

















switched on, there are two current paths — one
through the A amd C windings and the other

through the A and B [third leg] windings. A
Becanse of phase differences between the
windings, the third leg hehaves as a-sart Ed::r.-.lu:

winding, making the motor “think” it is a two-
phase machine. A large starting current will

surge through the potential relay contacts and

the start capacitors. Voltage between “B" and
SO will rise to eventually cavse the 120-vole
relay comtacts to close. (Wote, “evenmally” is

om the order of 1 second or l#ss!| During the “start time®
just described, the 125-volt neon pilot light will be “on.*

Open the switeh immediately if the pilot light stays on Dm

for more than two seconds — something is wrong!

When the 120-volt relay closes, shorting out the 15K
resistor, the potential refay will energize, opening its
contacts as the eoil potental [“A" to "B volrage)]
reaches approximately 170 volts, Start capacitance is
remowved by the open contacts and the motor continues
to run on single-phase power across “A" and "C."” When
the start circuit opens, the 120-volt relay will fall back
to its normally open condition, re-inserting the 15K-
ohm resistor. Now, normal voltage between “A"™ and
“B" is enough to hold the potential relay open even
with the 15K-ohm resistor in the circuit,

The “rumning” caondition will he: Potential relay
energized (contacts openj; 120-valt relay de-energized
[contacts open] keeping the 15K-ohm resistor in circuir.

The “non-running” or stand-by condition 1s: Both relays
de-energized.

Static phase converters are suitable for starting and
runming most machines used in the home shop.
magmuoch as the machine motor will be running
“single-phase” on two of its three windings, it can be
expected to produce about 23 of rated horsepower. That
is enough power for most cases, I don't want to stand
ton close to anyone making twn horsepower cuts on a
three horsepower lathe! Obvioualy, it might not be wise
to Tun a three-phase CNC machine on 4 static phase
converter with its sagging third leg voltage. But, in
general, static converters allow for an casy and
ecomormical way to operate three-phase machines on
ordinary single-phase power, In the author's opinion,
the best use for a stadic phase converter is for starting
and runnimg your own fotary phase converter!

ROTARY PHASE CONVERTERS

Mow, we finally come to the topic of this article! Even if
yorn aren’t very interested in indoction motors by
themsehves, don't go too lightly over the basic motor
theory presenged in the beginning of the article, A firm
graap of what is really going on will make you the proud
superintendent of your own power plant! Besides, a firm
nnderstanding of theory will come in handy for
rroubleshooting any problems that may arise.
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STARTING THE ROTARY PHASE CONVERTER

Any of the rotary phase converters described here can be
started with a static phase eomverter or with 4 simple
push-button control panel |Figure 11}, Start-stop panels
are easy to find on the surplus market becanse they are
used with many types of machines. Be sure 1w get ong
that is rated for the howsepower of your phase converter.,
Switches shown in the diagram have 240-volt magnetic
contactors, The same switching arrangement is also
available in manually operated versions.

OPERATION OF THE START/STOPF DONTROL PANTL

Pushing the start switch causes both the start and run
contactors to close. Line 1 and Line 2 [240 volts) are
switched on to terminals A and C of the idler,
Simultaneously, the comhbined start and run capacitance
is placed in series with the third leg B} allowing a heavy
start corrent to flow in that leg. The idler motor will
start as 4 two-phase machine. After coming up to speed,
in approximately one second, the start button is
released, thus dropping cut the start contactor and
removing the start capacitors. Only the run capacitors
are left in eivenit, NWormially-closed contacts on the stop
switch apply 240 valts to the coil of the run contacor,
holding it “o0." The idler motor will continue to run
“single-phase” until the stop switch is pushed. Pua:]:lmg
the stop switch opens the run contacts, thus removing
power from terminals A and C of the idler motor.

IDLER MOTORS

A key point, covered earlier, is that a static phase
converter provides 2 means to start and run thres-phase
mators on single-phase power. And so it is with an idler-
maotor phase converter = the idler must be started by
external means. Idlers can be started by pulling a rope
wound around its shaft or by a pony motor, but such

i t methods wont't be congidered here. Please note,
in the following diagrams of rotary converters, the
"grarring method” is indicated only as a block.

IDLER MOTOR ROTARY PHASE CONVERTER, TYPE 1
Three-phase motors (Figure 12] are rotating masses of
copper and iron — call them transformers, Current
through transformers in paralle] is shared or circulated
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through like clements (windings] of each transformer.
Induction motors are transformers, snd each motor in a
parallel group of motors acts as both a current consumer
and a current generator via shared transforimer activity.,
Because the third leg js fed by transformer action and
not directly driven by input power, the voltage [and
power) developed in that leg will “sag down” helow
what it would be in a threc-phase system. Now, if one
motor in the group has no mechanical load and is
considerably larger than the others, it will provide a
measure of “extra” circulating current to the group.
This 15 an idler motor With no torgue demand on the
third leg of the idler, its current is free to circulate
through the other motors, complementing their
transformer action. The ability of the idler to hold up
third-leg voltages in the reat of the group is proportonal
to the size ratio, The criginal phase converier was a
large three-phase motor connected in parallel with lead
maotors {see Pigare 12). For good regulation (less third leg
“sag"”), the idler motor has to be several times larger
than the load, Before the development of oil-flled
capacitors in the 1930s, most rotary phase converters
were large idlers as described here.

RASIC ROTARY FHASE CONVERTER

WITH BUN CAPACTTANCE, TYPE 2

Probahly, the basic capacitor-compensared rotary phase
converter (Fipure 13] is the type found most often in the
home shop. Cepacitance added vo the third leg “tunes
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out” indnctance and forms a better path for muotual
current flow. It can be thought of as a phase shift
network = which it is. But remember, phase
relationships are determined by the physical location of
windings on the stavor. Run capacitors are continuous-
duty, oil-Alled types that must be rated for at least 370
volts for nse with 240-valt motors, Oil-filled capacitors
are used extensively in the commereial motor trade and
are frequently available on the salvape market at
considerable savings. As with all rotary phase
converters, horsepower of the idler motor should be at

L1

least twice that of the load. Note the use of a static
phase comverter for starting purposes. The only cantion
is that the static phase converter and rum capacitors

L

should be connected to the same side of the input power 1
line, This arrangement gives an extra starting boost by
placing the start and run capacitors in paralle] |see
Figure 13). When suificient capacitance is connected
from one side of a single-phase line to the third leg of a
three-phase motor, cwrrent will How in the third leg in
much the same fashion as would be ohtained if the
motor were running on three-phase power. The rule-of-
thumb is 30 microfarads of capecitance per horsepower
of idler motar. Actoally, a proper amount of capacitance

will overcompensate the motor when it is “idling ™
L2

Then, when the parallel load is switched on, third-leg
voltage will drop to near line voltage.

VOLTAMETER ADJUSTMENT OF THE

BASIC ROTARY PHASE CONVERTER

Start with 30 microfarads per homsepower and nse a
voltmeter to measure the voltage between the third leg

L=

240w

L

Flguren 12

and one side of the line. Adjust capacitance in small
increments of, say, 10-12 microfarads until you obtain
epproximately line voltage plos § or 10%. Excessive
voltage will cause the idler motor to run hot as well as
put extra atrain on its insulation. As a final checle,
measure the third-leg voltage with the load motor
turmed on. The third-leg voltage now should be about
the same as line voltage. Ideally, when leoaded, the third-
leg voltage will sag down vo near line voltage or slightly
helow. The amount of “eag,” or regulation, is a function
of the reladve size of idler to load motor. Comparatively
larger idler motors provide betrer regulation.
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BALANCED VOLTAGE ROTARY FHASE CONVERTER, TYPE 3

YVoltage "balapcing® of a capacitor-compensated rotary
phase comverter [Figure 14} offers a way to achieve
almost exactly the same voltage on all three phases.
Having equal voltage on each phase and thus the same
voltage waveform is a good ides when powering CNC ar
other voltage-seasitive equipment. Careful voltmeter
messurements and some extra capacitince can reswlt in
a nicely balanced rotary phase converter.

thtdoar hoosing for the idler motar of the anthors
rirlary pilicas courviErian
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YOLTMETER ATUSTMENT OF
THE BALANCED VOLTAGE

More capacitance is reguired
than with the basic rotary
phase converter, Start with
the usual 30 microfarads per
horsepower of idler motor
and place about 60% of the
capacitance in the B-C leg
and 409% in the A-B leg jsee
Figure 14]. Measure the line
woltage and the B-C and A-B
leg voltages. The two leg
woltages will be lower than
the line voltage, Add
capacitance in small
merements of, say 10,
mictodarads — to each leg =
one after the other - and
record the leg voltages at
each step. Contimue adjusting
capacitance until the vaoltage
in cach legis 8 to L0%
greater than the line valtage.
Then, as with the hasic
converter, when the load motor is switched on, the two
lex voltapes will sag down to approgimately equal the
line voltage.

ADJUSTMENT WITH THE LOAD MOTOR IN CIRCUIT

The balanced rotary phase converter can be precisely
adiusted for a specific load as follows. Perform the
balancing adjiustment in steps, as above, with the
narmal machinge load connected. This time, bring each
of the twao leg voltages up to equal the line voltage, This
method will assure all three “phases” are equal when
supplying power to one specific load.

wow Ty

an singla-phiese pawer!

AMPROKE .!.DIUS‘I'.I'I.'-I!'IT PO THE FINAL TOUCH {OFTTIOMALY

Although only voltage measurements have been specified
50 far, the final step in adjusting the balanced converter is
dome with an amprobe, or “clamp-on,” type ammeter.
The simulation of three phases [rom a single-phase
source involves very complex current How, indeed. The
power factor, or phase relationship of the mput current
and voltage in a rotary convertes, is affected by the
methods used to achieve “voltage balance.” The input
power line to a halanced converter will “see” exceasive
inductance cavsing heavier current to flow than if the
power factor was "unity.” The power factor can be
corrected by adding rome capacitance to the 240-volt
input line, between L1 and L2, Figure 10% of the total
capacitance used in the converter and put that amount
across the input line, Measare the input current with an
amprobe meter clamped on either L1 or L2 and adjust the
capacitance in small increments until the hine current is
minimpm. The input current should become a mmimum
when about 12 to 15% of total capacitance is added.

XOVEMBER./DECEMBEERE 2401

Filler miepor slsowm with the housdeg removied. The rope §5 amother way to start phase comverters

Input power factor correction is not critical to the
operation of a small home-type phase converter and can
be eliminated altogether with nao ill effects.

In closing, consider the complex current dow necessary
in order to convert single-phase current into three-phase
current. Figure 13 is an equivalent circuit diagram of a
paralleled idler and load in which the legs are viewed as
baoth consumers and generators, This has to be true in
order to achieve the convoluted curments necessary {or
phase conversion, Solid lines show aggregate current
How; “bucking” current
is showm by dotwed lines.
Bucking curments, which
don't contribote to
toTgue, Teprosent an
amiuint

of uncompensated
inductance. The cffect
of that inductance is
"peflected” to the input
and appears similar to

a coil commected across
the terminaly (Figore 16},
It is this “ghost™
inductance that upsets
the input power factor.
Sufficient capacitance
added in parallel with
the reflected indectance
tunes the input power
factor to near umity.
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