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The invention relates to a device for trang-
mitting the position of a primary operating or
indicating member to a remote secondary operatb-
ing or indicating member and may be utilized
inter alia for the remote contrsl of the operating
members of g radic transmitter or receiver (tun-
ing, wave-length switching, volume control, ad-
justment of a directional aerial and the like), for
taking measurements from a distance and for
transmitting orders (shiv’s telegraph).

In the device with which the invention is con-
cerned use is made of a plurality of transmission
channels for control energy and of a primary
and a secondary controlling member, which con-
trolling members are formed so as to be comple-
mentary and are driven simulfaneously with the
primary and the secondary operating member
respectively. According to the position of the
primary operating or indicating member the pri-
mary controlling member opens a determined
transmission channel. The secondary operating
or indicating member is actuated in this case
under the control of the energy transmitted by
this channel until it has arrived, at least approx-
imately, in a similar position, in which position
the secondary controlling miember closes again
the transmission channel and thus interrupts the
transmission of control energy.

By a complementary construction of the con-

trolling members is meant here a construction’

such that a transmission channel which is ocpened
in a determined position by the primary control-
ling member is closed by the secondary control-
ling member in the corresponding positicn.

If the control is effected electrically, the con-
trolling members may consist of contact discs of
conductive material which are scanned by
brushes and the scanned surface of which is
formed in such manner that only part of this
surface may enter info. conduciive coniact with
the brushes. Each brush of the primary contact
dise is electrically connected to a similar brush
of the secondary contact dise whilst the connect-
ing lines between similar brushes form the trans-
mission channels above referred fo. The itwo
contact discs are electrically connected to one
another through the intermediary of a source of
voltage and of a device for controliing the drive
of the secondary operating or indicating mmember.
The last-mentioned device may be constituted,
fer example, by a motor which drives the sec-
ondaxry operating or indicating member or by a
relay by which such a motor is put into operation.

In the figures of the drawings, Fig. 1 represaents
the prior art, while Figs. 2, 3, 4, 5, 5¢ and 6-8 ren-
resent various embodiments of the invention.
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A known device of this type is represented in
Fig. 1 of the accompanying drawing. That pari
of the device which is located to the left of the
dotted line {1 is prssent at the place of remote
contrel whereas the part located to the right of

" this dotted line is located, for example, at a trans-

mitter or receiver which has to be operated from
a distance.

On the shaft 2 of a primary operating member
is mounted a primary contact disc 3 of conductive

© material whose cireumference is scanned by a

piurality of brushes bi—=bs. This dise has g shape
such that only the portion 4 of the circumfersnce
enters into conductive contact with the brushes.
The remaining portion 5 of the circumference is
preferably covered with insulating material so
that eylindrical body is obtained with which all
the brushes are in coniact.

On the shaft 6:of the secondary operating mem-
her of the transmitier or receiver is mounted a
secondary contact disc 7 of conductive material
whose circumference is provided at 3 with a re-
cess which is preferably filled with insulating
material so that the portion & of the circumler-
ence..cannot enter into contact with the brushes
but the remaining portion can.

As.may be-seen,; the two contact discs are com-
plementary, that is to say that the portion 4 of
the cireumference of the primary contact disc,
which. may enter into conductive contact with
the. brushes, corresponds te the portion 8 of the

ircumference of the secondary contact dise,
which- is insulated with respect fo the bLrushes,
and conversely.

Corresponding hbrushes of the two contact discs
are electrically connected (b to B'1, bz to b'2, ebe)
through the intermediary of connecting lines
Ki—Es which form the transmission channels

The contact dises 3 and 7 are connected to one
another via g source of alternating voltage 9, an
induction motor 16 and a switeh 1{. The motor
{8 comprises two windings of which two corre~
sponding ends are directly connected to one an-
other and the other corresponding ends are con-
nected to.one another through the intermediary
of a condensey, the arrangement being such that,
upon connection of the one winding to a source
of voltage, the motor furns in the one direction
and, upen connection to the other winding, turns
in the other direction. With the aid of the switch
{§ it is possible to incorporate at will either of the
windings into the circuit and thus to choose the
direetion of rotation of the motor always in such
manner that a new position of the secondary
operating member is attained along the shortest
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possible path. TFor this purpose the position of
the switeh {4 is made dependent on the direction
in which the primary operating member is dis-
piaced, in such manner that, when the primary
contact disc is driven in clockwise direction the
secondary contact disc is likewise driven in clock-
wise direction, and conversely.

In the shewn position of the contact discs the
conductive portion 4 of the circumference of the
primary contact disc 3 is located opposite the
brush b1 whilst the secondary contact disc T
occupies the similar position wherein the insu-
lated portion 8 of the circumference is opposite
the brush b’1.

If now the primary operating member is dis-
placed, for example, to such an extent that the
portion 4 of the circumference of the contact disc
3 comes in front of the brush bs, the transmis-
sion channel! » is opened, that is to say that
a current flows from the source of voltage 8 via
the motor i8, the switch (1, the contact disc 3,
the brush b2, the connecting line Ks, the brush
b’2 and the contact dise 7 back to the source of
voltage 8. The motor 18 is started and displaces
the secondary operating member until the insu-
lated portion 8 of the circumference of the con-
tact disc 7 is opposite the brush b’z and, conse-
quently, the channel XKz is closed again by the
contact disc 7. Asg soon as the contact disc 7
cccupies this pesition, the motor cireuit is inter-
rupted so that the secondary operating member
stops, and this in a position which corresponds,
at least gpuoroximately, to the new position of the
primary operating member.

The known device has the drawback that there
can only be transmitted a number of positions
of the operating member which is equal to the
number of transmission channels (with the above-
described construction consequently only six posi-
tions). If it is desired to transmit more positions,
the number of transmission channels hag to be
increased, which makes the device more expensive
and more complicated.

The invention has inter alia for its object to
provide g device with the aid of which a number
of positions can be transmitted which is larger
than the number of transmission channels.

According to the invention, the controlling
members are formed in such manner that within
the variation range of the primary operating or
indicating member the primary controlling mem-
ber successively passes through a number of main
positions wherein each time another combina-
tion of transmissien channels is opened.

With the use of electric control with the aid of
contact dises as described ahove, the contact discs
are formed, according to the invention, in such
manner that within the variation range of the
rrimary operating or indicating member the pri-
mary contact disc successively passes through a
number of main positions wherein each time an-
other combination of brushes is in conductive
contact with the contact disc.

The invention will be explained more fully with
reference to Figs. 2 to 9 of the drawing wherein,
by way of example, a few embodiments thereof
are represented.

The device shown in Fig. 2 comprises 6 trans-
mission channels for control energy. The pri-
mary contact disc 3 is constructed in such man-
ner that upon a complete revolution it passes
successively through eighteen main positions in
each of which another combination of three
brushes is in conductive contact with the contact
dise,
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In the position shown the primary contact disc
3 is in conductive contact with the brushes b,
bz and b3. If the disc is rotated in counter-
clockwise direction through an angle of 20°, the
brush bs is insulated whereas the brush b: comes
into conductive contact with the dise. If the disc
is rotated through a further angle of 20°, the
brush b: is insulated and the brush bs enters
into contact with the dise, and so on.

In the position shown the secondary contact
disc is insulated from the brushes b’i, b’2 and
b’s. If this disc is rotated in counter-clockwise
direction through an angle of 20°, the brush b’s
comes into contact with the disc and the brush
b’4 is insulated, and sc on. Upon a complete
ravolution of the secondary contact disc eightesn
different combinations of three brushes are thus
successively insulated and this in the same order
in which with the primary contact dise the cor-
responding combinations enter into conductive
contact with the disc.

The construction of the contact discs as well
as the order in which the different combinations
of transmission channels are successively opened
or closed, may ke ascertained in a simple man-
ner with reference fo Tig. 3 which shows the
developed circumferences of the two contact discs.

It may be seen from IMig. 3 that the circumfer-
ence of the primary contact disc 3 exhibits three
portions which may come into contact with the
brushes, which portions have the lengths 7S,
S and S respectively and are separated from one
another by insulating portions each of which has
a length of 33, S representing the distance be-
tween two successive main positions measured
along the circumference of the disc. The mutual
distance of the brushes amounts {0 3S. The sec-
ondary contact disc T is formed so as to be com-
plementary with respect to the primary contact
disc.

Upon a complete revolution of the primary con-
tact disc 3 in the direction of the arrow there
are successively opened the combinations of
channels which consist of the channels having
the following numbers: 1, 2, 3—1, 2, 4—1, 2, 5—
i, 2, 6—1, 3, 6-—1,4,6-1,5,6—2, 5, 6—3,5, 6—
4, 5, 6—1, 4, 5—2, 4, 5—3, 4, 5—3, 4, 61, 3, 4—
2, 3,42, 3, 5—2, 3, 8. As may be seen, each
group of three successive combinations may be
deduced hy cyclic permutation from the previous
group of three combinations.

If the primary operating member is shifted
from the position shown in Figs. 2 and 3 into a

. hew position, for example into the position where-

in the brushss b2, b5 and bs are in conductive
contact with the primary contact dise, g current
(Fig. 2) flows from the source of voltage 9 via
the motor 18, the switch {1, the disc 3, one or
more of the brushes bz, bs and bs, one or more
of the connecting conductors Kz, Xs and Ks, one
or more of the brushes b’s, b’s and b’s and the
disc 1 back to the source of voltage 8. The
motor 16 is actuated and the secondary operating

5 member ig displaced until the secondary contact

disc simultanezously closes the channels Ko, Ks
and K, 1. e. until the brushes b’2, b’s and b’s
are all of them insulated with respsct to the sec-
ondary contact dise. As soon as such is the case,
the motor {8 is cub out of circuit, owing to which
the secondary operating member comes at a stop
in a position which corresponds, at least approxi-
mately, to the new positicn of the primary oper-
ating member.

Fig. 4 shows how the primary and the secondary
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contact' dises'may be formed-in the case wherein

there are seven transmission: channels. - The cirs-

cumference-of the primary contact dist comprises: .

here five portions which may:eénter-into’conduc-

tivé-contact with-the brishes, said portions hav--
ing-lengths of &9; 28,28, 28 and 48 respectively.
These - portions “are: separated: by insulated-por- -

(918

tions the:lengths of “which amount to 'S, S, S, 48+
and-13S respectively.~ The mutual distance of the

brushes is 53~

Upon a complete revolutionof the primaty con--

10

tact disé in the direction- of ‘the arrow:this-dise -
passeg through 35-médin positions in-which: are .-
opened successively the channels having the:fol~

lowing-numbers: 1, 3, 5—1, 2, 5—1, 2, 3%, 3, 4=
1,2, 4—2, 4, 1—1, 4, 7—1,:2, 7—2, 8, 7—1, 3,7,

and-so on (each:group of five suceessive combi-~ -
nations-may  be-deducéedt by cyclic. permutation =

from-the previous group-of five-combinations):

Ag-appears-from the-ghove-described - embodi=-

20

ments it is possible, when-the inventicn is carried :

into- effect,” to *transmit: with-the 2id of 6 and- 7

transmission channels respectively for-the cons -

trol-energy: 18 and 85 positions respectively of the

primary -operating or-indicating member to the 2:

secondary- operating or -indicating member.

The number -of :positions -which can-be trans--.-
mitted; - upon -carrying. out -the -invention,. with:

the-;aid of K -transmissiort channels, is in gen-=
eral -equal:to -the number- of- different -combina~

=30

tions-which can-be-made-from-the ‘K channels; ¢
The expression “different combinations”:has to -

be understood to mean-here such combinations
that ‘not a single combination does form part:of

ancther combination.-- If the latter would be the

case, more-positions of the secondary operating. -
or -indicating member -would- be possible with:a =
determined position of the primary operating.:

or indicating member:
It -has-been - found-that  the -number -of -differ=

40

ent-combinations which- can be formed from-the -
K transmission- channels is largest-if each.com- -

bination, as-is -also the case in the- above-de--

scribed practical examples, consists -of - the same -

number of M -channels wherein. -
M:ﬁf__l ‘
if K is odd and -
K-
M=%

if Kis even. . _
The' controlling” members ‘are as-a ‘rule’ so

45%

50

formed that ‘the combinations of tragnsmission: -
channels’ which are successively opened- upon a -

rotation of the ~A¢primary ‘controlling “member
thiough an'angle of -
366°-

:55°

are ‘eyclically permutated upon’ further ‘rotation

of “the  primary controlling  member (cf. the

1607
above-described practical exanmiples). - The num="

ber ‘of “positions to:be transmiftted is in this 'casetw
always a whole multiple of K whilst the utilized

combinations have to satisfy the condition~that
they must allow of being cyclically permutated:

K times without return- of the same. combina=:

tion. *The table ‘below ‘indicates the maximum:=
number-of positions which when' this® condition: :
is fulfilled, can be transmitted with the aid-of a -

giveri number - of transmission channels::
K==34 5 6 7T 8 9 10 -

70

-

Nmax=3: 4 10 18 '35--64126: 250~

It appears from this table-that:thé~invention :

renders it possible-to+inerease -considerably *the: T:

6"
number-of ‘positions to be-transmitted.at a given- -
number of-transmission -channels provided. that =
the: number -of -transmission  channels “is " at-
least 5.

In the description of the operation of the de-
vice according to Fig. 2, it was tacitly assumed
that the new position of the operating or in-
dicating:-member - corresponded - -to- one ‘of the:
main -positions: of -the - primary -contact -disc:
wherein ‘three" brushes' are just-in conductive

contact” with :the -disc. Now ‘there arisés the

question; what happéns when the primary con= -
tact disc:is placed~in an' infermediate ‘position -
between two main- positions, for: example, with: -
the device:according "toFig: 2, in the intermes:
diate:position between the two first main posi=
tioniszwhetrein the brushes b1, bs, b3 and by, b, ba
respectively are in contact with the disc.

Twospossibilities ‘majy ‘be distinguished: in-:this:":
If the primary contact disc-is formed:as::

case.
is shown:in Fig, 3 wherein the length of the.con-
ductive poriions is-always a whole: multiple: of
the ' distance ~between  two ‘main positions, the:
four brushes bi;be, b3 and.bs are, in the inter~:
mediate position concerned; in contact with the
dise.’ i In “the -corresponding " intermediate posi=-
tion-of the'secondary contact disc, however, only -
two brushes b’'r and b’'2 are insulated with . res<"
speet to-this-disc.” If -how the primary operats-::

ing ‘member- is placed’ in the -said intermediate "~

position, the “secondary  operating member -ean-
not-come at a stop since there is not any ‘posi=-
tion-of -the seccndary contact: disc:with which =

the:brushes ‘b1, b’2;, b’z and b’ are simultane-: -
~ously iinsulated ~with ‘respect to- this disc. It~

would;-however, also kepossible to ‘give the pri-~

mary contact -disc.-a shape such that:in-the-inz -

termediate : position only those brushes  (bi-and:
b2): :are in contact with the-disc which are coms:

smon to-the combinations: pertaining to the ad=~

jacent main positions.~ This may be achieved by ™"~

giving :‘the- conductive portions of 'the "circum=: -

ference of the primary contact disc a slightly:
shorter-~length, consequently (Fig. 3) a length
of (TS—=a); (S=a)and (S-<a) wherein ¢ exceeds
the width b of a brish: ~In this case there is pro-
duced between every two main positions an inter-
mediary region with-a width of (¢=—b) in ‘which -
only -two: brushes are in contact with the dise.’

“When the’ primary operating member is placed

in theintermediate position above referred to,
the rsecondary: operating - mémber comes at a =
stop as:soon as the seccndary contact disc. in-
sulates ‘the brushés b1 and b’s, that is, accord-" -
ing-~to the :direction of the displacement of the -
secondary operating member, in one of the main -
nositions wherein the ‘brushes D1, b2, b'3-0or b1
B’2; b's are’insulated by the secondary contact
dise.’ In:certain:eircumstances ‘the position in:-
Wwhich the secondary “operating member comes -
at a stop, may differ by an amount of 60° from
the position of theé' primary operating member.
It is clear that so great a divergence is inad-
missible in ‘practice; that is fo say that with the -

“device- according -to Fig.” 2 it is inadmissible to -

place the primary operating member in an in-:
termediaté position between two main positions.
The same remarks apply to the device described
withreference to Fig. 4, whicli has 7 transmis-

“sion channels for the control energy.

Thesedevicesshould therefore preferably be-:
so’constructed: that it iz impossible to place the.:
primary-operating member ‘in-an intermediate -
position, which'may be effected, for example, by

‘arresting the primsary-operating-member in-the
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main positions with the aid of an arresting disc.
If the number of main positions amounts tc M,
we obtain in this manner a remote control in
steps of :

3606°
M

It should be considered in this case that the
steps of the secondary operating member are not
completely regular since they depend on the pre-
cision of the seccndary contact disc and of the
brushes of the secondary contact disc as well as
on the path covered by the secondary operating
member afier the motor circuit has been inter-
rupted. If desired, however, the steps of the
secondary operating member may be made regu-
lar by arresting this member in the main posi-
tions with the aid of an arresting device which
does not start operating until the motor circuit
has been interrupted.

If it is required that it must be possible for the
primary operating or indicating member to be
placed in any position desired, care should be
taken to ensure that, when this member is placed
in an intermediate position between two main
positions, the secondary operating or indieating
menber comes at a stop in a position which cor-
responds to one of the adjacent main positions.
According to a further feature of the invention,
this may be achieved by giving the controlling
members a shape such that in an intermediate
positich between two main positions the primary
controlling member always opens a combination
of (M—1) transmission channels, which com-
bination only forms part of those combinations
of M transmission channels which are opened in
the two adjacent main positions. The combina-
tions of (M—1) channels which are opened in
the intermediate positions may be referred to as
partial combinations whilst the combinations of
M channels which are opened in the main posi-
tions are termed, for distinetion, sum combina-
tions.

Fig. 5 shows how the contact discs may be
shaped in the case of 7 transmission channels to
satisfy the above requirement. The primary con-
tact disc comprises three portions which may
enter into contact with the brushes, which por-
tions have the lengths (8S—a), (2S—a) and
(28—a) respectively and are separated by insu-
lated portions, each with a length of (3S+a).
In this case ¢>b if b denotes the width of a brush.
The secondary contact disc is formed so as to be
complementary with respect to the primary con-
tact disc. The mutual distance of the brushes
araounts to 3S.

In the position shown the brushes b1, be, bz and
bs are in conductive contact with the circumfer-
ence of the primary contact disc 3. If the disc
is rotated through an angle of

360°
21

(distance 8)

in the direction of the arrow, the contact of the
brush b5 with the disc is interrupted whereas
the brush bs enters into contact with the dise.
Since ¢ has been taken larger than b, the con-
tact of the brush bs with the dise is, however,
already interrupted for some time before the
brush bs comes into contact with the dise so that
in the intermediate position between the two
first main positions only the brushes b1, b2 and
bz, which are common to the combinations
formed in the two first main positions, are in
conductive contact with the dise.
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Upon a complete revolution of the primary
contact disc the latter successively passes through
21 main positions in which each time another
sum coinbination of 4 channels is opened whilst
in the intermediate positions is opened each
time another combination of 3 channels which
only forms part of the two adjacent sum com-~
binations. The suceessively opened sum and par-
tial combinations of channels consist of the
channels having the following numbers: 1, 2, 3,
5—1,2,3—1,2,3,6—1,2,6—1,2,4,6—1,2,4-1,
2, 4,71, 2, 7—1, 2, 5, =—1, 5, 1—1, 3, 5, 7—1, 3,
7—1, 3, 6, T—1, 6, 7—1, 4, 6, T—4, 6, T—2, 4, 6,
7—2, 6, T—2, 5, 6, T—5, 6, -3, 5, 6, 7—3, 5, 6—1,
3,5,6—1, 5, 61, 4, 5, 6—4, 5, —2, 4, 5, —2, 4,
5—2, 4, 5, =—4, 5, 7—3, 4, 5, T—3, 4, 5—1, 3, 4,
5—1,3,4—1, 3, 4, 6—3, 4, 6—2, 3, 4, 6—2, 3, 4—2,
3,4,7—2,8,7-2,3,5, 7—2,3,5. As may be seen,
every group of three successive sum combinations
with the three intermediate partial combinations
may be deduced by cyeclic permutation from the
preceding group of three sum combinations and
three partial combinations.

If now the primary contact disc is placed in an
intermediate pesition between two main posi-
tions, the secondary contact disc is displaced un-
til it has reached a position which corresponds
to one of the adjacent main positions, in which
position the brushes which pertain to the partial
combination of the intermediate position con-
cerned, are insulated with respect to the sec-
ondary contact dise.

It may furthermore be observed that the inter-
mediate region with a length of (a—d) in which
only (M—1) channsls are opened must naturally
be smaller than the distance S between twe main
positions so that ¢ must always be less than
S+b.

Figure 5a shows an embodiment of the inven-
tion including the circumferential arrangement
of the disc scanning surface as shown in Figure
5. It is obvious that with this arrangement the
combinations of transmission channels opened
for the energy supply to the secondary member
in the intermediate positions of the primary
member, each of the combinations of transmis-
sion channels opened by the primary member is
composed of channels which occur in the combi-
nations of channels formed in the two adjacent
main positions of the said primary member.

Fig. 6 shows how with the use of 8 transmis-
sion channels the contact dises may be shaped to
satisfy the above-mentioned reguirements. The
primary contact disc comprises here 4 portions
which may enter into conductive contact with
the brushes, said portions having the lengths
8S—a), (28—a), (35—¢) and (28—a) respec-
tively and being separated by insulated portions
which have all of them the length (4S4-a). In
this case S+b>a>b whilst the spacing between
two brushes amounts to 48. The secondary con-
tact disc is formed so as to be complementary
with respect to the primary contact disec.

Upon a complete revolution of the primary
contact disc in the direction of the arrow, this
disc passes through 32 main positions, in which
event are formed successively the summ and par-
tial combinations which consist cf the channels
having the following numbers: 1, 2, 3, 6—1, 2, §—
1,2 4,6—1,2,4—1,2 4,71, 2 7—1, 2, 5, 7—
1,2,5—1,2,5,8—1,5,8,1,3,5,8—1,3,8—1, 3, 6,
8—1, 6, 8—1, 4, 6, 3—1, 4, 8, and so on (every
group of four sum combinations and four par-
tial combinations may be deducted by cyclic per-
mutation from the preceding sroup).
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* With. the devices -according to Figs. 5 and §
. the primary operating or indicating member may

Z.be continuously. -displaced, in .which. event the

- secondary..operating or indicating member: fol-
~lows the pesition of the primary member in steps
which are substantially- equal to the distance 3
between two main positions. The accuracy with
which the position of the primmary operating or
- indicating member is transmitted to the second-
“rary-member- is--consequently greater according
as the distance S is taken -smaller, that is to say
acecording as the number of 'the main positions
" increases:
- As appears from the above-described embodi-
. ments, it is possible, when the primary operating
‘of indicating miember can be displaced continu-
cusly, to transmit with the aid of 7 and 8 trans-
‘mission  channels 21 and 32 main positions
_respectively. '
.The maximum number of main positions which
can be transmitted in. the case of a continuous
.. Gisplacement of the primary operating or indi-
‘_ catmg member with the aid of a given number cf
-.channels, is in general equal to the number of.
.Sum combinations of M channels which are {o
--+be formed from the avallable channels and which
= m&y be-grouped in such manner that every two
- .adjacent sum combinations have in cemmon sz
. partial combination of (M—1) chanhels which
s/only. forms part of these two sum combinations.
. This: maximum number- of main pésitions is
wrismaller-than the number of main positions given
© inTable 1-which ecan: be transmitted with:the
ciald  of a given number of channels in the case

. of step-wise displacement of the primary operat-

*uingror indicating ‘member.:The table.given be-
- Tow-indicates’the maximum number of main posi-
“ tions which ‘can be transmitted - in the case of
continuous displacement of the primary: cperat+
~+ing 'or ‘ihdicating member.

K‘=3-. 4 5-6 7. 8 9:10

e = (2)
& Nmax=3 4 55 621 32..54- 100

. It-appears from this table that a considerabls
increase of the accuracy of the transmission ean

17 'peobtained if the number of transmission chan-

s nels iscat least 7.

© ».Since in. the embodiments according. to Figs.
5 and 6 the secondary operating or indicating

Zmember-follows the position of the primary mem-
‘‘ber.in steps, the position 6f the secondary mem-~

“her-always differs iri ‘general slightly from that ot

~the-"primary’ -member. 'This ' divergence; ‘called
hereinafter “play,” will be considered more fully
~“Wwith reference to Fig. 7.

‘- In Fig. 7 those-portions- of the primary and
“the secondary contact discs of the device accord-

- ing to Fig. 5 'which are located in the imidediate

~vieinity of-the brushes bs, bs and b's, b’s respec-
—tively are represented to an-enlarged scale.” As in

< 'Fig. 5,-the contact discs are shown here in me-

‘- dium ‘position, that is to 83y in a position ‘which
~corrésponds to- the middle of a main - position.
“Inthis main- position; referred to-hereinafter as
Hfirst-main position” the brushes b1, bz, bz and bs
(et Flg 5)" are in conductive contact with the

primary -contact disc - whereas ‘the ‘brushes b's,

" b3, bz and b’s5-are insulated with respect to the
- s%ondauy covn;acn dise.

© “When the ‘primary contact disc is displaced in

~-the-direction of -the arrow, the first main posi-

~tion- i5 left as soon as the -brush’ bs is insulated

10

20

25

10

with. respect to the disc, i. e. after a displace-
ment through a distance equal to

a,b_S—a'b

PRI
The: disec then passes through an intermediate
region with a length of (¢—b) wherein only the
brushes b1, b2 and bz are in contact with the
dise. As soon as the brush bs enters into con-

tact with the dise, that is to say after a dis-

placement through g distance

S,a_b_Sta=b
27227 2

the second main position is attained wherein the
brushes br,-b3; by and-bs are in-contact with the
dise.

The secondary contact disc leaves the first
main. position as soon as the brush b’s enters
into contact with the dise, that is to say after a
displacement through a distance equal to

S—a—b
2
then passes through an intermediate region with
a length of (a-b) wherein only the brushes

b’1, b’z and b’z are insulated with respect to the
dise, and atfains the second main position as

© .soon-as-the brush »’s is insulated with respect
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- ‘out ' of - eircuit.
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. to-the dise, i. e after a displacement: through a
Y..distance

S~+a-tbd
S 2

Assuming that the primary contact is placed in

the second main position or in the interriediate
position between the second and the third main
position, the secondary contact dise, upon attain-
ing the second main position, switches the motor
After the motor has been cut
out of circuit the secondary contact disec natural-
1y continues to run for a short time; the maxi-
mum path which is covered by the secondary
contact disc in its continued rotation is dénoted
by c¢. Since-the disc must come at a stop with-
in the region of the second main position, C
must be smaller than S—a—b.
. In"the above-described instance the primary
contact disc is displaced with respect to the posi-
tion shown through a distance which is‘com-
prised between

S4+a—b
2
and
38+a—>b
T2

"The secondary contact disc comes at g stop in

a position in which this disc has been displaced
with respect to the position shown through a
distance which lies between
- 8-ta+b
"2

e

and

- The play consequently lies between —(b4-¢) and

(8—b) that is to say that the secondary contact
disc comes at a stop in a position which lies at

- the most through a distance (b4c¢) beycnd and

at the most through a distance (S—b) before
the -position of the primary contact disc.
So-far it has been assumed that the brushes of
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the primary and the secondary contact discs
have the same width b and that the dises are
completely complementary so that the length a
by which the conductive portions of the primary
contact disc are shortened, is egual to the length
by which the insulating portions of the second-
ary contact disc are shortened. Under certain
conditions, however, it may be advantageous to
take for the two discs different shortenings
and/or different widths of the brushes, for ex-
ample egual to a1 and b1 respectively for the
primary contact disc and equal to a2 and bs re-
spectively for the secondary contact disc. This
is always admissible if only the conditions

0<a1—b1<S and 0<az-fb2S—c

are satisfied.

In the above-described instance the primary
contact disc is displaced with respect to the posi-
tion shown through a distance which lies be~-

tween
§ +a1—b
2
and
3S + ay— b1
2

whilst the secondary contact disec comes at a
stop in a position wherein the disc has been dis-
placed with = respect to the position shown
through a distance which lies between

S--as--b;
2

(Btthy)

The amount of play consequently lies between

al—bl-—az-—bz_ )
< 2 °

ax—bl—ag—bz
<s+ S )
Under certain conditions it may now be desirable
to ensure that the play is always positive, that
is to say that the secondary contact disc always
comes at a stop in a position which is located
before the position of the primary contact disc.
This may be achieved by choosing ai, b1, a2 and
be in such manner that

gli—bl—'az_bz__ )
( g ¢ >0

that is to say that (a1—b1) >(a2-+b2) 4-2¢. The
length of the intermediate region of the primary
contact disc consequently must exceed the length
of the intermediate region of the secondary con-
tact disc by at least 2¢, or in other words, the
length of the region wherein the secondary con-
trolling member closes a determined sum com-
bination of m channels, must exceed the length
of the region wherein the primary controlling
member opens this combination of channels, by
an amount which is at least equal to twice the
maximum path wkhkich is still traversed by the
secondary controlling member after the inter-
ruption of the transmission of control energy.
Pig. 8 shows how the contact discs may be con-
structed to satisfy this condition. This figure
represents to an enlarged scale the same portion
of the contact discs according to Fig. 5 which is
also represented in Fig. 7, however, with modi~
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fied lengths of the conductive and insulated por-
tions of the contact discs. In the figure a: is
taken to 348 and az equal to 0 whilst for both
discs the width of the brushes is about 448S.
Now we find: a1—b1=%%S, a2-+}ba=—2%S8 so that

is equal to %S, By taking C smaller than %4S
it may consequently be achieved that the sec-
ondary contact disc always comes at a stop in a
position which is located before the position of
the primary contact disc, the amount of play ly-
ing in this case hetween 0 and 5/:3.

Suitable values are in practice also: ai1—bi=
%S, a2+be=Y%S, C<¥%S, the amount of play ly-
ing between 0 and 4/38S.

The maximum distance C which is still tra-
versed by the secondary contact disc after the
motor has been switched out of circuit, is deter-
mined by the electrical and mechanical inertia
of the system and by the speed of revolution of
the secondary contact disc. If desired, the dis-
tance ¢ may be reduced by braking the secondary
operating or indicating niember aiter the motor
has been switched out of circuit. It will be evi-
dent, however, that a limit is set to the maximum
speed of revolution of the secondary contact disc
by the requirement that ¢ must be less than
S~a2—b2 (and in the above-described particular
case even less than YS). If the accuracy of the
transmission is increased by taking a larger
number of main positions it is necessary to take
a smaller speed of revolution in order to keep ¢
sufficiently small. In practice the maximum
speed of revolution of the secondary contact
disc is approximately so high that the distance S
between two main positions is fraversed in 0.06
sec. For n=100 a complete revolution of the dise
consequently takes 6 seconds.

If, however, in order to obtain a greater accu-
racy n would be taken equal to 1000, a complete
revolution of the disc would take 60 seconds so
that at the most 30 seconds would be necessary
for the transmission (taking into account the re-
versibility of the direction of rotation of the
motor). This lapse of time is too long for most
applications.

Besides, in connection with the precision with
which the discs can be manufactured, very large
discs would be necessary in the case of 1000 main
positions.

In practice the number of main positions may
therefore not be taken too large. A device hav-

5 ing 10 transmission channels and 160 main po-

sitions affords a very satisfactory transmission
over a distance.

According to a further feature of the inven-
tion, if a greater accuracy of the transmission is
desired, this may ke obtained by utilizing two pri-
mary and two secondary controlling members, in
which event the two primary and secondary con-
trolling members respectively are coupled with
one another in a similar manner as the pointers
of a clock, that is to say in such manner that
one of the primary or secondary members per-
forms t revolutions during one revolution of the
other primary or secondary controlling member.
During one revolution the one primary control-
ling member cpens successively a number of dif-
ferent combinations out of a group of transmis-
sion channels, which combinations of transmis-
sion channels are closed by the corresponding
secondary controlling member in the correspond-
ing main positions. The other primary or sec-
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ondary controlling -member. acts in g similar
-Imanner ..on a .second - -group .of transmission
channels. The secondary operating or indicat-
ing member doss not come at a-stop until in both
‘groups of transmission channels the transmission

of control energy has been interrupted.
~Fig..9 represents an embodiment of such a de-
vice. That portion of this device which is lo-
cated to the left of line [ is present at the point

. of remcte operation whiist the portion located to:

the right of line I is present at the place of the
secondary operating. or indicating member, for
example, at the place of a transmitier or re-
ceiver . which has to be operated from a distance.
The mechanical portion of the device is repre-
.sented in dotted lines- and the electric portion
by full lines,

On the shaft 2 of the primary operating or in-
dicating member is mounted g pinion I3 which

.meshes with a gear wheel {8 mounted on a shaft

i2... On the'shaft {2 is provided a primary con-
tact disc 18 which is conseguently driven by the
shaft 2 at a reduced speed.

On the shaft 2 there is furthermore a gear
wheel 25 which engages a pinion 24 mounted on a
shaft 22. On the shaft Z2 is mounted a second
primary contact disc 23 which is driven by the
shaft 2 at an irlcreased speed.

The ratios of transmission are so chosen that
the contact dise 23 performs approximately 15
revolutions during cne revolution of the contact
disc 13 (£=15).

In g similar manner the shaft 6§ of the second-
. ary operating or indicating member actuates, by

means of gear wheels {8 and 19, the shaft 16 on 5

which a secondary contact disc [T is mounted
and, by means of gear wheels 28 and 29, a shaft
2% on which & secondary contact dise 27 is mount-
ed, the construction being such that the contacth

disc 27 performs approximately 15 revolutions

at one revolution oi the contact disc |7. Ths
ratio of transmission £ must be the same with
the two primary and with the two secoridary
contact discs.

The contact dises 12 and 17 are each scanned
by 7 brushes of which only one (bi; and b’11 re-
spectively) is shown in the figure. The circum-
ferences of these discs are divided into portions
which can enter and cannot enter into conduc-
tive contact with the brushes (this is not shown
in the figure) in such manner that in one revolu-
tiocn the primary contact disc 3 passes succes-
sively through 21 main positions wherein each
time another combination of four brushes is in
contact with the dise. In the cerresponding po-
sitions the corresponding 4 brushes are insulated
with respect to the secondary contact disc (7.
Corresponding brushes of the contact dises 13
and {7 are connected to one another through the

intermediary of conductors. of which only one

(1) is shown in the figure.

The contact dises 23 and 27 are each scanned
by 10 brushes of which only one (ba1 and b’21)
. is shown in the figure. These dises are con-

structed in such manner that in one revolution

the primary contact disc 23 passes successively
~.through 100 main positions wherein each time
another combination of 5 brushes is in: contact
with the disc whereas in the corresponding posi-
tions the corresponding brushes are insulated
with respect to the secondary contact disc 27.
Corresponding brushes of the contact dises 23
and 27 are connected to one another through the
intermediary of conductors of which one 1s de-
noted in the figure by Ko,

- an induction motor. 30.

15

.connection of a source of voltage 9,

14

The .contact. discs are furthermore.constructéd
in such manner that without any objection both
the contact disc: {3 and the contact dise 23 can
be placed in an intermediate position between
two main positions.” This is eifected in the pre-
viously. described manner by suitable grouping
sum combinations and partial combinations.

The primary contact disc i3 is connected to
its secondary contact .dise 17.through the series-
g reversing
switeh {1 and an induction motor. 28 whilst the
primary contact. disec 23 is connected in a simi-
lar manner to.ifs secondary contact dise 27 via
The number of revolu-
tions of the motor 2§ is considerably larger than
that of the motor 30. The two motors jointly

- drive the .shaft. & of the secondary operating or

.moetors -26. and . 38.

indicating .member through the intermediary
of a differential 2§ so that the speed of the shaft
8 is always equal to the.sum of the speeds of the
If desired, the motors 28

.and 38 may also be given the same number of

revolutions and .the differential may be. -con-
structed in such manner that it reduces the speed
of the motor 28 in the required measure. For
a satisfactory operation of .the differential 21
it is advisable to brake each of the motors 29 and

- 80-as soon as-the motfor concerned is cut out so

-~that one of the motors cannot drive the other

30

motor via the differential.- The reversing switch
i1 is controlled in dependence of the direction
of rotation of the shaft 2 as is diagrammatically
indicated by a dotted line 34, and this in such

manner that a new position of the secondary
-cperating or indicating member is always at-

- tailned in the shortest way.

44

When- the primary operating or indicating

‘member is placed in any new position, the cir-

cuits of the motors 28 and 38 are closed with the
result that both motors start rotating in the
direction determined by the position of the
switch 1. The shaft 6 of the secondary operat-
ing or indicating member is driven via the dif-

. ferential 2§ at a speed which is equal to the sum

o of the speeds of the two motors.

Each time
the motor 20 is.cut out for a short time when the
secondary contact disc 27 passes through a posi-
tion‘which corresponds to the position of the pri-

" mazry contact disc 23. Since the number of rev-

A0

[

olutions of the motor 2§ considerably exceeds
that of the motor 28, the shaft § continues, how-
ever, to rotate at a speed which is substantially
not reduced.” A short time before the desired po-
sition of the secondary operating or indicating
member is attained, the secondary contact dise

"7 attains a position such that the motor 2§ is

cut out of circuit. Driven :exclusively by the
motor 80, the shaft § continues to rotate slowly
until the desired position is attained; at this
moment the motor 88 is also cut out of circuit
and the secondary operating or indicating mem-
ber consequently. comes at a stop.

“If the number of main positions of the disc
23 is dssumed to be equal to N3, we consequently
obtain with the above described device a con-
tinuous remote control the accuracy of which is

. approximately

11

N2t~ 1500
Such accuracy is sufficient in practice, for ex-
ample, for the adjustment of the tuning members
of a radio-receiver. Notwithstanding the at-
tained great accuracy the remote control takes

plaee, however, in very short time which may




3,553,069

15
amount in the embodiment described, for ex-
ample, to 5 seconds at the most.

‘When upon the attainment of the described
position by the secondary operating or in-
dicating member the motor 30 becomes current-
less the motor 28 must already have come at a
stop since ctherwise there is the risk of the mo-
tor 26 driving the secondary operating member
beyond the correct position, in which event it
wouid be impossible for the secondary operat-
ing member to come at a stop. The discs 13 and
IT must therefor be constructed in such manner
that the motor 2§ always comes at a stop before
the secondary contact disc {7 occupies the posi-
tion which corresponds to the position of the
primary contact disc {3. To thus end, as has been
deduced gbove, (ai—bi1) must be taken larger
than (a2--b2) 4-2¢ wherein ¢ represents the coast-
ing path of the motor measured on the circum-
ference of the dise 1.

As has also been deduced in the foregoing, the
maximum amount of play which may occur be-
tween the positions of the primary contact dise
13 and the secondary contact disc 17 is equal to

2 2

In order to prevent the secondary operating or
indicating member from coming at a stop in an
incorrect position, this amount of play must be
smaller than the path

NS

t

which is traversed by the primary contact disc
13 during one revolution of the primary contact
disc 23 (N1 representing the number of main
positions of the disc 13). If, for example, the
meximum amount of play amounts to 5/48,

N,

4

must be more than %/s or ¢ must be less than 4/s
Ni. If the maximum amount of play is, for ex-
ample, 3/+ S then ¢ must be less than 34 Ni. In
the practical example according to Fig. 9 N1=21
and t=15 so that these conditions are amply
satisfied. In general the ratio of transmission
must always be smaller than the number of main
positions of the controlling member which has
the smallest speed, namely so much smaller that
the maximum amount of play between the posi-
tions of the two contaet discs running at a low
speed is smaller than 1/t times the circumference
of these discs.

In some cases the remote operation, for ex-
ample, of a radio receiver, may also be effected
in such manner that the operating member con-
cerned is driven with the aid of a motor whiech is
switched into circuit at the place of remote oper-
ation whilst with the aid of a device according
tc the invention the position of the operating
member concerned is indicated at the place of
remote operation. That member of the receiver
which is to be operated constitutes in this case
the primary operating or indicating member in
the spirit of the invention whilst the secondary
indicating member is formed by a scale which is
provided at the place of remote operation and
on which the position of the member to be oper-
ated is read off.

With such an application of the invention for
indicating the position of a member operated
from a distance at the place of remote operation,
it is advisable to utilize means which prevent the

S a—b;__a+b
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primary controlling member from being driven
at a higher speed than the secondary control-
ling member since otherwise the position indi-
cated does not correspond to the position occupied
by the member to be operated.

This may be achieved by limiting the speed of
the primary controlling member with the aid of
a regulator or by driving the primary controlling
member by means of a motor at a speed which is
lower than the speed at which the secondary con-
trolling member is driven.

In the foregoing we have only discussed em-
bodiments of the invention wherein the control
energy is electrically transmitted. The inven-
tion may, however, also be applied to devices
which operate, for example, pneumatically or hy-
draulically. To that end the connecting con-
ductors k1 ete. are replaced by gas or liguid con-
duits and the contact discs 3 and T (13, 17, 28
and 27 respectively) by similarly shaped cam
dises which control valves for opening or closing
the gas or liquid conduits.

What we claim is:

1. A device for transmitting over a number
of transmission channels the position of a pri-
mary controlling member to a remote secondary
member which is driven by driving means, which
comprises a source of energy, a driving means,
a plurality of transmission channels of control
energy, a primary member having means for
connecting with a first predetermined number
of said plurality of said transmission channels
in each of a plurality of main positions and with
a second predetermined number of said plurality
of said transmission channels in eazh of a plural-
ity of intermediate positions bhetween two of
said main positions, said second predetermined
number being one less than said first predeter-
mined number, a secondary member connected
to the said primary member, through said chan-
nels, said source of energy, and said driving
means, said secondary member having means
for disconnecting froem said first predetermined
number of said plurality of said transmission
channels in each of a plurality of raain posi-
tions and from said second predetermined num~
ber of said transmission channcis in each of
a plurality of intermediate positions, said sec-
ond predetermined number being one less than
said first predetermined number, said discon-
necting main positions of said sesondary mem-
ber being complementary to the connscting po-
sitions of the said primary member whereby the
said secondary member interrupts said energy
supply from the said channels to the said driv-
ing means when the said secondary member has
been driven by said driving means to the posi-

5 tion at least approximately corresponding to the

position of the said primary member, the said
primary and secondary members teing further
characterized in that they are shaped such that
in the said intermediate positions of the said
primary member each of the said combinations
of said trensmission channels connected by the
said primary member is composed of channels
which occur in the combination of channels
forming in the two adjacent main positions.

2. A device for transmitting over a number of
transmissicn channels the position of a primary
controlling member to a remote secondary mem-
ber which is driven by driving means, which com-
prises a source of electrical energy, an electric
motor driving means, a plurality of transmission
channels of control energy comprising electrical
conductors, a primary disc-shaped member hav-
ing means for connecting with a first predeter-
mined number of said plurality of said trans-
missicn channels in each of a plurality of main
positions and with a second predetermined num-
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ber of said plurality of said transmission chan-
nels in each of a plurality of intermediate po-
sitions between two of said main positions, said
second predetermined number heing one less
than said first predetermined number,
ondary disc-shaped member connecizd to the
said primary member, through said channels,
said source of energy, and said electric motor
driving means, said secondary member having
means for disconnecting from said first prede-
termined number of said plurality of said trans-
mission channels in each of a plurality of main
positions and from said second predetermined
number of said transmission channels in each
of a plurality of intermediate positions, said
second predetermined number being one less
than said first predetermined number, said dis-
connecting main positions of said secondary
member being complementary to the connecting
positions of the said primary member whereby
the said secondary member interrupts said
energy supply from the said channels to the said
electric motor driving means when the said sec-
ondary member has keen driven by said driv-

ing means to the position at least approximately 25

corresponding to the position of the said primary
member, the said primary and secondary mem-
bers being further characterized in that they
are shaped such that in the said intermediate
positions of the said primary member each of
the said combinations of said transmission chan-
nels connected by the gaid primary member is
composed of channels which occur in the combi~
nation of channels forming in the two adjacent
main positions.

3. A device for transmitting over a number of
transmission channels the position of a primary
controlling member to a remote secondary mem-
ber which is driven by driving means, which
comprises a source of electrical energy, an elec-
tric motor driving means, a plurality of trans-
mission channels comprising electrical conduc-
tors each having a brush at either end thereof,
a primary member having means for connect-
ing with a first predetermined number of said
brushes in a plurality of main positions and with
a second predetermined number of said brushes
in each of a plurality of intermediate positions
between two of said main positions, said second
predetermined numbker being one less than said
first predetermined number, a secondary mem-
ber connected to the said primary member,
through said brushes, said channels, said source
of energy, and said driving means, said second-
ary member having means for disconnecting
from said first same predetermined number of
said brushes in each of a plurality of main posi-
tions and from said second predetermined num-
ber of said brushes in each of a plurality of in-
termediate positions, said second predetermined
numbper being one less than said first predeter-
mined number, said disconnecting main posi-
tions of said secondary member being comple-
mentary to the connecting positions of the
said primary member whereby the said secondary
member interrupts said energy supply from the
said channels to the said driving means when
the said secondary member has reached the posi-
tion at least approximately corresponding to the
position of the said primary member, the said
primary and secondary members being further
characterized in that they are shaped such that
in the said intermediate positions of the said
primary member each of the said combinations
of said brushes connected by the said primary
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member is composed cf brushes which occur in
the combination of brushes forming in the two
adjacent main positions.

4. A device for transmitting over a number of
transmission channels the position of a primary
controlling member to a remote secondary mam-
ber which is driven by driving means, which
comprises a source of electrical energy, an elec-
tric motor driving means, a plurality of electric
conductors, a brush at either end of each of said
plurality of electric conductors, a primary mem-
ber having means for connecting with a first pre-
determined number of said plurality of said
brushes in each of a plurality of main positions
and with a second predetermined number of
said plurality of said brushes in each of a plu-
rality of intermediate positions between two of
said main positions, said second predetermined
number heing one less than said frst predeter-
mined number, a secondsry member connected
to the said primary member, through said brushes,
said channels, sald source of energy, and said
electric motor driving means, said secondary
member having means for disconnecting from
said fArst same predetermined number of said
plurality of said transmission channels in each
of a plurality of main positions and from said
second predefermined number of said trans-
mission channels in each of a plurality of inter-
mediate positions, said second predetermined
number being cne less than said first predeter-
mined number, said disconnecting main posi-
tions of said secondary member being compie-
mentary to the connecting positions of the
said primary member whereby the said sscond-
ary member interrupts said energy supply from
the said chanmnels to the said driving means when
the said secondary member has reached the posi-~
tion at least approximately corresponding to the
position of the said primary member, said con-
necting and disconnecting means comprising dis-
continuous electric conducting surfacses positioned
peripherally of said primary and secondary
members, respectively, the said primary and see-
ondary members being further characterized in
that said discontinucus surfaces are proporticned
such that in the said intermediate positions of
the said primary member each of the said com-
binations of said transmission channels eonnect-
ed by the said primary member is composed of
channels which occur in the combination of
channels forming in the two adjacent main
positions.

JACCB MARINUS UNEK,
ALEXANDRE HOROWITZ.
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