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Background and scope

ALBA is a new synchrotron radiation source being built at the site of the Centre Direccional in
Cerdanyola del Vallés, nearby Barcelona. ALBA is the largest scientific research facility to be built in
Spain for 30 years, and will produce ultra-violet and X-ray beams of exceptional brightness, allowing
pioneering experiments to be carried out which probe deep into the basic structure of matter and
materials. The facility will comprise a 3 GeV electron storage ring, injected from a ~100 MeV linac
through a full energy booster synchrotron, and an initial complement of seven beamlines.

The facility will be constructed, owned and operated by the Consortium for the Construction, Equipment
and Exploitation of a Synchrotron Light Laboratory (referred to simply as CELLS), a public
administration consortium shared at 50% between Catalan and Spanish governments.

Scope

The scope of the contract is to design, manufacture, install and commission in the ALBA storage ring on
the Centre Direccional site a superconducting multi-pole wiggler (SC-W).

The wiggler will be procured as a single turn-key system, subject to a performance specification. The
supplier is responsible for meeting the requirements of this specification, which covers the magnetic,
vacuum, cryogenic, mechanical, electrical, thermal, and safety aspects (monitoring, control and interlock
systems, including respective testing and certification) of the device.

The supplier is also responsible for the detailed magnetic measurement of the device, and must provide
all of the necessary test equipment and measuring instruments required to achieve this.

The supplier is not required to provide and install at ALBA the liquid He supply dewars. However, he
should give technical advice and support to CELLS for outsourcing this service. In addition to that, the
supplier is required to provide all ancillary cryogenic systems not included in standard equipment to be
outsourced as well as the long liquid helium transfer line (for LHe autofilling).

The supplier will be responsible for the factory acceptance test, transport to ALBA site, CELLS
acceptance test, installation in the ALBA storage ring of the wiggler and the associated power supplies
and commission the wiggler with beam.
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Equipment

A fully functioning 2.1 T superconducting multipole wiggler with
associated controls, power converters, vacuum equipment and
cryogenic equipment. Mechanical fasteners, supports and fiducial
points are included, as well as 2™ field integral correction coils.

Power converters

Power supplies are included in the deliverables. They should fit the
specifications issued by CELLS (chapter 5 and Annex C).

Control system The layer of the software control system should be compatible with
TANGO layer, as specified in Chapter 8.

Feeding line Liquid helium transfer line (for LHe autofilling).

Vacuum Vacuum vessels, chambers and ports in 2,5 m between both edge

flanges.

supplied in English unless
otherwise agreed.

All documents must be

electronic format.

Reportsand Documentation

All documentation must be

Detailed program for execution of the contract.

Preliminary Design Review (PDR) documentation.

Initial Quality Assurance assessment.

Status monthly reports.

Final Design Review (FDR) documentation.

Test plan: factory and Site Acceptance Test Procedure(s).

delivered both in hard copy and Factory and Site Acceptance Test Reports.

Full support documentation for all items of equipment, including all
installation, operation and maintenance manuals.

All operation and maintenance manuals of components supplied by
a third party.

Full set of drawings for all equipment supplied to CELLS.

A list of recommended spare items and any spare parts included
within the tender: the costs of such items must be clearly identified
whether included in the tender or to be purchased separately.

Safety report.

Quality Assurance Documents for the completed device with copies
of all specified material certificates, details of all quality control
checks and intermediate test results.

1.3 Components Supplied by CELLS
The following items will be free-issued by CELLS:

TANGO control system
environment

An TANGO based control system development environment and the
interface components (see section 8). CELLS should free-issue a
compact PCI with ADC boards with Linux to control the system.

Correctors power supplies

Power supplies for 2™ field integral correction will be free-issued by
CELLS if needed.

Control racks

All control racks will be free-issued by CELLS. In order to fit the
equipment in the racks, the supplier should take into account the

specifications described in Annex D, Lay out of the service area, END-
BFCESARK-EN-0001

Vacuum

All required vacuum pumps, valves and gauges and associated control
and power units are not included in the delivery, and they will be
supplied by CELLS (see section 9).

CELLS reserves the right to recommend other particular components.
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Supplier can present different options or alternatives to:

e Cryogenic design as described in section 4.1.

e A persistent current switch.

e The use of high temperature super-conducting current leads.

15 Timescales

Following the award of the contract, the design stage shall not exceed seven calendar months in length
unless mutually agreed in writing. A full design review must take place within this time period. In the
event of the design being incomplete after seven calendar months and extension is not mutually agreed,
the contract shall terminate. The main project milestones are shown in Table 1.1 below. This table is

indicative.

Milestone Months after start of contract Indicative date
Tender reply - 1 April 2007
Start of contract 0 15 May 2007
Kick-off meeting and Preliminary
Design Review (PDR) ! 15 June 2007
Completion of Prototype Test 6 1 November 2007
Final Design Review (FDR) 7 1 December 2007
Factory Acceptance Tests 16 1 September 2008
Delivery to CELLS 17 1 October 2008

Site Acceptance Tests

To be defined during contract discussion

1 December 2008

Installation, Commissioning and tests
in the ring without beam

To be defined during contract discussion

1 February 2009

Commissioning and Final acceptance
tests in the ring with beam

To be defined during contract discussion

1 March 2009

Table 1.1: Main Project milestones

1.6

The complete system should be delivered 17 months after the placement of the contract. Installation into
the storage ring should commence in the beginning of 2009 and the SC-W31 should be fully
commissioned 8 weeks later.

CELLS reserves the right to delay the site acceptance tests, installation and commissioning a maximum
of 12 months.

Guarantee

The equipment shall be guaranteed for 18 months following the date of delivery, or 12 months from the
date of final acceptance, whichever is the later.
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General conditions of the contract

Basis of the contract

Any eventual contract will be based on the following documents:

This specification AAD-SR-ID-AN-0122

All other documents issued including CELLS Folder of Administrative clauses.
Any amendments to items 1 and 2 issued by CELLS during the tender period
The Supplier’s tender proposal

nokh W =

Any post-tender clarifications between the supplier and CELLS

Strict compliance with these contract documents is required unless otherwise specifically agreed in
writing.

Supplier’s Responsibilities

The Supplier is responsible for meeting all the requirements of this specification and for all aspects of the
performance of the device: magnetic, cryogenic, mechanical, electrical, vacuum, thermal, as well as
safety aspects, including testing and certification.

The Supplier will be responsible for the final design, the production methods and the correct performance
of all the items that are supplied, irrespective of whether they have been chosen by the Supplier or
suggested by CELLS. Any approval by CELLS of the design and components does not release the
Supplier from his responsibilities in this respect.

The Supplier must provide all materials required for the manufacture of the SC-W31 as well as any
necessary tooling, jigs and fixtures. The supplier must also provide all test equipment and measuring
instruments required to certify the performance of the device.

The Supplier will be required to work in close contact with CELLS at all stages of the contract in order to
resolve any technical issues or problems that arise in the most timely and efficient manner.

Contract Management

Contract Engineer

At the start of the contract the Supplier shall assign an engineer (the Contract Engineer) who will be
responsible for all reporting to, and contact with CELLS.
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Programme and Progress Reports

Within one month of the commencement of the contract the Supplier must issue a detailed programme
covering the design, manufacturing, installation and testing phases in sufficient detail to allow regular
progress monitoring.

The programme should include at least:

e Start and finish dates of the work.

e Completion of detailed design.

e Material and purchased procurement items.

e Completed fabrication.

e  Testing of major components.

e Recommended site visits by CELLS personnel.
e  Shipment and delivery to CELLS.

e Installation completion.

e Commissioning completion.

e Contract closeout.

Thereafter, and throughout the contract, the Contract Engineer shall supply a written report to CELLS
every month detailing progress with respect to the programme. This report should contain as a minimum
a list of activities and milestones achieved since the previous report, any slippages or technical issues
which are likely to affect the performance or the schedule and any proposals to address these slippages or
technical issues and an updated schedule and/or milestone list.

Where slippage of more than two weeks against any milestone in the agreed program is anticipated the
Supplier will both inform CELLS immediately in writing, and make available evidence of all corrective
action being undertaken to mitigate the impact on the contract deliverables.

All reports and documentation needed for a smooth follow-up of the contract execution will be written in

English, and should be delivered both in electronic format and hard copy.

Inspections

CELLS intend to carry out periodic and/or spot contract inspections at the Supplier's premises and where
deemed necessary that of its subcontractors. Contract inspections will be concerned with all contract
compliance issues including Programme, Quality and Performance.

In line with providing CELLS with a detailed programme the Supplier will propose a schedule of relevant
evidence, physical and documentary, that will assist to demonstrate actual monthly progress at the
Supplier's premises throughout all contract stages and status inline with programme milestones.

The supplier should include in the time schedule the recommended site visits by CELLS personnel.
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Technical and Progress Meetings

Kick off meeting and Preliminary Design Review (PDR)

Within one month of the start of the contract a program and a Preliminary Design Review will be held
with the Supplier at the CELLS site. At this review the Supplier will present their proposed design
solution for the SC-W31 including details of the prototype, and of the vacuum vessel beam tube. CELLS
and the Supplier must agree that the solution proposed is suitable and that it should proceed to a full
design. Both should also agree on the technical details of vacuum equipment to be free issued by CELLS.
The Supplier will also present a plan for the execution of the contract and a Quality Assurance plan and a
list of CELLS resources required available during commissioning.

An agreed set of minutes will be produced following the PDR accurately recording the state of the design
work as well as all agreements and actions.

Final Design Review (FDR)

CELLS and the Supplier must agree the final design at the Final Design Review meeting to be held at the
CELLS site. At the Final Design Review the Supplier must present to CELLS and any representatives the
detailed final design, including:

e The magnetic, electrical and cryogenic design, reason for design choices and design calculations.
e The full test results from the prototype.

e The mechanical layout including vacuum components.

e A Process and Instrumentation Diagram.

e The control system design.

e List of control parameters and display screens.

¢ An outline of maintenance, operating and hazard management documents.

e A complete list of components.

e The production drawings. This includes all piece and part drawings required for fabrication.

e Complete, dimensioned assembly and component drawings of the support structure and all
service manifolds.

e A detailed manufacturing, installation and testing programme, with regular milestones to allow
progress to be monitored.

e Details of handling and cleaning of UHV vacuum parts.
e The inspections and test schedules, including the plan for factory tests.

o Full details of factory, site and final acceptance testing.

The Supplier must issue the Final Design Report detailing the proposed design, as well as a set of CAD
drawings, ten working days in advance of the meeting to enable inspection by CELLS.

An agreed set of minutes will be produced following the FDR accurately recording whether all aspects of
the design listed above have been completed, as well as all agreements and actions.
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Approval Prior to Manufacture

Unless otherwise agreed in writing, CELLS must approve the final design presented at the Final Design
Review according to prototype tests before the Supplier proceeds to ordering of any materials,
components or equipment required to fulfil this contract.

Approval before Delivery

Delivery to CELLS shall not commence until successful completion of all Factory Acceptance Tests and
after written authorisation by CELLS.

Site Acceptance

All Site Acceptance tests must be completed successfully prior to installation of the SCW in the ALBA
storage ring.

Final Acceptance

The final acceptance will be complete when the SC-W31 system has been delivered to CELLS and has
satisfactorily been installed in the ALBA site and completed the Final Acceptance Tests demonstrating
full compliance with this specification. It is a condition of Final Acceptance that all supporting
documentation has been received and accepted by CELLS, in particular:

e Testing, certifications and inspections including material compositions, coil inspection sheets,
magnet inspection sheet, magnet measurement data and magnetic field measurements.

e Hazard management.
e Maintenance and operating manuals.
e Quality Assurance documents.

e  As-built mechanical and electrical drawings.

Deviation from the Specification

During the construction, all proposed deviations from the specification must be submitted to CELLS in
writing; CELLS will give its approval or refusal also in writing.

Subcontracts

Before placing any subcontracts in excess of 15,000 € the Supplier must submit to CELLS details of the
work to be subcontracted, the name of the subcontractor and the type and location of the subcontractor’s
premises. CELLS must have the same right of access for the purpose of inspection and witnessing any
tests as for the Supplier.
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Reliability and Maintenance

All equipment shall be manufactured in accordance with the best existing techniques and recognised good
engineering practices available at the time of construction. All systems shall be designed and constructed
with an expected operational lifetime of greater than 20 years. Subassemblies shall be designed for repair
rather than replacement.

Systems shall be designed and constructed for continuous use with minimal maintenance no more often
than twice per year for periods not exceeding 10 days. Maintenance outside of these periods shall not be
required.

Nor ms and Standards

The system must comply with all harmonised European standards as well as details regarding the
appropriate EMC regulations as listed in Annex C, Electrical reference manual and power supply
requirements for ALBA project AAS-SR-ID-AN-0124.

Electrical work must be done in accordance with the ALBA Earthing, EMC and Cable Segregation
Policy.

Quality Assurance

The Supplier shall provide and implement a quality assurance program compliant with ISO-9001 for the
design, manufacture and testing of all systems and equipment provided by them, which includes carrying
out all relevant inspections and tests as detailed in Section 11.

No acceptance or approval by CELLS of any procedure or test result shall release the Supplier from his
responsibility in fulfilling the terms of this contract.

Safety and Hazard Management

The Supplier shall carry out a safety assessment of the equipment (wiggler as well as power supply,
cryosystem, vacuum, etc.) and its operation. This shall be fully documented in the corresponding
manuals. Any safety and risk assessments carried out as part of the CE marking shall be supplied to
CELLS.

CELLS requires Suppliers to employ hazard management techniques to reduce the risk of personnel
becoming injured as a result of interaction with their equipment.

Consideration should be made of hazards that exist at all stages of the life of the equipment, including
installation, commissioning, operation, maintenance, repair, decommissioning and disposal. The analysis
should include hazards that may occur during fault conditions and should include all potentially
hazardous materials. The hazard management system should:
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Identify hazards
Reduce severity
Mitigate likely hazards

AW N~

Predict casualty rates.

A hazard database, identifying all hazards associated with the equipment, should be provided by the
Supplier in outline at the Design Review, and in final form as part of Final Acceptance documentation.
The format of the document will be specified by CELLS.

Further requirements on Suppliers responsible for installation and commissioning are detailed in Section
10.

Drawings

The Supplier shall provide 2 (two) full sets of paper copies of the final manufacturing mechanical and
electrical drawings, on good quality (80 gram plus paper) punched and put in white 4 ring presentation
binders not exceeding 75% full.

The Supplier shall also provide two full sets of electronic copies of the manufacturing mechanical and
electrical drawings on a CD or DVD. Details of drawing and format requirements are given in Annex G,
Mechanical and drafting Requirements for ALBA Project.

The Supplier is required to utilise ALBA drawing numbers. Blocks of numbers will be issued to the
Supplier on request.

In addition to the sets of final drawings described above, the Supplier shall make drawings available as
soon as possible throughout the term of the contract, for CELLS inspection and/or approval.

All labelling and documentation must be in English.

‘As-Built” Drawings

Where deviations from the information or dimensions contained in the manufacturing drawings is
authorised by CELLS during manufacture, the Supplier must note the changes. A final set of ‘as-built’
drawings must be provided in the same manner as for the manufacturing drawings described above.

Manuals

Detailed installation, operation and maintenance manuals shall be prepared for the system. Included in the
manual shall be detailed assembly/disassembly and alignment instructions, routine maintenance
requirements, fault diagnosis instructions, start-up and conditioning procedures. Supporting these
requirements shall be appropriate mechanical and electrical schematic drawings and diagrams, and
Process & Instrumentation diagrams.

The maintenance schedule shall include a description and justification for each operation, the conditions
under which it must be performed and an estimate of the time required.
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CELLS could require the Supplier to organize a training course for SC-W31 device maintenance
addressed to one or two CELLS technicians.

Delivery

The supplier should be responsible for the unloading, transportation, and installation of the wiggler at
both sites for acceptance tests and final installation at ALBA ring.

CELLS requires that the assembly shall be shipped in the following vacuum condition:

Following vacuum conditioning and completion of factory acceptance tests, the complete assembly shall
be vented with dry nitrogen following UHV practice procedure, and sealed with blank flanges. Once at
CELLS, it will be baked out.

The Supplier shall ensure that all equipment within the extent of this supply is fully and satisfactorily
protected during handling and transportation. Packing cases must be robust and suitable for lifting and
transportation without damage. Internal packing must be adequate to prevent movement or vibration
during transportation.

Shock and tilt indicators must be fitted to reveal evidence of any mishandling in the journey between the
Supplier’s premises and CELLS.

Returnable packing will be considered on request. The collection and return of the packaging will be
entirely the responsibility of the Supplier.

The Supplier shall detail at tender the largest dimensions and weights of individual components to be
delivered.

Individual items weighing more than 30 kg shall be provided with sufficient lifting hooks and/or be
compatible with fork-lift trucks. If special lifting jigs are required, these shall be provided by the Supplier

Installation and Commissioning

Installation, including connection to, and distribution of, all services, will be carried out by the Supplier,
and will be subject to site access and safety regulations. Commissioning will also be carried out by the
Supplier, subject to conventional and radiation safety regulations existing on site; CELLS staff will assist
in the commissioning.

The philosophy of cool down as well as the CELLS resources required to be available for commissioning
should be specified in the kick off meeting.

Installation, commissioning and testing will take place during the commissioning phase of ALBA. The
Supplier shall be aware that this will impose certain access and working restrictions. Further details are
given in Section 10.

The Supplier shall be responsible for the provision of any tools and equipment needed for installation.
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Magnetic system

General

The wiggler magnet array will be designed so as to produce a sinusoidal variation of the vertical magnetic
field (Bz) centred on the magnetic axis of the device. The first and final two poles in the array will have a
Y field strength arrangement, so as to produce an electron trajectory centred on the magnetic axis.

The conceptual design to be built is described in Annex A, Conceptual design of a superconducting
wiggler for Powder Diffraction beamline, AAD-SR-ID-AN-0121. This conceptual design has been based
in flat horizontal race-track coils, which have been successfully used at MAX-lab,[1] ELETTRA,[2] and
Canadian Light Source. However, the proponent can propose a different basic design based for instance
in vertical helical windings or vertical race-track coils. In this case, the proponent should demonstrate that
its design achieves the performances given in the next section.

We propose a symmetric magnetic design with an odd number of poles to obtain zero second magnetic
field integral when zeroing the first integral. Alternative should be reasoned.

Main parameters of the wiggler

Field Direction Vertical

Nominal peak on axis field, B, 21T

Maximum peak on axis field 22T

Period length 31 mm

Number of pole pairs @ full field 121

Number of pole pairs @ Y% field 2

Magnetic gap, mm 12.4

Length of magnetic arrangement, mm 1906.5

Magnetic length (including stray field), mm 2158

Field sequence for each array S, 1,-1,10..-1,1,-100.1,-1 1, -
Transverse field homogeneity at all field levels | AB, / Bz| <0.5%atx =+ 10 mm
Max. Stray field on axis at each end of the cryostat 10° T

Ramping time, 0 to 2.1 T up or down <5 min

Field stability AB, / B, over two weeks <10*

Full vertical aperture available to the electron beam 8 mm

Full horizontal aperture available to the electron beam 72 mm

Quench time duration, s <0.1

Liquid helium consumption per quench, liter <10

Maximum temperature of magnet coil during quench, K <50

Table 3.1: Maximum Multi-pole component values

The wiggler shall be capable of being operated at any on-axis peak field level of up to 2.1 T, and
demonstrated to be capable of stable operation at a peak on-axis field of 2.2 T.
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Field Drift Stability

The operational peak field value selected (between 0 to 2.1T) shall remain constant to within a fractional
variation of £10™ over a period of at least two weeks. The first field integral should not drift by more than
10 Tm over a period of at least two weeks. The second field integral should not drift by more than 10
Tm” over a period of at least two weeks.

Field Homogeneity.

The vertical field in the mid-plane shall not decrease by more than 0.5% from the nominal peak on axis
field at a transversal horizontal distance of 10 mm from the central axis at any longitudinal position.

Field Errors.

The variation of peak vertical magnetic field strength (B,) between the individual poles must be less than
+1%. The maximum horizontal component (By) must be less than +0.1% of the peak vertical component.

Measurements shall be made of the first and second field integrals for both the B, and B, components.
Allowance must be made for the effects of the fringe fields, and hence the integrals should be measured
along the nominal longitudinal axis over a range of at least £1.5 m from the centre of the device. The
maximum values of these integrals for both components must satisfy the following requirements:

First Field Integral I B(s)ds < 10 T-m,
© S
Second Field Integral [ ds [B(s")ds' < +107 T'm?

These values must be met at all field levels between 0 — 2.1 T in order that the wiggler field can be
ramped both up and down without disturbing an electron beam already circulating in the storage ring. It is
expected that to meet these requirements, correction windings will be required on the end poles of the
device. In this case, the supplier shall measure and specify the currents needed in each correction coil
circuit as a function of the main coil current.

The conceptual design given in the Annex A, Conceptual Design of a Superconducting wiggler for
Powder Diffraction beamline, AAD-SR-ID-AN-0121 proposed a scheme based on half poles at the
extremities and two current circuits that can be adjusted to cancel the field integral work with just one
degree of freedom. Despite this scheme has been implemented successfully in practice elsewhere, what
happens in reality is that the first integral can be made zero, while the residual second field integral
depends on the mechanical and magnetic accuracy of the construction. The supplier should detail the
tolerances of the whole mechanical arrangement needed in order to fulfil the specifications given above

To minimise the interaction with the electron beam during storage ring operation whilst the wiggler is de-
energised, the integrated vertical dipole field caused by the remanent field in the iron yoke must be less
than 1 T-mm when the current is zero in all coils. The maximum errors of the first field integral off-axis
in the device (‘multipole errors’) must satisfy the requirements for normal components given in Table 3.2
below.

Correction coils in order to null the second integral may be needed. In this case, the supplier should build
the correction coils. Coils should be designed according the characteristics of power supplies selected by
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CELLS for correctors. CELLS will free-issue the power supplies. In the case that coils for 2™ integral
correction were not required, the proposal should justify it.

These specifications must be met at all field levels between 0-2.1 T, including when the wiggler is off,
without the use of correction coils.

MULTI-POLE COMPONENT | 1¥ INTEGRAL | 2™ INTEGRAL

Normal Quadrupole 0.005T 0.008 Tm

Normal Sextupole 0.3 T/m 0.16 T
Table 3.2: Maximum Multi-pole component values

Randomization of the period

The randomization of the period is not a request, as expressed in the Annex A, Conceptual Design of a
Superconducting wiggler for Powder Diffraction beamline, AAD-SR-1D-AN-0121.

However, if this option is considered by the supplier, it should be justified and approved by CELLS.

Materials

The wire diameter and composition ratio of the superconducting cable shall be specified by the supplier,
and must be justified with respect to the operational performance and quench protection. The chosen
composition shall have been demonstrated to be reliable and predictable when used in similar previous
applications. Mechanical, physical, and electrical properties of the wire shall be known and demonstrated
under suitable testing. Included in the submitted proposal should be the appropriate data and test reports
on the wire selected, and a summary of the calculations made to deduce the necessary superconductor
parameters. This information must be updated and verified in the subsequent design reviews.

The magnet core shall be constructed of low carbon steel (ARMCO type), which shall be free from any
voids and inclusions. The supplier shall provide all composition certification, including testing, and
magnetic data from test samples taken from the same material batch used for the magnet core.

Coil connection

The connection resistance between the coils shall be of as low as possible. The proposal should describe
the technique to be used. Examples of the coil connection shall be provided and the electrical
characteristics achieved with this technology.

The proposal should describe the insulation between the coils and the yoke and poles.

Prototype

A prototype magnet with a minimum of 5 full poles shall be manufactured and tested to verify the design
with respect to the maximum field, quench behaviour, thermal cycling and the mechanical layout. Details
of the prototype and the test procedures will be provided by the supplier in the Preliminary Design
Review documentation and agreed on at the PDR. After completion of the test measurements, the supplier
shall prepare a report including all measurement results and the conclusions drawn in time for the Final
Design Review.
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Cryogenic system

Overview

CELLS anticipate that the SC-W31 device will be cooled using cryocoolers incorporated into a LHe bath
cryostat, which is supplied with liquid He obtained from storage dewars.

Long term reliability of cryocoolers should be documented.

In the case the supplier proposes an alternative way for cooling the device, the wiggler must be able to be
refilled remotely with the wiggler energised and without requiring access to the storage ring tunnel. The
proposal must be justified using economic as well as technical arguments, with strong consideration given
to any adverse effects that may degrade the quality of the radiation output of the device, or affect the
stored electron beam.

In any case, the supplier should provide in its offer a complete list of the cryogen and utility consumption
rates, as well as the cost of ancillary equipment even if this is not part of the scope of supply. CELLS
require that any necessary cryogen transfer lines must be provided and installed by the supplier

CELLS require a high level of availability and therefore the design must use proven technology.

If cryocoolers are used, the supplier should pay attention to design the assembly in order to place the
coolheads vertically oriented, in order to avoid medium-term malfunction.

Site L ayout

Drawing SC-W31-DRWO001 shows the site layout at the location of the Wiggler magnet system. Marked
on the drawing is the space reserved for location of the main liquid helium storage dewar, the liquid
helium valve box, and the liquid nitrogen supply point. A route for supplying the SC-W31 from the
Dewar tank, is proposed and indicated on drawing SC-W31-DRWO0O02. It is the strong preference of
CELLS that the LHe transfer line crosses the shield wall into the storage ring tunnel area using a specific
labyrinth at ceiling level nearby the SC-W31 position. However, CELLS will consider the use of the floor
level service trench dedicated to gas He pipes from cryocoolers and venting line, if the height variation
causes cryogen flow problems, or even a longer route, if there is strong justification. CELLS request that
an estimate of the transfer line construction and installation costs should be provided for the proposed
route. The distance between the Dewar tank and the SC-W31 along the proposed helium transfer line is
approximately 5 m.

Also shown in drawing SC-W31-DRWO0O02 is the place to allocate the liquid He dewar tank, outside of the
storage ring tunnel, adjacent to the SC-W31. This allows the re-supply of the SC W31 with liquid helium
if this is required.

The supplier proposal must include in the scope of the supply the cryocoolers. The supplier must
demonstrate operation from the cryocoolers during the performance tests. The location of the
compressors will have to be discussed with CELLS. The equipment required to refill the wiggler magnet
is included in the contact, excluding LHe storage dewar.
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Cryogens Available

Cryogens required for the installation of SCW in ALBA site should be specified by the Supplier in an
early stage of the Detailed design phase.

Liquid Nitrogen to feed SCW can be obtained from external dewar tanks or directly from ring pipes
outside the tunnel defined in the building executive project. No connections, pumps and dewars are
predetermined, as they will be supplied and installed by CELLS according to the Supplier requirements.

In the service area, liquid Nitrogen may be available but the Supplier should preferably consider the
possibility to feed the LN2 line from dewars.

Liquid helium consumption from the bulk liquid supplied in dewars: the Supplier is requested to optimise
the consumption to minimise the life cycle costs.

Supplier should advise about the liquid helium pressure in the cryostat, maximum usable helium
inventory and hold time between refills. In any case, the supplier must optimise the design for economic
liquid helium consumption.

Running losses and resour ces needed.

To estimate the running costs for cryogens the supplier should indicate the following losses.

e Liquid helium (liters/month)
e Refrigeration power (W hr)
e Liquid nitrogen (liters/day)
e Electricity (kW hr)

e Labour (days)

Note that helium gas which is lost from the system will have to be replaced as liquid helium.

An estimate of the annual running losses and maintainment resources should be provided with the
proposal, along with an estimate of the total costs over 10 years.

Cryostat System Design

All internal pressure and vacuum vessels shall be designed in accordance with the relevant European
regulations. All vacuum and pressure vessels shall be designed for a maximum leak rate of 10"’ mbar 1 s™'
(?) as tested with a helium mass spectrometer leak detector.

For any components that need to be pumped continuously, isolation valves are required between the
pumps and the pumped items.

The supplier shall include pressure relief valves and burst disks on the He vessels as required. The
supplier shall specify flow and back pressure requirements for the relief valves and burst disks.
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The supplier will describe the method of maintaining the vacuum integrity on all the components. The
description will include external pumping systems, sorption pumps or vacuum casing integrity. The
procedure for maintaining internal sorption pumps must also be defined when necessary.

Cryostat Dimensions

Drawing SC-W31-DRWO0O01 details the position and available space for the cryostat. The SC-W31 will be
positioned in the centre of a medium straight section, but the exact location of the SC-W31 in the straight
will be confirmed by CELLS at the Final Design Review. The drawing also illustrates the available
headroom to install and remove any cryogenic instrumentation and transfer line couplings.

Relevant parameters are shown in Table 4.1

Maximum overall weight 12000 Kg
Electron beam height 1.4 m
Maximum overall length 2.8 m
Maximum overall width I m
Maximum overall height 2.5 m

Table 4.1 Maximum space and weight available

Electron Beam Tube Vacuum Vessgl

The design of the electron beam tube vacuum vessel is of critical importance in limiting the heat load into
the cryostat. The circulating electron beam will induce an image current within the inside surface layer of
the tube wall, leading to a resistive heating effect. The amount of heating power produced will be strongly
dependant upon the resistivity of the material used and the cross section of the vacuum vessel tube. The
heating will also be dependent upon the storage ring operating parameters, the effect being particularly
pronounced for the ALBA storage ring due to the small bunch length, and hence high peak bunch current.
Details are given below of the storage ring operating parameters that are expected to produce the greatest
heating effect in the beam tube vacuum vessel. CELLS will be able to supply further details about the
operational parameters, on request.

Worst Case Mode Single Bunch Operation
Storage Ring Energy 3 GeV

Device Length 2.0m

Bunch Current ImA

Bunch Length 4.6 mm
Revolution Frequency 500 MHz

Minimum internal vacuum vessel Dimensions are 72 mm horizontally and 8mm vertically.

The supplier should propose a design for the vacuum vessel tube which will minimise the heating effect
of the stored beam (for example, by use of a low temperature ‘cold bore’ solution). Consideration should
also be given to any temperature gradients generated by the localised electron beam heating. The supplier
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should also demonstrate that the design can withstand any forces produced by eddy currents generated in
the vacuum vessel during a quench.

The supplier should specify the thickness of the helium vessel, and the materials used for shielding, if
used. In case it was copper, the supplier should indicate the RRR and electrical conductivity at 20 deg K.

Current Leads

The supplier should propose a design for the currents leads which imposes an acceptable heat load and
uses proven technology. Permanently powered or persistent current operation will be considered, but will
need to be defended in terms of the field drift performance, and the degree to which the field integrals are
caused to vary with time (see section 3.2).

The use of permanently energised leads must demonstrate a low heat load, adequate controls and
interlocks, and a safe shutdown process in the event of a fault condition including loss of helium cooling.
The use of high temperature superconducting leads must demonstrate proven technology and expertise.

Cryogenic Performance

The supplier must advise the performance of the cryostat for the following:

e  Consumption of liquid nitrogen.

e Assuming that bulk liquid helium supplied in dewars will be used, the liquid helium boil-off rate
and system hold time.

e Consumption of any other utilities (electricity, cooling water, compressed air, instrumentation
air).

The cryogen consumption must be listed as design figures and guarantee figures.

Special clarification should be made on when, who and where is made the cryocooler and compressor
maintenance, and how long usually it takes.

If a redundant liquid He system is proposed, the supplier should explain the reasons for this election,
specially the precautions taken to not damage this fragile system.

If the Supplier is proposing an alternative to cryocoolers, i. e. cooling the cryostat from helium liquefiers,
then the liquefaction and refrigeration duties should be given for both the minimum refrigeration system
burden and also for the maximum endurance on a given inventory of liquid helium for the occasions
when the liquefier is out of service and there is no benefit in returning cold helium gas to the Cold Box.

Stability and Vibration

High stability of the Wiggler magnet system is essential. The Supplier should give consideration to
minimise any variations onto the magnet system including temperature variations, vibrations from any
cryocoolers (if installed), and movements due to weight changes from filling with cryogens.
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CELLS assumes that vibration of slab is <70 nm. Details will be discussed during tendering process.

CELLS would find it useful in evaluating the technical quality of bid for the supplier to make an estimate
of the expected vibration levels and its effect on magnetic field and electron beam stability.

Performance M easur ement

The supplier must advise how they will test and prove the performance of the Wiggler Magnet System
including all the ancillary equipment included in the scope of supply. In the case that supply from the
Helium Liquefier is used for supplier-in-house tests (i. e. the prototype case), if the tests use bulk liquid
helium, special attention must be paid to separate the liquefaction duty (gas returned warm) from the
refrigeration duty (gas returned cold). In addition it will be necessary to measure the temperature of the
cold return gas.

Liquid Helium level should be provided to monitor the liquid Helium volume in the tank. The level
should be calibrated to the real volume of liquid in the tank.

The supplier shall provide the necessary instrumentation to measure the cryogenic performance. For
example in the case of supply from the Helium Liquefier, the inclusion of a warm gas flow meter on the
helium gas return.

The supplier should also quote a measure of the performance of the electron beam vacuum vessel. The
supplier should provide a description of how this performance will be quantified, and give the
experimental methods that will be used to make the measurement.

General Operation

There must be no cold points which will cause atmospheric moisture to freeze or condense on the surface
of the cryostat or any equipment in the scope of supply. Particular attention must be paid to the current
leads, the bayonets for helium and nitrogen and the cryogen gas vents.

At the proposal stage, the Supplier may request a concession for water formation during exceptional
operating modes e.g. cooldown and warm-up. CELLS will give reasonable consideration to any request
and their acceptance, if given, will be communicated in writing.

Cooldown

The Supplier should advise the thermal capacity of the radiation screen and the magnet cryostat for a
range of temperatures.

The Supplier must also advise the constraints on the cooldown including cool down rates and maximum
thermal gradients. They should advise a cooldown method and the cooldown time listing the cryogen(s)
used, the flow rates, the inlet pressure, the outlet pressure and the method of control.
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Maintenance Requirements

The Supplier must advise the maintenance requirements, including costs at current prices, for twenty
years operation.

Magnet Quenching

The Supplier must demonstrate that the system can quench safely with regard to discharging the helium
gas, dissipating the stored energy, withstanding any forces due to eddy currents and changing magnetic
fields, withstanding any high voltages and any thermal stresses caused by the resistive heating. The
maximum expected voltage that will be generated across the current lead terminals during a quench
should also be determined.

In the event of a quench, the cryogen boil off should be safely vented outside of the storage ring tunnel.
CELLS suggested vent line geometry is given in drawing SC-W31-DRWO002. The supplier should
comment upon this, and provide justification if a different venting strategy is proposed. It is important
that the cryogenic system should be isolated from any pressure surges due the Wiggler magnet quench.
The total liquid Helium lost with respect to the total existing volume have to be quantified and this
information has to be sent to the operator.

Quench heaters should be fitted in order to allow the rapid removal of the field when required.

Quenching characterization of the magnet should take into account that the current of the electron beam
circulating through the device can achieve 400 mA, so mirror current induced heating should be strongly
taken into account in the heating budget.

Remote reset after quenching can be included in the design. A warning/interlock should be included to
avoid turning on the device without checking the current status of the device.
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Power converters

The supplier is providing the power converters, and they must conform to the requirements and quality
requirements specific to the power converters detailed in Annex C, Electrical reference manual and
power supply requirements for ALBA project. Specially, the relative long-term stablitiy should be < 10,
They must also comply with control requirements issued by CELLS, as detailed in Chapter 8 and Annex
E, ALBA Hardware guidelines.

The stability and noise level requirements have to be fulfilled within the whole current range, including
minimum and maximum current and during the turning on. The insertion device should be able to be
turned on and off without tripping the beam.

The supplier must indicate who is providing the power converters in the tender and their ratings.

If an energy dump circuit is required to protect the superconducting magnet in the event of a quench then
this must be provided by the supplier.

If the supplier foresees the use of more than one power supply to feed the wiggler, then the supplier
should address in the proposal how to avoid their interactions that can give rise to potential instabilities.
Users have to have limited right to adjust the currents ratio to correct the beam orbit at any coil current.
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General mechanical requirements

Fasteners, Fittingsand Water/Air

All equipment shall use austenitic stainless steel fasteners, nuts and washers throughout. The standards of
these components will be defined by CELLS during the design phase. If this is not possible, then each
deviation from this shall be notified by the Supplier, detailing position, thread form, size, etc. The
Supplier will be required to supply spare fasteners for each case of using non agreed fasteners, nuts or
washers; the quantities are to be agreed with CELLS. All equipment shall use uniform tube for water, air,
etc. throughout, the sizes to be defined by CELLS during the design phase.

Mountings and Stands

The Supplier will be responsible for providing a suitable floor-mounting structure to support all
components. The support structure must be designed to allow movement of +15 mm in any direction and
be capable of being positioned to within £0.1mm. All stands are to be painted and must be finished in
RAL 840HR 4001 colour.

The support should have a maximum width of £400 mm at both sides of nominal orbit, in order to allow
the installation of cable trays in the side of Experimental area.

The beam height is 1.400mm above the tunnel floor. A standard correction slab level pedestal with a
height of 60 mm should be taken into account.

Services

Water Cooling

The available water cooling system is as follows. A demineralised supply filtered to 50 um in Storage
ring, booster and Service, and an additional supply filtered 10 pm in the Service Area, with a conductivity
of < 0.2 uS/cm. The temperature of this water will be 23 °C +0.2 °C at entry with an increment between
2.75°C and 4.22°C. Water returns will be between 25.75°C and 27.22°C. A connection to this supply will
be provided with a minimum pressure entry of 9 bar and a maximum pressure entry of 12 bar. The
minimum output pressure is 2 bar, the maximum pressure loses are 7 bar. And addition demineralised
cooling circuit will be available with in the service area to cool the equipment if required. If required it
must fit under SA cooling circuit performances.

The Supplier is responsible for any further distribution of cooling water, and providing any flow control
and monitoring equipment required, having agreed this installation with CELLS.

Water tubes must be stainless steel wherever possible. Small water tubes should use Swagelok metric
compression fittings or equivalent throughout. Large water tubes standards size will be defined during the
design phase. Manifolds and pipe work should be welded assemblies wherever possible. PTFE (or
similar) sealing tapes must not be used. Supplier should provide for flow-meters if needed. They should
be Eletta type and be installed at the outlet manifold. All part of this controller in contact with water will
be in brass with Canigen coating. The Eletta switch will include a witness window for visual flow
indication.

The Supplier must ensure that any brazed joints, valves or pipes are compatible with demineralised water.
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There must be no aluminium in contact with the demineralised cooling water. There shall be no water
pipe joints within the HV modules.

The Supplier should provide, at tender, a detailed estimate of water cooling requirements, including
flange sizes, flow rates, pressure drops, temperature rises, for each piece of equipment.

If the temperature control requirements cannot be met using the supplied cooling water circuits alone,
then the Supplier should propose, and detail, an alternative method at tender.

Pneumatics

A single compressed air supply (oil-free 6 bar, 1 um filtration, dew point 40°C @ 6 bar) is provided for
operating valves etc. The Supplier must state his requirements for any specific pressures or equipment
(e.g. dryers) required.

PTFE (or similar) sealing tapes must not be used.

The Supplier should provide, at tender, a detailed estimate of pneumatic requirements, including
maximum flow rates.

Liquid Helium transfer line

The supplier is required to provide and install a LHe transfer line from the service area to the wiggler
inside the tunnel, in order to perform the refilling of the cryostat when required. The proposal should
consider the convenience of automatization.

In order to make the proposal, the tunnel cross-section shown in Figure 1 should be considered, in
addition to SC-W31-DRWO001 drawing.

Storage ring

W =)
) § 117
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Figure 1. Cross-section of the tunnel. The position of the beam axis as well as the service area are
indicated.
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Protection of Moving Parts

All moving parts must be protected and comply with the internal directives (Annex G, Mechanical and
drafting Requirements for ALBA Project), and this must be carried out to CELLS satisfaction.

Acoustic noise

The level of acoustic noise for the equipment shall not exceed 35 dBA at 1 m. Note that CE certification
requests to specify in the manual the level of noise.

Survey and Alignment

The concrete floor has a minimum horizontally level specification of: Horizontal 1 mm/m; levelling £15
mm.

The Alignment Group belonging to the Engineering Division of CELLS is in charge, in collaboration
with the supplier, of the alignment of the wiggler. To align the ALBA machine, we have opted for a 3-D
free stationing approach. The tunnel will be fitted out with some reference points known in our Global
Coordinate System. The wiggler will be aligned with respect to all these reference points.

As it is impossible to target directly the sensitive part of the wiggler which is the magnetic axis, we have
to refer it to external points .This process is called Fiducialization and the external points are called
fiducial marks. These fiducial marks will receive the prism of our 3D measuring system.

In our case, a fiducial mark is a machined hole on a machined surface as presented in the following.
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Figure 2: Fiducial mark

This hole will represent one precise point. The intersection between the planar surface and the axis of the
cylinder defines one point.
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Then, for alignment considerations the supplier has to:

- fit out the wiggler with fiducials marks:

e At least 4 fiducials. The exact number shall be approved by Cells.

e The fiducials shall be set on a rigid frame. Any fiducial on a movable part or
on the chamber vessel should be ruled out since it may be deformed by
vacuum pressure.

e The wiggler shall be aligned from a single position of our 3D measuring
system. The lines of sight from the instrument to all the fiducials have to be
optimized.

- provide the coordinates of the fiducial marks with respect to the magnetic axis:

e The position of the fiducials with respect to the magnetic axis shall be given
within the specification of 50pum in accordance with physicist requirements.

Final details must be discussed and agreed between the Supplier and the CELLS Alignment Group at an
early stage of the contract, prior to the Final Design Review.
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Electrical distribution and systems specification

I ntroduction

The electrical system consists of control panels, racks, power distribution, cabling and wiring
containment associated with the system.

Local Power Distribution

Power at 400 V 3-phase+N+PE. Single phase is available in the Service Area, and is supported by an
uninterruptible power supply DY-UPS for 12 s.

A Service Area central power distribution cabinet and mains cabling to the control rack is supplied by
CELLS.

Service Area Position and General Aspects

Two racks supplied by CELLS should be used for placing the control system and power supplies.
Cryocoolers should be placed elsewhere in the service area. The position of the Service Area for the SC-
W31 along with the racks available for use is shown on the layout drawing SC-W31-DRWO003.

The control racks will be placed in the Service Area. Control rack dimensions are 2000 mm high x 612
mm wide X 800 mm deep, but they can be sized up to 2000x612x1000 if required.

It will be necessary to design the equipment such that it will fit into the area without causing equipment
and electrical access difficulties. Adequate space must be available around equipment and panels for safe
working access for installation, commissioning and foreseeable maintenance activities.

Enclosures, racks etc shall have an aluminium nameplate on each rack module that shall include the
following information (in 14 point size fonts). These shall include the following information:

e ALBA Equipment Tag number (details to be agreed)

e Supplier’s name and address

e Enclosure or rack etc number as per designation on drawings and electrical schematics
e Input voltage and current ratings

e Gross weight of the unit

e Date of manufacture

e Blank space to write the TANGO address
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L ayout

The Supplier shall provide detailed plan and elevation drawings showing the positions of all equipment
within the tunnel, cryogenic area and Service Area. These shall clearly identify the function of each rack
and the equipment contained within it. Wherever possible, equipment shall be located in the Service Area
for ease of maintenance and accessibility. Where this is not possible the reasons shall be explained in the
tender.

Cabling

All cable and wiring must be LSOHFR (Low Smoke, Zero Halogen, Fire Retardant) unless specifically
agreed otherwise, complying with IEC 60754-1 and IEC 60332. The oxygen index must be higher than
28 and acid gas emission less than 4% for the outer sheath. PVC compound must not be used.

Electrical Safety | ssues

Electrical equipment shall be constructed in accordance with best practice and must conform to all
applicable EC norms and to CELLS standards as specified in Annex C, Electrical reference manual and
power supply requirements for ALBA project, AAS-SR-ID-AN-0124. High voltage components,
connectors, wiring terminations, etc. shall be physically separated from low voltage control circuits.
Guidance on safety, EMC and CE marking requirements are also given in Annex G. Personnel shall not
be exposed to high voltages while performing routine service on energised control circuits.

All equipment to go into the Service Area shall be housed in a standard 2000 mm high X 612 mm wide X
800 mm deep (2000x612x1000 if required) HWD rack mount enclosure to IP2X. Enclosure covers shall
only be removable with the use of tools. Following the removal of covers to allow access to the internal
components, any high voltage conductor (greater than 25 V ac or 60 V dc) shall be shielded against
contact to IP2X.

It is anticipated that electrical equipment will not require isolation before personnel access to the storage
ring is permitted. To allow this, all electrical equipment must be shielded to IP2X.

Wiring and Earthing

Each rack module in the Service Area must include the facility to earth the module directly to the rack
enclosure.

Subcontracts

Any electrical subcontracts used shall be familiar with CE electrical installation practices and standards
and shall be subject to CELLS approval.

Thermal Environment

Electrical equipment racks will be located in the Service Area which will have raised floors into which
cool air will be supplied. Air will be drawn up through the base of the rack for cooling purposes and
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exhausted from the top. The racks shall have a temperature stability of 1 °C during normal operation
although this cannot be guaranteed. The air temperature within the Service Area is expected to be about
23°C #1°C from floor up to 4m. The Supplier shall ensure that the electrical equipment will operate
within specification under the worse case foreseeable conditions.

All equipment shall be capable of operation in an ambient temperature range of 10°C to 40°C.The
components shall be able to withstand a relative humidity range of 0% to 90% non-condensing.

Electrical Drawings

Electrical drawings shall be provided in a format as described in Annex G, Mechanical and drafting
Requirements for ALBA Project.

Full maintenance information shall be provided, sufficient to locate faults down to individual electronic
component level, including but not limited to:

System block diagram

System cabling schedule

Schematics for all units

Control rack wiring diagrams or schedules

Sub-assembly drawings including component layout and electrical schematics

Setting up, calibration or configuration instructions, if required.
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Control systemsand interface

The super-conducting wiggler will be operated remotely. The supplier will provide an Compact PCI with
Linux operative system and a library written in C/C++ with a well defined Application Programming
Interface (API). This API in form of a shared library, will be the interface between the wiggler and the
control system.

Har dwar e ar chitecture

The following figure shows the hardware architecture diagram for the ID control. The architecture is
based in the usage of intelligent instrumentation and the Ethernet as fieldbus for the communication
between the intelligent instrumentation and the Input/Out controller (I0C).

1U [rg—=> = | CompactPCl

Power supply

Cryo-cooler

Gas-flow meter
Pressure sensor
LHe level sensor

Patch pannel

H

Temperature
sensors

Figure 1. Proposed hardware architecture

The general control structure should be split into different control levels. The instrumentation located on
the lowest level is connected via dedicated control interfaces to an IOC on an intermediate level. The
preferred control interface is Ethernet, although other fieldbuses like GPIB or Serial line could be used,
but they shall be justified and documented.

The interlock handling and vaccum controls should be done by PLCs (Programmable Logic Controller).
These PLCs will have different modules to read the sensors (thermocouples, Pt100, analogue input, etc).
PLCs types and brands shall be agreed with CELLS. Choosing a solution without PLCs although is not
preferred would be possible. Technical reasons for the choice shall be documented.

The IOC is connected to the control room via an Ethernet network, where the man—machine interface
(monitor, control and archiver) is executed.

The IOC is an compact PCI running Suse Linux with redundant power supply. It contains the dedicated
software to completely operate each low level device.

The IOC will also house the PCI boards for interfacing other devices, with a fieldbus different than
Ethernet. These PCI boards will be supplied by CELLS.
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All signals coming and going to the device shall be connected to a patch panel that will be the physical
hardware interface between the device and the control system. The standards of connectors and signals
shall be agreed during contract discussion.

The following sections will describe any individual subsystem with more detail.

Junction box

The supplier should agree during the design phase the interface between the SC-W31 hardware system
and the ALBA hardware control system. It is recommended to use a junction box placed inside the tunnel.
The type and characteristics of signals passing through this junction box should be clearly specified and
agreed in the FDR.

Softwar e ar chitecture

From the software point of view, the architecture is also distributed, and the final system will be
integrated in a Tango control system (http://www.esrf.fr/tango). The API provided by the supplier shall
export all the functionalities necessary to build all and any control application on top of it, going from
synoptic to trending, archiving, post-mortem analysis, and interlock backtracking.

Every command or parameter included in the local operation console shall be accessible from the API.
Commissioning

Commissioning and acceptance tests will be performed from the IOC, so the supplier has to provide
applications built on top of the API to start-up, turning on sequence of the power supply, cryo-cooler,
monitor signals and interlocks, and in general everything needed to operate the super-conducting wiggler.
This will test the software in addition to the super-conducting wiggler.

Delivery, source code, and performances.

The Library, and all the test applications delivered must include the source code besides the executables.
Some particular source codes attached to copyrights are excluded from this condition. Concerning
performances, all the monitored signals must be read in 1 second as a gross estimation, but this particular
can be negotiated

Power supply controls

The control interface for the power supply shall make available all control and monitor parameters of the
power supply. The preferred interface for the power supplies is Ethernet on TCP/IP. Any other
communication network or fieldbus shall be justified and documented.

Supplier should also provide for the controls of correction coils in order to correct the second integral. If
correction coils are not required, the proposal should justify it.

Vacuum controls

The vacuum control system should control and monitor each piece of vacuum equipment. The control of
pumps (dry vacuum) should be realised using a Programmable Logic Controller (PLC) based control unit
interfaced to the IOC. The supplier will be responsible for the logic in PLC to ensure protection and
correct operation of valves and pumps.

The control of vacuum valves can also be integrated in the control system. The supplier should make a
proposal on this issue.
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Cryostat control and monitoring

The following define a minimum set of instrumentation required to monitor and control the cryostat. The
supplier shall add other sensors considered necessary to provide safe and reliable operation. For each
sensor located inside the cryostat an operation transducer and spare transducer should be installed, where
replacement is not possible without dismantling the cryostat, and connected to an interface connector on
the cryostat, specially in the case of temperature monitoring of some important points.

Temperature

Monitoring is to be provided in the cryostat to measure the temperatures of critical locations, these will
include:

e Electron beam vessel temperatures

e  Magnet temperatures,

e LHe vessel temperatures,

e Radiation shield temperature,

e Temperature of the gas flow over the cooled leads at an intermediate point in the turret,

e Temperature of the leads where they exit the magnet cryostat.

These monitors should be connected directly to the PLC. The supplier is to propose the number and
location of monitors which is to be agreed with CELLS. Some spare of T probes should be installed but
not connected at important points, for instance at the lead interlocks, in order to allow an on-the-fly
replacement in the case of damaging of the original probe.

Voltage Drops

Sensing connections shall be made to measure the voltage drop across the gas cooled current leads to the
magnet and each of the magnets coils. These should be monitored by the PLC and brought out to a
termination patch panel. This monitoring may not be required, in this case the proposal should justify this
assumption.

Flow

The performance of compressors should be monitored from the control system, and the required
interlocks to prevent equipment damaging should be implemented.

Monitoring is to be provided of the helium gas flow over the gas cooled current leads. The analogue
output and status of the monitor should be connected directly to inputs on the PLC. An analogue monitor
and a digital interlock output shall also be brought out to a termination patch panel to interface to other
systems.

Pressure

Monitoring is to be provided of the cryostat LHe vessel pressure. The pressure range shall be from
vacuum to the maximum operating pressure of the vessel. The analogue output and status of the monitor
should be connected directly to inputs on the IOC. An analogue monitor and a digital interlock output
shall also be brought out to a termination panel to interface to other systems.
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Cryogen levels

Monitoring is to be provided of the level of LHe in magnet vessel and the LN2 in the radiation shield if
used. The analogue and status of the instrument monitors should be connected directly to inputs on the
PLC. Analogue monitors and a digital interlock output shall also be brought out to a termination panel to
interface to other systems.

Heaters

Heating elements may be installed in the cryostat to
e Maintain the electron beam vessel temperate at 20°C during venting of the electron beam vessel,
e Enable controlled boil off, of the helium charge, to empty the cryostat in 30 minutes,
e Enable automated warm-up of the magnet form 4K to 300K.
e For each of these circuits, control and monitoring should be provided from the IOC.
e Prevent freezing of the top of the gas cooled current leads.
However, heating elements may not be required, in this case the proposal should justify this assumption.

Interlocking

The supplier is to define signals and logic which will be used as interlocks to ensure correct and safe
operation of the device. These should be realised in a PLC. The supplier will be responsible for the design
of the logic in the PLC and to provide fully documented source code and development tools to CELLS.
The structure of the interlocks is to be proposed by the supplier and agreed by CELLS.

A quench detector should be implemented within the interlocks in order to prevent damages when quench
happens.
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Vacuum System

General

Design Responsibility

The vacuum design and components of the superconducting wiggler is a part of the vacuum system of
ALBA accelerators.

The detailed design of the vacuum systems is the responsibility of the supplier. However, certain aspects
of the design are mandatory, as detailed below. In addition, the detailed design and construction is subject
to CELLS’s approved General Specification for the Design, Construction and Handling of Ultra High
Vacuum (UHV) Vessels, Components and Assemblies (Annex F) and components will be subject to
vacuum acceptance tests before and after delivery.

Vacuum Equipment

CELLS will free-issue all vacuum instrumentation and associated control units, vacuum pumps and
associated power supply units and vacuum valves to the supplier.

No other types of equipment may be used without the prior written agreement of CELLS. However, in
general, standard vacuum components commercially available are preferred for their implementation in
the vacuum system of the SCW31.

The details of items required (such as the number and speeds of pumps, numbers of gauges, etc.) and the
expected dates when they shall be required by the supplier for installation should be included with the
tender documents. These details shall be finalised at the Final Design Review.

Electron Beam Vacuum Chamber

General

The vacuum chamber shall be designed and constructed for UHV conditions using materials and
techniques that comply with the General Specification for the Design, Construction and Handling of
Ultra High Vacuum (UHV) Vessels, Components and Assemblies (Annex F). In particular:

e A high degree of cleanliness will be necessary at all stages of production and testing to guarantee
and acceptable low outgassing rate and weld integrity.

e Any vacuum pumping rigs and instrumentation used during the manufacture and testing must
also be clean, oil-free and grease—free.

e  Water-to-vacuum joints are prohibited.

e The use of dye penetrant techniques to check for leaks or porosity at any stage of manufacture is
strictly forbidden.

e Vessels shall be constructed in 316LN stainless steel and final vessels must have low
permeability. Magnetic permeability shall be less than 1.01 for the complete vessel, and less than
1.005 for raw material and components.
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e Flanges should be 316LN conforming to General Specification for the Design, Construction and
Handling of Ultra High Vacuum (UHV) Vessels, Components and Assemblies (Annex F). Any
deviations from this specification must be specified in the tender response.

e Gaskets must be silver plated OFHC copper.

o All flange fasteners must be austenitic stainless steel ISO metric pattern. All flange bolts and
other male fasteners (studs etc) and any fastenings inside the electron beam vacuum space must
be silver plated. There must be no use of anti seize or thread lubricant.

e All vacuum joints shall be metal sealed, the use of elastomer seals is prohibited.

e All machining and production process, cleaning, etc, must be controlled to ensure that no
impurities and/or strange material is embedded in the surface of the materials.

e All welds shall be internal. Where this was not possible, the vacuum sealing weld made
externally must have full penetration leaving a smooth surface on the vacuum side (d < 0.3 mm).
Any later brushing or other finish work on the welds is forbidden.

Vacuum System Design

The vacuum chamber for the electron beam shall have an overall length from flange to flange not
exceeding 2.5 m. The exact design of the vacuum chamber must be made in consultation with, and with
the approval of, CELLS.

Accommodation for the thermal expansion/contraction by means of bellows shall be made within the
cryostat. In addition to that, the tapering between the wiggler aperture and the standard vacuum chamber
cross-section will be done in the wiggler. To this end, bellows can be used. All such bellows must be
shielded in order to minimise RF heating. The exact design of the bellows must be made in consultation
with, and with the approval of, CELLS.

Vacuum testing and inspection (before delivery)

Full inspection and testing requirements are described in Annex F. In addition to that, the contractor shall
comply with the following requirements:

All parts of the vacuum chamber, and any other material between or near the magnetic poles, must have a
magnetic permeability of less than 1.01 under all operating conditions. The supplier must provide
adequate data on the properties of the material chosen, in particular the magnetic permeability at LHe
temperature and room temperature including the effects of cold working and welding, and must
demonstrate that the magnetic permeability of the whole chamber is less than 1.01.

The electron beam vacuum chamber must attain a static vacuum pressure better than 10™'° mbar when
there is no electron beam circulating in the ring at both room and working temperature. The specific
degassing rate of the chamber shall not exceed 10" mbar 1 s cm™ under room temperature conditions
with a maximum leak rate of 107" mbar 1 s™ at both room and working temperature, as tested with a
helium mass spectrometer leak detector. The cleanliness of the vacuum chamber as measured with a
residual gas analyser (RGA) must conform to General Specification for the Design, Construction and
Handling of Ultra High Vacuum (UHV) Vessels, Components and Assemblies (Annex F), both at room
temperature and at working temperature.

Vacuum System Cleaning and Processing

All parts in contact with the vacuum shall be treated in accordance with the cleaning procedures specified
in Annex F, unless otherwise agreed.
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I nstallation requirements

Layout and L ocation

The SC-W31 system will be installed in the storage ring as shown in the layout drawing SC-W31-
DRWOOL1.

It is the strong preference of CELLS that all services, including cryogens and excluded LHe refilling line,
required by the SC-W31 are delivered through the service trench (which runs under the shield wall), the
position of which is indicated on drawing SC-W31-DRWO002. The supplier should comment as to the
practicality of this, and give strong justification if modifications are required to the shield wall in order to
make any connections to the SC-W31.

General Requirements

CELLS staff should be present to observe the installation and the commissioning, and should receive
comprehensive training as to the operation and basic maintenance of the device.

The Supplier shall supply all necessary tooling and equipment, such as ladders and scaffolding, necessary
to carry out the installation.

Hooks for easy handling should be provided with the device. The maximum weight allowed is specified
in Table 4.1 above.

220 V power is available for tooling.
The Supplier shall supply all fixtures and fittings for the installation.

The Supplier should make a site visit in order to see what extra equipment will be required for the
installation. The site must be kept tidy at all times. All dust MUST be vacuumed away as it is produced
using cleaning equipment provided by the Supplier.

The Supplier shall be responsible for the removal of all scrap and waste materials from site and leaving
the site in a clean and tidy state at the end of the working day.

Health and Safety Considerations

General

Before installation commences the Supplier shall supply CELLS with a full risk register for the design
and installation and method statements for the installation. There will be obligatory safety information for
all personnel coming to work on site.
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The Supplier shall provide in advance the names of all Supplier's staff employed on site to CELLS. This
information shall be provided at least 5 working days before Supplier's personnel attend site.

The Supplier is responsible for supplying all necessary safety equipment such as safety glasses, gloves,
visors, safety shoes, etc.

All work on site will require a permit to work.
During installation and testing the Supplier shall erect barriers and notices to define the work area.

Operating, maintenance and installation instructions must be supplied with the equipment which, if
followed, ensures compliance with all the relevant CELLS site regulations/guidelines, contained in the
annexed documents:

a) Conditions to be fulfilled by external personnel working at CELLS site (Annex B).
b) Instructions to Contractors & Visitors.

Site Safety & the installation safety coordinator

The Supplier shall note that CELLS has a Coordinator to manage installation on site and all safety related
aspects, as required under the Spanish Regulations. The Supplier must follow the Coordinator’s
requirements at all times.

Compliance with the Project’s Health and Safety procedures

ALBA project will eventually have a Health and Safety plan. In this case, the Supplier must also be
entirely compliant with the Project’s Health and Safety Plan and perform all necessary duties including
but not limited to: liaison, meetings, safety meetings etc between Supplier and Principal Contractor.

The Supplier shall also contribute and provide all necessary information to be entered into the ALBA
health and safety files. (For example: company details, contact details, method statements, risk
assessments, etc.)

Method Statements and Risk Assessments

The Supplier shall prepare and deliver to CELLS a minimum of 1 week prior to commencing each item
of work adequate Method Statements and Risk Assessments. The Method Statement shall detail how it is
intended to carry out the planning co-ordination, installation, testing and commissioning works to meet
the contract requirements. The Method Statement shall meet all requirements as stated under the
regulations for carrying out the installation. This shall be agreed and signed off by CELLS before such
works can proceed.

The Supplier has to take care of not damaging any part of the ALBA machine, building or equipment.
Any damage caused by the Supplier’s negligence, error or misbehaviour will be responsibility of the
Supplier, and CELLS reserves the right to be reimbursed.
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Quality assurance and testing

Quality Assurance Programme

The Supplier shall follow a quality assurance program compliant with ISO-9001 for the design,
manufacture and testing of all systems and equipment provided by them.

The Supplier must provide a Quality Assurance document for the supplied equipment, certifying that it
conforms to the specification and the supplied engineering drawings, and containing all material
certificates, the results of all inspections and tests, and the procedures used.

General Arrangementsfor Tests

The tests at the factory and on-site together must establish that all items of the manufactured equipment
completely meet the performance requirements as described in this specification.

CELLS will have the right to observe all factory tests. The Supplier shall give at least 2 weeks notice of
any test date to allow the necessary travel arrangements to be made.

Testing shall conform at all times to the local safety codes.

CELLS reserves the right to require additional or more extensive tests to be conducted in the event of
marginal design or performance.

The Supplier shall formulate acceptance test procedures for all systems and will provide the facility and
instrumentation to perform all relevant tests to ensure compliance with this specification. The supplier
should pay particular attention to the measurement of the LHe consumption. Additionally, equipment
that is free issued to the Supplier and that is incorporated with the design must be used during tests when
appropriate. The acceptance test procedures shall include but not be limited to the testing procedures
specifically outlined in this document, but also those necessary to prove compliance with this
specification. Test procedures must include details of how the tests are set up and performed, and the
criteria for acceptance/rejection. The supplier shall present a full Test Plan at the FDR. Included in the
plan shall be detailed procedures for the tests, with a list of test equipment and the tolerances of the
readings for the relevant parameters. These test procedures are subject to CELLS review and acceptance.

Prototype Acceptance Tests

CELLS require that the following conditions are met by the prototype magnet before the design can be
accepted.

0 Demonstration that the peak field of 2.2 T can be reached with the proposed coil design and
applied current.

0 Demonstration that the vertical field varies by no more than +0.5% at a horizontal displacement of
+10mm.
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CELLS will consider omitting the prototype stage from the contract in the case that the supplier can prove
the validity of the design by reference to a previously constructed device with similar parameters and
construction methodology to the present requirement.

Factory Acceptance Tests

The following Factory Acceptance Tests must be completed successfully at the Supplier’s premises
before shipment. The factory tests must demonstrate all aspects of the control system, power supplies,
vacuum equipment, diagnostic instruments, the quench protection system, and the interlock electronics,
with special attention given to:

Demonstration of cool-down and warm-up procedures.

Generation of a test quench triggered by the use of quench heaters. The field decay time should
also be measured during this test.

Demonstration that the magnet coils can withstand, without triggering an electrical breakdown,
voltages of at least 1.5 times the maximum expected voltage that would be generated during a
quench. The voltage should be applied for 2 minutes and the maximum leakage current should be
less than 5 pA while the magnet is at 4.2 K.

Uninterrupted energisation of the wiggler to 2.2 T over a period of at least 12 hours without
quench.

Demonstration of uninterrupted operation of the magnet system over 72 hours at 2.1T

Determination of the LHe consumption as a refrigeration duty & liquefaction duty (as appropriate
to the system) at the nominal field of 2.1 T with and without the persistent switch activated (if
fitted).

Measurements of magnetic field maps and field integral errors of both field components by
means of suitable probes and methods. Measurements shall be made at the following field levels;
0,0.5,1.0,1.5,1.6,1.7,1.8, 1.9, 2.0, 2.1, 2.2 T. Field integrals should be measured in the range
of +20 mm in the transverse horizontal axis. Field maps must consist of points at X = 0, £5mm,
and +£10mm, with a longitudinal point spacing of 0.5 mm. The results of the measurements must
be analysed and compared directly to the specification of section 3. Measurement errors and
reproducibility must also be evaluated.

The supplier will demonstrate that the electron beam vacuum chamber is helium leak tight to
better than 1.0x10"° mbar 1 sec”, using the procedures described in Annex F, General
Specification for the Design, Construction and Handling of Ultra High Vacuum (UHV) Vessels,
Components and Assemblies at both room and working temperature.

The supplier will demonstrate that the pressure of the electron beam vacuum chamber is into the
low 1.0-10"° mbar range at both room and normal operating temperature pumped only by the
fitted ion pumps and that the cleanliness satisfies the requirements of described in Annex F,
General Specification for the Design, Construction and Handling of Ultra High Vacuum (UHV)
Vessels, Components and Assemblies, by means of a residual gas analyser (RGA). If the
configuration of the assembly does not allow this test to be done in the factory then an alternative
proposal to prove the vacuum performance in the factory must be proposed by the supplier and
approved by CELLS no later than the FDR.

Site Acceptance Tests

After delivery to CELLS the following tests will be carried out by the Supplier:

Demonstration of uninterrupted operation of the magnet system over 72 hours at 2.1 T.
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e Magnetic measurements of the first and second field integrals to prove the integrity of the device
has been maintained.

e The supplier must ensure that the cool down can be achieved, and the operating temperature to be
maintained, exclusively with the use of liquid He (and liquid N2 if required) supplied in dewars.

e Any other of the Factory Acceptance Tests deemed necessary by CELLS to confirm the correct
operation of the SC-W31.

CELLS will also carry out a vacuum leak test to check the vacuum integrity of each component.

The site acceptance tests may not take place in the storage ring building. The supplier should take care of
specifying the installations required to successfully perform the tests.

Final Acceptance Tests

For purpose of warranty, the final acceptance of installation is defined as the successful completion of
acceptance tests after installation in the storage ring with and without beam, to substantiate the
compliance with this specification.

It will be a condition of final acceptance that the Contractor must have provided to the satisfaction of
CELLS, full documentation as noted throughout this specification, to cover all systems embodied within
this contract.

Final Acceptance testing, carried out by the supplier, will include:

e Determination of the LHe consumption as a refrigeration duty & liquefaction duty (as appropriate
to the system) at the nominal field of 2.1 T with and without the persistent switch activated (if
fitted) and with and without the stored electron beam.

e Demonstration that the field can be ramped up or down whilst maintaining a circulating beam in
the storage ring.

e Any other of the Factory Acceptance Tests deemed necessary by CELLS to confirm the correct
operation of the SC-W31.
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Tendering

Pre-tender Clarifications

If interested Suppliers do not fully understand the requirements and implications of the specification or
some doubt exists as to its interpretation then they should contact CELLS to obtain clarification.

Enquiries of a technical nature should be directed to:

Dr J. Campmany
Email: campmany@cells.es
Telephone: +34 93 592 43 44

Enquiries of a contractual nature should be directed to

Mariano Sazatornil
Administrative Division Head
Email : alba.concursos@cells.es
Telephone: +34 93 592 43 54

Postal address:

Projecte Sincrotr6 ALBA

Consorci per a la Construccid, Equipament i Explotacid del Laboratori del Sincrotré (CELLS)
08193 Bellaterra — Cerdanyola del Vallés

Barcelona, Catalonia (Spain).

If such a clarification results in a modification of the specification or other tender documents then this
information will be distributed to all interested Suppliers.

Tender Evaluation

CELLS will evaluate the bid taking into consideration the cost, the technical aspects, Management plan
and delivery time along with proponent qualifications, post-production support, the proposal itself as well
as any other factors that CELLS may consider appropriate to its evaluation, as detailed in the Folder of
Administrative Clauses.

Regarding the technical information, particular attention will be paid to the proposed cryogenic feasibility
and reliability.

Information Required with the Tender

The Supplier shall provide with the tender documents sufficient information to allow an informed choice
of Supplier, as detailed below. It is essential that this information, provided with the Invitation to Tender
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documents, accompanies the tender response. In the absence of this information the bid may be rejected
as non-compliant.

In particular, the proposal should include:

General outline

A table of contents of all presented material.
A confirmation of acceptance, or otherwise, of every clause of the present specification.

A Fabrication Plan, with an outline schedule, showing the principal design, ordering and
manufacturing, testing, installation and commissioning phases of the principal components, along
with a list of proposed milestones for design / progress verification.

Responses to specific questions and assessments asked in this proposal. The proponent should
clearly indicate any section that cannot be met in its entirety.

A summary of any value-added services that can be provided.

Proponent should include a minimum of three (3) reference or similar contracts, to include:
company name, contact name, title and email or phone number. References should be provided
for subcontractors or third party proponents of the work.

Management plan and proponent gqualifications

Details of the Quality Assurance scheme that the Supplier operates

A list of previous similar or comparable projects, in size and scope, to enable CELLS to assess
the Supplier’s ability, experience, competence and reliability to accomplish the contract.

List of proposed personnel, corresponding job and function, title and experience required to
handle the works included in the contract.

List of proposed work packages to be undertaken by the primary Supplier.

List of proposed work packages valued in excess of 15,000 € to be undertaken by any
subcontractors, together with the subcontractors’ names.

Clear indication of the effort to be supplied by the winning Supplier during the installation at the
ALBA site, including the number of staff and the time spent on site.

Engineering and Manufacturing Information

The preliminary design including: full description, and technical and economic justification, for
the proposed cryogenic system including choice of vacuum vessel temperature, type of current
leads, use of persistent current switch etc. and details of corresponding heat loads, temperature
distribution etc.

Basic details of the magnetic system including the wire and magnetic core materials, details of
coil connections, methods of coil assembly and fixing etc.

Details of the cryostat and pumping systems.

Estimates of levels of vibration and sensitivity of the magnetic system to vibration and pressure
variations

Details of proposed power converters and their ratings.

Outline proposal for the method of aligning external survey monuments and the horizontal
reference surface to the magnetic axis.
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e OQutline of the control and interlock system architecture.

e A detailed proposal for the electron beam vacuum vessel, and how its performance will be
assessed.

e Proposal for accurately measuring the He boil off rates during the factory and site tests.

e Description of layout showing the route taken by all services (especially cryogenic) to the SC-
W3lI.

e List of hardware required to be free issued by CELLS.

e Outline of procedures and facilities proposed for cleaning, processing, handling and storage of
UHYV parts of the SC-W31.

e Details of equipment that will be used to carry out the magnetic measurements.

Capital cost Breakdown

A breakdown of costs into the following categories:

e SC-W3I construction and testing.

e Prototype construction and testing.

e Site installation and commissioning.

e Design, manufacture and installation of all necessary electronic and controls systems.

o Costs arising from the presence of the Supplier’s staff at CELLS during test and commissioning.

e Cost of essential spares to be supplied as part of the contract.

Costs should be provided in Euro (€), and should include insurances, permits, licenses, fees,
miscellaneous charges and any additional cost that should be paid by CELLS. Taxes should be shown
separately if applicable.

Payment schedule, invoice payment terms, and other relevant issues regarding payments should be clearly
specified in the quotation.

Services and Running Costs

e Detailed estimates of cryogen and other utilities consumption during normal operation of the
magnet.

e A detailed estimate of any water cooling or temperature regulation requirements, including flange
sizes, flow rates, pressure drops, temperature rises, for each piece of equipment.

e Detailed estimates of heat-to-air power dissipation for various components

e Details on availability, costs and lead times of spares, and possible future obsolescence of any
components.

e Additional equipment or facilities required.
e A breakdown of electrical power requirements, including UPS.

e Details of test, conditioning and commissioning, including timescales, consumption of air, water,
electricity and cryogens.

e A maintenance schedule.
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Delivery and Installation

e Details of the proposed delivery arrangements:

e Description of any handling requirements during installation, testing and commissioning

e Details of the largest dimensions and weights of individual components to be installed

e Details of required manpower to be supplied by CELLS during delivery and installation
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I ntroduction

On January, 25" 2006 CELLS agreed the elaboration of a conceptual design of a superconducting
multipole wiggler.

The basis requirements for this device were:

o Length: 1.8 m
e Maximumfield: 2.1 T
e Period: 30 mm

With these requirements the total power emitted is 18 kW. The maximum power that the ALBA front
ends can deal with is 20 kW, however, given the emission spectra and the maximum power that can be
sent to the monochromator (800 W) the total power emitted should never pass 18 kW.

ID section has performed the conceptual design with the simulation code, RADIA.[1,2] which is
presented in this conceptual design.

Feasability

Although alternative basic design can be based in vertical helical windings or vertical race-track cails,
this work has been based in flat horizontal race-track coils, which have been successfully used at MAX-
lab,[3] ELETTRA,[4] and Canadian Light Source.

According to the state of the art of the superconducting technology of insertion devices, the maximum
achievable field comes from the fact that the existing superconducting wire is limited by the critical
current.

The critical current is dependent on the magnetic field inside the superconductor. For each magnetic field,
if the current in the superconducting wire exceeds the critical value, the material |oss the superconducting
properties. The feasibility study assumes wires made of NbTi aloy (Cu + NbTi) used in other similar
devices (Elettra and Canadian Light Source). Alternative wires can be assumed, but they are not usua in
Europe. At USA they use also NbsSn wires. They take advantage of high critical current and, low Cu
fraction in Nb3Sn. In addition, the Curie temperature is ~18K in NbsSn, fact which provides temperature
margin for operation with uncertain/varying thermal loads. However, the world production capability of
this material is limited and its price is high compared with the NbTi alloy. In addition, once formed,
NbsSn becomes brittle and its critical parameters are strain-sensitive, which may be an issue for low-
period wigglers application. So, which is the best alloy from the point of view of a low-period wiggler is
till an open issue.

According to the properties of the wire, there is a technological limitation in the period length coming
from the radius of the wires and the number of wires needed to produce a certain field value.
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21

Technological parametersfor the superconducting wiggler from a theor etical approach.

According to the a simple theory, the maximum field generated in the centre of the gap along the
longitudinal direction s by an electromagnetic undul ator can be approximated by: [5]

441 g+, t t . S
o e” 4 Fl m—=, 72 |sin 27— (1)

0 0 0 ﬂ’O

B,(0,5) =

where:
e | isthecurrent in thecoils.
e JA,isthehalf-period of the device
e gisthe magnetic gap
e t.isthewidth of the cails.
e T,istheheight of the coils.
sinx sinh
F(x,y)= 30X MY
X y

Using this approximation, we found that a reasonable set of parameters producing afield of 2.1 T with a
period around 30 mm isshownin Table 1.

Parameter
Current intensity 800 A
Period 31 mm
Magnetic gap 12.5mm
Cail height 20 mm
Coil width 5mm

Table 1. Technological parameters applied to expression (1)

According to the expression (1), the maximum field in the center of the gap obtained with these
parametersis Bp = 2.1264 T and the maximum power emitted by the device is 20.44 kW.

So, according to the basic theory, it is feasible to build a device meeting the requirements listed above.
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Conceptual design made with RADIA

In order to cross-check the conclusions from the basic theory, we have modelled the SC-W31 with

RADIA code.

All the design rely on the coil dimensions. They have been selected according to the superconducting
wire paramenters available elsewhere, that had been successfully applied to CLS superconducting

device.[6]

Wire diameter with/without insulation, mm 0.91/0.85

Ratio of NbTi : Cu
Number of filaments
Critical current at 7 Tesla (Amp)

14
312
510-550

Table 1. Wire parameters considered in this conceptual design.

With these parameters we can consider the arrangement of wires within the coil shown in Figure 1.

e 155 mm 4‘

— 7.75mm

16.8 mm

5.3mm + 1 T

the coil shown in the right.

0.91 mm

1530 mm 4‘

Figure 1. Cross-section of the coil used to simulate the superconducting wiggler with RADIA (leftt). The
dimensions of the cross-section have been extracted from the superconducting wire arrangement inside

16.8 mm
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According to the arrangement shown in Figure 1, each coil is made of 6 layers, and each layer contains
aternatively 18 and 17 superconducting wires. As a result, the number of turn-coilsin each pole is 105.
Each pole of the wiggler has been build according Figure 2, based on the originad MAX wiggler
design.[3]

Figure 2. 3D view of the coil and yoke used to simulate the SC-W31 with RADIA.

The poles have racetrack coils with the dimensions shown in Figure 2 and Table 2. The yoke has been
modelled with the low-carbon steel RADIA build-in material RadMatXc06[] which correspondo to an
unexpensive low carbon steel with C content <0.06%.

Each yoke has a width of 15.5 mm, although the external diameter of the race-track coil is 15.3 mm, in
order to give some alowance.

Par ameter
Period 31 mm
Magnetic gap 12.4 mm
Number of turns 105
Cail height 16.8 mm
Coil width 5.3 mm
Central yoke width 4.7 mm
Top yoke width 15.5mm
Y oke height 24.55 mm

Table 2. Technological parameters used by ALBA to simulate the SC-W31 with RADIA
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To model the features of such a device we have built a prototype made of 17 central poles plus 2 end
poles (Figure 3).

Figure 3. RADIA model of the prototype of SC-W31.

We propose a symmetric magnetic design with an odd number of poles to obtain zero second magnetic
field integral when zeroing the first integral. Field sequence for the magnetic arrays has been chosen to be
51,1, 1...-1,1,-1...1,-1 1, <%, i. e, the end poles magnetized with approximately half the current of
central poles.

Magnetic field results

According to the model previously exposed, a current of 823 A (which corresponds to a current density in
the coils of 970.5 A/mm? A) produces a peak magnetic field in the centre of 2.2315 T. To null both the
first and second integral, the current in the end-coils should be 40.28% of the centre-pole current as
shownin Table 3.

Par ameter
Current 823 A
Current density in coil 970.5 A/mm?
Magnetic field in the centre, T 2315T
Current in the end-coils 40.28 %

Table 3. inputs and output of simulation of SC-W31 with RADIA

The vertical magnetic field along the longitudinal axis of the wiggler is shown in Figure 4.
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Figure 4. Verical magnetic field B, along the longitudinal direction in the centre of the wiggler.

With respect to the stray field put of the magnetic arrangement, longitudinally the vertica field By is
smaller than 10° T at 125.75 mm far from the end of the last pole of the arrangement. The shape of the
decay is shown in Figure 5. So, the magnetic length of the device should take into account this distance.

0.025
0.020 -
0.015 A
0.010 A
0.005

0.000
-0.005 |
-0.010
-0.015
-0.020

Vertical field component By (T)

'0. 025 T T T T T T

-300 -280 -260 -240 -220 -200 -180 -160

Longitudinal axis (mm)

Figure 5. Verical magnetic field B, along the longitudinal direction in the edge of the wiggler with respect to the
longitudinal direction. The stray field extents 125.75 mm far away from the end of the edge pole. Blue line marks

the 107 level.
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The vertical magnetic field along the horizontal transversal axis of the wiggler is shown in Figure 5.

25

~

1.5

Vertical field component By (T)

O T T T
-75 -55 -35 -15 5 25 45 65

Transversal x axis (mm)

Figure 5. Verical magnetic field B, along the transversalhorizontal direction in the centre of the wiggler

According the RADIA simulation, the roll-off of the vertical component of the field is #1.7-10° in a
transversal distance of +10 mm, which iswell within the usual specifications (Figure 6).

2.2320

2.2318

2.2316

22314 // \
22312

2.2310 T T
-20 -15 -10 -5 0 5 10 15 20

Transversal x axis (mm)

Vertical field component By (T)

Figure 6. Verical magnetic field B, along the transversal horizontal direction in the centre of wiggler.
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Above and below the horizontal symmetry plane, the magnetic field increases up to the coils
arrangement. The maximum field in the poletipsis4.25 T (Figure 7).
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Figure 7. Verical magnetic field B, along the vertical direction in the centre of the wiggler.

Electron angle and trajectory

The trgjectory and angle of an electron traveling inside the wiggler with the nominal energy of 3 GeV
along the nominal orbit is shown in Figures 8 and 9. The maximum deviation of a nomina electron is
+1.30 mrad in the end sections and +1.09 mrad in the centra part.

1.0 | B al a2 AR AL A A I\
AR
£ ol LI
X a5 ATRTATAY
1.0 \I l “ L \j U U |

Figure 8. Horizontal deviation along the longitudinal direction in the centre of the wiggler.
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Because of the construction (symmetric device) the electron trgjectory if off-centred. Taking into account
the one-period averaged tragjectory, the maximum horizontal displacement is 12.68 um. The amplitude of

thewigglesis 5.4 um.

5

0 ——
2 5 A -
2 ., A AL
s | Wjﬁ J U

_20-300 -260 -100 6 1 (SO 200 300

L (mm)

Figure 9. Horizontal trajectiry along the longitudinal direction in the centre of the wiggler. In blue we
show the one-period averaged trajectory.

Randomization of the period

A wiggler such that has been decribed is in fact acting as an undulator in the lower band of the spectrum,
because of its small magnetic period.

However, some applications require a smooth spectrum in the low part of the spectrum. Then it can be
advisable the application of some “noise” in the arrangement of magnetic array, in order to break the
periodicity and blurr the interference pattern.

In the case our wiggler presented a perfect sinusoidal magnetic field profile along the longitudinal axis,
this can be necessary. In Figure 10 we persent the effect of introducing random breakings of the
periodicity in the spectrum with rms of 0.5 and 1.5 um. Calculations have been done with B2E code [7],
which has been succesfully applied to quasi periodic undulators[8].
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Figure 10. Pure light spectrum emmitted by a beam with nominal parameters passing through a W31 insertion
device providing pure sinusoidal field (blue). If the periodicity of the sinusoidal field is broken the peaks blurr.
Pink curve corresponds to a random period variation with r.m.s. of 0.5 zm. Yellow curve to a random period
variation with r.m.s of 1.5 um

However, this strategy is not required in the case of our SC-W31 because of two reasons.

First, the periodic field produced by the modelled wiggler is not purely sinusoidal, so the «pure» spectrum in this
case does not present the same peaked features than the ideal case. In Figure 11 we show the spectrum of SC-W31
realistic wiggler calculated with B2E code, as well as the effect of introducing a random period variation with
r.m.s. of 1.5 um, whichin fact is somehow unnappreciable.

Second, the experiments in which the wiggler light will be applied are mainly done at a fixed wavelength, so the
peacked nature of the spectrum is not relevant. In addition, for each energy, the spectrum could be tuned simply
dlightly changing the intensity in the coils.
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Figure 11. Pure light spectrum emmitted by a beam with nominal parameters passing through the W31
insertion device simulated with RADIA (pink). The peaks are so blurred than even when the periodicity of
the field is broken the spectrum does not change appreciably. Blue curve corresponds to a random period

variation with r.m.s. of 1.5 um.

So, as a conclusion, this conceptual design does not consider a requirement the randomization of the
period.

Multipoles

The first integral of the field along the device, versus the transversal horizonta axis, is shown in Figure
12. It presents clear multipolar components, mainly coming from the end-section coils.

Although these integrated multipoles are smaller by far than those which real device will produce, it is
worthwile to evalutate the firsts components and compare them with the usual required tolerances. This
comparison isdonein Table 4.
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Figure 12. Transveral profile of the first field integral. The symmetry produces only even multipoles.

Transversal horizontal axis (mm)

Ideal simulated

Usual values

Dinole 0| T-mm <10” | T-mm
Ouadrupole 456107 | T <510° | T
Sextupole -8.82:10° | T/mm <0.5 | T/mm
Octupole -2.63-10° | T/mm?2 <50 | T/mm2
Decanole -5.19:107 | T/mm3 <5.10° | T/mm3
Dodecanole 2.12:10" | T/mm4 <5.10° | T/mm4
Tetradecanole 1.69-10™° | T/mm5 <5.10" | T/cm5

Table 4. Comparison between ideal RADIA simulated integrated multipoles and usual tolerated values.

The suitability of the ideal simulated device as well as the ultimate specification of tolerances has to be
done after a careful examination of the influence of this ID in the beam dynamics, both for on momentum

and off-momentum particles, but this study is out of the scope of this conceptual design.
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8 Ripplein the spectrum at high energiesfor SC-W31 wiggler

ADDENDUM to Conceptual Design of a Superconducting wiggler for Powder Diffraction beamline, document AAS-SR-ID-AN-0121.
J. Campmany, 17/01/07

In this sheet we compare the ripple of the spectrum emitted by SC-W31 wigglersin three cases:
1. Caseof awiggler with perfect sinusoidal field in the centre.

2. Case of awiggler with field in the centre produced by an arrangement of aternated coils and calculated
with RADIA, al the coils having exactly the same length (perfect periodicity).

3. Case of awiggler with field in the centre produced by an arrangement of aternated coils and calculated
with RADIA, each coil having a dight different length in order to break the periodicity of the device. The
dispersion of lengths follows a Gaussian distribution with asigma of 1.5 microns.

Computation of emerging flux of light has been done with B2E code.[7] This code assumes a single electron
traveling through the axis of the insertion devices, and then the flux is convoluted with the total number of
electrons in the beam. This calculation does not take into account the effects of electron dispersionsin the beam nor
the effects of energy dispersion. So, the results presented here are the worst cases in the sense that, in a real case,
the ripple of the spectrum will be lower by far.

— 1.- Sinus-perf — 2.- RADIA-perf — 3.- RADIA-rand
1E+16

1E+15
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We have assumed the ID placed in the centre of amiddle length straight section with an electron beam current of
400 mA.
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The main results are:

¢ Rippleinthe case (1) of perfect sinusoidal field: ~57% on average, 363% maximum amplitude

e Rippleinthe case (2) of perfect RADIA calculated realistic field with perfect periodicity: ~7% on average,
36% maximum amplitude

¢ Rippleinthe case (3) of RADIA calculated redlistic field with period randomization of 1.5 microns: ~7%
on average, 30% maximum amplitude

Conclusion:

The effect of period randomization is not effective in this case, because the fact that we have 2 coils per period
introduce a number of harmonics that blur the spectrum produced by pure sinusoidal field. The blur due to the
harmonics screen the blur induced by randomization, so randomization of periodsis not needed in this instrument.

The average rms value of the ripple in the spectrum in the range 8 to 30 keV is 7%. This is an overestimation. 7%
should be considered as a worst case: due to dispersion of electrons within the electron beam as well as the energy
dispersion of the electrons, the real spectrum will be much smooth than this value.

9 M agnetic parameters of the SC-W3L.

Field Direction Vertical

Nominal peak on axisfield, B, 21T

Maximum peak on axisfield 22T

Period length 31 mm

Number of pole pairs @ full field 121

Number of pole pairs @ ¥z field 2

Length of full field magnetic arrangement 1,875.5 mm

Length of magnetic arrangement 1,906.5 mm

Magnetic length (including stray field > 10° T) 2,158.0 mm

Magnetic gap, mm 124

Field sequence for each array ,1,-1,1...-1,1,-1...1,-1 1, -V
Transverse field homogeneity at all field levels |ABZ / Bz| <05%at x =+ 10 mm

Max. Stray field on axis at each end of the cryostat 10°T
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1 General Health & Safety aspectsat ALBA

This document aims to resume the basic requirements that has to be included in any CELLS contract where an
installation activity or machine (equipment) delivery are involved. Depending on the type of the contract the point
1 or/and 2 shall be added (with the title given). This fact is not related where (specific site) the installation or thee
machine will occur.

11 Installation work Health & Safety requirements

1.1 The Spanish Royal Decree 1627/1997 of 24th October establishes the minimum provisions for health and
safety in construction sites. It also describes the minimum requirements on safety matters at work, within the
framework of Act 31/1995 of 8" November (modified by the Act 54/2003 of 8th November) of the prevention of
risks at work.

1.2 The Contractor will write a safety plan in accordance with Spanish Royal Decree 171/2004, of 30" January, to
establish the requirements related with the industrial activities coordination.

1.3 This plan must be approved by the CELL S Health & Safety officer before to start the installation at site.

1.4 The Contractor is free to contact to the Safety & Health coordinator designated by CELL S during the
installation period to make any inquire related on safety issues.

1.5 The Contractor is responsible to give to his personnel the personal protection equipment to carry out work on
sitein a safety manner.

CELLSisresponsible to give to the Contractor all the specific required documentation about safety, health and
security aspects at CELL S site (e.g. the emergency plan, access protocol, evacuation plan, etc) before the
installation starts at site.

1.2 Health & Safety aspectsfor equipment and machinery
The Supplier shall accomplish whit the following Spanish Royal Decrees (RD):

2.1 RD 1435/1992, of 27" November, by virtue of which the European directive 98/37 CE is applied, related with
the machinery safety regulations. Among other safety elements, the Supplier must give the following
documentations:

a. The CE marking
b. The conformity assessment

c. Theinstructions for the machinery

2.2 RD 56/1995, of 20™ January, by virtue of which the Spanish Royal Decree 1435/1992 is modified.
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1

11

APPLICABLE ENGINEERING STANDARDS AND DESIGN PRINCIPLES

Standards

The equipment shall conform to the following European standards:

12

|EC 61204 Stabilized Power Supplies DC Output: Conducted el ectromagnetic interference.

EN 61010-1 Safety requirements for electrical equipment for measurement, control and laboratory
use.

EN 55011 Class A / Group 1 — Industrial, scientific and medical radio frequency equipment.
Electromagnetic disturbance characteristics. Limits and methods of measurement.

|EC 61204-3 Low voltage power supplies. Electromagnetic compatibility (emission).
|EC 61000-4 Level 4 Electromagnetic compatibility (immunity).

Safety

It isrequested that:

All polymer materials and cable insulators must be halogen and sulphur free with low smoke
density, toxicity and corrosivity in case of fire (Flame Retardant Non Corrosive cable type) for all
cables working larger than 50V pc.

For all the converters, no materials containing halogens shall be used in any part. The contractor
must indicate any materia that might not be halogen free. CELLS reserves the right to give
written approval or refusal.

The doors from the racks shall be interlocked. These interlocks can be bypassed manually during
tests.

All live parts at a voltage greater than 50V pc must be protected by removable PERSPEX panels or
covers against inadvertent contact.

Any energy stored in capacitors shall be discharged to a voltage less than 50V in less than 60
seconds.

The metallic frames, doors and magnetic circuits must be earthen.
The components and cables must be clearly identified.
“High Voltage” warning labels must be used for voltages above 50V pc.
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2 SERVICE CONDITIONS

2.1 General conditions

The power converter will power electromagnet loads. All components shall be rated for continuous
operation at nominal DC current and voltage under the worst-case conditions (up to 6000 hours a year
with virtually no interruption for at least 25 years). All components shall be rated to withstand fault
conditions until the protection devices actuate.

2.2 Ambient conditions

The following conditions must be considered:

Altitude 500m
Temperature variation for storage -25°Cto +50°C
Temperature variation for design of the converter  +10°C to +40°C
Temperature variation in “ stable operation” 23°C £5°C
Relative humidity 30% to 90%

2.3 Electrical mains network

The ac distribution board is feed from an 2 MA, 25kV/400V - 5% distribution transformer, via power
switches with magneto-thermal protection. The 400V secondary star mid-point is earthed at the
transformer and the neutral is directly distributed to the equipment. Thus, the neutral must not be earthen
at any other point.

CELLS 400V AC network characteristics:

Line voltage 400V rms +10%. (TNS neutral mode: three phases + neutral + PE)
Frequency 50Hz +1%

Voltage harmonic distortion 5% rms

Phase imbalance +1.5%

Conductor distribution 3 phases + neutral + PE

Short circuit capacity <40 MVA

Peak main surges 1200V rmsfor 0.2ms

600V rmsfor 10ms.
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24 Water cooling

Power converters with an output power of more than 4 kW must be water cooled, taking advantage of the
available demineralised water system available:

Water conductivity 0.2uS/cm
Inlet temperature 23°C+1°C
Maximum temperature variation 17°C

Inlet pressure 10 bar
Minimum outlet pressure 4 bar

The materiasin the cooling circuit shall be compatible with the use of demineralised water. Any material
other than stainless steel and EPDM (for the o-rings) must be identified in the design report.

3 CONTROL SYSTEM AND REGULATION

31 M odes of operation

Four operation modes are defined as the combination of:

e Local/Remote mode. Loca and remote control functionality will be identical, except for the
Emergency Stop Button. Only one of them can be active at a time. In Local mode any Remote
action isimpossible and vice versa.

Remote mode is to be used by the ALBA control system.
Local mode means interfacing with the converter via:
0 Local computer control to be used from alaptop.
0 Loca manual control through the front panel. It must include as a minimum set:
= Emergency Push Button.
= Local/Remote Mode selection switch.

= An isolated output (LEMO or BNC connector) showing the DCCT measurement
(+10V) will be available in the front panel of the POWER SUPPLY, alowing the
supervision without perturbation of the stability and the accuracy of the magnet
current.

» ON/OFF/STANDBY/RESET buttons.

» Status and Faults shall be displayed in the front panel.

= Voutput & loutput shall be also displayed in the front panel.

= Trigger to synchronize waveform intensity to be applied, if needed.

e Voltage/Current Regulation mode. To be selected via the local computer control or the remote
control. Digital regulation is preferred.
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In all operation modes the output current and voltages values of the POWER SUPPLY shall be available
for display both locally and in the control room through the remote control.

Other more complex aternatives, like one based on Local Front Panel / Local Computer / Remote modes
will be preferred and its implementation details agreed upon with the contractor.

3.2 Functionality and Interlocks

The Local/Remote control must perform the following functions:

e Status management. Four status have been foreseen as a result of the commands explained just
below:

o ON = Main contactor ON. Gate pulses enabled and regulation operative.
o0 OFF = Main contactor OFF. Faults have been reset.

o STANDBY = Main contactor ON. Gate pulses disabled and regulation non
operative.

o FAULT = Following an interlock the main contactor is OFF and the fault has not
been reset.

¢ Commands management. The given commands are to be used:
o0 ON = Main contactor ON. Regulation and gate pulses enabled.
o0 OFF = Main contactor OFF.

o0 STAND-BY = Main contactor ON. Gate pulses disabled and regulation non
operative.

0 RESET = Reset possible interlock memories once the fault / warning has been
cleared. After clearing the fault the converter remainsin OFF.

IREF = Setting the current.

DELTAIDELTAT = Setting the current slope in A/s.
ILIMIT = Maximum desired current.

VREF = Setting the voltage.

REGMODE = Setting the V oltage/Current regulation mode.

©O O O O O

e Operation management. 2 + 2 modes of operation:
0 LOCAL/REMOTE:
LOCAL = converter in Local mode.
REMOTE = converter in Remote mode.
0 VOLTAGE/CURRENT:

VOLTAGE = LOCAL/REMOTE VREF is send to voltage loop, current
loop inactive.

CURRENT = LOCAL/REMOTE IREF is send to current loop and inner
cascade voltage loop remains active.
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e Converter output monitoring
o0 Output current
o Output voltage

e Converter interlocks monitoring:
o Output over-voltage
Output over-current
DC Filter capacitor over-voltage
Coils over-temperature of transformers and filters
Semiconductors heat sink over-temperature
Regulation fault
Circuit breaker protection fault
Earth fault
Fuse fault
Driver fault
Water fault
Emergency stop button

AC Phase fault

Fan fault

Magnet interlock fault (external)
4 spare interlocks fault (external)

O OO0 0O 0O 0O 00O 0O O0OO0OO0o0OOoOO0oO OoO Oo

Any of these interlocks shall force the converter to the FAULT state. The contractor may add to this list
any safety interlock that is considered as necessary. Current Limit and Earth faults must have an

adjustabl e threshold. Faults must be memorized for back tracking.

Doors open (when open, the door switch can be manually set to closed position)

Interlock signals shall be +24VDC when active/live i.e. open contact when thereisafailure.

The circuit breaker shall be equipped with two auxiliary contacts for ALBA use: One normally close and

the other normally open.

3.3 Computer control links

Two types as described above:

e Loca: from a movable monitoring station equipped with a laptop, via a RS232 (DB9 female

connector) link or USB2.0 (standard USB connector). A graphical interfaceis preferred.

¢ Remote: from the ALBA control system via Ethernet 100BaseT link (RJ45 connector) + TCP/IP
(preferred) or ProfibusDP V2 (standard sub-D profibus connector). Other interfaces might be

accepted under conditions to be defined during the discussion with ALBA-CELLS.
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The supplier shall provide a set of commands, attributes and properties to be written / read through the
communication links, as well as a detailed documentation of the protocol.

The contractor shall provide a detailed documentation of all commands with the corresponding inputs and
actions, and all the variables (attributes and properties) including a full description and the data types.
Also the contractor shall provide example programs (written in C or C++) showing how to access data,
send commands and receive alarms for al the interfaces. In addition to the “raw” protocol, the contractor
can provide graphical interfaces, Windows DLLs and/or Linux shared libraries for the local (and remote)
control. All of those will be considered an asset.

The protocol preferred by ALBA is ASCII encoded, but others can be negotiated.

34 L ayout

e The Converter shall beinstalled on 19” racks and placed over afase floor metal structure.

e The contractor is responsible for the integration of the POWER SUPPLY into the racks
(600x800x2000mm). If the power supply does not fit, the alternative should be commented and
agreeswith CELLS.

e The power converter must be equipped with a base and 4 lifting lugs located symmetrically about
its centre of gravity. It must be transportable by a forklift truck and a crane. The centre of gravity
must be low enough to allow safe handling with aforklift truck.

e Theweight of any single module inside the power supply must not exceed 50 kg.
e Cooling air intake shall be at the bottom and the hot air outlet at the top of the enclosure.

e Water cooled power converters shall be supplied with an inlet and outlet manifold. The manifold
shall be manufactured from stainless steel tube, grade 316, suitable for connection to the supply
and return water system via a single SWAGELOK compression fitting onto each manifold. The
manifold pipe will be mounted vertically and the connection point will be at the bottom end of the
rack.

e The hydraulic circuit of the converters shall be equipped with isolating valves. The low point of
the cooling circuit will be equipped with an outlet gate and the high point with an air bleeder
valve.

e The hydraulic circuit distribution shall be made from the bottom of the rack.

e A flow meter to control the water flow, giving the corresponding interlock signal to stop the
converter if needed. The flow meter switch shall be placed at the outlet of the hydraulic circuit.

e Every electrical connection shall be made from the bottom of the rack.
e Theelectrical interfaces with CELL S will be defined in agreement with CELLS.
e The protection degree of the racks must be IP20.

e Each electronic crate must have an ON/OFF switch for the incoming 230 V AC supply, which
should be taken from the incoming 400V AC. This 230 V AC supply must have an accessible
connector in the metallic panel that houses the electronic boards.

e The converters should be vibrations free. If any, it must be eliminated or damped.
e Thenoiselevel of any rack must not exceed 35 dBA at any point 1 meter away from the rack.
e The colour of the rack will be defined by CELLS at an early stage of the contract.
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4 WIRING AND COLOUR CODE

The minimum section for all the wiring is 0.5 mm?, except for the earth wire, whose section must be
greater than 4 mm?. Colour code for cables and conductors:

e ACcurrent: Unspecified phase - white

R phase - brown

S phase - black

T phase - grey

Neutral - blue

Earth - yellow and green striped
e DCcurrent: Positive - red

Negative - black

Mid conductor - blue

Earth - yellow and green striped

5 FAILURES AND RELIABILITY

The converters shall withstand the following fault situations without suffering any further damage:

e Output short circuit while at full power.
e Output short circuit at ON command.

e Output open circuit at full power.

e Internal faulty components.

e Lost of one, two or three AC phases.

e Regulation malfunction.

With the exception of the filter capacitors and the general switch, al components must have an individual
Mean Time Between Failures (MTBF) greater than 100.000 hours under the worst operating conditions
described in this specification and 1.000.000 hours for the electronics.
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LABORATORIES IN SERVICE AREA

e LINAC SERVICE AREA
N° of ° o Max Input Power
Color | Area [m2)] power N® of N° of Location P
. racks feeders (kW)
supplies
TOTAL 54 ] 142
* RF LAB SERVICE AREA
N° of N° of N° of ., Max Input Power
Color | Area [m2)] power Location
. racks feeders (kW)
supplies
] I Critical
] 30
] 200 Non Preferent
TOTAL 55 231
*  VACUUM LAB SERVICE AREA
N° of ° ° Max Input Power
Color | Area [m2.] power N® of N° of Location P
. racks | feeders (kW)
supplies
] I Critical
] 30
I 10 Non Preferent
TOTAL 55 4]
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* ID+ MAGNET LAB SERVICE AREA

N° of o o Max Input Power
Color | Area [m2.] power N® of N° of Location x Input Fow
. racks | feeders (kW)
supplies
| 1 Critical
] 30
| 10 Non Preferent
TOTAL 157 4]
POWER SUPPLIES AND OTHER EQUIPMENT
Standard 19" racks
e STORAGE RING MAGNET POWER SUPPLIES
p N° of Max Input
Size [mm. o o
N° | Color ize [ ] power r’:cz fe’:la dc:afrs Location Power
WxD xH supplies (kW)
. 500
DIPOLE ] 612x1050x2000 ] 5 ;| Allinone
location
I rack x 27 x 16 cells
auaprurote | 2 | [ | 612x800x2000 112 16 16 o C a5
24+ 45+ 24+
Allin one | 24+ 24+ 45+
SEXTUPOLE 3 612x800x2000 9 9 9 location 20+ 84+84=
383
HORITZONTAL I rack x 2.937 x 16
SsTEERING. | 2 | 612x8002000 120 16 16 vt s 47
VERTICAL I rack x 2.937 x 16
sTEERING. | | 612x800x2000 120 16 16 o X s
SKEW I rack x
QUADRUPOLE 6 612x800x2000 120 4 4 quarter 1.66
TOTAL 1422xDF=1200

DF= Demand Factor
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»  BOOSTER MAGNET POWER SUPPLIES
o of Max
Size [mm.] N°o N° of N° of . Input
N° | Color power Location
WxDxH . racks | feeders Power
supplies
(kW)
Allin
DIPOLE 7 2448x1050x2000 | I I one 209
location
3.8
Allin
3.8
auaprupote | 8 | [l | 612x800x2000 4 4 4 one
: 6.15
location
27.25
Allin 0.5
sextupote | 9 | [ | 6712x800x2000 2 2 2 one '
location 0.5
Allin
STEERS 10 612x800x2000 104 ] ] one 2
location
TOTAL 253
* LINAC — BOOSTER TRANSFER LINE MAGNET POWER SUPPLIES
p N° of Max Input
Size [mm. o o
N° | Color [mm.] power r,;cii fe'i doefrs Location Power
WxDxH supplies (kW)
Allin
DIPOLE 1| [ | 612x800x2000 ! 1 1 one
location
Allin
auaprupote | 12 | [l | 612xs00x2000 9 2 2 one
location
PULSED
TOTAL 17
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«  BOOSTER - STORAGE RING TRANSFER LINE MAGNET POWER SUPPLIES
p N° of Max Input
Size [mm. o o
N° | Color [mm.] power r,:cii fe'i doefrs Location Power
WxDxH supplies (kW)
All'in
DIPOLE 13 | [ | ¢12x800x2000 1 1 1 one
location
Allin
QuADRUPOLE | 14 | B | 612x800x2000 | 9 2 2 one
location
Allin
PULSED 15 612x800x2000 I | one
location
TOTAL 33
e DIAGNOSTIC
size mm,] | N°OF | Noor | Neof | MaxInput
N° | Color power racks | feeders Location Power
WxDxH supplies (kW)
2rackx | 2x 16 cells
BPM 16 | B | ¢612x800x2000 | 112 32 16 ol %
6 racks
Diagnostic | 17 | B | 612x800x2000 12 2 Xshort | 2x12=24
SS
TOTAL 56
«  VACUUM - STORAGE RING — BOOSTER — ID — TRANSFER LINE
; N° of Max Input
Size [mm. o o
N° | Color [mm.] power r,;cii fe'i doefrs Location Power
WxDxH supplies (kW)
Vacuum 2racksx | 10x 16 cells
sRego | 18 B | 612x800x2000 32 16 ol %0
ID I rack x
Vacoum | 19 B | 612x800x2000 17 I 5 5
T 27 612x800x2000 2 Frackx 12.5
Vacuum TL
TOTAL 177.5xDF=50

DF= Demand Factor
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+  VACUUM - BOOSTER

size [mm.] N° of N° of ' Input Power
N° | Color power | ks Location (kW)
WxDxH supplies
Vacuum I Rack x
Soction 20 | I | 612x800x2000 4 quarter
TOTAL 25
e RF-STORAGE RING
N° of Max
Size [mm. o J Input
N° Color I ] power N® of N° of Location P
WxDxH . racks | feeders Power
supplies
(kW)
Rf 3 rack x 2X
. 21 612x800x2000 18 6 18racks
Electronics system ~ 36
I rack x 277 x 6
Rf PS 22 2000x3000x2000 6 6 6 PS =
system
1661
TOTAL 1697
e RF-BOOSTER
o of Max
Size [mm.] N°o N° of N° of . Input
N° Color power Location
WxDxH : racks | feeders Power
supplies
(kW)
1.33 x
RE | 2 612x800x2000 3 | 3rackx ) ggcks =
Electronics system 4
Rf PS 22 ] ] ] 133
TOTAL 137
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« ID
p N° of Max Input
Size [mm. o o
N° | Color [mm.] power r"cl:czi fe'i doefrs Location Power
WxDxH supplies (kW)
IDPS | 23 612x800x2000 38 20 | 10locations | X38];%Ck5 -
TOTAL 190xDF=63
DF= Demand Factor
- FE
p N° of Max Input
Size [mm. o o
N° | Color [mm.] power r,;czi fe,i d‘;frs Location Power
WxDxH supplies (kW)
| 16 2racks x | 3 x 32racks
FEps | 25 | I | 612x800x2000 32 ol ~ 0
TOTAL 96xDF=75
DF= Demand Factor
« Control racks
; N° of Max Input
Size [mm. o o
N° Color I ] power r’:cz fe’:\ dc:afrs Location Power
WxDxH | sypplies (kW)
16 + 2racksx | 3 x 39racks =
2 612x800x2000 39 | JIRF | cell+] 1z
racks) rack x
RFsystem
TOTAL 117XDF=60

DF= Demand Factor
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1. Motion control
ALBA has chosen the Icepap [1] as its standard motor controller, and the stepper motors used for motion
control shall be compatible with this controller. In the following it is described the pinout for the motor|

phases and encoder.

1.1. Motor phases and signals pinout.

The motor connection (including the limits switches) will be with metallic compatible ITT cannon 14-12
pin male. The following picture shows the pinout of this connector, and an example is TNM OU 1400-
12P1L. If afour phases motor is used, the phases will be connected in series or in parallel in agreement
with the CELLS staff.

Connector Pin Signal Description
A Home Mechanical reference
B Phase A+ Motor power
C Phase A-
D n/c
E Phase B+ Motor power
F Phase B-
G n/c
H Limit switch+ Travel limit
I Limit switch-
J Disable Remote disable
K +5 V power Auxiliary power supply
L GND

Figure 1. Motor phases and signals pinout

CELLS has defined a colour code for the motor cables.
Motor phases:

e phaseA+: yelow

e phaseA-: green

e phaseB+: white

e phaseB-: brown
Motor signals:

e GND: black

e Disable: pink
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Limit+: orange

Limit-; blue

Home: grey

+VCC: red

The motor cable to the control system will be a shielded [2x(2x0.75 mm2)+(6x0.34 mm?2)], and it will be
provided by ALBA.

The motor driver will be the Icepap, which could deliver a maximum power of 330 W, with a maximum

current of 8 A and maximum voltage of 78 V.

1.2. Motor brake
/A motor brake signal will be delivered by the motor controller. Thissignal isLVTTL.

1.3. Motor encoder pinout.

The relative encoders will be with a 15 pin sub-D male, with a pinout showed in the following picture.

Connector Pin Signal Type/Direction Description
Incremental SSI
1 Encin A+ RS422 Encoder Signal
9 Encin A-
2 Encin B+ RS422 Encoder Signal
10 Encln B-
3 EncAux+ Data+ RS422 Auxiliary Encoder Signal
11 EncAux- Data-
4 CLK+ RS422 Clock SSI Interface
12 CLK-
;8 o 5 n/c
-0 8 13 n/c
L18 O« 6 n/C
S 8.:n. 14 5V sense+ Sense signals
8 O- 7 5V sense-
15 +5 VDC power power supply Auxiliary Power Supply
) GND power ground

Figure 2. Enconder pinout
The signals for the encoder signals will be RS422 standard.

If an absolute encoder is used, only SSI protocol is supported. Other protocols have to be agreed with
CELLS staff. The SSI protocol has a clock signal provided by the controller in pins 4 (CLK+) and 12
(CLK-), and the data signal will bein the pins 3 (DATA+) and 11 (DATA-). The signal levels are always
RS422 standard.




ALBA Project Document No: Page: 5/7

CCD-GDCTHW-ES-0001 Rev. No.: 1.2

The encoder cable to the control system will be a[4 (2x0.14 mm2)+(4x0.5 mm2)].

The preferred option is to receive digital signals from the encoder, but if the analogue output is analogue,
it shall be 1 Vpp differential. The supply voltage for the encoder shall be 5 V. The pinout shall be agreed
with CELLS.

1.4. Limit switches.

The limit switches could be either dry-contacts, or active with a open drain output.

2. Signals.
Whenever possible, fast digital timing signals (electrical) interconnecting modules or devices should use
LVTTL logic levels, capable of driving 50 Ohms cables with RC loads. Other logics like NIM or PECL
will be aso supported. The standard connector is a compatible with the Lemo Series 00 of contact type

female.

Regarding optical signals, it will be supported the HFBR-1528 and HFBR-1414 (high speed) optical link
outputs.

For analogue control signals 4-20 mA or 10 V shall be used. As both signals have their advantages and
disadvantages, the final selection shall be done in agreement with ALBA

For control, 24 VDC shall be used for digital signals (with unshielded twisted pairs ([2x0.5 mm2)]). The
usage of 48 VDC or AC signalsis not acceptable.

The preferred connectors are 50 Ohms BNC female connectors (panel or feedthrough) (with RG58
cables), or compatible with the Lemo Series 00 (with RG174 cable). High frequency signals will be
connected with SMA (with RG223) or N connectors. Also screw clamp connectors, DB 9 or DB25 could
be used. Other connectors like miniDIN or multipin Lemo compatible connectors have to be agreed with
CELLS.

Application where maximum RF shielding and minim noise radiation is required, triax connectors and
cables could be used. The triax connector (like triax BNC or any Lemo) has to be agreed with CELLS.

\When video signals are transmitted, the connector will be 75 Ohms BNC female panel connectors (with
RG59 cable).

Interlocks and controls should be designed to be failsafe.
1. A safestate shall beindicated by a closed contact sending +24 VDC signals.

2. Anunsafe state shall be indicated by an open contact that blocks the +24 VDC.
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3. On power failure, the system should indicate an unsafe state.

3. High voltage
The high voltage signals will be defined when the controller and pumps will be chosen by the vaccum
group. The cable will be connected with something like the RG213 or the HTC-50-3-2 from Draka (up to
10 A).

4. CompactPCI/PCI
CompactPCI and PXI equipment shall be compatible with the specification PICMG 2.0 R3.0. All the
equipment shall be 3U, although 6U boards could be used if necessary.

CompactPCI crates will be used in favour of PXI crates. The rear 1/0 will not be used in our systems.
The PCI (and the PCle) bus will be also supported. The selection of PCI or cPCl systems will be decided

for any specific application according to the needs.

5.NIM
All NIM binswill supply £ 6 VDC. The delivered power is 150 W.

6.VME
VME equipment shall not be used.

7. Fieldbuses
For connecting any controller to the control system, ALBA prefers the following controller interfaces in

the order given below:
1. TCP/IP over Ethernet
2. RS232/RS-422
3. GPIB
Other interfaces than the three interfaces listed above shall not be used.
8. Grounding
All connectors or connection points and internal cabling provided by the supplier shal be EMG

compatible and mounted on metalic patch-panels. Those panels shal be eectricaly and mechanically

connected to the equipment according to the EM C recommendations.

The equipment (girders or vacuum components) shall provide, either foot or top side, two holes, one M8

and the other M 10, both 15 mm deep. The M8 hole shall contain the appropriated screw to fix a terminal
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spade, crimped with either a bared copper 29 mm? cable or a green/yellow jacket isolated copper 25 mm?
cable according to the current country safety rules. This cable shall be connected directly to the ground
(or on the cable tray ground) according to the current safety rules. The M10 hole shall contain the
appropriated screw to fix a terminal spade, crimped with an EMC ground strap. This EMC ground strap
shall be connected to the closest ground (or massif equipment connected to the ground eg Cable trays), to
be ECM compatible. The EMC ground strap shall be copper laminated or braided but it shall be
completely tinned to provide corrosion resistance. The EMC ground strap shall be 50x5 mm? or with a
maximum length shorter than 13 times the width.

This electrical connections are required when the device are not electrically connected. If a girder and g
magnet are electrically connected through the mechanical connections, they could be considered a single
equipment, and any electrical connection is required between them.

9. Reference:
[1] IcePap Hardware Manual. ESRF
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2.1

2.2

2.3

2.4

Introduction
This general specification is for the use as a reference for the design, construction, handling and
manufacturing of components which need to operate at Ultra High Vacuum (UHV). This specification|
form part of the attached tender which envolve UHV application within its assembly, any diviation of the

attached specifications to be agreed with CELLS.

UHV is generally defined to refer to pressures from 1.10° to 1.10™ mbar. In order to optimize the design
of an UHV system, the general rules are summarized here, this includes the general rules for design,
material choice, manufacturing, welding and brazing, handling, safety, testing and inspection, labeling

and packing. [1], [2], [3], [4].

Design objectives and requirements

The basic design rule applied to UHV vessels and assemblies is to minimise gas load and to
maximise pumping speed. This effectively means that the less gas you have to pump away and
the greater the pumping capability of the installed pumps, the lower the pressure that will be

achieved.

Gas load is minimised by careful surface treatment, and by minimising the surface area exposed
to vacuum. In general, the less one does to a vacuum surface the better. Treatments such as acid
etching or polishing (either mechanically or by electropolishing) result in surfaces which
cosmetically appear very nice (i.e. smooth and shiny) but their outgassing rate can be very much
enhanced over an as-received metal surface which has been carefully cleaned. In most instances,
stainless steel sheet which has been hot-rolled and the oxide scale stripped with an air knife gives
the best performance. An electropolished stainless steel surface which has been subsequently]
vacuum baked to at least 450°C can, however, approach the outgassing performance of such a|

surface.

Maximising pumping speed is not always achieved by simply increasing the nominal size of a
vacuum pump. The pumping capability can be enhanced by careful design of the assembly,
installing the pump as close as possible to the outgassing source and having good conductance of
the pumping ports and assembly will improve the pumping capability of the assembly. For
example it is frequently better to use a distributed form of pumping, rather than a single large
pump. Likewise, it is important not to try to pump a vessel through long narrow tubes, since then|

the pump speed available will be very constrained.

An important design criterion is the elimination of trapped volumes. These are volumes which|
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2.5

2.6

connect to the main vacuum volume through very small orifices, capillaries, etc. They tend to
crop up in the most unexpected places, and any design should be carefully reviewed for such|
features. For example, a bush spot-welded to a flat surface will inevitably leave trapped volumes
in the machining marks and microscopic surface roughnesses in the two contacting surfaces.
Another example is threaded holes for screws fixation inside vacuum, which is not vented
appropriately, the problems can generally be minimised by drilling strategically placed venting
holes (e.g. along the screw axis), milling a relieving slot or slots along one of two surfaces in|
close contact, and so on. Attention to detail here is important, and should be included in the
engineering design process. It is in order to minimise trapped volumes that vacuum sealing welds
for UHV should generally be specified as internal welds. Where this is not possible, full
penetration external welds may be specified. The aim in either case is to leave a smooth surface
on the inside. Similarly vacuum braze preparations should aim to leave a smooth run of braze
material on the inside of the vessel linking the two piece parts. One thing that should never be
done is to attempt to "seal in" a trapped volume with a sealing weld. This can be a recipe for
disaster, since it is impossible to find a leak in such a weld. Another example is the use of rolled|
instead of forged for the flange material; this can lead to virtual leaks due to silicate enclosures.
All volumes should be vented, either to atmosphere or to vacuum. For the same reason, a
vacuum sealing weld should always be a single weld, never a double weld. Clearly, the above
criteria can give rise to design conflicts. Relieving a trapped surface reduces thermal transfer.
Venting holes can reduce strength and stability. Pressure vessel regulations may call for double
welds for safety. Such conflicts can only be resolved on an individual basis, where all criteria are

taken into consideration.

If the above criteria for avoiding trapped volumes are adhered to - and it is always better to
eliminate them rather than alleviate them - then the further criterion of minimising places in
which solvents used in cleaning processes can be trapped, or into which dirt residues can be
washed, may also be satisfied. However, this is not always the case, since it can be difficult to
remove dirt from areas which can be satisfactorily pumped when clean. In general, this implies
that a vacuum assembly should be stripped down as far as possible for cleaning, and then
reassembled under clean conditions. For items which cannot be subsequently disassembled, e.g.
a bush welded to a surface, it is imperative that each component be rigorously cleaned before

such a welding process, and that the welding take place under clean conditions.

It is sometimes a requirement that vacuum surfaces be plated - e.g. a gold plating may be
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2.7

2.8

3.1

3.2

3.3

3.4

3.5

required to ensure a uniform work function over a surface, or a silver plating may be used to
reduce "stiction". In such cases, extreme care should be taken that there is no possibility of
delamination or peeling of the plating. Likewise, the surface to be plated should be clean and
free from defects which could give rise to trapped volumes under the plating. It is always a good
idea to prove the plating by a high temperature (i.e. at least 250°C) vacuum bake. Evidence of
peeling or bubbling is then just cause to reject the plating. If the plating is carried out by,
electroplating or any other process involving acids, then a 450°C vacuum bake is recommended|
to remove acid residuals. An electroless process, such as the "Dalic" process, or vacuum|

evaporation, sputter coating or similar is recommended wherever practicable.

Water-to-vacuum joints are always a problem. Cooling water circuits, or, indeed, pipes carrying
any other liquid of high vapour pressure, should always be designed in such a way that joints are

vented to atmosphere or to a secondary vacuum system.

In addition to these vacuum requirements it is important to study the design stability to avoid
large deformation of the system under vacuum, which may result that the system is unfit for the

function it has been designed for.

Drawings

Drawings must be produced for all components that will become part of or influence the vacuum

assembly. (Unless otherwise stated elsewhere or agreed (in writing) with CELLS.

Any vacuum vessel, component or assembly shall be manufactured to the drawings supplied by

CELLS, except where a contract is placed for design and manufacture.

A Contractor may propose alternative methods of construction, details of which must be
submitted to CELLS for evaluation and a written approval before proceeding. If any such
modifications are agreed between a Contractor and CELLS the relevant drawings will be
modified and the agreement incorporated into the contract. Any deviation or modification that is
incorporated into the vacuum assembly which has not been approved by CELLS is subject to

rejection of the entire assembly.

Except as agreed under 3.3 no departure from the drawings may be made without a written

permission from CELLS.

All drawings for jigs, formers and tooling required to fulfill the terms of any contract shall be
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4.1

4.2

4.3

4.4

4.5

submitted to CELLS for approval prior to commencement of manufacture. Such approval shall

not relieve the contractor of his responsibilities under the contract.

Materials

All materials used must be compatible with UHV, in addition other properties (like weldability,
mechanical properties...etc) need to be considered for each application. Materials shall normally]
be specified for any given contract, and any other material to be suggested by the manufacturer
needs approval from CELLS. Table 1 lists materials known to be satisfactory for UHV use.
However, some materials may be excluded from any particular contract because of other
properties, e.g. magnetic permeability, temperature limitations or radiation resistance.

Table 1 Materials choice acceptable for UHV applications.

Material

Stainless steels - AISI 304L, 304LN, 316L, 316LN, 321, 347

Inconel

Mumetal, Monel metal

Gold, Silver

Sapphire

Glass

Copper, OFHC, GlidCop AL-15 and AI-25 and OFS grades

Titanium, Beryllium

Aluminium and alloys 5086, A-6061-T6, A-6063-T6, ISO IMgSi6060, VAW
19/06 LVW Glass, high density Alumina, Beryllia

Materials with high vapour pressure (such as Zinc, Cadmium, Lead, etc.) are not allowed.

Knife-edge vacuum flanges can be manufactured from electroslag refined (ESR) hot forged austenitic
stainless steel grade 304L, 304LN, 316L or 316LN (depends on the application), however the
manufacturer is requested to specify the choice he will adapt for the tender. The material may be in the
form of forged bar for diameters up to and including 70 mm. All CF flanges gaskets must be of certified
OFHC copper, and they could be silver plated (depends on the application), bolts used must be of

stainless steel and silver plated.

Within magnet apertures vacuum vessel walls are required to have very low magnetic permeability
<1.005. Where the permeability is specified, the contractor shall supply a permeability test certificate for

a sample taken from each batch of material used.

For any material not supplied by CELLS and exposed to UHV, material certificates may be required.
These should state the material specification, ladle analysis, room temperature mechanical properties and

surface finishing process used, and any other properties if clearly specified in the contract.
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6.5

6.6

6.7

Machining and Fabrication

All machining work is to be carefully controlled to ensure that no foreign matter is embedded in the

surface of the material.

The use of abrasive wheels or cloths (which can leave foreign matter embedded in the UHV surfaces) is
expressly forbidden. Scale cleaning, etc., shall be by hand brushing with a stainless steel brush. Surface

finishing by hand shall use a dry stone or material such as maroon "Scotchbrite".

All mechanical cold working operations must exclude the use of heavy organic lubricants since these can|

be retained to some extent on the surface after the process.

At no time should any surface which is to be exposed to vacuum or immersed in vacuum (e.g. during a
bake operation) be marked out, identified or the like except by scribing with a clean sharp point. The use
of dyes, marker pens, paints, etc is to be avoided. It is good practice not to use these on external surfaces
because of possible cross-contamination in subsequent cleaning operations. Similarly, it is possible to

temporarily block porosity in material with such coatings.

Welding and brazing
Full regulation for welding and brazing are in “General Welding and Brazing for UHV components and

assembly”

The welding plan must contain all necessary information to qualify the weld to be performed for
the vacuum assemblies, e.g. beam parameters, welding speed, shielding gas, electrode diameter|

and type...etc.

All parts to be welded must be thoroughly cleaned (degreased) to ensure UHV leak-tight welds.
Prior to and during welding the cleaned surfaces must never be in contact with oily or greasy

objects (including bare hands).
To prevent undue oxidation all vacuum sealing welds are to be backed by an inert gas purge.

All welds shall be internal. Where vacuum sealing welds are made externally there should be full

penetration leaving a smooth surface inside, without any subsequent dressing operation.
The use of dye-penetrant is strictly forbidden.

If at any stage of manufacture a weld is found to be faulty no rectification is to be done without prior

approval from CELLS.
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6.9

6.10

6.11

7.1

7.2

7.3

7.4

7.5

3.1

All vacuum braze regions shall be flush and free from voids, blow holes, etc and there should be no
visible evidence of inclusions. All weld regions shall be free from scale, voids, blow holes, etc, and there
should be no visible evidence of inclusions. Some degree of discolouration of material in the weld area

may be acceptable.
Inspection and testing of the welds are to be according with ISO standards.
The supplier must qualify the welders for each process.

Filler material shall not be used. In case of absolute necessity the rods must be of identical material that

the parts to be welded. The filler material to be approved by CELLS.

Conditions and Handling

Cleanliness is important at all times. Frequent cleaning of items before, during and after manufacturing
processes is required. Care should be taken not to cross-contaminate "clean" and "dirty" components.
Clean components should be handled wearing clean, dry, lint-free gloves, and all tools, etc., should be
cleaned before use (including the handles). Care need to be taken not to contaminate (accidentally) the

gloves and handle/clean an assembly.

The atmosphere in which clean assembly for UHV is being undertaken is important. The air should be
clean and of low humidity, free from gases or oils exhausted by vacuum pumps, machine tools, stacker
truck engines, etc. It should be dust and particulate free (Class 10,000 is adequate). Local areas of]
cleanliness may be achieved using portable laminar flow filtration units. Operators should be dressed

appropriately to prevent dust shedding.

Components should be stored under clean conditions, e.g. by wrapping in clean aluminium foil and
sealing in clean dry polythene bags. Enclosures should have all apertures sealed, and preferably be filled

with dry nitrogen before sealing.

Care must be taken in all handling processes to avoid damage, e.g. scratches or dents, to vacuum sealing
faces, especially to knife edges. Knife edges are best protected by a scrap gasket fixed in place. The
possibility of distortion of sealing flanges during lifting and slinging operations must also be borne in|

mind.

If it is necessary to use adhesive tape or a masking agent on any vacuum surface, then immediately after]

removing it, any adhesive residue must be thoroughly removed with an appropriate solvent, e.g. acetone.

Cleaning

Full regulation for cleaning are in “General specification for cleaning of UHV components and assembly”
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8.5.1

8.5.2
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Standard UHV practices must be adopted through all stages of the manufacturing, handling,
assembly...etc of the vacuum assemblies, to guarantee the highest level of cleanliness.

The basic requirement is to remove surface contamination such as grease, tenacious oil, etc.
without etching the surface. Therefore, generally, the cleaning process should not include an acid
etch or treatment.

The following is a general procedure for cleaning the vacuum chambers made of stainless steel:

First: Wash with hot (80 °C) pressurized water mixed with mild detergent, then rinsed with hot
pressurised water to remove the traces of the detergent, then to be dried with dry hot air.

Second: to immerse the chamber in an ultrasonic bath of hot solvent for 15 min. then to be
exposed to the vapour of the solvent, then cleaned with hot (80 °C) pressurised demineralised
water.

Third: the chamber to be immersed in an ultrasonic bath (5 min.) of alkaline degreaser, then
cleaned immediately with hot (80 °C) pressurised demineralised water.

Forth: the chamber to be dried with dry clean hot air.

The following is a general procedure for cleaning the vacuum chambers made of copper and|
copper alloys:

Under most circumstances, copper can be cleaned using the same procedure as for stainless steel,
however, it should be noted that some of the properties of the alkaline degreasers attack copper|
and leaves surface stains.

In some circumstances a light chromic acid or citric acid etch may be carried out with the prior
agreement of CELLS.

The manufacturer is requested to submit a detailed description of the proposed cleaning process
(with the cleaning agents to be used) with the tender.

After cleaning the vacuum surfaces must be protected against accidental contamination.
Inspection and Testing

Full regulation for testing are in “General specification for testing and inspection for UHV components

and assemblies”

Inspection and testing sequence
In general the following points need to be tested and inspected for each vacuum assembly:

1) Visual internal and external inspection. Visual inspection of the sealing surfaces of
flanges immediately prior to protective packing for dispatch.

2) Dimensional check.

3) Vacuum leak test and desorption test after a bakeout of the chamber to 250 °C. A He-
leakage rate of < 1-107'° mbar.l/sec and a specific desorption rate of < 1-10™
mbar.l/(sec.cm®) is to be demonstrated. (Unless otherwise stated clearly elsewhere or
agreed (in writing) with CELLS.

4) Total and partial pressure must be performed after cooling down to room temperature
from a 24h bake out at 250 °C. The residual gas analysis of each chamber must show
that hydrocarbons contamination defined by the total partial pressure of all masses
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greater than 28 (with exception of mass 44) is less than 1.0% of the total pressure.
(Unless otherwise stated elsewhere or agreed (in writing) with CELLS.

5) Coolant flow tests (for blockage, pressure drop, water leaks...etc). (if applicable)
A visual inspection shall be carried out of all internal surfaces and vacuum sealing faces. All vacuum|
surfaces shall be free from all visible defects such as pitting, scale, cracks and indentations.

All vacuum sealing faces shall be free from radial scratches.

Knife edges shall be free from scratches, indentations and any evidence of rolling, peeling, delamination|

or inclusions.

After manufacture the Contractor will measure all components to check the dimensions, finish and|
tolerances specified on the drawings. The contractor shall supply an inspection report, details of which|

will be agreed between CELLS and the Contractor.
If any dimensions are not achieved no rectification is to be made without the prior approval of CELLS.

After mechanical inspection, the vessels assemblies or components shall be cleaned according to CELLS
cleaning procedure or according to a procedure which has been accepted in writing with CELLS and the

manufacturer.

Vacuum leak testing shall be carried out in accordance with CELLS leak testing procedure. All gaskets
used in such tests shall be of a type approved by CELLS for the purpose. They will normally be of the
type specified for use of the vessel, component or assembly in service. However, with the prior approval
of CELLS an alternative type of seal presenting a similar bolt loading to that expected in service might bel

considered acceptable.

On receipt at CELLS, vessels assemblies or components will, before acceptance, be visually inspected|

and leak tested in order to check that no damage has occurred in transit.

Safety

CE regulations for safety are the applicable regulations for the safety issues.
Safety issues must be always considered during the design and the fabrication of the vacuum assemblies.

Any potential hazard must be considered and handled; this includes material and chemical hazards,

electrical hazards, stored energy hazards...etc.
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11.3

L abeling, Packing, Protection and transport.

All chambers must be labelled and given a serial number for reference inscribed at a straight part of the

chamber close to the flange at the upper outer wall. The marking process must be carried out by dry

scribers vibrating engravers or laser engravers.

Knife edge flanges shall be protected to prevent damage during transit.

Components must be properly supported and contained to prevent damage and contamination during

transit. The vacuum chambers must be supplied in appropriate packaging. Details of the carriage and|

packing procedure will be discussed with the Contractor and incorporated into the contract.
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1. Drawings

sources. If it not possible it must be agreed.

1.1. Formats

continue horizontal. See next figure.

A A

Figure 1: Drawing Formats

1.2.Line Weights

Next table shows the line weight that the drawings must be plotted:

In order to maintain a good organisation in the CELLS data base, all the technical documentation has to fulfil the
CELLS quality standards. This rule includes the documentation generated internally as well the generated from out

Each drawing has to be delivered in el ectronic format and a hard copy. The size paper must be at minimum DIN A4,
vertical as well horizontal, to DIN AO as maximum. Formats DIN A3, DIN A2, DINA1, DINAO must be horizontal.
If the draft needs the paper vertical it has to be oriented with the bottom at the right size and the box orientation must

Line
NAME Weight USE
[mm.]
Thin 0.1 AXis, annotations, crosshatch
Medium 0.3 Contour lines
Thick 0.5

Table: Line Weights
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1.3. Drawing elements
1.3.1. Frame and box
The drawings must be delivered with ALBA standard boxes. Next figure shows the ALBA box. CELLS will

deliver in electronic format and a hard copy the frames and boxes for each format. If the drawing has boom
list it must be expanded on the top of the drawing box, where the titles for this purpose are placed. See next

figure.
“:E;A PLANOL N°/ DRAWING N° Cant DESCRIPC 16, DESCRIPTION ‘ OBSERVAC | ONS/ CONMENTS
C [ L L S TITOL/TITLE
—~— TITOLL INIAT
APROVACIG DATA y
B A TITOLL INIA2
DTBUTXAT,/ DRAN TS0 Esiandard
NOM DATA 150 Standar
REVISAT, CRECKED SUPERFIC. | DTREAL - | ANGUL AR
CHECKED DATAche SURFACE | GEN.LINEAR |GEN.ANGULAR[CICLE DE VIDA/LIFE CICLE MATER AL/ MATERIAL
FINISH TOLERANCE TOLERANCE C‘CLE MATER‘ AL
AC%EEP[/XgREELD“SED paTArel ACABATL INEAIANGULAR
APROVAT, APPROVED ESCALA/SCALE ENSAMBLATGE / ASSEMBLY PLANOL N°®/ DRAWING N°
APPROVED bATAGppr| ESCALA g A4 ENSAMBLATGE NUMEROPLANOL

FigurAe 2: CELLS Drawing Box

CELLSwill deliver the drawings frames and box in electronic format for the design. If the electronic formats
are not compatibles CELLS will deliver drawings defining the dimensions of the drawing frames and boxes.

1.3.2. BOM lisgt
The boom list must be a continuation of the drawing box indicating the part number, corresponding to g

balloon in the draw, code, quantity, name or description and some observations if it needed. Next figure
shows an exampl e of boom list on the drawing box.

13 SR-P-1D-ECMS-0001-01 1 Elevating Clamp Mountig Screw
12 SR-P-ID-THAN-G001-01 1 Triple Holder Attaching Nut Silver Coating
" SR-P- I D-SMHC-0001-01 1 Shimming Magnet Holder Cap
10 SR-P-1D-SHAN-0001-01 1 Single Holder Attaching Nut Silver Coating
9 SR-1D-ISPM ) I'n Vacuum Shimming Permanent Magnet
8 SR-P-1D-IPPM-0001/2/3-01 1 In Yocuum Pure Permanent Magnet
7 SR-P-1D-SCTH-0001-01 1 Central Section Triple Holder
6 SR-P-ID-CSSH-0001-01 1 Centrol Sectino Single Holder
5 13 DIN 915 M4x5 Stainless Steal
4 2 DIN 912 M5x30 Stainless Steal
3 2 DIN 912 M3x30 Stoinless Steal
2 & DIN 912 M3x20 Stainless Steal
1 2 DIN 7991 M3x5 Stoinless Steal Silver Coating
T‘:EQA PLANOL N*/ DRAWING N* cont DESCRIPCI6/ DESCRIPTION OBSERVAC |ONS/ COMHENTS
C E L L S TIToL, Time
~ ~ e .
=, Central Section
APROVACIQ DATA
sepROAL we | AN L B A S
BTEUTRAT/ oraw TS0 Estandord Holders PVOtOUPe
r 16/ 6l 150 St andar
s I I W Ty N gy
GUI
CColldelram 16,/03/06| " Sufrace | aei' L Atar |sén aMboLar|CTOLE DE VIDA/LIFE Citi MATER I AL/ HATER AL
FINISH | TOUERANCE | TDLERANCE
ACCEPTAT/RELEASED 6/03,08 TO MOUNT
5 1
ApggcvrT‘/Lgfﬂ‘vrgom 70308 estata svie A ENSAMBLATGE / ASSENBLY PLANGL N-/ IRAWING -
DB tmiatie |16s0308 101 =1 a3 SR-A- | D-SCHP-0001-01
T

Figure 3: CELL S Drawing Box
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1.3.4.

1.35.

Legal Note —— & = . . T

Revision Not

Drawing Box

Drawing Frame

Revision Note

If some parts have been already produced need any change or modification, the drawing must be corrected
and updated with the revision note box, See next figure. If the part is as well useful to the new devices as
well the old versions of the device the drawing and the naming have to be the same. In the other hand if g
modification changes the functionality of the part and can not be used in the old version of the device, then g
new drawing with anew nameis needed.

RevNo| DATA
EVNO| pATE AUTOR/AUTHOR TAULA DE REVISIONS/REVISION NOTE
1 DD/WM/AA | Autor 3 Comentarid
Figure 4: Revision Note.
Legal note

The drawings include a legal note advertising about the possible not alowed utilisations of the drawing. Seg
next figure.

AQUEST PLANOL NO POT SER REPRODUIT O UTILITZAT PER UNA ALTRA FINALITAT QUE L‘ESPECIF ICADA
NOT TQ BE REPRODUCED NOR EMPLOYED FOR ANY PURPOSE OTHER THAN SPECIFIED [

Figure5: Legal Note.

Elements positioning example

Next figure shows the position of the drawing elements in vertical DINA4 case and the largest one's. The
exampleisahorizontal DIN A3.

\BOM list

Legal Note / Revision Note
Figure 6: Drawing Examples.
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1.3.6. Annotation
The drawings must be done fulfilling the ISO standard about annotation. All the annotations like dimensions,
tolerances, geometrical tolerancing, surface texture, material requirement and any other annotations must be written
asisindicated in the following I SO standards or any other 1SO standard which could be applied.

1.3.7. 1SO standardslist

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

SO 129-1

2004-09-00

Technical drawings - Indication of dimensions and tolerances - Part 1:
General principles

ISO 1101

2004-12-00

Geometrical Product Specifications (GPS) - Geometrical tolerancing -
Tolerances of form, orientation, location and run-out

ISO 1302

2002-02-00

Geometrical Product Specifications (GPS) - Indication of surface
texture in technical product documentation

ISO 1660
1987-11-00
Technical drawings; Dimensioning and tolerancing of profiles

ISO 1829
1975-06-00
Selection of tolerance zones for general purposes

ISO 2538

1998-09-00

Geometrical Product Specifications (GPS) - Series of angles and
slopes on prisms

ISO 2692

1988-12-00

Technical drawings; geometrical tolerancing; maximum material
principle

ISO 2692 AMD 1

1992-10-00

Technical drawings; geometrical tolerancing; maximum material
principle; amendment 1: least material requirement

ISO 2768-1

1989-11-00

General tolerances; part 1: tolerances for linear and angular
dimensions without individual tolerance indications

ISO 2768-2

1989-11-00

General tolerances; part 2: geometrical tolerances for features without
individual tolerance indications
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Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

ISO 3040
1990-12-00
Technical drawings; dimensioning and tolerancing; cones

ISO 3274

1996-12-00

Geometrical Product Specifications (GPS) - Surface texture: Profile
method - Nominal characteristics of contact (stylus) instruments

ISO 3274 Technical Corrigendum 1

1998-06-00

Geometrical Product Specifications (GPS) - Surface texture: Profile
method - Nominal characteristics of contact (stylus) instruments;
Technical Corrigendum 1

ISO 3650

1998-12-00

Geometrical Product Specifications (GPS) - Length standards - Gauge
blocks

ISO 5458

1998-12-00

Geometrical Product Specifications (GPS) - Geometrical tolerancing -
Positional tolerancing

ISO 5459

1981-11-00

Technical drawings; Geometrical tolerancing; Datums and datum-
systems for geometrical tolerances / Note: To be replaced by ISO/DIS
5459 (2004-04).

ISO/DIS 5459

2004-04-00

Geometrical product specifications - Geometrical tolerancing - Datums
and datum-systems / Note: Intended as replacement for ISO 5459
(1981-11).

ISO/TR 5460

1985-05-00

Technical drawings; Geometrical tolerancing; Tolerancing of form,
orientation, location and run-out; Verification principles and methods;
Guidelines

ISO 7083

1983-06-00

Technical drawings; Symbols for geometrical tolerancing; Proportions
and dimensions

ISO 8015
1985-12-00
Technical drawings; Fundamental tolerancing principle
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Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date

ISO/DIS 8062-3

2004-10-00

Geometrical Product Specifications (GPS) - Dimensional and
geometrical tolerances for moulded parts - Part 3: General
dimensional and geometrical tolerances and machining allowances for
castings / Note: Intended as replacement for ISO 8062 (1994-04).

ISO/DIS 10135

2004-06-00

Technical product documentation (TPD) - Drawing indications for
moulded parts / Note: Intended as replacement for ISO 10135 (1994-
10).

ISO 10578

1992-07-00

Technical drawings; tolerancing of orientation and location; projected
tolerance zone

ISO 10579
1993-02-00
Technical drawings; dimensioning and tolerancing; non-rigid parts

ISO 11562

1996-12-00

Geometrical Product Specifications (GPS) - Surface texture: Profile
method - Metrological characteristics of phase correct filters

ISO 11562 Technical Corrigendum 1

1998-06-00

Geometrical Product Specifications (GPS) - Surface texture: Profile
method - Metrological characteristics of phase correct filters; Technical
corrigendum 1

ISO/TS 12180-1

2003-12-00

Geometrical Product Specifications (GPS) - Cylindricity - Part 1:
Vocabulary and parameters of cylindrical form

ISO/TS 12180-2

2003-12-00

Geometrical Product Specifications (GPS) - Cylindricity - Part 2:
Specification operators

ISO/TS 12181-1

2003-12-00

Geometrical Product Specifications (GPS) - Roundness - Part 1:
Vocabulary and parameters of roundness

ISO/TS 12181-2

2003-12-00

Geometrical Product Specifications (GPS) - Roundness - Part 2:
Specification operators

ISO/TS 12780-1
2003-12-00
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1.38.

Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Document identifier
Publication date
Title (English)

Annotation sizes

The annotation sizes of the drawings aso must fulfils CELLS standards. If the design will be done with |-
Deas software CELL S will deliver the master files for the standard default annotation. The document END-|
PM-QA-022 [3], ALBA drawing conventions, defines the annotation parameters. Next is shown the main

points.

Length/ arrows:

Arrow Size: 2mm
Arrow Width ratio: 3
Leader length: 2mm
Text Gap: 1mm
Reference lines gap 1mm
Reference line extension 2mm
Outside length from ref. lines 3mm
Text Size 2mm
Text Width and height ratio 1
Text Angle °

Geometrical Product Specifications (GPS) - Straightness - Part 1:
Vocabulary and parameters of straightness

ISO/TS 12780-2

2003-12-00

Geometrical Product Specifications (GPS) - Straightness - Part 2:
Specification operators

ISO/TS 12781-1

2003-12-00

Geometrical Product Specifications (GPS) - Flatness - Part 1:
Vocabulary and parameters of flatness

ISO/TS 12781-2

2003-12-00

Geometrical Product Specifications (GPS) - Flatness - Part 2:
Specification operators

ISO 15785

2002-07-00
Technical drawings - Symbolic presentration and indication of
adhesive, fold and pressed joints

ISO/TR 16570

2004-10-00

Geometrical Product Specifications (GPS) - Linear and angular
dimensioning and tolerancing: # limit specifications - Step dimensions,
distances, angular sizes and radii

+0,25
2075758

Figure 7: Length dimensions.




ALBA Project Document No: Page: 12/16

END-SRID-CI-0001 Rev. No. : 1.0
Tolerances:
Main text / tolerance ratio 0.75
Text gap 1.5mm
Angular dimension: Aslength dimensions.
Cuts and sections: Under SO
Arrow size: 2mm
Long length: 10 mm
Short length 5mm
Text Gap: 2mm
CUT A
E R TEXT HEIGH H=3
A A
* + TEXT HEIGHT H=4
Figure 8: Cut lines.
Detail Views:
A
///,-—x\\ TEXT HEIGHT H=4
( \ CIRCLE FONT TYPE: PHANTOM
Ay 7 )
D P The arrow should point to the
center of the circle

Figure 8: Detail views.
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Naming, boom list:

1
The arrow has to point to an
edge of the part
f’f 1
‘f_/- The solid dot has to point
inside the part
Figure 9: Naming.
Datum:
Figure 10: Datum.
Leader length 2 mm.
Arrow size 2 mm.
Text height 2mm.
Text width/height ratio 1 mm
Angle 0°.

Geometrical tolerances:

1|0

T 1A

Figure 11: Geometrical tolerances.

Leader length 2 mm.
Arrow size 2mm.
Text height 2 mm.

Text width/height ratio 1 mm
Angle 0°.
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1.4. CELLS Equipment naming conventions

All the drawing, assembly, subassembly or part drawing must be named under CELLS Equipment naming
conventions described in the document END-PM-QA-0505 [1]. During the design phase CELLS will create the list
of names for each general assembly, subassembly and part and their correspondent drawing name.

If the supplier needs his own naming each name must be written on TITOLLINIA2 (Tittle), see figure 2, and never
on NUMEROPLANOL (Drawing N°) where must be CELLS name. In addition the supplier must deliver the list of
correspondences between supplier names and CELL S names.

If the design is developed in 3D CAD system, the name of the part is not the same of its drawing but they are
related. In this case CELLS will create the part names, drawing names and the list of both and the relation between
them.

2. Materials

The material naming must be written following the numerical designation. There is the gap in the drawing box for thig
purpose, see chapter 1.3.1. For welded parts which their raw materials are the same it must be written in the drawing
box. Welded parts drawings which have different materias it must be listed and written in the bom list, (see point
1.3.2). If awelded part has extra drawings for each raw material then the material must be written in the drawing box of
each raw material drawing.

3. Treatment naming
The part which needs any treatment must be indicated clearly on the drawing with al the information needed tg
produce the part like for example the thickness of a surface treatment, the deep, surface finish, final hardness, the face

where the treatment have to be done and any other information that the treatment requires.

The part which has to be painted must be indicated on the drawing aso with RAL designation. The drawing must
indicate also the faces to paint.

4. BOM Lists
The supplier has to deliver the lists with the codes of the general assemblies, subassemblies and parts and the codes of
the drawings of these. Moreover it has to include the lay-out drawings, mounting instructions drawings, wiring
drawings, mechanical instalations and any other drawing needed to produce and install the device.
5. Electronic format

CELLS CAD system is|-Deas. It would be preferred the design in I-Deas to be directly introduced in CELL S database,
If it is not possible must be agreed with CELLS; in this case a set of drawings must be delivered in DXF or DWG in
this order of preference. Anyway a copy of each drawing in PDF format must be delivered.

If the design will be developed in 3D CAD system but not I-Deas a copy of each model assemblies, subassemblies and
parts must be delivered in IGES or STEP format preferable.

In any case before take adecision about the format, CELL S will do atest to check what isit the proper one.

The files must be delivered in windows operating system. If the supplier works with UNIX or LINUX the files must be
trand ated before sending them and CELL S will do atest to check that the tranglation is OK.

6. Set of drawings
6.1. Lay-out
The supplier must develop and deliver the lay-outs positioning in the storage ring needed to place the deviceto ALBA.
CELLS will deliver with the electronic agreed form the lay-out of the straight section where it will be placed the

device. The lay-outs must contain all the relevant information for the installations in ALBA; this doesn’'t exempt the
supplier to write an installation manual.
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6.2. General Assemblies

The supplier must deliver the general assemblies drawings needed to produce the device. These genera assembly
drawings have to contain all the relevant information of the device: the overall dimensions, weight, volume needed to
store it, identify the different groups or subassemblies with the BOM list and any other relevant information. Minimum
one of these has to identify al the subassemblies, show the position and define the nominal position of the adjustable
subassemblies.

6.3. Subassemblies

The supplier must deliver all the subassembly drawings needed to produce the device. Minimum a drawing for each
group or subassembly. The drawings have to contain al the relevant information of the subassembly like overall
dimensions, weight and identify all the specia parts and standard parts with a BOM list and any other relevanﬂ
information. They have to contain also the exact position of each part in each subassembly and define de nominal
position for the adjustable parts.

6.4. Parts

The supplier must deliver the drawing of each single part and the drawing of the standard part which need some
operation.

Welded parts are considered as a single part. For this reason these parts must be delivered with a single drawing. If i
needed to dimension the raw material it must be done on the same drawing if they could be fit in. If it is not possiblg
the different drawings, parts, must have the same family name, see chapter 1.5, and the welded part drawing have to
contain the BOM list of the raw materials with drawing code.

Part drawings must to contain all the information to produce the final part to be assembled to the device. The supplier
must deliver the check certification for the critical parts which needs final verification. The requirement for verification
must be written on the drawing or and independent list for these parts. The supplier must deliver aso the verification
drawings if exist. If some critical part require materia certification it must written on the drawing or on an independent]
list and these certification must be also delivered jointly with the set of drawings.

6.5. Installations Drawings

The supplier must deliver the wiring drawings and mechanical installations drawings fulfilling the UNE standards
norms for this purpose.

6.6. Delivers

The supplier must deliver two sets of drawings, in hard and electronic format, before the start of the production, and
two sets of drawings after the installation with all the corrections from the incidences and the control production
documentation generated.

7. Technica documentation format
All the technical documentation must be written with CELLS standard format as it is written in this document. CELLS
will create the documents codes fulfilling CELL S Document types and naming conventions, END-PM-QA-0003 [2]. If
itisnot possible must be agreed.

8. Legidation

8.1. CE certification
All the components that circulate inside the European region must fulfil the European directives. The device must be
CE certificated. If it has, a minimum, one mobile part the machinery directive must be applied. In any case the

electromagnetic compatibility, pressure vessels, low voltage equipment and any other European law that its scope
coversthe device.
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8.2. Spanish legislation

The device has aso to fulfil all the Spanish legislation applicable which isin force at the moment of the production. At
minimum work equipment law, Spanish low voltage equipment (REBT), Pressure vessels, cryogenics, electromagnetic
compatibility, mechanical installations (RITE) and any other which its scope cover the device.

8.3. Installation

CELLS, aswell as he supplier, must fulfil the Spanish safety and work risk legidation for all the technicians, physics,
engineers, and any other person involved in the installation, commissioning, starting and useful life of the device and
any other task developed in Spain for the foreign people as well as for the Spanish people; with specia attention in
handling and el evation tasks and cryogenics installations manipul ations.

9. Spare part
The supplier must indicate the critical shortest life parts if exist and deliver alot of spare part for at minimum the first

cycle life. These part have to be identified in the correspondent assembly or subassembly drawings and a manual of
maintenance must be created and delivered.
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1

I ntroduction

The optimization of the wiggler dedicated to feed a Powder Diffraction beamline for ALBA has to have
the following constraints:

The total power delivered by the device cannot exceed 20 kW, in order to prevent heat load
damages in the Front End.

The power passing through the entrance dit and transmitted by the first mirror to the
monochromator cannot exceed 900 W.

The photons transmitted by the mirror and thus contributing to the heat load in the
monochromator have photon energies > 7 keV

The standard entrance dlit to which refer al the calculations has an aperture of 300 prad
horizontal and 125 prad vertical.

The parameters of ALBA machine that have to be taken into account are: 3 GeV of electron
energy, and an electron current of 250 mA (initial operation) and 400 mA (maximum allowed
current)

The spectral range of interest in which the device will operateis 7 — 40 keV.
The single energy in which the optimization should take place is 30 keV.

According to these constraints, we will optimize the device in two cases: 400 mA of current and 250 mA
of current.

The technological constraints of the design come from the fact that not all magnetic fields can be
produced by al the periods. In fact, the maximum field achievable for each period length is given in
Figure 1:
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Figure 1. Magnetic field (estimated value, magnetic gap 12.4 mm, mechanical gap 8 mm) of a wiggler in
median plane versus period length, taken from [1]
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In addition to that, maximum magnetic length is limited to 2 m, again because of technologica
considerations.

According to the above described constraints, we have performed an exploration of the parameters space
(magnetic length, period length and magnetic field —or K value- within the gap).

Optimization at 400 mA @ 30 keV of photon energy

We start the optimitazion of the wiggler in the case of 400 mA of current in the ring. Thisis because this
case is the most stringent case in terms of power production.

The total power delivered by an insertion deviceis given by the following expression:
P, [kW]=0.6328-1[A]- L[m]- E?[GeV]- BZ[T]

Once fixed the accelerator energy (E = 3 GeV) and the electron current (I = 400 mA) the total
power increases linearly with the length and as the magnetic field to the square.

In the case of the longest wiggler currently feasible (2 m) the constraint of not producing a total
power higher than 20 kW leads to a maximum field possibleof 2.1 T

The maximum field allowed for different wiggler lengthsis shown in Figure 2 below.
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Figure 2. Maximum allowed field versus wiggler length

Once this limitation stablished, we proceed to optimice the device in the following way:
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e The figures of merit are the spectral photon fluxes at four slected photon energies (10 keV, 20
keV, 30 keV and 40 keV).

e For agiven device length, we scan a number of period lengths. For each (device length + period
length) we set the magnetic field just to obtain a maximum power of 900 W in the range of
photon energies € > 7 keV, for an dlit aperture of 300 pradH x 125 pradV.

The results are given in the following tables 1-3. We have scanned the parameter space for three device
lengths (1 m, 1.5 m and 2 m) and for nine period lengths (15 mm to 55 mm, in steps of 5 mm). All
calculations have been made with WS code in the XOP package [2]. To simulate the first mirror
transmission, Rocking curve has been approximated by a step function with 100% of absorption below 7
keV and 0% absorption above 7 keV.

Table 1. Spectral photon fluxes at 10, 20, 30 and 40 keV through a slit of 300 uradH x 125 uradV for a device of 1
m length.The blue row gives the maximum magnetic field feasible from the technological point of view, as shown in
Figure 1. In orange, we show the cases not feasible because the magnetic field required to send 900 W to the
monochromator is higher than that technologically possible. In red we show the cases not feasible because the
total power produced by the device is higher than 20 kW.

L (m) 1 1 1 1 1 1 1 1 1 1

Power through slit 900 900 900 900 900 900 900 900 900 900

Period (mm) 15 20 25 30 35 40 45 50 52 55

N 66 50 40 33 28 25 22 20 19 18

K 2.139 3.429 5.072 7.108 9.526  12.012 15.136 18.328 19.974 22.2

B (T) 1.53 1.84 2.17 2.54 291 3.22 3.60 3.92 4.11 4.32

Maximum possible field (T) 0.45 1.10 1.60 2.05 2.45 2.75 3.00 3.30 4.30 4.55
Critical energy & (keV) 9.138 10.986 13.000 15.183  17.441 19.243 21.553 23.489 24.614 25.865
Power @ € > 7keV 1194 1108 1055 1019 994 980 966 958 953 947

Total power (kW) 5 8 11 15 19 24 30 35 39 43

F(ph/s/0.1%BW) @ 10KeV  3.23-10" 25710 2.07-10" 1.69-10" 1.40-10" 1.22:10" 1.04-10" 9.21-10"® 8.60-10"® 8.00:10"
F(ph/s/0.1%BW) @ 20KeV) 1.80-10'* 1.76:10" 16510 1.51-10" 1.36-10" 1.25-10" 1.13-10" 1.03-10"" 9.84-10" 9.33-10"
F(ph/s/0.1%BW) @ 30KeV  7.92:10"° 9.60-10"" 1.05-10" 1.07-10" 1.06:10" 1.03-10" 9.77-10"® 9.31-10" 9.03-10" 8.73-10"
F(ph/s/0.1%BW) @ 40KeV) 3.16:10"° 4.73-10" 6.00110"° 6.91-10" 7.43-10" 7.64-10" 7.69-10"° 7.62:10" 7.5510" 7.44-10"

Table 2. Spectral photon fluxes at 10, 20, 30 and 40 keV through a slit of 300 guradH x 125 gradV for a device of
1.5 m length.The blue row gives the maximum magnetic field feasible from the technological point of view, as
shown in Figure 1. In orange, we show the cases not feasible because the magnetic field required to send 900 W to
the monochromator is higher than that technologically possible. In red we show the cases not feasible because the
total power produced by the device is higher than 20 kW.

L (m) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

Power through slit 900 900 900 900 900 900 900 900 900

Period (mm) 15 20 25 30 35 40 45 50 55

N 100 75 60 50 42 37 33 30 27

K 1.661 2.587 3.739 5.113 6.814 8.615 10.647 12.817 15.435

B (T) 1.19 1.38 1.60 1.82 2.08 2.31 2.53 2.74 3.00

Maximum possible field (T) 0.45 1.10 1.60 2.05 2.45 2.75 3.00 3.30 4.55
Critical energy & (keV) 7.096 8.289 9.584 10.921 12.475 13.801 15.161 16.426 17.983
Power @ & > 7keV 1375 1242 1161 1108 1065 1039 1014 1004 990

Total power (kW) 5 7 9 11 15 18 22 26 31

F(ph/s/0.1%BW) @ 10KeV ~ 4.26-10'" 35510 3.00-10" 2.57-10" 21810 1.91-10" 16910 1.52:10" 1.34-10"
F(ph/s/0.1%BW) @ 20KeV) 1.6510" 1.78-10" 1.80-10" 1.77-10" 1.68-10" 1.60-10" 15110 1.43-10" 1.3310"
F(ph/s/0.1%BW) @ 30KeV  5.06-10"° 7.03-10"” 85510"° 9.60-10" 1.03-10"™ 1.06-10" 1.07-10"™ 1.07-10" 1.05-10"
F(ph/s/0.1%BW) @ 40KeV) 1.41-10" 25210 3.67-10° 4.73-10" 57310 6.40-10" 69110 7.24-10"° 7.51-10"
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Table 3. Spectral photon fluxes at 10, 20, 30 and 40 keV through a slit of 300 uradH x 125 uradV for a device of 2
m length.The blue row gives the maximum magnetic field feasible from the technological point of view, as shown in
Figure 1. In orange, we show the cases not feasible because the magnetic field required to send 900 W to the
monochromator is higher than that technologically possible. In red we show the cases not feasible because the
total power produced by the device is higher than 20 kW.

L (m) 2 2 2 2 2 2 2 2 2

Power through slit 1547 1376 1269 1194 1241 1108 1076 1055 1034

Period (mm) 15 20 25 30 35 40 45 50 55

N 133 100 80 66 57 50 44 40 36

K 1.432 2.168 3.079 4.185 5.407 6.802 8.437 10.105 12.103

B (T) 1.02 1.16 1.32 1.49 1.65 1.82 2.01 2.16 2.36

Maximum possible field (T) 0.45 1.10 1.60 2.05 2.45 2.75 3.00 3.30 4.55
Critical energy & (keV) 6.117 6.946 7.892 8.939 9.899 10.897 12.014 12.950 14.101
Power @ & > 7TkeV 900 900 900 900 900 900 900 900 900

Total power (kW) 5 6 8 10 12 15 18 21 25

F(ph/s/0.1%BW) @ 10KeV ~ 4.91-10" 4.26-10" 3.71-10" 3.23-10" 287-10" 25710 22810 2.07-10" 1.8610"
F(ph/s/0.1%BW) @ 20KeV) 1.4510" 1.6510" 1.76:10" 1.80-10" 1.80-10" 1.77-10" 1.71-10" 1.6510" 1.58-10"
F(ph/s/0.1%BW) @ 30KeV  3.42-10"° 50510 6.5810" 7.92:10" 8.87-10° 9.6010" 1.0210" 1.0510" 1.07-10"
F(ph/s/0.1%BW) @ 40KeV) 7.37-10"” 1.40-10" 2.22:10" 3.1510" 3.96-10" 4.73:10° 547-10"° 6.00-10" 6.5310"

Itisclear that alength of 1 misnot feasible if we want to obtain the maximum performance of the device
(i. e. as much photons as possible just to reach the 900 W limitation in the range >7 keV) and at the same
time not to deliver more than 20 kW to the front end.

With respect to the devices between 1.5 and 2 m (this last is the longest possible, according the available
technologies), we show in Figure 3 the photon flux with respect to the period length.

1.5m ... F(10KeV) ----- -- F(20KeV) - --- -- F(30KeV) ------- F(40KeV)
2.0m —F(10KeV) —— F(20KeV) —— F(30KeV) —— F(40KeV)
5.E+14
% 4.E+14 -
X
o
5 3.E+14 | —
< . —
a - D
X 2E+14 =
=
c
S 1.E+14 S SEELTTEE
o T | .
& [ S
0.E+00 ‘
15 20 25 30 35 40 45 50 55
Period (mm)

Figure 3. Photon flux at four energies for different period and device lengths.

The conclusion to this exploration is that a longer device is more efficient for low energies (10 keV)
whilst is less efficient at high energies (40 keV). In the medium energies (20, 30 keV) the difference is
not significative. The optimum period length is (~30 mm, 1.49 T, 2 m) optimizing the device at 20 keV,
and (~40 mm, 2.31 T, 1.5 m) optimizing it at 30 keV.
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3 Optimization at 250 mA @ 30 keV of photon energy

We have to consider an additional situation: in the first years of operation, the maximum electron current
in the accelerator will seldom reach the 400 mA. In fact, the nomina current of the machine has been
stablished at 250 mA.

So, we have to conceive in awiggler with enough room in some parameters to alow a good performance
at lower currents.

In order to take into account this situation, we will explore what are the maximum photon fluxes
achievable at 10, 20, 30 and 40 keV for electron currents smaller than 400 mA, in the case of both
optimum wigglers selected in the previous section. Results are shown in tables 4 and 5 and Figure 4.

Table 4. Spectral photon fluxes at 10, 20, 30 and 40 keV through a slit of 300 gradH x 125 gradV for an optimized
device of 1.88 m length.The blue row gives the maximum magnetic field feasible from the technological point of
view. In green, we show the cases in which the technological limitation avoids sending 900 W, thus not optimal.

Electron current (mA) 50 100 150 200 250 300 350 400

L (m) 1.88 1.88 1.88 1.88 1.88 1.88 1.88 1.88

Period (mm) 31 31 31 31 31 31 31 31

N 60 60 60 60 60 60 60 60

K 6.36 6.36 6.36 6.36 6.36 5.723 5.092 4.621

B (T) 2.20 2.20 2.20 2.20 2.20 1.98 1.76 1.60

Maximum possible field (T) 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20
g (keV) 13.147 13.147 13.147 13.147 13.147 11.830 10.526 9.552

F(ph/s/0.1%BW) @ 10KeV 3.88E+13 7.77E+13 1.17E+14 1.55E+14 1.94E+14 2.33E+14 2.68E+14 3.00E+14
F(ph/s/0.1%BW) @ 20KeV) 3.13E+13 6.26E+13 9.39E+13 1.25E+14 1.57E+14 1.72E+14 1.78E+14 1.80E+14
F(ph/s/0.1%BW) @ 30KeV 2.00E+13  4.00E+13 6.00E+13 8.00E+13 1.00E+14 1.01E+14 9.34E+13 8.55E+13
F(ph/s/0.1%BW) @ 40KeV) 1.16E+13 2.32E+13 3.48E+13 4.64E+13 5.80E+13 5.34E+13 4.44E+13 3.67E+13
Power @ ¢ > 7keV 172 343 515 686 858 900 900 900
Total power (kW) 3 5 8 10 13 13 12 11

Table 5. Spectral photon fluxes at 10, 20, 30 and 40 keV through a slit of 300 gradH x 125 uradV for an optimized
device of 1.5 m length.The blue row gives the maximum magnetic field feasible from the technological point of
view. In green, we show the cases in which the technological limitation avoids sending 900 W, thus not optimal.

Electron current (mA) 50 100 150 200 250 300 350 400

L (m) 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

Period (mm) 40 40 40 40 40 40 40 40

N 37 37 37 37 37 37 37 37

K 10.274 10.274 10.274 10.274 10.274 10.274 9.619 8.615

B (T) 2.75 2.75 2.75 2.75 2.75 2.75 2.57 2.31

Maximum possible field (T) 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75
g (keV) 16.459 16.459 16.459 16.459 16.459 16.459 15.409 13.801

F(ph/s/0.1%BW) @ 10KeV 2.34E+13  4.68E+13 7.02E+13 9.36E+13 1.17E+14 1.40E+14 1.66E+14 1.91E+14
F(ph/s/0.1%BW) @ 20KeV) 2.20E+13  4.40E+13 6.60E+13 8.80E+13 1.10E+14 1.32E+14 1.49E+14 1.60E+14
F(ph/s/0.1%BW) @ 30KeV 1.65E+13 3.29E+13 4.94E+13 6.59E+13 8.24E+13 9.88E+13 1.07E+14 1.06E+14
F(ph/s/0.1%BW) @ 40KeV) 1.12E+13 2.24E+13 3.36E+13 4.48E+13 5.60E+13 6.72E+13 6.98E+13 6.40E+13
Power @ € > 7TkeV 139 278 417 556 695 834 900 900
Total power (KW) 3 6 10 13 16 19 20 18
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1.5m ——10keV ——20keV ——30keV ——40keV
20m e 10keV oo 20keV oo 30keV oo 40 keV
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2.0E+14 -
1.5E+14 A
1.0E+14 A : '
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Figure 4. Photon fluxes delivered at 10, 20, 30 and 40 keV energies
through the slit at a number electron currents in the accelerator.

Figure 4 shows that, for the accelerator operating with a current of 250 mA, the optimized device (1.88
m, 31 mm, 1.5 T) gives a better performance than (1.5 m, 40 mm, 2.31 T). This is because the longest
device has more room for variation in the first case than in the second, which is close to the technological
limits. In conclusion, the superconducting wiggler has to have the maximum achievable length, i. e. ~2 m.

Optimization of the period
Once stablished that the best length is 2 m we repeat the scan of parameters at 250 mA (Table 6).

Table 6. Spectral photon fluxes at 10, 20, 30 and 40 keV through a slit of 300 pradH x 125uradV for a 2 m long
device. In orange, we show the cases in which the technological limitation avoids sending 900 W, thus not optimal.

L (m) 2 2 2 2 2 2 2 2 2
Period (mm) 15 20 25 30 35 40 45 50 55

N 133 100 80 66 57 50 44 40 36

K 1.849 2.923 4.27 5.93 7.779 991  12.433 1501 18.127

B 1.32 1.56 1.83 2.12 2.38 2.65 2.96 3.21 3.53

Maximum possible field (T) 0.45 1.10 1.60 2.05 2.45 2.75 3.00 3.30 455
e (kev) 7.899 9.365 10.945 12.666 14242 15876  17.704 19237  21.119

F(ph/s/0.1%BW) @ 10KeV 15 20 25 30 35 40 45 50 55

F(ph/s/0.1%BW) @ 20KeV) 3.80E+14 3.10E+14 2.57E+14  2.14E+14 1.84E+14 1.59E+14 1.37E+14 1.22E+14 1.07E+14
F(ph/s/0.1%BW) @ 30KeV 1.75E+14 1.80E+14 1.77E+14  1.67E+14 1.57E+14 1.46E+14 1.35E+14 1.25E+14 1.15E+14
F(ph/s/0.1%BW) @ 40KeV) 6.32E+13 8.29E+13 9.60E+13  1.04E+14 1.07E+14 1.07E+14 1.05E+14 1.03E+14 9.86E+13

g (keV) 2.08E+13 3.45E+13 4.73E+13  5.83E+13 6.58E+13 7.11E+13 7.48E+13 7.64E+13 7.70E+13
Power @ & > 7keV 900 900 900 900 900 900 900 900 900

In Figure 5 we compare the performance of 2 m wigglers working at 250 mA and 400 mA, optimized in
order to deliver 900 W at >7 keV, through the slit of 300 pradH x 125uradV
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Figure 5. Photon fluxes delivered at 10, 20, 30 and 40 keV energies
through the slit at 250 and 400 mA. The device is optimized for each period.

According to the figure, operating at 250 mA, the optimized wiggler (givin the maximum photon flux at
30 keV) has a period ~30 mm.

Conclusions

According to the calculations above,

e The optimized device for operating at 400 mA is 1.5 m length with a period at 40 mm and a
magnetic field Bp ~2.31 T.

o However, for acurrent of 250 mA, the optimum device is 2 m length with a period at 30 mm and
amagnetic field of Bp ~2.12 T.

So, we choose the wiggler to be 2 m long, with a period of ~30 mm.

o When operating at 250 mA, the device has to have amagnetic field of Bo ~2.12 T.

¢ When operating at 400 mA, the device has to have amagnetic field of Bo ~1.49 T.
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