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General information

Office hours

Instructor _: Cosme Furlong; cfurlong@wpi.edu
Everyday from 11:00 to 11:50 am
or by appointment

Teaching Assistant : Jeffrey Laut & Kazim Naqvi,
During Lab Sessions
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Recall: Homework assignment: Handout - C

(Include uncertainty analyses in your Lab Report #3)

C3.- Derive complete RSS uncertainty equation for
measurements of internal pressure, P, recovered from
strain -measurements (Eq. 4, in handout of Lab#3).
Make sure to:

(a) Indicate, in order of importance, percentage
contribution of all uncertainties to the overall
uncertainty.

(b) Plot uncertainty in internal pressure, P, as a function of
measured tangential (Hoop) strain,  €,40p

Discuss your results.
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Recall: Homework assignment: Handout - C: Problem C3

((b;oveéningt equatitc_)nI b Ete
ased on tangentia -
- Hoop - strain): r(1-n/2)

P=P(E,t,er,n)

RSS uncertainty of pressure
1/2

o »v2 o NZ o} "'2 2 "2 2 "zg
dp:eﬁ_£d58 +gé£dt8 +2é£d g +gé£dr8 +gé£d 8 0
gHE = ¢t = cle - clr = ¢ln =y

Pressure is obtained from these equations:
(S Hoop ~ n %xial);

Pr..g _Pr
t J Axial 2t

ChHoop = €=




Recall: Homework assignment: Handout - C: Problem C3

P Ete
r(l- n/2)

P=P(E,t,er,n)

Partial derivatives

w__ te | wP_  Ee w_ Et
LE r(l-n/2)’ ut r(l- n/2)’ ve r(l-n/2)’
E:_ Ete E:E Ete

o r’@-n/2 pn 2r(@- n/2)?*
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Recall: Homework assignment: Handout - C: Problem C3

Uncertainty parameters ( make sure to justify values used )

E =103 10° psi dE = 0.10CE psi
t =0.003inch dt =53 10 %inch
r =1.28inch dr =53 10 3inch
n=03 d r=0.05

d & 25310 ° = 25nStrain

I n this case, independdmzdPlerari abl e

Remember: it is possible to have more
than one independent variable
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Pressure, psi
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Add uncertainty analyses into your Lab Report #3

Uncertainty in pressure

(Linear-Linear) (Linear-Log)
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Add uncertainty analyses into your Lab Report #3

Percentage contribution of uncertainties

o 2 o 2 o 2 o 2
Square of > _agE O ,apP .o , apP a Q , apP
uncertainty: dP _QHE dEQ +(;Mt dtS ¥ d g +a$£dr? ¥ d 8

- . ‘O h2
Individual 1=_1 2‘2‘4de8 +gé£dto +%Ld8 aéL

contributions: dpP? GHE = = che :
— H—’ — — e

I

Each contribution is a function of one independent variable
(i.e., strain)
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Percentage contribution of uncertainties

Note percentage contribution of uncertainties as a function of strain

(Linear-Linear)
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Percentage contribution of uncertainties

Note percentage contribution of uncertainties as a function of strain

(Linear-Log)
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Percentage contribution of uncertainties

Note percentage contribution of uncertainties as a function of strain:
see for example at the level of 600  nitrain

(Linear-Log)
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Pressure, psi
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Uncertainty limits added to nominal pressure

For your lab report: you must include uncertainty limits

(Linear-Linear)
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Pressure, psi
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Uncertainty limits added to nominal pressure

For your lab report:

es) +d P(es)

o .
N

g,

—~

(?s)- dP(es)

you must include uncertainty limits

(Log-LoQ)
100
Upper!limit
Upr t,
10
ominal g
essure, P G .
E /‘r‘ _ower limit, P -
1 - ‘
//
0.1
10 100 110
esad

Strain, microStrain

Mechanical Engineering Department &\ &
1565




For your lab report: you must include uncertainty limits

Must also include measured data points (i.e., your measurements)
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For your lab report: you must include uncertainty limits

Must also include measured data points (i.e., your measurements)
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Dynamic response of structures: motion transducers
Experimental modal analysis

Typical experimental setup

/ Accelerometer /

Force
transducer
: Power amplifier
pam o Accelerometers
(to measure
Signal analyzer response of a
= O 888 structure)
£ _____ 90 Shaker

Computer .

(to dynamically
excite a structure)
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Motion / position control of machinery
High - precision manufacturing and positioning

Application of motion transducers in Robotic arm with multiple
wireless motion/position control degrees of freedom
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Dynamic response of structures: motion transducers

There are different types of motion transducers, which are
classified based on their principle of operation:

Strain variations

Piezoelectric

Piezoresistive

Electro -mechanical

Optical (e.g., laser vibrometer, interferometry)

etc.

Selection of a motion transducer is based on required:  accuracy,
resolution, repeatability, thermo -mechanical stability, dimensions
response-time, etc.
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Motion transducers: accelerometers

e .
k
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M = proof mass

C = dashpot (damper)

K = spring constant

X = displacement of proof mass

y = displacement of the vibrating body
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Accelerometers: simplified SDF model

Usi ng Ne Wtaw, thé govething ODE of this system can be
expressed as

it c(%- ¥ +k(x- y)=0
Defining the relative displacement, z as
Z=X-Y
If the vibrating body is subjected to a harmonic excitation
y = bsin(ut)
The governing ODE of the system can be written as

més+ e+ kz= mu’ bsin(ut)
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Accelerometers: simplified SDF model

Solution of previous equation has steady and transient components

Steady state solution indicates that

Z=Hsin(ut - f)
with the amplitude H defined as
S
b 8 2¢ %
H = ¢~ tanf = ”~2
é o ~2ﬂ N 2 é 0
a-2"3 +222 wa 1- EiB
; 8 - U g C
g8 ¢y € Wl n-
where z= & =dampingratio
—frequencyratlo

¥n
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Accelerometers: simplified SDF model

Deviation in measurements
Introduced by the denominator of
the previous equation

when the It IS obtained that the

1
frequency ratio amplitude H = Wsz
n

Higher resonance frequency of accelerometer =
higher quality of a measurement
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