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Measure Projectile Velocity
Optically With An Ohmmeter
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rchery and target shooting with
A firearms and air guns are just a
few of the many sports and pas-
times that involve high-speed projec-
tiles. A handy accessory for any of these
activities is some means of accurately
measuring the speed of the projectile
(e.g., air gun pellet muzzle velocity).
This enables the condition of the gun,
bow, etc., to be monitored, allowing
optimum performance and accuracy to
be maintained.
Commonly called chronographs,

such devices are commercially offered
at reasonable prices (less than $100).
For some folks, though, the do-it-your-
self approach maintains its perennial
appeal. For this group, the circuit
shown is offered as a cheap, simple, and
functional alternative.

Like most electronic chronographs,
this one works via optical detection of
the passage of the projectile over two
points separated by a known distance,
D (in this case, the five inches separat-
ing phototransistors Q1 and Q2). The
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time-of-flight, T, between the detectors
is, of course, inversely proportional to
the average speed, S, of the projectile:
S=D/T.

Optical detection of a projectile
whizzing past a given point is not
always trivial —especially for BBs and
other small-caliber air gun pellets that
may fill only a small fraction {about
1%) of the detector's field of view. The
logarithmic optical-detection method
employed here is borrowed from an
earlier IFD (“Available-Light Photota-
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A handy accessory for archery and target-shooting buffs with a do-it-yourself tendency, this cir(;ﬁif allnwsme speed of a projectile to bé |

accurately measured with a standard ohmmeter.

October 29, 2001 » ELECTRONIC DESIGN 57



IDEAS FOR DESIGN

chometer Simplifies Outdoor Remote Sens-
ing,” ELECTRONIC DESIGN, January 25,
1999) and has a wide dynamic range
compatible with low-contrast signals in
both outdoor and indoor lighting,

Velocity measurement begins with
the passage of the projectile over Q1.
The resulting partial occlusion of Q1s
view generates a negative pulse at Al's
noninverting input of about 500 pV for
every 1% of light blocked. A1 and A4
boost and invert by 70 dB to produce a
reset (start) pulse to the free-running
14-bit ripple counter U3. Following the
projectile’s passage, U3 resumes count-
ing from zero, tallying the time of flight
(T} with 250-ns resolution.

The same process occurs when the
projectile reaches Q2, generating a reset
(stop) pulse to U2, marking the end of
the flight between detectors. This action
results in the capture of a phase differ-
ence between the 244-Hz (4 MHz/
16,384) square-wave outputs of free-
running U3 and U2 equal to T. This
phase difference will persist until detec-
tion of a subsequent TOF event. There-
fore, until then, the TOF measurement
remains available for readout.

The problems then remaining are: (1)
conversion of this time measurement
into the desired reciprocal velocity mea-
surement, a process usually accom-
plished with software division via a
microcontroller, and (2) provision for
display of the calculated velocity. This is

A

where that ohmmeter comes into play.

Enhancement-mode MOSFET Q7
(Ron < 0.25 Q) is arranged so that it
only turns on when U3's output is at
Jogic zero and U2's output is simultane-
ously at logic one. This state occurs
once every 4096-us U2/U3 cycle and
has a duration exactly equal to the
phase difference, T. So, the duty factor
of Q7’s conduction is equal to T/(4096
us). As a result, the average conduc-
tance of the Q7/Rcar combination is
equal to T/{4096 pis X Reay)-

This makes the average resistance
seen by an ohmmeter connected to the
output terminals equal to Rour =
(4096 ps)Rgar/T. Because T=D/S, D =
5in. = 0.417 ft., and Ry, = 102 £2, we
have: Royp = 4096 jis x 102 x 8/0.417 =
1 Q/ft/s. Thus, the Royr resistance
readout is a direct linear representa-
tion of projectile velocity expressed in
ft/s. Depending on the 244-Hz ripple-
rejection characteristics of the ohmme-
ter, ripple-filter capacitor C1 may not
be necessary.

Although the circuit constants and
flight-path dimensions shown are opti-
mized for the measurement of gun-muz-
zle velacities in the range of 204 to 3500
fi/s, other component choices can easily
adapt the chmmeter/chronometer to
other scenarios and preferences. For
example, changing Reay to 310 Q will
change the scale factor to 10 Q = 1 my/s;
Rear = 69.8 Qyields 1 Q=1 mph. 7Y
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