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For echo-sounding devices with statlonary Indi-
cation up to the present, optical indicating means
have generally been used which travel over a
scale and which flash at the moment of the ar-
riving echo. These Indlcating means usually con-
sist of a lighted spot produced by & Braun tube
or & glow cathode or of an illuminated slot, the
opening of which is controlled by mechanical
means. The optical indicatlng means, however,
have the disadvantage that they fall, if for some
reason the echo does not arrive, so that the read-
ing 1s thereby rendered difficult.

Furthermore, indicating devices for this pur-
pose are known, which operate with an indicator
hand, which permit a stationary reading. In
these devices a rotating magnet field is used which
is energized for a short time at the moment of
the echo arriving and in the direction of which
a8 magnetle hand adjusts itself. These devices,
however, have the disadvantage which is Inherent
to all magnetic Indicators, namely that they are
subject to stray currents from outside and that
errors are thereby introduced Into the indication.

According to the present invention the afore-
mentioned disadvantages are removed by using
an indicating device which does not operate with
a directly stationary indicator but by connecting
the indicating device to echo-sounding devices of
well-known type which permit oniy a momentary
reading and which operate with a magnetic in-
dicator. Such a device cannot be used directly
for a continous indication, because it Is necessary
in these devices to return the indicator every time
to zero after a sounding has been made. Devices
of this character are constructed, for instance, in
such manner that between a stationary and a ro-
tary electromagnet an armature dlsc is disposed
and mounted on a shaft which is axially movable
and which s provided with an indicator hand.
Thereby the disc is attracted by the rotary mag-
net at the moment when the sound is originally
transmitted and attracted by the stationary mag-
net at the moment of the eeho arrival,

According to the present invention a stationary
indication is produced with an echo-sounding de-
vice of the above-described character by Inter-
posing between the rotary mechanical element
and the indicator an electrical angle transmis-
ston device, and by coupling with the rotary me-
chanlcal element an eleciric contact which actu-
ates the electric angle transmission for a short
time at the moment when the echo arrives. In
this- manner the visible indicator hand is com-
pletely -separated functionally from the echo-
sounding device proper and the indicating device
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can be suitably damped so that it will not change
its position In the time between two successive
distant controls.

The invention is illustrated in the accompany-
ing drawings, in which—

PFig. 1 represents semi-diagrammatically one
form in which the invention may be reduced to
practice.

Figs, 2 and 3 represent wirlng diagrams of two
modified forms of the circult, Fig. 1.

Fig. 4 represenis .seml-dlagrammatically a
modification of the electromechanieal arrange-
ment shown In Fig. 1.

Fig. 5 represents in larger scale the face of
the altitude or depth indicating instrument, and

Fig. 6 represents a block dlagram of the entire
measuring arrangement of the modification,
Fig. 4.

Before referrlng in detall to the several modi-
fications, it should be stated that the invention
is useful not only in measuring .depth of water
by means of echo sounding, but also altitudes of
aireraft  or the like, in both cases the ground be-
ing used for producing the echo. Therefore,
when the term “altitude” is used in the following
description, 1t 1s meant to imply also depth of
water, i. e. altitude of the craft above the hottom
of the sea.

Referring to Fig. 1, in which the several ele-
ments are shown drawn apart for clearness sake,
| represents a stationary annular electromaghet
and 2 a similar annular magnet mounted on a
shaft' 3 so that it can be rotated in plane In par-
allel to the plane in which the annular magnet |
is located. Shaft 3 is continuously rotated by a
source of power eapable of rotating the shaft con-
tinuously at uniform speed, such as for instance
an electrle motor 3*. Between the two electro-
magnets | and 2 is disposed an armature disc
mounted on a shaft 4 which is longitudinally mov-
able In its bearings §, §.. This shaft carries besldes
a yielding contact-arm 7 insulated from the shaft
and supplied with current from a supply contact
arm 7» electrically connected with arm 7 and slid-
ing en a stationary slide contact 8. The contact
arm 1 is mounted on shaft 4 -in such position-
that when the shaft is shifted longltudinally to
the left in Fig. 1, it will contact with a toreid re-
sistance coil 9 disposed in a plane in parallel to
the ‘plane of electromagnet |- This resistance
coil- 9 is supplied with current from a source I0.

As described so far, the device operates as fol-
lows. By means of the elements { through 6, the
travellng time of the echo Is measured us-a func-

.tion of the traveled path of disc 6 durtng the
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running of the echo in a manner shown and de-
scribed, for instance, in the U. 8, patent to Sette-
gast et al, No. 2,082,893, The armature dlsc is
normally attracted by the statlonary magnet H.
When the signal which produces the echo is orig-
inally sent out, magnet 1 1s deenergized and elec-
tromagnet 2 is energized so that armature 6 Is at
that moment released from magnet | and at-
tracted by magnet 2 so that it commences to ro-
tate with the latter. The arrangement of thls
prior art device is such that at the moment of
the arrival of the echo, rotary magnet 2 is de-
energized and statlonary magnet 1 1s reenergized
whereby armature 6§ Is arrested. The angular
distance which shaft 4 has traveled during the
echo-traveling time is used for moving contact
arm T from an origlnal position at the moment
of sound transmission on annular reslstance 9
to another position at the arrlval of the echo.
If contact T is In contact with annular resistance
9, which is supplied with current from source 1@
and acts as a potentiometer, & current flows from
arm 1 by way of contact 8, conductor 11, lead
120, galvanometer coll 12, lead 12°, switch contact
155 back to reslstance 9, the intensity of which
current depends upon the position of the contact
on annular resistance 9. As previously stated,
this resistance, together with arm 7, acts as a
potentiometer. Coil |2 may be placed any desired
distance from the actual echo-sounding device [
through 9 previously described. Between two
soundings contact arm 1 is returned to the zero
position in a manner known in the art and shown,
for instance, in the aforementioned U. 8. patent.

The locking distance-indicating device, of
which the aforementioned coil 12 1s a part, con-
sists in the present example of coll 12 rotatably
disposed on an arbor on which an indicator hand
i3 is mounted. Cooperatively mounted with
hand 13 Is an annular electromagnet 14 which 1s
normally energized from source 10 so long as re-
lay 18 attracts its switch armature 18: and there-
by maintains the energizing circult closed. The
relay is controlled so that it drops its armature
at the moment when the rotating magnet 2 re-
leases its armature 6, so that at this moment also
magnet 14 is deenergized. So long as maghet
14 is energized, It holds indicator hand I3 at-
tracted, wherever it happens to stand. For this
purpose, hand 13 is elther made of magnetic ma-
terial or it is provided with a small armature 18
which is located closely adjacent to the magnet.
IT represents a scale mounted on magnet 14,
and which is graduated In sounding altitude or
depth units as the cas may be.

The sounding time-measuring device | to 6,
as well as the indication transmitting arrange-
ment, may be substituted according to the inven-
tlon also by other means. For instance, the cir-
cult arrangement for transmitting the angular
position of the contact arm 1 after the arrival
of the echo may be arranged in the manner
shown In Fig. 2. In this figure, {9 represents the
annular resistance such as 9 in Fig. 1, and 19
represents the equivalent of contact arm 7 of Fig.
1. 20 i1z a long distance receiver 21, 22 and 23
are fixed reslstances, approximately of the order
of the annular resistance 18, and 24 represents a
source of current. This arrangement constitutes
a Wheatstone bridge and has the advantage that
the scale of the instrument 268 may be divided
linearly.

The arrangement, however, may also be made
as shown in Fig, 3, In which the fixed resistances
21 and 22 are omitted and in which resistance 23
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is formed as a second annular resistance similar
to 18 and s provided with a sliding contact 26.
This sliding contact 26 1s mechanically connected
with the receiving instrument 26 in such manner
that it follows up the motion of contact arm 19
until the current in the bridge branch 19, 26, 25
equals zero. Such an arrangement has the ad-
vantage that it is insensitive against voltage
variations of source 24. Besides, it 1s possible in
such a case to bring about the contact between
arm T as in Fig. 1, or arm 19 as in Fig. 3, with its
appertaining annular resistance, not mechan-
ically by shifting the shaft as deseribed with ref-
erence to Fig. 1, but magnetically by an annular
magnet which attracts the contact arm 1, in this
case made of magnetic material, and thereby
brings about its contact with the annular resist-
ance 9,

Furthermore, in place of the long distance
angle transmjssion shown and described with ref-
erence to Figs. 1 to 3, any other suitable angle
transmission device may be used, such as with
the aid of photocells. Finally, {n place of the
arresting magnet (4 in Fig. 1, any other arrest-
ing device may be used which holds the Indicator
hand in its position during the time when no
long distance indication occurs.

It may be desirable at times to modify the ar-
rangement according to the invention, and as
described so far, In such manner that the electric
contact at the annular resistance, such as 9 In
Fig. 1, remains permanently at the point at which
it has been brought by the arrival of a first echo
until a second echo has arrived, at which time
1t is moved to a new point according to the run-
ning tlme of the second echo. Thereby the dif-
ferences In running time between the two echoes
can be ascertained. The manner in which such
an arrangement may be reduced to practice is
shown in Fig. 4, In this Sgure, 27 represents
a rotating electromagnet operated by the electric
motor 28 at constant speed. Opposite electro-
magnet 2T Is mounted the statlonary annular
magnet 29, and between the two magnets is dis-
posed the dlsc armature 30 which in turn is fixed
at one end of an axially movable shaft 3i. At
the other end of shaft 31 is fixed a heart cam
32. In parallel to heart cam 32 and In axial
alinement with shaft 31 is mounted an annular
reslstance 34 of the type described with refer-
ence of Fig. 1, which forms part of an angle
transmission device. Within annular resistance
34 1s disposed an armature disc 33 whose plane
1s in parallel to heart cam 3% and which is
mounted at the end of a shaft 40 disposed In
axial alinement with shaft 31. Armature disc 33
carrles g sliding contact 35 which cooperates with
annular resistance 34, Armature 33 furthermore
carries at its slde facing heart cam 32 s rotat-
able lever 38 at the end of which is disposed a
roller 31 which rolls on the periphery of heart
cam 32. Lever 36 Is held in contact with the cam
by means of a spring 38, fixed at its other end on
disc 33. In parallel to the plane of armature
disc 33 is disposed a stationary annular electro-
magnet 39 so that it can control the rotation
of armature disc 33 by permiting its free rota-
tion when the electromagnet is deenergized, and
arresting the rotation by attracting the dise when
tr}e electromagnet 18 energized. The energizing
circult of electromagnet 39 is not shown here hut
assumed to be arranged so that it Is energlzed
and deenergized respectively at the same time

. when the rotary magnet 27 is energlzed and de-

energlzed. The free end of shaft 40 carries an
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indicator hand 81 which travels over a scals 42,
Contact 38 'of disc 38 15 included in a circuit con-
talning the.annular resistance 34, a fixed re-
sistance 48 and an electric measuring Instru-
ment 44,

This indicating instrument operates as follows.
When a sound Impulse is sent out, electromag-
net 29, previously energized, 1s deenergized and
electromagnet 2T is energized, so that armature
disc 30 is taken along by the latter and thereby
also heart cam 32 Is rotated. Since, as previous-
1y stated, electromagnet 39 !s energized simul-
taneously with magnet 27, armature disc 83 is
held attracted by electromagnet 38, and thereby
the spring 38 1s put under tension by the rotation
of heart cam 32. When the echo arrives, the
exciting current of magnets 21 and 38 Is inter-
rupted, and at the same time the armature disc
Is reattracted by stationary electromagnet 28,
which in the sameé manner as described with
reference to Fig. 1 1s now reenergized. Thus the
heart cam Is arrested and armature dis¢c 33 is
released and free to rotate. Now the tension of
spring 38 exerts ltself and tends to set the roller
37 of lever 36 to the lowest point of heart cam
32 as shown in Fig. 4. This will rotate disc 338
a corresponding angular distance. Shortly be-
fore the next sound impulse Is sent out, magnet
39 15 reenergized and thereby reattracts disc 33
and arrests it !n the posltion which it has as-
sumed after roller 31 had reached the lowest
point of the heart cam. After the arrival of the
next echo, dlsc 33 is merely turned to the new
position in which the heart cam 32 had arrived
after the arrival of the new echo. Thus the
different angular positions which armature dlsc
33 assumes at the arrival of the seyeral echoes
are transmitted as currents of different poten-
tials, by contact 3% and resistance 34 which to-
gether with the contact acts as a potentiometer,
to the distant electrical Instrument 44 which is
calibrated in depth or altitudes. By suitably
choosing the value of fixed resistance 43 It he-
comes possible to maintain the angular indica-

tion of the electric measuring Instrument 44 pro-

portlonal to the angular position of the poten-
tiometer contact 389.

It 1s also posslble, of course, instead of using
a single heart-shaped cam and a single lever

such as In Flg. 4, to use several of such cams |

and levers symmetrically mounted on their re-
spective supports in order to avoid a one-sided
pressure agalnst shaft 31. Furthermore, It may
also be desirable some time, instead of using an
electrlc indicating instrument 44, to use a record-
ing Instrument which may also be used together
with the indicating Instrument.

When exercising the invention the following
should be taken into consideration. The indi-
cating instrument is in general arranged so that
the transmission of the original sound occurs
when the indlcating element travels through the
zero point of the scale, which would mean zero
depth or height as the case may be. However,
the Zero point of the scale, which Is disposed
either ahead of or behind the Indicator, does
not always colncide with the zero polnt of the
indicator or of the Indicatlng instrument itself.
This oceurs when the transmitter and/or receiv-
er is not located at the lowest point of the craft,
the distance of which above ground is to be meas-
ured. This Is the case in particular In echo-
sounding devices which are arranged on aircraft.
In this case, the transmitter as well as the re-
ceiver are frequently mounted in the wings of
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the craff, and are thereby removed a conslder-
able distance from the lowest point of the craft,
for instance from either the landing wheels or
the pontoons. In order to aveld confusion in
the operator’s mind between the zero point of
the indicating Instrument and the zero point of
the scale, the indicator is made ineflective for
indicating purposes within the sector of the in-
dicating instrument between the zero point of
the instrument and the zero point of the scale.
Thls may be attalned, for instance, by covering
the sector in question by means of a screen which
is disposed in front of the indicator and prefer-
ably made a part of the casing of the instrument,

In Pig. 5 such an arrangement 15 shown. In
this figure, 45 represents the indicating instru-
ment of the sounding device provided with a
scale 46 over which an indicator hand 47 travels.
In the central part of the instrument a screen 48
is arranged which covers the scale 46 and hand
41 through a glven angle, This sector covers an
area which is located between the dash line 49
and the zero point of the scale. The indicating
instrument is bullt so that when hand 47 or a
traveling adjusting devlce for hand 47 passes
through the point represented by dash line 49,
the sound emission occurs so that thus line 49
represents the zero point of the indicat!ng mech-
anism Itself.,

Such an arrangement may also be useful, for
instance, in echo-sounding devices which have
light polnts travellng over a scale. If a rotating
optical indicator is used, this Indicator may also
be removed from the operator’s observation by
interrupting the current which energizes the op-
tical Indicator, and this can be accomplished,
for instance, by means of a cam which controls
the contact of the clrcuit through which the op-
tical indicator is supplled with current.

It is further desirable to operate the entire
echo-sound!ng system according to the invention
by means of a controlled motor which is con-
structed as a single armature converter, prefer-
ably as a direct current-direct current converter,
It is well known that in echo-sounding arrange-
ments of this t¥pe, besides the recelver, frequent-
ly an amplifier is also required. This amplifier
requires a constant operating voltage which In
most cases is different from the available line or
battery voltage, If now the drlving motor of
the sounding system is constructed.as a con-
verter of the type aforementioned, the different
operating voltages can be derived from the gen-
erator portion of the converter. Thus, special
anode batteries or current transformers msay be
eliminated.

Such a converter may, of course, be used at the
same time for any auxiliary devices which are
connected with the indicating device and which
likewise require constant operating voltages,

In Flg. 6, an echo-sounding arrangement in
connectlon with a converter current supply is
shown In the form of a block diagram. In this
figure, b0 represents the sound transmitter which
is connected with the fixed electromagnet 5§ of
an echo-sounding device 52, for instance of the
type shown in Fig. 4 and which is controlled by
means of a signal controller 53. The echo-
sounding device b2 15 operated by way of g gear
train b4 from a motor 55 which is constructed
as a direct current-direct current single arma-
ture converter. The motor is maintained at con-
stant speed by means of the speed regulator 56
which may be of any conventional construction
known in the art, PFrom this motor, which is
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supplied with current from the line 64, a gen-
erator line 8T extends to the amplifier 58 which
requires constant anode voltage. The necessary
cathode heating current is supplied to the am-
plifier from the main line by way of supply line
58. The amplifler is connected by way of line
60 with the sound receiver 61. The lafiter is con-
nected by way of the amplifler and line 62 with
the rotary electromagnet 63 of the echo-sound-
ing device.
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A particular advantage of the arrangement ac-
cording to Fig. 6 resides in the fact that in this
manner considerable space is saved which is par-
ticularly important in aircraft or In sounding
devices mounted {n submarines.

PETER ORLICH.
HANS HARTZ,



