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Quality Assurance and Quality Control protocols for DUNE APAs
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Related to the review charge:

o. If draft documentation detailing plans for procurement,
manufacturing, quality control, and part

identifiers exists at a sufficient level of maturity for initiating
module-zero production.

5. Future plans for testing in the EHN1-NP04 Cold Box and
ProtoDUNE-II and whether lessons learned from
ProtoDUNE-SP and other prototypes have been
incorporated within the current design.




Outline

Quality Assurance:

Detalled description of what we have learned from protoDUNE,
as this gives us confidence (QA) for DUNE

Detailed protocols for some APA components to ensure quality

Quality Control:

Detailed description of the testing protocols for the APAs



Quality Assurance

Long history of wire plane construction (MicroBooNE, 35t, protoDUNE
(1 & I1), SBND)

Two Production Sites (PSL and Daresbury) have extensive
experience with APA construction from protoDUNE-| (6+1 APAs) and
orotoDUNE-II (1+ APAs to date)

Robust construction process developed and tested

Updated (and currently being tested) plans for latest (protoDUNE-II)
APA design (larger frames, new geometry boards and fine-tuned
wire-winding machines)
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QA/QC Plan for APAs

Each APA component has clear inspection and testing protocols

‘ @ 2615592 (v.2) APA Final Design Review QA and QC Plan ‘

Procedures divided by component:
v Printed circuit boards: ]
v Pins and sockets of the boards:
v Tooth strips:

v Photon Detector Hardware: APA parts
v Combs and components:

v Mesh panels:

v Frame Beams & Pads:

v Wire Tension:

v Channel continuity and isolation: Assembled

v Specific torque requirements on designated hardware: APA

v Final surveys of assembled APA for frame flathess and wire ‘Jlane spacing:




Printed Circuit Boards™

UK automated board measurement
a \"

Board thickness

Tongue thickness for edge boards

Features (e.g. holes) positions

Electrical performance checks for
CR boards (doc in progress)

4 {_| Electrical components

=| 2616151 (v.1) APA board register

3 2616154 (v.1) Board labelling procedure

3 2616155 (v.1) UK board inspection documents

=| 2616160 (v.1) Pins and tooth strips

‘ =] 2616161 (v.1) US board procedures

* There are several different types of boards (head, foot, side,
U,V,X,G,CR, cover...). Each have their dedicated inspection procedures



—xample of documentation (PCBs

APACircuit Boaxd Ispeciion Page6 of 13

Document ¥: 3760C0c016 Revision: -

6.7.) Drnawing for beards being inspeaed,

674 Digital calipers

6.7.%  Clanplastic bags for irspeeted boards,

6.7.€ Muorker to kibe! bags with board type, Rev, and senial number.
0./,  Lighttable.

678 Computer withacvess to dgiml spreadshects,

7.0 Requirements | Additional Information:

7.1 All circuit boards should be labeled iy with a serial number i addition w the board lype and Rey
alrealy printed on the board  This cm occar before orafter mspeciion, ' after, ghe person
perfunming the hibding operation shouldaraks sure the number matchigsshe number onthe boand

buy.

8.0 Preparation / Setup
8.1 Collect the ciceut boadathat e going (o be nepected.
3.2 Dezpending on the boand beiag inspeaed collect thegoolsamd cquinment listed in the appropriate
sectivnof 5.1 tuough 6.5,
8.3 W pe down all work supfaseareas with ethyl akoholsoaked Ent-free wipes.

0.0 Prozecure
2.1 Tespecng All Buards

9.1.1  Warprotedive gloves while handling the crrcuit boards for al followmg steps.

9.1.2  If the boardz@se stillin their packaging, remove them. I there are labels on the
packaging. eut oul the labdls and sccure them onto sheets in the Fre-Production APA
Sinderinthe beard inspection room. If they have already had semal numbers engreved,
the packagelabels should be with the boards.

Q1.3 Tallup current speeadsheet for the board bemg inspected o ereate a new spreadsheet if
the beaird isa new Rev version. I a dimension his changel. update the spreadsiect
match the dawing

24,4 Recond all salues in the spreadsheet. Usce the: spraadsheet to gaide you, Values will tamm

red ifthey are eutiade of the spevifiad “olerance for coch measuremont. Some features
Juat require checking amd i all pass, put OK in thesheet

9.2 lespecting Head Boards
92.1 Chzck that solder mesk 1s where it shoald be or the boasd zccording to the deawing.

92.2 Chech the silkscreen printing on the front of the beard and note any differences from the

orint other thar the mamifacture’s loge.
92,7 Usingthe digital calpers, measure overall length (Figure 1),
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P 2.2,10 Measurs te de2anoc From the edge of ¢och hole to thy kRt sice of A2 board.

| ——
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PINs and sockets

Pin insertion force and withstand
force tests

Pin & Socket mating force tests

Visual inspection and continuity
checks

3 \L,'] Electrical components

—| 2616151 (v.1) APA board register

g 2616154 (v.1) Board labelling procedure

> 3 2616155 (v.1) UK board inspection documents
Lg 2616160 (v.1) Pins and tooth strips

-EJ- 2616161 (v.1) US board procedures




Tooth strips

»Visual inspection

- Measurement of tooth strip position

4 | Electrical components

=| 2616151 (v.1) APA board register

=) 2616154 (v.1) Board labelling procedure

P [_5“] 2616155 (v.1) UK board inspection documents

1IN

2616160 (v.1) Pins and tooth strips
—| 2616161 (v.1) US board procedures
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Photon Detector Hardware

- Interface with PD consortium

- Visual inspection of components kit

LERREER

- Test readout cables

11




Combs

- Visual inspection

4 ] Pre-production
(| Obsolete folder

| =] 2616166 (v.1) Combs

=] 2616168 (v.1) Mesh installation
=] 2616170 (v.1) BeCu wires

4 ] Production

(| Obsolete folder

(| Obsolete folder
3 2616181 (v.1) Board installation
=) 2616182 (v.1) Wiring

=| 2616201 (v.1) Epoxy dispensing
g 2616203 (v.1) Comb installation

12



Mesh Panels

Visual inspection

Tests with jig (dimensions, flatness,
deflection and deformation)

4 | Mesh

—| 2615582 (v.1) Mesh inspection procedure

=| 2615583 (v.1) Mesh inspection template

3 2615591 (v.1) Mesh assembly procurement document

Figure 6 — Mesh deflection + deformation check with external electrode



SBeams and Pads

Visual inspection

Dimension measurements (thickness,
corner radius, lengths, cross section)

Straightness and twists checks

4 | Frames

> g 2615572 (v.1) Beam inspection documents

g 2615587 (v.1) Frame assembly procedures

P> g] 2615588 (v.1) Frame inspection procedures
=] 2615590 (v.1) APA Material Cleaning




Frames

UK frame laser survey

Detalled study of frame
distortion (bow, twist, fold)

Frame planarity (twist [imit)

Inspection of hole sizes &
posItions

4 | Frames

P> _5“] 2615572 (v.1) Beam inspection documents
—5“] 2615587 (v.1) Frame assembly procedures
P> _5“] 2615588 (v.1) Frame inspection procedures
3 2615590 (v.1) APA Material Cleaning

15



4 {_| Production
(| Obsolete folder

Wire tenSiOn ﬂ,_jObsoletefolder | |

4 |=] 2616182 (v.1) Wiring
@ 2619595 (v.1) Tension testing templates

- Current official method: laser (manual =2z e epoy aspensns

TP ; @2616203 (v.1) Comb installation Cownload all
More details in Hannah's talk | e
4l [5 &760D0c002_Wincing.pd’
- Future method: electrical (semi-automated) C B e7so0cor e Soce Tmpo
4 8/60D0c012_Eicotncal_ lesting.pat
Laser method Digital Wire Analyzer (electrical method) 2 - —
4] I_E 8/60D0c010_Ienson_ lesting.pdt I

{4 o |=agen ot1| b b| | &

16



Channel Continuity and Isolation

- Current method: manual checks

- Future method: Use of DWA for
continuity

4 | Pre-production
(| Obsolete folder
—| 2616166 (v.1) Combs
=| 2616168 (v.1) Mesh installation
=| 2616170 (v.1) BeCu wires

4 ] Production
[Lj Obsolete folder
(| Obsolete folder

LY )

4 Downloj

- ]
=| 2616182 (v.1) Wiring |
— ] E 8760D0oc011_Tape_Solder_Trim.pdf
=| 2616201 (v.1) Epoxy dispensing h

32616203( 1) Comb installatio F%  8760Doc012_Electrical_Testing.pdf
= V. omb installation

|4 4 Paget of1| b M | &
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Torgue Reqguirements

- Some fasteners for the APA frames need to have very specific
torque values - .

=| 2615586 (v.1) Fastener Torque Specifications |

APA Frame and Yoke Torque Chart
Torgue in 3mm {ubhe wall. These Torque in stindord depth lapped hole
torque valnes huve been validoied I
with testing,
Fastoner size | Value | Umits | Value | Units Value | Unis Value Unils
M4 203 | N*m 18 lb=in
A3 339 | N¥m 30 Ib-in L
A0 () 1.75 | N¥m 12 Ik-1n 579 1 N¥m 21 |b-in
ME 14.2 l N¥m 126 [bein
MID 2% N*m 232 1beiny
M2 T I I T
MI 1202, N*m e Ih-fi




Assembled APA flathess and wire plane spacing

- New updated document in progress

* ‘, Z 5
%
=
Y &

Tolerance.
* 6mm overall out-of-flatness in the frame due to twist

* 11 mm out-of-flatness due to bow

* 1.2 mm out-of-flathess due to a “fold” down the center o



Summary of the documentation

Most procedure documents for QA/QC are on edms
Tested the document review/approval sequence (sign off)
QA/QC data is recorded on database

Nonconformance documents

Travelers are updated with the QA/QC results

20



Document sign-off

Experts produce documentation and exchange draft procedures
to finalise them

Documents are sent to managers for revisions and iterations
Documents are uploaded to edms with version numlber

QA/QC group discuss the uploaded documentation and may
propose comments/modifications (->re-iteration)

Plan to have automatized notifications to all QA/QC team when
new documents are uploaded

Weekly (bi-weekly) discussions of documentation progress

21
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Non-Conformance documents

Address Locker Group
Farrell St, Warrington WA1 2WW
Telephone | 01925 406602

Non-conformance number ] NC-UK-8760-03-001

Page 1/2

Non-Conformance Report — Meshes

IDENTIFICATION

Originator Name: Gwenn Mouster

Date: 15/07/2021

Cantractor/Suppliers: Locker Group

PO No: 4070287418

Part description: Mesh frame

Oty: 20/20

Part number: 294-10560 to 254-10564

Dy No: 294-10560 to 294-10564

Found during what activity:

C Items / Packing list / PO
x Weld inspection

& Mesh inspection
r Frame inspection

& Hole inspection
n Other:

Description of non-conformance (use continuation page if necessary):
See continuation page + document “QC mesh - ProtoDUNE-II - first mesh batch.xls”

Action taken to prevent misuse {use continuation page if necessary):

See continuation page

DISPOSITION
C Use-as-is © Return to supplier Comments: Rework 16/20 meshes,
& Repair O Reject/Re-purpose repair meshes 294-10563/001 and 294-
¥ Rework 0 Scrap 1064/005, return to supplier meshes
294-10560/001 and 002
Quality Assurance Project Engineer Project Management
Name: Gwenn Mouster Name: 3 Name: ¥
Date: 15/07/2021 Date: Date:
Other Project Personnel
Name: Date: | Name: Date:

Documents reviewed by all QA/QC managers 23
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4 | | Travelers

Travel | e rS | | Obsolete folder

|| Obsolets folder

|| Obsolete folder
|| Obsolete folder

4 Download all

3-01-02-F-TR-SK-01_01 Frame traveerpd’

3-01-03--TR-SK-01_01_Board_traveller.daex

3 2616204 (v.1) Travelers for parts

2 2616205 (v.1) Preduction travelers

trase_sssemibly Fripsdev et vy 2/ [0 Irams_assemitd

Someonent

Frame Assembly Step 1 - Tube Lengths
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Precedure Section 6.1.2
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Travellers
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Summary

Most detailed QA/QC procedure documents have been
developed (based on experience from protoDUNE-| and the new

APAs for protoDUNE-II)

Each component is individually checked and the assembled APA
as well

A 10% sample of APAs will be cold tested

Wire tension (continuity/isolation) will also be tested after the
cold tests and at installation

26



Sackup

27



—Xample of documentation

PCBs

B I Mechariical | Vi !
inspection Procedure
Step0

Boards are received in Manchester from Lancaster in Batches.

Each board has an individual QR code, whict identifies that boand in Sietch,

Each tatch of boards conlains exactly one type of boards produced by one manutadurer
and all arrived at Lancaster at one time.

The batch QR code is scanned which updates the board locationto be in Manchester.
As the measurement process is started, eachboard is scanned, which updates the
measurement status on sietch,

Step 1

Feature positions for all byards are measured according to the XY Measurement
Procedure (A) attached below. The data is uploaded according lo the data export
procedure (B) attached below

Step2

Buard Wickness lor all bowrds is measured scuording W the Thickness Measurement
Procedure (C) below.

Step 3

For edge boards the tongue depth is measured according to Toague Depth Measurement
Procedure (D) attached below.

Stepd

Production of travellers. For all boards the data from the above measurements is checked,
and for all boards that pass, this is compiled ivto a traveller, using Traveller Template
document, including any Non-conformance documents.

Step s

All boards are packaged individually in bubbewrap packages and are shipped in batches
(or sub-batches) as per the Shipment Table (E) below. Travellers are included witheach
batch of board as well as being found on Siet:h.

Procedure C
Thickness measurement procedure

STEF 1 - “Calibration”

1. Open the grogram CL-NavigatorN
Th2 numbers willl typically sead ~0.26 mm before calibration

2. Position the sliding stage cose 10 the lasers and place a gauge block hang ng over
the edge

3. Inithe program clic< “Zero” two times and check that the measurement oscilates
arcund the nomind value cf the gauge block

4. Baj the gauge blocks and store them. Close the CL-NavigatorN program.

STEF 2 - Setup

Step 2.1 - Changc the clamp position if necessary

Some boards have a big hole in the middie, others on one side. Ycu might need to adjust e
clamp position o the clamp can hald the board in position

1. Place a board in the sliding stage <o that its botlom edge i touching the white stogs
on the badcs and try to see il clampang is possible,

2. Wnot, remove the screws using a Fex key and place the clamp in cne of the other
perforated holes.

3. Scew In the desired position (don': use 100 much pressure, the threads are delicat2)

Step 2.2 - Draw scan line positions in the bass

1. Draw marke in the bage of Ihe apparatue ascording to the positic
defined for the board model.
a. The scanline position values can be found here:

i/ - f wis S/

1i=0 ard on EDMS with the

programmes.
b. The marks are measured using a ruler.

00— ——
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APA key requirements

- Number of working channels > 99% (continuity, isolation, tension)

- Wire pitch (frame flatness, tension) + 0.5 mm

- Plane spacing (frame flatness, tension) + 0.5 mm

SP-FD-9 APA wire| 4.669mm for U,V;| Enables 100% efficient Simulation
spacing 4.790 mm for X,G MIP detection, 1.5cm
yz vertex resolution.
SP-FD-10 APA wire] +0.5mm Interplane electron ProtoDUNE and
position toler- transparency;  dFE/dr, simulation
ance range, and MCS calibra-
tion.
SP-APA-5 Frame pla-] <5mm APA transparency. En- ProtoDUNE-SP
narity  (twist sures wire plane spacing
limit) change of <0.5 mm.
SP-APA-6 Missing / <1%, with a goal of | Reconstruction effi- ProtoDUNE-SP
unreadable <0.5% ciency
from TDR

channels

29




Note on Frame Flatness QC (and wire plane spacing)

We have concrete tolerance values for each of the possible
deformation (twist, bow, fold) to keep the wire plane spacing

within 0.5mm
* 6mm overall out-of-flatness in the frame due to twist

* 11 mm out-of-flatness due to bow

* 1.2 mm out-of-flathess due to a “fold” down the center

Exact tolerance on multiple frame distortions is harder to quantity,
but we know that they are not directly additive

We also can measure directly the plane spacing post-construction

If there are small deviation outside the tolerance, we still have a
mitigation strategy to use higher bias voltage to ensure
transparency. This will be studied in detall with dedicated
protoDUNE data soon 30



