PMIC

MODEL MI-900

Data Analysis G

iy PNMIC

© Precision Measurements and Instruments Corporation September 6, 2007

uide

PRECISION
MEASUREMENTS

AND
INSTRUMENTS CORPORATION
3665 SW Deschutes Street
Corvallis, OR 97333
TEL: 541-753-0607
FAX: 541-753-0610
EMAIL: info@pmiclab.com


mailto:info@pmiclab.com

MI1-900 DATA ANALYSIS GUIDE
PMI-900-730

MI-900 Documentation

The following documentation! is provided for this product:

PMIC Model MI-900 Installation and Operator Guide (PMI-900-710)

PMIC Model MI-900 Troubleshooting Guide (PMI-900-720)

PMIC Model MI-900 CTE Analysis and Troubleshooting Guide (PMI-900-730)
PMIC Model MI-900 Limited Warranty and System Components (PMI-900-740)
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! The documentation for MI-900 is available on CD (PMI-900-700).
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Chapter 1. Introduction

As specialists in thermophysical and micromechanical measurements, PMIC is ready to meet your dimensional stability and thermo-
mechanical measurement needs. We feature a variety of testing services ranging from thermal expansion (CTE), moisture expansion
(CME), thermal conductivity (TK), mechanical properties, optical properties and non-destructive testing. PMIC offers custom
development and design of instruments and applied research to a variety of industries.

Please visit our Web site at http://www.pmiclab.com/.

MI-900

The MI-900 employs Michelson laser interferometry to measure real time thermal expansion/contraction for maximum resolution and
accuracy. Each shift in a fringe pattern corresponds to a change in specimen length of one-half the laser wavelength (12.456 micro-inches
for a He-Ne laser in vacuum). Precision optics, photo detectors and interpolation techniques produce length resolution accuracy within less

than three micro inches.

Resolution
Temperature Range
Specimen Size Maximum
Lab Control Software

The MI-900 Data Analysis Application

This application provides a set of tools for:

Data quality assessment
Data selection
CTE computation

Error computation

oo0Do0oDo

Preparing reports

Prerequisites
Environment:

SPECIFICATIONS
0.03 ppm/°F
30K-420K
27X77X0.5”
LABVIEW CTE Test Program:
MI-900 executable

The CTE Data Analysis program requires MS Windows® 98 or higher and MS Office® 2000 with MS Excel® 2000 spreadsheet program.

IMPORTANT: These programs require the location of the Excel program to have

the following path:

C:\Program Files\Microsoft Office\office\excel.exe

Analyst Skill Level:

This manual assumes that the user has a general engineering or mathematical background and fundamental MS Windows and Excel

spreadsheet skills.
About this Guide

This Guide teaches the mechanics of analyzing MI-900 data using the CTE Data Analysis application. It provides guidelines and examples,

but only practice can confer analytic expertise.

The documentation for MI-900 is available on CD (PMI-900-700).

©PMIC
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Chapter 2. Installation

1. Create a CTE folder on your C? drive:
C:\CTE\

2. Copy the application to the CTE folder:
a. Place the Data Analysis installation disc in the CD drive.

b. Copy or drag the Run directory from the CD to the CTE folder:
C:\CTE\Run

3. Remove the read-only restriction from Run files, as follow:
a. Open the C:\CTE\folder.
b. Select the Run folder.

c. Use the menu File: Properties (or right click and choose

Properties).
d. Uncheck Read-only in 21x]
the Attributes section of Gieneral | Sharing | Secury |
the Run Properties B fon
window.
. Type: File Falder
e. Click OK.
Location: CACTE
Size: 12.8 MB (13,428,150 bytes)
Size on disk:  12.8 MB 13,455,350 bytes)
Containg: 13 Files, 0 Folders
Created: Today, January 10, 2003, 1:22:29 Pt
Attributes: Adwanced... |
o Hidden
Ok I Cancel | Apply |
f. Inthe Confirm Attribute X
Cha nge Wl ndOW, Cllck ‘ou have chosen to make the following attribute change(s):
Apply changes to this st ety
folder, subfolders and files. :
Do you wankt ka apply this change ko this Folder only, or do you want ko
|_ k apply it ko all subfolders and files as well?
g " C IC O K' ¢~ Apply changes to this folder only
& Apply changes to this Folder, subfolders and Files:

2 This is not optional. The analysis programs must be installed on the C drive, as described.
IMPORTANT: These programs require the Excel program to have the following path:
C:\Program Files\Microsoft Office\office\excel.exe

©PMIC Page 5
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4. Create a data folder in CTE3.
C:\CTE\data
This where your raw data files

5. Create shortcuts for the CTE analysis program and/or the Review Data
program on your Windows desktop. For example:

a. On the desktop, right click
and choose
New: Shortcut

b. In the Create Shortcut
window, type the location
of the item:

C:CTE\Run\CTE-NASA995-
15.exe

(Or click Browse to locate
this file.)

c. Click Next

Create Shortcut x|

This wizard helps vou to create sharteuts ko local or

netwark programs, files, Folders, computers, or Internet

addresses.

Tvpe the location of the item:
CCTEVRUMCTE-MASAQOS-15.exe

Erowse. ., |

Click Mext ta conkinue.

Cancel

< Back I Mext = I

d. In Select a Title for the
Program, type a
convenient name for the
shortcut.

e. Click Finish

Repeat this step for the
other program

(review data -NASA995-
15.exe), if you need it on
this computer.

Select a Title for the Program =l

Tvpe a name for this shortcut:
| CTE-NASATIS-15

Click Finish ko create the shorbcut,

< Back I Finish I

Cancel

This completes installation.

3 The data folder can be created in another location if you prefer.

©PMIC

Page 6

September 6, 2007




MI1-900 DATA ANALYSIS GUIDE
PMI-900-730

Chapter 3. CTE Data Analysis

The CTE Analysis program computes the coefficient of thermal expansion in parts per million. The program takes as input a raw data file
containing all the lab data generated during testing®.
Output is in the form of Excel spreadsheets.
Use the CTE Analysis program and spreadsheets to:
. Assess data validity.
o Select which data to use.
. Generate graphs and reports.

Preparation:

Before you begin, ensure that:
. The CTE-NASA995-15.exe program has been properly installed (See page 5).
. The raw data test file is accessible from your computer.

Running the Program
To use this program:

U Click the CTE-NASA995-15 program icon |E| to start the program
NOTE: Analyzing the test data is an iterative process. The number of iterations depends upon the quality and quantity of data, and,
most importantly, on the expertise of the analyst.

4 Raw data is captured on 15 data channels, as follows:

Columns A-G contain date and time information.

Corresponding data logged for each data channel follows.

CH 1 is recorded room temperature.

Ch 2 - Ch 4 are Thermocouple data, specimen 1.

Ch 5 — Ch 6 are Thermocouple data, specimen 2.

CH 7 — Inner Heater Temperature

CH 8 — Outer Heater Temperature

Ch 9 — Si Diode data (voltage) data

CH10 is Set point.

CH 11 — CH 12 are Specimen 1 beam displacement data, X and Y respectively.
CH 13 — CH 14 are Specimen 2 beam displacement data, X and Y respectively.
Ch 15 is Pressure data.

©PMIC Page 7
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. CTE analysis main menu

This window remains open as you
work. As you proceed through the
steps, a star icon appears only after
the most recent step completed.
Later, if necessary, you can return to
this window and click a selection to
repeat the step.

©PMIC
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U Click Step 1: Read Raw Data

. Read raw data form gl _lol = U Enter the raw data-file
2] (o) | | B e e o du e

L Enter the channel

M ame(full path] of input raw data file: Ic:'\cte‘\data'\N.ﬁ.S.ﬁ.-data-'l B oy numbers for the x and Y
displacement data.
Enter 11 and 12 for
Channel # of the *-data to be extracted: |-|-| specimen 1
Or enter

13 and 14 for specimen

Channel # of the %'-data to be extracted: |-| 2 2.

Chanrel # of T1 data to be extracted: |2 O Enter five temperature

5
channel numbers .

Channel # of T2 data to be extracted: 3 Q cickok
Channel # of T3 data to be extracted: 4
Channel # of T4 data to be extracted: 5
Channel # of TS data to be extracted: g

Cancel |

The raw data file may be very large. The following steps judiciously select a subset that gives meaningful output without excessive
processing.
Good data selection may require some iteration.
Note A. This program can handle up to 64,000 data lines.¢ If you specify more than that for any operation, an etror occurs. See
Appendix B.
You can reduce the size of a very large file in these ways:
0  Enter a reduction factor, 7, so that only every #™* point is selected.
O Analyze the data in segments, that is, specify a limited range of points. Repeat the analysis for each subsequent range.
Example: Suppose the raw data file has 192000 data points. Do three separate analyses, with three ranges as follows:
. 1 — 64000
- 64001 — 128000
- 128101 - 192000

5 Important: If thermocouples are the only specimen sensors used, accept the default values shown (2,3,4,5 and 6) for T1-

T5.

If the Silicon Diode (T9) is used: Enter T1=9. Enter any 4 of the other thermocouple data channels (2,3,4, or 5) for T2-T5,
preferably, including the thermocouple closest to the Si Diode for calibration purposes. In general the Si Diode is more
precise than the thermocouples at room temperature and below.

6 A data line contains all the data collected at one data point. A data point represents a point in time at which data is recorded.
There is one data line for every raw data point.

©PMIC Page 9
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Reduction Factor

Tatal number of data lines = BEI98; input the reduction
factar [default = 1]

Cancel

x|
_ Careel |

If number of data lines is < 64,000, accept

the default, 1. This selects the entire data file.

If the number of data lines is more than
64,000, see Note A.

You can reduce the sample size by entering
a reduction factor greater than 1. E.g., for a
file of 120,000 data lines enter 2 to select
60,000 lines.

O Enter a reduction factor.
O click OK.

Start line # (M_skark)

Tatal number of data lines = 56933; input b_start
[default =1 --» beginning of the input file]

Cancel

X
_Concel |

Breaking data into segments is a troubleshooting
technique. In most cases, you should accept the
default here, M_start=1.

To specify a segment, set M_start to the number of
the first data line in the segment you want to
analyze.

O Enter the number of the segment start point.
O click Ok

End line # (M_end) |
Cancel |

Tatal number of data lines = 56938 input M_end [default
=[] - the end of the input file]

fd

In most cases, you should accept the default
M_end=zero, which takes in all data to the end of
the file.

Specify the end of a segment by setting M_end to
the number of the last data line in the segment.

O Enter the number of the segment end point.

O clickOK

Allow time for processing. When complete, a star icon appears after Step 1 on the main program menu.

O  Click Step 2: Calculate data.

©PMIC
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OO  Enter the data calculation
parameters.

Note: In most cases, the default values

shown give the best results. Options are

used for troubleshooting.

O  Check to see that “air in” was
recorded with CCW rotation. If not,

enter “n.”

O click ok

im. data calculation form

Allow time for processing.

First iteration, accept the default=1, to analyze
every data line.
For subsequent iterations:

Data Increment Number

. To reduce the number
of selected data points, enter a larger
number.

. To increase the number,

enter a smaller increment than on the
previous iteration.

[ Enter the data increment.
U click OK

Allow time for processing. When complete, the star icon appears after step 2 on the main menu.

O  Click Step3: Check Data.
The Excel spreadsheet PKRCHECK.XLS opens.

Microsoft Excel O  Click Enable Mactos.

New file? O  On the first iteration, accept the default. Y.
If you ate repeating this step, enter N.
O ciick Ok
©PMIC Page 11
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Allow processing time. When processing is complete Ready appears in the lower left corner of the PKCHECK spreadsheet.
The PKCHECK spreadsheet file has these tabs (See Figure 1):
. Sheet 1 (Figure 1) contains all the raw data.

o Ellipse (Figure 2) contains a plot of voltages from the photo detector, x and y components of the laser beam.
. Chart 1 (Figure 3) graphs temperature and voltage vs. data points 1-16000.
. Chart 2 graphs temperature and voltage vs. data points 16001-32000, if any.
. Chart 3 graphs temperature and voltage vs. data points 32001-48000, if any.
. Chart 4 graphs temperature and voltage vs. data points 48001-64000, if any.
A | B | ¢ | b | E | F | 6 | H |
1 raw data selected data
|2 |data point temperatur x-data y-data data point x-data temperatur fringe
= s alaie = s s 11394 11394 11394 11394
4 1 7281 07238360 1.39274 B 0.979455 7282 048233
BN 2 281 075711 1.41308 11 0.978091 7291 000263
B 3 7281 0979337 1.68793 16 0.973657 7293 -6.05E-03
7 4 7281 0979151 167802 21 0974429 73.04 -1 48E-03
=N 5 F4.14) 09773450 167066 26 0975389 7317 -3 24E-03
9 B 7282 09794560 1.67983 31| 0.965363 73.53 -1.65E-02
1o 7 7282 0982566 1.70108 J6 087121 7371 -5 75E03
1 & 7288 0982086 1.69391 41 0.970562 7396 -5 39E-03
2 5 7281 0979667 1.63784 46 0595531 74.21 -2 40E-02
13 10 7273 0980331 1.B8315 &1 0940412 74.39 -4 BEE-DZ
14 11 7291 0978091 167117 66 0930418 74 66 -2 46E-02
15 12 F282 09744560 1.65326 61 0831697 748 014562
l4 4 p (Ml Chart z (320000 4 Chart 3450007 4 Chart 4 (640000 4 elipse % Sheetl / 1«1
Ready [T
Figure 1. PKCHECK: Sheet 1. Raw and Selected Data.
Row 3 (A-D) tells how many data points are in the raw data. These columns contain values for
temperature plus x and y beam-component data.
Row 3 (E-H) tells how many points were used in calculations for the graph.
In the above example, the data increment was 5. Column E lists the selected data points.
Columns F and G contain test data for selected points. Other columns contain computation values.
©PMIC Page 12
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ELLIPSE
28
Chart Area
2 4
15 4
o —— 116000
5 16000-32000
] —— F2000-42000
®  4BO00-64000
14
05 1+
1] t t t t t t
1} nz 0.4 0. 0g 1 12 14
voltage
Figure 2. PKCHECK: Ellipse.
Look for a stable, concentric ellipse with a clear opening at the center. An ellipse like this
one indicates valid data.
Any aberration, such as frequent bending, failure to paint around a consistent center,
scattered circles or erratic lines suggest faulty data. If this occurs, refer to
Troubleshooting.
160 25
140
Plot Area /\ /\ T2
120
100
i
= m
e 2
= £
B vl —g
E &0 ]
£
E
40
20
]

-20 t t t t t t -1
2000 4000 BO00 &000 10000 12000 14000 16000
data point
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Figure 3.

PKCHECK: Chart 1 (1-16000)

Temperature (°C) and displacement (voltage) are plotted against data points 2000-16000.
Temperature is the blue sinusoidal line. Voltage is the red line representing raw data. The
dots (A) are the selected data points. (Charts 2, 3, 4 are similarly plotted for their

respective data point ranges.)

This graph provides preliminary assessment of the data sample.

Examine Chart 1 to assess the data selection. Look for a plentiful, but not excessive, distribution of data points on each temperature cycle.
See Note B. (Do the same for Charts 2, 3, and 4, if applicable)

Note B. To examine a segment of the Chart 1 graph in detail, double click the X Axis and adjust the scale in the Format Axis

window:

21X

Patterns Scale | Font I Mumber I .D.Iignmentl

Salue (1) axis scale
fuka

[ Minimum:

r Mairurnn:
[~ Major unit:
W Minor unit:
¥ Yalue (1) axis

4000
anon
2000
400

Crosses at: |2DDD

Display units: INone vl ¥ show display units label on chart

[ Logarithmic scale

[ Walues in reverse order

[~ ¥alue () axis crosses at maximum value

[o]4 I Cancel

In this example the horizontal axis (initially 2-16000) is
adjusted to examine data points 4000-8000, by changing the
Minimum and Maximum X values.

Click OK to see the result.

T

A

Microsoft Excel

& Do you wank ko save the changes you made ko 'PECHECK, KLS'?

| Zancel |

In this example, the resulting detail of the graph shows a
generous distribution of selected data points over the raw
data.

Ideally from 5 to 20 selected data points lie between each
pair of peaks in the raw data.

If you have too many or too few, change the increment and
do another iteration. See Appendix B.

To adjust the Data Increment, go back to the CTE
Analysis Menu and click Step 2. Calculate Data.

x|

20 to the next step.

Click No7.

7TIMPORTANT. PKCHECK.XLS is a calculation template with programmed formulas. Never save it. If you want to

save this result, use

the menu File: Save as.

©PMIC
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U Click Step 4. Make Graph.
The Excel spreadsheet CTE_FORM.XLS opens.

Microsoft Excel O Click Enable Macros.
New file? The default is Y.
O click Ok
Microsoft Excel O  Enter Lolength of sample.
Click OK.
Microsoft Excel O Enter the original data log file name.
Click OK.
MaSA-data-15.cav
©PMIC Page 15
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Processing time® depends upon selected data set size.

When complete, READY appears in the lower left corner of the Excel window.

EA Microsoft Excel - CTE_FORM.XLS A8 1o =l
J File Edit Wiew Insert Format Tools Data indow Help ;'iliﬂ
H13 | =0
A& [ B | ¢ | o [ E [ F | & [ H [ 1 [ 1 [ K [ L

L shortcut Cirl+t  to plot microstrain vs. temperature graph

2 Ctrl + b to plotall the specimen's temperature
I Ctrl + p  to select strain, time and temperature data based an temperature interval

4 Lo= 5.000 in
| 5 |1 _cye. (frinoe)= 12 456 *E-B in.
| 6 |1 fringe = half wavelength of laser= 12 456E-6 in= 316.4 nrm)

7
R
ER
| 10| data log;  MASA-data-15.csv

11

selecte raw slope of

12 data®: Data# T2 T3 T4 Th T6: Afringe solver: Afringe: sum_fringe
113 0 7281 7291 7306 7288 72,79 0.00
|14 1 5 7282 729 7313 7272 72.81 -0.48 -48.23
115 2 11 7291 7295 7311 T2E8 7273 0.00 -2.18 -0.03
|16 3 16 7293 73.04) 7309 7275 7275 -0.01 0.00 -0.30
|17 4 21 7304 73.15 732 7302 72.88 0.00 -0.02 -0.01
|18 5 2B 737 7336 7336 7351 73.22 0.00 0.00 -0.02
119 6 31| 7353 7362 7358 73N 73.42 -0.02 -0.01 -0.04

2n 7 6 7T 7385l 7R7R. 7340
14 [« [» [#i] Sheet1 /

Reac}(

S s large and is divided into three parts.

. Part 1 (details in Figure 4) contains selected data. You can use this data to generate a temperature vs. microstrain
graph (<ctr]> T) or a time vs. temperature graph (<ctrl> P).

. Part 2 (details in Figure 5) contains date and time information.

. Part 3 (details in Figure 6) contains a worksheet to assess and refine computations.

8 You may see the following message:

Microsoft Excel x|

There is a large amount of information on the Clipboard. Do vou want to be able to paste this information into
@ another program later?

+ To save it on the Clipboard so that wou can paste it later, click Yes.,
+ To delete it from the Clipboard and Free memary, click Mo.

Mo Zancel

If you see this message, click No.

©PMIC Page 16

September 6, 2007



MI1-900 DATA ANALYSIS GUIDE
PMI-900-730

&f CTE_FORM.XLS

A B I ] E F G H | J K L Il

1 shortcut Ctrl +t to plot microstrain vs. temperature araph

2 Cirl + b to plot all the specimen's temperature

3 Ctrl + p to select strain, time and temperature data based on temperature interval

4 Lo= 5.000 in

5 [1_cye. (fringe)= 12.456 *E-6 in.

E |1 ftinge = halfwavelength of lager= 12 456E-6 in= 316.4 nm)

7

a

9

10 data log:  MASA-data-15.c5v

11 mircostrain

selecte raw slope of

12 data#; Data# T2 T3 T4 Th T6: Afringe solver: Afringe : sum_fringe : Al 0/ o (ppm)

13 0 7281 7291 Y308 V288 7279 0.00 0.00 0.00

14 1 B 7282 728 Y313 72V7 7281 -0.48 -48.23 -0.48 -1.20

15 2 11 7291 7295 ¥311) V2R3 7273 0.00 -2.18 -0.03 -0.48 -1.21

16 K] 16 7293 7304 7309 TRVE 7275 -0.01 0.00 -0.30 -0.49 -1.22

17 4 21 73.04 73.15 732 7302 7288 0.00 -0.02 -0.01 -0.49 -1.23

18 4] 2& 737 7336 7336 7351 7322 0.00 0.00 -0.02 -0.50 -1.23

19 4] 31 V3453 7362 7388 7331 73.42 -0.02 -0.01 -0.04 -0.51 127

20 7 a& 73 7385 V37h 7349 7367 -0.01 -0.01 -0.03 -0.52 -1.29

21 a 41 7396 7419 7394 7405 74.01 -0.01 -0.02 -0.02 -0.52 -1.30

22 ] g 744 74.43 741 7425 7423 -0.02 -0.04 -0.10 -0.55 -1.36

23 10 51 7439 7461 7437 7471 74 62 -0.05 -0.02 -0.26 -0.59 -1.48

24 11 oh 7466 7495 7485 74497 748 -0.02 -0.18 -0.08 -0.62 -1.54

25 12 B1 748 709 7477 7507 7513 015 -0.02 -1.04 -0.76 -1.90
Figure4.  CTE Forms - Make Graphs — Part1 o o T T o T

This page displays test parameters, computations, and results for the selected data points. See Figure 5 and Figure 6.
The raw data point number corresponding to each selected data point is found in column B.
Shortcuts for making graphs are provided on this page

©PMIC
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| v | w | x [ v | 7z | aa [ a8 | Aac | a0 | aF | aF | A6 |
time ofthe test
increment
Wt [gala] date hr min =1=1w 1100 sec {sec) rsec) min hr

2 11 14 15 9 o3 029

2 11 14 15 10 11 0.49 18.002 18.002 0.300033 0.005001

2 11 14 15 10 21 0.59 10.001 28.003 DA4BBT1T) 0007779

2 11 14 15 10 31 0.69 10.001 38.004 0.6334 0010847

2 11 14 15 10 41 0.79 10.001 48.005 0800083 0.013335

2 11 14 15 10 a1 0.89 10.001 58.006 08EETET 0016113

2 11 14 15 11 1 0.99 10.001 68.007  1.13345 0018891

2 11 14 15 11 11 1.09 10.001 78.008 1.300133 0021669

2 11 14 15 11 21 1.19 10.001 88.008 1466817 0024447

2 11 14 15 11 31 1.29 10.001 58.01 1.6335 0027224

2 11 14 15 11 41 1.39 10,001 108.011) 1.800183 0.030003

2 11 14 15 11 51 1.49 10001 118.012 1966867 0.032781

2 11 14 15 12 1 1.59 10001 128013 213355 0035558

2 11 14 15 12 11 1.69 10,001 138.014) 2300233 0033337

2 11 14 15 12 21 1.79 10,001 1480145 2466817 0041115

2 11 14 15 12 31 1.89 10001 148.016 26336 00438493

2 11 14 15 12 41 1.99 10001 168.017) 2800283 0046671

2 11 14 15 12 o1 2.09 10,001 178.018) 2966967 0049445

2 11 14 15 13 1 219 10,001 188019 313365 0052228

2 11 14 15 13 11 10.0 )

IK |
Figure 5. CTE Forms - Make Graphs — Part 2

To view this part of the spreadsheet, move the bottom slider to the right.

This block contains time information for each selected data point.

Columns V-Z and AA-AB contain year, month, day, hour, minute, and second data for each selected data point.

Column AC displays the time increment between data points. Columns AD, AE, and AF show accumulated time in seconds, minutes, and hours,
respectively.

©PMIC Page 18
September 6, 2007



MI1-900 DATA ANALYSIS GUIDE
PMI-900-730

Ctrl + p to select strain, time and temperature data based on termperature interal

ariginal data selected data by termperature intenal
temperature timedmin strain temperature fimelmin) strain
Figure 6. CTE Forms - Make Graphs — Part 3

To see this part of the spreadsheet, move the bottom slider to the right.
Use this table to generate microstrain data for a specified temperature interval. See
Extracting Data for a Specified Temperature Interval.

O Key<Cul>tto generate a Microstrain vs. temperature graph.
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Figure 7. CTE Forms - Make Graphs: Microstrain vs. Temperature
Microstrain in parts per million plotted as a function of temperature.
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u Key <Ctrl > b to plot all the specimen's temperatures.
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40

20

-20
data point

Figure 8. CTE Forms - Make Graphs: Temperature vs. Data Points
Temperature readings for the five data channels plotted as a function of data points (time).

Many possibilities exist for displaying data and producing reports from the CTE_Forms spreadsheet. The following examples are useful
and may be combined or modified to satisfy project requirements.

Extracting Data for a Particular Range
This example extracts microstrain data for only the final temperature cycle:

U Locate the final temperature peaks on the Temperature graph (Figure 8).

O  Position your curser on the first peak and note the
information: In this example the first peak occurs
at data point 4372, start of desired range.

O  Locate the second peak. In this case, data point
5409 ends the desired range.

| Series "Te" Point 5409
¥ Value: 134.53
|

[
U Locate each of these data points in the first column of the CTE_FORM spreadsheet (Figure 4). Copy the columns of interest
within the range.
Note C. Many techniques can be used to copy columns from the desired range to the work area. The following example illustrates
one technique:
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1. For convenience, insert a row above the start point and a row below the end
point to temporarily isolate the range of interest from the rest of the data:

selecte raw slope of
data#| Data# T2 T3 T4 T5 T6: Afringe sohver! Afringe sum_fringe : Al ol o (ppm)
4368 21841 135.01 13609 1353 13532 135.07 0.00 0.01 -0.03 -5.42 -20.96
4369 21846 13491 135.03 13541 13536 135.21 -0.01 0.00 0.05 -8.42 -20.98
4370 21851 134.91 1351 13634 13564 135.19 -0.01 0.00 0.00 -8.43 21.01
4371| 21856 134.76 138 13537 13566 135.28 0.00 0.00 -0.01 -8.43 221.01
43720 21861 13473 13492 13534 135459 135.21 0.00 0.00 0.06 -8.43 -21.01
4373 21866 13462 13478 13532 135455 135.09 0.00 0.00 0.0z -8.44 -21.02
4374 21871 1344 13458 13518 13541 135.03 0.00 0.00 -0.02 -8.43 221.01
selecte raw: : slope of ]
12 | data#| Data# 12 13 T4 15 T6: Afringe’ . solver! Afringe: sum_fringe Alodo (ppm)
5417 | 5403 27016 13455 13467 13521 13532 134.91 0.01 0.00 -1.17 -8.51 -21.21
5418 5404 27021 13455 1346 13514 135.05 134.82 0.00 0.00 0.00 -8.51 -21.20
a419) 5405 27026 13449 13453 13508 13491 13469 0.00 0.00 -0.01 -8.51 -21.20
&420] 5406 27031 134 .45 134,40 13507 13455 134 64 0.00 0.00 -0.06 -8.81 -21.19
a421] 5407 27036 13424 13433 13498 13408 134 69 0.01 0.00 -0.02 -850 -21.18
8422 5408 27041 13429 13429 13489 13474 13453 0.00 0.00 noe -840 2147
M 5400| 27046 13415 13422 134.83_ 134.83 134.44 0.m 0.00 -0.06 -5.49 2115
5424
@ 5410| 27051 1341 13404 1348 13429 134.28 0.00 0.00 -0.03 -8.449 2115
5426 5411| 27056 13386 13395 13464 13462 134.29 0.00 -0.0M 0.00 -5.49 -21.15

TIP: When you choose Insert: Row, Excel inserts a row above the curset.

2. Select a desired column in the range of interest.
For example, on this spreadsheet, the T5 column is selected for the desired
range.

selecte raw
data®| Data# T2 T3 T4 T5 T6G: Afringe
4368 21841 135.01 13509 1353 13532 13507 .00
4369 2846 13491 13503 13541 13536 135.21 -0.01
4370 A851 1349 1351 13534 13564 13519 -0.01
4371 21856 13476 135 13537 13566 135.28 0.00

43720 21861 13473 13492 13534 3554 135.21 0.00
4373 21866 13462 13478 13532 [ 13555 135.08 0.00
4374 21871 1344 134558 13515 L 15541 135.03 0.00

TIP: With your cursor in the top cell of the range, key <Ctrl><Shift><¥> to select every cell in the column within the
isolated range.

3. Copy the selected data.
TIP: To copy the selected, right click on the data and choose Copy from the
hold-down menu.

4. Paste the data in the target column.
TIP: To paste the column, place the cursor on first cell of your target column.
Right click and choose Paste Special: Values.
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Al

Ak

AL Al AN AD AP

Cirl + p

to select strain, time and temperature data hased on temperature interval

ariginal data

termperature tirmedmin

selected data by temperature interval

strain temperature timefminl strain

In this example the T5 copied values in the range of interest are pasted into the work area, otiginal data Temperature
on CTE_FORM.XLS page.

NOTE: You can also paste selected data into a new spreadsheet or template.

5. Repeat steps 2 through 4 for each desired column in the selected range.
That is, copy microstrain, column M to the computation area, Strain,

column AL. Copy accumulated minutes, column AE, to the computation area,
time (min), column AN.

Extracting Data for a Specified Temperature Interval
[ Use the work area on CTE_FORM.XLS designed for this purpose (Figure 06).

a Copy Temperature, Time and Microstrain data for a range of interest as described above using the work area original data as

target columns:

LA

| A

AL | AWM | A CoAD | AP

Cirl + p

to select strain, time and temperature data based on temperature interval

ariginal data selected data by temperature interval
termperature timedmin strain temperature fimelmin) strain

13559 72887 -21.M
135585 72904 -21.02
13541 72921 -21.M
1351 72937 -21.00
134 87 72954 -21.M
13471 72971 -21.00
134 .64 729.87 -21.00
134.08 730.04 -2099
13386 Tanz1 -2099

1337 TanaT -2098
13365 Tanse4 2097
13377 oy -2093
13353 7aner -2098
13347 73104 2097
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U To select strain, time and temperature data based for a specified interval, key <Ctrl> P.

Microsoft Excel 5' O Entert.

Data selection is as follows:
Enter OT = Data.points are selected. at1° intervals.\
But, if a ATemperature is less than 1°C, then the
next point is selected at a one-minute interval.
Cancel | If ATemperature is less than 1° AND ATime is
more than 1 minute, then data is extrapolated to
one-minute intervals.

|

As before, when processing is complete, Ready appears in lower left corner of the spreadsheet.
Al AK | AL [ AW | AN | AD | AP
Ctrl + p to select strain, time and temperature data hased on termperature interal

ariginal data selected data by termperature interval

termperature timedmin strain temperature timeimin) strain
13384 SEZ23E -19.93 133.84 A62.36 -19.83
13377 fR2.52 -20.00 133,77 A62.52 -20.00
133.83 fR2.B9 -20.04 133.38 A63.52 -20.23
133.56 062,860 -2010 132.24 a64.52 -20.01
133.39 o63.02 0 -z20.07 131.23 a65.52 -19.87
13359 S53.19 -20.20 130.41 A66.52 -19.748
13359 Sh53.36 -20.35 129 36 A67.36 -19.72
13338 f53.52 -20.23 12916 AG67. 52 -19.70
13329 S53.69 -20.30 127.71 Ah8.52 -19.43
133.18 SE3.86 -20.14 126.70 A69. 36 -18.745

133 Sh4.02 0 -20.08 126.45 A69.52 -18.70

13285 f54.19 0 -20.04 126,42 570149 -18.58
132 69 ob4.36 -19.93 124613 arvn.a -18.55
132.24 ohd.52 | -20.01 124.02 571.149 -18.51
13219 Sh4.69 -19.93 123.45 a71.52 -18.44
13222 Sh4.86 -19.94 12247 7214 -18.27
13206 fh5.02 -19.9 122,25 A72.452 -17.81
13168 SE5.190 -19.90 12117 A73.36 -17.42
131.49 Sh5.36 0 -19.88 120.92 A73.52 -17.40
131.23 fh5.52 0 -19.87 1149.39 57414 -17.25
130.93 ob5.69 -19.85 119,10 arv4 52 -17.18
130.87 o65.86 0 -19.83 117.99 75149 -16.48
13068 ShR.0Z -19.83 117.43 A75.52 -16.20

Figure 9. Microstrain vs. Temperature: Selected Data by Interval
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O When you finish, plot the selected points and compare with the raw-data graph:
1. Copy the temperature and strain data from selected data by interval
generated in Figure 9. Paste them into adjacent columns:

selected data by termperature interval

termperature time{miny strain temperature | strain
133.84 a62.36 -19.93 133.84 -1 9.93'
13377 a62.452 -20.00 13377 -20.00
133.38 ag3.4az2 -20.23 133.38 -20.23
13224 a64.52 -20.01 132.24 -20.01
131.23 a65.452 -19.87 131.23 -19.87
130.41 a66.a2 -19.749 130.41 -19.749
129.36 A67.36 -19.72 128936 -19.72
12916 a6y a2 -19.70 12816 -19.70
127.71 a68.482 -19.43 12771 -19.43
126.70 a69.36 -18.74 126.70 -18.74
126.45 ag9.4a2 -18.70 126.45 -18.70
12542 470189 -18.48 12542 -18.48
12513 a70.4a2 -18.44 12513 -18.44
124.02 a71.18 -18.41 124.02 -18.41
123.85 a71.482 -18.44 123.85 -18.44
12247 87218 -18.27 12247 -18.27
12225 a72.42 -17.91 122,25 -17.91
12117 av3.36 -17.42 12117 -17.42
12092 araaz -17.40 12092 -17.40
119.39 a74.18 -17.24 119.349 -17.25
11810 ar4.az -17.149 11810 -17.149
117.99 a75.18 -16.48 117.949 -16.48
117 47 ARTR AT 1R 117 47 1R N

2. Click the Chart 1 tab.

3. Select from the menu Edit: Paste Special.

4, Select Paste Special Jird [
New Series add cells as - pvalues O in——
and . & pew seties i Rows
_Catt_egorles (X Values)  New point(s) & Calumns o
in First Column. —l
Click OK.

[ Series Mames in First Row

v iCateqories (¥ Walues) in First Collmn i

| Replace existing categories
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temperature
] ]
Figure 10. Verify CTE by Comparing Graph with Raw Data

In this example, satisfactory data selection produces a graph (Series 2) congruent
to the raw data graph (Series 1).
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Chapter 4. Preparing Reports
A PMIC standard report template? is provided. See Figure 11 and Figure 12. Copy and modify this template to as needed for project
requirements.
A | 3] | C | D [ E F [ €] H
Material:

Temperature: 200C to 24C
Tests conducted with a Michelson laser interferometer measurement system (ASTHM Standard E 289 - 95), performed In vacuum.

Date:
SPECIMEN #1 SPECIMEN 22
Temparature time Microetrain _ [Tempersture] time Microetrain
Deq. C min ALlo Deg.C | min ALLo
13118 oo 0.00
131.36 0.60 -0.08
131 .66 1.60 0,05
131.BB 260 -0.17
131,88 360 -0.14
131 B2 460 -0.13
131.BE 5.60 -0.26
131 61 660 -0.56
131.05 760 -0.89
[ I 860 -0
128.80 B8 -0.07
12816 10,60 0.17
1284 11.60 0.73
12742 1260 1.1
176,52 1360 135
12528 1460 1.33
12418 1561 1.41
123.03 16.60 1.73
12202 17.40 2.50
1471 17.60 156
Figure 11. CTE Data Page of Report Template.

Copy extracted data from CTE forms into this template.

9 When the analysis programs are loaded, the path of the template is:
CA\\CTE\Run\report C:\\CTE\Run\report template.xls.
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Micrastrain ALILO [ppm)

Le:§

Thermal Expansion of SPECIMEN #1

- g CTE [130° 1o 0°C] « b L0 lppmi T

20

By CTE is caleulaled ag 4 secant CTE
o walug i caleulated measuremen: uncers anty

[ CTE daka by specimen #1 4

Figure 12.

Thermal Expansion Report Example

0 2 10

Temperature “C

The legend is an easily edited text box.

121 o

Change Avg. CTE (130° to 0°C) to reflect your range of interest, for example, CTE (125
to -10°C).

Calculate the average CTE as described in Calculating Average CTE and paste it here
(replace -0.41).

Calculate the measurement uncertainty by the method described in Chapter 5. Paste
result here (replace +.01) to complete your report.

To use make a report using this template:

O Copy extracted data into the CTE Data page.
In the following example, Ts temperature data, time, and mictrostrain data for Specimen 1 is copied from CTE_Forms (Figure 9), into

the template (Figure 13).

O Using <cttl> + click, select the endpoints of your range of interest, that is two values in column A and their corresponding values in
column C. Copy these points.

:I'l'latarial:

| Temperature: 2000 to 24C

| Tests conducted with a Michelson laser interferometer measurement system [ASTM Standard E 289 - 95), pedformed in vacuum.

Date:
SPECIMEN #1 SPECIMEN #2
Temperature time Microstrain | Temperature time Micrastrain
Deg. © i Allo Dep. © min AllLo
13415 561.B6 -18.87
133,77 56252 10,00
] 13318 563.52 -10.23 I _l
13210 564 52 -10.m
131.18 565.52 -18.87
13010 56652 -18.79
126.93 567.52 -18.70
127.60 568.52 -18.43
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Figure 13. Extracted Data Pasted to Template
U Click the Specimen #1 tab.
U Click the menu Edit: Paste special.
O x

Select New Series and Categories (X Paste Special

Values) in First Column.
~add cells as
¥ New series
' Mew pointis)

Click OK.

Malues (Y1in——

i~ Rows
&+ Columns

[ Series Mames in First Row

[v iZateqories (% Yalues) in Eirst colummn :

| Replace existing cateqories

2 x|

Zancel |

The result is a linear graph (Figure 14).

Thermal Expansien of SPECIMEN B1

Hicrmrtrain jLLu (ppm]

Trmprralarr "€
Lo-5"
AuqCGTEir zalculated ar arczank GTE
+-valug ir calzulaked mearurement uncertainky

Figure 14. Graph of Pasted Endpoints

121 RLL]
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O To format the points right click on the new graph and select Format Data Series.
On the Patterns tab, select: Fremat Naka Series ﬂil
Line: None . .
Marker: style and color as desired. Data Labets | Seties Order | Cptions
Falterrs | A5 | 7 Error Bars | ® Error Bars
Click OK.
i Adarker
" putamnztic " paramadc
= fane " Nare
™ Custam & Castom
Sl I  —— vl S & vl
Cabr; I Akomatic vl Farzcreund: | AN v|
WEIg: I _— vl Badcround: vl
FF Srmacthed line
o Jigk |3 j pls
Zample
™ hadmnw
&

ok I Carcel

The tresult shows the reformatted endpoints of interest (Figure 15):

Aug. CTE [130° ba 0°C) = -0.41+{-0.00ppmi*C

0 20 40 B0 a0
Figure 15. Endpoints of Interest
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Calculating Average CTE
To calculate the Average CTE:

a Right click on one of the endpoints of interest graphed on the report spreadsheet
On the Type tab, Add Trendline

select
Linear
and
Series 2

re 15). Choose Add Trendline...

On the Options tab,
select

Automatic

and

Display equation on
chart.

Add Trendline

Click OK.

The tesult is shown in this enlargement of the Thermal Expansion graph:
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Awr. CTE (130% to 0°C) = -0 41+-0.01ppmi®C

y = -0.3757x + 29.038

The computed CTE value is —0.3757.
Note: to complete this report:
U Copy computed CTE value and paste it over —0.41 in the original template.
U Remember to change the values 130°-0° C to the range of interest values.
U Remember to change +.01 to the correct uncertainty as calculated in Chapter 5.

Closing the Program

U If the test results are acceptable, save the spreadsheet:
On the menu, choose File: Save as.
Give the spreadsheet a new name.

Caution: Do not save CTE_form.xls as it contains calculation formulas. If this
file is accidentally saved, use the software CD to restore the original.

U Click Step5 Exit.
a

Close Excel.
If you did not previously save the CTE_form.xls, you will see the following message.

1 10
Microsoft Excel EI Click No.

& Do wou want bo save the changes wou made bo 'CTE_FORM. XLS'?

Mo | Zancel |

If you copied data to the clipboard, you may see the following prompt:

10 REMINDER. CTE_FORM.XLS and PKCHECK.XLS are calculation templates with programmed formulas. Never
save them. To save results, use the menu File: Save as.
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Microsoft Excel

Click No.
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Chapter 5. Error Calculation

Use the Error Calculation Worksheet to assess the reliability of test results.
INPUT FIELDS are yellow.
CALCULATED FIELDS are violet.

Input the following values:

Lo
gage length (Lo)

highest temp Highest Temperature in range

Lowest Temperature in range
lowest temp

ELO
length (Lo) error
. Ear
fringe error
. Er
highest temp error
Er

lowest temp error

E,, is the uncertainty of the calculated CTE due to uncertainties of the measured values.

IMPORTANT: This manual and the Error Calculation spreadsheet template
(Figure 16) will be updated with best estimation data in the near future.

B3 miicrosoft Excel - error-calculation.sls
31 ﬂ = |
A | B [ | D E .
_.itotal of fringe pattern 421 = S 2 ! SR
-250 ' 05 '

enter lowest termp i

L0 e b BMETETE A b FO0 e BEOZ BB

(CTE uncertainty calculation equiation.
EL2)
0,000593

15| Ew= 00001429 :

LY

Figure 16. Error Calculation Worksheet
Comments (visible on mouse-over at the red markers) provide important information.
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The CTE uncertainty is calculated by the equation:

Eq = a(B,” + Byt + Ey )™

where:

o is the CTE, calculated CTE = AL/(L *AT)

Eris the calculated uncertainty of the CTE due to temperature change (AT) using
best estimate of measured temperature error. !

EaL is the calculated uncertainty of the CTE due to measured length change (AL)
using best estimate of error in the measured fractional fringe. '

ELo is the calculated uncertainty of the CTE due to the estimated error in the
measured length (L,).

11 Reference for this info to be added.

12 Reference for this info to be added.
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Appendix A.  Troubleshooting

THIS SECTION TO BE ADDED SOON.
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Appendix B.  Some Data Selection Examples

A satisfactory data selection has from 5 to 20 data points between peaks of raw data. The following Examples illustrate how to use the
CTE Data Analysis program to optimize your data selection:
1. Raw data file size < 64,000 data lines.

Step 1: Read raw data: Reduction Factor Accept default =1.
M_start Accept default =1.
M_end Accept default =0.

Step 2: Calculate data: Data Increment Number First iteration:

Accept default =1.

Case 2. Second and subsequent iterations: Adjust
increment to produce the desired data sample.

Step 3. Check Data: Case 1. If Chart 1, 2, and 3 data is well distributed, e.g., at least 5 data points on every

cycle of raw data, and if are satisfied that your data is not too dense, go on to
Step 4.

Case 2. 1fChart 1,2, and 3 data is very dense, e.g., more than 10 data points per cycle
of raw data, and if your file has a large number of data points, go to Step 2.
Repeat the Calculate data and check Data steps until you have a satisfactory
sample. Go on to the next step.

Case 3.  IfChart 1,2, and 3 data points are scanty (e.g,, if the raw data has cycles with
fewer than 5 data points), then the test has not yielded sufficiently reliable data
to continue. Go to step 5 and exit. Retesting is indicated.

2. Raw data file size » 64,000 data lines.

Step 1: Read raw data: Reduction Factor First Iteration: Choose a reduction factor to reduce the file size to
64,000 or fewer data lines.

Example: 180,000 data lines. 180000/64000 = 2.8125=> a
reduction factor of 3. 18000/3=60,000 data points

Second iteration, Case 6: Adjust increment to produce the desired
data sample.

M_start First Iteration: Accept default =1.

Case 5: Accept default =1.

Case 6: If more that 64,000 points in sample, define a segment, by
entering the number of the first data line in the segment, which
can be 1.

M_end First Iteration: Accept default =0.

Case 5: Accept default =0.

Case 6: If you are defining a segment, enter the number of the last
data line in the segment.

Step 2: Calculate data: Data Increment Number First iteration: Accept default =1.

Case 5. Second and subsequent iterations: Adjust increment to
produce the desited data sample.

Step 3. Check Data: Case 4. 1fChart 1,2, and 3 data is well distributed, e.g,, at least 5 data points on every

cycle of raw data, and if are satisfied that your data is not too dense, go on to
Step 4.

Case 5.  IfChart 1,2, and 3 data is very dense, e.g., mote than 10 data points per cycle
of raw data, and if your file has a large number of data points, go to Step 2.
Repeat the Calculate data and Check data steps until you have a satisfactory
sample. Go on to the next step.

Case 6.  IfChart 1,2, and 3 data points are scanty (e.g,, if the raw data has cycles with
fewer than 5 data points), go to step 1 choose a smaller Data Increment.
If this condition persists when the data increment is 1, then the test has not
yielded sufficiently reliable data to continue. Go to step 5 and exit. Retesting is
indicated.
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Index

To be added.
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