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Table 2.3: Linear I-element inertance.

Domain Parameters SI Units
Generalized I = p/ f N/A
Translational m, mass kg
Rotational J, rotational inertia kg-m2

Electrical L, inductance H (henrys)
Hydraulic I f , hydraulic inertia kg/m4

effort to flow (R-element), effort to displacement (C-element), and momentum to
flow (I-element). The tetrahedron illustrates the causal relations of the R-, C-,
and I-elements detailed in the previous sections. If we follow the edges of the
tetrahedron, we can recall the relations between effort and flow. If, for example,
we start with flow, f , at the bottom corner, we can integrate it to determine the
displacement, q, at the right corner and then algebraically determine the effort as
a function of the displacement, e(q). This path represents integral causality for a
C-element. In a similar fashion we can follow paths that represent the derivative
causality for a C-element, the integral and derivative causalities for an I-element,
and the causalities for an R-element.

Figure 2.7: Tetrahedron of state and the 1-port elements [8].

Also, note Tables 2.4, 2.5, and 2.6 summarize the linear 1-port constitutive
relations including the integral and derivative causalities for C- and I-elements.
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