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Strain Gage: Intro
Strain gage measure the strain 
• e i = DL i / L i
• DRi / R i = K e i 
• K ~ 2 is the gage factor 
• L i ~ 7mm is the strain-gage length



Strain Gage: Methodology

e = DL / L

XX

• e X - e T/O =    (aX - asteel )  D T
• The subtraction removes the thermal response of 

the strain gage and leaves just the part that 
depends on the substrate 

• Measure e X as a function of T
• Fit e X - e T/O    vs T

For Another material X:

In our samples thermal output vs T given for Steel 1018 



Experimental setup with Aluminium

Aluminium

Direction 1
Direction 2

NTC

The setup is inside a climate chamber



Strain-gage 1 Al Strain-gage 2 Al

slope_measured ~ 13.0 e-6 / C 
a Al = slope_measured + asteel ~ 25.1 e-6 / C

For both sensors decent agreement with expected CTE of Aluminium 

slope_measured ~ 12.3 e-6 / C 
a Al = slope_measured + asteel ~ 24.5 e-6 / C

Blue points and Fit: : after thermal correction



Experimental setup with CF foil

We perform a strain measurement in two ways:
• External wheatstone bridge + Voltage measurement 

from Keysight DAQM901A module Data Acquisition System
• Direct 4 wire measurement of strain ( resistance ) 

from Keysight DAQM901A module Data Acquisition System



• in each direction, for the two types 
of measurement, we have same 
trend of strain vs T

• for 0 and 90 degrees
same trend of "strain vs T" and,
therefore, same CTE, as  expected 

from RS specs

• the trend of "strain vs T" of -
45C and -135 C are a bit different.
No specs available for these 

directions



• The linear fit of in the [-20, + 20]C region for 0 deg gives CTE ~ (-9.8 + 12.1 ) ppm/C = 2.3 ppm/C, in decent agreement 
with RS specs of 2.1 ppm/C

• In the region [+20, +40 ]C the fitted CTE is ~(-8.3 + 12.1 )ppm/C =3.8 pp/C
• In the region [- 40, - 20 ]C the fitted CTE is ~(-12.2 + 12.1) ppm/C ~ -0.1 ppm/C

• 12.1 ppm/C is the CTE of steel 2018 used for thermal compensation

Fit and CTE extraction



Reproducibility

40− 20− 0 20 40
T [C]

0.2−

0

0.2

0.4

0.6

0.8

3−10×

S
tr

a
in

0 deg
First meas
Second meas
Third meas

Graph

40− 20− 0 20 40
T [C]

0.2−

0

0.2

0.4

0.6

0.8

3−10×

S
tr

a
in

90 deg
First meas
Second meas
Third meas

Graph

40− 20− 0 20 40
T [C]

0.2−

0

0.2

0.4

0.6

3−10×

S
tr

a
in

-45 deg
First meas
Second meas
Third meas

Graph

40− 20− 0 20 40
T [C]

0.2−

0

0.2

0.4

0.6

0.8

3−10×

S
tr

a
in

-135 deg
First meas
Second meas
Third meas

Graph



Small Mono-directional sensors

Large Sensor with Large Sensor correction
Small Sensor 2 with Large Sensor correction
Small Sensor 2 with Small Sensor correction
Small Sensor 1 with Small Sensor correction

Small Sensor 1

Small Sensor 2

To be understood



Backup




