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CMS ECAL End Cap Engineering Design Monitor Notes 

Produced by John Hill, Rutherford Appleton Laboratory  

Period July 2001 ɀ August 2008, notes collated September 2008  

The following notes have been brought together from the original Rutherford Mechanical Design Group 
QA monitor forms. As part of the groups commitment to the ISO9000 system it was necessary to 
provide brief updates on engineering progress during the period of the project work package. Two 
work packages covered the design, construction and installation of the CMS ECAL End Cap; for 
reference these were ADR027 and TDR095.  

The engineering notes for a specific period have been dated and written below, these generally cover 
any major instruction, decisions or changes to the End Cap design up to completion. 

30
th

 July, 2001 

 EE Backplate will remain 60mm thick, not reduced to 50mm (LGD). 

 Cooling pipe sizes are as specified in the updated EE Services List as presented by P.Inginito 

(CERN Integration group). 

 The arrangement of EE Backplate Slots and EE Super Crystal fixings has been updated. New 

design of support bracket incorporated onto EE End Cap assembly gives better understanding 

of cooling circuit requirement. 

 Cooling circuit will be placed on rear surface of EE Backplate. The possibility of placing 

circuit in groove on front face was dismissed as this would effectively reduce thickness (and 

consequently stiffness) of EE Backplate. 

 Meetings with A Surkov/G Faber (CERN Integration) resulted in transfer of CAD files. 

Information requested from A Surkov ï Details of HE and fixings (for interface with EE 

Support Ring), assembly tooling, and existing details on thermal (environmental) enclosures. 

Information requested from JA Hill ï More and up to date details of EE End Cap, current 

details of EE Support Ring, would like existing details of EE End Cap cooling services. 

MEETINGS ATTENDED 

CMS ENGINEERING WORKSHOP JUNE 11-13, CERN 

CMS INTEGRATION MEETING JULY 10-11, CERN 

26
th

 September, 2001 

 Proposed design of EE/HE support ring produced. Details presented to CMS UK Group and 

CERN Integration, comments and amendments on HE/EE fixing and ring depth completed. 

Design includes available area for Electronics patch panel. 

 2D layout of proposed moderator assembly begun. Support points taken off current design of 

Backplate incorporating support brackets. Moderator to be produced in sections (of approx. 

10Kg weight) for straightforward assembly. Inner moderator layout modified around SE cone 

fixture area to HE (clearance required). 

 Two layouts of cooling circuit for EE Back plate produced, presented to RAL CMS group, 

some thermal calculations required to agree on layout. 

 Project plan and schedule for EE mechanical components produced and presented to RJSG 

for inclusion on UK CMS schedule. 
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 Study of EE Environmental shield produced detailed layouts of inner shield and clearance to 

SE support cone in eta=3 area. Layout presented to CERN Integration group and approved. L 

Denton produced layout of outer shield, to be presented to A Levine (Protvino) to produce 

engineering drawings. 

 CMS Services (P Inginito) update on cross sectional area of cables and cooling. 

 Updated EE Backplate design would require FE analysis, inner cut-out modified from 5-sided 

layout to semi-circular one (improved structural integrity, fixing points for inner shield). 

 Supply geometric/dimensional information for ITEP engineers for design of partial EE Super 

crystals. 

 EE Bumpstop design presented to CERN Integration/SE groups, some modifications and 

update to drawings required. 

 Layout proposal of Electronics read out boxes cooling system produced by L Denton. 

MEETINGS ATTENDED 

CMS INTEGRATION MEETINGS AUGUST 14-16, CERN 

CMS INTEGRATION MEETINGS SEPTEMBER 18-20, CERN 

20
th

 November, 2001 

 Internal layout of EE End Cap discussed with T Lodge. Modified support bracket and 

included HV support plates in layout, T Lodge expressed that support plate may require 

cooling due to possible increased heat attack from electronics (resulting from news of power 

increase requirement of 10-channel box units). J Greenhalgh to lead investigation with 

Riabov (CERN/Protvino FE Engineer). 

 FE Analysis results from Abramov (CERN) on Backplate positive, show displacements 

between EE Super Crystals, modal results of EE End Cap with Bumpstop and 

stress/displacement of EE End Cap during operation. Results to be presented to CERN 

Integration (HE Group). 

 Advanced drawings of EE Partial Super Crystals transferred to RAL from ITEP Engineers at 

CERN. 

 Detailed drawings of internal layout of EE End Cap (including cooling, support system, EE 

Support Ring and Patch panel) produced for J Rander and engineers during RAL visit to 

Saclay, France. 

 Visit to Saclay, France resulted in transfer of engineering details, a detailed study into EE 

Super Crystal assembly onto EE Backplate and updated news on opto-fibres requirement and 

engineering. 

 Drawings updated and produced of EE Environmental Shield, transferred to A Levine 

(CERN/Protvino), detailed engineering drawings produced for advanced tendering visit to 

Russia. 

 J Hill updated and produced current status engineering drawings of EE End Cap Assembly, 

Moderator assembly, EE Backplate and EE/HE Support ring for advanced tendering visit to 

Russia. 

 Visit to Russia included visits to 3 firms with potential engineering capability of producing 

large components to the tolerances required by CMS project. It became apparent that it could 

be beneficial to manufacture the EE Super Crystal positional spacers and EE Backplate at one 

location to assure fit and tolerance between these components. Also visited the IHEP institute 
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at Protvino where we viewed and considered their abilities for future work in meetings with 

the Technical director and Senior Project Leader based at CERN. 

MEETINGS ATTENDED 

CMS INTEGRATION MEETINGS, OPTO-FIBRES AND SUPER CRYSTAL ASSY NOVEMBER 5-7, 
SACLAY FRANCE 

UK CMS ADVANCED ENGINEERING/TENDERING VISIT NOVEMBER 12-17, MOSCOW RUSSIA 

21
st
 January, 2002 

 Updated and created EE End Cap drawings for placement onto CERN Drawing Directory 

 CERN Integration has requested 3d CAD model of EE End Cap assembly to use within their 

CAD system. This will be used to check integration with other EE experiments and use as a 

basis for service integration from EE to outside CMS and surface. 

 Recent work on the internal layout of the EE End Cap Assembly has been halted. It is 

understood that the power requirements of the 10 channel read out units have reached 3W per 

channel. This is beyond the original design criteria set for the EE End Cap and affects the 

design and cooling of the internal layout. T Lodge now believes that the original plan for 50 

channel crates will have to be dropped due to lack of suitable cooling and a new arrangement 

will have to be investigated. A number of thermal issues have now been raised, as the heat 

attack onto the EE Backplate (and therefore EE Super Crystals) will increase. Further thermal 

FE (CERN/Protvino) can be provided to understand the thermal effects of this power 

increase. 

 T Lodge has indicated his concerns on the space availability for cable services to EE End 

Cap. Requests for information and drawings have resulted in CAD files being sent from the 

CERN Integration group showing the current service duct arrangements. J Hill has collated 

the information to produce a óService Layoutô to through the CMS experiment, over ME and 

HE detectors to EE patch panels. T Lodge has serious concerns over available space with 

current size of cables as their respective bend radii will not permit effective use of the service 

ducts nor routing to EE patch panels. 

 A Levine returned to Protvino, Russia end of November and continues to work with updates 

on the EE Environmental Shield Assembly. It is planned to maintain contact during this 

period in the hope that update drawings can be presented on his next visit to CERN. 

 Attended meeting with RAL Procurement personnel on back of visit to Russian companies. 

Outline guidelines and procedure on future requisitions, specifications and final placement of 

orders under EU regulations. 

MEETINGS ATTENDED 

CMS INTEGRATION MEETINGS DECEMBER 3-4, CERN 

3
rd

 April, 2002 

 General Assembly layout (3D and drawings) produced of EE ECAL End Cap using T Lodge 

50 channel readout design. New details include part arrangement of LV and HV cable routing 

to EE patch panel and support plates. Inclusion of read-out box arrangement with support 

plates for SC umbilical card and electronics cooling. Support system for EE services shown 

as well as details of EE/HE interface and EE halves together. 
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 Following Pre-EDR meeting the layout/design of EE Bumpstop has been investigated and 

requires understanding of assembly with CERN Integration/Installation groups. 

 EE Environmental Screen details have now been updated as a follow-up to the query list 

(produced by JAH November 2001). Details have been passed onto JAH and an up to date 

3D model is being produced to check clearances on master Pro/E model (C Stephens). 

 EE support Ring and Backplate drawings were updated prior to Pre-EDR meeting at CERN. 

Inclusions were details of EE/HE Interface and re-location of EE assembly brackets on 

Backplate. For the later Backplate mounting holes to support ring and Environmental Shield 

were adjusted for clearance. 

 Further FEA results from Riabov/Abramov to aid design thermal arrangement of 

Environmental Shield/Backplate and mechanical support of EE Backplate. 

 Minor updates and inclusion of opto-fibre layout into EE Services model (Pro/E) ï T Lodge 

 Backplate material details on 5083 (NP8 or trade name of Top plate) found with copy of 

specifications. 

 EE/HE template engineering. HE assembly to be complete by October 2002, EE/HE fixing 

holes will be required for this period. Decision required on how (when) holes will be 

machined, who will detail/manufacture template? Discussions required with CERN surveyors 

on accuracy of measuring holes in situ. 

 EE EDR date now set for September 3-4 2002. 

MEETINGS ATTENDED 

CMS EB EDR JANUARY 28-31, CERN 

CMS HE/ENV. SHIELD INTEGRATION FEBRUARY 26-27, CERN 

27
th

 May, 2002 

 EE Environmental Shield assembly has been produced in 3D Pro/E format (C Stephens) 

suitable for inclusion into EE End Cap GA. Details taken from A Levine drawing show 

interference in a number of areas as well as some departure from certain design constraints 

(EE envelope). A Levine informed of requirements during EE Workshop May 14-17 and will 

work towards fine tuning design. Some static/modal FE analysis will be required to determine 

deformation of screen (with services) during life cycle of experiment (verify clearances). 

 Detailed drawing of EE Backplate almost complete (C Stephens) to tendering standards. 

Extra sheets added to drawing to include co-ordinate information of Super Crystal fixing 

holes and umbilical slots. Geometric tolerance added to the hole relationship of Super Crystal 

fixings (50 microns w.r.t neighbour). Several details requested and added for Environmental 

Screen features (assembly fixing holes, shield fixing holes, cooling pipe cut-outs). 

 Advance tendering trip to Russia did not result in positive communication with any new 

companies, many comments passed on tolerance and material type (report compiled by RJS 

Greenhalgh). 

 New task has been undertaken to assist in the development of the ECAL Electronics 

engineering and cooling. This has been requested by the CERN Electronics Integration group, 

JH to work closely with T Lodge to develop and scheme the ECAL Barrel solution onto the 

End Cap. Preliminary work has shown that the ECAL barrel solution would not be suitable 

for End Cap solution. Electronics Integration group design of cooling system appears overly 

complicated (and expensive), JH to seek alternative manufacture. EE to use SERTO fittings. 

Awaiting further integration (T Lodge). 
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 HE/EE attachment issues still to be clarified by CMS Integration group, JH to hold until 

instructions and agreement on fixtures, locations and any future machining operations to HE. 

 JH investigation into thermal compound for use on Backplate cooling system has led to 

detailed ATLAS report on suitable thermally conductive compounds (Dow Corning 340, 

Electrolube HTCP). 

MEETINGS ATTENDED 

CMS TENDERING TRIP APRIL 22-27, RUSSIA 

CMS EE ELECTRONICS INTEGRATION MEETING MAY 1-2, CERN 

CMS EE WORKSHOP MAY 14-17, CERN 

25
th

 July, 2002 

 EE Electronics cooling schemes completed to compliment work being carried out by T 

Lodge. Drawings supplied for discussion. Request for work made to RAL Workshop to 

produce simple square section piping as development for EE Electronics cooling. 

 EE positional spacers detail currently being undertaken by C Stephens in order to complete 

work for September EDR. After discussion it was agreed to complete a singular generic 

drawing of Positional Spacer and supply the remaining angular and dimensional information 

for each location of spacer in a spreadsheet format. Details of the angular and dimensional 

information to be produced (and cross-checked) by original FORTRAN program produced by 

B Kennedy of PPD. 

 EE Backplate drawing awaiting amendments in order to present to review committee in 

September EDR. 

 Details and arrangement of EE Bump Stop produced in order to present to review committee 

in September EDR. 

 Thermal tests to be carried out on thermally conductive compounds by P Flower of PPD. It is 

hoped to obtain suitable results for September EDR. Compounds to be tested are Dow 

Corning 340, Electrolube HTCP and a thermal epoxy compound (details not known). 

 EE End Cap Integration group will meet to discuss and agree on the principle of EE/HE 

attachment. Details and responsibility of job tasks will be agreed upon as will the machining 

requirement for the spacer shim between HE/EE. 

 Visit from company representative of SERTO connectors. EE End Cap will be using this 

series of connectors in line with their use on EB Barrel detector. Catalogue and 3D CAD 

model data supplied. 

MEETINGS ATTENDED 

NONE 

9
th

 September, 2002 

 EE Positional Spacers details completed by C Stephens. Generic drawing produced with 

complimentary spreadsheet data. In producing these details it was noted that some 

engineering changes are required for the Positional Spacers of the Partial Super Crystals. 

Details of these requirements will be forwarded to ITEP Engineers following the End Cap 

EDR. 
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 EE/HE Support Ring details completed for EDR. The presentation issue will include the new 

and accepted details of EE/HE interface as approved by the CERN ECAL group. New details 

showing this interface have been included for presentation at End Cap EDR. Some minor 

additions to design of Support Ring have also been included, pad contact between 

ring/Backplate and an improved web arrangement. 

 EE End Cap EDR presentations completed and transferred to CERN for publication. Text 

produced to accompany detailed presentation. All drawings relating to EE End Cap EDR 

have been uploaded to EDMS/CDD. 

 Attendance of ECAL Integration meeting resulted in a number of discussions that included 

the attachment and fitting of a óDummyô End Cap prior to the completion of the EE End Cap. 

As current schedule outlines the SE detector has to be installed prior to assembly of CMS 

beampipe. EE End Cap is not scheduled to be complete by this time therefore a ódummyô will 

be required to attach SE and services within CMS. CERN Integration group will handle 

responsibility of ódummyô with some details from RAL. 

 Integration meeting with A Levin resulted in minor detail modifications of EE Environmental 

Shield Assembly drawings, revised assembly attachment holes for EE Backplate. 

 Animation of EE End Cap assembly produced using existing Pro/E CAD models as basis. To 

be shown at End Cap EDR. 

MEETINGS ATTENDED 

CMS INTEGRATION MEETINGS, EE/HE ENGINEERING AUGUST 6-7, CERN 

CMS UK ENGINEERING MEETING AUGUST 12, RAL 

CMS EE END CAP EDR SEPTEMBER 2-5, CERN 

13
th

 November, 2002 

 Positional Spacers for partial supercrystals were re-checked against fixtures on EE Backplate. 

Some minor positional errors for fixing holes and Backplate through holes were noted. 

Information collated in CAD/Paper form and passed onto ITEP Engineers based at CERN. 

Positional Spacer footprint drawing has also been supplied to assist in fixture location 

correction. 

 Updates and preparation of EE Major Mechanics drawings now being undertaken. Prepare 

following components for manufacture/production: 

 TD1029-006 EE/HE Support Ring 

 TD1029-100 EE Backplate (including cooling circuit) 

 TD1001-536 EE Positional Spacers (Generic) 

 All drawings will be updated incorporating detailed changes requested from EDR-06. New 

drawing detailing the cooling layout and attachment to EE Backplate to be produced. 

 EE Backplate Cooling circuit test piece was produced from drawing as development work for 

attachment of cooling strips to pipe (Job No.14247). These parts were soft soldered together 

with the aid of an aggressive flux. Resulting cooling pipe to form part of thermal test with 

thermal compound. 

 Meeting was arranged with CERN Surveyors to initiate talks on EE survey during 

assembly/installation. A presentation of EE engineering was made to the group. This resulted 

in recommendations by survey group to add a number of photogrammatry points around the 

edge of the EE Backplate. To be incorporated into EE Backplate drawings for production. 
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 Details of EE Super Crystal assembly mounting points have been supplied by G Barber (IC). 

EE Assembly task has now been passed onto TA1 group at CERN (L Linssen), mounting 

points may be re-visited. 

 Checked possible use of 7075 series Al/Alloy for EE/HE Support Ring. Zinc based alloy is 

not as suitable for welding as 5083; also higher strength 7075 is more susceptible to stress 

cracking. EE Support Ring will be fabricated from 5083. 

MEETINGS ATTENDED 

CMS ENGINEERING MEETINGS OCTOBER 14-16, CERN 

CMS ENGINEERING MEETING WITH TA1 GROUP NOVEMBER 6, RAL 

24
th

 December, 2002 

 ECAL Mechatronics Group (CERN) have now put forward a final proposal for the 

electronics/cooling arrangement for the EB. 3D layout information (iges files) has been 

transferred to RAL by F.Mossiere.  Information used to layout cooling system within the EE 

End Cap. 

 EE End Cap Model (originally Y2K re-named E0ô) Backplate to be updated. Positions of 

original EE Super Crystals were incorrectly located. E0ô Backplate drawing modified to 

include new locations of Super Crystal holes and include new holes for umbilical support 

bracket. 

 Preparation for EE Major Mechanics tender action underway. Talks with Hans Rykaczewski 

and CERN groups have resulted in a number of recommended companies to approach in 

order to gain their interest prior to the release of the tender notice. Companies to be 

approached by JAH outlining engineering requirements and informing them of ensuing 

tender action in hope that application for work will be made. 

 Engineering layout produced indicating locations of EE survey points forwarded to CERN 

survey group for approval. Response positive, JAH to incorporate requirements into design 

prior to final checking. 

 EE Environmental Shield drawing has been upgraded to production drawing level although is 

yet to be complete. A. Levin has provided set of drawings for checking/comment. JAH to 

arrange a detailed 3D design layout of current shield by using contractors. 

 INR engineers have updated EE Partial Positional spacers. Updated copies of drawings have 

been forwarded to JAH for checking. 

 General meeting with A.Roblin from Procurement department to clarify procedure of tender 

action. JAH to proceed with interaction of suitable companies but must not give full details of 

mechanics until application for tender has been made. 

MEETINGS ATTENDED 

CMS INTEGRATION MEETINGS DECEMBER 3-5, CERN 

CMS UK ENGINEERING MEETING NOVEMBER 27, RAL 

24
th

 February, 2003 

 ECAL Mechatronics ï 3D design work now being undertaken by T Lodge based on scheme 

supplied by EB group at CERN, JAH to assist where possible and time pending. 
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 EE End Cap Model E0ô drawings updated and supplied to R Head, Bristol with Backplate for 

machining. JAH visited Bristol for trial fitting of dummy Super Crystal with new machined 

holes, fitting successful. E0ô will be returned to RAL prior to shipment to CERN for 

beamline tests. 

 EE Major Mechanics tender action underway. OJEC advert and Questionnaire document 

completed and supplied to Procurement department for release. Notice released 11
th
 

February, questionnaires to be returned by March 24
th
. Further documentation will be created 

in forthcoming weeks, these being questionnaire/criteria evaluation, technical specifications, 

and visit notice/evaluation. All documents to be passed/handled by RAL Procurement 

department. 

 JAH sourced a number of UK companies capable of End Cap components manufacture, these 

to be included for invitation to tender. JAH also received a number of recommendations from 

sources at CERN. JAH to forward list of companies to RAL Procurement for tender. 

 EE Environmental Shield, production drawings supplied by A Levin, converted to 3D ProE 

model by Fernley contractors. Main interface with Backplate component checked by JAH, 

engineering details to be further checked prior to production. 

 Fernley contractors have undertaken drawing checks of End Cap Components. 

Recommendations and updates to drawings have been included in project change request 

CR04. 

 Super Crystal/Spacer hole positions and spreadsheet data have been subject to several cross 

checks by JAH and J Greenhalgh 

 Interim/Final Design Reviews for EE End Cap components carried out prior to European 

tender. Interim Design Review (IDR02) held at RAL 12
th
 February, Final Design Review 

held at CERN (FDR01) 20
th
 February. Updates and requests resulting from meeting have 

been included in project change request CR06. 

MEETINGS ATTENDED 

EE END CAP INTERIM DESIGN REVIEW 12TH FEBRUARY, RAL 

EE END CAP FINAL DESIGN REVIEW 20TH FEBRUARY, CERN 

8
th

 May, 2003 

 EE Major Mechanics Tender documentation created for OJEC Tender. Documents include 

Technical Specifications for EE Major Mechanics (UK) and EE Environmental Shield 

(Russia). It was decided to include the drawings/specifications as an óoptionô to the selected 

companies even though this was not included in the original tender advert. 

 Response date to OJEC notice was extended to 31
st
 March due to technical difficulties in 

sending original notice to selected companies. A total of 12 companies responded to Tender 

advert. All responses underwent evaluation based on the questionnaire criteria resulting in 

eight companies being invited to tender (21
st
 April). Companies to respond with tender by 

June 4
th
. Tender evaluation planned for 10

th
 June at CERN. 

 TA1 Group under Lucie Linssen will now control design/manufacture of components 

between EE-HE. This includes shim and collet screw components as well as 

drilling/attachment sequence to HE. TA1 group will also provide mechanical support for the 

testing and development of E0ô model that has been transferred to CERN. This will include 

the development of Super Crystal attachment to EE Backplate for assembly using the IC 

manipulator development model as a basis. 
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 A number of talks were given at the EE Jamboree at CERN. Subject covered were the EE 

Major Mechanics Tender, EE Services update, VPT/Crystals update, TA1 activities, DCS and 

EE Mechatronics development. 

 JAH agreed to undertake some verification work INR Partial Super Crystal Group. Alveolar 

drawing envelope was verified on the ProE 3D model. 

 Bristol University has been asked to manufacture 4 ónewô positional spacers similar to the 

locations on the E0ô model. These new spacers will be manufactured using the production 

style drawings. Holes for the Super Crystal manipulator will be included as well as a slightly 

longer version of shoulder bolt to aid attachment during super crystal assembly. 

 Test sections created of cooling pipe to aluminium plate using thermal epoxy to use as 

specimens. 

MEETINGS ATTENDED 

EE END CAP VISITS TO RUSSIAN INDUSTRY 17TH-20TH MARCH, RUSSIA 

EE JAMBOREE WORKSHOP 31ST MARCH-2ND APRIL, CERN 

EE END CAP UK ENGINEERING MEETING 7TH MAY, RAL 

3
rd

 June, 2003 

 JAH responded to a number of technical queries relating to EE Major Mechanics Tender. 

Four companies to date have requested further information. None of the selected companies 

have requested any further details on the EE Environmental Shield. Tender responses due by 

4
th
 June, tender evaluation planned for 10

th
 June at CERN. 

 TA1 Group under Lucie Linssen presented the proposed engineering drawings to EE 

Integration group for approval prior to manufacture. Shims will go out for quotations in 

Switzerland (Linssen) and UK (JAH). Procedure for machining holes in HE nose agreed will 

be undertaken by CERN workshops. Collet bolts for HE/EE attachment will have to be 

manufactured, clarification and timescales of components to be agreed. 

 JAH spoke with Linssen and Levin to agree and motivate the exchange of information 

between both groups with regard to OPAL frame modifications. Linssen is aware of the short 

time span to do this as Levin will return to Russia June 13. Since this agreement a number of 

technical meetings have taken place and CAD information has been exchanged. 

 JAH spoke to P Wertelaars of ES group to receive engineering update on Support Cone. 

Arrangement of fixture attachment to HE has been modified following survey of HE fixing 

holes. R Loos to forward drawing of latest component to JAH. P Weretelaars expressed 

opinions in providing protective covers for ES services running over EE Environmental 

Shield, JAH passed comments onto Levin for discussion. 

 W Funk presented EE End Cap quadrant model at CERN. Model now complete with services 

and cooling. W Funk requested that JAH contacted P Inginito to verify EE envelope and 

clearances available for services. JAH investigation with P Inginito has now passed on 

correct information to W Funk technician. 

 Company visit to DALMEC Manipulators by JAH, K Bell, L Linssen, G Barber. Presentation 

of manipulators, explanation of grips and possible delicate movement required for assembly 

of Super Crystals. EE group to produce required specification of required DOF for 

manipulator for tender. 
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MEETINGS ATTENDED 

EE END CAP INTEGRATION MEETINGS, MAY 14-16 CERN 

3
rd

 August, 2003 

 EE Major Mechanics tender action resulted in 3 companies responding to the request for 

quotation from RAL. Following an ECAL appraisal at CERN (10
th
 June) one company was 

selected for further assessment. TM Engineers (UK) were approached and visited twice by 

RAL/CERN staff. Detailed talks on technical and financial matters followed and upon several 

reviews it was agreed to pursue contractual talks with TME. Upon review RAL are awaiting 

an updated quotation which is to include details on a temporary environmental enclosure for 

TMôs major CNC machine. 

 JAH spoke with A Levin to assess the information transfer between him and TA1 group. L 

Linssen confirmed that some CAD information had been exchanged that allowed some 

engineering to progress with the upgrades to the OPAL frames. JAH encouraged Levin to 

transfer details of Backplate support frame to be transferred to TA1 but Levin indicated that 

further FE analysis was required to optimise design. J Greenhalgh instructed Russian 

Engineer to undertake work. Linssen further explained the lack of space at 3-9 oôclock for SC 

assembly with support beam in position. 

 JAH requested the progress on selecting/purchasing the SC assembly manipulator at the UK 

Engineering meeting. G Barber had previously produced simple specification for 

manipulator, requested 2 further quotations from British companies to comply with RAL 

competitive tender procedure. Quotations revealed that DALMEC quote was cheapest and 

was agreed to be the best suited for Dee assembly lab. K Bell to proceed with 

purchase/specification, Linssen produced and supplied detailed drawing showing manipulator 

limitations within lab and assembly frame. 

 JAH initiated work with T Lodge on the design of the End Cap Mechatronics. Lodge had 

undertaken much work on the layout of the Mechatronics based on the design of the EB 

electronics structure. Lodge has produced many schemes based on this and has transferred 

this information to JAH to use as a basis in the design. It is hoped to progress enough to 

understand and develop the services arrangement within the End Cap over the next few 

months. 

 No progress from Bristol University on the manufacture of EE positional spacers. 

MEETINGS ATTENDED 

EE END CAP INTEGRATION MEETINGS, JUNE 9-11TH CERN 

CMS EE UK ENGINEERING MEETING 26TH JUNE RAL 

CMS EE UK ENGINEERING MEETING 30TH JULY RAL 

27
th

 October, 2003 

 EE Major Mechanics tender has now been awarded to TM Engineers based in the West 

Midlands. Discussions with the RAL CMS budget holders resulted in splitting the contract 

into several óstagesô at which payment would be made to TM on completion of these. The 

RAL CMS group has agreed to use JAH as the liaison officer with TM and it is expected to 

arrange regular visits to TM on a 2/3 week period. The contact is split into 4 stages with 

stages 3 and 4 fully compliant with CMS EE schedule. First stage was to complete sample 
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Backplate sector of 4 Super Crystal positions (with positional spacers). This stage has been 

completed successfully. The second stage will be to produce a pair of support rings. TM had 

initially planned to roll/weld sections of alloy together but concerns on ring distortion have 

led to alternative methods being sought. TM is currently investigating casting methods for the 

ring. Due to cost it has been decided to drop the environmental enclosure for the CNC 

machine and instead use a temperature controlled bath in which the material is submersed in 

a constant flow/temp fluid to maintain stability during machining. 

 JAH and T Lodge continue to work on the EE End Cap Mechatronics layout. JAH has 

transferred and created the design of the EB components in the Pro/E software. The 

arrangement has been based on T Lodge initial ideas and now includes the cooling system for 

all channels in a quadrant. Further components such as fibre optic box units and token ring 

link boards have been added due to changes in EB electronics. 

 Environmental Shield drawings were completed by A Levin in September 03. A mini review 

was held with a view of finalising the drawings for October 03. This has now been pushed 

and JAH will receive final drawings in November 03. Final Review will be January 04; 

intended manufacturer of shield is to be Khrunichev Space Industries in Russia. 

 Super Crystal Manipulator order placed by JAH, DALMEC will supply the manipulator to 

CERN by Spring 04. Technical specification was produced in conjunction with IC/CERN 

TA1 groups, drawing of frame and manipulator limits supplied by TA1 group. 

 JAH initiated discussions with RAL Metrology unit with regards to use suitable equipment 

for survey of Backplate and Support Rings at TM site. Twin theodolite system to be used. 

MEETINGS ATTENDED 

EE END CAP ENVIRONMENTAL SHIELD MEETINGS, SEPTEMBER 1-3RD CERN 

EE END CAP MANIPULATOR MEETING OCTOBER 2ND IMPERIAL COLLEGE 

EE END CAP INTEGRATION MEETINGS, OCTOBER 13-15TH CERN 

18
th

 December, 2003 

 With the acceptance of Phase 1 End Cap major mechanics contract TM engineers continued 

to outline plan for manufacture of Backplates, Support Rings. Positional Spacers and cooling 

circuits. Backplate material has been ordered from an alternative American source, all 4 

pieces to be delivered by December 2003 to thickness and flatness required. A discussion 

with foundry (Aluminium Products, Bôham) has identified material for casting support ring. 

This will be LM25 TF and following investigation has been agreed by RAL engineers. Cast 

component will be oversized then heat treated prior to machining element to size. Chilled 

plates will be used to control temperature/shrinkage during cooling, test bars will be poured 

during process. Pattern to be produced for first 2 rings, delays expected due to 

complexity/size of casting box, delivery expected early February 2004. Positional spacers 

order placed with sub-contractor (Columbia), full CMM report will be provided with each 

spacer. Delivery of End Caps worth expected March 2004. TM organised meeting with 

Hydrapower Dynamics engineers, proposed sub-contractors of Backplate cooling circuits. 

Proposed changes were evaluated and some samples were supplied, RAL re-iterating that 

simplicity was required, TM to progress order/requirement with company directly. 

Temperature controlled bath design almost complete, proposal to be presented to RAL 

engineers prior to manufacture. 
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 EE Mechatronics arrangement proposed and now accepted as blueprint for layout. Detailed 

drawings of 75ch cooling bar produced for INFN quotations. Detail drawings of End Cap 

cooling channel components produced for possible prototype manufacture. 

 Questions raised on requirement to use SERTO fittings, L Linssen to investigate alternative 

fitting. Collating information of patch panel components/connectors for necessary layout 

drawing now indicated as priority by CERN CMS management in order to proceed with pre-

cabling of EE End Cap to schedule. 

 Details of Super crystal specifications and Dee lab floor layout sent to DALMEC, detailed 

drawings expected February 2004 for acceptance and manufacture, delivery for April 2004. 

 L Linssen presented alternative arrangement for EE-HE dowel attachment, engineers to 

investigate further and produce 1:1 working model to illustrate attachment method. 

MEETINGS ATTENDED 

UK CMS EE END CAP ENGINEERING MEETING NOVEMBER 19TH  RAL 

UK CMS COLLABORATION MEETING NOVEMBER 27TH  IMPERIAL COLLEGE  

CMS WEEK DECEMBER 8-11TH DECEMBER CERN 

26
th

 February, 2004 

 Regular reports from TM engineers indicate progress in all areas of Backplate, support ring, 

cooling and positional spacer components. Backplate material successfully delivered to UK 

and is compliant to flatness specification. Requests for dxf files of slots and holes have been 

transferred. CNC programming of all Backplate details are well underway, profile machining 

of two plates now complete. Two Support Ring castings produced both have been extensively 

x-rayed (typically 300 passes). Fault found in one casting (air holes) now filled and repaired. 

Second ring to be re-examined. Hydrapower Dynamics supplied with 3D IGES file to form 

final through patch panel bends in support ring. TM report delays in receiving positional 

spacer material potential delays in delivery now mid to end of April. TM requested details for 

RAL contact on import/delivery of components to CERN (customs paperwork). TM has now 

been instructed to seek and supply costing for application of Alochrom finish to all 

components as this directive has now been requested by CERN/CMS management. D 

Cockerill has received quotation from Spanish firm for Alodine process, a further quotation 

has been requested from a French firm, once all quotations received a decision will be made 

to where/when process will be applied to End Cap major mechanics. 

 Trip to CEA Saclay to discuss latest developments and progress of End Cap major 

mechanics. CEA engineers supplied JH with latest information of FO monitoring 

components, also requested that inside edge of Backplate slot be chamfered (to discuss with 

TM ï cost implications). 

 Pietro Negri from INFN and JH visited cooling bar manufacture/assembly facilities in Milan. 

JH discussed drawing of 75 channel cooling bar and procedure for EB cooling system; 

engineering firm manufactured and constructed assembly by mounting on special jig in 

preparation for welding of manifolds. During welding process JH noted the difficulty in 

reaching parts of the manifold due to size of the TIG welding head. The heat also separated 

cooling bars, questions on tolerance requirements. 

 End Cap Mechatronics unit drawings supplied to Imperial and Bristol Universityôs for 

manufacture. 

 Patch panel design in progress, schematic drawing produced for presentation with T Lodge. 
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 L Linssen demonstrated model of EE-HE attachment, RAL engineers approved, mod sheet 

TB0127. 

MEETINGS ATTENDED 

UK CMS EE END CAP ENGINEERING MEETING JANUARY 20TH  RAL 

CMS EE END CAP COLLABORATION MEETING JANUARY 22ND CEA SACLAY, FRANCE 

CMS EB/EE COOLING ASSEMBLY VISIT FEBRUARY 5TH INFN MILAN, ITALY 

CMS EE END CAP ENVIRONMENTAL SHIELD REVIEW FEBRUARY 11-13TH, CERN 

17
th

 May, 2003 

 Manufacture of two Backplates and support rings was completed at TM by early April. 

Standard positional spacers delivered, awaiting delivery of partial components. Following 

completion an inspection of the EE Backplate was done by RAL/Diamond staff using a laser 

tracking system. Plate was placed face up (counter bores down) on a machine table. Tracker 

system operated approximately 10ft from plate in central position. A close fitting seating 

element was used to position mirror ball in all counter bored holes of Backplate (note: 

temperature of working area/Backplate was at approximately 15 degrees C). Position of all 

counter bored holes was taken, file of actual locations to be supplied to JH by metrology 

department (excel file). Other measurements taken; Inner radius, outer radius, angular 

positions of CERN survey points, angular positions of bracket support points. 

 Test fitting of dummy super crystals to some of the positional spacers available (full list of 

spacers that were trial fitted to follow). Following investigations TM have now been 

instructed to undertake the application of Alochrom 1200 to all components (except cooling 

circuit) prior to delivery to CERN. Application to the large components will be done by 

hand/spray, positional spacers will be dipped. 

 JG/JH inspected the load test set-up for the support ring. It was noted that the 5 dowel 

locations on the support ring had not been fitted to the test bed. JG/JH requested that this was 

done prior to test commencing. Also noted was that two fixing points at top and bottom had 

not been fixed, again JG/JH requested that this was done prior to test. Load tests to both 

support rings have now been completed both loaded to 12.75t and certified by Lloyds British 

inspector. No damage evident and this was supported by dye penetration tests, certificates 

supplied. 

 Two 100ch Mechatronics units have now been produced and supplied by Imperial College. 

Trial fitting of some components has taken place, one of the units is currently being used in 

the E0ô test beam program at CERN, the other will be kept for mechanical assembly purposes 

at RAL. 

 OM have placed an order for 1500 shoulder bolts, 50 prototypes were supplied for test fitting 

of dummy super crystals at TM Engineers, quality varied, JH request improvement for 

production. 

 Patch Panel and service work continues, low voltage block information provided from T 

Lodge. Panel schematic almost completed, details required from FO monitoring and DCS. 

Pro/E model produced. 

MEETINGS ATTENDED 

UK CMS EE END CAP ENGINEERING MEETING FEBRUARY 25TH  RAL 
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UK CMS EE END CAP ENGINEERING MEETING MARCH 25TH  RAL 

UK CMS EE END CAP ENGINEERING MEETING MAY 13TH  RAL 

25th June, 2004 

 Following the application of Alochrom 1200 surface finish and the agreement to fit and 

supply patch panels for all the support rings the first End Cap (two Dees) were delivered to 

CERN on June 16
th
. Upon final inspection at TM (prior to delivery) JH noted that the 

counterbores of the partial positional spacers were not as deep as requested (by engineering 

change note). These components are to be modified and have been held back for the second 

delivery. On arrival at CERN the Dees were removed from their packaging and placed face 

up on blocks in the Crystal Palace assembly area, Building 168. There will be a detailed 

program to align and assemble the components together by survey prior to any assembly 

work. Documentation for this program of assembly work to be produced. It is also planned to 

dry fit the Dees onto the HE detector (at CMS pit) Sept/Oct to verify actual position w.r.t 

detector axis. 

 Laser survey inspection of Backplate 3 and Support ring 1 was completed on June 10 at TM 

site. The Backplate inspection followed the same procedure as the previous survey, where 

results are presented in a spreadsheet format for comparison to specified coordinates. 

Coordinate positions of Support Ring holes will be compared to existing hole positions in HE 

detector (documented by CERN metrology). 

 Tests have been undertaken at CERN to find a suitable water fittings system for the End Cap. 

Several types were investigated and tested (detailed in Project Paper EE/388). In conclusion it 

was decided to base the cooling arrangement using the GYROLOCK fitting system. 

 EE Barrel group at CERN are progressing with a new design for a LV system. It is hoped that 

the End Cap group could use the same arrangement, partial details have already been 

forwarded to RAL engineers but further decisions are required prior investigating the space 

requirements (internally and on patch panel) prior to making decisions on patch panel 

arrangements. 

 T Lodge requested some modifications to the motherboard support frame for the prototype 

Mechatronics units. TL would also like to model a part region of the rear Backplate with 

these new frames in order to recreate the super crystal umbilical routing. JH has updated and 

passed drawings onto G Barber at Imperial and it is hoped to complete and supply the 

components by beginning of July. 

 All positional spacer shoulder bolts have now been supplied to RAL, approx 400 are at 

CERN. 

MEETINGS ATTENDED 

EE END CAP ASSEMBLY AND DELIVERY JUNE 15-18 CERN 

UK CMS EE END CAP ENGINEERING MEETING JUNE 17TH  RAL 

2
nd

 August, 2004 

 The final phase and delivery of the second EE End Cap is progressing at TM Engineers. An 

updated program of work has shown that the second End Cap is due for delivery at CERN 

week beginning 23
rd

 August. JH will plan visit to TM to view remaining load tests on both 
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support rings and undertake some minor positional spacer fittings. Following delivery the 

contract with TM Engineers will be complete and to schedule. 

 JH put together a program of work for the EE End Caps at the CERN assembly centre. This 

document can be found under the project papers file under the number EE 387. The document 

was presented to the EE group at CERN/UK. L Linssen made several comments regarding 

this program of work but is now progressing through the summer period with available TA1 

technical staff. Some of this preparation work is to be completed prior to dry mounting of 

End Cap to HE at Point 5 in September. 

 L Linssen has undertaken the liaison with CERN groups to undertake the dry fitting of the 

End Cap components in September. This dry mount will be the first real test of the 

attachment points made available on the EE Support Rings. A survey will be done to 

verify/adjust position of the End Cap and to fix/machine doweled shoulder bolts for final 

fixation. The ES support cone will also be fitted to verify axis position w.r.t ES detector 

(clearances currently at 10mm). 

 Imperial College has supplied RAL/T Lodge with EE Mechatronics components, namely the 

support frames for the mothercards. It is hoped that Imperial will complete a óquarterô section 

of an end cap for integration and umbilical cable layouts. 

 JH supplied a first issue engineering drawing of the short 75ch bar to INFN Milan group for 

quotation as part of the End Cap Mechatronics procurement. The EE group received a 

response and quotation for machining both long and short bars, these being 60 Euros for the 

long and 55 Euros for the short. 

 The UK End Cap group provided further information on the selection of HV connectors for 

use on the End Cap patch panels and internal to the End Cap. Simple model was created to 

highlight the potential space problem for cables emerging into the services area allocated for 

the End Cap. 

 JH has been given responsibility of the EE cost book, however will continue to work closely 

with RJGS. Requests have been made by PPD sources regarding changes to HV 

cables/connectors. 

MEETINGS ATTENDED 

UK CMS EE END CAP ENGINEERING MEETING JULY 22ND RAL 

UK CMS EE END CAP SC03 ENGINEERING JULY 26TH RAL 

20
th

 October, 2004 

 The delivery and therefore the completion of the second EE End Cap have been delayed due 

to some major technical problems. On final visit to TM (17 Aug) it was discovered that the 

load test on Support Ring 4 had caused a fracture in the front flange section (JH report 

WP14-07-6). Discussions with TM/sub-contractors and CERN have followed to try and 

understand the failure of the Support Ring. Following physical inspection and metallurgical 

investigations A.Herve of CERN rejected all rings due to the brittleness and lack of ductility 

found in the samples of LM25. The selected TF heat treatment condition may have produced 

an un-necessarily high strength component (TB7 gives better ductility/less strength). Further 

investigations of material (by S Sggoba, CERN) reveal micro-porosity and ócontaminationô of 

chemical elements. Strategy meetings have been held to determine the way forward, further 

samples will be removed from actual rings to verify sample results, and in the meantime 

quotations for replacement rings have been sought. Further payment of Support rings has 
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been halted. Related EE project papers (J Greenhalgh) can be found on the web - 

EE405/406/408 (confidential). 

 The first End Cap was mounted on HE+ at Point 5 (CERN) on 22/21 Sept. Dry fitting was 

successful; both Deeôs were attached using all 18 bolts and 5 collet/dowel bolts. CERN 

survey teams measured the alignment of End Cap and HE (CMS) centre to within 0.3mm. 

Both Deeôs were then removed and replaced by the CERN produced dummy Deeôs for pre-

cabling (Jan 2005). 

 Patch Panel work has become a critical path item, layout needs to be complete by end of Oct 

2004, layout drawings required mid-November for production at CERN. LV connector 

design finalised, simplified version of Barrel solution (2 Pins for End Cap). To be produced 

for cabling exercise, ETHZ to manufacture. HV housing rework to be done at CERN as well 

as óDô connector interface plates. 

 Milan group has now supplied the necessary information to progress order of all cooling bars 

for the EE End Cap order, M.Paganoni/P.Negri to act as liaison with Italian engineering 

company. JAH to raise order with single case tender. 

 Saclay have provided latest information of the Fibre Optic monitoring system, details of 

Patch Panel. 

MEETINGS ATTENDED 

CMS EE END CAP INTEGRATION MEETINGS AUGUST 25-27 CERN 

UK CMS EE END CAP ENGINEERING MEETING SEPT 15 RAL 

CMS EE END CAP DRY MOUNTING SEPT 20-24 CERN 

CMS EE END CAP TECHNICAL DISCUSSIONS OCTOBER 3 TM ENGINEERS 

UK CMS EE END CAP ENGINEERING MEETING OCTOBER 13 RAL 

6
th

 January, 2005 

 Further investigations, including the search for a new contractor, are continuing for the re-

manufacture of the EE ECAL End Cap Support Rings. This follows detailed discussions with 

TM Engineers, RAL have formally rejected Support Rings 3 & 4 due to brittleness/lack of 

elongation. TM has been asked to re-quote for ónewô rings based on findings/failure of old 

rings. A new technical specification has been written specifically for the Support rings stating 

revised details on cast material, further testing and heat treatment.  It has been agreed that test 

samples should be fully tested (UK/RAL/CERN combination) prior to the final machining of 

any support rings. Discussions have taken place with the initial contractors (TM Engineers) 

but further enquiries have been made to two other companies (NAB Precision UK and TAL 

Israel) to ensure that prices quoted are competitive. Further samples of Support Ring 3 and 4 

from TM were requested to verify findings (brittleness, lack of elongation) found on cast 

sample. New samples were sent to CERN for tests; these were completed and verified the 

original findings. All strategy meetings regarding the current state of the contract have been 

minuted and are confidential but can be read, by request, from this location (http://www.eng-

external.rl.ac.uk/cms-gen/Project_papers/). 

 The connector/services detail on the End Cap Patch Panel plates have now been machined to 

accommodate the necessary components for the pre-cabling of the CMS service ducts. 

Problems in reading the drawings at CERN have resulted in the details being incorrectly 
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mirrored on different faces of the panels. The panels have been simply modified for 

correction and have also been alochromed. 

 The Low Voltage connector drawings have been supplied to CERN for manufacture and use 

for pre-cabling of CMS ECAL. Prototypes made in UK to verify design 

 Meetings with the Crystal Palace group at CERN now occur on a once a fortnight basis. 

CERN/TA1 group will develop the regional centre in Bldg. 168 for the assembly of Super 

Crystals and full assembly of End Caps. Preparatory work and development of assembly 

methods will be undertaken during the next 12 months. Engineers will oversee the necessary 

modifications to the OPAL frame to update suitability for EE End Cap. 

 Final production negotiations have been held between IHEP and Energia, manufacture of the 

Environmental Shield will begin Jan 05, JAH/RJSG will plan to visit plant during mid-

production. 

MEETINGS ATTENDED 

CMS EE PATCH PANEL/SERVICES MEETINGS NOV 22-24 CERN 

UK CMS EE END CAP ENGINEERING MEETING NOV 25 RAL 

UK CMS EE END CAP ENGINEERING MEETING DEC 22 RAL 

23
rd

 March, 2005 

 JAH/RJSG visited TM Engineers to discuss the rejection and re-quotation of ónewô support 

rings. TM has undertaken further investigations and has sought experienced 

recommendations on re-casting the new rings to comply with RAL specifications. However 

the cost of these new rings is twice of the originals, RAL stated their disappointment in this 

high price. TM may reduce this if responsibility of castings (and their success) is shared. 

RAL concluded matters by deferring decision until more information had come to light on 

alternative manufacturers. JAH/RJSG visited NAB Precision Engineering to discuss 

manufacture of rings. Facility is geared towards heavy engineering; they possess a large bed 

5-axis CNC capable of machining Support Rings. NAB were in discussions with casting 

companies but had made enquiries on rolling half rings. These would be done in 90 degree 

segments and then welded. JAH/RJSG/S Sgobba visited rolling company Angle Ring (with 

NAB) to further discuss welding techniques. RAL to further discuss and decide eventual 

manufacturer of new support rings in April 2005. All meetings regarding the current state of 

the contract have been written and are confidential but can be read, by request, from this 

location (http://www.eng-external.rl.ac.uk/cms-gen/Project_papers/). 

 JAH/K Bell attended the dry-mount of the EE End Cap Major Mechanics onto HE- at Point 

5, CERN. Like the previous dry mount this was to verify satisfactory attachment between EE 

and HE detectors. This was done satisfactorily although no survey was carried out clearance 

between Backplate and ES cone was measured, it was also noticed that there was a degree of 

movement available for adjustment. 

 EE End Cap Services due to be fitted at Point 5 during Feb/March, questions arose regarding 

the lengths of cooling pipes in the service ducts. A decision was made to cut the pipes way 

back in the duct and fit flexible tubes/fittings to patch panel. It is hoped to use a system of 

quick release fittings on the EE Patch Panel, JAH to write specification on requirements 

 JAH updated the engineering schedule of End Cap component manufacture, concluded that 

the EE Moderator system had to updated and detailed for necessary manufacture late 2005. It 

http://www.eng-external.rl.ac.uk/cms-gen/Project_papers/
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is intended to manufacture system with Russian money, detailed drawings will be required 

for companies, JAH updated Moderator assembly drawings. 

 JAH updated Mechatronics layout with LV distribution and TRLB, T Lodge to 

study/comment on layout and necessary changes required for sector build up of complete End 

Cap (2 Deeôs). 

MEETINGS ATTENDED 

CMS EE DRY MOUNTING/SERVICES JAN 25-FEB 9 CERN 

UK CMS EE END CAP ENGINEERING MEETING FEB 24 RAL 

5
th

 May, 2005 

 The re-tender of the EE End Cap Support rings now appears to be close to completion. TM 

Engineers were approached and asked to provide a final quotation for the manufacture of the 

Support Rings. However like NAB Precision TM decided to review the fabrication of the 

component using a rolled Aluminium section and this was reflected in a more competitive 

price from them. A decision was then made to visit TM and further discuss the technical 

procedures planned; this also included a visit to the rolling sub-contractor Bradshawôs in the 

West Midlands. Technical discussion verified that the rolled bar/machining approach to 

manufacture has a greater chance of success than casting the rings. Following some 

contractual discussions here at RAL a decision was made to close the existing EE Major 

Mechanics contract with TM and raise a new contract to supply RAL/CERN with four new 

Support Rings based on aluminium rolled section. All meetings regarding the current state of 

the contract have been written and are confidential but can be read, by request, from this 

location (http://www.eng-external.rl.ac.uk/cms-gen/Project_papers/). 

 JAH and RJSG paid a visit to the Russian production facilities of Energia Industries in 

Moscow during April. This was to view the mid-production status of the EE End Cap 

Environmental Shield. Progress on both shields was good, Energia had decided to 

manufacture each End Cap as a single circular piece, once assembled the component will 

then be cut into halves, dimensional checked (for any springing that may have occurred) and 

the first End Cap will be delivered to CERN during Autumn 05. 

 JAH produced layout of End Cap moderator assembly plus some basic detail drawings for 

our EE Russian colleagues. These have been used to discuss possible manufacture of 

components in Russia and have already shown interest with some companies. V Kachanov of 

IHEP would like complete engineering drawings for the autumn as to progress their 

manufacture. 

 EE Services Patch Panel drawing was updated following requests from KW Bell, awaiting 

correct checking procedure by KWB. 

 JAH produced a cooling/fittings requirement document for the EE End Cap, this has now 

been supplied to CERN and it is hoped that the tender/payment of the quick release system 

will now be handled by CERN. 

 JAH/T Lodge requests to update the support plateôs layout and further divide them into 

smaller sections. 

MEETINGS ATTENDED 

CMS EE INDUSTRIAL VISIT TO ENERGIA APRIL 19-22 RUSSIA 

http://www.eng-external.rl.ac.uk/cms-gen/Project_papers/
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UK CMS EE END CAP ENGINEERING MEETING MARCH 30 RAL 

UK CMS EE END CAP ENGINEERING MEETING APRIL 27 RAL 

12
th

 July, 2005 

 RAL are now in a contract agreement with TM Engineers to produce four new support rings 

based on the rolling process. A delivery schedule has been presented by TM and indicates 

that first delivery of 2 rings will be in Oct 05 and second delivery in Dec 05. The 5083 

Aluminium material has been produce in two billets, both of which are sawn to produce 7.7m 

sections ready for rolling. NDT testing using ultrasonicôs was undertaken and witnessed by 

JAH to ensure no flaws/voids were found prior to rolling. One section will now be rolled and 

undergo NDT once more to ensure no material damage has happened during the process. If 

successful all other rings will be rolled. Some degree of stress relieving will take place prior 

to the rough machining of the rings followed by another stress treatment prior to final 

machining. 

 Following the presentation of the EE Moderator scheme (presented to V Kachanov during 

Russian visit) work has now commenced on the design and production drawings of this End 

Cap sub-assembly. The current scheme will undergo minor detailed changes for production 

(Stephen Butterworth). It is planned to present the package of drawings to Russia for 

manufacture. 

 Detailed design work has commenced (NJ Brooks) on the End Cap support plates, these are 

to support the HV, LV and Mechatronics sections. Also included in this work is the standoff 

system necessary to support all the respective layers within the End Cap. It is hoped to 

produce some prototype components in order to develop the system for final use in the 

assembly. 

 JAH produced the cooling/fittings requirement document for the EE End Cap and presented it 

to the End Cap group at CERN. However they have responded recommending a number of 

additions to this document, JAH is to assess the work and inform the UK group of further 

progress. It has been agreed that ETH Zurich will pay for the End Cap fittings, therefore the 

technical advisor should be based at CERN. 

 JAH is to progress with the design/layout of Mechatronics based on T lodge requests to óre-

positionô the TRLB units. JAH also to produce development drawing of cooling manifolds 

for quotation purposes. It is hoped that the company will provide some ideas for flexibility of 

pipe position (JAH would like flexible links but this may be expensive). 

 JAH provided space details for LED pulsing system on EE patch panel to PPD for 

development. 

MEETINGS ATTENDED 

UK CMS EE END CAP ENGINEERING MEETING MAY 24 RAL 

CMS EE END CAP INTEGRATION MEETING MAY 25-27 CERN 

UK CMS EE END CAP ENGINEERING MEETING JULY 7 RAL 

21
st
 September, 2005 

 The End Cap Major Mechanics tender continues with the manufacture of the Support Rings. 

All rings were rolled in July and two of them were NDT inspected post rolling, these were 

then suitably certified as no flaws had developed from the rolling process. All rings were then 
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stress relieved (annealed) to the specification supplied by Stefano Sgobba, CERN. All rings 

were then transported to TM facilities where they are currently undergoing rough machining, 

once machined to a certain level they will be moved to the multi-axis CNC where they will 

undergo final machining. Some delay in delivery for the first 2 rings is expected but load 

testing/delivery to CERN is still planned by the end of October 05. 

 The End Cap Moderator drawings have now been produced and they will be presented to V 

Katchanov during a meeting at CERN with JAH. The plan will be for Katchanov to present 

the drawings to the manufacturer for comments and questions. This may result in some 

iterations/changes of drawings but not much work is expected, final issue of drawings is 

planned for the end of October 05. 

 Much development work has been done over the summer by N Brooks (vacation student) 

regarding the services supporting structure in the region behind the Backplate. Drawings have 

been produced of the HV, LV and Mechatronics support plates as well as some components 

for a standoff system. N Brooks/J Hill issued some prototype drawings to Imperial in order to 

manufacture some components. These have been delivered and the built up model is viewable 

in the CMS End Cap regional centre. 

 Work continued with the design of the Mechatronics cooling system with some drawings 

produced for manufacturer discussions. Hydrapower, the company that had manufactured the 

Backplate cooling system was asked to comment and provide a rough price based on the 

current design/drawings. However during August it was reported from CERN that the ECAL 

Barrel group had revealed major problems with the design of their manifold system, much of 

this to do with the welding procedure of pipes. CERN have now taken a major interest in 

developments and are now undertaking a complete re-design of the cooling system, JAH will 

plan to meet the relevant welding experts at CERN during Sept. 

 J Hill to discuss further with W Funk on the type of cooling connectors necessary for the End 

Cap Patch panels and internal fittings to be tendered on behalf of RAL by CERN (ETH-Z to 

pay). 

MEETINGS ATTENDED 

UK CMS EE END CAP ENGINEERING MEETING AUG 9 RAL 

UK CMS COLLABORATION MEETING SEPT 1-2 BRUNEL UNIVERSITY 

2nd November, 2005 

 The End Cap Major Mechanics tender (WP020) continues with the manufacture of the 

Support Rings. The main window features in all the rings have been machined and TM has 

continued to final machine two of the components for first delivery. TM announce back in 

October that there would be some delay in the delivery due to an underestimation of 

machining time and an electrical fault that had developed in their main CNC machine. 

However major progress is now being made and TM expect the first load test to occur during 

the week beginning 7
th
 Nov. If all is successful then two rings will be alochromed, packed 

and delivered to CERN by the end of Nov 05, JAH expects to be present during delivery to 

CERN. 

 At the request of B Brown, JAH produced a case document to nominate TM Engineers for a 

CERN award; deadline is 15 November however the document will be held until after the 

first load test. 
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 JAH is still awaiting feedback from V Katchanov (IHEP) on the moderator drawings that 

should have been presented to the Russian manufacturer. Detailed changes already 

undertaken is the addition of permanent number markings on each of the moderator 

components and the removal of the fire resistant paint finish, this task will be done 

independently at CERN. 

 Comments by T Lodge have been noted by JAH regarding the prototype section model 

produced during the summer under N Brooks. Minor modifications are planned for some of 

the drawings prior to release. 

 Following the previous announcement, D Cockerill has now informed the End Cap 

Engineering group that the Test beam work planned for November 06 will now not occur. 

However with the delivery of some crystals still planned during spring 06 he would like to 

see a ótest buildô of Dee 4 occur during the summer months of 2006. JAH to fully understand 

the requirements and begin the purchase of components during early 2006. 

 Work on the cooling manifolds for the Mechatronics systems are partly on hold. JAH 

attended a series of meetings at CERN to discuss the requirements of the End Cap following 

the problems encountered by the Barrel group. JAH has proposed a new local manifold 

design and is awaiting feedback from CERN. The main manifold system is also under review 

by an external company who provided a quotation for the complete system some months ago. 

 JAH is currently working on a new arrangement of fitting for the patch panel, will provide 

details to W Funk/O Teller on his next visit to CERN. 

MEETINGS ATTENDED 

UK CMS EE END CAP MEETINGS/BARREL REVIEW SEPT 26-29 CERN 

UK CMS EE ENGINEERING MEETING OCT 18 RAL 

16
th

 February, 2006 

 For the End Cap Major Mechanics tender (WP020), the first two support rings was delivered 

to CERN on 30
th
 November 2005. This followed the successful load test of both rings at TM 

site on November 17
th
. The load tests followed the same procedure as previous rings. Results 

were taken at regular intervals up to the maximum specific load of 12.75t; this was followed 

by a visual inspection and NDT using dye penetrant. Load test procedure can be found in the 

Project Papers section under EE381. Both rings have been fitted to their respective 

Backplates in the Crystal Palace assembly area and have been newly labelled EE-N D3 and 

EE-F D4. The remaining part of the contract (2 new rings+backplates and cooling system) 

was delivered on 18
th
 January 2006. Again this followed a successful load test of ring 3 and 4 

at TM site on 8
th
 December. Both rings 3 and 4 were respectively mounted to their 

Backplates as was the cooling system. Now delivered to CERN these will be placed in 

storage until required. This now completes the tender action (and WP020) for the major 

mechanics. 

 Following the nomination of TM Engineers for a CERN award, CERN have elected to award 

TM with a Gold standard, this will be presented during CMS week during March 2006. 

 Following the release of the End Cap Numbering system document comments were made by 

T Lodge regarding the arrangement of the Mechatronics within a Dee. TL recommends that 

the opposite Dee should be a mirror whereas currently the design is based on a simple 

rotation. Discussions regarding the implication on Dee redesign and schedule have been held, 
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JAH to investigate possibilities of simplifying the design even further to allow the mirroring 

of units from quadrant-to-quadrant and Dee-to-Dee. 

 Following discussions with CERN personnel the local manifold drawings have been updated, 

JAH also to update the main manifold arrangements within the End Cap. 

 On the request by W Funk JAH has now produced an up-to-date document on data/trigger 

fibre box locations within the Deeôs. The box arrangement is symmetrical and using the 

available documentation JAH was able to route, calculate and specify box unit positions and 

fibre assignments between them and the patch panel connectors. This has now been submitted 

and checked. 

 JAH is currently working on selecting the correct Staubli quick release fitting necessary for 

the End Caps, assistance has been provided by Staubli UK representative, JAH to produce 

manifold block dwg. 

 Part of the CECOM cooling manifold delivery has now been made to CERN; this is to be 

completed April 06. 

 The EE End Cap Environmental screen has now been delivered from Russia to CERN. The 

units have arrived safely and will now require a trial fitting to the existing major mechanics. 

This must include some SC elements. 

 Graduate Engineer George Ellwood has briefly joined our group to gain experience in CAD 

design. As a task he has been asked to look at the support structure design for the data/trigger 

fibre box units in the End Cap. 

MEETINGS ATTENDED 

UK CMS EE ENGINEERING MEETING NOV 24 RAL 

CMS EE END CAP MEETINGS/SUPPORT RING DELIVERY NOV 29-DEC 02 CERN 

CMS EE END CAP SUPPORT RING SECOND DELIVERY/UK CMS EE ENG. MEETING JAN 17-20 
CERN 

25
th

 April, 2006 

 Following the completion of the End Cap Major Mechanics Contract, TM Engineers were 

presented with a GOLD Award at CERN during CMS week, March 2006. 

 Following discussions at RAL and CERN, the End Cap group accepted proposals made by 

JAH to re-arrange the Mechatronics layout in order to provide perfect mirrored symmetry 

between quadrants. This new layout would mean updating a number of drawings relating to 

the support structure and would also introduce LH/RH versions of all Mechatronics units. 

Introduction of the layout also means that the main manifold system will be simplified and 

will also be mirrored in design. JAH, with assistance from RAL contractor will now begin to 

update layout and provide detailed drawings for prototype manufacture. 

 End Cap Moderator drawings have been further updated to conform to the new Mechatronics 

layout and will now be released and placed onto the CDD database. From here the INR 

Russian group will now be able to use the drawings for manufacture during 2006. 

 JAH produced an up to date arrangement of the patch panel fittings and forwarded on the 

details to CERN for final tender. Updated document and diagram placed in Project Papers 

areas on web. 

 During March the CMS End Cap group took on additional manpower to oversee integration 

issues and the test fitting of some major components at the CERN assembly centre (Crystal 
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Palace). P Ford will conduct a number of fitting and clearance tests involving the 

Environmental Shield and OPAL frame rotation tests. The clearance tests involve dummy 

Super Crystals at various points around the Backplate and the front shield. Clearance test will 

also occur between the Preshower support cone and the inner shield. A survey will also be 

done of the Preshower spider support points on the front of the environmental shield. 

 Following discussions with T Lodge and group the Mechatronic units have now been updated 

to the latest spec and a number will be ordered to comply with the requirements of the Dee 4 

build required in Sept/Nov 2006. These components have now been ordered and will be test 

assembled at RAL on arrival. 

 The local manifold design of the Mechatronics units has now been released. CERN will now 

manufacture a number of these units for a single prototype that will be electron beam welded 

at CERN during May 2006. 

MEETINGS ATTENDED 

UK CMS EE ENGINEERING MEETING MARCH 8 RAL 

CMS EE END CAP MEETINGS MARCH 10-15 CERN 

UK CMS EE ENGINEERING MEETING MARCH 8 RAL 

17
th

 July, 2006 

 Following the re-arrangement of the End Cap Mechatronics units to the ómirroredô layout, 

further discussions at CERN regarding the future build of the Deeôs highlighted possible 

changes in the mechanical construction. The CERN ECAL group specified that the End Cap 

assembly period will probably be a lot shorter than currently scheduled. A request was put 

forward to the End Cap group and the result was to further increase the number of support 

plates within the End Cap to aid parallel build of more than one End Cap at a time. The 

support plate design (three layers HV, LV and Mechatronics) has just been completed to 

production drawing level. Each layer currently consists of 6 plates (per Dee), the request has 

been to increase this to 10. D Cockerill proposed the new arrangement and was going to 

present this to the CERN ECAL management for approval. 

 The CERN ECAL management requested that an Internal Review of the End Cap design 

status should be presented as soon as possible. JAH was not to keen to go ahead with this 

presentation until the new support plate structure had been more detailed. However D 

Cockerill was confident that a straight forward presentation of the proposed arrangement 

would be sufficient. JAH to supply current details and copies of previous talks to assist D 

Cockerill in setting up future presentation. 

 D Cockerill informed JAH that the intumescent paint that will be applied to the polyethylene 

moderator components had a base thickness of 0.5mm. This has a quite an effect to the 

overall thickness of the moderator (1mm min. over thickness). It was decided to reduce the 

overall thickness of the components in order to maintain the maximum overall thickness of 

the moderator assembly within the End Cap. All production drawings were updated and 

placed onto CDD for release, the drawings will now be used for production in Russia. 

 Following the introduction of the new mirrored Mechatronics layout an updated design of 

local manifold was produced. This incorporated some of the design techniques introduced for 

the ECAL Barrel following the St/St welding problems encountered during Barrel 
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production. Some pre-production units are to be EB welded at CERN, JAH to introduce new 

design based to CERN specification. 

 JAH supplied further information on the requirements on the cooling fittings required for the 

End Cap. CERN (Funk/Teller) are due to produce a specification on the purchase of the 

fittings using the space diagram supplied by JAH. Space allocation is important due to the 

small envelope area designated to the End Cap. 

 JAH to pursue UK quotation for the VFE/LV housing plates for End Cap. A quotation has 

already been received from CECOM (Italy). The final Cooling Bar delivery has been delayed 

due to an increased demand by the Barrel group following their St/St welding problems on 

interlinking manifolds. 

 Peter Ford plans to further undertake trial test fittings of the remaining Environmental 

Shields-to-Backplate in order to check correct clearances between Super Crystals and Shield. 

MEETINGS ATTENDED 

UK CMS EE ENGINEERING MEETING APRIL 21 RAL 

UK CMS EE ENGINEERING MEETING MAY 24 RAL 

UK CMS EE ENGINEERING MEETING JUNE 22 RAL 

25
th

 September, 2006 

 D Cockerill presented a design status report to the ECAL project leaders at CERN. JAH 

supplied the latest information on the design; a further report on the status of the electronics 

was also presented. Several recommendations were made by the group including the 

maximising of stainless steel welding for the internal cooling system, incorporation of the 

new proposed 10 plate-per-Dee arrangement and the improvement of space for the TRLB 

card layout. The UK/RAL group has taken the comments on board and now plan to 

incorporate these improvements for the Dee4 build. The assembly of Dee4 will be used as a 

pre-production build of an actual Dee, it is hoped that the lessons learned by building this 

20SC Dee plus the lessons learnt with the barrel build will be sufficient to allow the 

remaining End Cap component production to commence by the end of 2006. 

 Work has now commenced on the update to the manufacturing drawings for the 3-layer 

support plates. These include the HV, LV and Mechatronics support structures. Small 

quantities of these will be used for the Dee4 build. 

 JAH to update the TRLB Mechatronics units as requested by W Lustermann. An additional 

2mm of space will be given to the fourth bar to allow easy assembly of the card units as per 

barrel assembly. W Lustermann will now take over responsibility of End Cap electronics 

issues following the departure at RAL of T Lodge. 

 Delivery of several Mechatronics components was made during August. These were packed 

and sent to CERN where they were assembled by JAH. The examples assembled showed the 

75ch, 100ch and óoriginalô TRLB arrangements. Also included was the newly welded local 

manifold prototype. Photos of these units can be seen on 

http://hepwww.rl.ac.uk/CMSecal/Dee4.htm 

 In discussions with J Mulon, JAH proposed an arrangement of in-line fittings for the cooling 

of the Environmental screen. However on further inspection of the Backplate it was discussed 

that we may be able to use the in-line solution for the Backplate cooling. D Cockerill agreed 

that we should make trial use of óoff-the-shelfô components and try this proposal for Dee4. 
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 JAH continues discussions with Hydrapower representative G Williams regarding the design 

of the internal manifolds. Information has been supplied by CERN workshops (G Favre) with 

regard to St/St welding. Proposed to design and manufacture 4 assemblies for Dee4, G Favre 

will probably visit UK Company to discuss construction methods. 

 P Ford continues with the trial fitting tests of Environmental Shield to Backplate-Super 

Crystal clearance. Two assemblies have now been complete, discussions and arrangements 

for the next two are in progress. 

 The VFE/LV Housing plate order has now been placed with a UK company (Machining 

Centre), full delivery expected in 14-16 weeks. 

MEETINGS ATTENDED 

CERN CMS EE INTERNAL REVIEW ɀ DESIGN STATUS JULY 19 CERN 

UK CMS EE ENGINEERING MEETING JULY 26 RAL 

UK CMS EE ENGINEERING MEETING SEPT 22 RAL 

13
th

 December, 2006 

 The new 10-plate support plate arrangement was agreed by the End Cap group and 

production drawings were completed for pre-production build of Dee4. Components tendered 

manufactured and delivered by end of November to RAL. These plates were sent on as part 

of a large consignment of Dee4 components to CERN beginning of December. 

 Mechatronics design updated based on construction experience and comments from CERN. 

Components tendered, manufactured and delivered to RAL at the end of November. These 

components were sent to CERN as part of the Dee4 consignment.  

 The supporting structure of the internal plate arrangement was tendered, manufactured and 

deliver to RAL during November. Some components were transported to CERN for a trial 

fitting 

 The VFE and LVR housing plate manufacture ran into some problems as the engineering 

firm (The Machining Centre) had miss-interpreted the drawings/dxf files. Following 

discussions TMC suggested a rework program. These mods appeared satisfactory and 

production commenced. Following the test fitting of the LVR plates at CERN it was found 

that the plate was too short (0.5mm). The released CERN drawing had not taken into account 

a recent mod to extend the plate to aid better fixation within the Mechatronics. 

 With the main construction of Dee4 due to take place in early 2007, it is necessary to attach 

the Backplate cooling pipes to the plate. Thermal compound must be placed between the pipe 

and the plates. The type was sourced some time ago during thermal analysis of the End Cap 

cooling. JAH purchased the AS1607 compound but subsequently this batch has been 

requested by IHEP/Katchanov for use in the Moderator construction. JAH to re-order some 

new thermal compound. 

 Following the recommendations of CERN personnel, the spacing of the TRLB cooling bars 

were altered. Consequently the design of the local manifold had to be updated as CERN 

workshops wanted to commence production of these units. Additionally during the first 

prototype EB welding of the units it was found that too much force during the attachment of 

the fittings distorted the pipes emerging from the cooling bars. It was agreed to include some 

hex/spanner feature on the manifold units to hold the component in place during assembly. 
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 J Noviss was to begin work on production drawings for the main cooling manifolds internal 

to the End Cap. The design and layout is very much based on original work done by JAH. 

Following recent discussions with engineers at CERN suggestions were made with regards to 

the inclusion of St/St bellows. The new design incorporates the suggestions made and 

components will be made for Dee4 test beam work. 

 JAH to begin work on design of End Cap Bump stop. Design criteria specified in FE analysis 

reports produced by RJS Greenhalgh some time ago, JAH to use this for reference. 

MEETINGS ATTENDED 

CERN CMS EE INTEGRATION ɀ VISIT TO CRYSTAL PALACE ASSEMBLY CENTRE DEC 4-7 CERN 

6
th

 August, 2007 

 Several Mechatronics items and Main manifold components were updated following 

discussions with CERN personnel during Jan/Feb 07 periods. These updates were included to 

the manufacture and welding assembly of the main cooling manifolds. After technical 

discussions at CERN it was decided to provide a kit of parts to CERN workshops for 

welding, X ray and pressure testing prior to fitting into Dee4. All subsequent component 

drawings were updated and finally presented at the End Cap FDR in May 07. 

 The layout and detailed design of the fan-out boxes was completed in March 07. OM had 

sourced a photo-etch company who were able to deal with the flat development and bending 

of the boxes. The support structures were also produced by them. The system was trial fitted 

and presented to the FDR group during the review. The system was then sent out to CERN 

for fitting onto Dee4. 

 The End Cap Moderator system was delivered from Russia to CERN during June 07. JAH 

inspected and trial fitted the components and made a number of observations that were passed 

onto CERN engineers for action. The components have not been prepared with the necessary 

flame retardant material requested by the CERN Safety department. Unfortunately the 

components arrived too late for fitting into the Dee4 test beam assembly. 

 All components for the Dee4 test beam assembly were collected from RAL by a pre-arranged 

transportation and delivered to CERN in June 07. All components were transferred to the 

Crystal Palace (Bldg 168) where they were listed/documented and then used for the 

construction of the main cooling bar units. All local manifolds were electron beam welded at 

CERN workshops. 

 Construction of the Dee4 test beam assembly finally began in Bldg. 867 (Prevessin site) 

during June 07; this was due to the late finish of the ECAL Barrel Supermodules. The RAL 

End Cap Engineering realised that there would be a potential requirement for component and 

assembly updates following this initial construction period based on the experience gathered 

by the technical personnel. The construction of Dee4 (and for the final End Caps) would be 

undertaken by the ECAL Barrel group. Despite a number of attempts in the past to 

invite/include the staff in discussions with the End Cap group on design and assembly issues, 

little or no effort was made to join discussion. This was put down to the shear work load of 

the ECAL Barrel group as they had to complete modules to a certain deadline. Consequently 

many comments and recommendations were made by the group to modify/change some of 

the End Cap design. The major change would be in the construction of the main cooling 

system; this would be covered in the next CMS ECAL work package. 
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 This Project will now be closed in order to use more up to date Group QA documentation. 

The final assembly, construction and installation of the End Cap will be covered by Work 

Package TDR095 

MEETINGS ATTENDED 

CERN CMS EE INTEGRATION ɀ FEB 19-22 

CERN CMS EE REVIEW ɀ MARCH 19-21 

CERN CMS EE INTEGRATION ɀ MAY 14-16 

RAL CMS EE FDR ɀ MAY 24-25 

CERN CMS EE INTEGRATION ɀ JUNE 11-14 

CERN CMS EE INTEGRATION ɀ JULY 18-19 

CERN CMS EE INTEGRATION ɀ JULY 23-26 

September 2007 

 Following and intense period of building the Dee4 test beam detector during the months of 

June/July/August, several requests for re-design were put forward by the ECAL Barrel group. 

The Barrel group, under the leadership of Werner Lustermann (ETHZ) will be responsible for 

the final construction of the End Caps at Building 867 Prevessin site. Unfortunately due to 

the intense build of the ECAL Barrel during 06/07, Werner and his team were unable to 

provide any major support or comments during the final design stages of the End Caps. Their 

ideas for construction, based on the abilities to pre-test most of the components prior to final 

mounting were not used throughout the design. The main area where this philosophy is most 

prevalent was in the electronics cooling and the main manifolds. Following the assembly of 

this unit onto Dee4 requests were made to remove as many compression fittings as possible 

as fixing these in situation was difficult. A statement was made to also have the ability to test 

the cooling bar system off-detector on the bench and then mount several columns, now 

referred to SuperUnits, onto the Dee assembly. Discussions followed with the CERN 

workshops and physicist Dietrich Schinzel to see how best to proceed with the construction. 

Several proposals were put forward with RAL controlling the final design and providing the 

drawings. 

 CMS UK Budget holder B Brown and CERN Project Leader D Cockerill requested that the 

EE Cost to Completion spreadsheet was to be updated. Using the RAL FRS service, JAH was 

able to update spend for the current financial period 07/08 but was also instructed to add 

another financial period to the spreadsheet due the unforeseen project overrun. In discussions 

with DJAC we were able to revisit the remaining costs for this period and the new one 08/09. 

 The original design of fan-out box was prototyped and fitted to the Dee4 test beam detector. 

Despite favouring a number of details the Assembly group requested that the overall shape of 

the box be changed from the tapered design to a rectangular one. They also requested that the 

fixture of the box be simplified. Several recommendations and layouts were presented to 

RAL and J Noviss converted these ideas into detailed drawings. These have been presented to 

the assembly group and are awaiting approval for production. 

MEETINGS ATTENDED 

CERN CMS INTEGRATION VISIT 13-17 AUGUST 2007 
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CERN CMS INTEGRATION AND REVIEW MEETING VISIT 11-14 SEPT 2007 

RAL CMS UK COLLABORATION MEETING 15-16 OCT 2007 

November 2007 

 Assembly of Dee1 continues in Building 867, 95% of all Super Crystal units have been 

mounted on to the Backplate. Once complete the first stage of construction at the rear of the 

Backplate will commence. The construction of the first Dee will be an important stepping 

stone in the assembly process of all Deeôs. W Lustermann and his team have already made a 

number of requests to improve the assembly of the End Caps. The support plate structures 

have undergone much detailed change and have been reworked in situ, details of these 

reworks will be passed on prior to making the next order of components (second End Cap). 

LV plates will be sent to CERN this month and the new version Patch Panels have been 

manufactured at CERN, these will be will be fitted to the first Dee with all service 

connectors. JAH plans to visit CERN during this first main period of assembly to provide 

technical support. 

 W Lustermann requested the manufacture of a new support plate to be exclusively used for 

the looming/arrangement of the Low Voltage cables during Dee construction. JAH 

produced/proposed the arrangement and is awaiting feedback prior to RFS 

 Several mechanical components have been updated by JAH and JN, request for quotation and 

services have been made during this last period these including; prototypes of the new 

proposed data/trigger boxes, main manifold flow/return pipes, updated LV distribution 

support brackets and a proposal for a 1mm Mechatronics shim. 

 CMS UK Budget holder B Brown requested that the EE cost to completion spreadsheet was 

further updated for an OSC Finance meeting on 2
nd

 November. This was principally to 

outline the necessary spend for the 08/09 period. 

 End Cap installation coordinator J Baechler of CERN has requested that JAH provide some 

technical support for the proposed installation tests at Point 5 during November. This 

includes mounting a dummy Dee and support frame onto the installation table and going 

through the proposed movements of assembly. This work has to be completed during 

November as the installation tables will be relocated underground at the beginning of 

December. 

MEETINGS ATTENDED 

CERN CMS INTEGRATION VISIT 28-30 OCTOBER 2007 

February 2008 

 Assembly of Dee1 continues in Building 867, all Super Crystals have been mounted as have 

the Fibre Optic monitoring system, HV and front moderator structures. The new requested 

version of the LV plates has been fitted to Q1 and the W Lustermann team have 

routed/loomed the LV cables for Dee1. Some LV cables have now been permanently fitted, 

the Mechatronics support plate for SuperUnit4 has been attached and motherboard mapping 

has progressed. A number of updates to the front moderator structure have taken place; this is 

mainly due to the poor clearance between mechplate clinch nuts and existing cut-outs. The 

cut-out sizes were increased to 25mm diameter on the Dee, subsequent moderator assemblies 

will be modified before hand. Dee2 Super Crystal assembly has now been completed, the 

fibre optics/HV cabling will now begin on this assembly 

 Discussions regarding the fitting of the flow/return pipes for SuperUnit1 have instigated some 

discussions for the build of Dee1. Following the successful welding of SuperUnit1 the 867 
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group are unable to map/attach this assembly due to the incomplete construction of two 

flow/return pipes. Although the pipes for Dee1 and 2 have been delivered to CERN, a final 

elbow piece has to be welded by CERN workshops. Therefore a decision has been made to 

begin mapping and assembly of the first cooling system in the SuperUnit4 position. The flow 

return pipes will be completed in the near future following once discussions on sharp bends 

and cavitation problems have been completed. Recent calculations and CFD results have 

indicated that having such low pressure/flow through the End Cap system will cause no 

problems (RJS Greenhalgh/ASD group). 

 All designs for the remaining SuperUnit assemblies have been completed, CERN engineering 

and workshops now have full access to the necessary information to complete these units. All 

jigging has been manufactured on site and all main manifold pipes and flexibles have now 

been supplied to CERN. 

 Due to the requests made by W Lustermann and 867 group, a number of modifications were 

requested and undertaken to the main support structures/plates of Dee1. All these have been 

undertaken by CERN engineering however a number of omissions were made that has caused 

some troubles. Much effort has been made to update components where necessary. It has 

been intended to incorporate all these changes in the next set of components 

manufactured/delivered to the UK. Updates to the HV/fibre protection plates appear to be 

variable depending on the location of Saclay laser blocks, each Dee may have to be treated 

individually as covers are also required. The patch panel for Dee1 had to be 

modified/enlarged in situ as it appears that the larger sized nut has been chosen for the Sagan 

fittings. All subsequent Dee patch panelsô openings for the pipes will be widened. 

 All remaining components for Dee3 and 4 have been ordered and the majority of them have 

been delivered to RAL. These will be transported to CERN February 21-23. Outstanding 

elements still remain but are however in hand. The data/trigger box design will be put out to 

tender week beginning 25 February. One version of the Mechatronics shims had to be 

returned to company, the wrong version was produced and it is expected that they will be 

replaced within a week. CERN engineering is handling the procurement of the remaining 

mechatronic components, expected delivery beginning of March 08. 

 The ECAL Tracker detector has been installed in CMS since 2007 however recent surveys 

have shown that some elements of the services are not within the specified envelope. As it 

currently stands the CMS detector will not close therefore CMS technical coordinator Austin 

Ball has requested that further room be gained at the expense of the End Cap envelope. 

Current layout shows 11.5mm clearance to the inner face of the HE detector, there is a 

nominal 5mm gap to the agreed envelope line which CMS would now like to use for the 

tracker errors. Project change note 010 was raised and details noted. 

 The Dee4 test beam model has now been removed from the H4 test beam and is currently 

being stripped and prepared for final assembly in 867. With regards to mechanical 

functionality the test was successful, all support structures appeared to function correctly and 

no leaks were reported from the Mechatronics cooling system. 

 Further cost book updates were requested during December 2007 by RM Brown and in 

January 2008 by IR Tomalin for the OSC review. Some UK funds had been transferred to 

CERN accounts by D Cockerill. JAH to request an update of current spending plan at CERN 

and combine them with the almost complete UK spend. 

MEETINGS ATTENDED 

CERN CMS ASSEMBLY AND INTEGRATION NOV 12-15 

CERN CMS ASSEMBLY AND INTEGRATION NOV 26-29 
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CERN CMS ASSEMBLY AND INTEGRATION JAN 14-18 2008 

CERN CMS ASSEMBLY AND INTEGRATION JAN 28-31 

CERN CMS ASSEMBLY AND INTEGRATION FEB 5-7 

CERN CMS ASSEMBLY AND INTEGRATION FEB 11-14 

April 2008 

 Assembly of Dee1 continues in Building 867, all has been completed up to the End Cap 

electronics cooling system. After some re-design and much work at RAL/CERN the new 

Super Unit modules (eight in total) have now been mounted onto the rear of the Dee. Some 

further local modifications took place on the motherboard support frames where some degree 

of movement was required for the boards to line up with the VFE cards and cooling bars. All 

motherboards have been mounted in their respective frames although reports prior to this 

indicated poor crimping of pins. The boards were independently test for reliability prior to 

continuation. With the Super Unit cooling now mounted pressure/water test have taken place, 

an infra-red heat detection system was also used to check flow/temperature changes through 

the cooling bars, no problems have been detected. 

 All components for the Flow and Return pipes and main manifold units have now been 

delivered to CERN. Two of the pipes and a bellows unit were rejected by CERN workshops 

due to poor manufacture. The flow/return pipes was of some concern as endoscope inspection 

did show evidence of ócarbonisingô on the weld, this is an indication of no argon purging 

being present during welding. JAH visited AS Scientific where they were apologetic for this, 

the components were replaced promptly. For reference the CERN workshops have asked for 

all x-ray negatives of the welds, this is to double check their findings during any inspection 

 Some minor local updates on the supporting structures have continued to be done within the 

End Cap assembly area; technical staff has noted any changes from the norm. Most updates 

are due to the independent nature of each Dee; advise and approval has always been sought 

prior to any work being carried out 

 Three Deeôs have now been populated with Super Crystals; the assembly area at 867 is now 
at capacity but due to the fast-track nature of the assembly Dee3 has now been moved out of 

the area and Dee4 has been moved in. Construction on Dee3 will continue in a new cordoned 

off area. 

 Most of the remaining components for all Deeôs have now been delivered with the exception 

of a few areas. Errors in tendering the correct numbers of components have meant that the 

LV support plates and a number of supporting standoffs have recently been ordered here in 

the UK. Delivery is expected mid-May but this will not affect assembly schedule as they will 

only be required for Dee 4 (crystal assembly not complete until end-May). The Data Trigger 

fibre boxes were completed and all delivered to CERN during March 08. 

 Further installation meetings have occurred at CERN and down in Point 5. Careful 

consideration is now being taken with regards to the transport and final rotation of the Deeôs 

prior to fitting on CMS. The reduction in detector volume (removal of 5mm shim) has been 

noted and proposals for the modification/machining of the shims are taking place. 

 Further cost book updates were requested during March 2008. With the end of the financial 

period approaching CERN Project Leader requested an update to the Cost sheet. It is hoped to 

make some further updates during the months of April/May 08. 

 Work continues to update and provide final assembly drawing for the Deeôs. This work has 
been delayed due to the late design changes to the cooling design but has included clear 

exploded views of all levels of assembly. JAH is assisting CERN technical staff to complete 

full inventory system based on the assemblies BOMs. 
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MEETINGS ATTENDED 

CERN CMS ASSEMBLY AND INTEGRATION FEB 26-29 

CERN CMS ASSEMBLY AND INTEGRATION MAR 10-12 

CERN CMS ASSEMBLY AND INTEGRATION APR 1-3 

CERN CMS ASSEMBLY AND INTEGRATION APR 7-10 

June 2008 

 Assembly of Dee1 continues in Building 867, all has been completed up to the End Cap 

Data/Trigger fibre box layer. The complex routing and mapping of the fibres will take 

approximately 2/3 weeks to complete and test. On completion of successful testing the Dee 

will be closed with the rear moderator structure. This assembly has recently been painted 

with a flame-retardant material. The cooled section/plate attaching to the inner face of the 

moderator continues to have no flow or return outlet to the main services however provision 

has been made to exit these components to within the patch panel area. Dee2 is not far behind 

Dee1 in assembly, the FE cards have now been mounted and assembly of the Data/Trigger 

fibre boxes will commence soon in parallel with Dee1. Dee3 has had the electronics cooling 

system mounted which is now ready for pressure testing. Dee4 had itôs final Super Crystal 

mounted end of May, the fibre optic monitoring system, HV and LV are currently being 

mounted 

 Some problems were encountered with the cooling pipes and their respective fittings that had 

to be maintained within the envelope of the End Cap. The envelope had been defined in 2004 

however a protection panel system had been designed and manufactured at CERN to protect 

all services. It was discovered that the protection panel was incorrectly drawn and was well 

within our allowable envelope. Some 3D CAD work had to be carried out at RAL and in 

close communication with CMS Integration the final location of the protection panel was 

agreed to. The new components are currently in manufacture at CERN. 

 

 Several problems have been encountered in the Russian manufactured Environmental Shield 

assemblies, these mainly relate to the welding of the cooling pipes. The cooling system has 

undergone complete X-ray and many poor areas have been encountered, these are mainly due 

to little or no Argon purging of the pipes during the welding process. These areas are being 

dealt with and re-welded at CERN. 

 The remaining components for all Deeôs have now been delivered with including the 

remaining LV support plates and standoff components. No components are now outstanding 

from RAL or the UK. 

 Further installation meetings have occurred at CERN and down in Point 5. A number of 

actions have arisen and JAH will look into some of them mainly relating to the length and 

fitting of the EE Bumpstop. JAH to investigate existing metrology reports of Backplates, 

Preshower cone and HE interaction points. 

 Further cost book updates were requested during May 2008. With the end of the financial 

period JAH was able to update the spreadsheet in conjunction with DJACôs OSC visit. 

 Work continues to update and provide final assembly drawing for the Deeôs. JAH has 
supplied CERN technical staff with a full CAD inventory system based on the BOM 

assemblies. 

MEETINGS ATTENDED 
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CERN CMS ASSEMBLY AND INTEGRATION APR 21-24 

CERN CMS ASSEMBLY AND INTEGRATION MAY 7-8 

CERN CMS ASSEMBLY AND INTEGRATION MAY 19-22 

August 2008 

 Assembly of all four Deeôs was completed successfully by July 28
th
. No significant problems 

were encountered during the remaining construction process. Late modifications were made 

to the Fibre box cover, the common loop over clips used to connect both upper and lower 

boxes were removed (machined) from the top cover because there was some concern over the 

final depth of the services and potential contact with the rear moderator. As each Dee unit 

was completed, they were individually transported overnight to CMS Point 5. Transport of 

the assemblies was done at slow speed (3-4km/h) and with attached shock loggers. On the 

attachment of Dee1 it was noticed that the inner moderator cut out for the Preshower flange 

was not correct. With JAH referencing original drawings it had been realised that this 

component had been designed/made in error. All units were removed from their respective 

Deeôs and the CERN workshops undertook a fast rework program to modify the offending 

area. These were completed within 2 days and all inner moderator components were fitted to 

the Deeôs at Point 5/Bldg. 867.  

 A late decision was made by DJAC to make some provision on cooling the rear moderator of 

each Dee. The rear moderator already included a cooling circuit but no provision had been 

made in the service ducts for a water supply to do this. It was decided to connect flexibles 

from each rear moderator and pass them through the support rings into an open space in the 

Dee service areas. This would at least give an option to connect this sometime in the future if 

space were to come available and it was deemed necessary to provide extra cooling of a Dee. 

 Information received by the survey office was used to pre-load and size up the correct length 

for all bump-stops. These were all fitted at the assembly centre in Bldg. 867 prior to 

transportation to Point 5. All were assembled to allow approximately 0.5mm clearance to the 

Preshower flange. 

 The ECAL EE End Cap Installation procedures were written and implemented by an ECAL 

team consisting of RAL and CERN personnel. These procedures have been written and are 

separate to this document. Initial studies during 2004/5 came up with the design and 

construction of an installation platform capable of handling the installation process of several 

ECAL detectors. Modifications were made to the table surface to allow X and Z translation of 

the Dee frames for final mounting onto HE. Before installation could take place a set of 

Dummy Deeôs had to be removed from CMS, all pre-positioned services that were attached 

to these components had to be peeled back and supported in their respective service channels. 

Also all Dee assemblies had to be rotated into their correct orientation. This involved rotating 

them 90 degrees from their assembly position using simple rotation blocks and an adjustable 

lifting jig specifically designed to provide the correct lifting point (with respect to the centre 

of gravity) of each Dee assembly. As indicated above a detailed installation procedure has 

been written in a separate document. Taking into account that the installation platform has 

been pre-positioned, below is a summary of the major steps required to mount and fix all Dee 

assemblies onto the CMS detector. 

o Rotate Dee assembly in correct orientation using blocks, rotation beams and lifting 

jig. 

o Remove Backplate strengthening beam followed by existing frame feet, attach new 

screw jacking feet for Y axis manipulation. 

o Lift Dee assembly on to installation platform, place jacks into installation grooves in 

most external position. 
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o Remove lifting jig, add hydraulic rams for Dee X and Z axis manipulation, remove 

frame-to-Dee brackets at +/-45 degrees. 

o Manipulate Dee into correct position using rams and screw jacks. 

o Temporarily attach 24 M20 bolts to HE, survey position of Dee and await results.  

o If Dee in agreed location counter-punch/mark dowel sleeves for each individual 

position and machine. 

o On receipt of dowels sleeves fit expandable dowels and tighten the 24 M20 bolts. 

o Undertake the necessary load transfer of Dee from OPAL assembly frame to HE. On 

final disconnection remove OPAL assembly frame from platform. 

 With the basic steps already in place, it was well understood by the ECAL End Cap 

Installation team that manipulating Dee1 into position would be a steep learning curve for the 

remaining installation program. 

 Installation of all Deeôs went relatively smoothly. The process was refined and improved 

during the mounting of each individual Dee. Dee1 did suffer a knock onto HE during 

installation however following some electrical tests no damage was seen to have occurred to 

the Super Crystals. The rotation of the Deeôs was also a non-trivial operation, again Dee1 

suffered some unexpected kick during the process and the crane operation was improved for 

the following rotations. The removal of the Backplate stiffening beams went smoothly; no 

distortions or movements were noted. 

MEETINGS ATTENDED 

CERN CMS ASSEMBLY AND INTEGRATION JUNE 16-19 

CERN CMS INSTALLATION JULY 8-11 

CERN CMS INSTALLATION JULY 14-17 

CERN CMS INSTALLATION JULY 21-25 

CERN CMS INSTALLATION JULY 28-AUG  

 


