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Computer Extension (to Sample Problem 5/15)

The common configuration of a reciprocating engine is that of the
slider crank mechanism shown. Plot the acceleration of A and the
magnitude of the acceleration of G for two revolutions of the crank if
the crank has (a) a constant angular velocity ω = 157.1 rad/sec (1500
rev/min) and (b) an initial angular velocity of zero and a constant
angular acceleration α = 60 rad/sec2. In both cases the initial angle θ is
zero.

Solution. In the extension to sample problem 5/9 we used a relative
velocity analysis to obtain general results for the velocities as a
function of θ. Generally speaking, the easiest approach to use with a
computer is an absolute motion analysis, provided you have software
capable of doing symbolic algebra and calculus such as Maple,
Mathcad or MATLAB. We will use the present problem to illustrate
this approach.

We start by using the law of sines (sin(β)/r = sin(θ)/l) to express β as a
function of θ






= − θβ sinsin 1

l
r

where l is the length of connecting rod AB and β is the angle between
AB and the horizontal. Now place an x-y coordinate system at O with x
positive to the right and y positive up and write expressions for the
coordinates of A and G in terms of θ and β

βθ coscos lrx A −−=
βθ coscos rrxG −−= ( ) βsinrlyG −=

where r is the distance from B to G. All that is needed to find the
accelerations aA, aGx, and aGy is to differentiate these expressions twice
with respect to time. The magnitude of the acceleration of G is then
found from

( ) ( )22
GyGxG aaa +=

Most programs will allow you to evaluate these derivatives before
defining explicitly how θ depends on time. The most straightforward
approach, though, is to substitute θ(t) before differentiating. The
appropriate expressions to substitute are θ = ωt = 157.1t for case (a)
and θ = ½αt2 = 30t2 for case (b). These substitutions will be made
automatically, however, some programs may require defining θ as a
function of time first, before writing the above expressions β, xA, xG,
and yG.

The procedure for evaluating the derivatives will vary from program
to program. With Maple one would find AA xa =  by writing
aA:=diff(xA,t$2). The results are too messy to present here. The plots
of the accelerations for the two cases were obtained with Maple.


