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ABSTRACT
FAST-RESPONSE FREE-RUNNING FREQUENCY-STABILIZED DC-TO-DC CONVERTER
EMPLOYING A STATE-PLANE-TRAJECTORY CONTROL LAW

Stephen D. Huffman William W. Burns, III Thomas G. Wilson Harry A. Owen Jr.

Department of Electrical Engineering
Duke University, Durham, N. C. 27706
Tel. 919-684-3123

Impiementations of a state-plane-trajectory control law for energy-
storage dc-to-dc converters are presented. Performance characteristics
of experimental voltage step-up converter systems employing these im-

plementations are reported and compared to theoretical predictions.

e -

TE NING §77=13334
(1.‘SA-CB-1“9318) L'AS'I“EbSEQNaL Vk'n}fk:,—nl’lhhlhu
FREQUENCY=STABILIZEL dc-il=dcC cug:héizgnOL
SMPLOYLNG A STATE ELANE-TRAJECTC e e
LAw (Duke Univ.) 5 p dC RUZ/BE & 63733 57899

This work was supported in part by the National Aeronautics and Space
Administration under Research Grant NGL 34-001-001 to Duke University.




SUMMARY
FAST-RESPONSE FREE-RUNNING FREQUENCY-STABILIZED DC-TO-DC CONVERTER
EMPLOYING A STATE-PLANE-TRAJECTORY CONTROL LAW

Stephen D. Huffman William W. Burns, IIT Thomas G. Wilson Harry A. Owen, Jr.

Department of Electrical Engineering
Duke University, Durham, N. C. 27706
Tel. 919-684-3123
A recent analysis of one commonly used power cond%tioning system -- the

closed-loop regulated voltage step-up dc-to-dc converter -- led to the postu-
lation of a conceptual state-plane-trajectory control law for it and for re-
lated energy-storage converters. Reference 1 describes the development of this
control law and presents data from digital computer simulations which enable
comparisons of the performance of voltage step-up dc-to-dc converters utiliz-

T

ing the naw control law with converters using conventional controllers. In
this reference it is shown that, at least conceptually, a voltage step-up
dc-to-dc converter may be made to operate in a free-running mode, stabili.ad
at a specified operating frequency, and to achieve performance characteristics
approaching the theoretical limits revealed by a comprehensive state-plane
analysis of the system. A companion paper submitted to PESC 77 presents de-
tailed derivations of the equations which are needed to design such a con-
troller to meet specific system requirements. The present paper describes
several approaches to the implementation of this analytically derived control
technique and presents experimentally measured performance data of actual

voltage step-up dc-to-dc converters operating under this contrel law.

The controller discussed in this paper continuously monitors and processes
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four signals from the converter pdwer stage. Two of these signals correspond
to the chosen system state variables of inductor current and capacitor voltage;
the others correspond to ti'e two externally imposed operating conditions of
input supply voltage and output load current. The latter two are used in con-
Junction with the circuit component values, a designer-specified time para-
meter, and the desired average output voltage of the regulated converter to
compute a two-segment switching line in the system state plane. This swifch-
ing line, illustrated in Fig. 1, divides the system state plane into an "on
region" and an "off region". The command to turn the power switch on or off
is determined by comparing the measured stafe of the system to the computed
state-plane switching line. Since the switching line is a function of the
input voltage and output current, any changes in these operating conditions
are immediately reflected as changes in the switchingiline and, thus, in the
switching sequence of the power trahsistor. In theory, this control fechniqﬁe
can achieve steady-state operation for a step change in input voltage or out-
put current in one on/off cycle of control, and after the new steady-state
condition has been attained, enablesthe converter to. operate with zero percent
regulation of the average output voltage and at a constant frequency if
desired.

The mathematical operations required by this controller are all algebraic
and thus do not require increasing the order of the system by introducing
additional energy-storage elements or integrators into the system feedback
paths. The algebraic operations can be implemented by means of numerous
techniques, including digita] computation, integrated-circuit analog function
modules, and hybrid combinations of these approaches. The behavior of ex-

perimental voltage step-up dc-to-dc converters operating under the control of
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~some of these 1np1enentations is presented and discussed with respect to
such performance measures as speed of response to changes in externally
imposed operating conditions and deviations from simulated and theorefica]]y
predicted responses.
The principal purpose of this paper is to demonstrate the physical
realizability of a relatively complex analytically founded control law for
a class of energy-storage dc-to-dc converters. An experimental converter
operating with this control technique approaches the theoretical limits in
static and dynamic performance which are predicted by the state-plane analysis.
As might be expected, the improved system performance is accomplished at the
expense of more complicated control circuitry. However, with the current
rapid advances in electronic component deVelopment, it is believed that
control circuitry of this complexity is viable, and it is intended that this
paper demonstrate the technical feasibility of such systems.
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Fig. 1. (A) Conceptual diagram of free-running controller for the voltage
step-up converter. (B) Switching line f=0 divides the state plane of
inductor current, i, ., versus capacitor voltage, ve_y, into an "on region®
cross-hatched, and an "off region."
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