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What is a MIP

Reference document to ensure that
manufacturing was properly done

Lists manufacturing steps, inspection steps,
and versions of procedures/drawings used for
production

Implemented at CERN for HL-LHC project
From nuclear industry (complex, reliable)




MIP Example
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el E | | 2 T Qt(
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MIP In field

Follows the
production

“Travels” with the
assembly
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Motivation for electronic MIP

Paperless CERN
Traceability, security, accessibility
GL + TE-MSC-QA initiative
Propagation of changes
Direct access to latest version of procedure, drawings and follow-up file
Automatic data recording
Notifications
Data analysis
KPls, summaries, as needed

- Introducing the eMIP




Objectives - Technical

Robust

Simple in administration

Flexible and secure

Adaptable to requirements from production & management.

Using CERN infrastructure (EAM, EDMS)
Support from EAM team

Generic

Avoid customization for each eMIP
benefit for other teams




Objectives - User

- Access to documentation during production

procedures, drawings, checklists, manuals,
standards

Access to documentation as used during
assembly (back engineering)

Digitally signing of performed steps
Integrated checklists




ODbjectives - Management

- Real-time access to current state of
production

- Traceability of responsiblilities with signatures
- Notification on milestone steps
- Summary reports, KPIs




Implementation - eMIP

- Acollection of
reports, tools and
features
- Arecipe for creating
Workorders,
Taskplans and
EAM/EDMS/MTF Checklists
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eMIP Technologies Used

EAM/MTF
Production steps and checklists
EAMLight as user interface in field
Pentaho
Report generation
EDMS
Storing and referencing documents

e

— EN-IM team support

No custom software (within TE-MSC)




eMIP Hardware

- Dedicated hardware station
« Computer, touchscreen,
barcode scanner

- Or Tablet / Phone
« EAMLIght mobile support




First Step — Prototyping (2021)

Technical concept and prototyping
Test stations for hardware

Implementation of all features
Holding points, blocking points,
E-signing,

Custom reports
Notifications




Prototyping — Lessons Learned

Too much hardcoding and customization

«  Not robust, hard to administer, hard to change, hard to maintain
Be aware of complexity

«  Hard to track errors and permission problems

Blocking points are dangerous
Stops work on eMIP until issue is resolved
Use procedural holding points instead of technical ones

Better simple and working than complex and breaking
Need to keep everyone involved




New Version — “Production’

Take what worked from prototype, discard
what failed

Incrementally build up features

Keep reusability in mind
generic over customization
New ideas take time to generalize and validate




The eMIP Provides

Infor EAM Reporting - Pentaho - CMI QA
Equipment: HCQBRDPO04-CROC000L

Extracted on: 11/10/2022 10:41

Electronic MIP for HCQBRDP004-CR000001

A - Production Start-up (CMI)

Document Version Executing Entity Supplier Client 3rd Party Reports/NCRs ‘Comments
. ] : NCR: LHC-QBRDP-QN-0001 | A. Seller digitally signed on behalf of R. Jamil initially due to access issues
A1 - Prod.Start-Up:Val. parts,calc. margins,assizn Asse,:;;;t?we e[y | AMIL RIZWAN with EAM light. R. Jamil has signed the paper copy.
parts to assembly o | 2eMAv-22 Now the access issue has been resolved and signed again by R Jamil.
B - Cryostating (CMI)
Document Version| Executing Entity Supplier Client 3rd Party Reports/NCRs Comments
. i T |°_ Seller signed on behalf of M. A Khedhir who performed the weldin,
Production step Welding Sook LHC.OBRD- | 3 3 NCR LHC-QBROP-QN-0007 | |fnspection on 11/05/2022
NOT-0004 ' '
| BARLOW | HOUSSAIS
1 - Installation of Locking Rings LHCOBRD_0113 IH | GRAEME H DAVID
8 Ring | LHoaBRD 0113 0 | | Reports
| 18-uL-22 | 16-MAY-22 Comments
Assembly Procedure LHC- | ) | : :
(OBRD-FP-00D4 L Yot 4.
— OIYIqtUrcsS

| DH160522: Welding filler not used for welding upper thermal shield,
‘Welding Book LHC-QBRD- : :
NOT-0004

1 : : approved by D.RAMOS. DH170522: A SELLER signed in place of

: NCR: LHC-QBRDP-ON-0008 |y vqAROUAN (Welder)

SELLER ALISDAIR

| HOUSSAIS
2 - Installation of Upper Thermal Shicld LHCO2RD_0013 o H | DOUGLAS | IH |  DAVID
tHCQEAD_0123 L 17-mAY-22 L 17-mav-22
Assembly Procedure LHC- | |
QBRD-FP-0004 : :
. Asssmily Procedure LHC- | ) 4 ' BARLOW ' HOUSSAIS
B3 - Cold Mass and Tooling are Ready for QBRD-FP-0004 ! :
Cryostating IH . GRAEME I . Dbavip NCR: LHC-QBRDP-QN-0003
| 17-MAY-22 | 17-MAY-22
e e e . | oD PromsdwelC [ | BaRlow | Houssals




The eMIP Provides

Extracted on: 11/10/2022 10:41

Infor EAM Reporting - Pentahd - M| OA
) Equipment: HCQBRDPOO4-CROPO0DL

A1 - Prod.Start-Up:Val. parts,calc. mar:
parts to assembly

1- Installation of Locking Rings

2 - Installation of Upper Thermal Shi

B.3 - Cold Mass and Tooling are Ready
Cryostating

Direct link to step in EAMLight

B WorkOrder 30940380 | () SAVE + NEW G DELETE | ) B & O ¥ B ©

CHECKLISTS 4%
2] O Hide filled items

Activity 10 — MIP ELEC - B.1 - Installation of Locking Rings

10 — MIP ELEC - B.1 - Installation of Locking Rings

£ HCQBRDPO04-CRO00001 — Standard Section D2 Prototype
Assembly Procedure LHC-QBRD-FP-0004
LHCQBRD_0113 LHCQBRD_0113
Welding Book LHC-QBRD-NOT-0004

A Seller signed on behalf of M. A Khedhir who performed the welding inspection on 11/05/2022

E-SIGNATURES

CMI Production Team

Graeme Barlow 18-JUL-2022 10:38
CMI QA Team
DAVID HOUSSAIS 16-MAY-2022 11:09

2 MBONORA | [3

SIGN

SIGN

A“e"l"_“’lf_"_“_“_”,’?l”f’| 11 ‘ | BARLOW | HOUSSAIS




The eMIP Provides

Checklists

Infor EAM Reporting - Pentahd|- CI QA
Equipment: HCQBRDPOO4-CROPO0DL
Extracted or: 11/10/2022 10:41
D
A1 -Prod Start-Up:Val_ parts calc. margins sssign | Assemb
parts to assembly s
D
Welding
1 - Installation of Locking Rings lL:
Assembl)
QOB
Welding
2 - Installation of Upper Thermal Shigd LHO|

B.3 - Cold Mass and Tooling are Ready
Cryostating

Roure LHL-

Bl workOrder 31262895 | [B) save + new FoeeTe | [ B & O B B ©

[ [ Hidefilleditems

20 = D1 - Test élecirique a bobine ~
£2 HCMOXFBCOS-CRO00128 — MQXFB protatype long cail -
winding Procedure LHC-MQXFBC-FP-0001 Ver
Electrical test protocol LHC-MQXFBC-FP-0020 Ver.
Control Procedure LHC-MOXFBC-FP-0057 Ver
Coil manufacturing follow-up file LHC-MQXFEC-FP-0014 Ver.
Inductance aft curing [10 kHz) mH
RI0C](20C") after curing mohm
Inductance aft curing [1 Hz) mH
Inductance aft curing [100 K| mH
Inductance aft curing [1kHz] mH
Inductance aft curing [10Hz] mH
E-SIGNATURES ~
LMF Froduction Team
SIGN
LMF QA Team
SIGN

11 | | BARLOW | | Houssals |

ss issues

imil.

elding

eld,




The eMIP Provides

Infor EAM Reporting - Pentahd- CMI QA D I I I I n r
Equipment: HCQBRDPOD4-CROPODDL
Extracted or: 11/10/2002 10:41
Work Order 31262895 | [5) SAVE + NEW T DELETE 0D B & 0 B o
4] [ Hide filled items
20 = 0.1 - Test électrique la bobine ~
D
A1 -Prod Start-Up:Val_ parts,calc. mardins sssizn | Assermp) 8 HCMOXFBC06-CROG0128 — MOKFD prototype long cal © -
B
parts to assembly Winding Procedure LHC-MQXFBC-P-0001 vee
Electrical test protocol LHC-MQXFBC-FP-0020 Ver.
D Control Procedure LHC-MOXFBC-FP-0057 Ver.
H elding
Welding Coil manufacturing follow-up file LHC-MQXFBC-FP-0014 E'S | g natU re Ver.
Usemname *
Inductance aft curing [10 kHz) | mH
1 - Installation of Locking Rings lL:
RIDC)(20C") after curing Pasword * mOhm
Assembl
& Inductance alt curing [1 Hz) CANCEL  SIGN mH
eld,
[eE Inductance aft curing [100 Hz] mH
Inductance aft curing [1kHz] mH
2 - Installation of Upper Thermal Shigd LHO|
LHO)
Inductance aft curing [10Hz] mH
Assembl
B
E-SIGNATURES ~
Assembl
B.3 - Cold Mass and Tooling are Ready for B LMF Prodostion Taum
Cryostating e
LMF QA Team
SIGN
PR 11 | ¢ Bamow | ¢ woussais |




The eMIP Provides

G mm Kiosk mode, login via badge scan

Extracted on: 11/10/2022 10:41

Document

A1 -ProdStart-Up:Val. parts,calc. margins,assizn | Asssmbly Pracedun
parts to assembly QERD-FP-0004

Document

formed the welding

1- Installation of Locking Rings

rthermal shield,
n place of

2 - Installation of Upper Thermal Shidd

B.3 - Cold Mass and Tooling are Ready
Cryostating

HOUSSAIS




The eMIP Provides

Eavomir R RO Direct link to procedure
Equipment: HCQBRDP(4-CROC00D1
Extracted or: 11/10/2022 10:44
Electronic MIP for HCQBRDP004-CR000001
Inbox - & Caddie rch
2706242 v.1.1 | LHC-QBRD-FP-0004 v.1.1 @ Released i CERN Internal 7
a4 Procedure for D2 Prototype QBRD Standard Section by Ali Seller B4
issues
A1 - ProdStart-Up:Val. parts,calf. margins, assign | Ass=ri -
parts to assembly aE - stus - | sharclil
Info
Description: External reference
Keywords QBRD (D2) Prototype Cryostat Standard Section - WP3 L
D
Details E—|
lding
Welding Local administrators: List of Administrators Equipment code: LHCQBRD
Context HL-LHC-WP3-EXT Release procedure:  HL-AL
—l Context for WP3 with the QA team from bid 180 Fabrication, Assembly and Verification
1 - Installation of Locking Ring: L Associated Links CDN Links
LE
Asseml
aF This page hittps-//edms cemn ch/dacument/2706242/1 1
y d,
Welding Files
=L 3 Download all Perpage 10
N si Last modified dats Last modified
2 - Installation of Upper Thermfal Shicld u E S = o e ot ockfd by
L ) B  LHC-QBRD-FP-0004_vu1.1_-_Assembly_procedure_of D2_prototype_02May2022.docx 728 1B 2022-05-02 15:29:46 ALISDAIR DOUGLAS SELLER
I ] LHC-QBRD-FP-0004_v1.1_-_Assembly_procedure_of_D2_prototype_02May2022 pdf 3.2MB 2022-05-02 15:29:46 ALISDAIR DOUGLAS SELLER
Assemb
Q8 WA L -
Maore inf;
. As=aily IR T BARLOW T HOUSSATS
B.3 - Cold Mass and Tooling are Heady for QBRD-FP-0004 i i
‘ IH | GRAEME H DAVID NCR: LHC-QBRDP-QN-0003
Cryostating . .
| 17-MAY-22 | 17-MAY-22
- | 11 | BARLOW |__HOUSSAIS




The eMIP Provides

Infor EAM Reporting - Hentana - I QA DI r I I n k N R R r
Equipment: HCQBRDP(4-CROC00D1
Extracted or: 11/10/2022 10:41
< 2754981 v.2.0 | LHC-QBRDP-QN-0007 v.2.0 (@ Actions Underway 48 CERN Internal
B Insulation pieces (HCQBRD_103) are not mountable on EHE line of D2 by David
5 =
= prototype HOUSSAIS
BE Status -~
Info
Document
Description This NG is considered as "NON-GRITICAL" (Level 1) with NG type "Negligible” as descrived in the TE-  External reference
MSC-GP NG Managsment procedure, EDNIS 1970523 Keywords: Standard Section D2 Prototype, ineulation plece, EHEH line | dUE to access issues
A1 -ProdStart-Up:Val. parts,calf. marzins,assizn | Assembly Procedurs LHC-
BRD-FP-0004 Insulation pieces (HCOBRD_103) are not mountable on EHE line of D2 prototype.
parts to assembly o Contactis detected between EHE'H line tube and insulation piece when fixed in final position. No limitation again by R_ Jamil_
ofthermal conduction
Insulation piece can slide trough the EHE,H line.
Special Properties
Wain cause: Materials
Class: Mechanical
Document Disposition / Action:  Repair
Importance ! Non criical thormed the welding
Welding Book HC-OBRD- Criticality:
NOT-0004
Details
_ N 1 Local administrators:  List of Administrators Equipment code: LHCQBRDP
1 - Installation of Lacking Ri L= Er et
nstaliation of Lacking fing LHOOBRD_0113 Context HL-LHC-WP3-WTF Release procedure:  HL-NCR
General context for WP3 MTF Release procedure for HL Evaluation
Assembly Fracedure LHCH Associated Links CDN Links
OBRD-FP-0004
. er thermal shield,
Welding Sock LHC-QBRD- This page hitps /fedms.cem.chidocument/2754981/2.0 i place of
NOT-0004
Files
2 - Installation of Upper Thermfal Shield LHCQBRD_0013 = 5 Download all =
LR R a Name size Last modified date Last modified by
O B 2754981 _v2.0_insulation_pieces_are_not_mountable_on_EHE_H_line_of_D2_protolype.docx 5118 2022-09-26 15:24:45 DAVID HOUSSAIS
Assembly Procedure LHCH
QBRD-FP-0004 H 4 fpagdt br1l » b @
More info
Assembly Procedure LHCH
B.3 - Cold Mass and Tooling are Heady for QBRD-FP-0004 Sub-Documents | UsedIn | Approval & Comments | Access rights | Versions | History
Cryostating
Export to Excel Requestaccess Download files Hide Obsolete | Pe|
V] # Title. Files. Status Created on Author Document type. Tags
o o Assembly Pracetiure ,HCV| o ‘ SrrLE oo




MOQXFB Coils Manufacturing

The eMIP Provides =
- Reports and KPI
. Summaries 5

B oA ol o3 oh oh o) o A 22 a3 oA
—— P 09 07 0 a0 o 1010"1011 A

Order Planning

Quarter

[ N Ot i fi C ati O n S Status ~  HCMQXFBCO8-CRO00128 ~ WICIKFB Colls Status

; L - T T
[LQXF-LMF] Noti on for HCLQXFCO01-CR-DUMMY  [al CELSGESEETE ¢ —————————— T.E8% (3

Equipment

HCMQXFBC08-CRO00T28 1 - Praduction start-up 1 !
HCMQXFBCOS-CRO0DT28 10 - Inner layer winding 1 1] 10 26% 14)
b
HCMQXFECOS-CRO00128 20 - Inner layer curing 1 I0.TT% 1120 .
HCMQXFBC0S-CRO0DT28 30 - Outer layer winding 1 )
D7- Install ) HCMOXFBCOS-CRODD128 40 - Outer layer curing 1
HCMQXFBC08-CRO00T28 45 - Cable core removal 1
HCMQXFBCDS-CRO0DT28 50 - Electrical tests 1
HCMQXFEC03-CRO00128 60 - Coil validation after windi 1

HCMQXFBC08-CRO00128 100 - Reaction 0
HCMQXFBCO8-CRO00128 105 - Reaction Heat Treatmen 0
HCMQXFBCO8-CRO00128 110 - Splicing 0
HCMQXFBC08-CRO00128 120 - Electrical tests during re 0
Comment HCMOXFECOE-CRO00128 130 - Impregnation 0 00 150
HCMQXFBC08-CRO00128 135 - Impregnation report 0
HCMQXFBC08-CRO00128 140 - Geometrical measureme 0
HCMQXFBCO8-CRO00128 150 - Final electrical tests 0 Tans - In Prﬂdu“'ﬁl’l OI=er Ska%us - Oul :ng.vh:e. - FE\, md

HCMQXFBCO8-CRO00128 160 - Impregnated coil accept )



How To Build a new eMIP

Involved EAM components
Access rights
Procedure and tools




How To Build a new eMIP

Starting point: approved MIP (EDMS) +
procedures, drawings

Equipment + Item in EDMS




How To Build a new eMIP
- Standard Workorders

- Workorder templates \

A - Production Start-up (CMI)
° E u al to M I F T T
e e , P
partsto assembly 2322

sssss

Reports/NCRs

Asuamiy Procas.ra LUC-
QBAD-F7.0004

step




How To Build a new eMIP

A - Production Start-up (CMI)

Document  |Version|  Executing Entity Suppiier Client Srd Party Reports/NCRs Comments
() NCR: LHC-QBRDP-QN-0001 | A. Seller digitally signed on behalf of R amil iniislly dus to access issues
A 3~ Frod Btart U, parts cale. marghs, pssign | mseny erocsssaisc [ ) | JAMILREWAN with EAM ight, R. Jamil has signed the paper copy.
» QRAD-0004 23-MA-22 Mow the sccess issue has bee d and signed again by R Jamil

- Activity templates

- Signing rights (groups)
- Notifications

- Workorder logic




How To Build a new eMIP

A - Production Start-up (CMI)

3rd Party

mmmmmm

° C h eC kI | St S [z

JAMIL RIZWAN

Procedures
Input fields

Link to custom fields
MTF equipment data

IC3 after ILC

IR3 after ILC

Gap btw. poles after ILC

IR2 after ILC

IC4 after ILC



eMIP Creation in Practice

1.

Il out Excel Shee
Defaults
Steps
Checklists

enerated import tables
ew manual adjustments
hecked by link person
ERN Upload Utility

ssign workflow in
Equipment Generator
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E40Fausenpo STTH, Chacid T PGB PP 00 HC MBS FP-0053 RoH
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Fe e e Tsolarcr ds s dleciques.  Sphcing Procedure LHC- MIXFEC-FP-00%6 Co HEMDFBC i LHC-MEFEC -FP-0037 H

61 HC-MQFBC-FP-00TT HEMIGHFEL " -MCFBC-£P-0023 Dl HBERLEPITT W R

[ CMDFECAH R

o3 LHC- MG -£F- HEMGHFEEFP HE-MGHFE FP-0031 e o R w
Vabdation de | fesmature du moule (couple

Ga & ) LHC-MOFEC £ HEHFEE PP L M- FR-003T "
Frépasationmachine dmerégnancn ot

GE  Ccledmpudgrann e o HEMAFES HC-MCFEE-FP-C050 W

[ -MCpF BCFP-0051 R N

1} mpebgration - MOAFBC-FP-00T7 Ce HE-MRFEC-FP- LHC- MGXFBC-FB-003T H H
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35 ‘ 2 LHC-HGXFEC-FP-0050 R

Input_production steps | Input_Checklists | Workorders | Taskplans | Actity | Taskplan checklists | Taskplan checkists additional | Allowedunits [ —
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In Case of Changes

Modify Standard WO/Taskplans
Existing eMIP not touched
Only future Assets affected

Changes in already created eMIP possible
Only affects specific eMIP
Direct modification of structure
-> Made by link person
Procedure/Document Update transparent (over EDMS version)

Access rights for signing transparent (not bound to eMIP
directly)




User Access Control

Signing Rights linked to groups
M-CMI-P -> Production team of CMI
Linked to e-group

Badge access linked to e-groups




Current State

Current implementation in use for assemblies (D2 proto
cryostat, Q2b cryostat, MQXFB coils and Magnets)
Tested viability of different scenarios

Creating new eMIP from MIP template

modifying prototype eMIP to production eMIP

Adapting already created assets to eMIP
Slowly adding features bit by bit in production

Quick reaction in case of problems

Clear source of new problems




Outlook

- Simplify inputs
« Interface for creating new eMIP
- Input for notifications and recipients
- Extend automatic reports
«  Automatic generation on specific events
«  Summary reports
- Open for everyone
«  Same structure easily adapted to other processes
«  Mutual benefit of EN-IM developments
«  Central place for overview/statistics/information (EAM)




Outlook — Operation

- eMIP managed by QA teams
Creation of new eMIP

- Asset generation

« Managing of access rights

- Link person
« Forissues and new features
« Final check of eMIPs (structure, new features, improvements)
«  Coordination with EN-IM team
« Collection and feasibility check of required features




Thanks

Promoted by group (TE-MSC GL) and TE-
MSC QA team (pushing initiative)

CMI and LMF production teams for their
patience, help and inputs

EN-IM team for their quick response and
effective help to adopt solutions




