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ITEM NO.| QTY. |PART NUMBER DESCRIPTION
1 84 87528693 |[EDGE BOARD LOCATING SLEEVE 8mm DIA
2 40 87528748  |APA HEAD ASSEMBLY HEAD TUBE 7.3mm SPACER
3 122 8757A161 |M4-0.70 x 12 SBHCS A2 SS SILVER PLATED
4 40 8757A162 [M4-0.70 x 16 SBHCS A2 SS SILVER PLATED
5 84 8757A163  [M4-0.70 x 16 FHSCS A2 SS SILVER PLATED
6 40 8757A164 |M4-0.70 x 25 SBHCS A2 SS SILVER PLATED
7 20 8757A165 [M4-0.70 x 20 FHSCS A2 SS SILVER PLATED
8 - 8760023 |V SIDE END BOARD ASSEMBLY - OFFSET STRIP
9 24 8760025 |V SIDE MIDDLE BOARD ASSEMBLY W/O SLOT - OFFSET STRIP
10 14 8760027 |V SIDE MIDDLE BOARD ASSEMBLY W/ SLOT - OFFSET STRIP
11 6 8760029 |V MIDDLE FOOT BOARD ASSEMBLY
12 2 8760035 |V FOOT BOARD ASSEMBLY - END
13 2 8760106 |V MIDDLE FOOT BOARD ASSEMBLY POSITION 4 & 7
14 8 8760528 |V LAYER LEFT WIRE COMB
15 24 8760529 |V LAYER MIDDLE WIRE COMB
16 8 8760530 |V LAYER RIGHT WIRE COMB
17 2 8765002 |V HEAD BOARD ASSEMBLY - LEFT END
18 18 8765003 |V HEAD BOARD ASSEMBLY - MIDDLE AND RIGHT END

Wrap (Side) Boardg?

Wrap (Foot)

V BOARDS AND COMBS
Head Boards

HEAD END

Boards
FOOT END
Geometry boards are used to positic}n\,/c
wires on APA frames and connect - .

charge readout wires to the bias power
supply units & front end electronics.
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NOTE: AT NOTED LOCATIONS, TEMPORARY SCREWS ARE SUBSTITUTED FOR THE
SCREW SPECIFIED IN THE BILL OF MATERIALS. SEE APPROPRIATE PROCEDURE
FOR SPECIFICATIONS OF TEMPORARY SCREWS AND DETAILED INSTRUCTIONS.

5 N THRD ANGLE PROECTON

SEE NOTE DETAIL C

SCALE1:4

University of

Sheffield

What are Geometry Boards?

DETAIL E
SCALE1:3

PHYSICAL SCIENCES LABORATORY
UNIVERSITY OF WISCONSIN
(608) 877-2200

- 8760 - 065

(\




Geometry Boards on an APA

Wrap (Foot)
Boards
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APA PCB Production Requirements

Required number of UK-APAs: 134
Required number of US-APAs: 14
Total APA worth of geometry boards: 148

UK to produce 148 APAs worth of geometry boards (i.e. a total of
32,436 pieces of geometry boards).

Geometry boards are:

- Head and wrap (side and foot) boards that come in 29 flavours.

US to produce 148 APAs worth of filter boards (i.e. a total of 9,176
boards).

Filter boards are:

- CR, G-bias filter, CE-CR Adapter and SHV header boards that come in 5
flavours.

4 21/08/2023 Anthony Ezeribe | DUNE APA Technical Board Meeting

R University of .
% Sheffield (V=



APA PCB Processing Work Flow

Boards Shipped

LANCASTER:

Reception/
Visual Inspection

MANCHESTER:
QA Measurements

PASS

X,V,U&G-WRAP V,U&G-HEAD X-HEAD X&V-WRAP U&G-WRAP

William & Mary: CAMBRIDGE: SUSSEX: SHEFFIELD: LANCASTER:
Tooth-Strip Attachment Mill-Max Pin Insertion Mill-Max Pin Insertion Tooth-Strip Attachment Tooth-Strip Attachment
CHICAGO: US-APA Factory DARESBURY: UK-APA Factory
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Board Shipments To APA Factories

Date D e eneeeeeeeeeeeeeeeieeeeooooooonnsssssezeseeeeeeeeeeooes Date. shinned.ta Daresbuns. Chicagn & WEM. ...
-.--A..P.A..N.?.-.-JE.--.RPnul.red ..... X—Head (Sus\ VHead!Caml ...... U-Head ... .. G-Head . . § ..... X-Wrap_.__i .. V-Wrap.____i U-Wrap. (LanL.-_..G..\Nran (Lan)..._;. Cover (Shef). : __Etched cover_ |
B 11-5ep-2022. % 1-)u)- zozz--;--.um 20221 1Jul2022 1 100120221 1a0ul-2022 - 1-0ul2022. 1§ 30:5ent-2022 ¢ 30-5e0t:2022. .. §_ 1=ul-2022. 5 . 25-Nov:2022 .

: 1-Sep-2022 : 3 : 24-0Oct-202 ' 24-Oct-2022 | 22-Aug-2022 : 15-Aug-2022 : 15-Aug-20 : 16-Nov-202 6-Nov-2022  : 28-Aug-2022 : -Nov-

.28.—Aug:2022..%
......... 7o i 1:5€0:2022.. 1 23-NoN=2022.: . 31:06t-2022. 1. .6-1an-2023.i. 7-Sent-2022. ;. 18-0ct-2022. . 18-0¢t-2022 i 25-Nov-2022.}.... 25:-Nav-2022....}. 28-Aug:2022. i .._25-Nov-2022.._]
_________ 8 ._______.f.__1__I_\I_Q\./:_Z_O_Z__Z_._;__1__D_e_c__2_0_2_.2__.___6_J_an__2_0_2_3___:___6__Ja_n__2_0_23._._2_7__Sepic__2_0.2_2__:__2_8_Q_ct-_Z_O_Z__Z__h__2_8__O.ct__2_0_2_.2__.__1_5_.D_e_c__2_0_2_2_.:___._1_5__D_e.c__2_0_2_2.____.f__Z&_Aug_Z_O_ZZ._ . 13:Jun-2023 ___|
..US1.. i 1-Feb-2023 i . 17-. . i 28-Feb-2023 i 24-Feb-2023 ; 28-Feb-2023 \ 25-)an-2023 | 25-an-2023 | 25-1an-2023 ;. .25-Jan-2023 .} 28-Apbr-2023.: ... ]

] 1-Nov-2022 E’I% Dec- 7077. 6-13n-2023 13-1an-2023 577 -Sept- 70775 7-Nov-20272 7-Nov-2022 19-1an-2023 19-1an-2023 19-1un-2023 13-lun-2023
________ 10.......i 1=Nav-2022_ 1. 6-]an-2023..}.. 6:-Jan=2023._._}__7-Feb-2023... 27-Sent-2022 ;. 16-Nav=2022.. 16:-Nav-2022.;.10-Mar-2023 }....10-Mar-2023..__:.19- Jun—2f)23--_--_.-_.-_-----_--_.-_--_.
________ 1. 2Nov-2022 . 17-1an-2023.. 10 Jaa—.ZQ.Z_3-_,-_2_2_.Ee.b__Z.Q.Z_3-,'.Z_Z-Sept_.2.0.2._2_-5__2.8-Nov:_2_0_2..2_.,_ZB_NQV.-.Z_QZ_Z_,-_4_Apr.-_ZQZ.3_-,_-_.-_4.Apr.-_2_0_23.----,'_-_1.0_J.uJ-_2_0_2.3_.-,_-__-_.--.-------_.-_.-_.
________ 12.......112:Mav-2023 : 24-1an-2023.;..9-Feh:2023 i 23:Feb-2023.: 27-Sent-2022 \._5:Dec:2022. | 5:Dec-2022. i 25-A0r-2023 % ... 25:Anr:2023 .. 1 10-0ul-2023 £
e US20 0 31:Mav-2023 5 17- i 21-ADr-2023. i 27-Anr-2023. | 27-A0r-2023. ;. 28:A0r-2023 .| 28-Anr-2023 i 28-Anr-2023.....28-Anpr-2023 .. i 6=0ul-2023 . E
________ 13_______..__22 -un-2023. 30-1an-2023.;. 27-A0r-2023 i 14:Mar-2023, £.14:Nov=2022 : 15:Dec:2022 £ 15:Dec:2022 . 9-Mav-2023 ... 9:Mav:2023 ... 10:4ul-2023 £
________ 14.......}..24-Jul-2023. 1 22-Feb-2023 ;. 9-Mav-2023. ;. 31-Jul-2023. .} 8-Feh-2023 ... 5:Jan-2023 . ;..5-1an-2023 . 18-Mav-2023 ;... 18-Mav-2023..._5. . 10=0ul-2023 5 ............._]
________ 15 1-Jan-2023 5 Aor-2023 i i 3-Aug-2023.} 2-Aug-2023..13-Jan-2023.} 13-Jan-2023 i 1-Jun-2023..5 . 1-Jun-2023... 10-Jul-2023 .|
________ 1.6--.----.5.-.1 2an-2023.§ 20-A0r2023. o 11eAUR-2023 L 15:-Mav-2023 | | 15:-Mav-2023.§ 13-Jun-2023. ;. 13-Jun-2023 . 10-Jul-2023 5 ...
________ 17.......3.26:-Mav-2023.L 2:-Mav-2023 oo £19-Mav-2023 £ 19:Mav-2023.§. 22:1un-2023 | 22:Jun=2023 ... {..26:0ul-2023 ..
eV 3L 1T-Mav:2023 £ 6:0un-2023. £ 22:0un-2023. .. 29-1un-2023..{. 05:Jul-2023 . . 20:Jun-2023..}.20-Jun-2023 .{. 16:1un-2023. ... 16:Jun=2023 ... 6:0ul-2023. 5.
........ 18......... 15:Feb- 20231225 -Mav-2023.: 25-Mav-2023.;.. 6:Jul-2023 ;... 6-Jul-2023......0 . 26-Jul-2023 . ...
........ 19_-._-._.._1.5_-E_e_b_-2_0.2_3._L._1.2_-J.ul._2.0_2.3_-._-._-._-._-._-._-._-._-._-._-._-._-._-._.._-._-._-._-._-._-._.-__-.-J.un._2.0_2.3_-.L-._1..J_u.n-.2_0.23:_-._-._-.Re.a.o.ly.._7.x_8._7.6QQ4.2_-b_o.ards._-._,._.2.7.J_uJ_.2.0.2.3._h._-._-._-._-._-._-._-._-.
________ 20 A5Feb=2023 E o 2 19:0UN22023. L 19:0UN2023 e 270U12023
________ 20 iA5Feb-2023 % i 119:un-2023.119-0un-2023 i 31ul-2023.
________ 2215Eeb20234 Jul-2023 G Aul-2023 G i17-Aug2023% ]
.US4 L 15:0un-2023. 8 3:0ul-2023 i ..28-Jul-2023..;..28:Jul- 2023___,___§h_|}?_f_r_Qm___5,___S_h!P__fr_Q_f_TJ___i___S_hJQ_fEQf_TJ___,5___$_h_lp__fEQle_M?!n__j___ﬁJ_uJ-Zoza___i, _________________________
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________ 26, e BADE2023 e e e e e )
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Us 5 L 20.151-0023 : : : . _ship from shlg from__: sh|g from__: sh|g from Man _ig.1yl-2023 |

e Highlighted in red are scrapped UK- APA 6 boards

e Solid blue line in the table above shows the current position of Daresbury APA factory in utilising the delivered geometry
boards. The US APA factory is yet to start production.

e So, the APA board production/assembly is ahead of both the UK and US APA factories as required.

S
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N
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Geometry Board Productlon Status

______ S/N...... Board Ref No. ,____________________Desgrlnngn____________________j_____NQ_P_er_APA ..No passed-QA----.E--.--APA Passed...._..__NoOrdered. ;. ... % orderpassed.. .|
_________1_________;______8_7__6_Q_1_1_9_____,5_L_J__'_‘!?5?_9'_E‘?ﬁ[‘.’-.‘rf’:ﬂ_ﬁﬂq_______________________,5 _____________ 286 A3\ i 318 i 27.0% .|
2 : 8760030 :V Foot Board Middle i 6 E 344 E : : 954 : 36.1%

............................................................................................................................................................................................................................................................

3___.i 8760057 :U-FootBoard Middle § 6 f 294 § f 954 § 30.8%
5 '\ Head Board Left End ' ' ' ' '

8760024 :V Side Board End

8760107 :V Foot Board Middle Position 4 And 7 :

8760059 :U-Foot Board Low Slot End i | i | i 54.1%

8760113 |G Edge Board Position 4 and 7
8760062 G Edge Board High Slot End
:U Head Board Middle
8760120 G Head Board Right-End
8760028 :V Side Board Middle With Slot

* Red: less than 20 APAs worth of the board type have passed visual inspection and metrology measurements (top production priority). 14%.
. only 20 - 49 APAs worth of the board type have passed visual inspection and metrology measurements (medium production priority). 45%.

* Green: the December 2023 target of 50 APAs worth of a given board type have already passed visual inspection and metrology measurements. 41%.
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Are There Boards We Can Accept On Concession?

A University of "

#
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DUNE-APA PCB Tolerance Review Meeting

* To check if there are board feature tolerances we could relax on
concession to improve the board QA pass rate, we had a DUNE
PCB feature tolerance review meeting on the 1st day of March
2023 at the Daresbury APA factory.

* The following people attended the meeting:
- Justin Evans (Manchester): DUNE APA Management
- Vitaly Kudryavtsev (Sheffield): DUNE PCB Management
- Dan Salisbury (STFC-Daresbury): APA Factory Expert

- Graham Miller (Manchester): Electrical Engineer
- Pawel Guzowski (Manchester): Postdoc on DUNE APAs

- Anthony Ezeribe (Sheffield): Postdoc on DUNE APAs

A University of

%) Sheffield (Ve
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Features Failing On Head Boards

All tested boards

.-'b'/"tag“;*-._

(total tested boards) 2964 # Failed QA

SLOT_H 228 17.69%"
RMOUNT_SLOTH 151 {5.09%
RMOUNT_TR_DIA 17 | 3.95%
LMOUNT_TL_DIA 113 381%
LMOUNT_BR_DIA 113 3.81%
LMOUNT_TR_DIA 111 3.74%
RMOUNT_BR_DIA 108 3.64%
RMOUNT_TL_DIA 106 3.58%
REDGE_B 94 3.17%
TH_R_TR_DIA 91 3.07%
THICK_GROOVE 89 3.00%
TH_L_BL_DIA 64 2.16%
TH_L_TL_DIA 52 1.75%
TH_R_BL_DIA 52 1.75%
TH_L_TR_DIA 50 1.69%
TH_R_TL_DIA 49 1.65%
THICK_RELIEF 47 1.59%
LMOUNT_C_DIA 44 1.48%
RMOUNT_C_DIA 44 1.48%
DIA0O1 42 1.42%
LEDGE_B 41 1.38%
DIA002 38 1.28%
DIA004 38 1.28%
DIA003 37 1.25%
TH_R_BR_DIA 36 1.21%
DIA041 35 1.18%
TH_L_BR_DIA 32 . 1.08%
DIA042 29 | 098%
TEDGE_R 28 §0.94% |
BEDGE_R 27 $0.91%
DIA043 27 "'-.o 91%-"

After 1 Oct 2022

“htage

All Head Boards (HB) tested
from inception: 2964

Head boards tested from
01/10/2022: 2283

Failed HB points since
01/10/2022: 3220

HB we can accept under
concession: 1512

Head board failure reduction
rate: ~46.96%

(total tested boards) 2283 # Failed QA Board Feature
RMOUNT_SLOTH 129 5.65%"‘-.,_ Slot height (all 8760108 boards)
SLOT_H 119 5.21% Slot height

RMOUNT_TR_DIA 117 : 5.12% :':__Mounting hole diameter PY
LMOUNT_TL_DIA 113 4.95% :"-;_Mounting hole diameter
LMOUNT_BR_DIA 113 4.95% :I_\/Iounting hole diameter
LMOUNT_TR_DIA 111 4.86% Mounting hole diameter
RMOUNT_BR_DIA 108 4.73% Mounting hole diameter
RMOUNT _TL_DIA 106 4.64% Mounting hole diameter ®
TH_R_TR_DIA 85 3.72% I\)::]ounting hole diameter
REDGE_B 74 3.24% Ei__dge position
THICK_GROOVE 70 3.07% Groove thickness
TH_L_BL_DIA 55 2.41% M:ounting hole diameter .
TH_R_BL_DIA 47 2.06% Mounting hole diameter
TH_L_TR_DIA 45 1.97% M:ounting hole diameter
LMOUNT_C_DIA 44 1.93% Mfounting hole diameter
RMOUNT_C_DIA 44 1.93% Mzounting hole diameter
TH_L_TL DIA 43 1.88% h/éounting hole diameter Py
TH_R_TL_DIA 41 1.80% M:ounting hole diameter

DIA0O1 38 1.66% MM pin hole diameter
LEDGE_B 33 1.45% Efdge position

DIA003 32 1.40% MM pin hole diameter

DIA004 32 1.40% MM pin hole diameter e
DIA002 31 1.36% MM pin hole diameter

DIA041 30 1.31% MM pin hole diameter
THICK_RELIEF 29 1.27% f?elief thickness

DIA043 26 1.14% MM pin hole diameter
TH_R_BR _DIA 25 : 1.10% _,:’:Mounting hole diameter

DIA042 25 % 1.10% :MM pin hole diameter

TH_L BR_DIA 24 1.05% Mounting hole diameter
BEDGE_R 23 1.01%;: Edge position

DIAO44 22 "'o 96%

e Green: Features not critical. Proposed to relax tolerances at the meeting - see the first change request.

* Red: Tolerances proposed to be relaxed but needed more work to determine limits - see the second request.

» Blue: Very critical features, so current tolerances cannot be changed.
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Procedure Change Requests On EDMS

Geometry Board Tolerances And

Geometry Board Tolerances And
Metrology Procedure Change Request

Metrology Procedure Change Request

Requester: Justin Evans, Vitaly Kudryavtsev, Graham Miller, Pawel | Date: 31/03/2023
Guzowski & Anthony Ezeribe Requester: Justin Evans, Vitaly Kudryavtsev, Graham Miller, Pawel | Date: 24/05/2023
Guzowski & Anthony Ezeribe

Number: APA-PCB-09

Number: APA-PCB-10

Description of requested change: Reason for change:
Description of requested change: Reason for change:

We had a meeting at the Daresbury factory -
with the APA winding experts to understand We had a meeting at the Daresbury factory
the board features that are critical to produce with the APA winding experts to understand
a functional APA. Considering their requests - the board features that are critical to produce -
and the physics requirements of the DUNE a functional APA. Considering their requests
detector, we propose as follows: and the physics requirements of the DUNE

' detector, we propose as follows:
FOR HEAD BOARDS: )
(1) Mounting Slot Heights/Hole Sizes: slots | This change is necessary as slots and slot F1—°'<§"'EA——Q1TB§%(5—D§
that are on head boards are needed for heights that are needed for positioning the X- SI' o) chr:r:;v:epo:y g?::\;e thickness tolerances | The proposed head board groove tolerances will
f;°2§'°§g' 3,2° ?(r)ds ;%rtv(\)nnmd:gguarg I‘\)ﬁn m;e I:‘)a/ireb;): r%?ff(;?;:;t?g?ﬁg%:::xitnbevnelﬁg?‘%oé on V, U and G head boards which are used to | ensure that each of the V, U and G head boards
re)lle\;ant slotpforp:ny given wire Iayery The wire Iaye);s gv. collect/stop DP-2216 epoxy from flowing into | will have a minimum of 230 x 5 x 0.8 mm?

the Mill-Max press-fit connector pin holes. groove and a maximum of 230 x 5 x 1.5 mm?
The major constraining issues on these head | groove which will be enough to stop epoxy from
board groove thickness design are whether flowing to the Mill-Max pin holes. The maximum
(a) the thickness of FR4 materials beneath expected tension on any of the head boards is
the epoxy groove could break after tensioned | ~350N (i.e. 48 wires x 7N) which is well below
wires are soldered on the head board and (b) | the expected 2,760 N flexural strength of a head

slots/holes that are relevant to each of the
wire layers are:

“10,11" for the X-layer

“16,17" for the V-layer

“12,18" for the U-layer

12,217 for the G-layer the groove size will be enough to collect all board with the 230 x 5 x 1.5 mm? (worst case)
the epoxy. Considering these issues, we epoxy groove so the head boards can still carry
tTr‘]hese ‘:'08‘133?’-" chaftiseshd?es not apply to propose to change the tolerances of the head | the tensioned wires with the proposed
© centre mounting holes. board grooves from the current 1. 05":’;:: mm | tolerances.
(2) Board Widths: +0.45
. . . X to 1.05 mm.
Tolerance on the board widths is currently The distance between solder pads and width- =025
+150 ym. We are proposing to change the edge of head boards is currently 13 -15 mm so X
tolerance of the datum to solder pad head removing or adding an extra +250 ym will not gi)aﬁ;':te?.l Contler-hors Moynting Hole

board edge widths to +250 um while the affect the functioning or IPC power ratings of the
. . . head boards. So we propose to move the

daturT\ to Mill-Max pin hole edge widths tolerance of the datum to solder pad head board

remains unchanged at +150 pym, see the edge widths from the current +150 ym to +250

picture below for details. pm.

To change the central counterbored hole
diameter tolerances. These holes are marked
“12" on each head board. The major
constraining issues on these head board
central counterbored hole diameter design
are whether (a) the M4 screws in such holes
will have enough FR4 materials to rest on
when locked and (b) the screws will have
enough clearance to pass through if the holes

To ensure that there are enough FR4 materials
to hold the head of the locked M4 screws, we
have not made the hole bigger by not changing
the maximum allowed counterbored hole
diameter. The minimum allowed counterbored
hole diameter for a given M4 screw is 4.3 mm.
However, the proposed tolerance here allows a
minimum counterbored hole diameter of 4.5 mm
to ensure that the screws have enough

e The first procedure change request (PCR) was uploaded on EDMS on the 31st day of March while the second PCR went live on EDMS
on the 24th day of May 2023.

- EDMS Link to the first PCR: https://edms.cern.ch/ui/file/2881026/1/APA_PCB_Metrology_Procedure_Change_Request.pdf
- EDMS link to the second PCR: https://edms.cern.ch/ui/file/2898080/1/APA_PCB_Metrology_Procedure_Change_Request2.pdf
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Head Board Slot Hole & Edge Dimensions

Mounting Slot Holes
(Slot heights
widths) in PCR-1.
and

*MT Slot holes “10,11” relevant for only the X-layer boards. Slots,

(e}

(o]

—

o0 00

LAYER 1 HEAD

O o)

o0 00 O

o0 00
cO 00
00 00
cOo 00
o0 00
cO0 00
o0 00
c0 00
o0 00
o0 00

o0 00

o0 00

10: M4 x 10mm BHSCS
11: @6 x 2.5mm
12: M4x 25mm BHSCS

MIDDLE & ENDS

@ cooco () oooco @

o0 00
00 00

c0 00

8760104 REV B

o ©

o0 00
cOo 00
o0 00
cOo 00
o0 00
o0 00
o0 00
0 00
o0 00

o0 00

o0 00

oo oo QO

0O 00

0000000000000 00000000CDO0C0C0CDO0OO0C0CDO0CO0C0CO0CO0C0CO0CO0CO0OCO0OO0OCO0OO0OO0OO0OO0OO0OO0OO0OO0

A

Nominal: =150 um
Proposed: £250 um

X<— Datum

Nominal: =150 um
Proposed: No change

“16,177; “12,18”; “12, 21” are all relaxed on X-layer boards.

*MT Slot Holes “16,17” relevant for only the V-layer boards. Slots, “10,11”; “12,18”; “12, 21” are all relaxed on V-layer boards.

*MT Slot Holes “12,18” relevant for only the U-layer boards. Slots, “10,11”; “16,17”; “12, 21” are all relaxed on U-layer boards.

*Slots/MT holes “12, 21” relevant for only the G-layer boards. Slots, “10,11”; “16,17”; “12, 18” are all relaxed on G-layer boards.
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Head Board Central Counterbore Holes

00 00
00 00
cO OO0
o0 00
c0 00
o0 00
00 OO0
o0 00
o0 00
o0 00
00 00
o0 00
00 00
o0 00
00 00
o0 00

-

00 00
00 00
00 00
o0 00

Central Mounting O 1 O © O 10, 11 ©@ O
Counterbored Hole (/Gr'lz - O 12 O
Diameter in PCR-2.

10: M4 x 10mm BHSCS

11: @6 x 2.5mm

12: M4x 25mm BHSCS

LAYER 1 HEAD MIDDLE & ENDS 8760104 REV B
° O @ O @ cooo () oooco @ O @ O °

00 00

Nominal head board central counterbore hole diameter is 5.000 £ 0.115 mm, proposed for change to

5. OOOJ_Fg ;(1)3 mm. See PCR-2 for details.

The counterbore hole has not been made bigger to ensure that the head of the M4 screw locks the head board

with enough FR4 material.

The minimum possible clearance for an M4 screw is 4.3 mm but the minimum counterbore diameter is 4.5 mm.
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Head Board Epoxy Groove Depth

N . Epoxy Relief (PCR-1) &
N\ Groove Thicknesses
(PCR-2).

0O

o O

o] o
O O O O oo O o o O O O O
The nominal head board epoxy groove depth is 1.0579-2 mm, proposed for changeto 1. 051945 mm.
~0.20 ~0.25

The nominal head board epoxy relief depth is 0.25 £ 0.15 mm, proposed for change to 0 . 25+0 1g mm.

The proposed tolerances will allow a minimum head board epoxy groove volume of 230 x 5 x 0.8 mm3 with a maximum groove
volume of 230 x 10 x 1.5 mms3 expected to be enough to stop epoxy from reaching the MM pins.

The maximum expected tension on each head board is ~336 N (7N x 48 wires) which is well below the expected ~1190 N limit
of a head board with the 230 x 10 x 1.5 mm3 epoxy groove (worst case).

. . . R University of .
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Features Failing On Wrap Boards

All tested boards

%tage

(total tested boards) 5771 # Failed QA

THICK TOP_TONGUE 601 1041%
THICK BOT TONGUE 499 . 865% -
SLOT W M8 603%
TONGUE_TR 329 570%
TONGUE BL 195 3.38%
TONGUE_TL 184 3.19%
SHOULDER BR 177 3.07%
SHOULDER TL 158 2.74%
TONGUE_BR 147 2.55%
TH_L_DIA 137 2.37%
THICK_TOP_THICK_1 131 2.21%
THICK BOT THICK 1 114 1.98%
SHOULDER BL 113 1.96%
THICK BOT GROOVE 112 1.94%
TEDGE R 10 1.91%
PDS_BR_RAD 99 172%
SLOT R X 86 . 149%
SLOT L X 6 132%
TGROOVE T 62 . 107%
SHOULDER TR 58 C101%
DCUT_TR_RAD 56

All Wrap Boards (WB) tested
From Inception: 5771

Wrap boards tested from
01/10/2022: 3891

Failed WB points since

01/10/2022: 2516

WBs we can accept under
concession: 1784

Wrap board failure reduction
rate: ~70.91%

After 1 Oct 2022

(total tested boards) 3891 # Failed QA %tage‘-._: Board Feature
SLOT W 266  6.84% Slot width (163 from 040 boards)
TONGUE_TR 258 | 6.63% :Tongue height (top right)

THICK TOP_TONGUE 227 5.83% E‘;_Tongue Thickness

THICK BOT TONGUE 196 | 504% Jongue Thickness
TONGUE_TL 138 3.55% iongue height (top right)
THICK_TOP_THICK__1 122 3.14% BZoard Thickness
THICK_BOT_THICK_1 i 285% Bzoard Thickness

TONGUE_BL 108 2.78% Té:)ngue height (bottom left)
SHOULDER _TL 05 | 244% Sihoulder Height

PDS_BR_RAD 87 2.24% Riectangular slot radius (bottom)
TH_L_DIA 81 2.08% anle diameter (left)
TONGUE_BR 79 2.03% Tcé)ngue height (bottom right)
THICK_BOT_GROOVE 78 2.00% Gfroove thickness
DCUT_TR_RAD 56 1.44% R}Eadius of wire conduit cut
SHOULDER BR 54 1.39% thoulder height

BEDGE_L 49 1.26% I:Eeﬂ edge position (from bottom)
TEDGE_R 45 i 1.16% Leftedge position (from top)
SLOT H 38 . 098% Slotheight

SHOULDER_TR 37 0.95% Shoulder height

DCUT BL_RAD 2 082% .

TH_R_DIA 27

 Green: Features not critical. Proposed to relax tolerances at the meeting - see the PCR-1.

* Red: Tolerances proposed to be relaxed but needed more work to determine limits - see the PCR-2.

* Blue: Very critical features and so current tolerances cannot be changed.
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WB Epoxy Grooves & PDS Hole Edge Radius

REVISIONS

REV. | DRAWN DESCRIPTION DATE APPROVED

-16.48[.649

/—PAD POSITION

REF

2X 90°

Wrap board Epoxy Groove Depth
tolerances proposed to change from

0.870> mmto 0. ng';g mm. See

P 2 sotonn PCR-2 for more details.

REF

2.00[.079]
ADJUSTED TOé%RANCE ON MECHANICAL FE'?YIURES FOR 11/5/2020
8.000[.3149¢]
NON-ACCUMULATING
EROR )
° f
°

DM

7.50[.295]

1.00 MIN[.039 MIN] Al

0.8mm DEEP GROOVE

5.23° TYP.

\@FOOTEND
| 1405 14

TOP

DETAIL A
w3z § B
828 2 oo LB oE Wrap board Photon Detector System
S5g 8% g g 8% 2353535 B .
of 2353 2 =8 sezisd = (PDS) rectangular cut-out edge radius
Ljrv o 77T LA ;‘_ﬁ | tolerances proposed to change from
62.35[2.455]— 9 ‘\”\ é § +0 50
ig.%ﬁi?ﬂ e AN VTR DI EREREXRIRRARERRARERT (1.1 53 / 300+ 045 mmto3.00 30 m
144X 12mm BHSCS &
13.70[.539] K \‘i’i‘gﬂa‘c’ \Al e o s P B S See PCR'2 for detaIIS
71372 22(9)[ - ‘ i T C ) ) ) ] o "REF
' X 107/M TIGAW 3AIS  €¥WAVI \‘_, ‘-
e ~—] uﬂuMunnuuﬂunuuuununuannuununnuunuu a9 —ridipes)
- 62.35[2.455]— \ \ { R S
4.7 u_\‘ Vo 3X @ 4.50[0.177] THRU ALL ¥89(I)5[O 321] X 10.15[0.400] —im—3.18:0.15[.1252.00¢]
’a‘é il \ Lo 8.15[0.32|J ¥ 1.00£0.15[0.039+.006] 4x R3.0[.118] THRU
8 & ©42.00[1.654] THRU
% § B\ g15/0.321] THRU

e The maximum expected tension on each wrap board is ~672 N (2 x 7N x 48 wires) which is well below the
expected ~912 N limit of a wrap board with the 230 x 10 x 1.15 mm3 epoxy groove (worst case).

e The proposed PDS rectangular hole edge radius tolerance leaves a clearance of at least 250 um between
the APA’s frame and wrap board PDS edge radius (in the worst case).

. . . A University of
16 21/08/2023 Anthony Ezeribe | DUNE APA Technical Board Meetin \/ N
y 9 % Sheffield (Ve



Wrap Board Th|ckness And Tongue Thickness

Tooth-strip

- Wrap Board Tongue

Old: 1.00min — 1.42max
Proposed: 1.00min — 1.48max

1.75

Wrap Board Shoulder

2.30 +/- 0.15
The proposal is to change the current wrap board thickness tolerance from 3.18 = 0.159 mm (5%) to

3. 18f8 ;gg mm 82 :55{;)). See PCR-2 for details.

The +5% upper thickness range was need to ensure that gaps between adjacent APAs in the cryostat are maintained.

The proposed -10% lower thickness range will not affect the position as the wire layer as this is determined by the
wrap board tongue shoulder position and the finished height of an assembled wrap board.

The proposal is to change the current wrap board tongue thickness tolerance from 1.18“:8:%3 mm to

1. 184_“3 ig mm. The proposed upper tongue thickness ensures a clearance of at least 20 ym from the maximum

tooth-strip top-end groove. See PCR-2 for details.
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Wrap Board Slot Widths & D-Cut Edge Radius
[umuuuMwmmmmummumm J900000009900000944qqyouooo000000008000(]

END
<= FOOT END
1415 14
_6'_)_ __
<=QN3 1004
an3

}“ LAYER3 SIDE MIDDLE W/O SLOT ]|4 1415 8,'7;0036 REVA mLAYERz Foot @-
00000 0noonuoonuonooonuoonuonooopuel  (BOO0OOO0E000E000000000 0000000000 alilll

-+

(@) 14:Max12mm BHSCS 15:08xsommsieeve (@) () @ @ + EMTHER END 13
racnscey A 13: M4 x 20mm FHSCSW @

IOTISO/M  F1AAIW  3AIS € ¥FAVT

Wrap Board Mounting Slot Hole Wrap Board D-Cut Cable Conduit Hole
« The proposal is to change the current wrap board mounting slot width tolerance from 10. 15J_r8 %(1) mm to

10.15 £ 0.25 mm. See PCR-1 for more details.

e Wrap board slot height affects the wire layer position and not the slot widths! Slot widths are needed to
position the wrap boards in the horizontal direction so no issue is expected from the 50 — 140 um change.

e The proposal is to change the current wrap board cable conduit D-cut edge radius from 7.00 = 0.45 mm to
7.00=x0.70 mm. See PCR-2 for more details.

e The proposed wrap board cable conduit D-cut edge radius tolerance will leave at least a clearance of
300 um (in the worst case) between the main APA wire conduit hole and edge of the wrap board D-cut hole.
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Wrap Board Tongue & Shoulder Heights
1

000U 0QpuuooouopOuooouuoo@Euonauonnd]

JAFHTS W9 X 8D S 1 |

LAYER3 SIDE MIDIPLE W/SLOT
FOOT END =>
YV A3 Zr009.L8 /
3 L MVSWORE | S—— PV et e - @D
Sl'vl ¥l 4! vl SL'yl

1O1S/M F1AAIW - 3AIS € ¥FAVT ANS4004 =

Tooth-strip

SOSHE WWZ | XyW iy

VN VI A VR VR UL R R RV VR VR

Gap for DP-2216

Epoxy

 TJongue and should heights are currently
Wrap Board Tongue measured from the edges of a given wrap
boards resulting in 2 data points.

 The proposal is to increase the measurement
Tongue Shoulder points from 2 to 5 and then base the decision
on the average of the the 5 data points.

Wrap Board

‘é’ . .
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Review Comments on PCR-1

20 21/08/2023 Anthony Ezeribe | DUNE APA Technical Board Meeting

U

| N



PCR 1: Review Comments

Guzowski & Anthony Ezeribe

Requester: Justin Evans, Vitaly Kudryavisev, Graham Miller, Pawel

Date: 31/03/2023

Number: APA-PCB-09

vi

Description of requested change:

Reason for change: /

We had a meeting at the Daresbury factory
with the APA winding experts to understand
the board features that are critical to produce
a functional APA. Considering their requests
and the physics requirements of the DUNE
detector, we propose as follows:

P ars LI AN /S AMaraes .

FOR HEAD BOARDS:

(1) Mounting Slot Heights/Hole Sizes: slots
that are on head boards are needed for
positioning boards for winding a given wire
layer. So we propose to measure only the
relevant slot for any given wire layer. The
slots/holes that are relevant to each of the
wire layers are:

“10,11" for the X-layer

“16,17" for the V-layer

“12,18" for the U-layer

“12,21" for the G-layer

These proposed changes does not apply to
the central mounting holes labeled “12".

NN Dacacd AL dA ..

Please follow the naming and
numbering convention defined
in the instructions at EDMS
2709827

Il’-l ASAVAS /=N ) I

Reference number changed

This change is necessary as slots and slot
heights that are needed for positioning the X-
layer boards (for instance) will not be needed or
make any difference to the following V, U and G
wire layers.

2.3mm diametral clearance exists between
the hole (which the request asks to not
inspect) and sleeve. As long as the holes
not being inspected aren't significantly out
of tolerance this is okay. i.e. it is
reasonable to assume there will not be
interference in these holes.

There has not been issues based on the
unused hole clearances from Daresbury
so we consider this as Approved.
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PCR 1: Review Comments

(2) Board Widths:
Tolerance on the board widths is currently The distance between solder pads and width-

+150 um. We are proposing to change the edge of head boards is currently 13 -15 mm so

tolerance of the datum to solder pad head removing or adding an extra +250 um will not
board edge widths to 250 um while the affect the functioning or IPC power ratings of the

. . . head boards. So we propose to move the
datum to Mill-Max pin hole edge widths tolerance of the datum to solder pad head board
remains unchanged at +150 ym, see the | eqge widths from the current +150 pm to +250
picture below for details. um.

/\\ The edge closest to the solder
pads does not affect form, fit or

function. The request is okay.

Approved.
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PCR 1: Review Comments
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(3) Epoxy Relief Depth:

Epoxy relief cut-outs were introduced in the
head board designs to stop/collect epoxy
they do not cover any of the Mill-Ma pin
holes. The current tolerance of the relief
thickness is +150 um. We propose to change the

tolerance on all the relief dimensions to 0.25%)3,
mm.

The relief mentioned here is not used to provide a
reservoir to stop/collect epoxy before it can spread to the
mill-max pins. The relief is filled with epoxy to bond the

of epoxy needed to fill the gap was carefully studied.
The change requested is 0.25+0.3/-0.18 (+120%/-72%).
With this wider range it is uncertain if the epoxy will

the bond.

There is another request similar to this one on a different
document.

Adding an extra 300 um or removing 180 um
from the 250 um relief depth will not affect the

wires to the board surfaces above and below. The amount

Current volume to fill has a depth of 0.25+/-0.15 (+/-60%).

completely fill and fully cover the wire length thus affecting

Considered as Not Approved:

Can PSL test the proposed dimensions and
advise us?

performance of the boards in any way as most
part of the relief will be filled with the DP 2216
grey epoxy during the APA assembly.

|The requested change does not affect |
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PCR 1: Review Comments

mm. The requested change does not affect

the location of the board. The change is
okay as long as the distance minimum

FOR WRAP BOARDS: distance between the slot edge and
(1) Mounting Slot Widths: |board traces meets requirements.
The current tolerance on wrap board Slot widths are requirea to allow for tne
mounting holes is +200 um and -110 um. We sitioning of wrap boards so a slot width that is
propose to change this to 250 ym as what 250 um less or greater than the nominal values
matters most to the APA assembly team is will not affect the board position or the strength

the slot heights and not the width of the slot of the board locking screws.

Hole to trace clearance meets IPC 2221 requirement so we consider this as Approved.
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PCR 1: Review Comments

(2) Tongue/Shoulder Heights:

Currently we measure the wrap board
tongue/shoulder heights from the edge side of
a given wrap board. The tongue height is the
distance between a wrap board shoulder and
the top end of the wrap board tongue while
the shoulder height is the distance between
the board datum line and the base of the
tongue. To ensure that good wrap boards

with a negligible dip (for instance) on the
edge side of the tongues or shoulder heights
are not rejected in QA, we propose to
increase the tongue/shoulder height
measurement points from the current 2 to 5.
This way, we can average the tongue height é
results from the 5 measurement points to

A single point negligible dip on any part of a
wrap board tongue/shoulder heights will not
affect the given wrap board assembly or
performance. The finished height of wrap boards
are measured after the wrap board assembly to
ensure that each wire layer is within the design
specifications.

/

If the current procedure calls for measuring two
points and by doing so "good" boards are
rejected (non-conformance)... measuring five
points and taking an average brings them back
into conformance?

The change cannot be made because this is
not how inspection is done. For example, if the
tongue is 1Tmm thin on one end and 1Tmm thick

on the other end the average thickness is within

tolerance (which gives an erroneous resulit).

® The comment seem to consider tongue thicknesses.

® The request was for tongue/shoulder heights only.

@ Point failures were considered by the team but we thought that point failures that are in spec when averaged should not affect

the strength of an epoxied tooth-strip.
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Review Comments on PCR-2
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PCR 2: Review Comments

Number: APA-PCB-10

A
Description of requested change: Reason for change: \
We had a meeting at the Daresbury factory Please follow the naming and
with the APA winding experts to understand numbering convention defined
the board features that are critical to produce in the instructions at EDMS Reference number changed
a functional APA. Considering their requests 2709827
and the physics requirements of the DUNE
detector, we propose as follows: Is there a typo in here?
FOR HEAD BOARDS: Shear strength?
(1) Groove Depth:
To change epoxy groove depth tolerances on | The proposed head board groove depth
V, U and G head boards which are used to tolerances will ensure that each of the V, U.and Minimum width from arooves
collect/stop DP-2216 e i inimum of 230 x 5 x 9

Similar to the other request on a different document: The
relief mentioned here is not used to provide a reservoir to
stop/collect epoxy before it can spread to the mill-max pins.
The relief is filled with epoxy to encapsulate the solder and
solder flux to keep LAr clean. Some of the epoxy is intended

of 230 x 10 x on V-head boards.

nough to stop

ax pin holes. The
any, of the head
which is

the Mill-Max press-fit ¢
The major constraining
board groove thickness
(a) the thickness of FR
the epoxy groove could

. Idered ofi t to spread into the gap that bonds the wire. The amount of N fl | -
wires are so'cerec 9 Mepoxy needed to fill the gap was carefully studied. ura Flexural strength: resistance to bend
the groove size will'be e230x10x1.5 deformation
the epoxy. Considering | The change requested has a wider range it is uncertain if ~ } SO the hea.d
propose to change the tiine epoxy will completely fill and fully cover solder pads and Ned wires with _
board groove depth fronspread into the wire bond area properly. Shear strength: resistance to shear
1. 05"’22‘5) mm to 1.057 deformation

Considered as Not Approved: Can PSL test
the proposed dimensions and advise us?
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PCR 2: Review Comments

(2) Central Counter-bore Mounting Hole
Diameter:

To change the central counterbored hole
diameter tolerances. These holes are marked
“12” on each head board. The major
constraining issues on these head board
central counterbored hole diameter design
are whether (a) the M4 screws in such holes
will have enough FR4 materials to rest on
when locked and (b) the screws will have
enough clearance to pass through if the holes
are made too small? Considering these

To ensure that there are enough FR4 materials
to hold the head of the locked M4 screws, we
have not made the hole bigger by not changing
the maximum allowed counterbored hole
diameter. The minimum allowed counterbored
hole diameter for a given M4 screw is 4.3 mm.
However, the proposed tolerance here allows a
minimum counterbored hole diameter of 4.5 mm
to ensure that the screws have enough
clearance.

issues, we propose to change the head board

central counterbored hole diameter
tolerances from the current 5.00 + 0.115 mm

to S+0 115 mm.

-0.500 <

Are you certain the max material condition (proposed
here to be changed from 4.9 to 4.5) is enough
clearance? Keep in mind the position tolerance of
hole(s) is also factor.
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PCR 2: Review Comments

FOR WRAP BOARDS:

(1) Wrap Board Tongue Thickness:

To change the tolerance on wrap board
tongue thicknesses. Tooth-strips are glued on
wrap board tongues. These glued tooth-strips
are then used to position the wires on an APA
to maintain the required wire pitch. Hence,
the major constraining issues on this wrap
board tongue thickness design are whether
(a) they will fit the tooth-strip grooves during
assembly and (b) they could break after the
assembly - when exposed to the tensioned
wires. Considering these issues, we propose
to change the tolerances of the wrap board

tongue thicknesses from the current 1.18¥03%
mm to 1. 18tg ig mm.

M\ LA .. . ™. . B . . . . L

The proposed tongue thickness tolerance still
allows the required minimum tongue thickness of
1 mm and a maximum tongue thickness of 1.48
mm which gives a 20 um clearance from the
expected maximum tooth-strip groove top-end
width.

Some tooth strip grooves fit the tongue with
very little clearance. Increasing the
thickness may leave the epoxy bond too
thin and not strong enough to resist the wire
tension forces.

@ Minimum design clearance between the tongue and tooth-strip is ~£50 um
@ There is £50 um tolerance on tooth-strip groove widths and depth.

® We dry fit the tooth-strips on wrap board tongues before assembly so can
safely consider this as approved.
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PCR 2: Review Comments

(2) Wrap Board Thickness:

To change the tolerance on wrap board
thicknesses. Wrap boards are attached on
the side and foot end of an APA frame to
maintain the wire pitch all through an APA.
Thicker wrap boards are expected to close up
the clearance between adjacent APAs in the
Cryostat. Hence, we propose to change the

current tolerance on wrap board thickness

from 3.18 + 0.159 mm to 3.181%1%° ;m.

-0.318
This implies that we are maintaining a 5% \
board thickness tolerance on the upper limit
while relaxing the lower limit to the
conventional 10% thickness tolerance.

(3) Wrap Board PDS Rectangular Cut-Out
Hole Edge Radius:

To change the tolerance on the wrap board
PDS rectangular cut-out edge radius. These
are the edge radius of the rectangular cut-out
holes for installation of photon detector
systems (PDS). The major constraining
issues in the PDS cut-out edge radius design
is whether any changes in the tolerances will
obstruct the PDS box installation process?

llcl DV TVITVGO.

The proposed -10% wrap board lower-thickness
range will not affect the position of the wire
layers on an APA as this is determined by the
finished height of a given wrap board and the
head board thickness. In a worst case scenario,
this proposed change in tolerance can only add
an extra <10 cm gap which could have been a
negligible dead region relative to the 58 m x 14
m x 12 m FD1 detector volume.

Edges of the wrap boards are cantilevered

beyond the width of the tube. The support is
only that of the flat surface and does not
include the tube radius. The strength and

stiffness of the board (with cantilevered wire
load) must be checked before allowing
thinner boards.

The proposed wrap board PDS rectangular cut-
out edge radius tolerances will leave a clearance
of at least 250 um (in the worst case) between
the edge of the main APA PDS rectangular cut-
out hole and edge of the wrap board PDS
rectangular cut-out hole. So the proposed
tolerance changes will still allow a smooth
installation of the PDS system without any

¢ Minimum Flexural strength of FR4: 345 x 10° —

m

@ for 8760024 boards of dimension: 191.6 mm x 115.2 mm x 2.862 mm (proposed lower limit)
® With 24 x 2 wires at 8N = 384N

® So the force that can break the 8760024 board will be: 2.179 X 10* N .
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PCR 2: Review Comments

(3) Wrap Board PDS Rectangular Cut-Out
Hole Edge Radius:

To change the tolerance on the wrap board
PDS rectangular cut-out edge radius. These
are the edge radius of the rectangular cut-out
holes for installation of photon detector
systems (PDS). The major constraining
issues in the PDS cut-out edge radius design
is whether any changes in the tolerances will
obstruct the PDS box installation process?

load) must be checked before allowing
thinner boards.

The proposed wrap board PDS rectangular cut-
out edge radius tolerances will leave a clearance
of at least 250 um (in the worst case) between
the edge of the main APA PDS rectangular cut-
out hole and edge of the wrap board PDS
rectangular cut-out hole. So the proposed
tolerance changes will still allow a smooth
installation of the PDS system without any

The current tolerance on these wrap board
PDS rectangular cut-out edge radius is 3 +
0.45 mm which allows a clearance of ~ 1 mm
from the main PDS holes on an APA frame
and the edge of the wrap board PDS
rectangular cut-out hole. Hence, we propose

to change these PDS rectangular cut-out

edge radius tolerance to 3. 01’3'3‘5’ mm.

expected interference.

\ Okay, the proposed change does not

violate minimum distance from edge
to traces.

Approved.
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PCR 2: Review Comments

(4) Wrap Board Epoxy Groove Depth:
To change the wrap board epoxy groove

thickness tolerances. Epoxy grooves on some Ihe proposed wrap board epoxy groove

tolerances will ensure that each of the affected

V., Uand G wrap boards are used to V, U and G wrap boards will have a minimum of
collect/stop DP-2216 epoxy from flowing to | 53¢ 19 x 0.57 mm? groove and a maximum of

the wire solder pads. The major constraining 230 x 10 x 1.15 mm?® groove which will be

issues on these wrap board groove design en{The relief mentioned here is not used to provide a reservoir to

are wi:lether (a) the thickness of FR4 solstop/collect epoxy from flowing to wire solder pads. The relief
materials beneath the epoxy groove could anlis filled with epoxy to encapsulate the solder and solder flux to
break after tensioned wires are soldered on | 7njkeep LAr clean. Some of the epoxy is intended to spread into
the wrap board and (b) the epoxy groove size | q.1the gap that bonds the wire. The amount of epoxy needed to
will be enough to collect all the epoxy. 10lfill the gap was carefully studied.

Considering these issues, we propose to
The change requested has a wider range it is uncertain if the

change the tolerances of t : : " 1 .
epoxy gro m the current 0.8f8 %(5, mm to epoxy will completely fill and fully cover solder pads and

0. 8+o,35 spread into the wire bond area properly.

-0.23 mm.

Further, more details on how the flexural strength of the wrap
(5) Wrap Board Cable Conduit D-Cut Edge boards was determined would be useful.

I

Considered as Not Approved: Can PSL test
the proposed dimensions and advise us?
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PCR 2: Review Comments

FUtuIig, nNvIic Uugilang vil 1IUW U1IT NITAUIaQl DQUTIyur vt urmc wiaj

boards was determined would be useful.

(5) Wrap Board Cable Conduit D-Cut Edge

Radius:

To change the wrap board cable conduit D- | The proposed wrap board cable conduit D-cut
cut edge radius tolerances. These are the edge radius tolerances will leave a clearance of
edge radius of the D-cut holes for the at least 300 um (in the worst case) between the

installation of cable conduit pipes on an APA. | edge of the main APA cable conduit D-cut hole
The major constraining issues on these cable | and edge of the wrap board cable conduit D-cut
conduit D-cut edge radius design are whether | hole. So the proposed changes will still allow for
any changes in tolerances will obstruct the a smooth installation of the cable conduit pipes

cable conduit pipe installation DFOCGSS? The without any expected interference.
current tolerance on these wrap board cable

conduit D-cut edge radius is 7 + 0.45 mm

which allows a clearance of ~ 1 mm from the™
main APA cable conduit D-cut hole and the Okay, the proposed change does not
edge of the wrap board cable conduit D-cut violate minimum distance from edge

hole. Hence, we propose to change these to traces.
wrap board cable conduit D-cut edge radius

tolerance to 7 + 0.70 mm.

Affected procedures (include EDMS links): Names of affected parts and procedures:

Approved.
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Current PCR-1 & PC-2

Geometry Board Tolerances And
Metrology Procedure Change Request

Guzowski & Anthony Ezeribe

Requester: Justin Evans, Vitaly Kudryavtsev, Graham Miller, Pawel | Date: 02/08/2023

Number: PCR0013

Geometry Board Tolerances And
Metrology Procedure Change Request

Requester: Justin Evans, Vitaly Kudryavtsev, Graham Miller, Pawel | Date: 02/08/2023

Guzowski & Anthony Ezeribe

Number: PCR0017

Description of requested change:

Reason for change:

We had a meeting at the Daresbury factory
with the APA winding experts to understand
the board features that are critical to produce
a functional APA. Considering their requests
and the physics requirements of the DUNE
detector, we propose as follows:

FOR HEAD BOARDS:

(1) Mounting Slot Heights/Hole Sizes: slots
that are on head boards are needed for
positioning boards for winding a given wire
layer. So we propose to measure only the
relevant slot for any given wire layer. The
slots/holes that are relevant to each of the
wire layers are:

“10,11” for the X-layer

“16,17” for the V-layer

“12,18" for the U-layer

“12,21" for the G-layer

These proposed changes does not apply to
the central mounting holes labeled “12”.

(2) Board Widths:
Tolerance on the board widths is currently

+150 um. We are proposing to change the
tolerance of the datum to solder pad head
board edge widths to 2250 pm while the
datum to Mill-Max pin hole edge widths
remains unchanged at £150 um, see the
picture below for details.

This change is necessary as slots and slot
heights that are needed for positioning the X-
layer boards (for instance) will not be needed or
make any difference to the following V, U and G
wire layers.

The distance between solder pads and width-
edge of head boards is currently 13 -15 mm so
removing or adding an extra +250 pm will not
affect the functioning or IPC power ratings of the
head boards. So we propose to move the
tolerance of the datum to solder pad head board
edge widths from the current +150 ym to +250
pm.

| Approved Requests are now on PCR0013 |
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Description of requested change:

Reason for change:

We had a meeting at the Daresbury factory
with the APA winding experts to understand
the board features that are critical to produce
a functional APA. Considering their requests
and the physics requirements of the DUNE
detector, we propose as follows:

FOR HEAD BOARDS:

(1) Groove Depth:

To change epoxy groove depth tolerances on
V, U and G head boards which are used to
collect/stop DP-2216 epoxy from flowing into
the Mill-Max press-fit connector pin holes.
The major constraining issues on these head
board groove thickness design are whether
(a) the thickness of FR4 materials beneath
the epoxy groove could break after tensioned
wires are soldered on the head board and (b)
the groove size will be enough to collect all
the epoxy. Considering these issues, we
propose to change the tolerances of the head
board groove depth from the current

+0.25 +045
1.05 0,20 MM to 1.05 025 M.

(2) Epoxy Relief Depth:

Epoxy relief cut-outs were introduced in the
head board designs to stop/collect epoxy so
they do not cover any of the Mill-Ma pin
holes. The current tolerance of the relief
thickness is +150 um. We propose to change the
tolerance on all the relief dimensions to 0.25%)3,
mm.

The proposed head board groove depth
tolerances will ensure that each of the V, U and
G head boards will have a minimum of 230 x 5 x
0.8 mm? groove and a maximum of 230 x 10 x
1.5 mm? groove which will be enough to stop
epoxy from flowing to the Mill-Max pin holes. The
maximum expected tension on any of the head
boards is ~350N (i.e. 48 wires x 7N) which is
well below the expected ~1190 N flexural
strength of a head board with the 230 x 10 x 1.5
mm? (worst case) epoxy groove so the head
boards can still carry the tensioned wires with
the proposed tolerances.

Adding an extra 300 um or removing 180 um
from the 250 pm relief depth will not affect the
performance of the boards in any way as most
part of the relief will be filled with the DP 2216
grey epoxy during the APA assembly.

Non Approved Requests are now on PCR0017
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Thanks for listening!
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