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Overview	

•  Neutron	Sources	
–  The	Manha:an	Project	
–  First	reactors	for	neutron	sca:ering	experiments	
–  European	research	reactors	
–  The	Hi-Flux	sources	of	the	60s	and	70s	

•  History	of	Automa0on	
–  Fermi’s	chopper	control	
–  Motors,	transmissions,	cam	shaVs	and	a	lot	of	switches…	
–  Constant	Q	scan	on	Triple	Axes	
–  From	paper	tape	punching	to	control	computers	
–  The	stepper	motor	arrives	
–  Customised	control	units	to	support	the	computer	
–  The	advent	of	PLC	&	Co	

•  What’s	next?	 2	



The	Manha:an	Project	



The	Manha:an	Project	



The	Manha:an	Project	

CP1	–	CP-3	

X-10	

ZEEP,	NRX	

MTR	



1.	Chicago	pile	CP-1	1942	

•  200	Wa:,	Enrico	Fermi	(University	of	Chicago)		
•  1943	rebuild	in	Red	Gate	Woods	as	CP-2	(Argonne)	



2.	Clinton	Pile	(X-10	Graphite	reactor)	1943	

•  500	kW	>>	4	MW,	Clinton	Engineers	Work	>	Oak	Ridge	



Na0onal	Research	Experimental	NRX	1947	

•  20	MW	>>42	MW,	Chalk	River,	Ontario,	Canada	
•  Highest	neutron	flux	at	0me	



Material	Test	Reactor	MTR	1952			

•  30	MW	>>	40	MW,	Na0onal	Reactor	Test	Site	Idaho	(INL)	
•  Core	and	control	design	ORNL,	construc0on	ANL)	



WWII	Allies	build	Research	Reactors	in	Europe	

•  AERE	Harwell	>	RAL	>	ISIS	 						
(3kW	GLEEP	1947;	BEPO	1948;	
26MW:	DIDO	1956,	PLUTO	1957)	

•  CEA	Saclay	>	LLB																							
(EL-2,	EL-3	1952,	OSIRIS)	

•  Russia	>	Dubna																										
(1kW	IBR	1960)	



1.	Geneva	atom	conference	1955	(CH)	

•  Eisenhower	“Atoms	for	peace”	
•  4000	par0cipants,	1	reactor	
•  “Waste	Disposal”	>>		1957	First	Swiss	
Reactor	“Saphir”,	EIR,	Villigen	>>	PSI	



Cold	War	Race	in	Germany	1959	

•  31.	October	FRM	“Atom-Egg”,	
Munich,	West-Germany	

•  16.	December,	RFR,	Rossendorf-	
Dresden,	East-Germany	



1960/70s:	Era	of	the	Hi	Flux	Reactors	

•  Canada:	Chalk	River	NRU,	200	MW,	1957	
•  USA:	BNL	Brookhaven	HFBR,	60	MW,	1965	
•  USA:	ORNL	Oak	Ridge	HFIR,	100	(85)	MW,	1965	
•  GB:	Harwell	HFBR	1960	–	1970,	canceled	>>	ISIS	
•  F:	ILL	Grenoble	HFR,	58	MW,	1972	



Evolu0on	of	neutron	sources	
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1947	Chopper	Speed	Control	and	DAQ	Ga0ng		



1946	Two-Axis-Powder	Diffractometer	(Oakridge,	USA)	

•  Refurbished	X-ray	diffractometer,	
cables	support	for	detector	

•  Equipped	with	motor	drives,	cam	
wheels,	micro	switches,	data	
recorder	

•  Automated	scans	around	the	sample	axis		
•  (Ernest	Wollon,	Clifford	Shull)	



1946	First	Automated	Step	Scan	

•  Control	of	the	angular	posi0on	in	a	
sequence	of	fixed,	mechanically	defined	
posi0ons	

•  Recording	of	neutron	counter	intensity	
measurements	with	a	printout	recorder	



1958	Triple	Axis	Spectrometer	(Chalk	River,	CA)	
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1958	Constant	Q	scan	(Chalk	River)	
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•  Axis	1	(monochromator)	
–  A1:	2θM,	constant	(k0)	
–  A2:	XM,	follows	A1	with	ra0o	

1:2	

•  Axis	2	(sample)	
–  A3:	φ,	follows	A5	in	non-

linear	steps	
–  A4:	Ψ,	follows	A5	in	non-

linear	steps	

•  Axis	3	(analyser)	
–  A5:	2θA,	linear	inc.	steps	(-k’)	
–  A6:	XA,	follows	A5	with	ra0o	

1:2	
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1958	Constant	Q	scan	(Chalk	River)	

•  Scan	with	26	posi0ons	
•  Posi0ons	of	A3	and	A4	are	

calculated	beforehand	and	
transferred	to	the	26	switches	



1962	4-Circle	Neutron	Diffractometer	(Harwell,	GB)		
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•  Introduc0on	of	fine	incremental	op0cal	
encoders	(“gra0ngs”)	and	coarse	analog	
encoders	(poten0ometers?)	

•  ShaV	sewng	unit	is	a	modified	
electronics	for	machine	tools	by	Ferran0	
Ltd.			

•  Ferran0	computer	is	used	for	full	
automa0c	control	of	the	instrument	



1967	Computer	Controlled	Instruments	(Harwell,	GB)	
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1967	Computer	Controlled	Instruments	(Harwell,	GB)	

•  xxx	
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1967	First	Stepper	Motor	Control	(AAEC,	Australia)	

•  xxx	
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1983	Customised	Computer	Interfaces	(MURR,	USA)	

•  xxx	
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1997	PC-based	Mo0on	Control	(ORNL,	USA)	

•  xxx	
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•  Triple	axis	with	17bit	absolute	
encoder	and	closed	loop	
control	

•  PC	and	dedicated	ISA	stepper	
motor	and		SSI	encoder	cards	
as	mo0on	controller	

•  VAX	and	CAMAC	modules	for	
instrument	control	and	data	
collec0on		



Industrial	Control	Systems,	PLC	Systems	

•  First	needs	for	flexibility	in	automo0ve	
industry	with	short	produc0on	cycles	

•  1968:	Modicon	084	+	Allan	Bradley	
•  1970:	First	European:	Telemecanique	
•  1975/78:	Siemens	S3/S5	
•  1990s:	Introduc0on	into	Instrument	control	



What’s	next?	

•  Decentralized	Systems	
•  Intelligent	control	units	based	on	industrial	standards	
•  Synchronisa0on	for	distributed	real	0me	control	

•  High-performance	control	layer	systems	(SCADA)	like	EPICS	or	Tango	
•  Transfer	of	all	available	process	variables	into	that	layer	
•  Data	storage	in	cloud-like	environments	for	remote	access	and	

control	

•  “Industry	4.0”	



Thank	You!	



Gerry	Lander:	Repository	on	History	

1.  h:p://neutronsources.org/about/history.html	
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