Intermediate Dynamics
Configuration Constraints for Mechanical Systems

Suppose the configuration of a mechanical system is defined by
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generalized coordinates, say ¢, (k=1,...,n). These coordinates
may all be independent, or they may form a dependent set. For
example, consider the simple pendulum shown in the diagram. The

coordinate set {x;,y;.0} is a dependent coordinate set. The

following equations can be used to relate the coordinates.

X =%sin(0) Vo = %cos(é’)

Hence, for this system only ene generalized coordinate is required to define its position. Any set
of two or more coordinates forms a dependent set.
The types of constraints described above are referred to as configuration constraints. In
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general, for a mechanical system described by “n” generalized coordinates g, (k =1,...,n) with

“m” configuration constraints, the constraints can be written as follows.

f;(ql’qz""’qn’t)zo (j:L"')m)

Here, the constraints may also be dependent on the time, ¢. Configuration constraints are most
useful in a dynamic analysis when they are differentiated into a form that is linear in the time
derivatives of the coordinates.
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i Z{ f} % =0 (j=L...m)

or

Zajk%"'ajo =0 (j=1,...,m)
=1
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Examples

1. For the simple pendulum shown above, define the generalized coordinate set as

{91.9.95} ={x4, 75,0} . Then, the two configuration constraints are as follows.

L

{flwl,qz,%)}_ G sin(a) | {0}
141 49) 9, —%COS(%) X

Differentiating these equations gives

q, 1=

. L. L -
4, ——q5¢0s(q;) 0 1 0 ——cos(qy) |4 0
2 2 .
0 1 +Zsin(g) |4,
2

. L. .
q, +EQ3 sin(q,)

Comparing these results to the general form shown above, we conclude

L L .
a, =a, =1 a,=a, =0 a; = —Ecos(é?) ay, = +Esm(6’)

and

a,=0 (j=1,2)

2. For the simple pendulum shown above, define the generalized coordinate set as

{91,4,} ={x5.¥s} - Then, the configuration constraint is

[(@.0:)=q] +45—(L/2)" =0

Differentiating the constraint gives

2q14,+24,4, =0 or 449 + 4,4, =0

So, in this case, |a), =q, =x;|, |a;, =9, = Y|, and |a;, =0].
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