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and
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ABSTRACT

A magnetic frequency tripler having a new configu-
ration is proposed. The tripler is composed of three
series-connected reactor circuits connected in delta.
Because a triple frequency current c¢irculates in delta-
connection and does not flow into the input line, the
input current has very little distortion. Therefore, the
tripler is very suited for a high power unic.

This paper presents the analyses of the delta cir-
cult as a basic circuit to clarify the characterisctics
of the tripler. Moreover, the relations between charac-
teriscics and circuit constants were examined. The
results may be used as a basis for design.

INTRODUCTION

Magnetic frequency tripler using satutrable reactors
has practical application as a static triple frequency
source. The characrteriscics and analyses have been
reported often.'”?

The new frequency tripler proposed by the authors

is composed of three series-connected reactor circuits??’

The primary windings are coonnected in delta and che
secondary in open—-delta. Therefore, compared to a
conventional tripler, the nesy tripler hags & different
configuration. The delta connection prevents the third
harmonic from flowing into a three-phase source both on
no load and on load. Moreover, in order to obtain a
constant output voltage., a parallel ferro-resonance
circuit is connected with the secondary windings of the
delta conneccion.

The paper presencs elementary analyses of the new
tripler with a new configuration and other unique
features,

NEW MAGNETIC FREQUENCY TRIPLER

The new magnetic frequency tripler is shown in Fig.l.
The main circuit of the tripler is composed of three
series—~connected reactor c¢ircuits which consist of
saturable and linear reactors. The detailed connection
is shown in Fig.l.

4 parallel ferro-resonance circult is connected
with terminals of the open-delta circuitr to obtain a
constant triple frequency voltage. In praccice, the fun-
dameéntal frequency voltage is induced across terminals
of the open~delra circuit because of the unbalanced reactors
in each phase. In order to filrer the fundamental fre-
quency component, the saturable reactor Ly has an air-
gaped core. Therefore, the circuit opevates as a reso-
aance circuit for triple frequency voltage.

The circuit {(Cipn, Lin) is connecced oa the inpur
side of the delta c¢ircuit to improve the power factor
of the Iinput current and not to filrer harmonic current
from the input line.
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Fig.]l] The new magnetic frequency tripler
Manuscript received June 11, [979,

The tripler operates with low input current distor-
tion. Moreover,llinear and saturable reactors are con-
nected in series in each phase. As the sacurable reaccor
saturaces completely, an input current {ncreases propor-
tionally to the Impedance of linear reactor and does
not abruptly vary with flucctuacions of the input volt-
age. Theretfore, it is easy to improve the power factor.

ANALYSES OF BASIC CIRCUIT

The basic circuit of the tripler is the delta
circuit shown in Fig.2. In order to analyze the operation
of the basic circuit, various characteristics on open-
¢ircuit and short-c¢ircuit conditions (a~b terminals)
are examined.
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Fig.2 The basic circuit of che tripler

(a) Characteristics on open-circuir condition
The output voltage E, of the basic circuit on
open-circuit condition Is considered to be the sum of
output voltages on the three series circuits. The linear
reactor L and the satyrable reactor SR in each phase
have the idealized magnetization curve as showm in Fig.3.
The output voltage at the secondary windings of the
series circuit is shown in Fig.4, The saturable reactor
enters saturation two times per cycle. The phase angle
Bs is given by the expression,
Bs = cos™ (why / V), eoun (1)

where Ay 1s saturation flux linkage.
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Fig.) Magnecization curve Fig.4 Waveforms on series-
connected reactor circuit

The waveform at the terminal of the open-delta cir-
cult is the sum of the waveforws shown 1n Fig.4. As the
supplied voltage increases, the waverorm of the outpuc
voltage changes as shown in Fig.5., Figures 6(a) and (b)
show the analyses of the waveform of a function of the
ractio &, where

_sacurated inductance of SR Lse
. Y
inductance of linear reactor L Ly °

Expressed as a Fourier serles, an output voltage mostly
consists of the triple frequency component.

{b) Characteristics on a short-circuit condition

As the terminals a-b are shorted, the expression of
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Fig.5 Waveforms of
an output voltage (a) 0 <851 <7/6 {b) /6 < B35,
on an open~circuit Fig.7 Waveforms of currents on a short-circuic condition
condition (upper : a-phase current 1, , lower : ig)
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(b) Components of Ig for each frequency

(b) Components of Eo for each frequency
Fig.8 Characteristics on a short-circuit condition

Fig.6 Characteristics on an open-circuit condition

a short-circuit current is divided into two equations {c} The equivalent circuicg

according to the interval of saturation of each saturable The equivalent circuit is useful for examining the
reactor. When a saturable reactor in only one phase, for operation of the tripler. The equivalent circuit showm

example a-phase, 1s saturated, the phase currents and the in Fig.9 is similar to that in reference [l]. The wvalue

short current iz are given by the expressions, of the equivalent reactance X3¢ 1s taken as the value
| Eo/ls. The results are plotrted in Fig.l0. It is noted

{g==-ip=-{ 'iaf5 ..... 3
b c ( ,) Primary Secondary
dia 5 va I o | ~—— Y —0 3
it "W(lF3/za)LL veen (4) ] . Xt
As the supplied voltage increases, saturable reactors in At
two phases ate saturated simultaneously. Phase currents '
are given by the expressions, 2 . ' @En
is'- -ih ----- (5)
lg+ip+le=3ig (6) 30 | ob
dip _ vh 7) [ (Hz) 3
dc 2(1+3a)y Fig.9 The equivalent circuit
dia ___ Va + (a-1)vh 2
d ¢ (L +a)dl, 2{l+a)(l+3adL,  *"°°°° (8) <
3
when saturable reactors in a~ and b-phase becomes satu- &
n

rated. The waveforms of a short-circuilt current are y.o
shown in Fig.?. Phase angles 05, and 85, shown in Fig.?

are given by the expressions, E
g
851 =cos '(wik/V) 9y - :
" v ouonoa ﬂla—
mlk_ /'3— 8 s ] =
v - sin( 5:-“!3}-I:iatns(851+ﬂf3)......(10}
Figure 8 shows the calculated values of an input current q;*ﬁqb 25 3% L0

and a short current. The compnents of a shott current
are plotted in Fig.8(b). The short current mostly con-
sists of the third harmonic component, Fig.1l0 Equivalent reactance Xif

[mout voltage Vin/u A
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that the value X3f obtained from the third harmonic com-

ponents is approximately the same as obtained from the
tms values, : -

EXAMINATION OF OPERATION ON THE TRIPLER

(2) The ferro-resonance circuit

The tripler has the ferro-resonance circuit on an
output side. The relation between the resonance voltage
and the output voltage Ep on an open-circuit condition
is important to obtaln the wmaximum output power.
Figure 11 shows the experimental load characteriscics
for various resonance voltage values. The broken line
in the figure indicates the value of the power which
in the product of E5 and Ig;. When the resonance voltage is
low, a load current indicates the drooping character-
isties near the value of a short-circuit current. As
the resonance voltage is high, the constant voltage
characteristics can not be obtained. It is desirable to
choose the output voltage E, on open-circuitr condition
as a resonance volctage. Therefore, the maximum output
power is the product of E, and 14,
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Fig.ll Load characteristics for various resonance
voltage, which is proportional to the number

of turns on the ferro-resonant reactor Lo

(b) Relation between the Inpuc voltage and the saturation

voltage of SR
Both the open-circuit voltage Eo and the short-

circuit current Ig vary directly with the input voltage.
But the input power Vin' Iin’'(VA) also Increases. As

the total rated capacity of SR and L is proportiomal to
input power, it is desirable that the racio of the
maximum output power to an input power reaches the
maximum value. The ratic k {s given by the expression,

__Po (W) Fo-Ig
Pin'(VA) /3 vin'-Iin'

(Eo/wik) * {Is /(A /LL))
Y3 (Vin'f wik ){ Hia'/(Ak/ LL)}

where Py is the maximum output accive power and Pin'
the input power(VA).

The substitution of values from Figs.& and 8 into
(11} results in Fig.l2. For example, the maximum racie
is about 24 percent when @ is 0.1. It is at Vip /wAy=2.0
that the ractio Indicates the maximum value., As a result,
ic i{s desired that the knee point flux Ay, s determined

to be wA=Vin'/2.

k

CHARACTERISTICS ON THE FREQUENCY TRIPLER

The authors have designed and tested a tripler
having 24 KW active output power on a bagis of the
elementary analyses. The experimental results are shown

in Fig.13. The circuit constants on the device are below,

wly=0.56 0, wl =106V, «a=0.08,

resonance voltage = 560V,
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Fig.13 Characteristics of the new frequency tripler
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The results show that regulacting and drooping
characteristics are obtained. In the experiment the
maximum efficiency was 78 percent. The operation of the
tripler was very stable both on no load and heavy load.

CONCLUSION

In this paper, a new frequency tripler with delta
connection is proposed and detalled characteristics are
clarified. The magnetic frequency tripler has wide
application becauce it 1is simple in structure and relia-
ble {o operation. Moreover, im this tripler am input
current does not have third harmonic distorcion. There-
tore, the device is suitable for a high power unit. We
hope that the new tripler will be useful for the devel-
opment of the magnetic frequency tripler,
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