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1. [bookmark: _Toc503877672]Introduction

This Requirements Specification Document (RSD) states and describes the technical requirements for the integrated assembly of vacuum chambers, optomechanical systems and electronic controls of the Compressor Image relay System (CIS). The CIS is an integral part of the overall L4 laser system of ELI-Beamlines and is registered in the PBS database under the following PBS code: RA1.L4.CMP1.CIS.

The CIS system connects the final amplifier of the L4 laser system, located in the L4b hall, with the 10 PW vacuum compressor located in the L4c hall. The CIS design as described in this document has been closely coordinated with the L4 laser and with the design of the 10 PW compressor (produced by FZU).

An overall view of the CIS components (comprising units CIS1A, CIS1B and CIS2) in relation to the L4 Final Amplifier, the L4 Compressor and the building structure is shown in Figure 1.

The Compressor Imaging System (CIS) provides the following functions:
1. To image the output beam from the L4 laser and direct it along the required geometric path to reach the input of the compressor in L4c one floor below.
2. To transport the beam entirely under vacuum.
3. To pass full-aperture and sub-aperture samples of the uncompressed beam to diagnostic packages in L4b.
4. To allow the L4 laser output beam to be switched on demand into a beam dump in L4b laser hall.
5. To provide an optional path to direct the uncompressed beam into experimental hall L3.

[image: C:\___DATA\2017\ELI_2017\_Lasers_RP1_2017\L4_2017\L4_01_January2017\Vaclav_25Jan2017\L4VIS\L4BC_VIS_ASSEMBLY_31.png]
[bookmark: _Ref488323254]Figure 1: Overall view of the L4 10 PW compressor and of the Compressor Image relay System (CIS). Also shown in the figure is the laser optical chamber VC2 which is not part of CIS.

This document is comprised of a descriptive text that explains the purpose, function and arrangement of the equipment to be supplied and is supported by further sections that provide a summary of requirements and technical details of material that comprises the scope of supply under the contract; all materials shall be compliant with the specified details.
This specification addresses the interfaces with the L4 laser chain, the L4 10 PW compressor, the ELI-Beamlines building and the L4 control systems. This RSD also acts as a parent document for any technical requirements specified in lower level design documentation.
The drawings attached to this RSD provide information on essential features of the CIS1A, CIS1B andCIS2 systems, including the internal optomechanics and units interconnecting these chambers. The 3D model showing details of individual systems will be provided to the Supplier after signature of the contract.

[bookmark: _Toc503877673]References to standards

Whenever this document refers to standards or standardized/ standardizing technical documents the FZU allows also equivalent solution to be offered. If the Supplier offers equivalent solution the FZU shall not reject his bid once the Supplier proves, by appropriate means in the bid, that the offered supplies, services or works meet the requirements including references to standards or technical documents in an equivalent manner.


1. [bookmark: _Toc503877674]Scope of work

Within this procurement the following scope of work is required:

A. Final production design and manufacture of three (CIS1A, CIS1B and CIS2) vacuum chambers and fixings, based on the detailed conceptual design provided by FZU.
B. Final production design and manufacture of four optical support chassis complete with isolation legs, based on the detailed conceptual design provided by FZU.
C. Final production design of the eleven optomechanical mounts OM1, OM1.5, OM2, OM3, OAP1, OM3.5, OM3SA, OM4, OM4.5, OM5 and MBD based on the detailed conceptual design provided by FZU.
The Supplier is specifically required to:
a) Develop detailed design of the individual optomechanics, based on the provided conceptual drawings
b) Identify and implement suitable actuators meeting the positioning requirements
c) Develop design of attachment of the optomechanics to the respective optical support chassis; the solution should ideally use brackets not extending the optomechanics’ footprint on the support chassis
D. Manufacture of ten optomechanical mounts OM1, OM2, OM3, OAP1, OM3.5, OM3SA, OM4, OM4.5, OM5 and OMBD.
E. Design, supply, installation and testing of the optomechanical system controller including all actuators and associated devices, according to the functional specification supplied by FZU (see Section 9.2).
F. Design, supply, installation and testing of all cabling, cable management and vacuum feedthroughs for equipment mounted in and on all three CIS chambers.
G. Final production design, supply and testing of the laser shutter in CIS1A, based on the detailed conceptual design provided by FZU.
H. Supply of connecting vacuum tube sections, isolation bellows and other flanges and fittings as specified for CIS1A, CIS1B, and CIS2.
I. Supply of Turbomolecular Pumps (TMPs), vacuum gauges, air admittance valves, and all other devices comprising the CIS vacuum system hardware (see Section 8.1).
J. Design, supply and testing of the vacuum control system according to the functional specification supplied by FZU (see Section 9.1).
K. Final cleaning, trial assembly and functional testing (vacuum pump-down and control functions) of the entire CIS, as far as possible at works.
L. Packaging for transport and delivery of all the CIS system components to the ELI-Beamlines facility.

Installation of the CIS chambers at ELI-Beamlines and final integration of the controls is not required within this procurement package.

The supply of beam-contacted optical components (i.e. mirrors, lenses, windows, etc.) is not part of the scope of supply. The beam dump is also not part of the scope of supply. If necessary (e.g. for testing) any such components will be loaned to the Supplier by the Client (FZU).


1. [bookmark: _Toc503877675]Arrangement of the CIS components and integration with L4 laser system

The overall arrangement of the CIS components in relation to the L4 Final Amplifier and the L4 Compressor is shown in Figure 1. A more detailed arrangement of chambers CIS1A, CIS1B and CIS2 in the building is shown in Figure 2. General arrangement drawings of each of the chambers are included in the Drawing Package at Section 13.1.1.

Chambers CIS1A and CIS1B are fixed directly to the floor of Laser Hall L4b, whereas chamber CIS2 stands on a stiff structural frame and is also secured to the wall of Compressor Room L4c.

The optical support chassis within CIS1A and CIS1B stand directly on the floor of L4b, whereas the two optical support chassis within CIS2 are each independently fixed to the wall of Compressor Room L4c.

[bookmark: OLE_LINK2]Lengths of vacuum tube connect between the chambers with, in each case, a bellows on one end to allow for relative movement of the chambers during pump-down. Not visible in Figure 2 is a tube that passes from chamber CIS2 through a wall penetration into Experimental Hall L3. 
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[bookmark: _Ref488328619]Figure 2: General arrangement of the chambers CIS1A, CIS1B, and CIS2 in the building.


The beam path through the complete Compressor Image relay System is shown in Figure 3. The mirror M1 reflects the diverging beam exiting the L4 laser system, and the beam is re-collimated by the off-axis parabola OAP1. The re-collimated beam is then sent from the L4b laser hall to the floor below by mirror M4. The mirror M5 serves to reflect the beam to the 10 PW compressor. 


[image: ]


[bookmark: _Ref495393527]Figure 3: Beam path through the complete Compressor Image relay System. Mirrors shown in CIS1A correspond to configuration for the S-polarization on the gratings. The translatable beam dump mirror MBD in CIS1A is not shown in this figure.


The beam path between chambers CIS1A and CIS1B contains a window that provides vacuum separation between the two chambers. The vacuum condition within chamber CIS1A is determined entirely by its connection to vacuum chamber VC2, which houses the final amplification stage of L4 laser. The tube interconnecting CIS1A and CiS1B must be installed in a very cramped location beneath a laser table and will be of square cross section (see Section 4.6)

Chambers CIS1B and CIS2 are always directly connected to each other with round tube and vacuum is established within these chambers by a dedicated vacuum system which is described in detail in Section 8.1 (CIS vacuum circuit and its connection to ELI-Beamlines central vacuum).

Chamber CIS2 is connected to the L4 Compressor chamber through an actuated isolation valve (DN630). Control of this valve is conditional on the vacuum status on either side, therefore the CIS vacuum control system must interface with the L4 Compressor control system. Further details are given in Section 9, CIS Control System.

The round tube providing the physical connection into the E3 Experimental Hall will be terminated in a blank flange. If this connection is used in future to transfer the uncompressed beam then the blank flange will be replaced by a window to ensure continued separation of the gas spaces.

Table 1 provides a summary of functional requirements for all the optomechanical mounts that form part of the CIS and shows in which chamber they are located. While the individual parameters in Table 1 are binding the Supplier is entitled to select appropriate type of vacuum-compatible electrical actuator for each mount /axis. If needed, FZU can provide Newport VHRU and/or LTA vacuum actuators but the Supplier must provide full integration of these actuators into the optomechanics and into the control system.



[bookmark: _Ref488403624]Table 1: CIS Optomechanics (note: the individual optomechanics OMx correspond to the respective mirrors Mx).
	Optomechanical mount No.
	Range
	Resolution 1
	Accuracy 2
	Actuator type
	Encoder

	Chamber CIS 1A

	OM1
	
	
	
	
	

		Yaw
	±1°
	2 µrad
	N.A.
	Manual
	-

		Pitch
	±1°
	2 µrad
	N.A.
	Manual
	-

	OMBD (to beam dump)
	
	
	
	
	

		Translation
	380 mm
	N.A.
	N.A. (mechanical limit)
	Stepper motor or pneumatic
	End position detection

	OM1.5 (supply not part of this contract)
	
	
	
	
	

		Yaw
	±1°
	2 µrad
	N.A.
	Manual
	-

		Pitch
	±1°
	2 µrad
	N.A.
	Manual
	-

	OM2
	
	
	
	
	

		Yaw
	±1°
	2 µrad
	N.A.
	Manual 3
	-

		Pitch
	±1°
	2 µrad
	N.A.
	Manual 3
	-

	Chamber CIS 1B
	
	
	
	
	

	OM3

		Yaw
	±1°
	1µrad
	5 µrad
	Stepper motor
	-

		Pitch
	±1°
	1 µrad
	5 µrad
	Stepper motor 
	-

		Axial translation
	±12.5 mm
	5 µm
	5 µrad
	Stepper motor 
	

	OM3SA (sub-aperture)
	
	
	
	
	

		Yaw
	±1°
	2 µrad
	N.A.
	Manual
	-

		Pitch
	±1°
	2 µrad
	N.A.
	Manual
	-

	OAP1
	
	
	
	
	

		Yaw
	±0.5°
	2 µrad
	5 µrad
	Stepper motor
	Y

		Pitch
	±1°
	2 µrad
	5 µrad
	Stepper motor
	Y

		Axial translation
	±25 mm
	5 µm
	10 µm
	Stepper motor
	Y

	OM3.5
	
	
	
	
	

		Yaw
	±1°
	2 µrad
	N.A.
	Manual
	-

		Roll
	±1°
	2 µrad
	N.A.
	Manual
	-

		Rotation (flip)
	95°
	2 µrad
	10 µrad
	Stepper motor
	End positions detection

	OM4
	
	
	
	
	

		Yaw
	±1°
	1 µrad
	5 µrad
	Stepper motor
	Y

		Pitch
	±1°
	1 µrad
	5 µrad
	Stepper motor
	Y

	Chamber CIS 2
	
	
	
	
	

	OM4.5
	
	
	
	
	

		Yaw
	±1°
	1 µrad
	5 µrad
	Stepper motor
	Y

		Pitch
	±1°
	1 µrad
	5 µrad
	Stepper motor
	Y

		Translation
	400 mm
	N.A.
	N.A. (mechanical limit)
	Stepper motor
	End position detection

	OM5

		Yaw
	±1°
	1 µrad
	5 µrad
	Stepper motor
	Y

		Pitch
	±1°
	1 µrad
	5 µrad
	Stepper motor
	Y



1 One incremental step of motorized actuator; one graduation of fine adjustment scale for micrometric screw 
2 Absolute position knowledge by encoder readout, bidirectional repeatability for motions without encoder
3 Design of the mount should enable implementation of a stepper motor in the future

Yaw: rotation around the vertical axis
Pitch: rotation around the horizontal axis parallel to the mirror surface
Roll: rotation around the horizontal axis perpendicular to the mirror surface

1. [bookmark: _Toc503877676]Specific design of CIS1A unit
This section describes the specific design of the elements comprising CIS1A. Generic design and performance requirements that relate to all vacuum chambers and vacuum components are covered in Sections 7  and 8.

3. [bookmark: _Toc503877677]CIS1A Optical Configuration
The beam path through CIS1A is shown in Figure 4. The section of the beam path enclosed by the default optical configuration (“S-polarization”) of unit CIS1A includes fixed mirrors M1, M2 and movable mirror MBD. The movable mirror serves to send on demand the laser beam to the beam dump attached to the corresponding flange on the CIS1A chamber.
There is an alternative optical configuration (“P-polarization”) of unit CIS1A that includes a third fixed mirror M1.5. The final design for both configurations is included in the scope of work but the extra optomechanical mount OM1.5 for the alternative (P-polarization) configuration is not to be manufactured within this contract.

[image: ]

[bookmark: _Ref488409140]Figure 4: Laser beam path through CIS1A. The fixed mirrors M1 and M2 are shown in blue, the movable mirror MBD appearing in green is shown in the retracted position for the S-polarization configuration. The laser shutter (see text further below in this document) is represented in yellow.

3. [bookmark: _Toc503877678]CIS1A Vacuum Chamber
The CIS1A vacuum chamber is designed as an externally ribbed structure in the shape of a rectangular box with approximate overall outer dimensions 1,923 mm high, 1,265 mm wide and 1,095 mm deep (see Section 13.1.1, Drawing Package). External view of the chamber is shown in Figure 5. The chamber has a removable top lid and hinged access doors on two sides. There are several circular flanges whose details are given in the CIS1A Flange Schedule in Table 8. The chamber shall stand on four height-adjustable feet that will be secured directly to the L4b laser hall floor with anchor bolts.

The top lid includes a penetration for the operating shaft of a vertical laser shutter. Vacuum integrity is maintained by enclosing the shaft in a long-travel bellows allowing at least 400 mm movement.

[image: ]
[bookmark: _Ref488411206]Figure 5: CIS1A chamber body. The side doors and top lid appear in blue, the actuating system of the laser shutter is shown in yellow.

The chamber body shall be manufactured from stainless steel. The chamber structure has nominal wall thickness of 20 mm - the value was set by FEM analysis to limit deformations due to atmospheric pressure. The Supplier shall repeat the FEM analysis of the finally detailed design.  The top lid and side doors shall also be manufactured from stainless steel. One of the side doors includes the ISO-K (or equivalent solution) 320 mm diameter flange for mounting the water-cooled beam dump (not part of this contract). The design of this door has two configurations corresponding to the S and P-polarization options with the beam dump in different positions. Drawings for manufacture both doors shall be prepared but only the “S-polarization” configuration door shall be manufactured.

3. [bookmark: _Toc503877679]CIS1A Optical Support Chassis
The optical components in each vacuum chamber section of the CIS are supported in optomechanical mounts, which in turn are fixed to an optical support chassis. The optical support chassis will be fixed rigidly to the building structure using isolation legs, which are mechanically decoupled from the chamber vessel by means of bellows. Thus, for CIS1A the optical support chassis will be bolted directly to the L4b hall floor with four isolation legs, independently of the vacuum chamber supports.
The optical support chassis will be unaffected by any deformation of the vacuum chamber as it is pumped down from atmospheric pressure. 
The arrangement of the CIS1A chassis is shown in Figure 6.  The Supplier shall develop the conceptual design provided by FZU to the detailed design. The chassis shall be designed so that it can accommodate both the S- and P-polarization configurations without modification.
The optical support chassis and the isolation legs are part of the scope of supply as they are vacuum and mechanically integrated with the vessel and must be assembled with the vessel during factory vacuum and structural testing of the unit. 
Both the optical support chassis and the isolation legs shall be manufactured from aluminium or stainless steel. The optical support chassis should be free of thermal and mechanical stress. Therefore if arc welding is used, which might introduce thermal stresses into the material, stress relieving by heat treatment should be applied afterwards. Ideally laser welding should be used. Alternatively, the optical support chassis can be bolted from several smaller units. Any bolted connections must avoid any trapped volumes of air and, e.g. mounting holes shall be tapped either right through or shall be equipped with venting bores.

[bookmark: _Ref487014585][image: ]
[bookmark: _Ref495882036]Figure 6: CIS1A optical support chassis onto which the optomechanical mount will be fixed. The isolation legs are connected to ISO-K (or equivalent solution) 100 flanges on the chamber by bellows seals to provide mechanical decoupling from the chamber vessel.

Design of the isolation legs and its internal structure are shown in more detail in Figure 7. The structure consists of double bellows providing full isolation of the force on the flange used for the leg, arising from pressure difference between outer atmospheric pressure and the chamber vacuum. As seen from Figure 7, the outer atmospheric pressure acting on the flange is transferred by 3 rod-shaped independent beams to the chamber body and the force acting on the support leg is zero. 

[image: ]

[bookmark: _Ref487016909]Figure 7: Concept of the CIS1A isolation legs using double bellows system. The double bellows fully remove the force arising from the atmospheric pressure – vacuum pressure differential on the flange cross-section, as the force is fully transmitted on the vessel by means of 3 cylindrical beams.

3. [bookmark: _Toc503877680]CIS1A Optomechanical Mounts
The outline technical requirements of the optomechanical mounts for CIS1A are given in Table 1. The mirror mounts are fitted with actuators that allow a fine adjustment of yaw and/or pitch by manual actuators or by operation of stepper motor from the external control system. The beam-dump mirror mount (OMBD) must be capable of rapid sideways translation, in less than 5 seconds, over a distance of 380 mm.
The mirrors will be mounted in frames which will be installed into the supplied optomechanical mounts and must thus interface with these mounts. Dimensions of the individual CIS1A mirrors and of their mounting frames are shown below in Table 2.

	
	Substrate size
	Frame size

	Mirror
	Width (mm)
	Length (mm)
	Thickness (mm)
	Width (mm)
	Length (mm)
	Thickness (mm)

	M1
	250
	350
	60
	310
	400
	58

	MBD
	250
	350
	60
	290
	390
	58

	M1.5
	350
	250
	60
	310
	400
	58

	M2
	350
	250
	60
	310
	400
	58



[bookmark: _Ref495922666]Table 2: Size of the CIS1A mirrors and of the mounting frames (manufacture of M1.5 is not part of this supply)

3. [bookmark: _Toc503877681]CIS1A Laser Shutter
The purpose of the laser shutter is to provide on demand light tight isolation of the CIS1A chamber from the downstream optical path. The shutter must not present a vacuum barrier, in order not to create a pressure difference across the blade of the shutter.
The shutter will be operated for reasons of personal safety when it is required that no laser light propagates beyond the CIS1A environment. 
The aperture in the shutter is 400 mm so that the blade stroke must exceed this value to provide an overlap.
The blade has to be made of two parts. The mechanical strength will be provided by a metal plate and the laser facing side must be equipped by a neutral density (ND) absorbing glass sheet with dimensions 280x280 mm and thickness 10 mm. The glass sheet will be supplied by FZU.
The shutter has to be actuated pneumatically. It has to be capable to fully close in less than 3 seconds, ideally in 1 second. 
The pneumatic actuator will be mounted to the lid of the CIS1A chamber, as indicated in Figure 8. The Supplier shall develop the full design of the actuating mechanism of the shutter, based on the conceptual design provided by FZU. The actuator shall be equipped with full open and full closed position switches.

[image: ]
[bookmark: _Ref496000418]Figure 8: Conceptual scheme of the laser shutter (in yellow) and of the actuating pneumatic mechanism (electro-pneumatic actuator shown in purple, vacuum bellows in dark blue) integrated onto the CIS1A chamber.
3. [bookmark: _Toc503877682]Interconnecting tube between CIS1A and CIS1B chambers
Chambers CIS1A and CIS1B shall be connected by a square vacuum tube (internal cross section 300 by 300 mm, external cross section not exceeding 340 x 340 mm) with length of 1600 mm, equipped with a bellows at one end (preferably CIS1A) and a wedged optical window at the other end (preferably CIS1B). This tube has to pass under optical table number 17 of the L4 laser (the width of the table is 1,500 mm) system where access is restricted. 
The mount of the optical window (diameter 500 mm, thickness 70 mm) must provide vacuum isolation for pressure differential from either side of the window. The design shall be based on the conceptual design provided by FZU (see Figure 9 below) and shall be coordinated with the FZU.

[image: ]               [image: ]
[bookmark: _Ref495628726]Figure 9: Conceptual scheme of the vacuum interconnecting square tube between the CIS1A and CIS1B chambers. The external cross section must not exceed 340x340 mm. The tube is connected with CIS1A by a bellows (not represented here, will be supplied by FZU). The optical vacuum window is mounted in a segment adjoining the CIS1B chamber, see conceptual design in the right picture. The laser table above the interconnecting segment is not represented in this figure.


1. [bookmark: _Toc495492163][bookmark: _Toc495492481][bookmark: _Toc495494565][bookmark: _Toc495495744][bookmark: _Toc495588492][bookmark: _Toc495492164][bookmark: _Toc495492482][bookmark: _Toc495494566][bookmark: _Toc495495745][bookmark: _Toc495588493][bookmark: _Toc495492165][bookmark: _Toc495492483][bookmark: _Toc495494567][bookmark: _Toc495495746][bookmark: _Toc495588494][bookmark: _Toc495492166][bookmark: _Toc495492484][bookmark: _Toc495494568][bookmark: _Toc495495747][bookmark: _Toc495588495][bookmark: _Toc495492167][bookmark: _Toc495492485][bookmark: _Toc495494569][bookmark: _Toc495495748][bookmark: _Toc495588496][bookmark: _Toc495492168][bookmark: _Toc495492486][bookmark: _Toc495494570][bookmark: _Toc495495749][bookmark: _Toc495588497][bookmark: _Toc495492169][bookmark: _Toc495492487][bookmark: _Toc495494571][bookmark: _Toc495495750][bookmark: _Toc495588498][bookmark: _Toc495492170][bookmark: _Toc495492488][bookmark: _Toc495494572][bookmark: _Toc495495751][bookmark: _Toc495588499][bookmark: _Toc495492171][bookmark: _Toc495492489][bookmark: _Toc495494573][bookmark: _Toc495495752][bookmark: _Toc495588500][bookmark: _Toc495492172][bookmark: _Toc495492490][bookmark: _Toc495494574][bookmark: _Toc495495753][bookmark: _Toc495588501][bookmark: _Toc495492173][bookmark: _Toc495492491][bookmark: _Toc495494575][bookmark: _Toc495495754][bookmark: _Toc495588502][bookmark: _Toc495492174][bookmark: _Toc495492492][bookmark: _Toc495494576][bookmark: _Toc495495755][bookmark: _Toc495588503][bookmark: _Toc495492175][bookmark: _Toc495492493][bookmark: _Toc495494577][bookmark: _Toc495495756][bookmark: _Toc495588504][bookmark: _Toc495492176][bookmark: _Toc495492494][bookmark: _Toc495494578][bookmark: _Toc495495757][bookmark: _Toc495588505][bookmark: _Toc495492177][bookmark: _Toc495492495][bookmark: _Toc495494579][bookmark: _Toc495495758][bookmark: _Toc495588506][bookmark: _Toc495492178][bookmark: _Toc495492496][bookmark: _Toc495494580][bookmark: _Toc495495759][bookmark: _Toc495588507][bookmark: _Toc503877683]Specific design of CIS1B unit
This section describes the specific design of the elements comprising the CIS1B unit. In addition, generic design and performance requirements that relate to all vacuum chambers and vacuum components are covered in Sections 7  and 8.

4. [bookmark: _Toc503877684]CIS1B Optical Configuration

The beam path through CIS1B is shown in Figure 10 and includes fixed mirrors M3, M3SA, off-axis parabola OAP1, M4, and moveable mirror M3.5. This moveable mirror M3.5 flips on demand into the laser beam trajectory and sends the beam outside the CIS1B chamber, through rectangular optical window.

[image: ]
[bookmark: _Ref495408643]Figure 10: Beam path through CIS1B showing assembly of the optomechanical mounts of OM3, OM3SA, OAP1, OM3.5 and OM4. The nominal path of the laser beam is M3-OAP1-M4. The sub-aperture mirror M3SA, picking up a fraction of the beam transmitted through M3, reflects the sub-aperture beam through optical window outside CIS1B for diagnostic purposes. The mirror M3.5 flips into the main beam, and is capable to send the entire beam, through optical window, outside CIS1B for diagnostic purposes.

4. [bookmark: _Toc503877685]CIS1B Vacuum Chamber
The CIS1B vacuum chamber is designed as an externally ribbed structure in the shape of a rectangular box with approximate overall outer dimensions 945 mm high, 1,844 mm wide and 2,060 mm deep (see Section 13.1.1, Drawing Package). External view of the chamber is shown in Figure 11. The top lid design can be adapted from the conceptual design developed by FZU. There are numerous flanges whose details are given in the Flange Schedule in Table 9.

[image: ]
[bookmark: _Ref495410690]Figure 11: CIS1B chamber body. The chamber interior is accessed by a lid which must be lifted in a highly space constrained environment of the L4 adjacent systems.

The chamber body and lid shall be manufactured from stainless steel. The chamber structure has nominal wall thickness of 20 mm. The Supplier shall make FEM analysis and use it for optimizing the finally detailed design.
The chamber shall stand on four height-adjustable feet that will be secured to the L4b laser hall floor with anchor bolts.

4. [bookmark: _Toc503877686]CIS1B Optical Support Chassis

The CIS1B optical support chassis will be bolted directly to the L4b hall floor with four isolation legs, which are mechanically decoupled from the chamber vessel by means of bellows. Thus, the CIS1B the optical support chassis will be independent of the vacuum chamber and will be unaffected by any deformation of the vacuum chamber as it is pumped down from atmospheric pressure. The arrangement of the CIS1B optical support chassis is shown in Figure 12. 
The table of the support chassis (140 mm thickness) shall be manufactured from one single block of cast aluminium free of internal stress. The layout of the support chassis has to take into account strong height constraints given by the position of the CIS1B mirrors above the floor level of the L4b laser hall. For this reason the isolating bellows blocks use a specific compact arrangement with respect to the optical support chassis, as shown in Figure 12.

[image: ]
[bookmark: _Ref495412247]Figure 12: CIS1 B optical support chassis configuration with the aluminium table and isolating bellows blocks.


The conceptual design of the isolating double bellows for the CIS1B chamber is shown in Figure 13. The isolating bellows will be attached to accurately positioned encast steel plates in the L4b hall floor. The Supplier shall develop detailed design of the isolating legs. The design must take into account the height limitations given by the position of the laser beam axis 400 mm above the L4b hall floor level.

[image: ]
[bookmark: _Ref495885556]Figure 13: Concept of the CIS1B isolation legs. The legs must take as minimum height as possible due to height constraints.


4. [bookmark: _Toc503877687]CIS1B Optomechanical Mounts

The outline technical requirements of the optomechanical mounts for CIS1B are given in Table 1. All of the mirror mounts are fitted with actuators that allow fine adjustment of yaw and/or pitch by operation of stepper motor from the external control system. The mount for off-axis parabola OAP1 allows for ±25 mm axial translation and ±5 mm vertical and lateral translation and mirror mount OM3.5 for 95° rotation by operation of stepper motor from the external control system.
All CIS1B mirrors will be mounted in frames supplied by FZU. The frames will be inserted and attached to the optomechanical mounts. Dimensions of the individual CIS1B mirrors and of their mounting frames are shown below in Table 3.

	
	Substrate size
	Frame size

	Mirror
	Width (mm)
	Length (mm)
	Thickness (mm)
	Width (mm)
	Length (mm)
	Thickness (mm)

	M3
	350
	350
	60
	390
	390
	60

	M3SA
	152.4
	152.4
	25
	N.A.
	N.A.
	N.A.

	OAP1
	380
	380
	75
	430
	430
	65

	M3.5
	380
	520
	90
	430
	570
	50

	M4
	380
	520
	90
	430
	570
	80



[bookmark: _Ref495900088]Table 3: Size of the CIS1B mirrors and of the mounting frames




1. [bookmark: _Toc503877688]Specific design of CIS2 unit
This section describes the specific design of all the elements comprising CIS2. In addition, generic design and performance requirements that relate to all vacuum chambers and vacuum components are covered in Sections 7  and 8.

5. [bookmark: _Toc503877689]CIS2 Optical Configuration

The beam path through CIS2 is shown in Figure 14 and includes fixed mirror M5 and moveable mirror M4.5. The mirror M4.5 can be translated horizontally by 400 mm and if inserted it deflects the downward travelling beam into Experimental Hall L3. If M4.5 is withdrawn the beam continues downwards to M5 where it is deflected into the L4 10 PW compressor.

[image: ]

[bookmark: _Ref495412773]Figure 14: Laser beam path through CIS2 showing mirrors M4.5 and M5 and the corresponding optomechanical mounts OM4.5 and OM5. In the nominal configuration the mirror M4.5 is retracted and the beam propagating vertically is reflected by the lower lying mirror M5 towards the 10 PW compressor. 


5. [bookmark: _Ref495499926][bookmark: _Toc503877690]CIS2 Vacuum Chamber

The CIS2 vacuum chamber is designed as an externally ribbed structure in the shape of a rectangular box with approximate overall outer dimensions 2,550 mm high, 1,400 mm wide and 1,030 mm deep (see Section 13.1.1, Drawing Package). External view of the chamber is shown in Figure 15. The chamber has a hinged access door on its front face. There are numerous circular flanges whose details are given in the Flange Schedule in 
Table 10.
The chamber body and door shall be manufactured from stainless steel. The chamber structure has nominal wall thickness of 15 mm (the structure is designed with to minimise its weight and is ribbed with ribs 80 mm tall). The Supplier shall make the FEM analysis of the finally detailed designed to optimize the rib structure resulting in deformations of the chamber walls not exceeding 1 mm.

[image: ]
[bookmark: _Ref495414060]Figure 15: CIS2 chamber body. The hinged rectangular door serves to access interior of the chamber. The steel frame helping to support the chamber is represented in yellow. The bellows on the entrance flange of the CIS2 chamber for installation at ELI-Beamlines will be provided by FZU.

The chamber is principally supported on a rigid steel frame that is secured to the wall of Compressor Room L4c. and the chamber itself is also anchored firmly to the wall. The wall is constructed from reinforced concrete into which a pattern of cast-in steel fixing channels has been integrated. Details of the fixing channels and the concrete reinforcement pattern will be provided to aid the Supplier in designing suitable attachments for the support frame and chamber. 
The rear face of the CIS2 chamber is close to the L4c hall structural wall and specific considering must be given in the design with respect to installation of the chamber and of the internal optical support chassis. Also the design must consider installation of the connecting ISO 500 (or equivalent solution) vacuum tube into the wall penetration between the L4c and E3 halls; the Supplier may modify the conceptual design developed by FZU.

5. [bookmark: _Toc503877691]CIS2 Optical Support Chassis
There are two separate optical support chassis, one for each mirror mount M4.5 and M5. Each chassis is fixed directly to the compressor room L4c wall using isolation legs to provide a vacuum seal but avoiding movement during pump down as a result of chamber deflection. Fixing considerations are similar to that described for the chamber body in section 6.2. The Supplier must perform FEM analysis of the final design of the support chassis supported by the isolating bellows and verify absence of low-frequency resonances (below and including 50 Hz).

[image: ]      	      [image: ]
Figure 16: CIS2 chamber interior showing arrangement of the two optical support chassis (left). The bellows structure providing isolation of the support chassis from the chamber is on the right. 

5. [bookmark: _Toc503877692]CIS2 Optomechanical Mounts

The outline technical requirements of the optomechanical mounts for CIS2 are given in Table 4. Both mirror mounts are fitted with actuators that allow a fine adjustment of the yaw and pitch by operation of stepper motor from the external control system.

	
	Substrate size
	Frame size

	Mirror
	Width (mm)
	Length (mm)
	Thickness (mm)
	Width (mm)
	Length (mm)
	Thickness (mm)

	M4.5
	380
	520
	90
	430
	570
	80

	M5
	380
	520
	90
	430
	570
	80



[bookmark: _Ref495913856]Table 4: Size of the CIS2 mirrors and of the mounting frames

The Supplier shall design a self-contained mechanical handling aid for each optomechanical mount so that it can be securely positioned outside the chamber and then installed horizontally and or vertically directly by means of guide rails into its respective support chassis position through the relevant chamber access door.


1. [bookmark: _Ref488408327][bookmark: _Toc503877693]General Requirements for Vacuum Chamber Design and Manufacture

Applicable to stainless steel components including vacuum chambers
1. Physical pre-cleaning
a. Prior to cleaning, all components will be examined, especially all vacuum interface surfaces (flanges)
b. Vacuum surfaces of the flanges must be inspected one by one and must be free of scratches, rolling, cracks, scale, or other defects.
c. All swarf, burrs, etc. from the machined surfaces will be physically removed. The procedures may include high pressure air blasting, water jet, scraping, swabbing etc.
d. Gross contaminations from the manufacturing process will be removed by washing or rinsing with suitable general purpose solvent.
2. Cleaning / washing
a. All vacuum components must be cleaned separately.  Cleaning of assembled components and systems is not allowed.
b. All components to be cleaned will be thoroughly inspected. Areas or re-entrant volumes which may trap cleaning agents or may have deposits from the fabrication process must be identified and closely followed during the whole cleaning process.
c. Degrease using detergent and town water, using a mild alkaline non-etch environment with a pH <11.  If local regulation permits it is advised to use as an alternative trichloroethylene or perchloroethylene. Allowed procedures include rinsing, immersion and swabbing.  Use of high pressure hot water jet at temperature 60-80° C is recommended.
d. Application of vapour degreasing process additionally to c) is recommended.
e. Wash thoroughly with town water, without detergent.  Recommended is use of high pressure hot water jet at temperatures around 80° C or higher. Pay particular attention to any trapped volumes.
f. Wash with clean demineralised water (minimum resistivity = 106 Ohm/cm). Allowed procedures include immersion and rinsing; use of high pressure hot water jet (temperature 60-80° C) is recommended. 
g. Step f) should be ideally done by using ultrasonic bath. Use of ultrasonic bath for all small to medium size components and complex-shape components in step f) is mandatory. For L4 CIS this is the case for the support structures and of all optomechanical mounts that will be installed inside the chambers.
h. Ideally all components should be baked out at temperatures 200 to 300° C in a vacuum oven at a pressure <1 mbar, to achieve vacuum surfaces low in hydrocarbons.  While application of this technique for the L4 CIS chambers may be limited in terms of size, its use is mandatory for all optomechanics.
i. Vacuum baking as specified in step h) is mandatory for bellows. Extended period (>10 hours) of baking shall be applied.

Specific procedures for cleaning stainless steel bellows 
a. Bellows must be cleaned in extended configuration.
b. Step c) from above is not to be applied. Especially no alkaline degreasing solutions must be used as these are prone to particulate deposition.
c. Recommended cleaning procedure includes step g) from above: immersion in ultrasonic bath of ethanol or isopropyl.
d. Cleaning should include thorough drying of the bellows using clean dry air or nitrogen and/or drying in air oven at temperature of 100-150° C, for a period of at least 1 hour.

Testing and inspection 
The chamber will be vacuum tested at works to prove that the vacuum cleanliness criteria were met and that it is capable of reaching and maintaining the required 10‑7mbar vacuum.  This demonstration will require the fitting of the quadrupole mass spectrometer, the TMPs and some of the vacuum gauges that will be used in the final assembly at ELI.

Packaging
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]The external surfaces of the CIS chambers will be clean to a level commensurate with operation in a cleanrooms of Class 5 according to ČSN EN ISO 14644 standard (equivalent to ISO 14644).  The external surface may be painted, except on sealing faces. To preserve this level of cleanliness during shipping and installation a multi-layer wrapping protocol will be applied. 
The vessel will be supplied with doors or covers fitted to all apertures. The chamber will be filled with clean dry air or nitrogen.
The CIS chambers will be triple bagged, with two layers of polyethylene cleanroom film (e.g. UltraLOPlus™ or equivalent) and then one layer of a vapour barrier material such as foil.  Seams will be taped or heat sealed.  Excess air between wrappings will be evacuated and the bags sealed with desiccant packs inside.

General rules for assembling
· Any use of grease shall be avoided.
· O-rings will be stored in a sealed plastic bag. Any use of solvents in cleaning O-rings shall be avoided. The allowed technique for cleaning O-rings from hydrocarbons is baking in vacuum oven at temperatures <180°C.
· Prior to installation of any O-ring the corresponding flange seal surfaces must be cleaned with alcohol (ethanol or isopropyl) immediately before installation.


1. [bookmark: _Ref488408338][bookmark: _Toc503877694]General Requirements for Vacuum Equipment Design and Supply

As a working principle all operations carried out within any CIS chamber at ELI-Beamlines will be consistent with Class 100 operations. It is envisaged that the relevant chamber will be enclosed in a modular Class 100 containment for initial installation at ELI-Beamlines and whenever the chamber is opened for major work. Sufficient space will be provided within this modular enclosure to remove and handle the largest components. Dry compressed air (ISO 8573 class [1,1,1] available at ELI-Beamlines facility) bleed may be used to avoid mixing the chamber environment with room air.

All exposed metal parts (chamber, tubing, valves, etc.) will be electrically bonded to the facility ground for machine and personnel safety. The design of the chamber and its major components shall provide where necessary tapped holes for attachment of bonding straps.

The outer surface of the chamber and/or of the doors shall be vinyl film wrapped or locally painted. Details will be agreed between the Supplier and FZU during the early manufacturing phase.

7. [bookmark: _Toc503877695]CIS vacuum circuit and its connection to ELI-Beamlines central vacuum

All the three CIS chambers being subject of this RSD are designed to provide vacuum conditions of 10-7 mbar.

Pumping of the CIS1A chamber will be accomplished through its connection to the vacuum circuit of the L4b laser, located in the L4b hall. As the CIS1A chamber is vacuum separated from the other two CIS chambers (and from the L4 10PW compressor) by means of the vacuum optical window there are no CIS1A vacuum elements controlled by the CIS vacuum controller.

The CIS1B and CIS2 chambers will be pumped to roughing vacuum (10-2 mbar) by using one dedicated branch of the central primary vacuum system of the ELI-Beamlines facility. This consists of stainless steel tubing (ISO-K 160) which emerges from the floor channel under the CIS2 chamber, see Figure 17. The roughing pumping is made using an ISO-K 100 flange on the underside of the CIS2 chamber (see also Section 10, Vacuum flange schedule). A separate L4c dedicated circuit (ISO-K 100) is provided for maintaining backing vacuum (10‑2 mbar) for turbomolecular pumps (TMP) used to maintain high vacuum in the chambers. Both primary vacuum circuits are pumped by dry pumps.


[image: ]

[bookmark: _Ref495473927]Figure 17: Schematics of the primary vacuum (roughing and backing circuits) supply for the CIS system in the L4c hall. Design of the backing line layout providing vacuum to TMP on each of the CIS1B and CIS2 chamber is represented only schematically.


All CIS1A, CIS1B and CIS2 chambers will use vacuum flanges of the ISO-K standard or equivalent solution for HV, sealed by  fluoroelastomer O-rings. All CIS1A flanges are sealed by single (standard) O-rings on all vacuum ports. The large lid of CIS1B and the access door of CIS2 will use a double O-ring seal arrangement to minimize overall permeation through the corresponding seals. While the conceptual design developed by ELI-Beamlines fully takes into account the double O-ring arrangement, its detailed design shall be elaborated by the Supplier.
A block scheme of the vacuum circuit of the CIS chambers is shown in Figure 18. All elements indicated in this scheme, except the large valves ISO-K (or equivalent solution) 630 and ISO-K (or equivalent solution) 400, are included in the scope of the contract. The vacuum scheme also involves the associated segment of the ELI-Beamlines primary vacuum, which is supplied and which will be controlled by the L4c hall ELI-Beamlines facility controls.

[image: ]

[bookmark: _Ref495416020]Figure 18: Block scheme of the CIS vacuum circuit. The CIS1A chamber is connected to the L4 laser vacuum system and isolated by a window from CIS1B and CIS2 chambers. The elements in the Plant Room will be supplied by FZU. The lid of CIS1B and the door of CIS2 chambers are equipped with double O-rings. The large valves No. 10 and No. 19 are not required within the scope of this supply although the corresponding channels in the control system are required to be supplied. Also the MS detector (No.15) is not part of the supply. 

In the operation the CIS1B and CIS2 chambers will have to be fully isolated from the adjacent vacuum systems by valves. The valve #10 between CIS2 and the 10 PW compressor and also valve #19 between CIS2 and downstream beam transport elements are important elements of the CIS machine safety.
The CIS1B and CIS2 chambers will be equipped by a set of vacuum gauges (#11, #12, #13, and #14). The sensors will involve Bayard-Alpert ionization gauge due to its inherent precision at low pressures, and atmospheric gauges, for machine safety, providing accurate measurements of pressure when the chambers are vented by clean air.
The vacuum cleanliness will be on-line monitored by a COTS compact quadrupole mass spectrometer, providing the partial pressures of vacuum residuals including water vapour, hydrocarbons and volatile organic compounds. This mass spectrometer will be supplied by FZU. Readout of this spectrometer will be an important element of compressor machine safety.

7. [bookmark: _Toc503877696]Cable trays

The Supplier shall develop the design of both external and internal cable trays. 
The CIS1B and CIS2 units will be controlled from the control rack(s) located in the L4c hall. The CIS1B external cable trays must therefore make it possible leading the electrical cables to the L4c hall to the vacuum and optomechanical controllers. Exact position of these controllers in the L4c hall will be agreed between FZU and Supplier during early phase of this project.
The internal (vacuum) cable trays shall serve to arrange cables from the motorized actuators of the individual optomechanics and other electrical devices within the chambers to the vacuum feedthroughs (see Section10, Vacuum Flange Schedule). The cable trays must follow accessible routes and should preferentially be attached to the vacuum chamber body; if necessary these trays can also be attached along the optical support chassis and/or its support structure. 
The internal cables and trays must be made entirely from high-vacuum compatible materials and their design must avoid any cavities and/or trapped volumes of air.
External cable trays shall be designed to route and support cables from the feedthroughs and from externally mounted equipment in an orderly fashion. The routings shall avoid clashes with doors, covers and flanges that need to be free to be opened or removed.



1. [bookmark: _Ref488404926][bookmark: _Toc503877697] CIS Control Systems
8. [bookmark: _Ref495493466][bookmark: _Toc503877698]Vacuum Control System
The CIS Vacuum Control System (VCS) must perform the following key functions: monitoring of the vacuum system condition and detection of faults, automation of vacuum processes such as pump down and venting, and safety functions related to the two output gate valves and a laser safety shutter and laser beam dump.
The VCS must be designed to the specified state machine scheme so that the state of the system is deterministic at all times. The VCS must interface to the external machine safety systems (MSS) and be designed to comply reliably with the permissive signals provided and reliably output status and fault signals to this system as specified. The VCS must also export process variables to the L4 laser SCADA interface using the Real-Time Server (RTS) of software libraries that will be provided by the Client.
The Supplier must provide a basic demonstration graphical user interface (GUI), LabVIEW-based (for reasons of compatibility with the overall L4 control system based on LabVIEW), displaying chamber vacuum system status and allowing operators to instigate sequence transitions and view pressure graphs during evacuation and venting operations. The GUI must run on any standard Windows (or equivalent solution) or Linux (or equivalent solution) PC connected by Ethernet only to the RTS.
The VCS must provide a safe, automatic response to fault events such as the failure of a single active device, vacuum leaks, vacuum contamination, loss of electrical power or air pressure, and unexpected removal of an MSS permissive input. It must communicate such failures to the external MSS via the appropriate interface signals.
The output vacuum gate valves and laser shutter are protective safety devices. Therefore, special consideration must be given to the control and position detection of these valves. All these devices are designed to close via gravity and spring-return on loss of power or pressure. Safe enabling permissives from two client-provided personnel safety systems and up to three client-provided machine safety systems must be incorporated. Removal of any permissive must 1) reliably prevent opening of the valve, and 2) cause the valve to close if open. Diagnostic coverage sufficient to detect a single failure of any component of the shutter control system that would result in a loss of these two functions must be provided. The documentation provided contains a conceptual design satisfying these requirements which the Supplier may refer to. The gate valve and shutter control system should be designed to a schema consistent with achieving safety integrity level SIL 3 according to IEC 61508, which is possible by reference to the conceptual design. 
The VCS must provide a safe lockout for the chamber. This should be implemented using a lockout switch with key provided on the front panel of the control cabinet. Because of the potential to damage TMPs by removing power, the VCS must implement a controlled stop function that waits for the TMPs to signal they have stopped rotating before indicating via a pilot light that the system is stopped.
The VCS must be completely integrated using a RTS of type RMC-8354 (or equivalent solution) and programmed in LabVIEW (for reasons of compatibility with the overall L4 control system based on LabVIEW) for real-time targets. The RTS, a DIN-mount Ethernet switch (or equivalent solution), software implementation templates for the RTS and for the FPGA controllers, and 1-2 days’ training on the use of these shall be provided by the Client on the Suppliers request and delivered to the Supplier no more than 3 months after the start of the project. 
Vacuum device interface shall follow a low-level implementation using one or more RIO FPGA Controllers (RIOs), selected from the Approved Devices list and employed in a similar fashion to standard industrial PLCs. These RIOs must implement state machine based control that limits the permissible machine actions according to the current state and provides sequencing of vacuum processes. Device interface via serial and Ethernet may be integrated on the RTS. However, all active devices should have a low-level interface to a RIO in addition to any high-level interface used. Disconnection of RIO devices from the RTS or from Ethernet must not interrupt any safety functionality, state machine compliance or fault detection capability.
The RIO(s) must be closely integrated with machine protection functions and must perform consistency checks on all vacuum states, valve positions, and pressure readings. RIOs must also react in case of vacuum failure via the low-level signal interface to the external MSS which will shut down the laser. This interface must be based on 24V dry-contact signals and is specified in the documentation provided. The state machine and sequences, implemented on the RIO(s), shall be regulated by the granting of the appropriate permissions by the MSS and shall be reported by signalising the appropriate state to the MSS. Devices that are not allowed to operate in particular states must be reliably prevented from activating. Unexpected removal of a permission is an external interlock and the VCS shall rapidly and autonomously act accordingly (usually by sealing off the chamber and going to a safe state). General output signal “Vacuum System Good” must further be used to signalise any detected critical alarms.
All vacuum control electronics represented between the blue dashed and red dashed lines must be mounted in one or more control cabinets depth 0.4m and height 2m located along the North wall of the L4c laser hall. Cabinets must be fitted with a plinth of 200mm for cable routing along the base and to allow integration with client’s adjacent electrical cabinets of matching dimensions.  All cabling between the chambers and the cabinet must be via floor channel and/or raised floor (provided by the Client at the time of installation) and via metal cable trays on the CIS vessels which must be provided by the Supplier. All sections of cable and pipe of length exceeding 50 cm must be supported or routed in closed metal cable trays. Cables and wires must have an appropriate jacket colour – black, grey or white for general signals, mid- to dark-blue for MSS signals, yellow or orange for personnel safety signals, and other colours for earth, mains voltages and neutral per the usual standards. Cables external to the control cabinet should be shielded to a minimum of 93% coverage and should be routed in closed metal cable trays. Special attention should be given to avoid ground loops in shield and cable tray connections.
The VCS solution should comply with the following diagrams. They show the required control system architecture and required control points (as a minimum – the Supplier may add control points so as to meet all other system requirements). Other implementation requirements are given in text notes in the diagram. Many control system hardware items in the diagram are required to be chosen from the Approved Devices list. If a device name in this diagram corresponds to an item in the Approved Devices list (Table 5), only the proven devices or an equivalent alternative explicitly approved by the Client shall be used to provide its functionality. The exact number of RIOs, terminals, interfaces, Ethernet ports and serial interfaces used is not important as long as all minimum and any additional control points are fully integrated and all other requirements are satisfied. 
The diagrams contain excerpts denoted by light blue boxes containing suggested wiring, panel layout or other implementation details, and accompanying water and pneumatic diagrams are also provided. These diagrams may be used for guidance, but the precise implementation is left to the discretion of the Supplier.



[image: ]



Figure 19: State diagram for compliance of the VCS with the CIS concept of operations. Primary states are denoted by circles, allowed transitions by arrows and dashed lines represent permissives from safety systems. Note that both CIS chambers form the same vacuum volume (same state machine for both).
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Figure 20: VCS architecture and implementation compliance diagram to be followed by the Supplier. Figure continued on the following pages.
[image: ]

Figure 20 continued from previous page
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Figure 20 continued from previous page


[bookmark: _Ref495997568]Table 5: Approved devices list (vacuum controller)
Approved devices are those for which compatibility and operation with the other laser equipment is proven. The necessity for a specific implementation is compatibility with the rest of the L4 laser control systems, compatibility with the control systems of other major laser equipment of ELI-Beamlines, and for maintainability assurance. Choosing the proven implementation ensures that:
· Device has been tested by the client and is known to be proven for its intended purpose and the requirements, thus reducing development risks and ensuring operational reliability;
· Device is already used in other parts of the L4 laser, minimizing risks of integration with the L4 laser control system and ensuring that spare parts and know-how are available at the client;
· Device is known to be compatible with the client’s systems and to satisfy the client’s interface requirements, reducing the integration risks to ELI-Beamlines facility.
Device types not mentioned in this list may be freely selected by the Supplier as necessary to satisfy all other requirements. 
If the Supplier does not wish to use the listed Proven Implementation they may request to use an Approved Alternative. To be approved, an alternative must have equivalent technical specifications or the Supplier must demonstrate that its specification is sufficient to satisfy all system requirements. The approved devices list should be updated and exchanged regularly as a record of all approval decisions.
	Device type
	Proven implementations
	Other acceptable implementations

	FPGA controller
	NI 9149, NI 9147
	NI 9144, NI cRIO-9066, any approved alternative

	FPGA analogue input
	NI 9239, NI 9220, NI 9234
	Any approved alternative

	FPGA RTD input
	4-wire: NI 9216
	Any approved alternative

	FPGA digital I/O
	NI 9423, NI 9474, NI 9477, NI 9425
	Any approved alternative

	Other FPGA I/O
	Any NI-listed C-series module
	Any approved alternative

	Passive Manometers
	Pfeiffer 420C-MAN016
	Any approved alternative

	Air pressure transducer
	Festo SDE5, BD DMK331
	Any approved alternative

	TMP >= 2300 l/s
	Edwards STP-iXA3306C
	Any approved alternative

	RGA
	Pfeiffer PrismaPlus
	Any approved alternative

	Control Cabinet
	Rittal TS-8
	Any approved alternative

	Serial device server
	Moxa IA5450A
	Any approved alternative

	Compressed air pressure switch
	Festo SDE5 with limits
	SMC equivalent, any approved alternative

	Safety-rated pneumatic control valve
	Festo VOFA-L26-T32C-M-G14-1C1-APP
	Any approved alternative

	General pneumatic control manifold
	Festo VTUG series
	SMC equivalent, any approved alternative






8. [bookmark: _Ref495493346][bookmark: _Toc503877699]Motion Control System
The CIS Motion Control System (MCTR) is dedicated to precision closed-loop motion control. In order to make the motion controls fully compatible with the control system of the L4 laser the low-level integration controls shall be based on the RIO platform that leverages FPGA-based feedback and distributed control architecture.
RIO modules are available with comprehensive software development kits to interface, e.g., absolute position encoders via the BiSS open source protocol. Motor interface shall utilise universal step-direction control to allow stepper power drives to be easily exchanged for alternatives if required. Due to interlock requirements, the stepper drives cannot use microstepping to increase static positioning precision, as a continuous holding current cannot be assumed (i.e., whole-step movements must be made). Ultra-high precision geared stepper should therefore be used to reach the specified resolution. 
The MCTR must be designed to the specified state machine scheme so that the state of the system is deterministic at all times. The MCTR must interface to the external machine safety system (MSS) and be designed to comply reliably with the permissive signals provided and reliably output status and fault signals to this system as specified. The MCTR must also export process variables to the L4 laser SCADA interface using the Real-Time Server (RTS) and software libraries that will be provided by the Client.
The Supplier must provide a basic demonstration graphical user interface (GUI), LabVIEW-based, displaying actuator and system states and allowing operators to move axes for alignment when in the appropriate state. 
The MCTR must be completely integrated using a RTS of type RMC-8354 and programmed in LabVIEW (for reasons of compatibility with the overall L4 control system based on LabVIEW) for real-time targets. The RTS, a DIN-mount Ethernet switch, software implementation templates for the RTS and for the FPGA controllers, and 1-2 days’ training on the use of these shall be provided by the Client on the Suppliers request and delivered to the Supplier no more than 3 months after the start of the contract. 
The RIO(s) must be closely integrated with machine protection functions and must perform consistency checks on all drive faults and temperature thresholds for the in-vacuum RTDs. RIOs must also react to alarms and faults via the low-level signal interface to the external MSS which will shut down the laser. This interface must be based on 24V dry-contact signals and is specified in the documentation provided. The state machine and sequences, implemented on the RIO(s), shall be regulated by the granting of the appropriate permissions by the MSS and shall be reported by signalising the appropriate state to the MSS. Devices that are not allowed to operate in particular states must be reliably prevented from activating. Unexpected removal of a permissive is an external interlock and the MCTR shall rapidly and autonomously act accordingly (for example by disconnecting the drive enable input to remove current from drives). General output signal “CIS Motion Good” must further be used to signalise any detected critical alarms.
All motion control electronics represented between the blue dashed and red dashed lines must be mounted in one or more control cabinets of depth 0.4m and height 2m (Rittal TS-8, for reasons of compatibility with the cabinets used in the laser halls of ELI-Beamlines) located along the North wall of the L4c laser hall. Cabinets must be fitted with a plinth of 200mm for cable routing along the base and to allow integration with client’s adjacent electrical cabinets of matching dimensions.  All cabling between the chambers and the cabinet must be via floor channel and/or raised floor (provided by the Client at the time of installation) and via metal cable trays on the chamber vessels which must be provided by the Supplier. All sections of cable and pipe of length exceeding 50 cm must be supported or routed in closed metal cable trays. Cables and wires must have an appropriate jacket colour – black, grey or white for general signals, mid- to dark-blue for MSS signals, yellow or orange for personnel safety signals, and other colours for earth, mains voltages and neutral per the usual standards.
Special consideration must be given to the influence of electromagnetic pulse (EMP) energy on all elements of the motion control system. This is primarily ensured by providing sufficient electrical shielding of the in-vacuum components. Wherever feasible, the solution should not preclude galvanic isolation and/or fast-acting overvoltage surge protection (e.g., TVS diodes) for all connections to devices mounted in or on the chambers. Cables external to the control cabinet should be shielded to a minimum of 93% coverage and should be routed in closed metal cable trays. Special attention must be given to avoid ground loops in shield and cable tray connections.
The MCTR solution must comply with the following diagrams. They show the required control system architecture and required control points (as a minimum – the Supplier may add control points so as to meet all other system requirements). Other implementation requirements are given in text notes in the diagram. Many control system hardware items in the diagram are required to be chosen from the Approved Devices list (Table 6), for reasons of compatibility with the devices used in the L4 laser control system as well with the devices used in other major laser equipment of ELI-Beamlines. If a device name in this diagram corresponds to an item in the Approved Devices list, only the proven devices or an equivalent alternative explicitly approved by the Client shall be used to provide its functionality. The exact number of RIOs, terminals, interfaces and Ethernet ports used is not important as long as all minimum and any additional control points are fully integrated and all other requirements are satisfied. 
The diagrams contain excerpts denoted by light blue boxes containing suggested wiring, panel layout or other implementation details. These diagrams may be used for guidance, but the precise implementation is left to the discretion of the Supplier as long as the implied functionality is implemented.
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Figure 21: State diagram for compliance of the MCTR with the CIS concept of operations. Primary states are denoted by circles, allowed transitions by arrows and dashed lines represent permissives from safety systems.
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Figure 22: MCTR architecture and implementation compliance diagram to be followed by the Supplier. Figure continued on the following pages
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Figure 22 continued from previous page


[bookmark: _Ref495997830]Table 6: Approved devices list (motion controller)
Approved devices are those for which compatibility and operation with the existing laser equipment is proven. The necessity for a specific implementation is compatibility with the rest of the L4 laser control systems, compatibility with the control systems of other major laser equipment of ELI-Beamlines, and for maintainability assurance. Choosing the proven implementation ensures that:
· Device has been tested by the client and is known to be proven for its intended purpose and the requirements, thus reducing development risks and ensuring operational reliability;
· Device is already used in other parts of the L4 laser, minimizing risks of integration with the L4 laser control system and ensuring that spare parts and know-how are available at the client;
· Device is known to be compatible with the client’s systems and to satisfy the client’s interface requirements, reducing the integration risks to ELI-Beamlines facility.
Device types not mentioned in this list may be freely selected by the Supplier as necessary to satisfy all other requirements. 
If the supplier does not wish to use the listed Proven Implementation they may request to use an Approved Alternative. To be approved, an alternative must have equivalent technical specifications or the Supplier must demonstrate that its specification is sufficient to satisfy all system requirements. The approved devices list should be updated and exchanged regularly as a record of all approval decisions.
	Device type
	Proven implementations
	Other acceptable implementations

	FPGA controller
	NI 9149, NI 9147
	NI 9144, NI cRIO-9066, any approved alternative

	FPGA BiSS input
	SEA 9521
	Any approved alternative

	FPGA analogue input
	NI 9239, NI 9220, NI 9234
	Any approved alternative

	FPGA RTD input
	4-wire: NI 9216
	Any approved alternative

	FPGA digital I/O
	NI 9423, NI 9474, NI 9477, NI 9476, NI 9425, NI 9426
	Any approved alternative

	FPGA motor interface
	SISU-1004, Digital I/O modules 
	Any approved alternative

	Other FPGA I/O
	Any NI-listed C-series module
	Any approved alternative

	Stepper motor (high load)
	Newport VHRU-10V6
	Any approved alternative

	Stepper motor (for custom integration)
	Phytron VSS series
	Any approved alternative

	Stepper motor (small, low load, precision)
	Newport LTAHL-PPV6, TRA-PPV6, NSA12V6
	Any approved alternative

	Stepper motor (rotation)
	Newport RVU series
	Any approved alternative

	Absolute position encoder
	Renishaw Resolute series
	Any approved alternative

	Stepper motor power stage
	Phytron MCD+ series; other Phytron drives
	Any approved alternative

	Serial device server
	Moxa IA5450A
	Any approved alternative

	Precision limit switch
	Metrol GN
	Any approved alternative

	Protection limit switch
	Allectra 363 or similar construction
	Any approved alternative

	Safety limit switch
	Pilz PSEN cs2.2p connected directly to SIS system
	Any approved alternative

	In-vacuum RTD
	Allectra 343-PT100-C1
	Any approved alternative






1. [bookmark: _Toc495495778][bookmark: _Toc495588526][bookmark: _Toc495495779][bookmark: _Toc495588527][bookmark: _Toc495495780][bookmark: _Toc495588528][bookmark: _Toc495495781][bookmark: _Toc495588529][bookmark: _Toc495495782][bookmark: _Toc495588530][bookmark: _Toc495495783][bookmark: _Toc495588531][bookmark: _Toc495495784][bookmark: _Toc495588532][bookmark: _Toc495495785][bookmark: _Toc495588533][bookmark: _Ref495495275][bookmark: _Ref495997175][bookmark: _Toc503877700]Vacuum flange schedule

All flanges of the CIS chambers are vacuum sealed by using a fluoroelastomer O-ring seal. The top lid of the CIS1B chamber and the access side door of the CIS2 chamber shall be equipped with double Viton fluoroelastomer O-ring seal arrangement minimizing effective gas load due to O-ring permeation, with the space between the O-rings actively pumped to ~10-2 mbar by the backing vacuum circuit. Arrangement of the tubes serving to active pumping of the space between the two O-rings shall be optimized by the Supplier during preparation of manufacturing drawings.

The circular flanges shall be according to the ISO-K (or other equivalent solution for HV) and ISO-F (or other equivalent solution for HV) flange standards.

The alignment of the flanges on the body of the chambers is in some places critical and elsewhere not critical. Table 7 gives the permitted tolerance for individual tolerance grades applicable to all circular flanges specified in the flange schedule of all the three chambers CIS1A, CIS1B and CIS2.

	Flange Tolerance Grade
	Tolerance Specification

	A
	Co-axial tolerance of ±1 mm or better and angular tolerance of ±0.5 degrees or better with respect to their ideal axis

	B
	Co-axial tolerance of ±3 mm or better and angular tolerance of ±2.0 degrees or better with respect to their ideal axis



[bookmark: _Ref495921346]Table 7: Circular Flange Tolerance Grade


[bookmark: _Toc503877701]CIS1A chamber

The chamber will be made from stainless steel grade 304L, with nominal thickness of 20 mm. The shape of the chamber and ribs provide high structural stiffness of the chamber with respect to atmospheric pressure.
The chamber will be accessed by the side hinged doors 1AF1 and 1AF2, and by the lid 1AF3. Both doors and the lid will be equipped with lifting features to be able their manipulating by the overhead crane.
The hinges of both doors will be of adjustable single or double pivot arrangement to avoid crushing the O-rings when closing the door. The doors will be aligned by locating pins providing a guide for closing. The doors must be capable of configuring the hinges on either side.
The circular flanges on the CIS1A unit are of standard type ISO-K (or other equivalent solution for HV) and ISO-F (or other equivalent solution for HV). 
Classification of the CIS1A flanges is in Table 8. Note that the flange 1AF9 on the 1AF1 door must be manufactured for the “S-polarization” configuration of the laser beam (see Section 4.2).


[image: ]
Figure 20: Axonometric views of the CIS1A chamber showing the individual flanges, doors and lids.


	Flange
	Size
	Position / Purpose
	Note
	Tolerance

	1AF1
	800 (w) x 1110 (h) mm outer size, providing clear opening 700 (w) x 1000 (h) mm, 
15 mm thickness, ribbed,
side-hinged
	Main access door to interior of CIS1A, access to the optics and optomechanical mounts
Equipped with ISO-K 320 flange for beam dump
	Fitted with lifting eyes for initial installation by overhead crane

	N.A.

	1AF2
	600 (w) x 1110 (h) mm outer size, providing clear opening 500 (w) x 1000 (h) mm, 
15 mm thickness, ribbed,
side-hinged
	Access door to interior of CIS1A, access to the laser shutter
	Fitted with lifting eyes for initial installation by overhead crane
	N.A.

	1AF3
	880 x 1060 mm outer size, providing clear opening 
720 x 900 mm, 
20 mm thickness, ribbed
	Top lid for access to CIS1A interior, equipped with 
ISO-K 100 flange for the laser shutter
	Fitted with lifting eyes for installation by overhead crane
	N.A.

	1AF4
	880 x 1060 mm outer size, providing clear opening 
720 x 900 mm, 
20 mm thickness, ribbed
	Bottom lid of the CIS1A chamber, for easing installation of the isolation bellows
	Will be attached to the encast plates in the floor of the L4b hall

	N.A.

	1AF5
	ISO-F 100
	On the bottom lid underside, for connection of double bellows isolation of the internal chassis
	The isolation bellows must be test assembled with the internal chassis at the Supplier
	A

	1AF6
	ISO-F 100
	Idem 1AF5
	Idem 1AF5
	A

	1AF7
	ISO-F 100
	Idem 1AF5
	Idem 1AF5
	A

	1AF8
	ISO-F 100
	Idem 1AF5
	Idem 1AF5
	A

	1AF9
	ISO-K 320
	On the door 1AF1, for connecting the L4 laser beam dump
	Initially closed by blank flange
	B

	1AF10
	ISO-K 400
	Above 1AF2, for allowing pass of the laser beam if CIS1A mirrors are not deployed
	Initially closed by blank flange
	B

	1AF11
	ISO-K 100
	On the top lid 1AF3, for connecting bellows of the laser shutter
	Equipped with the bellows and laser shutter at the Supplier
	A

	1AF12
	ISO-K 400
	On the opposite side of 1AF1, in the bottom part of the CIS1A chamber
	For connecting the interconnecting tube between CIS1A and CIS1B
	A

	1AF13
	ISO-K 160
	Above 1AF12, contingency flange e.g. for electrical feedthrough(s)
	Initially closed by blank flange
	B

	1AF14
	ISO-K 400
	Facing 1AF10 on the other side of the chamber, for connection to the L4 laser system
	Initially closed by blank flange
	A



[bookmark: _Ref488022610]Table 8: Positions and specifications of CIS1A vacuum flanges. Equivalent solution to ISO-K and ISO-F flange types, compatible with HV, can be provided.




[bookmark: _Toc503877702]CIS1B chamber

The chamber will be made from stainless steel grade 304L, with nominal thickness of 20 mm.
The chamber interior will be accessed by the top lid 1BF1. This lid must be equipped with lifting features to be capable of lifting by a crane. The lid will be aligned by locating pins providing a guide for closing. The Supplier is allowed to modify the design of this lid developed by FZU, provided that it is capable of installation in the highly cramped surroundings. Detail will be discussed with the Supplier during the early phase of this contract.
[image: ]

Figure 21: Axonometric views of the CIS1B chamber showing the individual flanges, doors and lids.


	Flange
	Size
	Position / Purpose
	Note
	Tolerance

	1BF1
	1980 x 1110 mm outer size, providing clear opening 
1820 x 950 mm, 
20 mm thickness, ribbed
	Top lid for access to CIS1B interior and for installation of the internal optical support chassis and optomechanics
	Sealed by using a double fluoroelastomer 
O-ring seal arrangement. 
The ribs are bored to provide lifting eyes for installation by overhead crane.
	N.A.

	1BF2
	ISO-F 430 (particular size outside common ISO vacuum flange standard)
	On the side facing CIS1A, for installation of the vacuum window segment on the tube interconnecting CIS1A and CIS1B.
	The vacuum window segment and the CIS1A-CIS1B interconnecting tube must be test installed at the Supplier.
	A

	1BF3
	ISO-F 500
	On CIS1B underside, for connecting the vacuum tube interconnecting CIS1B and CIS2.
	The flange is equipped with reinforcing ribs to prevent its displacement after pump down.
	A

	1BF4
	Square flange 400 x 400 mm clear opening
	On the North side of CIS1B, for extraction of the laser beam if reflected by the mirror M3.5.
	Will be equipped with optical window, initially closed by blank flange.
	A

	1BF5
	ISO-F 100
	On chamber underside, for connection of double bellows isolation of the internal optical table
	The isolation bellows must be test assembled with the internal optical support chassis at the Supplier
	A

	1BF6
	ISO-F 100
	Idem 1BF5
	Idem 1BF5
	A

	1BF7
	ISO-F 100
	Idem 1BF5
	Idem 1BF5
	A

	1BF8
	ISO-F 100
	Idem 1BF5
	Idem 1BF5
	A

	1BF9
	ISO-K 200
	On the North side of CIS1B, for electrical cable feedthroughs or contingency.
	Will be equipped with cable feedthroughs if featured by the design 
	B

	1BF10
	ISO-K 200
	On the North side of CIS1B, for extraction of sub-aperture diagnostic beam reflected by mirror M3SA
	Will be equipped with optical window, initially closed by blank flange.
	B

	1BF11
	ISO-K 100
	On the North side of CIS1B, for electrical cable feedthroughs
	Will be equipped with cable feedthroughs if featured by the design
	B

	1BF12
	ISO-K 100
	On the North side of CIS1B, for electrical cable feedthroughs
	Will be equipped with cable feedthroughs if featured by the design
	B

	1BF13
	ISO-K 63
	On the South side of CIS1B, for vacuum gauge
	Will be equipped with vacuum gauge 
	B

	1BF14
	ISO-K 63
	On the South side of CIS1B, for vacuum gauge
	Will be equipped with vacuum gauge 
	B

	1BF15
	ISO-F 200
	On the South side of CIS1B, for TMP (2,300 l/s) 
	TMP mounted for the test vacuum pumping
	B

	1BF16
	ISO-K 160
	On the South side of CIS1B, for electrical cable feedthroughs
	Will be equipped with cable feedthroughs
	B

	1BF17
	ISO-K 160
	On the South side of CIS1B, for electrical cable feedthroughs
	Will be equipped with cable feedthroughs 
	B

	1BF18
	ISO-K 100
	On the South side of CIS1B, contingency
	Will be blanked
	B

	1BF19
	ISO-K 63
	On the South side of CIS1B, contingency
	Will be blanked
	B

	1BF20
	ISO-K 63
	On the South side of CIS1B, contingency
	Will be blanked
	B



[bookmark: _Ref495883973]Table 9: Positions and specifications of CIS1B vacuum flanges. Equivalent solution to ISO-K and ISO-F flange types, compatible with HV, can be provided.
[bookmark: _Toc503877703]CIS2 chamber

The chamber will be made from stainless steel grade 304L, with nominal thickness of 15 mm.
The chamber interior will be accessed by the side hinged doors 2F1. The door will be aligned by locating pins providing a guide for closing. The door will be equipped by lifting pins for manipulation by the overhead crane during installation. 
Detailed design of the flange 2F6 can be modified in order to allow easy installation of the ISO 500 (or equivalent solution) vacuum tube for routing the uncompressed laser beam through the wall penetration to the E3 hall. Also, flanges 2F7 to 2F10 and 2F11 to 2F14 can be modified by the Supplier in order to optimize installation of the isolating bellows blocks.
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Figure 21: Axonometric views of the CIS2 chamber showing the individual flanges, doors and lids.

	Flange
	Size
	Position / Purpose
	Note
	Tolerance

	2F1
	1400 (w) x 2440 (h) mm outer size, providing clear opening 1210 (w) x 2250 (h) mm, 
15 mm thickness, ribbed,
side-hinged
	Access door to interior of CIS2
Equipped with two ISO-K 630 large flanges 
	Sealed by using a double fluoroelastomer 
O-ring seal arrangement. 
Fitted with lifting eyes for initial installation by overhead crane
	N.A.

	2F2
	ISO-K 500
	On the top of the CIS2 chamber, for the incoming laser beam / interconnection with CIS1B.
	Will connect to a bellows block mounted at the end of the vacuum tube connecting to CIS1B.
	A

	2F3
	ISO-K 630
	On the lower part of the 2F1 flange, for the output laser beam and interconnection to the downstream 10 PW compressor. 
	Initially closed by blank flange.
	A

	2F4
	ISO-K 630
	On the upper part of the 2F1 flange, for M4.5 mirror viewing purposes and/or future upgrades
	Will be blanked
	B

	2F5
	ISO-K 500
	On the underside of the CIS2 chamber, for future upgrades of the L4 system.
	Will be blanked
	B

	2F6
	ISO-K 500
	On the wall-facing side of the CIS2 chamber, for sending the laser beam to the E3 hall.
	Will be blanked
	A

	2F7
	ISO-K 80
	On the wall-facing side of the CIS2 chamber, for connection of double bellows isolation of the upper optical support chassis
	The isolation bellows must be test assembled with the internal optical support chassis at the Supplier
	A

	2F8
	ISO-K 80
	Idem 2F7
	Idem 2F7
	A

	2F9
	ISO-K 80
	Idem 2F7
	Idem 2F7
	A

	2F10
	ISO-K 80
	Idem 2F7
	Idem 2F7
	A

	2F11
	ISO-K 80
	On the wall-facing side of the CIS2 chamber, for connection of double bellows isolation of the lower optical support chassis
	The isolation bellows must be test assembled with the internal optical support chassis at the Supplier
	A

	2F12
	ISO-K 80
	Idem 2F11
	Idem 2F11
	A

	2F13
	ISO-K 80
	Idem 2F11
	Idem 2F11
	A

	2F14
	ISO-K 80
	Idem 2F11
	Idem 2F11
	A

	2F15
	ISO-K 160
	On the upper part of the South side of CIS2, for electrical cable feedthroughs
	Will be equipped with cable feedthroughs
	B

	2F16
	ISO-K 160
	On the lower part of the South side of CIS2, for electrical cable feedthroughs
	Will be equipped with cable feedthroughs
	B

	2F17
	ISO-K 63
	On the North side of CIS2, for vacuum gauge(s)
	Will be equipped by the vacuum gauge(s)
	B

	2F18
	ISO-K 63
	On the North side of CIS2, for vacuum gauge(s)
	Will be equipped by the vacuum gauge(s)
	B

	2F19
	ISO-K 63
	On the North side of CIS2, for air admittance valves
	Will be equipped by the air admittance valves
	B

	2F20
	ISO-K 100
	On the North side of CIS2, for the mass spectrometer
	Will be equipped by the mass spectrometer
	B

	2F21
	ISO-K 200
	On the underside of CIS2, for TMP (2,300 l/s)
	TMP mounted for the test vacuum pumping
	B

	2F22
	ISO-K 100
	On the underside of CIS2, for roughing pumping
	Will be equipped by ISO 100 soft start valve
	B


[bookmark: _Ref495900403]
Table 10: Positions and specifications of CIS2 vacuum flanges. Equivalent solution to ISO-K and ISO-F flange types, compatible with HV, can be provided.

[bookmark: _Toc503877704]Summarised design and functional requirements for the CIS

The following tables provide a summary of the contractual requirements. The total scope of the contract comprises all the requirements stated or implied in the foregoing text, whether or not included in this summary.

[bookmark: _Toc503877705]Layout and optomechanical configuration

	N°
	TC N°
	Requirement Text
	Verification By

	Layout and optomechanical configuration

	R1-01
	REQ-022218
	A
	The coordinated final design of all components shall maintain the optical trajectory of the laser beam exactly as defined in the 3D model.
NOTE: The 3D model will be provided to the Supplier after the contract signature.
	R - review of design

	R1-02
	REQ-022219
	A
	The overall external dimensions of the CIS chambers shall not exceed those shown in the conceptual design as defined in the attached drawing package.
	R - review of design,
[bookmark: OLE_LINK32]T - test

	R1-03
	REQ-022220
	A
	The CIS chamber bodies, doors, lids, flanges and interconnecting tubes shall be manufactured from stainless steel (304L).
	R - review of design

	R1-04
	REQ-022221
	A
	All elements of the detailed design of the CIS, including optomechanics and vacuum controls, shall be mutually coordinated as these form one functional system.
	R - review of design

	R1-05
	REQ-022222
	A
	The Supplier shall complete FEM analysis of each final CIS chamber design to demonstrate structural stability resulting in deformations of walls and doors less than 1 mm when the chambers are pumped down from atmospheric pressure.
	A – analysis

	R1-06
	REQ-022223
	A
	Certain flanges on the CIS chambers shall have a co-axial tolerance of ±1 mm or better and angular tolerance of ±0.5 degrees or better with respect to their ideal axis; for reasons of critical geometry.
NOTE: Other flanges can have standard production tolerance. The required tolerance band for each flange is specified in the Vacuum Flange Schedule (Section 10).
	R - review of design,
T - test

	R1-07
	REQ-022224
	A
	The CIS vacuum chambers and their internal structures shall be positioned with a tolerance of ±1 mm in each axis, with respect the local coordinate system in the L4 hall. The final design shall respect the necessity to position the chambers with this relative accuracy.
	R - review of design

	R1-08
	REQ-022225
	A
	The CIS detailed design shall include full coordination with the interfaces of adjacent systems, especially primary vacuum lines, turbomolecular pumps, vacuum gauges, cooling water, compressed air, etc. and with the ELI-Beamlines building, according to information supplied by the Client.
	R - review of design

	R1-09
	REQ-022226
	A
	The Supplier shall develop design of both internal (vacuum) and external (on the outer surface) cable trays on the CIS chambers.
	R - review of design

	R1-10
	REQ-022228
	A
	The CIS detailed design shall make all necessary allowance for transport of the chamber to its working location. This shall include provision of designated lifting points and jacking points and positions to support the chamber on rollers for lateral movement, and any special tools or aids necessary for support chassis installation inside the chamber.
	R - review of design

	R1-11
	REQ-022229
	A
	The side doors of the CIS1A and CIS2 chambers shall be side-hinged For CIS1A the door must be capable of configuring the hinges on either side. 
	R - review of design

	R1-12
	REQ-022230
	A
	The CIS1B chamber shall be designed by the Supplier in accordance with the conceptual design that shows a specific top access lid. The Supplier may adapt the design but it must meet the need to insert the internal optomechanical structures within the chamber from the top and to be compatible with the surrounding building structure and services.
	R - review of design

	R1-13
	REQ-022231
	A
	Chambers CIS1A and CIS1B shall be connected by a square vacuum tube (internal dimensions 300 by 300 mm) equipped with a bellows at one end and an optical window at the other end. This tube shall pass under optical table number 17 of the L4 laser system where access is restricted. The design shall be coordinated with the FZU.
	R - review of design

	R1-14
	REQ-022232
	A
	All electrical cables for the vacuum devices as well as compressed air and cooling water pipework shall be organized into cables trays on the CIS chamber exteriors.
	R - review of design

	R1-15
	REQ-022233
	A
	Tray(s) for cooling water shall be segregated from electrical cable tray(s).
	R - review of design





[bookmark: _Toc503877706]Optomechanical mounts

	N°
	TC N°
	Requirement Text
	Verification by

	Optomechanical mounts

	R2-01
	REQ-022234
	A
	The optomechanical mounts shall be designed to support the respective optical components with dimensions as given in Table 2, Table 3, and Table 4. The nominal position and orientation of the optical components in space shall be as in the 3D model. The required extent of movements shall be as in Table 1.
NOTE: The 3D model will be provided to the Supplier after the contract signature.
	[bookmark: OLE_LINK33]R - review of design,
T - test

	R2-02
	REQ-022235
	A
	The optomechanical mounts inside each CIS chamber shall be attachable to the optical support chassis and shall be able to be pre-positioned (without engaging the actuators) with precision of ±1 mm.
	R - review of design,
T - test

	R2-03
	REQ-022236
	A
	Each individual optomechanical mount shall provide short-term and long-term angular mechanical stability (drift) of the optical element better than 1 µrad (in a thermally stabilized environment).
	T - test

	R2-04
	REQ-022237
	A
	FEM analysis of the optomechanical mounts shall be carried out by the Supplier.
	A - analysis

	R2-05
	REQ-022238
	A
	The mounts shall not exhibit any resonant frequency below 30 Hz, and also shall not have resonant frequency close to 50 Hz.
	A - analysis

	R2-06
	REQ-022239
	A
	The principal material of the optomechanical mounts shall be aluminium so as to minimise the weight of the mount for handling purposes.
	R - review of design

	R2-07
	REQ-022240
	A
	The mounts design shall feature integration of electrical actuator including wirings for electrical actuators.
	R - review of design

	R2-08
	REQ-022241
	A
	The manufacturing design of the mounts and any other components inside each CIS chamber shall avoid any trapped volumes of air, e.g. the mounting holes shall not be blind tapped.
	R - review of design

	R2-09
	REQ-022242
	A
	All actuators used in the optomechanics shall be certified for vacuum at least 10-6 mbar.
	R - review of design

	R2-10
	REQ-022243
	A
	All edges of the optomechanical mounts shall be chamfered.
	R - review of design

	R2-11
	REQ-022244
	A
	All cables for electrical actuators shall be organized into cable trays both inside the chamber and on the chamber exterior.
	R - review of design

	R2-12
	REQ-022245
	A
	Cable from each electrical actuator shall be led to the exterior by no more than one electrical vacuum feedthrough, using the flanges identified in Section 10 Vacuum Flange Schedule.
	R - review of design

	R2-13
	REQ-022246
	A
	Best practice shall be followed in the design, type choice and implementation of the vacuum electrical feedthroughs.
	R - review of design


 

[bookmark: _Toc503877707]Vacuum components

	N°
	TC N°
	Requirement Text
	Verification by

	Vacuum components

	R3-01
	REQ-022247
	A
	The CIS shall be designed for vacuum 10-7 mbar. This pressure shall be achievable with the optomechanical mounts installed in the chambers, using a turbomolecular vacuum pump with pumping speed at least 2,300 l/s permanently installed on each chamber CIS1B and CIS2, in a time comparable to 24 hours.
	[bookmark: OLE_LINK78]A – analysis,
T - test

	R3-02
	REQ-022248
	A
	A pressure 10-6 mbar shall be achieved, by the turbomolecular vacuum pumps permanently installed on the CIS1B and CIS2 chambers, in less than 8 hours from start of pumping at 10-2 mbar pressure.
	[bookmark: OLE_LINK34][bookmark: OLE_LINK76]A – analysis,
T - test

	R3-03
	REQ-022249
	A
	The CIS chambers shall provide structural stability resulting in deformations less than 1 mm of its walls and doors when the chambers are pumped down from atmospheric pressure.
	A – analysis,
T - test

	R3-04
	REQ-022250
	A
	All circular flanges on the CIS chambers (except for TMPs) shall be dimensioned according to the ISO-K standard, or equivalent solution compatible with HV, and will be sealed by single fluoroelastomer O-rings (see Section 10, Vacuum flange schedule).
	R - review of design

	R3-05
	REQ-022251
	A
	The TMPs shall be mounted to ISO-F (or equivalent) flanges.
	R - review of design

	R3-06
	REQ-022252
	A
	The large rectangular lid of CIS1B and the large door of CIS2 shall be sealed by double fluoroelastomer O-rings with the interspace evacuated. The Supplier shall develop the design of this arrangement.
	R - review of design

	R3-07
	REQ-022253
	A
	All materials used inside the CIS shall comply with the regime of highly clean vacuum, free of hydrocarbons and other volatile molecules. Special care must be taken in using any plastics (e.g. insulation of electrical wires) which have to be vacuum compatible for pressures better than 10‑7 mbar, e.g. Kapton® or equivalent.
	R - review of design,
A - analysis

	R3-08
	REQ-022254
	A
	The vacuum gauges and other elements of the CIS shall make it possible to carry out precise measurement of vacuum level down to circa 10-8 mbar. In addition atmospheric gauges, for machine safety, shall be provided.
	R - review of design,
I - inspection

	R3-09
	REQ-022255
	A
	The CIS2 shall be equipped with a quadrupole mass spectrometer making possible on-line measurements of cleanliness of the vacuum.
	R - review of design,
I - inspection

	R3-10
	REQ-022256
	A
	The CIS shall be equipped with dedicated flanges for electrical feedthroughs.
	R - review of design,
I - inspection

	R3-11
	REQ-022257
	A
	The Supplier shall develop detailed and rigorous procedures of cleaning the interior of the vacuum chambers and of all optomechanical components, consistent with Section 7.
	R - review of design

	R3-12
	REQ-022258
	A
	The procedures of cleaning shall be reviewed and agreed by the Client before use.
	R - review of design

	R3-13
	REQ-022259
	A
	The turbomolecular pumps shall be water cooled; piping of the cooling water to the pumps shall be included in the scope of detailed design and supply. The Supplier shall design, supply and install all cooling water pipework to and from the common supply point (location to be agreed but not more than 10m away) including all pipe supports, fittings, manual isolation valves, etc. as necessary for a functional system.
	[bookmark: OLE_LINK72][bookmark: OLE_LINK70]R - review of design,
I - inspection

	R3-14
	REQ-022260
	A
	[bookmark: OLE_LINK71]All vacuum valves shall be equipped with electro-pneumatic actuator with position indicator for both end positions.
	R - review of design

	R3-15
	REQ-022261
	A
	The Supplier shall design, supply and install all compressed air distribution pipework from the common supply point to every relevant consumer, including all pipe supports, fittings, manual isolation valves, etc. as necessary for a functional system.
NOTE: Air supply for vacuum valves and any other air operated equipment will be provided from a single common supply connection point near to floor level in each of L4b and L4c.
	[bookmark: OLE_LINK69]R - review of design,
I - inspection

	R3-16
	REQ-022262
	A
	Backing vacuum for both CIS1B and CIS2 shall be provided from a single connection point on the backing vacuum system pipework in L4c. The design provided in the 3D model and drawing package is only indicative and the Supplier shall design and supply all the backing vacuum connection pipework from the common connection point in L4c.
	R - review of design,
I - inspection

	R3-17
	REQ-022263
	A
	The Supplier shall design, supply and install all vacuum pipework from the common supply point to both flanges equipped with double O-ring seal, including all pipe supports, fittings, manual isolation valves, etc. as necessary for a functional system.
	[bookmark: OLE_LINK75]R - review of design,
I - inspection

	R3-18
	REQ-022264
	A
	The design, material selection and manufacturing of all components inside the vacuum envelope of the CIS shall follow best practice to avoid any trapped volumes of air.
	R - review of design

	R3-19
	REQ-022265
	A
	The manufacturing processes, surface treatment and the selection of all materials used inside the vacuum envelope of the CIS shall follow best practice to avoid the incorporation of particulates, moisture and volatile organic compounds that would affect the ability to reach vacuum pump-down specification and/or potentially contaminate optics.
	R - review of design,
I - inspection

	R3-20
	REQ-022266
	A
	All wires and signal connections that cross the vacuum chamber boundary shall be provisioned by the Supplier with vacuum feedthroughs on the most appropriate flange (see Flange Schedule Table 8, Table 9, and Table 10).
	R - review of design

	R3-21
	REQ-022267
	A
	Each logical device connection shall have an individual vacuum feedthrough connector.
	R - review of design

	R3-22
	REQ-022268
	A
	All electrical vacuum feedthroughs shall be fully screened (360° EMC shielding) and all electrical wiring (both in vacuum and between the control cabinet and the chamber) shall be via electrically screened cables.
	R - review of design

	R3-23
	REQ-022269
	A
	All flanges, feedthroughs, connectors, cables, pipes, terminals and devices shall by fully labelled with a secure, permanent method and uniquely identified according to a mutually agreed naming convention.
	R - review of design,
I - inspection

	R3-24
	REQ-022270
	A
	Under normal, non-emergency, conditions, venting (and purging) of CIS1B and CIS2 shall be via a pure, dry air supply that shall be introduced in a carefully controlled manner to avoid swirling air currents that could dislodge contamination (especially particulate).
NOTE: Compressed dry air of ISO 8573 class [1,1,1] or higher is available from a single common supply connection point in L4c.
	R - review of design

	R3-25
	REQ-022271
	A
	The Supplier shall design, supply and install distribution pipework of the pure, dry air from the common supply point in L4c to CIS1B and CIS2.
	R - review of design,
I - inspection

	R3-26
	REQ-022272
	A
	A burst-disk shall be provided on either chamber CIS1B or CIS2 to protect against overpressure during purging and venting with dry air.
	R - review of design,
I - inspection

	R3-27
	REQ-022273
	A
	During the initial stages of pumping of CIS1B and CIS2 chambers the evacuation of air shall be carefully controlled to avoid swirling air currents that could dislodge contamination (especially particulate) so the valves 3, 4 and 6 as shown in Figure 18 shall be soft-start valves.
	R - review of design





[bookmark: _Toc503877708]Optical Support Chassis

	N°
	TC N°
	Requirement Text
	Verification by

	Optical Support Chassis

	R4-01
	REQ-022274
	A
	[bookmark: OLE_LINK4][bookmark: OLE_LINK5]The internal support chassis shall be mechanically de-coupled from the vacuum vessel by means of bellows so that the support posts (isolation legs) of the support chassis can be bolted directly to the laser building structure independently of the vacuum chamber supports.
	R - review of design

	R4-02
	REQ-022275
	A
	The arrangement of the isolation legs and bellows shall conform to Section 2 (Scope of Work) and to a detailed design in the 3D model that will be provided by the Client after the contract signature, which will ensure no movement of the optical support chassis as the chamber pressure is varied.
	R - review of design

	R4-03
	REQ-022276
	A
	The isolation legs shall be made from stainless steel of sufficient section and stiffness to ensure optical stability.
	R - review of design

	R4-04
	REQ-022277
	A
	The optical support chassis for all three chambers shall be designed and manufactured to be free of internal stresses. For CIS1A the optical support chassis shall be made from stainless steel. For CIS1B the table of the support chassis shall be made from stress-relieved cast aluminium slab. 
NOTE: For the two chassis within CIS2 either form can be used.
	R - review of design

	R4-05
	REQ-022278
	A
	The FEM simulations shall be made by the Supplier during the development of the manufacturing drawings to demonstrate the response of the four optical support chassis to vibration and temperature variation The analysis must show no resonances under 30Hz and close to 50Hz.
	A - analysis

	R4-06
	REQ-022279
	A
	The Supplier shall design a set of self-contained mechanical handling aids for CIS2 so that both optomechanical mounts can be securely positioned outside the chamber and then installed horizontally and or vertically directly, e.g. by means of guide rails, into its respective support chassis position through the relevant chamber access door.
	R - review of design

	R4-07
	REQ-022280
	A
	The handling system shall be suitable to operate in a clean room environment of Class 5 according to ČSN EN ISO 14644 standard (equivalent to ISO 14644, or other corresponding equivalent).
NOTE: Regarding the referred to standard the FZU allows/permits also another equal solution to be offered).
	R - review of design,
T - test

	R4-08
	REQ-022281
	A
	The handling system shall not rely on the L4b or L4c hall cranes.
	R - review of design




[bookmark: _Toc503877709]Control systems

	N°
	TC N°
	Requirement Text
	Verification by

	Controls, personal and machine safety 

	R5-01
	REQ-022282
	A
	Pumps, valves, actuators, encoders, sensors and other instrumentation shall be delivered with control systems, power and utilities connections as necessary for correct and safe operation of the CIS, and with full English-language documentation. 
	[bookmark: OLE_LINK77]R - review of design,
I - inspection

	R5-02
	REQ-022283
	A
	All control systems hardware shall be selected from an Approved Hardware List (to be finalized with the Supplier) to be compatible with the hardware used for the L4 laser controls. Use of custom-made hardware or devices not on the Approved Hardware List must be justified by the Supplier and approved by the Client on a case-by-case basis.
NOTE: This list contains off-the-shelf control system devices that are compatible with the L4 system controls, have been verified by the Client and for which spares are maintained.
	R - review of design

	R5-03
	REQ-022284
	A
	All pumps, valves, actuators, sensors and other instrumentation which has a computer interface such as RS-485 or Ethernet shall be provided with LabVIEW drivers and/or API and a basic demonstrative graphical user interface (GUI). All drivers shall follow the National Instruments’ Instrument Driver Guidelines, and shall be verified as compatible with the National Instruments Real-Time operating system (NI ETS 2014 – see KB 4LRA4IQ0) on the RMC-8354 real-time server computer, to ensure compatibility with the existing integration platform of the Client for the L4 laser and for other major laser equipment of ELI-Beamlines.
NOTE: The control system of the L4 laser into which the CIS controls will be integrated is based on LabVIEW 2014 SP1.
	R - review of design,
I - inspection

	R5-04
	REQ-022285
	A
	All software forming part of the control system, including but not limited to drivers (R6-03) and FPGA firmware, shall be provided fully open-source in LabVIEW, and use only National Instruments’ distributed libraries and those by 3rd parties in wide circulation via the VI Package Manager. No DLLs, COM or .NET objects or any other mechanisms for calling closed-source external code shall be used. All software shall have full English-language documentation.
	R - review of design,
I - inspection

	R5-05
	REQ-022286
	A
	All critical control systems software shall run on embedded real-time computing hardware chosen from the Approved Hardware List (R5-02). NOTE: Basic GUIs and non-critical software that are not essential for correct and safe operation of the CIS may run on Windows (or equivalent) or Linux (or equivalent) PCs, as necessary.
	R - review of design





[bookmark: _Toc503877710]Packaging and Transportation requirements

	N°
	TC N°
	Requirement Text
	Verification by

	Packaging and transportation requirements

	R6-01
	REQ-022290
	A
	For the duration of its transport the CIS vacuum chambers and other vacuum envelope sections shall be hermetically sealed under dry air or nitrogen. The initial wrapping of all parts shall be in multiple layers of plastic film (as sheet or bags) of type specifically for use in contamination controlled areas.  This clean conditions wrapping shall be further enclosed in robust outer packaging and transport crates as necessary for protection and handling during shipping to the ELI-Beamlines site.
	I - inspection

	R6-02
	REQ-022291
	A
	The Supplier shall transport the components to the ELI-Beamlines facility and shall remain responsible (with appropriate insurance cover) up to the point of offloading at the ELI-Beamlines Facility loading ramp. Offloading of the CIS components at the building entrance will be carried out by fork lift truck (FLT) so the packages shall be palletised to suit FLT handling.
	R - review of design,
I - inspection

	[bookmark: _Hlk498014599]R6-03
	REQ-022292
	A
	In order to fit in the lift the maximum dimensions of any component transport package shall not exceed 5.5 x 5.1x2.95 m3 and its weight shall not exceed 10 tons.
NOTE: Transport through the Laser Building will involve the use of a goods lift to transition between floors.
	R - review of design




[bookmark: _Toc503877711]Testing, inspection, documentation and warranty

	N°
	TC N°
	Requirement Text
	Verification by

	Testing, inspection, documentation and warranty

	R7-01
	REQ-022293
	A
	The CIS chambers and associated vacuum components shall be cleaned and vacuum tested at the manufacturer’s works prior to acceptance for transport to ELI-Beamlines. 
NOTE: FZU will carry out its own spot check tests to confirm vacuum cleanliness of each of the three chambers using its own test method.
	T - test

	R7-02
	REQ-022294
	A
	Vacuum pumping tests shall prove that the CIS chambers and associated vacuum components can be pumped down to 10-7 mbar and using the quadrupole mass spectrometer it shall be demonstrated that volatile organic compounds (VOCs) and other impurities are not present at the lower limit of detection of this spectrometer.
	T - test

	R7-03
	REQ-022295
	A
	In addition to doors and access ports, all flanges and openings of the CIS chambers shall be provided with ISO-K (or equivalent solution compatible with HV) closures to enable the vessel to be vacuum tested prior its final installation at ELI-Beamlines.
	R - review of design,
I - inspection

	R7-04
	REQ-022296
	A
	Only new materials and equipment with manufacturer’s full warranty shall be used for the entire scope of supply.
	I - inspection

	R7-05
	REQ-022297
	A
	All equipment shall be supplied with at least 24 months warranty, except turbomolecular pumps and control systems (vacuum control system and optomechanical electronic controls) where the minimum warranty period shall be at least 12 months and vacuum valves which shall be warranted for a minimum of 100,000 open/closed cycles.
NOTE: The warranty for individual subsystems will be counted from the respective date of delivery to ELI-Beamlines.
	I - inspection

	R7-06
	REQ-022298
	A
	The CIS shall be delivered with fully detailed installation and operational manuals, certification and technical documentation, in English language.
	R - review of design,
I - inspection





[bookmark: _Toc503877712]Safety Requirements

[bookmark: _Toc498090025][bookmark: _Toc498090168][bookmark: _Toc498095187][bookmark: _Toc499542503][bookmark: _Toc499556512][bookmark: _Toc499817864][bookmark: _Toc501015171][bookmark: _Toc503877713]General Safety Requirements

	N°
	TC N°
	Requirement Text
	Verification by

	General Safety Requirements

	R8-01
	REQ-022300
	A
	The Supplier shall supply a Declaration of Conformity or any other equivalent document legally recognized and accepted in the Czech Republic for each product type if the appropriate legislation determines the Supplier's obligation to have a Declaration of Conformity (or the equivalent document) for the purposes of a Device sale in the Czech Republic to fulfil the requirements of 2001/95/EC directive or applicable Czech law.
	I - inspection

	[bookmark: OLE_LINK16]R8-02
	REQ-022301
	A
	The Declaration of Conformity shall contain at least the following norms: 
· ČSN EN 61010-1 ed. 2 Safety requirements for electrical equipment for measurement, control, and laboratory use (equivalent to EN 61010-1); 
· ČSN EN 61326-1 Electromagnetic compatibility (EMC) standard for measurement, control and laboratory use (equivalent to EN 61326-1).
	R - review of design,
I - inspection





[bookmark: _Toc498090026][bookmark: _Toc498090169][bookmark: _Toc498095188][bookmark: _Toc499542504][bookmark: _Toc499556513][bookmark: _Toc499817865][bookmark: _Toc501015172][bookmark: _Toc503877714]Personal and Machine safety

	N°
	TC N°
	Requirement Text
	Verification by

	Personal and Machine safety

	R8-03
	REQ-022302
	A
	A risk-assessment and failure mode and effects analysis (FMEA), to agreed standards, shall be conducted by the manufacture for the control systems in their scope of supply. Hazards to persons and the environment, and failures exceeding €10k damages or requiring more than 8 hours down-time shall be identified and considered.
	R - review of design,
A - analysis

	R8-04
	REQ-022303
	A
	Personnel Protection Systems and Machine Protection Systems shall be provided that provide sufficient control over the hazards and failures identified in R8-04 to a mutually acceptable risk level. Where possible, components used in these systems shall comply with IEC 61508 SIL3 level.
	I - inspection

	R8-05
	REQ-022304
	A
	If risk assessment (FMEA) shows the need for control system mitigation for personnel protection, implementation shall comply with IEC 61508 SIL 3.
	R - review of design

	R8-06
	REQ-022305
	A
	For R8-04 and R8-05, the hazard of asphyxiation during venting when using oxygen-depleted gases or gas mixtures shall be explicitly considered and the Supplier shall demonstrate that this risk is as low as reasonably practicable.
	R - review of design

	R8-07
	REQ-022306
	A
	For R8-04 and R8-05, the hazard of persons becoming trapped in the chamber shall be explicitly considered and the Supplier shall demonstrate that this risk is as low as reasonably practicable.
	R - review of design

	R8-08
	REQ-022307
	A
	For R8-04 and R8-05, the hazard of personnel injury when working on top of and around the sides of the chamber shall be explicitly considered and the Supplier shall demonstrate that this risk is as low as reasonably practicable (e.g., hand rails and ladder elements included in design in accordance with Czech Republic Government Resolution NV 362/2005 Annex 1).
	R - review of design

	R8-09
	REQ-022309
	A
	All exposed metal parts (chamber, tubing, valves, etc.) shall be electrically bonded to the facility ground for machine and personnel safety.
	R - review of design,
I - inspection
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[bookmark: _Toc503877715]List of Abbreviations

	Abbreviation
	Meaning

	A
	Analysis (as a verification method; see details in the Annex-III)

	API
	Application Programming Interface

	BiSS
	Bidirectional / Serial / Synchronous

	CIS
	Compressor Image relay System

	COTS
	Commercial off the shelf

	DN
	Diameter Nominal

	ELI
	Extreme Light Infrastructure 

	FEM
	Finite Element Method

	FMEA
	Failure Modes and Effects Analysis

	FPGA
	Field-Programmable Gate Array

	FZU
	Fyzikální ústav, Institute of Physics (IoP), Academy of Sciences of the Czech Republic

	GUI
	Graphical User Interface

	HV
	High Vacuum (approximately 10-6 - 10-8 mbar)

	I
	Inspection (as a verification method; see details in the Annex-III)

	IoP
	Institute of Physics (in Czech Fyzikální ústav, FZU)

	ISO
	International Standards Organization (here ISO-K and ISO-F vacuum flanges)

	L x W x H
	Length x Width x Height

	L4
	Laser system No 4 of ELI-Beamlines

	MSS
	Machine Safety System

	N/A or N.A.
	Not Applicable

	NI
	National Instruments

	OM
	Optomechanics

	PC
	Personal Computer

	[bookmark: OLE_LINK20]PLC
	Programmable Logic Controller

	PW
	Petawatt

	NCR
	Non-Conformity Report (see details in the Annex-III)

	R
	Review of Design, Review (as a verification method; see details in the Annex-III)

	RF
	Radio Frequency

	RIO
	Reconfigurable I/O

	RMS
	Reference Mechanical System

	RSD
	Requirement Specification Document

	RTD
	Resistance Temperature Detector

	RTS
	Real-time Server

	SCADA
	Supervisory Control and Data Acquisition

	SI
	International System of Units

	SIL
	Safety Integrity Level

	T
	Test (as a verification method; see details in the Annex-III)

	TC
	Teamcenter (Product Lifecycle Management System) of ELI-Beamlines

	TMP
	Turbo Molecular Pump

	TVS
	Transient Voltage Suppression

	CDR
	Critical Design Review (see details in the Annex-III)

	VCD
	Verification Control Document (see details in the Annex-III)

	VCS
	Vacuum Control System

	VOC
	Volatile Organic Compounds

	VP
	Verification Plan (see details in the Annex-III)



[bookmark: _Toc503877716]Reference drawings and diagrams

	TC ID No.
	Title of document / File
	Description

	00158688/B
	L4_CIS_Vacuum_Controls_Overview_V2_12-Dec-2017.pdf
	L4 CIS Vacuum Controls diagram;
L4 CIS Vacuum Volume State Machine;
L4 CIS Cooling Water  Overview;
L4 CIS Pneumatics Design.

	[bookmark: OLE_LINK17]00158689/B
	L4_CIS_Simplified_Motion_Controls_V2_12-Dec-2017.pdf
	

	00159754/A
	[bookmark: OLE_LINK3]L4_CIS_Vacuum_scheme_11-Dec-2017.pdf
	L4 CIS Vacuum scheme

	00158671/A
	00158671-A_3.4_ES_Drawing_Package-L4_CIS_TP17_044.pdf
	Drawing package (see below)



9. [bookmark: _Ref488388757][bookmark: _Toc503877717]Drawing Package

Detailed list of drawings included within “00158671-A_3.4_ES_Drawing_Package-L4_CIS_TP17_044.pdf” file:

	No.
	TC ID No.
	No. of sheets
	Drawing Title
	Description

	1
	00158671/A
	1
	L4 CIS Assembly
	Isometric view

	2
	00158671/A
	1
	L4 CIS Assembly
	Orthographic view

	3
	00158671/A
	1
	CIS1A
	

	4
	00158671/A
	1
	CIS1A
	

	5
	00158671/A
	1
	CIS1B
	

	6
	00158671/A
	1
	CIS1B
	

	7
	00158671/A
	1
	CIS2
	

	8
	00158671/A
	1
	CIS2
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Main racks in L4b control room

Location: CIS control cabinet(s)

Function:

Control points Device Interfaces Low-level controllers Integration Integration and laser interface

V

VACUUM MAIN CABINET FRONT PANEL (suggested layout)

Local device 

layer switch

All signals crossing this line 

require routing of long cabling or 

optic fiber to centralised L4 racks 

(in control room)

Front panel HMI + solenoid

Simulated for 

development

NB: Pilot buttons and 

indicators interfaced to 

Low-level vacuum 

sequence controller

Safe switch directly 

connected to turbo pump 

power circuits and to 

valve 24V supply circuit

24V

24V

Front panel

NB: TMP serial links are for 

status only – control over start/

stop is only via digital I/O

7,5

6,4

TMP 1, 2

RS 485

Backing valve

Position

Terminals

Control unit

Low-level I/O

patch panel

Terminals

Valve DC circuit

Fuses

AC power

Miniature circuit 

breaker

230VAC

Actuation

8 Valves

Pipes

Terminals/relays

Pneumatic 

control valves

Valve control

Valve status

Valve status

TMP control

TMP control

Switch status

Actuation Pipes

Actuation Pipes

1 x  Soft-start valve

Automatic 

purge valve

16

Position

Actuation Pipes (polymer)

Valve manifold

1 x  Soft-start valve

Manual vent 

valve

Position switches

17

Terminals

Terminals

Terminals

Terminals

NB: Additional purge 

and exhaust valves may  

installed at discretion 

of supplier

Serial device server fault

Valve status

Valve status

Valve status

Valve status Gate valve control

Valves

CIS VCS

Compressor 

VCS

E3 VCS

Central VCS L4 MSS

E3 MSS

L4 PSS

E3 PSS

3

230VAC in

‘vacuum kill’ 

mushroom push 

button

230VAC to cabinet

Items right of line provided by IoP. Supplier shall use provided items for controls integration

Items left of line provided by supplier unless noted. Supplier shall provide controls & integration unless noted

Optic fiber

Industrial DIN-mount 

switch

Blue signals crossing this pink line 

shall be routed using CAT 6A 

cables to DIN-mount switches 

located in the control cabinet 

(space to be reserved)

PNEUMATIC 

LOCATION 

NUMBER

All connections crossing this blue line shall be routed from the chamber to the control cabinet via 

cable tray using shielded cables and shielded trays

All cables entering the CIS control cabinet shall have their shield bonded to a grounding bar close to 

the point of entry. Shields of cables entering control cabinet should not be directly connected to 

chamber (i.e., shields should be connected at cabinet end only)

These are the minimum control points required. Supplier may add additional 

control points as necessary to meet all other system requirements

Controls for TMP 2 (LN 5) shall 

be prepared and tested but 

device will not be installed and 

is reserved for future upgrade
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Vacuum FPGA 

Controller

FPGA Controller

2x Gate Valves

Actuation

terminals

terminals

air

Output Gate Valve 

Interfaces to safety 

systems

dry contact 

NB: Simulated for 

development (terminals 

prepared for wiring)

Safety-rated 

pneumatic 

control valve x2

Position

Valve

Solenoid 1

relays

relays

Controls for valve 18 shall be prepared 

and tested but vacuum connection to 

far side is a future upgrade

10,18

Gauge x2

Pirani/Bayard-alpert 

wide-range gauge

11-13

Pressure  terminals

Gauge x2

Accurate vented 

pressure gauge

Pressure terminals

Residual gas 

analyzer 1

Ethernet

Low-level I/O 

module

44

terminals

DSUB 15

Ethernet port 6

0

Interface to laser MSS 

and connected vacuum 

zones

(dry contact)

NB: Interface to be 

simulated for 

development  (terminals 

prepared for wiring)

Permission for active operation

Permission to begin purging and venting activities

Permission to open rouging valves

Permission to start TMPs

Vacuum instrumentation

Roughing and backing pressure, analogue

1,2

24V

24V

Low Level VCS/MSS interface

RGA control interface

fuses

Programmable analogue outputs from RGA, 

where available

patch panel

0

AC power MCB

230VAC

24V

Main front-panel 

isolation switch

24V

skDO

FPGA controller

MSS (B) permit MSS (A) permit

PSS (B) permit PSS (A) permit

Fuse/MCB

PSS (B) valve 

position 

feebdack

PSS (A) valve 

position 

feebdack

Common

Safety relay

relay

Safety relay

relay

Example of suitable safety 

control valve wiring scheme

terminals

Output Gate Valve 

Position feedback

dry contact

NB: Simulated for 

development (terminals 

prepared for wiring)

Gate valve position interface

Solid state 

relay (SSR)

Output gate valve position

FPGA Controller

Pressure 

sensor x4

Voltage out (M8)

5-8

Terminals

24V

24V

Gate valve safety interface

L4 PSS

NO/NC out

20-28

Safety interface

DC PSU 1-X

DC OK signal

All power supplies and DC-DC converters shall have 

fault monitoring. 

Solenoid 2

Position sensor

Position sensor

terminals

terminals

terminals

terminals

terminals

terminals

Gate valve permission, 

control and status wiring

Valve DC circuit

air

L4 PSS

L4 PSS

L4 PSS

L4 PSS

1 permit per valve

1 permit per valve

1 status per valve

1 status per valve

L4 MSS

PSS open permissive 1

PSS open permissive 2

Control valve closed 1

Control valve closed 2

L4 MSS MSS open permissive 1

MSS open permissive 2

2 status per valve

2 status per valve

Gate valve open, closed

Gate valve open, closed

L4 MSS

E3 MSS

relays

2 status per valve

1 permit per valve

1 permit per valve

L4 MSS

E3 MSS

relay

relay

relay E3 VCS

CIS Volume Good

CIS Volume Good

CIS Volume Good

L4 MSS

E3 MSS

relay

relay

relay E3 VCS

CIS Volume Vented

CIS Volume Vented

CIS Volume Vented

L4 MSS

E3 MSS

relay

relay

relay E3 VCS

CIS Volume High Vacuum Ready

CIS Volume High Vacuum Ready

CIS Volume High Vacuum Ready

E3 VCS

E3 VCS

terminals

terminals

Request to Open GV19

Request to Close GV19

relay

relay

E3 VCS

E3 VCS

GV19 Ready to Open

GV19 Ready to Close

Central VCS

Central VCS

terminals

terminals

Roughing Vacuum Good

Backing Vacuum Good

relay

relay

Central VCS

Central VCS

Request Central Roughing

Request Central Backing

Compressor VCS

Compressor VCS

terminals

terminals

Request to Open GV10

Request to Close GV10

Compressor VCS

Compressor VCS

relay

relay

GV10 Ready to Open

GV10 Ready to Close

Compressor VCS

Compressor VCS

terminals

terminals

Compressor Volume Good

Compressor Volume Vented

Compressor VCS

Compressor VCS

terminals

terminals

Compressor Volume Rough Ready

Compressor Volume HV Ready

E3 VCS

E3 VCS

terminals

terminals

Connected Volume Good

Connected Volume Vented

E3 VCS

E3 VCS

terminals

terminals

Connected Volume Rough Ready

Connected Volume HV Ready

L4 MSS

L4 MSS

L4 MSS

L4 MSS

terminals

terminals

terminals

terminals

Permission to Vent CIS Volume

Permission to Rough CIS Volume

Permission for HV CIS Volume

Permission to Operate

12-14

Gauge x2

Pirani gauge

1-2

Pressure  terminals

CIS 1 and CIS 2 pressure, analogue

CIS 1 and CIS 2 pressure, analogue

24V

24V

24V

24V

24V

24V

Supply pressure 

switch x4

Type recommended 

for safety 

applications

NO/NC out Terminals

Actuator 

pressure 

switch x5

Type recommended 

for safety 

applications

Terminals

L4 PSS

supply pressure sensors 8 switch contacts (4 NO/NC)

10 switch contacts (5 NO/NC) actuator pressure sensors

Utilities Monitoring

24V

Anti-tamper compressed air 

pipes for safety elements

1 control per valve
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L4 CIS Pneumatics Design

8mm - G½

40 um

0.3 to 7 bar

1 um 0.01 um

Carbon

Dryer

Electrical shut-

off (vented on 

power failure)

Main inlet 

from HUB

(clean dry air)

8mm 

- G½

8mm – G1/4

Max 1000 l/min e.g.

GR-QS-8

Manual flow 

control valve 

Air preparation modular assembly with required 

safety features

Manual 

shut-off

Inlet Pressure (voltage output)

Manifold Pressure 

(voltage output)

Distribution 

Manifold

Air Distribution Manifold Cabinet 

for L4c area (for information only)

Manifold Pressure (dial 

indicator)

Control Cabinet (or mounted locally to chamber)

Purging 

circuit

10

17

18a

Actuator 

circuit

8 9

Spare 1

Monistable pneumatic 

control 

DN630 gate valve

Overpressure 

burst disc

Mechanical

ON/OFF

Soft

start

Safety-rated 

silencer

Pneumatically controlled gate valve with 

failsafe gravity-close and redundant spring

10

VACUUM VOLUME

Miniature 

burst discs or 

safety valves

NB: burst disc shall be included on CIS 1 

chamber. Discs shall be protected 

against accidental rupture from outside 

(e.g., piecing when moving equipment)

Manual vent 

valve

Automatic vent-

inlet soft start 

valve

Automatic 

purge-exhaust 

soft start valve

18b

Purge supply

Inlet for emergency venting during loss of power 

(does not contaminate tubing and chamber)

Electronic pressure 

sensors 0..10 bar and 

vacuum 0..-1 bar

Max: 1000 l/min 

from a single 

manifold

PDAD high-performance 

dryer to -70 dew point

Buffer

3-way

3-way

NB: two-way valves are not allowed on purge circuit due to risk of 

blocking emergency venting inlet

Dew point sensor (Vaisala 

DPT146, 0-10V out)

22

19

20

3/2 self-monitoring safety valve

Tamper-proof stainless piping

Yellow labelling indicating safety function

1

3/2 self-monitoring safety valve

Tamper-proof stainless piping

Yellow labelling indicating safety function 23

Monostable pneumatic 

control 

DN500 gate valve

Pneumatically controlled gate valve with 

failsafe gravity-close and redundant spring

Valve must provide protection against 

unexpected start and safe venting (reliable 

closing of valve on demand)

11

2

5

6

7

8

Each line below represents one inlet/outlet 

combination (2 pipes)

9

10

3

4

1

2

2

2

2

2

2

2

2

2

High density valve manifold

2

2

3

5

All piping shall 

be fully routed 

and supported 

on chamber

Items shall be provided by supplier. Supplier shall fully integrate, test, 

and provide controls for provided items unless noted. Exact design 

may differ; final design shall be subject to client approval

Items shall be provided by client (on-site at time of installation only)

Valve must provide protection against 

unexpected start and safe venting (reliable 

closing of valve on demand)

3/2 self-monitoring safety valve

Tamper-proof stainless piping

Yellow labelling indicating safety function

25

Monostable pneumatic drop-

shutter control 

Pneumatically controlled 

CIS1A 

laser shutter with 

failsafe gravity-close. Additional spring force to 

decrease closing time

Valve must provide protection against 

unexpected start and safe venting (reliable 

closing of valve on demand)

3

21

Items shall be provided by client (on-site at time of installation only)

0.01 um

Pilot supply 

available

Flow sensor

5/2 self-monitoring safety valve

Bistable pneumatic mirror 

inserter control 

Pneumatically controlled 

OMBD 

beam dump

5/2 control with safe reversal

Valve must provide protection against 

unexpected start and safe venting (reliable 

closing of valve on demand)

4

Reservoir for 

fail-safe closing on 

loss of supply pressure

24

NB: CIS1A controlled by 

motion control system

NB: OMBD controlled by 

motion control system

27

28

26

13

12
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5

RTD

Main chamber flange mount

L4c Water distribution 

manifold 

(for information only)

Manual CV

7

RTD

Manual CV

Cold outlet RTD

Pre-filter water 

pressure

Main inlet from HUB

Main outlet to HUB

Drains

All piping shall be fully routed and 

supported on chamber

Drains

Post-filter water 

pressure

Return water 

pressure

RTD connected to client’s 

monitoring system

RTD connected to client’s 

monitoring system

Items shall be provided by supplier. Supplier shall fully integrate, test, 

and provide controls for provided items unless noted. Exact design 

may differ; final design shall be subject to client approval

Items shall be provided by client (on-site at time of installation only)

Controls for TMP 2 (LN 5) shall 

be prepared and tested but 

device will not be installed and 

is reserved for future upgrade

Flow sensor

Flow sensor
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OFF

CIS 

ALIGNMENT 

MODE

CIS MOTION 

STANDBY

CIS MOTION 

DONE

MOVES 

COMPLETE

DEACTIVATE

PERMISSION FOR CIS 

MOTION

ACTIVATE

DEACTIVATE

CIS MOTION 

FAULT

MSS output signal: 

CIS MOTION DONE

E-STOP 

(LOSS OF 

POWER)

INITIALISE

Start state on 

restoration of power

RECOVER

MSS output signal: 

CIS MOTION GOOD

FAULT

FAULT

FAULT

Transition on 

request

Automatic 

transition

In normal operation once the moves are complete, CIS motion goes to MOTION DONE state. If 

no more alignment is required, the L4 control system will then call the DEACTIVATE transition. 

MSS will then remove PERMISSION FOR CIS MOTION once verifying CIS MOTION DONE is 

asserted. After this the laser may fire.

In normal operation to begin alignment, MSS will grant the PERMISSION FOR CIS MOTION. This 

will also prevent the laser from firing. The L4 control system will then call the ACTIVATE 

transition, followed by the sequence of moves. When any drives are moving, CIS MOTION 

DONE is de-asserted by the motion controllers
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FPGA controller

Mirror OM3

 Yaw/Pitch/Axial

open loop

 

control

6 x Limit switches

In vacuum

Chamber flange mount CIS control cabinet

FPGA controller

Stepper Motor x3

3x Power stage

Terminals

Closed-loop motion 

low-level controller

Terminals

Local device 

layer switch

Ethernet port

0

Blue signals crossing this pink line 

shall be routed using CAT 6A 

cables to DIN-mount switches 

located in the control cabinet 

(space to be reserved)

Industrial DIN-mount 

switch

Ethernet port

0

24V

IOC

RMC-8354

NI RTOS

4-port Ethernet 

NI PCIe 8233

4

2

3

1

192.168.1.XXX

192.168.2.XXX

COM3

CIS motion 

control server

Main racks

Uplink ports

Signals crossing this line 

require long cabling to 

centralised racks

NB: Motor movement shall be prevented 

unless motion permissive is granted (24V-

rated dry contact closure). Permissive is 

removed before a laser shot

Location: CIS control cabinet

Function:

Control points Device Interfaces Low-level controllers Integration Integration and laser interface

RTDs x 4

Motion 

controller 

interface

Drives and 

interfaces

Low-level 

interfaces

Low-level 

interfaces

4-wire RTD

All connections crossing this 

purple line shall be provided 

with vacuum feedthroughs 

and connectors on both sides 

of the flange

Items right of line provided by IoP. Supplier shall use provided items for controls integration

Items left of line provided by supplier unless noted. Supplier shall provide controls & integration unless noted

These are the minimum control points required. Supplier 

may add additional control points as necessary to meet all 

other system requirements

3 x Short travel 

stepper actuators

Parabola

OAP1

 Yaw/Pitch/Axial

closed loop 

control

6 x Limit switches

3 x Short travel 

stepper actuators

3 x Absolute 

position encoders

OM3.5

90° Rotation (‘flip’) 

control

1 x rotation stage 

stepper actuators

2 x adjustable end 

position switches

OM4

 Yaw/Pitch

closed loop 

control

4 x Limit switches

2 x Short travel 

stepper actuators

2 x Absolute 

position encoders

MOT01

MOT02

POS01

POS02

MOT04

MOT05

MOT07

MOT08

MOT09

POS04

POS05

All connections crossing this blue line shall be routed from the 

chamber to the control cabinet via cable tray using shielded 

cables and shielded trays

All cables entering the CIS control cabinet shall have their shield 

bonded to a grounding bar close to the point of entry. Shields of 

cables entering control cabinet should not be directly connected 

to chamber (i.e., shields should be connected at cabinet end 

only)

All devices in this section (CIS Control Cabinet) should be 35 

mm top-hat DIN rail mount. Control cabinet shall be 1 or 

more bayed Rittal TS-8 or enclosure of equivalent 

specification 

Motor drive intelock

Stepper motor 

stages via step-

direction-

enable control

Some closed 

loop with 

absolute 

position 

encoders

Motor interlock 

required as 

direct input to 

all drives 

(remove 

permissive = 

disable drive)

Stepper Motor x3

3x Power stage

Terminals

Motor drive intelock

Encoder patch panel

Stepper Motor x1

1x Power stage

Terminals

Motor drive intelock

Low-level 

interfaces

Stepper Motor x2

2x Power stage

Terminals

Motor drive intelock

Encoder patch panel

Motion 

permissive

Motion permissive status in

Motion permissive status in

Required temperature monitoring:

- x1 RTD per mirror (for thermal loading due to laser scatter or to measure 

heating from motors or encoders). Additional RTDs should be included for 

motors that may be prone to overheating in vacuum, RTDs should be Class A 

accuracy or better. RTDs shall be located in thermal contact with the mirror 

mount frame. It should be possible to dismount the RTD and relocate it if 

required

Low-level 

interfaces

1 x RTD

1 x RTD

1 x RTD

1 x RTD

Stepper motor 

stages via step-

direction-

enable control

Some closed 

loop with 

absolute 

position 

encoders

Motor interlock 

required as 

direct input to 

all drives 

(remove 

permissive = 

disable drive)

Temperature 

monitoring via 

RTD with 

settable limits 

for direct 

output to

MSS fault 

signal

DC

Motion controller fault output

Motion controller fault output

NB: Division of FPGA controllers into individual instances is at 

the discretion of supplier, however closed-loop motion loops 

shall be implemented only on a single FPGA

Motion 

controller 

interface

Optic fiber

Main device 

layer switch

Local device 

layer switch

Simulated for 

development

MSS I/O 

via serial 

port

Motion complete output

Motion complete output

Motion controller faults

Motion complete

Motion permissive

CIS 1A Chamber

OMBD

Binary translation 

380mm Pneumatic 

actuator

2x Limit switches

Note: if OMBD is implemented using a stepper motor instead of 

pneumatic actuator, replace control valve with motor drive and 

interlock drive according to equivalent interface

SHUT

Pneumatically 

actuated drop 

shutter

2x Limit switches

L4 PSS

L4 MSS

Safety-rated 

pneumatic 

control valve x2

Valve

Solenoid 1,2

3,4

Position sensor 1,2

relays

relays

terminals

terminals

terminals

terminals

terminals

fuses

Actuator DC circuit

air

CIS 1B Chamber

DC

L4 MSS

DC

Actuator position 

(inserted/retracted)

Actuator control 

(insert/retract)

L4 PSS

PSS control valve permissions (x4 contacts)

MSS control valve permissions (x4 contacts)

PSS control valve feedback (x4 control valve closed)

MSS switch feedback (2x inserted/retracted)

L4 safety systems

Shutter and beam dump safety interface

Anti-tamper compressed air 

pipes used with safety 

elements

Shutter & beam 

dump interfaces 

to safety systems

dry contact 

NB: Simulated for 

development 

(terminals 

prepared for 

wiring)

MOT03

MOT06

POS03
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FPGA controller

DC

relays/terminals

MSS I/O

Permission for CIS 

motion

L4 machine safety 

system

Drives and 

interfaces

relays/terminals

MSS interface shall be routed using blue-jacketed shielded multicore cable to 

central racks. All signals shall be dry-contact (24V supplied by remote system). 

Standard industrial-spec relays may be used to combine and distribute signals

OM4.5

 Yaw/Pitch 

closed loop 

control

4 x Limit switches

2 x Short travel 

stepper actuators

2 x Absolute 

position encoders

Translation control 

insert/retract

1 x long travel stage 

stepper actuator

OM5

 Yaw/Pitch 

closed loop 

control

4 x Limit switches

2 x Short travel 

stepper actuators

2 x Absolute 

position encoders

MOT10

MOT11

POS06

POS07

MOT12

MOT13

MOT14

POS08

POS09

2 x adjustable end 

position switches

Stepper Motor x2

2x Power stage

Terminals

Motor drive intelock

Patch panel

Stepper Motor x1

1x Power stage

Terminals

Motor drive intelock

Stepper Motor x2

2x Power stage

Terminals

Motor drive intelock

Patch panel

Low-level 

interfaces

1 x RTD

1 x RTD

Low-level 

interfaces

CIS 2 Chamber

Ethernet port 0

Low-level 

interfaces

Terminals

RTDs x 3

4-wire RTD

 CIS Motion Good

Motion controller fault output

DC PSU 1-X

DC OK signal

All power supplies and DC-DC converters 

shall have fault monitoring. Signals read 

by relevant FPGA controller. 

NB: Interfaces to MSS via 24V-rated 

dry contact closures.

Stepper motor 

stages via step-

direction-

enable control

Some closed 

loop with 

absolute 

position 

encoders

Motor interlock 

required as 

direct input to 

all drives 

(remove 

permissive = 

disable drive)

Temperature 

monitoring via 

RTD with 

settable limits 

for direct 

output to

MSS fault 

signal

Motion 

controller 

interface

Motion control MSS interface

Local device 

layer switch

relays/terminals

Motion complete output

 CIS Motion Done

Motion controller faults

Motion complete

Motion permissive

Motion controller faults

Motion complete

Motion permissive
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