
3.8. STATE EQUATION DERIVATION 101

Figure 3.23: Equation derivation of a mixed system

Example 3.15
Derive the differential equations for the PMDC motor model from in Exam-
ple 3.10. The system schematic and bond graph are repeated in Figure 3.23.

Solution. Assign the causality starting with the source – a voltage input.
This has no effect on the attached 1-junction so we continue to assign causal-
ity to the energy-storying elements. Regardless of the I-element we choose to
assign first, both will ultimately be in integral causality. The causality of the
inductor propagates out to the right side of the ideal motor (gyrator), and that of
the rotational inertia propagates through the gear pair (transformer) out to the
bearing (R-element).

Given the causality, we can commence applying the primary condition. The
inductor, at the left 1-junction, specifies the current at that junction (λ/L). Con-
sequently, the voltage source, resistor, and ideal motor (gyrator) have the same
current. At the right 1-junction, the rotational inertia determines the angular ve-
locity which is shared by the ideal motor and the first gear. The motor torque is
proportional to the current and the the electromotive force to the motor angular
velocity:

τm = kmi(t) =
km

L
λ and Em = kmωm = km

h
J
.
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