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Anexo 1: Programa del comando drivebot

function drivebot (a,b)
bgcol = [135 206 250]/255;

if isstr(a)
% drivebot (name, j), graphical callback function
name = a; j = b;
rh = findobj ('Tag', name);
handles = get(gco, 'Userdata');
scale = handles{3};

for r=rh',

rr = get(r, 'UserData');
q = rr.q;
if isempty(q),

q = zeros(l,rr.n);
end

if gco == handles{1l},
% get value from slider

q(j) = get(gco, 'Value') / scale(j);
set (handles{2}, 'String', num2str(scale(j)*g(j))):
else
% get value from text box
g(j) = str2num(get(gco, 'String')) / scale(j);
set (handles{1l}, 'Value', g(3)):
end
rr.q = qg;
set (r, 'UserData', rr);
end
plot(rr, qg)

t6 = fkine(rr, q);
h3 = get(findobj ('Tag', 'T6'), 'UserData');
for i=1:3,

set (h3(i,1), 'String', sprintf ('

o

S3f', te(i,4)));
St ' 4 ;

set (h3(i,2), 'String', sprintf('%. ', te(i,3)));
end
else
% drivebot(r, q)
r = a;
scale = ones(r.n,1l);
n =r.n;

width = 300;
height = 40;
minVal -pi;
maxVal = pi;

glim = r.glim;
if isempty(glim),

glim = [minVal*ones(r.n,l) maxVal*ones(r.n,1l)];
end

if nargin < 2,

g = zeros(l,n);
else

if isstr(b),
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if strncmp (b, 'deg', 3),
disp('** in degree mode')
L = r.link;
for i=l:r.n,

if L{i}.sigma == 0,
scale (i) = 180/pi;
end
end
end
else
q = b;
end
end
t6 = fkine(r, q);
fig = figure('Units', 'pixels',

'"Position', [0 -height width height* (n+2)],
'Color', bgcol);

set (fig, '"MenuBar', 'none')

delete( get(fig, 'Children') )

% first we check to see if there are any graphical robots of
% this name, if so we use them, otherwise create a robot plot.

rh = findobj ('Tag', r.name);

% attempt to get current joint config of graphical robot
if ~isempty(rh),
rr = get(rh(l), 'UserData'):;
if ~isempty(rr.q),
q = rr.qg;
end
end

% now make the sliders
for i=1:n,
uicontrol (fig, 'Style', 'text',
'Units', 'pixels',
'BackgroundColor', bgcol,
'"Position', [0 height* (n-i) width*0.1 height*0.4],
'String', sprintf('g%sd', 1i));

h(i) = uicontrol (fig, 'Style', 'slider',

'Units', 'pixels',

'"Position', [width*0.1 height* (n-i) width*0.7
height*0.4],

'Min', scale(i)*glim(i,1),

'Max', scale(i)*glim(i,2),

'Value', scale(i)*g(i),

'Tag', sprintf('Slidersd', 1),

'Callback', ['drivebot(''' r.name ''',' num2str(i) ')']l);

h2 (i) = uicontrol(fig, 'Style', 'edit',
'Units', 'pixels',
'Position', [width*0.8 height* (n-1i) width*0.2
height*0.4],
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'String', num2str(scale(i)*qg(i)),
'Tag', sprintf('Edit%d', i),
'Callback', ['drivebot (''' r.name ''',' num2str(i) ')']);

% hang handles off the slider and edit objects
handles = {h(i) h2(i) scale};
set (h(i), 'Userdata', handles);
set (h2 (i), 'Userdata', handles);
end

uicontrol (fig, 'Style', 'text',
'Units', 'pixels',
'FontSize', 20,
'"HorizontalAlignment', 'left',
'"Position', [0 height* (n+l1l) 0.8*width height],
'BackgroundColor', 'white',
'String', r.name);
% X
uicontrol (fig, 'Style', 'text',
'Units', 'pixels',
'BackgroundColor', bgcol,
'"Position', [0 height* (n+0.5) 0.06*width height/2],
'BackgroundColor', 'yellow',
'FontSize', 10,
'HorizontalAlignment', 'left',
'String', 'x:');

h3(1,1) = uicontrol(fig, 'Style', 'edit',
'Units', 'pixels',
'"Position', [0.06*width height* (n+0.5) width*0.2 height/2],

'String', sprintf('%.3f', t6(1,4)),
'Tag', 'T6');

%Y
uicontrol (fig, 'Style', 'text',
'Units', 'pixels',
'BackgroundColor', bgcol,
'"Position', [0.26*width height* (n+0.5) 0.06*width height/2],

'BackgroundColor', 'yellow',
'FontSize', 10,
'HorizontalAlignment', 'left',
'String', 'y:');

h3(2,1) = uicontrol(fig, 'Style', 'edit',
'Units', 'pixels', .
"Position', [0.32*width height* (n+0.5) width*0.2 height/2],

'String', sprintf('%.3f', t6(2,4)));

% 7

uicontrol (fig, 'Style', 'text',
'Units', 'pixels',
'BackgroundColor', bgcol,
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'"Position', [0.52*width height* (n+0.5) 0.06*width height/2],

'BackgroundColor', 'yellow',
'FontSize', 10,
'"HorizontalAlignment', 'left',
'String', 'z:');

h3(3,1) = uicontrol(fig, 'Style', 'edit',
'Units', 'pixels',
'"Position', [0.58*width height* (n+0.5) width*0.2 height/2],

'String', sprintf('%.3f', t6(3,4)));

% AX
uicontrol (fig, 'Style', 'text',
'Units', 'pixels',
'BackgroundColor', bgcol,
'"Position', [0 height*(n) 0.06*width height/2],
'BackgroundColor', 'yellow',
'FontSize', 10,
'HorizontalAlignment', 'left',
'String', 'ax:');

h3(1,2) = uicontrol (fig, 'Style', 'edit',
'Units', 'pixels',
"Position', [0.06*width height* (n) width*0.2 height/2],
'String', sprintf('$.3f', t6(1,3)));

% AY
uicontrol (fig, 'Style', 'text',

'Units', 'pixels',

'BackgroundColor', bgcol,

'"Position', [0.26*width height*(n) 0.06*width height/2],

'BackgroundColor', 'yellow',

'FontSize', 10,

'HorizontalAlignment', 'left',

'String', 'ay:'):;

h3(2,2) = uicontrol (fig, 'Style', 'edit',
'Units', 'pixels', .
'Position', [0.32*width height* (n) width*0.2 height/2],
'String', sprintf('$.3f', t6(2,3)));

% AZ
uicontrol (fig, 'Style', 'text',
'Units', 'pixels',
'BackgroundColor', bgcol,
'"Position', [0.52*width height*(n) 0.06*width height/2],
'BackgroundColor', 'yellow',
'FontSize', 10,
'HorizontalAlignment', 'left',
'String', 'az:');

h3(3,2) = uicontrol(fig, 'Style', 'edit',
'Units', 'pixels',
'"Position', [0.58*width height* (n) width*0.2 height/2],

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




\\\‘ENEM,

¥ PONTIFICIA

&
TESIS PUCP = %s gx_lr\éel_r:g?/\o
DEL PERU

'String', sprintf('%.3f', t6(3,3)));

set (h3(1,1), 'Userdata', h3);
uicontrol (fig, 'Style', 'pushbutton',
'Units', 'pixels',
'FontSize', 16,
'"Position', [0.8*width height*n 0.2*width 2*height],
'CallBack', 'delete(gctft)',
'BackgroundColor', 'red',
'String', 'Quit');

if isempty(rh),
figure
plot(r, q);
end
end
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ANEXO 2: Programa del comando fkine

function t = fkine(robot, q)

o°

o\©

evaluate fkine for each point on a trajectory of
theta i or g i data

o\

o°

n = robot.n;

L = robot.link;
if length(g) == n,
t = robot.base;
for i=1:n,
t =t * L{i}(q(i));
end
t = t * robot.tool;
else
if numcols(g) ~= n,
error ('bad data')

end
t = zeros(4,4,0);
for gv=q', % for each trajectory point

tt = robot.base;
for i=1:n,
tt = tt * L{i}(qv(i));
end
t = cat(3, t, tt * robot.tool);
end
end
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ANEXO 3: Programa del comando ikine

function gt = ikine (robot, tr, g, m)

o°

% solution control parameters

o\

ilimit = 1000;
stol = le-12;

n = robot.n;

if nargin == 2,
g = zeros(n, 1);

else
q = ql:);
end
if nargin == 4,
m=m(:);

if length(m) ~= 6,
error ('Mask matrix should have 6 elements');
end
if length(find(m)) ~= robot.n
error ('Mask matrix must have same number of 1s as robot DOF')
end
else
if n < 6,
disp('For a manipulator with fewer than 6DOF a mask matrix
argument should be specified');

end
m = ones (6, 1);

end

tcount = 0;

if ishomog(tr), % single xform case
nm = 1;

count = 0;
while nm > stol,
e = tr2diff (fkine (robot, gq'), tr) .* m;

dgq = pinv( jacobO (robot, q) ) * e;
q=9q + dg;

nm = norm(dq) ;

count = count+l;

if count > ilimit,
error ('Solution wouldn''t converge')

end
end
aqt = g';
else % trajectory case
np = size(tr,3);
aqt = [1;
for i=l:np
nm = 1;
T = tr(:,:,1);
count = 0;

while nm > stol,
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e = tr2diff (fkine(robot, gq'), T) .* m;

dg = pinv( jacobl (robot, q) ) * e;

q =g + dg;

nm = norm(dq) ;

count = count+l;

if count > ilimit,
fprintf ('i=%d, nm=%f\n', i, nm);
error ('Solution wouldn''t converge')

end
end
gt = [gt; g'l;
tcount = tcount + count;

end
end
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ANEXO 4: Programa del comando fdyn

function [t, g, gd] = fdyn(robot, tO0, tl, torgfun, g0, gd0, varargin)

% check the Matlab version, since ode45 syntax has changed
v = ver;
if str2num(v(l) .Version)<o,

%error ('fdyn now requires Matlab version >= 6');

end
n = robot.n;
if nargin == 3,

torgfun = 0;

x0 = zeros(2*n,1);
elseif nargin == 4,

x0 = zeros (2*n, 1);
elseif nargin >= 6o,

x0 = [g0(:); gqdO(:)];
end
[t,y] = oded5('fdyn2', [tO0 tl1l], x0, [], robot, torgfun, varargin{:});
q=y(:,1:n);
gqd = y(:,n+l:2*n);

Este programa hace uso del programa fdyn2 cuyo contenido es:
function xd = fdyn2(t, x, flag, robot, torgfun, varargin)

n = robot.n;

q x(1l:n);
gd = x(n+l:2*n);

% evaluate the torque function if one is given
if isstr (torgfun)

tau = feval (torgfun, t, g, gd, varargin{:});
else

tau = zeros(n,1);
end

gdd = accel (robot, x(l:n,1), x(n+l:2*n,1), tau):
xd = [x(n+l:2*n,1); qgdd];
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ANEXO 5: Programa dind.m

DefWimajo % carga los pardmetros de nuestro robot Wimajo

t = [0:0.056:5]"; % vector de tiempo
g_dmd jtraj(gz, qr,t); % crea una trayectoria de puntos interpolados

— o)

gt = [t g dmd]; % crea tabla de tiempos, puntos de paso

Pgain [20 100 20 5 5]; % fija ganancia proporcional del controlador PD
Dgain = [-5 -10 -2 0 0]; % fija ganancia derivativa del controlador PD
[tsim,qg,gd] = fdyn(Wimajo, O, 5, 'taufuncl', gz, gz, Pgain, Dgain, qgt);
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ANEXO 6: Funcion taufuncl

function tau = taufuncl(t, g, gd, Pgain, Dgain, qt)
% interpolate demanded angles for this time

if t > gt(end,1), % keep time in range

t = gt(end,1);

end

g dmd = interpl(qt(:,1), gt(:,2), t)';

% compute error and joint torque

e = g dmd - g;

tau = diag(Pgain)*e + diag(Dgain) *gd;
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ANEXO 7: Tabla parcial de valores [tsim,q,qd],

>> [tsim q qd]
ans =
0 0 0 0 0 0 0 0 0 0 0
0.0000 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0000 0.0001 -0.0000 -0.0000
0.0000 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0001 0.0001 -0.0000 -0.0000
0.0000 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0001 0.0002 -0.0000 -0.0000
0.0000 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0001 0.0002 -0.0000 -0.0000
0.0000 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0003 0.0005 -0.0001 -0.0000
0.0000 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0005 0.0007 -0.0002 -0.0000
0.0000 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0006 0.0010 -0.0002 -0.0000
0.0000 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0008 0.0012 -0.0003 -0.0000
0.0000 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0016 0.0025 -0.0006 -0.0000
0.0000 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0024 0.0037 -0.0008 -0.0000
0.0001 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0032 0.0049 -0.0011 -0.0000
0.0001 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0040 0.0062 -0.0014 -0.0000
0.0001 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0081 0.0122 -0.0028 -0.0000
0.0002 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0120 0.0181 -0.0041 -0.0000
0.0003 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0159 0.0239 -0.0053 -0.0000
0.0004 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0198 0.0296 -0.0066 -0.0000
0.0007 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0383 0.0559 -0.0120 -0.0000
0.0011 0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0555 0.0792 -0.0164 -0.0000
0.0014 0.0000 -0.0001 0.0001 -0.0000 -0.0000 0.0000 -0.0715 0.0996 -0.0198 -0.0000
0.0018 0.0000 -0.0001 0.0001 -0.0000 -0.0000 0.0000 -0.0865 0.1175 -0.0224 -0.0000
0.0023 0.0000 -0.0001 0.0002 -0.0000 -0.0000 0.0000 -0.1086 0.1414 -0.0248 -0.0000
0.0029 0.0000 -0.0002 0.0003 -0.0001 -0.0000 0.0000 -0.1284 0.1601 -0.0255 -0.0000
0.0035 0.0000 -0.0003 0.0004 -0.0001 -0.0000 0.0000 -0.1464 0.1743-0.0245 -0.0000
0.0040 0.0000 -0.0004 0.0005 -0.0001 -0.0000 0.0000 -0.1628 0.1845 -0.0222 -0.0000
0.0046 0.0000 -0.0005 0.0006 -0.0001 -0.0000 0.0000 -0.1785 0.1917 -0.0184 -0.0000
0.0052 0.0000 -0.0006 0.0007 -0.0001 -0.0000 0.0000 -0.1928 0.1956 -0.0134 -0.0000

0.0058 0.0000 -0.0007 0.0008 -0.0001 -0.0000 0.0000 -0.2060 0.1968 -0.0074 -0.0000
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0.0064

0.0071

4.9861

4.9896

4.9931

4.9965

5.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

-0.0008

-0.0010

-0.2600

-0.2598

-0.2595

-0.2592

-0.2589

0.0009

0.0011

-0.3540

-0.3539

-0.3537

-0.3536

-0.3534
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-0.0001

-0.0001

0.6695

0.6693

0.6694

0.6697

0.6701

-0.0000

-0.0000

-0.0000

-0.0000

-0.0000

-0.0000

-0.0000

0.0000

0.0000

-0.0000

-0.0000

-0.0000

-0.0000

-0.0000

-0.2182

-0.2306

0.0774

0.0791

0.0806

0.0821

0.0835

0.1955

0.1917

0.0211

0.0303

0.0394

0.0482

0.0568

-0.0006

0.0080

-0.0666

-0.0091

0.0484

0.1058

0.1631

-0.0000

-0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
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%invoca a un robot
wymajo;
%$kinematics
T=fkine (p560,q9z) ;
gi=ikine (p560,T);

D=[.1 .2 0 -.2 .1 .11"';
diff2tr (D)

$T=transl (100, 200,
DT=tr2jac(T) *D;
DTrasp=DT"';

J=jacobn (p560, gz);

sdet (J)

o
°

Trajectories

ANEXO 8: Programa kitrajdyn.m

300) *roty (pi/8) *rotz (-pi/4) ;

t=[0:0.056:21";

[a, gd, gdd]=jtraj(gz, gqr, t);

Tg=fkine (p560, q);

subplot (5,1,1), plot(g(:,1)),grid on,title(' (Desplazamiento angular
Articulacidén gl) ')

subplot (5,1,2), plot(g(:,2)),grid on,title(' (Desplazamiento angular
Articulacién g2) ')

subplot (5,1,3), plot(g(:,3)),grid on,title(' (Desplazamiento angular
Articulacidén g3) ')

subplot (5,1,4), plot(g(:,4)),grid on,title (' (Desplazamiento angular
Articulacién g4) ')

subplot (5,1,5), plot(g(:,5)),grid on,title (' (Desplazamiento angular
Articulacién g5) ')

Sbreak

figure

subplot (5,1,1), plot(gd(:,1)),grid on,title(' (Velocidad angular de
Articulacién gdl) ')

subplot (5,1,2), plot(gd(:,2)),grid on,title (' (Velocidad angular de
Articulacidén gd2) ')

subplot (5,1,3), plot(gd(:,3)),grid on,title (' (Velocidad angular de
Articulacidén gd3) ")

subplot (5,1,4), plot(gd(:,4)),grid on,title (' (Velocidad angular de
Articulacién gd4) ')

subplot (5,1,5), plot(gd(:,5)),grid on,title (' (Velocidad angular de
Articulacidén gdb) ')

Sbreak

figure

subplot (5,1,1), plot(gdd(:,1)),grid on,title (' (Aceleracidédn angular
Articulacidén gddl) ')

subplot (5,1,2), plot(gdd(:,2)),grid on,title(' (Aceleracidn angular
Articulacidén gdd2) ')

subplot (5,1,3), plot(gdd(:,3)),grid on,title (' (Aceleracidédn angular
Articulacidén gdd3) ")

subplot (5,1,4), plot(gdd(:,4)),grid on,title(' (Aceleracidn angular
Articulacién gdd4) ')

subplot (5,1,5), plot(gdd(:,5)),grid on,title(' (Aceleracidn angular

Articulacién gdd5) ')
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Sbreak

figure

$Dynamics

tau=rne (p560, g, gd, gdd);

$plot (t, tau),grid on,title('Totques')

subplot (5,1,1), plot(t, tau(:,1)),grid on,title(' (Torques de Articulacidn
")

subplot (5,1,2), plot(t, tau(:,2)),grid on,title(' (Torques de Articulacidn
2)")

subplot (5,1,3), plot(t, tau(:,3)),grid on,title(' (Torques de Articulacidn
3)")

subplot (5,1,4), plot(t, tau(:,4)),grid on,title(' (Torques de Articulacidn
4) ")

subplot (5,1,5), plot(t, tau(:,5)),grid on,title(' (Torques de Articulacidn
5)")

%break

figure

tau g=gravload(p560, q);

subplot (5,1,1),plot(t, tau g(:,1)),grid on,title('Gravedad de
Articulacidn 1)

subplot (5,1,2),plot(t, tau g(:,2)),grid on,title('Gravedad de
Articulacidén 2'")

subplot (5,1, 3),plot(t, tau g(:,3)),grid on,title('Gravedad de
Articulacidn 3')

subplot (5,1,4),plot(t, tau g(:,4)),grid on,title('Gravedad de
Articulacidn 4")

subplot (5,1,5),plot(t, tau g(:,5)),grid on,title('Gravedad de
Articulacidén 5")

%break

M11=[];

for gi=q',

M=inertia (p560, qgi');

M11=[M11;M(1,1)];

end

M12=[];

for gi=q',

M=inertia (p560, qgi');

M12=[M12;M(1,2)];

end

M13=[];

for gi=q',

M=inertia (p560, qgi');

M13=[M13;M(1,3)1;

end

M14=[];

for gi=q’',

M=inertia (p560, gi');

M14=[M14;M(1,4)];

end

M15=[];

for gi=q’',

M=inertia (p560, gi');

M15=[M15;M(1,5)1;

end

figure

subplot (5,1,1),plot (t,M11),grid on,title('Inercia Articulacién 1"')
subplot (5,1,2),plot(t,M12),grid on,title('Inercia Articulacidn 2")
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subplot (5,1,3),plot(t,M13),grid on,title('Inercia Articulacidén 3'")
subplot (5,1,4),plot (t,M14),grid on,title('Inercia Articulacién 4"'")
subplot (5,1,5),plot (t,M15),grid on,title('Inercia Articulacién 5'")

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




PONTIFICIA

TESIS PUCP ' € | U an

DEL PERU

ANEXO 9: Gréficas de desplazamientos, velocidades, aceleraciones, torque,
gravedad e inercias
La figura 1.1 se muestra las graficas de los desplazamientos angulares de las 5
articulaciones.

(Desplazamiento angular de Articulacian q1)
1
I I [

y \ \ \ \ | \ |
0 5 10 15 20 25 30 35 40
(Desplazamiento angular de Articulacidn q2)

0 : R R S |
1 | | | | | | |

0 5 10 15 20 25 30 35 40

(Desplazamiento angular de Articulacidn g5)
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0 | e S R R a
y \ \ \ \ | \ |

0 5 10 15 20 25 30 35 40

Figura 1.1 Desplazamientos angulares de las articulaciones q1, 2, 93, 94 y 95
En la figura 1.2 se muestran las gréaficas de las velocidades angulares de las 5

articulaciones.
(Velocidad angular de Articulacidn gd1)
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Figura 1.2 Velocidades angulares de las articulaciones q1, 92, g3, g4y g5
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En la figura 1.3 se muestran las gréaficas de las aceleraciones angulares de las 5

(Aceleracidn angular de Articulacion qdd1)
! ! ! !
-—— -
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Figura 1.3 Aceleraciones angulares de las articulaciones q1, g2, g3, g4y q5

En la figura 1.4 se muestran las gréaficas de los torques de las 5 articulaciones.

(Torques de Articulacién 1)
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Figura 1.4 Torques de las articulaciones q1, 92, g3, g4 y g5

En la figura 1.5 se muestran las gréficas de la gravedad de las 5 articulaciones.
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1
] [ [ [ ] ] ] ] [

Figura 1.5 Inercia de las articulaciones q1, g2, 93, g4y g5

En la figura 1.6 se muestran las gréaficas de inercia de las 5 articulaciones.
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Figura 1.6 Inercias de las articulaciones q1, 92, g3, 94y 95
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ANEXO 10: Programa jtraj.m

function [gt,qgdt,gddt] = jtraj (g0, gl, tv, gdO, gdl)
if length(tv) > 1,
tscal = max (tv);
t = tv(:)/tscal;

else

tscal = 1;

t = [0:(tv-1)]"/(tv-1); % normalized time from 0 -> 1
end
a0 = g0¢(:);

gl = gl(:);

if nargin == 3,
qd0 = zeros(size(g0));
gdl = gdO;
end
% compute the polynomial coefficients
A = 6*(gql - g0) - 3*(gdl+qdO) *tscal;
B = -15*(gl - g0) + (8*gd0 + 7*gdl)*tscal;
C = 10*(gl - g0) - (6*gqd0 + 4*qgdl) *tscal;
E = gdO*tscal; % as the t vector has been normalized
F = g0;
tt = [t.”5 t.%4 t.”"3 t.”2 t ones(size(t))];
c = [A B C zeros(size(A)) E F]°';
gt = tt*c;

% compute optional velocity

if nargout >= 2,
c = [ zeros(size(A)) 5*A 4*B 3*C =zeros(size(A)) E ]°';
qdt = tt*c/tscal;

end

% compute optional acceleration

if nargout == 3,
c = [ zeros(size(h)) zeros (size(A)) 20*A 12*B 6*C
zeros (size(A))]';
gqddt = tt*c/tscal”2;
end
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ANEXO 11: Programa rne

function tau = rne(robot, al, a2, a3, a4, ab)
if robot.mdh ~= 0,
error ('Jacobian only valid for standard D&H parameters')

end

z0 = [0;0;1];

robot.gravity = z0; % agregué esto

grav = robot.gravity; % default gravity from the object
fext = zeros (6, 1);

n = robot.n;

if numcols(al) == 3*n,

Q = al(:,1:n);
Qd = al(:,n+1:2*n);
Qdd = al(:,2*n+1:3*n);
np = numrows (Q) ;
if nargin >= 3,

grav = az2;

end

if nargin == 4,
fext = a3;

end

else

np = numrows (al);

Q = al;

Qd = az2;

Qdd = a3;

if numcols(al) ~= n | numcols(Qd) ~= n | numcols(Qdd) ~= n |
numrows (Qd) ~= np | numrows (Qdd) ~= np,
error ('bad data');

end

if nargin >= 5,
grav = a4;

end
if nargin == ¢,
fext = ab5;
end
end
tau = zeros (np,n);
for p=1l:np,
g =0Q(p,:)";
gd = Qd(p,:)"';
gdd = Qdd(p,:)"';
Fm = [];
Nm = [];
pstarm = [];
Rm = [];
w = zeros(3,1);
wd = zeros(3,1);
v = zeros(3,1);
vd = grav;
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o\°

o°

init some variables, compute the link rotation matrices

o°

for j=1:n,
link = robot.link{j};
T3 = link(g(j));
Rm{j} = tr2rot(T]);

if 1ink.RP == 'R',
D = 1link.D;
else
D = q(3);
end
alpha = link.alpha;

pstarm(:,j) = [link.A; D*sin(alpha); D*cos (alpha)];
end

o

o

the forward recursion

o°

for j=1:n,
link = robot.link{j};

R = Rm{j}';
pstar = pstarm(:,7j);
r = link.r;

o°

o\

statement order is important here

o

if 1link.RP == 'R',
% revolute axis
wd = R*(wd + z0*qdd(j) +
)

cross (w,z0*qgd (J))) ;

w = R*(w + z0*qd(j));

%v = cross (w,pstar) + R*v;

vd = cross (wd,pstar) +

cross (w, cross(w,pstar)) +R*vd;

else

% prismatic axis

w = R*w;

wd = R*wd;

vd = R* (z0*qgdd (j) +vd) +
cross (wd,pstar) +
2*cross (w,R*z0*gd (7)) +...
cross (w, cross(w,pstar));
end

vhat = cross(wd,r) +
cross (w,cross (w,r)) + vd;
F = link.m*vhat;
N = link.I*wd + cross(w,link.I*w);
Fm = [Fm F];
Nm [Nm NJ;
end
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the backward recursion

o o

o°

f = fext(1:3); % force/moments on end of arm
nn = fext(4:06);

for j=n:-1:1,
link = robot.link{j};
pstar = pstarm(:,7j);

o°

o\©

order of these statements is important, since both
nn and f are functions of previous f.

o\

o°

if j == n,
R = eye(3,3);
else
R = Rm{j+1};
end
r = link.r;
nn = R*(nn + cross(R'*pstar,f)) +
cross (pstar+r,Fm(:,3)) +
Nm(:lj);
f =R*f + Fm(:,73);
R = Rm{j};
if 1link.RP == 'R',
% revolute
tau(p,3j) = nn'*(R'*z0) +
1ink.G"2 * ( link.Jm*gdd(j) +
friction(link, gd(j))
)
else
% prismatic
tau(p,3j) = £'*(R"*z0) +
1ink.G"2 * ( link.Jm*gdd(j) +
friction(link, gd(j))
)
end

end
end
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DEL PERU

Brush Commutated DC Servo Motors P I n M A N ®
es

.19 201
=~ (48 23

‘ A

e 1

I/

9.394 58 7 91.024
(910,01 £88) RE] (#26.01)

Part/Model Number

Specification Units 8691 6.0V 86917.58 V 86919.55 V 8691 120V 8691 152V 8691 19.1V 8691240V 8691303V

Supply Voltage VDC 6.00 7.58 9.55 12.0 15.2 19.1 24.0 30.3
Continuous Torque 0z-in 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
Nm 0.0134 0.0134 0.0134 0.0134 0.0134 0.0134 0.0134 0.0134
Speed @ Cont. Torque RPM 4470 4620 4700 4780 4920 4880 4890 4890
Current @ Cont. Torque Amps (A) 2.32 1.83 1.45 1.16 0.93 0.73 0.57 0.46
Continuous Output Power | Watts (W) 6.4 6.6 6.7 6.8 7.0 7.0 7.0 7.0
Motor Constant oz-in/sqrt W 1.2 1.2 1.3 1.3 1.3 1.3 1.3 1.3
Nm/sqrt W 0.008 0.008 0.009 0.009 0.009 0.009 0.009 0.009
Torque Constant 0z-in/A 1.08 1.37 1.74 217 271 3.44 4.35 5.47
Nm/A 0.008 0.01 0.012 0.015 0.019 0.024 0.031 0.039
Voltage Constant V/krpm 0.80 1.01 1.29 1.60 2.00 2.54 3.22 4.04
Virad/s 0.008 0.01 0.012 0.015 0.019 0.024 0.031 0.039
Terminal Resi Ohms 0.80 1.22 1.87 2.89 4.47 7.08 11.3 17.8
mH 0.41 0.66 1.05 1.63 2.55 4.10 6.55 10.2
No-Load Current Amps (A) 0.39 0.31 0.25 0.20 0.16 0.13 0.095 0.080
No-Load Speed RPM 6980 6970 6920 6980 7080 7000 6990 7000
Peak Current Amps (A) 7.50 6.21 5.11 4.15 3.40 2.70 2.13 1.71
Peak Torque 0z-in 7.68 8.09 8.45 8.58 8.78 8.83 8.86 8.89
Nm 0.0542 0.0571 0.0597 0.0606 0.062 0.0623 0.0626 0.0628
Coulomb Friction Torque 0z-in 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Nm 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021
Viscous Damping Factor oz-in/krpm 0.0087 0.0087 0.0087 0.0087 0.0087 0.0087 0.0087 0.0087
Nm s/rad 5.84E-7 5.84E-7 5.84E-7 5.84E-7 5.84E-7 5.84E-7 5.84E-7 5.84E-7
Electrical Time Constant ms 0.51 0.54 0.56 0.56 0.57 0.58 0.58 0.58
A Time Constant ms 14 13 12 12 12 12 12 12
Thermal Time Constant min 13 13 13 13 13 13 13 13
Thermal R Celsius/W 19 19 19 19 19 19 19 19
Max. Winding Temperature | Celsius 130 130 130 130 130 130 130 130
Rotor Inertia 0z-in-sec2 0.00014 0.00014 0.00014 0.00014 0.00014 0.00014 0.00014 0.00014
kg-m2 9.89E-7 9.89E-7 9.89E-7 9.89E-7 9.89E-7 9.89E-7 9.89E-7 9.89E-7
Weight (Mass) 2.7 2.7 2.7 2.7 2.7 27 2.7 2.7
] 76.5 76.5 76.5 76.5 76.5 76.5 76.5 76.5
7500 = | 25 « Ball Bearings «7-Slot Armature « Copper-Graphite Brushes
——Speed «2-Pole S!aror . H»eévy-Gage Stee} Hqusing « Diamond-Turned Commutator
S lese Current ’ 20 « Neodymium Magnets « Silicon Steel Laminations
< E « Encoders
i 3000 1.0 5 | +Gearboxes
@ Y | -Brakes
P AERNGE. -
0 r | 1 All values specified at 25°C ambient temperature and without heat sink.
0 2 4 6 8 10 2 Peak values are theoretical and supplied for reference only.
Torque (0z-in)
This document is for informational purposes only and should not be considered as a binding description of the prodi data on this page depicts typical performance under controlled

laboratory conditions. Actual performance will vary depending on the operating environment and application. AMETEK reserves the right to revise :s Pproducts wnhour notification. The above characteristics represent standard products.
For products designed to meet specific applications, contact PITTMAN Motor Sales Department.

PITTMAN PRODUCTS

343 Godshall Drive, Harleyswille, PA 19438 ®
USA: +1 267 933 2105 - Europe: +33 240928751 - Asia: +86 21 5763 1258 et
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Brush Commutated DC Servo Motors P I n M AN ®

MAX.

1.923
[ (884 M) —

F-Feri 170 8. 080 +88 oA
e sz [ 483 LEADS 22 AWG

1571 (#3.990) U
i ey I a

304 +88 050 4020 #1.024
Gidorzgp) (1.3 29) —= - (s26.01)

Part/Model Number

Specification 86927.58 V 8692955V 8692 12.0 V 8692 15.2 V 8692 19.1V 869224.0V 869230.3 V 869238.2 V

Supply Voltage VDC 7.58 9.55 12.0 15.2 19.1 24.0 30.3 38.2
Continuous Torque 0z-in 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4
Nm 0.0169 0.0169 0.0169 0.0169 0.0169 0.0169 0.0169 0.0169
Speed @ Cont. Torque RPM 5140 5270 5300 5470 5510 5490 5470 5540
Curvent @ Cont. Torque Amps (A) 2.33 1.84 1.46 1.16 0.93 0.73 0.58 0.46
C Output Power | Watts (W) 9.3 9.5 9.6 9.9 9.9 9.9 9.9 10.0
0z-in/sqrt W| 1.4 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Motor: Constant Nm/sqrt W 0.01 0.011 0.011 0.011 0.011 0.011 0.011 0.011
Torque Constant 0z-in/A 1.32 1.67 2.1 2.64 3.30 4.18 5.28 6.64
Nm/A 0.009 0.012 0.015 0.019 0.023 0.03 0.037 0.047
Vikrpm 0.98 1.23 1.56 1.95 2.44 3.09 3.90 4.91
VoragelConsiant Viradls 0.009 0012 0015 0.019 0.023 0.03 0.037 0.047
Terminal R Ohms 0.86 1.30 2.02 3.10 4.84 7.67 12.2 19.2
mH 0.47 0.76 1.21 1.90 2.97 4.77 7.61 12.1
No-Load Current Amps (A) 0.34 0.27 0.21 0.17 0.13 0.10 0.087 0.063
No-Load Speed RPM 7320 7300 7270 7370 7410 7360 7340 7380
Peak Current Amps (A) 8.81 7.35 5.94 4.90 3.95 3.13 2.49 1.99
Peak Torque 0z-in 11.2 11.8 12.1 12.5 12.6 12.6 12.7 12.8
Nm 0.0791 0.0833 0.0854 0.0883 0.089 0.089 0.0897 0.0904
Coulomb Friction Torque 0z-in 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Nm 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021
Viscous Damping Factor oz-infkrpm 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Nm s/rad 6.71E-7 6.71E-7 6.71E-7 6.71E-7 6.71E-7 6.71E-7 6.71E-7 6.71E-7
Electrical Time Constant ms 0.55 0.58 0.60 0.61 0.61 0.62 0.62 0.63
[\ ical Time Constant ms 12 11 11 11 11 1 11 10
Thermal Time Constant min 13 13 13 13 13 13 13 13
Thermal Resi Celsius/W 18 18 18 18 18 18 18 18
Max. Winding Temperature | Celsius 130 130 130 130 130 130 130 130
Rotor Inertia 0z-in-sec2 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017
kg-m2 1.2E-6 1.2E-6 1.2E-6 1.2E-6 1.2E-6 1.2E-6 1.2E-6 1.2E-6
2 oz 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1
Weight (Mass) g 87.9 87.9 87.9 87.9 87.9 87.9 87.9 87.9
8000 . ~ 40 « Ball Bearings «» 7-Slot Armature « Copper-Graphite Brushes
\ —Speed | 1| + 2-Pole Stator + Heavy-Gage Steel Housing + Diamond-Turned Commutator
7000 L Gt 35 « Neodymium Magnets  Silicon Steel Laminations
_ 6000 1 T 130
= = = |
i 4000 120 E «Encoders
§ soo 15 3 15y
sk o I
1000 05
of | 1 All values specified at 25°C ambient temperature and without heat sink.
0 3 6 9 12 15 2 Peak values are theoretical and supplied for reference only.
Torque (oz-in)

This document is for informational purposes only and should not be considered as a binding description of the products or their in all appli The data on this page depicts typical performance under controlled
laboratory conditions. Actual performance will vary depending on the operating environment and application. AMETEK reserves the right fo revise its products without notification. The above characteristics represent standard products.
For products designed fo meet specific applications, contact PITTMAN Motor Sales Department.
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8693 Series

2173 MAX.
(55.19 MAX)

.
060 258 3
—— % e

Part/Model Number

8693 48.0V

8693303 V 8693382V

Units 8693 152V 8693 19.1V 8693240V

Specification 86939.55 V 8693 12.0V

Supply Voltage VDC 9.55 12.0 15.2 19.1 24.0 30.3 38.2 48.0
Continuous Torque 0z-in 3.2 3.2 3.2 3.2 3.2 3.2 3.2 32
Nm 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226
Speed @ Cont. Torque RPM 6870 7070 7170 7180 7260 7370 7350 7310
Current @ Cont_Torque | Amps (A) 283 2.25 1.78 1.41 1.13 0.90 0.71 0.56
Continuous Output Power | Watts (W) 16 17 17 17 17 17 17 17
oz-in/sqrt W| 1.6 1.7 1.7 1.7 1.7 i 1.7 1T
Motor Constant Nm/sqrt W 0.011 0.012 0.012 0.012 0.012 0.012 0.012 0.012
oz-in/A 1.38 1.73 219 2.77 3.46 4.313 5.47 6.92
Torque Constant Nm/A 0.01 0012 0015 0.02 0.024 0.03 0.039 0.049
Voltage Constant V/krpm 1.02 1.28 1.62 2.05 2.56 3.19 4.04 5.12
Virad/s 0.01 0.012 0.015 0.02 0.024 0.03 0.039 0.049
Terminal Resistance Ohms 0.73 1.08 1.67 2.59 4.02 6.28 9.96 15.8
mH 0.39 0.61 0.98 1.56 2.44 3.81 6.12 9.77
No-Load Current Amps (A) 0.35 0.28 0.22 0.18 0.14 0.11 0.090 0.070
No-Load Speed RPM 8930 8960 8980 8910 8980 9080 9040 8980
Peak Current Amps (A) 13.08 11.11 9.10 7.37 5.97 4.82 3.84 3.03
Peak Torque 0z-in 17.6 18.7 19.5 19.9 20.2 20.4 20.5 20.5
Nm 0.1243 0.132 0.1377 0.1405 0.1426 0.144 0.1447 0.1447
Coulomb Friction Torque 0z-in 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Nm 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021
Viscous Damping Factor oz-inkrpm 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
Nm s/rad 1.01E-6 1.01E-6 1.01E-6 1.01E-6 1.01E-6 1.01E-6 1.01E-6 1.01E-6
Electrical Time Constant ms 0.53 0.56 0.59 0.60 0.61 0.61 0.61 0.62
N ical Time Constant ms 12 12 11 11 1 11 11 1
Thermal Time Constant min 12 12 12 12 12 12 12 12
Thermal Resi CelsiusW 16 16 16 16 16 16 16 16
Max. Winding Temperature | Celsius 130 130 130 130 130 130 130 130
Rotor Inertia 0z-in-sec2 0.00023 0.00023 0.00023 0.00023 0.00023 0.00023 0.00023 0.00023
kg-m2 1.62E-6 1.62E-6 1.62E-6 1.62E-6 1.62E-6 1.62E-6 1.62E-6 1.62E-6
¢ 0z 3.74 3.74 3.74 3.74 3.74 3.74 3.74 3.74
Weight (Mass) g 106 106 106 106 106 106 106 106
8000 ‘ ; 24 - Sintered Bronze Bearings « 7-Slot Armature « Copper-Graphite Brushes
| « 2-Pole Stator « Heavy-Gage Steel Housing « Diamond-Turned Commutator
“0 \ |7 Speed 1% + Ceramic Magnets silicon Steel Laminations
6000 = Current 18
T 4000 - . 12 § |-Encoders
i . 5 | - Gearboxes
& 3000 ’ N 09 0 | prakes
e T TIN e
1000 ," N\ 03
0 (o ] 1 0 1 All values specified at 25°C ambient temperature and without heat sink.
01 2 3 4 5 6 7 8 2 Peak values are theoretical and supplied for reference only.
Torque (0z-in)

This document is for purposes only and should not be as a binding description of the products or their inal The data on this lepicts typical under controlled
laboratory condtions. Actual performance will vary depending on the operating environment and application. AMETEK reserves the right to revise its products without notification. The above characteristics represent standard products.
For products designed to meet specific applications, contact PITTMAN Motor Sales Department.

PITTMAN PRODUCTS ®
B AMETEK
USA: +1 267 933 2105 - Europe: +33 240928751 - Asia: +86 21 5763 1258 O —

www.pittman-motors.com G6 PRECISION MOTION CONTROL

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




PONTIFICIA

TESIS PUCP gz_lr\(lsELF:(S:IEAD

DEL PERU

HEDS-9040/9140 Avaco

Three Channel Optical Incremental Encoder Modules TECHNOLOGIES

Data Sheet >

Description Features

The HEDS-9040 and HEDS-9140 series are three channel e Two channel quadrature output with index pulse
optical incremental encoder modules. When used with a Resolution up to 2000 CPR (Counts Per Revolution)
codewheel, these low costmodules detectrotary position. Eowicosk

Each module consists of alensed LED source and a detec-
tor IC enclosed in a small plastic package. Due to a highly

Easy to mount

collimated light source and a unique photodetectorarray, ~* N signal adjustment required
thesemodules provide the same high performancefound  ® Small size
in the HEDS-9000/9100 two channel encoder family. ® -40°C to 100°C operating temperature
Package Dimensions ® TTL compatible
® Single 5V suppl
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TYPICAL DIMENSIONS IN
SIDEA MILLIMETERS AND (INCHES) SIDEB

ESD WARNING: NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC DISCHARGE.
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The HEDS-9040 and 9140 have two channel quadrature
outputs plus a third channel index output. This index
output is a 90 electrical degree high true index pulse
which is generated once for each full rotation of the
codewheel.

The HEDS-9040 is designed for use with a HEDX-614X
codewheel which has an optical radius of 23.36 mm
(0.920 inch). The HEDS-9140 is designed for use with a
HEDx-5x4x codewheel which has an optical radius of
11.00 mm (0.433 inch).

The quadrature signals and the index pulse are accessed
through five 0.025 inch square pins located on 0.1 inch
centers.

Standard resolutions between 256 and 2000 counts per
revolution are available. Consult local Avago sales repre-
sentatives for other resolutions.

Applications

The HEDS-9040 and 9140 provide sophisticated motion
control detection at a low cost, making them ideal for
high volume applications. Typical applications include
printers, plotters, tape drives, and industrial and factory
automation equipment.

Note: Avago Technologies encoders are not recommend-
ed for use in safety critical applications. Eg. ABS braking
systems, power steering, life support systems and critical
care medical equipment. Please contact sales represen-
tative if more clarification is needed.
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Theory of Operation

The HEDS-9040 and 9140 are emitter/detector modules.
Coupled with a codewheel, these modules translate the
rotary motion of a shaft into a three-channel digital out-
put.

As seen in the block diagram, the modules contain a
single Light Emitting Diode (LED) as its light source. The
light is collimated into a parallel beam by means of a
single polycarbonate lens located directly over the LED.
Opposite the emitter is the integrated detector circuit.
This IC consists of multiple sets of photodetectors and
the signal processing circuitry necessary to produce the
digital waveforms.

The codewheel rotates between theemitter and detector,
causing the light beam to be interrupted by the pattern
of spaces and bars on the codewheel. The photodiodes
which detect these interruptions are arranged in a pat-
tern that corresponds to the radius and design of the
codewheel. These detectors are also spaced such that a
light period on one pair of detectors corresponds to a
dark period on the adjacent pair of detectors. The photo-
diode outputs are then fed through the signal process-
ing circuitry resulting in A, A, B, B, | and |. Comparators
receive these signals and produce the final outputs for
channels A and B. Due to this integrated phasing tech-
nique, the digital output of channel A is in quadrature
with that of channel B (90 degrees out of phase).

The output of the comparator for | and | is sent to the in-
dex processing circuitry along with the outputs of chan-
nels A and B. The final output of channel | is an index
pulse P, which is generated once for each full rotation of
the codewheel. This output P is a one state width (nomi-
nally 90 electrical degrees), high true index pulse which
is coincident with the low states of channels A and B.
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Block Diagram
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Definitions

Count (N): The number of bar and window pairs or counts
per revolution (CPR) of the codewheel.

One Cycle (C): 360 electrical degrees (°e), 1 bar and win-
dow pair.

One Shaft Rotation: 360 mechanical degrees, N cycles.

Position Error (A®): The normalized angular difference
between the actual shaft position and the position indi-
cated by the encoder cycle count.

Cycle Error (AC): An indication of cycle uniformity. The dif-
ference between an observed shaft angle which gives
rise to one electrical cycle, and the nominal angular in-
crement of 1/N of a revolution.

Pulse Width (P): The number of electrical degrees that
an output is high during 1 cycle. This value is nominally
180°% or 1/2 cycle.

Pulse Width Error (AP): The deviation, in electrical degrees,
of the pulse width from its ideal value of 180°e.

State Width (S): The number of electrical degrees be-
tween a transition in the output of channel A and the

Absolute Maximum Ratings
Storage Temperature, T,

Operating Temperature, T,
Supply Voltage, V.

neighboring transition in the output of channel B. There
are 4 states per cycle, each nominally 90°e.

State Width Error (AS): The deviation, in electrical degrees,
of each state width from its ideal value of 90°e.

Phase (¢): The number of electrical degrees between the
center of the high state of channel A and the center of
the high state of channel B. This value is nominally 90°e
for quadrature output.

Phase Error (A¢): The deviation of the phase from its ideal
value of 90%.

Direction of Rotation: When the codewheel rotates in the
direction of the arrow on top of the module, channel A
will lead channel B. If the codewheel rotates in the oppo-
site direction, channel B will lead channel A.

Optical Radius (R,,): The distance from the codewheel’s
center of rotation to the optical center (O.C.) of the en-
coder module.

Index Pulse Width (P,): The number of electrical degrees
that an index is high during one full shaft rotation. This
value is nominally 90°e or 1/4 cycle.

-40°C to +100°C
-40°C to +100°C
-05Vto7V

Output Voltage, V,
Output Current per Channel, |

out

Shaft Axial Play
Shaft Eccentricity Plus Radial Play.
Velocity

-0.5VtoV,
-1.0mA to 5 mA

+0.25 mm (£0.010in.)
0.1 mm (0.004 in.) TIR

30,000 RPM!™

Acceleration

Note:
1. Absolute maximums for HEDS-5140/6140 codewheels only.
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Parameter Symbol Min. Typ. Max. Units Notes

Temperature i -40 100 (o

Supply Voltage V, 45 5.0 5.5 Volts Ripple <100 mV,
Load Capacitance C 100 pF 2.7 kQ pull-up

Count Frequency f 100 kHz Velocity (rpm) x N/60
Shaft Perpendicularity +0.25 mm 6.9 mm (0.27 in.) from
Plus Axial Play (+0.010) (in.) mounting surface
Shaft Eccentricity Plus 0.04 mm (in.) 6.9 mm (0.27 in.) from
Radial Play (0.0015) TIR mounting surface

Note: The module performance is guaranteed to 100 kHz but can operate at higher frequencies. For the HEDS-9040 #T00 for operation below 0°C
and greater than 50 kHz the maximum Pulse Width and Logic State Width errors are 60°.

Encoding Characteristics
HEDS-9040 (except #T00), HEDS-9140 (except #B00)

Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances unless
otherwise specified. Values are for the worst error over the full rotation of HEDS-5140 and HEDS-6140 codewheels.

Parameter Symbol Min. Typ." Max. Units
Cycle Error AC 3 5.5 °e
Pulse Width Error AP 7 30 ‘e
Logic State Width Error AS 5 30 ‘e
Phase Error Ad 2 15 ‘e
Position Error AO 10 40 min. of arc
7Index Pulse Width Ps 60 90 120 ‘e
CH. I rise after -25°C to +100°C t, 10 100 250 ns
CH.Bor CH. Afall -40°C to +100°C t, -300 100 250 ns
CH. I fall after -25°Cto +100°C £ 70 150 300 ns
CH. A or CH. Brise -40°C to +100°C L 70 150 1000 ns
Note:

1. Module mounted on tolerance circle of +£0.13 mm (+0.005 in.) radius referenced from module Side A aligning recess centers. 2.7 k< pull-up
resistors used on all encoder module outputs.
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Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances unless
otherwise specified. Values are for the worst error over the full rotation of HEDM-614X Option TXX codewheel.

Parameter Symbol Min. Typ." Max. Units
Cycle Error AC 3 75 ‘e

Pulse Width Error AP 7 50 ‘e

Logic State Width Error AS 5 50 ‘e

Phase Error Ad 2 15 ‘e
Position Error AG 2 20 min. of arc
Index Pulse Width Py 40 90 140 ‘e

CH. I rise after CH.Bor CH.Afall  -40°C to +100°C t; 10 450 1500 ns

CH. I fall after CH. Aor CH.Brise ~ -40°C to +100°C t 10 250 1500 ns

2

Note:

1. Module mounted on tolerance circle of +0.13 mm (+0.005 in.) radius referenced from module Side A aligning recess centers. 2.7 k<2 pull-up

resistors used on all encoder module outputs.

Encoding Characteristic
HEDS-9140 #B00

Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances unless oth-
erwise specified. Values are for the worst error over the full rotation of HEDM-504X Option BXX codewheel.

Parameter Symbol Min. Typ." Max. Units
Cycle Error AC 6 12 ‘e
Pulse Width Error AP 10 45 °e
Logic State Width Error AS 10 45 ‘e
Phase Error A® 2 15 ‘e
Position Error A© 10 40 min. of arc
Index Pulse Width P 50 90 130 ‘e
CH.|Rise after CHBorCHAfall ~ -40°C to +100° t, 200 1000 1500 ns

7 CH. I fall after CH. Aor CH.Brise ~ -40°C to +100° t 0 300 1500 ns

Note:

1. Module mounted on tolerance circle of +0.13 mm (+0.005 in.) radius referenced from module Side A aligning recess centers. 2.7 kQ pull-up

resistors used on all encoder module outputs.

Electrical Characteristics

Electrical Characteristics over Recommended Operating Range.

Parameter Symbol Min. Typ.l" Max. Units Notes
7Supply Current ICC 30 57 85 mA
High Level Output Voltage Vi 24 v oy, = -200 HA max.
Low Level Output Voltage Vi 0.4 Vv I, =3.86 mA
Rise Time t 1802 ns C =25pF
R =2.7kQ pull-up
Fall Time t 491 ns

Notes:
1. Typical values specified at V.. = 5.0V and 25°C.
2.t and t, 80 nsec for HEDS-9040 #T00.

6
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Electrical Interface

To insure reliable encoding performance, the HEDS-9040
and 9140 three channel encoder modules require 2.7
kQ (£10%) pull-up resistors on output pins 2, 3, and 5
(Channels |, A and B) as shown in Figure 1. These pull-up
resistors should be located as close to the encoder mod-
ule as possible (within 4 feet). Each of the three encoder
module outputs can drive a single TTL load in this con-
figuration.

5V R=27k0}
> >
@ RS RS RO
> bS 2>
— 1
Oe ons
Vee
@ CH. A
CH.I
GND

— 1_

®0

Figure 1. Pull-up Resistors on HEDS-9X40 Encoder Module Outputs.

Figure 2. HEDS-9X40 Mounting Tolerance.
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Mounting Considerations

Figure 2 shows a mounting tolerance requirement for
proper operation of the HEDS-9040 and HEDS-9140. The
Aligning Recess Centers must be located within a toler-
ance circle of 0.005 in. radius from the nominal locations.
This tolerance must be maintained whether the module
is mounted with side A as the mounting plane using
aligning pins (see Figure 5), or mounted with Side B as
the mounting plane using an alignment tool (see Figures
3and 4).

T0 OUTPUT LOGIC
[:"> (ONE TTL LOAD

PER OUTPUT)

ALIGNING
RECESS CENTER

AUGNING
RECESS CENTER
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Mounting with an Alignment Tool

The HEDS-8905 and HEDS-8906 alignment tools are rec- ARTWORK SIDE MODULE SIDE A
ommended for mounting the modules with Side B as the : q—p Eﬁ

mounting plane. The HEDS-8905 is used to mount the L

HEDS-9140, and the HEDS-8906 is used to mount the /

HEDS-9040. These tools fix the module position using MOTOR —| / \ | ooute

the codewheel hub as a reference. They will not work if R SIDE B

Side A is used as the mounting plane.

CODE —
The following assembly procedure uses the HEDS- b
8905/8906 alignment tool to mount a HEDS-9140/9040

module and a HEDS-5140/6140 codewheel:

MOTOR

Instructions:

Fi 3. Ali t Tool is Used to Set Height of Codewheel.
1. Place codewheel on shaft. RS EigmentiotlsBiedioeticg i rilodenine

2. Set codewheel height by placing alignment tool
on motor base (pins facing up) flush up against the ALGNMENTTOOK AugNING
codewheel as shown in Figure 3. Tighten codewheel \\ T
. A
setscrew and remove alignment tool. conEaS N e

3. Insert mounting screws through module and thread ' =
into the motor base. Do not tighten screws.

4. Slide alignment tool over codewheel hub and onto €.08 (0.240)

A 6.90(0.272) MODULE SIDE 8
module as shown in Figure 4. The pins of the alignment NOTE 1
tool should fit snugly inside the alignment recesses of
the module.

5. While holding alignment tool in place, tighten screws

down to secure module. NOTE 1: THIS 1S FROM THE PLANE TO THE

NON-HUB SIDE OF THE CODEWHEEL.

6. Remove alignment tool.

Mounting with Aligning Pins Figure 4. Alignment Tool is Placed over Shaft and onto Codewheel Hub.

Alignment Tool Pins Mate with Aligning Recesses on Module.

The HEDS-9040 and HEDS-9140 can also be mounted us-
ing aligning pins on the motor base. (Hewlett-Packard
does not provide aligning pins.) For this configuration,
Side A must be used as the mounting plane. The align-
ing recess centers must be located within the 0.005 in. R
Tolerance Circle as explained above. Figure 5 shows the
necessary dimensions.
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Mounting with Aligning Pins

The HEDS-9040 and HEDS-9140 can also be mounted
using aligning pins on the motor base. (Avago does not
provide aligning pins.) For this configuration, Side A
must be used as the mounting plane. The aligning recess

centers must be located within the 0.005 in. Radius Tol-
erance Circle as explained in “Mounting Considerations.”
Figure 5 shows the necessary dimensions.

CODEWHEEL #2.56 SETSCREW
, 50.6(1.99) USE 0.035" HEX WRENCH
7 DIA. MAX.
l (] CODEWHEEL
/' Boss
f i
[ sontw B 40
4.45(0.175) MAX. 312 (0.123) o AN (1.050) 5 19.0(0.747)
NOTE 1 399 (0157) * ul INDEX PULSE A, K
REFERENCE - 13 = ]
NOTE 1: THESE DIMENSIONS INCLUDE SHAFT END PLAY AND CODEWHEEL WARP. MARKER
NOTE 2: RECOMMENDED MOUNTING SCREW TORQUE IS 4 KG-CM [3.5 IN-LBS). Q
FOR HEDS-9040 OPTION T: 3.99 (0.150). INDEX PULSE "> A5 o5
POSITION TYPICAL oo - |- (0.006)
p MAX.
(0.354) — .
ALIGNING PINS MAX.
0.76 (0.030) HIGH (MAX) Rop =23.36 mm (0.920 in.)
2.44/2.41(0.096/0.095) DIA
0.25 {0.010) X 45° CHAMFER DIMENSIONS IN MM (INCHES)
PLACES
864 ZFIACE
(0.340) /
l ] Figure 6a. HEDS-6140 Codewheel Used with HEDS-9040.
o4
105 i G '
04N | 1727 2083(0.820)
- | ‘ A 2-56 SETSCREW
T | (0880  21.08(0.830) [ USE 0.035" HEX WRENCH
! 0.18 _r_ |
"3 (0.007) ‘ | 8.43
T OPTICAL CENTER - i ‘.‘ L)
1 (1.987) MAX. e
MOTOR SHAFT M2.5 X045 ?
(2-56 UNC-28) |
CENTER N SETSCREW 3632 2250 yax.
2 PLACES (1.430) (0886)
363(0.143)  NOTE 2 1 |
T 3640151
S
, 102
Ror * 10.040) X f
a A /
fe——Rop + 10.17:7| INDEX PULSE —130° S o .
FosiTion TYPICAL ARTWORK SIDE  ARTWORK SIDE
(HEDM-6141)  (HEDM-6140)

Figure 5. Mounting Plane Side A.

—
25.7 (1.01)= 1.80(0.071) -
/ DIA. MAX.
[
] I
) f
SETSCREW |
INDEX PULSE= 10.16 (0.400)
REFERENCE-. v
MARKER _ —
a 1270 (0 soouT
INDEX PULSE= o 10
POSITION AL
35810.141) —»|

Rop = 11.00 mm (0.433 in))=

DIMENSIONS IN MM (INCHES)

Figure 7. HEDS-5140 Codewheel Used with HEDS-9140.
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DIMENSIONS IN mm (INCHES)

Figure 6b. HEDM-614X Series Codewheel used with HEDS-9040 #T00.

}— 5.94 (0.234) Max

MOUNTING BOSS
/

9.14(0.360)

\
#2.66 SETSCREW
USE 0.035” HEX WRENCH

i

-———-'— 0.064 (0.0025)
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Orientation of Artwork for HEDS-9040 Option T00 (2000 CPR, 23.36mm Rop) and HEDS-9140 Option B00

(1000CPR, 11.00mm Rop)

The Index area on the HEDS- 9040 Option T00, 2000 CPR
and HEDS-9140 Option B00, 1000 CPR Encoder Module
has a nonsymmetrical pattern as does the mating Code-
wheel. In order for the Index to operate, the “Rightread-
ing” side of the Codewheel disk (the “Artwork Side”) must
point toward “Side A” of the Module (the side with the
connecting pins).

Because the Encoder Module may be used with either
“Side A" or with “Side B"toward the

HUB

-~ MODULE SIDE B

IMAGE SIDE 0 ——
OF CODEWHEEL" N

"~ MODULE SIDE A

* USE HEDM-6141#Txx or HEDM-5041#Bxx

Figure 7a.

Mounting Surface, Avago supplies two versions of Film
Codewheels for use with the Option TOO 3-channel
Module and Option B0O 3-Channel Module: Codewheel
HEDM-6140 Option TXX and HEDM-5040 Option Bxx has
the Artwork Side on the “Hub Side” of the Codewheel/
hub assembly and works with “Side B” of the Module on
the user’s mounting surface. Codewheel HEDM-6141
Option TXX and HEDM-5041-Bxx has the Artwork Side
opposite the “Hub Side” and works with “Side A” of the
Module on the mounting surface. For the Index to oper-
ate, these parts must be oriented as shown in Figure 7a
and 7b.

_~ HuB

IMAGE SIDE
OF CODEWHEEL"

MODULE SIDE A

"~ MODULE SIDE B

* USE HEDM-6140#Txx or HEDM-5040#Bxx

Figure 7b.

*Please note that the image side of the codewheel must always be facing the module Side A.
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Connectors
Manufacturer Part Number
AMP 103686-4
640442-5
Avago HEDS-8902 (2 ch.) with 4-wire leads
HEDS-8903 (3 ch.) with 5-wire leads
Molex 2695 series with 2759 series term.
Y430 1828
B h‘ “weezo20 =
. 2 —o-llo—::uon:ow
l — A

—

oo:m-'_
i

7.1+00/-031028+000/-001

NUM|
1
2
3
“
5

I [ HeDs 8902 | WEDS.#903 |
BER | PARAMETER

COLORS  COLORS
GROUND | BLACK | BLACK
oM | ;A BLuE
cH A [wore | wwre
Vee RED RED
Lens | srown | amown

*THIS WIRE IS NOT ON HEDS-8902

HOST PROCESSOR

—al
v | T
482 } 10059
0182
f..l 180
ory DIMENSIONS IN MM (INCHES)
Figure 8. HEDS-8903 Connector.
Typical Interfaces
H.A
HEDS-9040 HCTL-20x¢
o0R CH.B QUADRATURE
HEDS-9140 DECODER/COUNTER
CH.1
CH.A A
HEDS-9040 HCMZTie0
OR CH.B
HEDS-9140 MOTION
.l CONTROLIC
1
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Ordering Information

Three Channel Encoder Modules and Codewheels, 23.36 mm Optical Radius.

HEDS-6140 Option [;] E]jg‘
[

HEDS-904 %] Option [ | 00

1

Lead Bend Resolution Shaft Diameter
(Cycles/Rev) "
0 - Straight Leads y 06-1/4in. 11-4mm
1 - Bent Leads B-1000 CPR 08-3/8in. 12-6 mm
J-1024CPR 09-1/2in. 13-8mm
10-5/8in.

Three Channel Encoder Modules and Codewheels, 23.36 mm Optical Radius

HEDS-9040 Option 00 HEDM-614 ;I Option F]
| —
Resolution Artwork Orientation Shaft Diameter
(Cycles/Rev) 0- Artwork on hub side (use when 12-6 mm
T-2000 CPR module Side B is down)
1 - Artwork opposite hub side (use
when Module Side A is down)
\ [afec[o e[r[a[n] i [s]k][s][1]u
HEDS-9040 | * | * *
'HEDS-9041 | * \
o1 | 02030405 0608 09 0 1|2 13
HEDS-6140 B * * * * * * *
) . . . | =
| HEDM-6140 | T | | | | *

Tesis publicada con autorizacion del autor

No olvide citar esta tesis

Assembly Tool

HEDS-8906

Assembly Tool

HEDS-8906
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Three Channel Encoder Modules and Codewheels, 11.00 mm Optical Radius

HED []-914 [ option [ ] 00 HEDS-5140 Option [;] -
|

[ HEDS-8905
Window Option Lead Bend (lé;:;lsl;tl;:c) Shaft Diameter
S - Standard 0 - Straight Leads $-50CPR 02-3 mm
W-Window Option 1 -Bent Leads C.100CPR 04-5/32 in.

05-3/16in.

E-200CPR 06-1/4in.

F-256 CPR e

G-360 CPR 14-5 mm

H - 400 CPR 12-6 mm

A-500 CPR IR

1-512CPR

Three Channel Encoder Modules and Codewheels, 11.000 Optical Radius

HEDS -9140 o.m;@o 0 HEDM-504|_T_| Opﬁonl__r]g; Assembly Tool
[ ——

] HEDS-8905
Resolution Artwork Orientation Shaft Diameter
(Cycle/Rev) z
0- Artwork on Hub Side 01- 2mm
B - 1000CPR (use when module side B is down) 02 - 3mm
1 - Artwork on opposite hub side 05 - 3/16in
(use when module side A is down) 11 - 4mm
13 - 8mm
14 - 5mm
A B C D E F G H | J K S T 1}
HEDS-9140 * * * * * * * » »
HEDS-9141 * * * * ) - .
HEDW-9140 * »

[o1 /02 03 04 05 06 08 00101 12 131

HEDS-5140 A * BERE AENERE
c | * * * *

E | * * * *

. 5 P s

G | * * *

i I | * * * * * »* *

HEDM-5040 | B | * | * ' | . ERE

HEDM-5041 B | * | * * » | x

For product information and a complete list of distributors, please go to our website: ~ www.avagotech.com

Avago, Avago Technologies, and the A logo are trademarks of Avago Technologies in the United States and other countries.

Data subject to change. Copyright © 2005-2011 Avago Technologies. All rights reserved. Obsoletes 5988-5498EN Ava G o
AV02-1132EN - April 5,2011

TECHNOLOGIES
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SERIES M15

For Stepper & Small Servo Motors

Key Features

¢ Modular Encoder with Easy Installation
Requiring No Special Gapping Tools or

Parts

* Phased Array Sensor Technology Allowing

.030” Axial Shaft Play

¢ Wide -20 to 120C Operating Temperature

Range

RoHS

SPECIFICATIONS
STANDARD OPERATING CHARACTERISTICS

Code: Incremental

Resolution: (pulses/revolution)

Incremental: 200 to 1024 PPR;

Commutation: 4, 6, or 8 pole

Accuracy:

Incremental: +5 arc-mins. max. edge to edge;
Commutation: +6 arc-mins. max.

Sense: (viewing encoder mountmg surface)
Incremental: A leads B by 90° for CCW rotation of
motor shaft;

Commutation: U leads V, V leads W by 120° for CW
rotation of motor shaft

Frequency Response: 200 kHz min.

Termination:

Connector: PCB mounted dual row head with 0.1" x
0.1" pin spacing, 10 pins (incremental only), 14
pins (w/commutation);

Cable: conductors - 28 AWG, stranded (7/36),
insulation - black, PVC; Shield: aluminum/polyester
foil plus tinned, copper drain wire (28 AWG, 7/36)
Noise Immunity: Conforms to EN50082-1 Light
Industrial for Electro-Static Discharge, Radio
Frequency Interference, Electrical Fast Transients,
and Magnetic Fields (for models or applications

cm?)

Hub Diameters: 1/8", 1/4", 3/8", 3/16", 6 mm,

8 mm, 10 mm nominal

Hub Dia. Tolerance: +0.001'/-0.000" (+0.026 mm/-
0.000 mm)

Mating Shaft Length: 0.45° (12 mm) min.; 0.85" (22
mm) max. inside cover

Mating Shaft Runout: 0.002" (0.05 mm) max.
(Includes shaft perpendicularity to mounting
surface)

Mating Shaft Endplay: +0.015%/-0.015" (+0.38 mm/-
0.38 mm) nominal ("+" indicates away from

Phasing: with shielded cable) mounting face)
Incremental: 90° +18° electrical MECHANICAL Mounting: .

e - 300 - 40°- - 60° iaht- Base: (2) #4-40 (M2.5) #1 Phillips fillister head cap
Commutation: 8 Pole: 30°; 6 Pole: 40°;4 Pole: 60 Weight: screw on 1.812" (46 mm) B.C., or (2) - 56( 20)

mechanical

Index to U Channel: +1° mechanical - Index center to
U channel edge

Symmetry:

Incremental: 180° +18° electrical

Commulatlon 8 Pole: 45°;6 Pole: 60°; 4 Pole: 90°
mechanical

Index Pulse Width: 180° +36° electrical (Gated with
B low) standard

ELECTRICAL

Input Power Requirements:

Incremental: 5 or 12 VDC +10% at 100 mA max.
(excluding output load);

Incremental w/Commutation: 5 or 12 VDC +10% at
120 mA max. (excluding output load)

Output Signals:

7272 Line Driver: 40 mA sink/source max.;

Open Collector w/2.0 k2 pull-ups: 16 mA sink max.

Connector: 0.8 oz. (23 gm) typ.

Connector w/cover: 1.0 oz. (28 gm) typ.

Cable: 1.3 0z (37 gm) typ.

Cable w/cover: 1.5 oz. (43 gm) typ.

Dimensions:

Outside Diameter: 1.60" (40.7 mm) max. w/cover,
1.50" (38.2 mm) max. without cover;

Height: 1.27" (32.3 mm) max. (w/cover, excluding
connector);

Emitter to Detector Gap: 0.070" (1.8 mm) min.
Material:

Base, Housing, & Cover: high temperature, glass
filled polymer;

Hub: Aluminum; Disk: 0.030" thick glass

Finish:

Base & Housing: black;

Cover: RAL 7010 (dark gre (\5/

Moment of Inertia: 3.40 x 10~in-oz sec.2 (2.4 gm-

hex socket cap screw on 1.28" (32 mm) B.

0.254 mm) true position to shaft.
Shaﬂ split hub w/collar clamp, #2-56 hex socket
cap screw (5/64" hex wrench included)
Electrical/Mechanical Alignment Range: +15°
mechanical
Acceleration: 100,000 rad/sec. max.
Velocity: 12,000 RPM max.

ENVIRONMENTAL

Operatil ? Temperature: 0° to 120°C

Storage Temperature: -40° to 85°C

Shock: 50 G's for 11 msec duration

Vibration: 2.5 G's at 5 to 2000 Hz

Relative Humidity: 90% non-condensing
Enclosure Rating: NEMA 1/ 1P40 dirt-tight (for
models with cover)

DYNAPAR

Worldwide Brands: NorthStar™ e Acuro™ e Dynapar™ e Hengstler™ e Harowe™
Headquarters: 1675 Delany Road * Gurnee,,IL 60031-1282 « USA « Phone: 1.847.662.2666 * Fax: 1.847.662.6633

Customer Service:

PONTIFICIA
UNIVERSIDAD

CATOLICA
DEL PERU

Technical Support
Tel.: +1.800.234.8731
Fax: +1.847.782.5277
dynapar.techsupport@dynapar.com
Dynapar™ brand is a trademark of DYNAPAR. All ights reserved.

Specifications subject to change without notice.
Document No. 702164-0002, Rev.- ©2010 Dynapar
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Satellite Locations:
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Germany, Spain, Slovakia
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SERIES M15

Dimensions/Installation Output 'ms (For clarity, lii are not shown.)
A m MOUNTING HOLE 2x0.125° DIA.(3.2 mm) on CCW SHAFT ROTATION
AXIS I 181" DIA, B.C.(46 mm). 180"
TABS MAY BE REMOVED s 2
IF UNUSED
#1 PHILLIPS e CHUA
A
o INDEX SENSOR
\—— LOCATION CH.B
- AOSUIESEeSt S
e, LSO PCB T0 PROPERLY CH.Z
ORIENT HUB CLAMP Hom —] |
St RECEL WBIERG B
ROTATION § = SIDE OF HOUSING cHy L
- INDEX MARK 4
H 564" ON HUB 7
j HEX KEY g 4 CW SHAFT ROTATION
8 S SEALLROIATEN 5
2x0.100° DIA.
036" 1 g’,,? firu e spa- ez 180"
(9.1 mm) “132.5 mm) HEX KEY + —+180%
CH.U
: . - +[120%
Installation Instructions: jizts
Incremental only models: Drawing #200638-0001 CHN o
Commutation models: Drawing #200638-0002 ! 2
CH. W

Code 6: T

(Not all signals present on all models)

0: Pin Header  1-8: Ribbon Cable

A-H: Shielded Cable

10 Pin 14 Pin Wire Color —
Pin | O.C. | LD. Incr. & e
1 A — Ve Function | Incr. Only | Comm. ? . i
2 Vee | Vec ] Vee com = RED/WHT | & (27.9 mm)
3 GND | GND U Vcce Inc RED RED { .
4 — — vV GND Inc BLK BLK r—
5 = g 2 GND com — BLK/WHT IS —
5 | — ﬁ \X/ A RED/BLK | BLU/BLK “ernm
7 = B W A GRN BLU
8 B B A B’ WHT/BLK | GRN/BLK
g ] =12z A B ORN GRN MOUNTING
10 Z Z B Z BLU VIO/BLK AXIS
11 = = B Z WHT vio
12 o — zZ u — BRN/BLK
13 = — GND U — BRN
14 = — Z Vv — GRY/BLK
Mating Cable Assembly: \Y = GRY
10 pin, 109524-000x w = WHT/BLK
14 pin, 110527-000x w —; WHT

x= length in feet

1.10"
(27.9 mm)

1.60" DIA.
(40.7 mm)

-

—

Ordering Information
To order, complete the model number with code numbers from the table below:

Code 1: Model l Code 2: PPR, Poles l Code 3: Cover I Code 4: Electrical l Code 5: Hub ] Code 6: Termination
Ordering Information
M15  Size 15 Incremental channels only 0 No cover 0 5Vin, open collector out 0 1/4in. Available when Code 4=
Commutating | 02000 1000/0 | 1 Enclosed, incremental only 1 38in. 0,136 0r9
Modular 0400/0 1024/0 end-of-shaft | 1 12V in, open collector out 4 6mm 0  Pin Header
0500/0 mount incremental only 5 Smm 1-8 Mating ribbon
2 Through 3 5Vin, line driver out 6 10mm cable included;
Incremental plus shaft incremental only i 1=11t,2=21t,
Commutation channels 8 3/6in. etc.
05006 1024/4 Available when Code 2 s XXXX/4, 2. Ygin. Available when Code 4=
0-9
10004 102476 , xxmla. urdXXXX/B N B
in, line driver out incr.; - ielded cable;
:g::’s 10248 in, open collector out comm. A< ft,B=21t,
/8 7 5Vin, line driver out incr.; 12V plc:
in, open collector out comm.
9 5Vin, line driver out incr.; 5V
in, line driver out comm.
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SERIES M53

For Stepper & Small Servo Motors

Key Features

¢ 2.0” Diameter Modular Encoder with Easy
Installation Requiring No Special Gapping

Tools or Parts

¢ Phased Array Sensor Technology Allowing

.020” Axial Shaft Play

e Up to 2048 PPR with Commutation Tracks

RoHS

SPECIFICATIONS

STANDARD OPERATING CHARACTERISTICS

Code: Incremental

Resolution: (pulses/revolution)

Incremental: gOO to 2048 PPR

Commutation: 4, 6 or 8 pole

Accuracy:

Incremental: +5 arc-mins. max. edge to edge;
Sense: (viewing encoder mounting surface)
Incremental: A leads B by 90° for CCW rotation of
motor shaft;

Commutation: U leads V, V leads W by 120° for CW
rotation of motor shaft

Phasing:

Incremental: 90° +18° electrical

Commutation: 8 Pole: 30°; 6 Pole: 40°;4 Pole: 60°
mechanical

Index to U Channel: +1° mechanical - Index center to
U channel edge

Symmetry:

Incremental: 180° +18° electrical

Commutation: 8 Pole: 45°;

6 Pole: 60°; 4 Pole: 90° mechanical

Index Pulse Width: 90° +36° electrical (Gated with
A high and B low)

ELECTRICAL

Input Power Requirements:

Incremental: 5 VDC or 12 VDC +10% at

100 mA max. (excluding output load);
Commutation: 5 VDC or 12 VDC +10% at 75 mA
max. (excluding output load)

Output Signals:

7272 Line Driver: 40 mA sink/source max.;

Open Collector w/2.0 k< pull-ups: 16 mA sink max.

Frequency Response: 200 kHz min.
Termination:

Connector: PCB mounted dual row head with 0.1”
x 0.1" pin spacing, 10 plns (mcremental only) 16
pins (w/cc tation); Ca

stmnded (7/36), insulation - black PVC; Shleld
aluminum/polyester foil plus tinned, copper drain
wire (28 AWG, 7/36)

Noise Immunity: Conforms to EN50082-1 Light
Industrial for Electro-Static Discharge, Radio
Frequency Interference, Electrical Fast Transients,
Conducted Interference, and Magnetic Fields (for
models or applications with shielded cable)
MECHANICAL

Weight:

Connector: 1 0z. (28 gm) typ.

Connector w/cover: 1.5 oz. (43 gm) typ.

Cable: 2.5 0z (71 gm) typ.

Cable w/cover: 3 oz. (85 gm) typ.

Dimensions:

Outside Diameter: 2.1” (53 mm) max. w/cover, 2.0"
(51 mm) max. without cover; Height: 0.8 (20.3
mm) (w/cover, excluding connector);

Emitter to Detector Gap: 0.070" (1.8 mm) min.
Material:

Base, Housing, & Cover: high temperature, glass
filled polymer;

Hub: Aluminum; Disk: 0.030" thick glass

Finish:

Base & Housing: black;

Cover: RAL 7010 (dark grey)

Moment of Inertia: 6.64 x 10°in-0z sec.? (4.7
gm-cm?)

Hub Diameters: 1/4”, 3/8", 7/16”, 1/2", 6 mm, 8
mm, 10 mm, 12 mm nominal

Hub Dia. Tolerance: +0.001"/-0.000" (+0.026
mm/-0.000 mm)

Mating Shaft Length: 0.45” 212 mm) min. blind
hub clamp screw, 0.65” (16.5 mm) exposed hub
clamp screw; 0.75” (19 mm) max. inside cover
Mating Shaft Runout: 0.002" (0.05 mm) max. (In-
cludes shaft perpendicularity to mounting surface)
Mating Shaft Endplay: +0.0117/-0.008" (+0.30
mm/-0.21 mm) nominal (“+" indicates away from
mounting face)

Mounting:

Base: (2) #4-40 (M2 5) #1 Phillips hlllster head
cap screw on 1.812" (46 mm) B.C., 0.01" (0.254
mm) true position to shaft; Shaft: spllt hub w/collar
clamp, #2-56 hex socket cap screw (5/64” hex
y_/_renc_h ir}(,:'lxdeg) )

E Range: £15°
mechanical

Acceleration: 100,000 rad/sec.? max.
Velocity: 12,000 RPM max.

ENVIRONMENTAL

Operating Temperature: 0° to 120°C

Storage Temperature: -40° to 85°C

Shock: 50 G's for 11 msec duration

Vibration: 2.5 G's at 5 to 2000 Hz

Relative Humidity: 90% non-condensing
Enclosure Rating: NEMA 1/IP50 dirt-tight (for
models with cover)

Worldwide Brands: NorthStar™ e Acuro™ e Dynapar™ e Hengstler™ e Harowe™

DYNAPAR

INNOVATION - CUSTOMIZATION - DELIVERY
WWW.DYNAPAR.COM

Headquarters: 1675 Delany Road * Gurnee, IL 60031-1282 « USA

Tesis publicada con autorizacion del autor

No olvide citar esta tesis

Customer Service:
Tel.: +1.800.873.8731
Fax: +1.847.662.4150
custserv@dynapar.com

Technical Support
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Dynapar™ brand SERIES M53

Dimensions/installation Output Waveforms_(For clarity, are not shown.)

CCW SHAFT ROTATION

e | —for
HEXKEY ~ CH. A
CW SHAFT
ROTATION — CH. B
S e i
?5‘1’.% i = f = ,F'OS!\'ION CH. U -
Qé&lnzgl %I"A 4 80 OFFSET BETWEEN
wigpnps \ BRI
i) (CENYERED IN ADJUSTMENT _CW SHAFT ROTATION
froe N e wz
787" ) # PHILLIPS (FOR BLIND HUB CLAMP SCREW: J%,_‘_
(1998 mm) | AUGNMENTSCREW | SO IOSKMARION oy oy
INDEX MARK ON HUB HOUSING TO PROPERLY --120ce
ORIENT HUB \MP SCREW CH.V
TO HEX KEY ACCESS HOLE |- +120°e
THAU SIDE OF HOUSING) —_
Code 6: Terminations (Not all signals present on all models)
0: 16 Pin JST connector 1-8: Shielded Cable with JST connector A-H: Shielded Cable
6 Pin RO A Wire Color
Pin __l—’_| Incr. & 0.25" TYP.
Vee r—— Function | Incr. Only Comm.
U 0.831° TYP Vee RED RED = 0.90" TYP.
GND @1.1 mm) l GND BLK BLK 0.65" TYP. . I (22.9 mm)
v l A GRN BLU fiesmmy |
A ] A RED/BLK | BLU/BLK 2.10° DIA.
W [ (533mm) ORN | GRN | (53.3 mm)
A WHT/BLK | GRN/BLK
NC oo WHT VIO
B (1524 3 BLU VIO/BLK
U (10416 Pl 1] = BRN
‘3‘, ‘\j = BRGNF/&LK SRS
z } V' - GRY/BLK -——
4 w 16 PIN: 055 w = WHT .
Z (1397 mm) w = WHT/BLK
6 NC
NOM.
(£15 ADJ)
Ordering Information
To order, complete the model number with code numbers from the table below:
Code 1:Model |  Code 2:PPR, Poles | Code 3:Cover |  Code 4: Electrical [ Code 5:Hub | Code 6:Termination
Ordering Information
M53 Size 20 Incremental channels only | 0 No cover 0 ﬁ1\g:\r;alog§|n collector out incre- | Exposed hub clamp | 0 JST connector
Commutating 0500/0 1024/0 ' : v screw:
Radial exit 1 12Vin, open collector out ) i
Modular 0512/0 ggggﬁg cover(for incremental only A 1/4in. A"Zé'liasb';_ when Code
1000/0 shielded cable} 3 5V in, line driver out incremen-| g 3/g in. :
i . tal only ) 1-8 Shielded cable
2 Axial exit(for | p 12y in, 5V line driver out ¢ 7/16in. with connector;
Incremental plus shielded cable incremental only D 12in 1=1ft, 2=2 ft.,
Commutation channels with JST B 12V in, 12V line driver out : efe.
0500/4 1024/ connector) incremental only E 6mm
1024/6 Available when Code 2 is XXXX/4, Fs )
0500/6 / XXXX/B, or XXXX/8 mm Available when Code
0500/8  1024/8 6 5V in,line driver outincremen- | G 10 mm 3is1:
0512/8 2000/4 tal open collector out Comm . : .
2000/6 9 5V in,line driver out incremen- [ H 12mm A P}I\S?lfetld%d ;:att)le.
1000/4 2000/8 tal line driver out Comm el
1000/6 C 12V in,5Vline driver out etg.
1000/8 2048/4 incremental,open collector
2048/6 D 12V in,12Vline driver out
2048/8 incremental,open collector
E 12Vin5V Iinsedriverout
incremental, 5Vline driver out
2048/8 Comm out Comm out Comm
F 12Vin,12Vline driver out
incremental,12Vline driver out
Comm
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Compact, High Ratio, In-Line Gearing

Harmonic Drive® FB “Pancake” type component set offers the designer high ratio, in-line mechanical power
transmissions in extremely compact configurations. The component set consists of four elements: the Wave
generator, an elliptical bearing assembly; the Flexspline, a non-rigid ring with external teeth; and the Circular
Spline and the Dynamic Spline, rigid internal gears.

Rotation of the Wave Generator imparts a rotating elliptical shape to the Flexspline causing progressive
engagement of its external teeth with the internal teeth of the Circular Spline and the Dynamic Spline.

The fixed Circular Spline has two more teeth than the Flexspline, thereby imparting relative rotation to the
Flexspline at a reduction ratio corresponding to the difference in the number of teeth. With the same number
of teeth, the Dynamic Spline rotates with and at the same speed as the Flexspline.

The Basic Component Set

1) The Wave generator (WG) is a thin raced bearings
assembly fitted onto an elliptical plug, and normally
is the rotating input member.

2) The Flexspline (FS) is a non-rigid ring with external
teeth on a slightly smaller pitch diameter than the
Circular Spline. It is fitted over and is elastically
deflected by the Wave Generator.

3) The Circular Spline (CS) is a rigid ring with internal
teeth, engaging the teeth of the Flexspline across
the major axis of the Wave Generator.

,’ — ) The Dynamic Spline (DS) is a rigid ring having

: internal teeth of same number as the Flexspline. It
rotates together with the Flexspline and serves as
the output member. It is identified by chamfered
corners at its outside diameter.
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Configurations
777 Z

;? 1) Reduction Gearing 7’? 2) Reduction Gearing

[ WG Input WG Input

|‘ CS Fixed CS Output

| DS Output DS Fixed

| Ratio as listed s A

i g Ratio ——
Input and output in opposite R+1
Y77 Input  direction. 7 INPUt  |nput and output in same direction.
Output Output
3) Reduction Gearing 4) Differential
WG Fixed WG Control Input
CS Output '/‘,«' CS Main-drive Input
DS Input || DS Main-drive Output
o b Numerous differential functions can
Ratio R+ be obtained by combinations of
speeds and rotations on the three
Input and output in same direction. shafts.
Output  Input Output  Input

Typical Installation

FB “pancake” type component sets are easier to use than conventional gearing. All that is required is suitable
bearing support for the input and output shaft, and a means of fixing the circular spline against rotation.

The simplicity of FB component sets is demonstrated in the typical arrangements shown below.

5 34

. Wave Generator

. Flexspline

. Circular Spline

. Dynamic Spline

. Motor

. Input Shaft or Motor Shaft
. Output Shaft

NO O~ WN =

Ordering Information

Pancake model with the single row bearing Wave Generator

Size 20

| Reduction ratio 80:1

FB 20-80-2G-R-SP
I

Component set

Backlash optimized to below 3 arc minutes (Optional)

Suffix indicating that the set is specially modified or designed
according to customer requirements.

3
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Dimensions

6-H tapped holes

< = o
| 1
|
cll:
= =
1 e
B B
=
t D -
(&)
FB-50
/C
J'B“/ B_
12 (112
FB-14 FB-20 4—I—‘r—'-T—-4
=
N ‘
- |
L E 2 4
i |
F|-<i L-F
= y@[\ ol
rarac | | Ji
2-M3 Fy- = 0.8 - ‘
tapped holes .H. e =53 N
1 1 -3
35 I 1.J4° T | 3 E F2°$
{—e— L el | =
~=—etl=—F2 &
—3l o NN i fse]
DD
-H...... (H7) m..nn.. Ib [ kgf
5048 105 | 15.0 | 3.75 | 0.75 M3
20 | 7082 | 6 |05 | 125|114 | 095|205 | 60 | M4 94" | 12 | 3«o= [104 | 42 | 20 | — |02 | 10| 02 | 10
25 | 853% | 8 |05 | 165|128 035|335 | 75 | M5 | 14%™| 15 | 5o [ 163 | 53 | 26 | 09 [ 02 | 15 | 1.1 | 05
32 | 1103% | 10 |05 | 205 | 156 | 095 | 395 | 100 | M6 | 14| 15 | 5«om | 163 | 69 | 26 [ 08 [ 02 | 15 | 22 | 10
40 | 13524 | 13 | 1 | 270|194 180 580 | 120 | M8 | 149" 20 | 5<ow | 163 | 84 | 32 [ 12 | 04 | 20 | 40 | 18
50 17025 | 16 1 33.0 | 23.2 | 290 | 6.90 | 150 | M10 194%'| 20 | 6w«om | 218 | 105 | 32 11 04 | 20 6.4 29

Maximum housing |.D. for Flexspline axial containment is L. The surface hardness in the region where the

Flexspline abuts the housing is recommended to be HRC 29-34.
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Performance Ratings

Rated

Max. Aver- Max. Limit for o
age Load Momentary Max. Input Average Input Moment of Backlash

Input Rated Torque Repeated

Rosiational at 2000rpm Peak Torque Torque Torque Speed rpm Speed, rpm Inertia**
peed
DEDEEEEE
ub. Lub. Lub.
50 26 23 3.2 28 32 28 6.9 61
88 49 43 7.8 69 78 69 16.7 | 139"
14 2000 6000 3600 4000 2500 | 0.033 | 0.011 3 32
100 59 52 9.8 87 9.8 87 15.7 | 139*
110 59 52 9.8 87 9.8 87 16.7 | 139"
50 14 124 18 159 18 159 34 301
80 17 150 21 186 21 186 35 310
20 100 2000 22 195 26 230 25 221 47 416 6000 3600 3600 2500 0.14 0.048 3 32
128 24 212 33 292 25 221 58 513
160 24 212 38 336 25 221 59 522*
50 23 204 30 266 30 266 54 478
80 31 274 39 345 39 345 70 620
25 100 2000 39 345 52 460 52 4860 91 805 5000 3600 3000 2500 0.36 0.12 3 30
120 39 345 61 540 61 540 94 832"
160 39 345 76 673 61 540 86 761"
50 44 389 60 531 60 531 108 956
78 63 558 75 664 75 664 127 | 1124
32 100 2000 82 726 98 867 98 867 176 | 1558 | 4500 3600 2500 2300 13 0.44 3 24
131 82 726 187 1212 118 | 1044 | 235 | 2080*
157 82 726 157 1389 118 | 1044 | 235 | 2080"
50 88 779 118 1044 118 | 1044 | 216 | 1912
80 118 1044 147 1301 147 | 1301 | 265 | 2345
40 100 2000 157 1389 186 1646 186 | 1646 | 343 | 3036 | 4000 3300 2000 2000 34 12 3 24
128 167 1478 | 235 2080 235 | 2080 | 372 | 3292*
160 167 1478 | 284 | 2513 | 274 | 2425 | 353 | 3124*

Torque value limited by “Ratceting”.
Moment of Inertia: 1=-1/4 GD2.
Backlash measured at output with the input locked, maximum value.
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Lubrication

QOil lubrication ratings are based on Molub Alloy gear  and the ball bearing, it is recommended that the L
Oil No. 80. See table for recommended oil level and dimension (see FB Dimensions, page 4) be extended

volume for horizontal shaft mounting. further inward to at least S.
For vertical mounting the recommended level is at the

wave generator bearing ball centerline or midpoint of 1 =
the drive. 1

I KT Y E A N Y Py

‘ Oil Level Below Drive Centerline l mm | 786 | 127 ! 152 l 1738 | 230 | 30.5 ’

Grease lubricated ratings are based on Harmonic

Grease SK-1A for size 12 to 100, and SK-2 for size = 2

14. Alternate lubricants include Molub Alloy Grease _

No. 2, Shell Alvania EP 1 and their equivalents.
| S | 26 I 38 ‘ 48 ‘ 63 | 76 I 95 |

For retention of grease within the tooth mesh area

Installation

The Dynamic Spline is distinguished by its chamfered outer edge. FB Component Sets may be operated in
any attitude. Recommended installed relationships are shown below:

S[b[A]
-
-

mm
Y T [ S [
14 0.013 0.015 0.016 0.013 0.015 0.016 0.011 0.007
20 0.017 0.016 0.020 0.017 0.016 0.020 0.013 0.010
25 0.024 0.016 0.029 0.024 0.016 0.029 0.016 0.012
32 0.026 0.017 0.031 0.026 0.017 0.031 0.016 0.012
40 0.026 0.019 0.031 0.026 0.019 0.031 0.017 0.012
50 0.028 0.024 0.034 0.028 0.024 0.034 0.021 0.015
6

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




PONTIFICIA

TESIS PUCP 324‘31'}35&"“—"

DEL PERU

Efficiency

Efficiency varies depending on input speed, ratio, load level, temperature, and type of lubrication. The effects
of these factors are illustrated in the curves shown below.

FB Efficiency vs. Ratio, Temperature, and Lubricant (At Rated Torque)

Input Speed 500 rpm Input Speed 3400 rpm
Molub Alloy Gear Oil No. 80 Molub Alloy Gear Oil No. 80
------ Harmonic Grease HC-1 -===-- Harmonic Grease HC-1
' ]
| |
80— T 80
—1IlR=80
M—t— = =) rol-
"] |R=160} . s T
* 60 = 2. 60 e Het
3 3 -
g | § ,'/ —-=-{IR=120
B 53 . e
2 sop £ 50 > =
T | w . 475
| | % /,/ _.--4/R=160}
| [ / P -t
a0} : . 40 ’/ . e =1
f [ I ] - ] |
| | | 75 -7
| .
A L |
L] I | 4 ||
= - | -
0 10 20 30 40 0 10 20 30 40
Temp. °C Temp. *C
Input Speed 1700 rpm

Molub Alloy Gear Oil No. 80
== ==~ Harmonic Grease HC-1

8
===
|
1

70f—f— s

__—={R=80 |

2 50 I R=120|

B 7 L 1
d A

g . ! |
30 ¢ ‘[
|

No-Load Running Torque, Starting Torque, and Backdriving Torque
ke ] -« J 2o | 2 | 2 | o | s |

NL Running Torque |__Nem 3-8 5-11 6-30 15-40 20-65 60-150
91500,rpm oz-in 4-11 7-15 8-42 20-56 28-90 83-210
Nom 05-3 0.8-4 2-7 3-10 5-30 10-60
Starting Torque
oz-in 07-4 1-6 3-10 4-14 7-42 14-83
Nm 0.8-7 2-10 3-38 4-40 8-60 20-110
Backdriving Torque
Ib-in 6-60 17-87 26-330 35-350 70-520 170-950

Values quoted are based on actual tests with the component sets assembled in housings, and takes into
consideration friction resistance of oils seals, and churning of oil.
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Harmonic Drive LLC
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247 Lynnfield Street
Peabody, MA 01960

New York Sales Office
100 Motor Parkway
Suite 116

Hauppauge, NY 11788

California Sales Office
333 W. San Carlos Street
Suite 1070
San Jose, CA 95110
Group Companies
Chicago Sales Office Harmonic Drive Systems, Inc.
137 N. Oak Park Ave., Suite 410 6-25-3 Minami-Ohi, Shinagawa-ku

7~ N\ .
Oak Park, IL 60301 Tokyo 141-0013, Japan Har monlC
®
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10-25 oz-in Continuous Torque

~ Key Performance
Features
» CE Compliant

» High Energy Neodymium Magnets
+ Peak Torque to 150 oz-in
+ Excellent Torque to Weight Ratio

* 1.5" Motor Diameter is Ideal for
Restricted Space Applications

I + High RPM Operation
+ 1SO 9001:2001#

BRUSHED

SERVO
MOTOR
SERIES

Peak Stall Cont. Stall Rotor Friction Thermal Max Max Winding Elect Time Length Weight
FRAME  STACK Torque Torque Inertia Torque  Resistance Recommend Temp Constant
SIZE LENGTH (Tp) (Te) (Jm) (Tn (Rth) Speed (Te) (L) w)
oz-in oz-in oz-in-sec’ oz-in degC/Watt RPM ce msec in. Ib.
$15 - 100 75 10 .00027 2 6.5 6,000 155 .25 2.5 6
$15 - 150 120 15 .0004 2.5 4.7 6,000 155 .25 3.0 .82
$15 - 250 150 25 .0006 3 3.0 6,000 155 .25 4.0 1.2

~ Motor Characteristics

~ Sample Windings

$15-100 $15-150 $15-250 MAGMOTOR FACT
1 K ™M o 1 K M ) 1 K ™ o
For Application
Torque Constant (Kt)
oz-infamp 1.2 19° 30 145 18 29 46 713 30 48 78 120
Specific Motor
Voltage Constant (Ke)
Volts/Krpm 0.9 148 23 533 1.4 2.2 34 54 ) 22 35 56 8.9 i
Arm. Resistance (Ra) Sdulmns,
Ohms (cold) .21 0.5 13 2.4 0.2 0.6 1.5 I 38 31 0.8 20 50 il
Peak Current (A) Call or Fax Us
Amps 55 35 22 14 60 37 24 15 46 29 18 12
Cont. Current (A) Your Specs Today!
Amps 78 50 J2 21 ) 78 50 32 21 ) 78 50 32 21

CONSULT MAGMOTOR APPLICATION STAFF FOR OTHER AVAILABLE WINDINGS
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~ Performance Curves
$15-100 $15-150 $15-250 MAGMOTOR FACT
Magmotor has been
Designing and
Manufacturing Motors,
in the USA,

Since 1976!

TORQUE-(0Z-IN)

0 15 3 45 6
SPEED-(KRPM)

CONTINUOUS DUTY . INTERMITTENT DUTY TYPICAL PERFORMANCE @ 25°C AMBIENT

A SatCon Company

TACHOMETER ~ S15 Series Options

« Optical Encoders’

+ Application Specific Windings and
Mechanical Designs

« Custom Cables and Connectors

+ Special Shaft and Mounting

65 Configurations
L——»| 63 T - l A ’_ .

515-100 2.67 W ica ications

$15-150 3.0" 'yp pp

816-260; 3.0 + X-Y Positioning

+ Medical

#2-56 2 places on a #5-40 2 places on a
1.200 diameter B.C. 1.180 diameter B.C, + Laboratory

« Automated Assembly
+ Pharmaceutical

« Office Products

~ Motor Selection
Assistance

* Please Refer to Page 23 for Application
Assistance and Model Selection and
Call Us:

Tel: 508-929-1400
Fax: 508-929-1401

*Tach: Specificatic Toll Free Solutions Line: 86-Magmotor

See Ordering Guide on Page 23 for tAdd 1° to Motor Length
Available Tach Voltages gt www. magmotor.com

Reference Page 24 for
Ripple Voltage: 3% max. P-P Additional Encoder Details.
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50-100 oz-in Continuous Torque

“Key Performance Features:

e High Energy Neodymium Magnets
e Peak Torque to 1000 oz-in

e Excellent Torque to Weight Ratio

® Encoder Ready

e 12-120VDC Typical

BRUSHED
SERVO

MOTOR

SERIES

~ Motor Characteristics

FRAME  STACK | PEAKSTALL | CONT.STALL THERMAL MAX WEIGHT
SIZE  LENGTH TORQUE TORQUE RESISTANCE | RECOMMEND
r) ) (RM) SPEED
o0Z-IN oZ-IN -IN-SEC: - °C/WATT RPM
$23 - 100 500 50 0.006 5 45 4000 155 70 2
$23 - 200 800 75 0.010 6 4.0 4000 155 100 26
§23 - 285 1000 100 0.014 7 35 4000 155 130 32

- . .
Samp’e Wlndlngs CONSULT MAGMOTOR APPLICATION STAFF FOR OTHER AVAILABLE WINDINGS

$23 - 100 S23 - 200 S23 = 285
Torque Constant (Kt) 5.1 8.0 | 13.0 | 201 128 | 193 | 304 | 60.8 144 | 22.7 | 36.2 | 56.3
oz-infamp
Voltage Constant (Ke) 37 60 | 96 | 149 94 | 143 | 225 | 45.0 06 | 168 | 268 | 415
Volts/Krpm
Term. Resistance (Rt) 0.5 0.7 | 145 ] 3.15 0.65 | 1.35 ] 2.86 | 1032 05 | 1.9 | 25|55
Ohms (cold)
Peak Current (A) 75 48 24 15 75 48 24 15 75 48 24 15
Amps
Cont. Current (A) 13 47 1 30 | 20 73 | 47 | 30 20 73 | 47 | 30 ] 20
Amps

VALUES AS LISTED ARE TEST CONDITIONS, ACTUAL RESULTS MAY VARY
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“§23 Series Options

e Optical Encoders

® Tachometers and Brakes

e Application Specific Windings and
Mechanical designs

® Custom Cables and Connectors

* NEMA 23 Flange Mounting

® For more options, see magmotor.
com custom solutions, or call us.

#4-40 X .25 DEEP 4 PLACES
ONA18120BC.

“Typical Applications

e Semiconductor Equipment

® Medical Equipment

e Automated Assembly Machines
e Laboratory Equipment

® Pharmaceutical Equipment

® X-Y-Z Positioning Machines

AWG RED & BLACK LEADS,
13" LONG STANDARD
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80-250 oz-in Continuous Torque

“Key Performance Features:

e High Energy Neodymium Magnets
® Peak Torque to 1700 oz-in
e Excellent Torque to Weight Ratio

® Encoder Ready

e Low Voltage High Performance Design
is Available

e 12-120 VDC Typical

BRUSHED
SERVO

MOTOR

SERIES

~ Motor Characteristics

FRAME STACK | PEAKSTALL | CONT.STALL THERMAL MAX WEIGHT
SIZE LENGTH |  TORQUE TORQUE RESISTANCE | RECOMMEND
) ) (RM) SPEED
oz-IN oZIN -IN-SEC? : °C/WATT RPM
$28 -- 100 900 80 0.01 6 3.7 4000 155 80 3
$28 - 200 1300 130 0.02 7 29 4000 155 150 4
$28 -- 300 1500 200 0.025 8 23 4000 155 200 5.5
$28 -- 400 1700 250 0.04 9 1.8 4000 155 250 6.8
~ Samp[e Windings CONSULT MAGMOTOR APPLICATION STAFF FOR OTHER AVAILABLE WINDINGS
s28 - 100 $28 - 200 $28 - 300 $28 - 400
Torque Constant (Kt) 8.8 141 | 229 | 364 1751279 | 448 | 711 27.5 | 40.6 | 65.6 | 104.1 34.4 | 56.1 | 89.0 | 134.6
oz-infamp
Voltage Constant (Ke) | 6.50 | 10.4 | 17.0 | 269 13.0 | 206 | 33.1 | 52.6 1931300 | 485 | 77.0 254 | 41.5 | 658 | 99.5
Volts/Krpm
Term. Resistance (Rt) 0.5 0.9 13 34 08 | 20 | 34 | 7.0 0.8 14 | 45 9.8 083 | 22 55 122
Ohms (cold)
Peak Current (A) 60 36 23 15 60 36 23 15 60 36 23 15 60 36 23 15
Amps
Cont. Current (A) 9 5 3 2 9 5 3 2 9 3 3 2 9 5 3 2
Amps

VALUES AS LISTED ARE TEST CONDITIONS, ACTUAL RESULTS MAY VARY
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“$28 Series Options “Typical Applications
e Optical Encoders e Packaging Machines
® Tachometers, Brakes and Gear Boxes ® Machine Tools
e Custom Cables and Connectors e Coil Winders
® |P 65 Sealing e Electric Vehicles
® NEMA 34 Flange Mounting ® Material Handling Equipment
® For more options, see magmotor.com ® Textile Machines

custom solutions, or call us.

Vi

#18 AWG RED & BLACK LEADS,
#4-40 X 25 DEEP 2 PLACES ON 13" LONG STANDARD
A21.812B.C.

[ (I

®

0 —= b=

L
828100 3.257
828-200 425"
828-300 32587
828-400 8.42°

.22 THRU FLANGE 4 PLACES ON
A@3876B.C.

OPTION-
ROUND FACE MOUNT
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VNH2SP30-E

Automotive fully integrated H-bridge motor driver

Features
Type RDS(on) lout | Veemax
VNH2SP30-E e | gea | 4
(per leg)

*5V logic level compatible inputs

*Undervoltage and overvoltage shut-down
*Overvoltage clamp

*Thermal shut down

*Cross-conduction protection

+Linear current limiter

*Very low stand-by power consumption

*PWM operation up to 20 kHz

+Protection against loss of ground and loss of V¢

*Current sense output proportional to motor
current

*Package: ECOPACK®

Description

The VNH2SP30-E is a full bridge motor driver
intended for a wide range of automotive
applications. The device incorporates a dual
monolithic high side driver and two low side
switches. The high side driver switch is designed
using STMicroelectronic’s well known and proven
proprietary VIPower ™ MO technology which
permits efficient integration on the same die of a
true Power MOSFET with an intelligent
signal/protection circuitry.

MultiPowerSO-30™

The low side switches are vertical MOSFETs
manufactured using STMicroelectronic’s
proprietary EHD (‘STripFET™’) process. The
three die are assembled in the MultiPowerSO-30
package on electrically isolated leadframes. This
package, specifically designed for the harsh
automotive environment offers improved thermal
performance thanks to exposed die pads.
Moreover, its fully symmetrical mechanical design
allows superior manufacturability at board level.
The input signals IN and INg can directly
interface to the microcontroller to select the motor
direction and the brake condition. The
DIAGA/ENp or DIAGE/ENg, when connected to an
external pull-up resistor, enable one leg of the
bridge. They also provide a feedback digital
diagnostic signal. The normal condition operation
is explained in Table 12: Truth table in normal
operating conditions on page 14. The motor
current can be monitored with the CS pin by
delivering a current proportional to its value. The
speed of the motor can be controlled in all
possible conditions by the PWM up to 20 kHz. In
all cases, a low level state on the PWM pin will
turn off both the LS, and LSg switches. When
PWM rises to a high level, LS, or LSg turn on
again depending on the input pin state.

PONTIFICIA
UNIVERSIDAD

CATOLICA
DEL PERU

Table 1. Device summary
Order codes
Package
Tube Tape and Reel
MultiPowerSO-30 VNH2SP30-E VNH2SP30TR-E
September 2013 Rev 9 1/33
www.st.com
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VNH2SP30-E Block diagram and pin description
1 Block diagram and pin description
Figure 1. Block diagram
Vee
| OVERTEMPERATURE A oy+Uy | OVERTEMPERATURE B
— [ i
CLAMP HSp - — L CLAMP HSg
HSp ol Dﬁ::n | LOGIC | D::R - | ¢ HSg
| CURRENT | T CURRENT
LIMITATION A LIMITATION B
OUT, 1} . . 00T IS e B T oo K H . . ouTg
CLAMP LSy CLAMP LSg
LSa — D‘:’;’a‘ >—e < LSs
GND, DIAGA/ENA INs CS PWM INg DIAGE/ENg GNDg
Table 2. Block description
Name Description

Allows the turn-on and the turn-off of the high side and the low side switches

Logic control according to the truth table

F
Overvoltage +

Shuts down the device outside the range [5.5V..16V] for the battery voltage
‘ undervoltage

‘ High side and low Protects the high side and the low side switches from the high voltage on the
side clamp voltage battery line in all configurations for the motor

j High side and low Drives the gate of the concerned switch to allow a proper Rpg op) for the leg of
side driver the bridge

Limits the motor current by reducing the high side switch gate-source voltage

Linear current limiter R
when short-circuit to ground occurs

Overtemperature In case of short-circuit with the increase of the junction’s temperature, shuts
| protection down the concerned high side to prevent its degradation and to protect the die

Signals an abnormal behavior of the switches in the half-bridge A or B by

Feult:detoetion pulling low the concerned EN,/DIAG, pin

g
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Block diagram and pin description VNH2SP30-E
Figure 2.  Configuration diagram (top view)
OUT, | ;| S o oUT,
Ne = e [ Ne
Vee 122 ! OUTa GND4
Heat Slug3
Nc | ! GNDj4
IN [ I 1 : GND,
ENp/DIAG, | ; i OoUT4
Nc | : Voo N3 [ Nc
PWM | ! Heatswgt ST TITE Vee
csl [ ! [ Nc
ENg/DIAGg | I . - OUTg
INg | 1 GNDg
Nc | 1 OUTg GNDg
Ve = i : Heat Slug2 ‘ GNDg
Nc f EEsssssyeny g [ Nc
ouTg AT s g g “I{E oUTg
Table 3. Pin definitions and functions
Pin No Symbol Function
1,25, 30 [ OUT,, Heat Slug3 | Source of high side switch A / Drain of low side switch A
t 1
2,4,7,12,14, |
17,22, 24 29 INC Not connected
‘ 3,13,23 |Vee, Heat Slug1 | Drain of high side switches and power supply voltage
|6 ENA/DIAG, Status of high side and low side switches A; open drain output
+ 1
|5 N Clockwise input
'8 PWM PWM input
5 T
|9 |CS Output of current sense
11 | INg Counter clockwise input
110 | ENg/DIAGg Status of high side and low side switches B; open drain output
‘ 15, 16, 21 | OUTg, Heat Slug2 | Source of high side switch B / Drain of low side switch B
126, 27, 28 | GNDp Source of low side switch A("
118, 19, 20 | GNDg Source of low side switch B("
L
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1. GND4 and GNDg must be externally connected together.
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VNH2SP30-E Block diagram and pin description

Table 4. Pin functions description

‘ Name Description
Vee Battery connection
GNDj, GNDg | Power grounds; must always be externally connected together
OUT,, OUTg | Power connections to the motor

Voltage controlled input pins with hysteresis, CMOS compatible. These two pins
INa, INg control the state of the bridge in normal operation according to the truth table (brake

to Ve, brake to GND, clockwise and counterclockwise).

Voltage controlled input pin with hysteresis, CMOS compatible. Gates of low side
PWM FETs are modulated by the PWM signal during their ON phase allowing speed control

of the motor.

}

‘ Open drain bidirectional logic pins. These pins must be connected to an external pull
ENA/DIAG up resistor. When externally pulled low, they disable half-bridge A or B. In case of
ENA/DIAGA‘ fault detection (thermal shutdown of a high side FET or excessive ON state voltage

B B drop across a low side FET), these pins are pulled low by the device (see truth table
in fault condition).

‘ Analog current sense output. This output sources a current proportional to the motor
CSs current. The information can be read back as an analog voltage across an external

resistor.

g
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2 Electrical specifications
Figure 3. Current and voltage conventions
Is
H
; : 4 Vee
INA V
= 1IN, « = louma
4 Iins ouTa “ | A
[— >
e e e ouTs | = TR
e SENSI A
| {1 DIAGA/EN, Cs [} =5
ENB
> . DIAGH/ENg Vsense| Vours
Vina PWM GNDp GNDg
Ving Tow T i !
pw
Vena > —e—GND
Vens |
Vi lGND
.
21 Absolute maximum ratings
Table 5. Absolute maximum ratings
Symbol Parameter Value Unit
Vee Supply voltage +41 "
Iax Maximum output current (continuous) 30
A
IR Reverse output current (continuous) -30
N Input current (INs and INg pins) +10
lEN Enable input current (DIAGA/ENp and DIAGg/ENg pins) +10 mA
low PWM input current +10
Ves Current sense maximum voltage -3/+15 )
Electrostatic discharge (R = 1.5k(2, C = 100pF)
v — CS pin 2 kV
ERDR — logic pins 4 kv
— output pins: OUTy,, OUTg, Ve 5 kv
Tj Junction operating temperature Internally limited
Té Case operating temperature -40 to 150 °C
Tste Storage temperature -55to 150
8/33 IS7]
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2.2 Electrical characteristics
Vee =9V upto 16 V; -40°C < T; < 150°C, unless otherwise specified.

Table 6. Power section

Symbol Parameter Test conditions Min | Typ | Max | Unit
Operating supply
Vee voltage A 18 |
Off state with all Fault Cleared & ENx=0
INp = INg = PWM = 0; T; = 25°C; Vo = 13V 12| 30 | pA
INp = INg =PWM =0 60 | pA
ls Supply curren: Off state: IN, = INg = PWM = 0 2 mA
On state:
INp or INg = 5V, no PWM 10 | mA
i Static high side loyr = 15A; Tj=25°C 14
ONHS | resistance lour = 15A; T, = 40 to 150°C 28
mQ
i Static low side loyr = 15A; Tj = 25°C 5
ONLS | resistance louT = 15A; 'rj =40 to 150°C 10
High side free-
Vg wheeling diode lf=15A 08| 1.1 Vv
forward voltage
High side off state | T; = 25°C; Voyrx = ENx = 0V; Ve = 13V 3
Ioff) output current . MA
(per channel) Tj =125°C; VOUTX = ENX =0V, VCC =13V 5
Dynamic cross- _ :
Irm conduction current | '0UT = 19A (see Figure 7) L &

Table 7. Logic inputs (INp, INg, ENp, ENg)

Symbol Parameter Test conditions Min | Typ | Max | Unit
ViL Input low level voltage 1.25
Vir Input high level voltage Normgl oper;tlon (DIAGY/ENy pin acts 305
as an input pin)
VinysT |Input hysteresis voltage 0.5 Vv
Iy =1mA 55 (63|75
VicL Input clamp voltage
Iy =-1mA -1.0(-0.7| -0.3
IINL Input low current Vin = 1.25V 1 &
H
\NH Input high current Vi =3.25V 10
v Enable output low level | Fault operation (DIAGy/ENy pin acts as 04 | v
DIAG | yoltage an output pin); lgy = 1MA :
&y 9/33
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Table 8. PWM

Symbol Parameter Test conditions Min Typ Max Unit
Vowl PWM low level voltage 1.25 Vv
Ipwl PWAM pin current Vpw = 1.25V 1 MA
Vowh PWM high level voltage 3.25 \
lowh PWAM pin current Vpw = 3.25V 10 HA
Vpwhhyst | PWM hysteresis voltage 0.5

low = TMA Vec+03 | Vg + 0.7 | Vec+1.0 | V
Vowel PWM clamp voltage il . . =

low = -1mA -6.0 -4.5 -3.0

PWM pin input _

Cinpuvm capacitance ViN=2.5V 25 PF

Table 9. Switching (Ve =13V, R oap = 0.87Q2, unless otherwise specified)

Symbol Parameter Test conditions Min | Typ Max Unit
f PWM frequency 0 20 kHz
ta(on) Turn-on delay time :22 :t;;;zrtén; e 250

tacoff) Turn-off delay time :Zzzt /g;irt:;e) e 250

t Rise time (see Figure 5) 1 1.6 He
t Fall time (see Figure 5) 12 24

toeL Ef;’;ggﬁgd”mi“dg:ha”ge (see Figure 4) 300 | 600 | 1800

High side free wheeling
tr diode reverse recovery (see Figure 7) 110 ns
time

toftminy " | PWM minimum off time EV=<Z¥OC|JCH< S}:j ;ri 1:5§5°C3 6 s

1. To avoid false Short to Battery detection during PWM operation, the PWWM signal must be low for a time
longer than 6ps.

Table 10. Protection and diagnostic

Symbol Parameter Test conditions | Min | Typ | Max | Unit

Undervoltage shut-down 55
Vusb
Undervoltage reset 4.7 Vv

Vov Overvoltage shut-down 16 | 19 | 22

ILim High side current limitation 30 | 50 | 70

Verp Total clamp voltage (Vgc to GND) lout = 15A 43 | 48 | 54 Vv
T1sD Thermal shut-down temperature Vin=3.25V 150 | 175 | 200

TR Thermal reset temperature 135 °C
THysT Thermal hysteresis 7 15

10/33 ‘-77
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Table 11.  Current sense (9V < V¢ < 16V)

Symbol Parameter Test conditions Min | Typ Max | Unit

Ky s 'T?fj;?:; poeee = 1944 | 9665 | 11370 | 13075
\

Kz lout/lsense IT?‘f_:OBg ? ol =15k 9096 | 11370 | 13644
‘ dK4 /K4 | Analog sense current drift lisi)g-:;?:%?os‘%q* =15k | g +8
i %
dK, / KoM | Analog sense current drift !IS,-)L;T—ZOB:; ‘?550%NCSE =15k 1 4o +10 ’

‘ Analog sense leakage lout = 0A; Vgense = 0V, 0 ' 65 uA

IseNsEO | cyrrent T, = -40t0 150°C

1. Analog sense current drift is deviation of factor K for a given device over (-40°C to 150°C and
9V < V¢ < 16V) with respect to its value measured at T; = 25°C, Ve = 13V.

Figure 4.  Definition of the delay times measurement

AVina

v

A Ving

4 PWM

LA

4 loap

toeL

| N ]

v

toEL

g
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Figure 5.  Definition of the low side switching times
APWM
t
AV,
OUTA, B 90% 80% | ——
b 20% 10% ), t | t
Figure 6.  Definition of the high side switching times
A
Vina _ toen) o)
ot
4 Vouta
90%
10%\
o f
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Figure 7.  Definition of dynamic cross conduction current during a PWM operation

INy=1,INg=0

ApWM

v
—_

4 lyotor

v

\
Vours

v
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v

g
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Table 12.  Truth table in normal operating conditions

INa | INg | DIAGA/ENp | DIAGG/ENg | OUT, | OUTg Ccs Operating mode
3 L i H High Imp. Brake to Ve
0 i 3 L lsense = lourlK Clockwise (CW)
5 L 3 H Counterclockwise (CCW)
0 L High Imp. Brake to GND

Table 13.  Truth table in fault conditions (detected on OUT,)

INg INg DIAGA/EN, | DIAGR/ENg OUT, OUTg cs
1 71 H High |
L | igh Imp.
o i gh Imp
—_— 1
6 1 H louta/K
0 0 OPEN L
| S e S High Imp.
X 0 OPEN
X 1 g H louts/K
0 L High Imp.
Fault Information Protection Action
Note: Notice that saturation detection on the low side power MOSFET is possible only if the

impedance of the short-circuit from the output to the battery is less than 100m<Q when the
device is supplied with a battery voltage of 13.5V.

g
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Table 14.  Electrical transient requirements

ISOT/R-7637/1 | Test Level | Test Level | Test Level | Test Level Test levels
Test pulse | ] n v delays and impedance
1 -25V -50V -75V -100v 2ms, 10Q2
2 +25V +50V +75V +100V 0.2ms, 10Q2
3a -25V -50V -100v -150V
0.1us, 50Q2
3b +25V +50V +75V +100V
4 -4v -5V -6V -7V 100ms, 0.01Q
5 +26.5V +46.5V +66.5V +86.5V 400ms, 2Q
ISO T/R - 763711 Test levels Test levels Test levels Test levels
test pulse result | result Il result Il result IV
1
2
3a o] C Cc
c
3b
4
5(M E E E
1. Forload dump exceeding the above value a centralized suppressor must be adopted.
Class Contents
c All functions of the device are performed as designed after exposure to
disturbance.
One or more functions of the device are not performed as designed after
E exposure to disturbance and cannot be returned to proper operation without
replacing the device.

g
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2.3 Electrical characteristics curves
Figure 8. On state supply current Figure 9.  Off state supply current
Is (mA) Is (MA)
6 50
55 45
5 Vee=13V Vee=13V
INA or INB=5V 40
45
35
s
35 30
3 25
25 20
)
15
15 \_/
10
.
05 5
0 0
-50 -25 0 25 50 7% 100 125 150 175 50 25 0 25 50 75 100 125 150 175
Tc (°C) Te (°C)
Figure 10. High level input current Figure 11. Input clamp voltage
linh (uA) Viel (V)
5 8
5 775 <
# Vin=3.25V 75 lin=1mA
‘
725
35
7
3 \ 675
25 85 /
2 625
]
15
575
1
55
05 525
o 5
50 -25 0 25 50 75 100 125 150 175 50 -25 0 25 50 75 100 125 150 175
Te("C) Te("C)
Figure 12. Input high level voltage Figure 13. Input low level voltage
Vih (V) Vil (V)
3 3
29 275
28
25
27
. \ s
25 2
24 e ——
23
15
22
21 125
2 1
-50 -25 ] 25 50 75 100 125 150 175 -50 -25 o 25 50 75 100 125 150 175
Te(°C) Te("C)
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Figure 14.

Input hysteresis voltage

Figure 15. High level enable pin current

Vinyst (V)

Vee=13V

25 0 25 50 75 100 125 150 175

Te(°C)

lenh (uA)
8

7

Ven=3.25V
6

) \

50 25 0 25 S50 75 100 125 150 175
Te(*C)

Figure 16.

Delay time during change of
operation mode

Figure 17. Enable clamp voltage
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Figure 18.

High level enable voltage

Figure 19. Low level enable voltage
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Figure 20. PWM high level voltage

Figure 21. PWM low level voltage

Vpwh (V)
5

45

Vee=9vV

4

35
3

25

Vewt (V)

26

Vee=9V

50 25 0 25 50 75 100 125 150 175 -50 -25 0 25 50 75 100 125 150 175
Te (°C) Te (°C)
Figure 22. PWM high level current Figure 23. Overvoltage shutdown
Ipwh (4A) Vov (V)
8 30
7 = T 275
Vee=9vV
6 Vpw=3.25V 2
5 225
4 20 |
3 175
2 15
1 125
0 10
-50 25 0 25 50 75 100 125 150 175 <50 .25 L] 25 50 75 100 125 150 175
Te (°C) Te (*C)
Figure 24. Undervoltage shutdown Figure 25. Current limitation
Vusd(v) Hlim (A)
8 80
7 75
70
6
65
5 60
4 \ s //F
3 50
45
2
40
X 3%
0 30
-50 25 o 25 50 75 100 125 150 175 -50 25 0 25 50 75 100 125 150 175

Tc (°C)
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Figure 26. On state high side resistance vs

Figure 27. On state low side resistance vs

TCBSE Tcase
Ronhs (mOhm) Ronls (mOhm)
40 9
* ° Vee=sV; 16V
Vee=9V; 16V fao=By:
lout=15A 7 lout=15A

-50 -25 o 25 50 7% 100 125 150 175
Te (°C)

50 25 0 25 50 75 100 125 150 175
Te (°C)

Figure 28. Turn-On delay time

Figure 29. Turn-Off delay time
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Figure 30. Output voltage rise time

Figure 31. Output voltage fall time
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3 Application information

In normal operating conditions the DIAGx/ENx pin is considered as an input pin by the
device. This pin must be externally pulled high.

PWM pin usage: in all cases, a “0” on the PWM pin will turn off both LS, and LSg switches.
When PWM rises back to “1”, LS, or LSg turn on again depending on the input pin state.

Figure 32. Typical application circuit for DC to 20 kHz PWM operation short circuit

protection
Vee
+5V
Vee 3.3K
i DIAGE/ENBL |
—— 1K
Hseg |
oursj
K
If == C
GNDB
00k Y G »—5"7
L{ ! ¥ b) N MOSFET
. 5
mr
Note: The value of the blocking itor (C) dep on the ication conditions and defines voltage and current ripple onto supply line

at PWM operation. Stored energy of the motor inductance may fly back into the blocking capacitor, if the bridge driver goes into tri-
state. This causes a hazardous overvoltage if the capacitor is not big enough. As basic orientation, 500uF per 10A load current is

recommended.

In case of a fault condition the DIAGy/ENy pin is considered as an output pin by the
device.The fault conditions are:

2 overtemperature on one or both high sides

2 short to battery condition on the output (saturation detection on the low side power
MOSFET)

Possible origins of fault conditions may be:

2 OUTy, is shorted to ground — overtemperature detection on high side A.

?  OUT, is shorted to Vg — low side power MOSFET saturation detection.

g
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When a fault condition is detected, the user can know which power element is in fault by
monitoring the IN,, INg, DIAGA/ENp and DIAGg/ENg pins.

In any case, when a fault is detected, the faulty leg of the bridge is latched off. To turn on the
respective output (OUTy) again, the input signal must rise from low to high level.

Figure 33. Behavior in fault condition (How a fault can be cleared)

™| 1
N, _l :
DIAG,
EN,
DIAG,
EN,
‘/Devtoe Latched i ‘)evlce Latched “/lece Unlatched
Iout, > out,
FAULT,
(Internal Signal)
FAULT,
(internal Signal) e ) H —Dn !
Normal OUTg shorted | Fault Cleared Stby () : Normal OUT, shorted ; Fault Cleared i Normal
Operation to Ve ' Operation to GND ' Operation
Note: In case of the fault condition is not removed, the procedure for unlatching and sending the

device in Stby mode is:
- Clear the fault in the device (toggle : INA if ENA=O0 or INB if ENB=0)
- Pull low all inputs, PWM and Diag/EN pins within tDEL.

If the Diag/En pins are already low, PWM=0, the fault can be cleared simply toggling the
input. The device will enter in stby mode as soon as the fault is cleared.

3.1 Reverse battery protection

Three possible solutions can be considered:
1. a Schottky diode D connected to V¢ pin

2. an N-channel MOSFET connected to the GND pin (see Figure 32: Typical application
circuit for DC to 20 kHz PWM operation short circuit protection on page 20)

3. aP-channel MOSFET connected to the V¢ pin
The device sustains no more than -30A in reverse battery conditions because of the two

body diodes of the power MOSFETs. Additionally, in reverse battery condition the I1/Os of
VNH2SP30-E are pulled down to the V¢ line (approximately -1.5V). A series resistor must

g
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be inserted to limit the current sunk from the microcontroller 1/Os. If Igmay is the maximum
target reverse current through uC 1/Os, the series resistor is:

Figure 34. Half-bridge configuration

Vee
| :r\’\‘ﬁ /! DIAG, IEIIES =
Y] BIAGKENA DIAG%}/EWl\ﬁ m—
] PWM /,—\\ I
OUT, ouTg \\M } ouTA ouTg |
GNDy  GNDg GNDp  GNDg
Note: The VNH2SP30-E can be used as a high power half-bridge driver achieving an On

resistance per leg of 9.5mC).

Figure 35. Multi-motors configuration

Vee
1 I S
— 1IN INA
BI%G JEN, D!AGAIEINB | —
—| DIAGHENS D:Aogésvrxfé [——
| PWM =  —
N
[ \
OUTA ouTs \ M, | OUTA oUTs |
\_
GNDp  GNDg GNDay  GNDg
™ ()
[ M) : Mg
\__/ N
Note: The VNH2SP30-E can easily be designed in multi-motors driving applications such as seat

positioning systems where only one motor must be driven at a time. DIAGy/ENy pins allow
to put unused half-bridges in high impedance.

7
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Figure 36. Waveforms in full bridge operation

NORMAL OPERATION (DIAGA/ENp = 1, DIAGG/ENg = 1)
LOAD CONNECTED BETWEEN OUT,, OUTg

DIAGA/ENy

DIAGG/ENg

INg

INg

PWM

OUT,4

OoUTg
louta->outB PR 11

Cs ()

- -
(*) CS BEHAVICR DURING PWM MOEI)JE WILL DEPEND ON PWM FREQUENCY AND DUT%EéYCLE
NORMAL OPERATION (DIAG/EN, = 1, DIAGG/ENg = 0 and DIAGA/EN, = 0, DIAGS/ENg = 1)

LOAD CONNECTED BETWEEN OUT,, OUTg
DIAGA/EN,
DIAGH/ENg
INa
INg
PWM

ouT,
ouTy

louta->outs

cs

CURRENT LIMITATION/THERMAL SHUTDOWN or OUT, SHORTED TO GROUND

INg

INg
ILIM

louta->outs

TJ- | T>Trri
DIAG,/EN,

DIAGg/ENg

cs

normal operation : OUT,, shorted to ground normal operation

g
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Figure 37. Waveforms in full bridge operation (continued)

OUT} shorted to V¢ and undervoltage shutdown

INA
INg

ouT, undefined
OUTg undefined

louta>outs.  — — — —————————. =

DIAGG/ENg
DIAGA/ENA
cs V < nominal

normal operation OUTj shorted to Ve normal operation undervoltage shutdown

g
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4 Package and PCB thermal data
41 PowerSS0-30 thermal data

Figure 38. MultiPowerSO-30™ PC board

N~ | N

i S i iy
7.

AN | A I\

Note: Layout condition of Ry, and Zy, measurements (PCB FR4 area = 58mm x 58mm, PCB
thicknzess =2mm. Cu thickness = 35um, Copper areas: from minimum pad layout to
16cm°).

Figure 39. Chipset configuration

HIGH SIDE
CHIP
HSAp

LOW SIDE LOW SIDE
CHIP A CHIP B

LSa LSg

Figure 40. Auto and mutual Reyjamp VS PCB copper area in open box free air
condition
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411

4.1.2

4.1.3

4.1.4

Thermal calculation in clockwise and anti-clockwise operation in
steady-state mode

Table 15. Thermal calculation in clockwise and anti-clockwise operation in steady-
state mode
HSp |HSp | LS | LSp TiusaB TiLsa TiLse

oN | oFr | oFr | on | PatsaX Rinks * Paiss | Parsa X Rnsis + Pansa X Riptsis * PaLss
X Rintisis + Tamb PaLss X RinLsts * Tamb | X Rinis + Tamb

PdHss X RthHsLs * PaLsa

ofe | on | on | oFF | ParsB X Rinks + Paisa | Parse X RenmsLs *
X RinsLs * Tamb

X RintisLs + Tamb Parsa X RihLs * Tamb

Thermal resistances definition (values according to the PCB heatsink
area)

RthHs = RinHsa = Rinnse = High Side Chip Thermal Resistance Junction to Ambient (HS or
HSg in ON state)

Rinis = Rinsa = Rinsg = Low Side Chip Thermal Resistance Junction to Ambient

R(hHSLS = R!hHSALSB = RthHSBLSA = Mutual Thermal Resistance Junction to Ambient
between High Side and Low Side Chips

RinLsLs = RinLsaLss = Mutual Thermal Resistance Junction to Ambient between Low Side
Chips

Thermal calculation in transient mode@

TiusaB = Zinns X PansaB + ZinsLs X (Parsa * Parse) + Tamb
TiLsA = ZinnsLs X Pansas * Zthis X PaLsa * ZinisLs X PaLse * Tamb
TiLsB = ZtnnsLs X PaHsaB + ZnLsLs X PaLsa * Ztnis X PaLse + Tamb

Single pulse thermal impedance definition
(values according to the PCB heatsink area)

Zihns = High Side Chip Thermal Impedance Junction to Ambient
Zinis = ZinLsa = ZinLss = Low Side Chip Thermal Impedance Junction to Ambient

ZinHsLs = ZthHSABLSA = ZthHsABLsB = Mutual Thermal Impedance Junction to Ambient
between High Side and Low Side Chips

ZinLsLs = ZthLsaLss = Mutual Thermal Impedance Junction to Ambient between Low Side
Chips

a. Calculation is valid in any dynamic operating condition. P4 values set by user.
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Equation 1: pulse calculation formula

Zrns = Ry P8+ Zrpp(1-9)
where & = tp 0

Figure 41. MultiPowerS0O-30 HSD thermal impedance junction ambient single pulse
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Figure 42. MultiPowerS0-30 LSD thermal impedance junction ambient single pulse
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Figure 43. Thermal fitting model of an H-bridge in MultiPowerSO-30

- & c2
@pms = i £ o o s
R1 R2
I— 1 R3 R4 RS 3
?7 “CS
éﬂdﬁhs R7 Re o 13
| I Rzz“: s R21
co cio = % cn c1z ci13 ci4
i 1t —
@pd}us | RY RI10 J 1. R11 R1Z R13 R14
(I:|5 “cw ciz cis c1e c20
édels R15 R16 J l_lRﬂ R18 R18 R20
[ |
_i_ T_amb
Table 16.  Thermal parameters(?
Arealisland (cmz) Footprint 4 8 16
R1=R7 (°C/W) 0.05
R2 =R8 (°C/W) 0.3
R3 (°C/W) 0.5
R4 (°C/W) 1.3
R5 (°C/W) 14
R6 (°C/W) 44.7 39.1 31.6 23.7
R9 =R15 (°C/W) 0.2
R10 =R16 (°C/W) 0.4
R11 =R17 (°C/W) 0.8
R12 =R18 (°C/W) 1.5
R13 =R19 (°C/W) 20
R14 = R20 (°C/\W) 46.9 36.1 30.4 20.8
R21 =R22 = R23 (°C/W) 115
C1=C7 (W.s/°C) 0.005
C2=C8(W.:s/°C) 0.008
C3=C11=C17 (W.s/°C) 0.01
C4=C13=C19 (W.s/°C) 0.3
C5 (W.s/°C) 0.6
C6 (W.s/°C) 5 7 9 1"
C9 =C15 (W.s/°C) 0.003
C10 =C16 (W.s/°C) 0.006
C12=C18 (Ws/°C) 0.075
C14 = C20 (W.s/°C) 25 35 45 55

1. The blank space means that the value is the same as the previous one.

g
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VNH2SP30-E Package and packing information
) Package and packing information
5.1 ECOPACK® packages
In order to meet environmental requirements, ST offers these devices in ECOPACK®
packages. ECOPACK® packages are lead-free. The category of Second Level Interconnect
is marked on the package and on the inner box label, in compliance with JEDEC Standard
JESD97. The maximum ratings related to soldering conditions are also marked on the inner
box label.
ECOPACK is an ST trademark. ECOPACK specifications are available at www.st.com.
5.2 MultiPowerS0-30 package mechanical data
Figure 44. MultiPowerS0-30 package outline
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Table 17. MultiPowerS0O-30 mechanical data

Millimeters
Symbol
Min Typ Max

A 235
A2 1.85 225
A3 0 0.1
B 0.42 0.58
(o} 0.23 0.32
D 17.1 17.2 17.3
E 18.85 19.15
E1 15.9 16 16.1
e 1

F1 5.55 6.05
F2 46 5.1
F3 9.6 10.1
L 0.8 1.15
N 10deg
S Odeg 7deg

Figure 45. MultiPowerSO-30 suggested pad layout

g
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5.3 Packing information
Note: The devices can be packed in tube or tape and reel shipments (see the Device summary on
page 1 for packaging quantities).
Figure 46. MultiPowerS0O-30 tube shipment (no suffix)
Dimension mm
r———‘u—ﬂj s
A Base LYy 29
| o m J | Bulk Q.ty 435 |
3 J Tube length (£ 0.5) 532
CL 4 A 382
B 236
C (x0.13) 08
Figure 47. MultiPowerS0O-30 tape and reel shipment (suffix “TR”)
2 Reel dimensions
p— . S0-28 tube shipment (no suffix)
Access hoe A R
Dimension mm
. at siot location
Base Q.ty 1000
Bulk Q.ty 1000
\ A (max) 330
\ B (min) 15
\ ceo | w
PREEE o) SCIIETITUIIN JRN SN /oo b 1ok CORNERRERI— ? ................. W [X( 202
/J G(+2/-0) 32
\ /, N (min) 100
\ \/ O measured T (max) 384
Full mdus / athub
S Tape st
N ma;:
25mmmin widh F
Po Tape dimensions
= According to E i
— (EIA) Standard 481 rev. A, Feb 1986
Top Description jDimension mm
/Cri"’,i“ Tape width W 32
Tape Hole Spacing PO (£ 0.1) 4
= Component Spacing EP 24
Hole Diameter |D (+0.1/-0) 15
Hole Diameter :D1 (min) 2
= Hole Position F(£0.1) 14.2
Compartment Depth K (max) 22
ﬂ end ) O((0 ©@ d(0 @ (0 0 q (O]
¥ T
, [Edi o) § G0}
/ \ { i ]t ) H ]
0O 000 00O b
ﬁ ﬁ T(;p No [o No
cover
tape 500 mm min
. 500 mm min_*®
N i Empty components pockets e
User Direction of Feed User direction of feed
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6 Revision history

Table 18. Document revision history

Date Revision Description of changes
Sep-2004 1 First issue
Dec- 2004 5 mzzirézz tf’:,f,,'"}.’g :c::tnti‘or:gietiron modification and note
Feb-2005 3 Minor changes
Apr-2005 4 Public release

Document converted into new ST corporate template.

Added table of contents, list of tables and list of figures

Removed figure number from package outline on page 1

Changed Features on page 1 to add ECOPACK® package

Added Section 1: Block diagram and pin description on page 5

Added Section 2.2: Electrical characteristics on page 9

Added “low” and “high” to parameters for I,y and lj\y in Table 7 on
S page 9

01:Sep:2008 6 Inserted note in Figure 32 on page 20

Added vertical limitation line to left side arrow of tpf) to Figure 7 on

page 13

Added Section 4.1: PowerSSO-30 thermal data on page 25

Added Section 5: Package and packing information on page 29

Added Section 5.3: Packing information on page 31

Updated disclaimer (last page) to include a mention about the use of

ST products in automotive applications

15-May-2007 6 Document reformatted and converted into new ST template.

06-Feb-2008 - Corrgcted Heat Slug numbers in Table 3: Pin definitions and
functions.
Added new infomation in Table 6: Power section

02-Oct-2008 8 Added Figure 33: Behavior in fault condition (How a fault can be
cleared)

20-Sep-2013 9 Updated Disclaimer.
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMi | lics NV and its subsidiaries (“ST") reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
time, without notice.

All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

ST PRODUCTS ARE NOT DESIGNED OR AUTHORIZED FOR USE IN: (A) SAFETY CRITICAL APPLICATIONS SUCH AS LIFE
SUPPORTING, ACTIVE IMPLANTED DEVICES OR SYSTEMS WITH PRODUCT FUNCTIONAL SAFETY REQUIREMENTS; (B)
AERONAUTIC APPLICATIONS; (C) AUTOMOTIVE APPLICATIONS OR ENVIRONMENTS, AND/OR (D) AEROSPACE APPLICATIONS
OR ENVIRONMENTS. WHERE ST PRODUCTS ARE NOT DESIGNED FOR SUCH USE, THE PURCHASER SHALL USE PRODUCTS AT
PURCHASER’S SOLE RISK, EVEN IF ST HAS BEEN INFORMED IN WRITING OF SUCH USAGE, UNLESS A PRODUCT IS
EXPRESSLY DESIGNATED BY ST AS BEING INTENDED FOR “AUTOMOTIVE, AUTOMOTIVE SAFETY OR MEDICAL" INDUSTRY
DOMAINS ACCORDING TO STPRODUCT DESIGN SPECIFICATIONS. PRODUCTS FORMALLY ESCC, QML OR JAN QUALIFIED ARE
DEEMED SUITABLE FOR USE IN AEROSPACE BY THE CORRESPONDING GOVERNMENTAL AGENCY.

Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall immediately void
any warranty granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.
Information in this document supersedes and replaces all information previously supplied.
The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.

© 2013 STMicroelectronics - All rights reserved

STMicroelectronics group of companies

Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan -
Malaysia - Malta - Morocco - Philippines - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States of America

www.st.com
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ANEXO 14: Demostracion del uso del controlador PD

La funcion transferencia de la posicion angular vs tensién de armadura de cada motor es:
JS?0 +FSO = Kv — d(s)/r
Reemplazando el voltaje v del controlador PD, tenemos:
JS?0 +FSO = K[Kp(B— 8) — KpSB] — d(s)/r
= KKpBy - KKpB - KKpSO - d(s)/r
B [JS? + (F + KKp)S + KKp] = KKpBy - d(s)/r
Siendo P el polinomio caracteristico P(s) = JS? + (F + KKp)S + KKp
Entonces:
0 = KKpB4/P(s) — [d(S)/r]/P(S)

El errore =6,-6

Reemplazando el valor de la posicion angular en esta expresion, nos queda:
e = 04 - KKpBy/P(s) + [d(S)/r]/P(S)

e = [1- KKp/P(S)] B4 + [d(S)/r]/P(S)

_ P(s) — KKp d(s)/r
TS BRI TS

_JS? + (F + KKp)S d(s)/r
= P(s) 94(8) + 575

Aplicando el teorema del valor final  lim,_,, Se(s)

_d/r
" KKp

Si no hay torque de perturbacién (d = 0), entonces no hay error en estado estacionario

€

para entrada escalén de 6.

Para el comportamiento dinamico del sistema de control PD, se analiza el polinomio
caracteristico P(s) como un sistema tipico de segundo orden:
Queda la siguiente relacion:
F + KK, KK,
DS + P
J J

Entonces Kp y Kp se determinan en funcién de & y w,, donde en robdtica se requiere de

52 =524 26w,S + w?

una respuesta criticamente amortiguada, por lo que el amortiguamiento & = 1.

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




PONTIFICIA

TESIS PUCP 22-';‘61’?2‘2‘“’

DEL PERU

El analisis del polinomio caracteristico P(S) por el método de Routh-Hurwitz, determina
que la condicién de estabilidad est4 dada por:

J
F+ KKp > —
D7 KKp

Reordenando esta expresion, da:

J
Kp>——"——
P K(F + KKp)
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/*

* GccApplicationl.c

*

* Created: 29/08/2014 05:38:06 a.m.

* Author:

*/

#ifndef F CPU
#define F CPU 8000000UL // or whatever may be your frequency
fendif

#include <util/delay.h>
#include <avr/interrupt.h>
#include <util/twi.h>
#include <avr/io.h>

#define USART BAUDRATE 9600
#define MYUBRR F_CPU/8/USART BAUDRATE-1
#define BUFFER SERIAL 32

#define num tramas 1
#define num motores 1

//variables declaradas

int n=0;

unsigned char data[32];
unsigned char temp[5];

unsigned char direc_esclavo[5];
unsigned char G[10];

int h=1;

int a=0;

inicia programa

unsigned char USART receive();

void USART send(unsigned char);

void recoge signo (int);

void recoge numeros (int);

void recoge motor (int);

void recoge cantidad (int);

void configuracion usart (unsigned int);

void configuracion i2c(unsigned long int);

void asigna direc esclavo();

void recibe datos pc();

void trx (unsigned char,unsigned char);

int main (void)

{ //programa principal
asigna direc_esclavo();
configuracion i12c(100000);
configuracion usart(12);
DDRC=0xFF;
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DDRB=0xFF;
DDRD=0xF0;//definicion de entradas y salidas

while (1)

{
a=0;
recibe datos pc(); //unico programa que se ejecuta
PORTB=0x01;

}

void configuracion iZc(unsigned long int frecuencia)

{

TWBR 0x18;
TWSR= (0<<TWPS1) ;
TWSR= (0<<TWPSO) ;

}

void trx (unsigned char direccion,unsigned char dato)
{
TWCR=0xA4;
while (! (TWCR&0x80)) ;
TWDR=direccion;
TWCR=0x84;
while (! (TWCR & 0x80)) ;
TWDR=dato;
TWCR=0x84;
while (! (TWCR & 0x80));
TWCR =0x94;

}

void configuracion usart (unsigned int UBRR)

{

//
UBRRH = 0;
UBRRL = 51;

UCSRA= (0<<U2X);//modificado

UCSRB (1<<RXEN) | (1<<TXEN) ;

UCSRC (1<<URSEL) | (0<<USBS) | (1<<UCSZ1) | (1<<UCSz0); //1 bit de
parada|8 bits de datos|Sin paridad
}

unsigned char USART receive (void)

{

// Wait until a byte has been received
while (! (UCSRA & (1<<RXC))):;

return UDR;
}
void USART send(unsigned char data)
{

// Wait until a byte has been received
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while (! (UCSRA & (1<<UDRE))):;
// Return received data
UDR=data;

}

void asigna direc_esclavo()

{

direc esclavo[0]= 0x04;
direc_esclavo[l]= 0x06;
direc_esclavo[2]= 0x08;
direc esclavo[3]= O0x0A;
direc_esclavo[4]= 0x0C;

}
/*

unsigned char rtx(unsigned char direccion)
{
TWCR=0xA4;
while (! (TWCR&0x80)) ;
TWDR=0b10101011;DIRECCION* falta modificar
TWCR=0x84;
while (! (TWCR & 0x80)) ;
dato=TWDR;
TWCR=0x84;
while (! (TWCR & 0x80));
TWCR =0b10010100

}
*/
void recibe datos pc ()

{

for (int 1=0;1<32;1i++)

{

data[i]=USART receive(); //recibe dato
a=a+l;

//devuelve dato
//ultima modificacidn

trx(direc _esclavo[n],datali]);
//falta quitarle ASCII

/e
if (data[i]l==64) //es arroba?

{ PORTC=0x02; //prende led

n++;}

if (n==4) {n=0;}
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}
USART send(a);

}
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* esclavo 09 10.c

*

* Created: 09/10/2014 04:23:36 p.m.
* Author:

*/

#ifndef F CPU

#define F CPU 8000000UL // or whatever may be your frequency
fendif

#include <avr/io.h>

#include <util/delay.h>

#include <util/twi.h>

#include <avr/interrupt.h>

#include <inttypes.h>

#include <stdlib.h>

char recibe dato();//funcion encargada de recibir los datos de TWI
void configuracion puertos();//funcion encargada de configurar los
puertos del

void configura twi();//funcién que configura la comunicacién por TWI
void configurar interrupcion();//funcion que configura la interrupcion
externa

void configurar pwm();//funcion que permite configurar el pwm en PB1

char arr[5];//se guardara lo siguiente: digl,dig2,dig3,signo de giro,(@
int i=0;

uint32 t angulo;//angulo que se debe mover el motor
uint32 t angulo_ant=0;//angulo anterior

uint32 t cant pulsos=0;

char acabo movimiento=1;//'1l'-> el mov ya finalizo
//'0"'"-> el mov todavia no ha acabado

uint32 t cant pulsos cont=0;

double e=0;//error proporcional

double valor pwm=0;//indicard el ancho de pulso del pwm
int32 t error=0;

int32 t derror=0;

int32 t error anterior=0;

double derror double=0;

double ierror double=0;

uint32 t velocidad;

int main (void)

{
configuracion puertos();
configura twi();
configurar interrupcion();
configurar pwm() ;
while (1)
{
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//Guardamos la trama recibida en el arreglo "arr"
while ((1i+1)<=5)
{

1f (i<=2)
{
arr[i]=recibe dato()-'0";
}
else
{
arr[i]=recibe dato();
}
i=1i4+1;
}
/[ m
PORTC=0x00;
angulo=arr[0]*100+arr[1]*10+arr([2];
/* velocidad =100;

if (angulo==250)
{
PORTC=0x01;
yx/
//velocidad=arr([5]*100+arr[6]*10+arr([7];
//cant pulsos=(angulo-
angulo ant)*680;//motor 3
//cant_pulsos=(angulo-
angulo ant)*180;//motor 4
//cant pulsos=(angulo-
angulo ant)*1.2;//motor 2
cant pulsos=(angulo-
angulo ant)*16;//motor 1
acabo movimiento=0;
angulo_ant=0;
if (arr[3]=="+")
{
PORTB=0b00001011;

PORTB=0b00000111;
}
cant pulsos cont=0;
OCR1A= (unsigned int)velocidad;
while (acabo movimiento==0)
{
error=cant pulsos-
cant pulsos cont;
derror=error-error anterior;
e=(double) error;
derror double=(double)derror;

ierror double=(double)error+0.0001*ierror double;
valor pwm=23*e +
2.37*derror double + O*ierror double;
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if (valor pwm>=255)

valor pwm=254;
}
if (valor pwm<=40)
{

valor pwm=40;

}

//valor pwm=255;

OCR1A= (unsigned
int)valor pwm;//modificamos el ancho de pulso del PWM

error anterior=error;

}
PORTC=0x01;
PORTB=0x00;
OCR1A=0;
i=0;

}
ISR(INTO vect)
{
cant pulsos cont=cant pulsos cont+1l;
if (cant pulsos cont>=cant pulsos)
{
acabo movimiento=1;
}
}
ISR(INT1 vect)
{
PORTB=0x00;
PORTC=0x01;
acabo movimiento=1;
OCR1A=0x00;
i=0;
}
void configuracion puertos|()
{
DDRB=0x0F;
DDRC=0x01;
}
void configura twi ()
{
TWCR=0xC4;
TWAR=0x04;
}
char recibe dato()
{
char p2;
while (! (TWCR & 0x80));

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




\\\‘ENEM,

¥ PONTIFICIA

TESIS PUCP % CATOrICA D
DEL PERU
TWCR=0x84;
while (! (TWCR & 0x80)) ;
P2=TWDR;
TWCR=0x84;
TWCR=0xC4;

return p2;

}

void configurar interrupcion()
{
cli(); //configuracion de interrupcion externa
INTO
/ /MCUCR=0x03;
MCUCR=0x0f;
//GIFR=0x40;
//GICR=0x40;
GICR=0xc0;
GIFR=0xc0;
seil();
}
void configurar pwm/()
{
DDRB=0x02;
TCCR1A=0x81;
TCCR1B=0x05;
TCNT1=0x00;
OCR1A=0;
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* esclavoz 09 10.c

*

* Created: 09/10/2014 04:23:36 p.m.
* Author:

*/

#ifndef F CPU

#define F CPU 8000000UL // or whatever may be your frequency
fendif

#include <avr/io.h>

#include <util/delay.h>

#include <util/twi.h>

#include <avr/interrupt.h>

#include <inttypes.h>

#include <stdlib.h>

char recibe dato();//funcion encargada de recibir los datos de TWI
void configuracion puertos();//funcion encargada de configurar los
puertos del

void configura twi();//funcién que configura la comunicacién por TWI
void configurar interrupcion();//funcion que configura la interrupcion
externa

void configurar pwm();//funcion que permite configurar el pwm en PB1

char arr[5];//se guardara lo siguiente: digl,dig2,dig3,signo de giro,(@
int i=0;

uint32 t angulo;//angulo que se debe mover el motor
uint32 t angulo_ant=0;//angulo anterior

uint32 t cant pulsos=0;

char acabo movimiento=1;//'1l'-> el mov ya finalizo
//'0"'"-> el mov todavia no ha acabado

uint32 t cant pulsos cont=0;

double e=0;//error proporcional

double valor pwm=0;//indicard el ancho de pulso del pwm
int32 t error=0;

int32 t derror=0;

int32 t error anterior=0;

double derror double=0;

double ierror double=0;

uint32 t velocidad;

int main (void)

{
configuracion puertos();
configura twi();
configurar interrupcion();
configurar pwm() ;
while (1)
{
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//Guardamos la trama recibida en el arreglo "arr"
while ((1i+1)<=5)
{

1f (i<=2)
{
arr[i]=recibe dato()-'0";
}
else
{
arr[i]=recibe dato();
}
i=1i4+1;
}
/[ m
PORTC=0x00;
angulo=arr[0]*100+arr[1]*10+arr([2];
/* velocidad =100;

if (angulo==250)
{
PORTC=0x01;
yx/
//velocidad=arr([5]*100+arr[6]*10+arr([7];
//cant pulsos=(angulo-
angulo ant)*680;//motor 3
//cant_pulsos=(angulo-
angulo ant)*180;//motor 4
//cant pulsos=(angulo-
angulo ant)*1.2;//motor 2
cant pulsos=(angulo-
angulo ant)*12;//motor 1
acabo movimiento=0;
angulo_ant=0;
if (arr[3]=="+")
{
PORTB=0b00001011;

PORTB=0b00000111;
}
cant pulsos cont=0;
OCR1A= (unsigned int)velocidad;
while (acabo movimiento==0)
{
error=cant pulsos-
cant pulsos cont;
derror=error-error anterior;
e=(double) error;
derror double=(double)derror;

ierror double=(double)error+0.0001*ierror double;
valor pwm=22.5*%e +
0.33*derror double + ierror double;
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if (valor pwm>=255)

valor pwm=254;
}
if (valor pwm<=40)
{

valor pwm=40;

}

//valor pwm=255;

OCR1A= (unsigned
int)valor pwm;//modificamos el ancho de pulso del PWM

error anterior=error;

}
PORTC=0x01;
PORTB=0x00;
OCR1A=0;
i=0;

}
ISR(INTO vect)
{
cant pulsos cont=cant pulsos cont+1l;
if (cant pulsos cont>=cant pulsos)
{
acabo movimiento=1;
}
}
ISR(INT1 vect)
{
PORTB=0x00;
PORTC=0x01;
acabo movimiento=1;
OCR1A=0x00;
i=0;
}
void configuracion puertos|()
{
DDRB=0x0F;
DDRC=0x01;
}
void configura twi ()
{
TWCR=0xC4;
TWAR=0x06;
}
char recibe dato()
{
char p2;
while (! (TWCR & 0x80));

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




\\\‘ENEM,

¥ PONTIFICIA

TESIS PUCP % CATOrICA D
DEL PERU
TWCR=0x84;
while (! (TWCR & 0x80)) ;
P2=TWDR;
TWCR=0x84;
TWCR=0xC4;

return p2;

}

void configurar interrupcion()
{
cli(); //configuracion de interrupcion externa
INTO
/ /MCUCR=0x03;
MCUCR=0x0f;
//GIFR=0x40;
//GICR=0x40;
GICR=0xc0;
GIFR=0xc0;
seil();
}
void configurar pwm/()
{
DDRB=0x02;
TCCR1A=0x81;
TCCR1B=0x05;
TCNT1=0x00;
OCR1A=0;
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* esclavo3 09 10.c

*

* Created: 09/10/2014 04:23:36 p.m.
* Author:

*/

#ifndef F CPU

#define F CPU 8000000UL // or whatever may be your frequency
fendif

#include <avr/io.h>

#include <util/delay.h>

#include <util/twi.h>

#include <avr/interrupt.h>

#include <inttypes.h>

#include <stdlib.h>

char recibe dato();//funcion encargada de recibir los datos de TWI
void configuracion puertos();//funcion encargada de configurar los
puertos del

void configura twi();//funcién que configura la comunicacién por TWI
void configurar interrupcion();//funcion que configura la interrupcion
externa

void configurar pwm();//funcion que permite configurar el pwm en PB1

char arr[5];//se guardara lo siguiente: digl,dig2,dig3,signo de giro,(@
int i=0;

uint32 t angulo;//angulo que se debe mover el motor
uint32 t angulo_ant=0;//angulo anterior

uint32 t cant pulsos=0;

char acabo movimiento=1;//'1l'-> el mov ya finalizo
//'0"'"-> el mov todavia no ha acabado

uint32 t cant pulsos cont=0;

double e=0;//error proporcional

double valor pwm=0;//indicard el ancho de pulso del pwm
int32 t error=0;

int32 t derror=0;

int32 t error anterior=0;

double derror double=0;

double ierror double=0;

uint32 t velocidad;

int main (void)

{
configuracion puertos();
configura twi();
configurar interrupcion();
configurar pwm() ;
while (1)
{
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//Guardamos la trama recibida en el arreglo "arr"
while ((1i+1)<=5)
{

1f (i<=2)
{
arr[i]=recibe dato()-'0";
}
else
{
arr[i]=recibe dato();
}
i=1i4+1;
}
/[ m
PORTC=0x00;
angulo=arr[0]*100+arr[1]*10+arr([2];
/* velocidad =100;

if (angulo==250)
{
PORTC=0x01;
yx/
//velocidad=arr([5]*100+arr[6]*10+arr([7];
//cant pulsos=(angulo-
angulo ant)*680;//motor 3
//cant_pulsos=(angulo-
angulo ant)*180;//motor 4
//cant pulsos=(angulo-
angulo ant)*1.2;//motor 2
cant pulsos=(angulo-
angulo ant)*680;//motor 1
acabo movimiento=0;
angulo_ant=0;
if (arr[3]=="+")
{
PORTB=0b00001011;

PORTB=0b00000111;
}
cant pulsos cont=0;
OCR1A= (unsigned int)velocidad;
while (acabo movimiento==0)
{
error=cant pulsos-
cant pulsos cont;
derror=error-error anterior;
e=(double) error;
derror double=(double)derror;

ierror double=(double)error+0.0001*ierror double;
valor pwm=0.127*e +
0.233*derror double + O*ierror double;
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if (valor pwm>=255)

valor pwm=254;
}
if (valor pwm<=40)
{

valor pwm=40;

}

//valor pwm=255;

OCR1A= (unsigned
int)valor pwm;//modificamos el ancho de pulso del PWM

error anterior=error;

}
PORTC=0x01;
PORTB=0x00;
OCR1A=0;
i=0;

}
ISR(INTO vect)
{
cant pulsos cont=cant pulsos cont+1l;
if (cant pulsos cont>=cant pulsos)
{
acabo movimiento=1;
}
}
ISR(INT1 vect)
{
PORTB=0x00;
PORTC=0x01;
acabo movimiento=1;
OCR1A=0x00;
i=0;
}
void configuracion puertos|()
{
DDRB=0x0F;
DDRC=0x01;
}
void configura twi ()
{
TWCR=0xC4;
TWAR=0x08;
}
char recibe dato()
{
char p2;
while (! (TWCR & 0x80));
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TWCR=0x84;
while (! (TWCR & 0x80)) ;
P2=TWDR;
TWCR=0x84;
TWCR=0xC4;

return p2;

}

void configurar interrupcion()
{
cli(); //configuracion de interrupcion externa
INTO
/ /MCUCR=0x03;
MCUCR=0x0f;
//GIFR=0x40;
//GICR=0x40;
GICR=0xc0;
GIFR=0xc0;
seil();
}
void configurar pwm/()
{
DDRB=0x02;
TCCR1A=0x81;
TCCR1B=0x05;
TCNT1=0x00;
OCR1A=0;

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




\\\‘ENEE&

¥ PONTIFICIA

£ d
TESIS PUCP 5 %s NG sma a0
DEL PERU

* esclavo4 09 10.c

*

* Created: 09/10/2014 04:23:36 p.m.
* Author:

*/

#ifndef F CPU

#define F CPU 8000000UL // or whatever may be your frequency
fendif

#include <avr/io.h>

#include <util/delay.h>

#include <util/twi.h>

#include <avr/interrupt.h>

#include <inttypes.h>

#include <stdlib.h>

char recibe dato();//funcion encargada de recibir los datos de TWI
void configuracion puertos();//funcion encargada de configurar los
puertos del

void configura twi();//funcién que configura la comunicacién por TWI
void configurar interrupcion();//funcion que configura la interrupcion
externa

void configurar pwm();//funcion que permite configurar el pwm en PB1

char arr[5];//se guardara lo siguiente: digl,dig2,dig3,signo de giro,(@
int i=0;

uint32 t angulo;//angulo que se debe mover el motor
uint32 t angulo_ant=0;//angulo anterior

uint32 t cant pulsos=0;

char acabo movimiento=1;//'1l'-> el mov ya finalizo
//'0"'"-> el mov todavia no ha acabado

uint32 t cant pulsos cont=0;

double e=0;//error proporcional

double valor pwm=0;//indicard el ancho de pulso del pwm
int32 t error=0;

int32 t derror=0;

int32 t error anterior=0;

double derror double=0;

double ierror double=0;

uint32 t velocidad;

int main (void)

{
configuracion puertos();
configura twi();
configurar interrupcion();
configurar pwm() ;
while (1)
{
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//Guardamos la trama recibida en el arreglo "arr"
while ((1i+1)<=5)
{

1f (i<=2)
{
arr[i]=recibe dato()-'0";
}
else
{
arr[i]=recibe dato();
}
i=1i4+1;
}
/[ m
PORTC=0x00;
angulo=arr[0]*100+arr[1]*10+arr([2];
/* velocidad =100;

if (angulo==250)
{
PORTC=0x01;
yx/
//velocidad=arr([5]*100+arr[6]*10+arr([7];
//cant pulsos=(angulo-
angulo ant)*680;//motor 3
//cant_pulsos=(angulo-
angulo ant)*180;//motor 4
//cant pulsos=(angulo-
angulo ant)*1.2;//motor 2
cant pulsos=(angulo-
angulo ant)*180;//motor 1
acabo movimiento=0;
angulo_ant=0;
if (arr[3]=="+")
{
PORTB=0b00001011;

PORTB=0b00000111;
}
cant pulsos cont=0;
OCR1A= (unsigned int)velocidad;
while (acabo movimiento==0)
{
error=cant pulsos-
cant pulsos cont;
derror=error-error anterior;
e=(double) error;
derror double=(double)derror;

ierror double=(double)error+0.0001*ierror double;
valor pwm=0.009*e +
0.0038*derror double + O*ierror double;
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if (valor pwm>=255)

valor pwm=254;
}
if (valor pwm<=40)
{

valor pwm=40;

}

//valor pwm=255;

OCR1A= (unsigned
int)valor pwm;//modificamos el ancho de pulso del PWM

error anterior=error;

}
PORTC=0x01;
PORTB=0x00;
OCR1A=0;
i=0;

}
ISR(INTO vect)
{
cant pulsos cont=cant pulsos cont+1l;
if (cant pulsos cont>=cant pulsos)
{
acabo movimiento=1;
}
}
ISR(INT1 vect)
{
PORTB=0x00;
PORTC=0x01;
acabo movimiento=1;
OCR1A=0x00;
i=0;
}
void configuracion puertos|()
{
DDRB=0x0F;
DDRC=0x01;
}
void configura twi ()
{
TWCR=0xC4;
TWAR=0x0A;
}
char recibe dato()
{
char p2;
while (! (TWCR & 0x80));
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TWCR=0x84;
while (! (TWCR & 0x80)) ;
P2=TWDR;
TWCR=0x84;
TWCR=0xC4;

return p2;

}

void configurar interrupcion()
{
cli(); //configuracion de interrupcion externa
INTO
/ /MCUCR=0x03;
MCUCR=0x0f;
//GIFR=0x40;
//GICR=0x40;
GICR=0xc0;
GIFR=0xc0;
seil();
}
void configurar pwm/()
{
DDRB=0x02;
TCCR1A=0x81;
TCCR1B=0x05;
TCNT1=0x00;
OCR1A=0;
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Cdédigo Forml

Public Class Forml
Dim StrBufferOut As String
Dim StrBufferIn As String
Dim count As Double
signol, signo2, signo3, signo4, tramafin, tramapl, tramap2, tramap3,
As String

Private Sub Forml_Load(sender As Object, e As EventArgs) Handles MyBase.lLoad
StrBufferOut = ""
StrBufferIn = ""
btndirecta.Enabled = False
btnTrayectoria.Enabled = False
OvalShapel.FillColor = Color.Red
btnConectar.Enabled = False
tmrTimer.Enabled = False
cboTrayectoria.SelectedIndex =

txtIniX.Text = Convert.ToString(My.Settings.SaveX)
txtIniY.Text = Convert.ToString(My.Settings.SaveY)
txtIniZ.Text = Convert.ToString(My.Settings.SaveZ)

saveangl.Text = Convert.ToString(My.Settings.SaveAngl)
saveang2.Text = Convert.ToString(My.Settings.SaveAng2)
saveang3.Text Convert.ToString(My.Settings.SaveAng3)
saveang4.Text = Convert.ToString(My.Settings.SaveAng4)

nPuntos = ©
tmrTimer.Enabled = False

Private Sub btnDeterminarConexion_Click(sender As Object, e As EventArgs)
Handles btnDeterminarConexion.Click
cboPuertos.Items.Clear()
For Each PuertoDisponible As String In My.Computer.Ports.SerialPortNames
cboPuertos.Items.Add(PuertoDisponible)

If cboPuertos.Items.Count > © Then
cboPuertos.Text = cboPuertos.Items(0)
MessageBox.Show("SELECCIONE EL PUERTO A TRABAJAR")

btnConectar.Enabled = True

MessageBox.Show("NINGUN PUERTO DISPONIBLE")
btnConectar.Enabled = False
cboPuertos.Items.Clear()

cboPuertos.Text = ("
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Private Sub btnConectar_ Click(sender As Object, e As EventArgs) Handles

If btnConectar.Text = "Conectar Sistema" Then
spPuertos.PortName = cboPuertos.Text
btnConectar.Text = "Desconectar Sistema"
tmrTimer.Enabled True
spPuertos.Open()

OvalShape2.FillColor = Color.Green
OvalShapel.FillColor = Color.WhiteSmoke)
btndirecta.Enabled = True
btnTrayectoria.Enabled = True

ElseIf btnConectar.Text = "Desconectar Sistema" Then
btnConectar.Text = "Conectar Sistema"

OvalShapel.FillColor = Color.Red
OvalShape2.FillColor = Color.WhiteSmoke)

btnTrayectoria.Enabled = False

tramapl conversoratrama(My.Settings.SaveAngl)
tramap2 conversoratrama(My.Settings.SaveAng2)
tramap3 conversoratrama(My.Settings.SaveAng3)
tramap4 conversoratrama(My.Settings.SaveAng4)
tramafin = tramapl & tramap2 & tramap3 & tramap4
mostrarserial.Text = tramafin

spPuertos.DiscardInBuffer()
StrBufferOut = tramafin
spPuertos.Write(StrBufferout)

btndirecta.Enabled = False

txtIniX.Text
txtIniY.Text
txtIniz.Text

Form2.txtX_i.Text
Form2.txtY_i.Text
Form2.txtZ_i.Text

.Settings.SaveX =
.Settings.SaveY =
.Settings.SaveZ

My.Settings.SaveAngl
My.Settings.SaveAng2
My.Settings.SaveAng3
My.Settings.SaveAng4
spPuertos.Close()
tmrTimer.Enabled

Tesis publicada con autorizacién del autor
No olvide citar esta tesis




: PONTIFICIA
TESIS PUCP gkl_l_\éel_r:g?m

DEL PERU

qo, qov, qf, gfv, ga, gaf, tf As Double

zFinal, zInicial, xFinal, xinicial, yFinal, yinicial As Double
ad, al, a2, a3 As Double

xant, yant, zant As Double

t1l, tfl, tdef As Double

X, ¥, z As Double

XV, yv, zv As Double

traycubv As Double

Private Sub btnTrayectoria Click(sender As Object, e As EventArgs) Handles
btnTrayectoria.Click
PictureBox1l.Image = Nothing

Convert.ToDouble(txtIniZ.Text)
= Convert.ToDouble(txtFinalZ.Text)
xinicial
yinicial = Convert.ToDouble(txtIniY.Text)
xFinal = Convert.ToDouble(txtFinalX.Text)
yFinal = Convert.ToDouble(txtFinalY.Text)

zFinal =
zInicial

Convert.ToDouble(txtIniX.Text)
Convert.ToDouble(txtIniY.Text)

Dim ml1, m2, m3, m4 As Double

Dim vell, vel2, vel3 As Double
Dim nPuntos As Double

Private Sub Timerl Tick(sender As Object, e As EventArgs) Handles Timerl.Tick

Dim temp_x, temp_y, temp_z As Double
Dim temp_xant, temp_yant, temp zant As Double
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Dim countfinal

countfinal = 2

traycubv = al * t1 + a2 * t1 + a3 * t1 ~ 2

If (count < countfinal) Then
count = count + 1

x = t1l * (xFinal - xinicial) / tdef + xinicial
xv = (xXFinal - xinicial) / tdef

y = t1 * (yFinal - yinicial) / tdef + yinicial
yv = (xFinal - xinicial) / tdef

temp_ x = x * (5 / 0.3)
temp_y =y * (5 / 0.3)
temp z =z * 20 - 7
temp_xant = xant * (5 / 0.3)
temp_yant = yant * (5 / 0.3)
temp_zant zant * 20 - 7

nPuntos = nPuntos + 1

Call calculaJacobianoInverso(ml, m2, m3, xv, yv, zv, vell, vel2,

My.Settings.SaveX
My.Settings.SaveY
My.Settings.SaveZ

txtIniX.Text
txtIniY.Text
txtIniZ.Text

Form4.txtXform4.Text
Form4.txtYform4.Text
Form4.txtZform4.Text
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Dim funciones

Dim lapizl As Pen(Color.
Dim lapiz2 As Pen(Color.
Dim lapiz3 As Pen(Color.
Dim lapiz4 As Pen(Color.

Dim
Dim

Dibuja(xant As Single, yant As Single, zant As Single, x As Single, y As
z As Single)

Dim objGraficos As System.Drawing.Graphics

objGraficos = Me.PictureBoxl.CreateGraphics

Dim xcentro As Single PictureBox1l.Width / 2

Dim ycentro As Single = PictureBoxl.Height / 2

Dim ant As Single
Dim kant As Single

=y * 0.7071 * 15
=]

a
k =

ant = yant * 0.7071 * 15

kant = ant

objGraficos.TranslateTransform(xcentro, ycentro)

objGraficos.DrawLine(lapizi, 0, xcentro * 2, 0)
objGraficos.DrawlLine(lapiz2, 9, 0, ycentro * -2)
objGraficos.DrawLine(lapiz3, 9, xcentro * -1, ycentro * 2)

objGraficos.DrawlLine(lapiz4, * xant - kant,
-k, -15 * z + k)

-15 * zant + kant, 15 * x

Private Sub tmrTimer_Tick(sender As Object, e As EventArgs) Handles

StrBufferIn = spPuertos.ReadExisting

If StrBufferIn <> "" Then
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mostrarserial.Text = StrBufferln
StrBufferIn = ""
spPuertos.DiscardInBuffer()

calculaJacobianoInverso(ql , g2
, V2 , V3 , hovoVel 1
, hovoVel 3 )
matInv(,)
matNovoVel(,)

» 93
, hovoVel 2

matJacobiano(,)
matVelFin(,)

matInv(3, 3)
matNovoVel(3, 1)
matJacobiano(3, 3)
matVelFin(3, 1)

gl * Math.
g2 * Math.
= g3 * Math.

matJacobiano =
matVelFin(Q,
matVelFin(1,
matVelFin(2,

matInv = calcularInversa(matJacobiano)
matNovoVel = cacularMultiplicacion(3, 3, matInv, 3, 1, matVelFin)

novoVel 1 = matNovovel(@, 0)
novoVel 2 = matNovovel(1l, ©)
novoVel 3 = matNovoVel(2, 0)

= vell * 60
= vel2 * 60
vel3 * 60

txtMostarJl.Text
txtMostar]2.Text
txtMostar]3.Text

cacularMultiplicacion(

(), C

matr(a, d)
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For fil = 0 To a - 1
For col =0 Tod - 1
For k1 =0 To a -1

12
.Cos(qg3) *

hEACR -a * Math.Sin(ql)

hEACR (-12 * Math.Sin(g2) * Math.Cos(gql) - 13 * Math.Sin(qg3) *
.Cos(qg2) * .Cos(gql) - 13 * Math.Cos(qg3) * Math.Sin(qg2) * Math.Cos(ql))

hEACR -13 * Math.Cos(gl) * Math.Sin(g2) * Math.Cos(q3) - 13 *
.Sin(q3) * .Cos(gq2) * Math.Cos(ql)

jac(1, a * Math.Cos(ql)

jac(1, (-12 * Math.Sin(ql) * Math.Sin(qg2) - 13 * Math.Sin(qg3) *
.Cos(qg2) * .Sin(gq1) - 13 * Math.Cos(qg3) * Math.Sin(qg2) * Math.Sin(ql))

jac(1, -13 * Math.Sin(gql) * Math.Sin(gq2) * Math.Cos(q3) - 13 *
.Sin(q3) * .Cos(g2) * Math.Sin(ql)

jac(2,
jac(2, 12 * Math.Cos(qg2) - 13 * Math.Sin(g3) * Math.Sin(q2) + 13 *

= 13 * Math.Cos(q3) * Math.Cos(g2) - 13 * Math.Sin(qg3) *

Private

Dim

Dim matTempl As Double(,)
Dim matFinal As Double(,)
ReDim matTempl(3, 3)
ReDim matFinal(3, 3)

Dim i As Double

Dim matTemp® As Double(,)
ReDim matTempO(3, 3)

d = calcularDeterminante(mat)

i=1/4d
matTempl = calcularAdjunta(mat)
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matTemp® = calcularTranspuesta(matTempl)
matFinal = constantePorMatriz(i, matTemp®)

Return matFinal

End Function
Private Function conversoratrama(ByVal ang As Double)

Dim stre As String
If (ang >= @) Then
stre = Convert.ToString(ang) & "-" & "@"
If (ang < 100) Then
stre = "0" & Convert.ToString(ang) & "-" & "@"
If (ang < 10) Then
stre = "00" & Convert.ToString(ang) & "-" & "@"
End If]
End If
End Iff
If (ang < @) Then
ang = -ang
stre = Convert.ToString(ang) & "+" & "@"
If (ang < 100) Then
stre = "0" & Convert.ToString(ang) & "+" & "@"
If (ang < 10) Then
stre = "00" & Convert.ToString(ang) & "+" & "@"
End If
End If]
End If
Return stre
End Function
Private Function calcularDeterminante(ByVal mat As Double(,))
Dim matTemp2 As Double(,)
ReDim matTemp2(5, 5)
Dim priml, prim2, prim3 As Double

Dim secl, sec2, sec3 As Double
Dim mull, mul2 As Double
Dim deter As Double

matTemp2(0,
matTemp2(0,
matTemp2(0,
matTemp2(1,
matTemp2(1,
matTemp2(1,
matTemp2(2,
matTemp2(2,
matTemp2(2,
matTemp2(3,
matTemp2(3,
matTemp2(3,
matTemp2(4,
matTemp2(4,
matTemp2(4,

priml = matTemp2(@, ©) * matTemp2(1l, 1) * matTemp2(2, 2)
prim2 = matTemp2(1, ©) * matTemp2(2, 1) * matTemp2(3, 2)
prim3 = matTemp2(2, ©) * matTemp2(3, 1) * matTemp2(4, 2)
mull priml + prim2 + prim3

secl = matTemp2(0, 2) * matTemp2(1l, 1) * matTemp2(2, 0)
sec2 = matTemp2(1l, 2) * matTemp2(2, 1) * matTemp2(3, ©)
sec3 = matTemp2(2, 2) * matTemp2(3, 1) * matTemp2(4, ©O)
mul2 = secl + sec2 + sec3

deter = mull - mul2

Tesis publicada con autorizacién del autor
No olvide citar esta tesis




: PONTIFICIA
TESIS PUCP gkl_l_\éel_r:g?m

DEL PERU

Return deter

End Function

Private Function calcularAdjunta(ByVal mat As Double(,))
Dim matTrans As Double(,)
ReDim matTrans(3, 3)

matTrans(0, mat(1, 1) * mat(2, 2) - mat(2, 1) * mat(1l, 2)

matTrans (09, -1 * (mat(1, @) * mat(2, 2) - mat(2, ©) * mat(1,
matTrans (9, mat(1, ©) * mat(2, 1) - mat(2, @) * mat(1, 1)

matTrans(1, -1 * (mat(e, 1) * mat(2, 2) - mat(2, 1) * mat(Q,

matTrans(1, mat(@, ©) * mat(2, 2) - mat(2, @) * mat(o, 2)
matTrans(1, -1 * (mat(e, @) * mat(2, 1) - mat(2, @) * mat(oQ,

matTrans(2, mat(@, 1) * mat(1l, 2) - mat(l, 1) * mat(o, 2)

matTrans(2, -1 * (mat(e, @) * mat(1, 2) - mat(1l, @) * mat(Q,
matTrans(2, mat(@, ©) * mat(1l, 1) - mat(l, ©) * mat(o, 1)

Return matTrans
End Function
Private Function constantePorMatriz(ByVal cte As Double, ByVal mat As
Double(,))
Dim matTemp3 As Double(,)
ReDim matTemp3(3, 3)

matTemp3(9,
matTemp3(0,
matTemp3(0,
matTemp3(1,
matTemp3(1,
matTemp3(1,
matTemp3(2,
matTemp3(2,
matTemp3(2,

¥ X X X X ¥ ¥ ¥ ¥

Return matTemp3

matTemp3(0,
matTemp3(0,
matTemp3 (0,
matTemp3(1,
matTemp3(1,
matTemp3(1,
matTemp3(2,
matTemp3(2,
matTemp3(2,

Return matTemp3
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Private Sub cinematicalnversa(px As Double, py As Double, pz As Double,
motorl As Double, motor2 As Double, motor3 As Double, motor4 As Double)
Dim px2, py2, px3, py3, pz3, h, cosq3, 12, 13, 14, d, q2p, q3p As Double
Dim strl, str2, str3, str4, tramal, trama2, trama3, tramad As String
Dim valid As Boolean
12 =
13 =

Math.Round(px * 100)
Math.Round(py * 100)
Math.Round(pz * 100)

* Math.Cos(motorl) * Math.Cos(motor2)
Math.Sin(motorl) * Math.Cos(motor2)
12 * Math.Sin(motor2) - 17.5

2 + py3 ~ 2 4+ pz3 A~ 2) N 0.5

motor2 = motor2 + Math.PI / 180

px2 = 12 * Math.Cos(motorl) * Math.Cos(motor2)

py2 = 12 * Math.Sin(motorl) * Math.Cos(motor2)
12 * Math.Sin(motor2) - 17.5

2 + py3 ~ 2 4+ pz3 ~ 2) N 0.5

Tesis publicada con autorizacién del autor
No olvide citar esta tesis




TESIS PUCP

motor2
motor3
motor4d

motorl
motor2
motor3
motor4d

motorl * 180 / Math.PI
motor2 * 180 / Math.PI
g2p * 180 / Math.PI
g3p * 180 / Math.PI

.Round(motorl,
.Round(motor2,
.Round(motor3,
.Round(motor4,

txtMostrar_ml.
txtMostrar_m2.
txtMostrar_m3.
txtMostrar _m4.

.Settings.SaveAngl
.Settings.SaveAng2
.Settings.SaveAng3
.Settings.SaveAng4

= analisisangulofill(motorl)

motor2
motor3
motor4d
ml =
m2 =
m3 =
m4 =

analisisangulofl12(motor2)
analisisangulofl13(motor3)
analisisangulofl4(motor4)

Convert.ToDouble(signol
Convert.ToDouble(signo2
Convert.ToDouble(signo3
Convert.ToDouble(signo4

If (signol = "+") Then

If

If

(motorl
tramal

(motorl
tramal
If (motorl < 10) Then
tramal = "0" & "0" & strl & "+@"
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If (signol = "-") Then
ml = -ml
strl = Convert.ToString(ml)

tramal = strl & "-@"

If (signo2 = "+") Then
If (motor2

trama2 = tramal & str2 & "+"
End If
If (motor2
trama2 = tramal & "0" & str2 & "+"

+"

If (signo2 = "-") Then

"0" & "0" & str2 & "-"

If (signo3 = "+") Then
If (motor3 > 100) Then
trama3 = trama2 & "@" & str3 & "+"
End If]

trama3 = trama2 & "@" & "0" & str3 & "+"
If (motor3 < 10) Then
trama3 = trama2 & "@" & "0" & "0" & str3 & "+"

If (signo3
m3 = -m3

trama3 = trama2 & "@" & str3 & "-"
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trama3 = trama2 & "@" & "0" & str3 & "-"
If (m3 < 10) Then

If (signo4 =

If (motor4
tramad & str4 & "+" & "@"
End If]
If (motor4
trama4d = trama3 & "@" & "0" & str4 & "
If (motor4 < 10) Then
tramad = trama3 & "@" & "0" & "0" & str4 & "+" & "@"

' &

If (signo4 =
m4 =

tramad = trama3 & "@" & str4 & "-" & "@"

"@"

spPuertos.DiscardInBuffer()
StrBufferOut = trama4
spPuertos.Write(StrBufferOut)

mostrarserial.Text = trama4

End Sub

Function analisisangulof11(ByVal numberl As Double)
Dim posl As Double
Dim cuadrantel, d As Double
Dim mover, disl, dis2 As Double

If (numberl >= @) Then

cuadrantel = 1
= numberl

If ((numberl <= 180) And (numberl > 90)) Then
cuadrantel = 2
posl = numberl
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Else
If (((numberl <= 270) And (numberl > 180)) Or ((numberl >= -180)
And (numberl <= -90))) Then

cuadrantel = 3
posl = 360 numberl
Else
cuadrantel = 4
posl = 360 numberl
End If]
End If
End If
d = Math.Abs(cuadrantel - My.Settings.SaveCuadl)
If (d = 3) Then
If (My.Settings.SaveCuadl = 4) Then

mover = My.Settings.SaveAngl + Math.Abs(numberl)
signol = "-"
End If]
Else
If (d <= 1) Then
If (posl < My.Settings.SaveAngl pos) Then
mover = My.Settings.SaveAngl pos - pos]
signol = "-"
Else
mover = posl - My.Settings.SaveAngl pos
signol = "+"
End If]
Else
If (My.Settings.SaveCuadl < cuadrantel) Then
disl = Math.Abs(numberl) + My.Settings.SaveAngl
dis2 = posl - My.Settings.SaveAngl
If (disl < dis2) Then
mover = disl
signol = "-"
Else
mover = dis2

signol = "+
End If]

Else
disl = Math.Abs(My.Settings.SaveAngl) + numberl
dis2 = My.Settings.SaveAngl pos - numberl
If (disl <= dis2) Then
mover = disl
signol = "+"
Else
mover = dis2
signol = "-"
End If
End If

My.Settings.SaveAngl = numberl
My.Settings.SaveAngl_pos = posl

My.Settings.SaveCuadl = cuadrantel

saveangl.Text = Convert.ToString(My.Settings.SaveAngl)
mover = Convert.ToString(mover)

Return mover

Tesis publicada con autorizacién del autor
No olvide citar esta tesis




TESIS PUCP

analisisangulof12( number2
mover, auxl, aux2

auxl .Settings.SaveAng2
aux2 number2 - auxl

(aux2 >= 0)

signo2 = "+"

mover = aux2

signo2 = "-"
mover = aux2 * -1

.Settings.SaveAng2 = number2

saveang2.Text = Convert.ToString(My.Settings.SaveAng2)
mover

analisisangulof13( number3 )
mover, auxl, aux2

auxl .Settings.SaveAng3
aux2 number3 - auxl

(aux2 >= 0)

signo3 = "+"

mover = aux2

signo3 = "-"
mover = aux2 * -1

.Settings.SaveAng3 = number3

saveang3.Text = Convert.ToString(
mover = Convert.ToString(mover)
mover

analisisangulof14( number4 )
mover, auxl, aux2

.Settings.SaveAng3)

auxl .Settings.SaveAng4
aux2 = number4 - auxl

(aux2 >= 0)

signod = "+"

mover = aux2

signo4 = "-"
mover = aux2 * -1

.Settings.SaveAng4 = number4

saveang4.Text = Convert.ToString(
mover = Convert.ToString(mover)

.Settings.SaveAng4)

moven
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Cédigo Form2

Public Class Form2
Dim StrBufferOut As String
Dim StrBufferIn As String
Dim anguloenvl, anguloenv2, anguloenv3 As String
Dim signol, signo2, signo3, signod4 As String

Private Sub salirform2_ Click(sender As Object, e As EventArgs) Handles

cboMotorl.SelectedIndex
cboMotor2.SelectedIndex
cboMotor3.SelectedIndex
cboMotor4.SelectedIndex

txtMotorl.Text
txtMotor2.Text =
txtMotor3.Text
txtMotor4.Text

Controll.Text = Convert.ToString(My.Settings.SaveAngl)
Control2.Text = Convert.ToString(My.Settings.SaveAng2)
Control3.Text = Convert.ToString(My.Settings.SaveAng3)
Controld.Text = Convert.ToString(My.Settings.SaveAng4)

|_End Sub

Private Sub Realizadirecta_Click(sender As Object, e As EventArgs) Handles

Realizadirecta.Click

Dim cadenal String

Dim cadena2 String

Dim cadena3 String

Dim cadena4d String

Dim numberl

Dim number2

Dim number3

Dim number4

Dim

cadenal
numberl

cadena2
number2

cadena3
number3

cadena4d
number4

angulostrl = analisisangulol(numberl)
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angulostr2
angulostr3
angulostr4

angulostril
angulostr2
angulostr3
angulostr4
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analisisangulo2(number2)
analisisangulo3(number3)
analisisangulo4(number4)

conversoratrama(angulostrl)
conversoratrama(angulostr2)
conversoratrama(angulostr3)
conversoratrama(angulostr4)

Forml.spPuertos.DiscardInBuffer()

StrBufferOut = angulostrl & signol & "@" & angulostr2 & signo2 & "@" &
angulostr3 & signo3 & "@" & angulostr4 & signo4 & "@"
Forml.spPuertos.Write(StrBufferoOut)

My.Settings
My.Settings
My.Settings
My.Settings

.SaveAngl
.SaveAng2
.SaveAng3
.SaveAng4

Dim matA(,), matB(,), matC(,), matD(,), matR(,), matF(,), matE(,),
matTemp(,) As Double

Dim a, b, ¢, d, m, n As Integenr
Dim angleRadl, angleRad2, angleRad3, angleRad4, angleRad5, anglel,
angle3, angle4, angle5 As Double

Dim all, al
Dim al2, a2
Dim al3, a3

, dl As
, d2 As
, d3 As

Dim al4, a4, d4 As

Dim al5, a5
3
3

)

ReDim matA(a,
ReDim matB(a,
ReDim matC(a,
ReDim matE(a,
ReDim matF(a,

all Math.PI

al

angle2 = number2

angleRad2 =

angle2 * Math.PI / 189

matB = llenarMatriz(al2, a2, d2, angleRad2)
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d3 = 9

angle3 = number3

angleRad3 = angle3 * Math.PI / 189

matC = llenarMatriz(al3, a3, d3, angleRad3)

ala -Math.PI / 2
a4 = 9

d4d = 0

angle4 = number4 - 99

angleRad4 = angle4 * Math.PI / 189

matE = llenarMatriz(al4, a4, d4, angleRad4)

a5

d5 = 28

angle5 = ©

angleRad5 = angle5 * Math.PI / 189

matF = llenarMatriz(al5, a5, d5, angleRad5)

ReDim matD(c, d)
matD(@, ©) = ©
matD(1, ©) = @
matD(2, ©) = 0
matD(3, ©) = 1

matTemp cacularMultiplicacion(a, matA, a,
matTemp cacularMultiplicacion(a, matTemp,
matTemp cacularMultiplicacion(a, matTemp,
matTemp cacularMultiplicacion(a, matTemp,

ReDim matR(m, n)
matR = cacularMultiplicacion(a, b, matTemp, c,

txtX.Text = matR(9,
txtY.Text matR(1,
txtZ.Text = matR(2,

txtX_i.Text = matR(@, 0) / 109
txtY_i.Text = matR(1, @) / 100
txtZ_i.Text = matR(2, 0) / 109

My.Settings. Convert.ToDouble(txtX.Text)
My.Settings. Convert.ToDouble(txtY.Text)
My.Settings. Convert.ToDouble(txtZ.Text)

Forml.txtIniX.Text = Convert.ToDouble(txtX.Text)
Forml.txtIniY.Text = Convert.ToDouble(txtY.Text)
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Forml.txtIniZ.Text = Convert.ToDouble(txtZ.Text)

Controll.Text = Convert.ToString(My.Settings.SaveAngl)
Control2.Text = Convert.ToString(My.Settings.SaveAng2)
Control3.Text = Convert.ToString(My.Settings.SaveAng3)
Controld.Text = Convert.ToString(My.Settings.SaveAng4)

Private Function llenarMatriz(ByVval al As Double, ByVal a As Double, ByVal d
As Double, ByVal motor As Double)
Dim matTem As Double(,)
ReDim matTem(3, 3)
matTem(@, ©) Math.Cos(motor)
matTem(@, 1) -1 * Math.Cos(al) * Math.Sin(motor)
matTem(Q, 2) Math.Sin(al) * Math.Sin(motor)
matTem(@, 3) a * Math.Cos(motor)
matTem(1l, ©) Math.Sin(motor)
matTem(1l, 1) Math.Cos(al) * Math.Cos(motor)
matTem(1l, 2) -1 * Math.Sin(al) * Math.Cos(motor)
matTem(1l, 3) a * Math.Sin(motor)
matTem(2, ©) 9
matTem(2, 1) Math.Sin(al)
matTem(2, 2) Math.Cos(al)
matTem(2, 3) d
matTem(3, ©)
matTem(3, 1)
matTem(3, 2)
matTem(3, 3)
Return matTem
End Function
Private Function cacularMultiplicacion(ByVal a As Integer, ByVal b As
Integer, ByVal matA As Double(,), ByVal c As Integer, ByVal d As Integer, ByVal
matB As Double(,))
Dim matr As Double(,)
Dim temp, sum As Double
sum = 9
ReDim matr(a, d)
a=a+1
d=d+1
For fil = ©@ To a - 1
For col = @ Tod - 1
For k =@ Toa -1
sum = sum + matA(fil, k) * matB(k, col)
Next
temp = Math.Round(sum, 7)
matr(fil, col) = temp
sum = 9

Next]
Next]
Return matn)
End Function

Private Sub btnInversa_Click(sender As Object, e As EventArgs) Handles
btnInversa.Click
Dim x, y, z As Double
Dim motorl, motor2, motor3, motor2v As Double
Dim templ, temp2, temp3, temp4, temp5, temp6, temp7, temp8 As Double
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Convert.ToDouble(txtX.Text)
Convert.ToDouble(txtY.Text)
Convert.ToDouble(txtZ.Text)

temp8 > 0.998 temp8 < 1.02

motor3 = Math.Acos(temp8)
Math.Sgrt(x » 2 +y ™ 2)

= Math.Atan2(z, templ)
Math.Atan2(z, tempé6)
0.09 * Math.Sin(motor3)
0.275 + 0.09 * Math.Cos(motor3)
= Math.Atan2(temp3, temp4)

motor2 = temp2 - temp5
motor2v = temp7 - temp5

motoril motorl * 180 / Math.PI
motor2 motor2 * 180 / Math.PI
motor3 motor3 * 180 / Math.PI
motor2v = motor2v * 180 / Math.PI

motorl = Math.Round(motoril,
motor2 = Math.Round(motor2,
motor3 = Math.Round(motor3,

txtMotorlM. Text
txtMotor2M. Text
txtMotor3M. Text

analisisangulol( numberl
posl
cuadrantel, d
mover, disl, dis2
auxl, aux2

auxl = .Settings.SaveAngl
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aux2 = My.Settings.SaveCuadl
If (numberl >= @) Then

posl = numberl
Else
posl = numberl * -1
End Ifi
If ((numberl >= @) And (numberl <= 90)) Then
cuadrantel =1
posl = numberl
Else
If ((numberl <= 180) And (numberl > 90)) Then
cuadrantel = 2
posl = numberl
Else
If (((numberl <= 270) And (numberl > 180)) Or ((numberl >= -180)
And (numberl <= -90))) Then
cuadrantel 3
posl = 360 numberl
Else
cuadrantel 4
posl = 360 numberil
End If
End If]
End Iff
d = Math.Abs(cuadrantel - My.Settings.SaveCuadl)
If (d = 3) Then
If (My.Settings.SaveCuadl = 4) Then
mover = Math.Abs(My.Settings.SaveAngl) + numberl
signol = "+"
Else
mover = My.Settings.SaveAngl + Math.Abs(numberil)
signol = "-"
End If
Else
If (d <= 1) Then
If (posl < My.Settings.SaveAngl pos) Then
mover = My.Settings.SaveAngl pos - posl
signol = "-"
Else
mover = posl - My.Settings.SaveAngl pos
signol = "+"
End If
Else
If (My.Settings.SaveCuadl < cuadrantel) Then
disl = Math.Abs(numberl) + My.Settings.SaveAngl

dis2 = posl - My.Settings.SaveAngl
If (disl < dis2) Then
mover = disl

signol =
Else
mover = dis2
signol = "+"
End If
Else
disl = Math.Abs(My.Settings.SaveAngl) + numberl
dis2 = My.Settings.SaveAngl pos - numberl
If (disl <= dis2) Then
mover = disl
signol = "+"
Else
mover = dis2
signol = "-"
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.Settings.SaveAngl = numberl
.Settings.SaveAngl_pos = posl
.Settings.SaveCuadl = cuadrantel

analisisangulo2( number2
mover, auxl, aux2

aux1 .Settings.SaveAng?2
aux2

(aux2 >= 0)

signo2 = "+"

mover = aux2

signo2 = "-"
mover = aux2 * -1

.Settings.SaveAng2 = number2

mover

analisisangulo3( number3
mover, auxl, aux2

auxl .Settings.SaveAng3
aux2

(aux2 >= 0)

signo3 = "+"

mover = aux2

signo3 = "-"
mover = aux2 * -1

.Settings.SaveAng3 = number3

mover

analisisangulo4(
mover, auxl, aux2

auxl = .Settings.SaveAng4
aux2 = number4 - auxl
(aux2 >= 0)

signod = "+"
mover = aux2
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signod = "-
mover = aux2 * -1

.Settings.SaveAng4 = number4

mover

conversoratrama( angulostr
numberaux
numberaux = Convert.ToString(angulostr)
(angulostr < 10)
numberaux = "00"

(angulostr
numberaux

numberaux
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Public Clas
Dim Str

Dim Str
Private
btncalibrar
Dim

Cédigo Form3

s Form3

BufferOut As String]

BufferIn As String

Sub btncalibrar Click(sender As Object, e As EventArgs) Handles
.Click

al, a2,

.Settings. txtX. Text
.Settings. txtY.Text
.Settings. txtZ.Text

.Settings.SaveAngl = txtMotorl.Text

.Settings.SaveAng2 = txtMotor2.Text
.Settings.SaveAng3 = txtMotor3.Text
.Settings.SaveAng4 = txtMotor4.Text

.Settings.SaveAngl pos = Math.Abs(Convert.ToDouble(txtMotorl.Text))

txtMotorl.Text
txtMotor2.Text
txtMotor3.Text
txtMotor4.Text

Forml.txtIniX.Text = txtX.Text
Forml.txtIniY.Text
Forml.txtIniZ.Text

Form2.txtX_i.Text
Form2.txtY_i.Text
Form2.txtZ_ i.Text

End Sub

Private

ang

Dim
Dim
Dim
Dim

b =
ReD

Sub detpos_Click(sender As Object, e As EventArgs) Handles

le3, angle4,

all, a1, di Double|
al2, a2, d2 Double)
al3, a3, d3

al4, a4, d4

al5, a5, Double|
3

3

im matA(a,

ReDim matB(a,
ReDim matC(a,
ReDim matE(a,
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matF(a, b)

all = Math.PI / 2

dl = 0.175

anglel = txtMotorl.Text

angleRadl = anglel * Math.PI

matA = llenarMatriz(all, al, d1, angleRadl)

al2 =0

a2 = 0.28

d2 = 9

angle2 = txtMotor2.Text
angleRad2 = angle2 * Math.PI
matB = llenarMatriz(al2, a2,

al3 =0

a3 = 0.28

d3 =0

angle3 = txtMotor3.Text

angleRad3 = angle3 * Math.PI

matC = llenarMatriz(al3, a3, d3, angleRad3)

al4d = -Math.PI / 2

a4 = 9

d4 = 9

angled4 = txtMotor4.Text - 99

angleRad4 = angled4 * Math.PI

matE = llenarMatriz(al4, a4, d4, angleRad4)

a5 =

d5 = 0.28

angle5 = ©

angleRad5 = angle5 * Math.PI

matF = llenarMatriz(al5, a5, d5, angleRad5)

matD(c, d)
matD(@, ©) = ©
matD(1, 9) =
matD(2, ©) =
matD(3, 0) =

matTemp cacularMultiplicacion(a, matA, a,
matTemp cacularMultiplicacion(a, matTemp,
matTemp cacularMultiplicacion(a, matTemp,
matTemp cacularMultiplicacion(a, matTemp,
m=a
n =d

matR(m, n)
matR = cacularMultiplicacion(a, b, matTemp, c,
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matR(9,
matR(1,
matR(2,

matR(9,
matR(1,
matR(2,

l1lenarMatriz(
motor )

matTem (,)

matTem(3, 3)
matTem(@, ©) Math.Cos(motor)
matTem(@, 1) -1 * Math.Cos(al) * Math.Sin(motor)
matTem(@, 2) Math.Sin(al) * Math.Sin(motor)
matTem(@, 3) a * Math.Cos(motor)
matTem(1l, ©) Math.Sin(motor)
matTem(1l, 1) Math.Cos(al) * Math.Cos(motor)
matTem(1l, 2) -1 * Math.Sin(al) * Math.Cos(motor)
matTem(1l, 3) a * Math.Sin(motor)
matTem(2, ©) 9
matTem(2, 1) Math.Sin(al)
matTem(2, 2) Math.Cos(al)
matTem(2, 3) d
matTem(3, 9)
matTem(3, 1)
matTem(3, 2)
matTem(3, 3)

matTem

cacularMultiplicacion( a
matA (), C
)
matr (,)
temp, sum
sum = @
matr(a, d)
a+1
d + 1
fil = @ a -1
col =0 d -1
=0 a -1
um = sum + matA(fil, k) * matB(k, col)
temp = Math.Round(sum, 7)
matr(fil, col) = temp|
sum = 9
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ANEXO 18: Gréficas de la sintonizacion en Simulink de los motores M1, M2, M3y M4

Plot: Step ¥ Response Reference tracking v Show block response Hide parameters 4@
14 Controller parameters
Tuned Block
"""""""""" = p 81727 27.1629
| 3183 0
D 6.213 23716
N 14.7007 10.9303
0 R S -
E Performance and robustness
=
T . 0 O - Tuned Block
Rise time 0,135 seconds 0238 seconds
___________________ _ Settling time 0.307 seconds 0.848 seconds
Overshoot 9.08 % 315%
Peak 109 109
Block response Gain margin -InfdB @0rad/s  InfdB @ Inf rad/s
Tuned response Phase margin 60 deg @ 8.54 rad/s 604 deg @ 516 ra..
i Closed-loop stability Stable Stable
4
Time (seconds)
Sintonizacién del motor M1
Plot: | Step v Response: | Reference tracking v Show block response Hide parameters 4@
' Controller parameters
E Tuned Block
--------- oo P 27.1481 25
: | 0.35079 0
: D 101513 033077
: N 2.0901 87.8819
o 7777777771: 777777777777
E ! Performance and robustness
£ H
Y G St O Y FECORRCRREEES Tuned Block
E Rise time 0.939 seconds 1.45 seconds
_________ :_ Settling time 3.13 secends 2.6 seconds
! Overshoot 0.96 % 0%
! Peak 11 0.999
Block response Gain margin -InfdB @ Orad/s  InfdB @ Inf rad/s
Tuned response Phase margin 60 deg @ 147 rad/s 88.2 deg @ 147 ra...
Closed-loop stability Stable Stable

Time (seconds)

Sintonizacion del motor M2
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Plot:  Step v Response: Reference tracking v Show bleck response Hide parameters 4
14 Controller parameters
. . . . Tuned Block
L Jressasessen s Tremsanesnen s o preseaee 4P 30,0253 461341
; ; : : I 3404 0
P AN S . : ; D 04092 0.78103
: i i : N 155342 2460297
Y E— — e — e A
g : : ! ! Performance and robustness
- i i i i
LT O S — Bessnnnnn B CLSEEEETEETSERPREEEE T SnERREEELRER R pesnnoees - Tuned Block
E I I ' Rise time 0.0147 seconds 0.00931 seconds
T T E ........................ j ......................... i _________________________ :, _________ 4 Settling time 0.048 seconds 0.028 seconds
E E : : Oversheot 9.08% T87%
' i E : : Peak 100 108
S [ T T Block response (Gain margin InfdB@0rad/s  InfdB @ Inf rad/s
E I ' Tuned response Phase margin 60 deg @ 90.2 rad/s 60.6 deg @ 143 rad/s
0 L | ! ! Closed-loop stability Stable Stable
0 0.05 0.1 0.15 0.2
Time (zeconds)
Sintonizacién del motor M3
Plot: | Step v Response: | Reference tracking v Show block response Hide parameters 4@
14 Controller parameters
i : : : Tuned Block
L B T reseansas s Jrrenrnenesea 1 P 0.1085 056802
: : : : [ 0.0010001 0025062
Y S S B T ; D 01302 094152
: : N 1.7965 94283
N S S S T TT I
E H : Performance and robustness
4 1 1
LT <: ---------------------------------------------------- <: ----------------- Tuned Block
E E Rise time 1.27 seconds 0.243 seconds
17 A S : ; Settling time 415 seconds 0.769 seconds
i . Overshoot 9.08 % 8.76%
i : : Peak 109 109
o P S T F A Block response Gain margin nfdB@0rad/s  -InfdB @D rad/s
: : : Tuned rezponse Phase margin 60 deg @ 1.04 rad/s 60 deg @ 5.48 rad/s
GD 1' l . l - Closed-loop stability Stable Stable
2 3 4 B
Time (seconds)

Sintonizacion del motor M4
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