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ME242 – MECHANICAL ENGINEERING SYSTEMS

LECTURE 18:

• Nonlinear Compliances and Inertances    3.6

ME242 - Spring 2005 - Eugenio Schuster 219

ENERGY STORAGE: COMPLIANCE & INERTANCE

efP =Power:

dtefdtPE ∫∫ ==Energy:

Energy Storage Mechanisms

Compliance → Potential Energy
Store energy by virtue of a generalized displacement

)(, qeedqedt
dt
dqedtqedtefE ===== ∫∫∫∫ &

)(, pffdpfdtf
dt
dpdtfpdtefE ===== ∫∫∫∫ &

Inertance → Kinetic Energy
Store energy by virtue of a generalized momentum
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Linear Nonlinear

C is constant ( )C C q=

Chordal compliance

( )1 e q
Tangential compliance

C q
∂
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∂

both cases

LINEAR vs. NONLINEAR COMPLIANCE
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( )Potential Energy e q dq V= =∫

( )e q

q

V

POTENTIAL ENERGY STORAGE
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Given: ( )V V q=
Find: characteristic

( )Recall:V e q dq= ∫

( )V e q
q

∂
=

∂
Thus:

Governing
 way to

obtain ( )e q

CHARACTERISTIC
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where

( )e e q= and ( )q q e=

alternative description of compliance characteristics

COMPLIANCE ENERGY STORAGE
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Cq& C

based on

e

( )q q e=

Integral Derivative
)(qe

( )eq&

COMPLIANCE - CAUSALITY
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F kx=

3
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F

Linear Spring

A Hardening Spring Model

is the spring rate,
spring constant
spring stiffness

k

NONLINEAR COMPLIANCES - EXAMPLES

Mechanical Springs
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need V as a function of h
need h as a function of P

NONLINEAR COMPLIANCES - EXAMPLES
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NONLINEAR COMPLIANCES - EXAMPLES
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numerically

NONLINEAR COMPLIANCES - EXAMPLES
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EQUIVALENT COMPLIANCES
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Chordal inertance

( )1 f p
Tangential inertance

I p
∂
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both cases

LINEAR vs. NONLINEAR INERTANCE
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( ) 2 1Kinetic Energy f dp f p dp= = = −∫ ∫ T T

( )f p

p
2 1−T T

1p
2p

* *−2 1T T

for nonlinear
− ≠2 1T T
* *−2 1T T

Kinetic Coenergy

Kinetic Energy

KINETIC ENERGY STORAGE
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Given: ( )T T p=
Find: characteristic

( )Recall: T f p dp= ∫

( )T f p
p

∂
=

∂

Governing
  way to
obtain ( )f p

Thus:

CHARACTERISTIC
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I
e p= &

f
where

( )p p f= and ( )f f p=

alternative description of inertance characteristics

INERTANCE ENERGY STORAGE
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p&

( )f f p=

Integral Derivative

I
fI

( )p p f=
based on

INERTANCE - CAUSALITY

( )fp&
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p

f q x= =& &
c f q i= =&

p

relativistic mechanics magnetic saturation

NONLINEAR INERTANCES - EXAMPLES


