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Fig. 2. The most-important types of strain gages.

ble to detect strains along more than one Another way to detect the direction of
axis by using two or more gages that are strain is to form several gages, each
aligned in different directions. One way aligned in a different direction, on the
this is accomplished is to stack two or same substrate. The result is known as a
more gages on top of each other, as strain gage rosette. The principal direc-
shown in Fig. 3. tion of strain can then be calculated by in-
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Fig. 3. Single-axis (left) and stacked (right) strain gages.
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Fig. 4. Full bridge rosette strain-gage configuration.

blems is to connect two identical gages in
a Wheatstone bridge, as shown in Fig. 5.
One gage, the sensor (R3), is bonded to
the surface to be monitored. The second
gage, the reference or compensation gage
(R1), is installed on a nearby surface
that’s identical to the first but not subject
to strain. As long as both gages are in-
stalled in the same way, both will remain
at the same temperature. The bridge re-
mains balanced, and no current flows.
Only when the sensor gage is strained will
the bridge become unbalanced.

Noise Problems

Strain gages exhibit such tiny changes in
resistance that it’s usually important to
guard against electrical noise that might
interfere with the measurement of the re-
sistance change. Noise can enter the
strain gage directly if its exposed wire
leads touch the metal structure to which
the gage is bonded. Noise can also be in-
duced into the strain gage’s wire leads,
particularly if they’re long. These prob-
lems can be prevented by using shielded
cable and by carefully insulating any ex-
posed wire leads and connections.

Amplifiers

You can use a digital multimeter to mea-
sure the very small changes in a strain
gage’s resistance. In most applications,
however, an amplifier is used to beef up
the very tiny voltage or current changes
caused by strain.

Figure 6 shows how to connect an oper-
ational amplifier to a strain gage that
forms part of a Wheatstone bridge. The
bridge circuit permits the output to be set
to any desired level simply by adjusting
R4. The resistance of R4 should be some-
what greater than the maximum expected
resistance of the strain gage.

Automatic temperature compensation
can be provided by using identical strain
gages for RI and R3. Increasing RS in-
creases the circuit’s gain and, hence, its
sensitivity to strain.

The output voltage of the circuit in Fig.
6 decreases as the resistance of R3 in-
creases. In other words, an increase in
strain causes the output voltage to de-
crease. This operating mode can be re-
versed by transposing the positions of R3
and R4.

The 741 op amp is readily available and
inexpensive. Much better op amps are
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Fig. 5. How to connect a strain gage to a Wheatstone bridge.

available, and these should be used for
precision applications. Many other strain
gage amplifier circuits are available as
well. You can find them in application
notes published by strain gage makers
and manufacturers of op amps.

Do-It-Yourself Strain Gages

It’s possible to make strain gages using
commonly available materials and sup-
plies. Years ago, I was studying the move-
ments of a small guided rocket ina home-
made wind tunnel that was strapped to
the side of my car. I needed a way to mea-
sure the displacement of the rocket in re-
sponse to guidance commands. The rock-
et was mounted on a stiff length of piano
wire that flexed when the rocket moved.
The obvious solution was to attach a
strain gage to the piano wire. But I didn’t
have a strain gage!

The solution to this measurement prob-
lem was deceptively easy. First, I coated
all but the ends of the wire with a layer of
insulating paint. After this layer of paint
dried, I applied a coat of conductive paint
over the insulating paint and the exposed
end of the wire to which the rocket was at-
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Fig. 7. Details for fabricating a piano-wire Strain gage.

ment of the object to which it’s attached
will change the photocurrent through the
phototransistor of the optoisolator.

Another very sensitive approach is to
point the beam from a small laser at atiny
mirror cemented to the surface of the ob-
ject being monitored. The reflected beam
should form a spot of light on a fixed
white surface some distance away. The
slightest movement of the object will
cause the reflected beam to move notice-
ably. This method is particularly good
for detecting torsional strain.

Optical fibers can be used to make very
sensitive strain gages. You can quickly
demonstrate the sensitivity of an optical
fiber as a strain gage simply by injecting
the light from a helium-neon or diode las-
er into one end of the fiber. The light
emerging from the opposite end of the fi-
ber should strike a photodetector con-
nected to an audio amplifier. When the
fiber is still, the only sound from the am-
plifier will be a gentle rushing noise,
which is always present. Depending on
the kind of fiber and the coherence of the
laser, when the fiber is slightly disturbed,
the amplifier will emit sounds ranging
from thumps and clicks to musical chirps.

You can use an optical-fiber strain de-
tector to trigger an alarm or counter when
the strain exceeds a certain threshold. For
this purpose, a level detector should be
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connected to the detector amplifier’s out-
put. The level detector switches a logic
circuit when the amplitude of the signal
changes sufficiently. The simplest way to
accomplish this is to couple the signal
from the amplifier into one input of a
comparator. A voltage divider connected
to the comparator’s second input can be
used to set the trigger level. The output of
the comparator can go to a one-shot if it’s
necessary to stretch the pulse long enough
to trigger an alarm.

Additional Information

A brief but good introduction to strain
gage principles is given in Experimental
Methods for Engineers by J.P. Holman
(McGraw-Hill, 1984). Manufacturers of
strain gages publish applications infor-
mation that provides valuable informa-
tion on how to select, install and use vari-
ous kinds of strain gages. You can find
the names and addresses of strain gage
manufacturers in various trade director-
ies available at libraries and engineering
companies.

One of the best sources of applications
information is Pressure, Strain and
Force, an annual publication available to
serious inquirers from Omega Engineer-
ing, Inc. (Box 4047, Stamford, CT 06907).
Omega also sells a wide variety of metal-
foil strain gages, adhesives and strain-
gage amplifiers and other instruments. ME
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