The role of compensation In power sSystg
efficiency optimizatior Is to reduc¢ the powel
consumption of the source (“line”) impedance,
thal mos of the source powel Is deliverec to the
load (Fig. 1).

Our basic objective is the construction of
adaptive nea-optima compensatc that relies only
on measurements of the load voltage and curre
ac to allow precist contro of P, .4, the rea powe!
delivered to the compensated load, as welPgg,,
the rea powel flowing outl of the compensatc
while reducingP;,.., the power dissipated In t
line Impedance to within a few percen of Its
theoretical minimum.

Figure 1
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A classice resul by Fryze [1] has beer usec In
the case when the voltage drop across the lir
negligible iIn compariso with the loac voltage.
However, when the source Impedance becq
significan the traditiona Fryze solutior doe: noti
work well anymore.

An optimal solution considering significq
sourct (line) impedanc was alread obtainecin [2,
3]. Unfortunately, it relies on network and lof
parametel thai are nol eas' to determin: during
operation making it impractical to be used.

This motivates our approach in searching fc
suk-optima eas-to-implemen adaptive solutior.

Our adaptivei compensatia schem relies only
on measurements of the voltage and current
without requirinc prior knowledge¢ of any othel
system parameter.

We have developed an adaptive near-opt
compensatc — one thal achieve the smalles
possible near-optimd?,, for prescribedP,.4 and
PcompValue: (mos typically, P.,,,= 0).

I

Our proposed adaptive compensation schen
basel on the concep of quac-Fryze compensatic
[3] which Is an extension of the classical Fryze.

Two basic characteristics of the quad-Fr
compensatic:
It has 2 degrees of freedom which allow us t

control Pcomp, Pioad

1s(t) = av(t) — BH{v(t)}

- ., arerea-valuec coefficients anc
- H{.} represents the Hilbert transtform
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Figure 2
It Is nearly optimal

The results Illustrated on the example of
Inductior machine indicate thal the performanc of
the quad-Fryze compensator I1s almost In
tinguishabl from the theoretice optimun (Fig. 3).

ancoptima P, value-.

2400 | | | |
me—Pdoad trade—off, Pmmp:{} W (quad-Fryze)
i|1e_PcIoad trade—off, Pcomp:QGUD W (quad-Fryze)
. —P trade—off, P =0 W (optimal)
ine  cload comp

.. P -P trade—off, P =2000 W (optimal}
ine  cload comp

2200~

2000
1800
1600 g
N . . v i - . . .
~ ”~

1200

1000
1. 1.8 1.9

Pcma d(watts)

Figure 3

I

In the frequenc' domair our iterative schem is:

Leomp(k +1) =Z(k) — (ak) + )V (k)

In which the value: of (k), depenionly on z(k),
V(k), the load current and voltage, and the ts

values P anc P

comy, desirec cload, desirec *

& % ' (% )+,

Less than 3% of difference between quad-Fy

The important challenge is to find the values of
that achieve the desirecvalues for P, Pjoaq DOtE
In steady-state and during the iteration process [

Adaptive adjustment of

§):E{:Z.(k))jﬂ(k)} T Pco-mp, desired
V(K|

o(k) = R{7(k)} =

where

V(k) = a(k) + 70

Adjustment of
In ordel to adjus

we rely on the monoton
Increasing relation betweeR, ., and (Fig. 4):
5 — Pic1 - -
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Rﬁload,i — Rﬁload,i—l

where

P—, o Rﬁl oad
cload —

PT?,O’TTI
and P, .= nominal power.

Figure 4

Figure 5 show: the performanc of our adaptive
near-optimal compensation method.
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Transient behavior:
The transien on P, anc Pgy,4 IS showr Iin Fig. 6
(dashed line).

Notice thatP
overshoot. This behavio Is unacceptab becaus

comp

every P.,dK) value Is not desired to be qul

different from the prescribe P, gesired

The problem with the overshoots can be overc
by includinc additiona scalin¢ for (k) . Thus

V(k) = [1 +e(k)|[a(k) + 50]

where ,
(k) = <

€0, k=0

\617’]{6_1, lf 2 1

Here we take care of the first overshoc with .
The other overshoots in the first segment of the
jectory are taker care of with , anc ;. The final
effect can be seen in Fig. 6 (solid line) and Fig. 1.
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Nearoptima compensatic is intendec to ge! the smalles
possible R, for prescribed B, P.oae Where in practical termjs
IS of more Interes the implementatio of a compensatc unde
lossless conditions (B,,= 0).

It Is convenier to establis| whethe the (k) correctior is indeec
necessary or we can dispense with it by using a diffgr
approac in the reductior of the overshoot.
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