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How to measure a tension?
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Tension is extracted by measuring the fundamental frequency of the wire:

Measured

Stimulated Stimulated

1. The two neighbouring wires are 
stimulated with a mix of AC and DC 
current. 

2. Read out middle wire 
while sweeping 
frequency of AC current

3. Smooth and subtract the baseline
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How to measure a tension?
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• Algorithm looks for resonance peaks in 
the baseline subtracted scan


• First peak is used to compute the tension


• Different peaks for different wire 
segments

‣ Peak position depends on wire 

segment length

U/V layerX/G layer
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DWA Setup
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Day 1

Probe boards

Wire Analysis CodeDWA DAQ

Hardware

DWA

Flex cable

Power 
Distribution 

Box

Probe boards
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Wire tensions (APA 4)
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Can measure individual layer or full APA
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Wire Tolerances
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• Average tension < 7.5 N: 5.5 N < T < 8.5 N

• Average tension > 7.5 N: 5.5 N < T < 7.5 N
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Wire Tolerances
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• Average tension < 7.5 N: 5.5 N < T < 8.5 N

• Average tension > 7.5 N: 5.5 N < T < 7.5 N

If wire length < 50 cm, tension 
down to 4 N are accepted
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Wire tensions report
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• Report including all data obtained until now in preparation

• Review all data to go from “preliminary” results to final results

• Check mapping to offline channels


• Will include:

StudiesData
• Tensions vs. wire number


• Comparison with laser


• Orientation


• Time evolution


• Short wires

APA # Layers

4 XVUG

5 XVUG

7 XV
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• 2 experts (Manchester)

• 3 more in training starting 

this summer 

• 3 users (Manchester)

DWA Team
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Tutorial and user guide being updated to reflect recent hardware/software upgrades

• 1 expert to be trained


• 2 users (Fermilab)

UK USCERN

• 1 expert to be trained


• User(s) to be trained
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DWA testing at Daresbury
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Diagram courtesy of Shion

Wire Tensions Measurement Plan

1. Measure layer with DWA right after its finished


2. Extract list of wires to re-tension


3. Laser measurement of short wires


4. Take laser measurement for subset of wires ( O(100), 
transition period only )


5. Re-tension


6. Re-take tension measurement for re-tensioned 
wires (< 150: laser, > 150: DWA)

Total DWA-related time for one APA: ~15h

One-layer measurement time:  
~2h (X/G)                                        

~5h (U/V)
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DWA testing at CERN
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In the hall


• APA protection panels need to be removed to access 
the headboards


• Proved challenging


• Having them in two parts would help 

In the clean room


• Top APA: use the small stand in the lift


• Bottom APA: use the tall stand on the ground


• Lift can be used but requires a trained driver
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Health & Safety at Daresbury
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• General risk assessment written 

• Three people of the Manchester 
team completed working at 
heights training 
 

• Remote control added to PDB to 
allow switching on/off high voltage 
without getting close to the APA
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Electrical Safety
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• Incident with Power Distribution Box at CERN

‣ Due to a short in the DWA connection

‣ Fix being implemented on all DWAs/PDBs

‣ Upgraded DWAs will be tested on APAs

Electrical Safety Review 


• Met with CERN & FNAL electrical safety experts 

• Documentation in preparation

‣ Internal DUNE review: ~1 month

‣ CERN/FNAL review
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DWA hardware status
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DWA # Location Status

1 Manchester Functional - Awaiting test

2 Fermilab Functional - Awaiting upgrade

3 Fermilab Functional - Awaiting upgrade

4 Manchester Functional - Awaiting test

5 Manchester Functional - Awaiting test

Power 
Supply # Location Status

1 — Broken

2 Fermilab Functional - Awaiting upgrade

3 Manchester Functional - Awaiting test

4 — Broken

5 Manchester Functional - Awaiting test

• Expedite assembly of 3 more power supplies 
this summer


• ETA September

• Ordered parts for 7 more DWAs


‣ Assemble 4 and keep spare parts


• ETA 6-9 months

Power suppliesDWAs
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• Test DWAs after upgrade


• Electrical safety review 


• Check DWA-offline channel mapping


• Database communication


• U/V layer wires need to be isolated from 
sideboards for the DWA measurement to be 
possible

• Solution: layer of FR4 on the side boards to separate 

wires from traces


• APA 6 will be used as a validation of this procedure


• Awaiting V layer winding

DWA production integration to-dos

14
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Summary
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• DWA being upgraded to improve electrical safety


‣ Review ongoing


‣ DWAs to be tested after upgrade


• X/G layer ready to be measured with DWA as part 
of production procedure


• U/V layer isolation procedure needs to be validated


‣ Will be done using APA 6


‣ Full measurement already possible on finished 
APAs

Production integration Wires Tensions

• Data available for APAs 4, 5, 7


• Full report on wire tensions in 
preparation



Backup
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DAQ Software
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List of wires 
that remain 

to be 
scanned/

don’t have 
a tension

Live 
visualisation of 

the scans Wire map

Number of bad channels 
in the scan
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Wire Analysis Code
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• Developed an interface to 
speed up offline tension 
analysis


• Makes all standard plots 
automatically 


• Currently has:


• Tension vs wire number


• Failures (wires out of spec)


• Comparison with laser 
tension


• Communication with the 
database will be added
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How to measure a tension?
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• Algorithm looks for resonance peaks in the 
baseline subtracted scan


• First peak is used to compute the tension


• Different peaks for different wire segments

‣ Peak position depends on wire 

segment length

Plots by Chris Stanford
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Mapping the wires
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Slide by Chris Stanford
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Peak corrections
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U/V layer has a complicated pattern

X/G layer is much simpler

“Human accuracy” factor in the correction. 
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Offline tension analysis
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• Broken wires 
(when shorting 
others) are easy to 
spot
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Offline tension analysis
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• Broken wires 
(when shorting 
others) are easy to 
spot


• Missing wires are 
harder to identify for 
sure

Anyssa Navrer-Agasson    - DUNE Collaboration Meeting - 13th September 2022

“Overlooked” missing wires
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• Wire tension extracted without an actual 
resonance


‣ Issue with algorithm


• Second scan wrongly labeled


‣ Fixable for future scans

Two effects

Wires 227-229 from X layer side B are missing

‣ Not seen in first analysis

Easy to address live 

Need to understand how 
many times the algorithm 

is failing this
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• Tried using two DWAs at 
the same time on APA 5


• Would speed up the 
process if only one 
APA is awaiting 
measurement


• However, we saw 
interference on the U/V 
layer


• Resonances cannot be 
extracted

How about using two DWAs at a time?

24

Only one DWA can be active on an APA at a given time
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1. Install the probe boards. (1h)

➡Must happen before the APA is in the winder.

➡They stay on during the whole winding process.


2. Install the tees on the APA frame (10 mins)

➡Stay on during the whole winding process.


3. Install the rail (5 mins)


4. Set up the DWA (10 mins)


5. Take measurements on one side (including live scan correction)


1. X/G layer (1h)


2. U/V layer (2.5h)


6. Disconnect the DWA and remove the rail


7. Repeat 3-6 on the other side

How to measure tensions the right way?
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Total DWA-related time for one APA: ~15h

One-layer measurement time:  
~2h (X/G)                                        

~5h (U/V)

User manual on EDMS

https://edms.cern.ch/ui/#!master/navigator/document?P:100788027:101054576:subDocs

