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Rheometer basics recap: Motion and Mechanics

A rheometer is a precision rotary actuator sitting on top of very sensitive force sensors

> Measures angle (0) and normal force (F,)

. <— Applies torque (t), controls rotation to the sample
Rheo-SANS cup-and-bob Rheo-NR cone-and-plate

A

Rheology tells us how the sample flows.

SANS tells us why.

/\j Anton Paar
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Rheo-SANS bridges nano - micro gap in soft
matter characterization




Why communication is the hard part

Rheo-Scattering couples two instruments with fundamentally different clocks, assumptions, and priorities.

Scattering Instrument
Defines time relative to absolute timestamps,

run boundaries
- Asks “when did neutrons arrive?”
-  Wants determinism

' You don’t have a rheometer experiment and a
scattering experiment, you have one synchronized
| experiment with two beasts of instruments

How do we synchronize deformation, data acquisition,
% OAK RIDGE and scattering without breaking either system?

National Laboratory

Rheometer
- Defines time relative to motion start
- Asks “what is the sample doing?”
- Wants autonomy




Relevant control domains - Rheo-Scattering experiments

pe z ent & O estratio
E . t Beamline
Software- X'T_e”men Control software SECop
heavy oglic (EPICS, NICOS)
Neutron / X-ray DAQ Data & Messaging Layer
Asynchronous data streaming MQTT
Publish
-----
2
% Data |
2, ata logger/ archive
Y S
g3 )
Hardware/ “%, &.,\g
physics- %
heavy
g gqge ardware
Dete O atio
Timing/ :
detection Detector system Gate generators TTL Trigger 1/0
Time-resolved scattering
%O AK RIDGE measurement Rheometer encoder taps
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2 CO ol & DAQ

Rheometer Vendor
firmware software/ API
Preloadable

rheology protocols

Dero ation & se g
Angular Torque
Encoder Sensor

Motor/ Sample
Actuator Cell




Controlling the Rheometers

How do we tell the rheometer what to do?

g i 1. control shear




The naive timing assumption

Why not set both rheometer and scattering instruments to run for ~20 minutes each and move on independently?

Both sides followed the plan, they just never checked in

%OAK RIDGE
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What “building from each end” looks like in a Rheo-Scattering experiment

Synchrotrons, spallation sources often face
unexpected short-term beam outages

Rheometer

Many beamline scientists prefer to run neutron Detector/ DAQ

measurements by neutron counts rather than time

Coordination ensures rheometer does not jump

ahead of neutron measurements Nothing crashed, nothing failed loudly.
But the data is still misaligned

Even if nothing ever pauses, clocks are
never perfectly identical

interval

Clock drift on long experiments can
desynchronize instruments

neutron
rheometer

time

$,0An s Even tiny alignment errors add up over long distances.

National Laboratory



Control vs. coordination

“Control” and “coordination” are different engineering problems

Direct control Coordination
« Full parameter access « Rheometer executes autonomously
« Software-driven sequencing « Deterministic timing
» Flexible, scriptable « Minimal software coupling Z
« Timing depends on software stack « Limited mid-run flexibility

Beamline control & DAQ Beamline control & DAQ

Experiment intent & orchestration Experiment intent & orchestration

SECOP 1 TTL TriggerT
Timing/ Trigger Hardware
Deterministic synchronization

%OAK RIDGE
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Direct control of rheometer through SeCOP

Beamline control & DAQ
Experiment intent & orchestration

« Sample Environment Communication Protocol
(developed by ISSE)

« Speaking to the rheometer in short, explicit

commands directly and timestampably
Rheometer Controller

R | - Easier for beamline staff, not necessarily for those
who work in RheoCompass regularly

No direct subport Complex rheometer
from Anton |p:)210 r experiments may
- be impractical

Unified instrument control
Fully scriptable

Rheometer firmware updates
may be unpredictable

SeCOP gives you clean timing — but you're
%OAK RIDGE :
National Laboratory responsible for development and correctness




Trigger-based control using RheoCompass

Mimpisions ot Proprietary software developed, sold by Anton Paar
- /A\ t; 2 | _ 4 Translates high-level experiments into low-level commands
§oo i o EE— Easy to set up multi-step experiments
2 - Bz Temperature ramps
Shear ramps
Overnight runs

Control through RheoCompass suffers from latency, timing

H

Abort test Continue >

Familiar for many academic users

Test | View2 | View3 | View1 [0

RheoCompass is excellent for

experiments — not for clocks Can we utilize the advantages of
RheoCompass and minimize the
latency issues to work for us?

%OAK RIDGE
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Basic triggering — switching rheometer intervals

File Home Measuring Set Presen tation Window Test Measuremen t
[TT]
Get waveform
% g Profiles and events:
Insert Append Get MultiDrive variables

Set up rheometer intervals to run for ~infinite time

srow ecns|_0F 5] @ (B
Rheology intervals run as long as neutron collection requires e © - =
/0 device sends voltage signal to rheometer - move forward interval B e ey

Neutron collection software Z
J k

N \ - \
Rheometer control software

%OAK RIDGE
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How do we set up the rheometer to listen for I/0 signals?

MCR rheometers have built-in I/0 electronic accessory ports

Name Description Anton Paar RheoCompass™

RGND Remote GND
Home Measuring Set Presentation Window Setup

Fil
RSW2 Relay switch 1
v ] Y- ‘?j M Print certificate M M iy Add user - Change or reset password
Re Remate + = & M o | @0 28 = & xb R
Export certificate &k Remove user = B o Add role membership
e Delete p oo e PR Emn -

RSWA Relay switch 2 Nsw Duplicate Refresh Delete Apply

~ @ A w N - b
3

AIN- Analog IN-
AN+ Analog IN+ Measuring set
NC. not connected L % Configurations

s‘ Maving profiles
9.',} Calibrations

3 Axial compliances

+/-10 VDC, 0.305 mV resolution, max 300 mA - P

Hardware variable at accessory input/output

Variable:

u Voltage ¥ u Voltage

Connector: Fywinaie e B ] ]| | vehermae B E ¥
Mini Din 7 position; cable needs male pins I e bt s o
Option: Kycon KMDLAX-7P
Available at Digikey, Mouser (~$6 USD/ea.) Raspberry Pi

Ethernet

Moxa loLogik
e1200 series

PSI

%OAK RIDGE
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Configuring rheometer to expect signal device

File Home Measuring Set Presentation Window Test Measurement
] A Move left Get waveform
g @? B Move ciht ﬂ X Profiles and events: | Default v

Insert Append .
& U'elete -

nien'a =

m

Total: 0

Use ribbon "Home' to move tests here
from project data tree

Show recent SDE |@ L:a _Li

References

Auto-Display

%OAK RIDGE
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Get MultiDrive variables

Measuring method: | Shear rheclogical measurement >

aWv L'ata Advanced

m

= Test Definition 1

&

05992999 Points 09999999 Points s 09999999 Points o 99999999 Points x
0.1 min 0.1 min 0.1 min 0.1 min
¥ I _ Y | /s Il 7 10 /s Il 7 100 /s I
1 “ :
Test | View2 | View3 |[JJ
Details 1=t
Use event control in this interval
Reactions and events Parameters ‘] ﬁ
,ﬁ' Step forward by x interval(s)... ¥ | Number of intervals: -
Wy | ..if value > limit vl u Voltage v || Default v || -
z W L%
Marne, Info | Picture, Title, Buttons | Set Values | Data Generation | Event Control | Options | Harmenics

L

Pueg jonuo)



Complexity: rheometer is not constantly listening for signals

Home Measuring Set Presentation Window Test Measurement
]
Get waveform
==ﬂ % X Profiles and events: ,
Get MultiDni iabl
Insert Append et MultiDrive variables Measuring method: _ yeS' |
showrecent|_50F [ €8 (B o)
Total: 0 o C |
Search... - E
: C
m 99990990 Paints —
0.1 min GJ
4 b
Measurement 1 70 s w
1 - —
I
no ; |
bnd
«» 5
L]
3 time
-~
U
[y
S

FeFeze s
Rheometer only listens for pulse when data point generated (every 0.1 min) in example below

Pulse HAS to line up with when rheometer makes data point

Time mismatch? Missed pulse, de-sync’ed rheometer and neutrons, experiment ruined

%OAK RIDGE

National Laboratory



Solution 1: just make the pulse really long!

Instead of quick pulse, have a multiple second ‘pulse’
What if time per data point needs to change?
Could double trigger

Constant cat-and-mouse of chasing the right pulse length for every interval

Q- yeslh '
O) -

st

e

O

# o

L

. NnO !

time

%OAK RIDGE
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Solution 2: Toggle voltage

« Leave voltage high the entire second interval, rheometer waits for low voltage

* No double-triggering, no skipped triggers

voltage [V]

rheology condition 1
rheology condition 2
rheology condition 3
rheology condition 4

time

%OAK RIDGE
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* Now, rheometer configuration switches every interval
« All odd intervals (1,3,5...) have one configuration, even
intervals have another

—— R, .

&
Details &
Use event control in this interval o
Reactions and events Parameters t] %
Fe Step forward by x interval(s)... * | Mumber of intervals: 1 - E.
Wy | .ifvalue > limit v[lu Voltage Default =
2 v

Name, Info | Picture, Title, Buttons | Set Values | Data Generation | Event Control | Cptiens | Harmenics

Neal, Christopher B2 %R
Details | gl
Use event control in this interval =
Reactions and events Parameters 't] %
#* | Step forward by x interval(s)... ¥ | Mumber of intervals: 1 = g‘.
Wy | .if value < limit “llu Voltage v || Default vl -
2 v v
Mame, Info | Picture, Title, Buttons | Set Values | Data Generation | Event Control | Options | Harmonics

38 AL IRCAN ]

Meal, Christopher



SetupR

[ Anton Paar RheoCompass™

File  Home  Messuring Set

Presentation

& € @ g

ew Duplicate Refresh Open  Edit

Project Data
[ projests
@ Tests
& videos
=] pictures
© Import Rneoplus data Lo, 0

Templates
¥ Project tempk
29 Diagram templates

wtomation templates
(@ view tempiates
© create profect using termpiate

Reeyele Bin
@ Recycebin

() More..

Search.

Window

Logbsok  RheoFinder

P
i)
Openty
barcode

o

Pin to My
Apps’ page

Template name

RheolAOS

RheoSANS-MQTT-Template

Description

Last modified

Last modified by

2/7/2025 112539 A... | 6un

[ Create a new project

Show my templates

th..

Show Anton Paar templates

Select test type:
Al test types

A 2 items (including hidden items)

Template name

Detai

Name:
Created:
Last modified:

Description:

Company:

Project name:

Narne, Info | Test Types and Tags | Automation | Approval

- RheoSANS-MQTT-Templat

me, Info
RheoSANS-MQTT-Template N |

6/26/2024 2:17:57 PM by Administratc
6/28/2024 247557 PM by Administrate

Description Last modified Last modified by

L l628/20042

2/7/2025 11...| un

(Osk Ridge National Laboratory

~ Template name: RheoSANS-MQTT-Template

Ll Anton Paar RheoComp:

File Home

F:

‘ ) Move right
Insert Append

& Delete

Total: 0

Measuring Set

Presentation ~ Window  Test

Get waveform

Get MultiDrive variables

@
=

Measurement

Profiles and events:

Measuring method:

heo-Scattering Template for easier user setup

Project template already has switching event control
User just has to edit shear rates

Saved a LOT of time, headache

Happy to provide if requested!

SurL VI EXpOTUnY
ety P 10000 Points. rd 10000 Paints ] 10000 Points s 10000 Points 4 10000 Points 4 10000 Points " 10000 Paints 4 10000
0.25 min 0.25 min 0.25 min 0.25 min 0.25 min 0.25 min 0.25 min 0.25 m
Measurement
1 7 F 21 /s 7 22 s 7 23 /s 7 24 /s 7 235 s T 26 /s 727 /s T 28
Test | View2 | Viewd [J
Details
[¥] Use event control in this interval
Reactions and events Parameters Wy
# | Step forward by x interval(s)... ¥ | Number of intervals: 1 =
Wy | ..ifvalue > limit ~|lu Voltage v || Default ¥ -
2 v "
Use ribbon 'Home' to move tests here
: R from project data tree
% AK’ IDGE References | Auto-Display Name, Info | Picture, Title, Buttons | Set Values | Data Generation | Event Control | Options | Harmonics
National Laboratory
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Rheometer TTL triggering still suffers some latency

On MCR rheometers, external trigger advances
the protocol at the next data point
Deterministic, not real time

Triggering = protocol coordination, not control

SECoP may be more attractive when you
want dynamic protocol changes

Does that make triggering useless?
No, triggering still gives immunity to
network hiccups and a clean handshake
between DAQ and the rheometer.

In either case, something else is
required for sub-second resolution

%OAK RIDGE
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<
D
0

listening?

5
o)

5 .

N time
S
%)

SECoP

MCR TTL trigger

Where is the logic defined?

Beamline

RheoCompass

When is the next step taken?

Software

Next data point

Timing granularity

Network + software

1-10s

Determinism

Moderate

High (but coarse)

Phase awareness

None

None




Listening TO the rheometers

Can we also receive data from the rheometer?

——

2. log data output




Rheometer triggering is one-way communication

Goal: tag at least some critical metadata into neutron files - Helps users troubleshoot if something looks off

Direct control has 2-way communications

TCP/IP or RS232

 C—

Data can be extracted directly
Anton Paar does not provide API

Extensive work required for integration

Triggering has 1-way communication
. LN e /\l

N

Rheometer control software K J k J K ’

Two different data sets; one for neutrons, one for rheology.

Neutron collection software

Latency, immediate data transfer (nearly) impossible

Can we pull data from the rheometer when triggering?

%OAK RIDGE
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Anton Paar’s solution: allowing communication through MQTT

‘ r . _ . . N
Message Queue Telemetry Transport’ — publish-subscribe messaging protocol a MQTT
Typically, we work with client-server protocols, where device A talks directly to device B.... Not here

| want
that data!

| have
data!

- Why do we want to use MQTT?

Device B - Publish/Subscribe does not wait

11 :
Device A E
for receipt confirmation

- Experiment can continue even

if one data point not received.

MQTT
Broker

Beamline control & DAQ
Experiment intent & orchestration

Neutron / X-ray DAQ

MOTT
§lLbScnb c
=~ Data & Messaging Layer

Asynchronous data streaming

%OAK RIDGE
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How do we set up MQTT Communication? RheoCompass side

« Add ‘Export’ block before
measurement starts

a

5,

S| & B

rocedures and Actions

Test Definition Procedu
showrecent| 50F | 5| (T (1) (%) Measurement and Preparation Procedures
al: (%) Analysi

« Have RheoCompass Export Sream T
: ' « |
t?rﬂg,?‘.),g‘; érteoa:VIQTT o — What data is streamed via MQTT?
broker.’ =
Whatever you enter here!
- Broker name: Windows =
account name running S

RheoCompass

» Select a port, topic that
broker will be listening to.

e Remember these!

« Select variables, units to
export.

Unit s
[F][=]  channel no: Default
EIE
B

« All saved in Project
Template (users do not
touch).

%OAK RIDGE
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How do we set up our MQTT broker?

On the Windows machine running RheoCompass:

« Install Python, Eclipse Mosquitto, Python packages [numpy, paho_maqtt, pyparsing, setuptools, pyepics (last)
* Run python script in background:
» Creates and connects to MQTT broker with known port, topic

» Check for new messages every second

» Parse message; send values, names, units to EPICS as desired PV’s

11 : 11 :
Device A E Device B

MQTT
%OAK RIDGE Broker

National Laboratory




How does EPICS respond to MQTT data?

RheoCompass generates interval + measuring point Rheometer JSON APl MOTT Broker " ke

for every data packet
Also sent by MQTT broker, shown in EPICS

Alarm Configuration Section

Start and Jump Interval Section

The Alarm Detects when a Mesuring Point
change dint occurred on the specified time limit

Move to next Interval or .
Start OFF

Data table shown at bottom of I0C

Meacurinn Print | Indatad 5s Limit =  Alarm Natactad

5V Trigger Readback - © -
[ E 620464 s > 120s = .

Updates ~1/sec if data packet sent

Interval# or; 0 i
WorkBooks_ _ . _.~l_._._._. i
Keep track of shear rates, temperatures, etc. R - Alarm Disable | Alarm Disabled .
> Measuring Pmnq_ 0 :

]

Alarm handling if communication drops:

Alarms if packet not received after ~120s Data Parsed from JSON MQTT Broker on Rheometer Windows Computer

MQTT broker breaking

0.00000 mm/s 0.00000 mm/s

0.00000 mm/s 0.00000 mm/s

0.00000 mm/s 0.00000 mm/s

rheometer failing.

%OAK RIDGE
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0.00000 mm/s
0.00000 mm/s
0.00000 mm/s
0.00000 mm/s
0.00000 mm/s
0.00000 mm/s

0.00000 mm/s

0.00000 mm/s
0.00000 mm/s
0.00000 mm/s
0.00000 mm/s
0.00000 mm/s
0.00000 mm/s

0.00000 mm/s



High-resolution time synchronization

Can we achieve ms-level time-resolution?

Detector

3. time resolution




Why stroboscopic Rheo-Scattering?

Periodic deformation exists in nature no
[1]

systolic
120 s —m e e e e .
8 arterial
E 100+ system !
2 e e e T e e e S e — - ,;;”""
: — , a8 L diastolic - O W
B e e ) ) ) £ ’]"
ssthear . 0 Single Snapshots
e 0 time in seconds D
e )e ) e)(e) '

Large-amplitude oscillatory shear

ofogofpsyor

T N T T T T T e

deformation

%OAK RIDGE
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Stroboscopic Rheo-SANS

Synchronizing
[ Rheology & SANS

- t[s]

Integrated Stroboscopic
Sampling

Time Integration
time resolution S/N
X v v v

fime resolution S/N

Need: synchronize neutron
scattering with oscillatory
deformation

Result: bridge macroscopic
mechanical properties with
microstructural evolution




Option 1: Sync signal sent at beginning of each oscillation

Rheometer Mechanics JlI®™ Timing/ Trigger Hardware Detector system

Deformation & sensing Deterministic synchronization Time-resolved scattering
measurement

One pulse per oscillation

Defines cycle boundaries
Phase inferred, not measured
Detector integrates relative to pulse
Gives repeatability at the cycle

level, but not within the cycle itself

Assume waveform Cannot correct
stability distortions

Stable over long runs

Limited to simple oscillations

¥,0AK RIDGE You KNOW which cycle you're in, but have to assume where you are IN that cycle




Option 2: analog deformation signal spying

Analog

Rheometer Mechanics Phase

Deformation & sensing

Timing/ Trigger Hardware Detector system
Deterministic synchronization Time-resolved scattering

Rheometer encoder taps measurement

Angular Encoder

Continuous angle signal

deformation
(e ]

True phase information (including glitches!)
Independent of rheometer timing Rheometer convertsl
in real time
Enables stroboscopic gating =
% 0 ] ] 1 | ] 1 |
Instead of assuming phase from S L ' ' | ' ' | ' ' time
timing, we measure it Q

Immune to frequency drift More complex Requires signal
hardware conditioning

Works with non-sinusoidal waveforms , :
Data analysis can be tricky

¥ OAK RIDGE Treats the rheometer as a signal source, not a clock

National Laboratory




Sync pulse vs. Signal Spying

TTL Sync Pulse Analog Signal Spying
Time reference Cycle Start Instantaneous Phase
Phase resolution Infered Measured
Drift tolerance Low High
Hardware complexity Low Moderate*
Waveform assumptions Sinusoidal None
Stroboscopic fidelity Moderate High

It doesn’t HAVE to be either/or. It can be both!

Sync pulse = absolute reference

Analog signal = local truth

REDUNDANCY

%OAK RIDGE

National Laboratory

deformation

voltage [V]

I t t t t K } t :time

Rheometer converts
in real time

st t } t t } } + } t :time

Recent rheo-experiment with bevel-gear system

15

time

Gear backlash = non-sinusoidal response
Only visible via signal spying



How to convince RheoCompass to give us the right signal?

m Anton Paar RheoComp Project3
= Home Measuring Set Presentation Window Setup File Home Measuring Set Presentation Window Setup
™ h . _ L) Y R Print certi
BB OD | @ BB b (D2 S B YRy
> E _ e e & i Remo r — F d role m = New Duplicate Refresh Delete Apph o e Delete
MNew Duplicate Refresh Delete Apply = Delete e Je M
e Calib : S Measuring set
Measuring set rheolacs & Izl Cungumtr-:-ns Configuration name  Location Last modified Last modified by
U Configurations Name — @ Moving profies Default MCR 302 11/21/2025 2:52:05 PM | 6un
u Callerations Default MCR 501 11/21/2025 2:52:20 PM | v

B oving prories USE FOR RHEOLAGS - signal spy - deflection angle to voltage

ji Axial compliances

- ; : Default MCR 302e 11/21/2025 :
‘5,} Calibrations

§ sxisl compliances Measuring set components Default MCR 702e Space| | 1/12/2026 3:40:10 PM

é Devices

E Measuring set components M Accessories

a Devices & Measuring systems

=" Accessorie -

> e User administration Configuration Details - Default MCR 702e Space

Measuring systems B roles
User administration Accessory Details - USE FOR RHEOLAOS - signal spy - deflection angle to voltage SNOD0O0O0 @ Users Device

‘ Device: | MCR 702e Space SN84541383 * | Connected to: Measuring PC USE

& Roles

-
am Users

Variable in device

@ Toolmaster™ capable plugs

Device variable: | Deflection, relative (RheolabQC, MCR xx1, MCR xx2, MCR x2) *~ Factor: |14
.L Measuring system Auto detect (Toolmaster™) v
Offset: |0
@ Measuring cell (TD) Auto detect (Toolmaster™) w
-m COMm1 Auto detect (Toolmaster™) v

Set up accessory that ‘spies’ on deflection angle, ¢
V = (factor) * ¢ + (offset)

@ Manual plugs

@ Pt100 <None> v
@ (s <None> v

c Relay <None> e
AUX1
.-g @ Vaoltage <None> v
©
Rela <None> v
£ — @ we '
— H Voltage USE FOR RheaSANS - External Interval Trigger Box SN0O0000O -
o t| me - - 99
"'G_J -@ Al USE FOR RHEOLAQS - signal spy - deflection angle to voltage SNO00000 e
© Rheometer converts © « Nones :
in real time © = None> :
E 5 @ Ad <None> M
> \
% 0 11—
= time
o 5
>

%OAK RIDGE
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Where to plug the signal cable into the rheometer?

MCR xx2 series MCR xx1 series
SMB-to-BNC BNC
095-850-236-006 115101-19-06.00

Available on Digikey, Mouser

Available on Digikey, Mouser,
~$20 USD/cable

(pretty much anywhere)

Table 12: Analog outputs A1 to A4 ~$1 O USD/Cable
Pin Name Description
inner analog signal Analog representation of a value as voltage between Auxiliary
-10Vand +10 V.

outer GND Signal ground

temperature device (e.g. hood)

Fig. 6-2  Side panel - Physica MCR xx1

Up to 2 outputs

¥ OAK RIDGE Up to 4 outputs!

National Laboratory




Communications pathways for time-resolved Rheo-SANS

0[\_/nme

Rheometer converts
in real time

deformation

Accelerator reference
timestamped
neutron events

i C

| Anton Paar MCR 501

voltage [V]
§' \
@

timestamped
data l data data

Analog-to-Digital

Converter AnDEEICj)i,?aJI[O_ : : :> Beamline
ReadOut Card | ERSu-SNpyN o control system —

‘ADC ROC’

!

Synchronized Nexus files!

Accelerator
%OAK RIDGE Reference time

National Laboratory




Expanded view of timestamping system — ADC ROC

FPGA = Field-programmable Gated Array (or, “Fast, precise gated acquisition!”)
Ns-resolution stopwatch to timestamp analog signal

ADCROC
FPGA Analog
< Dot Rheometer
. ata
Events _ Timestamped | Time ADC 1 <
Variable ADCSamples | Stamping | controls
Configuration & Commands Value Sampling
| Threshold Rate _
Configuration -
Command responses & Event Data And Idle Sampling
< Control Period -

Timing &Control Accelerator time reference (Tsync)

Relies on accelerator time reference Andrew Nelson from ANSTO has clever
ORNL’s HFIR has ‘pseudo-accelerator time reference system’ method of doing this with a raspberry pi!

%OAK RIDGE
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How do we time slice the data to extract meaningful results?

>
o w =10.01 Hz
£ ot ] - 1009
£ 1) 9 12}70\ 210 ﬁ/To Yooy = 100%
K ~_ |
QO
<
wt = 0° wt =90° wt = 180° >
1 wt = 0°
g 25 A
g 20 A
10?2 15 "'.“
\' &
wt =0° >
0 Eb 160 150 2(I)0 250 360 350
107 ()
; Clear changes in low-q
o scattering intensity within
Y oscillating shear
¥ OAK RIDGE 104
National Laboratory 10 10

QA



Frequency shifts and drifts: making data analysis hard

We're relying on the rheometer outputting constant, steady oscillations over long times (hrs)

Fr n hif Frequency Drift ) :
9 P analog signal spy?
100 1.02
050 E 1.01
. 5 | We're researchers, lets put it to the test!
o £ 099 Ran 1 Hz oscillation to oscilloscope for
aw) VMV VA 008 22 hours, zero shifts or drifts
2.0 -15 -1.0 -0.5 “n-l::f‘ﬂ 05 10 ].i}uei.ﬂ tlme
Global fit - first 10 s Phase evolution
41 i . : : ) . obal fit residuals
N !\ ﬂ m ﬂ ﬂ ﬂ ﬂ ﬂ ﬁ ” om Global fit dual
7 —0.23 1 e
S 19 = 0241 % o5y
E' N g—u.zs % 00 -
S & 026 E
] ~0.27 o
= J U U U U \J U b U U k ) e
T T T . T T 5 0 10000 20000 m%[::.ne fS;fmmm 50000 60000 D 10000 20000 301%[:2& {s;mduu 50000 B000O

- INational L.aboratory



Developing stroboscopic techniques isn't just for Rheo-scattering

%

Thermal
Link

RuO,

Thermal Link

OAK RIDGE

National Laboratory

” Thermometeron

Sample and RuO,
Thermometer Chip

5T Vertical
Field Split Pair
agnet

Magnetocaloric effect — measuring heat generation/consumption from

magnetically-induced phase transitions

Sweep magnetic field, measure voltage from temperature sensor

GGG @ —

T doss

Contact Todd Sherline for more information:

Sherlinete (at) ornl.gov

0.125
0.120
0.115 -

. 0110 |-

Link (

TTh

0.085
0.090

0.085 -

TTh.Link

£0.105

0.100

0.28

o VSampleT

1 " 1 " 1 " 1 n
200 400 600 800 1000
Time (s)

Field (T)



Summary: Rheo-Scattering works when communications intentional

Rheometers and scattering instruments speak different languages, want different things
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