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ABSTRACT OF THE DISCLOSURE

Modern simulator trainers require realistic effects in
all aspects of training. This disclosure describes and illus-
trates a system for generating those sounds which accom-
pany the operation of a small aircraft. The sound gen-
erator comprises a white noise source, a square pulse
generator and an appropriate amplifying and control
means therefor. The white noise is mixed with the rec-
tangular pulses to generate a composite sound under the
control of throttle and air speed devices to produce a
sound which simulates the engine of a small aircraft,
the propeller of a small aircraft, and, when pertinent,
the slip-stream of the aircraft.

This invention relates to a new and improved sound
generator and, more particularly, to devices for generating
realistic sounds to accompany simulator trainers.

Modern training devices require as many realtistic ef-
fects to accomplish appropriate training as possible. In
fixed-base vehicle trainers, not only is appropriate mo-
tion and the sense of movement required to produce
suitable habits in the trainee, but the noises which accom-
pany the actual operation of the vehicle are also re-
quired to produce more plausible training environments.
In the training of individuals to acquire basic flying skills,
the noises generated by the vehicle itself are important
to indicate to the trainee various conditions of operation
of the vehicle. A satisfactory generator for producing
noises which simulate the actual vehicle noises must in-
clude devices for varying the amplitude, the frequency,
and the types of noise with each change in vehicle speed,
attitude and position.

It is an object of this invention to provide a new and
improved sound generator.

It is another object of this invention to provide a new
and improved sound generator which generates sounds
to simulate the appropriate sounds of a vehicle.

It is a further object of this invention to provide a new
and improved sounds generator which generates sounds
to simulate the actual vehicle operation and which in-
cludes appropriate controls to modify the generated
sounds with changes in the simulated conditions of the
vehicle.

Other objects and advantages of this invention will be-
come more apparent as the following description pro-
ceeds, which description should be considered together
with the accompanying drawings in which:

FIG. 1 is a block diagram of the noise generation sys-
tem of this invention; and

FIG. 2 is a schematic circuit diagram of the system of
FIG. 1.

Referring now to the drawings in detail and more par-
ticularly to FIG. 1, the reference character 11 designates
a white noise generator the output of which feeds an
input to both a slip-stream control circuit 13 and an engine
and propeller noise generator 14. The engine and pro-
peller noise generator 14 has a second input from an
oscillator and pulse former 12. The outpuis of the engine
and propeller noise generator 14 and the slip-stream con-
trol 13 are combined and applied as a single input to a
power amplifier 15 which drives a suitable speaker 16.
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The system of FIG. 1 is shown in greater detail in
IfIG. 2 in which the blocks of FIG. 1 are set off by dashed
lines and identified by the same reference characters.
Thus, the white noise generator 11 comprises a noisy Zener
diode 21 which has its cathode connected through a resistor
26 and a diode 25 to a terminal 36 to which is applied a
source of positive potential, and its anode connected
through a diode 38 to a terminal 37 to which is connected
a source of negative potential. The junction between the
cathode of the diode 21 and the resistor 26 is connected
to the base electrode of a transistor 22 whose collector
electrode is connected through a load resistor 27 to the
diode 25 (B+), and whose emitter electrode is connected
through a resistor 28 to the diode 38 (B—). A capacitor
29 is connected across the resistor 28. The output from
the transistor 22 is taken across the resistor 27 and is
applied to the base electrode of the transistor 23 whose
emifter electrode is connected through a load resistor
33 ito the diode 25 and whose collector electrode is con-
nected through the load resistor 31 to the diode 38. A
capacitor 34 is connected across the resistor 33. The out-
put from the transistor 23 is taken across the load resistor
31 and is applied to the base electrode of a transistor 24
whose collector electrode is connected through a load
resistor 35 to the diode 25 and whose emitter electrode is
connected through a load resistor 32 to the diode 38. The
output of ithe transistor 24 is taken across the load resistor
32 and is applied through a capacitor 41 and a capacitor
42 to the drain electrode of a field effect transistor 43
whose source electrode is connected through a resistor 49
to ground. The gate electrode of the FET 43 is connected
through a resistor 45 to the diode 38, and also through
a resistor 46 to a terminal 47 to which a potential repre-
sentative of the air speed VP is applied, and the drain elec-
trode is connected through a resistor 40 to the diode 25.
The output from the field effect transistor 43 is taken
across the load resistor 49 and is applied through a capaci-
tor 48 and a resistor 53 to the input of a power amplifier
15. The output of the amplifier 15 drives a loud speaker
16. A potentiometer 56 having a slide contact 57 is con-
nected across the amplifier 15 as a gain control. The oscil-
lator and pulse former circuit 12 compirses a relaxation
oscillator formed by a transistor 61 having a capacitor
71 connected between its collector electrode and a source
of negative potential at the diode 38. The emitter elec-
trode of the transistor 61 is grounded, and the base elec-
trode of the transistor 61 is connected through a slide con-
tact 67 to a potentiometer 66 which is connected between
a source of negative potential and ground. The base elec-
trode of the transistor 61 is also connected through a re-
sistor 68 to a terminal 69 to which is applied a potential
representative of the speed of the vehicle, which potential
may originate in the computer. The junction between the
capacitor 71 and ‘the collector electrode of the transistor
61 is applied to the emitter electrode of the unijunction
transistor 62. One base electrode of a transistor 62 is con-
nected through a resistor 72 to the diode 38, and the other
base electrode is connected through a resistor 73 to ground.
The output from the transistor 62 is taken across the
resistor 72 and is applied through a coupling capacitor
75 and across a resistor 74 to the base electrode of a tran-
sistor 63. The emitter electrode of the transistor 63 is
grounded and the collector electrode is connected through
a load resistor 76 to the diode 38. The output of the
transistor 63 is taken across the load resistor 76 and ap-
plied to the base electrode of a transistor 64 whose collec-
tor electrode is connected through a load resistor 77 to
the diode 38 and whose emitter electrode is grounded.
The junction between the load resistor 77 and the collector
electrode of transistor 64 is connected to the base electrode
of a transistor 65 whose collector electrode is directly
connected to the diode 38 and whose emitter electrode is
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connected through a resistor 78 to ground. The output
from the transistor 65 is taken across the resistor 78 and
is applied to the input of a first binary counter 1. The
engine and propeller noise generator 14 comprises four
binary counters connected as a stepping register. Each
binary counter 81, 82, 83 and 84 has a zero cutput and
a one output. The one output of the counter 81 is applied
to the input of the counter 82. The one output of the
counter 82 is connected to the input of the counter 83 and
the one output of the counter 83 is connected to the input
of the counter 84. In addition, three output gates 85, 86
and 87 are provided. Each of the gates 85, 86 and 87 has
a pair of inputs. The two inputs to the gate 85 are from
the one output of the counter 83 and the zero output of
the counter 84. The two inputs to the gate 86 are from
the zero output of the counter 83 and the one output of
the counter 84. The two inputs to the gate 87 are from
the one output of the gate 83 and the one output of the
gate 84. The outputs from the gates 85, 86 and 87 are
applied through scaled resistors 91, 92 and 93 respectively
to a common output line from which they are applied to
the inputs of an amplifier 94. The output of the amplifier
94 is applied to one side of a potentiometer 51 having a
slide contaci 52 which is connected through a resistor 54
to the input of the power amplifier 15. The potentiometers
51 and 66 are mechanically ganged to operate together.
In addition, a transistor 95 has its base electrode con-
nected through a resistor 96 to the zero output of the
binary counter 81. The collector electrode of the transis-
tor 95 is connected. through a resistor 160 to the input
line to the amplifier 94 which is also connected to the
capacitor 41 in the output of the white noise generator 11.
A resistor 98 is connected across the output line and
ground to which the emitter electrode of the transistor 95
is also connected.

The operation of this system depends upon the ap-
propriate combination of signals from the white noise
generator 11 and the oscillator 12. The white noise gen-
erator 11 uses a noisy diode 21 as the source of its
random noise. The output from the diode 21 is amplified
through the cascaded transistors 22, 23 and 24 to produce
a white noise signal output at the coupling capacitor 41.
The diode 21 and the three tramsistors are connected
across a source of potential connected to the terminals
36 and 37. Of course, the circuitry shown in FIG. 2 for
the white noise generator is but one of many possible con-
figurations that a generator of this type may assume.
The output of the white noise generator is applied through
the coupling capacitor 41 to a line 99 which serves as the
input to the amplifier 94. In adition, the output from
the white noise generator is applied across the field effect
transistor 43. When the amplitude of the air speed signal
VP applied to the input terminal 47 and through the re-
sistor 46 to the gate electrode of the FET 43 reaches a
sufficiently high value, the FET 43 begins to conduct and
white noise is applied from the output capacitor 41
through the transistor 43 and across the resistor 49 to
the input of the power amplifier 15. This serves to gen-
erate the sound of the slip-stream but only when the speed
of the aircraft reaches a sufficiently high value for the
slip-stream noise to become apparent. This may occur, for
example, in small aviation trainers when the simulated
speed of the aircraft reaches approximately 90 to 100
miles an hour. At lower speeds the air flow past the fuse-
lage is too low to generate the volume of sound neces-
sary to overcome the other environmental noises and
makes itself heard.

The oscillator and pulse former circuit 12 is connected
between a source of negative potential connected to the
terminal 37 and ground. The oscillator comprises a re-
laxation oscillator which includes the capacitor 71 charg-
ing through the transistor 61 and discharging through ths
unpijunction transistor 62. The rate at which the capaci-
tor 71 charges is determined by the potential applied to
the base electrode of the transistor 61 and by the subse-
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quent conduction through that transistor. The voltage ap-
plied to the base electrode of the transistor 61 is deter-
mined by two things: by the setting of the slide contact
67 of the potentiometer 66 across which a source o
potential is applied and also by the potential supplied from
the appropriate instrument in the trainer representative
of air speed. The air speed potential may be derived from
the flight computer, for example, and applied to the ter-
minal 69. The greater the conduction through the transis-
tor 61, the more rapidly the capacitor 71 will charge to
a value where the unijunction transistor 62 is gated omn.
Once the unijunction transistor 62 begins conducting,
the capacitor 71 discharges through the series arrange-
ments of the resistor 72, the unijunction transistor 62, the
resistor 73, and the transistor 61. When the capacitor 71
has discharged to a sufficiently low value, the unijunction
transistor 62 ceases to conduct and the capacitor 71 again
begins charging. Thus, the process repeats itself, generat-
ing pulses. These pulses are applied to the clipping ampli-
fiers represented by the three cascaded transistors 63, 64
and 65. The output from the transistor 65 represents a
series of squared pulses which is applied to the input of the
binary counter 81.

The arrangement of the four binary counters 81, 82, 83
and 84 forms a stepping register in which the input pulses
applied to the input of the binary counter 81 are stepped
down through the other counters. An input pulse applied
to a counter input will place it in a first stable state, and
a second pulse applied to that same input will cause the
circuit to change to its other stable state. Thus, subsequent
pulses applied to the single input of a binary counter will
cause it to repeatedly change its condition. When a binary
counter is in one of its two stable conditions, one of its
outputs has a high voltage and the other has a low volt-
age. When the counter is switched to its other stable state,
the potentials on the two outputs also switch. The two
outputs of a binary counter are usually identified as the
zero output and the one output, and the signal out is
determined by which of the two outputs has the high
voltage. When a pulse is applied to the input to the binary
counter 81, it changes its state and, for this discussion,
let it be assumed that the zero output becomes high. On
the next input pulse to the binary counter 81, the zero
output goes low and the one output goes high, applying
a positive-going pulse to the input to the binary counter
82. Two more pulses applied to the input of the counter
81 causes the counter 82 to again change state, applying
a pulse to the counter 83. The end result is that a chain
of binary counters such as 81-84 produces output pulses
at a rate which is much less than the input pulse rate. The
outputs from the counters 83 and 84 are applied to three
gates 85, 86 and 87. These gates are so arranged that
they will apply pulses to their output resistors when their
input potentials are both low. Thus, when the zero out-
put of binary counter 83 is low, low potential signals are
applied to the input to the gate 86. The gate 86 opens
only when the one cutput of the gate 84 is also low. As-
suming that the zero output of gate 83 is low for every
other input pulse to that gate, and that the one output
from the gate 84 is low once for every other input puise
applied to that gate, or once for every fourth pulse ap-
plied to the input to gate 83, then it becomes apparent
that the gate 86 opens only once for every fourth input
pulse applied to the binary counter 83. When the one out-
put from the counter 83 is low, then a low signal is ap-
plied to the inputs to gates 85 and 87. The other input to
gate 85 is applied from the zero output from counter 84,
and the other input to gate 87 is applied from the one
output of counter 84. Assuming a sequence of pulses ap-
plied to the input to the counter 83, the zero output
of counter 83 goes low. One input to gate 86 is low, but
since the other input is high, gate 86 is closed. No other
gate has two low inputs. The next pulse applied to the
counter 83 drives that counter into its one condition,
and the one output from this counter now becomes low
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applying a low signal simultaneously to the inputs of both
gate 85 and 87. Since the counter 84 is also in the zero
state, the other input to the counter 85 has a low poten-
tial and a pulse passes through the counter 85 and the
resistor 91 to be applied to the output amplifier 94. The
next pulse input to the counter 83 drives the counter
83 back into its zero state and the change in the output
of the counter 83 applies an input pulse to the counter
84 driving that counter into its one state. This places two
Jow potentials on the inputs to the gate 86 permitting a
pulse to pass through that gate and the resistor 92 to
be applied to the input of the amplifier 94. A third pulse
applied to the input of the counter 83 drives counter 83
into its one state again, applying a low input to the gate
87. Since the counter 84 is in the one state, the gate 87
has two low inputs, and a pulse passes therethrough to
be applied through resistor 93 to the input of the amplifier
94. If it is assumed, as was stated above, that the resistors
91, 92 and 93 are scaled so that the resistor 91 has the
highest value, and the resistor 93 has the lowest value,
then the three pulses applied to the input of the amplifier
94 are of gradually increasing amplitude. The next pulse
applied to the input of the counter 83 drives that counter
to the zero state and applies a low input to the gate 86
which also receives a low input from the one output of
the counter 84. This applies a medium amplitude pulse
through the resistor 92 to the input of the amplifier 94.
The next pulse applied to the input of the counter 83
drives the counter 83 to its one state and also drives the
counter 84 to its zero state applying two low inputs to the
gate 85 and causing a low amplitude pulse to pass through
the resistor 91 to the input of the amplifier 94. Since the
next pulse applied to the input to the counter 83 drives
the counter 83 into its zero condition and leaves counter
84 in its zero condition, there is no output from any of
the three gates 85, 86 or 87 and a space between output
pulses occurs. Thus, the input to the amplifier 94 has
applied to it a signal which comprises a stepped pulse of
first ascending potential with a space between input pulses
when the descending potential reaches its low value. While
this process is being carried out through the gates 85,
86 and 87, the pulses applied to the binary counter 81
from the pulse former 12 produce an ocutput from the
counter 81 for every other input pulse applied. Thus, out-
put pulses are applied through the tesistor 96 to the base
electrode of the transistor 95 causing that transistor to
turn on. When the transistor 95 becomes conductive, it
presents a low impedance conduction path through the
series resistor 97 from the line 9% to ground. The line
99 is the line which carries the white noise generated by
the white noise generator 11 and serves as the input to
the amplifier 94. Thus, for every other pulse generated
in the oscillator 12, the line 99 is effectively shorted out.
The result of this is to apply a chopped white noise to the
input of the amplifier 94. At the same time, the input to
the amplifier 94 is receiving the stepped pulses being
generated in the gates 85, 86 and 87. The composition
input to the amplifier 94 is a stepped pulse and intermittent
white noise. When this signal is amplified and applied
to a speaker, each corner of the stepped pulse (wherever
that stepped pulse produces a sudden change in direc-
tion or amplitude) produces a popping sound in the
loud speaker. This can be considered the equivalent (and
it sounds like it) of a single explosion in an internal com-
bustion engine. Another way of looking at it is to call
each of the comners of the stepped pulses the firing of a
spark plug in the engine being simulated. The engine simu-
lated by the outputs from the gates 85, 86, and 87 is,
therefore, a four-cylinder engine. Cylinders may be added
and subtracted as desired. The chopped white noise, which
occurs at about the same time that the pulses from the
gates 85, 86 and 87 occur, creates a propeller sound. The
propeller noise is essentially white noise which is inter-
rupted as the propeller passes an object. Similarly, slip-
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stream noise, that of air rushing by the airplane itself, is
essentially white noise. The white noise generator 11
therefore generates wind or air noises. This is applied to
the power amplifier 15 and the speaker 16 whenever the
simulated speed of the aircraft becomes sufficiently high
to produce the sound of air rushing by the cabin. The same
white noise is applied to the power amplifier 15 and the
speaker 16 to represent the propeller blades passing
through the air whenever a propeller blade passes by the
listener, and is determined by the number of blades on the
propeller and by the speed of rotation of the propeller.
Also, the frequency at which the combustion produced in
the engine occurs depends on the speed of rotation of the
motor. For this reason the input to the oscillator, which
input determines the frequency of oscillation, comes from
the throttle setting represented by the position of the
slide contact 67 on the potentiometer 66 and also from
the computer as a voltage which represents air speed
applied to the terminal 69. Changes in the output fre-
quency of the oscillator 12 produces simultaneous changes
in the frequency of the engine sound and of the propeller
sound. In addition, not only does the frequency with
which the noises produced by the engine and propeller
increase with the throttle settings, but so, also, does the
amplitude of these sounds increase. This amplitude is
controlled by the position of the slide contact 52 on the
potentiometer 51, which controls the gain or amplitude
of the engine and propeller noises applied to the input
of the power amplifier 15, but also by the position of the
slide contact 57 on the potentiometer 56 which is a gain
control for the power amplifier 15.

The above specification has described and illustrated a
new and improved all-electric device for simulating those
noises which add to the plausibility of the simulation in
vehicle trainers. It is realized that the above description
may indicate to others who are skilled in this art addi-
tional ways in which the principles of this invention may
be utilized without departing from its spirit. It is, there-
fore, intended that this invention be limited only by the
scope of the appended claims.

We claim:

1. Apparatus for electronically simulating a plurality
of sounds normally generated by a moving vehicle at
different speeds, said apparatus comprising a variable fre-
quency oscillator for generating electrical pulses, means
for arranging the pulse output of said oscillator in trains
of pulses to simulate the noise of a vehicle engine, the
number of pulses in a train being proportional to the
number of cylinders in the engine being simulated, a de-
vice for converting electrical signals into sound signals,
means for connecting said arranging means to said con-
version means so that each change in value of said pulses
causes said conversion means to generate a sound burst
thus simulating the sound of a vehicle engine, means for
generating random electrical signals, gate means con-
nected to the output of said random signal generator,
means for connecting the output of said gate means to
said conversion means, and means for connecting an input
of said gate means to the output from said oscillator to
cause said gate means to open and close in synchronism
with said pulses to pass said random electrical signals to
said conversion means in a pulse pattern so that said
conversion means additionally generates sounds simulat-
ing recurring air flow beats such as produced by rotating
propellers.

2. The apparatus defined in claim 1 further including
means for simulating the speed control of a vehicle, means
connected to said speed control simulator for generating
an electrical signal whose amplitude is proportional to the
speed control setting, and means for applying said speed
control electrical signal to said variable frequency oscil-
lator for controlling the frequency of the pulses generated
thereby in accordance with the setting of the speed control
simulator.
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3. The apparatus defined in claim 2 further including
an electrically controlled switch means, means for con-
necting said switch means ‘directly between the output
of said random signal” generator and the-input to ‘said
conversion means, and means for applying said speed
control electrical signal to said switch means, said switch
means-being opened by said speed control signal when the
simulated speed control signal is greater than a prescribed
amount to generate random sound representative of wind
noise at the higher simulated speeds.

4. A system for simulating the sounds of ‘an internal
combustion engine, said system comprising a variable
frequency oscillator for generating electrical pulses,
means for assembling said pulses into groups, each group
comprising one pulse for each cylinder in the engine being
simulated, means for combining the amplitudes of the
pulses in each group into a single stepped pulse, means
for converting electrical signals into sound, and means
for applying said stepped pulses to said conversion means
so that each sudden change in amplitude of said stepped
pulses causes said conversion means to generate a burst
of sound. ’

5. The sound generator defined in claim 4 wherein said
pulse assembling means comprises a plurality of cascaded
binary counters, each of said counters having an input
and two outputs, means for applying the output pulses
from said oscillator to the input of the first of said binary
counters, means for connecting one output from each
of said counters to the input of the next counter, a
plurality of gates, each gate having an output and two
inputs which must be simultaneously energized to pro-
duce energization at the output, means for connecting the
two inputs of each gate to outputs from different counters
so that only one gate is opened for any pulse output from
said oscillator, and means for connecting the outputs of
the individual gates to said amplitude modifying means.

6. The sound generator defined in claim 5 wherein said
amplitude modifying means comprises a plurality of elec-
trical impedances each of which has a value different
from that of each other, and means for connecting said
impedances individually in series with the outputs of the
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individual gates so that the amplitudes of the pulse out-
puts of the individual gates are modified differently.

7. The sound generator defined in claim 6 further in-
cluding a source of random - electrical signals, means
for connecting together the ends of said impedances re-
mote from said gates, mears for connecting the output
from said random generator to the common connection
of said impedances, and means connected to the output
from said random generator for periodically interrupting
the random signal output from said generator.

8. The sound generator defined in claim 7 wherein said
interrupting means comprises a first electronic switch
connected across the output from said random generator,
and means for connecting the other output from said first
counter to said electronic switch to cause said switch to
open and close as the potential on the other output from
the first counter changes from one state to another:

9. The sound generator defined in claim 8 further in-
cluding a second switch, means for connecting one side
of said second switch to the output of said random signai
generator, means for connecting the other side of said
second swiich to the input to said conversion means, and
means connected to said second switch and to said simu-
lated throttle control to close said second switch and
apply said random signals to said conversion means when
said simulated throttle control reaches a prescribed
condition.
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