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Mechanical Systems - Translational Motion oL Liam® 2026

= The cornerstone for obtaining a mathematical model,
or the dynamic equations, for any mechanical system

IS Newton'’s law, F — ma

= where

—F (newton, N)
the vector sum of all forces applied
to each body in a system,

—a (m/sec”2)
the vector acceleration of each body
with respect to an inertial reference frame
(that Is, one that is neither accelerating
nor rotating with respect to the stars);
often called inertial acceleration.

—m (kg)
mass of the body.




Example 2.1: A Simple System: Cruise Control Model ngiig.ﬁ”jfé‘%”é‘é'zi

® Cruise control model = Model (Equations of Motion)
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= Time Response .
—m = 1000 (kg), §|
_b=50m sec/N, I B AN S A
~u=500N /A S S
I T S S

= Matlab code
—s=tf('s’);
—sys = (. 1/10000) / ( s + 50/1000 );
— step( 500*sys );
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Example 2.2: A Two-Mass System: Suspension Model
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® Automobile suspension ® Quarter-car model @ Free-body diagrams
for suspension system
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= Model (Equations of Motion)
—b(y — ) — ks(y — x) =

b(y — ) + ks(y — ) — kw(z — 1) =
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= Model (Equations of Motion)

P — ) 4 () ) = B
m1 m1 maq m1
() — ) 4 2y ) —0
mo mo

s2X (s) sTsl(X(s)—Y(s))

F(X(5) = V() + 75X (5) = 22 R(s)

s2Y (s) sﬂfz(Y(s)—X(s))

+25(¥ () = X(5)) = O
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= Transfer Function

Y(s) _
R(s)
bt o)
s4 4 ( b . b )s3 4 (ks L ks kw) 2 1 _kuwb L _kuwk
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= Parameters
—m = 1580 kg, m1 = 20 kg, m2 = 375 kg
—ks = 130,000 N/m, kw = 1,000,000 N/m
—b =9800 N sec/N

Y(s) _

R(s) 1.31e06(s + 13.3)
s* 4+ (516.1)s3 4+ (5.69e04)s2 + (1.31e06)s + 1.73e07




