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SOUND SIMULATOR FOR DIESEL TRAIN ENGINE 
BACKGROUND OF THE INVENTION 

In the field of model trains much has been done to 
make such trains exact replicas of the larger full-size 
counterparts which they represent. In that regard 
sound simulators have been made to represent the 
sounds normally made by the engines or power units of 
such trains. However, prior devices have not accurately 
duplicated the various sounds of trains, particularly 
those of the diesel type. 

In a diesel train engine, the primary sound generated 
is a result of both the diesel motor exhaust and the tur 
bocharger used to supply the fuel to the engine. For in 
stance, when acceleration of a diesel engine is initiated, 
a lower frequency sound will result first due to the die 
sel motor speeding up. This first sound will gradually be 
followed by the sound of the engine turbocharger gain 
ing speed. During deceleration the diesel motor ex 
haust noise will gradually reduce in frequency and 
loudness directly proportional to the speed of the en 
gine while the sound frequency of the turbocharger will 
reduce at a slower rate. 
Thus there are several effects which must be taken 

into consideration in the generation of a true sound of 
a diesel train engine. It is the purpose of this invention 
to faithfully duplicate the sound of a diesel train engine, 
and particularly as the engine is accelerated and decel 
erated through the various speed ranges and operated 
under the various conditions which a normal train op 
erateS. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the subject invention. 
FIG. 2 shows graphically the manner in which the fre 

quencies of the oscillators of the sound generator vary 
and 
FIG. 3 is a schematic drawing of the subject inven 

tion. 3 : ". . . . 

DESCRIPTION OF THE INVENTION 
FIG. 2 shows graphically the usual frequencies gener 

ated by a diesel train engine as it accelerates, operates 
at a constant velocity, and decelerates. For instance it 
has been learned that the sound emanating from a die 
sel train engine is primarily the result of two sound gen 
erators, namely the turbocharger and the diesel motor 
itself. Studies have further shown that during an accel 
eration stage the diesel motor sound is somewhat di 
rectly proportional to the speed the engine is traveling. 
That is, the faster the speed, the higher the frequency 
of the motor exhaust sound. 
One other phenomena has also been learned in ac 

cordance with the present invention. The turbocharger 
is the other primary sound generator for the train sys 
tem and generates a sound frequency generally but not 
directly proportional to velocity. In other words, there 
is a time lag before the turbocharger sound frequency 
reaches a higher value on acceleration, and also a time 
lag before the turbocharger sound reduces in frequency 
during deceleration. During the period of constant ve 
locity the motor and turbocharger sounds remain at a 
somewhat constant frequency relationship. 

In accordance with one embodiment of the invention 
there is shown in FIG. 1 a sound generating system 
which closely approximates that of a full-scale diesel 
train engine but which can be embodied in components 
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2 
of sufficiently small size to fit into a model train pack 
age. Therein is shown the controller 20 which usually 
is a hand actuated rheostat including a resistor 21 with 
a sliding contact 22 for picking off the power setting or 
voltage to operate the train at the desired velocity. 
Thus the conductor 24 is adapted to be connected to 
one track 23a and the other track 23b is grounded. The 
track voltage from the controller is picked up through 
the model locomotive wheels to turn the motor which 
moves the train, the voltage also is fed through a recti 
fier 25 generally of the full wave type which permits 
such a controller to be utilized from either an AC or 
plus or minus DC power supply. The rectifier supplies 
DC power to a pair of oscillators 26 and 27, with the 
oscillator 26 being provided to supply the signal f1 
which generally approximates that of a diesel motor. 
The oscillator is of the type which emits a signal varying 
with the amplitude of the voltage supplied to inputter 
minals. The controller output is also fed to the oscilla 
tor 27 supplying the turbocharger sound signal f2. The 
signal f2 varies on a delayed basis relative to the supply 
voltage supplied because a capacitor C1 shown sche 
matically delays the input signal sufficiently for the 
generation of an approximation of a turbocharger 
sound relative to the diesel motor. The full details of 
the operation of these oscillators will be described 
hereinafter. 
Thus the outputs of the oscillators 26 and 27 are fed 

through the resistors R4 and R5 and R6, respectively, 
for summation of the signals for the generation of an 
output signal which is subsequently fed to the operating 
amplifier 28. The resistor R6 is shown to be variable for 
purposes of adjusting the loudness of the turbocharger 
to represent the many different types of diesel engines. 
The rectifier output is also fed through the conductors 
29 and 30 to the amplifier 28 for controlling the ampli 
fier output level. The oscillator signals are fed through 
the conductor 31 to the amplifier with a filter capacitor 
32 connecting that conductor to ground for the pur 
poses of limiting the frequency response of the ampli 
fier to prevent oscillations. 
Thus the signal supplied from the amplifier 28 has an 

amplitude depending upon the setting of the controller 
20 with a frequency output dependent upon the com 
bined output signals from the oscillators 26 and 27. 
This amplifier signal is fed through an isolation capaci 
tor 34 to eliminate any DC signal component and 
thereafter to a speaker 35 which is located in the model 
train. Thus it can be seen that both signals, i.e., the tur 
bocharger sound signal and the diesel motor sound sig 
nal, are supplied to the speaker for approximation of 
the diesel train sound. 

Illustrated in FIG. 3 is a schematic drawing of the 
block diagram just described showing the controller 20, 
the rectifier 25, the oscillator 26 for the signal fl, the 
oscillator 27 for the signal f2, a filter 36 and an ampli 
fier 28 having the output connected to the speaker 35. 
The output from the controller is fed through the full 

wave rectifier 25 and through the conductor 37 to the 
oscillator 26. This voltage signal is passed through the 
resistor R1 to the resistor 38 and resistor 39 connected 
to the bases respectively of the transistors Q1 and Q2. 
A V1 regulator comprising the resistor R1 and the 
Zener diode Z1 is supplied for clamping the maximum 
voltage which can be impressed across these transis 
tors. The collector voltages for the transistors Q1 and 
Q2 are supplied through the resistors 40 and 41 respec 
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tively. The transistor emitters are connected to ground 
and there is supplied a connection from each collector 
to the base of the opposite transistor including the ca 
pacitors 42 and 44 respectively. 
The transistors O1 and O2 conduct alternately. Thus 

the oscillator operates in the standard manner such that 
as each transistorturns on it in turn drops the base volt 
age of the other transistor sufficiently to turn it off. The 
frequency of oscillation depends upon the voltage sup 
plied through the conductor 37. However a peak volt 
age is determined by the breakdown voltage of the reg 
ulator V1 which in turn is set by the breakdown voltage 
of the Zener diode Z1. Thus it can be seen that the os 
cillator 26 supplies an output signal directly propor 
tional to the input voltage received through the recti 
fier from the controller. Generally this output signal is 
in the range of 25 to 100 cycles per second to approxi 
mate the sound of a diesel motor exhaust. 
The oscillator 27 receives also the output signal from 

the rectifier 25. This signal is fed through the resistor 
R3 and R7 to the juncture 45. However also connected 
between this junction and ground is the capacitor C1 
which, in the example shown, is a 68 microfarad 10 volt 
capacitor. This capacitor serves to delay sufficiently 
the voltage signal, and therefore the reaction, of the os 
cillator 27 to supply the delayed frequency signal nec 
essary for approximation of the turbocharger sound. In 
the same manner as described with respect to the oscil 
lator 26, the oscillator 27 receives from the juncture 45 
a base voltage signal for a pair of transistors Q3 and Q4. 
Similarly the transistor collector voltages are supplied 
through the resistors 46 and 47 with the emitters being 
connected to ground as in the previous embodiment. 
Thus, this oscillator functions in exactly the same man 
ner as the previous oscillator with the exception that 
there is a time delay in frequency buildup as the voltage 
signal supplied increases due to the effect of the capaci 
tor C1. The frequency of this signal is in the order of 
2,000 to 5,000 cycles per second to approximate the 
sound of a turbocharger for a diesel train engine. 
As previously described, the output from the oscilla 

tor 27 is supplied through the resistor R6 and R5 to the 
juncture 48 which receives also through the resistor R4 
the output from the oscillator 26. The resultant signal 
is fed to the juncture 49 having connected thereto a ca 
pacitor 50 leading to ground. The amplifier 28 ampli 
fies this signal with an output level dependent upon the 
voltage output supplied thereto by the rectifier 25. The 
rectifier output voltage is supplied through the conduc 
tor 51 which connects with the filter 36 including a pair 
of capacitors 52 and 53 which serve to smooth out the 
rectified power signal which may have a rather large 
ripple voltage due to the output signal from the track 
power source 20. Otherwise such a ripple signal might 
result in an unwanted modulation of the output signal 
in the audio range which is discernible to the human 
ear. Thus the rectifier output signal is supplied to the 
collector of the transistor O6 having the base thereof 
connected through the diode 54 to the collector of the 
transistor O5. The emitter is likewise connected to the 
output terminal 55 and to the emitter of the transistor 
O7, while O7 collector is connected to ground. 
Thus in the manner described the amplifier 28 has a 

O 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
voltage output swing dependent upon the voltage out 
put signal from the rectifier 25 for amplification of the 
resulting signal derived from the addition of the oscilla 
tor output signals at the juncture 48. This signal is fed 
through a capacitor 56 for the elimination of any DC 
component to excite the speaker 35. The loudness of 
the speaker output signal is dependent on the voltage 
swing of the amplifier 28 which in turn is dependent on 
the amplitude of the voltage output signal from the 
controller 20. 
Thus it can be seen that the foregoing described cir 

cuit functions in a manner to supply a pair of oscillator 
signals, one delayed relative to the other but both de 
pendent in frequency upon the voltage of the controller 
output, and dependent also in volume on the voltage of 
the output from the controller. In this manner a diesel 
train engine sound is provided which varies in loudness 
on the power supplied to the engine, and varies in fre 
quency responsive to the mode of operation of the en 
gine, i.e., the velocity of the train and whether it is ac 
celerating or decelerating. 
The invention claims: 
1. A sound simulator for representing the sound of a 

diesel engine for a model train operated by power sup 
plied to a track and regulated by a controller, said sim 
ulator comprising: 
a first voltage controlled oscillator having a predeter 
mined frequency range and adapted to supply an 
output signal having a frequency dependent on the 
power supplied to the train; 

a second voltage controlled oscillator having a prede 
termined frequency range and adapted also to sup 
ply an output signal having a frequench dependent 
on the voltage supplied to the train; 

means to delay the frequency response of the second 
oscillator such that the frequency of the output sig 
nal changes more slowly with voltage changes than 
does the frequency of the first oscillator, and 

means to mix the signals of the first and second oscil 
lators and broadcast an audible signal from the die 
sel train responsive to the oscillator signals thereby 
to simulate the diesel engine sound. 

2. A sound simulator as defined in claim wherein 
the first voltage controlled oscillator has a frequency 
range of 25 to 100 cycles per second. 

3. A sound simulator as defined in claim 2 wherein 
the second voltage controlled oscillator has a fre 
quency range of 2,000 to 5,000 cycles per second. 

4. A sound simulator as defined in claim 1 including 
means to vary the loudness of the audible sound in re 
sponse to the power supplied to the train by regulation 
of the controller, 

5. A sound simulator as defined in claim 4 including 
means to filter from the power supplied to the oscilla 
tors any low frequency modulation due to the control 
ler. 

6. A sound simulator as defined in claim 1 including 
a full wave rectifier connected between the controller 
and the simulator to permit operation of the simulator 
with controllers adapted to operate from either an AC 
or DC power source. 
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