	
	Document Type
	Design Description

	
	Document Number
	ESS-0127782

	
	Date
	Aug 17, 2017

	
	Revision
	1 (1)

	
	State
	Preliminary

	
	Confidentiality Level
	Internal

	
	Page
	1 (3)




[Type text]	[Type text]	[Type text]

	Document Type
	Design Description
	Date (1)
	Aug 17, 2017

	Document Number
	ESS-0127782
	State 
	Preliminary

	Revision
	1 (1)
	Confidentiality Level 
	Internal




	

	

	

	Gamma Blockers Detail Design Report

	




	
	Name
	Role/Title

	Owner
	Karol Szymczyk, 
Marcin Wojciechowski, 
Sławomir Wronka
	<<Role/ Title>>

	Reviewer
	<<Name>>
	<<Role/ Title>>

	Approver
	<<Name>>
	<<Role/ Title>>










SUMMARY
In this report, detailed design of Gamma Blockers (GB) is presented. GBs are responsible for stopping gamma radiation from the activated target wheel and dump in the ESS accelerator tunnel. Two Gamma Blockers were designed, one in the accelerator to target (A2T) section, in the line of sight of the target wheel, and one in the dump line section, in the line of sight of the beam dump. Detailed Design Review - DDR covers radiation studies, mechanical design, hazard analysis, project schedule, verification plan, quality plan, risks analysis and safety issues.
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[bookmark: _Toc492980778]Introduction
The purpose of the Detailed Design Report (DDR) is to present and document the Gamma Blockers (GB) design for the A2T and dump line sections (DmpL). The main subject of DDR is the Gamma Blockers design for the A2T and DmpL sections. One gamma blocker is foreseen in the accelerator to target the (A2T) region, in the line of sight of a target wheel, and the second in the dump line region, in the line of sight of the tuning beam dump.
The main Gamma Blocker function in both cases is to absorb residual gammas from the activated target and tuning beam dump, in order to allow maintenance work in the (A2T) and dump-line areas. The gamma blockers will only be used during beam off mode.
[bookmark: _Toc492980779]GB Requirements
Two GB systems have been designed:
· One in the A2T section, before the Neutron Shield Wall (NSW)
· One in the Dump Line section, in front of the Tuning Dump

The requirements for the gamma blockers are specified at:
· A2T.ID and DMPL.ID L3 Requirements [3]
· A2T.ID L4 Requirements [4]
· DmpL.ID L4 Requirements [5]
· A2T.ID and DmpL.ID L4 interface requirements [6]
[bookmark: _Toc492980780]Radiation Calculations
[bookmark: _Toc492980781]Assumptions
FLUKA Simulation package was used to calculate the dose equivalent rate (DOSE EQ) inside the A2T tunnel and beam dump section. During the radiation calculations, the backward gamma radiation inside the beam pipe from the target wheel and beam dump was observed during the beam off. The input file delivered by ESS, with the gamma radiation spectrum, was analysed by FLUKA as recommended by ESS Accelerator Division.
Recommendation of design criteria for the radiation level upstream of the GB which was presented in the document “Considerations for Gamma Blocker design related to radiation safety, ESS-0087526” [1], were taken into account during this design.
“For gamma blocker in the line of target: 100 μSv/h on contact for 5 years of irradiation of target (max 2 GeV, 5 MW beam) and no cool-down.
For gamma blocker in the line of beam dump: 100 μSv/h on contact for 50 years of irradiation of beam dump (max 2 GeV, 12 kW beam) and no cool-down.”
[bookmark: _Toc492980782]Conclusions
The Radiation Calculation for the gamma blockers are specified at “ESS Gamma Blockers Shielding Calculation, ESS-0123376” [2]. Based on the simulations and calculations, NCBJ recommends to use 20 cm GB thickness made by steel 316L in the A2T section, and 10 cm GB thickness in the Beam Dump section.
[bookmark: _Toc492980783]Mechanical Design
[bookmark: _Toc492980784]Requirements
Following requirements for the Gamma Blockers have been established:
	[bookmark: _Toc492980806]Table 1	Requirements for Gamma Blockers design

	Property
	A2T Gamma Blocker
	DmpL Gamma Blocker

	Device Layout
	Movable GB core placed in a vacuum chamber connected to beam line. Movement range should allow to reach two positions: “Open”, in which the core does not interfere with proton beam, and “Closed”, in which the core will block residual gamma radiation coming from the target/beam dump.

	Beam line interface
	DN160 Quick CF
	DN250 Quick CF

	Power-fail sequence
	GB core should move to closed position, with a 1.5 second delay between indication of movement and first possible beam-GB core interaction, to allow proper MPS action.

	Position indication
	Indication of “Open” and “Closed” core positions, separate circuits for MPS, PSS (redundant for “Closed” position) and Motion Control, mechanical limit switches suggested.

	Controls interface
	Electrical interface of the stepper motors,
Electrical interface of the position indicating limit switches

	System outline limits
	500mm along beam line
GB core movement should be vertical
	500mm along the beam line
750mm space limit on both sides
500mm beam axis to tunnel floor
GB core movement should be vertical

	GB core diameter (result of radiation simulations)
	200mm
	375mm

	Additional requirements
	Vacuum chambers ready to install in the accelerator tunnel
Alignment device allowing matching of beam line interfaces
Metrology targets have to be placed on the chambers



The above requirements lead to the following:

	[bookmark: _Toc492980807]Table 2	Requirements Consequences

	Property
	A2T Gamma Blocker
	DmpL Gamma Blocker

	GB core mass (stainless steel)
	50,5kg
	44,5kg

	GB core travel (1/2*(core diameter + flange DN)), without 1.5s free falling reserve
	180 mm
	312 mm

	Minimum vacuum chamber internal dimensions (10mm distance between core and walls assumed) WxLxH [mm]
	220 x 220 x 400
	395 x 70 x 707,5

	Maximum closing time (normal operation)
	30 sec
	30 sec



[bookmark: _Toc492980785]Design
[bookmark: _Toc492980786]General Principle
After reviewing SNS Gamma Blocker design and other devices allowing to manipulate some object placed in vacuum chamber, a solution comprising of a chamber, vacuum bellow and external actuator was chosen. 
Preliminary requirements (with self-closing on power failure, without any delay requirements) lead to first version of Gamma Blockers layout: self-closing on power failure requirement is an argument for using a ball-screw actuator, with stepper motor to comply with “Motion Control Components Standard for ESS Applications, ESS-0037290” [9]. To facilitate installation and maintenance, an off-the-shelf, integrated, linear ball beared, ball-screw driven actuator is proposed.
[bookmark: _GoBack] [image: D:\downloads\GBschematic.PNG]
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[bookmark: _Toc492980809]Figure 1	Schematic view of a Gamma Blocker
For the smaller, A2T Gamma Blocker, a cylindrical, pre-manufactured type was chosen. For the bigger, Dump Line Gamma Blocker, a custom, rectangular chamber is foreseen. Vacuum chambers will be equipped with supports, allowing adjustment of the beam line flanges position. Vacuum chamber covers will be equipped with interfaces for vacuum bellow (CF standard) and mounting holes for linear actuator and installation equipment (including metrology targets, GB core locking devices, lifting eyes etc.)
Integrated linear actuator is chosen to carry the load from GB core mass and from pressure acting on the bellow. A ball screw drive with stepper motor will allow the GB core to fall to closed position by means of gravity (and, depending on situation, pressure difference between beamline and tunnel), actuated by friction of the linear actuator, detent torque of the motor and rotational inertia of the system. At the bottom position, movement will be stopped by a spring damp, to avoid any impacts that may affect device integrity. Use of stepper motor from Phytron VSS/VSH family is foreseen, with proper coupler to the linear actuator. For integration with Motion Control equipment, a pair of limit switches will be installed. Integration with MCS and PSS will be ensured by means of an additional set of mechanical limit switches.
A requirement of time delay between power loss on the stepper motor connectors and interaction of the GB core and beamline aperture lead to a need of a device to keep falling speed in a range of centimetres per second when the beamline area is under vacuum. For previously proposed GB layout this requirement stays in conflict with a requirement for the self-closing when the beamline area is ventilated, because it is not possible to keep the balance between load forces and friction/damping forces in both beamline pressure cases.
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[bookmark: _Toc492980810]Figure 2	Final layout of a Gamma Blocker
Final layout differs from the preliminary by use of two bellows with opposite acting, and thus balancing forces induced by pressure difference between beamline and accelerator tunnel. The use of two identical bellows leaves less space for linear actuator and needs a coupling device between the bellows and a second linear guide to support the moving end of the second bellow. Because in the preliminary design actuator friction forces were in the range of gravity load from the GB core, the final layout will incorporate separate linear guides for the two bellows and a roller chain connected to both bellows as an actuating device powered by stepper motor with reduction gear. 
For regulation of initial falling speed on power failure, a hydraulic rotation damper will be used, engaged via a rack and pinion gear only in upper position of the core. On power failure, when the stepper motor holding torque falls below a certain level, moving part will start to accelerate, and an increase of rotation speed of the pinion gear connected to the damper will induce increase of braking torque in the damper, as shown in Figure 3. Rack and pinion gear ratio will be chosen to ensure rotation speed of the damper in a range of 2.5rpm (ca. 10mm/s for the GB core) in normal operation (required lifting force Flifting will increase by a value of the damping force Fhdmin), and a point of balance between speed and braking torque around 10rpm (ca. 40mm/s). The rack length and position will ensure damping in the upper 80mm of the GB core travel, and the GB core travel will be elongated by additional 70mm to ensure the required delay from motion start to core/beamline interaction.

[bookmark: _Ref492977288][bookmark: _Toc492980811]Figure 3	Torque-Speed Curves
At the bottom position, in addition to limit switches an additional linear damper will be used as a part of mechanical travel limit.
[bookmark: _Toc492980787]Components Selection
· Vacuum bellow
Requirements: covering GB core travel, aperture greater than core supporting rod diameter, CF flanges on both ends (1 rotatable), smallest possible spring rate.
Proposed: VACOM, 316L steel, ø65/108mm diaphragms, CF DN 63 end fittings, 97 convolutions for A2T GB, 145 convolutions for DmpL GB.
· Vacuum chambers
Requirements: big enough to fit the GB core moved between two positions, beamline ports (Quick CF DN160@A2T/DN250@DmpL), with proper stiffness to stay within ports position tolerances under vacuum and vented, supported with possibility to adjust position within a range of centimetres in each direction
Proposed: For the A2T GB a cylindrical vacuum chamber was chosen, as a solution with best rigidity/weight ratio. Dimensions: ø318x468,5, DN160 Quick CF beamline ports, DN350 CF cover on top, with two DN63 CF bellow ports.
For the Dump Line GB, a rectangular chamber is chosen due to space limitations and GB core shape (flat disc). Dimensions: (width, length, height): 420x240x800mm, DN250 Quick CF beamline ports, wire sealed cover on top with two DN63 CF bellow ports.
· Linear guides 
Requirements: vertical alignment of motion in range of 250/390mm (A2T/DmpL)
Loads: rolling/yawing/pitching torques from load, drive and dampers
Proposed: NTN-SNR linear guide and carriage sets, lubricated with high radiation compatible grease.
For A2T section Gamma Blocker: 
LGBXH 20 FL 1 SS L 00400 N Z1-1-0-20 N
LGBXH 20 FL 1 SS C 00400 N Z1-1-0-20 N
For Dump Line section GB:
LGBXH 20 FL 1 SS L 00550 N Z1-1-0-35 N
LGBXH 20 FL 1 SS C 00550 N Z1-1-0-35 N
· Stepper motor with reduction gear
Requirements: GB movement speed: 8/13mm/s (250/390mm per30sec), high radiation compatible.
Proposed: Phytron VSH-80.200.5-S3 with VGPL105 reduction gear (2 stage, i=38,33)
· Roller chain
Requirements: load capacity: 2kN, 50rpm at 10Nm, 5rpm at 60Nm
Proposed: ISO 606:2004 compliant, 08B-2 chain, 15 teeth double gears, linear guide carriages connected to the chain links via connection plates.
· Rotation damper with gear
Requirements: reduction of GB core emergency falling speed to a range ensuring 1,5 second delay between motion detection by a limit switch/failure of MCS.
Proposed: ACE hydraulic rotation dampers, FDT-70, 3 or 4 pcs. in parallel action, rack & pinion gear: module M=2.5, Z=30 pinion gear
· Linear damper at bottom position
Requirements: the damper is responsible for dissipating kinetic energy of the GB at the end of failsafe operation
Proposed: ACE MA900EUM linear shock absorber
· Support structure
Requirements: horizontal and vertical position adjustment
Due to small horizontal dimensions of the GB, it is not possible to use ESS preferred adjustment setup, especially a modification is needed in horizontal adjustment device.
[bookmark: _Toc492980788]Calculations
Following loads were identified:
· Fg: unbalanced gravity force from GB core and moving parts
· Fsu, Fsd: vacuum bellow spring force, depending on GB core position
· Ffg: linear guide friction: sealing friction, preload friction, load friction
· Ffc: roller chain friction losses
· Fdt: stepper motor detent torque
· Fhd, Fhdmin: hydraulic damper 

During lifting the GB core, maximum force equals:

In power loss situation, at upper end of travel:

And in lower end:

Formulas for above indicated forces are further derived in attached calculation sheets for both Gamma blockers [5] and [6], as well as calculations for particular components of the Gamma Blockers.
[bookmark: _Toc492980789]Conclusion
Layout of device active components has changed in comparison with proposed for PDR. The main difference is a doubled vacuum bellow, actuator and linear guide divided into separate parts, and use of hydraulic dampers as speed limiting devices.
[bookmark: _Toc492980790]RAMI
[bookmark: _Toc492980791]Random Failures
	[bookmark: _Toc492980808]Table 3	Random Failures

	Category
	Failure/Damage
	Consequence
	Solution

	External
	Power down
	GB will go to “closed” position
	Restart at power restoration

	Mechanical
	Cables
	Position unknown/error, on motor power loss the GB will go to “closed” position
	Turn off power to close the GB, repair of the damaged cables

	Mechanical
	Vacuum bellow
	Vacuum loss, GB still operable
	Replacing of the vacuum bellow at GB closed position

	Mechanical
	Linear guide, drive chain
	Core stuck on random position
	Core hold by a lift-hook, disassembly of connecting plate from chain/linear guide, core can be put down to closed position

	Mechanical
	Limit switches
	Position unknown/error
	Close the GB, replace switches

	Mechanical
	Hydraulic dampers
	Damping torque increase/decrease
	Damper exchange at GB closed position

	Electric
	Motor
	GB will go to “closed” position
	Replace motor

	Electric
	Limit switches
	Position unknown/error
	Close the GB, replace switches



[bookmark: _Toc492980792]Lifetime Issues
Objective: List of the components which wear out will occur within 45 years of operation of the machine. Related maintenance actions, times to repair and to restart the system should be provided. 
· Vacuum bellow: 10000 cycles (0,6 cycle per day for 45 years)
· Stepper motor: 1 MGy (at the stepper motor location, calculated radiation dose during beam operation is at a level of 1Gy/year)
· Hydraulic dampers: replacement advised every 2 years due to possible hydraulic oil degradation, or when free falling test fails.
· Maintenance:
· Free falling test (i.e. before every ten normal GB cycles). Test can be performed during regular operation – hydraulic damper torque versus rotation speed has to be checked (i.e. by indication of rotation speed vs. motor current ratio changes) at beginning of closing motion/end of opening motion
· Linear guide lubrication every 6 months
· Roller chain lubrication every 6 months
· Rack and pinion lubrication every 6 months
[bookmark: _Toc492980793]Catastrophic Events
Objective: List of failures with catastrophic consequences in downtime or cost. It should include an estimation of the probabilities, cost and downtime as well as the barriers to avoid it.
· Beam hits GB core or chamber
· Vacuum chamber leakage
[bookmark: _Toc492980794]Hazard Analysis
· Heavy device – detailed procedure of installation is needed.
· Maintenance, repair and transport requires bellow and core position locking devices (possible forces up to 1,5kN).
[bookmark: _Toc492980795]Data for Operations and Maintenance: Bill of Materials, Recommended Spares
Bill of materials, with reference to specific components and their spares is included to detailed drawings [7] and [8].
[bookmark: _Toc492980796]Interface Control Documents
[bookmark: _Toc492980797]Electrical Interfaces
· PSS limit switches
· MPS limit switches
· Motion control limit switches
· Stepper motor cables
[bookmark: _Toc492980798]Other Interfaces
· Beam line flanges
· Metrology targets
· GB position in the tunnel
· Space occupancy
[bookmark: _Toc492980799]Project Schedule

[bookmark: _Toc492980812]Figure 4	Gantt diagram
[bookmark: _Toc492980800]Quality Plan
The Quality Plan for the gamma blockers is specified at “Gamma Blockers Project Quality Plan, ESS-0127784” [12].
[bookmark: _Toc492980801]Verification Plan
The Verification Plan for the gamma blockers is specified at “Gamma Blockers Verification Plan, ESS-0127783” [13].
[bookmark: _Toc492980802]System Integration Plan
1. Detailed design
2. Production/procurement
3. Assembly
4. Conditioning
5. FAT
6. Delivery
7. SAT
8. Installation


[bookmark: _Toc492980803]Glossary
	Term
	Definition

	A2T 
	Accelerator to Target section of the linac

	DmpL
	Dump Line section of the linac

	ESS
	European Spallation Source

	GB
	Gamma Blocker

	ID
	Insertable Devices
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