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Appendix A : Matlab
®
 program 

 

% Rene' Larsonneur - PhD "Design and control of active magnetic bearing 
% systems for high speed rotation" pp 11-31, pp146,147. 
  
% Radial, tangential and Von Mises stress in two shrink-fitted rings 
  
clear all; 
clc; 
format long e 
tic; 
  
% General Parameters ##################################################### 
Nsim    = 250; 
rpm_min = 0; 
rpm_max = 19000; 
FS      = 2; 
delta_T = 0; 
% General Parameters ##################################################### 
  
  
% Material Data ########################################################## 
% Shaft - AISI 4140 ##################### 
sigma_0_1   = 834e6;    % (N/m^2) Yeild strength 
rho1        = 7.85e3;   % (kg/m^3) 
E1          = 205e9;    % (N/m^2) 
v1          = 0.285;    % Poisson's ratio 
alpha1      = 12.6e-6;  % (m/m-C) Coef. of therm. expansion 
  
% Laminations - M270-35A Silicon steel  ####################### 
sigma_0_2   = 450e6;    % (N/m^2) Yeild strength 
rho2        = 7.65e3;   % (kg/m^3) 
E2          = 185e9;    % (N/m^2) 
v2          = 0.3;      % Poisson's ratio 
alpha2      = 12e-6;    % (m/m-c) Coef. of therm. expansion 
  
% Material Data ########################################################## 
  
  
% Material Geometry ###################################################### 
% Inner ring ############################################## 
ri1 = 0e-3; 
ro1 = 40e-3 + alpha1*delta_T*(40e-3); 
  
% Outer ring ############################################## 
ri2 = 40e-3 - 25e-6 + alpha2*delta_T*(40e-3); 
ro2 =61.5e-3+ alpha2*delta_T*(61.5e-3); 
% Material Geometry ###################################################### 
  
  
r               = linspace(ri1+50e-6,ro2,Nsim); 
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rpm             = linspace(rpm_min,rpm_max,Nsim); 
Ohmega          = rpm/60*2*pi; 
u               = zeros(Nsim,1); 
epsilon_r       = zeros(Nsim,1); 
epsilon_t       = zeros(Nsim,1); 
sigma_ref_max   = zeros(Nsim,1); 
  
  
A = [ 0                1                           0                   0; 
    E1*(1+v1)/(1-v1^2) -E1*(1-v1)/((1-v1^2)*ro1^2) -E2*(1+v2)/(1-v2^2) E2*(1-v2)/((1-
v2^2)*ri2^2); 
    ro1                1/ro1                       -ri2                -1/ri2; 
    0                  0                           (1+v2)              -(1-v2)/ro2^2]; 
  
x = zeros(4,1); 
A_inv = inv(A); 
  
for cntr1 = 1:Nsim % Speed loop 
     
    F = [ 0; 
        Ohmega(cntr1)^2/8*(rho1*(v1+3)*ro1^2 - rho2*(v2+3)*ri2^2); 
        Ohmega(cntr1)^2/8*(rho1*(1-v1^2)*ro1^3/E1 - rho2*(1-v2^2)*ri2^3/E2) - ro1 + 
ri2; 
        rho2*Ohmega(cntr1)^2*(1-v2^2)*(v2+3)*ro2^2/8/E2]; 
     
    x = A_inv*F; 
     
    for cntr2 = 1:Nsim % Radius loop 
        if r(cntr2) <= ro1 
            u(cntr2) = x(1)*r(cntr2) + x(2)/r(cntr2) - (1-
v1^2)/8/E1*rho1*r(cntr2)^3*Ohmega(cntr1)^2; 
            epsilon_r(cntr2) = x(1) - x(2)/r(cntr2)^2 - 3*(1-
v1^2)/8/E1*rho1*r(cntr2)^2*Ohmega(cntr1)^2; 
            epsilon_t(cntr2) = x(1) + x(2)/r(cntr2)^2 - (1-
v1^2)/8/E1*rho1*r(cntr2)^2*Ohmega(cntr1)^2; 
            sigma_r(cntr1,cntr2) = E1/(1-v1^2)*(epsilon_r(cntr2) + 
v1*epsilon_t(cntr2)); 
            sigma_t(cntr1,cntr2) = E1*epsilon_t(cntr2) + v1*sigma_r(cntr1,cntr2); 
        else 
            u(cntr2) = x(3)*r(cntr2) + x(4)/r(cntr2) - (1-
v2^2)/8/E2*rho1*r(cntr2)^3*Ohmega(cntr1)^2; 
            epsilon_r(cntr2) = x(3) - x(4)/r(cntr2)^2 - 3*(1-
v2^2)/8/E2*rho2*r(cntr2)^2*Ohmega(cntr1)^2; 
            epsilon_t(cntr2) = x(3) + x(4)/r(cntr2)^2 - (1-
v2^2)/8/E2*rho2*r(cntr2)^2*Ohmega(cntr1)^2; 
            sigma_r(cntr1,cntr2) = E2/(1-v2^2)*(epsilon_r(cntr2) + 
v2*epsilon_t(cntr2)); 
            sigma_t(cntr1,cntr2) = E2*epsilon_t(cntr2) + v2*sigma_r(cntr1,cntr2); 
        end 
         
         sigma_tresca(cntr1,cntr2) = max([abs(sigma_t(cntr1,cntr2)-
sigma_r(cntr1,cntr2)),abs(sigma_r(cntr1,cntr2)),abs(sigma_t(cntr1,cntr2))]); 
        sigma_von_mises(cntr1,cntr2) = sqrt(sigma_r(cntr1,cntr2)^2 - 
sigma_t(cntr1,cntr2)*sigma_r(cntr1,cntr2) + sigma_t(cntr1,cntr2)^2); 
    end 
       
end 
toc 
  
for k = 1:Nsim 
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    if r(k) <= ro1 
        sigma_0(k) = sigma_0_1/FS; 
    else 
        sigma_0(k) = sigma_0_2/FS; 
    end 
    sigma_0_a(k) = sigma_0_2/FS; 
end 
  
  
rpm_plot = Nsim;  
figure 
plot(r*1e3,sigma_r(rpm_plot,:)/1e6,'k') 
ylabel('\sigma_r (MPa)') 
xlabel('Radius r (mm)') 
grid on 
  
figure 
plot(r*1e3,sigma_t(rpm_plot,:)/1e6,'k') 
ylabel('\sigma_t (MPa)') 
xlabel('Radius r (mm)') 
grid on 
 
figure 
plot(r*1e3,sigma_von_mises(rpm_plot,:)/1e6,'k') 
hold on 
plot(r*1e3,sigma_0/1e6,'-.k','linewidth',2) 
legend('\sigma_v_o_n_m_i_s_e_s','\sigma_0') 
ylabel('\sigma_v_o_n_m_i_s_e_s (MPa)') 
xlabel('Radius r (mm)') 
grid on 
 

 





 

Appendix B : Data CD 
 

A digital copy of the dissertation, all the detail drawings, analytical calculation using Matlab and EES as 

well as material data and other relevant documents and files of interest are found on the data CD. 

 

 

 

 

 

 

 

 




