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Abstract: this paper presents the scientific results of the kinematic calculation and the law of motion of a new
wool transport mechanism to reduce fiber entanglement.
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Synthesis of a new harrow type wool transport mechanism has presented in [1]. This paper dedicated for the
kinematic analysis of the proposed wool transport mechanism.

The four bar of the proposed mechanism shown in Figure 1. The crank O;A is fixed on pivot O; that is
located at the origin of the coordinate system. The crank rotates counterclockwise with 8, angle about fixed
pivot O;. The point A of the coupler ABC rotates follows to the crank rotation. The rocker or lever O,B move in
oscillation motion with respect to the coupler motion. The output link of the mechanism is the harrow and it
connects with its one end to the point C. The desired motion of the mechanism has been obtained by point C.

Figure 1. Vector representation of the four bar linkage [2]

1. Position analysis
The position analysis of the four bar linkage starts from defining the coordinates of centres of the revolute
joints in a coordinate system. A reference system S1 (X, y, O1) with x axis or horizontal and the origin of the



system at point O1, centre of the revolute joint connecting links 1 and 2 are chosen. Coordinates of the pivots O,
and O, can be written as follows:

0, = [x01 }’01] =[00];

(o))
0, = [xo2 }’02] = 0, — l1][cos8, sinb,];
2
The point A rotates about the origin of the coordinate system S1; its coordinates can be written as:
A =[x4v4] = 0, + ;[ cosO, sinb,];
®)
Coordinates of point B:

Referring to the Figure 10, if the coordinates of the points A and O, are known, the coordinates of the point B
can be found by using the equation for circle as follows:
2 2
xg —Xo,) + (v — =1
( B 02) ()’B J’oz) 4} B(xp V5); 4

(xg —x)* + (yp —ya)? =13
The Equation (4) should be developed, simplified and one subtracted to the other as follows:

xp — 2xpXo, + x(z)z + y5 — 2yYo, + Y(z)z —-1i= 0} (5)

X§ —2xpXs + X5 + V5 —2YpYa+¥i—15=0
—2x(x0, = x4) + x5, — x5 = 2y(Yo, = ¥a) + ¥§, — G—yi + 15 =0; (6)
Hereisxg = x; yg = y;

2 2 2 2 2 42
Yo,=¥a _ X0,~Xa+tY0,~Va+tlz—lg _ N(02)%2-N(A)2+153-12.
XY o 20y a) Gog ) )
The Equation (7) can be simplified as:
Yo;~YA _
sz_xA A (8)
N(02)2-N(A)?+15-15 _
2(x0,—x4) =B ©)
The following simple equation can be obtained for x:
x =—Ay + B;
(10)
The Equation (10) can be inserted into the first line of the Equation system (5) and can be written as follows:
A%y? + B? — 2ABy + 2x0,Ay — 2x0,B + x5, + y* — 2yyo, + ¥5, — 15 = 0; (12)
(A% + Dy? + (2x9,A — 2AB — 2y,,)y + (B? — 2x5,B + N(0,)? — I3) = 0; (12)
a=(A%+1); (13)
b = (2x0,A — 2AB — 2y,,);
(14)

¢ =B?—2x0,B+N(0,)* - 13 (15)
ay?+2by +c¢=0; (16)

_ —-b+ bz—ac; (17)

a
Coordinates of point C can be found as:
0,C = 0,A + AC;
C = 1,(cos8,sinb,) + l5(cos(6; — B) sin(0; — B));
Xc = 1l,c0560, + lscos(0; — )
Yo = 1,sin0, + lssin(0; — ,8)}
. _q [1E+13-12
Here is, B = cos [—] (19

2l5l3

(18)



Figure 2. The position analysis of the proposed mechanism [2]

Coordinates of the pivot Oz can be found as follow:

03 = [x03 }’03] = 0y + l11[cos6;, sin6y,]; (20)
Coordinates of the point E:

E = B + l;[cos 6, sin,]; (21)
Coordinates of the point D:

D = C + lg[cos 05 sinbg]; (22)
Loop closure equations for four bar linkage can be written as follow:

L+l;+1,+1;=0; (23)
Rewriting the Equation (23) in its x and y axis component equations:

l,cos0, + l3c0s05 + l,cos6, + l,cos8, = 0; (24)
l,5in8, + l3sinf; + l,sind, + l;sinf; = 0; (25)

We know that 6, is known, and 8, is also known, constant. In order to eliminate 65, we first isolate it on one
side of the Equations (24) and (25):

l3c0s05 = —lycos0, — l,cos60, — l,cos0,; (26)

l3sinf; = —1;sinf; — l,sinf, — l,sinb,; 27)

Both sides of the equations (26) and (27) should be squared, added and the result simplified using the
trigonometric identity sin?6 + cos?6 = 1;

This gives:
13=1012+13+ 12+ 2L1,(cosf,cosb, + sinb;sinb,) —
—21,1,(cosB,cosb, + sinb,sinb,) — 21,1,(cosb,cos0, + sinb,sinb,); (28)

The Equation (28) gives 6, in terms of the given angle 6, (and constant anglef,), but not explicitly. To
obtain explicit expression, the Equation (28) should be simplified by combining the coefficients of cos6, and
sin@, as follows:

Acos8, + Bsinf, + C = 0; (29)

Where,

A = 21,1,c0s0; — 21,1,c0s0,;
B = 21;1,sin8, — 21,1,sinb,;

C=12+1+13 —13 — 21;1,(cos0; cosd, + sinb;sinb,)

To solve the Equation (29), standard trigonometric identities can be used for half angles given in the
following:

sinf, =

; (30)

2tan (64/2) |
1+tan?(0,/2)°

1-tan?(64/2) .

1+tan?(04/2)’
After substitution and simplification, the following equation can be obtained:
(C—A)t?>?+2Bt+(A+C) =0; (33)
Where, t = tan (%) ;

2
Solving for t gives:
‘= ~2B+0\/4BZ-4(C-A)(C+4) _ —B+/B2—C?+4Z (34)
2(C-4) Cc-A ’

And 8, = 2tan1¢; (35)

(1)

cosf, = (32)




Equations (26) and (27) can now be solved for 65. Dividing the Equation (27) by (26) and solving for 6
gives:

93 = tan ' [—l4c0594—1200592—1100561
In equation (34) it is essential that the sign of the numerator and the denominator be maintained to determine
the quadrant in which the angle 0; lies. This can be done directly by using ATAN2 function. The form of this
function is:
sinfz

ATAN2(sin 65, cos 85) = tan™?! [—] ; (37)

cosbfs3

Equations (35) - (37) give a complete and consistent solution to the position problem of the four bar linkage.
For any values of 6, there are typically two values of 83 and 8,, given the substituting ¢ = +1 and —1,
respectively.

2. Velocity analysis

The velocity equations can be developed by differentiating the Equation (23) as:

L+G+0L+1=0; (38)

Rewriting the Equations (38) in its x and y axis component is the same as that differentiating the Equations
(23) and (24). The resulting equations are:

—1,sinf,w, — l3sinf;w5 — 1,sinb,w, — l;sinBw, = 0; (39)

l,c050,w, + l3c0505w5 + lyc050,w, + 1 c0sO, 0, = 0; (40)

Since, 6, is constant, the angular velocity of link 2 w, is known, the only new unknowns are w; and w,
which are the angular velocities of the link 3 and the link 4 respectively. In matrix form, Equations (39) and (40)
can be rearranged and rewritten as:

[—l3sin93 l4sin94] {(U3} _ { l,sin6,w, }; (41)

l;c0565 —l,cos0,] Lwy —l,c0560,w,

Solving these two equations in two unknowns yield:

13c0503-l2sinfrw>

—145in0,—1,5in6,—11sinb
45infs—1p 2—l1 1] ; (36)

leiTlez w2 —

_ 13sinf3 .
Wy = — Lusing _I3c0s03l4s5infs (42)
45INGy I3sinf3
. 13c0503-l25inf2w
lzsmezmz—%
1;5in0 w5 +14sin6 2 2
2 2W2t+ly 4 Lusing 13¢0503-l45in04
4S5V =" 5ino,
_ . (43)
(1)3 - l . )
35infs

Velocity equations of the coupler point C can be found by differentiating the Equation (18) as:
C = Lyw,(—sinb, cosh,) + lsws(—sin(0; — B) cos(8; — B));

Xc = —1,5in0,w, — lssin(6; — ﬁ)w3}_ (44)

Y = l,cos0,w, + lscos(85 — Bws )’

3. Acceleration analysis

Since 0, is constant, the acceleration equations can be developed by differentiating the Equation (38) as:

I+ 13—, =0; (45)

Rewriting the Equation (2.45) in its x and y axis component equations is the same as that differentiating the
Equations (2.39) and (2.40). The resulting component equations are:

—1,sin0,a,—1,c050,w% — l3sinbzas — l3c050;wi+1,sinb,a, + l,cos0,03 = 0; (46)

l,c080,a,—1,sinB,w% + 30803 a3—13sinb;w% — l,cos0,a, + Lsinb w3 = 0; 47)

These equations can also be represented in matrix form, where the terms associated with the known crank
acceleration and the quadratic velocity terms are moved to the right-hand side as:

[ —l3sinf; l,sind, ]{a3} _ { l,(sinBa, + cosO,w3) + l3c080;w% — 1,c0s0,w2 } (48)
l3cqsl93_— lycos6,] lay —ly(cosb,a; — sinf,w?) + l3sinf;w3 — 1,sinf,w?)’
Solving first raw of these equations yield two unknowns as:
l3cos63:1 022 -sinbo w3 )+l3sinfzw3—1lysinf w3
(12(sinbyaz+c0s0, w3)+13c0503w3 ~14c050,02) 36003 z(cos 202 Slnl;;;z); it B bl e
Ay = . 13c0503°145in6, ; (49)
14511’194—W
asz =

l3c0s03:l casezaz—sinezwz +l3sin93w2—l4sin94w2
(lz(sin92a2+cosezw%)+l300593w§—l460564w£) ( 1331."29)3 s 4

; 2 2 2 :
I5(sinByaz+cos0,w3)+l3c0s03w5—14cos0sw5 —14Sinby T3c0505 T45T05

lysings— I3s5in03

l3sinf3
(50)
Acceleration equations of the coupler point C can be found by differentiating the Equation (44) as:
X. = —1,(sin O,a, + cos O,w?) — I5(sin O a3 + cos Bswg)}_ (51)
Y, = 1,(cos 8,a, — sin B,w%) + Is(cos O5 az — sin Bsw?) |
4. Results



Results of the kinematic analysis are shown in Figures 3-10.

Simulation of the proposed mechanism
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Figure 3. Simulation of the proposed mechanism
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Figure 5. Angular displacement, velocity and acceleration
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Angular displacement of the long connecting rod
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Angular displacement of the rocker2
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Figure 10. Angular displacement, velocity and acceleration of the rocker 2 (link 8)
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