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How to measure a tension?

Tension is extracted by measuring the fundamental frequency of the wire: 1T = 4)\L2f02
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How to measure a tension?
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- Algorithm looks for resonance peaks in
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- First peak is used to compute the tension
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DWA Setup

Connect

DWA Info

Not Connected
DWA MAC
DWAIP
Client IP

1iAmA g

Measured By Chris Stanford

DWA: Digital Wire Analyzer

Advanced

Tensions Log Event Viewer

V(t) grid V(t) chan A(f) grid A(f) chan

Wire side A
Wire side B

Serial # Stage DWA Development / ‘ ’ /
Firmware Layer )(Vle , 3
Period N/A 4 y 4 ( 4 60 (
State N/A sile A B v v ' ‘ ‘ ‘ ‘ r
HV AC HV DC Flex Direction ~ Away from APA &) / / /
Error state - - 2
Headboard 1 2 )
Heartbeat * 3 r r o0 40 60 80 ac L ~ 50 40 60 80 100
Type Continuity @ Tension
Run Status ) C A
Scan fregs [Hz] Configure Scan List |
i ‘ é
DWA is not connected t
Max ..... : ; ; “ ; F
Step .....
Active ..... Result Type Layer Status Wires Freq Min (Hz) Freq Max (Hz) S
8 INO resuns yet 1ension v renaing 14, 4,0,0, 1U, 14, 14, 10, 4UL, 4U4, 4UD, 4UD, 41U, 414, 414, 410, BUL, U4, BUD, BUB, BIV, 814, 814, 810) oV 4u1
pissng Elt=nsion o Noresults yet Tension V  Pending [17,19, 21, 23, 25, 27, 29, 31, 417, 419, 421, 423, 425, 427, 429, 431, 817, 819, 821, 823, 825, 827, 829, 831] 50 108
V 426 826
V 428 828 10 Noresultsyet Tension V  Pending [18, 20, 22, 24, 26, 28, 30, 32, 418, 420, 422, 424, 426, 428, 430, 432, 818, 820, 822, 824, 826, 828, 830, 832] 50 109
x :gg ggg n [33, 35, 37, 39, 433, 435, 437, 439, 833, 835, 837, 839)] “ 419 I
V 33433 833 . .
V 35 435 835 12 Noresults yet Tension V Pending [34, 36, 38, 40, 434, 436, 438, 440, 834, 836, 838, 840] 50
z :Z; 2279 383; 13 Noresults yet Tension U Pending (361, 363, 365, 367, 369, 371, 373, 375, 761, 763, 765, 767, 769, 771, 773, 775) 50 193
a I W a I e v gg :gé g:g 14 Noresults yet Tension U  Pending [362, 364, 366, 368, 370, 372, 374, 376, 762, 764, 766, 768, 770, 772, 774, 776] 50 190
v
Vv 38 438 838 15 Noresults yet Tension U  Pending [377, 379, 381, 383, 385, 387, 389, 391, 777, 779, 781, 783, 785, 787, 789, 791] 50 233
(== —= = —=_ = = —= =
V 40 440 840
U 361761 16 Noresults yet Tension U  Pending [378, 380, 382, 384, 386, 388, 390, 392, 778, 780, 782, 784, 786, 788, 790, 792] 50 237
U 363763
U 365 765 17 Noresults yet Tension U Pending [393, 395, 397, 399, 793, 795, 797, 799] 50 273
U 367 767 =
U 369 769 T T T T T T T
3 3;2777713 Head boards
U 375775 Automate scanning
U 362762 Auto load scan when complete
U 364 764
U 366 766
U 368 768
U 370770 errorBits N/A buttonStatus N/A

DWA DAQ

Wire Analysis Code

[ ] [@)] Tension Analysis App
APA UUID 1: 5947a8b0-5152-11ed-84c6-9170f34dd096b_apad_dwas5
APA UUID 2:  5947a8b0-5152-11ed-84c6-9170f34dd096b_apad_dwab
APA#: 4
Stage: Winding
Layer(s):  XVUG
Process Analysis
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Wire tensions (APA 4)
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Wire Tolerances

« Average tension <75 N: 5 5 N<T<85N
e« Average tension> /5 N: 55 N<T</5N
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Wire Tolerances

« Average tension <75 N: 5 5 N<T<85N
e« Average tension> /5 N: 55 N<T</5N
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Tension [N]

Tension [N]

If wire length <50 cm, tension
down to 4 N are accepted
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Wire tensions report

- 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:
Data Studies
APA # Layers * Tensions vs. wire number
4 XVUG + Comparison with laser
5 YWUG * Orientation
- X\ * Time evolution

- Short wires
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DWA Team

UK CERN UsS

o 2 experts (Manchester)

+ 3 more in training starting « 1 expertto be trained « 1 expertto be trained
this summer

o User(s) to be trained o 2 users (Fermilab)
e 3 users (Manchester)

Tutorial and user guide being updated to reflect recent hardware/software upgrades
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DWA testing at Daresbury

Wires get soldered (8 - 10 hours)

Wire Tensions Measurement Plan \ Day2 ) e
e X/G Layer VU Layer
Measure layer with DWA right after its finished

12 AM

DWA
Test

. Extract list of wires to re-tension
3PM
. Laser measurement of short wires Manual
correchon
. Take laser measurement for subset of wires ( O(100),
oy . Laser test for short wires
transition period only ) &
Re-tensioning
~ Re-tension Diagram courtesy of Shion

. 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

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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. General risk assessment written T oo

- Three people of the Manchester
team completed working at \¢ e
heights training

- Remote control added to PDB to 3
allow switching on/off high voltage 4

without getting close to the APA s = ke e , : %

ON / OFF
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Electrical Safety = DD

- 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

DWAs Power supplies
DWA # Location Status Power Location Status
..................................................................................................................................................................................................................... Supply #  — 0 AR
1 Manchester Functional - Awaiting test 1 _ Broken
> Femilab Functional - Awaiting upgrade || > Femilb  Functional - Awaiting upgrade.
3 Fermilab Functional - Awaiting upgrade | | 3 Manchester  Functional - Awaiting test
4 Manchester Functional - Awaiting et | | 4—Broken ------------------------------------------
"""""""" S Manchester  Functional - Awaiting tes 5 Manchester  Functional- Awaiting test
e« Ordered parts for 7 more DWAs « Expedite assembly of 3 more power supplies

> Assemble 4 and keep spare parts this summer

. ETA 6.9 months « ETA September
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DWA production integration to-dos

o Test DWAs after upgrade

o Electrical safety review

« Check DWA-offline channel mapping
o 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

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

« Awaiting V layer winding
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Summary

Production integration

Wires Tensions

- DWA being upgraded to improve electrical safety - Data available for APAs 4, 5, 7

> Review ongoing . . .
* Full report on wire tensions in

> DWASs to be tested after upgrade preparation

- 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

MANCHESTER
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DAQ Software

g =
| NN DWA: Digital Wire Analyzer
Connect LIVG
DWA Inf VISU8.| IS&tIOﬂ Of m Results Tensions Log  Event Viewer W
nrfo
Not Connected the scans Advanced  V(t)grid  V(t)chan  A(f)grid  A(f) chan Iré map
DWA MAC N/A
DWAIP N/A || e e — Comb Wire side A
I / Measured By Chris Stanford WA N/A DWA DWA Cha N/JA Wire side B
Client IP N/A e » ‘ OV ‘ D\ 2 Al !
Serial # NJA Stage DWA Development e ‘ 1 / ket 2 /
‘ !
e Layer XV'S PR DO SO SRS W R tf U Y S S S = 1
Period NJA <V 4 ' V - - oU - - " .
State NJA Side Ae . - N , i 2
il b A Flex Direction =~ Away from APA [ R 4
Error state - 200 | / ‘ | / /
e Headboard 1 [ 3 | | | e | v
eartbea ‘ - - == - - = — = A0 80 . 80 v D Y A
Type Continuity &2 Tension
Run Status DWA ‘ n: N/A DWA 7 APA N N/A
Scan fregs [Hz] Configure Scan List !
|
Min .... \ é
v DWA is not connected \ P ,
- ), QAR = - . — - e B - 5 ea e A e TRt s S TR S S A SR A
Step .....
Active ..... Result Type Layer Status Wires Freq Min (Hz) Freq Max (Hz) S
g INUTresuis yeu iension v renaing L4, 4,0, 8, 1U, 1£, 14, 1D, 4UL, 4U4, 4UD, 4US, 41U, 4 14, 414, 410, BUL, BU4, BUD, BUS, 81U, 814, 514, 510) v 4u1
List of wires Missing a tension o Noresults yet Tension V  Pending [17,19, 21, 23, 25, 27, 29, 31, 417, 419, 421, 423, 425, 427, 429, 431, 817, 819, 821, 823, 825, 827, 829, 831] 50 108
h . V 426 826 : :
that remain V 428 828 10 Noresultsyet Tension V  Pending [18, 20, 22, 24, 26, 28, 30, 32, 418, 420, 422, 424, 426, 428, 430, 432, 818, 820, 822, 824, 826, 828, 830, 832] 50 100 R e L A
scan ned / z 32 222 332 12 Noresults yet Tension V. Pending (34, 36, 38, 40, 434, 436, 438, 440, 834, 836, 838, 840] 50 405
V' 37437 837 13 Noresultsyet Tension U  Pending (361, 363, 365, 367, 369, 371, 373, 375, 761, 763, 765, 767, 769, 771, 773, 775) 50 193
don’t have V 39 439 839
v 32 434 834 12 Noresults yet Tension U  Pending (362, 364, 366, 368, 370, 372, 374, 376, 762, 764, 766, 768, 770, 772, 774, 776) 50 190 | e
. V 36 436 836
a tenSIOn V 38 438 838 15 Noresults yet Tension U Pending [377, 379, 381, 383, 385, 387, 389, 391, 777,779, 781,783, 785, 787, 789, 791] 50 233
V 40 440 840
U 361761 16 Noresults yet Tension U  Pending (378, 380, 382, 384, 386, 388, 390, 392, 778, 780, 782, 784, 786, 788, 790, 792] 50 237
U 363763
U 365 765 17 No results’yeWJension U Pending (393, 395, 397, 399, 793, 795, 797, 799) 50 273
U 367 767
U 369 769 RS [EREERT ISP En) FEENTE) RENSEN DERER R |
usnmn Head boards
3 g;g ;;g Automate scanning
U 362 762 Auto load scan when complete
U 364 764 Number of bad channels
U 366 766 .
U 368 768 _ In the scan
U 370770 errorBits buttonStatus N/A

L ASA I
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Wire Analysis Code

* Developed an interface to 0o
speed up offline tension L e
analysis

APA#: 4
Stage: = Winding

Layer(s): XVUG

* Makes all standard plots
aUtomatically Laser Comparison  Laser Difference ~ Shortwires  Failures  Results Table

GA UA VA XA
10 12 10 10
10
e Currently has: :
z Z 6 z z
' - - : :
e Tension vs wire number " Mean: 6.58 " Mean: 6.54 " Mean: 681 " Mean: 6.90
O e o o © o o ® o - - - o= 0+ - - 0+
_2 o [+3 ] o0
-2 -2 -2
. . (5 100 200 300 400 500 iy 6 1000 (5 200 400 600 800 1000 0 100 260 300 400 500
* Failures (wires out of spec)
GB UB VB XB
10 10 10

 Comparison with laser
tension

Tension [N]
D
Tension [N]
N
Tension [N]
B
Tension [N]

Mean: 6.38 Mean: 6.62 Mean: 6.91 Mean: 6.88

| | n | | O
. [+] [+] [+] [+] D 4 +] Lok ) (4 1'5]
Communication with the . . - o
1 1 1 1
n 0 100 200 300 400 500 0 200 400 600 800 1000 1200 0 200 400 600 800 1000 0 100 200 300 400 500
database will be added
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How to measure a tension?

Plots by Chris Stanford

GB387

- Baseline subtracted M
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Resonance placement
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Mapping the wires

The DWA uses an algorithm to identify resonances and assign them to different wire segments

Channel: VA235

F P rrrrrr
Head boards

Slide by Chris Stanford
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Peak corrections

U/V layer has a complicated pattern

XB89 6.48 None None Nominal Save

X/G layer is much simpler

VB198 6.26 VBOQSB 8.77 Nominal

VB198 6.26 VB598 7.63 Save

“Human accuracy” factor in the correction.
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Offline tension analysis

Scans Wires Raw Plots Processed Plots

u DWA Chan: 0 APA Chan: XB17 DWA Chan: 4 APA Chan: XB25
- Broken wires

when shorting

others) are easy to | __ __

Spot

wn
o
o))
o
o
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Offline tension analysis

DWA Chan: 5 APA Chan: XB229

- Broken wires
(when shorting
others) are easy to

Spot DWA Chan: 6 APA Chan: XB227

Easy to address live

*

s
’M\“'Wﬂmﬂm.w, tm’wwwwf -1-%.. o

- Missing wires are
. . 8 84 86 88 90 92
harder to identify for =
sure

DWA Chan: 6 APA Chan: XB228
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How about using two DWAs at a time?

® [ried using two DWAs at
the same time on APA 5

e \\Nould speed up the
process If only one
APA is awaiting
measurement

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

® Resonances cannot be
extracted

Only one DWA can be active on an APA at a given time

MANCHESTER

A. Navrer-Agasson
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How to measure tensions the right way?

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. Setup the DWA (10 mins) Total DWA-related time for one APA: ~15h

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

1. X/G layer (1h) One-layer measurement time:
~2h (X/G)
2. U/V layer (2.5h) ~5h (U/V)

6. Disconnect the DWA and remove the rall

7. Repeat 3-6 on the other side User manual on EDMS
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https://edms.cern.ch/ui/#!master/navigator/document?P:100788027:101054576:subDocs

