Notes 04 06

D-mechanism

CONSTANT LOCAL BODY-FIXED LOCATIONS OF SPECIFIC POINTS
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o

dm main.m - D-mechanism four-bar - ref: Haug, Fig P5.1, page 196
main
HJSIII - 20.03.04

general constants }M 7Al, %
2r = pi / 180;
=[0-1; 101;

o

o

W Q. oe

% initialize
dm ini
e

)

% starting position
phi2_start = 0 * d2r; % start at zero

)

% time loop

tpr = 2 * pi / w2;
t start = 0;

t_end = tpr; end

nt = 180; number of time steps

dt = (t_end - t_start) / nt; ;129

keep g = [];

keep = [];
for t = t _start : dt : t_end; M%

)

% kinematics
= q%\'ﬂ.@bﬁ n

% save kinematics
detJAC = det (JAC);

%3P = r3pP(1); Q(Ab)fowzt;”(f’/s

y3P = r3P(2);
x3Pd = r3Pd (1)
2

y3Pd = r3pd(2) ; /
keep g = [ keep g ; q' qgd' qgdd' ]; )MM,J )Z- ?L

keep = [ keep ; detJAC x3P y3P x3Pd y3Pd ];

% bottom - for t m M V&/?g

end

o

one revolution at constant speed
start

oe oP

o©

o

% data for plotting
ang2 = keep q(:,3) /d2r;
phidd = keep g(:,18);
phiddd = keep q(:,27);
detJAC = keep(:,1);

x3P = keep(:,2)

y3P = keep(:,3)
x3Pd = keep(:,4
y3Pd = keep(:,5

’

’

) i
)
% four figures per page
figure( 1 )
% locus of coupler point
subplot( 2,2,1 )
plot ( x3P,y3P,plot_str )
hold on
axis( [70 140 -25 45] )
axis square
xlabel ('"xP [mm]")
ylabel ('yP [mm]")
% follower velocity
subplot( 2,2,2 )
plot( ang2,phidd,plot_str )
hold on
axis( [ 0 360 -100 100 1 )
xlabel ('Phi2 [deg]")
ylabel ('Omegad [rad/s]")
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legend( 'L4=30"', 'L4=25', 'L4=20', 'L4=19.1" )
% follower acceleration
subplot( 2,2,3 )
plot ( ang2,phi4dd,plot str )
hold on
axis( [ 0 360 -40000 20000 1 )
xlabel ('Phi2 [deg]")
ylabel ('Alpha4 [rad/s”2]")
% Jacobian
subplot( 2,2,4 )
plot ( ang2,detJAC,plot str )
hold on
axis( [ 0 360 -1500 0 1 )
xlabel ('Phi2 [deg]")
ylabel ('det (JAC) [mm"2]")

% coupler point velocity - quiver plot
npos = length( x3P );
iskip = (1:12:npos);
figure( 2 )
quiver ( x3P (iskip),y3P(iskip), x3Pd(iskip),y3Pd(iskip) )
axis( [70 140 -25 45] )
axis square
hold on
plot ( x3P(iskip),y3P(iskip),'o" )
xlabel ("xP [mm]")
ylabel ('yP [mm]")
title('D mechanism - L4 = 30")
% title('D mechanism - L4 = 19.1")

)

3 bottom - dm main
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o0

D-mechanism four-bar - ref: Haug, Fig P5.1, page 196
a+¥1ze constants and assembly guesses
- 20.03.04

o

o

)

% mechanism constants

len2 = 15;
len3 = 50;
lend = 30;

% possible lengths for parameter study of link 4

S

lend4 = 19.1; plot str = 'r';

len4 = 20; plot str = 'b';

lend = 25; plot str = 'g';

len4 = 30; plot str = 'k';

slpA = [ 0 30 1'; ‘?
slpD = [ 45 0 1'; )
s2pA = [ 0 0 1'; 5‘3
s2pB = [ len2 0 1'; ‘
s3pB = [ 0 0 ]';

s3pC = [ len3 0 1';

s3pP = [ 105 -5.00 1';

sdpC = [ 0O 0 1"';

s4pD = [ lend 0 1';

% initial guesses - angles measured by protractor

phi2 = 60*d2zr;
phi3 = -15*d2r;

phi4 = -110*d2r; /
q(l,1) = 0;
(2,1) = 30;

9
q(3,1) = phi2;

gq(4,1) = g(l) + len2*cos(phi2);
q(5,1) = g(2) + len2*sin(phi2);
q(6,1) = phi3;

g(7,1) = rlD(l) - lend*cos(phid);
g(8,1) = rlD(2) - lend*sin(phid);

a(9,1) = phi4;

% driver for crank - phi2 = phi2 start + w2*t

phi2 start = 60 * d2r;

w2 = +1000 * 2 * pi / 60; % 1000 rpm CCW, convert to rad/sec

% bottom - dm ini
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o

dm phi.m - D-mechanism four-bar - ref: Haug, Fig P5.1, page 196
evaluate constraints and Jacobian for crank driving constraint
HJSIII - 20.03.02

b
global location of local frames and rotation matrices % ?ﬁ
Eqg 2.4.4, page 33 - Eg 2.6.5, page 42 75
rl=[001";
r2 = q(1:2); Wf Z z
r3 = g(4:5); %
rd = q(7:8); )/DU"'
phil = 0; <F
phi2 = g (3); 3
phi3 = g (6); [@l

o°

o°

o°

o°

phid4 = g(9); fj]}

Al = [ cos(phT ); sin(phil) cos(phil) 1; ; ,I,

A2 = [ cos(phi2) -sin ph12), sin(phi2) cos(phi2) 1; <§€7VQA’

A3 = [ cos(phi3) -sin(phi3); sin(phi3) cos(phi3) 1;

A4 = | cos(ph14) -sin(phi4); sin(phi4) cos(phi4) 1;

B2 = R A2;

B3 = R * A3; 8

B4 - R * ad, [ 7@‘

% global locations - Eq 2.4.8, page 33 QL 4)

rlA = rl + Al*slpA; Q&

rlD = rl + Al*slpD; iju_

r2A = r2 + A2*s2pA;

r2B = r2 + A2*s2pB; a-/4

r3B = r3 + A3*s3pB;

r3C = r3 + A3*s3pC;

r4C = r4 + A4*s4pC;

r4D = r4 + A4*s4dpD;

r3P = r3 + A3*s3pP; ? . 4]
‘—-'l-n“‘-___._._._._.-—--_-—-———l'

% revolute constraints - A,B,C,D - Eq 3.3.10, page 65

PHI(1:2,1) = r2A - rla; Jg

PHI(3:4,1) = r3B - r2B; a‘j& i,(_,

PHI (5:6,1) = r4C - r3C; \/_ﬁ y

PHI(7:8,1) = r4D - rlD; A{{D@

% crank driving constraint ![M%

PHI (9,1) = phi2 - phi2 start - w2*t; P—FU
S Jacopriam—aw—xows - Egq 3.3.12, page 66 for revolutes
JAC_= zeros(9,9);

JAC(1:2,1:3) = [ "eye(2) B2*s2pA 1;

ﬂc}z} il
JAC(3:4,1:3) = [ -eye(2) -B2*s2pB 1;
JAC(3:4,4:6) = [ eye(2) B3*s3pB 1;

-B3*s3pC
4*54p

JAC(7:8,7:9)

% driving constraint in Jacobian - Egq 3.1.9, page 52 -
JAC(9,3) = 1; ~— Avhj&q/

o

% current results
current crank = phi2 / d2r;

[ eye(2) B4*s4pD ];

% bottom - dm phi
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- D-mechanism four-bar - ref: Haug, Fig P5.1, page 196
= ¥ , velocity, and acceleration at desired crank
% HJSIII - 20.03.04

% Newton-Raphson position solution - Eq 3.6.7 and 3.6.8, page 100 RKP

oot

> assy tol,
* PHI;

% velocity - Egq 3.1.9, page 52 - also page 66 for revolutes
velrhs(9,1) = w2;

gd = inv (JAC) * velrhs;

% global velocities - Eg 2.6.4, page 41
r2d = gd(1l:2);

r3d = gd(4:5
r4d = gd(7:8

phi2d = gd (3
phi3d = gd(6);
phidd = gd(9);

r3Pd = r3d + phi3d * B3 * s3pP;

% acceleration - Eq 3.1.10, page 53 - also page 66 for revolutes
accrhs(1:2,1) A2*s2pA*phi2d*phi2d;

accrhs(3:4,1 A3*s3pB*phi3d*phi3d - A2*s2pB*phi2d*phi2d;

( )
accrhs(5:6,1) = A4*s4pC*phidd*phidd - A3*s3pC*phi3d*phi3d;
accrhs(7:8,1) = Ad4*s4pD*phidd*phidd;
accrhs(9,1) = 0;
gdd = inv (JAC) * accrhs;

o

3 global accelerations
r2dd = gdd(1:2);

r3dd = gdd(4:5
rd4dd = gdd(7:8
phi2dd = gdd (3
phi3dd = gdd (6
phid4dd = gdd(9);

r3Pdd = r3dd + phi3dd*B3*s3pP - phi3d*phi3d*A3*s3pP;

% bottom - dm kin



