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General information

Office hours
Instructors: Cosme Furlong Christopher Scarpino
Office: HL-151 Office: HL-153
Everyday: During laboratory
9:00 to 9:50 am sessions

Teaching Assistants: During laboratory sessions




General information

Please refer to handout:
“Laboratory 3: Strain Measurements”
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General information

Please refer to handout:
“Laboratory 3: Strain Measurements”

Make sure to:

e Estimate maximum strain level to
expect (use [30-50] psi as initial
values). Are gain and excitation
levels appropriate? What
measurement resolution is expected?

e Start with a balanced bridge

o Verify output with shunt resistors

e Using shunt resistors, write data
into file (are pressure and stress
levels appropriate)?

(consider doing "screenshots” of
the experiment for your report)

Do your tests
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Strain gages

Definition of gage factor: F = dR/R
€a
1d
(From lecture notes) = F =1+ 2H+__P
€a P

2D view of a
strain gage

If resistivity does not change = F =1+2pu

And strain with change of 1 AR
resistance is: —~

A typical strain gage has a gage factor ~ 2.095 + 0.5%.
Why? How is this possible? Open for discussions
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Strain gages and a Wheatstone bridge

Recall from previous discussions:

(Changes in resistance &
output voltage)

And strain with change of
resistance is:

We want to recover strain
from voltage measurements.
Combine previous equations:

AE; AR, AR
E 4R 4R
1 AR
= gy=——
F R
1 4AE,
= g =—
F E
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Strain gages and a Wheatstone bridge
We need to amplify output signal: determine gain

F
Re-write previous equation as: Ak, = 7 E-g,
Assume the following values: E=10+0.005V
(based on an actual setup) E —2095+05%
Also, assume the measurement of
only 1 pstrain (ep): g, =1lpstrain =1x107°
Using these values leads to: AE, =5.238x107°V

Is it possible to measure this voltage level in HL-031?
Open for discussions
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Strain gages and a Wheatstone bridge
We need to amplify output signal: determine gain

Assume that measurement
resolution of DAQ system is:

(please, update accordingly, while 1x107°V
taking into account max./min.
voltages allowed in the DAQs input) (i.e., 1mV per 1 pstrain)
-3
Gain for the output signal should be: Gain = 1x10 Ye ~191
' 5.238x107°V

If we use full range resolution of DAQs in HL-031, what is
the range of strain values that can be measured?

Open for discussions
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Note on strain gages design (typical: 0.001” thick)

BACKING
/ /ENCAPSULATION
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dR/R
Ex

Gage factor=F =

L 1 AR— TO be measured
Resistance =R =p— X =E R (use a bridge
/ A circuit)
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Strain gage: temperature effects

Recall Lab #1: resistance as a function of
temperature. Open for discussions

Note units TEMPERATURE in °C
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Strain gages and a Wheatstone bridge: gain
Calibration by use of

shunt resistors

Connect high-precision
calibration resistor in “parallel”

.
% Rcal — Rshunt

B

E

Excitation
source

Strain gage
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Strain gage selection

CONSIDERATIONS FOR
PARAMETER SELECTION

Strain Gage Selection Steps

EA 06—25DBF-350 — OPTION LE

-(S1ep3) GAGE SERIES

GAGE LENGTH—]\ |
GAGE PATTERN -

OPTION (IF ANY) (Step )

RESISTANCE

S-T-CNUMBER (Step6)

Selection Step: 1
Parameter: Gage Length

Selection Step. 2
Parameter: Gage Pattern

Selection Step: 3
Parameter: Gage Series

Selection Step: 4
Parameter: Options

Selection Step: 5
Parameter: Gage Resistance

Selection Step: 6
Parameter: $-T-C Number

[] -
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O

ooo oo gk O ©coaodago
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strain gradients

area of maximum strain
accuracy required
static strain stability
maximum elongation
cyclic endurance

heat dissipation

space for installation
ease of installation

strain gradients (in-plane
and normal to surface)
biaxiality of stress

heat dissipation

space for installation

ease of installation

gage resistance availability

type of strain measurement
application {static, dynamic,
post-yield, etc.)

operating temperature

test duration

cyclic endurance

accuracy required

ease of installation

type of measurement (static,
dynamic, post-yield, etc.)
installation environment —
laboratory or field

stability requirements
soldering sensitivity of
substrate (plastic, bone, efc.)
space available for installation
installation time constraints

heat dissipation
leadwire desensitization
signal-to-noise ratio

test specimen material
operating temperature range
accuracy required




Strain gages and a Wheatstone bridge: gain
Calibration by use of shunt resistors

Measuring arm of the bridge

o
A

E4 I:\)x Rcal = Rshunt

\/\ Calibration
resistor

Strain gage

O=
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Strain gages and a Wheatstone bridge: gain
Calibration by use of shunt resistors

Equivalent resistance

iz + 1 — R= Ry - Real
R Rx Rcal Rx + Rc:al
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Strain gages and a Wheatstone bridge: gain
Calibration by use of shunt resistors

Change in resistance is

AR=R-R, = Pear _

x+ cal
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Strain gages and a Wheatstone bridge: gain
Calibration by use of shunt resistors

Using the definition of a gage factor:

AR R

=——— = g =-— X
! F Rx - F (Rx + Rc:al)

e

Indicates
compression
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Strain gages and a Wheatstone bridge: gain
Calibration by use of shunt resistors

Example

If: R, =878,000Q; R, =120 Q with F =2.095

cal —

_ Ry 120 — _65.2x10°

€ — -
cal = (Rx + Rcal) 2.095 (120 + 878,000)

= —65.2 ustrain (compression)
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Strain gages and a Wheatstone bridge
Calibration by use of shunt resistors

Amplifier model 2310

Internal calibration

resistors

Internal variable resistor

(bridge calibration)

Gain

(note resolution in gain
settings)

o El
Mechanical Engineering Department ' &
N



Strain gages and a Wheatstone bridge
Calibration by use of shunt resistors

Amplifier model 2310 in # bridge
configuration

+A: 5994k = ~ 954 ustrain

+B: 1748 kQ = ~ 328 ustrain

(Make sure to verify
these results)

Check + + - and ¢
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Strain gages and a Wheatstone bridge
Calibration by use of shunt resistors

+ A resistor
\

Lab3.vi \

File Edit Operate Tools Browse Window Help =

A
Volts \
I/g Strain Gage j
MicraStrain
Waveform Chart 947.025 Plot 0 N 1
1000 - .

t(n) i} 750
o.005 oJl0.0025 o
E {psi) nu -é" 250
ol L2TE+7 Jlo.3 EL -
-250-

-500 -]

stop -750 -]

%ﬁig VI built for the lab
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Strain gages and a Wheatstone bridge
Calibration by use of shunt resistors

+ B resistor
\

Lab3.vi

A\

File Edit Operate Tools Browse

B[]

Window Help

\

Volts

\ il

I/g Strain Gage

\tﬁn}

L) 0.005
E (psi)
';J 1.27E+7

=l

MicraStrain
Waveform Chart 324,818 Plot 0 N A
1000 -
rim) 750
so0-
nu 4 250
Jos | g o
E -250-
-500 -]
stop -750 -]
-1000 -}
STOP
Time

VI built for the lab
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Finish lab

Do not forget to include RSS uncertainty
analysis of your pressure measurements
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