
STOCHITOIU  MARIA DANIELA, UTU ILIE  

 

 4. REFERENCES 

 
[1]. Dordea T., Campeanu A. Necesitatea maririi randamentului masinilor electrice 

Conferinta Nationala a Energiei, CNE-2004, Neptun 13-17 06. 2004. 

[2]. Huidu E., s.a. Utilaje pentru carierele de lignit din Oltenia, Ed.Maiastra Tg.Jiu, 

2011. 

[3]. Marcu M., Popescu F., Slusariuc I.R., “Performance improvement of ac electric 

drives using field oriented control and digital speed transducers“, Simpozionului 

multidisciplinar internaţional UNIVERSITARIA SIMPRO 2012, Petroşani, ISSN 2344-4754. 

[4]. Mircea I., s.a. Solutii de eficientizare a sistemelor de transport cu banda de mare 

capacitate, prezentare- Universitatea din Craiova, 2013. . 

[5]. Popescu N., Mircea I., Analiza energetica ua unui sistem de benzi transportoare 

din cadrul unei cariere de extracţie a lignitului,Workshop , Craiova  2012. 

[6]. Sandru M., Imbunatatirea actionarilor electrice la unele utilaje principale din 

Exploatarea miniera de cariere Jilt in vederea cresterii eficientei energetice, teza de doctorat, 

Petrosani, 2012. 

[7]. Stochitoiu M.D., Gruber A., The possibility to produce asynchronous motors 

with high energetically parameters, Simpozion National de Electrotehnica Teoretica, Bucuresti, 

oct.2012. 

[8]. Stochitoiu M.D., Uţu I., Using the easy programablle logic controllers to the 

mining conveyors belt in Jilt open pit, Simpozionului multidisciplinar internaţional 

UNIVERSITARIA SIMPRO, 2014, Petroşani, ISSN 2344-4754. 

 



Annals of the University of Petrosani, Electrical Engineering, 16 (2014) 

MODELING AND SIMULATION OF THE VECTORIAL 

CONTROL SYSTEM WHICH CONTAIN AN EXTENDED 

GOPINATH OBSERVER 
 

 

CORNELIU MÂNDRESCU1, OLIMPIU STOICUŢA2 

NADIA STOICUŢA3 

 

 
 Abstract: This paper presents a new flux and rotor resistance observer called an 

Extended Gopinath observer (EGO). The design of the EGO observer is done based on an 

adaptive mechanism using the notion of Popov hyperstability. The analysis of the new speed 

control system is released by simulation. 

 

 Key words: Extended Gopinath Observer (EGO), induction motor, control system. 

 

 

 

1. INTRODUCTION 

 

This paper presents a new flux and rotor resistance observer called an 

Extended Gopinath observer (EGO). The design of the EGO observer is done based on 

an adaptive mechanism using the notion of Popov hyperstability [11].  

Thus, this type of observer is included in the estimation methods based on an 

adaptation mechanism, along with the Extended Luenberger Observer (ELO) proposed 

by Kubota [4] and the Model Adaptive System (MRAS) observer proposed by 

Schauder [3].  

 In the second part of the paper is presented the analysis of the new speed 

control system, released by simulation. 

 

2. THE GOPINATH EXTENDED OBSERVER 

 

The EGO observer in composed of a low grade Gopinath rotoric flux observer 

and an adaptation mechanism used for the rotor resistance estimation.  

The equations that define the rotoric flux Gopinath observer are [9]: 
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In the above relations i marked with "*" the identified electrical sizes of the 

induction motor.  

 The block diagram of the EGO is presented in Figure 1. 

The essential element that determines the flux observer’s stability, and also his 

lack of sensibility to the motor parameters variation, is a g gate, which is a complex 

number of the form: 
ba gjgg  . 

 

 
Fig.1. The Principle Schematic of the EGO Estimator 

 

In order to design this type of estimator we need to position the estimator’s 

poles in the left Nyquist plane so that the estimator’s stability is asured. The expresions 

ag and 
bg  after the pole positioning are [9]:  
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The optimum position of the poles, the α and β values respectively, are 

obtained by the minimization of the induction motor’s rotoric resistance variation over 

the stability of the flux observer. We get the following [9]:  
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In these conditions the Gopinath rotoric flux observer is completely 

determined.  

Next, in order to determine the adaptation mechanism used to estimate the 

rotoric resistance, we will consider as a reference model the „statoric curents - rotoric 

fluxes” model of the induction motor and as an ajustable model, the model of the 

Gopinath rotoric flux observer. The equations mentioned above written under the 

input-state-output canonic form are:  

 Reference model: 
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In the above relations we marked with "~" the Gopinath estimator’s matrices 

which are dependent upon the rotoric resistance, which in turn needs to be estimated 

based on the adaptation mechanism  

Next, in order to determine the expresion that defines the adaptation 

mechanism we will asume that the identified electric sizes are identical with the real 

electric sizes of the induction motor. In other words: 
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 In order to build the adaptive mechanism, for start we will calculate the 

estimation error given by the difference: 
 

xxex
ˆ              (6) 

 

 Derivation the relation (6) in relation with time and by using the relations (4) 

and (5) the relation (6) becomes: 
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If the determinant 0
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2  CGI  then it exists a unique inverse matrix 
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 Equation (8) describes a linear system defined by the term   xeAAM  1

~
 in 

inverse connection with a nonlinear system defined by the term  
ye  which receives 

at input the error xy eCe   between the 2 models and has at the output the term: 
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 The block diagram of the system that describes the dynamic evolution of the 

error between the state of the reference model and the state of the adjustable model is 

presented in Figure 2. 

As one may notice, this problem is frequently treated in the literature of the 

non-linear systems, being exactly the configuration of the Lure problem, and of one of 

the problems treated by Popov.  

 
Fig. 2 The block diagram of the system (7) 

 

 Considering, according to the Popov terminology, the non-linear block 

described by  
ye  the integral input- output index associated to it is: 
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 In order for block to be hyper-stable a necessary condition is: 
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for any input-output combination and where  0  is a positive constant.  

In the above relation we marked with 
T

ye  the following expression: 
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obtained in order to keep the compatibility between the input and output dimensions, 

and ye  represents the conjugate of the complex variable ye . 

Under these circumstances, using the relation (9) the expression (11) becomes: 
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For any positive derivable f function we can demonstrate the following 

inequality: 
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On the other hand, using the relation (14), the expression (13) becomes: 
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 By combining the relations (15) and (16) we can write the following relations: 
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Because 
1K  is a constant and then, in case of a slower 

rR  parameter variation 

related to the adaptive law, we can write:  
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After replacing the variables that define the above expression (18) and taking 

into account the arbitrary nature of the iK  positive constant we obtain:  

      dtiLeiLeKR qsmqryqdsmdrydir
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where: 
qsqsyqdsdsyd iieiie ˆ   and   ˆ  . 

Sometimes, insted of the adaptation law (19) we can use the following form: 
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From the above relation we ca observe that a new proportional component 

apears from the desire to have 2 coefficients that can control the speed estimation 

dynamics. This fact isn’t always necesary because we can obtain very good results by 

using only expresion (19). Thus expresion (20) represents the general formula of the 

adaptation mechanism where 
RK  represents the proportionality constant and 

RRi TKK   where 
RT  represents the integration time of the proportional-integral 

controller that defines the adaptation mechanism. 

 

3. THE MATHEMATICAL DESCRIPTION OF THE VECTOR 

CONTROL SYSTEM  

 

The block diagram of the control system of the mechanical angular speed 
r  

of the induction motor with a discreet orientaion after the rotoric flux (DFOC) is 

presented in Figure 3. 
 

 
Fig. 3. The block diagram of the vector control system which contains an EGO loop 
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In Figure 3 we marked with B2 the control block of the speed control system 

with direct orientation after the rotoric flux (DFCO) and with B1 the extended 

Gopinath estimator block (EGO).  

In order to mathematically describe the DFOC control system the following 

hypotheses have been considered:  

 The static frequency converter (CSF) is assumed to contain a tension inverter.  

 The static frequency converter is considered ideal so that the vector of the 

command measures is considered to be the entry vector of the induction motor.  

 The dynamic measure transducers are considered ideal.  

The mathematical model of the vector control system will be written in an 

ee qd    axis reference bounded to the stator current.  

Some of the equations that define the vector control system are given by the 

elements which compose the field orientation block and consist of:  

 stator voltage decoupling block (C1Us):  
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 PI flux controller (PI_ψ) defined by the K  proportionality constant and 

the T  integration time:  
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 torque PI controller (PI_Me) defined by the 
MK  proportionality constant 

and the 
MT  integration time:  
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 mechanical angular speed PI controller (PI_W) defined by the K  

proportionality constant and the T  integration time:  
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 current PI controller (PI_I) defined by the iK  proportionality constant and 

the iT  integration time:  
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 Flux analyzer (AF):  
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 The calculate of the torque block (C1Me):  

rqsrae iKM        (28) 

 

The other equations that define the mathematic model of the speed’s vectorial 

control system are:  

 The equations that define the stator currents – rotor fluxes mathematical model of 

the induction motor; 4 equations defined based on the first relation in the canonic 

system (4) to which we can add the induction machine’s motion equation defined 

by the following expression:  
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The equations that define the extended Gopinath observer defined by the 4 

relations that can be written based on system (1) with the equation that defines the 

speed adaptation mechanism (20). Expresion (20) can also be written like below: 
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All these expressions form a 15 differential equations system with 15 unknown 

values. In order to offer a coherent presentation of this differential equations system, 

we have used the following notations:  
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The state vector of the control system will be: 
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rrr Muuu  3

*

2

*

1 ;;   

Under these circumstances the 15 differential equations system that define the 

mathematical model of the vector control system can be written as follows: 

 uxfx
dt

d
,              (33) 

 
 

where     
15,1

,,

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CONTAIN AN EXTENDED GOPINATH OBSERVER 

Under these circumstances the mathematical model of the speed vector control 

system is fully determined as being defined by the non-linear differential equations 

system given by (33) whose initial condition is   00 x .  
 

4. CONTROL SYSTEM ANALYSIS  
 

In order to accomplish the above mentioned control system analysis, we shall 

consider an induction motor with a short-circuited rotor having the following electrical 

and mechanical parameters:  

• electrical parameters: 

H 08422.0;H 08762.0;H 08694.0; 415.0; 371.0  srsrs LLLRR



• mechanical parameters: 

s/radmN005.0;mkg 15.0;2 2  FJz p  

 

On the other hand, following the controllers tuning within the speed control 

system the following constants have been obtained: 

4000;6;350;10

;1020;1988.10

;4176.754;9881.5

;7.2374;3834.501

RRR

MMM

iii

KTKKTK

KTK

KTK

KTK













 

 

In the relations above, 
RK  represents the proportionality constant and 

RT  

represents the integration time of the PI control from the speed estimator designed 

based on the Popov hyperstability. 

Next, the performances of the extended Gopinath estimator are presented in a 

variety of functional conditions. 

Thus the image below will present the graphics for the real and estimated 

rotors fluxes and also the graphics for the imposed speed, real speed and the estimated 

speed for small, medium and large imposed speeds. 
 

     

Fig. 4. dr  real flux compared to the dr~  estimated flux (left);  
 

r  real speed compared to the 
r~  estimated speed and reference speed (right) ; 

0 ; rad/s 30/5*  rr M  
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Fig. 5. dr  real flux compared to the dr~  estimated flux (left);  

 

r  real speed compared to the 
r~  estimated speed and reference speed (right) ; 

0 ; rad/s 30/1500*  rr M  

 

      

Fig. 6. dr  real flux compared to the dr~  estimated flux (left);  

 

r  real speed compared to the 
r~  estimated speed and reference speed (right) ; 

0 ; rad/s 30/3000*  rr M  

 

5. CONCLUSIONS  

 

This paper presents a new flux and rotor resistance observer called an 

Extended Gopinath Observer (EGO). The design of the EGO observer is done based on 

an adaptive mechanism using the notion of Popov hyperstability.  

The EGO observer designing using the method presented in this paper ensures 

the control system with a very good dynamics and robustness. This net avantage, 

recomend the succesful use of this method in practice. 
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Abstract: This paper propose a new electric drive system for winding machines. Most 

electric drives used in mining plants are operated by induction motors due to their robustness, 

low cost and simple maintenance. Such electric drive systems require high performance, high 

precision and superior function of maintenance. For that are necessary controlled drive systems 

with frequency converters. Its stable operation and highly precise torque control are 

implemented through a number of techniques such as CPU system and a Digital Signal 

Processor (DSP), current detection, and voltage model method. 

 

 Key words: electric drive systems, induction motor, Digital Signal Processor, PWM 

converter. 

 

 

 

1. INTRODUCTION 

 

In mining plants from Jiu Valley there are many winding machines operated 

with asynchronous motors, where starting and speed control is achieved by means of a 

rheostat metallic gear [8]. 

The drive systems of mining equipment have been required to compose of ac 

motors because of their simple maintenance. Transistor inverters are usually used in 

small plants. However, they cannot be applied to larger drive systems, such as winding 

machine drives, because the maximum capacity of those currently available for AC 

drives is only 200-300 kVA. 

Therefore, there has been demand for an inverter with a large capacity to 

enable AC drive systems to be used for all process lines. On the other hand, high 

performance, high precision and superior function of maintenance and fault diagnosis 

are needed to improve the quality of drive system without additional cost. Hence, there 

is a strong requirement for a fully digital controlled inverter. 

In order to ensure winding machine operation speed, we proposed the use of 

asynchronous motor drives fed by a fully digital, vector controlled GTO PWM inverter 

for driving induction motors. 

This allows operation of the electric drive speed extraction set eliminating loss of 

electricity rheostat rotor circuit by operating the existing solution. The management 

system can be realized by means of a microprocessor system intended for such an 

application. 

                                                 
1 Ph.D. Associate Professor Eng., University of Petrosani 
2 Ph.D. Associate Professor Eng., University of Petrosani 
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The relatively low cost, ease maintenance, high performance technical features, 

require the use of the technical solutions for the new operating conditions of extraction 

machine. 

Of the many issues regarding equipment in mining in this paper deepened use of 

new types of electric drives by applying power electronics as a measure to reduce 

electricity consumption. 

 

2. DRIVE SYSTEM WITH AC INVERTER 

 

2.1. Main circuit 

 

In figure no.1 is shown the main circuit scheme. The element used in the 

inverter is a 2500 V, 2000 A reverse conducting GTO. By the use of reverse 

conducting GTO, the need for a diode, connected in reverse parallel to the GTO, 

resulted in a simplified circuit. This inverter uses a direct current distribution system 

[1]. 

To realize a larger 

capacity of the inverter, the 

parallel-set operation of the 

inverter was reported. This 

method presents the problem 

of a complex control structure 

to suppress any cross current 

between the two inverters. 

For solve this 

problem, it can be used a large 

capacity system with six-

phase motor [3], [4]. In figure 

no.2 is shown the diagram of 

the inverter, motor and 

reactor. 

The induction motor 

stator windings consist in two 

of three-phase groups displaced by 30 degrees each being supplied by one inverter. The 

phase current is shifted by 30 degrees between the two inverters. 
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2.2. Microsystem block diagram 

 

In figure no. 3 a microsystem block diagram is shown. This diagram can be 

divided into three parts. 

In block no. 1 

is a 16-bit 

microprocessor for 

the speed control, flux 

control, slip 

frequency operation, 

voltage model 

operation, and so on. 

In block no.2, 

the Digital Signal 

Processor (DSP), 

provides current 

control and PWM 

operation at high 

speed, according to 

his software. 

In block no.3 

is shown the discrete 

circuits for generation the PWM pulse, distribution of the PWM pulse to each GTO, 

detection of the voltage and current, other interface processing [3], [4]. 
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3. ASYNCHRONOUS ELECTRIC MOTOR DRIVES FED FROM AN 

PWM INVERTER FOR THE WINDING MACHINES 

 

3.1. General data 

 

Since almost all mines in the Jiu Valley mining facilities are operated motors with 

rheostat rotor circuit, the problem of finding more efficient ways to achieve the speed 

setting in being intricate so as to reduce electricity losses [1], [5].  

A very modern method is the introduction of electric drives induction motor 

powered by an inverter, whose calculation is shown below. 

In order to highlight the advantages of using such electrical drives, have made 

some calculations on the operation of the existing plant operation conditions, showing that 

energy losses occurring in the rotor circuit resistances.  

The calculations will take into account the rated motor drive type AKH-2-16-48-

12: 

- Nominal power: 630 kW;  

- Supply voltage: 6000 V;  

- Power factor: cos φ = 0.8;  

- Stator current: 81 A;  

- Rotor current: 466 A;  

- Rotor voltage: 810 V;  

Features extraction machine are:  

- Maximum static load: 176,5 kN;  

- Maximum static imbalance: 147,1 kN;  

- Maximum weight of equipment carried in or under cage: 102.9 kN;  

- The weight of the heaviest machine with special frame cage: 176.5 kN; 

- Gear transmission ratio of 1:10.5;  

- The extraction rate: 5,8 m / s;  

- 4 buildings for 1 m3 of sterile 1800 Kg / conveyance;  

- Extraction time t = 59 s;  

- The cycle: T0 = 119 s;  

The method of calculation used assumes a functioning extraction system diagram 

3 times to double cages.  

Initial data for determining starting resistances are:  

a) The ratio of maximum torque and nominal;  

b) The nominal voltage of the rotor, E2N;  

c) The rated rotor I2N;  

d) Motor efficiency;  

e) rated speed nN and synchronicity, n0;  

f) Theoretical values of Mmin and Mmax starting time 

To determine the actual values starting rheostat steps can be applied analytical 

method of calculation or graphical method. I thought the graphic method is most suitable 

for this application [5].  
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According to this method, it is necessary to be constructed of natural or artificial 

mechanical properties formed by the coupling to the rotor circuit of the power levels of 

the resistance.  

It should be given limit values (minimum and maximum) of torque variation 

during startup. The range of these variations is inversely proportional to the number of 

steps starting rheostat and can reach 30% of the theoretical starting time.[6] 

This should be borne in mind that the higher values of starting torque not reach 

the maximum moment due to a reduction in blood supply to the engine, leading to 

decreased torque proportional to the square of supply voltage.  

The starting torque lower values may not fall below the static moment resistance 

as during startup with system acceleration would take place and the phenomenon of 

slowing appropriate time during descent time starting below the static moment resistant.  
 

3.2. Cinematic and dynamic parameters for extraction plant shareholders 

 

Extraction unit for projecting the drive system is a system of the type 2T-

3,5x1,7A extract the following information [5]: 

- Static permissible cable extraction: Qst max adm = 15,000 daN;  

- Nominal body wrap: Dt = 3,400 mm;  

- Width of the drum: B = 1,700 mm;  

- Cable diameter extraction: dc = 44 mm;  

- Maximum depth of extraction: Hmax = 337 m;  

- Cage with 2 floors of 2 buildings on the floor;  

- Power drive motor (electric motor type AKH-2-16-48): Pn = 630 kW;  

- Synchronous speed: n0 = 600 rev / min;  

- Rated: nn = 590 rev / min;  

- Return drive motor: η = 0.925;  

- T2S gear type transmission ratio: ired = 20. 

 

Cinematic extraction facility 

Vertical transmission speed is: 

[m/s]  5,25=
60

nD
=v tt

    (1) 

where:  

nt = nn / ired = 29.5 rev / min; speed spindle drum.  

Diagram elements of the installation of extraction are: 

The period of time that acceleration and deceleration: 

[s];  7=
a

v
=t=t

1

31      (2) 

with a = 0.75 m / s2 acceleration or deceleration;  

Space traveled during acceleration or deceleration: 

[m]  19=tv0,5=h=h 131      (3) 
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[m];  299=)h+h(-H=h 312 max    (4) 

[s];  57=
v

h
=t

2
2      5) 

Actual time of an extraction: 

[s];  71t+t+tt 321      (6) 

 

 
Fig.4.a. Angular velocity variation  

 

Residence time consists of the time required to introduce two buildings on the 

floor of the cage and the time needed to change the floor of the cage: 

[s].  60=t0      (7) 

The diagram of operation of extraction is shown in fig.4.a at another scale the 

change in angular velocity of the induction motor function of time [5]. 

 

Dynamic extraction plant 

In order to increase graphics force variation with respect to time (fig.4.b) were 

determined following forces: 

Force at the beginning of acceleration: 

[daN];  18.371=am+ph+Qk=F 1redcut1  max   (8) 

Force at the end of the acceleration: 

[daN];  18.183=am+ph+Qk=F 1redc2ut2    (9) 

 

The beginning of the drive force stabilized: 

 

[daN];  10.895=ph+Qk=F c2ut3    (10) 
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Fig.4.b. Force variation 

 

The end of the drive force stabilized: 

[daN];  6.385=ph-Qk=F c2ut4     (11) 

[daN];  903=am-ph-Qk=F 1redc2ut5 _    (12) 

[daN];  1.091amph-Qk=F 1redcut6  max   (13) 

where:  

- Aerodynamic drag coefficient k = 1.2;  

- QUT = 7200 kg total payload cage;  

- pc = 7.25 kg / m linear weight of the cable;  

- mred = 9717 kg reduced mass of the entire system periphery drums extraction.  

With these forces will determine the appropriate power points of interest: P1=0; P2 = 

818 kW; P3 = 490 kW; P4 = 288 kW; P5 = -41 kW; P6 = 0; representing the variation with 

time in fig.4.c. [5] 

 

 
Fig.4.c. Power variation 

 

Torque developed by the engine needed to be shown graphically in fig.4.d. 
 

 
Fig.4.d. Torque variation 
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The values of the angular velocity and the torque with respect to time are input 

quantities for the microcontroller (prescribed value), and are previously stored in the 

micro memory.  

Kinematics and dynamics calculations extraction plant were extracted from 

contract research which aimed at improving the technical and functional parameters of the 

extraction plants operated asynchronous contract which I was coauthor [5]. 

 

3.3. Energy consumption calculation functioning machine rotor resistance 

extraction steps 
 

We are considering the following parameters that characterize electric drive:  

- Nominal torque MN = 1.229.75 daN;  

- Rated slip Sn = 2%;  

- Nominal resistance rotor R2N = 1 Ω;  

- Rotor resistance, R2 = sN x R2N = 0.02 Ω;  

- Minimum torque, Mmin =1.05 MN = 1,291.22 daN;  

- Maximum static force, FS = 10,588.24 daN;  

- Torque resistant, Mst = 1,926.02 daN;  

- Report, Mst / MN = 1.57;  

- Maximum torque Mmax = 1,755MN = 2,158.44 daN;  

Resistant torque values and maximum starting torque oscillations in the types of 

transport are given in Table 1. 

Resistance values for each step are calculated using: 

,R-R=r 1+iii      (14) 

where i is the step number rheostat.  

The results are shown in Table 3. 

The total resistance is RT = 0.897 Ω.  

 Binding phase two parallel triangles, the total equivalent resistance is RTΔ = 4.657 

Ω.  

 Resistances on the steps for connecting the star are as follows (see Table 4) [5]. 

 
Table 1. Resistant torque values and maximum starting torque oscillations 

Version   A   B   C   D   E   F   G   H   I   J   K 

Mst 1964 641 363  806 1351  286  959  653 2530 1798 1464 

Mmin/MN 1,05 0,30 0,18 0,38 0,65 0,14 0,46 0,31 1,20 0,86 0,70 

Mmax/MN 1,57 0,51 0,30 0,64 1,08 0,22 0,76 0,52 2,01 1,43 1,17 

 

The values for the total resistance of the rotor circuit of the motor drive of the 

plant extract are shown in Table. 2. 
 

Table 2. Resistance of the rotor circuit 

Step   R1   R2   R3   R4   R5   R6   R7   R8 

Value [Ω] 0,917 0,580 0,343 0,231 0,145 0,085 0,052 0,033 
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Table 3. Resistance values for each step 

Step   r1   r2   r3   r4   r5   r6   r7   r8 

Value[Ω] 0,336 0,237 0,112 0,085 0,059 0,033 0,019 0,013 

 
Table 4.Total resistance values  

Step   r1   r2   r3   r4   r5   r6   r7   r8 

Equation 1,4R2N 0,5R2N 0,3R2N 0,2R2N 0,12R2N 0,07R 0,04R2N 0,02R2N 

Value [Ω] 1,4 0,5 0,3 0,2 0,12 0,07 0,04 0,02 

 

The total resistance is RT = 2.67 Ω.  

The equivalent resistance delta binding is RTΔ = 4.619 Ω.  

Existing total resistance is composed of two branches connected in parallel delta 

of 9.28 Ω. We obtain a total resistance RTΔ = 4.64 Ω.  

The operating time is determined on each step bearing in mind that the engine 

operates on artificial mechanical rheostat. The first feature allows the actual start of the 

engine, resulting in a slow-motion necessary to carry out the revision of the extraction 

wire,[2], [5].  

Running the engine at a speed of extraction of 5.8 m / s takes place on the fourth 

stage of resistance at an engine speed of 342 rev / min.  

The plant can operate after shorting resistance at a speed of 8.3 m / s.  

For the first step of the rheostat, to achieve regime overhaul cable pit mining or 

choose: Δt1 = 0.75 s.  

Intervals between the steps of resistors to meet start time 8 s at a speed of 5.8 m / 

s are:  

Δt2 = 3.95 s;  

Δt3 = 2.10 s;  

Δt4 = 1.20 s.  

 The total time between steps will be: 

 s7,25=t=t i

4=i

2=i

      (15) 

Times after which engages every one steps will be:  

σ1 = 0.75 s;  

σ2 = 4.70 s;  

σ3 = 6.80 s;  

σ4 = 8.0 s.  

 

By means of the above-values are determined by setting time of the time relay. 

Calculate the time of the relay control for the extraction of plants is based on the 

kinematics of the system, the start time t1 is given size, unlike the calculation method it is 

necessary to determine in advance the period of acceleration of the motor according the 

low moment of inertia of the engine shaft.  
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The methodology for determining the adjustment times of relays is simplified 

considerably. Knowing the values of time the gear coupling occurs neighboring rheostat 

resistance and proper time of the engagement of the contactor, tk, tpi time setting is 

obtained by the relationship:  

t-=tp kii       (16) 

Embracing the value of tk = 0.15 s, we obtain the following values:  

tp1 = 0.6 s;  

tp2 = 3.2 s;  

tp3 = 2.0 s;  

tp4 = 1.1 s. 

 

Then it will calculate the currents on each step. To determine the current value of 

each step of the starting rheostat is necessary to know the relative coupling length and size 

of the starting current of the rotor.  

The relative length of the coupling for each step is PR1 = 0.7%, PR2 = 4%, PR3 = 

6%, PR4 = 7%.  

Starting current of the rotor size is calculated knowing the ratio M / MN for each 

step. Engine mechanical diagram is determined Mmin = 1,290.5 daN and Mmax = 2,158.4 

daN and can be considered constant for each step because the variations are small.  

The result will therefore: 

 

[A] 
Mp

MP
I=Ip

i

i
2i

min

max
     (17) 

Performing calculations resulting Ip = 779 A.  

Equivalent amount of current for the rheostat steps is determined by the equation: 

[A], PRIp=Ief ii
     (18) 

 

resulting in the following numerical values:  

Ief1 = 65 A;  

Ief2 = 155 A;  

Ief3 = 190 A;  

Ief4 = 206 A.  

Knowing that at a time of driving DA = 15% of the permitted load resistance is 

about three times larger than the permissible charging DA = 100%, the steps of stress 

currents are I1 = 22 A, I2 = 52 A, I3 = 63 A, I4 = 69 A. These currents must be less than the 

allowable currents of resistance rheostat steps.  

Based on the above calculation we made the actual electricity that is lost rheostat 

rotor circuit of induction motor drive system of extraction. We have the following data: 

- Resistance of the rotor circuit at v = 5.8 m / s, R2 = 2.225 Ω;  

- Current in the rotor circuit, I2 = 330 A;  

- TEF - effective operating time of 24 hours at a speed of 5.8 m/s: - often during a 

cycle, t = 59 s;  

- During a cycle, T0 = 119 s;  
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- K = 0.75 - coefficient ratio of common and rare regimes or breaks 

K
T

t
24=t

0

ef      (19) 

The calculations will result - tef = 8.93 hours  

Energy consumed per day: 

tIR3=E ef
2      (20) 

 

Substituting the resulting data and performing calculations: E = 3743.3 

kWh/day.  

Energy consumption per year is calculated by the formula: 

E300=Ean       (21) 

 

So, we obtain Ean = 1,122,990 kWh/year.  

For the consumer, the less shift operation or implement a different pricing 

system, the equivalent energy consumed on the steps rheostat will refresh accordingly 

[2].  

 The entire energy consumption resulting from the above calculations will be 

saved using asynchronous motor drive system powered by an inverter. 

 

4. CONCLUSIONS 

 

A fully digital, vector controlled GTO PWM inverter for driving induction 

motors has been developed. With the techniques described in this paper, this drive 

system has enabled the following improvements: 

1. High precision torque control. 

2. High speed response by current detection without the effect of current ripple 

and decoupling control. 

3. Improvement of reliability and maintainability through full digital control. 

This inverter system can be applied to driving a bucket wheel of a bucket 

wheel excavator in an open pit mine. This inverter allows the process to be entirely 

operated by ac machines. 

 



ILIE UŢU 

 REFERENCES 

 

[1]. Bitoleanu, Al., şa. Convertoare statice. Infomed Publishing House, Craiova, 1997. 

[2]. Chiuţă, I. Compensarea regimului energetic deformant. Technical Publishing House, 

Bucharest, 1989. 

[3]. Hashii, K., Kousaka, K. & Kaimoto, M. New approach to a high power GTO 

PWM inverter for ac motor drives. IEEE Trans. Ind. Appl., vol. IA-23, Mar./Apr. 1987. 

[4]. Ohsawa, C. & Ohara, M. A digital control system with grafic language and its 

applications to variable speed drives. IEEE Conf. Rec. 1988 IAS Annu. Meeting. 

[5]. Marcu, M., Utu, I., Pana, L., Orban, M.D.  Computer Simulation of Real Time 

Identification for Induction Motor Drives. Proceedings of the International Conference on 

Theory and Applications of Mathematics and Informatics - ICTAMI 2004, Thessaloniki, 

Greece. 

[6]. Marcu M., Popescu F., Slusariuc I.R., “Performance improvement of ac electric 

drives using field oriented control and digital speed transducers“, Simpozionului 

multidisciplinar internaţional UNIVERSITARIA SIMPRO, 2012, Petroşani, ISSN 2344-4754. 

[7]. Uţu, I. Reducerea consumului de energie electrică în acţionările electrice de mare 

putere din industria minieră. Doctoral Thesis, Petroşani 1998. 

[8]. Uţu, I., Stochitoiu M.D., Reducing electricity consumption at winding machines 

operated by induction motor using power electronics, Simpozionului multidisciplinar 

internaţional UNIVERSITARIA SIMPRO, 2014, Petroşani, ISSN 2344-4754. 

https://scholar.google.ro/scholar?oi=bibs&cluster=6729185940884587612&btnI=1&hl=ro
https://scholar.google.ro/scholar?oi=bibs&cluster=6729185940884587612&btnI=1&hl=ro


Annals of the University of Petrosani, Electrical Engineering, 16 (2014) 

BIOMASS – A SOLUTION FOR BUILDING’S HEATING IN 

A MOUNTAIN AREA 

 

 
ADRIAN NICOLAE DINOIU 1 EMIL POP 2 IOANA CAMELIA BARBU 

3 MARIA POP 4 

 
Abstract: Systems based on biomass for energy production may increase economic 

development without contributing to the greenhouse effect, because biomass is not a net emitter 

of CO2 into the atmosphere when it is produced and used sustainably. In this paper, we analyzed 

a bioenergetic system and also implementation issues. The simulation was performed for an 

educational buildings in a mountainous area. The proposed bioenergy system is combined with 

one by natural gas used for peak loads. The modeling and simulation performed for this energy 

system can be customized for different areas where biomass is available. 

 

Key words: biomass, energy, environment, Jiu Valley, mining, modeling, renewable, 

simulation, mountain. 

 

 

 

 1. INTRODUCTION 

 

 In the atmosphere, human emissions of CO2 exceed natural fluctuations and 

these activities have altered seriously the global carbon cycle.[7] Changes in the 

amount of atmospheric CO2 have significantly changes for the weather patterns and 

indirectly influence of the ocean chemistry.[3]  

The use of biomass in larger commercial systems based on sustainable 

resources and waste can help the improvement of the natural resource management. 

Biomass systems for energy production may increase economic development without 

contributing to the greenhouse effect, because biomass is a net emitter of CO2 in the 

atmosphere when it is produced and used sustainably.[11]  

 

2. BIOMASS 

 

Biomass energy can be a sustainable source, environmentally friendly and 

economical. The biomass is all vegetal organic materials also participating in carbon 

cycle, such as plants, trees and the crops that ends its life cycle. Using biomass as a 

primary source of electricity, means to interrupt the normal carbon in nature by 

accelerating its development, extracting in a usable form, the energy that would 

otherwise be emitted to the environment by oxidation. 
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Fig. 1. Forest and agricultural biomass 

 

A general scheme of a biomass energy system suitable for the Jiu Valley is 

shown in Fig. 2, relying on a trigeneration system, where biomass is used to generate 

electricity, but also heat and cooling, thus high efficiency. 

 

Fuel 

(Liquid, solid, 

gaseous)

CHP

Electricity

Heat
Absorption 

chiller
Boiler Cooling

Losses

Losses
 

Fig. 2. The general scheme of a trigeneration system [5] 

 

Biomass is the most important source of increasing energy production based 

on renewable energy. Biomass energy is the conversion of biomass into useful forms 

of energy, such as heat, electricity and liquid fuels. The biomass assimilates solar 

energy by photosynthesis.  

The main sources of biomass are dedicated energy crops, crop residues 

generated in food processing, wood industry, and waste. Through conversion process, 

the biomass is transformed into biofuels liquid, gaseous or solid form. So we get 

bioenergy from biomass by burning solid biomass, creating steam to set in motion 

turbines or engines, or using biofuels.  

Biomass is a renewable energy source, sustainable and relatively 

environmentally friendly, is not uncertainty of supply of imported fuels, it reduce 
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consumption of fossil fuels and biomass fuels have a sulfur content not negligible 

contribute to sulfur dioxide emissions.  

Burning agricultural and forestry residues and municipal solid waste for energy 

production is an efficient use of waste which significantly reduces waste disposal 

problem, especially in municipal areas. Biomass provides a clean source of renewable 

energy that could improve the environment, economy and energy security. 

 

2. MATERIAL AND METHODS - PROBLEM FORMULATION 

 

We wanted to evaluate the feasibility of installing a biomass system, combined 

with the current with natural gas used for periods when the load reaches a peak. The 

simulation was performed for an educational building in Petrosani. The city Petrosani 

is situated near Parang Mountain. The climatic conditions of chosen location can be 

seen in Fig. 3. 

 

 
Fig. 3. Climatic conditions of the location 

 

RETScreen ® International[12] is a standardized software and integrated for 

analysis of renewable energy projects. It can be used to evaluate the energy production, 

life circuit costs and the reduce emissions of greenhouse gases for different renewable 

energy technologies. 

 

3. EXPERIMENTAL – PROBLEM SOLUTION 

 

In the reference system, the heating is done using a plant operating on natural 

gas and in the proposed system, the heating will be using a wood biomass power plant. 

The building has two parts, so we split the building into two parts. The 

building has 5 floors with a total area of approximately 9000 m2 (Fig. 4), where are 

about 310 people. The maximum load that we took into account is 605 kW (Fig. 5). 
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Fig. 4. The reference case of heating project 

 

 
Fig. 5. Proposed case system load characteristics graph 

 

One aspect of this simulation is the importance of improving energy efficiency 

in buildings and investing in sustainable technologies. 

It also represents a starting point in the development of other projects with 

woody biomass heating in the area. Funds for the development of these projects can be 

obtained from the European Commission, the Ministry of Education or Ministry of 

Environment. 

 
Fig. 6. The energy model of the proposed heating project 
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The biomass heating system is based on a boiler with an output of 300 kW 

(Fig. 7a) to meet the basic needs of the heating of the two dormitories.  

The boiler is produced by DanTrim Ltd. and it can be supplied with different 

woody biomass, such as sawdust, pellets, wood chips.  

 

 
Fig. 7. a) Biomass heating system   b) Natural gas heating boiler   

 

A reserve system based on natural gas of 530 kW (Fig. 7b) is used to cover 

periods when load peaks are recorded, or in case of failure of the main system. As 

shown in Figure 3, the main system can meet the heating load for most of the year, 

without the secondary. For the winter months and coldest days, but mostly to have 

energy security, we need the both systems. 

 

  
Fig. 8. Proposed case system characteristics 

 

The biomass that will supply the energy system will be stored in a silo built 

specifically for this task and will be supplied as needed. Being a mountain area, 

logging is one of the economic activities in the area. There are sawmills and factories 

dealing with wood and using only some parts of the wood collected from the forest. 

Waste wood can be obtained from them and used for this biomass heating system, even 

at a very low price.  
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Fig. 9. System design graph 

 

The amount of wood available can be increased if takes into account the 

planting of energy crops with short rotation time. If the type of the waste is unknown, 

it is assumed average heating value and moisture content of about 40%. 

 

 4. RESULTS AND DISCUSSION 

 

The biomass that will supply the energy system will be stored in a silo built 

specifically for this task and will be supplied as needed.  

 

 
Fig. 10. Financial analysis 

 



BIOMASS – A SOLUTION FOR BUILDING’S HEATING IN A MOUNTAIN AREA 

Being a mountain area, logging is one of the economic activities in the area. 

There are sawmills and factories dealing with wood and using only some parts of the 

wood collected from the forest. Waste wood can be obtained from them and used for 

this biomass heating system, even at a very low price.  

The amount of wood available can be increased if takes into account the 

planting of energy crops with short rotation time. If the type of the waste is unknown, 

it is assumed average heating value and moisture content of about 40%. 

For the financial analysis (Fig. 10) and cost analysis (Fig. 11), we used the 

typical financial figures provided by the database software: an inflation rate of 2%, 

debt ratio of 80%, debt rate 8%, discount rate of 9% and a debt within 10 years. The 

heating is presumed to last 25 years.  

 

 
 

 
Fig. 11. Cost Analysis 
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The cost of energy is expected to grow at the same rate as inflation. The price 

of wood biomass is estimated at 100 euros/tone, but for large quantities and for a 

longer period, it can be negotiated. The cost of natural gas is calculated at 0.34 

euro/m3.  

 Another advantage of such a power system is the use of local labor, use of 

nearby resources, with benefits for the entire community. 

Reduction of greenhouse gas emissions (Fig. 12), is also a strong point of this 

type of heating systems, with positive effects for the whole community. On globally is 

trying to reduce emissions of greenhouse gases, so that energy projects should take 

very much into account the emissions analysis. Intensive use of fossil fuels has 

affected the Earth's atmosphere, and the effects are beginning to see growing sharper. 

 

 
Fig. 12. The emission reduction analysis 

 

This analysis can be extended and applied to other buildings where teaching 

activity takes place. Also, the local authorities can benefit from this simulation and can 

perform similar simulations for the city education units or other public institutions or 

private. By accessing European funds or national funds having as the starting point this 

type of simulation can be performed on biomass energy systems or other types of 

renewable energy, thus lead to substantial savings but also at durable and sustainable 

development of these projects, the resource management and an increase in revenue. 
 

5. CONCLUSIONS 
 

Both in Romania as well as worldwide, it is necessary to develop full waste 

recovery technologies. Also, an effective analysis of land use and technologies for 

energy crops in order to not affect the adjacent ecosystems. 

For the environmental impact assessment, studies and scenarios are required. 

Must be used the degraded lands where you can grow energy crops. Studies should 

include an assessment of the economic impact and the introduction of incentives for 

producers. 
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In conventional electricity generation the losses associated with the 

transmission and distribution of electricity are due to the distance from the power 

plant. Cogeneration and trigeneration units, reduce these losses, because they are 

located close to the consumers, thereby, increasing the distribution efficiency. 

Considering the fact that cogeneration or trigeneration unit has a single fuel 

source and uses waste heat, occurs also a fuel efficiency. An important aspect is the 

reduction of greenhouse gas emissions, even when is using natural gas instead of coal. 

For efficient use of biomass should be considered the availability of the 

resources, in order to determine access and resources seasonality. Geographical factors 

such as weather conditions, indicates the temperature and water availability in each 

area and if this area may be covered by biomass. Also, the profitability of biomass as 

an energy source will depend upon the market prices at any time. 

Development and exploitation of forest biomass generates an environmental 

impact through a series of social and economic effects.[9] The introduction of a species 

in one location can affect the surrounding flora and fauna. Also, we should not forget 

some of the main objectives of renewable energy, reduce global warming and CO2 

emissions to the atmosphere by burning fossil fuels. Effect on soil nutrients is an 

important aspect, which may question the sustainability of this type of exploitation.[10] 

A well-fitting legal framework to improve forest management, promoting bio-

energy system and state of sustainability criteria and durability. 

Biomass in the form of solid and gaseous fuels continue to be the primary 

source for heat produced from renewable sources. In Europe, biomass is being used 

even more in district heating systems. Another increasing trend is the use of 

biomethane, which is obtained by purification of biogas, which can be injected directly 

into the gas grid and used to produce electricity, heat and fuel. 

Biomass present challenges are the development of biomass conversion 

technologies and research into the effects of these processes and reduce of production 

costs and an increase in efficiency. 
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Abstract: We used  the STL,FBD, LAD as  programming languages,   in  a WIN_PLC 

_7 (Siemens) programming  environment  for a simulation    driving  of  a mechanical handler  

We completed the  program much quicker with the so called sequencer wizard, offered by 

WIN_PLC_7 environment, which creates a  basic framework for our PLC program. The 

sequences  are generated in  functions (FC or FB), edited in STL, FBD or LAD. So called flags 

or data bits, from a data block, are the addresses for steps. The flags are for FC and the data bits 

are for FB, with instance data blocks. An EMERGENCY-OFF switch or a CONTROL 

SYSTEM ON/ CONTROL SYSTEM OFF mechanism could have been used. 

 

Keywords: sequencer, network, reset, table of conditions, symbol table, 

ControlSystem. 

 
 

 

1. INTRODUCTION 
 

1.1. The using of “sequencer” 
 

As requirement, for to use a sequencer, after the installation of WIN_PLC _7 , 

we had to empty the  project, i.e. no blocks in it. After that:  

a) Open "Extras/Sequencer wizard /Settings" tab (see later the images). We 

may employ "flags" or  "data blocks" as the memory for  steps (step address). Then, if 

it is needed, it ticks the check box "Use emergency off switch". If required, it ticks the 

box "Use Control system ON/OFF’". 

b) It ticks  "Sequencer" tab and "New step" for obtaining  steps for our driven 

mechanical handler. In the region of  "Settings of the step” , we define the title of 

network,  comments about it and the "Conditions for the step": name. 

c) It ticks  "Symbols" tab and  the button "Create symbol table". We are given all the 

addresses employed in the sequencer. We let unchanged the symbol names and we 

changed the  comments about symbols. 

d) It ticks "Create sequencer" tab and selects a representation (STL, FBD, 

LAD). The representation may be changed even in the block.  It  ticks  "Create 

sequencer" to create the necessary blocks. 
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What we are remain to done is to reset all variables, in  the last step, and to 

assign the step addresses (flags or data bits) to the outputs. 

 

1.2. Identification of the system which uses a  mechanical handler. A 

mechanical handler arm has to transporte a box,  by lifting it up, from left side, to right 

side. To begin the system cycle, let us start the "Control-IsOn" mechanism in the PLC 

program, by pushing the "ON" button. The led "Control is on" is turned on. The proper 

process is started when the "Start" button is pressed. 
 

                     
Fig.1. The control panel 

 

The PLC programming is created for  the next given technology scheme, using 

the sequencer wizard: 

 

 

 

Fig. 2. The technology scheme 

 

1. Tick Start , the mechanical handler is left-down. 

2. Grip box; 

3. Raise mechanical handler and box; 

4. Move mechanical handler and box to right; 

5. Lower the mechanical handler and box; 

6. Open mechanical handler (the box is released down); 

7. Raise up mechanical handler; 

8. Bring mechanical handler to the left starting position. [5] 
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Going from this, we created the next assignment table: 

 
 

NO means normally open and NC means normally closed. 

The steps in the sequencer follows: 
 

 
Fig. 3. Table of conditions 

 

    Now, when all the required information have being purchased,  those can inputted 

in the sequencer wizard for creating  a new project (our case), or a new solution. 

2. THE SEQUENCER WIZARD USING 
 

2.1. The Sequencer Wizard steps. 
 

We select menu item Extras->Sequencer Wizard. We remove the tick mark 

from "Use emergency off switch" in the "Settings” tab, since the project needs not make 

use of an emergency off switch. We shall write the addresses for Control system 

ON/OFF and the figure looks like: 
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Fig. 4. Sequencer setting tab 

 

We may tick the "Continue" button, or Sequencer tab, to pass to the next tab. 

An amount  of 8 steps must be performed in the "Sequencer" tab employing button 

"New step". Then, in each step, we define the settings of the step. Each step must be 

related to a condition. The STL condition is taken from the "table of conditions"-fig 3, 

shown on the previous page. We can also write a significant  text for the title of the 

network and the network comment. 
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Fig. 5. Step 1, 2 …7,8. 

2.2. Create Symbol T able and Sequencer Project.  
We now  create symbols in the "Symbols" tab by ticking  of the button "Create 

symbol table" or by  modifying  the required symbols, as well as the  symbol 

comments. 
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Fig.6. Symbols inputting 

 

Now we can  tick the type of representation used to create the program in the 

"Create sequencer" tab. Click  the "Create sequencer" button for transferring blocks to 

the new project. The blocks are created in Project Content Window: 
 

 

 
Fig. 7. Project creating 
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At last, the symbols for  inputs must be added  into the symbolic table: 
 

 
Fig. 8. Symbols for inputs 

In "Network 1" of OB1 the "ControlSystem" is turned on and in "Network 

2" a call is issued to block "FC1". 
 

 

 
Fig. 9. Network 1 and Network 2 
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The program  is reset in the restart of object OB100: 

 
 

 
Fig.10. Object OB100 of program 

 

2.3. Creating of the own Program 

In the Sequencer Project, only Network 9 and Network 11 were changed and 

all the other networks are used directly in how they were designed by the sequencer. 

The actual sequencer is contained in Network 1…8 of FC1. 
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Fig. 11. Function FC1 of the Project 
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 Abstract: The paper presents four application types, made with electronics 

components and with PLC, that perform the function of thermostat. The first two applications 

were made with electronic components, integrated circuits, and thermistors. The last 

applications were made with CPU 224 PLC, extension modules EM 231 RTD, EM 235, Pt 100 

thermo-resistance, and operator interface TD 200 (Siemens). It can view on the operator 

interface TD 200: current temperature, maximum temperature and minimum temperature that 

exceeded the setting values of temperature. The article presents, also, a comparative analysis 

between the two PLC programs. 

 

 

Key words: sensor, temperature, measure, text display, PLC. 

 

 

 

1. INTRODUCTION 

 

Temperature measurements are based on different physical effects caused by 

temperature variation. The most important of these are: expansion of solids, liquids or 

gases, the change in electrical resistance, electromagnetic force at the junction of two 

metals, the intensity of the emitted radiation, change in resonant frequency of a crystal, 

etc. The usual temperature range can be considered between 0 ... 20000 K, in general, 

or 0 ... 5000 K in most industrial, scientific, etc. This is an extremely broad range that 

can’t be covered by any type of the known temperature sensors. Other important 

parameters are: measurement accuracy, size, sensitivity, stability, response time. 

Process control must be carried out with the help of electronic devices that 

provide stability, accuracy and decreases the length of the transient processes [1,4,6,8]. 

As a result of the rapid development of technology, many of the problems have 

been solved through the use of PLCs, and possibly through the use of a PC for 

supervision. By using PLCs shrinks the number of connections between devices 

(displays, motors, sensors, switches, valves, etc.) and there is the possibility of using 

communication tools, thus ensuring a high level of service and high flexibility in 

controlling processes [7-9,14]. In automated systems, PLCs represent the main part of 

the management and control of the process. Through the execution of a program stored
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in the program memory, PLCs monitors the status of the process by the signals 

received from the input devices. By building the program, PLCs determines actions on 

output devices. In the case of more complex processes it is possible to connect several 

PLCs from a PC [5,15]. 

Automatic management of industrial processes can be done with general 

purpose PLCs type, and, also, with specialized PLCs type. Examples of specialized 

PLCs for industrial processes may be: automation equipment for boilers and heating 

installations in buildings, control and signal equipment for the detection and alarm, fire 

detection, driving pumping stations and water supply of communities, etc. The 

operative part orders send command to the system and to the operative information 

about evolution is collected under orders sent [2,3]. 

In the paper are presented four applications made with electronic components, 

integrated circuits and PLC for the temperature measurement and adjustment of low 

temperature industrial furnaces. The first application uses NTC thermistor to measure 

the temperature, operational amplifiers, trigger Schmitt circuits and relays at the output 

of the thermostat. The third application, uses CPU 224 PLC [12], extension module 

EM 231 RTD (specialized for thermo-resistance connection) [14], TD 200 operator 

interface [13] and thermo-resistance Pt 100 [17]. The last application, use the extension 

module EM 235 (with four analogue inputs and one analogue output, 12 bit 

conversion); it is use in applications only one input and one analogue output [14]. The 

analogue output is used to inject a constant current (regardless of the temperature) 

through Pt 100. Due to the change in temperature will change the voltage on Pt 100 

that will be measured with the analogue input module. For the last application, the 

program is complicated because it converts the measured voltage on the temperature 

displayed into TD 200 operator interface. 

 

2. ELECTRONICS THERMOSTAT 

  

Thermistors are temperature-sensitive semiconductor device whose resistance 

varies greatly with temperature. Most types of thermistors have a negative temperature 

coefficient (NTC type). Thermistors are manufactured from mixtures of oxides of 

nickel, manganese, cobalt, iron, magnesium, titanium and other metals, sintered at 

temperatures above 1000 °C. If R0 is resistance of the thermistor to a certain initial 

temperature T0 (273.15 K), the RT is resistance of the thermistor at unknown 

temperature T [K] can be compute with the relation [9]: 

                                                     















 0T

1

T

1
B

0T eRR         (1) 
 

where B [K] is a constant of thermistor that depends on the material of the thermistor 

material. Thermistors are useful in the -70 to +200 °C, and the time constant is between 

a few tenths of seconds to a few seconds. Compared to thermo-resistances (RTD) have 

the following advantages:  

- 10 times higher sensitivity;  

- high initial resistance, resistance giver error connecting wires are smaller and ensures 

easy adaptation of impedance circuit;  

- small size. 
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Thermo-resistances (RTDs) are based on variations in electrical resistivity 

depending on temperature of metals. Platinum, nickel, copper, and tungsten are now 

widely used for making RTDs. Other metals such as iridium, rhodium, silver, iron, and 

tantalum are used in special applications. RTDs can be used to measure the 

temperature between -180 ... 1000 °C, with an accuracy typically 0.1 ... 1 °C, but can 

be reaches, for special RTDs up to 0.002 °C. Their response time is relatively short. 

The dependency between resistance and temperature is given by: 
 

    2
000T ttbtta1RR          (2) 

 

where Rt [] is resistance of RTD at temperature t [°C], R0 [] is resistance of RTD at 

temperature t0 = 0 °C, and a [1/°C] and b [1/(°C)2] are coefficients of material. 

Electronic thermostats have great applicability they can successfully replace 

conventional electric thermostats. Some examples of using electronic thermostats are: 

  - Apartment boilers where the thermostat serves to maintain the temperature of the 

room to a set value;  

- Protection of a power semiconductor element (transistor, thyristor, triac), the 

thermostat can control pulses interrupt the power element if its radiator temperature 

increases accidentally;  

- Protection of intelligent integrated circuits (IC), where the thermostat is integrated 

into the same capsule that protects the circuit. 

Basically, an electronic thermostat consists of the following functional blocks: 

sensors, amplifying stage and output stage. 

For thermostat from Fig.1, as a temperature sensor, a NTC thermistor may be 

used, or one or more diodes connected in parallel. The use of a diode as a temperature 

sensor, is based on the fact that the voltage across it increases or decreases depending 

on the temperature. 

Amplification stage can be achieved with operational amplifiers (eg. A 741, 

LM 324 N), or transistors connected in various ways (eg. Darlington, common-emitter, 

differential connections). The output stage is adopted according to the terms and 

conditions that will be used thermostat, for example:  

- The thermostat must be disconnected from the mains electric motor when its cage 

temperature increases can use a relay output stage;  

- If the thermostat is used to maintain constant temperature of a radiator, the output 

stage can use a medium power transistor, which which will connect a fan. 

In Fig.1 is represented an electronic thermostat consists of:  

- NTC thermistor (approx. 700  at 20 °C);  

- Gain stage made with A 741 operational amplifier and trigger Schmitt circuit made 

with bipolar transistors T1 and T2;  

- Output stage composed of: DZ Zener diode, T3 transistor, 1N4001 diode  and relay. 

The non-inverting input (3) of the circuit is determined A 741 some potential 

using trimmer resistance, which together with and form a resistive divider (R1, R2, R3) 

of fact to be determined tempera-ture range at which the thermostat will work. 
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Fig. 2. Experimentaly thermostat from fig.1 

 
Fig. 3. The transfer characteristic  

of the trigger – Schmitt circuit 

 
Thermistor (RTH) set at a 

point on the inverting input 

voltage (2). The thermistor is 

connected into a voltage divider 

(R4, R5, RTH). The voltage 

difference between the two inputs 

is amplified by the operational 

amplifier A741. The gain value 

is given by the reaction resistance 

value. The scheme has a negative 

feedback loop. The amplified 

voltage difference is applied 

through a resistive divider (R6 and R7 made with trigger Schmitt circuit. The trigger 

Schmitt circuit transform the slow variation of the signal strength of the base of the 

transistor, a sudden change (trigger circuit, has a transfer function with hysteresis) to 

ensure firm engagement of the relay. If the voltage of the transistor base reaches a 

certain values VIN1 which is the upper limit of the curve hysteresis (ON state), and 

returns to its original state when the voltage of its base touching the lower value VIN2 

(OFF state) (Fig.3). In Fig.2 is presented the practical thermostat from Fig.1. 

In Fig.4 presents an electronic thermostat with trigger – Schmitt circuit 

conducted with logic gates TTL NAND (CDB 

413 EM) or CMOS NAND (CD 4093). The 

operating principle is the same with thermostat 

from Fig.1, except that tilt thresholds of one the 

two NAND gates are established from 47  or 

47 k (from S). The switch S switches from one 

NAND gate to another, so the two gates can’t 

drive simultaneously. In Fig.5 is the practical 

thermostat from Fig.4. 

 
Fig. 1. Thermostat made with operational amplifier and transistors 
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Fig. 5. Experimentaly thermostat from fig.4 

 
3. SIMATIC CPU 224 SIEMENS 

 

PLCs are simple 

microcomputers that are built 

specifically to deal with issues of 

combinational and sequential programs. 

They are used to replace the 

combinational and sequential 

automation made with contacts and 

relays. In a general form PLC can be 

considered as a piece of equipment that 

allows the logical linkages between a large number of inputs and outputs, without 

additional interfacing devices. [5,7,8,12]. 

These systems offer fewer characteristics than process PCs, but can be used by 

less qualified staff due to application-oriented languages. Carrying out a program on 

such a system is synchronous. PLCs are built specifically to operate in industrial 

environments, with the necessary protections against environmental pollution from 

industry and having interfaces adapted for transducers and actuators elements most 

commonly used in the industry. For more advanced applications, there is currently high 

performance PLCs which approaches the complexity of computers. The PLCs work 

with words of 8, 16 and 32 bit and may perform floating point arithmetic operations. 

PLC types available on the market are spread, and their characteristics are different 

from one manufacturer to another. 

The S7-200 PLCs (Siemens) is intended for low-complexity applications and 

includes several types of central units (Table 1). For a schedule of this series are 

required, in addition to functionality, a PC computer, programming Step 7 MicroWIN 

and a communication cable between the PC and PLC (PPI port serial port on computer 

- PC/PPI). Siemens manufactures and a new series of automatic small S7-22x, 

equipped with communication facilities on the network embedded in the central unit 

[12]. 
 

 
Fig. 4. Thermostat made with operational amplifier and 

logic gates 
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Table 1 The main characteristics of CPU 224 [11] 

Communication port type RS 485 

For use with SIMATIC S7-200 Series 

Input type Analogue, Digital 

Manufacturer series SIMATIC S7-200 

Maximum baud rate 187.5 kbit/s 

Battery backup Yes 

Maximum inputs/outputs 203 (168 Digital, 35 Analogue) 

Maximum Operating Temperature +45°C 

Minimum operating temperature 0°C 

Mounting type Rack 

Number of communication ports 1 

Number of I/O 24 

Number of inputs 14 

Number of outputs 10 

Output current 750 mA 

Output type Analogue, Digital, Transistor 

Programming interface Computer, SIMATIC PG/PC 

Programming language used STL, LAD, FBD 

Scan time 0.22 μs 

Total memory available 12  kB (Program Memory), 8  kB (Data Memory) 

Voltage supply 20.4 → 28.8 V D.C. 

Width 120.5mm 

Depth 62mm 

Length 80mm 
 

An S7-200 PLC consists of a CPU module, alone or with multiple extensions. 

CPU module is composed of a central unit, power supply and input/output in a 

compact structure. CPU module has a number of status LEDs (SF/DIAG, RUN, STOP) 

and visualization of the status of inputs and outputs.  

             Step 7 MicroWIN is a software package for programming and configuring 

PLCs Siemens S7-200 series. This software package allows set parameters for 

hardware debugging, editing, and uploading in PLCs programs developed. 

Languages supported by Step 7 MicroWIN are: 

•  STL, which is a text language consisting of usual instructions list;  

•  LAD, which is a semi-graphic language, consisting of objects, which is achieved 

through interconnection circuits, called networks, which are similar to those made with 

contacts and relays; 

•  FBD, is a semi-graphic language, consisting of objects, which is achieved through 

interconnection circuits called networks, which are similar to those made with 

integrated circuits. 

In principle, for any industrial application where is used PLC using the 

following sequence of command diagram [11]:  

a. Process must be selected to be controlled. The system automatically can be a 

machine or a process. Process control is constantly supervised by input devices 

(sensors) that transmit signals to the programmable machine. When running the 

machine scheme, PLC transmits signals to output devices (elements) that determine the 

operating mode of the process. In order to understand the functioning of the program it 

is necessary to construct flowcharts. 
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Fig. 6. Text display TD200 Siemens 

 
Fig. 7. Operator interface TD200 

components 

b. It must set the devices that connect to the entry and exit of programmable machine. 

Input may be connected to different switches, sensors, etc. It can connect the output 

coils, valves, electromagnetic valves, micro-motors, relays, signal optical instruments 

and/or acoustic, LEDs, etc. 

c. Implementation of the program with specific PLC instructions according to the 

flowchart. The program must be stored in the PLC programmable memory. After the 

implementation of the program, it is necessary to detect program errors. Also, through 

the program shall be provided for all possible situations that may arise in the process. 

Before setting off for the first time, the facility must be checked once all input and 

output if are connected to the correct inputs and outputs programmable machine. After 

connection of the power supply voltage, the process begins to be controlled by the 

PLC. 

 

4. OPERATOR INTERFACE 

TD200 SIEMENS  

 

 TD200 (Text Display) is an operator 

interface with text display (Fig.6) designed 

specifically for the family S7-200 PLCs. 

 Communication is done through the 

serial port by using the PPI Protocol. The unit 

(Fig.7) is powered either from the mains to 24 

V from PLC (via special cable TD/CPU) or from a separate voltage source (i.e. 230 V, 

50 Hz) [13]. The most important functions of the TD 200 are: 

• Display of read messages from AP S7-

200; 

• Adjusting the variables in the process; 

• Possibility to control the process from the 

buttons F1-F8; 

• Ability to force/release values in 

input/output registers; 

• Possibility to set clock and date for S7-

200 units that have built-in clock function; 

• Provides menus and messages in six 

languages. 

 TD200 interface works as master when it is connected to one or more 

automated S7-200. TD200 is also designed to operate together with other devices in 

the network master. TD200 is a small, compact, providing all the necessary elements 

for the creation of the PLC S7-200 CPU (Fig.7).  

TD200 is a display device used for alpha-numeric display of messages 

validated by the PLC S7-200 CPU. TD200 interface programming is not necessary. 

The only operating parameters stored in the memory are the interface address TD200, 

S7-200 CPU address, baud rate and location configuration block (called TD200 

Block). This block is stored in the memory variable (V) functionality. The interface 

configuration parameters as language, TD200 discount rate, message and the validation 
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Fig. 8. The laboratory equipment used in experiments 

 
Fig. 9. CPU 224 PLC and EM 235 and EM 231 RTD 

extension modules 

of the message bits are stored in the block TD200. On start-up, it reads the 

configuration block TD200 and verifies the accuracy of all parameters. If everything is 

alright, start checking TD200 validation of bits messages to determine what message is 

necessary to display. 

In the last dialog box will use the "Finish" button to validate and save the 

block parameters and close the configuration tool. To begin configuring it will press 

the button "Next". The program Step 7 Micro/WIN is equipped with a "special feature" 

(wizard) to ease the Bloc's TD200 configuration and messages in the data memory of 

the PLC S7-200. The selection options and creating messages, wizard automatically 

writes TD200 block with parameters and text messages in TD200 window Data blocks. 

This block of data (Data Block) and block containing TD200 can now be downloaded 

(downloaded) in memory of the machine. This section contains the procedure for 

creating a template. It will use the following guidelines to create a block TD200 and 

two messages. The first message will contain the text and data. The second message 

will require acknowledgement (acknowledge) operator. To select the Setup function of 

the interface it will select Tools TD200 > Wizard. To navigate forward or backward, 

use the buttons "Next" and "Previous". In the last dialog box will use the "Finish" 

button to validate and save the block parameters and close the configuration tool.  

 

5. APPLICATIONS WITH PLC FOR MEASURING AND ADJUSTING 

TEMPERATURE  

In this chapter are 

presented two applications that 

perform the function of 

thermostat for electric or gas 

industrial furnaces. 

Applications were 

made with PLC Siemens CPU 

224, extension module EM 

231 RTD (can connect two 

RTDs of various types 

configurable from switches) 

and EM 235 (4 analogue 

inputs and one analogue output, 

voltage or current, configurable 

from switches) [14], TD 200 

operator interface [13]. 

Temperature measurement in 

both situations is made with Pt 

100 thermo-resistance (100  

at 0°C) [17]. 

To check the operation of the 

programs have set the temperature 

lower limit value at 22°C, and for 

the upper limit at 25°C.  
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Fig. 10. Pt 100 thermo-resistance used in experiments 

(connected on a power resistor) 

While the Pt 100 

temperature measured is 

between 22 and 25 °C, it 

displays the message 1. If the 

temperature is higher than the 

upper limit, in addition to the 

message 1 a message 2 is 

displayed. If the temperature is 

less than the lower limit, in 

addition to the message 1 a 

message is displayed 3. 

  

 

5.1. Measuring and adjusting the temperature with Pt100 and EM 231 

RTD module 

 

The operation of this application is the thermostat switch to the temperature 

thresholds, with the values imposed by the program. The temperature and the 

maximum and minimum values are displayed on the operator interface TD 200 

(Siemens). A digital output using the output Q0.0 that is 1 logical when the 

temperature is lower than the lower value, or 0 logic when the temperature exceeds the 

upper assessment threshold. Output Q0.0 (electric contact), connects with the coil of a 

contactor or electro-valve for command of a three-phase power resistors (which 

produces heat) or a servo-valve for the gas supply to a gas oven (Fig. 11). This 

application requires the following equipment: 

- CPU 224 (Siemens); 

- EM 231 2xAI RTD (Siemens); 

- operator interface TD-200 (Siemens); 

- thermo-resistance Pt 100; 

- a power autotransformer, a contactor K that supply the power resistance R. 

The switches of EM 231 RTD were achieved the following configuration (at 

the 8 switches) for Pt 100: 

SW1 SW2 SW3 SW4 SW5 SW6 SW7 SW8 

  0       0       0       0      0      0       0      1 

SW1-SW5 configures the type of thermo-resistance; 

SW6 - 0 to measure the positive temperatures, 1 to measure negative temperatures; 

SW7 - 0 degrees Celsius, 1 degree Fahrenheit; 

SW8 - 1 for thermo-resistances with 2 or 4 wire, 0 for thermo-resistance with three 

conductors. 

In this application, Pt 100 thermo-resistance connects to EM 231 RTD: 

- -a Pt100 connector at A- and a-; 

- +a Pt100 connector at A+ and a+ (Fig.12). 
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Fig. 12. Connect the conductors to the 

first application (with EM 231 RTD module) 

 
 

EM 231 RTD feeds from CPU 224 

supply. CPU 224 connects to power 

supply single phase, 230V, 50 Hz, CPU 

224 has an internal switched mode power 

supply 24V. Is connected, also, an 

analogue module 235 EM (four analogue 

inputs and one analogue output) with 12-

bit conversion. This module cannot be 

used at the first application. Because the 

application uses the first entry of the 

module EM 231 RTD, and before this 

module is connected the module EM 235 

(with four analogue inputs), AIW8 input 

is used for temperature measurement. 

TD-200 operator interface displays (Fig.13) the current value of the 

temperature measured (1 message), overcoming the higher set value (message 2) and 

minimum value set (3 message). The program was developed in STL, but can be 

viewed, also, on LAD or FBD. AIW8 is the number 1 input of EM231 analogue 

module, and EM 235 module is connected before EM 231 RTD (which has inputs 

AIW0, AIW2, AIW4, AIW6).  
Program listing for application 1 

Network 1 Setting the limits of the operating temperature of the regulator 

LD     Prima_scanare               // In the first cycle of operation    

                                // SM0.1=1 

MOVD   +0, VD260                // To delete the values in VW260 and     
               //VW262 

MOVW   +0, VW200              // Deleting the memory where it will be     

               // introduced AIW8 entry 

MOVW   +250, VW260          // The upper limit setting of regulator 

                                                     // = 25°C; temp. value x 10 

MOVW   +220, VW262          // The lower limit setting of regulator 

                                                    // = 22°C; temp. value x 10 

Network 2 Calculating and validating the message 1 
LD     Tot_timpul_1                // SM 0.0 is logical 1 and determine     

                                 // program execution 

 
Fig. 11. Connection scheme of CPU 224 PLC, TD 200,  

EM 231 RTD and power resistance R 
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MOVW   AIW8, VW200        // The size of the analogue displacement  

                                                 //measured (temperature) at the AIW8 in memory of VW200. 
MOVW   VW200, VW116     // Transfer result at VW116 (which is in  

                                                 //connection with operator interf. TD 200) for displaying information. 

S      V12.7, 1                          // Message 1 validation to display     

                // TD 200. 

Network 3 If the temperature exceeds the maximum value, it validates the message and exit Q 0.0 are reset. 

LDW>=  VW200, VW260      //If the temperature is > = than the    

                                //stored maximum temperature, VW260  
= V 12.6    //it validates the message 2 and will be    

    //displayed on the TD //200.    

R      Q0.0, 1                      // Q0.0=0 output (reset) 

MOVW   VW260, VW136       // Transfer the result to memory     

                  //VW136 (who is in touch with TD 200    

                 //operator panel) to display message 2.          

Network 4 If the temperature falls below the minimum value, it validates the message 3 and exit Q 0.0 sets. 

LDW<=  VW200, VW262               //If the temperature is the  
                                                 //minimum temperature than < = stored in VW262,  

=V12.5                                     //validating message 3 and will be displayed on the TD 200. 

 S      Q0.0, 1                            // Q0.0=1 output (set) 

MOVW   VW262, VW156     // Transfer the result to memory  

                                               //VW156 (who is in touch with TD 200 operator panel) to display the        

            //message 3. 

Network 5 End of programme 

MEND           //  End of programme. 
Data Block for TD 200 configuration 

// data block DB1 (V memory): 

// 

// The parameters block for TD200 for writing messages measured  

//temperature values and to overcome the upper and lower limits. 

// Configuration is done with specialized for TD 200Wizard  

//in the STEP 7 Microwin 
VB0    'TD'           // Operator panel identification TD 200 

VB2    16#10         // English setting and up-dating fast 

VB3    16#00         // Setting 20 characters; Button up V3.2;  

                                 // Button down V3.3 

VB4    3                 // Setting the number of messages: 3 

VB5    0               // Setting the buttons and their association with     

                              //memoirs M 0.0-M 0.7 

VW6    100           // Setting memory addresses starting with VW100 
VW8    12            // Setting addresses for validation bits VW12 messages 

// Message 1 

// Validation bit message 1 V12.7 

VB100  'Temperatura = ' 

VB114  16#00         // No editing, no confirmation and no password; 

VB115  16#31         // Word without a sign; a digit to the right of the     

                //decimal place; 

VW116  16#0000    // Moving the date to be displayed. 
VB118  'ßC'            // Message 1 ends. 

// Message 2 

// Validation bit message 2 V12.6 

VB120  'Temperatura > ' 

VB134  16#00         // No editing, no confirmation and no password; 

VB135  16#31         // Word without a sign; a digit to the right of the     

                //decimal place; 
VW136  16#0000    // Moving the date to be displayed. 

VB138  'ßC'            // Message 2 ends. 

// Message 3 

// Validation bit message 3 V12.5 

VB140  'Temperatura < ' 

VB154  16#00         // No editing, no confirmation and no password; 

VB155  16#31         // Word without a sign; a digit to the right of the     

                //decimal place; 
VW156  16#0000    // Moving the date to be displayed. 

VB158  'ßC'             // Message 3 ends. 

//end configuration block TD 200. 
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Fig. 15. Connect wires for the second 

application 

 

 
Fig. 14. Connection scheme of CPU 224 PLC, TD 200, 

EM 235 and power resistance R 

 

 
 

5.2. Measuring and adjusting the temperature with Pt100 and EM 235 

module (4 analogue inputs and 1 analogue output) with 12-bit conversion 

 

The operation of this application is the thermostat switch to the temperature 

thresholds, with the values imposed by the program. The temperature and the 

maximum and minimum value of the temperature are displayed on the operator 

interface TD 200 (Siemens). A digital output is using Q0.0 that is 1 logical when the 

temperature is lower than the lower value, or 0 logic when the temperature is higher 

than the upper threshold (Fig. 14).  

This application requires 

the following equipment: 

- CPU 224 (Siemens); 

- EM 235 (4xAI, 1xAQ, 

Siemens); 

- operator interface TD-200 

(Siemens); 

- thermo-resistance Pt 100; 

- a power autotransformer, a 

contactor K that supply the 

power resistance R. 

On the panoply of experimentations are 

three connected modules: a PLC CPU224, an 

analogue extension module EM 235 and another 

extension module EM 231 2xRTD; last module 

in this application shall not be used. CPU 224 is 

fed from single-phase mains voltage (230V, 

 

 
Fig. 13. Displaying the messages on the operator interface TD 200 
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Fig. 16. Aspects at the experience 

of the last application 

 

50Hz). The PLC has an internal voltage source with a value of 24 V DC. From this 

source is feeding EM 235 module. Output Q0.0 (contact form), connects with the coil 

of a contactor or electro-valve for command of a three-phase power resistors (which 

produces heat) or a servo-valve for the gas supply to a gas-fired furnace. EM 235 is 

powered from + 24 V and the mass of the internal source of CPU 224 (Fig.15). 

In this application, it can use the analogue 

output in the form of the current (maximum 20 

mA, between M0 and I0 terminals) from which 

connects Pt 100 thermo-resistance (100  at 0 °C). 

Pt 100 is injected into a constant current of 12.5 

mA. With a 12.5 mA current injected into the Pt 

100 is obtained 5 mV/°C (Fig.16). If the Pt 100 

change with temperature (increases with increasing 

temperature), the voltage on the Pt 100 also 

increases. By measuring the voltage on Pt 100, 

using AIW0 input of EM 235 module, it can 

measure temperature with Pt 100. Modification of 

Pt 100 resistance is about 0.4 /°C. 

Measurement range of Pt100 is usually 

between -60 and 400 °C. Resistant Pt 100 connects 

between M0 and I0 (exit 235 EM module). The 

ends of thermo-resistance connect to the first input 

(AIW0) EM 235 analogue module. His Pt 100 

connecting at the entrance of EM 235 is between 

A- (ground) and A +.  AIW0 input is the number 1 

input from EM 235 module which is used in the application. Module EM 235 entries 

set the micro-switches to measure single-polar voltages (10 V). At switches EM 235 

has achieved the following configuration (at the 6 switches): 

SW1 SW2 SW3 SW4 SW5 SW6  

    0       1       0      0       0      1        

TD-200 operator interface displays the current value of the temperature 

measured (1 message), exceeding the higher set value (message 2) and exceeding the 

minimum value set (3 message).  

The program was developed in STL, but can be viewed and the LAD or FBD 

(Siemens). 
 

Program listing for application 2 

Network 1 Setting the limits of the operating temperature of the regulator 

LD     Prima_scanare               
// In the first cycle of operation                    // SM0.1=1 

MOVD   +0, VD260              // To delete the values in VW260 and          

MOVW   +0, VW200            // Deleting the memory where it will be introduced AIW8 entry 
MOVW   +250, VW260        // The upper limit setting of regulator = 25°C; temp. value x 10 

MOVW   +220, VW262        // The lower limit setting of regulator = 22°C; temp. value x 10 

Network 2 Calculating and validating the message 1 
LD     Tot_timpul_1            //  The bit SM0.0 is 1 logic and determine program execution    

MOVW   AIW0, VW200   // Moving the value of the input AIW0  in the VW200. 

-I     VW252, VW200             // Substracting value for 0° C (offset) VW200-VW252. 

DIV    VW250, VD198          // The result of VD198 is divided in  VW250 (for 1° C)  
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MUL    +10, VD196              // The remainder is multiplied by 10. 
DIV    VW250, VD196         // Dividing the remaining value from  VD196 to VW250 (1° C) 

MOVW   VW198, VW160     // The movement amount with a decimal  place to the left 

MOVW   +0, VW198             // Deleting content from VW198. 
MUL    +10, VD198               // Multiplying the temperature measured  with 10 

+I     VW160, VW200             // Result decimal place value roundup 

MOVW   VW200, VW116     // Transfer result in VW116 (which is in /connection with operator panel TD 200) 
S      V12.7, 1                          // Message 1 validation 

                                          // for TD 200 display. 

Network 3 If the temperature exceeds the maximum value, it validates the message and exit Q 0.0 are reset. 
LDW>=  VW200, VW260          //If the temperature is > = than the    

       //stored maximum temperature, VW260  

= V 12.6      //it validates the message 2 and will be displayed  
//on the TD 200.    

R      Q0.0, 1                      // Q0.0=0 output (reset) 

MOVW   VW260, VW136  // Transfer the result to memory      
                   //VW136 (who is in touch with TD 200     

                   //operator panel) to display message 2.          

Network 4 If the temperature falls below the minimum value, it validates the message 3 and exit Q 0.0 sets. 
LDW<=  VW200, VW262  //If the temperature is the 

                                                 //minimum temperature than < = stored in VW262  

=V12.5                 //validating message 3 and will be displayed on the TD 200. 
 S      Q0.0, 1                     // Q0.0=1 output (set) 

MOVW   VW262, VW156  // Transfer the result to memory 

                                             //VW156 (who is in touch with TD 200 operator panel) to          
                                            //display the //message 3. 

Network 5 End of programme 
MEND  //  End of programme. 

 

The data blocks to set up TD 200 is the same way as the application 2. In the 

last application, the experiments connected the mili-ammeter (12.5 mA) to be able to 

measure the constant, regardless of the temperature, by Pt 100 thermo-resistance. 

Constant current is generated by extension module EM 235 (12.5 mA) (Fig. 16).  

 

6. ISSUES REGARDING THE USE OF PLCS  

 

The most significant disadvantages of classical control systems (with 

electronic components and integrated circuits) are: 

- high working time for connections between electrical devices; 

- the difficulty of replacement parts; 

- difficulty in determining of faults; 

- the need for the use of a qualified staff with practical experience; 

- the emergence cannot be determined the time of elimination of the defect; usually this 

time is high, the process must be stopped. 

With the invention of PLCs, changed the way in which the command 

installations; occur a number of advantages.  

The advantages of using PLC in command installations are: 

- compared to classical control systems (with relays) number of conductors needed to 

greatly reduce the connections (generally 80%); 

- power consumption is much lower due to the fact that a PLC uses less electricity than 

a group of relays that performs an equivalent function;  

- fast determination and remedy the issues in the system; 
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- rapid adaptation to different applications with command systems with PLC by 

modifying the program running in the PLC (no change of conductors for connections, 

being only necessary to adapt certain devices for input and output); 

- the total size is reduced compared to conventional equivalent facilities; 

- installations with PLCs are cheaper compared to the classics, especially in the case of 

installations with a large number of input devices and output; 

- safety in operation is greater in the case of orders made with PLCs. 

 

7. CONCLUSIONS 

 

Electronic thermostats are widely used in industry. The classical electronic 

thermostats with electronic components and integrated circuit have the disadvantages 

to precisely control of temperature. 

PLCs are used increasingly more often in the industry. An application of those 

is temperature control of industrial furnaces (e.g. for drying of painted components) 

with electrically or gas heated. The applications are based on operation of thermostat 

with switch to two limits for temperature (limits can be changed into the program). The 

current temperature and the maximum value or the minimum values are displayed on 

the operator interface. The values shown are displayed with one decimal place. 
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Abstract: Two liquid substances (liquid A and liquid B) are mingled together in a tank 

by an agitator. The resulted substance is drained from the mixer through a drain valve. The 

process is divided into functional areas and individual tasks. The area for ingredients A and B is 

followed by the mixing tank area and the drain area. Programming the FBs (function blocks) for 

the motors and valves from any areas and the interconnecting of these is our program. 

 

Key words: logic blocks, symbolic addresses, feed pump, sensor, valve, function block, 

network, input, output.  
 

 

 

1. The process areas and logic blocks 

 

(See figure 1) The basic steps used for to project a blending process are the 

next: 
 

 
 

Dividing in tasks and areas, safety requirements and describing them. From 

the four distinct areas (seen above), the areas for the A and B ingredients employ the 

similar equipments. 

The pumps are turn off if the "Tank empty" signal is received from the tank level 

sensor. The level switches in the tank, interlock the feed motors and the agitator 

motors. Every device can be turns on or off by the human operator from the console 

(see figure 2 ). This console contains indicators for the status of the blending process.
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Fig.1. The process areas 

 
Fig 2. Displays and Controls 

 

The maintenance is for the display, after a certain number of starts. to reset 

the corresponding counters to 0. 

Configuration Diagram. Input / Output diagram for our motors. (see figure 3 ).  

 
Fig 3. I/O diagram for motors 
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Each valve is controlled by its own "valve block" that is the same for all 

valves used. The logic block has two inputs: one to open the valve and one to close 

the valve. It also has two outputs: one to indicate that the valve is open and the other 

to indicate that it is closed. The block has an in/out to activate the valve. It is used to 

control the valve but at the same time is also edited and modified in the program for 

the "valve block." [4] 
 

 
Fig.4. To valve block 

 

 CPU and Interfaces. The diagram of configuration contains: type of Central 

Processor Unit, modules of Input /Output , their configuring. 
 

 
Fig. 5. Blending Control 

 

 The Central Processor Unit runs two principal programs: the operating system 

and the user program. Any Central Processor Unit has an operating system, which 

organizes all its functions and sequences, but without to be for a dedicated task of a 

process. That is, some of its tasks are:  -to handle restart (warm and hot), -to update the 

image table of the inputs and to offer the image table of the outputs, belonging to the 

process, -to call the user program, -to acquire information about interrupts and to 

handle interrupts, - to recognize and to handle errors, -to manage the CPU memory, -to 

communicate with the keyboard, the mouse, the network etc. 

The User Program will be created on PC and it will download to CPU.  That 

program will comprise the functions for to control the process. Some goals of the user 

program are:  - to specify the conditions for a warm start and hot restart on the Central 

Processor Unit (beside others, to initialize the signals with a certain value), - to process 

data (to handle binary signals from inputs and to generate others for to be outputted, 

idem for analog signals), - to handle interrupts and to react to perturbations in the 

normal program cycle. [3] 
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Mixing area: The agitator motor must be turned off when the level sensor 

returns the signal "level below minimum" or the drain valve is open. The agitator 

motor signals after reaching its rated speed. If no signal appears within 10 seconds 

after starting, the motor must be stopped.  

Drain area:- A solenoid valve prevents drainage of the tank. This solenoid 

valve is handled by the operator’ hand, but must be closed by the "tank empty" signal 

Operator Station. It is equipped with the following:  switches for stages of the 

process, "reset maintenance display" switch, for to reset the counters for the 

maintenance interval to 0, LEDs. for status of the process, the emergency stop switch. 

 Blocks in the User Program. (see Figure 6). OB1 has the main program, from 

OB1 are called FB1 and FC1 and are transferred to them the control parameters. FB1 

controls all two pumps and the agitator motor the requirements being identical. DBs 1, 

2, 3 are associated with FB1. FC1: The feed valves with only the function "open and 

close" are programmed. 
 

 
Fig. 6. Logic blocks and hierarchy of their Calls 

2. Designing of the function control blocs (FB1 and FC1) 

The symbol table (see Figure 7) contains the symbolic names and the 

absolute addresses of elements. 
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Fig.7. Symbol address table 

 

 Designing of the FB as FB1 for the Motor. It contains the logical functions: 

- start and a stop input,  

-interlocks ("Motor_enable," "Valve_enable") which status is saved in the temporary 

local data (L stack) of OB, and is logically combined with the start and stop inputs 

when the FB1 for the motor is processed. 

-Feedback from the devices. Otherwise, an error or fault would occur. The FB1 function 

then stops the motor. 

-The moment and the length of the response or error/fault cycle has to be specified 

-With the start button pressed and the motor validated, the motor switches itself on and 

runs until the command of stop button 

-When the motor is switched on, a timer counter starts. If the feed back signal from the 

process is not arrived in duration, settled in timer, the motor stops. 

 

Fig 8. The inputs and outputs of the FB1 
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The general parameter names for the inputs and outputs have to be used, 

because there is a multiple instance FB1 for the motor (both pumps and motor). The 

Declaring Variables Table of the FB1 follows (see Figure 9). 
 

 
Fig.9. Variables Table of FB1 

 

OB1 shall call FB1, but specifying an instance DB, with different values for 

the above input, output, in/out, and static variables. L (local variables) are stored in. 

stack, temporarily. 

Program of the FB1 function, used for Motor. FB1 is called by OB1 and 

must be created before the block OB1, containing its call. FB1 is written in STL, 

LAD and FBD languages (see Figure 10). 
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Fig.10. Program of the FB1 

 

Now, we design three data blocks DB1, DB2, DB3, assigned to FB1, one after 

another, with the menu: "New Data Block"/ "Data block referencing a function block." 

/"Reference" and select "FB1. 

 Designing of the function control FC1 for valves. The FC1 for the inlet and 

feed valves and for the drain valve needs - an input for opening and an input for closing 

valves. 

-interlocks, which state saved in the (L-local) stack of OB1 ("Valve_enable"), is 

logically combined with the inputs for opening and closing when the FC for the valves 

is processed. 

The call instruction for the FB delivers input parameters. The FC returns 

output parameters. 

Variables of the FC for the Valves are transferred to the FC, created below. 

 

 
Fig.11. Declaring the Variables of the function FC 

 

The called block FC1 valves is created before the calling block OB1. 
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Fig.12. Programming the FC 

 

Designing of the OB1 (object 1) 

OB1 is the most important structure of program, containing the parameters 

which to be transferred to FB1 and FC1: - inputs ("Start") and ("Stop") for the FB1 of 

the motor, also for the response ("Response"), and for resetting the maintenance display 

("Reset_Maint"). The FB1 for the motors and the FC for valves are present in every 

cycle of the PLC, because they are called in OB1. 

 The FB1 being processed, the inputs Timer_No and Response_Time inform 

the function of whom timer is used and which time must be measured. The FC for the 

valves and the FB for the motors are processed in every program cycle of the 

programmable controller because they are called in OB1. The different instance DBs 

(1,2,3) of the FB1 for the motor are used to handle the control over the pumps and the 

agitator motor. In the variable declaration table for OB1 (see Figure 13 below), the 

first 20 bytes contain the start information of OB1 and must not be modified. 
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Fig.13. The variable declaration table for OB1 

 

Designing of the Program for OB1. The blocks FB1(with different instance 

DBs) and FC1 are called many times in OB1. 

 
Fig.14. Diagram of the program 
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Fig.15. Program for OB1 
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