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UNITED STATES

Re. 15,951

PATENT OFFICE.

FRIEDRICH DESSAUER, OF FRANKFOBT—ON-THE—MAIN, GERMANY.

ELECTRICAL TRANSFORMER SYSTEM.

Original No. 1,372,&53, dated March 22, 1921, Serial No. 246,405, filed July 23, 1918, Application for
reissue filed March 21, 1923. Serial No. 826,708.

To all whom it may concern:
Be it known that I, Frieoricnn Dessavks,
a citizen of Germany, residing at Frankfort-

- on-the-Main, in Germany, have invented a

new and useful Electrical Transformer Sys-
tem, of which the following is a specifica-
tion. . ‘ '
" This invention relates to high tension

transformer systems, one of its principal
objects being to provide an improved ar-
rangement of transformers, either for step-
up or step-down transformation, which is
lLighter, cheaper, and more compact and has
greater working security than those hereto-
fore known. Another object is to provide an
improved arrangement in which the poten-
tial stresses throughout the system are dis-
tributed and controlled so that the quantity
of insulation heretofore required may be
greatly reduced. Still another object is to
provide a system of transformation which
may be extended indefinitely to increase the
voltage of the high tension circuit merely by
the addition of transformer units without
increasing the potential stresses in those
units already installed. These .and other
objects of the invention will be apparent in
the annexed description and accompanying
drawings, in which—

Figs. 1, 2 and 3 illustrate various forms
of known transformer systems.

Figs. 1" and 22 show the potential stresses
between various parts of the systems shown
in Figs. 1 and 2 respectively.

Fig. 4 shows a system arranged according -

to one form of my invention.

Fig. 4 represents the potential relations
existing in the arrangement of Fig. 4.

Figs. 5 and 6 show the system of Fig. 4
extended to include additional transforma-
tion units.

Fig. 5" represents the potential relations
existing in the arrangement of Fig. 5, and

Figs. 7, 8 and 9 illustrate modified forms
of the invention.

Throughout the description I shall use the
term “high tension winding” and “low ten-
sion winding” in the customary sense of
windings between whose terminals there ex-
ists a relatively high and relatively low po-
tential difference or voltage respectively. I
shall use “potential” to mean absolute poten-
tial or potential with respect to the earth,
except 1 cases expressly stated otherwise,
and when the term “potential” is applied to

coils or windings it means the maximum in-
stantaneous potential existing in any turn of
the winding.

_In high tension transformers of a given
size, the electrical stresses “o which the nsu-
lating layers are subject, and thus the
danger that these layers be damaged or

unctured, depends upon the potential dif-

erence existing between the sides of the
layer. In transformers heretofore known
it has been impossible to maintain this po-
tential difference less than a certain limit,
namely one-half of the voltage or potential
difference between the ends of the high ten-
sion winding, and even this condition can be
maintained only when the middle point of
the high tension winding is grounded or
maintained at earth potential. Thus in case
the system is so arranged that the high ten-
sion winding of a given unit cannot be
grounded or can only be grounded at one
end, this potential difference cannot by any
means heretofore known be made smaller
than the voltage of the high tension wind-
ng. :

For example, Figure 1 represents an ordi-
nary high tension transformer having a low
tension winding w connected to an alternat-
ing current circuit @ and having a core 7 and
a high tension winding s. Assume that the
voltage of the secondary winding is 100 kilo-
volts. In Figure 1* the number of second-
ary turns of the winding s are plotted as
absciss and the potentials of the corre-
sponding turns plotted as ordinates. If the
end & of the secondary winding is grounded
the line ab, represents the potentials of va-
rious portions of the winding. In this case
there exists a maximum potential differerice
of one hundred kilovolts between the high
tension winding on one hand, and the core
and low tension winding on the other hand,
which latter are usually at substantially
earth potential. If however the middle
point m of the winding ¢ is grounded the
potentials of the various turns of the wind-
ing are shown by the line b, and it will be
seen that the maximum difference of poten-
tial existing between the core or primary
winding and the adjacent turns of the sec-
ondary winding is 50 kliovolts or one-half
the voltage of the secondary winding,

In Figure 2 two transformers T, and T,
are connected with their high tension wind-
ings in series, the arrangement being other-
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wise similar to that shown in Figure 1.

- Likewise in this case if the conductor ¢ by

which the two secondaries s, and s, are con-
nected is grounded the difference of poten-
tial between the points a or b on the one hand
and the primaries w, and w, and the iron
cores §, and 4, on the other hand will be 50
kilovo‘l‘ts, as shown by the line b, in Fig-

- ure s,
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1t has previously been proposed to distrib-
ute the insulation stresses by interposing be-
tween the low tension winding and the ex-
ternal alternating current circuit one or
more transformers which transmit energy in
non-conductive relation. This arrangement
is shown in Figure 3, wherein the low ten-
sion winding p of the transformer T is con-
nected to the winding 7 of a transformer H
which is preferably of a 1 to 1 ratio. The

other winding w of the transformer A is con-
nected to the external circuit z. Even in
this case the

gotential difference between the
winding & and the core ¢ or low tension wind-
i cannot be maintained less than one-half
;nfgtﬁe potential of the secondary winding.

'With the means heretofore known, we are,
as'is pointed out in the foregoing, bound to
deal with a minimum difference of potential
(amounting to half the potential of the high
tension winding) between those parts of the

‘transforming arrangement which are most

exposed to the danger of being damaged. In
consequerice, the insulating parts of the ar-
rangement must be constructed to withstand
that difference of potential. This drawback
is so much the more serious, as the insulating
parts in transformers are strained to the ut-
most by the high voltages which are in use
at present in certain applications of trans-
formers, such as in high voltage testing ap-
paratus or in Roentgen-ray apparatus for
the treatment of diseases. Moreover it is to
be d that it will become desirable to
use still higher voltages in these applica-
tions as well as in high tension work in gen-
eral. A voltage of more than 100000 volts
requires cumbersome and expensive ‘trans-
formers to fulfill the necessary working con-
ditions. )

The essential ‘progress brought about by
my invention is that the heretofore unvar-
able relation between the secondary voltage
and the strain of the dielectric in transform-
ers may be controlled. The maximum po-
tential difference between the secondary and
other parts of a transformer is not limited
to at least the half of the secondary voltage;
it may be diminished at will. Correspond-
ingly (;;he diﬁflrence of r};ote;nt}ilal betw,t;en the
secondary and any part of the transformer
may beanJmsheX. -

T will now describe in detail by way of ex-
ample a number of embodiments of my in-
vention. :

Figure 4 shows two transformers T, and
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T, the iﬁgh tension windings & and s, of

which are connected in series. o low ten-
gion windings p, and p, of these transform-
ers are connected across the windings r, and
r, respectively of the transformers H,, H;,
the ratio of transformation of which is prei-
erably but not necessarily 1 to 1. The pur-
pose of H, and H, is to Join the low tension
windings p, and p, in energy transmitting
relation with an external alternating current
circuit 2, which may be either a generating or

- consumin, 'circuit, and at the same time to

insulate the windings p, and qv,hfrom each
other and from this circuit. e point of
junction ¢ of the high tension win%gngs 8,
and s, is grounded. Therefore at an as-
sumed high tension voltage of 100 kilovolts
between the terminals a and b the potential
of either a or b is 50 kilovolts. erefore
the middle points d and e of the transform-
ers T, and T, are at a potential of 25 kilo-
volts. The points d and ¢ are connected re-
spectively to the core i, and low tension
winding p, and the core i, and low tension
winding p,. Therefore the maximum dif-
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ference of potential between the secondary -

win and any adjacent part of the cor-
responding transformers is only 25 kilovolts.
This relation is shown graphically in Fig-
ure 4* in which the number of turns of tﬁe
secondary winding are plotted as abscisse
against the potentials o the terms as or-
dinates. The potentials of the various ele-
ments of the system are indicated by the let-
ters a, p, 7, 1, etc., with appropriate sub-
scripts. Thus the maximum difference of
potential between any two adjacent groups
of conductors in this system is limited to
one quarter of the voltage of the high ten-
gion' circuit, that is the electrical strain in
the system is a quarter of what it would
otherwise be.. It is true that the transform-
ers H, and H, have to sustain a potential
difference of 25 kilovolts between their pri-
mary and secondary windings but this re-
quirement is easily met as these transform-
ers are usually small and both windings
have equal numbers of turns. In this dis-
cussion it is assumed that the potential of
the windings 0, w, is that of the earth since
the actual potential of these windings will
in practice be in the neighborhood of 200
volts, an amount which is negligible in com--
parison with the voltage of the high tension
circuit which may be from 100 to 300 kilo-
volts.

Since the high tension windings s, and
s, are connected in series it is obvious that
a single winding may be used instead of
these two. Therefore the essential feature
of this modification of the invention is that
at least three windings cooperating to. pro-
duce a high tension current are used (name-
ly the single winding s,, s, and the two
windings p,, p,) and that at least two of
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* these windings (namely p, and p,) are placed
In a separate branch of energy transmission,
each branch of energy transmission being
designated by separate transformers H, and

5 H,. Tt will be seen that these branches per-
mit the transmission of energy in non-con-
ductive relation and keep the low tension
winding p, p, insulated from each other

and from the external circuit a.

Since the stress upon the insulation of
the high tension transformers is so mate-
rially reduced, a much smaller quantity of
insulation is required, and conse&uently the
price of these transformers is reduced more
than enough to compensate the additional
cost of the transformers H, and H,. The
net cost of the system is thus materially
lessened.  Moreover due to the reduction of
the potential stresses between the adjacent
points the working security of the system
1s greatly increased and I wholly avoid loss
of energy by the phenomenon of silent or
glow discharge which is well known in high
tension work and which frequently attains
considerable amounts, ,

Figure 5 illustrates the modification of
Figure 4 extended to include three high ten-
sion transformation units T, T, T, which
have their high tension windings s, s, g,
30 connected in series. In this case the mid-
dle point ¢ of the high tension cireuit js
grounded, the potentials of the points «, 2,
/. and ¢ being indicated by way of example
in the drawing. The Potentials of the va-
rious parts of the system are indicated graph-
wally in Figure 5%, Assume a potential
difference or voltage of 140 kilovolts between
the terminals @ and % of the high tensjon
circuit, the potential of the points « and
is then 70 kilovolts and the potential of the
point d and e is 35 kilovolts. The low
tension windings p, and Ps are linked to
the external circuit o through auxiliary
transformers H, and H, as in Figure 4, the
low tension winding p, being connected in
series with the low tension windings ,
and #,. The low tension windings p, and
7; are connected to the cores ¢, and 4, and
to the points d and ¢ respectively, which
Tatter are at a potential of 35 kilovolts,
These cores and windings are therefore
maintained at 35 kilovolts and the maximum
potential difference between them and their
adjacent high tension windings is 70 kilo-
volts minus 35 kilovolts or 35 kilovolts. In
this case the auxiliary transformers H, and
H, are insulated to withstand 35 kilovolts
and the potential difference between any
two adjacent conductors in the system can-
not be more than 35 kilovolts or one fourth
of the voltage of the system. :

Figure 6 shows the system of Figures 4
and 5 extended to include 5 high tension
transformation units producing a voltage
of 210 kilovolts. This extension is effected
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merely by the insertion of an additional
high tension unit T, between units T, and
T, and an additional unit Ts between T,
and T, together with the addition of auxil-
iary transformers- G, and G, between the
auxiliary transformers H, and H, and the
external circuit 2. The unit T. is assumed
to have a voltage across jts high tension
winding s, of 70 kilovolts as in Figure 5 and -
each of the other units T, T, T, and T, 75
1s assumed to have a voltage of 35 kilovolts,
Thus with the middle point of the system
¢ grounded the total voltage of the high
tension circuit is 210 kilovolts and the poten-
tials of the points between the various high
tension windings are 35 kilovolts and %0
kilovolts as indicated in Fj re 6. The
low tension windings p, an 2: and the
cores ¢, and i, are now connected to points
whose potential is 70 kilovolts and the trans-
formers H, and H, as before are made to
withstand 35 kilovolts, The low tension
windings p, and p_ are connected to the
cores i, and ¢, and to points in the high
tension system whose potential is 35 kilo-
volts. The windings p, and P; are likewise
connected across the windings v, and v,
of the transformers G, and G, which are
connected in series with the windings 1w,
and w, of the transformers H, and H,.
The windings w, and w; and v, and o,
are thus maintained at an absolute potential
of 35 kilovolts. The transformers G, and
G, are likewise made to withstand a po-
tential of 35 kilovolts and can thus be con- 100
tected between the external circuit » and
the auxiliary transforniors H, and H,, the
windings », and », of which are at a po-
tential of 70 kilovolts.

Obviously, any one of the arrangements 105
of Figs. 4,5 and 6 can easily be formed out
of its precedents (e. g. Fig. 6 out of F ig. 5,

4 or 1), merely by adding transformers.
This is an important advantage of my sys-
tem—viz, T am enabled, by my system, to 110
adapt, by the mere addition of transformers,

a given alternating current supply ap-
paratus to a higher range of voltage, and
nevertheless to make use of all the parts

of the given apparatus as before. Prefer- 115
ably, T avail myself of standardized types

of additional transformers (especially in the
form of 1:1 transformers), their manufac-
ture and repair being simple.

As is demonstrated by Fig. 7, 1 may 120
modify my system, so as to allow the po-
tential of any of the several oups of con-
ductors to be regulated at wﬁrl. n Fig. 7,
the middle d (¢) of the high tension wind-
ings s, (s,) of each of the two high tension 125
transformers T, and T, is connected to the
ground by a series of condensers f/, and an-
o;he]r connection is made between the circuit
of the respective primary windin
and a point 4 in the setrgf condenger% (X::)- 130
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cording as I chooss that point of connec-
tion A, I obtain, 8
of the high temsion
winding on one hand, and the -ground on
the other hand, any desired potential of
the low tension winding p, (p,) and iron
core i, (i,). Instead of a series of con-
“as in Fig. 7, I may make use of an
adjustable resistance to effect the desired
tential. In some cases I find it advisable
to. regulate the potential of the various
ups of conductors. by connections to in-
ependent sources of energy, instead of de-
riving their electrical charge from the cor-
responding high tension transformer in the

system. _
As already mentioned, not only trans-

formers but any device capable of trans--

mitting electrical energy without a con-
ductive relation between its ener,
ting parts, as, for instance, condensers, may

‘be used to produce the separation of the

ups of conductors and therefore to enable
their levels of potential to be adjusted.
This form of my system is exemp. i by
Fig. 8 18 in accordance with Fig.
4 except that the place of the transformers
H, amf H, of Fig. 4 is taken by condensers k.
The artificial adjustment of the potential
of the groups of conductors, according to

“my invention may be advantageously ap-

plied even to cases in which the maximum

“difference of potential between the high

tension winding and the othell:egarts of the
same transformer need not be reduced to less
than one half of the secondary voltage. In
the case, for example, of & hij h tension
transformer having one end of its high
tension windin ﬂgroun_ded for any reason,
the maximum gx erence of potential acting
upon the insulating layers of arrangements
heretofore known, amounts, as is stated
above, to the total secondary volt;ge of the
transformer, and cannot be reduced by any
means heretofore devised. By inserting an
intermediate circuit, the level of potential
of which is made adjustable, according to
my invention, I reduce the strain of the in-
quating layers to one half of what it un-
avoidably amounted to in the heretofore
known transformers with one end of the
high tension winding grounded. This is
demonstrated by Fig. 9 which shows an ar-
T ment similar to that of Fig. 3. Asal-
ready stated in connection with Fig. 3, it is
impossible to reduce the strain o the in-
sulating layers by a mere re trans-
formation. If, however, the intermediate
circuit Z and iron core ¢ is, as in Fig. 9,
connected to the middle ¢ of the high ten-
gion winding s, or otherwise kept on a level
of potential situated between the potentials
of ge ends a and b of s on one hand and of
circuit wx on the other hand,

the suppl
t&) x be reduced to a half,

then strain can

within the limits of the po-
~ tential of the middle

transmit- -

15,051

even if one end () of the high tension

winding s is in connection with the ground g. -

In many cases, I have found, that the con-
nection between the iron cores and windings,
as shown in Figs. 4-9, may as well be omit-
ted, as the iron cores, being embedded be-
tween the coils, usually adopt automatically
an average level of potential as compared
with the surrounding coils. °

It is to be understood that the invention
is not limited to the particular details de-
scribed for the sake of illustration but in-
cludes modifications which fall within the
scope of the appended claims. For instance,
the system is equally well adapted to step-
up and step-down transformation. Further-
more I have described the  high tension
windings as connected directly in series, but
the term “connected so that their voltages
zre accymulative” is intended to include any
connection of the high tension windings so
that the voltages of the individual wind-
ings add, whether the windings are con-
nected directly to each other or linked in
series by means of intermediate windings
or other apparatus.

Having thus described the invention what
is claimed as new and desired to be secured
by Letters Patent is:

1. In a high tension transformer system,
in combination, a plurality of transformers
having high tension and low tension wind-
ings, the transformers being so connected
that the voltages of the high tension wind-
ings are cumulative, and means for main-
taining the low tension Windinis at desired
potentials with respect to the high tension
windings. o

2. In a high tension transformer system,
in combination, a Elurality of transformers
each having a high tensionewinding, a low
tension winding, and a core, the trans-
former being so connected that the voltages

of the high tension windings are cumulative,

and means for maintaining the low tension
windings and the cores at desired potentials
with respect to the high tension windings.

3. In a high tension transformer system,

in combination, a plurality of high tension
transformers each having a high tension
winding and a low tension winding, the
transformers being so connected that the
vol of the high tension windings are

cumulative, and means for maintaining the

maximum potential difference between the
high tension windings and all other con-

ductive parts of the respective transformers .

less than the maximum potential difference
between the high tension windings and the
earth. :

4. In a high tension transformer system,
in combination, a plurality of transformers
each having a high tension winding, a low

‘tension winding, and a core, the transformers
so that the voltage of the

being connec
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high tension windings are cumulative, and
connections between the respective cores and
high tension windings at points in the high
tension circuit whose potentials to earth are
less than the maximum potentials of the re-
spective high tension windings. '

5. In a high tension transformer system,
in combination, a plurality of transformers
each having a high tension winding and a low
tension winding, the transformers being so
connected that the voltage of the-high ten-
sion windings are cumulative, and connec-
tions between the respective low tension and
high tension windings at points in the high
tension circuit whose potentials to earth are
less than the maximum potentials of the re-
spective high tension windings.

6. In a high tension transformer systein,
in combination, a plurality of transformers
having high and low tension windings, the
high tension windings being connected in
series, an external alternating current cir-
cuit, means for linking the low tension wind-
ings to said circuit in énergy-transmitting
relation, and means for maintaining the low
tension windings at desired potentials with
respect to the high tension windings.

7. In a high tension transformer system,
in combination, a plurality of transformers
each having-a high tension winding and a
low tension winding, the high tension wind-
ings being connected in series, an external
alternating current. circuit, means for link-
ing the low tension windings with said cir-
cuit in energy transmitting relation and for
insulating the circuit therefrom and means
for maintaining the low tension windings at
a potential different from that of the circuit.

8. In a high tension transformer system,
in combination, a plurality of transformers
having high tension and low tension wind-
ings, the high tension windings being con-
nected in series, an external alternating cur-
rent circuit, means comprising auxiliary
transformers for linking the low tension
windings with the circuit and insulating
the circuit therefrom and means for main-
taining the low  tension windings at a
potential different from that of the circuit.

9. In a high tension transformer system,
in combination, a plurality of transformers

having high and low tension windings, the

high tension windings being connected in
series, an external alternating current cireuit,
means for linking the low tension windings
with said circuit in energy transmitting rela-
tion, and connections between the low ten-
sion windings and their corresponding high
tension windings at points in the high ten-
sion circuit whose potentials to carth are
less than the maximum potentials of the ve-
spective high tension windings.

10. In a high tension transformer system,
In combination, a transformer having a high
tension and a low tension winding, means

connecting said windings at a point whose
potential to earth is equal to or greater than
the maximum potential difference in said
windings, an external alternating current
circuit, and means for linking the low ten-
sion winding to the circuit in energy trans-
mitting relation and for insulating the low
tension winding therefrom. '

11. In a high tension transformer system,
in combination, a transformer having a high
tension and a low tension winding, means for
linking the low tension winding with an
external alternating current circuit, said
means having energy-transmitting parts in
non-concuctive relation, and means for
maintaining a smaller potential difference
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between the low tension.and high tension

winding than that existing between the high
tension winding and the ground.

12. In a high tension transformer system,
in combination, one or more transformers
each having a high tension and a low ten-
sion winding, means for linking the low ten-

sion windings with an external alternating -

current circuit, and connecting means be-
tween the respective low tension and high
tension windings at points in the high ten-
sion circuit whose potentials to earth are
equal to or greater than the maximum po-
tential - difference between the respective
high tension and low tension windings.

13. In a high tension transformer system.
in combination, one or more transformers
each having a high tension and a low tension
winding, one or more auxiliary transformers
having an approximate one to one ratio of
transformation for linking the low tension
winding with an external alternating cur-

rent circuit, and connecting means between.

the respective high tension and low tension
windings at points in the high tension cir-
cuit whose potentials to earth are equal to
or greater than the maximum potential dif-
ference hetween the respective high tension
and low tension windings.

14. In a high tension transformer system,
in combination, three or more windings co-
operating to produce a high tension current,
two or more branches of energy transmis-
sion, each branch including one of said
windings and one or more auxiliary trans-
formers, each of said windings which is in-
cluded in the branches of energy trans-
mission- being connected to a point in the
high tension circuit between which and the
ground there exists a potential difference
equal to or greater than the maximum po-
tential difference existing between adjacent
windings.

15. In a high tension transformer system,
in combination, three or more windings co-
operating to produce a high tension current,
two or more branches of energy transmis-
sion, each branch including one of said
windings and one or more auxiliary trans-
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‘included in the branches of ener

formers, each of said windings which is
transmis-
sion being connected to a point 1n the high
tension circuit between which .and the
ground there exists a potential difference
equal to or greater than the maximum po-
tential difference existing between adjacent

. windings, said auxiliary transformers hav-

10

15

ing an approximate one to one ratio of-

transmission. :
.16. In a high tension transformer system,
in combination, a transformer having high

and low tension windings, devices for link-_

with the alter-

ing the low tension windi
sal?(f devices having

nating current circuit;

S
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eniergy transmitting parts.in non-conduc- -

tive relation, and means for maintaining a
smaller difference of potential between the
conductive parts of tI})ne transformer adja-
cent to each other than that existin
tween the high tension winding and the
ground. = , '
In testimony whereof I hereunto affix my
signature. '

_ Dr. FRIEDRICH DESSAUER.
Witnesses: s

Gernarp Hijners,

Joser KNECHT.
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