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3-Position Motion Generation with Fixed Pivots

Design a four bar linkage that 
will move a line on its coupler 
link such that a point P on that 
line will be first at P1 , P2 and 
later P3 and will Also rotate the 
line through an angle α2 and 
then α3 assuming fixed pivots O2

and O4
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1st Dyade: WZ

Define the following variables:

w = length link2

θ = initial angle of link2

β2 = 1st change in angle of link2

β3 = 2nd change in angle of link2

z = distance from A and P
Φ = initial angle of link z
α2 = 1st change in angle of link z
α3 = 2nd change in angle of link z
p21 = distance from point P1 to P2

p31 = distance from point P1 to P3

δ2 = orientation angle of line from P1 to P2

δ3 = orientation angle of line from P1 to P3

R1 = position vector O2P1

R2 = position vector O2P2

R3 = position vector O2P3

ξ1 = orientation angle of R1

ξ2 = orientation angle of R2

ξ3 = orientation angle of R3

R1 = magnitude of  R1

R2 = magnitude of R2

R3 = magnitude of R3
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1st Dyade: WZ – Solution

Write the Vector loop of each precision position

Substitute
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1st Dyade: WZ – Solution

Resultant system of equations

Solution: determinant of the below matrix is zero
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1st Dyade: WZ – Solution

The determinant can be simplified to 

Where
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1st Dyade: WZ – Solution

Solving the real and imaginary part of
the equation we get

Ignore the solution where
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1st Dyade: WZ – Solution Constants
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1st Dyade: WZ

Use the following vector loop equation to solve for W and Z
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1st Dyade: WZ

Take the real and imaginary components of both equations

Where

NZHZKWFWG

MZCZDWAWB

LZKZHWGWF

EZDZCWBWA

yxyx

yxyx

yxyx

yxyx









1111

1111

1111

1111

331

3

2

2

cos

sin

sin

1cos









pL

G

D

A









331

3

3

2

sin

sin

1cos

1cos









pN

K

F

C









221

3

221

2

sin

1cos

cos

sin









pM

H

pE

B











Slide 11 of 33MEE341 – Lecture 13: 3 Positions Analytical Synthesis

1st Dyade: WZ

Solve the system of equations using matrices

The matrix solution will give the solution to
vectors W and Z.

Redo the same procedure for vector U and S
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Solution Summary
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Example: Problem: 5-11 p.255

Design a linkage to carry the body in the figure below through the three 
positions P1, P2 and P3 at the angles shown in the figure. Use analytical 
synthesis and design it for the fixed pivots shown.
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Example Solution – Step 1
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Example Solution – Step 2
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Example Solution – Step 3
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Example Solution – Step 4a
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Example Solution – Step 4b
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Example Solution – Step 4c
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Example Solution – Step 5
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Example Solution – Step 6
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Example Solution – Step 7a
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Example Solution – Step 7b
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Example Solution – Step 7c
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Example Solution – Step 8

Solve for the linkage vectors as described on slide 11.

Start by finding the magnitudes of vectors P21 and P31 and its angles:
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Example Solution – Step 9

Evaluate terms in the WZ coefficient matrix
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Example Solution – Step 10

The components of the W and Z vectors are

And the length of link 2 is
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Example Solution – Step 11

Evaluate terms in the US coefficient matrix
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Example Solution – Step 12

The components of the U and S vectors are

And the length of link 4 is
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Example Solution – Step 13

Solving for links 3 and 1
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Example Solution – Step 14

Check the location of the fixed pivot points with respect to the global 
frame using the calculated vectors W1, Z1, U1, and S1
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Example Solution – Step 15
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Example Solution – Summary


