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A New 120 KC Industrial Counter for Measuring 
RPM, Velocity, Quantity, Flow, Etc. 

REQUENCY counters are being used F more and more for making the precision 
measurements important in industrial work. 
Such measurements include the rpm of all 
sorts of rotating devices, measurements of 
velocity, length, pressure, etc. 

A compact new frequency counter has 
been developed especially for such industrial 
applications. This new instrument counts 
frequencies or electrical events up to a maxi- 
mum rate of 120,000 per second. It is thus 
capable of counting the rpm of even the fast- 
est rotating devices. It is provided with a dis- 
play capacity of 9,999 counts and with sam- 
pling times of 1/10 or 1 second which are 
selectable by the operator. A panel switch 
further adds to the flexibility of the instru- 
ment by enabling the operator to start and 
stop a measurement manually in place of the 
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Fig. 1. New -hp- Model 521 A Industrial Electronic Coun- 
ter measures frequencies up to 120,000 cycles per second. 
Internal time base system can be operated from power 
line frequency, from opional @ecision oscillator, or from 

existing standard frequencies. 

k e d  sampling times. In addition, a panel 
jack is provided to permit the sampling time 
to be controlled by an external switch or 
relay. 

The new counter makes two types of meas- 
urements. First it will count externally-ap- 
plied electrical events for an interval of 
1/10 or 1 second as desired. The quantity it 
displays is thus equal to events per tenth sec- 
ond or per second. Second, if the manual 
start-stop (gate) switch is used, the counter 
will totalize indefinitely as determined by 
the switch instead of for a fixed interval. Or, 
if the panel jack is used with suitable exter- 
nal contacts, the counter can be used, for ex- 
ample, to count the number of drum revolu- 
tions for a given rise in brake temperature 
under various load conditions, or for many 
other applications where rotation as a func- 
tion of some dependent quantity is desired. 
CIRCUIT 

The basic arrangement of the counter is 
shown in Fig. 2. The frequency to be meas- 
ured is applied to a gate circuit whose open- 
ing and closing is controlled either by an in- 
ternal time base circuit or externally. When 
the gate is open, the signal passes through 
and drives a series of four decade counters 
which totalize the number of cycles applied 
to them. A display time circuit enables the 
operator to adjust the time that the count is 
displayed after the measurement is made 
from 1/10 to 15 seconds before the counter 
automatically makes the next measurement. 
Display time can also be held indefinitely if 
desired. 

If it is desired to operate the opening and 
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Fig. 2. Basic circuit arrangement of -hp- Model 521A 
Electronic Counter. 

closing of the gate manually or ex- 
ternally, a switch disconnects the 
time base and connects the gate to 
a panel switch and jack. The jack 
can be connected to a relay or other 
set of contacts. To open the gate 
from such an external connection, it 
is only necessary that the relay or 
contacts short the connections from 
the panel jack. 

TIME BASE SOURCES 

The time base circuit is arranged 
to derive its accuracy from one of 
three sources. First, the power line 
frequency (either 50- or 60-cps) can 
be used. Second, a crystal-controlled 
oscillator assembly is available as an 
accessory to plug in an otherwise 
vacant socket in the counter. Third, 
an external accurate frequency 
which is a multiple of 10 cps in the 
range from 10 to 100 cps can be used. 

When the time base is derived 
from the power line frequency, the 
accuracy of the instrument will vary 
directly with the accuracy of the 
power frequency. The matter of 
power line accuracy has been inves- 
tigated in most parts of the country 
as part of the development of the 
counter and in general found to be 
accurate within 0.1%. This accuracy 
is sufficient for many measurements. 
Some power systems have been 

found at times to be 
inaccurate by as much 
as 396, however, and 
in such locations one 
of the other two ar- 
rangements will most 
likely be preferred. 

If an external fre- 
quency which is a mul- 
tiple of 10 c p s  is to be 
used to operate the 
time base system, ap- 
proximately 5 volts 
are required across the 
0.5-megohm imped- 
ance of the terminal 
provided for connect- 
ing to the external fre- 
quency. The accuracy 
of the counter when 

operated from an external frequency 
is equal to the accuracy of the exter- 
nal frequency f 1 count. 

The plug-in oscillator operates at 
100 kc and is crystal-controlled. Us- 
ing this oscillator will give the coun- 
ter an accuracy of at least 0.01% 2 1  
count. Actually, the crystal accuracy 
is rated by the crystal manufacturer 
as being within 20.01% over a tem- 
perature range of from -20°C to 
+70"C. The oscillator is set at the 
factory to an accuracy of within ap- 
proximately 0.001% at an ambient 
temperature of approximately 23 "C. 
It is thus apparent that considerably 
better than rated accuracy will usu- 
ally be obtained. 
MULTIPLE OPERATION 

When a counter is equip- 
ped with the plug-in oscil- 
lator, a frequency of 100 
cps is available at a rear ter- 
minal of the counter. This 
frequency has the same 
O.Ol%-accuracy as the plug- 
in oscillator and can be used 
to supply the time base fre- 
quency for other counters 
which may be operated in 
the same general location. 
One plug-in oscillator can 
thus be used to supply the 
time base for up to 10 of the 
counters. 
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Fig. 3. Counter's display system presents 
measured frequency in illuminated 

.numerals. 

FOUR-PLACE DISPLAY 

At first glance a display capacity 
of four places (9,999 counts) might 
seem inadequate for a counter which 
can count at rates up to six places 
(120,000) per second. By making use 
of the 0.1 second and 1 second gates, 
however, readings can be made to 
the full speed of the counter. The 
four-place counter is thus a means of 
enabling six-place measurements to 
be made where desired while main- 
taining the economy of size and cir- 
cuitry desirable for a measuring in- 
strument of this type. 

To see how the four-place system 
can be used to make six-place meas- 
urements, assume that a measure- 
ment is being made of a 99,992 cps 
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Fig. 4. Optional crystal-controlled oscillator plugs 
in otherwise vacant socket. U p  to 10 counters can 
be operated from one such oscillator to obtain 

0.01% accuracy for each. 
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Fig. 5 .  Diagrammatic representation of  -hp- 506A Optical 
Tachometer Pickup used with counter to measure shaft speed. 
Speeds up  to 300,000 rprn can. be measured with this set-up. 

Fig. 7 .  Diagrammatic representation of -hp- Model 508 Tach- 
ometer Generator used with counter to measure shaft speed. 

Shaft speeds up to 40,000 rprn can be measured. 

rate. If the measurement is first made 
using the 0.1-second gate time, the 
measured value will be 9,999 events 
per 0.1 second or 99,990 events per 
second. The fifth place in this ex- 
ample is obscure since it is obtained 
by ten-fold multiplication of a four- 
place measurement. If now a meas- 
urement is made using a 1-second 
gate time, the fifth place will be 
known since the counters will give a 
reading of 9,992. In this case, the ten- 
thousands reading will be off scale to 
the left on the display system, but 
that is of no consequence since the 
ten-thousands value is already 
known. 

This system can be extended to 
the measurement of a six-place 120,- 
000 cps rate by observing in the 0.1 
second measurement whether the 
left-hand (thousands) counter goes 
“over the top.” That is, if the left- 
hand counter unit illuminates all of 
its numbers from 0 through 9 in its 
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Fig. 6. -hp- Model 506A Optical Pickup. 

column and then re-illuminates one 
of its lower numbers, a ten-thou- 
sands unit should be added to the 
displayed count. A rate of 120,000 
cps would thus be measured on a 0.1- 
second gate time as 2,000 cps per 0.1 
second, but because the left-hand 
counter unit started to repeat, a 
quantity of 10,000 would be added 
to the measurement. A total of 12,000 
cps per 0.1 second is thus obtained. 
Any ambiguity in the sixth place is 
removed by then making a 1-second 
measurement as before. 
ACCESSORY PROVISIONS 

Since the counter by itself counts 
electrical frequencies, it is necessary 
to convert to an electrical frequency 
the mechanical frequency, such as a 
shaft revolution, to be measured. 
This conversion can be effected by a 
suitable transducer. The counter 
simplifies this conversion by provid- 
ing power for external use at two 
sets of terminals. One of these sup- 
plies is designed to operate the -hp- 
Model 506A Optical Tachometer 
Pickup which detects mechanical ro- 
tation through light reflection. The 
second supply is designed for gen- 
eral purpose usage and provides 
+300 volts d-c at 10 ma, -150 volts 
d-c at 5 ma, and 6.3 volts a-c at 0.6 
ampere. 
RPM MEASUREMENTS 

Fig. 5 shows a diagrammatic repre- 
sentation of the counter operating 
w i t h  the  506A optical pickup. 

The head consists of a light source 
and a photocell. When a rotating 
part has been previously prepared so 
that one-half of its surface is coated 
with a low-reflecting film, the 
photocell will detect the variations 
in intensity in light reflected to the 
photocell. The resulting voltage 
variations are passed to the counter 
for counting. This arrangement will 
permit very high rpm’s to be meas- 
ured and in addition will permit 
their measurement without mechan- 
ical loading. In the case of low-en- 
ergy mechanical systems, this is an 
important advantage. 

Other devices which can be used 
for rpm measurements are the -hp- 
Models 508A and 508B Tachometer 
Generators. These small generators 
are designed to be mechanically cou- 
pled to a rotating shaft. The 508A 
provides 60 cycles of output for each 
revolution of its shaft. The value 
presented on the counter when a 
one-second gate is used is thus di- 
rectly readable in rpm. The 508B 
provides 100 cycles of output for 
each revolution of its shaft, giving a 
reading on the counter which is in 
hundreds of revolutions per second. 
Using a 1 second gate, readings can 
thus be made to a hundredth of a 
revolution per second. 

OTHER MEASUREMENTS 

Transducers are also commercially 
available which have frequency out- 
puts proportional to pressure, flow, 
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