Jan. 9, 1968 C. M. DONOHO 3,362,220
‘ ELECTROMAGNETIC LOG
Filed May 28, 1965 o 8 Sheets-Sheet 1
EEMarert'o'/vrw/. : '
UNY. ZSTRNCE
—M\/\f‘ . S/ENAL jﬂ
DAL TOSHIPS
wWiewng |
: SYNCMNRO
4

|
1
PRANSKIITER {
P
- \ \N\LTWIESEATOR |

A :‘/ {a) . 76
Z4, /_“ s J §=1

i
SPEEL7 ~ |
~
SERVO N 4 Zssre e :
21/ £ ' ) TIME
ROUMETER SPEED RNV CLsy T 74 :
' SIGNAL h N
70 SHIPS ~ 77 : T g
' P el l zg
F / 9' / : Wirin G i »
-t MILES COUNTER
FZ P!
SYWVCHED
TRANSMITTERLS
| Z
, s
7 ' &0 —_—
. A e 000000
POPMETER : '
EXCIrATION #8 L 22

y
EDTMETER ' 36 L\q ﬁ]
JPEED, S/GNAL )

S | srEromn
% é: AMPLIFIER sk e

(INC. VOLTRGE

g
g\l SPEED |  SMPL. PHASE
89 A SIGNAL|  SENSITIVE
Nt’ DETECTOR AND Con TR
ZRIVE ClecurT) Dk | 28
;@ IE- = .
INPLT .
j:? ’ SH THIN S LN £ [
BODNETEL .
PICEUP BUTTONS | 77
v S eEsronvsE
l POTENTIOMETER
J i
|
P74
SLEELD
T SyncHEw
2 74
ELECTRICARL SIGNAL S e _ ERANSMYTTERS
MECHANICAL LINKAGES ~— — — — = o | #7 py INVENTOR
' /%aezzﬁ5¢%72ZZDA«zet>
SPEED
. /67 L.
~rag 2
' 7O ZDISTRNCE
INTECRATIRS 4 — — = = % /
K FEAR ‘

A’I'T‘ORNEY.":‘



Jan. 9, 1968 C. M. DONOHO 3,362,220

ELECTROMAGNETIC LOG

Filed May 28, 1965 | - 8 Sheets-Sheet 2
B D
: | 77 :
| {77 F50 |
H X7 | :
X (g |
W Foz—y 3
= |
= !
cOMETER _ | 20 — I! |
. i :
Boomere , F58 v I8 !
BXCITRT7/ON ol : l”g .
A.?#é | 9wy
7— [{
| sety sha [ %
zéo t—Kpan F£6
Y z"‘]
68 ' , : '
Z
A
PoweER
Sovece
70— —37% sz |- 376
Y=t 77
Vorire e Bl
SCrLL, Y
. INVENTOR
Crraeres M. Lonoro
Ao T

ATTORNEYs

il p Bl '



Jan. 9, 1968

C. M. DONOHO

ELECTROMAGNETIC LOG

Filed May 28, 1965

AL ERE —

8 Sheets-~Sheet 3

PPOST™ ARMPLIFIER

3,362,220

IlII

AR

. — ) :
| 1
. oy |
.' | |
l -
| : '
80
, 79 > g5
ft’a‘ﬁv/vsf S/GNA L
V_§ |
—T 2% A3%
-—-— v g
H —— —— — ——— o — rirn e — — e e
~ :

114 470 v\ #70| 2 2ol L1
270\ W X7e
4 7% 1238 | 740 f#ﬂ Y | 2#6) |\ 8] (250 |25%
i . | s
24 0000000000
{ ¥
258 766 | ‘ze# |,
, rNVENToR |
Criarees M Donore
~7 . 5

mu% yz

. ATTORNEYS



Jan. 9, 1968 C.M. DONOHO 3,362,220
' ELECTROMAGNETIC LoG »
Filed May 28, 1965

8 Sheets-Sheet 4

uil T PHRSE SENSirIvE =) . .
[ ZETECTOR INCEERSE
| : ‘ | DECRERSE
| GRIES
I 72 | J
TIME BRsE /(5 o

I g//éf /ég;é/fg /56 §

/752 | /66

= |
s | . /54 % N
\C /64 . + _ ‘ =

725;?3f1////A«wfn55

Soren : (NVENTOR
¥ Clrerss M Toror/o
— ‘ l DECRERSE '

ATTORNEYs

l , m-ZﬂfC‘/ y . %1%% /%m



Jan. 9, 1968 C. M. DONOHO 3,362,220

ELECTROMAGNETIC LOG

Filed May 28, 1965 8 Sheets-Sheet s

: 3 | (76
1
/7¢ .
O S-
3 3
772 ' ' ’
(.
| 254f‘ l /5%722/;76:06 £ Z
470 L TIMIE MoToe _ '
ZTH- . ZEE -
| S — . H .
i » T
#7Z | A T |
L X706 | , '
e |
73 s »

) / r__(,?dﬂ . A’\. = TO00 v DISTRNCE COUNTERZ
vomee| 11 o = vz |CloTslal2l8] |- 2
Sovece { J ?—-’ L 526

= JI6 S DU
F3Z | — INVENTOR
- | (oaeitrs M Tonoro

_J |

/e ? 3¢ ‘ | Oprenie Rl ﬁé ATTORNEYS

Moroe



Jan. 9, 1968

‘Filed May 28, 1965

C. M. DONOHO | 3,362,220

ELECTROMAGNETIC LOG

8 Sheets-Sheet 6

AXZ
777 7 e
' 7 ‘ 22 s
N 205 .
1 pk?@l ‘ [
775 3
r--*-—%ﬁ-27 ' Z6
205 : % T v
§ /’(' I i I3 = O )
en 27| - ‘I 3 g - % ,
e o i .
e ($:£7 A 3727 2
H | >
S AFX ™ » SPEFD SECW
4 ;aggz i _ ,) Avfzae
| | > _ ,
| s = shid - “~z=zo |
y |
* 26
|
P4 :
X
| /<:::>>* ) DY N
42 SLFELD
| /AL
.
[
’ I
| I
Q' —
_____ Q—-——-o :
INVENTOR
e K’ weres M. vaaﬂo
Pt | F / 7 Je
SOUECE z : 7Y //? : /Z _/1

ATTORNEYS



‘Jan. 9, 1968 C. M. DONOHO 3,362,220
1 * ELECTROMAGNETIC LOG
Filed May 28, 1965 8 Sheets-Sheet 7

STEPPING SEQUENCE
LOF/C 7HEMmLSs. Zr4 - #/6 /8 r=z0
/ é o c o
2 o c 4 0
3 o ¢ 0 ¢
4 0 e
> o (¢4 Q
/C/y, ~Z '
: INVENTOR
Chmpt s M Dovor/o

ATTORNEYS



Jan. 9, 1968

Filed May 28, 1965

B

p =

C. M. DONOHO : 3,362,220 |

ELECTROMAGNETIC LOG

8 Sheets-Sheet 3

% g 778
' z5%
o ’
776
25¢ Frg. 54
274 ZB0 % o 7

258 .

A58

INVENTOR
Ceats M JToNOHO

dhﬂ’ %% /;?/ AJ?YDRTJEYS



United States Patent Office

3,362,220
Patented Jan. 9, 1968

1

3,362,220
ELECTROMAGNETIC LOG
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This invention relates in general to apparatus which
measures the velocity of a ship by sensing the velocity of
the water with respect to the hull, and the apparatus
necessary for accomplishing the measurement of the
velocity; and in particular, this invention relates to im-
proved circuitry for more economically determining the
velocity of a ship by operating on a sense signal derived
from measuring the velocity of the water past the hull
of the ship.

The invention also relates to apparatus for conveniently
setting an estimated speed into the speed indicating appa-
ratus whenever it is not possible or desirable to obtain
the speed indications from measuring the velocity of the
water with respect to the hull of the ship. This invention
also relates to improved means for providing a test signal
to the speed indicating apparatus for trouble-shooting
purposes. Further, the invention relates to improved ap-
paratus for indicating the distance traveled by the ship.

A prior art device for determining ship velocity, as
described in the United States Patent to Soller et al.,
3,114,260, granted on Dec. 17, 1963, employs continu-
ously operating servo motors to control the devices which
indicate the speed and distance traveled by the ship. Since
continuously operating servo motors are employed, this
necessitates a large amount of gearing between the servo
motors and the devices driven therefrom because, in order
for the servo motors to generate sufficient torque to drive
these devices, the servo motors have to be operated at
relatively high r.p.m.’s—for example, 400 r.p.m. Further,
because the servo motors are of the continuously operat-
ing type, this means that the gearing between the servos
and the control devices is continuously operating and
therefore being subjected to constant wear. Further, the
speed indicating devices are continuously moving about
the null setting of the servo and therefore providing a
distracting indication of the ship’s velocity and also in-
troducing undesirable noise level.

Another problem posed by the prior art arises because
vacuum tubes are employed throughout the electronic
portion of the speed determining mechanism. In order to
eliminate the costs, heating requirements, weight, and re-
liability problems associated with vacuum tubes, the pres-
ent invention has been completely transistorized. Nor-
mally, this changeover from vacuum tubes to transistors
poses no particular problem. However, due to the fact
that a very small signal is detected at the sensing buttons
at the hull of the ship, and due to the fact that this signal
must be amplified by a very large amount in order for it
to be utilized by the speed determining mechanism, spe-
cial problems have been introduced by transistorizing the
speed determining apparatus which have been overcome
in the present invention and which will be described in
more detail hereinafter.

Further, there has been no provision in the prior art
devices for conveniently providing operators at locations
remote from the speed determining mechanism with the
capability of inserting an estimated speed into the speed
determining mechanism whenever it is deémed desirable
to do so.

It is an object of this invention to provide apparatus
for determining the speed of a ship in response to a signal
generated from a sensor outside the hull of the ship,
where said apparatus has no continuously operating servo
motors, thereby reducing the amount of wear and de-
creasing the amount of maintenance of the apparatus.
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It is another object of this invention to provide a com-
pletely transistorized ship speed determining apparatus
which may be employed in conjunction with devices
which measure the flow rate of water past the hull of a
ship.

It is another object of this invention to provide im-
proved means for remotely inserting an estimated speed
into a ship speed indicating device whenever the normal
means for providing a speed indication is disabled.

It is ancther object of this invention to provide means
for conveniently providing a test signal to the speed deter-
mining apparatus whenever it is desired to do so.

It is another object of this invention to provide im-
proved means for calibrating the speed determining ap-
paratus.

It is another object of this invention to provide means
for controlling speed and distance indicating devices by
applying positive torque to these devices at all times with
a minimum of gearing therebetween.

It is another object to provide a quietly operating speed
determining apparatus.

It is another object of this invention to provide means
for controlling speed and distance indicating devices
where said means does not continuously operate, thereby
eliminating an undesirable and distracting jitter into the
speed indication setting. )

A brief description of the inventjon for accomplishing
the above-mentioned objects will now be given. The speed
determining apparatus employs a sensing means (known
as a rodmeter) which is located outside the hull of the
ship and which measures the velocity of the water with
respect to the hull of the ship and therefore provides an
indication of the ship’s velocity. Rodmeters are well
known in the art and have been described in the above-
mentioned patent and also in the patent to Snyder et al.
2,969,673, granted Jan. 31, 1961. Basically, these devices,
in response to the flow of water by them, generate an elec-
trical sense signal the magnitude of which is representa-
tive of the velocity of the water with respect to the ship,
or conversely, the velocity of the ship with respect to the
water. Once the electrical signal has been generated, it is
fed to a voltage comparison device where it is compared
with a reference or response signal. If there is a differ-
ence in magnitude between the reference signal and the
sense signal, a servo-type device is driven which (¢))
changes the setting of a speed-indicating device to con-
form the speed indication with the magnitude of the sense
signal and controls other devices which are responsive
to the servo-type device and (2) changes the magnitude
of the reference signal to eliminate the difference in mag-
nitude between the sense signal and the reference signal,

In the present invention, the servo-type device em-
ployed is a stepping motor, which is capable of providing
positive torque to the devices which it controls w thout
the necessity of employing gearing means between the
stepping motor and the devices controlled thereby. Elec-
trical circuitry is also provided for supplying the proper
arrangement of input pulses to the stepping motor to
drive it in accordance with the requirements of the sys-
tem. Means are also provided for providing a fast and
slow response to the speed determining apparatus to
changes in the ship’s movement with respect to the water
by varying the rate that the input pulses are applied to
the stepping motor.

Also, improved means are provided for calibrating the
device which delivers the response signal at discrete
intervals of ship speed where each speed may be cali-
brated independently of any other speed. This device
is known as an interpolating potentiometer and it con-
sists of a series of commutator bars which correspond to
the increments of speed of the ship. Calibrating poten-
tiometers are connected to the commutator bars and these
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enable the discrete and independent calibration of the
means for developing the reference signal.

A stepping motor is also employed in the apparatus
for determining the distance traveled by the ship. Gen-
erally, this stepping motor is respomsive to a chopped
DC voltage. The stepping motor in turn controls a
synchro through positive action torque for controlling
remotely Jocated distance indicators. The stepping motor
then controls the setting of a distance indicator.

Pushbutton controls are also employed to remotely
insert a speed setting into the speed indicator in the ab-
sence of a speed indication from the rodmeter. This push-
button provides a connection from the above-mentioned
source of pulses to the stepping motor which controls the
speed indicating device; and therefore, this device will
change the setting of the speed indicator until the push-
button is released.

Other objects and many of the attendant advantages of
this invention will be readily appreciated when the same
is considered in connection with the accompanying draw-
ing in which like reference numerals designate like parts
throughout the figures thereof and wherein;

FIGURE 1 shows an illustrative embodiment of the
invention and environment in which it operates;

FIGURE 2 broadly shows an illustrative embodiment
of the speed servo shown in FIGURE 1;

FIGURE 3 is a combination block and schematic dia-
gram of an illustrative embodiment of the invention,
where FIGURE 3 comprises FIGURES 3A, 3B, 3C, 3D
and 3E, each of these figures being an extension to the
right of the figure alphabetically preceding it;

FIGURE 4 is a table illustrating the various patterns
of output pulses from the logic circuit illustrated in FIG-
URE 3;

FIGURES 5A, 5B and 35C illustrate the various posi-
tions of the interpolating potentiometer, shown in FIG-
URE 3, as it switches from one speed range to another;
and

FIGURE 6 illustrates diagrammatically the stepping
transmitter and stepping motor used in the distance servo
as shown in FIGURE 3.

Reference should now be made to FIGURE 1 which
shows generally the entire system for measuring the
speed of a ship and the distance it has traveled. Me-
chanical connections are shown by dotted lines and elec-
trical ‘connections are shown by solid lines. The ship 10
has a rodmeter 12 inserted below its hull. The rodmeter
is shown blown up at i4. The rodmeter generates an elec-
trical signal the magnitude of which is proportional to the
speed of the ship. This electrical signal is transferred to
speed servo or speed determining apparatus 16. The me-
chanical connections from the speed servo 1§ control a
speed indicating device or dial 18, the short hand of
which may go through a full revolution for each 40 knots
of the ship and the long hand of which may go through a
full revolution for each knot of the ship. The speed servo
16 also controls a distance indicating apparatus or means
generally indicated at 29 which comprises an integrator
22, a time motor 24, a distance servo 26 and a counter
(preferably miles counter) 28. The mechanical output
from the distance servo 26 also controls one or more
synchro transmitters 30 which, in turn, control distance
indicating devices remote from the speed servo 16. The
speed servo 16 also controls one or more speed indicating
devices remote from the servo through synchro trans-
mitters 32.

Reference should now be made to FIGURE 2 which
is a combination block and schematic diagram of the
speed servo 16 described with respect to FIGURE 1.
Electrical connections are shown by solid lines and me-
chanical connections are shown by dotted lines. The speed
servo 16 functions to translate the signal voltage from the
rodmeter into a mechanical angular output which drives
an indicating dial and synchro transmitters and the dis-
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tance indicating device. The angular output is propor-
tional to the ship’s speed.

The important functional components of the speed
servo, as shown in FIGURE 2, are:

(1) The input (or mixing) transformer 34;

(2) The amplifier 36 (including a voltage amplifier,
phase sensitive detector and drive circuits);

(3) The motor 38, which is preferably a stepping motor
and is responsive to input pulses to achieve its stepping
action; and

(4) The response potentiometer 40.

The input transformer 34 receives two input signals—
(1) the signal from the rodmeter or the sense signal
and (2) the signal from the response potentiometer 40
or response or reference signal. The response signal is
an electrical indication of the present position of the
stepping motor output. It is initially produced by the volt-
age drop across the resistors 46 and 48 in the rodmeter
coil supply 50. The magnitude of the response voltage
is adjusted by the response potentiometer 40, whose wiper
contact is driven through gearing by the stepping mo-
tor 38.

The amplifier 36 consists of a pre-amplifier, post-ampli-
fier, phase sensitive detector, increase-decrease gates,
logic circuitry and drive circuitry. These will be described
in more detail hereinafter. Preferably, each of the above-
mentioned amplifier components are on a separate printed
circuit board assembly and are completely transistorized.

The output from the amplifier 36 drives stepping motor
38. The input signal from the rodmeter is developed across
contacts 52 and 54, the sense signal appearing across these
two terminals being an AC sense signal. The excitation
coil 56 for the rodmeter is excited from an AC source
generally indicated at 50. Limiting resistor 58 and fuse
60 are also provided. When the input signal from the
rodmeter is not equal to the response signal in magnitude,
the input transformer 34 will feed an error signal voltage
corresponding to the difference in magnitude between
these two input voltages into the first stage of the ampli-
fier 36. This signal will drive the stepping motor 38, which
in turn causes the Tesponse potentiometer 40 to be driven
in a direction which changes the response voltage until
it equals the rodmeter sense voltage. Because the motor
is also geared to the speed indicating two-pointer dial 42,
the synchro transmitters, and the distance indicating de-
vice, it drives each of these at the same time. The system
is calibrated so when the response voltage matches a given
rodmeter sense voltage, the value indicated by the dial,
transmitted by the synchros and put into the distance in-
dicating device, corresponds to the ship’s actual speed in
knots. So long as the equipment remains energized, this
process continues as ship speed changes, always match-
ing the ship’s actual speed in accordance with the rod-
meter sense signal.

Reference should now be made to FIGURE 3, which
shows a combination block and schematic diagram of
the entire system shown in FIGURE 2 but in more detail.
Dotted lines indicate mechanical connections and solid
lines indicate electrical connections.

The rodmeter is indicated generally at 62. Energization
of the rodmeter excitation coil, as described in FIGURE
2, takes place through a cable comprising wires 64 and
65 and the sense signal delivered from the rodmeter is
transferred over a cable comprising wires 66 and 68. The
input transformer 34, as shown in FIGURE 2, functions
as an error detector whose output is the difference be-
tween the rodmeter sense (or speed) signal input and
the response voltage input. The primary winding 70 of
the transformer is excited by the response voltage de-
livered from the response potentiometer generally indi-
cated at 40, sce FIGURE 3b. The two secondary windings
72 and 74 of the transformer 34 are connected in series
with the pickup buttons on the rodmeter, as shown in
FIGURE 2. The winding ratio between primary and sec-



3,362,220

ondary may be 35:1, and the scaling is @ function of the
ratio between response signal and the sense signal. The
response voltage is connected in phase opposition to the
sense voltage. Therefore, the response voltage and the
speed voltage add algebraically within the transformer
34. The algebraic sum of these two voltages is the error
signal voltage, When the magnitude of the response volt~
age is equal to the magnitude of the speed voltage, the
resulting error signal is zero.

If the ship’s speed should increase, the algebraic sum
of the voltage would produce an error signal in phase
with the speed or sense signal. If the ship’s speed should
decrease, the resulting error signal will be 180° out of
phase with the speed or sense signal. An error signal
in phase with the speed signal will drive the stepping
motor 38 in the increasing speed direction, while an error
signal 180° out of phase will drive the stepping motor
in the decreasing direction.

The pre-amplifier 76 of FIGURE 3 is a conventional
amplifier having high input impedance, low noise, a volt-
age gain of preferably about 300 and high common mode
rejection. Normally, the error signal being amplified may
be about six microvolts which means very small stray
pickup levels can be tolerated. Shielded input leads 77
and an enclosure around the amplifier reduces pickup
to acceptable levels. In addition, the high common mode
rejection of the conventional amplifier also rejects any
pickup which appears at the two input terminals 78 and
86 of FIGURE 3b with the same phase or instantaneous
polarity. The output voltage from the rodmeter occur-
ring on lines 66 and 68 is an AC signal such that the
instantaneous polarity of this desired signal at terminals
78 and 890 is opposed, or out of phase, and is therefore
amplified. )

The post amplifier 82 is a double-ended voltage ampli-
fier with a voltage gain of preferably about 25. The post
amplifier amplifies the output signal from the pre-am-
plifier 76 and drives a phase sensitive detector 84, see
FIGURE 3c. Bach amplifying stage in both the pre-am-
plifier 76 and the post-amplifier 82 is followed by an emit-
ter-follower stage.

Note that there are two outputs from the pre-amplifier
and post-amplifier stages 76 and 82 and therefore both
of the voltages appearing at 78 and 80 are amplified an
equal amount, .

The total gain from terminal 78 or 80 to terminal 88
or- 99, respectively, is less than what was employed in
prior art vacuum tube approaches to this problem. When
utilizing vacuum tubes, there is no practical limit to the
amount of gain that could be developed in the pre-ampli-
fier and post-amplifier stages without saturating the vac-
uum tubes. However, by transistorizing the amplifier
stages, the problem of saturating the transistors becomes
acute since the maximum permissible voltage swing on
the transistors before saturation is exceeded before the
error signal occurring at terminals 78 and 80 is amplified
to a sufficient level. To overcome this problem, the gain
of the pre-amplifier and post-amplifier stages in combina-
tions is reduced to a point where saturation cannot occur
and further amplification at a later stage in the amplifier
36 is introduced where it can introduce no saturation
effects into the transistors.

The phase sensitive detector 84 of FIGURE 3¢ for the
error signal occurring at terminals 78 and 860 converts the
AC signal to a direct voltage. The direct output voltage
from the phase detector 84 occurring at terminals 2
and 94 is proportional in amplitude to the size of the error
signal and is negative or positive depending on the polar-
ity of the error signal. For zero error the rodmeter sense
signal is equal to the response signal from the response
potentiometer 40 and therefore the output of the detector
is balanced and the terminals 92 and 94 are at equal
voltages with respect to ground terminal 26. For example,
terminals 92 and 94 will be at 3.5 volts DC with respect
to ground when the error signal at terminal 78 and 80
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is zero. For an increasing error of about one knot (that
is, an increase in the speed of the ship of one knot), the
rodmeter sense signal being higher than the response sig-
nal, the voltage at terminal 92 will decrease to about 2.5
volts, for example, and terminal 94 will increase to about
4.5 volts or the difference between terminals 92 and 94
will be about 2.0 volts. Amplifier gain at this point is
preferably two volts per knot. Since the rodmeter sensi-
tivity is generally about 325 microvolts per knot, the
total voltage gain is about 6150 from terminals 78 and
80 to terminals 92 and 94. ’

The phase-sensitive detector 84 comprises a balanced
modulator 98 which includes two identical stages con-
nected in parallel to handle the power required by the
stepping motor 38. Each stage comprises a pair of diodes
100, 192 and 104, 166. These diodes are connected to
deliver a full wave rectified voltage at terminals 108
and 110. Transformer 212 is preferably connected to de-
liver from terminals 114 and 116 a 60-cycle 50-volt signal
from the supply voltage block 118. The voltage delivered
from the transformer 112 forwardly biases the transistors
106, 1902, 104, 106 when the signal applied across termi-
nals 88 and 90 is in phase with the signal delivered from
transformer 112. However, when the signal applied from
terminals 88 and 90 is 90° out of phase, or in quadrature
with, the desired error signal, the detector 84 will reject
these signals because the signal delivered from terminals
114 and 116 will back-bias the diodes 100 through 106
when the undesired quadrature signal is present. These
undesired signals are always present in varying amounts
depending on each rodmeter and each installation and
these signals consist of quadrature voltage, stray pick-up
signals and harmonics.

Respectively connected to terminals 168 and 116 arz
a pair of RC 111 and 113 and parallel T 115 and 117
filters to remove ripple resulting from the detection or
rectification process. These filters have been especially
chosen to insure adequate filtering or smoothing of the
rectified DC voltage (which implies a long time constant
for the filters) while at the same time, these filters in-
sure fast response of the step motor 38 to control the
speed and the distance indicating devices when this is
required (which implies a relatively short time constant).
The choice of parallel T filters makes this compromise
between fast and slow time constants most effective.

The output signals occurring at terminals 22 and 94
of the phase sensitive detector 84 are fed to an increase-
decrease gating circuit generally indicated at reference
numeral 118. As discussed earlier, for an increasing error
signal, the signal for the voltage at terminal 92 decreases
and the terminal 24 increases. This change is amplified
in a differential DC amplifier which introduces the requi-
site gain into the error signals which could not be done
in the pre-amplifier 76 and post-amplifier 82 stages be-
cause of the problem of transistor saturation, as de-
scribed hereinbefore. The inputs to the increase-decrease
circuit comprise Darlington connected transistors 120, 122,
124 and 126; all these transistors are suitably biased from
the voltage supply 119, The Darlington connections are
employed to insure proper impedance matching between
the amplifiers 128 and 130 and the terminals 92 and 94,
respectively. A constant current transistor 132 is em-
ployed to insure that the voltage levels at the inputs to
amplifiers 128 and 136 are maintained at a substantially
constant value when the voltage levels at terminals 92
and 94 remain substantially constant in spite of temper-
ature variations, which can be quite significant on ship-
board.

Condensers 134 and 136 are also provided to further
smooth the DC error signals. Amplifiers 128 and 130,
respectively, drive AND gates 138 and 140. The output
of amplifier 128 is connected to diode 142 of AND gate
138 and the output of amplifier 130 is connected to the
diode 144 of AND gate 140. Diodes 146 and 148 of
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AND gates 136 and 140 are both connected to the out-
put of time base 150.

The time base 150 of FIGURE 3c comprises prefer-
ably a relaxation oscillator. Unijunction transistor 152
in conjunction with timing capacitor 154 and resistors
156, 158, 160 and 162, comprise the basic relaxation oscil-
lator. The oscillator is capable of being adjusted to run
at slow and fast speeds by switch 164. The frequencies
of the oscillator were chosen to make it possible to switch
the response of the stepping motor 38 from 40 knots per
minute to 8 kmots per minute or vice-versa. In other
words, slow speed is used when the ship’s motion is other
than forward speed, or water turbulence is causing the
rodmeter signal to vary in an oscillating manner. The
speed servo 16 is unable to follow any change over 8
knots per hour per minute when it is in “slow” oper-
ation. The “fast” operation has been introduced to in-
sure that the speed indicators on the ship are responding
in accordance with the ship’s speed as they actually occur.
There, of course, is a conflict in desiring the speed indi-
cating devices to follow the ship’s motion too quickly or
too slowly. This problem is minimized by the provision
of a slow and fast time base to actuate the stepping motor
depending on the particular situation. In prior art devices,
it is necessary to change the gearing ratios between the
continually operating synchro motors and the speed and
distance indicating devices in order to change the response
time. This has now been replaced in the present invention
by the simple switching of switch 164.

The above illustrates one reason why the stepping
motor 38 of FIGURE 3e in the speed servo 16 is pref-
erable—that is, it is simple to change speed electrically,
and it does not require gearing changes. Also the step
motor, for zero error, is locked electrically at whatever
sense signal is being received from the rodmeter 62 and
is motionless unless the speed or sense signal is varying
by more than plus or minus .02 knot; for example, when
this “dead zones” or “gate with” of .02 knot is ex-
ceeded, the step motor 38 may run at 33 or 165 steps per
second depending on the setting of switch 164, in the di-
rection necessary to reduce this error to zero.

The unijunction transistor 152 is followed by an emit-
ter follower 166, “one-shot” switch circuit 168, another
emitter follower 170, amplifier 172 and output emitter fol-
lower 174. The output from the unijunction transistor
comprises spike-like signals which are shaped into rec-
tangular pulses by single shot 168 which occur at a regu-
lar rate. The signal appearing from the output of the emit-
ter follower 174 is a rectangular train of pulses prefer-
ably extending from ~—1 volt to 413 volts.

The output from the time base 150 is applied to the
diodes 146 and 148 as described above. AND gates 138
and 140 may be termed increase and decrease gates, re-
spectively, and the outputs from these gates are pulses
of the same frequencies as the time base whose amplitudes
are set by the output from detector 84. The Schmidt
triggers 176 and 178 are respectively connected to the out-
puts of AND gates 138 and 140 through emitter followers
180 and 182. The triggering voltage at the base of tran-
sistors 189 and 182 necessary for triggering either Schmidt
trigger 176 or 178 is -4-6.5 volts, for example. When the
error signal is zero, the voliage at the outputs of AND
gates 138 and 140 will both be -6 volts and therefore
the Schmidt triggers will not be actuated. However, when
there is an increasing error signal in excess of 0.2 knot,
the voltage at the output of AND gate 138 will increase
above 6.5 volts and will therefore actuate Schmidt trigger
176. As the voltage level of the pulses occurring at the out-
put of AND gate 138 increases, the voltage level of the
output pulses occurring at the output of AND gate 140
will decrease. Therefore, Schmidt trigger 178 will not be
actuated. The .5 voltage margin corresponding to the dif-
ference between the 6.5 volts necessary to actuate the
Schmidt triggers and the 6 volts corresponding to zero
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error signal corresponds to an error in the speed or sense
signal of about .02 knot. The output signals from the
Schmidt triggers 176 and 178 are bi-directional pulses and
are respectively shaped and amplified in the emitter fol-
lower 184, rectifier 186, and emitter follower 188, and the
corersponding emitter follower 190, rectifier 192 and emit-
ter follower 194. The rectifier 186 is normally off and
therefore when negative spikes are applied at its base, it
remains non-conductive. However, when positive pulses
appear at the bases transistors 186 and 192, negative
spikes respectively appear at the outputs thereof. All of
these transistors within the increase and decrease gating
circuitry are biased from the suitable supply within the
supply voltage block 119.

Logic circuit 196 comprises two emitter followers 198
and 209 for receiving the negative spikes from the output
terminals 202 and 204, respectively, of the increase-de-
crease gating circuitry 118. The output signals from the
emitter followers 198 and 200 drive four AND gates 203,
205, 206 and 208. These AND gates are conditioned by
output voltages from two flip flops 210 and 212. The logic
circuit 196, see FIGURE 3e, comprising the AND gates
203 through 208 and the two Schmidt triggers 210 and
212, may be thought of as a four-state counter that counts
up or down in response to pulses on its increase input ter-
minal 202 or its decrease inpui terminal 204, respectively.
The AND gates and the Schmidt triggers are biased from
a suitable source of a voltage supply 119.

There are four output terminals 214, 216, 218 and 220
from the logic circuit 196. There are four conditions pos-
sible on the output terminals 214220 corresponding to the
four counts or steps. These are shown in FIGURE 4 where
“C” stands for conducting and “O” stands for “off,” where
the output terminals 214220 of the logic circuit are shown
at the top of the figure. The interconnections between
the outputs of the Schmidt triggers 21¢ and 212, which
condition the AND gates 203—208 at terminals 222, 224,
226, 228, 230, 232, 234 and 236, result in the output signal
configurations at terminals 214-220 in accordance with
the input signals appearing at either terminals 202 or 204.
For each pulse occurring at 202 or 204, the stepping mo-
tor 38 is advanced one step. Because of the construction
of the stepping motor 38, the input pulses must be applied
in a prescribed manner in order for the stepping motor to
properly rotate. The pattern of pulses occurring at termi-
nals 214-220, as shown in FIGURE 4, is the required pat-
tern of sequence to appropriately step the stepping motor
38.

Referring to FIGURE 4, it can be seen that two ter-
minals are always conducting and that two are always
off. Further, only one terminal at a time can change con-
dition and the sequence repeats itself after four steps. A
step occurs each time a pulse is received from the increase-
decrease gate circuitry 118, The sequence is 1, 2, 3, 4 for
increasing pulses and 4, 3, 2, 1 for decreasing pulses and
the motor 38 steps counterclockwise for increasing pulses
and clockwise for decreasing pulses.

The drive circuit 222 comprises four double emitter
followers capable of driving ¥4 ampere through the wind-
ings of the motor 38. There are double emitter followers
224, 226, 228 and 230 respectively connected to terminals
214, 216, 218 and 220 for supplying the requisite current
to the stepping motor 38. A suitable supply of voltage is
provided for the drive circuit from the voltage supply 119.

The stepping motor 38 preferably has a permanent mag-
net rotor and four stator field windings. The rotor has 50
teeth which makes it a 100 pole motor capable of stepping
1.8° per step or 200 steps in one revolution in response to
direct current inputs to its field windings from the drive
circuit as described before. The motor 38 preferably can
deliver about 25 ounce-inches of torque to a slip clutch
which is set for about 20 ounce-inches. The motor 38 runs
in the direction required to reduce the error signal to zero.
In doing so, the motor 38 drives the speed synchro trans-
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mitters 44, the two pointers on the speed indicator 42, the
distance indicating device, and the response potentiometer
46.

The response potentiometer 40 is a combination inter-
polating potentiometer 256 and switching unit whose shaft
232 is driven through gearing by the stepping motor 38.
The potentiometer wiper 254 is always positioned in ac-
cordance with the output of the stepping motor 38. Poten-
tiometer 256 has an output voltage which after correction
by the trimming potentiometers 234-252 is proportional
to the ship’s speed. Potentiometer 256 provides the feed-
back response signal which is added algebraically to the
rodmeter sense signal to develop the error signal which
input transformer 34 feeds to the amplifier 36. The trim-
ming potentiometers 234-252 are connected across one
knot segments, for example, of auto transformer 258 at
intervals of 4 knots, for example. There are preferably 9
of these potentiometers to cover the range from 0 to 40
knots. Each of the trimming potentiometers 234-258 are
preferably 5 chms. These potentiometers and their attached
graduated dials permit adjustment up to ==0.5 knot at the
4-knot increments. Therefore, the output of potentiometer
256 is a series of straight line segments which are so ad-
justable that a variety of curves can be approximated. This
is desirable because there are changing flow characteristics
of water with respect to the hull at different speeds and
because eddies and other distortions of flow patterns are
caused by the hull shape and, further, the rodmeter’s sense
signal is not exactly linear—that is, a given increment in
speed does not cause an exactly proportional increment in
signal voltage in all parts of the rodmeter’s operating
range.

Therefore, the above-mentioned non-linearities are
compensated by the response potentiometer 4¢ by intro-
ducing analogous non-linearities into the response volt-
age. This is done by the trimming potentiometers 234—
252, described above which are part of the calibration
assembly.

A zero adjustment potentiometer 252 is provided be-
cause the amplifier 26 is unable to reject completely all
stray signals, The unrejected portion of these signals ap-
pears as a fixed speed signal at zero speed. This zero
speed signal, due to the fact that perfect rodmeters cannot
be manufactured or because of stray pickup, may ap-
pear as a plus or minus speed error signal. Zero adjust-
ment potentiometer 252 provides a signal which opposes
the fixed speed signal so that the log will read zero at
zero speed. It does this in the following way: Resistor
252 is connected to taps 264 and 266 of auto transformer
258. Tap 268 is at ground or zero volis and the trans-
former 258 is energized to provide voltages at taps 264
and 266 that represent —1 and 41 knot, respectively.
The arm of potentiometer 252 can therefore be varied
plus or minus one knot above 0. Therefore, the response
voltage which is the voltage between the wiper 254 of
potentiometer 256 and ground can be adjusted to a value
which cancels the zero speed or sense signal.

A full-scale adjustment potentiometer 260 is also pro-
vided and is connected across resistor 262. It functions
as a variable voltage divider to provide a voltage to auto
transformer 258 representing full-scale of 40 knots which
can be varied plus or minus four knots. By adjusting the
voltage developed across auto transformer 258, it adjusts
the average slope of the entire response voltage curve.
This determines the volts per knot ratio of the response
circuit as a whole.

The interpolating potentiometer 256 as shown in FIG-
URE 4 is driven through mechanical linkage to 232 from
the stepping motor 38, The response potentiometer 40
comnsists of a series of commutator bars which correspond
to the taps of trimming potentiometers 234-252. The
taps are located at 4-knot increments, for ‘example.

Potentiometer 256 comprises a 360° torroidal resist-
ance element, precisely tapped at three 120° intervals.
Connection between the commutator bars and the cali-
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bration potentiometer is made through a multiconnector
cable and plug 270 which is part of the response poten-
tiometer 49.

Rotating the shaft 232 of the interpolating potentiom-
eter switches the taps of the interpolating resistance ele-
ment ore at a time along the commutator and simultane-
ously controls the potentiometer output wiper 254. There
are approximately three interpolations per shaft turn of
the interpolating potentiometer. This interpolating po-
tentiometer 256 is a commercially available item nor-
mally used for function generation purposes. However,
its combination with the auto transformer 258 and the
trimming potentiometers 234-252 in the present inven-
tion to obtain response potentiometer 40, is felt to be
new. A -brief description of how the potentiometer
switches the taps of the interpolating resistance element
one at a time will now be given with respect to FIG-
URE 5.

FIGURE 5A shows the electrical relation of the in-
terpolator commutator bars 272-278, interpolating re-
sistance element of potentiometer 256 and output wiper
254. The output wiper has just passed commutator bar
274 (4-knot tap), traveling in a clockwise direction, and
is interpolating between bars 274 and 276. Resistance ele-
ment tap 280 is just about to disengage from commuta-
tor bar 272.

In FIGURE 5B, as the output wiper 254 moves in a
clockwise direction, the output voltage changes linearly
from the voltage on commutator bar 274 to that on com-
mutator bar 276 (4 to 8 knots). Resistance element tap
280 has disengaged from the commutator bar 272 and
is switching to commutator bar 278.

In FIGURE 5C the output wiper 254 is approaching
commutator bar 276. Resistance element tap 28§ has
completed switching and is in contact with commutator
bar 278. Continued clockwise rotation of the output
wiper 254 will result in smooth interpolation past com-
mutator bar 276 (8 knots).

This potentiometer interpolates from 0 to 40 knots in
four-knot increments as described above. It has high res-
olution and linearity, low phase shift, low output im-
pedance, and high input impedance. In FIGURE 3, po-
tentiometer 256 is interpolating between 24 and 28 knots.

Ship speed as transmitted by the stepping motor 38
is indicated on a dial on the face of the speed indicating
device 42. The dial is a clock-type indicator with the
short hand making one complete revolution for a change
in speed of 40 knots, and the long hand making one com-
plete revolution for a change in speed on one knot. The
above values of speed are given for illustrative purposes
and there is no intention to restrict the invention there-
to. The hands are driven through gearing 282 by the
stepping motor 38. Speed is also transmitted on one or
more synchros 32 which can be driven at various speeds.

Distance integrator 22 uses the stepping motor out-
put through mechanical linkage 284 to develop a con-
tinuous shaft rotation proportional to distance traveled.
The integrator 22 is basically a roller- and disc-type in-
tegrator consisting of:

(1) A smooth disc 286 rotated at a constant speed by
a synchronous time motor 288;

(2) A wheel or roller 298 driven by friction contact
with the surface of the disc 286;

(3) A non-rotating rack gear 292 which can position
the wheel 290 at any Trequired distance, within limits,
from the center of the disc 286;

(4) A spur gear 294, driven by the stepping motor 38,
which engages the rack gear 292 and translates it lon-
gitudinally when it rotates; and

(5) A mechanical differential 286 which receives two in-
puts—one from the wheel 280 and the other from
the disc 286 or from the time motor 288—where the
output from the mechanical differential 296 is propor-
tional to the difference between them.
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The rtate of rotation of the wheel 290 depends on
(1) the rotational rate of the disc 286, which is constant,
and (2) the distance of the wheel 298 from the center
of the disc 286, which is regulated by the position of
the rack 292. The rack 292, when translated by the
rotation of the gear 294, moves the wheel 290 towards
the center of the disc 286 as the speed goes down, or
towards the periphery of the disc 286 as the speed in-
creases. The number of rotations made by the wheel 286
is thus proportional to the distance the ship travels
through the water. If the output of the wheel 299 goes
directly through gearing through the distance indicator
or miles counter 28, then at zero speed input the wheel
would, in order to give zero miles output, have to be
positioned at the center of the disc 286. Since the time
motor 288 operates continuously so long as the equip-
ment is energized, whether the ship is moving or not,
prolonged rubbing contact at a single point on the disc
286 and the wheel 290 when the ship’s speed is zero,
would cause excessive wear. To avoid this, the zero
position of the wheel is at a radius of 0.25 inch from
the center of the disc 286. Thus, the wheel 290 is always
in rolling contact with the disc 286 and it rotates even
when the ship’s speed is zero. At zero knots, the wheel
rotates at 300 r.p.m. preferably.

The function of the differential 296 is to cancel out
this continuous wheel rotation at zero speed. Rotation
of wheel 290 drives one end gear of the differential 296.
The time motor 288 drives the other end gear of the
differential 296. When the ship’s speed is zero (wheel
299 at minimum distance from the center of the disc
286), the inputs to the two end gears of the differential
296 are equal and opposite in direction. Thus, the spider
develops a zero output. As the ship’s speed ‘exceeds zero,
the difference in the inputs to the differential 286 becomes
greater, and the spider rTotates at a rate proportional to
speed. Maximum difference between end gear speeds, and
hence maximum speed output, occurs when the wheel
290 is positioned by the stepping motor 38 at maximum
difference (for example, one inch) from the disc 286
center. At maximum speed (for example, 40 knots),
the wheel may rotate at 1200 r.p.m. Since the minimum
distance from the center of the disc 286 permitted for
the wheel 298 corresponds to zero speed output from the
stepping motor 38, the equipment can register only posi-
tive (forward) increments of distance.

The integrator output is a continuous rotation at a
rate proportional to ship’s speed or distance traveled.
This output is used to drive miles counter 28 and one or
more synchro transmiiters 298, which transmit a corre-
sponding synchro signal to remote receivers for indicat-
ing distance traveled. However, any appreciable direct
load on the integrator output is likely to cause slippage,
wear and inaccuracy. Therefore, instead of driving the
counter 28 and synchro 298 directly, the integrator out-
put controls a distance servo 26 which in turn drives
these units. This servo may be thought of as a torque
amplifier.

"The main components of the distance servo 26 are:

(1) The step transmitter 369;
(2) The step or distance motor 302; and
(3) The radio interference filters 364 and 306.

The step transmitter 368 is a switching device driven
by the output of the distance integrator which energizes
coils and the distance stepping motor 382, in a definite
sequence which causes the stepping motor 302 to rotate
in direction and amount proportional to the transmiiter
rotation. The manner for rotating the step transmitter 366
will now be described with reference to FIGURE 6. The
three contacts 308, 310 and 312 are spaced 120° apart
around the stepping transmitter 380 and are adjusted to
make contact during rotation of the eccentric 312 driven
by the shaft of the step transmitter 309, which in turn
is driven by the differential 296. There is a 60° overlap
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in the closing of adjacent contacts. The common contact
316 remains closed at all times to the eccentric 314 to
complete the circuit. The switching sequence for the di-
rection shown is 316-308, 316-368-310, 316-310, 316-
310-312, 316-312, 316-312-388 and back to 316-383
in one revolution.

Each of the step contacts 308-312 is connected to a
pair of diametrically opposite coils in the 6-pole stepping
motor 302. When the coils 318 and 320 are energized
by contact 308, the pair of armature poles 322 and 324
nearest these coils will align with them. Contact 310
closes 60° before contact 308 opens, sending current
through coils 326 and 328. This makes contacts 308 and
310 opposite in polarity and causes the armature to rotate
15° in a counterclockwise direction to align itself as
closely as possible with coils 318 and 326. Next, con-
tact 368 opens and the armature 330 rotates another 15°
to bring the pair of armature poles then nearest coils 326
and 328 in line with them. A similar rotation takes place
when contact 312 is closed and contact 316 opens 60°
later. Thus, a 60° rotation of the stepping transmitter
300 causes the stepping motor 302 to rotate 15°, giving
a 4-1 ratio between the transmitter and receiver.

The above description of the relation between the
stepping transmitter 300 and the stepping motor 302
is for illustrative purposes only and, further, the use
of specific numbers is for illustrative purposes only, and
any variation on the number of poles in the stepping
motor or number of contacts in the stepping transmitter
is within the scope of the invention.

The stepping motor 38 employed in the speed servo
36 is similar in construction and operation to the stepping
or distance motor 302 and, therefore, the above illus-
trative description for the stepping motor 362 also ap-
plies to the stepping motor 38. Of course, the source of
pulses for the stepping motor 38 is different from that of
the source of pulses for the stepping motor 362, For the
stepping motor 302, the source of pulses is ihe stepping
transmitter 300, which is essentially a chopper of DC
voltage which is applied from terminals 332 and 334,
whereas the source of pulses for the stepping motor 38
is the time base 150 which has been described before.

The stepping or distance motor 302 may drive the dis-
tance output synchro 298 at 300 turns per nautical mile.
The stepping motor 302 also drives the distance counter
through linkage 336. The distance counter 28 may be a
6-place commercial-type unit that registers to 0.01
nautical miles. Maximum indication may be 9,999.99
nautical miles. A reset knob permits turning the counter
back to zero if necessary. The counter receives the con-
tinuuous rotational speed signal from the distance servo
26, and records cumulatively the number of turns (cor-
responding to distance traveled) it has traveled since it
was last at zero.

Since the stepping transmitter 300 is a switching device,
it generates a radio frequency noise which must be kept
below certain levels so that other equipment aboard ship
may not be affected. This is accomplished by shielding
and filtering. The distance servo 26 is enclosed in a metal
box and the supply leads are shielded at 338 and are
brought into the metal box through radio frequency
interference filters 304 and 306. In addition, RC filtering
340 is connected directly across the step transmitter 309,

Thus, there has now been described a distance indicat-
ing mechanism or means which does not use continuously
operating servo motors and therefore limits the need for
excessive gearing to insure that the proper torque is be-
ing delivered to the devices controlled by the distance
servo 26. The advantages which are gained through the
use of stepping motor 392 over continuously operating
motors is the same as that pointed out for stepping motor
38 and, therefore, the advantages of stepping motors in a
system for measuring ship’s speed has been extended to
the distance-indicating portion of the system.
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A dummy log circuit is also included in the system to
permit the speed-indicating device 42 to be set at any
speed either at the locale of the indicating device 42 or
else at a location remote from the locale of speed-indicat-
ing device 42. Switch 2342 is employed to increase or
decrease the. speed setting on speed indicating device 42.
As has been discussed before, the simple operation of a
switch to insert locally or remotely an estimated speed
into the speed-indicating device is a desirable feature
whenever the normal means for obtaining the speed be-
comes disabled. This particular feature is available in
prior art ship speed determining systems; however, gen-
erally an extra black box, in addition to the circuitry em-
ployed for determining the speed by normal means, is
necessary. However, in the present invention, the circuitry
of the speed-determining apparatus, which is normally
used for determining speed from the rodmeter, can also
be employed to provide a dummy log or estimated speed.
Switch 342 is a center off, spring return, two-position

switch which is used to connect the output from the time o

base 150 to the increase input terminal 202 of the logic
circuit 196 or to the decrease input terminal 204. As a
result, the stepping motor 38 is driven so as to increase
or decrease the speed setting.

Remote control units (not shown) may also be used
to permit setting of the speed-indicating device 42 to any
desired speed. The switches at the remote control loca-
tions would be connected in parallel with switch 342 and
would be of the same type as switch 342. Also, indicator
lights are provided at the remote locations to indicate to
the operator that the speed-determining apparatus or log
has been switched to dummy log operation. By watching
the speed indicator at its remote location, he can set speed
by means of his “increase-decrease. switch” unti] the
speed-indicating device is at the desired speed setting.

Testing of the speed-determining apparatus is also in-
cluded in the system and may be accomplished in the
following manner. A switch (not shown) is closed in the
voltage supply 119 which energizes the coil of relay 344
thereby transferring the contact 346 and deenergizing
the excitation of the rodmeter through wires 64 and 65.
The coil of relay 348 is also energized thereby trans-
ferring the contacts 350 and 352 to terminals 354 and
356, respectively. A simulated sense voltage is now ap-
plied across the primary winding 358 of transformer 369.
The amount of voltage across the primary winding 358
is determined by the setting of potentiometer 362. The
wiper 364 of potentiometer 362 is controlled by the set-
ting on the test input dial 366.

For example, if the test input now is set for 34 knots
(as shown), the voltage developed across primary wind-
" ing 358 will correspond to a 34-knot sense signal. This
signal is applied across the secondary windings 72 and
74 of input transformer 34 through contacts 35¢ and
352, respectively. Therefore, the loop is now set up in
the speed servo 36 which simulates the loop established
when signals are received from the rodmeter and, there-
fore, a simple and convenient method for testing the
equipment is provided.

The voltage supply 119 is driven from an AC power
source 368. Within the voltage supply are the necessary
circuits (1) for developing 4 DC voltage across wires
332 ‘and 334 for driving the step transmitter 380; (2)
for developing the excitation or test voltage across wires
370 and 372 (as the case may be); and (3) for developing
the energization voltage across wires 374 and 376 which
is used for energizing relays 344 and 348,

Switch 172 may be employed to give a speed deter-
mination and indication by merely operating the switch
and thereby reversing the polarity of the response signal
applied to winding 50,

Obviously, many modifications and variations of the
present invention are possible in the light of the above
teachings. It is therefore to be understood that the scope
of the invention is limited only by the appended claims.
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What is claimed is:

1. Apparatus for measuring the speed of a ship, said
apparatus being of the type which employs a sensor to
gencrate an alternating current sense signal in response
to the flow of water by the hull of the ship where the
sense voltage is employed to control the device for
indicating said ship speed, said apparatus comprising:

(a) means for discretely stepping said speed indicat-
ing device to a plurality of discrete positions, said
stepping means including a stepping motor and said
speed indicating device being responsive to the an-
gular positions of the shaft of said stepping motor,
each angular position being indicative of a speed of
said ship;

(b) means for generating an alternating current re-
sponse signal indicative of the speed of said ship
from said means for discretely stepping the speed
indicating device;

(c) means responsive to said sense signal and said re-
sponse signal for generating a drive signal having a
predetermined frequency for driving said stepping
means when said sense signal and said response sig-
nal are different from one another in magnitude;
and

(d) means for selectively setting the frequency of said
drive signal at one of a plurality of discrete values.

2. Apparatus as in claim 1 where said stepping means
steps said speed indicator in the forward or backward
direction depending on whether said ship speed is in-
creasing or decreasing respectively.

3. Apparatus for measuring the speed of a ship, said
apparatus being of the type which employs a sensor to
generate an alternating current senmse signal in response
to the flow of water by the hull of the ship where the
sense signal is employed to control a device for indicating
said ship speed, said apparatus comprising:

(a) means for discretely stepping said speed indicating
device through a plurality of positions, said stepping
meeans including a stepping motor and said speed in-
dicating device being responsive to the angular posi-
tions of the shaft of said stepping motor, each angu-
lar position being indicative of a discrete speed of
said ship;

(b) means for generating an alternating current re-
sponse signal indicative of the speed of said ship
from said means for discretely stepping the speed
indicating device;

(¢) means responsive to the difference in magnitude
of said sense signal and said response signal for
gemerating an error signal when said difference
exists;

(d) means for generating a drive signal for said step-
ping including variable frequency oscillator means;
and

(e) gating means responsive to said error signal for
gating said drive signals to said stepping means.

4. Apparatus as in claim 3 including differential am-
plifier means for amplifying said error signals and reduc-
ing the undesirable effects of in-phase interference signals
occurring at the differential inputs of said differential
amplifier means.

8. A device as in claim 4 including phase sensitive
detector means for converting the amplified error signal
outptt from said amplifier means to a DC voltage and
for eliminating undesirable signals which appear in quad-
rature with the desired error signal.

6. Apparatus for measuring the speed of a ship, said
apparatus being of the type which employs a sensor to
generate a sense signal in response to the flow of water
by the hull of the ship where the sense signal is em-
ployed to contrel a device for indicating said ship speed,
said apparatus comprising:

(2) means for discretely stepping said speed indicating

device through a plurality of positions, said stepping
means including a stepping motor and said speed
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indicating device being responsive to the angular
positions of the shaft of said stepping motor, each
angular position being indicative of a discrete speed
of said ship;

(b) means for generating a response signal indicative
of the speed of said ship from said means for dis-
cretely stepping the speed indication device;

(c) means responsive to the difference in magnitude of
said semse signal and said response signal for gen-
erating an error signal when said difference exists;

(d) means for generating a drive signal for said step-
ping including oscillator means;

(e) gating means responsive to said error signal for
gating said drive signals to said stepping means; and

(f) a plurality of input terminals associated with said
stepping motor for respectively receiving a plurality
of input signals which rotate the rotor of said motor
in one direction or the other depending on whether
the ship speed is increasing or decreasing and where
said apparatus includes a logic circuit for generating
said plurality of input signals, said logic circuit hav-
ing first input terminal for receiving said drive signals
when the ship speed is increasing and a second input
terminal for receiving the drive signals when the
ship speed is decreasing.

7. Apparatus as in claim 6 where said means for gen-
erating an error signal includes means for generating a
first error signal having a first polarity and second error
signal having a polarity opposite to said first polarity and
said gating means includes first and second gating means
respectively responsive to said first and second error sig-
nals for respectively gating said drive signal to said first
and second input terminals of said logic circuit.

8. Apparatus, as in claim 6, including remote control
means for setting the said speed indicating device from a
location remote from the said apparatus, said remote con-
trol means including means for switching the output of
said oscillator means to either of the first and second
inputs to the said logic circuit input terminals.

9, Apparatus for measuring the speed of a ship, said
apparatus being of the type which employs a sensor to
generate a sense signal in response to the flow of water
by the hull of the ship where the sense voltage is em-
ployed to control the device for indicating said ship speed,
said apparatus comprising:

(a) means for discretely stepping said speed indicating
device to a plurality of discrete positions, each being
indicative of a speed of said ship;

(b) means for generating a response signal indicative
of the speed of said ship from said means for dis-
cretely stepping the speed indicating device, said
means for generating a response signal including an
autotransformer connected to a voltage source, said
transformer having a plurality of trimming poten-
tiometers connected at discrete intervals along said
auto-transformer for calibrating said response signal
generator, and an interpolating potentiometer con-
nected between any two of said trimming potentiom-
eters for interpolating and deriving the said response
signal from the said AC voltage;

(c) means responsive to said sense signal and said re-
sponse signal for generating a drive signal for said
stepping means when said sense signal and said re-
sponse signal are different from one another in mag-
nitude.

10. Apparatus, as in claim 9, where said response sig-
nal generating means includes switch means for switching
said interpolating potentiometer from one of said trim-
ming potentiometers to another in response to changes
in the ship’s speed.

11. Apparatus for measuring the speed of a ship, said
apparatus being of the type which employs a sensor to
generate a sense signal in response to the flow of water
by the hull of the ship where the sense voltage is employed
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to control the device for indicating said ship speed, said
apparatus comprising:

(a) means for discretely stepping said speed indicating
device to a plurality of discrete positions, each being
indicative of a speed of said ship, said stepping means
including a first shaft, the angular position of which
corresponds to the ship speed and said apparatus
including means for determining the distance tra-
velled by said ship including integrator means hav-
ing a second shaft for integrating the ship speed with
respect to time to obtain distance by translating
the angular position of said first shaft to a speed of
rotation of said second shaft which corresponds to
the distance travelled by said ship and torque ampli-
fier means for amplifying the torque produced by
said second rotator including a stepping motor re-
sponsive to a plurality of input signals for producing
said amplified torque and stepping transmitter means
responsive to said rotation of said second shaft for
producing said plurality of signals for said stepping
motor;

(b) means for generaling a response signal indicative
of the speed of said ship from said means for dis-
cretely stepping the speed indicating device; and

(c) means responsive to said sensc signal and said
response signal for generating a drive signal for
said stepping means when said sense signal and said
response signal are different from one another in
magnitude.

12. Apparatus for varying the amplitude of an input

signal, said apparatus comprising:

(2) an auto transformer responsive to said input sig-
nal;

(b) a plurality of tapping points connected along
the length of said autotransformer;

(c) interpolating potentiometer means having at
least three movable taps, two potentiometers
each connected between two of said three taps,
and a common wiper for said two potentiom-
eters; said three taps being connected to a suc-
cessive three of said tapping points; and

(d) means for (1) driving said wiper along one
of said two potentiometers and thereby develop-
ing said varying input signal at said wiper and
(2) for moving one of said three taps to another
of said tapping points other than said three suc-
cessive tapping points whenever said wiper is
driven from one of said two potentiometers to
the other.

13. Apparatus, as in claim 12, including a plurality of
trimming potentiometers, the wipers of which respectively
correspond to said tapping points and the other two ter-
minals of each potentiometer being connected to termi-
nals on said autotransformer.

14. Apparatus for measuring the speed of a ship, said
apparatus being of the type which employs a sensor to
generate a sense signal in response to the flow of water
by the hull of the ship where the sense signal is em-
ployed to control a device for indicating said ship speed,
said apparatus comprising:

(a) means for discretely stepping said speed indicating
device through a plurality of positions, each of said
posiiions being indicative of a discrete speed of said
ship, said stepping means including stepping motor
having a plurality of input terminals for respectively
receiving a plurality of input signals which rotate
the rotor of said motor in the one direction or the
other depending on whether the ship speed is in-
creasing or decreasing and where said apparatus in-
zludes a logic circuit for generating said plurality of
input signals, said logic circuit having first input ter-
minals for receiving said drive signals when the ship
speed is increasing and a second input terminal for
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receiving the drive signals when the ship speed is
decreasing;

(b) means for generating a response signal indicative
of the speed of said ship from said means for dis-
cretely stepping the speed indicating device;

(c) means responsive to the difference in magnitude
of said sense signal and said response signal for gen-
erating an error signal when said difference exists;

(d) means for generating a drive signal for said step-
ping including oscillator means;

(e) gating means responsive to said error signal for
gating said drive signals to said stepping means; and

(f) remote control means for setting the speed indi-
cating device from a location remote from the said
apparatus, said remote control means including
means for switching the output of said oscillator
means to either of the first and second inputs to the
logic circuit input terminals.

15. Apparatus for measuring the speed of a ship, said
apparatus being of the type which employs a sensor to
generate a sense signal in response to the flow of water
by the hull of the ship where the sense signal is employed
to control a device for indicating said ship speed, said
apparatus comprising:

(a) means for discretely stepping said speed indicating
device through a plurality of positions, each of said
positions being indicative of a discrete speed of said
ship;

(b) means for generating a response signal indicative
of the speed of said ship from said means for dis-
cretely stepping the speed indicating device;
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(c) means responsive to the difference in magnitude
of said sense signal and said response signal for gen-
erating an error signal when said difference exists;

(d) means for generating a drive signal for said step-
ping including oscillator means;

(e) gating means responsive to said error signal for
gating said drive signals to said stepping means; and

(f) test means for checking the functioning of said
apparatus including means disconnecting said sensor
from said means responsive to the difference in mag-
nitude of said sense signal and said response signal
and connecting thereto a test signal whose magnitude
simulates the magnitude of a sense signal.
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