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Condition Based Maintenance (CBM)
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Monitor structure deformation due to
changes in pressure or temperature
T using strain measurement sensors.

Strain gauge _
¥

From Wikipedia, the free encyclopedia
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A strain gauge is a device used to measure strain on an object. Invented by Edward E. Simmons and Arthur C. Ruge in 1938, the most common type of strain gauge consists of an insulating
flexible backing which supports a metallic foil pattern. The gauge is attached to the object by a suitable adhesive, such as cyanoacrylate.l'! As the object is deformed, the foil is deformed,
causing its electrical resistance to change. This resistance change, usually measured using a Wheatstone bridge, is related to the strain by the quantity known as the gauge factor.
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Fiber Bragg grating sensors | edit source |

As well as being sensitive to strain, the Bragg wavelength is also sensitive to temperature. This means that fiber Bragg gratings can be used as sensing elements in optical fiber

sensors. In a FBG sensor, the measurand causes a shift in the Bragg wavelength, Axg. The relative shift in the Bragg wavelength, Axg/Ag, due to an applied strain (¢) and a change

in temperature (AT) is approximately given by,

AXg
Ap

i| =GSE i Gj'ﬁT

or,

[iiﬂl = (L =pe)e+ (ay +an)AT

Here, s is the coefficient of strain, which is related to the strain optic coefficient p,. Also, Cy is the coefficient of temperature, which is made up of the thermal expansion coefficient

of the optical fiber, «,. and the thermo-optic coefficient, a, 124

Fiber Bragg gratings can then be used as direct sensing elements for strain and temperature. They can also be used as transduction elements, converting the output of another
sensor, which generates a strain or temperature change from the measurand, for example fiber Bragg grating gas sensors use an absorbent coating, which in the presence of a gas
expands generating a strain, which is measurable by the grating. Technically, the absorbent material is the sensing element, converting the amount of gas to a strain. The Bragg

grating then transduces the strain to the change in wavelength. g
Specifically, fiber Bragg gratings are finding uses in instrumentation applications such as seismology. 2 pressure sensors for extremely harsh environments, and as downhole [=[bh]
1171120 |20
sensors in oil and gas wells for measurement of the effects of external pressure, temperature, seismic vibrations and inline flow measurement. As such they offer a significant ey
advantage over traditional electronic gauges used for these applications in that they are less sensitive to vibration or heat and consequently are far more reliable. In the 1990s, 1 4

investigations were conducted for measuring strain and temperature in composite materials for aircraft and helicopter structures.[241123]
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Seven sensors in experiment 1 (baseline)
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Seven sensors in experiment 1 (baseline)

_ 27V NIA7ONN
Graph Builder 11022 0D'I010N
fbg_1 & 6 more vs. Final Cumulated Time — Smooth(fbg_1)
2000 — Smooth(fbg_2) 1 290n

— Smoocth(flbg_3)
— Smocth(flbg_4)
— Smocth(fbg_B)
— Smoocth(fbg_T)
— Smocth(flzg_8)

1500
° Graph Builder
’g fbg_1 & 6 more -CHBow Plot
% 1000 b1 - 4{
_._:?_% fbg_2 .7 «{
fba_3 <|
300

7N

0
-500 500 1500 2500 3500 4500 5500 6500 7500 8500 950010300 12000 13500 a7

Final Cumulated Time

flg_1 & 6 more
5_"
[T=]
.

_{ ||'§)n

| 1171120 |20
IRe'T

:
.-
~ W1 _
i—
=

] 500 1000 1500 2000

21



JANI ININY 1O
TPDIND NRITH IPNN3

Mahalanobis T2 analysis with experiment 1 as baseline
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Mahalanobis T2 analysis with covariates P1, 10A and T8A
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Adjust Sample Size

This Smiator wil generane dala grouped nio sampées of & speafed s2e %om the pson smulator:

Nusber of Sampkes 29 Sampke E2e. |y Nusbér of data ponts: 20

131, INTRODUCTION TO COMPUTER EXPERIMENTS 657

Adjust Initial Input Settings

& 5 = Piston surface ares (m?), 0.005-0.020

Peton Waeight, M (Kg) 0 - $ = B0 Current Sating 45

Paton 3 rlaoe NN, 8 lmzl 0 0:6 . i'k — 3 cm Cu"e‘f &nﬂ; ':. 0126 # | = Initial gas volume (ms_l: 0.002-0.010

intial Gas Volune, VO (m3). o002 1 1 00%0 Cuwest Ealing 0008 « k — Spring coeficient (N/m), 1000-5000

Spring Cosificest, K [Nim) 1000 0 5000 Current Eeling 3000

Atmosptanc pressure. PO (NIm2) 0.0008 ¢ & ) 00011 Curest Seting 0001 » B = Aumcepheric pressure (N/m?), 9 x 10" ~ 11 x 10"
Fiing Gas Termporature, TO (K). 3480 . :} — 30 Currenl Settng 350 s T = Ambient temperature (K), 200-206

Ambirt Tamgeranre, T (K) 290 ' o 1 208 Curant Sating 293

s T, = Filling gas temperature (K), 340-360

These factors affect the Cyele Time vis a chain of nonlinear equations:

Ao T 10 change Over e () No

0 Yes —

- | M
Cyele Time 2“'|'|'I M—w%?—g!— {13.1.3)

where

Manage Settings

Na2a and Save your Seiings. of recall Saved sotings, befora runnng 1Mo simuancr

S Setings

®
Recal Sebngx ’

Nore Saved
®

Statistical Discovery™ From SAS.

sl V... BV,
4 - [ A2 3 — A g 3 M- — r.
V=0 (1', AT ak—p=T — A | and A= FaS+19.62M - —=. (13.1.4)

Randomness in Cyele Time is induced by generating observations for factors st
up around design points with noise added to the nominal velues. Figure 13.1
shows the operating panel of the piston| simulator add-in within the JMP ap-
plication. To change the factor level combinations simply move the sliders left or

right. To install it, after installing JMP, downlosd the file com.jmp.cox.jan. piston.jmpaddin

from the book website and double click on. This will open up & “Piston Simuo-
lator®™ Add-In on the JMP top ruler.
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JOCHAPTER 2. ANALYZING VARIABILITY: DESCRIPTIVE STATISTICS

C—
&1 BASIC CONCEPTS OF STATISTICAL PROCESS CONTROL 31 | ||||

we discuss Statistical Process Control (Chapters 8, 9 and 10} and the Design 1A SNINY 7O
' . ' ' 1 1 1 [ ) i
of Experiments (Chapters 11, 12 and 13). We continue at & pedestrian pace by Overlay Plot n XT n U 9 I N TPPING NPT IPhII
recreating Table 2.1 using B All the R applications referred to in this book are 0.7 7
contained in & packape called mistat svailsble in Appendix II1. The following II |1 | n IO'\A'\ ®
R commands will install the mistat package, read the eycle time data and print 0.6 I rl fl f i
them on your monitor: 54 /| (1
1 . 1 1
2 BRIl N'0O'VVO M
> # This is a comment g 049 II,||r [ , Al 1
> install .packages{ "mistat”, # Install mistat package . : '.Il Tl Mook l ! D 11 IOI] I I] Dn o
dependencies=TRUE)} # and its dependencies 037 | ! o
> # 0 24— ——
» library(mistat) # A4 command to make our datasets 1] 10 20 30 40 50
= # and functions available
M Cycle
>
> data (CYCLT) # Load specified data set Figure 8.2. Run Chart or Connected Line Flot (JMP)) 5]
= # CYCLT is a vector of valoes of 50 Piston Cyele Times, [sec|
= #
> help(CYCLT) # Read the help page about CYCLI
> #
> CYOLT # Print CYCLT to Comsole o o o ®
Distributions
Notice that functions in R have parenthesiz. The library(} function loads an Statistical Discovery From SAS.

sdditional package to extend R functionalities and CYCLT i= an object contain-
ing a simple vector of values.

The differences in cycle times values is guite apparent and we can make the
statement “cycle times are varying”. Such a statement, in spite of being true, is
not very wseful. We have only established the existence of variahility — we have 20%
not yet characterized it and are unable to predict and control future behavior 16% 16%:

Cycle Time

L)
b=
b
=

of the piston.
G B%

Table 2.1. Cyele Times of Piston (in seconds) with control factors set at minimum 4% 4% 4%
— 2%|_|
evals

I T L I

1.008 1117 1.141 0.449 0215
' 0.2 0.3 0.4 0.5 0.6 0.7

1093 LOSD | 0.662 1057 1.107
L1a0 | oooe | ol 0,437 | 0348
0423 | o330 | o280 | 0aTs | 0913
1021 034 | 0488 | 0482 | 0200
1.069 1132 1,00 0373 0187 Figure 8.3. Histogr:
0.271 0586 | 00628 1084 | 0330

[ 50 Piston Cycle Times (JMP)

0.431 1.118 0,302 0.287 0224 o~
1.095 0.319 0179 1068 100G Even though no changes occurgid in the operating conditions of the piston we M
1.084 0.664 1.056 1.060 0,560 observe variability in the eyvelefimes. From Figure 8.2 we note thet eyele times

vary between 0,22 and 0,69 5
skewness in the data. The n
#.4) also leads to the conch
but skewed.

ds. The histopram in Figure 8.3 indicates some jIraon
al probability plot of the 50 cyele times (Figure '?“3'13‘: !};‘n
on that the cyele time distribution is not normal, Y

29

Example 2.2. Consider an experiment in which a coin is flipped once. Suppose
the coin is fair in the sense that it is equally likely to fall on either one of its
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Kralove Trebechovice
pod Orebem

’\ Work Order Part Spedfication Information Settings
ol | [a Manage |5 Part Spedfications S settings ~ o

- d{f_. Select active work order | % Upload ~ 2 Ewport » | £ Causes and Actions

Viork Order: > Part: PS178M7HA =  Critical param: CP4 =  Raw Data

Batch Revision Measuring date Value Valid
ET.3120.A.038-P_REV.03_long
5/9/2012 7:14 1 1 09-23-201205:35 9.05 Included
(mm) ACTUAL NOMINAL LO-TOL 1 1 09-23-2012 07:35 9.3 Included
1 1 09-23-2012 08:35 8.65 Included
Temperature Compensation: OFF 1 1 09-23-2012 09:35 3.95 Induded
Temperature Compensation: OFF . 1 09-23-2012 10:35 .05 Included
Temperature Compensation: OFF ' '
1 1 09-23-2012 11:35 8.85 Included
1 1 09-24-2012 05:35 3.9 Included
AGE CRITICAL DIMENSI 1 1 09-24-2012 07:35 9.3 Incuded
= ===Datum Planes Definition . 1 1 09-24-2012 08:35 9.15 Included
Plane B L
Plane:PLNB | } 1 1 09-24-2012 09:35 2.1 Induded
Elatness 0.0484 0.1 3. 1 1 09-24-2012 10:35 9.2 Included
Perpendicular 0.0489 0.1 DAT(datA) g a rS( ! r 1 1 09-24-2012 11:35 9.15 Included
1 1 09-25-2012 05:35 9.25 Included
Pl C
ane 1 1 09-25-2012 07:35 8.6 Included
Plane:PLNC
Perpendicular 0.002 0.05 DAT(datA) 1 1 03-25-2012 05:35 5.03 Included
Flatness 0.0019 0.03 1 1 09-25-2012 09:35 9.25 Included
Perpendicular  0.0055 0.05 DAT(datB) 1 1 09-25-2012 10:35 5.25 Included -
1 1 09-25-2012 11:35 9.05 Included g
Plane D .

: 1 1 09-25-2012 12:35 .15 Included [BRlb]
Plane:PLND Q19020 I
Flatness 0.0586 0.1 1 1 09-25-2012 13:35 9.3 Included ey
Perpendicular 0.0592 0.1 DAT(datA)

Parallelism 0.0903 0.15 DAT(datB)
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SPC Operator Panel

\
f

Work Order / Part Number Selection &) Add Row x Clear the Table
Work Order: AV312T1 - Serial CP1-Z CP2-X OR3 P37 _E.u.l'_m__
Part Number: P5178M5 AV v - > 802 803 — E A - ¥ |
] _ 0.025 0.026 0.028 “ (e | Y [ [ || |
®
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https://www.youtube.com/watch?v=E7W99sCYYos&fbclid=IwAR3jjFfv640YJn8RipksFhEWWQVfdVlrPb4EpgbmCpInPng6x6EEGI2C8RU

https://www.youtube.com/watch?v=2V1vG9UGHFs
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https://www.youtube.com/watch?v=2V1vG9UGHFs
https://vimeo.com/285180512

Cause & Action annotation LT
of out of trend data points

TIIND NPYTA IPhNRD

Action Log

O Cause i Cause: Measurement Error -

CO ntextu a I Material 14% (I

i n fo r m a t i 0 n '?l:f::lTDeterinratinn ﬁg: _

Action: Measuring Instruction -

(. Machine
HrMP_aLum_roLLer_s&3% Y | Action
Maching_4A et machine_Repair  33% ||| |
ST 10% (Il Waterial Replace 5% |
Offset 10% (I
Rejects 12% | NEGEGE
Supplier_Replace 2%
Tool_Replacement 10% (I |
< HEl Training 12% |
CX141_1501039% _:l Work_Instructions 5% |:|

cx141_19020 19% [ |

cx141_19030 10% |
cx141_19040 12% || N

cx141_19050 21% | NG

T ) WE_Rule

weRuiez 9% |l ]

wERule 3%l
= WERuled 2% |l
Bayesian Network  [=::! %
WERules 3%|[] g
WERule? 2%l

WERuled 2%|[] 200

1171120 |20
IRe'T

33




34

Predictive Analysis (Proactive, What-If)

Prognostics for machine/part planning
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Predictive Analysis (Proactive, What-If) | m
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Prognostics for machine/part planning
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Diagnostics (Reactive, If-then) W
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Information Quality

The Potential of Data and Analytics
to Generate Knowledge
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Eric Weiner @ @Eric_... -14m
We confuse data with
information, information with
knowledge, knowledge with
wisdom. A surplus of one
doesn't guarantee another.
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Level 5: Leaming and discovery - This i1s where attention is paid to
information quality. Data from different sources is integrated. Chronology
of Data and Goal and Generalization is a serious consideration in
designing analytic platforms. Leverage causality models.

Level 4: Quality by Design - Experimental thinking is introduced. The data
scientist suggests experiments, like A/B testing, to help determine which
website is better. Develop causality analysis.

Level 3: Process focus - Probability distributions are part of the game.
The idea that changes are statistically significant, or not, is introduced.
Some attention is given to model fitting. Introduce causality analysis.

Level 2: Descriptive statistics level — Management asks to see .
histograms, bar charts and averages. Models are not used, data is DATA SCIENCE
analyzed in rather basic ways. e

- { ,\@5 o
Level 1: Random demand for reports driven by firefighting - New reports %@%@%
address questions such as: How many components of type X did we =
replace last month or how many people in region Y applied for a loan?

()
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https://soundcloud.com/crm-buzz/vztiidywcnye/s-0cEZ3

https://www.youtube.com/watch?v=Z hcmxYH8Ng&Ilist=PLOQ4C

AJSIhKm8WrhWVTLI11S2EonROriaQ&index=4&t=0s
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we are in the 4th industrial revolution (Industry |
4.0)
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https://www.youtube.com/watch?v=Z_hcmxYH8Ng&list=PLOQ4CAjSlhKm8WrhWVfLi1S2EonR0riaQ&index=4&t=0s

https://www.youtube.com/watch?v=GX3F6Zy-

VWK&Iist=PLOOQ4CA|SIhKm8WrhWVT{LI1S2EonROriaO&index=1
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In Israel there are great technologies. there is

wide knowledge
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https://www.youtube.com/watch?v=GX3F6Zy-Vwk&list=PLOQ4CAjSlhKm8WrhWVfLi1S2EonR0riaQ&index=1
https://www.youtube.com/watch?v=GX3F6Zy-Vwk&list=PLOQ4CAjSlhKm8WrhWVfLi1S2EonR0riaQ&index=1




