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 What are QA/QC?

* What we can learn from large Nb,Sn projects —a comparison

— Procurement comparison
— Strand QA/QC comparison
— Cable (Conductor) QA/QC comparison

* QA Overall and an example of Cable QA
e QC for strand, cable, and HT

e Database

* Summary
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IEEE STANDARDS ASSOCIATION

IEEE Guide—
Adoption of the Project Management
Institute (PMI®) Standard

A Guide to the Project Manageme_n_t _

Body of Knowledge (P»
—Fourth Edition Quality is planned, designed,

and built in — not inspected In
— PMI, PMBOK® Guide

IEEE Computer Society

Sponsored by the
Software & Systems Engineering Standards Committee
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Strand QA/QC Comparison

LARP MQXF

Periodic facility cross checks
Statistical Process Control planned, similar to ITER

Systematic RT & LT tests planned; frequency change
according to production phase, similar to ITER

S/V measurements (V sampling)
No characterization required (cf. CDP)

Pedigree: monofilament, subelement; Data entry:
billet, strand piece length

Test data reporting via DCD template to LBNL server

Single supplier simplifies QA,;

Reduced QC steps based on supplier and LARP

ITERTF

Worldwide benchmarking
SPC on critical parameters (+ 3 o)
— e.g.l.:BR 5-10+%; IT ~15-20%
Systematic RT & LT tests on P/T of every billet plus
statistical sampling of drawing breakages
S/V measurements (V sampling)
Extensive characterization for CPQS

Data entry: raw materials*, intermediate product,
billet, strand piece length

Test data entry directly into online Conductor DB
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Cable QA/QC Comparison

LARP MQXF ITER
e Extracted strands from Rutherford Cable, no full * Full size CICC test at SULTAN, none at cable level, no
size cable tests extracted strands

* High cable sampling rate, extracted strand sampling * High sampling rate
level will be billet-weighted

* n/a * Jacket tests

* Insulation thickness by 10-stack, S/V * n/a

e Strand-cable database on PTC® Windchill, will trace e Dedicated online Conductor Database tracing full
full history history

* Supplier internal approval - LARP acceptance/DW * Supplier internal approval > NP/ATPP - DA
approval/send back/NCR/DR = 10
approval/rejection/objection

40 strands only,

well understood cable geometry

Luminosity D i -
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FDW REQUEST FOR DEVIATION / WAIVER

The Business of Science®

LARP QA

Originator: Youzhu Zhang Material on Hold: If yes, location: ' Dev. No.: 6890

Type of Deviation: [_|In-House | [_|Vendor: ] XCustomer:

OST Part No.: 74-R&D | Part Description: R&D 132/169, Nb/NbTi, -5%tin, | Date: 5/6/14
0.85mm for LBNL

OST W/O No.: Billet(s) Affected: B16313,16334, and B16336

* Specifications, Procedures, IEC, etc. ot o s oo ore o i
* Deviation Request

* Deviation Waiver / Non-Conformity Reg
* Notification Point, Authorization-To-Pr¢ s e
* Design control document/release note/
* Shipment documentation

Authorization __Signatures

* QA Documentation (online); Strand/cak femuin [Ax .
Quality Assurance

e Use of barcode and ID scheme (CERN ¢ [rrowin
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The only official copy of this file is the one on-line on the Superconducting Magnet Division
website. Before using a printed copy, verifv that it is the most current version bv checking
the document issue date on the wehsite.

Magnet Division Pro
Specification Numbe:

Revision:

Testing Procedure of

O Prepared by:

Cognizant Scients

o Q. A Approval:

o ES&H Review:

Revision History

Rev A: TImitia

II. Identification of the data Storage file and of the hardware
components

IL1 Excel file for data Storage

Check
box
Open the Excel template file which iz named:
10stk-QXF-Template_HH.xls
The file can be found on thuder at-
Wthunder\CableWorks\10-STACKsWQXF-10-Stacks
1
A snap shot of the document is shown in Figure 1.
In the zame folder save this file using “save as”. The file should be named
after the cable and insulation IDs (eg. 10stk-QXF-1030Z-NEEW-wo-
206533)
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Figure 1 — Snap shot of the Excel file.

In the Excel document enters (circled in red in Figure 13:
- Cable ID (e.g. 1032Z-4).
2 - Insuolation ID (Purchase order).
- Date.
- Name of the technician performing the measurement.

8635 White Oak Avenue

Rancho Cucamonga, CA 91730

Tel: (909) 484-3124 / (BOD) 992-5015

FAX: {909) 484-1085

Web: www.brownmetals.com | waw.sidecuts.com

EBrralaie i

Still in the Excel document:
- Make sure that the number of cable in the stack is 10.

V8]

Make sure the piston area iz 1385.2 mm?

II.2 Hardware

1) LVOT readout @

2] Thumbscrews

3] vabve for Pressure Gauge
4]  Enerpac™ vahe (behind)
5] Enerpac™ Pump

6] LVDT readout A

7] 10-5tack Testing Station
8] Enenpac™ Lever

9]  Enerpac™ Oil Cap

10) 10-51sck Boat

11) Aluminum Base

Figure 2 — Photo of the 10 stack measurement set up used at LBNL.

4 | Belect the Boat and top pusher dedicated to QXF.

Platén Top pusher
Figure 3 — Left: Boat (made of a platen and two side plates). Right: Top pusher.
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https://plone4.fnal.gov/P1/USLARP/MagnetRD/qxf/meetings/folder.2014-01-07.1007940949/folder.2014-10-28.7163691296/Wire Annealing Procedure v0.7.docm/download
https://plone4.fnal.gov/P1/USLARP/MagnetRD/qxf/meetings/folder.2014-01-07.1007940949/folder.2014-10-28.7163691296/Wire Annealing Procedure v0.7.docm/download
https://plone4.fnal.gov/P1/USLARP/MagnetRD/qxf/meetings/folder.2014-01-07.1007940949/folder.2014-10-28.7163691296/Cable Fabrication Procedure v0.7.docm/download
https://plone4.fnal.gov/P1/USLARP/MagnetRD/qxf/meetings/folder.2014-01-07.1007940949/folder.2014-10-28.7163691296/Cable Fabrication Procedure v0.7.docm/download
https://plone4.fnal.gov/P1/USLARP/MagnetRD/qxf/meetings/folder.2014-01-07.1007940949/folder.2014-10-28.7163691296/P33OL1057_Cable_Report_20140914.pdf/download
https://plone4.fnal.gov/P1/USLARP/MagnetRD/qxf/meetings/folder.2014-01-07.1007940949/folder.2014-10-28.7163691296/P33OL1057_Cable_Report_20140914.pdf/download
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1. OBJECTIVES AND DELIVERABLES OF THE CONTRACT.
Ag 1A - Contract Delivercbles Schedule

)s://plone.uslarp.org/MagnetRD/WeeklyUpdates/2014/20140609/
kPt ' OXFORD

Fig. 2A - Organization Chart, ITER “Tin Team" Operaticn INSTRUMENTS
Fig. 28 - CST Quaity Manual Documents ond Current Revigon Status
Fg. 2C - OST Quaity Operatfing Procedurss

3. PROJECT MANAGEMENT

Fig. 3A - Assigned Respaonsicllities for Maetings

Fig. 38 - Kick-off Meeling Details Quality Assurance
Fig. 3C - Monthly :rcgrsss Meetings * Full documentation to aid in traceability | GGI/0SI  INSPECTION ~ REPORT |
Fig. 3D - infermnal Review - v
4, CONTROL PLAN and reporting ot PR A
Fig. 44 - Symbok for Cantract Notifications and Acficns * Procedures based on ASTM and other [Part No.: 74-080-055% Dot Rev: O |
Fig. 42 - Procuc! Flow Chart standardized methods to ensure i — S
» “_‘°‘;“°E ”‘:““f"“"‘" N reproducible results and minimize variation | Ao re s e
Fig. A - Primary Functions and Qualificaticns ; . ‘ - rpT—ge:
H:. 58 - Exampie of Skils Maotrix, Sls Manogement Plan In:the Anel product E.?T::":: i ":,-:«r;
4. CONFIGURATION MANAGEMENT —1= B —
Fig. 64 - QOP's modified by this Quality Fan , SRR
Fig. 68 = MER-DA Document Chonge Contrdl, Process Flow ;\‘wm = [ ..“.,...—
Fig. 6C - ITER-DA Deviation Contral, Proce ss Flow s prryr— - T
fig. 60 - MER-DA Non-Conforring Product. Process Flow B m— i S
Fig. 4E - ITER-DA Log of Devistions and NCRs on X sewen ez 1o
7. TIME SCHEDULE MANAGEMENT T T ir— : —1-
8. INFORMATION AND DOCUMENTATION MANAGEMENT e ma— T
Fig. 8A - Communicalion Beading lor Documents anc Communications —'—E“;Jm ==
Fig. 88 - Commuricction Heading for Reports -\::‘“
AQ. BC - MER-DA Storoge of Qualty Reconds NEEATODS
9. SUBCONTRACTING MANAGEMENT
4 10. ASSESSMENT AND VALDATION MANA GEMENT A Fio~0

b 11. ACCEPTANCE AND DEUVERY REQUIREMENTS e

ks Fig. 11A—TER-DA Product Requirements © Ortrd Inchuments 2014 PROPRETARY Fauw 4
Fig. 1 1B - MER-DA Delivery Requiremenits ~— ~—

12. RISK MANAGEMENT

1gs - A. Ghosh 3
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LARP Strand QC

* Automatic and online QC + dedicated facility sample tests

* Tests are based on established techniques

* Experience from RHIC, SSC, LHC, ITER

* Candidate supplier has appropriate equipment already in use
* Existing and accepted procedures

U.S. LARP LARP Materials QA/QC - lan Pong 6th November 2014



QXF-1057Z P330L1057 Report vi.3 2014 09 09.xlsx
Cable Mfg. Summary Cabis ID#
- - DOE/LBNL/AFRD/Suparc: . Date |20 0
-1 Windchill
reeceed
ipong n ] C ]

j ﬁ Products = LARP QXF > Folders > 2-QXF_MATER » Cable
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LARP Cable QC

e Cabling parameters are monitored online and verified before
and after production
* Techniques applied are established

* Rutherford cable is well understood, LARP investigation showed
extracted strand is consistent with and predictive of cable and
magnet performance — relatively cheap and fast; test lab

flexibility.

Well-defined, streamlined process based on 10+ years of LARP experience

LARP Materials QA/QC - lan Pong 6th November 2014
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LARP Annealing QC

0 > . o 20 20 > . 20 Zg. 5 20 ‘7410 0 2 ‘ 20 -
-1390 L7 2o JQQO 42 o .23\9:0 JS"?J:.O \_2-45!.0
S, S5 LR S5 85 85 8.6
200 200
180 —Heat Treatment LE140811 180
— Profile
éi 160 —SS Spool Top 160
L 140 140
% 120 —SS Spool Hub 120
8 100 100
- a Qut of Bounds (only data
2 80 from average) 80
60 60
40 40
20 20
0 0
0 20 40 60
Time (h)

High
Luminosity
LHC

LARP Materials QA/QC - lan Pong 6th November 2014



LARP Reaction HT of Strands QC

BROOKHI

ATTONAL LAB(

SOXF-PCOL

Coil Retort Temperature

Actual thuellll Actual ZCtUTII Actual ZCtUTII
Ramp Actual 1st tTNE Ramp | Actual 2nd tTNE Ramp Actual 3rd tTNE
Actual Start Rate to stage |rr:u5 Rate to stage |rr:u3 Rate to stage I"_"E
o during during during
Temperature [°C] 1st temperature 2nd | temperature 3rd temperature
s 1st . 2nd a 3rd
stage [*C] stage stage [*C] stage stage [*cl stage
[°c/h] [*C/h] [*C/h]
[h] (h] [h]
19.9 16.5 208.4 72.7 23.8 398.4 47.9 36.3 638.2 43.1
Mo. of
343 2180 239 1437 198 1444
data
sigma 0.65°C | 0.72°C | 048°C |
Sample Retort Temperature
Actual ?jcmT: Actual ZCWTII Actual a:ictuallll
Ramp Actual 1st tTNE Ramp | Actual 2nd tTNE Ramp Actual 3rd tTNE
Actual Start Rate to stage p I"_1E Rate to stage d I"_1E Rate to stage d I"_E
Temperature [*C] 1st temperature uring Znd temperature uring 3rd temperature uring
a 1st a 2nd o 3rd
stage [*C] stage stage [’C] stage stage [*C] stage
[°c/h] [*c/h] [°c/h]
[h] (h] [h]
18.9 301 207.3 77.8 22.4 397.6 32.2 22.2 637.5 30.1

High
Luminosity
¥ LHC

LARP Materials QA/QC - lan Pong

6th November 2014

‘I

w )




LARP Strand-Cable Database (LBNL)

* Wire Production and QC Data (being developed)
— Monofilament ID, Subelement ID,
— Billet parameters
— Piece length parameters
— HT, RT & LT test data

* Wire and Cable Inventory and Usage (operational)
— Wire, Cable, and Cabling Components (e.g. rollers, mandrels, SS core etc.)
— Sorting, Strand Mapping, Cable Map, Summary

— Respool Log (wire €= Al spool €5 spool/Capstan brake relation, tension)
— Barcode generator

QA documentation (being identified)

L) Luminosit E i -
¥ HC U.S.LARP LARP Materials QA/QC - lan Pong 6th November 2014




Summary on LARP QA/QC

* Credible and adequate
— Build on ITER QA/QC, with some LHC, RHIC, SSC experience.
— Scaled down due to lower volume and smaller number of suppliers.

e Schedule
— Strand and Cable qualification and acceptance are decoupled.
— Strand acceptance: per billet similar, but lower volume.

— Cable acceptance: extracted strand from Rutherford cable is relatively
cheap and fast; test lab flexibility.

— Online DB being implemented
— QA management plan is part of the DOE CD review process

U.S. LARP LARP Materials QA/QC - lan Pong 6th November 2014
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Input Template Structure

High o0 LARP/HiLumi LHC Collaboration Meeting Berkner
Luminosity & 8th of May 2014
elHC U.S. LARP Hall BNL Day 2 Magnets Session 2 oray
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Input Template for Vendor
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Database - Cable

Enter Respool Log Information @
ength Colored: | Gauge Absolute: 1.0-0.5 Date: 14.03-26 Date {-MM-D0): I BIMBASIA
| p ¥ | 2\ 3 VR D T )
AR ATATARAY P15\ (A Telid 3d 4\ 19 %
A BRI AR R A RLAL AR LARLARLARLAR L AR IARLY
3\ 2 \ AERTAERERE A AU G IR AR IARIAR AN FRE LS EL
53 b e it lels 1315 Whel " WERRRL XA 30 30 10 % WEEEEL Rel 30 %) 3%
- B ' 3 o TR0 Fo Cle COFE-0 CIOEH-In Tl o ClOd i@ e e e R i~ S y 0" -8
o 325 4BR No aN/A Scored 033  3m 3 3
0 325 48R No BNIA Scored 392 3.00 2 16
0 325 12] 120 4BR No #N/A Scored 117 189 2 7
0 325 48R No A A | #NA
1 1.2]100/135 28R No #NIA #A | BNA
4 1.2|100/135 4BR No #NA WA | BNA
: 1.2/100/135 4BR No #NA BNA | SNA
] 1.2]100/135 4BR No #NA — WA | #NA
. = (e - . - UK. - I =, L:an::a = I g z . o o = e
(Please wait while your respool log is
generated.)
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