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Engineering Design Review of Hadronic Barrel

Committee Report

1- Introduction

At the request of Dan Green, the HCAL project manager, an Engineering Design Review (EDR) of the Hadronic Barrel (HB): HB_EDR has been held at Fermilab on 2 & 3 November 1998. 

These reviews are part of the guidelines for the management of the CMS experiment. Before launching the construction of major parts of any sub-detector or sub-system, or engaging major related expenditures, reviews must be organized to confirm the soundness and completeness of the retained design including the coherence of all interfaces with respect to neighbouring sub-detectors or other parts of CMS, the aim being to minimize risks in cost and schedule.

The HCAL Project Manager has nominated Mark Reichanadter as the Linkperson for the HB_EDR (LPEDR) in charge of the organization, of the timely distribution of documents, and of collecting and distributing the proceedings. 

2- Committee

The Committee chaired by the Technical Coordinator, A. Hervé, was composed of the following persons:

Members of CMS:

P. Cannarsa, Quality Assurance Coordinator, ETHZ, associated for the report

H. Gerwig, Engineering and Structural Analysis Coordinator, CERN

M. Lebeau, ECAL Barrel Project Engineer, CERN

R. Pintus, Integration Deputy Coordinator, CERN

M. Reichanadter, HCAL Project Engineer and LPEDR, Fermilab

L. Veillet, Assembly Scenario and Master Planning, CERN

R. Schmidt, CMS GLIMOS, CERN

Non members of CMS:

M. Bona, Head of TIS Mechanical Safety Group, CERN

M. Crisler, KTeV experiment, Fermilab

P. Lazeyras, ex ALEPH Technical Coordinator, CERN

R. Trendler, Safety Liaison for HB, Fermilab

W. Weingarten, Linkperson for LHC experiments, TIS/CERN, associated for the report
3- Charge to Committee

The scope and goal of the HB_EDR have been defined as twofold: 

1) review the general project scenario for design, assembly, mounting, and lifting of the HB calorimeter with the view of endorsing it,

2) review the HB proper, with respect to manufacturing drawings and computation notes, with the view of approving the HB to allow the start of manufacture beginning of 1999.

Project organization, integration and safety questions related to HB shall be addressed.

The outcome of the EDR shall be summarized in a report written by the reviewers and signed by the Technical Coordinator. This report will be distributed to members of the Steering Committee (SC), Management Board (MB), and LHCC Referees for CMS. 

The report will summarize the findings of the HB_EDR and in particular it will stress if some items have to be revisited, by whom, and in which time span, before the final green light is to be given. 

4- Agenda

Nov. 2, 1998: 

Goals of the EDR-Charge to Committee
A. Hervé
09:00-09:30

HCAL and HB Overview
D. Green

09:30-10:00

HB Requirements and Performance
A. Skuja

10:00-10:30

Break

HB Interfaces and Services
J. Freeman
11:00-11:30

HCAL Integration (Safety Liaison, CDD)
M. Reichanadter
11:30-12:00

FNAL Technical/Safety Reviews
B. Trendler
12:00-12:30

Lunch

HB Scintillator Design & Prod. Issues
P. de Barbaro
14:00-14:30

HB Design
I. Churin
14:30-15:00

Break

Quality Assurance, ‘Travelers’
M. Reichanadter
15:30-16:00

Barrel Assembly – F.E.A.
I. Churin
16:00-16:30

Nov. 3, 1998: 

Tests of Wedge Elements
I. Churin
09:00-09:30

Installation Scenario
A. Hervé
09:30-10:00

Installation Tooling, Lowering & Insertion
I. Churin
10:00-10:30

Break

Schedule and Future Reviews
D. Green
11:00-11:30

Rail Test Fixture tour

11:40-12:00

Optics Factory tour

12:10-13:00

Lunch

Committee Meeting

14:00-16:00

Break

Committee pre-report – Action Items

16:30-17:00

5- Committee findings

5.1- Organization 

The organizational structure and responsibilities within the HB group are well defined and all major sub-systems are covered. A sound engineering team has been formed, the design is in an advanced state and is proceeding smoothly towards final production. 

The need for increased communication with HB principal supplier (Felguera in Spain) has been identified and will be implemented for the construction phase.

It is recommended that Fermilab continues to be the central communications point between HCAL US institutes and CMS at CERN.

5.2- CDD

It is apparent that within the US-CMS collaboration many different CAD software packages are being used, whereas for the use of CERN Drawing Directory database (CDD), one of two software packages should be employed (AUTOCAD or EUCLID). There could thus be compatibility problems. It is essential that standardization of CAD software be implemented for submission of all engineering drawings to CDD. Some compatibility problems have already been identified between Fermilab drawings and CDD, i.e. the title block, and are being worked out. 

It is recommended that Fermilab be responsible for the submission to CDD/EDMS of all HCAL drawings & documents produced in the US.

Further, the European standard projection system (first angle projection) must be used for the technical drawings, and it is recommended to always indicate on drawings which projection system has been employed to prevent mistakes at the manufacturing stage.

5.3- EDMS

The Engineering Database Management System (EDMS) will be the central database for all CMS technical documentation, and as such, will be available to all Collaboration institutes. This system covers not only the storage of technical documentation, but allows approval procedures and progress follow-up of the various items and documents. The question arises as to how training in the use of the EDMS can be provided to the US team (courses, manuals, documentation..).

5.4- Integration

Interfaces with neighbouring detectors (HE, EB and vacuum tank) have been checked and the outer dimensions, including manufacturing tolerances and adjustment range, are compatible with the general integration drawings and respect the no-go zones. The Committee has been assured that sufficient space has been reserved for the read-out boxes. Close contacts with the integration team at CERN must be maintained.

The present design incorporates the availability of cut-outs to house possible Tracker patch-panels. In particular it was noted with satisfaction that the mechanical computations have been carried out for this pessimistic case. A final decision, whether to incorporate or not these cut-outs, must be taken by CMS before series production, that is before April 1999.

5.5- Safety organization and MoU

Safety issues are intended to be an integral part of the EDR. In the course of the preparation of the HB_EDR, a close cooperation on safety was established between Fermilab for the US-CMS community, CERN-TIS and CERN-CMS. Since structural safety matters are an essential component of the HB_EDR, a specific memorandum of understanding on Structural and Mechanical Safety was signed on 3 November 1998. It specifically covers the cooperation for this EDR and stipulates the following important responsibilities for this cooperation.

The CMS Collaboration has the responsibility to produce and install safe equipment which complies with the requirements set by the CERN Technical Inspection and Safety Commission (TIS). The US CMS HCAL mechanical design team is responsible for all engineering functions including identifying, establishing and performing quality assurance and integrity tests and checks, required during the manufacture of the hadron barrel components: including the wedges, support fixtures, tooling, and lifting equipment. Members of the design team will witness critical tests and will document the outcome of all tests with written reports.

The CERN TIS-TE Group is responsible for establishing requirements for the structural safety aspects of the HB, in particular the calorimeter wedge design, engineering and fabrication, assembly, and installation of the wedges into the barrel. TIS-TE also retains its function for safety-approval of designs and equipment, but is prepared to delegate portions of its review, inspection and examination role under certain conditions to US-CMS/Fermilab. At the occasion of the HB_EDR, TIS-TE has appointed Angelo Merlino as the contact person for this MoU.

US-CMS/Fermilab accepts certain delegated oversight tasks from TIS, as specified below, in the framework of executing its CMS subdetector project management role, using the support of the Fermilab Technical Review Committee (TRC) and the approval process via the Deputy Director of the Laboratory.

The CMS Group Leader in Matters of Safety (GLIMOS) has organized all original TIS documents pertaining to the safety requirements in a structured (by disciplines) file labeled “CERN-CMS SAFETY” and provided additional comments for guidance in their use. This file will be kept up-to-date and should be used as the principle guide for safety requirements and the basis for safety reviews. Details of these requirements will be provided as needed by the GLIMOS (in cooperation with TIS-TE) as “expansion” modules to the main document. The use of standards other than those in the main volume and/or its expansion modules must be agreed upon by CERN TIS-TE and US-CMS/Fermilab before proceeding with detailed design. 

5.6- Scintillators

The total mass of scintillator and plastic materials in the HB amounts to 20’000 kg. Two materials are employed: polystyrene based for the tiles (SCSN-81) and the covers and polyvinyl-toluene based (BC-448) for the internal layer adjacent to EB. These materials are commonly used as scintillators and there are no known good alternatives. Both materials are flammable, and in the event of a fire they emit dense toxic fumes, thus they present a fire hazard. These materials do not comply with the CERN Safety Instruction IS 41. 

The information available on SCSN-81 is presently incomplete. A data sheet from the manufacturer shall be made available, as the US department of Labor and Safety data sheet is not sufficient.

It is recognized that the scintillators are densely packed in between thick absorber plates, only their edge being visible in the 53° crack. Consequently under normal operating conditions the exposed surface area is small. However, due to the fact that this gap houses a large number of services, for example low voltage power cables, flammable gas pipes, etc., the fire risk is not negligible. Hence it is recommended that the front face of the scintillators be covered with a foil acting as both thermal insulation and oxygen barrier. A fire detection and inertion system, such as the N2 inertion system presently proposed for the CMS detector as a whole, must be implemented.

5.7- Mechanical safety factor

The finite element analyses were conducted in a thorough and effective way. However, the simulation using a 2g gravity loading of the structure cannot permit the statement that all the detector components will operate with a safety factor of 2.

The analysis applying a 2g gravity loading showed that, under this condition, the stress levels are generally lower than the yield strength of the various materials concerned. For these parts of the detector it can be stated that a safety factor of 2 exists, or the safety of the design has been judged satisfactory. This is not necessarily the case for the bolts; since they assure the contact between mating surfaces their tensile stress is not affected by the gravity load acting on the structure until the mating surfaces separate.

It is recommended to quote safety factors for components taken individually rather than quoting a general safety factor of 2.

According to the presented F.E.A. results, some bolts would be loaded with tensile loads exceeding the bolt capacity if the HB was submitted to a 2g gravity field. The supposition that a favourable factor of safety of 2 is applicable in this case, since the calculation was carried out with a 2g gravity loading, is not correct. These bolts must be replaced with higher quality ones (in particular the M16 bolts for the stainless steel plates), unless a follow-up computation with the agreed conventional static loading of 1.25g in the vertical direction together with a 0.15g in the horizontal direction (which are the values to be taken into account for the seismic consideration, see Chap. 5.8) shows that all safety factors are acceptable.

Also, the fact of having neglected friction in the F.E.A. calculations, and more generally, the fact of having allowed more degrees of freedom at the connection points than in reality, does not necessarily guarantee an additional safety margin. 

The computed deformations are certainly conservative for the wedge components: this means that in reality displacements will be smaller than computed. However, the same conclusion cannot be drawn for the loads to be supported by the bolts, since imposing additional boundary conditions leads to a more statically indeterminate  (hyperstatic) condition.

5.8- Seismic considerations

The computed eigenvalue for the HB is ~ 2.5 Hz. This value falls in the region of the typical spectrum of an earthquake excitation. It is recognized that the adopted F.E.A. model is likely to be conservative, and that the real natural frequency is somewhat higher, but not likely to exceed 4 Hz. However, it is difficult to estimate more accurately the actual value as well as the structural damping factor. It is unreasonable to envisage increasing sufficiently the natural frequency of the HB by modifying its geometry or its interfacing with the rest of CMS. Nonetheless, it is prudent to note that the load on some of the bolts could increase if the barrel deforms according to the deflection curve corresponding to the computed first mode. 

An alternative analysis, according to the French code and taking into account the classification of the CMS experimental area as class I, would be to perform a follow-up computation with the agreed conventional vertical static loading of 1.25g (thus exceeding the code requirement of 1.15g) together with a 0.15g static loading in the horizontal plane.

5.9- Mechanical issues for HB

HB is a bolted assembly, the way the bolting has been designed (number, size, position) looks satisfactory. Material and dimensions correspond to structural requirements. However, care should be taken in the enforcement of the assembly procedures, tightening sequences, tracing of operations, correct lubrication, as no inspection can be performed for previously assembled layers.

The top layers of the first pre-production prototype PPP1 should be dismantled after some time to check that the bolt torque has been maintained.

The present wedge separation sheet in aluminium must be replaced by an insulating material, such as G10, to prevent corrosion and also to insulate the wedges in order to prevent eddy currents when fast dumping the magnet.

The installation procedure including survey, and consequently the shimming procedures with respect to the vacuum tank rails and the EB, must be defined more precisely.

5.10- Quality Assurance Plan for HCAL

A Quality Assurance Plan for HCAL must be written in line with the general CMS Quality Plan, and if possible, in conjunction with the general Fermilab Quality Assurance Plan which is currently being drafted. The Quality Assurance Plan for HCAL must be developed in close contact with Paolo Cannarsa, the CMS Quality Assurance Coordinator.

This plan must address the following points:

- document and data control system,

- product identification system,

- non conformity procedures,

- handling, packing and storage system,

- quality record system,

- inspection and testing,

- process control.

Fermilab is accustomed, for example, to applying Quality Assurance procedures for accelerator magnet construction. Thus the Committee is confident that an appropriate Quality Assurance plan  will also be followed for the HB.

5.11- Quality Assurance and ‘Travelers’ for wedges 

A first pre-production prototype, PPP1, has been recently delivered to CERN. The general impression is convincing, however, some small errors in the stacking procedure were discovered and need to be corrected for the second pre-production prototype, PPP2.

The basic intention of having a specific person at Felguera as the Project Engineer in charge, together with the system of ‘traveler’ documents accompanying each item during the complete manufacturing process, is a well established and sound plan. It emphasizes the responsibility of the vendor for delivery of the product according to specification, under the control of Fermilab. The traveler system must be incorporated in the more general system of the Quality Assurance Plan, and in particular, holding points established, which define what action must be taken, and who must be informed at Fermilab when something wrong occurs. The Committee expects that these will appear in the Quality Assurance Plan which will be agreed with Felguera before starting production. 

The follow-up during fabrication and testing is an important activity which falls under the new Memorandum of Understanding in Structural and Mechanical Safety.

The US-CMS HB mechanical design team will follow-up the safety of manufacturing by identifying, establishing and performing the necessary quality assurance and integrity tests and checks during the manufacture of the hadron barrel components. Members of the design team will witness critical tests and will document the outcome of all tests with written reports. Periodic communications (at least quarterly) as to the progress and/or exception reports of testing will be transmitted via the GLIMOS to TIS-TE. Review, reports, approvals and certification will be handled according to chap. 1.2 of the MoU (document CMS-DIS-MP-0001).

5.12- Quality assurance for scintillators 

Quality control issues were presented and the existence of a QA plan was mentioned. This plan has already been used for producing the scintillators for the first pre-production prototype PPP1.

5.13- Installation tooling

The remarks of the Committee can be summarized as follows:

- Use for HB the same lifting brackets as those used for the barrel yoke rings,

- The principle of the assembly tooling to position each wedge at the proper angle must be demonstrated at the manufacturer’s premises using PPP2, 

- Apply the CERN D1 safety code for all lifting devices, and carry out a load test at 125% of the nominal load,

- Only five mechanical jacks can be recuperated from the L3 experiment, hence the jacks used under the cradles must be removable to allow alternate use at both ends of the experiment,

- There will be only two transportation beams, each equipped with four 250 tonne air-pads and associated hydraulic jacks. They must be removable from under the HB-raisers at any time to allow use elsewhere,

- The design of the raisers must take into account possible use as HF-raisers. In this case, close contact with CERN/CMS must be maintained to correctly integrate all the different interfaces necessary for the various tasks. 

6- Action items

Important items for which the Committee expects action to be taken are summarized here for convenience.

 1- Fermilab must be the central communications point between HCAL US institutes and CMS at CERN.

 2- Fermilab must be responsible for the submission to CDD/EDMS of HCAL drawings & documents produced in the US.

 3- The projection system used for the technical drawings must be the standard European system (first angle projection) and it must be indicated on the drawing itself.

 4- CERN/CMS and Fermilab must organize training courses for the correct use of EDMS.

 5- US-CMS/Fermilab accepts certain delegated oversight tasks from TIS, in the framework of executing its CMS subdetector project management role, using the support of the Fermilab Technical Review Committee (TRC) and the approval process via the Deputy Director of the Laboratory, according to the MoU signed on the 3rd November 1998.

 6- A manufacturer data sheet for SCSN-81 and BC-448 shall be made available to the GLIMOS for transmission to TIS.

 7- The front face of the scintillators in the 53° crack must be covered with a foil acting as thermal insulation and oxygen barrier.

 8- A fire detection and inertion system, such as the N2 inertion system presently proposed for the CMS detector as a whole, must be implemented by CERN/CMS.

 9- Safety factors must be quoted for individual components rather than quoting a general safety factor of 2. 

10- Bolts which are loaded to more than the bolt capacity with the 2g loading must be replaced with higher quality ones, unless a follow-up computation with the agreed conventional loading of 1.25g in the vertical direction together with a 0.15g in the horizontal direction shows that the safety factors are acceptable. If the results are acceptable, then this computation will also cover the question of the effect of earth quakes. 

11- Care must be taken in the enforcement of the assembly procedures, tightening sequences using a torque wrench, tracing of operations, and correct lubrication of bolts. 

12- The top layers of the first pre-production prototype PPP1 should be dismantled after some time to check that the bolt torque has been maintained.

13- The second pre-production prototype PPP2 must be used as a model to define the machining process to guarantee dimensions of the wedge. PPP2 shall be assembled with PPP1 in the two possible configurations to test assembly procedures.

14- The present wedge separation sheet in aluminium must be replaced by an insulating material, such as G10, to prevent eddy currents when fast dumping the magnet.

15- The installation procedure including survey, and consequently the shimming procedures with respect to the vacuum tank rails and the EB, must be defined more precisely.

16- A general Quality Assurance Plan for HCAL must be developed in line with the general CMS Quality Plan, and if possible, in conjunction with the general Fermilab Quality Assurance Plan which is currently being drafted.

17- The basic plan of having a specific person at Felguera as the Project Engineer in charge, together with the system of ‘traveler’ documents accompanying each item during the complete manufacturing process, must be implemented as part of the Quality Assurance Plan.

18- According to the MoU, the US-CMS HB mechanical design team must follow-up the safety of manufacturing by identifying, establishing and performing the necessary quality assurance and integrity tests and checks during the manufacture of the hadron barrel components.

19- Review, reports, approvals and certification will be handled according to chap. 1.2 of the MoU (document CMS-DIS-MP-0001).

20- The same lifting brackets as those used for the barrel yoke rings must be used for the HB.

21-  The principle of the assembly tooling to position each wedge at the proper angle must be demonstrated at the manufacturer’s premises using PPP2.

22- The CERN D1 safety code must be applied for all lifting devices, and a load test at 125% of the nominal load must be carried out.

23- The design of the raisers must take into account possible use as HF-raisers. In this case, close contact with CERN/CMS must be maintained to correctly integrate all the different interfaces necessary for the various tasks.

7- Conclusions of Committee

The Committee has been favourably impressed by the thorough preparation of the HB project in all its aspects. 

The general design, the assembly and mounting scenario from the trial assembly to the final mounting in the underground area, has been reviewed and judged sound. The design phase for the tooling must continue, making sure that all tooling will be designed according to the CERN rules and that drawings and specifications will be submitted to TIS for approval following the agreed procedure. 

The production of the scintillator trays, including fibers up to the optical connectors, follows an organized production plan with well identified quality controls. This system can certainly be organized in a systematic way for bulk production, with a data-base recording of the characteristics of the scintillator trays at the tile level. 

The design of the HB proper, the computation notes and associated tests, have been reviewed in the light of the recent completion and test of the first pre-production prototype PPP1. The Committee thinks that, after corrections of the noted defects in PPP1 and the implementation of a stricter Quality Assurance Plan at the manufacturer’s premises (which should be confirmed by the correct production of the second pre-production prototype PPP2), the manufacture of both HB half barrels should  proceed smoothly. The Committee recognized that a start of construction in early 99 is mandatory to maintain the present planning.

Thus:

- The Committee recommends the start of the bulk production of the scintillator trays,

- The Committee recommends the start of the manufacture of the two HB half barrels after the successful completion of the second pre-production prototype PPP2.

8- Follow-up review

To maintain the schedule, the next EDR for the HCAL project must be the HE_EDR, to be held in June 1999. On this occasion, the way the major recommendations laid down above have been implemented shall be reported to the Committee by the HB management and engineering teams. 

