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[bookmark: _Toc293146208][bookmark: _Toc330732282]Scope
This report describes relevant load cases and defines operational limits associated with different operational and accidental situations for the Target Wheel, Drive and Shaft, denoted system 1000.
[bookmark: _Toc293146210][bookmark: _Toc330732283]Issuing organisation
Target Division, Work Package 2, Target Systems.
[bookmark: _Toc293146211][bookmark: _Toc330732284]INTRODUCTION
[bookmark: _Toc293146212]As part of Target structural verification, operational and accidental loads determine load cases which Target Wheel, Drive and Shaft needs to be qualified for. This document aims to describe these loads and define operational limits. In[2] these loads are classified according to the code selected for design, RCC-MRx.



[bookmark: _Toc330732285]Loads during normal operation
[bookmark: _Toc330732286]Pressure and temperature
	Target inlet pressure
	Target inlet temperature
	Target mass flow

	1,1 MPa
	40oC
	3 kg/s


Table 1. Normal operating thermal conditions
[bookmark: _Toc330732287]Mass
	System part
	Mass

	Spallation material
	3100 kg

	Cassette (mass per cassette including spallation material)
	110 kg

	Vessel up to and including flange towards shaft excluding spallation material and cassette
	3500 kg

	Shaft including inner- and outer shielding
	10 000 kg

	Drive unit including X/Y table
	10 000 kg


Table 2. Masses



[bookmark: _Toc330732288]Accelerator
Operation at full beam power (2GeV)
	Load
	Name
	Description

	1
	Normal accelerator heat load
	The normal operating beam footprint is defined according to [6] and [9]. Uncertainities in rastering and beam power has been accounted for by introducing safety margins. Values to use are presented in Chapter 6.
Accelerator macropulse has a duration of 2,86 ms and 14 Hz frequency.
Design calculations shall be based on heat deposition based on design beam footprint defined in [6] with accelerator power 5,2 MW [9].


Table 3. Accelerator load
[image: ]
Figure 1. Rastering pattern (left) and resulting nominal beam footprint (right). [xx]
[image: ]
Figure 2. Rastering pattern.  In picture above, horizontal rastering frequency is 39,55 kHz, vertical rastering frequency 29,05 kHz. Maximum deflection is 63 mm horizontal and 18 mm vertical. Beamlet RMS size is 15,9 mm horizontal and 5,3 mm vertical.


	Load
	Name
	Description

	2
	Temperature transients associated with normal stop and start of accelerator
	Frequent start and stop of accelerator, with Helium cooling operational, leading to temperature fluctuation in Target. See below, figure 3 and table 1. The load is described in reference [5].


Table 4. Transient load
[image: ]
Figure 3. Graphical presentation of postulated beam trips, from reference[5]
	[bookmark: _Ref229543007]Table 1	Number of occurrences per event

	Event
	Occurrences

	Δσ1
	1

	Δσ2
	175

	Δσ3
	8981

	Δσ4
	4.36e7

	Δσ5
	39069

	Δσ6
	31219

	Δσ7
	26047

	Δσ8
	21735






	Load
	Name
	Description

	3
	Local unbalance in helium flow
	Steady-state operation with locally increased temperature due to anticipated postulated damage to spallation material. 
The load is described in reference [10]. One channel between tungsten blocks in the most stressed position is completely blocked.


Table 5. Local blocking
	Load
	Name
	Description

	4
	Operation with one Helium blower
	Steady-state operation at 50 % flow with 50 % beam current.
The load is the result of failure of one helium blower. It is treated as a separate operating mode with separate operational limits. Operational limits are presented in chapter 6.


Table 6. Operation with one blower

[bookmark: _Toc330732289]Loads related to incidents or failure of components
[bookmark: _Toc330732290]General

This group of events are defined based on their mitigation limit. Many events will be mitigated both by the Machine Protection System and by the Target Safety System. 
Generally, Machine Protection System is designed to protect the facility from damage, while the Target Safety System is designed to protect both people employed within the ESS as well as the general public from radiological hazard.
Therefore, an error exceeding the limits defined to activate the Target Protection system (Machine Protection System) will occur one or several times during the operation of the ESS. This means that the failure will occur more often than 1 per 100 year, ie the frequency is  >10-2 / year. 
Limits for triggering the Target Safety System have been chosen with the sole purpose of protecting from damage that potentially can lead to radiological release. Therefore there may be local high temperature or local permanent deformation associated with events mitigated in this way. A possible outcome of a trip of the Target safety system could be that parts of structure or indeed the whole target will be damaged.
Assigning of relevant RCC- MRx criteria for each load is done in [2].



[bookmark: _Toc330732291]Pressure and temperature 
	Load
	Name
	Description

	5
	Pressure variations
	Steady-state operation with reduced operating pressure at undisturbed volumetric flow.
The load is related to failure of Pressure Control System. It is described in detail in [4].

	6
	Temperature variations
	Steady-state operation at undisturbed pressure and volumetric flow but with varying inlet helium temperature.
The load is related to failure in heat exchangers or control of these. It is described in detail in [4]

	7
	Flow variations
	Steady-state operation at undisturbed pressure and temperature but with varying coolant massflow.
This load is based on calculations of either internal or external leakage from cooling system, see [1]


Table 7. Pressure and temperature transients
0. Residual heat
	Load
	Name
	Description

	8
	Simultaneous trip of accelerator and helium cooling system
	Stop of accelerator and helium blower. Temperature development associated with spallation material residual heat. The load is described in [11].
Calculation of residual heat is presented in[12]. 


Table 8. Residual heat



[bookmark: _Toc330732292]Rotation
	Load
	Name
	Description

	9
	Rotational speed variations.
	Steady- state operation with reduced or increased rotational speed. Operational limits are presented in chapter 6.  

	10
	Unsyncronized Target rotation
	Steady-state operation with varying degree of syncronization with accelerator. Operational limits are presented in chapter 6.  


Table 9. Rotation
[bookmark: _Toc330732293]Proton beam
	Load
	Name
	Description

	11
	Failure of rastering magnets
	Rastering magnets fail leading to unrastered beamlet on target. The load is described in [7]

	12
	Failure of quadropoles
	Quadropoles fail leading to collapse of beamlet, but with rastering still operational. The load is described in [7].


Table 10. Accelerator
[bookmark: _Toc330732294]Earthquake
	Load
	Name
	Description

	13
	Safe Shutdown Earthquake
	Global vibrations from postulated earthquake. Target rotor movement is limited through contact with pedestal. The load is described in reference [13].


[bookmark: _Toc330732297]Table 11. Earthquake
Rotor unbalance and vibration
	Load
	Name
	Description

	14
	Self- induced vibration
	Target rotor vibration due to unbalance excitation or excitation from motor (‘Torque ripple’). Postulated excitation frequencies are defined in chapter 6.


Table 12. Rotor unbalance

[bookmark: _Toc330732298]Operational limits
Background to selected operational limits.

Limits for low massflow and pressure for machine protection system are defined as values which lead to a Tungsten maximum temperature above 500oC, see [14]. 
Temperature limitations for machine protection system are defined based on temperature limitations for lubricants and bearing clearance.
Limits for massflow and temperature for Target safety system are based on values leading to Tungsten temperature exceeding 700 oC and are defined in [3].
Limits for the accelerator – target interface are defined according to the table below. 
For phase deviation between target and accelerator, machine protection system trip limit is based on protecting the uncooled rib structure from impact of the beam footprint encompassing 99 % of beam power. Phase deviation value will be averaged over one revolution.
Low speed limit, for the machine protection system is based on the requirement that Tungsten should only be hit by proton beam once per revolution. The speed limitation is intended to be fast and stop accelerator before next pulse.
For the target safety system, low speed limit is defined by the requirement that not more than 5 pulses should hit the same tungsten during one revolution [6]. High speed limit is based on risk of failure due to resonance. The wheel is stopped at a speed 20 % below first estimated resonance speed.



	Limits for phase deviation

	
	Normal operation
	Machine protection system trip limit

	Nominal distance between ribs
	208 mm

	Beam footprint drift during pulse
	9 mm

	Accelerator footprint positioning [8]
	10 mm

	Runout affecting beam footprint [15]
	2 mm

	Tolerance in manufacturing of Beam Entrance window [15]
	2 mm

	Sum of errors
	23 mm

	Width of beam footprint encompassing 99,9 % of beam energy [8]
	180 mm
	

	Width of beam footprint encompassing 99 % of beam energy [8]
	
	160 mm

	Remaining space available for motion control and syncronization
	5 mm
	25 mm

	Allocated space for motion control and syncronisation
	4 mm (+/- 2 mm)
	20 mm (+/- 10 mm)


Table 13. Motivation for selected limits- phase



	Limits for speed

	
	Normal operation
	Machine protection system trip limit
	Target safety system trip limit

	Rib thickness
	10 mm

	Remaining space left with nominal footprint position
	5 mm
	25 mm
	-

	Total allowable drift before footprints overlap
	15 mm (99,9 % footprint)
	35 mm (99% footprint)
	-

	Allocated allowable drift
	1,5 rpm
	3,5 rpm
	-

	Nominal speed
	23,3333 rpm

	Minimum allowable speed
	22 rpm
	20 rpm
	5 rpm

	Maximum allowable speed
	25 rpm
	27 rpm
	72 rpm
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Table 14- Motivation for selected limits- speed
Report Rev: 1
Template Active Date: 18 Sep 2015
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Summary of selected operational limits
	Pressure, temperature, flow

	Entity
	Nominal value
	Warning limit
	Warning limit maximum delay
	Machine protection system trip limit
	Machine protection trip maximum  delay
	Target safety system trip limit
	Target safety system trip limit maximum delay
	Passive limiting device such as safety valve limit

	High helium pressure
	1,1 MPa
	1,15 MPa
	1 s
	1,2 MPa
	5 s
	-
	-
	1,3 MPa

	Low helium pressure
	1,1 MPa
	1,05 MPa
	1 s
	1,0 MPa
	5 s
	0,62 MPa
	10 s
	-

	High helium massflow
	3 kg/s
	3,15 kg/s
	1 s
	3,3 kg/s
	5 s
	-
	-
	-

	Low helium massflow
	3 kg/s
	2,8 kg/s
	1 s
	2,5 kg/s
	5 s
	2 kg/s
	10 s
	-

	High helium temperature
	40oC
	50oC
	1 s
	60oC
	5 s
	240 oC
	10 s
	-

	Low helium temperature
	40oC
	20oC
	1 s
	10oC
	5 s
	-
	-
	-


Table 15-Summary of pressure and temperature limits


	Rotation

	Entity
	Nominal value
	Warning limit
	Warning limit maximum delay
	Machine protection system trip limit
	Machine protection trip maximum  delay
	Target safety system trip limit
	Target safety system trip limit maximum delay
	Passive limiting device such as safety valve limit

	Phase error
Defined as (mm) on 2616 mm diameter
	0
	2 mm
	Averaged over 1 revolution
	10 mm
	Averaged over 1 revolution
	-
	-
	-

	Low speed
	23,33333  rpm
	22,0 rpm
	0,07s
	20 rpm
	0,07 s
	5 rpm
	0,5s
	-

	High speed
	23,33333  rpm
	25 rpm
	0,07s
	27 rpm
	0,07s
	72 rpm
	0,5s
	-


Table 16- Summary of rotation limits

	Accelerator [8]

	Entity
	Nominal value
	Design value
	Rastering failure
	Quadropole failure

	Averaged beam power
	5,0 MW
	5,2 MW
	5,2 MW
	5,2 MW

	Beam current density
	56uA/cm2
	71uA/cm2
	71uA/cm2
	71uA/cm2

	Beamlet size (xy)
	68 mm2
	50 mm2
	50 mm2
	0,25 mm2

	99,9 % Beam fraction footprint size
	180 x 64 mm2
	180 x 64 mm2
	68 mm2
	119x40 mm2

	99 % Beam fraction footprint size
	160 x 60 mm2
	160 x 60 mm2
	68 mm2
	119x40 mm2

	Vertical misalignment
	0 mm
	3 mm
	0 mm
	0 mm

	Horizontal misalignment
	0 mm
	5 mm
	0 mm
	0 mm


Table 17- Summary of accelerator limits


	Rotor unbalance 
The table summarizes frequencies which may not coincide with rotor natural frequencies.

	Nominal frequency
	Two times nominal frequency
	Nominal frequency times number of pole pairs

	0,3-0,5 Hz
	0,6-1,0 Hz
	13 Hz-20 Hz


Table 18- Summary of frequencies which should not coincide with rotor natural frequencies at normal operation.



[bookmark: _Toc330732300]Operation with half helium blower capacity and half beam current
Only values changed with respect to nominal operation are specified.
	Entity
	Nominal value
	Warning limit
	Warning limit maximum delay
	Machine protection system trip limit
	Machine protection trip maximum  delay
	Target safety system trip limit
	Target safety system trip limit maximum delay
	Passive limiting device such as safety valve limit

	High helium massflow
	1,5 kg/s
	1,6 kg/s
	1 s
	1,8 kg/s
	5 s
	-
	-
	-

	Low helium massflow
	1,5 kg/s
	1,4 kg/s
	1 s
	1,2 kg/s
	5 s
	1 kg/s
	10 s
	-

	Beam current density
	28uA/cm2
	-
	-
	36uA/cm2
	-
	-
	-
	-


Table 19- limits related to operation with one of two blowers


[bookmark: _Toc330732301]Operation at 500 MeV 
Operational limits for this operating mode are not yet defined.
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