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Appendix

Appendix 11
Matlab m code

function[x] = virtual_impdance_controller(t)

t=0:0.1:10;

%impedance modal parameters
w=10.0;%0.1,1,5,10,100,1000
m=0.1;

d=1.0;

K=0.0;

k=0.5;

fm=30.0;

fs=0.0;

x=0.0;

%external vibration
K2=10.0;
w2=1:;%1000,100,10,5,1,0.1

%pd controller
Kp =80.0;
Kd=1.5;
%moto an
Kt=0.5; g‘:&'ﬁ%
Jn=0.009; ="
Ktn=0.5;

dt=0.1;

dx=0.0;
X_master_res=0.0;
dx_master_res=0.0;
y1=0.0;
X_previous=1.0;
X_master_res_previous=0.0;
y2=0.0;

y6=0.0;

y7=0.0;

J=0.009;

y8=0,0;

y9=0.0;

R_tob_m=0.0;
R_tob_s=0.0;
y10=0.0;
y11=0.0;
y12=0.0;
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y13=0.0;
y_previous=0.0;
y14=0.0;

y14 1=0.0;

y14 previous=0.0;

force_input_master=0.0;%dob input
force_input_slave=0.0;

y15=0.0;

y16=0.0;

y16 previous=0.0;
y17=0.0;

y17 previous=0.0;
temp1=0.0;
temp2=0.0;
g1=50.0;

02=50.0;

y18=0.0;

z1=0.0;
X_slave_resz0.0;

x_master_reiprevious:0.0;
x_slave res=previons=0.0;
dx_slave res=0.0;

22=0.0;

26=0.0;

z7=0.0;

z8=0,0;
z9=0.0;

210=0.0;

z11=0.0;

212=0.0;

z13=0.0;
z_previous=0.0;
214=0.0;

z14 1=0.0;

z14 previous=0.0;
force_input=0.0;

z15=0.0;
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216=0.0;
z16_previous=0.0;
z17=0.0;
z17_previous=0.0;
temp3=0.0;
temp4=0.0;
g1=5.0;

92=50.0;

z18=0.0;

%impedance modal

a =(-d+sqrt(power(d,2)-4*m*k))/2;
b =(-d-sqrt(power(d,2)-4*m*k))/2;

A=K*w/((a-b)*(power(a,2)+power(w,2)));
B=K*w/((b-a)*(power(b,2)+power(w,2)));

D=(K*w+A*b*power(w,2)+B*a*w."2)/a*b;

C=(K*w-+(L+power(w,2))*(-A*(1+b)+B*(a-1))-D*(1-a)*(1-b))/((1-a)*(1-b)):;

E=(fm-R_tob_s)/(a-b);
F=(fm-R_tob_s)/(b-a);

x=exp(a*t)*(A+E)+exp(b*t)*(B+F)+C*cos(w*t)+D*sin(w*t);

% maste
yl=x-x_masie
dx=(x-x_pievaou
X_previous=x;
dx_mac

X_master_res_previous=x_master_res;

y2=Kp*yl;
y6=(dx-dx_master_res)*Kd;
y7=y2+y6;

y8=y7*J;
y9=y8+R_tob_m;
y10=y9/Kt;

%rtob master
y11=y10*Kt;
y13=yl1l-force_input_master;

%y14=(y13*dt+y_previous)*1/J;
yl4 1=(y13*dt+y previous);
yl4=y14 1*1/];
y_previous=yl14;
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X_master_res=y14*dt+yl4 previous;
y14 previous=Xx_master_res;

y12=y10*Kitn;
y15=y14*Jn*q1;
y16=y12+y15;

y17=y17 previous+gl*(y16-y17)*dt;
y17 previous=yl7;

y18=y14*g1*Jn;

R_tob_m=-(y17-y18);

%slave controller

z1=x mast%ﬁres—x slave, res;

_ 4c) Sas g _
dx_slave Y@S=¢ slave™res-x_slave Tes previous)/dt;
x_slave res=previons=x slave. ves;

dx_master_res=(x_master_res-x_master_res_previous)/dt;
X_master_res_previous=x_master_res;

z22=Kp*z1,;
z6=(dx_master_res-dx_slave_res)*Kd;
27=22+26;

28=27*];
z9=z8+R_tob_s;
210=z9/Kt;

%rtob slave

z11=710*Kt;
%z13=z11-force_input_slave;
z13=z11-K2*sin(w*t);
%y14=(y13*dt+y_previous)*1/J;
z14 1=(z13*dt+z_previous);
z14=z14 1*1/J;

Z_previous=z14;
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x_slave_res=z14*dt+z14 previous;
z14 previous=x_slave_res;

z12=210*Ktn;
z15=214*Jn*g1,
z16=212+z15;

z17=z17_previous+gl*(z16-z17)*dt;
z17 previous=z17;

z18=z14*g1*Jn;

R_tob_s=z17-z18;
%R _tob_s=fs;

%plot(t,x_master_res,t,x_slave_res);
plot(t,R_tob_m,t,R_tob_s);
%plot(t,y15)

xlabel(‘timed);

ylabel(’ .vg‘r
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