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INTRODUCTION

e Using a 4 bar mechanism to
control the movements of the
antenna.

* A 4-bar Grashof linkage control
the elevation angle, while the
base of the Grashof linkage
control the azimuth angle. As we
see in figure (1)1 and (2)
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A four-bar Mechanism
Figure 3

* Type of motion : complex motion

Crank-rocker

* Type of link : Quaternary link, one rigid body, 4 nodes s+1< ptq

(continuous motion)

e Using a 4-bar Grashof crank-rocker-rocker linkage class
|, assumingS=3,L=7,P=6,Q =5, Figure 3.

 Joint classification: Lower pair joint (Spherical), Figure4.
* (Gruebler's equation) M=3(L-1)-2
e L=4,]=4==>M=1DOF.

* Elevation angle has 1 DOF and Azimuth angle has 1
DOF as well.

e If S+L< P+Q ( Called a Grashof linkage )

Figure 4

(2). Chapter Two Kinematics Fundamentals



Position Analysis of Linkages

* The main objective of Position analysis is to find the output variable by knowing
each one of the input variable and the links length.

* Vector loop equation»A0, + BA+ 0,A — 0,0, =0 YA Y b 3 B
* Linka=3,Linkb=6, Linkc=7and Linkd =5, assuming 8,=40° A 93 X
* Coordinates of nodes=» Figure 5 1.C S} 4
X, =acosf,, y, =asinf,,x, =acosf, + bcosb, c
Y, = asinf, + b sin 8, N 2
Xps=acosB, +bcosO; —ccos O, =d 9
Vo4 = asinf, +bsinf; —csinf, =0 92 4

o 0 1
e C?=(d—acos@, —bcosh3)? + (asin B, + bsinh3)? b) O/
b? = (d — acos 8, — ccosf,)? + (asin B, — csinb,)? / d / 04
* Then=> :
Figure 5

c?2=d?+a?+b?>—2adcosB, + 2ab (cos B,cos05 +
sin 6,sinf3) — 2bd cos 05

b%?=d? + a? + ¢?> — 2ad cos 8, — 2ac (cos O,c0s0, +
sin 6,sinf,) + 2cd cos 6,



Position Analysis of Linkages

* Solve for 6,=>
b?=d? + a® + c? — 2ad cos 0, — 2ac (cos O,c0s0, + sin 8,sinb,) + 2cd cos 6,

ks — k,cosf, + K cos 8, — cosf, cos0, —sinbB, sinf, =0

2_12 2 2
%,k3=“ DAY A=ks—ky + (1 — k) cosb,, B =—2sinb,,

2ac
C =ks+k, — (1+k,) cos0,.

e Sub valuesfora,b,candd = A=-0.32879,B=-1.28557,C=1.47244

+ [04)12 = 2arctan[Z22 =)D [6,], = ~156.63°, [6,], = 85.60°




Position Analysis of Linkages

* Solve for ;=
c?=d? + a®+ b? — 2ad cos 0, + 2ab (cos 8,c0s05 + sin O,sinb3) — 2bd cos O
ks + k, cosB, + K cos 853 — cosB, cos 83 —sinf, sin 8; =0

2_2_1n2_42
ky, = %, ks= (¢ aZQZ ) ,D =ke —ky+ (k4 + 1) cosb,,, B =—2sinb,,

E = k5+ k1 + (k4 - 1) COSQZ.

* Subvaluesfora,b,candd=>» D=,B=-1.28557,E=1.47244

+ [65]12 = 2arctan[22 25| [6,], = ~125.52°, [05], = 45.76°




Position Analysis of Linkages

* Using MATLAB to illustrate the linkage path motion of each one of the crank (A) and rocker (B)
and the linkage angular motion (output).
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Velocity analysis

=>» Velocity analysis involves determining, how fast certain points on the

links of a mechanisms are travelling. 0 C \q
=>» Write the vector loop equation= w, X BO, — w3 X BA = w, X A0, 3 \
8
=> Calculate derivative with respect to time, t = 3 foud B
—bsinf; csin 94] {wg}_ {sin 92} o v \ P
—bcosO; csinf,]lwa)” 2% |cos O, 4 \
{(Ug}_ —bsinf; csin 84]_ {sin 02} K y by > q
wg) ©29| —p cos 6; ccos0l, cos 6, Ly Iy \(04
=» Using the known variables for the four-bar linkage (a =3, b =6, c =7, ,/ ) - "
0,=40°, 65 = 45.76°,0, = 85.60°) =» assuming w, =-0.4 rad/sec 2 0
W3) [ 0.226) 3 . m — . . | AREY
() ={ 022} 3V5 = @ixBO, = 0.357 =V, = wpxA0, = 127, o Al | (méo
— ) 4

—_— —_ ., > ., — m



Velocity analysis

* Using MATLAB to illustrate the linkage angular velocity and the linear velocity.
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Acceleration analysis

Acceleration analysis involves determining the amount that certain points on links of mechanism are

either, speeding up or slowing down, Figure 9.

Acceleration by derivative w.r.t time=>»
X = aa, sinf, + aw3 cos O, + bas sin O3 + bw3 cos 5 — ca,sinf, — cw2 cosf, =0
y= aa, cos B, — aw? sin 6, + baz cos ;3 — bw? sin 5 — cay cos 0, F cw?sinb, =0
—aa, sin @, — aw3 cos 8, — bw? cos B3 + cw? cosB, | [bsinf; —csinf,] "

} [b cosf; —ccos 94,]

{a:}

a4 —aa, cos B, + aw? sin 6, + bw3 sinO; — cwi sin b,
. rad . .

Assuming = a, = 2 Using the same previous values (w , 8 and abc)

) ={0100)

Oy
Establish acceleration vector equations

AL = a < AO. + . = (0l x A0
Ay — @< BO, + ) = (e, =< BO,)
AL AL

A=A, +Ag, D A, +05 X BA+ @3 x (@5 x BA)

—_— m rand m
> 4,=0485 > A =1225



Acceleration analysis

* Using MATLAB to illustrates the angular acceleration and acceleration vector
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Mechanical movements For Elevation




Type of Gear

» Super Gear=> This is a cylindrical shaped gear in which the teeth are parallel to the axis. It has the
largest applications and, also, it is the easiest to manufacture.

* Based on this mechanism, we can control the azimuth by using this super gear.

Specifications for standard gear é—“@
teeth "'
Item Full depth & pitches Full depth & | 143£° full
coarser than 20 pitches finer depth
than 20
Pressure 20° 25° 20° 14557
angle
Addendum 1.0 1.0P 1.0P 1P
Gn)
Dedendum 1.250P 1.250P 1.2/P - 0002 1.157/P
Gin)
Figure 11 Figure 12

Figure (11), (n.d.). Retrieved from https://uni.edu/~rao/MD-12%20Spur%20Gear%20Design.pdf
Figure (12), From Chapter 6
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* Aservomotor is a rotary actuator
that allows for precise control of
angular of linear position,
velocity and acceleration(9).

« Advantages=> low cost, high
reliability, high torque at low
speeds

» Disadvantages=» When stopped,
the motor’s rotor continues to
move back and forth, so that it is
not suitable if we are looking for
an accurate data.

Figure 14, (n.d.). Retrieved from https://www.elprocus.com/difference-dc-motor-servo-
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Servomotor. (2017, October 02). Retrieved November 27, 2017, from https:/en.wikipedia.org/wiki/Servomotor

Thank you
for listening

A _



Appendix

Code of figures 6,8 and 10

&% J) plot path A and B

subplot (3,2,1)

plot (Ax, Ay, Bx,Bwy) % path for A and ﬂ
title("linkage path motion"')
legend { "point A', "point B")

viabel ("v—axis")

xlabel ("x—axi=")

axis([xmin*1.5 xmax*1l.5 ymin ymax])
daspect ([1 1 1]) % fix plot ratio 1:1
set (legend, "color ", "none ") 2

grid on

=% J)S plot theta g for open circuit

subplot (3,2,2)

plot (g2d, g2zd, qg2d,qg31d, qg2d,qg4eld) 2 limkage angular
citle("linkage angular")

legend (" theta 2", ""theta 3", "“"theta 4")

viabel ("input theta 2 (degree) ")

xlabel ("output angle (degree) ")

grid on

%% // plot linear velocity

subplot (3,2,4):

plot (g2d, (VA) ,q2d, (VB),qg2d, (VBA)) % plot linear velocity
legend('VA','VB','VBA"')

title('linear wvelocity')

vlabel ('linear wvelocity (unit/s)')

xlabel ('input degree \theta 2')

grid on

%% // plot angular acceleration

subplot(3,2,5):

plot (g2d,a2,q2d,a3,qg2d,a4); % plot angular acceleration
legend('\alpha 2', '\alpha 3', '\alpha 4')

title('angular acceleration')

vliabel ('angular acceleration(rad/s"2)"')

xlabel ('input degree \theta 2"')

grid on

=% J)S plot omega w for open circuit
subploc (3,2,3)

plot (g2d, w2, g2d,w3,qg2d,w4) ;
legend | " ‘"omega 2", "‘omega 3", "‘omega 4")
title('"linkage angular wvelocitw")

viabel ("angular welocitwy (rad/=s) ")
xlabel ("input degree “theta 2")

grid on

% plot angular wvelocity

%% // plot linear acceleration

subplot (3,2,6):

plot (g2d,AA,qg2d,AB,g2d,ABA); ¥ plot linear acceleration
legend('A4', "AB', "ABA")

title('acceleration wvector')

vliabel ('acceleration(rad/s"2)"')

xlabel ('input degree \theta 2')

grid on
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