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Overview	

•  Spectrum	reactor	vs.	spalla#on	source	
•  Synergies	within	ESS	projects	
•  Strategy	
•  Components	
•  First	results	for	Target	Wheel	Control	
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Spectrum	reactor	vs.	spalla#on	
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Comparison	/	synergies	

•  Mo#on	control	components	in	bunker	
•  Chopper	components	
•  Target	wheel	control	
•  Other	radia#on	facili#es	and	applica#ons	
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		 Gamma	 Thermal	n	 Fast	n	 Max.	
energy	

ILL	 101+	 1	 10-5	 20	MeV	
SNS	 10-2	 200	MeV	
ESS	 1	 1	 1	 200	MeV	
CERN	 101+	*)	 TeV	
ITER	 	n.a.	 n.a.		 10	6+	**)	 14	MeV		



Strategy	

•  Define	cri#cal	(bunker,	cave)	and	non	cri#cal	areas	(hall)	
•  Avoid	electronics	and	op#cs	(made	of	plas#cs)	in	cri#cal	
areas	

•  Use	supplier	cer#fica#on	wherever	appropriated	(reactor	
technologies)	

•  Gamma/thermal	neutrons:	Compare	to	reactor	
applica#ons	

•  Fast	neutrons:	Take	numbers	from	SNS	and	J-PARC	
mul#plied	by	50	-	100,	use	experience	from	CERN	and	
ITER	project	
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Components	

•  Motors	
–  Radhard	stepper	motors	(PHYTRON,	Empire	Magne#cs)	
–  Radhard	BLDC	motors	(Widenstein)	
–  Other	companies	

•  Encoders	
–  Resolver	(rotary)	
–  LVDT	(linear)	

•  Switches	
–  Radhard	Hall	sensors	(Lakeshore,	ITER)	
–  Op#cal	sensors	with	fiber	(CERN)	
–  Induc#ve	(with	separated	electronics)	
–  Capaci#ve	
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Concept	Overview	
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Proton	beam	

Target	wheel	top	view	 Target	wheel	side	view	

36	notches	(aligned	with	sectors)	

Resolver	

Motor	

Digital	sensor	

Proton	beam	

36	sectors	

Shielding	

Fast	neutron	flux	(at	motor):	
10^5	n	/	cm2	/	s	



Notch	Alignment	
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Target	wheel	top	view	details	

Shai	

Notches	aligned	with	allowed	area	
Protons	prohibited	

Protons	allowed	

Proton	beam	



Control	Concept	

Resolver	
Motor	

Digital	sensor	(14	Hz	when	in	correct	speed)	

Controller:	
-	Phase	Control*	

IOC:	

Timing	syst.	
14	Hz	

I/O:	
-  Phase	error	
	
Drive:	
-  Current	

Control*	
-  Speed	

Control*	
Phase	error	[s]	

*	“loca#on”	of	control	loops	depend	on	the	hardware	choice	



Top	Requirements	Target	Wheel	Control	

•  Radia#on	hard	solu#on	
–  Radia#on	dominated	by	fast	neutron	irradia#on	(>	0,1	MeV)	with	a	flux	10^5	

n	/	cm2	/	s.	

•  Phase	accuracy	+-2mm	on	circumference	(diameter	2.5m)	
•  Park	posi#on	accuracy	=	+-2mm	
•  Nominal	speed	=	14/36	≈0.39Hz	
•  Startup	#me	(0-0.39Hz	+phasing)	=	20	minutes	
•  More	requirements	in	CHESS…	
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Motor	

•  Radia#on	hard	kit	torque	motor:	
–  High	torque	at	low	rpm	
–  No	need	for	gearbox	
–  Samarium-Cobalt	permanent	magnets	(avoid	

Neodym,	degrades	in	radia#on)		
–  Insula#on	material:	Kapton	
–  Rad.	Hard	cables	

•  Contacted	suppliers:	
–  Widenstein	
–  Maccon	
–  Siemens	
–  Rexroth	

11	



Resolver	
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•  Single	turn	absolute	posi#on	
•  Pure	analog,	no	electronics	(3	coils)	
•  Radia#on	hard	insula#on	
•  Accuracy	expecta#on:	less	than	±20	
arcmin	(0.33°)	

•  Contacted	suppliers:	
–  Admotec	
–  Ducommum	
–  LTN	

	



•  Sensors	with	separated	electronics	
–  Induc#ve	
–  Capaci#ve	
–  Ultrasonic	

•  Hall	probe	

Proximity	Sensor	
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Proximity	Sensor:	Fiber	op#c	
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Proximity	Sensor:	Fibers	



Ques#ons?	


