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As illustrated by the following example, the same basic process can be applied
to a hydraulic system.

Figure 3.22: Equation derivation of a hydraulic circuit problem

Example 3.14
Derive the differential equations for the circuit from Example 3.8. The
schematic and bond graph are repeated in Figure 3.22 for convenience.

We assign causality to derive the differential equations beginning with the
source. There is a single source – a flow source – attached to an adjacent 0-
junction. The causality does not propagate further so we continue by assigning
causality to the energy-storying elements. Since there are three energy-storying
elements in integral causality, we expect three differential equations.

With the causality assigned, we continue by labeling the efforts and flows on
the three energy-storying elements. In hydraulic systems the states associated
with C-elements are volumetric displacements whose time rate of change are
flow rates. Hence, the C-elements have flows V̇1 and V̇2. If the constitutive
relations are linear, the associated efforts are V1/C1 and V2/C2, respectively.
The I-element represents the fluid inertia in the relatively long pipe. It has a
hydraulic momentum whose time rate of change (Γ̇) is an inertial pressure – an
effort. Again, assuming a laminar flow, a linear constitutive relation results, and
the flow rate through the pipe is proportional to the momentum (i.e. Qpipe =
Γ/I f ).
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