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Objective:

1. To construct a 4 bar mechanism. 

2. To animate the mechanism. 

3. To make the program user interactive. 

The mechanism will satisfy Grashoffs Law. 

User interaction:

1. It will allow the user to change the lengths of the links and also the angle of the link.

2. The crank will step through 360°. (This will only happen if the Grashoff’s Law is satisfied.)

3. The camera will move around the mechanism 360°. (a)The user will have the choice of watching the animation while revolving 360°. (b)The user will be able to stop the camera at a particular point in space and watch the animation.

Theory:

Terminology:

“ A machine is a combination of resistant bodies so arranged that by their means the mechanical forces of nature can be compelled to do work accompanied by certain determinate motions.” Reuleaux (1829-1905)

Grashof’s Law:

For a planar four-bar linkage, “ the sum of the shortest and longest link lengths cannot be greater that the sum of the remaining two link lengths if there is to be continuous relative rotation between two members.”

A 4-bar linkage is shown below:
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Analytical Synthesis using Complex Algebra:

the links in terms of the position vectors are:
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in polar notation:
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the first and second derivative of this equation are:
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rearranging the above equations we can get:
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similar expressions for 
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[image: image8.wmf]can be generated. The denominators for all the expressions are complex and equal in magnitude.

Since the denominators are equal we can divide each multiply each expression and get unity for the denominator. This gives us dimensionless vectors for the links. 

Thus giving us:
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Freudenstein’s Equation:

This equation governs the output of the 4-bar linkage mechanism.

If the above equations are written in complex rectangular form:
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from the figure: sinθ1 = 0 and cosθ1 = -1 we get:
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Removing the coupler angle θ3 from the equations, move all terms except the ones with r3 on the right hand side and squaring both the sides:
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adding the above two equations and rearranging gives us:
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Freudenstein writes the above equation as:
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Suppose we wish the output lever of the 4-bar mechanism to occupy the positions φ1, φ2, φ3 corresponding to the angular positions ψ1, ψ2, ψ3 of the input lever. In equation I we replace θ​2 with ψ and θ4 with φ, and write the equation three times, once for each position.

This gives:


[image: image14.wmf]
the above equations are solved simultaneously for the three unknowns, K1,K2,K3. then if we have a length say r​1 for one of the links, the other lengths can be calculated.

These are the equations for 2-D. I will try and extend the relations to 3-D.

Hope this is enough!! (
Reference: Theory of Machines and Mechanisms, Shigley and Uicker. 



Feedback:

You rock. This looks good.

� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





A





O2





O4�





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���








PAGE  
4

[image: image15.wmf][image: image16.wmf]3

q

[image: image17.wmf]1

q

[image: image18.wmf]4

q

[image: image19.wmf]2

r

[image: image20.wmf]4

r

[image: image21.wmf]3

r

[image: image22.wmf]1

r

[image: image23.wmf]B

[image: image24.wmf](

)

4

2

2

4

2

2

2

1

2

3

3

2

1

2

4

1

1

4

2

3

4

2

2

1

2

......

..........

cos

cos

cos

r

r

r

r

r

r

K

r

r

K

r

r

K

I

K

K

K

-

-

-

=

=

=

-

=

+

+

q

q

q

q

[image: image25..pict][image: image26..pict][image: image27..pict][image: image28..pict][image: image29..pict][image: image30..pict][image: image31..pict][image: image32..pict]_1129655919.unknown

_1129657024.unknown

_1129657463.unknown

_1129657873.unknown

_1129658737.unknown

_1129658566.unknown

_1129657711.unknown

_1129657232.unknown

_1129656485.unknown

_1129656530.unknown

_1129656148.unknown

_1129654910.unknown

_1129655331.unknown

_1129655644.unknown

_1129655892.unknown

_1129655455.unknown

_1129655356.unknown

_1129655296.unknown

_1129655313.unknown

_1129655102.unknown

_1129654692.unknown

_1129654815.unknown

_1129654590.unknown

