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d Space Administration

What 1s the Goal?

Use Shape Memory Materials
for Actuation

Reliable, traceable shape memory material test data
- Used by designers and engineers
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National Aeronautics and Space Administration

What 1s the driving need?

Reliable, traceable shape memory material test data

FAA — US Code of Federal Regulations Title 14 Part 25
“the suitability and durability of materials used for parts, the
failure of which could adversely affect safety, must be established
on the basis of experience or tests; conform to approved
specifications that ensure their having the strength and other
properties assumed in the design data; and take into account the
effects of environmental conditions, such as temperature and
humidity, expected in service”

Other Sectors Include:

T Automotive

T Space Industrial Valve

WWW.nasa.gov




National Aeronautics and Space Administration

Need — Standards for Actuator Materials

Reliable, traceable shape memory material test data

-]

(1) Tested per standard test methods — “conform to approved specifications that
ensure their having the strength and other properties assumed in the desion data’”

 What standards are there for actuator SMAs?

ASTM F2004 ASTM F2082 ASTM E3097 ASTM 3098

DSC:No Load  BFR: -25 to 90°C UCFTC: Thermo-  UPFR: Recovery
mechanical

cycling

NiTiNOL
Buehler and Wang
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National Aeronautics and Space Administration

Standardization — Method and Analysis @

UCFTC and UPFR Style tests have been used for decades to evaluate SMA properties

Only recently standardized: ASTM 2017 Analysis methodology is still loosely defined
e e R ASTM E3097: “12.2 Graphically determine As, Af,
Ms and Mf by the intersection of tangent lines
parameters drawn from the steepest portion of the strain verses
temperature curves on heating and cooling and
B T T— s lines tangent to the strain verses temperature slopes
AELW Designation: E3087 - 17 near the LCT and the UCT as shown in Fig. 1.”

Mechanical Uniaxial Constant Force Thermal Cycling of

Shape Memory Alloys'
£
o
-
n
. 1 e
Designation: E3098 - 17 ucr
s sl
INTERNATIONAL —
00! ~— ieres
Standard Test Method for emg - o
Mechanical Uniaxial Pre-strain and Thermal Free Recovery €p— Ly €; -
of Shape Memory Alloys' 7
LCT uct
the year of
approval.

Temperature

3
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National Aeronautics and Space Administration

Reduce Uncertainty 1n Data @

Even out of the same lot of material, there can be many sources of variability in data

Mitigation Strategy: Reduce, Quantify ...
Sample Prep and Design Wg Methodology

N " L —— st
Designation: E 8 - 01 F B AT B4 Do p »
M.HJ"'!E = - ‘
| 1 R S— "i - ﬁgl»/ Designation: E3098 - 17
Standard Test Methods for G K et
Tension Testing of Metallic Materials’ Note 2
L Standard Test Method for
doptionor. e yeatof Lt revi FBter——A—E+B Mechanical Uniaxial Pre-strain and Thermal Free Recovery
epetlon (€)indicates an editoria change since th Last revision or eapgroval - of Shape Memory Alloys’
2 — 0— R C R
LT Y 132 n - e e
G f s
R Note 2 .
L
T Red
3L =1t ) cauce

Setup/Equipment

Ruggedness, ILS Testing

lvsis Method Analyst
=S .
)

Analytics =Reduce

Strain Rate Cooling Rate Heating Rate

0.001 mm/mm per

min 1deg C/ min 1deg C/ min

1  0.01 mm/mm per min 4 deg C/ min 4 deg C/ min
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National Aeronautics and Space Administration

Big Picture — Test Data to Customer/User

— ASTM Material Certification Report

Test Date
Lab NAS
g Operator 0. Benafan
A STM S d d Material NiTi
. _— t Sample Indentifcation
ﬂ_glb/ Designation: E3097 - 17 an a'r Material Condition
ul Specimen Geometry Cylindrical dogbone (@ = 0.1530 in, gauge L=0.5in)
INTERNATIONAL .
Lower Cycle Temperature (LCT) il
Upper Cycle Temperature (UCT) 15
Standard Test Method for Ausenite Stat- A s (Deg C) 1178771
. P . Ausenite Fiish - A_f(DegC)  122.8756
Mechanical Uniaxial Constant Force Thermal Cycling of Marasic Sar- M s (0egC) 70722
Shape Memory A||oys1 Martensite Finish - M_f(Deg )~ 67.642
Austnite S e Ay) 006827 0 [
This standard is issued under the fixed designation E3097; the number immediately following the designation indicates the year of 002175
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval. sh Strain (¢_Mf)
Temp (¢ LCT)

Temp (¢_UCT)

0067358
004652
Heating / Cooling Method Induction
temperature uniformity

heating rate( Deg C /min) 4
cooling rae (Deg C / min) 4

Strain Measurement Method Mechanical extensometer with Alumina Rods
Strain Rate (mm/mm per mir) 001
Hold Time s) E)

. NASA Shape Memory Material Database

=
-
o

ERERK

X0

Sample and
Test Information

Ceo .P"N'd
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National Aeronautics and Space Administration

Big Picture — Test Data to Customer/User

ASTM Material Certification Report

ASTM Standard

Standard Test Method for

Mechanical Uniaxial Constant Force Thermal Cycling of
Shape Memory Alloys'

This standard is issued under the fixed designation E3097; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon () indicates an editorial change since the last revision or reapproval.

1) Plot and Straight Edge

Test Type UCFTC
Test Note
‘Test Date 125017

Lab NASA-GRC-SH38B
Operaor O. Benafan

True Strain (%)

-4

A ————
2) "Excel”

and fits

SR

~ 3) Custom Code and Routines |

50 100 150 200 250 300

Sample Temperature (°C)

temperature uniformity
heating rate(Deg C/ min)
cooling rate (Deg C / min)

Strain Rate (mm/mm per mir)
Hold Time (s)

Heating/ Cooling Method Induction

4
4

001
30

Materal NiTi
Sample Indenifcaton
Material Condition
Specimen Geometry Cylindrial dogbone (0= 0.1530 in, gauge L= 0.5 in)
Lawer Cycle Temperature (LCT) 3
Upper Cycl Temperature (UCT) 150
Austente Sart- A s (Deg ©) 1178771
Austenite Finish - A_f (Deg C)  122.8756
Martenste Sart- M_s (Deg )~ 70.722
Marensite Finish- M f(Deg C) 67642
Austente Stat Strain (¢ As)  0.06827
Austenite Finish Stain (¢ Af) 002175
Martenste Stat Strain (¢ Ms) 0001662
Martenste Finish Strain (¢ M) 006902
Strainat Lower Cycle Temp (¢ LCT) 007035
] Strainat Upper Cycle Temp (¢ UCT) 002033
Cooling Transformation Stain (e ct)  0.067358
Heating Transformation Sran () 0.04652

Strain Measurement Method Mechanical extensometer with Alumina Rods

Owwmamy

et bunet

bops Dneint

8
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National Aeronautics and Space Administration

SMAnalytics was designed to fill this gap @

Test ICFTC i

Test Note
TestDate 125017
Lab NASA-GRC-SH38B
Operator 0. Benafan
ASTM Standard =
" — Sample Indentifcation
Designation: E3097 - 17 andar s ot
Specimen Geometry Cylindrical dogbone (0 = 0.1530in, gauge L=0.5 in)
INTEANATIONAL Lower Cycle Temperature (LCT) 3
Upper Cycle Temperature (UCT) 150
Standard Test Method for Austenie Start-A s Deg ) _ 1178771
N P . Austenite Finish - A_f (Deg C)  122.8756
Mechanical Uniaxial Constant Force Thermal Cycling of Martensite Sart-M s (Deg Q) 70722
Shape Memory Alloys' (] Marensic Fnish-M_f(DegC) 67.642
n a I ( S Austenite Stat Srain e_As)  0.06827
‘This standard is issued under the fixed designation E3097; the number immediately following the designation indicates the year of AusteniteFinish Strain (¢ A 002175
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A Martensite Start Strain (e Ms) ~ 0.001662
superseript epsilon (e) indicates an editorial change since the last revision or reapproval. I Marensite Finish Strain (e Mf) 006902
SMAnalytics UPFR Strain at Lower Cycle Temp (e LCT)  0.07035
3 Stran at Upper Cycle Temp (¢ UCT)  0.02033
Data Import Data Spitting Analysis Export Cooling Transformation Strain (e _cf)  0.067358.
Heatng Transformation Strain (e ht) ~ 0.04652
Omit Curve View Curve: ' Export curve Heating / Cooling Method Induction
Restore Auto Calc << || < ||5.-100 MPa - Cycle #2 (Cooling) vl > |>» Strain Type | Eng. Strain ¥ ) sempersue wifoenkty
heating rate Deg C / min) 4
cooling rate (Deg C / min) 4
0 Strain Measurement Method Mechanical extensometer with Alumina Rods
Strain Rate (mm/mm per min) 001
02 Hold Time (s) 30
0.4
2
c 06
3
7]
$08 |
w
-1
|
12+
" - b Ouemamy
14 — L | L L L L L L
0 50 100 150 200 250 300 350 400 450 500 -
Temperature (°C) .
Martensitic Region Transformation Region Austenitic Region . | V | c
et buneit e arver XY
Left Boundary Temperature 30 Left Boundary Temperature 1456 Left Boundary Temperature 183 v b | Nb 1%
. —-—y.
—_— (e u |
30 1362 2423 3485 4546 30 1362 2423 3485 4546 30 1362 2423 3485 4546 K
vhewiyin Sops Deeint
Right Boundary Temperature | 132.3 Right Boundary Temperature|  158.6 Right Boundary Temperature | 454.6
R
Illl‘IIIIIIIIIIII (FEELELIECHT [ROI BT (S EROATEY | SO ] | | LR ROV 2 B | Bl o B | % e
30 1362 2423 3485 4546 30 1362 2423 3485 4546 30 1362 2423 3485 4546
\
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National Aeronautics and Space Administration

SMAnalytics addresses 3 common SMA tests
(1) Differential Scanning Calorimetry - DSC

0.8 l

MP‘: _3806

Designation: F 2004 — 05

Standard Test Method for
Transformation Temperature of Nickel-Titanium Alloys by

Thermal Analysis’

ion indicates the year of
of last reapproval. A

This standard is issued under the fixed designation F2004; the number i diately following the desi
riginal adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year

Ol
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

v

Heat Fic

Transformation Temperatures
+ Any Production Stage ]

+ Small Sample 047
+ No Load Conditions 061 ,
. (_‘rPr -13°%
'0.8 1 1 T F M T Al 1 | T ] 1 h
-140 -120 -100 -80 -80 -40 -20 4] 20 40

Temperature (°C)
WWW.nasa.gov




National Aeronautics and Space Administration

SMAnalytics addresses 3 common SMA tests
(2) Unmaxial Constant Force Thermal Cycling - UCFTC

e\

As* iAs
Designation: E3097 - 17 Heat J

Standard Test Method for

Mechanical Uniaxial Constant Force Thermal Cycling of
Shape Memory Alloys'

This standard is issued under the fixed designation E3097; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript cpsilon (£) indicates an editorial change since the last revision or reapproval.

Transformation Temperatures

Transformation Strains

. ‘l' ------ 1) LOAD e'
+ Actuation response € — 2 \, oo - T
H (0.3) HEATING WITH NO LOAD
+ Under some load, or no-load o (33 CO0UNS WITH 01040 ucr
STARTi (0.1) HEATING WITH NO LOAD \é
Temperature

WWW.nasa.gov



National Aeronautics and Space Administration

SMAnalytics addresses 3 common SMA tests
(3) Umaxial Pre-strain and Thermal Free Recovery - UPFR

Designation: E3098 - 17

Standard Test Method for

Mechanical Uniaxial Pre-strain and Thermal Free Recovery
of Shape Memory Alloys’

This standard is issued under the fixed designation E3098; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

Transformation Temperatures

Transformation Strains

Strain Recovery |
+ Representative conditions
+ Stress Free or Stressed

strain

temperature

WWW.nasa.gov



National Aeronautics and Space Administration

A User-Friendly Graphical Interface @
Launch Window

[SMAnalytics

with DSCAN

| UCFTC | UPFR DSC

[ New UCFTC Analysis | ] [ | New UPFR Analysis | ] New DSC Analysis

ASTM E3097 ASTM E3098 ASTM F2004

Version: 1.0.2 (Released 12/22/2023)

www.nasa.gov



National Aeronautics and Space Administration @

Create, save, and reuse Profiles: Streamline Analysis

°® Test type prOﬁleS [ NON ) Select Default Profile
— Compression
- TenSiOIl Search: Selected Settings
NTHZ_Comp el
1 ens data: 6
— C yChc 'g:;é;un delimiter: \t

headersincluded: true
unitsincluded: true

* Lab based profiles S
gaugelLengthUnit: in [
loadType: engstress |

— My lab gaugeDiameter: 0.5 |
gaugeDiameterUnit: in
timeRawlInputUnit: s

Profile N - NTHZ C timeVoltageGain: 1
s YOUI’ lab C:Z;tid aBr;;eBigelow_ =l qmeFinaIInput_U'nit:s
Test Machine: SH38A timeOutputUnit: s o
'Y 2 g!sp:acemen:\F/{aI\:rlanml_Jn]ti in
* Data characteristic profiles et it D

— Noisy load
— Fast vs slow heat/cool - UPFR and UCFTC e =

WWW.nasa.gov




National Aeronautics and Space Administration

Pedigree — Traceablhty, ASTM Report

Sample & Test Information

Menu
Data Import  Data Splitti Analysi Export
atameo = mees = Sample Name \ UPFR Run 1 ‘ Sample Geometry l Round Dogbone ‘
Titl
1 e Test Date | 06/05/2019 [ ~ | Heating Method | Induction |
) o Test Operator \ DF ‘ Cooling Method lAir ‘
@3 Test Lab , Org 1 ‘ Strain Measurement ’ Extensometer ‘
. 07} Test Rig \ ‘ Notes
//' 06 : i
- Sample Material , Warm NiTi ‘

mport Data First
UPFR

Igmose a data file... |

1 a Select Data File

st Type UCFTC
Test Note
TestDate  12/5/17
Lab NASA-GRC-SH38B
Operator 0. Benafan

% o 012 o‘.s o.‘4 o.‘s oie o.‘7 08 o.‘9 ; Material NiTi
X Sample Indentification
X-Axis  Optio Y-Axis  Option Material Condition — -~
Spmnhn(ummtr\ (\lmdrml dogbone (@ =0.1530 in, gauge L=0.5in)
Trim Analysis Data Lower C) cle 7 —
ort Data Start Timel:l End Time 0‘ [ Restore Default ] Uppe! Cyde Temperature ‘U 4
Austenite Start - A s (Deg C)  117.8771 \ .
Austenite Finish - A_f(DegC)  122.8756 - h— —
) Martensite Start- M_s (DegC) ~ 70.722 |
Current User Profile: UPFR_Default ¥ Lt ar fim (nsin 0  S—— —

WWW.nasa.gov



National Aeronautics and Space Administration

Accepts many file formats and allows easy parsing

‘o0 0 Data File | NON ] Data File
Text File Settings Data Settings Text File Settings Data Settings
Selected Data File Selected Data File
Run 1 Transcribed New.txt Run 1 Transcribed New.txt
Raw Data File Import Results Raw Data File Import Results

seconds C  MPa% Column 1 Column 2 Column 3 Column 4
time temperature  stress strain Row 1 |seconds c MPa %
0  37.483050.98703 0
1 37.43973 0.98603 0 Row 2 |time temperature stress strain
2  37.440810.98473 0 Row 3 |0 37.48305 0.98703 0
3 37.411770.98069 0 Row4 |1 37.43973 0.98603 0
4 R .

87.345430.97924 0 Row 5 |2 37.44081 0.98473 0
5 37.382130.97868 0
6 37.43492 0.98315 0 Row 6 |3 37.41177 0.98069 0
7 37.515180.98686 0 Row 7 |4 37.34543 0.97924 0
8 87.5504 0.99174 0 Row8 |5 37.38213 0.97868 0
9 87.546620.99404 0 Row9 (6 37.43492 0.98315 0
10 37.474460.99913 0 ow : :
11 37.54822 1.00222 0 Row 10|7 37.51518 0.98686 0
12 37.62576 1.01105 0 Row 11|8 37.5504 0.99174 0
13 37.678211.02244 0 Row 129 37.54662 0.99404 0

Line Selected: 1 Line Selected: 1
Update Import Parameters (Row #) Update Import Parameters (Row #)
Column Headers Units 5 First Data Line Column Headers Units E First Data Line 3
[INot Included Not Included [[]Not Included []Not Included

File Delimiter File Delimiter
Update Default Settings Update Default Settings

WWW.nasa.gov



National Aeronautics and Space Administration

O
Data Import Controls — Classifying

Data File
Text File Settings Data Settings
. Displacement Data Type Load Data Type
— Handles raw data (e.g., force, dl-Spl.) or S — roms
Calculated data- (C . g .y StI'CS S 5 Stl'all’l) : (®) Engineering Strain (®) Engineering Stress
(O True Strain (O True Stress
Specimen Gauge Length Specimen Diameter
Data Column Raw Input Unit  Time Step Time Zero Offset Final Input Unit
Time [time (seconds) v ] [s v ]
— Data COlumn Titles tranSfer over Data Column Raw Input Unit  Voltage Gain Voltage Offset Final Input Unit
automatically from Column Headers B | oo (o )&
. . . Eng. Stress [stress (MPa) v ] [MPa v ]
 Uses your headers for easy identification vt (e ® ) ()
Data Column Import? Output Unit
time (seconds) Time
temperature (C)
stress (MPa) [Eng. Strain v ] [% M ]
§ ' i strain (%) [Eng. Stress ¥V ] [MPa v ]
— Unit conversion to meet different needs |:>
Temperature
( selectal | [ clearar |

Update Default Settings OK

WWW.nasa.gov



National Aeronautics and Space Administration @

Trim un-needed pre-test or post-test data

(] [ ] UCFTC Analysis - SH107A_275_UCFTC_specimenCleanAll

Menu
Data Import Data Splitting Analysis Export

Eng. Strain (%) vs. Time (s) & E=E0a

15 —

Reduce data pre-processing requirements
« Extra heat/cool cycles in UPFR

p » Data Spikes
UCFTC “
[SH107A_275_UGFTG_specimer | ¢ Stl’aln RGSCtS
[ select Data File | Trimmed
| Import Settings | Data
o 1 2 3 4 5 6 7 8 9 10
Time (s) x10°
X-Axis | Time (s) v |  Y-Axis |Eng.Strain (%) v
Trim Analysis Data

@[ | Import Data | ] @ Start Time 1| EndTime| 9.189e+05 | | Restore Default |

Current User Profile: UCFTC_Default

WWW.nasa.gov



National Aeronautics and Space Administration

-]

Strain Decreasing

Auto-detects segments to facilitate data splitting

Strain Increasing

Stress Positive | Stress Increasing

 Heat: o — | —~——
= (/! i- /
— Stress Constant iu ;V im A
— Temperature ; : ;
. Loading nloading
° COOllng: Stress Positive | Stress Decreasing <o P i B o
5. 4 SR jil. BeesT /)
— Stress Constant b b (//

— Temperature ﬂ

—

* Loading, Unloading

Stress Negative | Stress Increasing ¢ /

Stress Negative | Stress Decreasing

3 2 -
Engneering Strain (%)
Loading

WWW.nasa.gov



National Aeronautics and Space Administration

Customizable filters and thresholding to split clean data, @
n01sy data, incomplete data

UPFR Analysis - UPFR Run 1

Eng. Stress Data Smoothing #, 2 ")) @ (}

Menu 20
Data Import Data Splitting Analysis Export } 80 ﬁﬁn
O pe rate O n a n y test I:> | Temperature Stress Strain Results | J o

3
3

Eng. Stress (MPa)
&
3

@
=]

Va rl a b | e Smoothing Filter Algorithm sgolay Smooth Data  First Derivative  Split Data

Temperature Data Smoothing

Smoothing Filter Window 200 (e

Filter options mms) | i "
First Derivative Window 200 120 at C O Ol | ” l
o &

= " Stress
RN R RN RN
2 989.2 1976 2964 3951 4938 ¢ 0

100 2500 3000 3500 4000 4500

| Time (s)

First Derivative Zero Threshold 0.001 !
P e 8 Eng. Strain Data Smoothing ., = 7] =~ &
0 0.014 0028 0.041 0055 0.069

ThreShOIdS for Optimal :> Segment Time Gap Threshold 0 42 L

rS
S

S

Temperature (°C)

/

fits, smoothing and 0 e ke ko oo

o

\

ata Sp |tt|ng Minimum Segment Time Length 20 : : : ‘ : : : ‘ ‘ §

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 & \5
RN R N RN Time (s) g" |
0 986 1972 2958 8944 4930 = 9

B ooy

2500 3000 3500 4000 4500 5000 5500 6000 €500 7000
Time (s)

www.nasa.gov Www.nasa.gé(\)/ 2



National Aeronautics and Space Administration

Processing Algorithms — Mathematically based

[ ] @® UPFR Analysis - FW UPFR Run 1

Menu

Data Import Data Splitting Analysis Export

Temperature Stress Strain Results

Smoothing Filter Algorithm sgolay v ] Smooth Data First Derivative Split Data
B Approx. Temperature Rate
Smoothing Filter Window 200 0.08
|>III\[IIII|\\\Illl\\‘lllll
. t. 1 9884 1976 2963 3951 4938 0.06 -
First Derivative Window 200 0041

Splitting T T e e
Transformation Temperatures

o
o
~

First Derivative Zero Threshold 0.006

Vo

|
0 0.014 0.028 0041 0.055 0.069

Tran S fo rm ation Reg i On Segment Time Gap Threshold 80

Temperature Rate (°C/s)
S
S )

0.04 1
| [ [ [N | [ ] | [N ‘ [N |
S tar Te mp erature S 0 986 1972 2958 3944 4930 -0.06
Minimum Segment Time Length 25 -0.08 - - : '

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
IR T T T O A O O B Time(s)

0 986 1972 2958 3944 4930
L )

www.nasa.gov



National Aeronautics and Space Administration

UCFTC Results: Software can 1dentify key data @
segments during splitting

[ ] [ ] UCFTC Analysis - Run 2
Menu

Data Import Data Splitting Analysis Export

Temperature Stress Results

Eng. Strain (%) vs. Temperature (°C)
Temperature/Stress Behavior

* Heating 7t
* Cooling o
* Loading A 2|
* Unloading V -l
5 3f
—120 4[0 6‘0 8‘0 1 (;0 1 2‘0 1 4‘10 1 éO 1 éO 2(;0

Temperature (°C)

X-Axis | Temperature (°C) v Y-Axis | Eng. Strain (%) v

WWW.nasa.gov



National Aeronautics and Space Administration

UPFR Results: Software can 1dentify key data
segments

Heating

Cooling

Loading A

Unloading V

UPFR Analysis - FW UPFR Run 1 [ ] [ ] UPFR Analysis - FW UPFR Run 1
Menu Menu
Data Import Data Splitting Analysis Export Data Import Data Splitting Analysis Export
Temperature Stress Strain Results Temperature Stress Strain Results
Eng. Strain (%) vs. Temperature (°C) Eng. Stress (MPa) vs. Eng. Strain (%)
o Temperature/Stress Behavior e Temperature/Stress Behavior
g b B B
p
o L e 4
18
140 - AT /
. 7
16 /
¥
120
/
141 A ¥
4 Ea /
L K v
i 100
12 4 5 : /
2 A 5 A /
£ : 2 M
£ 4 4 8 s /
12} : v=> A v
) ke & 7/
Wogh A I /
B 60 a
A b4
A 7
0.6 : v
f /
A 40
A
os} -. : 4
i v
B /
20 ¢
L 4 ¢
0.2 ! /
: ¢ L /
Al 1 1 1 L | [} L 1 |
20 40 60 80 100 120 140 160 0 0.2 0.4 0.6 0.8 1 12 14 16 18 2
Temperature (°C) Eng. Strain (%)
X-Axis [Temperature °C) ¥ Y-Axis [ Eng. Strain (%) v X-Axis Eng. Strain (%) v) Y-Axis [Eng. Stress (MPa) v |

WWW.nasa.gov



National Aeronautics and Space Administration

Manual editing available
when automated fitting needs adjusted to get split points
(example: very noisy data)

Smooth Data First Derivative Split Data

-]

Temperature Data Smoothing

- /

» Use Brush Tool in Toolbar ul /
— “Edit Split Points” 7 {\M’

» Select (Box) data of interest "

i

Delete Highlighted Split Points \/\/“N
Create Minimum Split Point R 2 g J '

— Few points for Max/Min
— Range of points for Dwell

Temperature (°C)
W
(e

: : 9F Mgl
e Select Desired Action a7l Create Maximum Spit Point [\ | R
Create Dwell Split Points
36
35
0 50 100 150 200 250 300
Time (s)

WWW.nasa.gov



National Aeronautics and Space Administration

Creating/Updating Profiles

Menu
User Profile  » Change User Profile . . o, e
Com  ssevpameuserrotie | | ® Profiles save settings from import and splitting
| Restore Auto Calc | | 1. Stag . . . ..
- « Reduces need for user input during import and splitting
Thermal Load
; e v SévelUpdate User Profile '. [ ] Save/Update User Profile

| Save As New Profile ] Update Existing Profile | | Save As New Profile [ Update Existing Profile |

Save As New Profile Update Existing Profile

Search: Selected Settings
headers: 4

UPFR_Default units: 5
data: 6
delimiter: \t

headersincluded: true
unitsincluded: true

User Profile Name l Rolling Comp ‘ ggggﬁ:ﬂ;&gﬂ?g"
gaugelLengthUnit: in
Creator | GB | loadType: engstress
gaugeDiameter: 0.5

) gaugeDiameterUnit: in
Test Machine l SH38A | timeRawlInputUnit: s

timeVoltageGain: 1
timeFinallnputUnit: s
timeOutputUnit: s
displacementRawlnputUnit: in
displacementVoltageGain: 1

il it i

Profile Name: UPFR_Defauit
Created By: UPFR_Default
Test Machine: UPFR_Default

[ cancel | | OK | | cancel |

OK J

WWW.nasa.gov



National Aeronautics and Space Administration

UPFR: Editing Load/Unload Segments to account @

. .
Omit Curve View Curve: /| Export curve
Or I I I a erl a ( : a V lor Restore Auto Calc 1. Stage 1:37.1 °C - Cycle #1 (Loadi... v | > | >> Strain Type | Eng. Strain v

Thermal  Load

Splitting the stress-strain curve:

-
into 1 to 4 segments
10! £ L 1 L I
0 0.2 0.4 0.6 08 1 1.2 14 1.6 1.8 2
Eng. Strain (%)
Region #1 Region #2 Region #3 Region #4
Left Boundary Strain 0.04 Left Boundary Strain | 0.3536 Left Boundary Strain | 0.8584 Left Boundary Strain
oo | YT | e IR
313 1.023 1514 2005 0.04 05313 1.023 1.514 2.005 0.04 05313 1.023 1.514 2.005 4 05313 1.023 1.514 2.00!
Right Boundary Strain | 0.8584 Right Boundary Strain | 2.005 Right Boundary Strain =~ 2.005
T EIEE wnomoll e 8
0.04 05313 1.023 1514 2.00: 313 1.023 1.514 2005 0.04 05313 1.023 1.514 2005 004 05313 1.023 1514 2.005

Linear Regions
- 3 ||+

Manually adjust with up to 4 Linear Regions + Adjust Boundary Sliders
** Mouse over slider and use scroll wheel to fine tune

WWW.nasa.gov
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UPFR: Editing Load/Unload Segments to account @
for material behavior

Thermal Load

To Capture:

« Slopes/Modulus &

* Yield stress (0.2% offset, 0.5%)

* Max stress/strain [

* Plateau strain/stress ; - ; e T e

* Onset of detwinning s m—
Left Boundary Strain | -0.0003 Left Boundary Strain | 0.979 Left Boundary Strain | 5.207 Left Boundary Stt

g |‘||||||\|\|\|\|\| Jrr e jrrrpag
).000378 5.5 1 16,5 22 ).000378 5.5 1 165 22 ).000378 5.5 11 165 22 ).000378 5.5 11

Right Boundary Strain | 0.9422 Right Boundary Strain | 4.191 Right Boundary Strain | 8.773 Right Boundary &

v Jrrb e Jrr e Jrenpnng
).000378 5.5 1 165 22 ).000378 5.5 1 165 22 ).000378 5.5 11 165 22 ).000378 5.5 11

- 4

www.nasa.gov
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Accounting for multiple phase transformations

Can use Data Tips to view measured values

[ ] [ ] UPFR Analysis - UPFR Run 1

[ ] @ UPFR Analysis - UPFR

Menu Menu

Data Import Data Splitting Analysis Export Data Import Data Splitting Analysis Export

["]Omit Curve View Curve:

Strain Type Restore Auto Calc [3. Stage 1: 0.985 MPa - Cycle #1 (He... ¥ ]

[]omit Curve View Curve:

Restore Auto Calc 3. Stage 1: 0.985 MPa - Cycle #1 (He..

Strain Type | Eng. Strain v

Thermal Load Thermal Load
R Q G RS RIS OEA}
16 . 16
X 793918 :
14 Y 1.36366 ; : 14
12f 1 st 12 2ﬂd
2 1 ] £ - ]
£ tran i P transformati
<] [
¢ | transformation £ transtormation
08 k | 508~ [ |
= (=
[} i}
0.6 - 0.6
0.4 1 1 ] ] i 0.4
0.2 Il I Il Il Il 1 I 0.2 1 Il I Il Il I
20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
Temperature (°C) Temperature (°C)
Martensitic Region Transformation Region Austenitic Region Martensitic Region Transformation Region Austenitic Region
Left Boundary Temperature 38.1 Left Boundary Temperature 81.97 Left Boundary Temperature 108.6 Left Boundary Temperature 38.1 Left Boundary Temperature 101.7 Left Boundary Temperature 128.1
RN N R T I R N P RN
38.1 66.41 94.71 123 151.3 38.1 66.41 94.71 123 151.3 38.1 66.41 94.71 123 1t 38.1 66.41 94.71 123 151.3 38.1 66.41 94.71 123 151.3 38.1 66.41 94.71 123 151.3
Right Boundary Temperature | 66.11 Right Boundary Temperature |  90.55 Right Boundary Temperature | 151.3 Right Boundary Temperature |  66.11 Right Boundary Temperature 105.8‘ Right Boundary Temperature | 151.3
R T R TR A IR T R N N | N A I
38.1 66.41 94.71 123 151.3 38.1 66.41 94.71 123 151.3 38.1 66.41 94.71 123 1t 38.1 66.41 94.71 123 151.3 38.1 66.41 94.71 123 151.3 38.1 66.41 94.71 123 151.3

WWW.nasa.gov
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Editing Heat/Cool Segments

* (Can manually adjust any region/fit
» Adjust Boundary Sliders as desired

** Mouse over slider and use scroll wheel to fine tune

» Use Data-Tip to view values if desired

|| Omit Curve View Curve: %]1=)

) . [ ] Omit Curve View Curve: [v| Export curve
W‘ << ‘i || 46. Stage 1: -300 MPa - Cycle #5 (C... ¥ ‘ >z SEm e | Restore Auto Calc | | << || < | 46.Stage 1:-300 MPa - Cycle #5(C... ¥ | > | >> Strain Type | True Strain =~ v
P
04 ; ; o4 2, M@ Q ¢}
L ! ] P ! o Joovtfporrsgboi
e : : P : w T -0.6 [
-0.8 - 08l
_——- o
g o
£-12F =
£ g2
n -
o 1.4+ 14
[ E
= =
-1.6 =1l
181 1.8
2 - 2
20 i L] L I I 1 I 1 I | 20 ‘4] B B I 1 5 \ | | !
0 50 100 150 200 250 300 350 400 4 0 50 100 150 200 250 300 350 400 450 500
Temperature (°C) Temperature (°C)

WWWw.nasa.gov
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Exporting — ASTM Report

UPFR Analysis - FW UPFR Run 1

Menu |
Data Import Data Splitting Analysis Export
Test Type UCFTC ASTM UPFR Repol
Test Note
Test [])-al; NASI\ZI‘(SEI;Z’ SH3B Mean Temperature f°C)  |# of Thermal Cycle! Mean Stress (MPa) |Export UPFR?
Al A -
4479 1 0.9853
Operator O. Benafan x\// &
Material NiTi
Sample Indentification
Material Condition
Specimen Geometry Cylindrical dogbongAW = 0.1530 in, gauge L= 0.5 in)
Lower Cycle ture (LCT)
Upper Cycle Temperature ( 150
Austenite Start - A s (Deg C) 1178771
Austenite Finish - A_f(DegC)  122.8756
Martensite Start - M_s (DegC) ~ 70.722
Mactacaion Blaiah AL £4Paa £ Lan e —]
180 25 Mg, 65.81 °C Note: Only stages containing at least one full load cycle and one full thermal cycle may be chosen.
160 My, 52.80 °C
- Mg, 6370 °C
o 1401 ’ M. 53.06 °C
e = Msg, 59.31 °C
5 120 Ei4,29626 MPa/% & 15 As, 89.29 °C
8 160 EL2, 0.69 MPa/% g A, 100.57 °C
% B Eyt, 188.14 MPa/% o 15 Ag, 75.06 °C
2 sl Eyp, 338.90 MPa/% £ V[ Af;106.19 °C
5 ey1, 0.617% 3 Asp, 94.93 °C
£ 60F oy, 12885MPa £ o5l
j=2) i=4
& 40 w . .
ol 00F View /Edlt
0 ! | ! ! | 0. ! ! ! | S 1 f
00 05 10 15 20 25 3.0 ¥ 50 100 150 2t€ Sample Info amp C In 0)
(a) Engineering strain, % (b) Temperature, °C }

WWW.nasa.gov
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Exporting — Database format available

7. @ UPFR Analysis - FW UPFR Run 1
- fc Testinformation Menu
/ 'y T C D £ F G Data Import Data Splitting Analysis Export
est Information | \ Stage# Load Cycle Type Load Cycle Temperature Initial Strain
Test Type UPFR °C % (Eng.) ASTM UPFR Report
Sample ID FW UPFR Run 1 1 Loading-Unloading 37.43296558 Cycle Selection | Raw Data
Test Date 9/5/23 0:00 Raw Data o /—\
&T;::gry time (seconds) / \
Test Rig temperature (C) ' ‘
Material stress (MPa)
Specimen Geometry strain (%)
Heating Method \/
Cooling Method
Strain Measurement Method
Method for Calculating A_50/M_50 (AfM_f+A_sM_s)/2

{Notes /

. Eng. Stress (MPa) vs. Eng. Strain (%) s T o ot ach Swess Lov [ Select Al ] [ Clear Al ]
181 300 MPa Export UPFR Report Export Raw Data Q | Export Database
| Automatic e

2~ 200MPa

100 MPa

Eng. Strain (%)
True Strain (%)

. .
| PO View/Edit
LI S . e v S e R R ) )S ample Info

WWW.nasa.gov



National Aeronautics and Space Administration

Powerful, robust algorithm can handle different
“flavors” of UCFTC

-]

[ XON J UCFTC Analysis - Run 2
Menu

Data Import Data Splitting Analysis Export

Temperature Stress Results

Eng. Strain (%) vs. Temperature (°C)
O Temperature/Stress Behavior

Eng. Strain (%)
n © IN o o ~

=)
T

. . . . .
40 60 80 100 120 140
Temperature (°C)

X-Axis | Temperature (°C) v Y-Axis | Eng. Strain

Standard Test Method

n
=]

(] [ ] UCFTC Analysis - SH107A_275_UCFTC_specimenCleanAll
True Strain (%) vs. Temperature (°C)
s 2nd Cycle at Each Stress Level Menu
Data Import Data Splitting Analysis Export
Temperature Stress Results
25| 300 MPa Eng. Strain (%) vs. Temperature (°C)
) 1~ Temperature/Stress Behavior
0
2\~ 200 MPa
=i
g 151 :\:.2
£ &
g 100 MPa =
] =3
H @
o1E 2
wy
5
05
-6
0.046 MPa ! ) | | |
0 7
-50 0 50 100 150 200
Temperature (°C)
| X-Axis | Temperature (°C) v | Y-Axis | Eng. Strain (%) v
05 |

! ! ! I
0 50 100 150 200 250 300
Temperature (°C)

Multiple Stress Levels High Cycle (eg. Durability)
*even with “dirty” data

3min to process 1000cycles

WWW.nasa.gov



National Aeronautics and Space Administration

SMAnalytics Analysis Matches Human Analysis @

A,CC)

170

160

150

130

120

110

Automatically

® NASARepl

O NASA Rep 2
—+—Rep 1 SMAnalytics
—¥% Rep 2 SMAnalytics

=~ — - —

2

3 4 5 6 7 8
Run Number

Clean Data

A, CO)

180

170 ¢

160 |

140

130

120

* O Organization 2 Rep 2
—+—Rep 1 SMAnalytics

® Organization 2 Rep 1
AN —%- Rep 2 SMAnalytics

Run Number

Noisy Data

Data from ASTM Ruggedness Software Validation

www.nasa.gov s
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Launch Window

[SMAnalytics

with DSCAN
€ o
l ~

r ¢

dQ/dt

UCFTC UPFR DSC

New UCFTC Analysis New UPFR Analysis [ | New DSC Analysis ]

ASTM E3097 ASTM E3098 ASTM F2004

Version: 1.0.2 (Released 12/22/2023)

WWW.nasa.gov
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DSCAN Methodology — Split Cycles

QDSC ext303 900C 1h 1 NTHZ1-V N2

Split each file into cycles 0.4F —
Split cycles into Heat and Cool 0.3
0.2

Heat Flow (W/g)
o

-0.1f — Y| y
. '\':ni'.:‘»:gl\|||l'|'||},'
02| Heating Segment ":‘?"':“'.’!'r‘ ]
|
il
-0.3 ”" H )
i
0.4} '/ﬂ | ]
1
-05¢E 1 1 1 1 1 1 1 1 1 .

-50 0 50 100 150 200 250 300 350
Temperature (°C)

WWW.nasa.gov
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DSCAN Methodology — Automatic detection of:

-]

Enthalpies Transformation Temperatures
T T T T T T T T 005F T T T T T T T T
04 r . 01k
High
02 r AHM= 3.92 J/g Deerathe i -0.15 AS-_—-14_ 15°C AF=2.060C
~ 1 I N S — ]
5 P < 02
< : =
: 07 =
3 _— sl 2 0251
L IS e R § [
5 5
T -02f AH,=3.81/g 1T 03 Fit Line at
o Inflection
.04 F ]
04
06| I I L | ! L ! I ] LA
-100 -50 0 50 100 150 200 250 -6|O _4|0 _2|0 0 2|0 4|0 elo 8|0
Temperature (°C) Temperature (°C)

WWW.nasa.gov
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DSCAN: Customizable menu to handle routine DSC and and

Set Output Dir

Output File

Manual Edit
Option Menu

complex DSC cases

o
Open New Set New
Directory O
L | Directory

Save file as: | AnalyzedQDSC E | .txt

lanual Edit Options

~ Enthalpy
[ Enthalpies |

Enthalpy Labels

~ Transformation Temperatures
Left Tangent Line
Right Tangent Line
Inflection Points
Peaks
Start Temperature Labels
Finish Temperature Labels

\ Number of Peaks

File Name

J

(QDSC EXT291-11050C 7... v |

Cycle Number 1 v

Save Figure |

| T T T T - T T T T T m
=-40.59°C
03 — — 03 — -
02 - M;=-54.75°C Mg=-34.22°C 1 e2p AHy= 18.57 Jig T
041 - +4 o1 e e 7
s s - \
S o 42 ot \ -
H H |
[y [y — |
Bo1 - - Boa ———= — g
2 2 T——
02 As=-14.13°C As=2.09°C -4 02 AHx= 2122 Jig -
03 - — 03 — -
04 — 1 04 — _
=-4.44°C
05 - 1 1 1 | 1 4 05F | 1 I | | 1 -
-150 100 -50 50 100 150 -100 -50 0 50 100
Jemeerature CC) Jemperature (°C)
N\
Heating Manual Edit Sliders Cooling
Left Left
[ L L R R R R R AR R | Reset L N EEE e T E S A A A T
-150 -120 -90 -60 -30 0 30 60 105 -145 -122 99 -76 -53 -30 -7 16 39 62 85
Right Right
TY T T T STTTETTITTIITT AATT e TECECRITTY Reset T Y ST
-150 -120 -90 -60 -30 0 30 60 105 } . -145 -122 -99 -76 -53 -30 -7 16 39 62 85
Analysis

Save
Indicator

"—Save Dot | Save Data

‘ Save Data as N/A ‘ Save N/ A

Save Figures
Save

Options

Click Next To Sav

Save Raw Data

\

‘ Next — ’

www.nasa.gov
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Set Output Dir

Output File

Manual Edit
Option Menu

DSCAN: Detect and flag questionable data

\ I
Set New |
Open New .
D?r?ctory Output Transformation Te Enthalpies Saved
| J Directory | T T T T T T .
Indicator
Directory: | /Users/gbigelow/Documents | 016 I~ 1 o A
@ve file as: | AnalyzedQDSC E 9 /
'ﬁ\ual Edit Options N\ vr T —T 7
[~ Enthalpy - 6 1 -
Enthalpi s s
Theipies 2005 |- 4 Zoos | / N
Enthalpy Labels 3 3 P
‘ » Transformation Temperatures o o /
o - o ‘ -
\_ >, | - Delete
} File Name 005 - 1 osl 1] | Delete Data Saved
| QDSC Ext309 500C3hr 10... ¥ | \
| - . ~ atc
‘ - Gsmorgues ) CYcCle Data
Cycle Number 2 v ‘ |
‘ — 01 1 I | | L ! | | | I L4 01k | | L ! | | ! ! L = | ISave fig Files Save
‘ -100 -50 0 50 100 150 200 250 300 350 400 -100  -50 0 100 150 200 250 300 350 400 ‘ .
Temperature (°C) Temperature (°C) Click Next To Save, Optlo ns
y o . . o
_ Manual Edit Sliders _ V|Save Raw Data
Heating Cooling
‘ « Previous ‘ Select Peak | v ‘ Next — ‘
——— - - N
Left Left
I R T e P R e A O T T | Reset Use Previous Data T R o Ry e e
10 19 28 37 46 55 64 73 8 91 100 0 10 20 30 40 50 60 70 80 90 100
\
Right - Right
Reset  Use Prior
|||||||||||||||||||’||||||||||||||||||||||||||||||| 1 . . |II|!llllllI||l|||||||||l|II|||I|I|||I|I|||I|||||I|
10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
\ Analysis Edits \ /
N N 7

WWW.nasa.gov
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Complex case: Can analyze multiple or overlapping

Example:
DSCAN not
catching Ag from
secondary peak

peaks

-]
Open New Set New
Directory Output Transformation Temperatures Enthalpies
Directory T T T T T T T T
i 025 [~ =130.76°C - 025 —
D y: |1 gbigt
Save file as: | AnalyzedQDSC E | .txt 02 |- — 02 -
| Manual Edit Options 015 _{— | ‘ Save Data ’
~ Enthalpy Myr100.67°0 Me=142.05°C AHy= 2281 ]
Enthalpies 01 |- - 01 —
thalpy Labels e N S —
| 0.05 - 0.05 1 | ‘ Save Data as N/A ‘
| i) s .
| B 2 ‘
{ N 1z or i » _
| Inflection Points I -
Peaks ﬁ\ ; ‘x o
| £o0s - 005 L - B
1 Start Temperature Labels -_—
| Finish Temperature Labels - -
Number of Peaks : Ar=178.62°C : AHA= 2072 Jig
| Manual Heating Points
Manual Cooling Points | 1 e —
| File Name 02 4 o2 E
(QDSC FWM-2 ext 1 N2.xls v |
| | +=169.02°C n e 7| | [Isave Figures
|C=0 M L v) | | | | | | | | | | | | | | |
i [Jclick Next To Save
| 0 50 100 150 200 250 300 350 0 100 150 200 250 300 350
| Temperature (°C) Temperature (°C)
i [‘]Save Raw Data
; - Heating Cooling — )
| « Previous Next —
i J
| Left Left
| N R O Reset Use Previous Data P g
i 5 39 73 107 141 175 209 243 277 311 345 20 60 100 140 180 220 260 300 265
! Right Right
| — RN R R Ty T R FE TR
| | saveas fig | 5 39 73 107 141 175 209 243 277 311 345 20 60 100 140 180 220 260 300 265

WWW.nasa.gov
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Complex case: Can analyze small peaks, curved baseline

LK ] ' a B ) ' DSCAN
(o)
| [ setNew |
Open New
Dri‘:ctory G T Temp Enthalpies
| J Directory 0.08 = T T T T T T T 5 008 [ T T T =
< AHy= 187 Jig
Drectory Lsessonsomens]| g | 1 ol et ]
. . - m—
DSC has — —
Save file as: | AnalyzedQDSC F | .txt —~—
0.04 - -4 004 |- . CEEE—
Small peaks Manual Edit Options \ Save Data ’
M 0.02 - -4 002 -
» Enthalpy 5 s
and a CurVed » Transformation Temperatures E ol | s oL |
: : | ————
b 1 . [y [y ‘ Save Data as N/A ‘
ascline 500 - { soe |- i J
@ (]
2 E ‘
-0.04 - -004 [ E
’ |
D SC A N not File Name 006 |- 1 o T .
|X3DSC FWMIIR8 HR N... ¥ | Ag=163.39°C g AHA= 013 g T T
) 008 - - -008 7 [v]Save Figures
CatChlng peak Cycle Number v I I I I I I I | | | I I | | I | I | I | I I
Click Next To Save
-100 -50 0 50 100 150 200 250 300 350 400 -100  -50 0 50 100 150 200 250 300 350 400 |
ed es Temperature (°C) Temperature (°C)
g [v|Save Raw Data
- ) Heating Cooling S
« Previous ‘ Next — ‘
Reset
| Save as fig |
L

WWW.nasa.gov
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Complex case: Can analyze small peaks, curved baseline

[ ] V DSCAN
Set New ‘
%ﬁ:ct':yw ‘ D?:c[t)ut ’ o Transformation Temperatures 008 ————Enthaloles O
ory .08 =
_ - M;=106.16°C, - 310 AHy= 0.17 Jig
Adiustin Drecton: Ussmasutiomas| g | L L PR | |
] g Save fil as: [AnalyzedQDSC F | txt T ‘
0.04 - 0.04 — |
cutoff values Manual Edit Options e —— ] "
0.02 - 0.02 1
» Enthalpy . P O 1
pI'OdLlCGS » Transformation Temperatures g ol i g oL ’ _ 00 DSCAN Settings
. 3 k5
t1 ghter fit ooz [ - goe Settings
a5 ag
0.04 — - -0.04 — |
L Heating Lower Cutoff | 30.0% |
File Name 0.06 +4 006 —r—
(X3DSCFWMIIR8HR N... v | o0 |- As=16033°C Ar168.78° T 1 ewlh Heating Upper Cutoff { 15.0% ‘
Cycle Number (v
P S [] Plot Heating Derivative
-100  -50 0 50 100 150 200 250 300 350 400 -100  -50
Temperature (°C)
: Heating Cooling Lower Cutoff l 30 |
« Previous
e Cooling Upper Cutoff | 40.0% |
Left
B ol 7 [ Piot Cooling Derivative
Right
| saveas fig | 40 80 10 30 70 110 140 190 230 210 310 380 3% Reset

WWWw.nasa.gov
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Oddly shaped DSC: Manual Edit to account for

“Wrong” Peak

Wrong peak 1s Automatically detected

[ N J DSCAN
o

Directory Output

‘ Open New ‘ ‘ Set New ‘

Directory 045 -

Save file as: | AnalyzedPdXNiOE | .txt 01+

Manual Edit Options

Peaks Q)

Start Temperature Labels
Finish Temperature Labels
Number of Peaks

Heat Flow (W/g)

Manual Heating Points

Manual Cooling Points

File Name

As:-31,03,°,C p=1.36°C
(PdXNi13 sol 400C 100h N... v | s

z v

<01

Cycle Number

015

011

Heat Flow (W/g)

AHu= 2.32 Vg T /

-0.1

. . .
-100  -50 0 50 100 150 200 250 300 350 400
Temperature (°C)

Heating
Select Peak | 1 v

. . .
-100  -50 0 50 100 150 200 250 300 350
Temperature (°C)

400

Cooling

‘ Reset ‘

Use Previous Data

Save Figures
Click Next To Save

Save Raw Data

WWW.nasa.gov
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Refocusing on the Present ...

Shape Memory Alloy Analytics Software—
For the Benefits of All

* Was built for NASA projects
* Made available to all Researchers, Engineers, Designers, Explorers in the

SMM field . :
» ESTABLISH Uniform Analysis Methodology

» PRODUCE Certification Data

»CLARIFY Property-Processing-Microstructure Interactions
»PROVIDE Reliable, Traceable data for Database and Design
»Path towards MACHINE LEARNING

www.nasa.gov 4



National Aeronautics and Space Administration

Acknowledgements @

OVERVIEW

This software was developed at NASA Glenn Research Center with funding from the Aeronautics Research Mission Directorate (ARMD), Transformational
Tools and Technologies (T?) project.
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DEVELOPERS

The software was developed by:
* Glen Bigelow (SMAnalytics Lead), Dr. Othmane Benafan (DSCAN Lead)
* Zachary Toom, Julie Foroosh, Peter Caltagirone
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It would not have been possible to build this software without many contributions from:
* Dr. Santo A Padula II — Legacy MATLAB software framework

* Dr. Ronald Noebe — Legacy SMA lead

* Darrell Gaydosh — Legacy MATLAB code and methodology

* Felix Adams - MATLAB code and algorithms

* Hector Luna — Validation and Verification

* Noah Pittman — Validation and Verification

www.nasa.gov 44



. “ar
Glenn Research Center &

!
-
,«‘f_-alsalii
B yl l

Questions, Comments, Suggestions?
grc-ShapeMemory(@mail.nasa.gov
*note SMAnalytics and version used
Software Available at https://software.nasa.gov/software/LEW-20278-1
Tutorial/User’s Manual
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Manual Edit — Missing Peak

' @ [ ] DSCAN - X3 DSC Ext304 500C 24hr 200d NTHZ1p3-V N2.xlIsx
o
Open New Sg’ LE
Directory utput Transformation Temperatures Enthalpies
Directory T T T T T T T T T T T T

Directory: /Users/gbigelow/Documents
Save file as: | AnalyzedX3 DSC | .txt

| Manual Edit Options

I

PeaK Labels
Start Temperature Labels
Finish Temperature Labels

I

Number of Peaks

Cycle Number (1 v |
Number of Peaks 2
[ OK |

« Previous

Manual Cutoffs
Manual Heating Points
Manual Cooling Points

File Name

(X3 DSC Ext304 500C 24hr... v |

0.1

0.05

Heat Flow (W/g)

-0.05

Mg=31.32°C

0.1

005 ——— —_—

s /

5 /

F ‘

w

Q

T |
|
1

-0.05 ——— ——
As=80.54°C AHp= 735 Jig
Ag=103.3°C 01
| | | | | | | | | | | | | | | | | | |
-100 -50 0 50 100 150 200 300 350 400 -100 -50 0 100 150 200 250 300 350 400

Temperature (°C)

Heating

Select Peak [ 1 v

Temperature (°C)

Cooling

-

‘: Save Data ‘

‘ Save Data as N/A ‘

Save Figures
Save .fig Files
Click Next To Save |

Save Raw Data |

|
Next — |

WWW.nasa.gov
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anual Edit — Missing Peak

DSCAN - X3 DSC Ext304 500C 24hr 200d NTHZ1p3-V N2.xlsx

[ J
-]
SetNew |
Open New
Dmovy Output Transformation Temperatures Enthalpies
Directory T T T T T T T T T T T
Directory:
01 - — i - 01 - —
Save file as: | AnalyzedX3 DSC | .txt M;s=60.15°C
Mg=40.82°C AHy= 9.72 J/g - .
Manual Edit Options [ Save Data ]
0.05 - - 005 - — — -
Peak Labels s s /
Start Temperature Labels = 2 /
> N —_—
Finish Temperature Labels & o 18 L l N ‘ Save Data/as N/A ‘
Number of Peaks \ 5 T ——
Manual Cutoffs 2 2 k
Manual Heating Points \
0,05 — - 005 [~ ——— . i B
File Name As91.49°C AH\= 783 Uig
(X3 DSC Ext304 500C 24hr... v | o1 hemtidag7c 1 oL i
ra— Ap=108.69°C Save Figures
Cycle Number (3 v
— | I | I I 1 1 I 1 1 I ] | I 1 | ] | I 1 | Save .fig Files
-100 -50 0 50 100 150 200 250 300 350 400 -100 -50 0 50 100 150 200 250 300 350 400
Temperature (°C) Temperature (°C) Click Next To Save
& . Save Raw Data
Heating Cooling
‘ « Previous Select Peak [ 1 v Select Peak 1 v Next —»

‘ Reset ‘ Use Previous Data

WWW.nasa.gov
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Principle of Operation: Splitting

Eng. Stress Data Smoothing &, A ") © (% Eng. Strain Data Smoothing Adeeqy
%
» St oo
eoce UPFR Analysis 80 ress
| Menu 70
Data Import Data Splitting Analysis Export _ 15
18 60 =
| Temperature | Stress  Strain | Results é 23 )\
2 50 = \
g 5 | x
Smoothing Filter Algorithm | sgolay v Smooth Data | First Derivative | Split Data g 40 o ‘ kw
Te Data S hi i \
B 200 " c 30
Smoothing Filter Window 20 05
N 180 20 ~@f
1 2155 4310 6464 8618 1.077e+04293e+04 | | 1
\ 10
160 | 4 E
First Derivative Window 100 \ 0 O
| 2500 3000 3500 4000 4500 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000
P o 140 \ ) Time (s) | Time (s)
2 2156 4310 6465 8619 1.077e+0£293e+040 \
@ 120 \
2 | 2F
First Derivative Zero Threshold 0.001 o 1
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Principle of Operation: Data Splitting @

Splitting results in discreet isothermal (Loading/Unloading) and iso-stress (Heating/Cooling) segments.
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Auto-fit to 1-4 regions

Can be adjusted manually
Regions

Principle of Use: Fitting - Isothermal @
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