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[ 5 7 ] ABSTRACT 

A transformer provides n phase outputs from m phase 
input voltages and comprises a core of magnetically 
permeable material having two shells connected by 
symmetrically arranged teeth. The number of teeth is 
a multiple of m, the number of phase voltages and of n 
the number of phase outputs. Wound on the teeth are 
m primary windings symmetrically arranged and each 
primary winding is energized by a phase voltage. 11 
secondary windings are arranged on the core so that 
an output voltage is induced in each secondary wind 
ing and the secondary windings are positioned relative 
to one another in accordance with the desired phase 
angle separation of the outputs. 

20 Claims, 5 Drawing Figures 
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POLYPHASE TRANSFORMER FOR A VARIABLE 
SPEED CONSTANT FREQUENCY SYSTEM 

The invention relates to transformers and more par 
ticularly to polyphase transformers. 

In variable speed constant frequency systems used 
heretofor, in order to provide a three phase output by 
adding vectorially four three phase voltages separated 
in phase by 15°, four separate three phase transformers 
were used and the transformers were large, cumber 
some and heavy and the assembly was difficult to 
mount. The present invention overcomes this difficulty 
by using a single polyphase transformer which is rela 
tively light in weight and simple to wind. 
The transformercomprises a core of magnetically 

permeable material having two shells connected by 
symmetrically arranged teeth. The four three phase 
voltages referred to in the example above comprise 12 
voltages and the core includes 12 teeth. 
A primary winding is wound on each tooth and each 

primary winding is energized by a phase voltage. A 
secondary winding is provided on the core for each 
phase of the output and the secondary windings are ar 
ranged so that an output voltage is induced in each 
secondary winding and the secondary windings are 
positioned relative to one another in accordance with 
the phase angle separation of the outputs. 
One object of the present invention is-to provide a 

polyphase transformer which may be used to combine 
any number of phase voltages and provide an output of 30 2 
any desired phase of phases. 

Another object is to provide a single polyphase trans 
former which is relatively small, light and easily 
mounted for combining a plurality of phase voltages. 
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The foregoing and other objects and advantages of 35 
the invention will appear more fully hereinafter from a 
consideration of the detailed description which follows, 
taken together with the accompanying drawings 
wherein three embodiments of the invention are illus 
trated by way of example. It is to be understood, how 
ever, that the drawings are for the purpose of illustra 
tion only and are not a definition of the limits of the in 
vention, reference being had to the appended claims 
for this purpose. 

In the drawings, 
FIG. 1 is a front view of a polyphase circular trans 

former constructed according to the invention and 
shows the arrangement of the primary and secondary 
windings on the core. 

FIG. 2 shows the flux induced in the transformer 
core of FIG. 1 by energizing a single primary winding 
by one of the phase voltages. 

FIG. 3 shows the arrangement of the secondary 
windings on the core in the second embodiment of the 
invention, the primary windings being arranged as 
shown in FIG. 1. 

FIG. 4 is a perspective view of a third embodiment of 
the invention, and 

FIG. 5 is a top view of the embodiment shown in FIG. 
4. 

In the drawings, a novel transformer constructed ac 
cording to the invention is shown in FIG. 1 for combin 
ing twelve voltages forming the four three phase volt 
ages described above. The transformer comprises a cir 
cular laminated core 1 of magnetically permeable 
material with a central aperture 2. Core 1 has a con 
tinuous outer shell 5 and a continuous inner shell 7 
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2 
positioned concentrically and connected by twelve 
equally spaced teeth 9 disposed substantially radially 
therebetween and spaced 30° from one another. Aper 
tures 11 are formed in the core between the teeth. A 
primary winding 13 is wound on each tooth 9 through 
the adjacent apertures 11 and has leads 15, 17 for con 
necting the primary winding to one of the phase volt 
ages. The transformer shown in FIG. 1 is designed to be 
energized by the 12 voltages. The voltages may com 
prise four three phase voltages separated in phase by 
15° and one phase voltage of each three phase voltage 
is applied to windings l3 identi?ed in FIG. 1 as A-l, B 
1, C-1 and D-l. A second phase voltage of each three 
phase voltage is applied to windings identi?ed as A-2, 
13-2, 02 and D-2 and the third voltage of each three 
phase voltage is applied to windings identi?ed as A-3, 
13-3, C-3 and 0-3. 
When the primary windings 13 are energized in this 

manner the ?ux in the teeth does not vary by more than 
$20 percent and the ?ux in the outer shell and in the 
inner shell is a summation of the flux from all twelve 
teeth and is approximately twice the flux in one tooth 
so that for balanced ?ux density in the core the inner 
shell and outer shell cross sectional area should be 
about twice the cross sectional area of one tooth. The 
flux in the shell is cyclic in nature and follows the input 
frequency. The ?ux pattern in the core from a single 
winding is quite complex and is approximated in FIG. 

The distribution of the ?ux is determined by 
reluctances of the magnetic paths in the core. The total 
?ux due to one primary winding is: 

1 mm f 
R 

and the reluctance is: 

For reluctances in parallel as in the case of the 12 
phase transformer the total reluctance is: 

The ?ux in the core induces voltages in secondary 
windings 19, 21 and 23 in FIG. 1 which provide a three 
phase output comprising phases X, Y and Z separated 
by 120°. Secondary winding 19 includes coils 25, 27 
wound on outer shell 5 through apertures'll separated 
120° from one another and the coils are connected by a 
lead 29. Secondary winding 19 has a neutral terminal 
N, connected to coil 27 and an output terminal (#1 con 
nected to coil 25 for providing the “X” phase of the 
output. Secondary winding 21 includes coils 31, 33 
wound on outer shell 5. Coil 31 is wound through the 
same aperture 11 as coil 25 and coil 33 is wound 
through an aperture 11 spaced 120° from coil 31 and 
the coils are connected by a lead 35. Secondary wind 
ing 21 has a neutral terminal Nu connected to coil 31 
and an output terminal (1),, connected to coil 33 for 
providing the “Y” phase. Secondary winding 23 in 
cludes coils 37, 39 wound on outer shell 5. Coil 37 is 
wound through the same aperture 1 1 as coil 33 and coil 
39 is wound through the same aperture 11 as coil 27 so 
that coils 37 and 39 are also spaced 120° from one 
another. The coils are connected by a lead 41. Secon 
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dary winding 23 has a neutral terminal N, connected to 
coil 37 and an output terminal 1b, connected to coil 39 
for providing the “Z” phase. Neutral terminals N,, N, 
and Nz are connected together when secondary 
windings 19, 21 and 23 are connected in Y con?gura 
tion.v 

In a second embodiment of the invention shown in 
FIG. 3, each secondary winding 43, 45 and 47 is wound 
on the core through apertures 11 separated by 120° and 
subtend the teeth and portions of the core 
therebetween. With this arrangement, coils 43 and 45 
are wound through the same aperture and coils 45 and 
47 are wound through the same aperture and coils 43 
and 47 are wound through the same aperture as shown 
in FIG. 3. Coil 43 has a neutral terminal Nut and an out 
put‘ terminal 4).; for providing the X phase of the out 
put. Secondary winding 45 has a neutral terminal N“, 
and an output terminal (#1,, for providing the Y phase of 
the output and secondary winding 47 has a neutral ter 
minal N", and an output terminal (#1, for providing the 
Z phase. Neutral terminalsNm N", and N1, may be 
connected together when secondary windings 43, 45 
and 47 are connected in Y configuration. Secondary 
windings 43, 45 and47 provide a three phase output in 
which phases X, Y and Z are separated by 120°. 

In athird embodiment of the invention shown in FIG. 
4, the transformer shown therein has a ‘triangular 
laminated core la of magnetically permeable material 
with a substantially central aperture 3a therein. Core 
1a is formed of an upper triangular shell 5a and a lower 
triangular shell 7a positioned parallel to‘one another 
and connected by 12 symmetrically arranged teeth 9a 
with apertures 11a between the teeth. 

_ Each shell is assembledfrom a number of stampings 
and each shell comprises a triangular portion and one 
half each tooth 9a. Teeth 9a are bent at substantially 
right angles to the triangular portion and the ends of 
the teeth are machined. Two shells are assembled with 
the ends of adjacent teeth in engagement with one 
another and the shells are secured together by a bolt 10 
through aperture 3a. 
A primary winding 13a is wound on each tooth 9a 

through adjacent apertures 11a and has leads 15a, 17a 
for connecting the primary winding to one of the phase 
voltages. ' r ' 

If four three phase voltages are used as in the em 
bodiment of FIGS. land 3, then one phase voltage of 
each three phase voltage is applied to windings 13a 
identi?ed in FIG. 4 as A-l, B-l, C-l.and D-l. A second 
phase voltage of each three phase voltage is applied to 
windings identi?ed as A-2, B-2, C-2 and 13-2 and the 
third phase voltage of each three phase voltage is ap 
plied to windings identified as A-3, B-3, C-3 and D3. 
Secondary windings 19a, 21a and 23a are wound on 

the core through apertures 110 at the corners of the 
core and subtend the teeth and portions of the core 
therebetween similarly to theembodiment shown in 
FIG. 3. The transformer shown in FIG. 4 operates in 
the same manner as the transformers shown in FIGS. 1 

and 3. ~ 

' It will be observed that output power for each phase 
is derived in part from all 12'input phases so that power 
factor loading is no great problem to anyone input . 
phase. The inherent ?ltering ability of polyphase iron 
cores and vector summation of the 12 phase input volt 
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4 
ages produces an output voltage with little harmonic 
content. Square wave inputs across the primary 
windings produce sine wave output voltages in the 
secondary windings with no additional ?ltering. 
While the description and drawings are directed to a 

12 phase input and a three phase output any number of 
input and output phases can be accommodated using 
the polyphase technique described herein. The primary 
windings preferably are symmetrically distributed on 
the core and the secondary windings are arranged on 
the core relative to one another in accordance with the 
phase angle separationlof the outputs. The number of 
teeth should be equal to or a multiple of m, the number 
of input voltages and a multiple of n the number of 
phase outputs. This arrangement permits m symmetri 
cally distributed primary windings to be wound on the 
teeth of the core for energization by the input voltages 
and permits n secondary windings to be positioned rela 
tive to one another on the core to subtend a number of 
teeth corresponding to the desired phase angle separa 
tion of the outputs. 
What is claimed is: 
l. A transformer for providing n phase outputs from 

m phase voltages where m a 2n, comprising a core of 
magnetically permeable material having two shells con 
nected by spaced teeth therebetween, the number of 
teeth being a multiple of m the number of phase volt 
ages and of n the number of phase outputs, m primary 
windings wound on the teeth and each primary winding 
being energized by a phase voltage, the primary 
windings being arranged on the teeth to induce ?ux in 
the core corresponding to the vector sum of the volt 
ages, and n secondary windings wound on the core and 
each secondary winding subtending a number of teeth 
equal to the number of teeth divided by n the numberv 
of secondary windings and each tooth being subtended 
by only one secondary winding, the secondary windings 
being relatively positioned on the core in accordance 
with the desired phase angle separation of the outputs 
and each secondary winding providing an output COT-r 
responding to the vector sum of the ?ux in the portion 
of, the core subtended by the winding. ' 

2. A transformer as described in claim 1 in which the 
core is circular and the shells are separated by the 
teeth. 

3. A transformer as described in claim 2 in which the 
teeth are positioned substantially radially and the shells 
are concentric. 

4. A transformer as described in claim 1 in which the 
number of teeth equal m the number of phase voltages 
and a primary winding is wound on each tooth. 

5. A transformer as described in claim 1 in which the 
core has apertures between the teeth and the primary 
windings are wound about the teeth through the aper 
tures. ._ ' 

6. A transformer of the kind described in claim 1 in 
which the shells are continuous and magnetic flux is in 
duced in the shells by energization of the primary 
windings by the phase voltages. 

7. A transformer as described in claim 2 in which the 
cross sectional area of the one shell is substantially 
equal to the cross sectional area of the other shell. 

8. A transformer as described in claim 7 in which the 
induced magnetic flux in the shells is substantially 
equal. 4 v " 
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9. A transformer of the kind described in claim 7 in 
which the shell cross sectional area is substantially 
twice the cross sectional area of a tooth so that the flux 
density is balanced. 

10. A transformer as described in claim 9 in which 
the induced magnetic flux in the shells is approximately 
twice the flux in any one tooth. 

11. A transformer as described in claim 2 in which 
the secondary windings are wound on the core about 
one of the shells and are arranged in accordance with 
the phase separation of the outputs. 

12. A transformer as described in claim 1 in which 
the secondary windings are wound on the core and sub 
tend a number of teeth corresponding to the phase 
angle separation of the outputs. 

13. A transformer as described in claim 5 in which 
the core is circular and the secondary windings are 
wound about one of the shells through the apertures 
and the windings are arranged on the core in ac 
cordance with the phase angle separation of the out 
puts. 

14. A transformer as described in claim 5 in which 
the core is circular and each secondary winding is 
wound on the core through two apertures angularly 
spaced from one another in accordance with the angu 
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6 
lar phase separation of the outputs and subtend the 
teeth therebetween. 

15. A transformer as described in claim 5 in which 
the core is triangular and each secondary winding is 
wound on the core through two apertures angularly 
spaced from one another in accordance with the angu 
lar phase separation of the outputs and subtend the 
teeth therebetween. 

16. A transformer as described in claim 1 in which 
the shells are substantially triangular and are positioned 
substantially parallel to one another and are separated 
by the teeth. 

17. A transformer as described in claim 16 in which 
the teeth are positioned substantially perpendicularly 
to the shells. 

18. A transformer as described in claim 16 in which 
the shells are substantially identical. 

19. A transformer as described in claim 18 in which 
the induced magnetic flux in the shells is substantially 
equal. 

20. A transformer as described in claim 1 in which 
the primary windings are symmetrically distributed on 
the core. 

* * * * * 


