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 schaft Brown Boveri & Cie.,, Baden, Switzer-
land, a joint stock company of Switzerland

Application September 20 1932, Serial No.
634,055, and in Germany September 25, 1931

12 Claims. (Cl. 172—281)

This invention relates to improvements in al-
ternating current frequency converting systems
utilizing electron discharge devices, and more
particularly to systems in which a variable

8 amount of in-phase current or of reactive cur-
rent is fo be exchanged in either direction be-
tween lines which are not always rigidly main-
.tained in an invariable frequency relation; and
is similar in some of its aspects to the system

10 disclosed in the application filled by Charles
Ehrensperger, September 20, 1932, bearing Serial
No. 634,058.

It is well known to connect two alternsting

current lines or two portions of a single alter-

15 nating current line by & frequency converter
comprising an input transformer, an electron
discharge device and an output transformer, in
which current supnlied from one line {o the in-
pub transformer is reciified and reconverted in-

20 %o alternating current by the eleciron discharge
device, and i3 supplied o the eccnfl Iine
Jnroucxv the outout trensformer. A system of

the above charactsr generally pesrmils connec-
tion only of lines rigidiy maointained in an iu-

25 variabie frequency relation, snd doss notv perimilb
2 :fegua,umw of the flow of curvent in either
energizing the contrel slecirodes
discharege device In dependense
nencies of both the inpub and the
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38 means fov
regulakion

m-“m 52 cu,x by
*mew the lines.
e, one of the objects of the vres-
y provids o frequency converi-
izing an electron discharge de-
rermib flow of energy in either
direction betwesn two alternaiing current ilmes
which ave not rigidly maintained in sn invaci-
46 able fregquency relation.

Ancther object of the present invention is to
provide o frequency converting system ubilizing
an electron discharge device in which the di-
rection of the flow of energy between two alter-

50 ngting eurrent lines which are not rigidly main-
teined in an invariable frequency relation, may
be determined by a,utomatically or manually op-
erated control mesans.

Another object of the present invention is to
provide a frequency converting system utbilizing

ing by%em 1
vice operable §

&

o

an electron discharge device in which the in-
tensity of flow of in-phase current between two
alternating current lines which are not rigidly
maintained in an invariable frequency relation,
may be determined by automatically or manual- 80
ly operated control means.

Another object of the present invention is to
provide a frequency converting system utilizing
an electron discharge device in which the in-
tensity of flow of reactive current between two 88
alternating cwrrent lines which are not rigidly
maintained in an invariable fregquency relation,
may be determined by aufomaticaily or manu-
ally operated contrel means. ' )

Another object of the present invention is to T8
provide & frequency converting system ubilizing
an electron discharge device in which the volt-
age induced in the primery windings of the oui-~
pub transformer may be adjusied in phase and
in magnitude with respect to the voliage of the Pkl
output line by automstically or manually op-
srated conircl means. .

Objects and advaniages ofher than those
ahove descritced will be spparvent from the foi-
lowing description when read in connection with €2
the sccomvpanying drawings in which:

g, 3 disgremmetically llustrates one
T“ommam of %m present invention for converting
orﬂyob abing curi £ eacy

Tends ot ong regid
a,enamﬁg rcul.en\'* ”\, s

v«

;F

% disgrammatically illustrates o' m
embohmmy of the present invention Ol
from thet Mlusirated in Fig, L in the w
o plurality of slectron discherge devices sgual
in nomber o the number of phases of the oub-
put cireuit. o8

.-.merenmfw more parbicularly to the drawings
by characiers of refevence, the reference nu-
meral 8 designates o polyphase alternating cur-
vent line which is shown as a 3-phase Une be-
couse such type of line is most freguently met
in practice. Line 6 may be energized ab any
commercial frequency, but such frequency nesd
nob he maintained at & constant value and may
present regular or irreguler variations. I% is
assumed thet it is desired to trensmit energy
between line 6 and anobther polyphase alterngt-
ing current line 7, also represented as s 3-phase
line. Line 7 may be energized at any frequency
and such freguency may be without relation
with the frequency of the voltages in line §. 1¥9
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The frequencies of lines 6 and 7 may be
stantially equal, as would be the case when such
lines are part of electrical systems operated at
the same normal frequency. Lines 6 and 7 may
also be parts of a single electrical system, in
which . case their frequencies are identical, but
their voltages may or may not be equal in mag-
nitude and/or in phase coincidence. When lines
6 and 7 are portions of the same system, the
system described in the present invention is no
longer properly speaking a frequency convert-

ing system, but becomes a system for producing

transfer of energy between different lines of
an electrical system independently of the voltage
relations in such lines. The frequency convert-
ing system will be described assuming that it is
desired to obtain a flow of energy from line 8
towards line 7, and the system elements will be
designated accordingly. Line 6 supplies current
to primary winding 8 of an input transformer
having three secondary windings 11, 12 and 13
and line 7 is connected with the secondary wind-
ing 18 of an output transformer having a star
connected primary winding 14. Windings 11, 12
and 13 comprise star connected portions such as
1la, 12a, 13a severally connected with anodes
such as 2la, 22a, 23a of an electron discharge
device 17 operable as an electric current rectifier
and provided with a cathode 18 which is con-
nected with the neutral point of winding 14.
The portions 14a, 14b and 14c of transformer
winding 14 are severally connected with the
neutral points of windings 11, 12 and 13. Rec-
tifier 17 is provided with control electrodes such
as 3la, 32a, 33a¢ which are energized at a nega-
tive potential with respect to cathode 18 from
a battery 24 through banks of resistances 26
and 27. The control electrodes may also be
energized ‘at a positive potential with respect
to cathode 18 from a second battery 28 through
the segments of a distributor 36 and of three
distributors 41, 42 and 43. Distributors 41, 42 and
43 are provided with brushes mounted on the
shaft of a synchronous motor 29 energized from
line 6 and have their segments spatially adjusta-
ble by means of a lever 34. Distributor 41 is pro-
vided with six segments connected with control
electrodes 31a, 31b, 3le, ete. and has its brush
connected with segment 36a of distributor 36.
Distributors 42 and 43 are similarly connected
with the remaining control electrodes of rectifier
17 and have their brushes connected respectively
with segments 36b and 36c of distributor 38.
Distributor 36 is provided with a brush energized
from battery 28 and rotated by a synchronous
motor 37 energized from line 7. ‘The segments
of distributor 36 extend so as to be in contact
with the associated brushes thereof during one-
half of each revolution of the brush and are
spatially adjustable by means of a lever 35.

In operation, assuming that lines 6 and 7 are
energized at their respective operating frequen-
cies, winding 18a of the output transformer will
be periodically energized at a positive potential
from line 7. During each period of positive ener-
gization of winding 16a, winding 14a must &also

be energized at a postive potential to permit

transfer of energy from line 8 to line 7. Dur-
ing such period; the brush of distributor 36 is
in contact with segment 36a thereof thereby
energizing the brush of distributor 41 at a posi-
tive potential from battery 28. The brushes
of distributors 42 and 43 are disconnected from
battery 28 and are thus inoperative, so that

.the control electrodes associated therewith are

sub- -
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energized at a negative potential from battery 24
and prevent flow of current through transformer
windings 12 and 13. The brush of distributor
41, being rotated by synchronous motor 29, per-
mits sequential energization of control electrodes
3le, 31b, 31c, etc. from battery 28 through seg-
ment 36a. Such control electrodes are positively
energized in the sequence in which the associ-
ated anodes 2l1a, 21b, 2le, etc. are energized
at positive potentials from transformer winding
portions 1la, 113, 1lec, ete.  Winding portions
ila, 11b, 1lec, etc. therefore sequentially carry
current during one-sixth of cycle of the voltage
of line 6 as is well known in the electric cur-
rent rectifier art, such currents flowing to the
cathode 18 of rectifier 17 and combining to form
a single current wave flowing through winding
portion 14a back to the neutral point of wind-
ing 11. Such current will flow during the en-
tire period when winding 16a is energised at
positive potential and during which time the
‘brush of distributor 36 will remain in contact
with segment 36a. - . - .

During the following third of a cycle of the
voltage of line 7, winding 16b will be energized
at a positive potential. Winding portion 14d
then receives current from winding 12 by a
process similar to that described above for wind-
ing portion 14a, the flow of such current being
controlled by distributor 42. During the period
when winding portion 14b is energized, the brush
of distributor 36 is in contact with segment 36b
so as to permit connection of battery 28 to the
brush of distributor 42. It will be understood
that, during a period of one-sixth of a cycle of
the voltage in line 7, the brush of distributor 36
will be in contact with two segments 36a and
36b to permit simultaneous operation of wind-
ings 11 and 12, thereby causing simultaneous flow
of current in windings 14a and 14b. Such simul-
taneous operation corresponds to the common
period of flow of currents in successive phases
of 3-phase line 7.

By a process similar to that described above,
current flows in winding 13 during the remain-
ing third of each cycle of the voltage in line 7
to permit flow of current through windings 14c
and 16c. The above cycle of stuccessive energi-
zation of the portions of winding 18 is repeated
during each cycle of the voltage in line 7 to per-
mit continuous flow of current from line 8 to
line. 7. It will be understood that current sup-
plied to winding 8 from line 6 is rectified for
one period of time in winding 11, during another
period in winding 12, and during a further pe-
riod in winding 13, the cycle of rectification being
repeated during each cycle of the voltage in line
7. Windings 11, 12 and 13 thus intermittently
transmit direct current to windings 14a, 14b and
l4c, thereby inducing 3-phase alternating cur-
rents in windings 16a, 16b and i6éc.

As iIs well kngwn, when two alternating cur-
rent generators or converters are supplying cur-
rent to the common output line, both generators
may be. considered as supplying current to the
current - consuming devices (not shown) con-
nected with the output circuit and as also pro-

~ducing the flow of circulating currents within

their own windings and in the line. When the

voltages of the generators are different, a re- !

active current of a magnitude. determined by the
difference in the generator voltages and by the
reactances of the generator windings will cir-
culate through the windings. When ths volt-
ages of the two generators are out of ghase, a
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circulating current will again be present, such
current then being in phase with the line volt-
age and of & magnitude determined by the phase
differences of the generator voltages and by the
generator winding reactances. Similarly, in fre-
quency converting systems such as described
above, the flow of reactive current between the
two lines will be determined by the differences
in the induced voltages in the primary windings
of the output transformer thereof and in the line
voltage. ‘The magnitude of such induced volt-
age may be controlled by adjustment of the seg-
ments of distributors 41, 42 and 43, by means of
lever 34. As is well known, adjustment of such
distributors will cause a change in the output
voltage of rectifier 17, which output voltage is
applied sequentially to winding portions l4a,
14b, and l4e, and is substantially equal to the
induced voltage in such windings. Similarly, ad-
justment of distributor 36 by means of lever 35

will vary the time of the alternating current.

cycle of line 7 at which the output voltage of
rectifier 17 is applied to winding portions 14c,
14b and 14¢ thereby adjusting the phase angle
of the induced voltege in such windings with re-
spect to the voltages in line 7. Such adjustment
permits regulation of the flow of in-phase cur-
rent between the two lines.

When it is desired to reverse the transfer of
current between the two lines, it being impossible

to reverse the current through rectifier 17, it

therefore becomes necessary to produce the
transfer of current when the voltages in lines 6
and 7 are negative instead of positive, such re-
versal of the voltages then determining the re-
versal of dircetion of the flow of energy. Such
reversal is obtained by shifting the segments of
distributors 41, 42 and 43 by 180 degrees thereby
shifting the energization of the control elec-
trodes associated therewith by 180 electrical de-
grees relative to the voltage in line 6. The seg-
ments of distributor 36 are simultaneously dis-
placed by 186 degrees, thereby shifting the ener-
gization of the brushes of distributors 41, 42
and 43 by 180 clectrical degrees relative to the
voltage of line 7. The process of current trans-
fer from line 7 to line 6 then becomes similar to
the process described above for the transfer of
current fyom line 6 to line 7. Such current
transfer ccecurs through a winding portion such
a8 14¢ when such winding is energized at & neg-
ative potential ahd through winding portions
such as i1ie, 11» and ile, when such portions
are slso ot o negative potential less than the neg-
ative potentinl of winding 14, so that the
anodes such as 21a, 21b and 21c¢ of rectifler 17
are sgain at a positive potential with respect to
cathode 18 to permit flow of current there-
through,

In the embodiment illustrated in Fig. 2 rec-=
tifier 17 is replaced by three separate rectifiers
51, 52 and 53. The anodes and control elec-

~ trodes of rectifiers 51, 52 and 53 are similar to

@8

the anodes and control electrodes of rectifier 17
in Fig. 1, and are distributed in such a manner
that the ancdes and electrodes associated with

.. the portions of & single secondary winding of the

75

inpud transformer are assembled in & single rec-
tifler. ‘The cafhodes of rectifiers 51, 52 and 53
are intercomnected with the neéutral points of
windings 11, 12 and 13 and are also connected
with the several poriions of the primary wind-
ing of the cutput transformer herein illustrated
as o delie commected winding 15, As is well
known, the energization of the control elec-

3
trodes in a rvectifier must be relative to the
potential of the rectifier cathode and the dif-
ferent rectifier cathodes in the present embodi-
ment are at different potentials, it is no longer
possible to energize all of the -control elec-
trodes from a single pair of batteries 24 and
28. The control electrodes must therefore
be connected in groups associated respectively
with windings 11, 12 and 13 and respectively
receiving negative potentials with respect to-
the associated cathodes from  batteries 17,
18 and 19 and positive potentials frem bat-
teries 28, 39 and 40. Each segment of distributor
36 must therefore receive current from. a sepa-
rate brush connected with onec of batteries 38,
39 and 40. The operation of the present em-
bodiment is similar {o that of the embodiment
llustrated in Fig. 1, current impulses being se~
auentially transmitted from line 6 to winding
portion 154 over winding 11 and rectifler 51,
through winding portion 15b over winding 12
and rectifier 52 and through winding port.lon 15¢
over winding 13 of rectifier 53.

Although but two embodiments of the present
invention have been illustrated and described, it 100
will be apparent to those skilled in the art that
various changes and modifications may be made
therein without departing from the spirit of the
invention or from the scope of the appended
claims.

It is claimed snd desired to secure by Letters
Patent:

1. In a sysiem for transmifting energy between
polyphase alternating current lines at different
electrical conditions, a transformer having a 110
primary winding connected with one of the lines
and a plurality of secondary windings each hav-
ing a neutral point, an electron discharge device
having anodes with associated control electrodes
and a cathode, the terminals of the secondary 115 -
windings of said transformer being connected
with the anodes, & polyphase transformer con-
nected with another of the lines and having a
winding connected with the cathode and with the
neutral points of the secondary windings of the
first seid transformer, a source of potential ar-
ranged for connection with the centrol electrodes
of said device, and means for controlling the
connection of said source with the control elec-
trodes o conirol the energy flow between the 125
lines.

2. In o system for transmitting energy between
polyphase slternating current lines at different
electrical conditions, a transfoimer having a
primary winding ecnnected with one of the lines 130
and a plurality of secondary windings each hav-
ing & neuiral point, an electron discharge device:
having anodss with associated control electrodes
and a cathode, the terminals of the secondary
windings of ssid transformer being severally 135
connected with the anodes, & polyphase trans-
former connected with another of the lines and.
having & winding with a neutral point connected
with the cathode, the terminals of the last men-
tioned winding being severally connected with 140
the neutral points of the secondary windings of
the first said transformer, a socurce of potential
arranged for connection with the control elec--
trodes of said device, and means for controlling:
the comnection of said source with the control 142
electrodes to econtiol the energy fiow between the
Ynes.

3. In o system for transmitting ewez:gy between
polyphase alterpating current lines af different
clectrical condil 10"’ , o Gtrapsformer having a 150
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primary winding connected with one of the lines
and a plurality of secondary windings each hav-
Ing a neutral point, an electron discharge device
having anodes with associated control electrodes
and a cathode, the terminals of the secondary
windings of said transformer being severally
connected with the anodes, a polyphase trans-
former connected with another of the lines and
having a winding with a neutral point connected
with the cathode, the terminals of the last men-
tioned winding being severally connected with
the neutral points of the secondary windings of
the first said transformer, a source of potential
arranged for connection with the control elec~
trodes of said device, an intermediate potential
point of said source being connected with the
cathode of said device, and means for controlling
the connection of said source with the control
electrodes of said device to control the energy
flow between the lines.

4. In a system for transmitting energy between
polyphase alternating current lines at different
electrical conditions, a transformer having a
primary winding cennected with one of the lines
and a plurality of secondary windings each hav-
ing a neutral point, an electron discharge device
having anodes with associated control electrodes
and a cathode,. the anodes being divided into
groups, the anodes of each group being severally
connected with the terminals of the several sec~
ondary windings of said transformer, a poly-
phase transformer connected with another of the
lines, a source of potential arranged for connec-
tion with the control electrcdes of said device,
and means for controlling the connection of said
source with the control electrodes of said device
to control the direction of the energy flow be-
tween the lines. )

5. In a system for transmitting energy between
polyphase alternating current lines at different
electrical conditions, a transformer having a
primary winding connected with one of the lines
and a plurality of secondary windings each hav-
ing a neutral point, an electron discharge device
having ancdes with associated control electrodes
and a cathode, the anodes being divided into
groups, the anodes of each group being severally
connected with the terminals of the several sec-
ondary windings of said transformer, a polyphase
transformer connected with another of the lines,
and having a winding with a neutral point
connected with said cathode, the terminals of the

last said winding being severally connected with

the said neutral points of the secondary winding
of the first said transformer, & source of poten-
tial arranged for connection with the control
electrodes of said device, means assoclated with
each group of control electrodes of said device
and responsive to the electrical conditions of one
of the lines to control the sequential energization
of the control electrodes, and means responsive
to the electrical conditions of another of the
lines to control the connection of the positive
terminal of said source with the first said means
thereby controlling the operation of said device.

6. In a system for transmitting energy between
polyphase alternating current lines at different
electrical conditions, a transformer having &
primary winding connected with one of the lines
and a plurality of secondary windings each hav-
ing a neutral point, an electron discharge device
having anodes with associated control electrodes
and a cathode, the anodes being divided into
groups, the anodes of each group being severally

1,984,210

connected with the terminals of the sevaral sec-
ondary windings of said transformer, a poly-
phase transformer connected with another of the
lines, and having a winding with a neutral point
connected with said cathode, the terminals of
the last said winding being severally connected
with the neutral points of the secondary winding
of the first said transformer, a source of poten-
tial arranged for connection with the control

- electrodes of said device, a plurality of distribu-

tors operating in response to the electrical con-
ditions of one of the lines, each of said distribu-
tors controlling the energization of the control
electrodes associated with one group of anodes,
and a distributor responsive to electrical condi-
tions of another of the lines to control the con-
nection of said source with the said plurality of
distributors thereby controlling the intensity of
the energy flow between the lines.

7. In a system for transmitting energy be-
tween polyphase alternating current lines at dif-
ferent electrical conditions, a transformer hav-
ing a primary winding connected with one of the
lines and a plurality of secondary windings each
having a neutral point, an electron discharge de-
vice having anodes with associated control elec-
trodes and a cathode, the anodes being divided
into groups, the anodes of each group being sev-
erally connected with the terminals of the sev-
eral secondary windings of sald transformer, a
polyphase transformer connected with another
of the lines and having a winding with a neu-
tral point connected with said cathode, the ter-
minals of the last said winding being severally
connected with the neutral points of the sec-
ondary winding of the first said transformer, a
source of potential arranged for connection with
the control electrodes of said device, a plurality
of distributors each controlling the energization
of the control electrodes associated with one
group of anodes, a distributor controlling the
connection of said source with the first said dis-
tributor, means responsive to the electrical con-
ditions of one of the lines for operating the said
plurality of distributors, and means responsive
to the electrical conditions of another of the
lines for operating the second said distributor.

8. In a system for transmitting energy he-
tween polyphase alternating current lines at dif-
ferent electrical conditions, a transformer hav-
ing a primary winding connected with one of the
lines and a plurality of secondary windings each
having a neutral point, an electron discharge
device having anodes with associated control
electrodes and a cathode, the anodes being di-
vided into groups, the anodes of each group be-
ing severally connected with the terminals of
the several secordary windings of said trans-
former, a polyphase transformer connected with
another of the lines and having a winding with
a neutral point connected with said cathode, the
terminals of the last said winding being sever-
ally connected with the neutral points of the
secondary winding of the first said transformer,
a source of potential arranged for connection
with the control electrodes of said device, a plu-
rality of distributors each controlling the ener-
gization of the control electrodes associated with
one group of anodes, a distributor controlling
the connection of said source with the first said
distributor, means responsive to an electrical
condition of one of the lines for operating the
sald plurality of distributors, means responsive
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for operating the second said distributor, and
means for varying the operation of said distrib-
utors by variation of the relaticns in space
thereof. - )

9. In a system for transmitting energy between
polyphase alternating current lines of different
voltage frequencies, a transformer -connected
with one of said lines and having a plurality of
windings each divided into a plurality of phase
displaced sections having connections forming a
neutral point, electron discharge means having a
plurality of anodes divided into a plurality of
groups and a plurality of control electrodes sev-
erally associated with said anodes, the anodes
of each group thereof being severally connected
with the phase displaced sections of the several
said windings, a second transformer connected
with another of said lines and having a winding
divided into a plurality of phase displaced sec-
tions severally connected with the neufral points

“of the first said windings, and means for afiect-

ing said control electredes in such manner and
during such recurring periods as to inducé the
conversion of current supplied from the said one
of said lines to the first said means by way of
the first said windings and said anodes into
polyphase alternating current having the voltage
frequency of the said another of said lines and
the supply thereof thereto.

10. In a system for transmitting energy be-
tween polyphase alternating current lines of dif-
ferent voltage frequencies, a transformer con-
nected with one of said lines and having a plu-
rality of windings each divided into a plurality
of phase displaced sections having connections
to form a neutral point, electron discharge
means having a plurality of anodes forming 2
plurality of groups, the anodes of each group
thereof being severally connected with the phase
displaced sections of the several said windings,
a second transformer connected with another of
said lines and having s winding divided into a
plurality of phase displaced sections severally
connected with the neutral points of the first
said windings, control means associated with
said anodes, and means for affecting said con-
trol means in such manner and during such re-
curring periods as to induce the conversion of
current supplied from the said one of said lines
to the first said means by way of the first said
windings and said anodes into polyphase alter-
nating current having the voltage frequency of
the said another of said linés and the supply
thereof thereto. ,

11. In a system of the character described, a
plurality of polyphase alternating current lines
of different voltage frequencies, electron dis-
charge means comprising a plurality of anodes
and a plurality of control electrodes severally as-
sociated with said anodes, a transformer con-
nected with one of said lines and having a plu-
rality of windings each divided into a plurality
of phase displaced sections connected to form a
neutral point and being severally connected with

said anodes, a second transformer connected
with another of said lines and having a winding
divided into a plurality of phase displaced sec-
tions. severally connected with the said neutral

points of the first said windings, a source of
current connectable with said control electrodes,
and means operable responsive to and in de-
pendence upon the voltage frequencies of the
said one and ancther lines for controlling the
sequential connection of said source of current
with said control electrodes at such recurring
periods as to contrel the operation of said elec-
tron discharge means to convert current received
from the said one of said lines by way of the
first said windings and the said anodes into
polyphase current having the voltage frequency
of the said another of said lines and the supply
thereof thereto by way of the said second trans-
former. : ’
12. In a system for ftransmitting energy be-

tween polyphase alternating current lines of dif-

ferént voltage fregquencies, a fransformer con-
nected with one of said lines and having a plu-
rality of windings each divided into a plurality
of phase displaced sections having connections
forming a neutral point, a plurality of electron

discharge devices each comprising a cathode, a

plurality of anodes and a plurality of control
electrodes severally associated with said anodes,
the anodes of each said device being severally
connected with the phase displaced sections of
the several said windings, a second transformer
connected with another of said lines and having
a. winding divided into a plurality of phase dis-
placed sections severally connected with the
cathodes of said devices and with the neutral
points of the several first said windings, a plu-
rality of sources of current severally arranged
for connection with the conftrol electrodes of the
several said devices, means severally associated

80

95

6o

110

118

with the control electrodes of the several said ~

devices operable responsive to and in accordance
with the voltage frequency of the said one of
said lines to control the sequential connections
of said sources of current with said control elec-
trodes during such recurring periods as to in-
duce the conversion of current supplied from
the said one of said lines to said devices by way
of the first said windings and said anodes into
poiyphase aliernating current having the volt-
age frequency of the said another of said lires
and the supply thereof thereto, and means sev-
erally associated with the first said means oper-
able responsive to and in accordance with the
voltage frequency of the said another of said
lines for controlling the recurrent connections
of said sources of current with the first said
means whereby the voltage frequency and the
intensity of the current. supplied to the said

another of said lines may be varied.

STEFAN WIDMER.
CHARLES EHRENSPERGER.
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