Elementary Engineering Mathematics
Equations Sheet #4 — Spring-Mass-Damper Systems

1. Spring-Mass System (no damping)
Initial Conditions: [x(0)=x,| [v(0)=v, Eqﬁglsiilt);gﬁm 5
Natural Frequency: | = \/% i
x
Displacement:  |x(f) =2 sin (@ 1)+ x, cos(@1) v |
Velocity: V(1) =v, cos(@t)—x,wsin(wt)
2. Spring-Mass-Damper System
Critical Damping Coefficient: |c, = 2m./k/m
Equilibrium % L:I
Over-damped Motion: |c >c, gfmo“ = g
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oefficients: |( 4, oun solving the simultaneous equations:
Coefficients: |(4,B)| found by solving th It quat
AMA+A,B=v,

Under-Damped Motion: ¢ <c,

Frequency: (@, = %—(L)z

A:[v0 +(ﬁ)xo]/a)d

Displacement: |x(f) = e ") (Asin(w, 1)+ Bcos(w, 1))

B=x,
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In(x, /x,)
oOa=—"-
t2 - tl Aeal
% . /
xZ -___i— _____ 1

—N
WS
~

Kamman — Elementary Engineering Mathematics — Equation Sheet #4 — Spring, Mass, Damper Systems — page: 1/1



