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Drawing a F.B.D. using d’Alembert’s principle

o d’Alembert’s Principle :

The sum of the differences between the forces acting on a system and the time

derivatives of the moments of the system itself along a virtual displacement con
sistent with the constraints of the system, is zero.
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« One can transform an accelerating rigid body into an equivalent static system
by adding the so—called “inertial force” and “inertial moment”
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Mechanical Impedances

Find TF without writing the differential equation!

Let’s define Mechanical Impedanceas Z,(s)= %
F(s) = Ms*X (s) Z,, (s) = Ms?
F(s) =CsX(s) Z.(s)=Cs
F(s) = KX(s) Z.(s)=K

Problem Solving Technique:
[Sum of impedances] X(s) = [Sum of applied forces]

= x(0) —— X(s)
Kx(t) =17 KX(s) =774
frl - M) fisX(©) = M = F(s)
Mdzx L 2
—— ] Ms=X(s) - =
dt-
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Example: Two mass system

Using differential equation Using Mechanical Impedances

] I kiyp ey kixp kg /I\ m, /I\
VR
bfz ka(xy — x1) c(ip — x1)  kalxp — xp) () — Xp)
A4
f f m,
v

mX = _klxl + kz (Xz - Xl) —C% +C, (Xz - X1)
mX, = f _kz(xz _X1)_02(X2 _X1)

(MS” +(C +C,)s+ (K +k,)) X, (5) = (€,5+k,) X, (5)
(MS” +C,8+k,) X, () = F(5) +(C,5+K,) X, (5)
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Energy Method for Deriving Equivalent Mass of Elastic Elements

Mass of an infinitesimal element of thicknessdy

= dm_ = pdy © > mass density per unit length of the material

y Kinetic Energy of infinitesimal element = 1 y’dm,
Lo derd g
—
s Kinetic Energy of the rod = KE:EJ'Lyde zleyzpdy
| me 2 Jo r 2Jo
Rewrite the KE using y:x%
2 .2 -2 ,3 L
= kgo L[t xzj gy 1PX oy 1Py
XL P =3 =3 3
Rewrite the KE in the form of the total mass of the rod
1(pL)., 1(m).,
KE==| =[x == — |X _(m
2(3) Z(BJ = me‘(?j
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Equivalent masses of common elements

3
(= 2B m, = 0.38m,
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Example: Wheel-axle system with bearing damping

=1, +2l,
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Example: Pneumatic Door Closer
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Example: System with displacement input

-
S
cx k(y — x)

_' m

mX =Kk (y —X)—cx

(a) (b)

;ﬁ @ 6=k, (§—0)-c,0

k(¢ — 6)

Note that ultimately motion is generated by a
force and that this force must be great enough
to generate the specified motion.
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