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ABSTRACT 

 

Graduation qualification work on the topic "Application of infrared sensors to 

determine the temperature of rotating parts of the hydroelectric power plant HPP." 

Objective: 

Development of a system for collecting data on the temperature of rotating 

parts of a hydroelectric unit using infrared temperature sensors. Constructing 

temperature charts of control objects and issuing recommendations on the data 

obtained. 

Main goals: 

Show that the thermal expansion of the bodies at the nodes of the hydroelectric 

unit leads to an increase in vibration. 

Analyze the features of temperature measurement by the methods used at HPP. 

Prove that using infrared sensors, it is possible to determine the temperature 

rise much faster than the sensors that are used now. 

Consider the use of infrared sensors to monitor the rotating parts of the unit 

(shaft surfaces in bearings, thrust plate, rotor unit and others). 

Create a system for collecting temperature data using infrared sensors, taking 

into account the rotation of the monitored surfaces. Construct temperature charts. 

Specify recommendations for identifying defects. 

Scientific novelty: 

The novelty lies in the fact that in this work the effect of heating in different 

parts of the hydroelectric unit on vibration is considered. To control temperature, 

infrared sensors are considered that are capable of collecting information faster than 

those used at HPPs. A system for data collection for sensors has been developed and 

described how to treat the obtained temperature data in the form of recommendations. 

Practical significance of the work: 

The results of the work can be used to create a new, improved system for 

diagnosing the operation of hydroelectric power stations of the hydroelectric power 

station. 

Personal contribution of the author: 

Programming the operation of a data acquisition system, an infrared 

temperature sensor. Indication of recommendations for defects. 

Testing of work: 

The results of the thesis were reported and discussed at the following 

conferences: 

1) IV All-Russian Scientific and Practical Conference of Young Scientists, 

Specialists, Graduate Students and Students "HYDROELECTRIC POWER 

STATIONS IN THE XXI CENTURY", Sayanogorsk r.p. Cheryomushki, April 13 - 

14, 2017. 

2) III (XVIII) All-Russia scientific and technical conference of students and 

graduate students "Young thought - development of energy", Bratsk, April 23 - 27, 

2018. 
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3) V All - Russian Scientific - Practical Conference of Young Scientists, 

Specialists, Graduate Students and Students "HYDROELECTRIC POWER 

STATIONS IN THE XXI CENTURY", Sayanogorsk. Cheryomushki, on April 26 - 

27, 2018. 

Publications: 

Based on the results of the work, 3 articles have been published. 

Structure and scope of the dissertation: 

The thesis consists of an introduction, a number of chapters, a conclusion and a 

list of literature from n titles. The material is presented on 66 pages, contains 38 

figures and 28 formulas. 

Key words: hydrounit, temperature, infrared sensor, bearing, thrust plate, 

friction bodies, defects, spot of scanning, sensor resolution. 
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clc; 
clear all; 
%   

T=[63.9, 65.3, 68.5, 68, 76.3, 76.6, 80.1, 75.6, 73.6, 66.4, 65.3, 60.6, 61.6, 
63.3, 62.2, 63.1 63.9]; 
x=[0, 1177.5, 2355, 3532.5, 4710, 5887.5, 7065, 8242.5, 9420 10597.5 11775, 
12952.5, 14130, 15307.5, 16485, 17662.5 18840]; 
plot(x,T,'o-');%   
xlabel('Д  , ');  
ylabel(' , °C');  
title('И  '); 
N=length(T);%    
n=10;%  " "      
k=(N-1)*n+1;%      
newX=zeros([1 k]); %   
newT=zeros([1 k]); %    
newX(1)=x(1);newT(1)=T(1); %    
for i=2:N %     
    %      T,x 
    ht=(T(i)-T(i-1))/n;  
    hx=(x(i)-x(i-1))/n; 
    for j=1:n %" "   
        ind=n*(i-2)+j+1;%       
        newT(ind)=newT(ind-1)+ht;%    T 
        newX(ind)=newX(ind-1)+hx;%   Х 
    end; 
end; 
figure;%    
plot(newX,newT,'o-');%   
xlabel('Д  , ');  
ylabel(' , °C');  
%    
q=5.67*10.^-8;% /( ^2K^4)  -  
k=length(newX); 
Em= zeros ([1 k]);%     
for i=1:k 
    Em(i)=q*(newT(i)+273.15)^4; 
end 
figure; 
plot(newX,Em,'o-'); 
xlabel('Д  , ');  
ylabel('Э  , /  ^2');  
%    
Xkv=zeros ([1 N-1]);%  Х   
Ekv=zeros ([1 N-1]);%   E 
Tkv=zeros ([1 N-1]);%   T 
for i=2:N %     
    sumE=0;%     
  for j=1:n+1 %     (9   +2  ) 
        ind2=n*(i-2)+j;%    " "  
        sumE=sumE+Em(ind2).^2; 
  end;   
  Ekv(i-1)=(sumE/(n+1)).^(0.5);%      
  Tkv(i-1)=(Ekv(i-1)/q).^(0.25)-273.15;%   T 
  Xkv(i-1)=(x(i)+x(i-1))/2;%       Х 
end; 
figure;%    
plot(Xkv,Ekv,'o-');%    E 
xlabel('Д  , ');  
ylabel('Э  , /  ^2'); 
figure;%    
plot(Xkv,Tkv,'o-');%  T 
xlabel('Д  , ');  
ylabel(' , °C');  
figure;%    
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plot(x,T,Xkv,Tkv,'o-');%   
T=[63.9, 65.3, 68.5, 68, 76.3, 76.6, 80.1, 75.6, 73.6, 66.4, 65.3, 60.6, 61.6, 
63.3, 62.2, 63.1 63.9]; 
x=[0, 1177.5, 2355, 3532.5, 4710, 5887.5, 7065, 8242.5, 9420 10597.5 11775, 
12952.5, 14130, 15307.5, 16485, 17662.5 18840]; 
plot(x,T,'o-');%   
xlim([x(1) x(end)]); 
title('И  '); 
P=length(T); 
n=10;%  " "      
k=P*n-11;%      
T2=zeros([1 k]);  
x2=zeros([1 k]);  
T2(1)=T(1);  
x2(1)=x(1); 
  
for i=2:P  
    %      T,x 
    dt=(T(i)-T(i-1))/n;  
    dx=(x(i)-x(i-1))/n; 
    for j=1:n  
        ind=n*(i-2)+j+1; 
        T2(ind)=T2(ind-1)+dt; 
        x2(ind)=x2(ind-1)+dx; 
    end; 
end; 
figure; 
plot(x2,T2,'o-'); 
xlim([x2(1) x2(end)]);  
q=5.67*10.^-8;% /( ^2K^4)  -  
k=length(x2); 
E2= zeros ([1 k]); 
E2(1)=E2(i); 
    for i=1:k 
      
        E2(i)=q*(T2(i)+273.15)^4; 
    end; 
figure; 
plot(x2,E2,'o-'); 
xlim([x2(1) x2(end)]);  
p2=5; 
n2=40; 
%    
%Xkv=zeros ([p2 n2]); 
%Ekv=zeros ([p2 n2]);%   E 
%Tkv=zeros ([p2 n2]); 
Xkv2=zeros ([1 p2]); 
Ekv2=zeros ([1 p2]);%   E 
Tkv2=zeros ([1 p2]); 
dx=(x(5)- x(1)); 
Xkv2(1)=0; 
for i=1:p2 %     i=1 
    sumE=0;  
  
  for j=1:n2  
        ind2=(n2-10)*(i-1)+j; % i=1 ind=j 
  
        sumE=sumE+E2(ind2).^2; 
  end; 
  
  Ekv2(i)=(sumE/(n2)).^(0.5);%      
  Tkv2(i)=(Ekv2(i)/q).^(0.25)-273.15;%   T 
if i<p2  
  Xkv2(i+1)=(Xkv2(i)+dx); 
end; 
end; 
figure; 
plot(Xkv2,Ekv2,'o-'); 
xlim([Xkv2(1) Xkv2(end)]);  
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figure; 
plot(Xkv2,Tkv2,'o-'); 
xlim([Xkv2(1) Xkv2(end)]);  
figure; 
plot(x,T,Xkv2,Tkv2,'o-'); 
xlim([Xkv2(1) Xkv2(end)]);  
a = min( Tkv(:) ); 
b= max ( Tkv(:) ); 
plot(x,T,Xkv,Tkv,Xkv2,Tkv2,'o-');  
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%   
T=[63.9, 65.3, 68.5, 68, 76.3, 76.6, 80.1, 75.6, 73.6, 66.4, 65.3, 60.6, 61.6, 
63.3, 62.2, 63.1 63.9]; 
x=[0, 1177.5, 2355, 3532.5, 4710, 5887.5, 7065, 8242.5, 9420 10597.5 11775, 
12952.5, 14130, 15307.5, 16485, 17662.5 18840]; 
plot(x,T,'o-');%   
title('И  '); 
P=length(T); 
n=10;%  " "      
k1=P*n-10;%      
T2=zeros([1 k1]);  
x2=zeros([1 k1]);  
T2(1)=T(1);  
x2(1)=x(1); 
for i=2:P  
    %      T,x 
dt=(T(i)-T(i-1))/n; 
dx=(x(i)-x(i-1))/n; 
for j=1:n 
ind=n*(i-2)+j+1; 
T2(ind)=T2(ind-1)+dt; 
x2(ind)=x2(ind-1)+dx; 
end; 
end; 
figure; 
plot(x2,T2,'o-'); 
q=5.67*10.^-8;% /( ^2K^4)  -  
k=160;%length(x2); 
E2= zeros ([1 k]); 
x22= zeros ([1 k]); 
for i=1:k 
        E2(i)=q*(T2(i)+273.15)^4; 
        x22(i)=x2(i); 
end 
figure; 
plot(x22,E2,'o-'); 
p2=5; 
n2=40; 
Xkv=zeros ([1 p2]); 
Ekv=zeros ([1 p2]);%   E 
Tkv=zeros ([1 p2]); 
Mass_Ekv =zeros ([p2 n2, p2 n2,n2]); % X, Ekv,    
Mass_Tkv =zeros ([p2 n2, p2 n2,n2]); % X, Tkv,    
dx=(x(5)-x(1));%         40  
for k=1:n2 %      0  40 
  
for i=1:p2 %     i=1 
     
  sumE=0;  
  if i<6    
for j=1:n2 
 
ind2=(n2)*(i-1)+j+k; % i=1 ind=j 
if ind2>160 
sumE=sumE+E2(ind2-160).^2; 
end; 
 
if ind2<=160 
 
sumE=sumE+E2(ind2).^2; 
end; 
end; 
end; 
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Ekv(i,k)=(sumE/(n2)).^(0.5);%       
Tkv(i)=(Ekv(i,k)/q).^(0.25)-273.15;%   T 
if i<p2  
Xkv(i+1)=(Xkv(i)+dx); 
end 
end; 
end; 
z=[]; 
for i=1:p2; 
    for j=1:n2; 
z(i,j)=(Ekv(i,k));     
    end 
end 
figure; 
surf(Ekv); 
figure; 
plot(Xkv,Tkv,'o-'); 
Y1=max(T); 
Y2=min(T); 
grad1=Y1-Y2; 
Y11=max(Tkv); 
Y22=min(Tkv); 
grad11=Y11-Y22; 
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