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Today'’s talk

Point. Common data format is necessary in |IT.

IIT (Instrumented Indentation Testing) £
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1. Background
2. Data flow In lIT — reason for common data format

3. Analysis — example of analysis program, “tangentGo”
4. Conclusion



1. Background

Instrumented Indentation Testing (IIT) - 1ISO14577
- Young’s modulus (E)
- Hardness (HM, H.)

- other parameters

However, some |IT users have concerns:
“Output Is sometimes not good”

Possible reasons:

- Inappropriate use of testers

- poor experimental conditions

- eftc.

- analysis process (often underestimated)




2. Data flow in IT

The current data flow Is closed In each tester.

Experiment Analysis (E, H, ...)
Tester A:  Curves A »  Program A
........................ P
/

, Curves B are not accepted by
+ Program A for analysis and vice versa.

(a) Current data flow in [IT.
Fig. 1



Tester A

2. Data flow in IT

A closed data flow is like a black box.

Experiment

Analysis (E, H, ...)

Curves A

Program A

— Output

If the output is not good, It is difficult to tell which is wrong,

Experiment (Curves) or Analysis (Program)?

"."We don't have a way to check their validity independently.



2. Data flow in IT

If curves can be processed by other programs,
we have more information.

Tester A Curves A » Program A » X

If curves A are wrong

Program B > X

Tester A Curves A »| Program A » X
If Program A is wrong

Program B » O

This cross-checking is quite useful to spot a problem.



/

With a common data format, we can easily exchange

curves between testers.

Ideal world

Tester A Curves A

Tester B Curves B

Pure testing hardware /

Curves S

Program A

Program B

Program C

Independent analysis
program

Standard set of curves

Fig. 1



Two steps for a common data format

1. Define a format

- column positions of depth (h) and force (F)
- unit

- various experimental conditions

* efc.
A more versatile format than CSV such as XML, is recommended.

2. Each tester should support the format
- export curves (out)
- accept curves for analysis program (in)

With a common data format, we can discuss analysis
process more easily and intensively.



3. Analysis
tangentGo, analysis program (by Miyahara)

) sample.xml [=1[E][=] [ Young's Modulus =1[E][=]
File Edit View Curve Run Help About ,
E;r (GPa) Young's Modulus
MEMO Test Analysis ftmp/sample.xml 1500
e DEPTH ( h ) Setting FORCE( F ) Setting LINE
[ Auto j Column 0 Factor 1 ‘ Column | Factor 1 | Skip | 0
i : 200.84 A & A test@l
Option UNLOAD fitting ,  C Setting METHOD
7| [ 0s0 - (].98‘ 00 pryN | EJhr (| H | Jj
Select File Specimen name (necessary) CF ¥ E. E' HM_ 150.0
(3 |[BK7 v | 022 ¢ e
[ (3) | [Fs W | 016 & | 7332 [ 100.04
- 3 test(] i 03 -
(3) o o0® o p® BK7
50.04
| Run [=][=][x]
tangentGo, v0.3 la, KMIYAHARA, 2019-2021 =
XML, sample.xml 0.0
Memo. Test Analysis 0.0 0.05 8.1 B.15 8.2
Unload, 0.80, 0.98 h
im
Depth. 1, "0" r (pm)
gE_r‘:El'[]]' ! Title ‘K-Text|Y-Text| Label ‘ Color ‘ Line ‘ Redraw ‘ + | - ‘ ? | Save ‘ Close
<p.,
Young's Modulus Mode, hr
Hardness Mode, hGeo
CF.BK7.0.001
CF. F5.0.001
CF. (averaged). 0.001 m Specimen - =
CF. (specified), 0.000  BK7
Reference, F5,73.3, 0.16,-1.00
AreaFunc, 0.534078, 1.20136,-1.47939, 1.000 rES
specimen, E, H_IT(hr), Poisson, Fmax, hr, hmax, hmax-cor, file [ testOl]

BK7.80.151,9.194,0.22,3.000,0.08290,0.14222,0.14222, sample/bk7/03 csv

BKT, BO.OTE, 9.180, 0.22, 1.000, 0.04390, 0.07816, 0.07816, sample/bk7/01 csv

BK7. 80.206,9.208, 022, 10.000, 0.16300, 0.27132, 027132, sample/bk7/10.csv
FS,73.320, 10,637, 0.16, 10.000, 0.15045, 0.27990, 0.27990, sample/fs/10.csv
FS,73.320, 10,635, 0.16, 3.000,0.07628, 0.14717.0.14717, sample/fs/03 csv
FS5,73.320, 10,636, 0.16, 1.000,0.04025, 0,081 18, 0.08] 18, sample/fs/01 .csv
test01,201.523, 10981, 0.30, 10.000, 0.14781, 0.19785, 0.19785, sample/test01/10.csv
test01, 201,184, 10.937,0.30, 3.000, 0.07506, 0.10246, 0.10246, sample/test01/03 csv

Cr | Err ‘ Hir | Afh) | nir ‘ Save ‘ Copy ‘E'Lnse

Clear | ALl | Draw | Close
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Introduction of tangentGo

- Independent analysis program for [I'T

Ideal world

Tester A Curves A Program A

Tester B Curves B Program B

Program C
Tester D || Curves D Independent analysis
Pure testing hardware program

Curves S Standard set of curves

DA Vy\h\

- Calculate Young’s modulus and hardness from curves
- Several testers supported [needs common data format]
- GUI supported

+ Windows/macOS/Linux [w] o [m]

- Free to download and use ==

. Official website: https://3zip.net/t/en.htm! [=]



max

Force, F
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“tangent depth analysis” in tangentGo

Depth, h F i ,hmax

0 nY \nh,

tangent depth | contact depth
hc — hmax -0.75 (hmax B hr)

- Proposed by Ishibashi et al.

- Analysis engine of tangentGo
- Output: E, H, etc.

- Uses a fundamental equation

OO

==

- The tangent depth h,, Is used

Instead of the contact depth
h..

- |t Is confirmed that

appropriate Young's moduli
of 12 specimens are
obtained with two different IIT
testers [4-6].
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tangent depth analysis (simplified flow)

Curves of

Curves of

Standard Specimen Target Specimens

|

C

F
Frame Compliance

\,

v

Area Function

A(h)

R

E _,H

IT, IT, eee

Young’s Modulus, Hardness, ...

- No recursive loop

- Please refer original
papers [4-6] for details

- Summary available in

tangentGo website
™Yy,

[4] T. Ishibashi et al., J. Mater. Test.
Res. Vol. 61, No. 2, pp. 60-67,
2016.

[5] T. Ishibashi et al., J. Mater. Test.
Res. Vol. 62, No. 2, pp. 68-77,
2017.

[6] T. Ishibashi et al., J. Mater. Test.
Res. Vol. 62, No. 3, pp. 164-172,
2017.
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Example of tangentGo and tangent depth analysis

- Tested with 11 different lIT testers

- the same experimental curves are analyzed by each built-in
program and tangentGo (tangent depth and contact depth)

Normalized Young's modulus (/410GPa)

6

5

[HEN

Young's modulus (tungsten,
® Built-in programs
+ tangentGo (tangent depth
M tangentGo (contact depth)

. 2

@ Outlier by Tester 7

44+ii@4

10 mN)

|
+

3

10

_I_
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- No outlier by
tangentGo
(Curves are OK)

- Variation is smaller
by tangentGo.

- tangentGo (tangent
depth) is better.

- Analysis programs
can significantly
affect the results.
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Conclusions

1. The necessity of a common data format Is
discussed with data flow in [IT.

developed by the author is briefly =

2. An independent analysis program E%‘ =
. [=] e 250
Introduced. tangentGo

3. In the examples, it is shown that analysis
programs can significantly affect the output
results.

4. A common data format Is necessary to
discuss analysis process in |IT.
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