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This thesis presents and provides a methodology toward designing
concurrently four PI controllers. They all compensate dynamics of state variables
occurring in the speed control system of a three-phase induction motor under direct
vector control. Such a design of the four PI controllers accounts for directly numerical
computation that simultaneously solves the eight gains of the four ones. The above
closed-loop control system is conducted by the state-space equation with eight state-
variables as well as its coefficient matrix pertaining to eight eigenvalues. When the
whole gains of the four Pl ones get unknown, the characteristic polynomial which
involves the implicit coefficients containing the unknown gains will originate from the
coefficient matrix. Assignment that places the eight eigenvalues into desirable
negative values evaluates the characteristic polynomial which associates with all the
explicit numerical coefficients. The method of equating the corresponding coefficients
between the two mentioned characteristic polynomials will establish a system of the
eight nonlinear equations accompanied by the eight unknowns. Numerical root-finding
algorithm determines directly and yields simultaneously every proper gain of the four
Pl controllers. Symbolic programming realizes and then manipulates the two

characteristic polynomials and the system of nonlinear equations. The simulation



results allow the performance of the shaft-speed responses to be compared together
when the parameters of the induction motor and its mechanical load match with their
corresponding nominal values and when they deviate from their corresponding ones.
After all the gains of the four PI controllers are acquired through the direct
computation, the closed-loop control system affords the speed responses with their
performance preferable over those of them caused by random selection in the
controller gains. Based on directly computing them the simulation incorporating
hardware-in-the-loop imparts the possibility of achieving high performance of speed
response in practice. When the coefficient matrix belongs to the Hurwitz one, the
trajectory of the closed-loop control system is uniformly bounded. Furthermore, when

the smallest negative eigenvalue becomes larger, its steady-state boundedness will

contract.
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