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Abstract - In this paper, the authors present an experimental 
analysis in order to highlight the behavior of a barrier struc-
ture model, actuated by three shape memory alloy (SMA) 
helical springs. The authors have developed this new barrier 
structure to increase the performances of conventional bar-
riers, based on SMAs unique properties and their advan-
tages. SMAs are advantageous for actuation because of their 
light weight, silent operation and flexibility. SMAs began to 
be increasingly present in industrial applications as well 
because they display high reliability and can replace the 
functions that make the motors or complex gears despite 
their simple construction. The actuator used in our model 
works as a linear actuator, contracting itself with great 
strength and speed, thus exerting the necessary force to lift 
the barrier arm when the SMA springs are heated by carry-
ing an electric direct current. The designer can control the 
direction of actuation, the amount of force generated and 
the stroke of the actuator through various combinations that 
he can achieve with these three SMA springs. After a de-
scription of the accomplished model and of how it works, 
the authors present an experimental analysis of the behavior 
displayed by the SMA springs-based barrier structure.  The 
experiments consisted in the determination of the SMA 
spring functioning time periods at constant value of the 
SMA spring activating electric current, and while maintain-
ing the barrier arm stroke and weight constant.  

Keywords: shape memory alloy (SMA) actuator, SMA spring, 
barrier structure experimental model, SMA spring functioning 
time periods. 

I. INTRODUCTION 
In recent years, the use of SMA actuators in a wide va-

riety of applications has had a really dynamic evolution. 
The increasing interest for the SMA actuators derives 
from their advantages, as compared to the traditional ones: 
its high plastic deformation, the force generated, the pro-
duction of mechanical work, the low voltages for the sup-
ply of the SMA element, the high power/weight and 
stroke/weight ratios [1]–[7]. These advantages are a con-
sequence of the unique and superior properties of SMAs, 
i.e. pseudo-elasticity, shape memory effects (one-way and 
two way), hysteresis behavior, vibration damping capacity 
[4], [6]–[10].  

SMAs are smart materials that possess the ability to un-
dergo shape change at low temperatures and retain this 
deformation until heated, at which point they return to 

their original shape [10]. This unique effect of returning to 
their initial geometry after a large inelastic deformation is 
known as the Shape Memory Effect (SME) [3], [10], [11]. 
The SME occurs due to martensitic phase transformation, 
between a low temperature phase, called martensite (M), 
and a high temperature parent phase, called austenite (A). 
A typical shape memory element has four relevant tem-
peratures that de ne the different stages of actuation, thus 
providing the designer with a method for control. Simply 
put, the four temperatures de ne the start and nish trans-
formations for martensite (Ms, Mf) and austenite (As, Af). 

Due to their unique properties, there is increasing tech-
nological interest in the use of SMA for various applica-
tions: biomedical engineering, automotive industry, high 
precision engineering, robotics, electro-mechanical engi-
neering, machine craft etc. [8]–[10], [13]–[18]. 

This paper presents an experimental model of a barrier 
structure, developed by the authors, that uses an actuator 
based on three Ni-Ti SMA springs. This barrier structure, 
dedicated to private parking systems, is an improved ver-
sion of the experimental model presented in the papers 
[19]–[21]. The authors intensified the research in this di-
rection given the great interest shown by some Romanian 
companies that produce such barriers. 

The use of SMA spring as actuator in our barrier con-
figuration provides the following advantages: reasonable 
force/motion characteristics, a compact size, a high work 
output, silent operation, design simplicity, and near step 
function operation [8], [10]–[12]. 

In the first part of this article the authors describe the 
accomplished experimental model and its operation mode. 
In the second part, they present an experimental analysis 
of the SMA springs-based barrier structure behavior.  

The study of this experimental model is made with the 
purpose of anticipating the behavior of a real structure in 
terms of operating mode, the control and command of the 
structure through the SMA active elements.  

II. EXPERIMENTAL BARRIER STRUCTURE DESCRIPTION 
The experimental model of the accomplished barrier 

structure driven by three SMA springs is shown in Fig. 1. 
The shape memory effect enables any SMA spring to 

work as a linear actuator by contracting with great 
strength and at increased speed when heated. In our 
model, this translational motion is converted into a rota-
tion motion of the barrier arm so that it will be lifted.  
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In this section, on the one hand, the authors make a de-
scription of the barrier structure experimental model, and, 
on the other hand, they comprehensively explain how the 
automatic motion of the barrier arm is controlled. The 
authors also explain how an SMA spring actually works 
emphasizing the advantages such a device really displays 
when used as actuator. The active shape-change control of 
the SMA spring, the miniaturization possibilities, the easy 
integration into the system structure, the automatic control 
of the barrier arm motion (using a programmable logic 
controller) thus underlies an effective increase in the effi-
ciency of such barrier structures. 

The so achieved model allows the structure behavior 
analysis to be made in various drive conditions and con-
trol of the SMA springs. 

The main positions marked in Fig. 1 are described in 
detail below.  

Fig. 2. The control unit of the accomplished model. 

A. The Control Unit 
This block (position 2 in Fig. 1) contains the following 

sources: for the supply of the SMA springs (5V), for 
LOGO (24V) and for powering the barrier control trans-
mitter (24V).  

The control unit block (Fig. 2) has the following out-
puts: 

1, 2 - outputs for the stroke transducer; 
3, 4 - outputs for the supply of the SMA springs; 
5, 6 - LED for signaling barrier position (red - closed,    

green - open); 
7, 8 - terminals for connection to an independent source 

(of variable voltage) for powering the SMA springs. 

B. Data Acquisition System Velleman 4 CHANNEL 
SIGNAL RECORDER

The main features of the Data Acquisition System (po-
sition 3 in Fig. 1) are: 

- record DC signals or slow moving signals over very 
long periods; 

- the measurements are automatically stored on the hard 
disk for further processing; 

- through the use of USB connection, there is no need 
for a power supply and installation is easy and straight-
forward; 

- signals are instantly displayed on the PC screen using 
analog or DVM display. 

Hardware specification: 
- USB connected and powered; 
- four DC coupled input channels; 
- input resistance: 1mOhm; 
- maximum samples per second: 100; 
- four input ranges: 3V / 6V / 15V and 30V; 
- sensitivity: 10mV; 
- accuracy: ± 3% of full scale; 
- maximum input: 30V DC; 
- power and recording/diagnostic LED. 
Software specification: 
- analogue trace or digital DVM readout; 
- 4 simultaneous channels recording; 
- minimum/maximum sample hold function for DVM; 
- from 1 sec to 1000 sec per division; 
- storage and recall of screens or data; 
- automatic recording option for extended time re-

cording; 
- on screen markers for time and voltage; 
- DLL included for own development. 
System requirements: 
- PC, running Win98SE or higher; 
- free USB port; 
- CD-ROM player [22]. 

C. AD-IR-DRIVER04 Module for the Remote Control 
This module (position 5 in Fig. 1) is an electronic mod-

ule with a microcontroller allowing the command of 4 
independent channels using infrared remote controls. The 
module is provided with 4 relays of 5 A/ 250 V AC     
(Fig. 3), which can operate various elements of execution. 

For the operation, one can utilize TV- COD RC5 re-
mote controls (RCxxx, PILOTxxx type), universal remote 
controls or other models used frequently by color televi-
sion sets. The desired buttons for the selections of the 
commands can be programmed, so one can choose to 
one’s individual liking. By memorizing the operations 
buttons from the remote control means they remain the 
same even when the remote is not powered. 

A manual K2 remote control is provided to reset the re-
lays’ status. The command of the relays can be made in 2 
ways:  

Fig. 1. Latest variant of the experimental arrangement of Ni–Ti SMA-
based barrier: 1-seating base; 2-control unit; 3-Signal Recorder (Data 
Acquisition System); 4-remote control; 5-control receive;
6-Logo!Power; 7-barrier arm;   8–Siemens Logo!24Co (Programma-
ble Logic Controller-PLC); 9-SMA spring-actuated mechanism unit. 
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command type ON/OFF and command type 
MOMENTAN. 
The command module of ON/OFF or MOMENTAN re-
lays is set with the help of PINs found on J1, J2, J3 and J4 
modes. 

The setting can be made in any configuration, all 
ON/OFF relays, all MOMENTAN relays or differently. 

Remote programming is done as follows. The module 
should be powered-up so that remote control can be pro-
grammed, when LED L1 lights up, and for the start of the 
operation of learning of the remote controls buttons, press 
button K1, at which point LED L1 will switch off. Press 
the remote control button which is utilized for the com-
mand of relay REL1. The LED L1 will switch on confirm-
ing the takeover of the command. Next, press the desired 
buttons in order to command the relays REL2, REL3, 
REL4. LED1 will start blinking at every command. In this 
way, the desired buttons were memorized. 

The main technical characteristics of the module are: 
- power supply: 9 ÷ 12 V AC, 50 Hz or 12 V DC; 
- the maximum input current: 0.15 A; 
- intermediary frequency IR: 38 kHz; 
- number of channels: 4; 
- command relays: 4 OMRON 5 A per 250 V AC; 
- command distance IR: 10 m; 
- available remote control RC5: 38 kHz [23]. 

D. Programmable Logic Controller - PLC (Siemens 
Logo!24Co)  

The logic module LOGO! Siemens (position 8 in       
Fig. 1) is the ideal controller for simple automation tasks 
in the industry and building services. The consistently 
modular design of LOGO! makes it extremely flexible. A 
wide range of modules allows individual expansion of 
LOGO! to 24 digital inputs, 16 digital outputs, 8 analog 
inputs and 2 analog outputs.  

PLC LOGO! 24Co, used in the barrier model, is com-
pact, easy to use and provides a low cost solution for con-
trol tasks of low complexity.  

Together with the LOGO! Soft Comfort software, the 
configuration of the logical module is simply intuitive: 
program generation, project simulation and documentation 
are accomplished using drag and drop functions, allowing 
maximum ease of operation  

The main technical data of the PLC LOGO! 24Co are: 
- inputs: 8; 
- input/supply voltage: 24 V DC; 
- permissible range: 20.4 V – 28.8 V DC; 
- „0” signal: 5 V DC; 
- „1” signal: minim 12 V DC; 
- input current: 2 mA (I3 - I6), 0.1 mA (I1, I2, I7, I8); 
- outputs: 4; 
- direct current: 0.3 A; 
- short-circuit protection: electronic, approx. 1 A; 
- switching frequency: 10 Hz; 
- cycle time: <0.1 ms/function; 
- display: no; 
- emitted interference: in accordance with EN 55011; 
- maximum program memory: 200 blocks; 
- external memory module: LOGO! memory card [24]. 
Description of the command LOGO! Soft of the          

accomplished model is as follows. 
The LOGO!Soft program for the barrier command is 

presented in Fig. 4. The digital input I3 controls the barrier 
(up/down) depending on the signal from the receiver out-
put which in turn is driven by the remote control. 

The signal from the stroke transducer is connected to 
the AI1 analog input. Through B004 Analog Threshold 
Trigger block, the output Q1 is set or reset depending on 
the threshold triggers On / Off corresponding to the posi-
tion of the barrier, the SMA springs being powered up or 
not. 

Barrier position is determined by the stroke transducer 
(Tc) positioned on the axis of the arm. The transducer 
supply voltage, UTc, is 5 V. The transducer stroke is 3600. 

Lifting barrier arm angle was set at 860, resulting in: 

Fig. 3 Block circuit of module AD-IR-DRIVER04 [23]. 

 UTc * On = (UTc * 86) / 360 = 1.2 V  (1) 

The amplification parameter of the Analog Threshold 
Trigger block is 100. Resultantly, the output Q1 is 1 if the 
actual value of the input functions Ax is greater than 
Threshold On.  

 Threshold On = UTc * 100 = 120 (2) 

 Threshold Off = 118 (3) 

The B002 and B003 Analog Threshold Trigger blocks 
command, at the outputs Q2 and Q3, the LEDs function-
ing which indicates the barrier position, respectively the 
red LED for the lowered position of the barrier and the 
green LED for the raised position of the barrier. These 
LEDs function as elements which signal when it is possi-
ble or not to go through the space of the barrier. 

E. LOGO!Power Module 
The mini power supply devices designed into the 

LOGO!POWER module (position 6 in Fig. 1) offer great 
performance in the smallest space and the excellent effi-
ciency over the complete load range. 
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Fig. 4. LOGO!Soft barrier command.

The technical characteristics of the module are: 
- power supply, type: 24 V / 1.3 A; 
- input: 1 – phase AC or DC; 
- rated voltage value Vin rated: 100 – 240 V; 
- voltage range AC: 85 – 264 V; 
- input voltage for DC: 110 – 300 V; 
- overvoltage resistance: 2.3 x Vin rated, 1.3 ms; 
- rated line frequency: 50 – 60 Hz; 
- rated line range: 47 – 63 Hz; 
- input current at rated input voltage 120 V rated       

value: 0.7 A;. 
  

The SMA Electric Piston was purchased from the 
Mondotronics, Inc. [26]. 

- input current at rated input voltage 230 V rated value: 
0.35 A;     

- switch-on current limiting (+ 25 0C), max.: 25 A; 
- rated voltage Vout DC: 24 V; 
- setting range: 22.2 – 26.4 V (set via potentiometer on 

the device front);  
- status display: green LED for output voltage OK; 
- startup delay, max.: 0.5 s; 
- output current: 1.3 A; 
- active power supplied typical: 30 W; 
- efficiency at Vout rated, Iout rated: 85%; 
- power loss at Vout rated, Iout rated: 6 W; 
- active power loss during no-load operation max.:2 W; 
- current limitation: 1.7 A [25]. 

F. Driving Mechanism Block 
The barrier driving mechanism block (position 9 in 

Fig.1) is presented in Fig. 5. The actuator of this block is 
based on three SMA Electric Pistons (3) rigidly fixed at 
their piston-free ends on the fixed support (4). The other 
ends of the SMA Electric Pistons are fixed on a mobile 
support (5), from which the traction wires (6) depart to-
wards the driving barrier arm system (8) on which a rotat-
ing stroke transducer, Tc (7) is mounted. This transducer 
is powered up by a voltage of 5 V and can accomplish a 

maximum stroke of 3600. The accomplished mechanism 
allows a rotation of the barrier arm by 86 degrees at a 
complete stroke of 16 mm of the SMA Electric Pistons 
(when they are commanded electrically). 

The main elements of this experimental arrangement 
are the three SMA Electric Pistons. The SMA Electric 
Piston is a linear actuator mechanism that shortens in 
length with great strength and speed when it is activated 
by carrying an electric direct current. An SMA spring 
placed inside makes all these possible. 

The SMA spring displays two entirely different forms 
or "phases" at the distinct temperatures Mf and Af. At the 
"low" temperature (Mf), the SMA spring is extended, and 
can be stretched easily or deformed by a small force. But 

Fig. 5. Driving mechanism block of the experimental barrier structure.
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when raised to the "high" temperature Af, by applying an 
electric direct current, the SMA spring changes to a much 
harder form. In this phase, it shortens in length, and exerts 
the necessary force to lift the barrier arm.  

The SMA Electric Piston used in our model can lift to    
4.5 N against gravity, yet the SMA Electric Piston itself 
weighs only 0.1 N. The SMA Electric Piston was pre-
sented in detail in [17], [19], and [21]. Therefore, because 
of the way the mechanical coupling of the three SMA 
Electric Piston occurs the total force developed by the 
driving mechanism will be 13.5 N. 

III. ELECTRICAL CIRCUIT OF REALISED MODEL 
The electrical circuit, with its component blocks, is 

shown in Fig. 6.  
The power supply block comprises: 
- source of 5V, for powering the three SMA springs and 

the race transducer; 
- source of 24V, for supplying PLC (LOGO! POWER); 
- source of 12V, for supplying lifting/lowering com-

mand receptor of the barrier arm (TRACO POWER). 
The command part is composed of an infrared transmit-

ter-receiver, which applies a voltage of 24V to the I3 digi-
tal input of PLC through a normally closed contact of the 
command receptor. The race transducer, whose axis is 
secured to the movable part of barrier, transmits a propor-
tional signal to the AI1 analog input of PLC. 

PLC uses the Q1 output and the R1 relay for powering 
the SMA springs. The Q3 output is used for signaling 
lowered position of the barrier through the red LED. The 
Q2 output is used for signaling raised position of the bar-
rier by the green LED. 

The switch K is used for powering the SMA springs 
from:  

a) a 5 V internal power source, which ensures a constant 
direct current (2.89 A); 

b) a 0-5 V external power source, which ensures a vari-
able direct current.  

IV. EXPERIMENTS AND RESULTS  
Because the SMA spring activates by electric heating, 

the contraction time varies greatly with the applied cur-
rent; the higher the current, the faster the heating, and the 
faster the contraction. In the case of our model, the electric 
current for powering the SMA springs can come from two 
sources: internal power source or external variable source.  

This paper presents the test results obtained with the ex-
perimental arrangement presented in Fig.1, using the in-
ternal power source.  

The experiments consisted in the determination of the 
SMA spring functioning time periods: tsc, ta, trel, and tr. 
These parameters have the following meaning: 

- tsc = time to start contracting, or the necessary time 
from the start of current application to reach the tempera-
ture As;  

- ta = time to actuate, or the contraction time, or the nec-
essary time for the arm to reach the angular displacement  
of 860;   

trel = time to relax, or the necessary time for the SMA  
spring to cool from a temperature greater or at least equal 
to Af to the temperature Ms. In all cases the cooling proc-
ess ended at 23.10C; 

 - tr = time to reset, or the necessary time for the arm to 
return to its initial position. In this status, the SMA tem-
perature is under Mf. 

This test was carried out to analyze the operating mode 
and to have control over the active shape change of the 
SMA actuator.  

The result for a complete up-down cycle of the barrier 
arm is shown in Fig. 7. 

The supply voltage of the three SMA springs was      
U=2.79 V, DC, as seen in Fig. 8. This value is indicated 
by the voltage markers. 

By using the two markers from the transducer race sig-
nal we were able to determine the values for all SMA 
spring functioning time periods: tsc, ta, trel, and tr. As an 
example, in Fig. 9 the two transducer markers indicate the 
value for the time to actuate, ta=1s. 

The values obtained for tsc, ta, trel, tr and for the supply 
voltage of the SMA springs are presented in Table 1 

It follows that one can choose a corresponding value for 
the supply voltage of the three SMA springs so as to ob-
tain a desired pair of actuate-reset time periods.  

V. CONCLUSIONS  
It is known that the barrier structures’ performances are 

directly related to the actuators’ driving systems’ perform-
ance. Systems using shape memory alloys are used exten-
sively in applications requiring high reliability, weight 
reduction of the dimensions, the absence of vibration, high 
precision when operating in repeated cycles.  

The proposed barrier structure is relatively lightweight 
and has a simple con guration due to the fact that an SMA 
spring actuator offers ef ciency in terms of energy, weight 
and space.  

The analysis of the experimental results has demon-
strated that our proposed model behaves quite well.  

The results presented in this paper describe the behavior 
of analyzed barrier structure in case of a constant value for 
the supply voltage of the SMA springs and, therefore, for 
a constant value of their activating current.  

For a given barrier structure, choosing the activating 
current values for the SMA actuator will be done so as to 
obtain the functioning times of the barrier required by the 
customer. Therefore, in future work, we will analyze the 
behavior of this structure at different values of SMA 
spring activating electric current in order to correctly 
choose the type of application. 

These new barrier structures could prove potentially 
useful in: parking lots, toll gates, goods yards, railway and 
bridge barriers, apartment block access etc. 
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Fig. 6. Electrical circuit of accomplished model  

Fig. 7. A complete up-down cycle of the barrier arm: 
                signal from Tc transducer (SMA spring working time periods); 
                signal from power source of SMA springs. 
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Fig. 8. The supply voltage of the three SMA springs (2.79 V) indicated by t
voltage markers: 

he 

                signal from Tc transducer (SMA spring working time periods); 
                signal from power source of SMA springs.

Fig. 9. The value for the time to actuate (ta=1s) indicated by the transducer
markers: 
                signal from Tc transducer (SMA spring working time periods); 
                signal from power source of SMA springs. 
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