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ME-3901, D'2012

Laboratory #3: Part 1




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 and Pressure Measurement”
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Objectives
The objectives of this laboratory are to:
e Perform characterization of internal pressure in a thin-

walled tank by measurements of mechanical strains;

e Perform uncertainty analysis of characterized internal
pressures with respect to parameters involved;

e Identify, in order of importance, percentage contribution
of all uncertainties to the overall uncertainty in pressure
characterizations;
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Background

Review Hoop (tangential) and Longitudinal stresses
in
Thin-walled cylinders
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Pressure transducer: Silicon diaphragm with Bridges

Cross section of an electronic package

Wirebond  piczoresistors Top view of silicon die

Metal film
Dielectric layer Ry, R,, Ry, R, = piezoresistors

N\
Silicone gel .\

Silicon | _~ Metal
diaphragm Die casing

attach
Pyrex glass

constraining A
base or metal
header 1

Interconnect /'I Passage for
pressurized
medium

Metal pad
/C pe

Wheatstone bridge:

Rl . Rz
R+R, R, +R;
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Pressure transducer: Silicon diaphragm. Resistive sensor

Schematic

Actual packages

' ' 4 embedded
strain gages

B J /

http://www.novasensor.com
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Hardware. Strain gages (typical: 0.001” thick)

BACKING
/ /ENCAPSULATION
’ -’-’- b A /7 :g_'_:':wi-’:::;.*:-';'
_,_-PEAK STRAIN
I _l INDICATED
_ - — — STRAIN
z N~
=
o
F
Wl
GAGE LENGTH Ko

Gage factor=F = dR/R
Ex
_ L 1 AR— TO be me.asur'ed
Resistance =R =p— X =E R (use a bridge
/ A circuit)

resistivity
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Hardware. Strain gage: temperature effects

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

Note units TEMPERATURE in °C
-50 0 +50 +100 +150 +200 +250
+500 l] l : I I l/

+400
+300l—2-Alloy - /

+200 7
+100
0 L~ “"N—-—-.,(“

~100— 4= NS \?Z
-200 / A-Alloy )
-300 7 ]
—400/ 7

-100 0 +100 +200 +300 +400 +500

TEMPERATURE IN °F

lloy

THERMAL OUTPUT, ue

Note signs
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Hardware.

Strain gage 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

CONSIDERATIONS FOR
PARAMETER SELECTION

[] -
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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




Hardware.

Self-Temperature-Compensation

Foil Alloy
Carrier Matrix (Backing)

4

Strain gage selection

Active Gage Length in Mils

[0.001 in (0.0254 mm)]

Grid and Tab Geometry
Resistance in Ohms
Optional Feature

_r

EA-06-250BG-120

T T 1=

Option E

=

E: Open-faced cast polyimide A:
backing.

W. Fully encapsulated; glass-
fiber-reinforced epoxy- P:
phenolic resin. High-

endurance leadwires.

CE: Thin, flexible gages with a
cast polyimide backing and
encapsulation featuring large,

rugged, copper-coated solder

Constantan alloy
in self-temperature-
compensated form.

Annealed constantan.
Isoelastic alloy.

Nickel-chromium
alloy {similar to
Karma).

The S-T-C number is the ap-
proximate thermal expansion
coefficient in ppm/°F of the
structural material on which
the gage is to be used. The
following standard compen-
sations are availabie:

Aand K alloy: 06, 13.
P alloy; 08

The D alloy is not available

: Integral printed circuit terminal,
polyimide encapsulation.

E: Polyimide encapsulation, leaving a

poriion of solder tab exposed.

Solder dots plus polyimide

encapsulation.

L: Preattached, soft, formable copper
leads.

Leads plus polyimide encapsulation.

SE:

LE:

tabs. This construction pro-
vides optimum capability

in self-temperature-com-
pensated form. ‘DY’ is used

- Primarily used for- general purpoae statbc ; S!sd:ad msertles Iwnitsd_to +15°ﬂF (+65°C)

| dynamic stress analysis.

for direct leadwire attachment. instead.
GAGE . FATIGUE LIFE
semies| PESCRIPTION AND PRIMARY APPLICATION TEMPERATURE RANGE STRAIN RANGE | Strain Level | Number of
in e Cycles
. . MNormal: =100° fo +350°F (75" 1o +175°C} +3% for gage lengths +1800 10°
EA Ger;er_ah‘m;pose S'a[“c s_md dy"fr;;c stress Special or Short Term: under 1/8 in (3.2 mm) +1500 10%
analysis. Wide range of options available. —320° to +400°F (-195° to +205°C) +5% for 1/8 n & over £1200 10°
! L;n:ve;sal general-purpose sttalnl gta%as Co;—_ ) e i ﬂ%fo : .Iangm 2
< f slantan grid completely encapsulated in poly- | 1nns SE o ; gaqe S
CEA | imide, with large, ruggad, copper-coated tabs. Norma 100 to +350 F( ?5 fa+1?5“cj under 1/8 in (3.2 rom)

#6% for 1/81n & over

+2% Monlinear at sirain

Excellent for dynamic measurements. ngh gage i _aone o (105 - +2500 10°
ED | jactor and extended fatigue life. Dynamic: ~320° to +400°F (~195% 10 +205°C) | ™ o ci5 over +0.5% £2200 107
Stress analysis and transducer applications. Normal: —100° to +400°F (-75° to +205°C) +2000 10°
WA | Wide temperature range and extreme erwiron- Special or Short Term: +2% +1800 108
mental capabllity. High-endurance leadwires. —320° to +500°F (-195% to +260°C) +1500 107
Widest temperature range and most extreme | Normal: —452° to +550°F (—269° to +290°C) +9900 108
WK | environmental capability. High-endurance lead- Special or Short Term: £1.5% +2000 107
wires. —452° to +750°F (—269° to +400°C)
) ) ) +£10% for gage lengths 1000 104
EP H‘gq'eb'f’“.g""(‘)'gns”T“_*gs“rfmems (post yield). Only ~100° to +400°F (~75° to +205°C) under 1/81in (3.2 mm) | EP gages show zero shift
available in - I-L value. +20% for 1/8in & over | under high-cyclic strains.
For wide-range dynamic strain measurements in +1.5% +3000 10°
wD I vide-rang Vl lrlr o ! y loaowires, | Dynamic: ~320° to +500°F (~195° to +260°C) | Nonlinear at strain +2500 107
severe environments. High-endurance leadwires. levels over +0.5% 2900 108




Strain gage bridge: basic Wheatstone bridges

Ry . R + A SEVTYY — _ R |
Rl e i u e

Fig. I — Basic Wheatstone Bridge Circuit. Fig. 2 — Two-wire gquarter-bridge circuit,
Ry . P
A A 4\ R, 1+
= AR );zfjr_{\ 3 E
Rg AL . . By
AN -
At P
Fig. 3 — Three-wire quarter-bridge circuil,
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This is one possible VI: strain ->

Parameters
for
recovering
of internal
pressure

{3 strain.vi Front Panel

h /| ML

File Edit View Project

Operate Toolz Window Help

& | Bk IEI | 14pt Times Mew Roman |« ||Em" ”.T]Ev ||g-r | | 5~ |

L

iy

lDeIay Time (s)

o1

‘Modulus of Elasticity E{psi)
12747

lPucim's Ratio

0.3

thickness (in)

10.005

lra.dius (im)

iJ,I- 1.350

Multiplier
1 1000
-

MicroStrain

1-4.9329:
Waveform Chart Plat 0 m
_2_

_ZIE_

-5 |
11:32:45.669 AM 11:32:50.669 AM
3262007 3262007
Time

file path (dialog if empty)

s\test1.xls =top
d

append to file? (new file:F)

new file
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Write array to file, '2D data' and ‘Enable indexing’

Id *
-
L3 k

DAQ
Assistant

data

=

DE

- [E

Time Delay

v Delay T

De me (s}

Mllﬂj Ijt@"” .DB
ez

hickness (in

2z

CE

5/

P=(E*t*eif(r*(1-w’2})} file path (dialog if em
Hoop=P*T/t;
bk
= -
=22

EEEE
sidi

lappend ito file? (new file:F)|

D

TF

Waveform Chart

]

50|

| STOR 3

TF
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Create a 'while loop’ with a stop button

[ Untitled 1 Block Diagram * N [=)3
File Edit Operate Tools Browse window Help E

[ [®] @[n][@][ka@].s [ 130t Appication Font |~ ][~ |[wa~] [£5-]
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Add a 'time delay’; and create control

Tick Count (ms)

Get Date/Tim. ..

Wait (ms)

Get Date/Tim...

]

Time Delay

Elapsed Time

Wai

Dat

41 Functions
Programming
I !} [EJ1]z]
[ Ed
Structures Array
g mr]
[
Mumeric Boolean
50
Comparison Timing
oz k
[ n] Wi
File Ij0 Waveform
k 2
o gy
o o
Synchronization Graphics & So...
Measurement Ij0
Instrument If0
Mathematics
Signal Processing
Data Communication
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Create a Voltage input channel using DAQ Assistant, +10 V

°
max, - V min samplie on ademan
’ ’
<] Functions &, search ‘
Programming ]
4 =1 4
[E] =
o (I
Structures Array Cluster &Vari...
[+
Mumeric Boolean String
I> b G- M | ¥
e
[z &
Comparison Timing Dialog & User...
= M
| 1
[ File IjO Waveform Application C...
. b M = M
i @ 8 a
..... Time —-—> - ) D&
123 —
1123k - Synchronization Graphics & So... Report Gener...
Measurement IfO 3
Instrument 1/0 ' 451 Measurement I/
Mathematics ' DAQmX - Data Acquisition
Signal Processing [ E E |
m Data Communication ) -D:] DAQmx - Data Acquisition
Connectivity I MNI-DAGmx
Express 3 Fr T Em
Favorites 3
Select a VL., Task Const ~ Channel Const  Create Channel

[

Timing Triggering
[ 1= ]
[65 |

Channel Node Timing Mode  Triggering Mode Read Node

W] o %

DAQ Assist Real-Time Dev Config
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The VI looks like this now




Add a numeric operator and create indicator for the result

| MicroStrain
L
DE




Add a display chart on the front panel and wire it up

Waveform Chart|

! MicroStrain
L
DE




Create a formula node

3 H
b Waveform Chart
b DAQ ol {x] Functions EMI
Assistant ' Programming b
data oo™
7 ; D’ gl LTI
2k 1] Structures
| MicroStrain Structures Farmula Node
i3 kd BT
B 1.230 E—E
- B | s
Numeric For Loop While Loop  Timed Struchy..,

5 0B F
Comparison | Case Structure  Event Structure  MathSaript

. 1 =i T
n ]

Delay Time (s

Time Delay
ﬁ b Delay Time (3) File Ij0 Flat Sequence  Stacked Sequ... | Formula Node
DE|

- E_: I ﬁ

Synchronization| Diagram Disa... Conditional Di... Feedback Node

=
=

[

@' Measurement L/
 s1oe Instrument 1/
TF ) Shared Variable  Local Variable  Global Variable
Mathematics ;
Signal Processing BE
m Data Communica :
Decorations
Connectivity —
Express } [
Favorites }
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Waveform Chart

Time ()| '
s

(=1

+
[
I
T
=
w
L
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Add inputs by right-clicking on the left border of the
formula node

T —
Waveform Chart]
[3 z

ono
Assistant =i Visible Items
data eoooccooooooooood Help

.........

Examples

Description and Tip. ..

MicroStrain Set Breakpoint

B IL? Structures Palette [
Add Input
Add Output

&




Waveform Chart]

Mechanical Engineering Department




Name the inputs

13 Ld
X Waveform Chart
¥ K g

DAQ :' E|
Assistant =
& i

{[MicroStrain
B 1.

Delay Time (5)|*

1.23[;

} F Delay
i ¥

E



Add outputs by right-clicking on the right border of the
formula node and name them as shown

Waveform Chart
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Create controls for input parameters; wire-up and write
the governing equations, for dynamic data choose Single
Scalar

3 ¥
'
Ld ¥
Assistant
data

Multiplier
8 (B2
DE:

Delay Time (s)|* 1

- Time Delay
ﬂ—' Delay Time (s)
CE Lol

hickness (in

b FE

Modulus of Elasticity E(psi

P={E =) {(r=(1-v/2));
Hoop=P=T/t;

radius (in)|

Micru‘itriﬂa

B FE]

23]
DE

B o |
[ 1r 1 -
TF -

(DDT of scalars)

Waveform Chart
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Write array to file, '2D data' and ‘Enable indexing’

Id *
-
L3 k

DAQ
Assistant

data

=

DE

- [E

Time Delay

v Delay T

De me (s}

Mllﬂj Ijt@"” .DB
ez

hickness (in

2z

CE

5/

P=(E*t*eif(r*(1-w’2})} file path (dialog if em
Hoop=P*T/t;
bk
= -
=22

EEEE
sidi

lappend ito file? (new file:F)|

D

TF

Waveform Chart

]

50|

| STOR 3

TF
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13 strain.vi Front Panel = [

B

File Edit Wew Project Operate Tools Window Help

L

= Fis IEH 14pt Times Mew Roman | |$,;.~r o || M |'""~r T
-
MicroStrain
-4,9329;
Delay Time (5) Waveform Chart Ploto RN
Ho.1 2-
A
‘Modulus of Elasticity E(psi) L3
-
o) L27E+7 gy 3
R
Poizzon's Ratio s B
; | =
fj0.3 4-
thickness (in) 4.5-
240.0025 -
] -5 1 1
11 11:32:45.669 AM 11:32:50.669 AM
radius (in) 3/26/2007 3/26/2007
20,005 Time
e
Multiplier
1 1000
o file path (dialog if empty)
\testl wls

stop

;

append to file? (new file:F)

new file
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Hardware. Signal conditioner/amplifier: 2310




Set ‘excitation’ to '10° volts;
Calculate the appropriate gain factor; Adjust
the gain settings (1-11) x Amplifier
More during class discussions (use gain of 191)




Hardware. Specifications: strain gages

EA-13-240L2-120
EA-13-240L.2-120

___GageType

' 120.0 £0.3%
Resistance in ohms at 24°C
2.095+0.5%

_ Gage Factor at 24°C
(+0.2 £0.2)%
Transverse Sensitivity at 24°C
E

Option

AS9AF817

Lot Number

© 144016-6834
Code

SELF-TEMPERATURE COMPENSATION: These gages have

Student Gages

Vishay
Micro-Measurements

P.0. Box 27777

Raleigh, North Carolina 27611
(919) 365-3800

been manufactured with self-temperature compensation (STC)
characteristics to minimize thermal output (see Tech Note TN-
504). Thermal output data giveri below are valid only for the
indicated test material, since thermal output is a function of the
thermal expansion properties of the test specimen.

THERMAL CUTPUT wra ).gnn
TEMPERATURE N CELOWS -
-0 a‘ R o : 50 00 .',” 00 0 -0
a0 . § =
i | b
g e
i = +
£s o} o Er
g ! Se
g e 55
ii 2 - {20% B:
§ DO TR A3
!i 20 » i " - ;i
o |5 49x10'e 1 £2010°T-1 S3107T% 3 1x10°T%0 00T °F) 3
| B10™.2 130" 1 8¢ 10°T3 900107171 81x10-“TH0 00T (°C) | i
0 ° -0 200 300 w0 500
TOFTRATLSE #i TARDCT
TMITECON 2024.T4 ALUMNUM TESTPATIERN pLd. v oo “mnm oo »

GENERAL INFORMATION
SERIES EA STRAIN GAGES

GENERAL DESCRIPTION: Student Gages are EA Series gages. This
series is a general-purpose family of constantan alloy strain gages widely
used in experimental stress analysis. EA gages are constructed with a
0.001 inch (0.03 mm) tough, flexible polyimide film backing. All Student
Gages include Option E, a polyimide encapsulation of the grid face, with
exposed solder tabs. See Tech Note TN-505 for assistance in gage
selection.

TEMPERATURE RANGE: Normal use temperature range for static strain
measurement is -100°F to +350°F (-75°C to +175°C). For special or short-
term exposure, an expanded range of -320°F to +400°F (-195°C fto
+205°C) may be used

STRAIN LIMITS: Approximately 5% for 0.240 in (6 mm) gage length and
approximately 3% for 0.120 in (3 mm) and 0.060 in (1.5 mm) gage lengths
for single cycle use. See Tech Tip TT-805 for high elongation
measurements.

FATIGUE LIFE: Dependent on gage length and method of cycling; 10°
cycles at £1200u<, 10® cycles at +1500uc. Derate 10% for nonzero mean
strains of same absolute (peak-to-peak) values. See Tech Note TN-508 for
additional data.

ADHESIVES: M-Bond 200 is an excellent, general purpose adhesive for
those learning to bond strain gages (see Instruction Bulletin B-127). M-
Bond AE-10 may be used when a wider range of bonding properties is
needed (see Instruction Bulletin B-137). Refer to Instruction Bulletin B-129
for proper surface preparation, and to Catalog A-110 for other bonding
agents

SOLDER: M-Line solder type 361 is recommended for leadwire attachment
when operating temperatures do not exceed +300°F (+150°C). See
Catalog A-110 for higher temperature solders.

PROTECTIVE COATINGS: Because of Option E encapsulation, Student
Gages require no further protection under most laboratory conditions
When further protection is required, refer to Catalog A-110 for M-Coat
protective coatings information.

NOTE: The backing of Student Gages has been specifically treated for
optimum bond formation with all appropriate gage adhesives. No further
cleaning is necessary if contamination of the prepared surface is avoided
during handling. Should contamination occur, clean with a cotton swab
slightly moistened with a low residue solvent such as isopropyl alcohol.
Allow the gage to dry for several minutes before bonding.

WPI



For this lab: simulate strain gage, e.g., by use
of 120 Q + 5% resistor (better tolerances should be used)

Brown-Red-Brown

Red White Black

Y TEC,
X
¢ 2
. : : 3
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Wire strain gage (or simulated gage) wires to the terminal
strip of the amplifier

Term. Strain Gage

Red Red
White  White
Blue Black

/) r A ‘
§” A 7" A
‘ Y 4.
S ————
2 z
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The DAQ is connected with the output of the 2310

BNC cable from
2310's output
(see +10 terminal)

Tl i,
3@0‘ "4;(\
& 7
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Test your VI and Hardware
(Run your VT)

Use "Shunt” resistors of the 2310 Module
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Equalize signals. Use "trim" knob of 2310 to have same
+/- output LED signals

1Z strain.vi ' | X
File Edit View Project Operate Tools Window Help

L

LY |

MicroStrai
-4,9329:
Delay Time (s) Waveform Chart Plot 0 m
dllo.1 =
o

.

e s -3—

e Hesas HeD |n|| I | n
127547 4- ]
J = L T
_Pﬂim'sﬂaﬁu = -5 L' |_I ‘l | ||I_I|‘
0.3 £
=
thickness (in)
“l0.0025
=] |

- 12:32:47. 164 PM 12:32:52,164 PM
radius (in) 3/26/2007 3/26/2007
10,005 Time
A
Multiplier
11000
o

file path (dizlog if empty)

Htestlods stap
:

append to file? (new file:F)

new file
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Trigger shunt resistor 'A’, about 1000 MicroStrains

i strain.vi e
File Edit WView Project Operate Tools Window Help
=t

ip 2| [@[n

MicroStrain
993.862
Delay Time (s) Waveform Chart Plot 0 m
Ho.1 1000 -
A
.. . 800 -
lMudulus of Elazticity E(p=i)
)| 1.27E+7 oy 600-
= -
£ 4
Poiszon's Ratio E_ 400
f 1
0.3 200 -
lﬂu'ﬂmem (in) 0 -
4
40,0025
o =200 -1 |
) . 12:33:56.299 FM 12:34:01.299 PFM
radins (in) 3/26/2007 3f26f2007
10,005 Time
=
Multiplier
11000
- file path (dizlog if empty)
t\testlads stop
g
append to file? (new file:F)
new file
4 >
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Trigger shunt resistor 'B’

13 strain.vi

File Edit View Project Operate Tools Window Help ]
w gl -
SEOm 1

~

Delay Time (s)
0.1

A
Modulus of Elasticity E(psi)
£ 1275 +7

LS

-50 -}
12:35:55,753 PM
3252007

1
12:35:01,753 PM
3/25/2007

Tme

file path (dialog if empty)
:\testL.ds stap

;

append to file? (new file:F)

new file
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Your VI is

ready to 6O

& strain.vi |
File Edit View Project Operate Tools Window Help
W el
BEI00n 1

A

_Delay-I Time (z)
o1
o

_Mudulus of Elasticity E(p=i)
’

ol 1.27E+7

=
_Puiwm'sﬂatin
0.3

=

il 0.0025

o

l|0.005

=

‘Multiplier
)| 1000
=

MicroStrain
-4.9329:

Waveform Chart Plot 0 m

8- |
12:36:43.313 PM 12:365:48.313 PM
3{26/2007 3f26/2007
Tme

file path (dizlog if empty)
t\testl.xls stap

3

append to file? (new file:F)

new file
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