Appendix A - Description of the subject of the contract for the Wiggler for the SOLCRYS beamline at the SOLARIS National Synchrotron Radiation Centre
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[bookmark: _Toc127187250]Introduction

National Synchrotron Radiation Centre SOLARIS 
	SOLARIS is a 1.5 GeV storage ring based on the double-bend achromat (DBA) magnetic lattice (12 DBA cells). Electron bunches are injected from the linac (linear accelerator) at the energy ~550 keV, then they are ramped to the final energy of 1.5 GeV in the storage ring. Maximum number of bunches is 32, and the maximum current of the stored beam is 500 mA. The designed horizontal beam emittance is 6 nmrad, vertical is 60 pmrad. The critical energy of the synchrotron radiation beam from the bending magnet (magnetic field of 1.31 T) is approximately 1.98 keV.
The subject of the order is a delivery to SOLARIS one Three-pole-wiggler (hereafter 3PW) according to these technical specifications, operating at the magnetic field of 3T in SOLARIS storage ring for the needs of the SOLCRYS beamline. 3PW is to shift the critical energy of the photon beam to the value of approximately 4.5 keV, and increase the photon flux, therefore making high fluxes of high-energy photons achievable.
The 3PW as a complete device will be installed into the SOLARIS storage ring.  The main application of this insertion device is the generation of synchrotron radiation in the hard X-ray range for the SOLCRYS beamline. SOLCRYS is planned as a beamline consisting one endstation dedicated to protein crystallography (PX). The detailed technical parameters of the beamline are presented below. However, it should be here emphasized that one of the key requirements for the insertion device, which is the subject of the order and whose parameters are defined in detail later, is the long-term stability of the horizontal and vertical radiation source position.Z
X
Y
Z
X
Y
Z
X
Y
Z
X
Y
Z
X
Y

The SOLCRYS beamline is dedicated to X-ray diffraction studies (especially to protein crystallography) and will use the central part of the radiation cone generated by the wiggler. It will be necessary to focus the synchrotron radiation beam for this PX branch to the spot dimensions below 50 µm at the same time ensuring the maximum flux of X-ray photons. Ultimately, during routine measurements, the synchrotron radiation beam, previously focused on optical elements, will be adjusted to the size of 20 µm (or less), horizontally and vertically, using a collimating slits system. Therefore, proper stability of the radiation source position is crucial. The Contractor must therefore propose such technological solutions that ensure the stability of the source during long-term serial measurements.
Desired parameters of the beam at the sample position at the PX end station are:
- spot size with vertical dimension of the order of 50 µm (dimension of focused beam),
- energy resolution δE/E = 1.4·10-4 when operating with double crystal monochromator (DCM), and
δE/E ≈ 0.5 % when working with a double multilayer monochromator (DMM),
- flux on the order of ~ 1012 ph/s (DCM) and ~1013 ph/s (DMM) at 12 keV photon energy 
The photon energy range used by the SOLCRYS beamline is 4 – 16 keV. Total power emitted from the insertion device should not exceed the value of ~0.5 kW.
[bookmark: _Toc127187253]Mechanical requirements and site constrains
[bookmark: _Toc127187254]General assumptions
· The 3PW will be installed in the straight section 02 of the SOLARIS storage ring. 
· The nominal height of the photon beam axis is 1300 mm above the floor level. 
· The photon beam from the bending magnet is horizontal and parallel to the floor. 
· Maximum height available in the storage ring tunnel is 2550mm. 
· The crane available at Solaris can transport up to 8 tons
· The crane in the experimental hall of Solaris provides 4 m as the maximum height of the crane hook above ground. 
· In addition, the height of the package and/or the height of the 3PW placed on the transportation platform, must not exceed 2800 mm, which is the space available below the overpass to the experimental hall. 
· Overall length of the 3PW body cannot exceed 1.5 m.
· Maximum length available in the section 2 of the storage ring is 3335 mm. Additional space for standard components has to be included:
RF valves: 2 x 75 mm = 150 mm
Bellows, tapers, heat absorber: min.  2 x 230 mm = 460 mm 
The general Solaris standards and practices are described in the Appendix 3 MECH1-Mechanics.pdf and should be followed during the design and installation phases.
· The entire support and drive system shall be strong enough to operate normally under the respective maximum magnetic load at the minimum magnetic gap of 11 mm. 
· The mechanical frame shall be C-shaped.
· The supporting beams shall be a robust construction with a very rigid area moment of inertia. The mechanical deformation of the beams and gap shall stay within a tolerance of ±0.005 mm at maximum magnetic force at the minimum gap of 11 mm.
· The 3PW will be equipped with four dismountable transportation wheels that will enable transportation of the whole mechanical structure inside and outside the storage ring. The joints inside the wheels must be easily rotatable. 

The 3PW must have an adequate support structure that takes into account the space constraints inside the tunnel, as detailed in section 3.

[bookmark: _Toc19696464][bookmark: _Toc39304953][bookmark: _Toc127187255]Painting and surface protection
The mechanical frame shall be painted according to ISO 12944 or equivalent:
· All surfaces which could be subject to corrosion shall be, wherever possible, anodized, passivated, or painted.
· Corrosivity category C2
· Medium durability of painting 
· Thickness 20µm…25µm
· Colour RAL 4007 colour (purple violet).

[bookmark: _Toc488937458][bookmark: _Toc19696465][bookmark: _Toc39304954][bookmark: _Toc127187256]Weight and size
The maximum acceptable weight is 8000kg
Maximum acceptable sizes are: 
	High
	Length 
	Width

	2.550 m
	1.5 m
	1 m



[bookmark: _Toc19696466][bookmark: _Toc39304955][bookmark: _Toc127187257]Alignment and adjustment
The mechanical frame supports/legs shall satisfy the Solaris alignment procedure with a focus on but not limited to the following:
· The 3PW shall have 3 legs. 
· The supporting legs shall be designed so that horizontal and vertical adjustment as well as pitch/roll/yaw adjustments are physically separated from each other.
· All jack and adjustment screws shall have a resolution not higher than 1mm per turn.
· All jack and adjustment screws shall provide an adjustment range of at least 12.5 mm in each direction with the accuracy of 0.03 mm horizontally and longitudinally. SOLARIS will provide a common assembly tool as agreed with the Contractor. 
· The supplier shall prepare reference surfaces on the 3PW in order to enable the placement of high precision levels.
· Solaris alignment is based on laser tracker measurements referring to the magnetic center of the device. Thus, the supplier shall fiducialize the device.  That means placing at least 6 holders for reflectors (fiducials) with a diameter 1.5 inch on the device as close as possible to the jack and adjustment screw axis. The reflectors shall be visible for the alignment work with respect to the orientation of the 3PW in the ring tunnel. The orientation and position of the reflectors shall be described in the fiducialization report. The orientation and position of the reflectors shall be measured with reference to the measured magnetic center of the device within a tolerance of +/-10µm. The supplier shall present the method, procedure and respective tolerances of the fiducialization of the 3PW at the latest at the PDR-meeting.
· The supplier shall provide a fiducialization report as part of the FAT documentation.
· The supplier shall present a respective design proposal of the feet and jack system for approval at the latest PDR meeting. 
· For alignment, numerous threaded holes as described earlier, made according to Solaris standard (described in Appendix 4 ALIGN - Guidelines in field of alignment.pdf) must be prepared, since they are support for Leica RRR (1.5-inch diameter) reflector. The required number and location of the fiducial points must be agreed with Solaris. After the agreement, Solaris will send the sockets to the Contractor for mounting and fidualisation. The fiducial points must be referenced to the magnetic plane and the axis within 0.03 mm and to the angular accuracy of less than 0.3 mrad.
· The centre of the flanges and the magnetic axis must coincide within 0.2 mm.

Solaris is responsible for the alignment of the 3PW inside the Solaris storage ring.
The requirements for the alignment are specified in attachment: Appendix 4 ALIGN - Guidelines in field of alignment.pdf.

[bookmark: _Toc19696467][bookmark: _Toc39304956][bookmark: _Toc127187258]Handling
The 3PW unit will be installed using a crane. The Contractor will equip the unit with proper handling devices. The final solution will be decided during the design review with Solaris.

[bookmark: _Toc19696468][bookmark: _Toc39304957][bookmark: _Toc127187259]Transportation
· The Contractor is responsible for the proper transport and packaging of the device to Solaris.  
· The crate for transportation shall be designed in such a way, that it can be moved by a standard forklift.
· The 3PW shall be protected by a plastic-sealed envelope from which the maximum amount of air has been removed. This cover shall be watertight.
· The girders with magnets shall be protected with a non-magnetic material, that will protect the magnets surface from any damage caused by the attraction of the magnetic forces.
· Shock and tilt indicators, temperature and humidity loggers shall be fitted on the equipment and on the crate. The presence of these shall be notified to the carrier in writing with a copy to Solaris. On delivery, Solaris shall inspect the shock indicators and inform the Contractor in case of a problem.
The specific details of delivery and transportation of the 3PW will be discussed with Solaris and agreed upon in writing (e-mail).
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Fig.1 Dimensions of the straight section (02) between DBA01 and DBA02 from VK2 flange to VK1 flange, and from RF valve to RF valve
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Fig.2 Photograph of the straight section 02 in the Solaris storage ring tunnel


[bookmark: _Toc127187260]Requirements for the Subsystems of 3PW
[bookmark: _Toc127187261]Magnet

The magnetic block characteristics are based on “Conceptual and technical design of a 3PW photon source for the BEATs beamline at SESAME synchrotron”. Full description is attached as Appendix 2 Sesame / Alba magnet specification
Design of the magnetic system must ensure the compensation of the 1st and 2nd field integral.  General properties of the magnetic structure of 3PW to be constructed are listed in Table 1.
[bookmark: _Ref125117282][bookmark: _Ref125117245]Table 1 Properties of the magnetic structure of 3PW
	ID type
	Three pole wiggler

	Maximum field
	3T

	Magnetic device length 	
	0.755 m

	Magnetic device width
	0.4 m

	Number of periods
	1

	Maximum length of total structure
	1 m

	Maximum width of total structure
	0.5 m

	Minimum physical gap 	
	0.011 m

	Maximum opening gap
	0.200 m



If correction coils are needed to meet the magnetic requirements (e.g., to compensate possible offsets in the electron beam), they should conform to the following requirements:
· Each coil must not be operated at higher than 10A.
· It should be possible to run all corrector coils at 10A simultaneously without heating issues.
· Corrector coil connections must be easily accessible.
· Corrector coil connection must be screw type terminal blocks of suitable size.
· Corrector coils cannot interfere with the nearby infrastructure of the storage ring (e.g., vacuum chamber, valves etc.).
· Position of each coil must be properly marked (e.g., engraver or using alignment pins) on the frame or support of the coil.
· All power supplies needed to power up the coils will be embedded into the rack and PLC system.

The Contractor should use suitable correction strategies e.g., additional corrector magnets/trim coils, shimming etc. to achieve the field integrals and integrated multipole field components as specified in Table 1. The correction strategy should be reported in the design report.
 If the correctors/trim coils are used, a look up table of corrector currents and main coil currents should be provided by the Contractor. 

[bookmark: _Toc127187262]Simulated source parameters 
The exemplary magnetic field distribution along the 3PW beam axis is presented in Fig. 3
Source parameters simulated with the ray tracing code with electron beam parameters given in Appendix 1 SOURCE - synchrotron radiation source parameters.pdf,  are presented in Fig. 4.  Simulated source size equals 480 µm × 30 µm (FWHM) and the divergence equals 9 mrad × 0.3 mrad (FWHM). The parameters are calculated for the photon energy of 12 keV. Total emitted power at the maximum current of electron beam (500 mA) equals ~440 W.

[image: ]
[bookmark: _Ref125117627][bookmark: _Ref125117622]Fig.3 Magnetic field distribution along 3PW
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	[image: ]

	[bookmark: _Ref125117662]Fig.4 Simulated source size (left) and source divergence (right) 



[bookmark: _Toc127187263]Power supply
	All power supplies of the 3PW must be specified in detail by the Contractor and to be agreed with SOLARIS. The agreed power supplies will be procured and provided by the Contractor. 

[bookmark: _Toc127187264]Motion system
The motion system must be compatible with the Tango control system. All technology used must be compatible with Solaris standards and guidelines. Every piece of the 3-pole-wiggler motion system must be integrated, embedded into the device and tested.  

[bookmark: _Toc127187265]Motors
The wiggler must be equipped with the motors of Contractor’s choice, preferably servo motors. Motors must be responsible for controlling the gap and offset. 
The motors should be selected based on the application requirements, therefore, it is expected that the limit switches characteristics, such as temperature rating, repeatability and accuracy/ precision will meet the minimum requirements of that application. Contractor is responsible for wiring all elements up to the control rack located in the service gallery at Solaris.

[bookmark: _Toc127187266]Encoders
The device must be equipped with high-precision absolute encoders compatible with the entire motion system. The resolution for each encoder must be equal to or better than 0.1 µm and the accuracy of the linear encoder should be equal to or better than ±3 µm.
[bookmark: _Toc127187267]Limit Switches
All motorized stages should be equipped with at least two limit switches; one at the start of the travel range and one at the end of it. Limit switches should be selected based on the application requirements, therefore, it is expected that the limit switches characteristics, such as temperature rating, repeatability and accuracy/ precision will meet the minimum requirements of that application. Mechanical limit switches are preferred.

[bookmark: _Toc127187268]Documentation and Manuals
The Contractor shall provide full documentation, manuals and datasheets for all the motors,
encoders, limit and home switches that will be used/installed.

[bookmark: _Toc127187269]Control and interlock system
Control system of the 3PW should include the following functions to ensure safe and reliable machine operation:
- Power supplies control (current control) and monitoring
- Interlock protection
The control system should include the interface to the IOC, the design of the functionality in the IOC system and the development of the user interface. Interface communication (TANGO) must be agreed with SOLARIS. The general requirements of the control system are described in the attachment Appendix 5 CS0-SOLARIS Control System Standard.pdf
Control system of the 3PW must expose one reliable and fast (at least with 20 ms update rate or better) signal indicating movement of motors (any kind of movement, including automatic movement, positioning, etc.).
The choice of IOC hardware and software development environment will be defined in agreement with SOLARIS and according to SOLARIS requirements and standards. The list of instruments required for 3PW monitoring are presented below. 

[bookmark: _Toc127187270]Interlocking
Interlock signals are defined from the 3PW design. To ensure correct and safe operation of the device the interlock logic should be realized in hardware (not software). The documentation with details of the interlock levels description and interlock logic is to be provided by the Contractor. 

[bookmark: _Toc127187271]User interface
The user interface may be structured with a main screen that summarizes the control and monitoring parameters of the 3PW and additional engineering screens that provide full control and detailed monitoring information for each component of the system. All information will be displayed on the touch screen placed inside the rack. The size of the screen will be at least 10”.

[bookmark: _Toc127187272]Solaris control specifications
The machine protection system (MPS) at SOLARIS IDs is based on Beckhoff programmable logic controllers (PLCs) to monitor the temperatures of high heat load components, motors movement enable, monitor the vacuum status, monitor coolant flow to components, tilt monitoring, take protective action as required and report the status of ID to the main control system.
The Contractor will choose an appropriate model of the Beckhoff PLC (full compatibility with existing drivers must be ensured in order to maintain the proper functioning of the machine protection system) that will fulfil all requirements specified for the 3PW device. This includes all additional modules such as: 
· CPU
· Digital Input
· Digital Output	
· Analog Input	
· Thermocouples Modules (if required)
· Communication	
· HMI for the operator placed inside the rack (multitouch screen, at least 10”) 

[bookmark: _Toc127187273]Kill Switches
Dedicated high-precision mechanical limit switches (above and below the vacuum chamber) to prevent any contact between the vacuum chamber and the wiggler body, this is very important to protect the vacuum chamber from damage at small ID gaps. The signal from these switches will kill the main power of the motors.

[bookmark: _Toc127187274]Thermocouples
If necessary, K or T type thermocouples to monitor the temperatures of high heat load components should be embedded.

[bookmark: _Toc127187275]Injection limit switch
Two limit switches are dedicated for PSS to enable the injection to the storage ring only when the wiggler is open, injection limit switch should be adjustable from half open to fully open.

[bookmark: _Toc127187276]Safety relays
The motor phases should go through normally open contacts of safety relays, MPS permission is needed to allow the movement of the motor.

[bookmark: _Toc127187277]Emergency Stop buttons
A set of emergency stop buttons around the ID body to stop the movement of the motor in case of emergency.

[bookmark: _Toc127187278]Contract conditions
[bookmark: _Toc127187279]Documents to be provided/agreed with the final design review
· Detailed design drawings, CAD model (step, dwg or dxf format) of the system including magnet, and support.
· Final list of monitoring and interlock signals.
· Final list of recommended spare parts and cost.
· Detailed schedule.
· Pole scheme.
· Final list of control parameter.
· Clarification of interface problems (e.g. pressure, water, crane, pumps, cabling, etc.).

· Description of the control system.
· Test procedure for factory and site acceptance test.
· Information necessary for the correct / safe operation of the device.
· Table of proposed motor and encoder models for each motorized axes, including range, repeatability, full step motion resolution and accuracy of each movement. 
· Detailed description of maintenance work, for the 3PW.

[bookmark: _Toc127187280]Delivery and acceptance-test
[bookmark: _Toc127187281]Documentation to be provided
All labelling and documentation must be in English. Documentation must be supplied in electronic form (dwg, dxf, step, doc, xls, etc.). The main assembling units of 3PW schemes must be supplied in paper form (one set of documents).

Documentation to be provided (exemption to be agreed):
· Complete drawing set (both 2D and 3D).
· Magnetic calculations.
· Thermal calculation.
· Maintenance documentation.
· Documentation of control and interlock system, 
· Documentation of the soft- and hardware,
· Documentation (manuals) of third party deliveries and components.
· Certificates of used materials (steel, cables, etc..).
· Magnetic measurements results.
· Factory acceptance test results.
· Final acceptance test results.

[bookmark: _Toc127187282]Factory acceptance test

Functional Tests
The functional tests must demonstrate:
· The operation and functionality of motors, encoders, inclinometers, temperature sensors, limit switches, Injection limit switch, emergency buttons, safety relays and thermal switches, and interlock electronics, 
 with special attention to:
· Measurements of magnetic field maps of field components by means of suitable probes and methods. Field maps must consist of points at X = 0 to ±0.5 m, with a longitudinal point spacing of 2 mm and a horizontal point spacing of 2 mm.
· First and second field integral. Maps of field integrals should be done at central plane. The transversal horizontal separation of integral measurements should be 0.002 m.
· Measurements of field and field integrals shall be made at central plane at the following at a number of gaps to be determined during PDR, with and without correction coils correction
· Integrated multipoles up to 12-pole component (normal and skew integrated quadrupoles and sextupoles too)
· Measurement of correction coils current (if used) shall be made at a number of gaps to be determined during PDR.
· The results of the measurements must be analyzed and compared directly to the specifications. 
· Measurement errors and reproducibility must also be evaluated by repeating the field map measurement at minimum gap
· Check of monitor and interlock signals.
· Motion tests to ensure that all movements operate throughout their working ranges and measurement of the accuracy, resolution and repeatability of all motions, and effectiveness of limit switches.

Visual inspection
· A visual inspection will be carried out with particular attention to the surface finish.
· After assembly of a unit, a visual inspection will be carried out to verify that all the elements are correctly fixed on the chassis (nuts, screws, etc.).
· Hazard warning signs should be visible from all sides of the device. 
· The GUI signals to be defined later.

[bookmark: _Toc127187283]Site acceptance test (minuted)

The functional tests must demonstrate the operation and functionality of motors, encoders, inclinometers, temperature sensors, limit switches, injection limit switches, emergency buttons, safety relays and thermal switches, and interlock electronics. 

[bookmark: _Toc127187284]Installation, Commissioning, Training

Installation and commissioning of 3PW without beam in SOLARIS storage ring is the responsibility of the Contractor. Before installation commences, the Contractor should supply a full scheme of installation and the requirements. In case some special tools/jigs or specially qualified manpower is required for the assembly and installation, then they are to be arranged by the Contractor. After installation, the proper working of the 3PW should be demonstrated by the Contractor. The final acceptance of the equipment is defined as the successful completion of the installation and commissioning of 3PW without beam in SOLARIS storage ring and completion of all acceptance tests (section 5). 
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