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PSS into the system. The examples were chosen to repre
sent the different sensitivities in CT parameters for a typ
ical planning model. The authors noted a generally linear 
relationship in these sensitivities with respect to percent 
DU penetration. These results were not shown.

V. C o n c l u s io n s  a n d  F u t u r e  W o r k

The results of Section IV illustrate that DU generation 
will have a significant impact on bulk transmission system 
stability at heavy penetration levels. In the case presented 
in this paper, transient stability of a large model improved 
as DU penetration in the form of CTs increased. The re
sults for small signal stability were mixed, with DU excita
tion systems playing a large role in determining the impact. 
As would be expected, the added inertia in the DU cases 
changed the frequency of the dominant mode of oscillation. 
DU generators with fast excitation systems and no stabi
lizers were shown to significantly degrade the small signal 
stability of the test system.

During the simulation phase of this research, the authors 
spent a considerable amount of time developing voltage sta
bility models. Smaller contrived models (for example, 10 
ma<diines/100 buses) were deemed to lack sufficient scale 
at the su^tcansmission level to provide an adequate repre
sentation of a realistic system for DU studies. An attempt 
was made to use a large voltage stability case developed in 
[8] for these studies. In this model, the Puget Sound area 
of the northwestern United States is modeled in detail—  
including tap-changing transformers (LTCs). The authors 
inferred from these efforts that CTs could provide volt
age support within the distribution system when operated 
explicitly for this purpose. Work in this area is still in 
progress.

New modeling techniques will play a critical role in fu
ture research involving DU implementation. The complex
ity of the standard transmission planning tools increases 
dramatically as distribution resources are considered. Fur
thermore, storage devices must currently be incorporated 
into stability codes using models developed for HVDC. In 
some cases, these converter models will be difficult to adapt 
to the diverse storage devices currently under develop
ment. There is a need for more generic converter models—  
particularly force commutated models—in the tools that 
will be used for planning studies.
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