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Module Overview N\ maivern
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* Module 7: Modifying Sequences A\

1. Find Value Example

2. Using Triggers Example
 Automatic LVER detection

3. Importing Sequences
* Import existing sequences, to make them
sub-sequences within other sequences
 To produce complete solutions
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AN
* Please copy these examples to help you utilize the software

ir

1. Find value

2. Using triggers to advance a test
o Calculate max minimum points
o Calculate a value based on variables in the software
o Edit live display

3. Importing an existing test to make a sequence of tests

Key to the slides
o Information only

Follow this worked example
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* rSpace contains many test sequences that cover the commonly used tests
in research and QC

» Atest can be opened and edited to become more bespoke to the user

» To open a test for editing, find the sequence that most closely resembles
what you want to do (e.g. using rFinder) and right click to open or edit

sequence
U

Fawvourites

Favourites |Palette | Properﬁes|

gﬁﬁ.dd to Favourites 3% |% @ T &

Search for... ¥ | I|measure

-

: Toolkit_v002 Three sﬁ Remove
- - *¥ Toolkit_\W003 Yield Str
14/05/2015 § % Tookit_V004 Single S Rename
Name Modified Type :E Toolk:rt_VUUE Shear Ra Edit Sequence

Measure_0001 Table of shear stresses and shear rates with s... |2014-11-28T11:11:58 | .rseq n; xz:ﬁ:ggg; ’:rr:(?ﬂt:nd ‘ Ru‘ﬂ Sequence i

Measure_0002 Shear rate ramp up and down log.rdeq 2014-11-28111:11:58 | .rseq " Toolkit_0003 Single Frequency (Strain control)

Measure_0003 Single shear stress timed.rseq 'Openi 1:11:58 .rseq "E Toolkit_C001 Creep and Recovery

Measure_0004 Single shear rate timed.rseq Merge Results 1:12:00 .rseq ¥ Toolkit_R001 Stress Relaxation

Measure_0005 Table of shear stresses log.rseg Start Sequence 1:11:58 |.rseq

Measure_0006 Table of shear rates log.rseq Ak i B 1:12:00 |.rseq

Measure_0007 Shear stress ramp log.rseq 2014-11-28T11:11:58 | .rseq

Measure 0009 Sinale shear stress to end of temperature ramp... |2014-11-28T11:11:58 | .rseq
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The first tab on display in the design window will be Properties

This informs you what the test does and what results to expect

Live display tab shows what would be displayed as part of the test

Start sequence is in effect the flow chart that the test sequence will follow.
There may be also some Other tabs which will be linked in to the sequence from the
master Start sequence tab

Main sequence
design window

B3¢ Design - Toolki

subsequences

Equilibrium Flow Curve.rseq (Read-Only) [ - ] =N R

Properties | Live Display [ Start Sequence § Analyse 0004 Power law model fit for viscometry

Drag an action from the Palette list on the I‘:;#to its appropriate position below. Then modify its Properties, if needed.

F [Action [Enabled | Type | Comment ]
| ---+ Enter temperature properties f Enter value Requests the measurement temperature and sets it in the isothermal action

0 ---+ Enter shear rate table properties ’ Enter value Regquests the start end and samples per decade values for the shear rate table action
h: @— Set full temperature equilibrium f Temperature - Isothermal  Runs & thermal equilibrium step

h Viscometry shear rate table , Viscometry Shear Sweep Runs a table of shear rate between the set values, using the number of samples set

a bw Run Subsequence Analyse_0004 Power law model fit for viscometry

: & Data management Data management Save data
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 The palette can be used to add more measurements, analysis or actions to the

* Drag and drop the action in to the appropriate position in the Start Sequence

flow chart

Palette

g Import data

|: Combine results
B, Data management
L] Create chart

5 Create table

|: Displayresult
Devices
Measurements
Questions
Sequence

nEi Design - Toolkit_V001 Table of Shear Rates - Equilibrium Flow Curve.rseq (Read-Only)

Palette |Properties

Properti | Live Display  Start Sequence | Analyse_0004 Power law model fit for viscometry |
= Analyses
% Pointer Drag an action from the Palette list on the left to its appropriate position below. Then modify its Properties, if needed.
Em Models [Action | Enabled | Type | Comment ]
[ Point Statistics ---+ Enter temperature properties Enter value Requests the measurement temperature and sets it in the isothermal action
m Curve Statistics .
F Find value ~[mc] Enter shear rate table properties Enter value Requests the start end and samples per decade values for the shear rate table action
E Crossover [B— Set full temperature equilibrium Temperature - Isothermal  Runs a thermal eguilibrium step
E Peak and Valley Analysis Viscometry shear rate table Viscometry Shear Sweep  Runs a table of shear rate between the set values, using the number of samples set
Test Truef False
i calculate Value b Run Subsequence Run Subsequence Analyse_0004 Power law model fit for viscometry
|Z smoothing & Data management Data management Save data
EArea calculation ﬂﬂ Enri Export data
E Superposition y2
E Tangent e

—v
[E Data P
% Pointer
E Export data
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* Modifying Sequences: Find Value
« Using the Find Value action to find and report values

Key to the slides
o Information only

Follow this example
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@ Often, it is necessary to find a point on a curve that does not necessarily
have a data point associated with it

0 This example finds the samples viscosity at 10 s from the recorded data

Open “Toolkit_V001" to edit and add a Find Value action from the
Palette

File Edit View Sequence RunSequence Tools Window  rPages  Help

3 - &~ J&rFinder |- | &) 2, Chart - ] Table - @ JLZero gap EI‘ Load sample - ]_!‘r Unload sample @ Start current sequence Stop current sequence “{ Show curre
% Favourites Ei.. Results z-i Go to top stop 'E‘[‘ Sample details fs: Manual gap — Set ternperature B‘u"iscome’cry - Oscillation - Manual relaxation

Palette
U2; Design - Toolkit_V001 Table of Shear Rates - Equilibrium Flow Curve.rseq (Read-Only) =N = ==
Palette Properh'es|
3 Analyses Properties | Live Display ~ Start Sequence
[+ Pointer Drag an action from the Palette list on the left to its appropriate position below. Then modify its Properties, if needed.
Em Models [.ﬁcﬁon | Enabled | Type Comment ]

[-I Point Statistics

5---" Enter temperature properties Enter value Requests the measurement temperature and se...
[cl] Curve Statistics

+ Enter shear rate table properties

]

F Enter value  Requests the start end and samples per decade ...

&

5 crossover {3_ Set full temperature equilibrium Temperatu... Runs a thermal equilibrium step

[#2] Peak and Valley Analysis Viscometry shear rate table Viscometry ... Runs a table of shear rate between the set valu...
TestTrue! False N <

[ calculate value Find value

w——-—.\_ A jl

& E

Find value
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@ 't is now necessary to configure the Find Value action in the
Properties view, to work on the correct data and output the result

correctly

Highlight the Find Value action and select Properties (tab next to
Palette), to display the Properties window

File Edit View Sequence RunSequence Tools Window rPages Help
- Ja Finder [ |0 0 |Chart - Table - @ |JLZero gap E" Load sample - g‘UnIoad sample |®St,art current sequence [l Stop current sequence 'ﬁ Show curre

¢ 41 Favourites [E,.

Properties
Palette | Properties

InputData | Input Parameters | Output Parameters

Bl | &

Data Source

X-variable

() Active selection
@ Sequence results

al

X-variable units

Default

Y-variable

al

Y-variable units

Default

Mo filter

Mo filter

&[] Sequence

Results |i-t Go to top stop |E“Sample details ﬂ Manual gap ﬂ— Set temperature E\fiscometry - Oscillation - Manual relaxation

Properties | Live Display  Start Sequence |

Drag an action from the Palette list on the left to its appropriate position below. Then modify its Properties, if needed.

[ Action | Enabled | Type | comment | ]
;---+ Enter temperature properties Enter value Requests the measurement temperature and se...
>+ Enter shear rate table properties Enter value  Requests the start end and samples per decade ...
[B— Set full temperature equilibrium Temperatu... Runs a thermal equilibrium step

> Viscometry shear rate table

Find value

Viscometry ... Runs a table of shear rate between the set valu...

2| Find value

N
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3 Qcach analysis sequence can be

configured to run as part of a sequence
(on a defined data set), or after the data

i has been collected (on a highlighted data
Data Source () Active selection

(@ Sequence results Set)

Properties

Palette | Properties

Input Data | Input Parameters | Output Parameters |

54| @

Select the appropriate box during
sequence writing/editing, either:

* Active selection: Agalyses the
highlighted data that has already been
obtained

e Sequence results: @corporates the
analysis into the sequence. (ltis
necessary to select the data set
required, as multiple measurements
could be made in a single sequence)
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Palette | Properties

| Input Data | Input Parameters | Output Pardn'leters|

22l | @

Data Source i) Active selection
@) Sequence results

¥-variable Shear rate
¥-variable units Default
‘f-yariable Shear viscosity |

‘f-variable units Default

¥ filter Mo filter
' filter No filter
=W Sequence
=B | Start Sequence

&[] Set ful temperature equibrium
& [M Viscometry shear rate table

- [ Live data

- [FFinal resufts |

&[] Find value

Properties
Palette | Properties

| Input Data I Input Parameters I mmtpa—mtﬂ—5|

B4l | @ ‘
|

Value of x to find
Is smoothing required? | Mo

Findvalue 1.2\ Malvern

N\ .
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H Configure the Input Data tab to look

at:

« X-variable (what you know, i.e.. Shear
rate)

e Y-variable (the parameter for which
you want to find the value i.e. Shear
VISCOSity)

* |In the Data selection region, ensure
that the “Final results” in the
viscometry shear rate table is enabled

HConfigure the Input Parameters tab

to:
* Find a value of X at 10 (i.e. a shear
rate of 10 st
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Analysis actions will calculate x and y terms only (unless told what

parameters “third terms” are required)

| =
To output other required parameters, add “third terms” in to the Output
Parameters tab

| =
Configure the Output Parameters tab by

» Clicking the Edit button, and using the “>" icon to select required terms to the
right hand side.

Properties Properties

Properties
Palette | Properties Palette | Properties

Select a category:

[ 1nput Data | Input Parameters| OutputParameters | [7]Basic
[7] Advanced
[7]5ample
A

Input Data | Input Parameters | Cutput Parame ters
Shear rate

x|
R
@)

X (< @
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, you will notice your Find value entry is included

H The Find value result data can be viewed on a table. Right click on the result and
send it to a table template, found using rFinder: Viscometry - Results data

"'\:-‘ Favourites E-‘_, Results f-i Go to top stop

1= Sample detail

g File Edit View RunSequence Tools Window rPages Help
OB A rfinder [~ |0 0 Char‘t vTabIe - @ JLZero gap E‘ Load sample vg(UnIoad sample | {3 Start current sequence [l 5t
5 f&:Manual gap — Set temperature E\fiscometry - Oscillation - Manual relaxg

(2]

=

=]

)
Close

‘ ]
Help

Search for...

Name

~ | 01/01/2008

0K

Cancel

[E~ | 15/05/2013

General table.tbl

Oscillation -

Results data.tbl

Relaxation -

Oscillation -

Results data.tbl
a

Cross over frequency analysis.tbl

Oscillation -

Gprime Gdoubleprime cross over.tbl

Oscillation -

LVER determination.tbl

Oscillation -

Minimum viscosity analysis.tbl

Oscillation -

Moore model fit coefficients.thl

Oscillation -

Power law model coefficients.tbl

Oscillation -

Single Maxwell model fit coefficients.tbl

Viscometry - Casson model fit coefficients.tbl

T

El-No Sample d
=8 Toolkit_v001 Table of Shear Rates - Equilibr Start Stop Skip Point
-- Set full temperature equilibrium
El-Viscometry shear rate table Viscosity vs Shear rate
. Live data 102 T T T
inal results
E-Find value
d L : : :
- Original data (n(Fa s) vs y.(s- Delete : : :
Rename :
Save As
PP (- CEEEIE R S G R
Open Template...
1 G\ AMalvern Instruments\rSpace\User Templates\Find value.tbl
2 C\.\r5pace)\Systern Templates\Viscometry - Results data.tbl
100 | | ‘_IFH‘IB'E‘E‘EFEI—ﬁ—H—F"""”"H'I—'TITIT
107 10° 10! 10%
v- (s-)
—=—n & o
Gap and Normal force | Temperature | Livedata  Final results |Tab|e |
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OData in your table will be displayed in columns

Only the parameters originally selected in the Output Parameters section of
the Find Value action will contain data. To remove surplus columns, highlight
(by clicking and dragging across their headings) and right click to select
Remove Selected Columns

Indx. | Samp. | Actn. |texp(s)| t{s) | T(°C) | of{Pa) | v.{s-%) | n(Pas) | F(N) | N1(Pa) | g(mm) | (N m) | 8'(t)(rad/s) | steady state | Babs(rad) | Notes |
1 ‘Bubble Bath | Find value | {86,568 12500 (1077 (10.00 (1077 |

Edit Columns...
Remove Selected Columns

Indox. Samp. Actn. t(s) | T(°C) | o{Pa) | v.{5-1) | n(Pa s)
1 Bubble Bath | Find value : 86.58 | 25.00 {10.77 (10.00 1.077

Right click in the table and select Horizontal

Indx. 1

Samp. |Bubble Bath
Actn. Find value
t(s) 86.58

T(°C) |25.00
o{Pa) |10.77
y.s-1) |[10.00

n{Pa s) |1.077
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Save the modified Table template in the User Templates folder
Computer - rSpace\User Templates

Malvern
Panalytical

The template can now be used to automatically, view the Find Data result in
the sequence

Sort Ascending
Sort Descending
Remove Sort

Indx. 1

Samp. |Bubble Bath
Actn. Find value
t(s) 86.58

T(°C) |25.00
ofPa) |10.77
v.(s-) |10.00
n(Pas) |1.077

Select All
Show Hidden Data
Hide Selection

ﬂ Save Table Template

(=)

%v| 1. = Malvern Instruments » rSpace » User Templates

Organize = MNew folder

- | +3 | | Search User Templates

= -

)
@

Edit Columns...

Remove Selected Columns

¥ Symbaols
Full Names
Wertical

v  Horizontal

Show First Point
Show Last Point

Parameter Dictionary

Analyse
Export data
Apply Template

Send to Chart
Send to Table

Properties...

I 3.0 Favorites bame

[ | Libraries

| > /M Computer

3 “! MNetwork

-~

Date modified

Mo items match your search,

<

Ll

Type

File name: Viscometry - Results data - MODIFIED.thl

Save as type: | Table templates (*.thl)

* Hide Folders
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OAIternatively you can display the table automatically within the ‘Live data’

I Return to your sequence (Design — Toolkit_V001) and select the Live Display
tab. Add a new table from the Palette to the lower half of the Table tab

n)R create a New analysis tab by hovering over the central icon
B3 rSpace - (Design -

9 File Edit View Sequence

esign - Toolk

Run Sequence  Tools  Window  rPages

O~ S Afinder [~ |0 0 [Chat ~[F]Table » §

Help

5 JLZero gap ‘E]‘ Load sample = ‘g‘ Unload sample 0 Start current sequence

Stop current sequence ‘i Show
{1 Favourites [' Results | =f Gototopstop | 15" Sample details |-\ Manual dap [j— Settemperature [=] Viscometry - [] Oscillation = [_] Manual relaxation
Palette X —
Propeties Lve Dy | Start Secuence |
Palette Propemes|
Drag a Data/lnstrument Control item from the Palette list on the left to its appropriate position below. Then modify its Prog
(= Data Controls
[k Pointer Live Display
[5 Table Indx. | Samp. | Actn. | texp(s) | t(s) | T(°C) | ofPa) | v.{s-2) | n(Pas)| F(N) | N1(Pa) | g(mm) | T(N m) | &(t)(rac
L Chart 0.22 0.97 (0.68 1495 11463 [2.840 0.01183 0.0012 104781 (2.022
Instrument Controls 6.42 633 (335 :3.510 6071 (6462 006556 0.0038 3348 4182
8.47 9.18 (7.69 19716 (7111 (8490 0.06930 0.0099 {7061 9.067

[+]

™ J

4

Gap and Nomal force I Temperature | Live data I Final results  Table Iﬁnalysis |
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HAppIy the newly created table template by right clicking on the new
table, and “Apply Template”

L 1
Edit Columns...

Remove Selected Columns

Symbols

v Full Names
E ~  Vertical

Herizontal

Parameter Dictionary

Blank Template
Table
Save Template As... Open Template...
— - I
Gap and Momz Properties... rFinder..

Recent Table Templates 1 Ch..\User Templates\Viscometry - Results data - MODIFIED.tbl
2 G\ ArSpace\Systemn Templates\Viscometry - Results data.tbl
3 G AMalvern InstrumentshrSpace\User Templates\Find value.tbl
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Go to the Table Properties box, by right clicking on the new table.
Select the Result data box under the Find value action, to link the
table to the required data

o) Table Properti ~B-
Indx. 1 Sort Ascending : — E
Samp. IElz.ul:‘;II:-IvalElath Sort Descending Data | General
Actn. ind value
Remove Sort =l |i| Start Sequence
t(s) 120.9 EI Set full temperature equilibrium
T{(°C) [25.00 Celect All b Raw data
ofPa) |10.51 Show Hidden Data =[] Viscometry shear rate table
v{s-1) |10.00 e St Lo Live data
n(Pas) |1.081 e selection L Final results
Show First Point EIIE Find value .
Show Last Point |||} !
Parameter Dictionary

Send To Main Window
p Close
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Run the sequence again

g Toolkit_V001 Table of Shear Rates - Equilibrium Flow Curve.rseq

0 © a
Start Stop Skip Paoirt

=

=N R =)

Help Close

Indbx. Samp. Actn. texp(s) | t(s) | T(°C) | e(Pa) | y.(s-2) | n(Pas) -

13 Bubble Bath : Viscometry shear rate table : 66.64 60.39 :25.00 2413 1.573 1.535

14 Bubhle Bath : Viscometry shear rate table : 73.09 66.84 :25.00 (2763 2.011 1374

15 Bubble Bath : Viscometry shear rate table : 79.38 73.14 :25.00 (3.232 2,536 1.274 L4

16 Bubhle Bath : Viscometry shear rate table : 86.33 #0.08 :25.00 :3.848 :3.148 1222

i7 Bubble Bath : Viscometry shear rate table : 93.83 87.58 :25.00 4648 4022 1.155

13 Bubhle Bath : Viscometry shear rate table : 99.83 93.58 : 25.00 :5.244 :4.949 1.059 i
1| i 3

-

Indx. 1

Samp. |Bubble Bath
Actn. Find value

t(s) 120.9
T(°C) |25.00
of(Pa) |10.81
v.s-1) |10.00

m

Gap and Mormal force | Temperature | Live datal Final results  Table I

16:21:29 Set full temperature equilibriur =
16:21:31 Viscometry shear rate table: 0] |
16:25:11 Find value

4

m

3

=

\\\//\ Malvern
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@ The Find Value result is now
shown in the Live Display

OThis example covered some of
the fundamental features of

rSpace:

 How the data is generated in
the Results view

« Analysis on the sequence
results is done by selecting
data via the Data selection
window which shows all the
data possibly generated
using the sequence
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Modifying Sequences: Using Triggers to automate
sequences

» Triggers can be used to progress the test under the users pre-
defined conditions

* This worked example finds the LVER from a strain sweep and
uses a strain inside the LVER automatically in a subsequent
frequency sweep

Key to the slides
o Information only

Follow this example
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o We will modify existing sequences to automatically determine the strain limit
LVER, and use this in a frequency sweep

Open Toolkit_OO001 and select the oscillation action
Select Advanced properties (@) and select Triggers (k=) to open the edit

function. We want to trigger to stop the action when the LVR strain limit is
reached...

Properties | Live Display  Start Sequence |

Drag an action from the Palette list on the left to its appropriate position below. Then modify its Properties,

[Action | Enabled | Type Comment
Frequency 1,000 Hz + Enter temperature properties Enter value  Requests the measurement temperature and se...
Use engineering units I'io >+ Enter amplitude table strain properties Enter value  Requests the start, end, frequency and samples. ..
Control mode () Shear stress
@ Shear strain [E— Set full temperature equilibrium Temperatu... Runs a thermal equilibrium step

&

Oedillation - ... Runs a table of amplitudes from the start stress ...

Start shear strain 0,100000 By
i Osdllation amplitude table
crsearsear ooy || P
= O O o
0. 7.5

0.3%% 10.00
0.501187 12.5893

0.630957 15.8489
0.794328 19,9526

1.00000 25.1189
1.25893 31.6228
1.58489 39.8107
1.99526 50.1187
< [t r
1= Triggers
| Triggers of [
Triggers

This sets advanced end conditions for the action andor
sequence. Check "Modify Triggers"in rSpace Help for more
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OWhat trigger should be used to determine the end of the LVER?
 The LVER limit is where material structure starts to break down
* Typically, elastic modulus (G’) is most sensitive to the LVER, as itis a
direct measurement of sample structure

. [ G & G o b |
10 T

LINEAR VISCOELASTIC REGION - LVR 1 a0

() o

100 ¢

G' (Pa),G" (Pa)

1027

Y (%)

OTrigger would be where G’ decreases by 5% AND
OHarmonic distortion (i.e. good data quality) decreases by 5%
OAIso iInclude similar trigger for viscous modulus (G”) AND HD
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OTriggers are advanced settings ¥

where a specified task is
triggered depending on set
conditions

OFor the trigger to be activated,

two options are available:

« All of the conditions on each of
the Triggers line needs to be
satisfied (AND)

« Any of the lines needs to be
satisfied (OR)

 (The conditions of each line can
be edited in the Selected Trigger
Condition box)

Triggers

Skip to next action if G’ deceased by >= % 5 AND HD < 5.000% for 5 pts
OR. Skip to next action if G decrease d by <= % 5 AND HD < 5.000% for 5 pts

L7 mese)

Add ] [ Remove ] [R.ernoveAl.l]

Selected Trigger Condition

Perform action: |Skip to next action | when condition is met for: 5 |final result points -

[Fixed - I Shear modulus (elastic component)(Pa)

vldecreaseby == % v]

5[]

|Fixed [ Harmenic distortion(2)

ge -]

How to do this will be detailed in the
following slides.

5.000

Add ] [R.emoveAl.l ]

[ o< J[ concel J[ neb |

Triggers

O condition
O Tasks

Skip to next action if G' decreased by >= % 5 AND HD < 5.000% for 5 pts
OR Skip to next action if G” decreased by <= % 5 AND HD < 5.000% for 5 pts

Selected Trigger Condition
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HADD a trigger, and set the Perform action to “ Skip to next action”

Trigger not set or invalid

Add [ Remove ] [Rﬂmueﬁl]

Selected Trigger Condition 2

Perform action: i 0g m vl when condition is met for: 0 [Fnal result paints ']

i [
Restart action
Abort sequence

ADD conditions

3 ‘

Add | Remove All |
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. P . \\
ADD two conditions for each trigger: N \\\\\\

1. G’ AND harmonic distortion decrease by 5%

Selected Trigger Condition

Perform action: [Skjp to next action v] when condition is met for: 5 [ﬁnal result points -
[Fixed - IShear maodulus (elastic component)(Pa) - ldecrease by == 1% v] 5
|Fixed v |Harmonic distortion(%) -|< - 5.000

e 2. OR G” AND harmonic distortion decrease by 5%

Selected Trigger Condition

Perform action: [Skjp to next action v] when condition is met for: 5 [ﬁnal result points T]
[Fixed - IShear madulus {viscous component)(Fa) - ldecrease by == v] 5 E]
|Fixed | Harmonic distortion(%) |« - 5,000

@ The triggers will look like this:

Triggers

Skip to next action if &' decreased by == % 5 AND HD < 5.000% for 5 pts
OR Skio to next action if 3" decreased by == % 5 AND HD < 5.000%: for 5 pts
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Click on OK to complete the triggers
o The triggers will now stop the oscillation action just after the LVER

strain limit (Amplitude sweep)
Modify Triggers - [l

Triggers

Skip to next action if G' decreased by »= % 5 AND HD < 5.000% for 5 pis
OR. Skip to next action if G™ decreased by == 9% 5 AND HD < 5.000%: for 5 pts

Add ] [ Remaove l [ Remave All ]
Selected Trigger Condition
Perform action: [Skipto next action v] when condition is met for: 5 ’ﬁnal result points -
[Fi}ced vIE‘.I"lear modulus (glastic component)(Pa) - ldeaease by == 9% v] 5 @
Fixed v |Harmonic distortion(%) -|< - 5.000 [x |
Add | | Remove Al |

| ok || cancel |[ Heb
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\
he Ciritical strain at which the test stopped can nov\V\%\%\% nd by
finding the Peak strain
dd a Peak and Valley analysis action to find the peak value of strain
* This will find the largest applied strain value. i.e. the strain before the
driggers skipped to next action

Elastic modulus Viscous modulus and Phase angle vs Shear strain

g a* — M ———— 90

5 ] g | *“TRIGGER Stopped]

g - LINEAR VISCOELASTIC REGION - LVR Measurement* T 80

3 :EIFFH‘-EI—PEI—E—EDDD;DDDDDDDDDDEDDDDDD : 70
§ 3 L G0 }
E : 50 E
= T : 5
= a ; b0 &
o L AR D Critical strain £ 80 =
o B o 6o 5588850 F08080008888808 3

s 5 TETEES L —158% g

2 : : (0.0158 strainfugits)
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Automating Example 2.2: Calculating tRg/A/ \WaiRm

_ . _ \\\\\ Panalytical
Link the Peak and Valley analysis to the reqwrea\\\ dé\t\\}\\set

(Oscillation amplitude table — Final results)

@ This is just outside the LVER, so it will need to be adjusted to lie
within the LVER

Properties | Live Display  Start Sequence

Palette | Properties

Drag an action from the Palette list on the left to its appropriate position belt
Input Data " Input Parameters I Output Parameters

o Al | @ \ [Action |Er|ab|ed |Ty'pe
=2 £

+ )
~{aec] Enter temperature properties Enter value
1=/ Data Source

Data Source (0) Active selects ---+ Enter amplitude table strain properties Enter value
@ Sequence results
= variabl [B— Set full temperature equilibrium Temperature - Isothermal
X-variable Complex shear strain Oscillation amplitude table Osillation - amplitude table
¥-variable units %
Y-variable Complex shear stress d Peak and Valley Analysis Peak and Valley Analysis
Y-variable units Pa N “p
= Filters roperties s
¥ filter No filter Palette | Properties
- glib: - Mo fiter - Input Parameters | Qutput Parameters
selected data E|E| = 2l | @
BIE‘ Start Sequence |-/ Input parameters
[#-[7] Set full temperature equilibrium Value to find @ Peak
& [l Oscillation amplitude table (Ej valley
- [V Final resuits Polynomial order 2
[ Live dats Size of smoothing window 4

([ Peak and Valley Analysis



Automating 2.3: Calculating the LVER \\\///Malvern

- | ‘ }\\%\\E\\\\\\\Pénalytlcal
ONow we have found the Critical strain we need to find a strain that we

will use in further oscillation tests.
@ The stress or strain that you can select is arbitrary, as the structure is

not altered within this range, but consider;
» Too close to the critical strain risks damage to the sample structure
» Too low in stress/ strain may result in noisy data

As a guide use around 10% of the critical strain. (The next few slides will guide
you on how to automate this)

= Elastic modulus Viscous modulus and Phase angle vs Shear strain
e 4o T — ———7 — T T —— ————7 90
@ I LINEAR VISCOELASTIC REGION - LVR | [
" [ : : : ]
= " " " ]
= b5 5 o8 888800080880060al00se000080H 170
=} F ! R R 3
2 0 5 160
. 10% of vy, 160 3
(=] . . : &
2 o : ; : 150 @
S:‘ .103 1 e T T T ................................. T T 4 g
= E : : : T40 @
e : : : ; Pl
o 5 130 =
o -EI—EI—EI—EI—EI—EI—EI~E|_E,__E\E| E
= : =0.158% 20
z : . . 1
: | F\QOOlSS strain units) 10
i (V) .
g3 102 10}’\/ 10° 10
Complex shear strain (%)
[-&— Shear modulus {viscous component) —5— Shear modulus (elastic component)  —=— Phase angle




Automating 2.3: Calculating the LVER \\\// Malvern
O\ Panalytical

[FAlAdd a Calculate Value action, to calculate the usable strain
On the Properties / Result tab, click on the ellipsis ([...]) to set up the
Equation

Properties
< Properties | Live Display  Start Sequence
Palette | Properties - : : : —
Drag an action from the Palette list on the left to its appropriate position bel
Result | putput
%l|@ [Achon |EnabIEd|Type
= + Enter temperature properties Enter value
Result type ‘ --+ Enter amplitude table strain properties Enter value
Equaton I y il i " |
Check bounds No E Set temperature equilibriurm b Temperature - Isotherma
Error handling Mone @I Dscillation amplitude table Oscillation - amplitude table
Peak and Valley Analysis Peak and Valley Analysis
= l Calculate Value Calculate Value




Automating 2.3: Calculating the LVER \\\// Malvern

\ .
QQ\ Panalytical

© A summary of all of the variables in the sequence are listed in the
Values tab

Expand Sequence, and double click on “Global maximum x value”

to add the peak strain value and then divide by ten (/10)

Equation Editor E

Functionsl Values I Equation

[Sequence]. [Start Sequence]. [Peak and Valley Analysis]. [Global
G- Instrument maximum x value@

=B Sequence \

=) Start Sequence . _
-- Enter temperature properties T?F'E n manually Help
-- Enter amplitude table strain prop’
-- Set full temperature equilibriu7

- Oscillation amplitude table
=~ Peak and Vallzy Analysis
¢ - Global maximun y value

I B Global maximum x value ||
[+~ Calculate Value

< i | 3




Automating 2.4: Using Strain in a Test

ONow we will add a frequency sweep to the test
[Flopen Toolkit_0002 and copy the “Oscillation frequency table”
action to the modified Toolkit_ O001

Properties | Live Display Start Sequence |

HEt Design - Toolkit_0002 Frequency Sweep - Measure Viscoelastic Responserseq (Read-Only)

=N Bl >

Drag an action fram the Palette list on the left to its appropriate position below. Then modify its Properties, if n

Osdllation frequency table

Rename

Delete

Ascillation -

... Runs a frequency sweep from the start frequen...

[nction | Enabled | Type Comment | ]
5---+ Enter temperature properties Enter value Requests the measurement temperature and se...
=+ Enter frequency table strain properties Enter value  Reguests the start, end, frequency and samples. ..
B— Set full temperature equilibrium Temperatu... Runs a thermal equilibrium step

=]

Ny

""Et Design - Toolkit_0001 Amplitude Sweep - Determine Linear Viscoelastic Region (LVER).rseq (Read-Only)

Properties | Live Display  Start Sequence

Malvern
Panalytical

oG- sl

Drag an action from the Palette list on the |eft to its appropriate position below. Then modify its Properties, if needed.

[nction | Enabled | Type Comment | ]

---+ Enter temperature properties Enter value Requests the measurement temperature and se...

---+ Enter amplitude table strain properties Enter value Requests the start, end, frequency and samples...

[B— Set full temperature equilibrium Temperature - Isothermal  Runs a thermal equilibrium step

Oscillation amplitude table Osdillation - amplitude table Runs a table of amplitudes from the start stress ...

Peak and Valley Analysis Peak and Valey Analysis Calculates maximum complex shear strain

Calculate Value Calculate Value Calculates a usable value of strain to be usedin ...

- . Osdillation frequency table | Osdillation - frequency table Runs a frequency sweep from the start frequen...




Automating 2.4: Using Strain in a Test \\\// Malvern

\ .
QQ\ Panalytical

Select the Calculate Value action, and connect the Output to the
Shear strain of the Oscillation frequency table

Properties

HEt Design - Toelkit_0001 Amplitude Sweep - Determine Linear Viscoelastic Region (LVER).rseq (Read-Only)
Palette | Properties

Properties | Live Display  Start Sequence

MW instrument Drag an action from the Palette list on the left to its appropriate position below. Then modify its Properties, if needed.

EIIE Sequence

: [Action | Enabled | Type Comment
=[] Start Sequence + :
-7 Set full temperature equilibrium ~fuec] Enter temperature properties Enter value Requests the measurement temperature and se...

D Oscillation amplitude table ---+ Enter amplitude table strain properties Enter value Requests the start, end, frequency and samples...
=@ Osdllation frequency table
Shear strain @— Set full temperature equilibrium Temperature - Isothermal  Runs a thermal equilibrium step

&

Oscillation - amplitude table Runs a table of amplitudes from the start stress ...

&

Peak and Valley Analysis Calculates maximum complex shear strain

Start frequency Osdillation amplitude table
End frequency
! Samples per decade Peak and Valley Analysis
“-[] Integration points .’ —
‘ - Calculate Value
Osdillation frequency table

The calculate action should be before the frequency table action, as it
will then modify the strain value before running the frequency sweep

&

) L Calculate Value Calculates a usable value of strain to be usedin ...
------ [ Mominal equilibrium

&

Oscillation - frequency table Runs a frequency sweep from the start frequen...



Automating 2.5: Set up Live Display \\\// Malvern
O\ Panalytical

To view the data as part of the sequence, add a new chart to the Live

Display

Palette

. n:‘i Design - Teolkit_0001 Amplitude Sweep - Determine Linear Viscoelastic Region (LVER].rseq (Read-Only) =
Palette |Properties

Properties  Live Display | Start Sequence

[H Data Controls

[% Painter Drag a Data/lnstrument Control item from the Palette list on the left to its appropriate position below. Then medify its Pro
5 Table | :
Live Displ
|J e | ve Display
ﬁ Instrument Controls Elastic modulus Viscous modulus and Phase angle vs Shear strain
Pointer 1
10 T T — T

{4 Instrument Display

G’ (Pa),G" (Pa)

b e 20

2SR T OO 10
107 ; ; g ; 0
10° U 10*

[=G6 =— 6 &= 1o |

Gap and Nomal force | Temperature | Live data  Final resultz | Table |




Automating 2.5: Set up Live Display \\\///\Malvern

e _ ‘ \\\\\\\\\\\ Panalytical
Apply an applicable template, and connect the data

Live Display
Title
20 -
E| Set full temperature equilibrium
L Legend » i-[C] Raw data
1.5 + . =[] Oscillation amplitude table
Copy as image

Apply Template » Blank Template . Live data
B-F

Save Ternplate As... Open Template...

Chart Properties..

E||:| Osdillation frequency table

10 +
Recent Chart Templates  »
-
i [] Live data

05 +

0.0 } } } | " } } }

0.0 0.2 0.4
Viscometry - Viscosity Vs Test time with error bars and mean - Point statistics.cht

Toolkit_C001-1 Creep and Recovery Test - Compliance vs Time - Results data.cht
Toolkit_0001-1 Amplitude Sweep - Determine Linear Viscoelastic Region - Elastic...




Automating 2.5: Set up Live Display \\\///Malvern

N\ -
O\ Panalytical

Double click on the page tab to rename the page. Update the Gap
and Normal force, Temperature and Live data pages as required

(e.g. connect data)

Properties Live Display |Slarl Sequence |

Drag a Data/Instrument Control item from the Palette list on the left to its appropriate position below. Then modif

Live Display

4

Elastic modulus Viscous modulus and phase angle Vs Frequency

G" (Pa)

G' (Pa),

10! T

107 £

107 7

10"

f (Hz)

[— G —=— G —=&— 08 |

4

—+ 10

Gap and Normal force | Temperature | Oscillation Amplitude ‘ Final results | Table Oscillation Frequency




Automating 2.6:Can we make this quicker? \\\///\Malvern

\ :
AR Panalytical

o These examples are designed to demonstrate to how assemble

custom sequences

Frequently, this is not required. Does a sequence exist already?

~
01/01/2008 B~ | 12/08/2013 -

Modified Type Folg
Oscillation_0006 Amplitude sweep with LVER plus strain frequency sweep with cr... | 2013-02-27T09:01:04 .rseq Oscil

Mame

Drag an action from the Palette list on the left to its appropriate position below. Then modify its Properties, if nd

[ Action | Enabled [ Type | comment

]

---+ Enter temperature properties Enter value Reguests the measurement temperature and se...

|

---+ Enter amplitude sweep properties Enter value  Reguests the start, end, frequency and samples...

3|

---+ Enter frequency table strain properties Enter value  Reguests the start, end, frequency and samples...

[E— Full temperature equilibrium

&

Temperatu... Runs a thermal equilibrium step

Oscillation amplitude table Cscillation - ... Runs a table of amplitudes from the start stress ...
Q Run Analyse_0027-1 Run Subseq... Runs the LVER analysis
Q Run Osdillation_0003-1 Run Subseq... Runs the frequency sweep and analysis

[[FlUse rFinder to search
for a similar sequence:
e.g. amplitude
frequency

@~ version of this
example is already
Included in rSpace as
Oscillation_0006

@ These built in sequences
are useful references to
help understand how the
seqguences are put
together




Worked Example 3 N\ maivern

\ .
QQ\ Panalytical

| i. > Modifying Sequences: Importing Sequences
* |mport existing sequences, to make them sub-sequences

In other sequences. To produce complete bespoke
solutions.

Key to the slides
o Information only

Follow this example



Sub-sequence 3.1: Modifying Sequences \\\//Malvern

N\ .
QQ\ Panalytical

oA large library of sequences are included in rSpace but it is not
exhaustive, you may wish to run several tests and analyses as part of

one sequence

OThis example will add a load sample sequence to an existing
__sequence, so that it is run every time
Open Toolkit V003, and search rFinder for “load sample”

For this
example, we

will use
Sample 0021

Make a note of
the location of

the sequence
(C:\Users\...)

ﬁ rFinder

Search for... - | load sample

Narme Folder

Design_0002 rSolution proforma - must load new sample.rseq | Design (C:\Users\Public\Public Documents\Malvern Instruments\rSpace)

Sample_0006 Unload sample.rseq Sample (C:\Users\Public\Public Documents\Malvern Instruments\rSpace\Design)

Sample_0010 Full sample loading.rseq Sample (C:\Users\Public\Public Documents\Malvern Instruments\rSpace\Design)

Sample_0021 Quick sample loading.rseq Sample (C:\Users\Public\Public Documents\Malvern Instruments\rSpace\Design)

= [esig polkit_ WO03 Shear Stress Ramp - Yield Stress Test.rseq (Read-Only]

Properties | Live Display | Start Sequence | Analyse_0014-1 Yield stress analysis for viscometry stress ramp |

To modify this sequence, change the Abstract/Keywords below or adapt the content in the Live Display or Start Sequence tabs above.

Abstract :

|Too|kit_V003-1 Shear Stress Ramp / Yield Stress Test



Sub-seguence 3.1: Import Sequence

[AlSelect Sequence / Import sequence
Navigate to the rSpace directory, then Design / Sample and select

Sample 0021

)¢

N

Malvern
Panalytical

Notice how the entire sequence (except the Properties tab) is
imported, including the Live Display with connected links
ORemember that this imported sequence will not run unless it is linked
using the “Run Subsequence” action.(g)

B3 File Edit  View

Sequence | RunSequence Tools  Window

rPages  Help

Import sequence

f - S S rFinder E|

|.ro gap E" Load sample - Ex Unloa

44 Favourites Eit Result Add blank subsequence

Rename item

Palette | Properties Delete itemn

= 4] | .| % Move Up Ctrl+Up

] Move Down Ctrl+ Down
Use engineering units Move Into Ctrl+Right
Control mode Maowve Cut Ctrl+Left

erties | Live Display Start Sequence

g an action from the Palette lis

O

Er Enter temperature properties

Ir Enter linear shear stress ramp p

0.000
200.0

Pa
Pa

Start shear stress
End shear stress

MNumber of samples

L poarithmic

— Set full temperature equilibrium

> Viscometry shear stress ramp

E, Run Analyse_0014-1

Open Sequence
@@v| .. v Computer » rSpace » Design » Sample - | &,| | Search Sample pel |
Organize * New folder =~ @
¥ Favorites Name . Date modified Type Size
?a Sample_0001 Normal force decay stage.r..  27/02/2013 09:01 Kinexus sequence 3
4 Libraries ??ﬁ Sample_0003 Change geometry and zero....  27/02/2013 09:01 Kinexus sequence 1
??ﬁ Sample_0006 Unload sample.rseq 27/02/2013 09:01 Kinexus sequence 2
1% Computer ??ﬁ Sample_0009 Save data options.rseq 27/02/2013 09:01 Kinexus sequence 4
??ﬁ Sample_0010 Full sample loading.rseq 27/02/2013 09:01 Kinexus sequence 7
ej Network HE,‘ Sample_0011 Calculating the shear rate t... ~ 27/02/2013 08:01 Kinexus sequence 1
B5¢ Sample_0015 Copy to clipboard.rseq 27/02/2013 09:01 Kinexus sequence ]
B5¢ Sample_0016 Export selected data.rseq 27/02/2013 09:01 Kinexus sequence ]
HE: Sample_0019 Using the tick and cross but...  27/02/2013 09:01 Kinexus sequence 9
|E?$ Sample_0021 Quick sample loading.rseq 27/02/2013 09:01 Kinexus sequence 6l
< m | 3
Filename: Sample 0021 Quick sample loading.rseq - [Sequences ("rseq) -
[ open v [ conce |




Sub-sequence 3.2: Run Subsequence

Ny

Malvern
\' !
A\Q\ Panalytical

To link the sub-sequence, add the Run Subsequence action to the
main sequence at the appropriate place (i.e. Before measurement)
Then select the imported sequence from the action properties
After the imported sequence has run, the sequence will return to the
action following the “Run Subsequence” action in the Start Sequence
tab. (Inthis case: “Set full temperature equilibrium™)

ﬂ rspace - [Design - Toolkit_V003 Shear Stress Ramp - Yield Stress Test.rseq (Read-Only)]

HEF: File  Edit View Sequence RunSequence Tools  Window  rPages Help

- 5~ & Finder [~ |0 0 | chart - [ Table -

@ _,LZero gap ‘E]‘ Load sample v‘,_:r Unload sample @Start current sequence

Stop current sequence “5‘ Show current sequenc

<7 Favourites [F_,Results E—t Go to top stop ‘E]‘ Sample details f'{ Manual gap — Set temperature BViscometry vOsciIIation - Manualrelaxation

Properties *
Palette | Properties

= mE G

Properties | Live Display ~ Start Sequence

Analyse_0014-1 Yield stress analysis for viscometry stress mmp

Sample_0021 Quick sample loading

Drag an action from the Palette list on the left to its appropriate position below. Then modify its Properties,,iﬂleeded_

= subsequence
Sample_0021 Quick sample loa... [~

Start Sequence
Analyse 0014-1 Yield stress analysis for viscometry stress ramp

Sample_0021 Quick sample loading
Sample_0009-1 Save data options
Select geometry

[a‘-\cﬁon

| Enabled | Type

| Comment

dl
VA

---+ Enter temperature properties

[B— Set full temperature equilibrium

Viscometry shear stress ramp

h Run Analyse_0014-1

---+ Enter linear shear stress ramp properties

L

Enter value

Enter value

7
Requests the measurement temperature and se...
’

Requests start, end, ramp time and numéer ofs...

Run Subseg... Run loading subsequence |
Temperatu... Runs a thermal equilibrium step

Viscometry ... Sets a shear stress ramp. This action has a trigg. ..
Run Subseg... Runs the yield stress analysis subsegquence



Sub-sequence 3.3: Check Live Display N/ maivern

\ Panalytical
. VN
@ he sequence should work as required however, |tﬁa\\>\% worth
“tidying up” the Live Display tabs
. Propeties  Live Display ‘Start Sequence | Sample_D021 Guick sample loading | Sample_0003-1 Save data options | Select ge
o I m po rtl n g Drag a Datal/lnstrument Control item from the Palette list on the left to its appropriate position below. Then
subsequences also [ e Display
importS a” Of the Gap and Normal force Vs Experiment time
. . 0.009 e —— — — 0.20
associated Live : : : : : :
. . 0.008
Display views, and o TR
can create duplicate e
tabs. However each tons | L
will have different E oo0s | j - ; ; | I
data connected to it R o d e B N N R
For example, this live 0.002 4
display shows a 0.001 0.00
second Gap and 0.000 ¢ | 5 5 5 5
Normal force tab ot I e e e e 00
Duplicate Gap and
teXp () Normal force tab
Gap and Momal force Temperature | Live data | Final results | Table | Gap and Nomal force I Temperature




Sub-sequence 3.3: Check Live Display

Duplicate tabs
can be deleted by
using Sequence /
Delete page

I The links to the
data that the
duplicate was
connected to can
then be enabled
so that all
applicable data is
displayed on one
chart

\ // Malvern

\\\\\

§ \\\\\\\ Panalytical

ﬂ rSpace - [Design - Toolkit_V003 Shear Stress Ramp - Yield Stress Test.rseq (Read-Only)]
HE,* File Edit View | Sequence | RunSequence Tools Window

rPages

- 5~ & rFinder |5

! Favourites [:f Result:

Import sequence

Add blank subsequence

Help
oad sample - '[:-r Unload sample @ Start curre

et ternperature E Viscometry - Oscillation

Palette

Palette |Properties |

Add live display page

Rename page - Gap and Nermal force

Display |Start Sequence | Analyse_DO14-1 Yield stress

[=] Data Controls

Delete page - Gap and Mormal force

trument Control item from the Palette list o

|Q Pointer Rename item
Tahl i

= Table Delete item

1 chark

' Chart Properties

Data |>< Axes I ¥ Axes | Curves | General|

Lo s

= D Start Sequence
E| |:| Set full temperature equilibrium
: -] Raw data
B- |:| Viscometry shear stress ramp
D Live data
-] Final results

=[] ield stress analysis
-] Result data
i [] Original data

EID Analyse_0014-1 Yield stress analysis for viscometry stress rg

»

D—@ Sample_0021 Quick sample loading
E| . [¥] Set geometry loading gap (1)
-] Raw data
B |:| Set controller to rigid for sample loading
ﬁ -[] Final results
: . Set trim gap Variable gap
L[ 7] Raw data
- Set Gap fixed gap
: . [¥] Raw data
E| |:| Set controller back to Global settings
4[] Final results
- . V| 5et geometry loading gap (2)
: Raw data
B Set Gap fixed bab

4 | i

m

g (mm)

0.020

0.015

Gap and Normal force \

D005 i

0.000

-0.005

texp (

Gap and Nomal force | Temperature | Live data | Final results | Tabh
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