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the operating coil occupy the same physical region, their temperatures probably
f the operating coil resistance is constant. :

n the carbon pile has two results, namely a thermal expansion of the carbon,
its resistivity. Measurements with a thermocouple placed in the space at the
1 pile indicate that the temperature rises about 200°C under normal operation.
the pile itself must increase a great deal more. The resulting decrease in the
carbon must be compensated for by lowering the pile pressure, or in other
loser to the pole piece.

ngth of carbon will expand slightly more than 0.001 inch for each 100°C

which is significant when considering the operation of a practical regulator.
xed regulator armature position, pile pressure is increased by higher tempera-
2 is changed by lowering the carbon-pile characteristic curve. In order to

al carbon-pile resistance the regulator armature must again move toward the

sfore thermally caused changes of both carbon resistivity and length result in

rating with smaller air gap. It follows that if the temperature increases slightly
tage will decrease if the magnet and carbon pile characteristics are related as
: 2a, and will increase if they are related as at Point B, Figures 2a and 2b.

wes 6 and 7 in the light of the preceding two paragraphs. The data of Figure 6
‘he regulator adjusted for zero drop with load, corresponding to a point near C
ile power dissipation increases, the changes of carbon resistivity and length

y to operate at smaller air gap in order to obtain the same resistance, so that
ves to the vicinity of point A, Figure 2, which is a region of decreasing voltage.
perating point for the same resistance is well illustrated in Figure 6 where, on
urve, the regulator armature struck the pole piece. With low power dissipation
as raised to 100 ohms without the armature striking the pole piece. With one-
mnt, however, the armature struck the pole piece at 70 ohms. A general lowering
e characteristic results from pile heat, as mentioned above, and this effect

in a slightly smaller maximum voltage for the high current curves.

ire 7 were taken with an adjustment for % -volt regulation, corresponding at low
to a region near B of Figure 2. In this instance pile heating causes operation
tance at smaller air gap, therefore higher voltage. For high pile resistance,
ulator operates near A of Figure 2, and heating of the pile causes a lowering
.gain in Figure 7 the maximum voltage is slightly lower for the high pile current
ch faith should be placed in the latter small variations, since the curves are
nly about 0.1 volt.

O TRANSIENT CONSIDERATIONS

45, . .
eports *  linear theory has been successfully used to predict the transient
f carbon pile regulators. It will be recalled that in the vicinity of some initial
1e steady-state relationship between carbon-pile resistance and operating coil
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is then cycled the carbon pile will completely open during transient load removals and subse-

quent operation of the regulator will be on or near the descending portion of the curves of
Figure 8.

Application of load will not then normally close the pile far enough to return the regulator
to the region of high regulated voltage. Figure 11 serves to illustrate this point. There the
hysteresis loops are those followed in an actual case by a regulator controlling a generator to
which full load was applied. The regulator was adjusted to give %-volt drop with load.
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Figure 11 - Simulated regulator performance upon
application of load (carbon-pile current 1 ampere)

However, heating effects were not taken into account, as a constant carbon-pile current of one
ampere was used in obtaining the hysteresis measurements.

SUMMARY

The use of a feedback electronic control circuit permits measurement of steady-state carbon-
pile regulator characteristics throughout the complete operating range. Measurements obtained
using such a circuit reveal the part played by magnetic hysteresis in determining regulator
performance. The effects of ambient temperature and carbon-pile power dissipation have also
been studied and the latter is found to be of greater relative importance. Magnetic hysteresis is
found to have the beneficial effect of permitting good regulation of large distrubances, yet
tending to stabilize the regulated system in the steady state.
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