[image: image1.jpg]


Appendix B. Fuel consumption programs


Appendix B.  Fuel consumption programs

B.1. Europeancycleprogram

% europeancycleprogram

% Reviewed 1-8-01

% Written by Luis Enrique Arimany Españaque

clear

%clf

% Car parameters

car_mass=800;

cd=0.25;

car_area=1.9;

fo=0.013;

fr=0;

num_cylinders=3;

n_roll=2.5;

gear_efficiency=0.95;

rolling_radius=0.27875;

gasoline_density=0.78;

air_density=1.225;

% Inicialization

total_consumption=0;

errors_counter_severe=0;

errors_counter_warning=0;

% Loading of external data

% ECE cycle

load c:\cranfield\thesis\matlab\matlab\final\ece_cycle_kmh.txt; 

% EUDC cycle

load c:\cranfield\thesis\matlab\matlab\final\eudc_kmh.txt;

% Matrix with gear ratios

load c:\cranfield\thesis\matlab\matlab\final\gear_ratios.txt;

% n=colums of a matrix

% m=rows of a matrix

% Matrix do not have information of what are the m or n values

% Just they have the given value of an m,n point

% In maps m is engine speed and n flow coefficient

% The rpm at which are calculated the maps is in rpm_map

% Matrix with torque map. m=engine speed, n=flow coefficient

load c:\cranfield\thesis\matlab\matlab\final\torque_map.txt ;

% Matrix with bsfc map. m=engine speed, n=flow coefficient

load c:\cranfield\thesis\matlab\matlab\final\bsfc_map.txt; 

% Matrix with bmep map. m=engine speed, n=flow coefficient

load c:\cranfield\thesis\matlab\matlab\final\bmep_map.txt ;

% Matrix with rpm map. m=engine speeds at which the other maps 

% where generated

load c:\cranfield\thesis\matlab\matlab\final\rpm_map.txt ;

% For idle condition. Injected fuel for zero load condition

load c:\cranfield\thesis\matlab\matlab\final\non_load_map.txt ;

% Generation the rotating mass factor for each gear

% Note that the the number of gears is determined by size of 

% the external matrix gear_ratios, if changed, nothing needed to

% be changed in the program, the same for the rest of the external matrix

[n_gears,temp]=size(gear_ratios);

rot_coef=zeros(n_gears,1);

for i=1:n_gears

   rot_coef(i,1)=1.04+0.0025*gear_ratios(i,1)^2;   

end %for

%..............Check of correct input matrix dimensions.......................

[n_r_torque,n_c_torque]=size(torque_map);

[n_r_bsfc,n_c_bsfc]=size(bsfc_map);

[n_r_bmep,n_c_bmep]=size(bmep_map);

[n_r_rpm,n_c_rpm]=size(rpm_map);

if (n_r_torque~=n_r_bsfc)|(n_r_torque~=n_r_bmep)|(n_r_bsfc~=n_r_bmep)...

      |(n_r_torque~=n_r_rpm)

   errors_counter_severe=errors_counter_severe+1;

   temp_string='mismatch in rows of input matrix';

   my_errors_severe{errors_counter_severe,1}=temp_string;

   my_errors_severe{errors_counter_severe,2}=NaN;

   HANDLE = WARNDLG(temp_string,'severe errot');

end %if

if (n_c_torque~=n_c_bsfc)|(n_c_torque~=n_c_bmep)|(n_c_bsfc~=n_c_bmep)

   errors_counter_severe=errors_counter_severe+1;

   temp_string='mismatch in coloms of input matrix';

   my_errors_severe{errors_counter_severe,1}=temp_string;

   my_errors_severe{errors_counter_severe,2}=NaN;

   HANDLE=WARNDLG(temp_string,'severe errot');   

end %if

% Generation of load values

[max_bmep,r_max]=max(bmep_map);

[max_max_bmep,r_max_max]=max(max_bmep);

%if the max bmep is not produced at WOT stores a message in my_errors

if r_max_max~=1


errors_counter_warning=errors_counter_warning+1;

   my_errors_warning(errors_counter_warning,1)='the maximum imep is not produced at wot';

end %if

load_matrix=max_bmep/max_max_bmep;

% ................Processing of the bsfc map..................................

% The bsfc_map is processed in order to not allow negative bsfc or infinity.

% Negative condition will imply the engine is motored

% Infinity bsfc implies that there is not power output: load=0 

bsfc_map_program=bsfc_map;

for i=1:n_r_bsfc

    for j=1:n_c_bsfc

       if (bsfc_map_program(i,j)>3333) | (bsfc_map_program(i,j)<0) 

          % For not using this condition 

            bsfc_map_program(i,j)=3333;          

        end %if

    end %for j

 end %for i

% ...............Plot of the torque and bsfc maps.............................

figure(1)

clf

temp1=rpm_map';

temp2=load_matrix';

surf(temp2,temp1,torque_map)

xlabel('load'),ylabel('rpm'),zlabel('torque')

title('Torque map')

%pause

figure(2)

clf

temp1=rpm_map';

temp2=load_matrix';

surf(temp2,temp1,bsfc_map_program)

view(143,30)

xlabel('load'),ylabel('rpm'),zlabel('bsfc')

title('bsfc map')

%pause

% ...................Subprograms calculation...............................

% Calculation of the ECE cycle

ecesubprogram_final; 

% Calculation of the EUDC cycle

eudcsubprogram_final;

total_consumption=4*ece_total_consumption+eudc_total_consumption;

combined_consumption=total_consumption*100/(4*1.013+6.955)/gasoline_density;

%................... Display of severe errors............................

if errors_counter_severe==0

   disp('the program did not find any severe error')

   disp(' ')

else   

   for i=1:errors_counter_severe

      disp('the program found the followith severe errors')

      disp(my_errors_severe{i,1})

      disp(my_errors_severe{i,2})


end %for

end%if  

%.................... Display the final result..............................

disp(' ')

disp('the combined cycle fuel consuption is (l/100km)')

disp(combined_consumption)

B.2 Ecesubprogram

% ecesubprogram

% Reviewed 1-8-01

% Written by Luis Enrique Arimany Españaque

ece_total_consumption=0;

consumption_calc=zeros(n_gears,1);

%............. Inicialization of arrays ....................................

gear_logic=-1*ones(195,n_gears+2);

% Gear logic will store which gears can be used

% Value of n_gears+1 implies decesleration condition

% Value of n_gears+2 implies idle condition

torque=zeros(n_gears,1);

force=zeros(n_gears,1);

power=zeros(n_gears,1);

bsfc=ones(n_gears,1)*3333; 

engine_speed=zeros(n_gears,1);

% ....... Calculation fuel consumption of points between 12-187 seconds.........

for i=12:187

   bsfc=ones(n_gears+2,1)*3333; 

   velocity=ece_cycle_kmh(i,2)*1000/3600; 

   %Calculation of the maximum aceeleration at each point

   acceleration=max((ece_cycle_kmh(i+1,2)-ece_cycle_kmh(i,2))*1000/3600/1,...

      (ece_cycle_kmh(i,2)-ece_cycle_kmh(i-1,2))*1000/3600/1);

   for j=1:n_gears

      engine_speed(j,1)=gear_ratios(j,1)*velocity*60/(2*3.14*rolling_radius);  

      force(j,1)=1/2*cd*air_density*car_area*velocity^2+car_mass*9.8*...

         (fo+fr*velocity^n_roll)+rot_coef(j)*car_mass*acceleration;

      %divided by num_cylinders to pass to one cylinder map 

      torque(j,1)=(force(j)*rolling_radius/(gear_efficiency*gear_ratios(j,1)))/...

         num_cylinders;

      power(j,1)=torque(j,1)*engine_speed(j,1)*2*3.14/60;

      %.......Finding the bsfc for each point and gear .................

      % 1. Acceleration condition and steady state

    if power(j,1)>=0 

      
    if (engine_speed(j,1)>1000) & (engine_speed(j,1)<rpm_map(n_r_rpm))

                counter=0;

                % Calculation of the torque vs load curve at engine_speed  

   



for k=1:-0.05:0.1

           
   
    counter=counter+1;    
  
   

            
                     temp1=rpm_map';

               
    temp2=load_matrix';

                    interp_result(counter,1)=interp2(temp2,temp1,torque_map,k,...

                    engine_speed(j,1));

                 interp_result(counter,2)=k;

               %careful with x, y and m, n Not specify at follows  






%interp_result(counter)=interp2(rpm_map,load_matrix,torque_map,...

               %engine_speed(j,1),k); 

            
end %for

            
max_interp_result=max(interp_result(:,1));

                min_interp_result=min(interp_result(:,1)); 

               %1.1 Acceleration condition

            
if (torque(j,1)<max_interp_result) & (torque(j,1)>min_interp_result)            
    

               
    gear_logic(i,j)=1;

                    [deviation_torquepoint,load_torquepoint_index]=min(abs...

                     (interp_result(:,1)-torque(j,1)));           

               
    temp1=rpm_map';

              

temp2=load_matrix';

                    bsfc(j,1)=interp2(temp2,temp1,bsfc_map_program,interp_result(...

                       load_torquepoint_index,2),engine_speed(j,1));

                 else

                    % In case that the load required can not be achieved at that engine speed, 

                    % it generates a warning error. This will not imply any problem if it is 

                    % posible to achive it at other gear                    

                    errors_counter_warning=errors_counter_warning+1;

                    temp_string='not torque found for that engine speed, in the following point';

                    my_errors_warning{errors_counter_warning,1}=temp_string;

                    my_errors_warning{errors_counter_warning,2}=i;

                 end %if

                 %1.2 Idle condition

              elseif (0<=engine_speed(j,1))&(engine_speed(j,1)<1000)&(j==1)

               gear_logic(i,n_gears+2)=1;

               % if   engine_speed(j,1)>7000 not acction needed. 

            end %if engine speed  

            %2. Deceleration condition

         else %if power(j,1)<0

            gear_logic(i,n_gears+1)=1;

         end%if power

   end %for j

   %......Selection of the gear and calculation of fuel consumption.....................

   %Checking if it is posible to perform that point at any gear. If not, 

   %it will produce a severe error that will be display at the end of the program. 

   %This error affects the solution.

   [gears_index]=find(gear_logic(i,:)>=0);   

   if isempty(gears_index)

      errors_counter_severe=errors_counter_severe+1;

      temp_string='It was not posible to find bsfc for the following point';

      my_errors{errors_counter_severe,1}=temp_string;

      my_errors{errors_counter_severe,2}=i;           

   end %if

   % Idle condition

   if gear_logic(i,n_gears+2)==1

      gear_strategie(i)=n_gears+2;

      % Note that the idle speed will be the value of rpm_map(1,1) (in my case 1000)

      % non_load_map contains the fuel injected per cycle in non load condition

      % For 800 rpm use instead rpm_map(1,1) 800 and in stead non_load_map(1,1)

      % 4.32 *10^-6

      % For engine deactivation put consumption(i,1)=0;

      consumption(i,1)=3*non_load_map(1,1)*1/60*rpm_map(1,1); %3*there are 3 cylinders

   % Deceleration condition   

   elseif gear_logic(i,n_gears+1)==1

      gear_strategie(i)=n_gears+1;

      consumption(i,1)=0;

   else

   % Gear condition   

      for k=1:n_gears

      %[point_bsfc(i),gear_strategie(i)]=min(bsfc(:,1));

      %consumption(i,1)=3*point_bsfc(i)*torque(gear_strategie(i),1)*...

      %      engine_speed(gear_strategie(i),1)*2*3.14/60*1/3600*1*1/1000*1/1000; %kg

      % 3* because the calculations are done per cylinder

      % As the power required is not the same for each gear it should be done in the following way.

      % Please note that in this case the same results are obtained, but if many changes in 

      % sort time are performed, this second alternative may avoid the problem, if not

      % the program should be redisign a little and then the user can deffine the gear

      % logic he/she wants

       consumption_calc(k,1)=3*bsfc(k,1)*torque(k,1)*...

          engine_speed(k,1)*2*3.14/60*1/3600*1*1/1000*1/1000;

      [consumption(i,1),gear_strategie(i)]=min(consumption_calc(:,1));

      end%for

   end %if

   ece_total_consumption=ece_total_consumption+consumption(i,1);

end %for points

% Calculation of the first points and last points of the ECE cycle

for i=1:11

   gear_strategie(i)=n_gears+2;

   % For idle 800 rpm use instead rpm_map(1,1) 800 and in stead non_load_map(1,1)

   % 4.32 *10^-6

   % For engine deactivation put consumption(i,1)=0;

   consumption(i,1)=3*non_load_map(1,1)*1/60*rpm_map(1,1); %3 there are 3 cylinders

   ece_total_consumption=ece_total_consumption+consumption(i,1);

end %for

for i=188:195

   gear_strategie(i)=n_gears+2;

   % For idle 800 rpm use instead rpm_map(1,1) 800 and in stead non_load_map(1,1)

   % 4.32 *10^-6

   % For engine deactivation put consumption(i,1)=0;

   consumption(i,1)=3*non_load_map(1,1)*1/60*rpm_map(1,1); %3* there are 3 cylinders

   ece_total_consumption=ece_total_consumption+consumption(i,1);

end %for

% Display the final result

ece_consumption=ece_total_consumption*100/1.013*1/gasoline_density;

disp('the ECE cycle fuel consuption is (l/100km)')

disp(ece_consumption)

B.3 Eudcsubprogram

% eudcsubprogram

% Reviewed 1-8-01

% Written by Luis Enrique Arimany Españaque

eudc_total_consumption=0;

consumption_calc=zeros(n_gears,1);

%............. Inicialization of arrays ....................................

gear_logic=-1*ones(400,n_gears+2);

% Gear logic will store which gears can be used

% Value of n_gears+1 implies decesleration condition

% Value of n_gears+2 implies idle condition

torque=zeros(n_gears,1);

force=zeros(n_gears,1);

power=zeros(n_gears,1);

bsfc=ones(n_gears,1)*3333; 

engine_speed=zeros(n_gears,1);

% ...Calculations of fuel consumption of points between 12-187 seconds......

for i=21:379

   bsfc=ones(n_gears+2,1)*3333; 

   velocity=eudc_kmh(i,2)*1000/3600; 

   %Calculation of the maximum aceeleration at each point

   acceleration=max((eudc_kmh(i+1,2)-eudc_kmh(i,2))*1000/3600/1,...

      (eudc_kmh(i,2)-eudc_kmh(i-1,2))*1000/3600/1);

   for j=1:n_gears

      engine_speed(j,1)=gear_ratios(j,1)*velocity*60/(2*3.14*rolling_radius);  

      force(j,1)=1/2*cd*air_density*car_area*velocity^2+car_mass*9.8*...

         (fo+fr*velocity^n_roll)+rot_coef(j)*car_mass*acceleration;

      %divided by num_cylinders to pass to one cylinder map 

      torque(j,1)=(force(j)*rolling_radius/(gear_efficiency*gear_ratios(j,1)))/...

         num_cylinders;

      power(j,1)=torque(j,1)*engine_speed(j,1)*2*3.14/60;

      %.......Finding the bsfc for each point and gear .................

      %1. Acceleration condition and steady state

    if power(j,1)>=0 

 %hacerlo con los valores del rpm matrix        

      
    if (engine_speed(j,1)>1000) & (engine_speed(j,1)<rpm_map(n_r_rpm))

                counter=0;

                % Calculation of the torque vs load curve at engine_speed  

   



for k=1:-0.05:0.1

           
   
    counter=counter+1;    
  
   

            
                     temp1=rpm_map';

               
    temp2=load_matrix';

                    interp_result(counter,1)=interp2(temp2,temp1,torque_map,k,...

                    engine_speed(j,1));

                 interp_result(counter,2)=k;

               %careful with x,y graph notation and m,n matrix notation.

               %Not specify at follows : 




   %interp_result(counter)=interp2(rpm_map,load_matrix,torque_map,...

               %engine_speed(j,1),k); 

            
end %for

            
max_interp_result=max(interp_result(:,1));

               min_interp_result=min(interp_result(:,1)); 

               %1.1 Acceleration condition

            
if (torque(j,1)<max_interp_result) & (torque(j,1)>min_interp_result)            
    

               
    gear_logic(i,j)=1;

                    [deviation_torquepoint,load_torquepoint_index]=min(abs...

                     (interp_result(:,1)-torque(j,1)));           

               
    temp1=rpm_map';

              

temp2=load_matrix';

                    bsfc(j,1)=interp2(temp2,temp1,bsfc_map_program,interp_result(...

                       load_torquepoint_index,2),engine_speed(j,1));

                 else

                    % In case that the load required can not be achieved at that engine speed, 

                    % it generates a warning error. This will not imply any problem if it is 

                    % posible to achive it at other gear                    

                    errors_counter_warning=errors_counter_warning+1;

                    temp_string='not torque found for that engine speed, in the following point';

                    my_errors_warning{errors_counter_warning,1}=temp_string;

                    my_errors_warning{errors_counter_warning,2}=i;

                 end %if

                 %1.2 Idle condition

              elseif (0<=engine_speed(j,1))&(engine_speed(j,1)<1000)&(j==1)

               gear_logic(i,n_gears+2)=1;

               % if   engine_speed(j,1)>7000 not acction needed. 

            end %if engine speed  

            %2. Deceleration condition

         else %if power(j,1)<0

            gear_logic(i,n_gears+1)=1;

         end%if power

   end %for j

   %Selection of the gear .......................................................

   %Check if it is posible to perform each point at any gear. If not,it will produce a

   %severe error that will be display at the end of the program. 

   %This error affects the solution.

   [gears_index]=find(gear_logic(i,:)>=0);   

   if isempty(gears_index)

      errors_counter_severe=errors_counter_severe+1;

      temp_string='It was not posible to find bsfc for the following point';

      my_errors{errors_counter_severe,1}=temp_string;

      my_errors{errors_counter_severe,2}=i;           

   end %if

   % Idle condition

   if gear_logic(i,n_gears+2)==1

      % Note that the idle speed will be the value of rpm_map(1,1) (in my case 1000)

      % non_load_map contains the fuel injected per cycle in non load condition

      % For 800 rpm use instead rpm_map(1,1) 800 and in stead non_load_map(1,1)

      % 4.32 *10^-6

      % For engine deactivation put consumption(i,1)=0;

      gear_strategie(i)=n_gears+2;

      consumption(i,1)=3*non_load_map(1,1)*1/60*rpm_map(1,1); 

   % Deceleration condition   

   elseif gear_logic(i,n_gears+1)==1

      gear_strategie(i)=n_gears+1;

      consumption(i,1)=0;

   else

   % Gear condition 

      for k=1:n_gears

      consumption_calc(k,1)=3*bsfc(k,1)*torque(k,1)*...

          engine_speed(k,1)*2*3.14/60*1/3600*1*1/1000*1/1000;

      % 3* because the calculations are done per cylinder

      [consumption(i,1),gear_strategie(i)]=min(consumption_calc(:,1));

      % It is done is this way because power required at each gear is not the same due 

      %to the rotating mass factor. If it were equal in each gear, it can be done as follows.

      %[point_bsfc(i),gear_strategie(i)]=min(bsfc(:,1));

      %consumption(i,1)=3*point_bsfc(i)*torque(gear_strategie(i),1)*...

      %      engine_speed(gear_strategie(i),1)*2*3.14/60*1/3600*1*1/1000*1/1000; %kg

      % Please note that in this case the same results are obtained, but if many changes in 

      % sort time are performed, this second alternative may avoid the problem, if not

      % the program should be redisign a little and then the user can deffine the gear

      % logic he/she wants

     end %for  

   end %if

   eudc_total_consumption=eudc_total_consumption+consumption(i,1);

end %for points

% Calculation of the first points and last points of the EUDC cycle

for i=1:21

   gear_strategie(i)=n_gears+2;

   % For idle 800 rpm use instead rpm_map(1,1) 800 and in stead non_load_map(1,1)

   % 4.32 *10^-6

   % For engine deactivation put consumption(i,1)=0;

   consumption(i,1)=3*non_load_map(1,1)*1/60*rpm_map(1,1); 

   eudc_total_consumption=eudc_total_consumption+consumption(i,1);

end %for

for i=380:400

   gear_strategie(i)=n_gears+2;

   % For idle 800 rpm use instead rpm_map(1,1) 800 and in stead non_load_map(1,1)

   % 4.32 *10^-6

   % For engine deactivation put consumption(i,1)=0;

   consumption(i,1)=3*non_load_map(1,1)*1/60*rpm_map(1,1); 

   eudc_total_consumption=eudc_total_consumption+consumption(i,1);

end %for

% Display EUDC results

eudc_consumption=eudc_total_consumption*100/6.955*1/gasoline_density;

disp('the EUDC cycle fuel consuption is (l/100km)')

disp(eudc_consumption)
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