION TO THE CONTRIBUTION TO THE CONTRIBUTION TO THE CONTRIBUTION TO THE DEVELOPMENT OF DEVELOPMENT OF DEVELOPMENT OF DEVELOPMENT OF 
ELECTROMECHANICAL ACELECTROMECHANICAL ACELECTROMECHANICAL ACELECTROMECHANICAL ACTUATORS AND TUATORS AND TUATORS AND TUATORS AND 

ELECTROCHEMICAL LIQUELECTROCHEMICAL LIQUELECTROCHEMICAL LIQUELECTROCHEMICAL LIQUID MICROPUMPSID MICROPUMPSID MICROPUMPSID MICROPUMPS

 

 

Ilie NIŢAN 
Ştefan cel Mare University of Suceava 

     

 

Dorel CERNOMAZU 
Ştefan cel Mare University of Suceava 

REZUMAT. Lucrarea prezintă câteva soluţiiREZUMAT. Lucrarea prezintă câteva soluţiiREZUMAT. Lucrarea prezintă câteva soluţiiREZUMAT. Lucrarea prezintă câteva soluţii    privind pompele electrochimice cu lichid dezvoltate in cadrul Universităţii „Ştefan cprivind pompele electrochimice cu lichid dezvoltate in cadrul Universităţii „Ştefan cprivind pompele electrochimice cu lichid dezvoltate in cadrul Universităţii „Ştefan cprivind pompele electrochimice cu lichid dezvoltate in cadrul Universităţii „Ştefan cel el el el 
Mare” din Suceava. Mare” din Suceava. Mare” din Suceava. Mare” din Suceava. Pompele electrochimice cu lichid sunt caracterizate prin simplitate şi consum redus de energie.Pompele electrochimice cu lichid sunt caracterizate prin simplitate şi consum redus de energie.Pompele electrochimice cu lichid sunt caracterizate prin simplitate şi consum redus de energie.Pompele electrochimice cu lichid sunt caracterizate prin simplitate şi consum redus de energie.    
    
Cuvinte cheieCuvinte cheieCuvinte cheieCuvinte cheie: actuator electromecanic, element Peltier,  pompă electrochimică cu lichid. 
    
ABSTRACT. The paper present some solutions regarding the electrochimical pumps developed to Stefan cel Mare University of ABSTRACT. The paper present some solutions regarding the electrochimical pumps developed to Stefan cel Mare University of ABSTRACT. The paper present some solutions regarding the electrochimical pumps developed to Stefan cel Mare University of ABSTRACT. The paper present some solutions regarding the electrochimical pumps developed to Stefan cel Mare University of 
Suceava. Electrochimical pumps with liquid present some advantagesSuceava. Electrochimical pumps with liquid present some advantagesSuceava. Electrochimical pumps with liquid present some advantagesSuceava. Electrochimical pumps with liquid present some advantages,,,,    such as: constructive simpsuch as: constructive simpsuch as: constructive simpsuch as: constructive simplicity, low power licity, low power licity, low power licity, low power 
consumption.consumption.consumption.consumption.    
    
KeywordsKeywordsKeywordsKeywords: electromechanical actuator, Peltier element, electrochimical pump with liquid. 
 

 

1. INTRODUCTION 
Advances in military technology and space 

microrobotics and microtechnology have led to a new 

category of actuators and microactuators known as non-

conventional actuators. Unlike actuators/electric 

engines, considered conventional and based exclusively 

on the forces developed in the magnetic and electric 

field, the unconventional are made and based on other 

forces, already presented in literature.                                  

Interest in this class of actuators has been encouraged 

by other elements such as: unprecedented development 

of microtechnology and power electronics, reducing the 

size and price of electronic components etc. 

The engines / the actuators based on deformation of 

elastic structures under the action of a liquid that 

evaporates, for example in the presence of solar heat, 

allow to obtain low speed to a few revolutions per 

minute, without using mechanical gears and conditions 

to obtain high mechanical torques. 

Global and national achievements are measured 

through experimental models with a real chance to 

compete with different equipment profile. Field of 

actuators and in particular the electrochemical pumps is 

old, first major application in the field of 

electrochemical telegraph consisting of S. T. 

Sommering [4, 5].  

Throughout history there have been many interests 

in terms of conventional actuators, in particular of the 

electromechanical and electrochemical. 

In the development of the electromechanical actuators 

and pumps and electrochemical with liquid, study took 

into account the importance for the development of drip 

devices used, for example, within the facility for testing 

electrical resistance of insulating materials to the action 

of surface leakage currents. 

Electrochemical pumps with liquid can find 

applications in various fields, especially in biomedical 

engineering. Also, in the chemical industry of medicine 

is necessary, most often, the use of dosing devices 

substances which implies the development of simple 

device in terms of construction, small, inexpensive and 

based on simple principles of operation to be easy to 

handle. 

Regarding the experimental study of known 

electromechanical micropumps can say that further 

research is needed in the field to solve some problems 
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on the most reliable options constructive and 

functionally speaking. 

Thus, issues must be resolved regarding on 

characteristic parameters of fluids dynamics used as 

active agents, forces and torques involved in each case, 

pressure and temperatures in the cavities for different 

variants of actuators and electromechanical and 

electrochemical pumps. 

 

2. EXPERIMENTAL MODEL OF THE 
ELECTROCHEMICAL ACTUATOR             
WITH OIL  

 

In order to convey small amounts of liquids, in the 

actual stage of technique are encountered some 

solutions known as electrochemical micro pumps, a 

solution [5] consisting of a single cavity within which 

are placed two immiscible liquids with different 

specific weights, one representing the fluid circulated 

and other the active liquid which, under the action of 

electrolysis and the Joule-Lenz effect, decomposes into 

gases, the excess pressure created in the cavity, causes 

evacuation of the circulating fluid outside the pump.  

The solution described has the disadvantage that the 

two liquids used in the described electrochemical 

system operation are not physical separated, which may 

include not only physical contact but also the chemical 

reaction between the two liquids. 

The solutions studied by researchers from the 

University of Suceava, had complicated shapes, small 

sizes, and involved technological difficulties to achieve 

them. Therefore, models of electrochemical pumps 

were made which eliminates the disadvantages 

mentioned. 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         Fig.1. Electromechanical actuator with bellows [2, 7] 

Research teams from the University “Ştefan cel 

Mare” of Suceava, had concerns [4, 5, 6] regarding 

unconventional engines/actuators, because now are 

tested new types of engine/actuators based on other 

kind of forces, different from the electromagnetic 

forces. 

For realization of new models of unconventional 

engines/actuators, an important role had the using 

psychological creative techniques, among which can be 

mentioned the analogy technique, the technical training, 

improvement and development technique or the 

Osborne’s technique of interrogative lists. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Experimental model of the electromechanical                    

actuator with bellows [7] 

 

The electromechanical actuator with bellows, figure 

1, consisting of an elastic chamber (1), made as a 

bellows attached to a metallic support from brass (2), 

found in contact with one of the faces of a battery of 

Peltier elements (3), while the other face of the battery, 

is in contact with an aluminum radiator (4), found under 

the action of the air current produced by an fan (5). To 

eliminate the influence of the ambient temperature, the 

elastic chamber (1), partially filled with a volatile liquid 

(6), is protected by a cylindrical insulating shirt (7), and 

provided on the outside, with a reflective metal foil (8), 

and the insulating space previously described, is closed 

by an insulating disc (9), glued to the front of the elastic 

chamber (1), which is common body, at the upper side, 

with a drive shaft (10), guided by a support (11), fixed 

on the described assembly by two spacers rods (12) and 

(12′). Experimental model of the electromechanical 

actuator with bellows is presented in figure 2. 
 The immiscible electrochemical micropump with 

liquid, shown in figure 3, consists of a cylindrical shell 

(1), made from a plastic and transparent material, which 

is provided with a principal cavity a, in which superior 

side is stored a liquid subject to the handling (2), and 

 
62
_____________________________________________________________________________________________ 

Buletinul AGIR nr. 4/2011 ● octombrie-decembrie



 

 

 

 

where, to bottom side, is placed an electrolyser 

consisting of two electrodes (3) and (3′) placed in a 

micro cavity a′, made on the bottom of the main 

housing, electrodes fed from a DC source through two 

conductors (4) and (4′), made from an ordinary material 

and protected against electrochemical action by 

incorporating the into a plastic material support (5), 

which is the common body with a circular cap (6).  
 

Fig.3 Immiscible electrochemical micropump with liquid [1, 7] 
 

The electrodes are immersed in a liquid, which 

generates gases (7), consisted of water, so, following 

the electrolysis a gas mixture is released characterized 

by a pressure excess that acts over the liquid layer (2), 

in the sense of its evacuation. To obtain the circulated 

fluid evacuation it’s used a bellow type device, 

consisting of a micro channel (8), at which one of the 

extremities is placed in the circulated liquid (2), and the 

other one outside, at the case’s (1) bottom. The flow 

trigger through thermo siphon effect is made because of 

the gases pressure excess released at the top of the 

cavity. 

To activate the described micro pump the supply is 

made from a photovoltaic cell (9), based on the silicon 

or cadmium sulfide and fixed in the micro pump’s cap. 

The photovoltaic cell (9) it’s placed using a gaskets 

(10), used for mechanical energy absorption and which 

is fixed through another cap (11), made from a 

transparent material and some fixing screws (12) and 

(13), allowing the photovoltaic cell exposure to solar 

radiation action. The solution has the following 

advantages: simple design and very low consumption 

energy.  

 
Fig.4 Electromechanical actuator [2, 7] 

 

Electromechanical actuator (figure 4) fluid consists 

of a rigid camera (1), which is provided with another 

upper room (2), made from elastic material, represented 

by a bellows. Rigid chamber is filled with a quantity of 

mercury (3) and elastic chamber is filled with a quantity 

of silicone oil (4). A rigid chamber is thermally 

insulated and is excited by heating or cooling Peltier 

battery elements (5), fueled by a train of pulses with 

proper polarity generated by a DC source not 

represented in the scheme. Peltier battery is on the 

outside with a radiator used to dissipate heat (6) 

released by Peltier elements and whose cooling is 

enabled through a micro-fan (7).  

At the upper end of bellows (2) is provided a rod (8) 

which moves in a guide which is provided at (9) and 

end with a ratchet (10) attached to the rod (8) by a joint. 

Ratchet rests on the circumference of the ratchet wheel 

(11), using for this purpose a spring (12). Ratchet wheel 

(11) is mounted on a shaft (13) which is driving the 

actuator. Turning a sense of wheel is made with a 

ratchet locking the help (14) maintained in working 

position by a spring (15). When a battery container 

Peltier five heats, the mercury expands creating a 

pressure inside the liquid medium acts on four 

represented by silicone oil, which forms a bellows (2) 

banished. As a result, the rod (8) and (10) rotate ratchet 

wheel (11) with a ratchet tooth. Reversing the polarity 

of the battery voltage Peltier, and the air cools a room 

contract, therefore bellows two contracts, which bring 

ratchet rod (8) and (10) in position, preparing the 

engine for a new movement of wheel with a tooth.  
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Fig.5 Experimental model of the electromechanical  

actuator [7, 3] 
 

To improve thermal excitation Peltier received from 

the battery (5), a rigid chamber is on the outside with 

insulation termica (16). To return to the waiting 

position furniture rod 8, solidarity with the bellows (2) 

is driven by a spring (17). Electrochemical actuator 

presented in figure 6 is provided with an oil reservoir 

communicating with a corrugated tube. Oil tank is 

heated by an electric resistance (Joule-Lenz effect 

through) placed inside the tank. Gas generated by 

heating oil accumulates in the corrugated tube, 

increasing its volume and making the upper end, open 

its move up.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.6 Experimental model of the electromechanical 

actuator with oil [7] 
 

The system is equipped with a rubber valve attached 

to a rod in order to eliminate gas from the tube and 

reducing the pressure inside it. 

This experimental model, also with linear motion, 

consists of a corrugated tube in which the oil, heating 

oil is accomplished by a heater placed outside the tube. 

Exhaust valve and pressure relief accumulated in the 

tube is mechanical. 

 

 

 

 

 

3. CONCLUSIONS 
 

The unprecedented development of microtechnology 

imposed emergence of new categories of actuators and 

microactuatoare, known as non-conventional actuators 

and solutions proposed by the following advantages: 

- simple design; 

- very low power consumption; 

- reduced or even eliminated downtime start operation. 
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