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Strain Gauges

2

Strain gauges use wires or conducting foil which change 
resistance with length, and so by measuring the change in 
resistance the strain can be estimated.
The gauges are designed to be sensitive to strain changes 
in a particular direction. The gauge illustrated here would 
measure strain parallel to the x-axis.
The relationship between strain and resistance is:

δR
R

= Sε
δR Change in resistance
R Resistance of unstrained gauge
S Strain sensitivity factor, or ‘gauge’ factor
ε Strain

Strain gauges are usually arranged in a 
Wheatstone Bridge to increase sensitivity.
Sometimes precision resistors are used in 
place of strain gauges.
Since strain gauges can be sensitive to 
temperature, an unstressed ‘dummy’ strain 
gauge is often used as a reference.



U
ni

ve
rs

ity
 o

f N
ew

ca
st

le
 u

po
n 

Ty
ne

, S
ch

oo
l o

f M
ec

ha
ni

ca
l &

 S
ys

te
m

s E
ng

in
ee

ri
ng

M
EC

20
08

 M
ec

ha
ni

ca
l E

ng
in

ee
ri

ng
 P

ro
fe

ss
io

na
l S

ki
lls

Stage 2 Mechatronics Lab

Strain Gauges

3

Parallel circuit, so voltage drop across each branch is the 
same, i.e.:

The total resistance in each arm is the same:

So the current in each arm is:

The output voltage is the voltage difference:

R + δR

R − δR R + δR

R − δR

Total Voltage = Vin
+ −Vin

−

Example: A beam with two strain gauges 
on top, and two strain gauges underneath.

Total Resistance = (R + δR) + (R − δR) = 2R

Current, I = Vin
+ −Vin

−

2R

Vout = Vin
+ − I(R − δR)( ) − Vin

+ − I(R + δR)( )
= 2IδR

= Vin
+ −Vin

−( )δRR
= Vin

+ −Vin
−( )Sε

δR Change in resistance
R Resistance of unstrained gauge
S Strain sensitivity factor, or ‘gauge’ factor
ε Strain
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Strain Gauges

4

The output voltage can be +ve or -ve, depending on the strain:

What do we do with it? Can we input it directly to a computer?

Vout = Vin
+ −Vin

−( )Sε

Build your own circuit!
4/8 channels, one thousand samples 
(i.e., measurements) per second, 20-
bit accuracy.
Of course, you need to do a lot more 
than just connect the ADC chip...

Or you could get the professionals to 
do the electronics. Take a look at this:

(and you’ll need a LabView license).
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Analog Digital Converter (ADC)

5

An ADC takes a voltage input in a specified voltage range and converts it to a number in a 
corresponding range.
In general, digital electronic circuits don’t look closely at the voltage, e.g., if the voltage is 
above 1V then the voltage is high and had digital value ‘1’ (on); otherwise the voltage is 
low, with digital value ‘0’ (off). This is like an ADC with 1-bit accuracy.

You may need to convert your signal to the correct 
voltage range. You can get specialised strain gauge 
amplifier circuit boards to help with this.
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Analog Digital Converter (ADC)

6

So is this all about strain gauges?

No. It could be:
• accelerometers
•gyroscopes
•magnetometers
•potentiometers
• light sensors
• temperature sensors
•microphones

PICDEM Mechatronics Board
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Pulse Width Modulation (PWM)

7

Okay, so the ADC converts a voltage into a number. Can we do it the other way round? 
Go from a number to a voltage?

Well, there is the Digital to Analog Convertor (DAC), but what exactly does this do?

In principle, instead of 
generating part of the (full) 
voltage all of the time, it has 
all of the (full) voltage part 
of the time...
For example, if voltage 
‘high’ is 5V, then a 4V signal 
might be generated from a 
1MHz (one million clock 
cycles per second) PWM by 
outputting voltage ‘high’ for 
800 cycles out of every 1000.
This can then be smoothed 
out using a low-pass filter.


